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Tepputopusi coBpeMeHHOro IeHTpajlbHOTo JloHOacca mpencraBieHa B KauyecTBE IKCIEPUMEHTATbHOM
TUIOIIAAKY [JI peaju3allud IporpaMMbl MHTPEIMEHTHOTO OMOMOHMTOpPHMHTa. MoXx0ooOpa3Hble ObLIU
TPaHCIIAHTUPOBAHBI M 9KCITOHMPOBAHBI B T€OJIOKAJTUTEThl HEMOCPEACTBEHHOTO UMITaKTa MPeApUsITHI
YTOJBbHO-I00BIBAIOIIETO 1 TlepepadaThiBaOIIEro KOMIUIEKCOB, METAJTYPrUYeCKO U XMMUYECKOU Tpo-
MBIIUIEHHOCTU, PYAEPAIbHBIX U CEJIUTEOHBIX 3KOTOMOB. JisI OpMOOMOHTOB C IIMPOKOM aMILIUTYIOMN
YCTOMUYMBOCTH K TEXHOT€HHOMY 3arpsisHeHuto (Amblystegium subtile (Hedw.) Schimp., Brachythecium camp-
estre (Muell. Hal.) Schimp., Bryum argenteum Hedw., Bryum caespiticium Hedw., Bryum capillare Hedw.,
Ceratodon purpureus (Hedw.) Brid u Pylaisia polyantha (Hedw.) Schimp.) BbIOpaHbI cieaytone KpuTepumn
aHTPOIIOTOJIEPAHTHOCTHU: 1) MO (YHKIIMU HAKOIUICHUS 2JIEMEHTOB, 2) 10 CIOCOOHOCTU aKKyMYJMPOBATh
crnenuduiecKkue 3arpsi3HUTENN, 3) MO CTPYKTYPHO-DYHKIMOHAIBHBIM PEaKIMsIM U TIPOSIBJICHUI0 HETU-
MUYHOro MopdoreHesa (TepaToreHe3a) pacTUTEIbHBIX OPraHU3MOB U 4) CMellleHUsT XapaKTepUCTUK CTpa-
TeTUU BbIKUBAHMSI BUAOB B YCJIIOBUSIX ITTyOOKOM TpaHchopMalimu JaHamadTHeIX cucteM [lonbacca. Ycra-
HOBJIEHBI 0coOeHHOCTU HakoruteHus Na, Mg, Al, Si, P, S, Cl, K, Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn,
As, Se, Br, Rb, Sr, Zr, Mo, Cd, Sb, I, Cs, Ba, La, Ce, Nd, Sm, Eu, Tb, Dy, Yb, Hf, Ta, W, Hg, Pb, Th, U B
obpaslax pacTeHUM-UHIUKATOPOB, UCMOJb3YyEMBIX B KauyeCTBE CE30HHBIX (PUTOTECT-MOHUTOPOB IS
OLICHKM 3arpsiI3HeHUS IPUPOAHBIX cpel. [1pu panukaatbHOM HapylIeHUM TeOXMMUYECKUX LIIMKJIOB B CUCTE-
Max Xu3HeobOecreueHUs1 pacTeHui 3apuKCUpoOBaHbl Cayvyau crelM@UuIecKux XJI0pO30B U HEKPO30B TO-
YeYHOI JIOKaIM3a1iu, TUTIO- U TUTIepreHe3nn U Aedopmaninu, a Takke dacuuanu, npoaubuKaium, I1-
CTOIMH, OJJUTOMEPU3ALIMU BETeTaTUBHBIX OPraHOB, OCOOEHHOCTEM Pa3BUTHS OTHAENBHBIX IPYIIT KJIETOK B
COCTaBe MOKPOBHBIX U KOH(OPMAIIMOHHBIX TKaHE JIMCTOBOTO armmapara GpMOGHOHTOB. BhISIBIEHHBIE
aHOMAaJIMU SIBJISTIOTCS (DUTOMHANKAIIMOHHOM XapaKTepUCTUKO ITPU MPOBEASHU DKCIIPECC-aHaIN3a yPOB-
HSI TEXHOT€HHOT'O HampsiKeHUs B TOJIeBOU AuarHocTrke. Paccuntanbl KoadduiimeHTs OM0I0rM4ecKoro
MOIIOIIEHUS] Y TEXHOT€HHOU KOHLIEHTPALlMY 3JIEMEHTOB B OMOCyOcTpaTax Mpu OLIEHKE FeOXUMUYECKOMH
KOHTPACTHOCTHU cpelbl. BrineneHa aKTonnuecKasi pa3HUlla B HAKOMTUMTEIbHOM CITOCOOHOCTH OpMOOHOHTA-
MM JUJTSI OTIETbHBIX JIEMEHTOB WIM UX aCCOLMATUBHBIX Ipynil. CBsI3aHHasl ¢ 9TUM MopdoreHeTuYecKasi re-
TEPOTeHHOCTb CTPYKTYP M 3JIEMEHTHOTO COCTaBa PACTEHUI SIBJISICTCSI YaCTHBIM CJTydaeM COOTBETCTBHS T10-
JIydeHHBIX JaHHBIX unesiMm B.Y. BepHanckoro o KoHIIEHTpallMOHHOI, MHGOPMAalLIMOHHOM 1 cpenoodpa3sy-
foleit (yHKIIMSIX SKHUBOTO BEILIECTBA.

KioueBble c10Ba: TeXHOIT€HHOE 3arpsi3HeHre, (PUTOMHINKAIIMOHHBIM MOHUTOPUHT, MOXOO0Opa3HbIE, 0~
HELIKUIA perMOH, HeUTPOHHBII aKTUBALIMOHHBII aHAIN3, aTOMHO-a0COPOLIMOHHBIN aHAIN3, METALTYPIrusl
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BBEAEHUE

st pernoHa, Tae OCYIIECTBIISICTCSI MHTEHCUBHAST
paboTa MPOMBIIIIEHHBIX TPEANPUSATHI, KOTOpasi CO-
IIPOBOXKIAETCS BHIOpOCAMU C IIOCICIYIONINM 3arpsi3-
HEHMEM, 00513aTeJIbHBIM SIBJISIETCS IIPOBEACHUE KO-
Jjormyeckoro MmoHutopuHra (EpmakoB u ap., 2020;
Opekunova et al., 2017; Peng et al., 2018; Pashent-
sevetal., 2019; Xu et al., 2021; Yeprintsev et al., 2019).

B OGonbmimMHCTBE cliydyaeB OlLIEHKA I'€OXMMHNYECKOM
AKTUBHOCTU B naﬂuma(l)Tax OIMMpPacTCd Ha CBCACHUSA
00 MHIpedMeHTHOM cocTaBe IpupoaHbIX cpen (Ep-
MmakoB, 2017; Shahid et al., 2013; OmnekyHoB u JIp.,
2021; Shekoyan et al., 2020), B ToM YucJie B paCTEHU -
ax (Kabata-Pendias, Pendias, 2001; Tpyouna u ap.,
2014; Khiem, 2020). TokcukoJorudyecKoe 3aKJroue-
HUeE SIBJIsIeTCSI MH(POPMATUBHBIM, €CJIY IIPOaHaIU31-
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pOBaH MpollecC HAKOIUICHUS OOJIBIIIOTO KOJIUYECTBA
3JIEMEHTOB, WJIN XOTsI Obl OCHOBHBIX 3arpsI3HUTENCH B
ounonornuyeckux crpykrypax (Youmunena, 2015; Bay-
ouli et al., 2021; Bidleman et al., 2015; Chung et al.,
2014). D10 MO3BOJSIET YCTAHOBUTHh IPUYNHHO-CJIE] -
CTBEHHBIC CBSI3U MEXIY KOHLICHTPALUSIMU IIPUOPU-
TETHBIX 3arpsi3HUTEIC WM UX (PU3NOIOTNISCKUMU
addexkTaMu Mo peaklMu Ha KuBble 00beKThI (EpMa-
KOB U 1p., 2018; OmekyHoBa, 2016; Zaghloul et al.,
2020; JIyrosckas u ap., 2018).

Moxo006pa3HbIie IPEaCTaBISIOT CO00M crrenndu-
YeCKYIO TpyIlNy pacTeHUI, KOTOPbIE€ YaCTO MCHOIb-
3YIOTCSI B IpOrpaMMax OLIeHKHU 3arpsi3HeHUsT BO3IyXa
(Quyet et al., 2021; Koroleva et al., 2020; Shi et al.,
2017; Kozlova et al., 2022; Frontasyeva et al., 2020;
Hristozova et al., 2020; Swistowski, 2022), uTo cBsi3a-
HO C MX OCOOCHHOCTSIMU CTPOCHMS U CIEHU(DUKON
MOIJIOIIEHMS DJIEMEHTOB C OCaJKaMU1 1 BOBJIEKAaeMBbl-
MU B OMOTeHHBII 000POT 3JIeMEHTaMU TEXHOTEHHO
neuiu (Ah-Peng, 2017; Decker, Reski, 2020; Longton,
1988; Spangler, 2021; Rimac et al., 2022; Vergel et al.,
2020).

Tepputopusi coBpemenHoro Jlonbacca B reoxu-
MUYECKOM OTHOIIIEHMHU M3ydeHa maiio. [eoxummue-
CKHe€ IIPOLIECCHI, CBI3aHHbBIE ¢ (DOPMUPOBAHUEM aH-
TPOTIOTEHHBIX aHOMAJUil JIOKAJIBLHOTO THIMA, HAX0O-
JISITCSL B TIPSIMOi1 3aBUCHUMOCTHU OT YIJIETOOBIBAIOIICH
IEeATEIbHOCTA W METaJUIyPruieCKOM IPOMBIIILICH-
Hoctu (TocynmapcTtBeHHBIN..., 2023; TamoB u np.,
2016), 4yTO TaKXKe IPEICTaBIIsIET COOOI aKTyaJbHYIO
npobiieMy B ImobambHOM Maciurtabe (Bian et al.,
2020; Hancock et al., 2020; Massante, 2015; Su et al.,
2020; Yuan et al., 2021). Cy1iecTBYIOT TOJIBKO OTPbI-
BOYHBIE JAaHHBIE, IO KOTOPBIM MOXHO KOCBEHHO
YCTAaHOBUTHb (POHOBBIE KOHLIEHTPALIMU OTACAbHBIX
BJIEMEHTOB B IIPUPOIHBIX cpefaax (IIperuMyIIeCTBeH-
HO B ITOYBE) ¥ IOKA3aTeJIM IIPOMBIIIIJICHHOTO NMIIaK-
ta (TumodeeB u ap., 1996; ImyxoB u ap., 2006).
YcTaHOBJIEHB BBHICOKUII YPOBE€Hb aHTPOIIOI€HHOTO
BO3ICUCTBUS U TEXHOT€HHAsl TreTepOreHHOCTh [loH-
o0acca (I'ocymapctBeHHBIM..., 2023; Sergeeva et al.,
2021; AnemacoBa, CacdonoB, 2022), 4ToO OOBICHSIET
TEOXMMMYECKYI0 KOHTPACTHOCTh PErMoHa.

B ycrmoBusax IpoM3BONCTBEHHOTO PMCKA W OITac-
HOCTH ISl PETYJISIPHBIX T€0JI0TO-TTIOYBEHHBIX MCCIIe-
noBanuii B CeBepHoMm IlpuazoBbe ¢ 2014 r. ocy-
MIECTBIICHNE aKTUBHOTO MOHUTOPUHTA C TIOMOIIIBIO
pacTeHUI SBJISIETCS €NUHCTBEHHOM BO3MOXHOCTBIO
MPOBeNIeHUs MOJTHOMACIITAOHOIO 3KCIIEpUMEHTa Ha
Bceil moctymHoi Tepputopun (ABpammoBa, Cado-
HoB, 2023; Cadonos, Ityxos, 2021). ITosTomy aHa-
JIU3 TEOXUMUYECKUX JAHHBIX MO PacTeHUSM-UHIU-
KaropaM B aHTPOIIOTeHHO TpaHC(HOPMUPOBAHHBIX
nmangmadrax JJonbacca paccmarpuBaeTcsl B Ka4eCTBE
aKTyaJlbHOM HAyYHO-MIPUKJIATHOM 3aJa4U 10 UX 1A -
THOCTHKE.

Yuenue B.W. BepHanckoro o ounochepe — pyHga-
MEHTaJbHas1 pa3paboTKa, OIpeNesIsTIoNniasi CUCTeMY
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peanuzanuu mmpoueccoB xu3Hu (Bepnanckuii, 1991;
Bepnanckuii, 2001; SAnun, 2022). IIpu Hemocpen-
CTBEHHOM M3yYEeHUM KOHLIEHTPAllMOHHOM, MHMOpP-
MAaIMOHHON 1 cpegoobpasyronieil GyHKIMiA JKNBOTO
BEIIlECTBAa Ha MpUMEpe KOHKPETHBIX PETMOHOB CO-
30aeTCs BO3MOXHOCTD OLICHKM MECTHOCTH JIJIST JAJIh-
HEHIIIero BHEAPEHUS ONTUMMU3ALMOHHBIX MEPOIIPH-
artuii. Peanmusyemsiii B JloH6acce MHANMKALIMOHHBIM
SKCIHEPUMEHT C MCIOJb30BAaHUEM MOXOOOpa3HBIX
(3unbpKOBCKas u ap., 2022; Sergeeva et al., 2021; Sa-
fonov, Glukhov, 2021) ocHOBBEIBaeTCsI Ha METOHOJIO-
rui 1 noHuMaHuu B.M. BepHaackuM yKa3aHHBIX
GyHKIMI 6nocdepsl M CONPSKEHHBIX ITPOIECCOB,
00yCJIOBIMBAIOIINX OMOTreOXNUMUYECKUE TIPOLIECCHI B
IIPOMBIIIUIECHHOM PErOHE.

OBBbEKTHI U METOAbl UCCJIEJOBAHUN

M3 mepeuHss (pMTOMOHUTOPUHIOBEIX CTallOHA-
poB 113-KOMITOHEHTHOM HaOJIOHATEeILHON CeTHu B
ILlenTpanbHom [loHOacce BbIOpaHbl 24 reoxumMuye-
CKM KOHTPACTHBIX JIOKAJIUTETa, B KOTOPHIX OCY-
LLIECTBJISLIA BbIpallluBaHue MXOB (puc. 1).

I[Ipo6HEIe mnomany 6bUM Tud@epeHIIMPOBaHbI
IO CITOCOOY BKCITyaTalliM DKOTOMOB: TEXHOT€HHO-
ro, CeJUTeOHOro M peKpealMoOHHO-0ydepHOro Ha-
3HAYEHMUSI.

IlepBass KaTeropuss MOHMTOPUHIOBBIX TOYEK
BKJTIOYaeT OOBEKTHI TTPOMBIIIUIEHHON WHMPaCcTpyK-
TYpBI, TEPPUTOPUU HEIMOCPEACTBEHHOTO BO3MIEH-
CTBUSI MPEANPUSITUII-3arpsI3BHUTENE, yIacTKUA TIy-
00Koit TpaHchopMaluy JaHAIA(GTOB (OTBAJIBI MO-
pPOIBI YTOJNBHBIX IIaXT), CTAIIMOHAPHBIE MCTOYHUKU
BBIOPOCOB CUCTEMBI TeTUIOCHAOXeHUsI: 1 — 3aBoa Me-
TaJUTypru4eckKoro MammHocTpoeHus (T. [leGainblie-
BO), Yrieropckasg TOC, 4 — nrt KopcyHb, TEppUTO-
puss umrnakTa EHaKueBCKOro MeTaTyprM4ecKoro
KoMOMHaTa, 5 — r. EHakueBo, cenmuTeOHO-TIPOMBIIII-
JICHHBIN KOHIJIOMepaT, 13 —MMIakT MeTajryprude-
ckoro 3aBopa; 15 — 3yeBckas TOC, sHeproMexaHu-
yeckuii 3aBog (I. 3yrpac); 17 — paiioH maxrel 3arie-
peBanbHasa (. Jdoneuk), 19 — JleHuHcKuii paiioH
r. JloHeuka (MpennpusiTus TOpPHO-MeTaJuTypruye-
CKOIi mpoMbiieHHOCTH), 20 — KupoBckmii paiioH
(mpeanpusATUS TOpHOOOOBIBAIONIE U mepepadaThi-
BalOIIE MTPOMBILILJICHHOCTH).

CennTeOHO-OBITOBBIE 9KOTOMNBI XapaKTePHBI JJIST
ciienyomux y4eétHbeix miaomanok: 11 — m. Ilecku
SlcunoBaTckoii arnoMmepauun, 12 — n. Crapraxk Scu-
HoBarckoi armoMepauuu, 14 — r. Makeeska (1LleH-
TpaJbHOTOPONACKOI paitoH), 16 — r. Hiosaiick,
BKJIIOUAST XKEJIE3BHOAOPOXHYIO pa3Bsa3Ky, 22 — . Mo-
crimHo, 24 — Ilponerapckuii paitoH r. JloHenka.

KaTeropus 3KoTo1oB pekpealmoHHO-0ydepHOoro
Ha3HA4YeHMsT PacCMOTpPEHa B Ka4yeCTBE KBa3UIIPUPO/I-
HBIX TeOCUCTEM: 2 — cucTeMa TNpyaoB I. [opiaoBku, 3 —
nrr IlanTeneiimoHoBKa T'opiioBcKko-EHakmeBCcKoOt
armoMepanuu, 6 — r. IllaxTepck Tope3ckoit ariome-
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Puc. 1. YueTHBIe TJIOIAAKM SKCIIOHMPOBAaHKSI 00pa31ioB MXOB B LieHTpajibHOM JloHb6acce.

pauuu, 7 — nrt 3yeBka (3yeBCKUM JaHAIIA(QTHBIN
napk), 8 — r. Xapupisck, 9 — nrr JlcmHoBKa MakeeB-
ckoii armoMepauuu, 10 — mapkKoBble TepPpPUTOPUU
r. SlcunoBarasi, 18 — KyiiObIieBckuii paiioH r. Jlo-
Heuka (Kpacnsrit [1axaps), 21 — IleTrpoBckuii paiioH
r. JloHeuka (30Ha pekpeauuu), 23 — 1. ABIOTbBUHO
JloHelKoii artoMepanm.

INepBruHble 0O6pa3lbl i TpPaHCIUIAHTAIIUM U
9KCHOHUPOBaHUsI OpoOOHTOB Amblystegium subtile
(Hedw.) Schimp., Brachythecium campestre (Muell. Hal.)
Schimp., Bryum argenteum Hedw., Bryum caespiticium
Hedw., Bryum capillare Hedw., Ceratodon purpureus
(Hedw.) Brid u Pylaisia polyantha (Hedw.) Schimp.
ObUIM TIOYyYeHBI B OydepHOI TeppuTopuu JlaHI-
madTHOTO IMpupongHoro napka “Jloneuknii Kpsox”,
SIBJISIIOILIETOCST OOBEKTOM TOCYIapCTBEHHOTO MPHU-
pOIHO-3aITOBETHOTO 3HaYeHMWs. BumoBoe pasHoo0-
pasne MOXOOOpa3HBIX B KOHKPETHBIX yJ4acTKaX MO-
HUTOPUHTOBOI CETU MPOAHATM3UPOBAHO B ITPEAbIAY-
meii pabore (CadoHoB, Mopo3osa, 2021).

O1BIT IIpOBEACH B YeThIpe 3Tama: 1) moaroroBka
00pa31oB U UX TPAHCIUIAHTAIIUs B KOHKPETHBIN reo-
JIOKAJIUTET IJIs1 BhIpaluuBaHUs (2-s1 IeKaga HosIOpsI,
2018 1.); 2) 6-MecaYHOe SKCIOHUPOBaHUE 00pa31oB B
5-KpaTHOI1 TIOBTOPHOCTU METOAOM KOHBEpPTa B Y4YeT-
HBIX IJIOIIAAKaX U COOp MPUPOCTOB raMeTo(pUTOB 3a
BpeMsI HaXOXIEHUSI X Ha HOBOM MecTe (2-s1 meKama
mas, 2019 r.); 3) aHatoMo-MopdooruyecKasi oleH-

Ka coOOpaHHOro 00TaHMYECKOTO MaTepuayia — BBISIB-
JIeHWe aHOMaJIUii, TepaTHbIX HOBOOOpa30BaHUIl U
CTPYKTYPHOM pa3HUIIbI B CTPOEHUU TPAHCILIAHTUPY-
€MBIX PAaCTeHWII B pa3HbIX YYETHBIX IUIOIIAJKAX;
4) naboparopHasi paboTa IO YCTAaHOBJICHUIO D3JIe-
MEHTHOTI'O COCTaBa B IIPUPOCTaX OPMOOMOHTA-UHIN -
KaTopa. YKa3aHHbII IIEPUO IOJIEBOT0 SKCIIEPUMEH-
Ta CBSI3aH ¢ HaubOoiee OJarolpusITHBIM KIMMaTHde-
CKHMM CE30HOM JUISI DJKCIOHUPOBAHUS MXOB B
crenHoii 30He BocrtouHoii EBponbl (Erdés et al.,
2018; Zanatta et al., 2020) o1 coxpaHeHUSI MHTEH-
CUBHOCTH npupocTta ramerodurton. 2018—2019 rr. Ha
IEPCIIEKTUBY pPacCMaTpUBAIOTCS B KadyecTBE pernep-
HOTIO OTpe3Ka BpEeMEHHU CTarHalluy TSDKEJION Ipo-
MbILIUIEHHOCTH B peruoHe (l'ocymapcTBeHHBIMH...,
2023), 4TO MO3BOJIUT B JaJIbHEMIIIEM OLIEHMBATh I10-
JIy4eHHBIII MaTepuall 10 UHTPEIUEHTHOMY MOHUTO-
PUHIY KakK cCJIeICTBUE C(HOPMUPOBABIIMXCS T€OXU-
MUYECKUX ITPOBUHIIIA.

YuurteiBas crieniuuKy 3KCIIEpUMEHTa U OTCYT-
CTBUE aKTyaJIbHBIX JAHHBIX O (POHOBBIX TEOXMMUYEC-
CKHMX MOKA3aTeJsIX, OCHOBHOE CPABHEHUE B CUCTEME
“OIBIT—KOHTPOJIb” TIPOBEAECHO B PaHXXMPOBAHHOM
TPEeHEC TEXHOTCHHOIN Harpy3ku. B cilydae BBISIBICHUS
CTPYKTYPHBIX aHOMaJIMii (Tepat) niu Mop¢OoreHeTuJe-
CKM (DYHKIIMOHAJIbHBIX OTKJIOHEHUWIA CTPOEHMSI pacTe-
HUIA B ITepBbIil MOJEBOI Iepron coopa pacTeHUii 6oTa-
HUKO-3KOJIOTMYECKas YaCThb SKCIIEpUMEHTa Obu1a MpPo-
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BelleHa TTOBTOpPHO B Te Xe ce30HBl 2020—2021 T1T.
TepaTtonoruyeckass uaeHTUPUKALIAS 00pa310OB OCY-
IIECTBISIaCh B COOTBETCTBUU C TEPMUHOJIOTUCH,
ONMCAHHO paHee 1 IBETKOBBIX pacteHuii (Cado-
HoB, 2019; Safonov, 2022). ®utomMartepuaa ObUT IPO-
aHAIM3UPOBAH B KOHTEKCTE M30LITOYHBIX KOHIIEHTpA-
LIViA OTOENbHBIX 3JIEMEHTOB TIPU BBISIBJICHUU TTPU3HA-
KOB TIOJIEBOM BKCIpPeCcC-IMarHOCTUKU SKU3HEHHOTO
COCTOSIHUSI PAaCTCHMs: aHATOMO-MOP(OJIOrIIecKure
MOKa3aTelI, HEeKPOTUYECKUE IPOSIBICHUS, CTPYK-
TYPHO-(YHKINOHAIBHBIC OTKJIOHEHHSI OT HOPMBI T10
MMATMEHTAlIUH.

OCHOBHBIM METOIOM OIpEIe/ICHUS 3JIEMEHTHOTO
cocTaBa B oOpa3sliax OpMOOMOHTOB SIBJISICTCSI HEMi-
TPOHHBIN aKTUBAaLIMOHHKBIN aHanu3 (HAA) Ha ycra-
HoBke PETATA uMITyTbCHOTO OBICTPOTO peakTopa
HNBP-2 JH® O6benMHEHHOTO0 MHCTUTYTA SIAEPHBIX
ucciaegoBaHui, r. JlyoHa (Zinicovscaia et al., 2021).
OCOOEHHOCTH aHAJIMTUYECKOTO KOHTPOJS C IOMO-
11IbI0 aTOMHO-a0COPOILIMOHHOTO MeTo/Ia Ha mpudope
CarypH-3 onucaHbl paHee (AnemacoBa, CagdoHOB,
2022), ycTaHOBJIEHBI B aTTECTOBAHHOI JJabopaTopuu
Kadenpsl aHATUTUIECKON XUMUM J{OHEIIKOTO Hallr-
OHaJIbHOTO YHUBepcutTeTa. [logydeHbl cBeneHUs 00
SKOTOIUYECKOI pa3HULIE B IIPUPOCTaX OPUOOHOHTOB
crenyrommx 3aemMeHToB: Na, Mg, Al, Si, P, S, CI, K,
Ca, Sc, Ti, V, Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Se, Br,
Rb, Sr, Zr, Mo, Cd, Sb, I, Cs, Ba, La, Ce, Nd, Sm,
Eu, Tb, Dy, Yb, Hf, Ta, W, Hg, Pb, Th, U.

11 BbISIBIIEHUS] BO3MOXKHBIX UCTOYHUKOB U TIPU-
YUH 3arpsi3HEHUS OKPYXalolleh cpenbl OnpenesicH-
HBIMU 32JIEMEHTAMU MPUMEHSUIA METOA [IaBHBIX
KOMITOHEHT, KOTOPBIN B OTJIIMYUE OT KOPPETSILIAOH-
HOTO aHaJIM3a, YCTAHABJIMBAIOLIETO IMAapHbIE KOppe-
JISILIMY, TI03BOJISIET BBISBJIATH 3aBUCUMOCTU MEXIY
TPYNIIAMU 3JIEMEHTOB, XapaKTEePU3YIOIIUE TOT WU
WHON MCTOYHUK (TIPUUYUHY) MPEBBIIIEHUS KOHIEH-
Tpauuii.

PE3VJIBTATBI U OBCYXIEHHUE

Huepeduenmmubotit. MOHUMOPUHE,
aneMeHMHbLIU cocmas 6puobUoHmMoe

Bbinu cocTaBieHbI TPpU psiia paHXUPOBAHHBIX MO-
CJIEIOBATEIIPHOCTEN CPEIHEB3BEIICHHBIX 3HAYEHUN
MO CcoAepKaHUIO (MI/KT) aHAJIU3UPYEeMBbIX BJIEMEH-
TOB B MHAWKATOpHOM OproduoHTe. BriGop xapak-
TEPHBIX YYaCTKOB B TaKOM acIieKTe ObUI OCHOBaH Ha
OCOOEHHOCTSIX Pa3HOIO 11€JIEBOTO UCITOJIb30BaAHUSI KO-
TOIIa U, COOTBETCTBEHHO, TEXHOT€HHOI HAarpy3Ku.

PexpeanmoHHast TeppuTopHus 1. ABIOTBUHO (TOY-
Ka 23, puc. 1) xapakTepusyeTcs CAeayIoiei 3aKOHO-
MEPHOCTBIO B TIOPSIIKE YOBIBAHUSI KOHUEHTpaIUi
(mr/kr) anemenToB: Si (37000) > Ca (14000) >
Fe (8700) > K (8100) > Al (7300) > Mg (4200) >
> Na (3050) > CI1 (780) > Ti (410) > Mn (204) >
> Sr (140) > Ba (121) > Zn (101) > P (52) > Cr (40) >
>7Zr (39) > S (27) > Rb (19) > Ni (13.8) > V (12.8) >
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> Ce (12.6) > Nd (12.2) > Br (12) > La (6.3) > Cu (5) >
>1(4.4)>As(3.21) > Co (3.2) > Sc (2.36) > Mo (2.1) >
>Th (1.98) > Pb (1.7) > Sm (1.29) > Cs (1.17) > Sb (1) >
> Hf (0.86) = U (0.86) > W (0.6) > Dy (0.57) >
> Se (0.56) > Yb (0.52) > Cd (0.39) > Eu (0.225) >
>Ta (0.169) > Tb (0.167) > Hg (0.07). YcraHOBUTb,
COOTBETCTBYIOT JIM TaKH€ MOKA3aTe/In €CTECTBEHHO-
MY reoXuMn4eckKomy (GOHY B peTMOHE Ha CETOIHS, He
MIPEACTABIISIETCS. BO3MOXHBIM, ITOCKOJIBKY aKTyajlb-
HBIX JaHHBIX B 3TOM HAIpaBJIECHUM HE CYIIECTBYET.
IToaToMy Takue pe3ysIbTaThl IPEACTABIISIIOT COOOI Iep-
BUYHYIO TE€OXUMUYECKYIO XapaKTePUCTUKY IJISI TEPPU-
TOpUM LHeHTpaJIbHOTO JloHOacca B CBSA3M C ypOBHEM aH-
TPONOIeHHOU nesTelbHOCTU MMeHHO 2018—2019 r1r.
IMockonbKy cama crierduKka 3KCIiepruMeHTa (IpUpOCT
3a 6 MecsleB HOBBIX raMeTO(MUTOB MOXOOOPAa3HBIX)
MO3BOJISIET CBA3aTh 3TU 3HAYCHUsS C 3arpsi3HEHUEM
BO3AyXa B KOHKPETHOM JIOKAJIMTETE UMEHHO B 3TOT
MepUo.

YuérHas rwromanka B 11. Criaprak (Touka 12, puc. 1)
XapakTepu3syeTcs CAeAyIOIIUM PaHXXUPOBAHHBIM Psi-
JIIOM coAepXaHUsl 3JeMEHTOB (MTI/KT) B IIPUPOCTE
6puobuonToB: Si (169000) > Fe (51000) > Al (32000) >
Ca (16500) > K (12600) > Mg (10900) > Na (4400) >
>Ti (2020) > Mn (740) > Ba (460) > P (305) >
> Cl1(270) > Zn (253) > Zr (160) > Cr (143) > Sr (141) >
>S (70) > Rb (64) > Ni (57) > V (50) > Ce (43) >
>Cu(35) > La (22.4) > Nd (22) > As (16.2) >
> Mo (15.7) > Th (15.1) > Co (11.2) > Pb (11) >
> Br(9.5) > Sc (7.16) > Sb (4.4) > Sm (4) > 1(3.9) >
>Cs (3.82) > Hf (3.6) > U (2.82) > Dy (2.8) > W (2) >
>Cd (1.85) > Yb (1.58) > Hg (0.8) > Se (0.73) >
> Eu (0.68) > Ta (0.63) > Tb (0.511). B aTom ciyuyae
3HAQUYEHUSI CPEAHUX KOHLIEHTPALIMi CYIEeCTBEHHBIM
00pa3oM NpeodpasyroTcsl B yBEIUYEHUU T0JIU TEXHO-
(UWIBHBIX 3JIEMEHTOB, YTO COIIacyeTcsl ¢ OOJIbIIUM
BO3JEMCTBMEM Ha TNPUPOMHBIE CUCTEMBI aHTPOIO-
reHHoro (bakTopa Mo CpaBHEHUIO C Y4aCTKOM peKpe-
AIMOHHOM 30HBI.

YcTaHOBUBINIMECS TEHASHIINU YBEJIMICHUS TOTU
Fe, Al, Mg, Ti, Mn, Zn, Pb, Cd u Hg B 06111eM MuHe-
paJILHOM COCTaBe pacTeHUsI-MHAWKATOpa COXpaHs-
TOTCSI U MOZIEITBHOTO yJacTKa TEXHOTEHHOTO 9KOTO-
na (Touka 13, puc. 1) B 30He BIMSIHUST MEeTAJLTyprude-
CKOTo KOMOWHAaTa, CKa3bIBalOTCS U JIOJTOCPOYHbIC
3 deKThl 3arpsa3HeHus] 37eMeHTaM1 (MI/KT), BXOIsi-
IIIMMU B COCTaB BRIOPOCOB Ipomn3BonacTaa: Si (158000) >
>Fe (72000) > Al (38400) > Ca (38000) >
> Mg (16700) > K (9300) > Na (4100) > Ti (2350) >
> Mn (1290) > Zn (670) > CI (580) > Ba (540) >
> P (447) > Cr (235) > Sr (180) > Zr (160) > S (116) >
>Ni (90) > V (70) > Cu (69) > Rb (53) > Ce (33) >
>Mo (29.3) > Nd (24) > La (19.5) > Pb (19) >
> As (14.3) > Co (12.7) > Br (9.6) > W (8.6) > Sb (7.6) >
>Sc (7.07) > Th (6) > 1(5.5) > Cd (3.9) > Sm (3.6) >
>Cs (3.54) > Hf (3.5) > Dy (3.3) > U (2.88) >
>Se (2.26) > Hg (2.13) > Yb (1.44) > Eu (0.72) >
>Ta (0.65) > Tb (0.468). MHdopMalis TaKOTo CO-
Iep>KaHUsI TTO3BOJISIET IMTPOCIIEIUTh 3aKOHOMEPHOCTH
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B pSIAy YBEIWYCHUS OOIU TeXHOMUIBHBIX 3JIEMEH-
TOB, UTO TaK:Ke JOKa3biBaeT MH(POPMATUBHOCTb Me-
TOJa OMOMOHMTOPUWHTA I10 IIPU3HAKaM HaKOIUICHUS
B (pmTocyOcTparax.

I1pu cpaBHEeHMU coaepKaHUS DJIEMEHTOB B OITbIT-
HBIX 1 KOHTPOJILHBIX 00pa3nax (YUCIeHHOE COOTHO-
IIEHME HAHHBIX) OBLIM YCTAHOBJICHBI 110 ABa KO3(h-
¢duLMeHTa HAKOIIJICHUS:

1) nast ypOaHU3MPOBAHHBIX YYACTKOB (pyAepalib-
HBIE U CEJINTEOHBIE SKOTOIIBI) 1

2) Ha TEPPUTOPUSIX HETIOCPEICTBEHHOTO BIUSTHUSI
MPENNpPUSATUI YTOJIbHO-A00bIBAIOIIEro U nepepada-
THIBAIOILIETO KOMIUIEKCOB, METAJUTYPTMYECKON U XU-
MUYECKOU MPOMBIIIJIEHHOCTH.

[MoxydeHs! ceaytonme pe3yabTaThl o Ko3ddu-
IIMEHTaM HaKOIUICHUSI B psIy Avara3oHa yCTaHOB-
JIeHHBIX KoHIeHTpanuit (Mr/Kr): Na (3.2 u 4.8), Mg
(2.8u4.4),A1(3.7u5.3),Si(3.6u4.2),P(2.3un16.2),
S(1.4u39),Cl(31mu55),KR25u32),Ca3.5nu
4.6),Sc (3.6u4.5), Ti(5.2u5.7),V(4.9u6.3),Cr (4.6
1 8.9), Mn (4.5u7.2), Fe (12.2mn 12.5), Co (3.7 1 4.6),
Ni(3.1m16.5),Cu(6.6m13.1), Zn (5.4 10.2), As (6.8
1 8.9), Se (3.8 u 8.3), Br(1.7u 2.4), Rb (3.4u4.5), Sr
24mu3l1),Zr(42u8.2), Mo (4.5199),Cd 2.1n
10.7), Sb (2.6 1 21.7), (1.9 m 4.0), Cs (3.4 1 3.9), Ba
(7.1 mu 14.7), La (4.4 1 6.0), Ce (5.2 1 6.8), Nd (2.3 u
2.7),Sm (3.4u5.7), Eu(3.9u4.5), Tb (3.5u4.5), Dy
(4.6 m5.8), Yb (3.4u 3.7), Hf (6.8 1 9.3), Ta (3.1 n
7.7), W (8.7 1 14.3), Hg (2.9 u 12.4), Pb (4.4 u 11.0),
Th (5.4u7.9), U (3.9 u4.3).

CregoBaTebHO, TP WHTEHCU(PUKAILIMU aHTPO-
TOTeHHOI Harpy3ku B 6MoMaTepualie pe3Ko Bo3pac-
TaeT OOJSI HEOPTaHUYECKOM COCTaBJISIOIIEi, KOTO-
pasi KOHLEHTPUPYETCS B KJIETKaX W TKAHSX pacTU-
TEJILHOTO OpraHuM3Ma, Moranasi B HEro ¢ BOAHBIMU
ocajJKaMHM B pa3HOM arperaTHOM COCTOSIHMM U MHpH
OCaXIECHUWMU MBUIEBBIX YACTUIIL 3arPSI3HEHHOTO BO3/TY -
xa. Takoif TeXHOTeHHBIM UMIIAKT OTpaXkaeTcsl Ha BCeX
mmponeccax Xu3HeoOecIledeHUsI OpHUOOMOHTOB U
MMeeT HEeOOTHO3HAYHYIO pa3HOHAIIpaBJICHHYIO (op-
MY BO3IEHCTBUS, UTO IPOSIBISIECTCS B TUIEpP-, TUITO-
(GYHKIMSIX OTOEILHEIX OpTaHOB U TKaHEM, a TaKke
MOXKET SIBJISIThCS IPUIMHOI aHOMAaJIbHBIX HOBOOOpa-
30BaHUI B PACTEHUU.

B cucteme MoHO(p aKTOpHOrO aHaIM3a MOATOTOB-
JIeH KapTtorpaduyecKuii MaTepHall, OTpazKaloIInii
crielupUKy 3arpsi3HEHHUST TIPU3EMHOTO CJIOSI aTMO-
chepbl IO MOKAa3aTe/lsIM HAKOIUIEHUS HEKOTOPHIX
TEeXHO(PUIBHBIX DJIEMEHTOB B aKTUBHOM OMOCyOCTpa-
T€ 3KCIOHUPOBAHHBIX OPMOOMOHTOB (puUcC. 2).

Busyanuzalus maHHBIX B COOTBETCTBUU C 4Ye-
TBIpbMS IHMAlla30HAMMW BapbUPOBAHUS BCETO psiaa
KOHILICHTPALIMiA IS OTASABbHBIX 3JIEMEHTOB JOKAa3bI-
BaeT T€OXMMUYECKYID KOHTPACTHOCTH cpenbl [oH-
Oacca, oOyCIIOBIIEHHYIO MHTEHCUBHOCTBIO aHTPOIIO-
reHHoro (akropa. Takke BBIOEIISIETCS TEPPUTOPHU-
ajibHas CIeUu(GUYHOCTh B 3arpSI3HEHUM, 4TO, ITO-
BUIUMOMY, CBSI3aHO C BO3JEMCTBUEM Pa3HBIX UCTOU-

CADOHOB u mp.

HUKOB 3arpsi3HeHus. [loCKOIBbKY WHOMKATOPHEIS
OpHOOUOHTHI HE SIBJISIIOTCSI OOBEKTOM CEJILCKOXO3SIii-
CTBCHHOM IESTEILHOCTH U COIIPSDKEHBI C IIPOLecCaMU
3arpsI3HEHMS BO3IyXa, TO aHAIM3UPOBATh PE3Y/IbTaThl B
OTHOIIIEHUU TIPEAeTIbHO-IOMYCTUMBIX KOHIICHTpALIWA
3JIEMEHTOB B PACTeHMSIX UISI JTAHHOTO IpHMepa Helle-
JIecooOpa3HO. DKCIEPUMEHT TakKXKe TOKa3bIBAeT aK-
TMBHYIO BOBJICYEHHOCTh TOKCUYHbBIX 2JIEMEHTOB B OMO-
TEOXMMUYECKHUE LIMKIIbI, IT03BOJIIET KOHCTAaTUPOBATh
CYIIIECTBEHHYIO POJIb MOXOOOpa3HbIX B (DYHKIIMOHAIb-
HOI1 OIITUMM3ALIMY HE TOJBKO IMyTEM 3aHSTUSI ITyCTYIO-
II1X SKOJOTUYECKUX HUIII P IIEPBUYHOM CYKIIECCU-
OHHOM OCBOCHUM HEO-JaHIIAPTOB (HampuMep, OT-
BaJIbl YTOJBHBIX IIIaXT, IIJIJAMOHAKOIMWTEIW, MecTa
CKJIaAVIpOBaHMsI 0CO0O OMACHBIX OTXONOB), HO U B Ka-
YeCTBE KOMIIOHEHTOB 1I€HO3a, YMEHbBIIAIOMIETO IO-
BEPXHOCTHBIE DPO3UMOHHBIE IIPOIECCHl BCJIEACTBUE
3aepHEHNUSI YYACTKOB OTKPHITHIX ITOBEPXHOCTEIA.
OmnucaHHbBIE IIPOLECCHI, 0€3yCIOBHO, SIBISIFOTCS WJI-
JIIOCTPAaTUBHBIM MPUMEPOM OMOTreHHON MUTpaUU
aTOMOB KaK eaMHWYHOro acriekra yuyeHust B.1. Bep-
Hazackoro o 6uocdepe (Bepuanckuii, 1991; BepHan-
ckuii, 2001), yTo TakXke comiacyercs ¢ paboTamMu
npyrux aBTopoB (BonsiHuukwmii, 2013; EpmakoB u ap.,
2009; Youmuena, 2015; Kanmuanna, 2022; Boch et al.,
2018; Opekunona, 2017; Shi et al., 2017).

MeTon mIaBHBIX KOMIIOHEHT IO3BOJIMJI YCTaHO-
BUTb CTEIICHb KOPPEISILUOHHBIX CBSI3€il B COIIyT-
CTBYIOIIIEM MHTPEIUEHTHOM 3aTrpsI3HEHUN OKPYXKalo-
1Ieii cpenbl rpynIaMu 3JIeMeHTOB. 11 mpoBeIeHUs
aHaIM3a 3JIEMEHTHI ObUIU pa3e/IcHbI Ha BE TPYIIIEL.
I1epBas rpymnma aneMeHTOB BKIodniaa B ceost Na, Si,
Cl, K, Ca, Sc, Ti, Se, Br, Rb, I, Ba, Ce, Nd, Eu, Tb,
Dy, Yb, Hf, Ta, W, Th, U. [ 3T0ii TpynIIbl OBUIO BbI-
JIeJIEHO HECKOJIPKO aCCOLMAIIMIA 3JIEMEHTOB (puc. 3a).

Bce nepemenHble, cipoellpOBaHHbIE OJMU3KO K
Havyajay KOoOpauHaT, cuuTaioTcss MajoBaxkHbIiMU (Cl,
I, W). B To Bpemsi KaK KOPOTKHE PACCTOSTHUS MEXIY
MEPEMEHHBIMHI YKa3bIBAalOT Ha TECHYIO KOPPEJISIIAIO
MEXKIy 271eMeHTaMu. TakuM o0pa3oM, ObLJIM BhIAEIIC-
HBl TPU accouuanuu 3jieMeHToB. [lepBbiii KOMITO-
HeHT Bkiouma B cebdsga Na—Se—Rb—Ce—Nd—Eu—
Tb—Yb—HIf, a Bropoii Si—Sc—Dy. Oba KoMIoHeHTa
BKJIIOYAIOT acCOLIMAlIMM PEAKO3eMEIbHBIX 3JIeMEH-
TOB 1 2JIEMEHTOB OCHOBHBIX IIOYBOOOPa3YIOIINX MU~
HEpaJIOB, MX MCTOYHMKOM MOXKHO CYUTATh IIbUIb
IIPUPOTHOIO M AHTPOIIOTEHHOTO IIPOMCXOXKICHUS
(TpaHCHOPT, HOOBIYA M mHepepadoTKa yIis). Tperwid
KOMITOHEHT BKJTIIOUMJI B ce0st Br—Ba—K, ncrounukamu
KOTOPBIX MOTYT OBITh CKWTAHUE TOIUIMBA, IIPOM3BOII-
cTBO ynoopenuii u rectuimaoB (Bidleman et al., 2015;
Penget al., 2021).

Bo Bropylo rpynmy HNpeuMyIIECTBEHHO TEXHO-
¢unpHBIX 3JIeMeHTOB Bouuii: Mg, Al, P, S, V, Cr,
Mn, Fe, Co, Ni, Cu, Zn, As, Sr, Zr, Mo, Cd, Sb, Cs,
La, Sm, Hg, Pb (puc. 36). /s naHHOI Ipynbl TaK-
Ke ObUIY TPU acCOLIMALINU 3J1IeMeHTOB. [1epBbIit KOoM-
MOHEHT BKJIIOYMI B cebst V—Mn—Fe, ncrounnkamn
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Puc. 2. Conepxxanue Al (a), Cr (6), Fe (B), Co (r), Cu (1) u Pb (e), MI/KI B 3KCITOHMPOBAaHHBIX MOXOOOPa3HbIX.
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Puc. 3. OpI[I/IHaL[I/IH 3JICMECHTOB, OIIPCICJICHHBIX B npo6ax 6pI/I061/IOHTOB Ha IJIOCKOCTH JIBYX IMEPBBIX INTABHBIX KOMITOHEHT.

KOTOPBIX MOXXHO CUMTATh METAJUIyprudecKue mpej-
npustus. Bropoii KoMIoOHEHT BKmoumn Mg—Al—
P—S—Co—Ni—Cu—Sr—Mo—Cd—Cs—La—Sm—Hg—Pb,
WCTOYHUKAMU KOTOPBIX MOKET ObITh JOOBIYA U TTepe-
pabotka yrig (Su et al., 2020). B TpeTtnii KOMITOHEHT
Bonim As—Zr—Sb, miasg KOTOPBIX BO3MOXHBI He-
CKOJIbKO WMCTOYHUKOB MPOUCXOXICHUS: CXKUTaHUE
YIJISI, IPOU3BOACTBO YIOOPEHMIT U NOPOXKHAS IbLUIb
(Shahid et al., 2013; Chunget al., 2014). [TonxydeHHBIE
pe3yAbTaThl WJLUTIOCTPUPYIOT TIPOLIECCHl COIMPSIKEH-
HOTO TIOCTYIUIEHUSI TeXHOMUJBbHBIX BJIEMEHTOB B
OKPYXKaIOIIYyIO CPeay B 3aBUCUMOCTH OT CIIELIM(PUKHI
AHTPOMNOTeHHOM JeITETbHOCTU B PETUOHE.

DumouHOUKAUUOHHBLI
CMPYKMYPHO-QYHKYUOHANbHBLIL MOHUMOPUHE.
Anomanuu cmpoenus 6puobUoHo8.
Cmpameeuu 8vidcusanus 6Uudos

I1pu nokaszarenbcTBe BoiOOpa Ceratodon purpureus
B Ka4eCTBE MOJIEIbHOTO BUAA B YUETHBIX TTOIIAIKAX
OBLIN TaKKE Pa3MEIIEHBI U IPYyTHUE BUABI MOXO00Opa3-
HBIX, KOTOpBIE B OOJBIIMHCTBE CIydaeB HE BbIIepKa-
JIU HATPY3KU TOKCUYHOI cpenbl Aaxke B 6JIarompusT-
HBI MaKpOKJIMMATUYECKHUIA MIEPUOI CBOETO 3UMHE-
BECEHHETO pa3BUTHS (110 (paKTOpPy YBIAKHEHUS BO3-
JIyXxa B perMOHe), IT03TOMY 3KCIEpUMEHTAILHO yCTa-
HOBJIEHO HE TOJILKO OMOMHAMKALIMOHHOE 3HAUYEHUE
BUJA IO KOHLIEHTPALIMOHHBIM MapaMeTpaM IIpY BbI-
SIBJIEHUU DKOTOITNYECKOI pasHUIbI, HO 1 OTMCUYCH
BBICOKUIT YPOBEHb TOJIEPAaHTHOCTH BUIA K YCIIOBUSIM
HecneuPUIecKOoro cTpecca B TIaHAIIA(MTHBIX CUCTE-
Max lLieHTpanbHoro JloHb6acca.

B skcnepuMeHTe Mo TpaHCIJIAHTALUM MOXOO00-
pa3HBIX OBUIM 3aeiiCTBOBAHBI 0OPA3IIbl CASAYIOIINX
BUOB C YKa3aHUEM BBIKMBAEMOCTU B TOYKAX MOHMU-
topuHroBoii cetu: Ceratodon purpureus (100%),
Bryum argenteum (92), Brachythecium campestre (83),
Bryum caespiticium (79), Bryum capillare (71), Pylaisia
polyantha (63) u Amblystegium subtile (54). TameTopuThI
MepeMeIEHHBIX TECT-PACTCHUI MPOSIBJISUIN MHTEHCH-
¢uKalLmMIo pocTOBBIX MpolieccoB Ha 20—25 meHb mocie
nepecanky. 3aMeTHOE TOPMOXKEHHME POCTA, a 3aTEM T10-
SIBJICHUE aIalITUBHOTO MPUPOCTa MO3BOJIUIN aHATO-
MO-MOP@POJIOTUUECKHN 000COOUTH YU4aCTOK PACTECHUSI,
KOTOPHIN chopMHUPOBAJICI UMEHHO B YUYETHOM TIJIO-
manke. ITocKoabKy MOX0O6pa3Hble CIOCOOHBI MO-
[JIOLATh BElleCTBA BCEM HAA3EMHOI MOBEPXHOCTHIO
TeJia, TO BJIEMEHTHBIN cOCTaB B 00pa30BaBIIMXCS 3a
Mepuo 3KCHO3UIUMN YaCTIX PACTEHUI M CUUTACTCS
MHAOPMALMOHHO-UHINKATOPHBEIM ~ KpUTEPUEM B
olleHKe KadyecTBa Bo3mylrHoii cpeabl (Khiem, 2020;
Ah-Htngetal., 2017; Boch et al., 2018; Koroleva et al.,
2020; Quyet et al., 2021). BoBieueHHbIC B OMOTCOXU -
MUYECKMIN LUK SJEMEHTBl OKpYXalollehd cpenbl
(TIPEeUMYIIECTBEHHO TEXHOTEHHOTO MPOMCXOXKIC-
HUS) SIBJISIIOTCSI CTPECCOBBIM (haKTOPOM ISl pacTe-
HUIl B MPOLECCe UX MHTPOAYKLIIMOHHOTO UCTBITAHUS
(Kabata-Pendias, Pendias, 2001; Kozlova et al., 2022),
IMO3TOMY MPOSIBIISIIOTCS COOTBETCTBYIOILIME KOMITEHCA-
TOPHbIE MEXaHU3Mbl BBLKUBAHUS KaXKI0M 0COOM B OT-
JETLHOCTH; 3TU MPU3HAKU CIIELU(MUYIHbI )Tl pa3HbIX
BUJIOB I PACCMOTPEHBI B KAYECTBE MHANKATOPHBIX.

Bech nmamna3oH OTBETHBIX CTPYKTYPHBIX peaKIIni
OpMOOMOHTA Ha TEXHOTEHHOE 3arpsi3HeHUuEe ObLI
YCIIOBHO pa3fiesieH Ha IBe TPYIIThI (DYHKIIMOHATBLHBIX
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Puc. 4. MopdoreneTnueckrie MoagudUKaIMK JTMCTa OpPMOOMOHTOB B YCIIOBUSIX SKCTOHNPOBaHUs B [loHbacce: (a) — MeXBUIO-
Basi pa3HUIIa B 00pa3oBaHUM XJIOPO30B M HEKp0o30B Ceratodon purpureus (1), Bryum argenteum (2), Brachythecium campestre (3),
Bryum caespiticium (4), Bryum capillare (5), Pylaisia polyantha (6) u Amblystegium subtile (7); (6) — BapuaHThI CITeMGUISCKUX
MoaudUKaLuii TPy TOPOTOBOM HAKOTUIEHUHU 3JIEMEHTOB (ITOSICHEHHE B TEKCTE).

npeoOpa3zoBaHuii: 1) oOlue-HecnemuduIecKue —
(GYHKIIMOHAIIbHbBIE, HATIPUMED, XJIOPO3bI, HEKPO3bI U
2) IMCKpETHO-CcIleunpuIecKre, SHICMUYHO IIPOSIB-
JISTIOIIUECS] TOJIBKO TPU KOHKPETHON KOMOWHAlIMU
3arpsI3HSIOIINX DJIEMEHTOB MJIXM MOHOOOMUHAHTHOM
3arpsiI3HEHUH.

Boineneno 8 oOiiux-Hecnelnpuyeckux CTpyK-
TYPHO-(YHKIIMOHATBHBIX pEaKUii OpMOOMOHTOB-
WHIUKATOPOB (puc. 4) B IPOBEAEHHOM 3KCIIEPUMEH-
Te: xsopo3 (6onee 40% ruTOLIAIN IMCTOBOM MTOBEPX-
HOCTM) MPOSIBJISIJICS MPU KOHLIEHTPALIUU CIETYIOIINX
anemeHToB: Na > 2700 mr/kr, Mn > 800 Mr/kr, Zn >
> 500 mr/kr B pacteHusix (puc. 40, 1); HeKpoTHUe-
ckue obpasoBanus (Gosnee 20% TIoIIAAN JIMCTOBOM
MoBepXHOCTH) ITpu KoHeHTpamuu K > 15000 mr/kr,
Co > 10 mr/kT, Sb > 2.5 mr/kT, Cu > 30 Mmr/kr, Cd >
> 1.5 mr/Kr (puc. 46, 2); 6ecx1opodUIbHBIC IUCThS
(puc. 46, 3) npu Cl > 500 mr/kr, Zn > 600 mr/kr,
Nd > 24 mr/kr, P > 210 MI/Kr; KpaeBoil HEKpO3 Bep-
Xymku gucta (puc. 40, 4) — Mg > 10000 mr/kr, Ni >
> 45 mr/kr, Eu > 0.7 Mr/KT; 4actasi TMIIOTeHEe3UsI JIU-
cra (puc. 46, 5) — Cr > 230 mr/k, Sr > 180 Mr/KT; CKpy-
ypBaHUe BepxylKH (puc. 46, 6) — Na > 2800 mr/KT,
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Co > 11 mr/kT, Zr > 150 Mr/KT, MO > 1.5 MI/KT; CKpY-
YyyBaHWe OOKOBEIX YacTei nucTa (puc. 46, 7) — Mn >
> 900 mr/xr, La > 20 Mr/Kr; JTOKaJabHbIE XJIOPO3bI y
ocHoBaHus aucTa (puc. 46, 8) — Fe > 72000 mr/kr,
Hf > 4 mr/xT. B iepeuyHe ycTaHOBJIEHHBIX IIOPOTOBBIX
KOHIIEHTpaIlMii HEKOTOPHIX 3JIEMEHTOB TPUBEICHBI
MpUMeEpPHI ToKa3aHHBIX 3(pheKTOB ITpU MOPPHOCTPYK-
TYPHOM ydeTe o0pas3ioB. BONBIIMHCTBO 3JIEMEHTOB
acCOIIMMPOBAHBI B TPYIIITBI COBMECTHOTO 3arpsiHe-
HUSI, TTIO3TOMY TIOIXOI BBHIIEICHUS ITOPOTOBOII KOH-
HEHTpAIIUK 1T KOHKPETHOTO 3JIeMeHTa-3arps3HU-
TeJisl, KaK MPaBUJIo, COTIPSIKEH C XapaKTepUCTUKaAMU
BBICOKMX KOHIIEHTPAIIUi COIMyTCTBYIOIIUX €My 3JIe-
MEHTOB.

YcraHOBJIEHO, YTO MPOSIBJIEHUE XJIOPO30B U He-
KpO30B 11 IMCTa OpMOOHMOHTOB SIBJISIETCS BUIOCIIE-
dudeckum (puc. 4a). OTOT KpUTEPHUit MOXKHO pac-
CMaTpUBaTh KaK 3JIEMEHT MPOBENEHUS MOJEBOI PKC-
npecc-IMarHoCTUKU JJIi TeX BUIOB pacTeHUM,
KOTOpbI€ BCTpeYaloTCs B MecTax MpearnojgaraemMoi
T€OXMMUYECKOM MMPOBUHIINMU, B TOM YUCJIe TEXHOTEH-
HOTO MPOUCXOXIEHMSI, YTO aKTyaJbHO IS TEPPUTO-
pum Jonobacca. M3 o01mmx 3akoHOMepHOCTEN HPOPMI-
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Si—Sc—Dy (8)

CADOHOB u mp.

(6"

\ V—Mn—Fe /

(6")

Mg—Al—P—S—Co—Ni—Cu—Sr—
—Mo—Cd—Cs—La—Sm—Hg—Pb

Puc. 5. Tpancdopmauusi XKu3HeHHBIX cTpateruii Ceratodon purpureus B yCIIOBUSIX TEOXMMMYECKOI0 KOHTpacTa: (a) — heHOoTH -
nuyeckast Hopma, (6) — cxemMa TUIIMYHOTO raburyca, (B) — cxeMa B cTaguu criopoduta (Hopma), (a') — oauromMepu3aiins MH-
IIMKAaTOPHOTO TIpupocTa, (6') — 6apbepHas dacumaiys oceii ramerodura, (6') — IMCTONMUS APXUTEKTOHUKYU rameTodura,
(B') — HetunuyHas Tpoiaudukamnus crnopodura (rmaronorusi); SCR — TeHIeHIIUM MIPOSIBICHUSI TATUEHTHBIX CTPaTETHii;

SRC — peanusanus 9KCIJIePEeHTHBIX CTpaTEeTUIA.

pPOBaHUSI HEKPOTUYECKUX TISITEH U MECT Jerpagaluu
XJIOpoWIJIa MOATBEPXKICHO, YTO JIMCT aCCUMETPUY-
HOT'O CTPOEHUSI YSI3BUM B IIEPBYIO 0Uepeb B OOJbIIeH
110 pa3Mepy noJie. DTOT (haKT CyIIeCTBEHHbIM 00pa-
30M JIOKA3bIBAeT OOJBIIYIO (PU3MOJIOTUUECKYIO 3HA-
YUMOCTb LIEHTPAJIbHON YacTU JUCTa U OOBSICHSET
BO3MOXHYIO aCUMMETPUIO B YCIIOBUSIX Hecrielupu-
YeCKOTO CTpecca.

Cpenu JoKaabHO-3HAEMUYHbBIX U TPOSIBJISTIOIINX -
Csl B KQUEeCTBE AUCKPETHO CeU(UIECKUX CTPYKTYP-
HBIX peakiuii OpuoOHOHTa OTMEYEHbBI CIeayIolIne
8 BapuaHTOB: dacumaluu oceii rameroduTa NpU
Sc > 7 mr/kr, U > 3 Mr/Kr; Ipo3eHXUMU3aLUsl KJIETOK
BIOJIb UEHTPAJbHOM XUJIKU JucTa — As > 27 MI/KT,
Ce > 45 mr/xr; TpaHcgopMalus CKYJIbITYPhI agaK-
cuaJbHOM moBepxHocTu aucta — Ti > 2000 mr/xr,
Cd > 3 mr/xr, Hg > 4.5 Mr/KT; 1MCTONNS 3JIEMEHTOB
rametouTa B 00llell apXUTEeKTOHUKE TpUpOCcTa —
Se > 2 MI/KI, eIMHUYHBIE W3riObl ILIEHTPaAIbLHOM
xankuy aucta — Al > 27000 mr/kr, Ta > 1 mr/kr, Th >
> 11 mr/kr, Cu > 55 MI/KT; OJIMroMepu3aius JIMCTOd-
KOB ITpU IIeCTPYKIIMH I10 SKIIKOBaHMIO — Ni > 85 Mr/KT,
Hg > 5 Mr/kT; HeTUIIMYHAsI TeTEPOreHHOCTD ITapeH-
XUMHBIX KJIETOK IO COOTHOILIIEHUIO pa3MepoB — V >
> 70 mr/kr, Sc > 3.5 MI/KT; HETUIIMYHAS PO U-
Kauus criopopura — Rb > 60 mr/kr, Dy > 3 Mr/Kr,
W > 5 mr/kr. Takue criennguyeckre HOBooOpa3oBa-
HUS YCJIOBHO pa3liesieHbl Ha ABa IMyTU MPOSIBIEHUS:

M0 KJIETOYHBIM CTPYKTypaM IOBEPXHOCTH JIUCTa U
MOKPOBHBIX TKAHEM, a TaKXKe B OTHOIIIEHUU rabuTy-
aJibHBIX TpaHchopMmauit (M3MEHEHUsI BHEIIIHETO
BUJA, apXUTEKTOHUKHU), YTO MPOSIBIASIETCS KakK ISt
raMmeToduTa, TaK U 1151 cnopoduTa 6proOUOHTA.

B skoJioro-6otaHMYecKoil auTeparype BOIPOC
KM3HEHHBIX CTPATETNii MOXO00pa3HBIX 00CYKIAeTC s,
Kak IIpaBUJIO, TOJILKO B KOHTEKCTE 00IIMX MOPdhOJI0-
rmyeckux M lLeHotuueckux onucaHuii (Kiirschner,
2004; Longton, 1988; Decker, Reski, 2020; Spangler,
2021; Zanatta et al., 2020). Takas nundopmamnyst HyKna-
€TCsl B I€OXMMUUYECKOM OCMBICIICHUM IIPU aHau3e
MPOLIECCOB TpaHC(HOPMALIUM XKU3HEHHBIX CTPaTeTUiA —
NPUHIIMINAJIBHON CMEHBI IPUCIIOCOOIEHUIA O BhI-
KMBAaHUIO 3a CYET CTPYKTYPHO-(YHKIIMOHAIBLHBIX
HOBOOOpa30BaHUIl. YCTaHOBJIEHO, YTO IIOCJIE TPAHC-
IUIAHTALUU U 6-MECSIYHOM SKCIIOHUPOBAHUM TaMe-
TOMDUTHI MOXOOOPa3HBIX UCHBITHIBAIOT HE TOJBKO CO-
CTOSTHHE CTpecca, HO 1 IIPOSIBIISIIOT pa3HbIe MEXaHU3-
Mbl adanTallMOHHON YCTOMYMBOCTU B TOKCUYECKOM
cpelie, 4To oTpaxKaeTcss B MOp(OreHeTUYEeCKUX Mpo-
1eccax ¢ YaCThIM IIPOSIBJICHUEM TEPATHOI'O CTPOCHUSI
pacTeHUil U COIPSKEHO CO CHEeHU(PUKON Te€OXUMU-
YeCKOT0 KOHTpPACTa MO aCCOLMUPOBAHHBIM TpyIIIIaM
3arpsisHuTeNen (puc. 5).

Ha ¢one ob6uero xumuueckoro crtpecca Ceratodon
purpureus sIBIsieTcst natrueHToM. Ho crmocoObl Takoit
CTpaTeruu CyIIECTBEHHBIM OOPa30M IOMOIHSIIOTCS Me-
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XaHNU3MaMH YCTOMYMBOCTH, XapaKTePHBIMU TSI BHO-
JICHTHBIX U 9KCIUIEPEHTHBIX CLICHApUEB OCBOCHUSI Tep-
PUTOPUM, PECYPCOB U peaanu3allui MporpaMMbl Bbi-
KuBaHMA. Ha 3ToM TIpuMepe eHOTUIeCKUIA TTOIXOT
B 9KOJIOTO-00TAaHMYECKOM aHaIn3e HaIpSIMYIO CBSI-
3aH C UHANBUAYaIbHBIMU CBOMCTBAMY PACTUTEILHO-
TO OpraHM3Ma B 3aBUCUMOCTH OT TeX (DaKTOPOB cpe-
IIbI, KOTOPBIE IO CBOEMY BO3IEHCTBMIO ONU3KU K
OrpaHMYNBAIOIINM AUAa30H BEIHOCIWBOCTH Ha ayT-
5KOJIOTHUYECKOM YPOBHE.

7151 reoXuMu4ecKuX accolalii 3JIeMeHTOB, ycTa-
HOBJICHHBIX METOJOM IJIaBHBIX KOMIIOHEHT (puc. 3),
COTIPSKEHHOCTD € aTUITWYHBIM TTPOsIBIICHUEM MOP(O-
reHe3a BbISIBWIN TpyIrnbl As—Zr—Sb u V—Mn—Fe o
peanu3aluy oOllel MaTUEHTHOI CTpaTeruu ¢ Xapak-
TEPHBIMU MTPU3HAKAMMU JIJIS1 BUOJICHTOB (OJIMTOMEpH3a-
1mst ¥ pacumanust) v rpynrsl Si—Sc—Dy u Mg—Al—P—
S—Co—Ni—Cu—Sr—Mo—-Cd—Cs—La—Sm—Hg—Pb,
CBSI3aHHBbIEC C pean3aliueil SKCIUIEPEHTHBIX CTpaTe-
ruit (mpoaundukalus u gucronus) (puc. 5).

SAKJIIOYEHHME

B pamkax moHMMaHMsI OMHOTO M3 aCHEKTOB yde-
Hus B.M. BepHanckoro o KOHIIEHTPALlMOHHOM, Cpeao-
oOpasyronieii 1 MHGOPMAaLMOHHON (QYHKIUSIX OMO-
cdepbl MpoBeneHa IKCIIepTU3a IIPUPOTHO-TEXHOTECH-
HBIX KOMILJIEKCOB LIeHTpaJIbHOro JloHOacca, KOTophie
MOIBEPIIMCH IIyOOKOM aHTPOIIOTeHHOM TpaHchopMa-
mun. Ha ocHoBaHMU BBIIECIEHHON HAKOIMTEIHHOM
CMOCOOHOCTH PACTEHUIM OIPEAeICHBI COMPSIKEHHbIE
3aKOHOMEPHOCTU B CTPYKTYPHO-(YHKIIMOHAIbLHBIX
N3MEHEHUSIX OpMOOMOHTOB.

Moxoo6pa3Hbie B YCIOBHUSIX TEXHOT€HHOIO HM-
MaKTa SIBJISTIOTCS TAKCOHOMMWYECKM pa3HOOOpa3HOI 1
(GYHKIMOHAJILHO BaXXHOM TIPYMIIO OpPraHU3MOB.
biaromapst BBLKMBaHUIO B TOKCUYHOM M TpaHCdOp-
MUPOBAaHHOI cpene OpMOOMOHTHI O0ECIIEYNBAIOT
MHOTHE NPOILECChl ITEPBUYHON CYKIIECCMU U TOIrO-
TOBKM ITOYBEHHOIO CyOCTpaTa [jisi pa3BUTHSI BUIOB,
VMEIOIINX 9MU(UKAIIMOHHOE 3HAYCHUE IT0 MAKPOKJIM -
MaTu4ecKUM TpeboBaHUsIM. B Tpoliecce BOBICUECHUS
OpHOOMOHTAMM 0COO0 TOKCUYHBIX JIEMEHTOB B OMO-
TEOXMMUYECKUE IIMKIIbI OCYIIECTBIISIETCS KaK CPeaoo0-
pasymollas, Tak U KOHLIEHTpallMOHHasT (byHKIIMU KU -
BOrO BellecTBa. Ha mpumepe BBISIBICHHBIX 3aKOHO-
MEpPHOCTEN B crienn(pUIEeCKOM CTPOCHUU pacTCHUM
IIpM YCJIOBUU HAKOIUICHUSA UMM OTACIIBbHBIX DJICMEH-
TOB (WJIM acCOLIMALINi1 3JIEMEHTOB) PAaCCMOTPEHO MH-
JIUKAlIMOHHOE 3HAaYeHUEe BUAOB, YTO B YACTHOM CIIy-
yae oTpaxkaeT MHMOpPMALMOHHYIO (YHKIHIO OUO-
cepsnl. Mcrionb3oBaHne pacCTeHUM-UHIANKATOPOB HA
CEeromgHs TIPEACTaBIsSIeT CO0OM CIOCOO IIPOBEICHUS
(1)yHKLlI/IOHaJ1bHOFO OKOJIOTMYECKOTO MOHMWTOpPHMHTa
JIJISI TEPPUTOPUU aHTPOIIOTeHHO TpaHC(OPMUPOBAH-
Horo Jlon6acca.

YcTaHOBIEHO, UTO NP YBEIUUYEHUU TEXHOTEHHO-
ro 3arpsI3HEHUSI HApyIIAIOTCS CTPYKTYPHO-(PYHKIIU-
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OHaJIbHBIE TMapaMeTpbl PAaCTUTENILHOTO OpraHu3Ma,
KOTOPbIC MPOABJIAIOTCA BO MHOI'OUYMCJICHHBIX XJIOPO-
3aX ¥ HEKPO3aX JIMCTOBOM IJIACTUHKM, a TAKXKE MaTo-
JIOTUYECKUX TpaHCHOpMALIMIX CTPOSHUS TKaHell 1o
crieupuyecKoro TepaTrooopa3oBaHusI Ha aHATOMMU -
YeCKOM YPOBHE Pa3BUTHUSI MOXOOOpa3HBIX.

BroisiBiieHHBIE MOpGhOreHeTUYeCKUe aHOMaJIuu
SIBJISIIOTCS (DUTOMHIUKAIIMOHHOM XapaKTepUCTUKO
MPU MPOBEAEHUU IKCIPECC-OLEHKU YPOBHS TEXHO-
T€HHOT'O HampsiKeHUs B MOJEBOM TMAarHOCTUKE, YTO
CYIIECTBEHHBIM 00pPa3oM MOXET CKOPPEKTUPOBAThb
HEOOXOAUMOCTb MPOBEAEHUS XMMUUYECKOTO aHaJIu3a
JUIST MHOTOUYMCJIEHHBIX TIPOO B PEXXUMHOM 3KOJIOTU-
YEeCKOM MOHUTOPUHIE TEXHOT€HHO TpaHCHOPMUPO-
BaHHOTO PErMoHa.

INpencraBieHHble B paboTe OaHHBIE — EOUH-
CTBEHHBI IMMPOKOMACINTAOHBIN SKCIIEPUMEHT T10
WHIPEAUEHTHOM (pUTOAMATHOCTUKE JIOKAJIBHbBIX T€0-
cucteM B LieHTpaibHOM JloHOacce mepuona 2018—
2021 rr.

BbIBOJ bl

1. C moMo111b10 GUTOMHANKALIMOHHOTO SKCIEpU-
MEHTAa YCTAaHOBJIEH (paKT TeOXUMHUYECKOrO KOHTPACTA
Ha TeppuTopuu coBpeMeHHoro Jlonb6acca. Meton
aKTUBHOIO OMOMOHMTOPUHTA ITO3BOJINI OObEIMHUTH
BECh PETMOH €IVUHOI IPOTpaMMOii OLIEHKU U BHI-
SIBUTh JIOKAJIbHBIE XapaKTEPUCTUKM 3arpSI3HEHUS OT-
JIEJIbHBIMU B3JIEMEHTAMU B YCJIOBUSIX ICUCTBUSI aH-
TPOIOTeHHOTO (haKTOpa.

2. JlokazaH BBICOKUII YpOBE€Hb BOBJICYCHHOCTU
MXOB B OMOT€OXUMHMYECKHNE LUKIIbI MUTPALIMOHHBIX
IIOTOKOB TEXHOMWJIBHBIX 3JEMEHTOB, YTO TaKXe
o0ecIieunBaeT NPOLIECChl YACTUYHOM NETOKCUKALIUU
B aHTPOIOTeHHO TPpaHC(OPMUPOBAHHOI cpelie.

3. Ionagas B pasHbIe YCAOBUSI MIPOU3PACTAHUS,
MXHU HEe TOJIbKO MHINLIMPYIOT XapaKTep 3arpsi3HECHUS
KOHKPETHBIMU 3JIeMEHTaMM WJIM UX IpynraMu, HO U
peanus3ylTcd B cnelu(UIeCKUX XKU3HEHHBIX (op-
Max IO COBOKYITHBIM peaklusM MopdoreHesa, 4To
COOTBETCTBYET Pa3HbIM CTPATETUSIM BbIKMBaHUS BU-
OB MO 3KCIUIEPEHTHOMY (mepexon K crheluduye-
CKoii cmopoduTr3amm 1 (Uin) 3aXBaT TEPPUTOPUH)
WIN BHUOJIEHTHOMY (KOHCEpPBAaTUBHbINA CTPYKTYPHBII
ajanTaluoreHe3) CLeHApUSIM JIJisl UHAYLIMPOBAHHBIX
OGpPUOIIATUEHTOB B OTBET Ha ACUCTBUE (DAKTOPOB XU~
MuYeckoro ctpecca. Ctparernueckas mepeopmeHTa-
LIS MXOB CBSI3aHA C KOMILIEKCHBIM TUCOAIAaHCOM U
TECHO KOPpPEJIMPYET C YCTAHOBJICHHBIMU T€OXUMUYE-
CKMMM XapaKTEpUCTUKAMM CpeIbl IO acCOLMUPO-
BaHHBIM TPYIIIaM 3JIEMEHTOB.

Bripaxkaem miyOoKyIo MpU3HATEIbHOCTh HAYYHO-
My penakTtopy Bamumy BukropoBuuy EpMakoBy u
pelieH3eHTaM 32 BHUMATEIbHOE O3HAKOMJIEHUE C Ma-
TepruajgaMU PyKOIMCH, KOPPEKTHbBIEC 3aMEeYaHUsI, BbI-
COKMI1 ypOBEHb KOMIIETEHTHOCTU B OCBEIIIAEMbIX BO-
npocax.
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