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B cratbe gaercst 0630p poccHICKHI U 3apyOe)HBIX padOT MO OLIEHKE COCTaBa aTMOC(HEPHBIX
BBIMAJICHUI M TOYBEHHBIX BOJ B JIECHBIX 3KocucTeMax. CrenaHo 3akiIlOueHHEe O TOM, YTO
HEIOCTaTOYHO BHUMAHHUE YIENSeTcs TPaHC(POPMALMU XUMHUYECKOT'O COCTaBa OCAKOB JIECHBIMH
HKOCUCTEMaMU C Y4YETOM BIHMSHHUS BUIOBOTO COCTaBa JAPEBOCTOSI M MO3aUYHOTO CTPOCHHS
OuoreoreHo3a (IIOJKPOHOBbIE, MEKKPOHOBBIE ITPOCTPAHCTBA, OTKPHITHIE YUacTKH). B eBpomeiickux
pabotax cocTtaB aTMOC(HEpPHBIX BBINAJCHUH W JIM3UMETPUYECKUX BOJ OOBIYHO H3ydaeTcs B
MHOTOJIETHEH TUHAMUKE, YTO MO3BOJSET OOHAPYXHUTH JOJTOBPEMEHHBIE TPEHIbl B M3MEHEHUSX
cocTaBa aTMOC(EPHBIX U MOYBEHHBIX BOJ] M BBIIBUTH (PAKTOPHI ATUX M3MEHEHUH. B oTeuecTBeHHBIX
paboTax Takux MHOroieTHuX (6onee 10 JeT) MOCTOSHHBIX HAOIIOJCHUH, MOCBAIICHHBIX BIHUSHUIO
TEXHOTEHHOI'O 3arpsi3HeHHs Ha COCTaB M CBOMCTBA aTMOC(EpHBIX U IOYBEHHBIX BOJ, HE
NPOBOMMIIOCH. JTa 3ajada SBISETCS BecbMa akTyainbHOW a1 Poccum u, ocoOeHHO, st
MHIYyCTPUAIIBHO Pa3BUTHIX PETHOHOB.

KiroueBble ci10Ba: iechvie 6U02e0yeHO3bl, A23POMEXHOSEHHOE 3a2pA3HeHUe, AmMOochepHble
8bINAOEHUs, NOYBEHHbBLE 800bl, MOHUMOPUHS, MHO2O0LEMHASA OUHAMUKA, KPUMUYECKUe Hazpy3KU

VYcnoBust OKpy’Karolied cpenbl  ObICTPO
MEHSIOTCS B II00aJIbHOM Maciutade ¢ Hayana
spsl uHAycTpuanu3anuu (Schopp et. al., 2003;
IPCC, 2007). Texnuueckoe pa3BUTHE
YeJI0BEYEeCTBA INPUBEIO K CYIIECTBEHHOMY
M3MEHEHUIO XUMHUYECKOTO cocTaBa
atMocdepsl, ruapocdepsl, nexochepsl, a
TaKke mpeacraButeneit ¢uopsl U (ayHbL.
[Tpon3BoaCTBEHHAS JESATEIBHOCTh BBI3BIBAET
TpaHc(hOpMAIMIO  MPHUPOTHBIX  SKOCHCTEM,
CTENEHb KOTOpPOW 3aBHCHUT OT XapakTepa Hu
MHTCHCUBHOCTH AaHTPOIIOTEHHOTO BO3JeHC-
TBUA U YCTOMUMBOCTH 3KocucTeM. OreHka
COBPEMEHHOTO  COCTOSIHHSI 9KOCHUCTEM U
NPOTHO3UPOBAHUE WX PA3BUTHUS SBISETCS
BA)KHOM  HAy4yHOM  3aJa4ye U HUMeeT
CYIIIECTBEHHOE MPUKIIAJHOE 3HAa4YeHUE
(AnanbeBa u ap., 2012).

JlecHbIe 3KOCHCTEMBI HT'PAIOT BAXKHYIO POJIb
B COXpPaHEHHUH SKOJIOTUYECKOTO PABHOBECHS,
YCTOMUMBOTO (YyHKIMOHUPOBaHMs OHOC(heEpHI,
a TakkKe B OOECIIEYCHHWU MAaTEepHAIbHBIX WU
IyXOBHBIX MOTpeOHOCTel uenoBeka (CMur,
1985). OpauM U3  BaxHBIX  (AKTOPOB
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OTIPENICNIAIONINX  COBPEMEHHOE COCTOSIHHE
JECHBIX  JKOCHCTEM  SIBJISIETCS  a’poTeX-
HOTeHHOe 3arpsi3HeHue. JlecHele Oumoreore-
HO3Bl aKKyMYJIMPYIOT 3arpsi3HSIOMINE Belec-
TBa, BBICTyHas CBOEOOpa3HBIM TpaHCHOp-
MaTOpPOM aTMOC(EpPHBIX ~ TEXHOT€HHBIX
BBIMAJICHUN, MO CYTH, SBISACH (UIBTPOM
OouocepHoro ypoBHs B 0OJIBIIOM OMOTE€HHOM
notoke BemiecTBa (PaccesHHBIE >IEMEHTHI,
2004). Ilormomas NoJUTFOTaHTBI AHTPOIIOTE€H-
HOTO M €CTECTBEHHOT'O MPOHCXOXKACHUS, Jeca
OYMILAIOT aTMoc(epy, BBIIOIHSIS BaXHYIO
CaHUTAPHYIO (PYHKIIHUIO.

Leab paboThl — aHaNM3 JUTEPATYPHBIX
JaHHBIX O BIHMSHUM  A’POTEXHOTEHHOI'O
3arps3HEHUs Ha JIECHbIE OMOT€OIICHO3BI.

Eme B KOHLE ©pouUIOro BeKa Iepen
YeJI0BEYECTBOM OCTPO BCTala mpobiema
OXpaHBbI OKPY Karollen cpenbl oT
AQHTPOIIOIE€HHOI'0 BO3JEUCTBUS, HAJl JIECHBIMU
DKOCUCTEMaMM HaBHCIIA YIrpo3a JAerpajalnuu
oT 3arpsi3HeHus. s 0OBbEeKTHBHOTO aHaIn3a
TOH  OMACHOCTH HEOOXOJMMBI  OIICHKH,
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OCHOBAHHbIE Ha KOJINYECTBEHHBIX
U3MEPEHUSAX M  OOOOIIEHUSX  IIMPOKOTO
Mmacmtaba. Beimenstor 3 kimacca  B3auMo-
JNEUCTBUM MEXKIy JIECHBIMU DKOCHCTEMAMHU U
aTMOC(epHBIMU MIPUMECSIMH. Bzaumo-
nevictBuss | Kimacca — xapakTepuzyercs
HU3KHUM COJIep)KaHUEM MpUMecei, BIMSHUE UX
Ha JIECHYIO SKOCHUCTEMY, B 3aBUCUMOCTHU OT MX
XapakTepa, HeCeT He3aMeTHBIH (Oe3BpeIHbIH)
WM cTUMyJupyommil ¢ dexr. B3anmoneiic-
TBUS 2 Kijacca — KOHIIGHTPALMU HpUMecei
HECYT  yTHETAIOIMHA  JUII  HEKOTOPBIX
KOMIIOHEHTOB OMOTHI 3(ddekt. Bzanumoneiic-
TBUA 3 Kjacca — BBICOKOE COJEpKaHUE
npumMecei, BBI3BIBAIOITNX HapyIICHUS
OMOTreOXUMHYECKUX KPYTOBOPOTOB M IMOTOKOB
sHepruu (Cmut, 1985).

C xoHua 19-ro Beka no cepeaunsl 80-x
r'0JIOB IPOILJIOrO CTOJIETHSI KPYTHBIE PETHOHBI

EBpOHBI MoABCPIIIUCH HCTaTUBHOMY
BOSHCﬁCTBﬂlO KHCJIIOTHBIX OCaaAKOB H3-3a
YBCIIUUCHUA AHTPOIIOT CHHBIX BBIGpOCOB

MOJUTIOTAaHTOB B arMmocdepy. BuiOpocs! cepsl
(S) B EBpone yBenuumiuch B CeMb pa3, a
BbIOpOCHI a30Ta (N) yBEJIMYHINCH TPUMEPHO B
ST pa3, YTO KOPPEIUPOBAIO C aHAJIOTHYHBIM
MOBBIIIIEHUEM KUCIOTHOCTU 0cankoB (Schopp
et. al, 2003; Engardt et al., 2017). B
BOCBMHJIECSTBIE  TOJBI  MPOLUIOrO  BeKa
COCTOSIHUE U HKU3HECIIOCOOHOCTh JIECHBIX
9KOCHCTEM BBI3BAJIO 00IIIECTBEHHOE
0eCHOKOMCTBO M3-32 OOIIMPHOTO MOBPEK-
neHuss  yecoB  llentpanbHoi  EBporsl,
NPUYMHON KOTOPOTO SIBJSUIOCH 3arpsisHEHHE
BO3/yXa, B TOM YHUCIIE KUCIOTOOOPa3yIOIINMMHU
COCIMHEHUSIMH, BBINAJAIOIUMHU C
aTMocdepHbIMU ocakamu (Schiitt et al., 1983;
Lammel, 1984). JIns rmy0okoro moHUMaHUs
MEXaHU3MOB  BO3JICHCTBHUS  aTMOC(EpPHOTro
3arpsA3HEHUsT Ha JIECHBIE DSKOCHCTEMBI B
BOCBMHJIECATBIE U JEBSIHOCTBIE  TOJIBI
NPOILJIOr0 CTONETUS OBUIM  MPEANPUHSATHI
OoyibIIIiE  WCCIICOBATENCKUE  YCHIIUA,
KOTOpbIE BKIIOYAIM B ce0s TOCTOSHHBIN
MOHUTOPUHI 3KOCHCTEM M MOJEIMPOBAHHE.
Ha ocHoBe »9THX wuccinenoBaHuil Obun
BBISIBJICHBI ClleAyIoIIne MIOCJIEACTBUS
BO3JICHICTBUS a3POTEXHOTEHHOT'O 3arpsi3HEHUs
Ha COCTOsTHUE JIeCHBIX 3kocucTeM (De Vries et
al., 2000): noBbIiieHHBIE KOHIIEHTpauuu SOz B
aTMocdepe BBI3BIBAIOT HAPYLICHHUs YCTHUI] U
IIPEKIEBPEMEHHOE CTapeHHe  JIUCTHEB,
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HapyIlIEHHE paclpeeieHus] acCUMMIIISHTOB,
NPUBOAAIIEE K  OCIA0JIEHUI0  KOPHEBOU
CHCTEMBl, YCKOPEHHOMY BBIIIEIAYUBAHUIO
NUTATENbHBIX ~ BEIIECTB W3  PACTCHHUU;
3BTpOdUKAIMS M3-32 BBITIAACHUN COSTUHEHUI
azota (NOs;, NH4), BbeBBIBaeT aucbOamaHc
MEXJly OCHOBHBIMU KaTHOHAMH M a30TOM, UTO
MOJKET NMPHUBOAMTH K YCHJIEHHIO CTpecca OT
3aCyXH, YyBCTBUTEIHHOCTH K 3aMOpO3KaM M
I'pUOKOBBIM 00JIe3HAM, ITOCKOJIBKY
MIOBBIIICHUS CO/IEPKAHUS a30Ta CIIOCOOCTBYET
pPOCTY HaJ3eMHOM OHOMAacchl, HO CKOPOCTb
pocTa KOpHEH MpH 3TOM HE H3MEHSETCS;
MIOJIKUCIIEHUE TIOYBBI, TO €CTh CHIXeHue pH,
NPUBOAMUT K IMOTEPE OCHOBHBIX KAaTHOHOB W3
MOYBBI, BBI3bIBAS JACDUIUT MUTATEIBHBIX
BemiecTB (0coOeHHO Mg), BBICBOOOXKICHUE
TOKCHYHBIX COeMHEHUI ATIOMUHUS,
HETaTUBHO BIUSIOIMIMX HAa POCT KOPHEH,
MOBBIIIEHUE  MUTPAIIMOHHOM  aKTUBHOCTHU
TSKEIBIX METAJJIOB.

[TocnencTBust aTMOC(EPHOTO MPOMBIIILICH-
HOTO 3arpsi3HEHMs] BBI3BAJIU OOIIECTBEHHYIO
03a004eHHOCTb M, ToJ Arujoi EBponeiickoit
HSKOHOMHYECKOW Komuccun  OpraHuszanuu
O6wenennnix Hammit (UN-ECE) u EC Obuna
co3maHa MexayHaponHas —KooIllepaTHBHas
nporpaMma IO OLEHKE M MOHUTOPHUHTY
BO3JICUCTBUS 3arps3HEHUs] BO3JyXa Ha Jeca
(ICP Forests) B cepenune 1980-x romos
(Lorenz, 1995). OcHoBHas 11€71b MOHUTOPUHTA
ypoBHs [ oroit mporpammer (Level 1
Monitoring Programme) 3akmiovanach B
MOJyYeHUH JAHHBIX O MPOCTPAHCTBEHHBIX U
BPEMEHHBIX W3MEHEHHSIX COCTOSIHUS JIECHBIX
HKOCUCTEM, a TakXke BIUSHUU (HaKTOPOB
cTpecca, BKiIIouas arMmoc(hepHoe 3arps3HeHue,
Ha 3TU 3Kocuctembl. C TeueHHEM BpPEMEHHU
CTaJl0O  SICHO, 4YTO KpyMHOMaclITaOHBIN
MOHHUTOPUHI HE B COCTOSIHUM OTBETHTh Ha
BOTIPOCHI, Kacaromuecs PUYHHHO-
CJIEICTBEHHBIX CBsi3ei, mo3ToMy B 1994 rony
non orunoir  UN-ECE/ICP Forest m EC
Havaiach  oOIIeeBpoIeicKas  IporpamMma
WHTEHCUBHOIO u HETPEPHIBHOTO
MOHHUTOpPHUHIA, TaK Ha3blBaeMas MNpoOrpaMma
monurtopunra yposas II (Level II Monitoring
Programme). B nanbHeiiimem o0e 3Tu cetu
MOHUTOpPHHIa cTanu Ha3biBaTbes - [CP Forests
Level I u Level II (Lorenz and Becher, 2012).
B 10 Bpems kak cerb ICP Forests ypoBHs I
HampaBjeHa Ha TOJY4YCHHE JaHHBIX O
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MIPOCTPAHCTBEHHBIX u BPEMEHHBIX
W3MECHECHHUSX, BIHSIONIMX HA COCTOSHUE Jieca,
cetb ypoBHs Il co3gana Uit BBIACHEHHUS
IIPUYMHHO-CIEACTBEHHBIX CBs3ed. B cocrase
MOKa3aTeiei, U3MepseMbIX TPU peau3aluu
ICP Forests: cocTostHue KpOH JI€pEBbEB
(cremenp nedonuan M 00ECIBEUMBAHUSA),
IPUPOCT CTBOJIA JiepeBa, OHOpa3sHOOOpasue
HAMOYBEHHOTO MOKPOBA, XUMHYECKUN COCTaB
XBOW/JIMCTHEB, IIOYBHI, aTMOC(EepHBIX
BBITIQJICHUN, TTOYBEHHBIX BOJl, METEOPOJO-
THYECKUE JaHHBbIe, KadeCTBO OKPYXKAIOIIETO
BO3/yXa, JaHHbIE O Ouomacce HazeMHOU
pactutensHOoCcTH. Bce 3T HabmogeHus
MPOBOJATCS HA CIEIUATBHO BBIOPAHHBIX
TUTOIAISIX MTOCTOSIHHOTO HaOII01eHUS
(Ferretti et. al., 2013).

Coznannast B EBpome rinobanbHas ceTh
MOHUTOPUHTAa HE TOJIbKO IOMOTJa OILIEHUTh
CTENIEHb  BO3JEHCTBUSA  A’POTEXHOTEHHOIO
3arpsi3HEHUs Ha SKOCUCTEMBI, HO U MTO3BOJIHIIA
MPUHSTH Mepbl o COKpAIIECHUIO
MOJIKUCIISIONIUX U ABTPOPUIHPYIOMIUX COCTH-
HEHUN D3JEMEHTOB, C IIOMOUIBIO  pAla
IIPOTOKOJIOB, KOTOpBIE YCTaHOBWIIH
NOMYyCTHMBIE  TpENeNbl  ais  BBIOPOCOB
HEKOTOPBIX 3arps3HsAoIUX BemecTs - NHi,
NOx u SO, (Maas, Grennfelt, 2016).
EBpomneiickue yudeHble OTMEUYarT, 4YTO JUIS
YCHEIIHON peaau3aluy Mep MO0 COKPALIEHUIO
BIIUSIHUSL a9POTEXHOTEHHOTO 3arpsi3HEHUS Ha
HKOCUCTEMBbl ~ HEOOXOIUMBI  MHOTOJIETHHE
HenpepeiBHbIe HaOmoneHus (Ferm et al,
2019).

[TpoGiema BITUSTHUS TEXHOTE€HHOT'O
3arpsi3HEHUSHA 3KOCHUCTEMBI aKTyallbHaW st
Poccun, ocobGeHHO Ui WHAYCTPHAIBHO
pa3BuTBIX peruoHoB CeBepa, TaKWX Kak
KpacHospckuit Kpai, CeepaiioBckas,
YensOunckas, a Takxke MypmaHckas 00J1acTH
Ha TEPPUTOPUH, KOTOPHIX (PYHKIHOHUPYIOT
KPyMHBIE  METAJUTypru4eckiue KOMOHWHATHI
(EBmoxkumoBa u ap, 1984; Spwmuiiko,
1984;Kapabanp u gp, 1985; SApmumiko,
SApmumko, 2002; Derome, Lukina, 2010;
IIBetkoB, llperkoB  2012;  [lepsiOuna,
[lepetrixun, 2015; 3aiiuesa, 2016; Kypnatos
u gap., 2016; BopooGeituuk, Kaitropomosa,
2017; Kmroes, SIkoBenko, 2018; Illenens, 2019
u Jap.).

XuMu4yeckuil  cocTaB  aTMOC(epHbIX
BbINaJeHUi B BHJAE CHera W JOXKIS:
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BJIMSIHME A9POTEXHOTeHHOI 0 3arPsI3HEHUS U
APEBOCTOA

ATMoc(hepHbIe 0CaJIKu SBISIIOTCS OJTHOU U3
COCTABJIAIOLINX OMOT€OXMMHUYECKOTO ITUKIIA.
ATMoc(hepHbIe BBINAACHUS TOAPA3ACIAIOTCS
Ha BJIaXHBbIE (BEIIECTBA, JOCTHUTraIOIINE
MOBEPXHOCTH  3eMJIM  C COOCTBEHHO
aTMOC(EpHBIMU  OCAJIKAMHU: JOX[b, CHET,
UHEH, TyMaH, poca U T.J.) ¥ cyXxue (4acTuLpl U
rassl). KonauuecTBo U kauecTBO aTMOC(hepHbIX
OCaJIKOB OKa3bIBAET OIPOMHOE BIIMSHHE Ha
cocrosgHue JjecoB. [Ipm B3aumonencTBUU
aTMOC(EpHBIX OCAJKOB C KPOHAMHU JIEPEBHEB
MPOUCXOTUT Kak TOIJIONICHUE COEeTUHEHUN
Pa3NUYHBIX AJIEMEHTOB, TaK U MX BbHIMBIBAaHHE
U3 KpOH. BrIMbIBaeMble U3 KPOH JAPEBECHBIX
pacTeHWil BelecTBa MOTYT IOTJIOIIATHCS
KOpHSIMU DPAacTeHMH, a B TNEPUOJ BEreTaluu
3TOT  MPOLECC  MOXKET  NPOUCXOIUTH
MHoOrokpatHo (Jlykuna, Hwukonos, 1996;
Kucnornasie ocaaku, 1990).

Buvinaoenus 6 sude cneza

3uMHue aTMocQepHbIe BbIMAICHUS
NPUYPOUEHBl K TMEPHOAY OHOJIOTHYECKOTO
MIOKOS. B OopeanbHbIX jecax

MPOJOIKUTENLHOCTh  3aJIETAHUST CHETOBOT'O
nokpoBa coctasisier oT 100 mo 200 nueit B
roJy, YTO OMNpEAeNseT 3HAYUTEIbHYIO POJb
OCaJIKOB B BHUJIC CHETa B OMOI€OXMMHYCCKUX
nukiax (Paccesabie anemeHnTsl..., 2004). Bo
BpeMsi OTTEMeNed MPOUCXOTUT  BBIIIENA-
YUBAaHUE BEIIECTB W3 KPOH JIEPEBBHEB, UTO
CYIIIECTBEHHO BIUSET HA MPOCTPAHCTBEHHOE
pacmpenieieHue  AJIEMEHTOB B CHEre
(Helmisaari, Malkonen, 1989; Jlykuna,
Hukonos, 1996; Pomeroy et al, 1999; Lukina,
Nikonov, 2003; IIpuctoBa, 2005; Gandois et
al., 2010; Maptsiatok u np., 2011; De Vries et
al, 2014 u np.). BomaBmuit Ha 3eMHYIO
MOBEPXHOCTh CHEr (opMHpYyeT CHEeXHBIN
MIOKPOB, B HEM 3a BpeMs ero popMUpOBaHUS

IIOMHUMO a’pO030JIbHBIX BbINA/ICHUH,
OTPaKAIOIINUX IIPUPOAHBII COCTaB
aTMoc(eppl,  HAaKalIMBAIOTCA  HPOIYKTHI

TEXHOTEHHBIX AMHUCCUH, KOTOpPHIE B COCTaBe
TBEPJIbIX THUIPOMETEOPOB (CHEra, U3MOPO3H,
WHEs) aKKyMYJUPYIOTCS B CHEKHOW TOJIIE
(TentiokoB, 2007). CHeXHbIH MOKpPOB
BBICTYNIA€T, Kak OJMH U3 HWHJUKATOPOB
3arpsi3HEHUST HE  TOJNBKO  aTMOC(EpHBIX
OCagKOB, HO M aTMOC(EpHOTO BO3AyXa, a
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TaKXkKe MOCIEIYIOIEro 3arps3HEeHUus] BOA H
nouB (Boesososa, 1979; Patkun, 2000).

B [IBetinapuu ObLIa MpOBEICHA
MHOTOJIETHSAS OLIEHKa COCTaBa aTMOC(HEpHBIX
BBINAJACHUMN, MPOMIEAIINX CKBO3b JIPEBECHBIN
II0JIOT ¥ Ha OTKPBITBIX TeppuTopusix ¢ 1995 no
2001 rr., xoTopas IO3BOJIUJA BBISIBUTH
MIPEBBIIIEHNE KPUTUYECKUX HAarPy30K a30Ta Ha
skocucteMbl (Thimonier et. al., 2005; Waldner
et. al., 2007). B 3anamnoit EBpone nHa 169
y4acTKaX MHTEHCHMBHOI'O MOHMTOpPHHIa OBLIH
IIPOBEJIEHBI UccienoBanusl (3a nepuon ¢ 1996
no 2001 rr.) §o W3y4eHHIO COCTaBa
aTMOC(EpHBIX BBINAJACHUHN U BIUSHUS OCAIKOB
Ha JIECHBIE OKOCHUCTEMBI. OTO TO3BOJMIIO
BBISIBUTD 3HAYUTEIHHOE CHIDKCHHE
coZiepkaHusi Cynb(paroB B aTMOC(HEPHBIX
BBINAJICHUSX, KaK Ha OTKPBITBIX yYacTKax, TaK
U TPOIIEAIINX CKBO3b JIECHOM IOJIOT, TOrna
KaKk COJep)KaHHWEe a30Ta CHHU3WIOCH MEHee
saauuMo (Fisher et. al., 2007). CoBmecTHBIC
UCCIICIOBAaHUsI  BJIMSIHUSA ~ aTMOC(HEpHBIX
BBIMAJICHUI Ha pACTUTENBHOCTh Ha CETH
MOHHUTOpHHra 3a nepuoxa ¢ 1996 nmo 2000 rr.
MO3BOJIMIIN BBISIBUTD CTaTUCTHYECKH
3HaYMMOE CMEIICHHE B CTOPOHY HHUTPO-
(GWIBHBIX BHUJOB TPU BBICOKOM COJEpXKaHUE
a3oTa M K anuIoQUIbHBIM BHIAM TIpU
BBICOKOM COJIEp)KaHUU COEAMHEHHUH cepbl B
aTMocdepHbIX ocankax (van Dobben, de Vries
2010). HccnemoBaHuss MHOTOJIETHEW JWHA-
Muku, ¢ 1995 mo 2007 rr., u3MecHEHUH B
cocTaBe  aTMOC(HEpHBIX  BBIMAACHUH  BO
@paHUMH IOKA3JIM CHUKEHUE KOHUEHTPALU
COCIMHEHUI cepbl U yBEIHMUEHHUE MOKa3aTels
pH. Ilo MHEHHIO aBTOPOB 3TO MOXKET OBITH
CBSI3aHHO C  COKpalIeHHEM  BBIOPOCOB
cepHHCTOTO ra3a B EBpore, oiHako, HECMOTps
Ha CHIDKEHHE BBIOPOCOB  KOHIEHTpAIUU
COCJIMHEHUI a30Ta OCTATUCh HEU3MEHHBIMU
WIH, HAO0OPOT, Ha HEKOTOPHIX YydYacTKax
yBenmuunuch (Pascaud et. al., 2016).

B Tlosbuie nmpoBOauanCh UCCIEIOBAHUS B
XBOWHBIX W JIMCTBEHHBIX JieCaX C IIEJBIO
OLIEHKM  TpaHchopMalMu  aTMOC(HEpHBIX
OCaJIKOB, TIPOLIEAIINX CKBO3b JPEBECHBIN
MOJIOT, & TAaK)K€ BIUSHHUS BHJIOBOI'O COCTaBa
JIPEeBOCTOEB  HAa  XMMHUYECKHH  COCTaB
aTMOC(EepHBIX BBIIIAICHUN. JlanHbIe
UCCIIEeIOBaHMsl OBLIIM MPOBEIEHBI C SHBAPS IO
nekabpp 2010 roma. AHamM3  JTaHHBIX
MIPOBOJIMJICS T10 IBYM IIepHOIaM 3UMa-BecHa (¢
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SHBapsl 10 Mail U JeKaOpb) M JIETO-OCEHB (C
UIOHS 110 HOSIOPb). ABTOpaMH OTMEYAETCs, UTO
B 3UMHHUHA TEpPUOA OOBIYHO TMPOUCXOAUT
MIOBBIIIEHUE YPOBHSA 3arpsA3HEHHS aTMOC(EPHI.
B nmepuon ¢ HHM3KMMH TemIepaTypaMu
IIPOBOJIMJIACH OLIEHKA BIMSHUS 3ar PA3HSIOMINX
BEIIECTB, 0CcOOEHHO aAHTPOIOT€HHOI'O
MPOUCXOXKCHUS, Ha COCTaB aTMOC(HEpHBIX
BBINAJICHUN, IIPOLIEAIINX CKBO3b JPEBECHBIMN
IIOJIOT M Ha OTKPBITBIX ydacTKax. BeIsBieHO,
uyto konuentpauuu ClI, SOs*, Al u Zn,
COZCp)KALINXCS B 3MMHHUX aTMOC(HEpHBIX
BBINIA/ICHHUSX, YBEJIMUHBAIOTCSA pu
IIPOXOKJIEHUM OCAJKOB CKBO3b JIPEBECHBIN
TIOJIOT XBOMHBIX MTOPOA. DTO OOBACHSIOCH TEM,
4TO CTallMOHapHas 1011 /1b, rjae
IIPOBOJWJINCh  MCCIENOBAHUS, HAXOAWJIACh
BOJIN3M perruoHa ¢ caMOi BBICOKOH B cTpaHe
IUVIOTHOCTBIO ~ HAaceJNeHUus W Pa3BUTOH
IIPOMBIIIIIEHHOCTHI0. KOHIIEHTpalu HOHOB B
0CaJKax, MPOLIEIIINX CKBO3b KPOHBI JIEPEBHEB
OOBIYHO BBIIIIE, Y€M O] KPOHAMH JIMCTBEHHBIX
BUJIOB JIEPEBHEB B AHAJIOIMYHOM cpene
oOuTaHus u3-3a 6oiee BBICOKOM
3P PEKTUBHOCTH QHIIBTPALIUN CYXHX OCAIKOB,
0COOEHHO KUCIOTHBIX MOHOB. IloMumo 3TOTO
OTMEUAETCs, YTO KOHLEHTPALUHU  TaKUX
aneMeHToB Kak Mn, K, Mg, PO4>B ocaaxax
MPOLIEAIINX CKBO3b KpOHBI XBOWHBIX U
JUCTBEHHBIX JIECOB, COINOCTaBUMBI, YTO
yKa3blBaeT HAa HU3KYI0 OHMOJIOTMYECKYIO
aKTUBHOCTb [JIEPEBHEB B 3UMHHMM IEpPHOJ
(Kowalska et. al., 2016).

B oreuecTBeHHOM UTEPATYPE CYLIECTBYET
MHO>KECTBO paboT MO U3YYEHUIO XUMHUECKOTO
COCTaBa CHEXKHOI'O MOKpoBa. Poiib CHEXKHOTrO
IIOKPOBAa B MPUPOJHBIX Ipoleccax CTalu
UCCIIE0BaTh €Il€ B NPOIUIOM CTOJETUU
(BoeiikoB, 1949). AHanu3 pgaHHBIX O €ro
(bU3MKO-MEXaHUYECKUX CBOICTBax, Mpolec-
cax ero (opMupoBaHHs W TasgHUA U T.I.
npencrasieH B paborax KomameBa W./JL.
(Konanes, 1982). TpancrpaHu4Hblid MEepEeHOC
Cynb(aToB, 3arpsA3HEHNE MOBEPXHOCTHBIX BOJI
CTaJli OLEHMBATh C KOHIIA IPOLUIOrO BeKa
(I'mazoBckuit u np., 1983; Bacunenko u np.,
1985; O6GonkuH, 1991). 3HaunTenbHas 4acTh
POCCHUICKHUX u 3apyOeKHBIX pabor
MIPOBOJMIIUCE HA TEeppUTOpUH MypMaHCKOM
o0JIacTH, TpaHUYaIled CO CKaHAMHABCKUMU
CTpaHaMH.
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Ha KonbsckoM mnomyocTpoBe, B 30HE
BIMSIHUS ~ MEIHO-HUKEJIEBOrOo  KOMOUWHaTa,
ObUIM TPOBEACHBI MCCIIEOBAHUS COCTaBa
aTMoc(hepHBIX BBIMAJCHUI B XBOWHBIX JIeCax
(JIykuna, HwukonoB, 1996). ABropamu
OTMEYAeTCsl, 4YTO 3UMHHE aTMOC(epHbIe
BBINAJICHUS] XapPaKTEPU3YIOTCA ITOHUKEHHOMU
MUHEpaIU3aLMe U KOHLIEHTPALKUEHR yriepoaa
[0 CPaBHEHUIO C JIETHUMU. JTO OOBSACHIETCS
HE3HAYUTEIILHONW aKTUBHOCTBIO OPraHU3MOB B
3UMHee BpeMs. Pa3nuuus B cOCTaBe CHETOBBIX
BOJ B TIOJKPOHOBBIX UM  MEXKKPOHOBBIX
IIPOCTPAHCTBAX BBIPAKEHBI MEHEE YETKO, YEM
B mepuoj Bererauuu. Ilpu mpubmwkeHHHn K
HUCTOYHUKY 3arps3HeHus  HabmromaeTcs
JOCTOBEPHOE  YBEJIMYEHUE KOHLEHTPALUi
HUKENs, MEIH, JKelle3a, XJIopa, HUTPATOB,
Cynb(aToB, aMMOHHSI M KaJbI[Usl B COCTaBe
CHETOBBIX BOJI, TAK)KE KaK U YBEIUYCHHUE, UX
KHCJIOTHOCTH.

N3yueHne cocraBa CHErOBBIX BBINAJCHUM,

KakK HUHIMKATOpa a’POTEXHOT€HHOT O
3arpsiI3HEHUs] OKpY’Kalolled cpeabl, B 30HE
BIMSIHUS ~ KoMOuHaTa  «lleyeHraHuKenby,

MIO3BOJIMJIO PACCUUTATh I'PAaHULIB] JIOKAIBHOTO
BBICOKOTO YPOBHSI 3arpsi3HEHMSI CHEXXHOI'O

mokpoBa. Paspaboram  meTon  pacuera
PETPOCTIEKTUBHBIX u MEPCIIEKTHBHBIX
CYMMapHBIX («cyxoe» u «MOKPOE»

BBINIAJICHNUE) adPOTEXHOICHHBIX HArpy3ok (Ha
MIEPHOJ] MaKCUMaJIbHOI'O CHETOHAKOIUICHUS)
Ha  J00ble  BBIICICHHBIE  MPUPOIHO-
TeppUTOpUaIbHble KOMIUIEKCH! (PaTkun u np.,
1998). JlaHHBIi METO MO3BOJIWII ONPEACIUTD
IPaHULBI  JIOKAJIBHOIO BBICOKOI'O  YpOBHS
3arps3HeHus s cynbdaros - 58-60 km, s
HUKed U Meau — 28-30 kM. YcTaHOBIEHO, UTO
BBIMBIBAEMOCTh W3 aTMOC(epbl HUKENS CO
cueroM Ha 10% Oomblne, 4eM ¢ JOXKACM, a
Meaun Ha 30% BeIme, yem Hukens. Pembed
MECTHOCTH, KIIMMaTH4ECKHE yCIIOBUS,
OCOOCHHOCTH  TpPHUMECH H  HCTOYHHKA
ONPEAEISAIOT  HEOJMHAKOBYIO  adpOTEXHO-
TEHHYIO Harpy3ky Ha S3KOCHUCTEMBI B 30HE
JokanbHOro 3arpsasHenus (Parkusn, 2000).
[IpoBoaunack OonEHKa cOCTaBa M CBOWCTB
CHETOBBIX BBINAJACHUN HA pa3HbIX CTaIUAX
JUTPECCUM COCHOBBIX M €JIOBBIX JIECOB Ha
Konsckom nosyoctpose 3a nepuog ¢ 1991 no
1997 rr. B (QoOHOBBIX e€NoBBIX Jiecax
OTMEYaeTcsi  oOoramieHue  MOAKPOHOBBIX
0CaJIKOB B 3UMHEE BpeMsi, B TOKE BpeMs oO11iee
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KOJIMYECTBO  BEIIECTB, IMOCTYMAIONINX B
MEXKPOHOBBIE MTPOCTPAHCTBA BHIIIE, Y€M T0]T
KpOHAMH, 4YTO OOYCIIOBJICHO  MEHBIIUM
KOJIMYECTBOM  OCAJKOB, TMOCTYHAIOIINM B
JpeBECHbIe MapIe/ibl. B COCHOBBIX Jecax
KOHIIEHTPALlUS  3arpsi3HSIONIMX  BEIIECTB
MEHEe 3HAYMTeIbHA, a MPOCTPAHCTBEHHBIC
pa3nuuus BBIPAKEHBI MEHEE 3aMETHO, YeM B
eIOBBIX Jiecax. B aedonummpyrommx ecax
KOHIIEHTPAIUK TOJUIFOTAHTOB 3HAYUTEIBHO
BO3pACTalOT IO CpPaBHEHHIO C  (OHOM,
OTMEUAeTCSI  YBEIMYEHHUE  TOCTYIJICHHS
anemenToB nutanus (K, P, NH4, Mn, Zn) nonx
JIPEBECHBIM  TIOJIOTOM, YTO CBS3aHO C
YBEITMYEHHUEM KOJIMYECTBA CHETOBBIX OCAJIKOB,
MIPOHUKAIOIIUX CKBO3b KPOHBI, BCJCIICTBUE
UX HM3PEKEHHOCTH, KaK B €IIOBBIX, TaK U B
COCHOBBIX necax. B TEXHOTEHHBIX
PEAKOJIEChIX, TAKXKE KaK U B AC)OTHHPYIOMIIX
Jecax, Mo CpaBHEHHIO C (DOHOM OTMedaeTcs
CYIIIECTBEHHOE BO3pacTaHUE KOHIICHTPAIUIl
OCHOBHBIX TIOJUTFOTAHTOB (MEIU, HHUKEIS |
Cephbl), pacmpeieNeHUe  BBIMAICHUA  TI0
TUIOIA/IA TOBOJIBHO PABHOMEPHOE, YTO TaKKe
00YyCIIOBJICHO CHIILHON H3PEKEHHOCTHIO KPOH
U rubenpio OONBIIMHCTBA JIEPEBHEB, B
COCHOBBIX U emnoBbIX Jiecax (PaccesHHbie
3JIEMEHTHI. .., 2004).

Ha  KonsckoM  momyocTtpoBe — Obuia
MpoBeJieHa OIleHKa XHMHYECKOTO COCTaBa
aTMocepHbIX BbIMageHud B 11 kM oT
koMOnHaTa «CeBEepOHUKENbY» 3a IMEPUOI C
2005 mo 2011 rr. (Kashulina et al., 2014). B
X0JIe TAaHHOT'O UCCIIeIOBaHMS OBLIIO BHISBIICHO,
9TO 32 U3Y4aeMbIi MEPHO]] B CHETOBBIX BOJAX
xoHuenTpamuun SOs> B 4 pasa HpeBbIIANH
¢doHOBBIE 3HAUYCHUS, KOHIIeHTpaimu Ca u Mg
OBLTH BBIIIIE B 5-6 pa3 1o cpaBHEHUIO ¢ (JOHOM.
ConmepkaHue TSDKETBIX METAUIOB B CHETe
BOJMIM3M KOMOMHATa TpeBblanu (HOHOBBIE
spaueHud L1t Ni B 2500, Cu — 1500 u maa Co
B 400 pa3 mo cpaBHeHHIO C (HOHOM.
OtmedaeTcsi, YTO OCHOBHBIM HWCTOYHUKOM
3arpsi3HEHUST CHEKHOTO TOKPOBA SIBISIOTCS
BBICOKOKOHIIEHTPHPOBAHHAS TEXHOTCHHAS
MBUIb U3 HU3KOJIEKAIMX UCTOYHUKOB (OKHA,
TIBEPH, BEHTUJISIIIIOHHEIE BBIXJIOITHI,
TPAHCIIOPTHPOBKA pPyIbl H KOHIICHTpATA).
[Tomumo »9TOrO, OBLIO BBISBIEHO, YTO
KOHI[EHTPAllUA MEIU U HHUKENS B CHETOBBIX
BOJIaX MPaKTUYECKU HE MEHSUTUCH ¢ 1994 rona,
YTO CBSI3aHHO CO 3HAYUTEIBHBIM KOTUYECTBOM
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TEXHOTCHHOW TMbUIM, HECMOTPS Ha IOCTe-
NIEHHOE COKpAIlleHHEe BHIOPOCOB KOMOWHATOM
(Kashulina et al., 2014).

B Pecny6onuke Komu B 1996-1998 rr. n
2005-2007 rr., TpOBOJWINCH UCCIEAOBAHMUS,
XMMHYECKOIO COCTaBa CHEXHOIO ITOKPOBA B
JIECHBIX 3KOocucTeMax B 30He BiusiHUs [[BII
(emTroI03H0-0yMaKHOTO TIPOM3BOJICTBA). B
pe3ysbTare HCCIeNOBaHUI OBLIO BBISBICHO,
YTO CHErOBbI€ BBIMAJCHUS HCCIEAYEMbIX
TaeKHBIX JTAHMIA()TOB OTIMYAOTCS KUCIOU U
cnabokucioil peakumeit. JlpeBocrom, Kak
MIPABUJIO, BBI3BIBAIOT IMOKUCIISTFOIIHIA YPPEKT.
HabGmromaercss  yBenuueHue KOHIEHTpALU
Kanusi, HaTpus, MapraHia u cyibdaros, a
TaKK€ CHIDKEHHUE COJEpKaHUs  KaaMus,
HUKENSI U HUTPATOB B CHEKHOM MOKPOBE B
MOAKPOHOBBIX IPOCTPAHCTBAX, MO0 CPABHEHUIO
C  MEXKpPOHOBBIMHU. Beibpocsr  LIBIT
OKa3bIBAIOT  3HAYUTENIILHOE  BJIMSHUE HA
conepsxanue Copr, HCO3', SOs*, Na®, Ca*",
Mn, Ni u Fe B CHEroBbIX BBIINAICHUIX.
BonbmmHCTBO oOmnpenenseMpiXx KOMIIOHEHTOB
CHEXHOTO TIOKPOBA JIECHBIX HaCaXJACHHM
BbIllle, yeM B (oHOBoM paiione (IIpucrosa,
Bacunesuu, 2010).

B necHeix »skocucreMax MOCKOBCKOIA,
Bonoronackoit u Koctpomckoii oGmacreit Obutn
npoBeaeHsl ucciaenoBanus (2013-2014 rr.)
cocTaBa M IPOCTPAHCTBEHHOI'O paclpenie-
neHuss aTMoc(epHBIX BBIMAJICHUN  MHHE-
paibHOTO a30Ta. ABTOPHI 3aKJIIOYAIOT, YTO HA
KOHI[EHTPALIUIO B aTMOC(EPHBIX BBITIAICHUSIX
MUHEPAJBLHOTO a30Ta BIMSIOT, B OCHOBHOM,
XapakTep BBIOPOCOB W  CIICIMATU3AIUS
MIPOMBILIJICHHBIX IPEANPUSATUMN, a TOBBIIICHUE
SMUCCUA HUTPATOB TAKXKE CBSA3aHHO C
BBIOpPOCAMH aBTOTPAHCIIOPTA. Y CTAHOBJICHO,
YTO KOHIEHTpAlMsi MHUHEPAJbHOrO a30Ta B
CHE)KHOM IIOKPOBE JIECOB OIPENENAETCS, B
NIEPBYIO ouepenp, MHTEHCUBHOCTBIO
AQHTPOIIOI€HHOM HAMHUCCUU, a HE THUIIOM
IpEBOCTOEB, a TaKkXke, 4YTO JApPEBOCTOU
CYILIECTBEHHO YBEJIIMYMBAIOT KOHILIEHTPALIUIO
MUHEpAJIBHOTO a30Ta (AaMMOHMM M HUTpAT) B
cHeroBbix Boaax (Kynpesarsix, 2017).

Takum o6pa3oM, H3yueHHE XMMHUYECKOTO
COCTaBa CHEra W €ro BIMSHUS Ha JIECHbIE
HKOCUCTEMBI TIOCBSIIEHO MHOXECTBO padoT
3apy0OeKHBIX aBTOPOB M PSA POCCHUCKHX
pabor. Mmuorue  3apyOexHbIE  aBTOPBI
UCCIIEIYIOT  CHErOBbIE  BBINAJECHUA  HE
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OTIETbHO, a B KOMIUIEKCE C J0XKJICBBIMHU,
aHAJTM3UPYIOT BCIO CyMMY OCaJIKOB 3a TOJ1 WIIN
10 Ce30HaM: JieKaOpb-(eBpanb (3UMa), MapT-
Maii (BeCHa), MIOHB-aBTYCT (JIETO) B CEHTSAOPb-
HOs0pb (oceHb). OmHako B 3apyOEKHBIX
UCCIICIOBAaHMSIX PEAKO YJeNseTcs BHUMaHUE

BIUSHUIO  MHMKPOMO3AaW4YHOM  CTPYKTYpbI
ouoreoreHo3a (TTOAKPOHOBEIE "
MEXKPOHOBBIE IPOCTPAHCTBA) HAa COCTaB
aTMOC(EpHBIX BBIIAJICHU. B 3TUX

WCCIICIOBAHUSIX  BBIICISIIOT  OCAIKH  TIOJ
MIOJIOTOM Jieca M Ha OE3JIECHBIX TEPPUTOPHSIX.
IIpu sTOM B 3apyOexHBIX paboTax cOCTaB
CHETOBBIX BOJ, KaK NpPaBHIIO, H3y4yaeTcs B
MHOTOJICTHEH JMHAMUKE, TOrJa Kak B
OTEYECTBEHHBIX pa0OTax TaKue MHOTOJIETHUE
(6onee 10 1mer) mOCTOSIHHBIC HAOJIOICHUS
noBoibHO peaku (Ershov et al., 2016). Ha
npumMepe JecoB MypMaHCKOW oOiacTu AaH
aHalM3 Bapua0eIbHOCTH COCTaBa CHETOBBIX
BOJl B COCHOBBIX M €JIOBBIX JIeCax Ha pa3HBIX
CTaIUSAX TEXHOTEHHOW ITUTPECCHUH C y4E€TOM
MHoOroJjieTHe (okono 20 5er) NUHAMHUKA U
MHUKPOMO3aH4HOTO CTPOCHHUS JIECHOTO
nmokpoBa. [loka3aHo, dYTO MOAKPOHOBBIC
CHETOBBIC BOJBI €JIOBBIX U COCHOBBIX JIECOB
Ooraue COCOUHEHHSIMHU DJJIEMEHTOB, YeM
MEXKPOHOBBIE,  4YTO  OOYCJOBIIEHO  HX
BBEIMBIBAHHEM M BBIIIEIAYUBAHUEM U3 KPOH
IpeBecHbIX pacTeHuidl. CHETOBbIE  BOJBI
€IOBBIX  JIECOB  OTJIMYAIOTCS  BBHICOKHMMH
KOHIIEHTPALUSAMH COCTMHEHUHN 3JIEMEHTOB I10
CPaBHCHHMIO C COCHOBBIMH JIECAMH, HYTO
00ycIoBJIEHO copOupyromel crmocoOHOCTHIO
KpOH enu. MHOTOJIETHSISI TUHAMHUKA COCTaBa
CHera JICMOHCTPUPYET CHIDKCHUE COACPKAHUS
OCHOBHBIX  TOJUTIOTAaHTOB B (DOHOBBIX
YCIOBUAX U ACPOIUUPYIONINX JiecaX, Kak B
MOJKPOHOBBIX, TaK M B MEXKPOHOBBIX
MPOCTPAHCTBAX, YTO CBSI3aHHO CO CHIKEHUEM
BBIOpocOoB. [lokazaHo, YTO  OCHOBHBIMHU
(dakTopaMu TMHAMUKH COCTaBa CHETOBBIX BOJI
B Jjecax KoJIbCcKOTo TMOMyOCTpoBa SIBISIOTCS
JPEBECHbIE pacTeHHsI-Cpeioo0pa3oBaTenu |
BO3/IyIITHOE MPOMBIIIIIEHHOE 3arpsi3HEHUE.

Buvinaoenus 6 sude 00cos

BrimaseHus B BUAE NOXKISA TAKKE HTPAOT
BKHYIO POJIb B OMOT€OXMMHUYECKUX IUKIIAX B
JIECHBIX JKOCUCTEMAaX. BECCHEXHBIN IMEPUO.
(moxknn) pazmensieTcsl Ha IB€ MPUHITUIHAIBEHO
pa3IMYHbIE YaCTH: BETETAllMOHHBIN CE30H U
MEPHOJBl OTHOCUTEIILHOTO OHOJIOTHYECKOTO
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nokosi (BecHa W oOceHb). ATMOcdepHbIe
BBIMAJICHUSI B BHUJIE JTOKIS XapaKTEPH3YIOTCS
Haubonee SIPKO  BBIPAKEHHBIM  B3aUMO-
JIEUCTBUEM HUX C JPEBECHBIM IIOJIOTOM,
0cOOEHHO B NEpHOJ BereTanuu pacreHuil. B
OECCHEKHBIN MEePHO KOHLIEHTPAIUs BEIIECTB
B aTMOC(EpHBIX 0CaIKax 3aMEeTHO
YBEJIIMYMBAETCS, MO CPABHEHUIO C 3UMHHM
NEpUOJIOM, YTO CBSI3aHHO C AKTUBHBIM
(YHKIIMOHMPOBAHUEM JIECHOTO OMOT€0IeH03a
(Paccessunble  snemeHTsl..., 2004). B
MEXKpPOHOBBIX MPOCTPAHCTBAX aTMOC(EepHbIE
BBINAJICHUSI UMEIOT, B OCHOBHOM, aTMOT' €HHBIN
XapakTep — COCTaB BBIMAJACHUHN OINPENEIIIOT
aTMOoc(epHble  OCaJKh, B  JIPEBECHBIX
napueiiax OHM HPHUOOPETaloT ayTOTeHHBIN
(Ouorennsrif) xapakrep (Hukonos, Jlykuna
2000; Jlykmuna wu gp., 2008). Ilpm
B3aMMO/ICHCTBUU JIOKIEBBIX BOJ C IOJOIOM
jJeca  TPOUCXOMAT  (UUKO-XUMHUYECKHE
peaknuu, KOTOpble CHOCOOHBI H3MEHHTH
KHACJIIOTHOCTh U KOHILEHTPAIHIO OOJNBIIMHCTBA
3JIEMEHTOB, COZEPIKALIIXCS B HUX
(Kapnauesckuii, 1981; Measenes u ap., 1986;
Matzer, Meiwes, 1994; Illmibnosa, 2006). B
padore A. Tumonup (Thimonier, 1998)
OTMEYaeTCsl, YTO U3yUCHHUE COCTaBa U CBOUCTB
aTMOC(EpHBIX BBINAJCHUN B BUJE IO, KaK
Ha OTKPBITBIX YYacTKaX, TaK M MPOLIEALINX
yepe3 JPEBECHBIM IOJIOr, JaeT LEHHYIO
MH(POPMALIHIO O COJEPKAHUU B aTMOC(HEPHBIX
0CaJIKax XUMUYECKUX BEIECTB, BBI3bIBAIOLINX
MOJIKMCIIEHUE UITH 3BTPO(UKAIHIO.

Ha ceBepo-3anaze I'epmanuu npoBOANUIHCH
UCCIIEIOBaHUS XMUMHUYECKOTO cocTaBa
JOKJIEBOM  BOJBI,  IPOLIEAIIEH  CKBO3b
JPEBECHBIH MOJIOT, ¥ HA OTKPHITHIX YYacTKaxX B
TyOOBBIX, OEPE30BBIX U COCHOBBIX THIIAX JIeca.
[TokaszaHo, qTo Ha KOHIICHTPALIUIO
XUMHUYECKHX COCIMHEHHH B  JJOXKJIEBBIX
BBIMAJICHUSX, POMIEAIINX CKBO3b IPEBECHBIN
MIOJIOT, CYIIECTBEHHOE BIIMSHUE OKa3bIBAeT,
Kak BHUJOBOM COCTaBBbl JIPEBOCTOS, TaK U
paccTossHHE€ OT HWCTOYHMKA 3arpsi3HEHUSL.
[ToMuMo 3TOro, BBISIBIEHBI pPA3IU4Ui B
CKOPOCTH OCKJCHUS aMMOHHUS, a30Ta, KaJus
U KeJie3a, KOTOpble OOBACHSIOTCS pa3IMyHON
MPOEKIMe KPOHBI JEepeBbEB, a CKOPOCTb
OCAXJICHHsI KalbllMs, MarHus, MapraHua u
IIMHKA 3aBUCHT, TJIABHBIM 00pazoM, OT BHJA
JIepeBbEB, TaK KakK BBIIIEIAYMBAHUE OSTHX
KaTHOHOB BBIII€ Yy JIUCTBEHHBIX IOPOJ
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JIEPEBbEB 110 CPABHEHUID C XBONHBIMH.
BrimenauuBanue  3J€MEHTOB M3 KPOH
JMCTBEHHBIX MOPOJ IEPEBbEB U oOoralmeHne
MU aTMOC(HEPHBIX 0CaTKOB 0COOEHHO CHIIBHO
MPOSIBJISIETCSL Y TaKUX BHUJOB JIEPEBbEB, KakK
Betula pubescens u Betula pendula. YpoBeHb
BBIIIEIAUUBAHUSI KAaTUOHOB CHJIbHEE BCETO
IPOSABIIAETCS B TEUEHUE BETETALMOHHOIO
Nepuosia, 4TO MPUBOIUT K Oojiee BBICOKUM
KOHLEHTPAaLUsAM DJJEMEHTOB B  OCaJKax,
MPOLIEAIINX CKBO3b  JPEBECHBIM  IOJIOT
BECHOM, JIETOM U paHHed oceHbto (Herrmann
et. al., 2006).

UccnepoBanuss  cyxux U BIIQXKHBIX
aTMOoc(epHBIX  BblmajgeHuid B Hranum
MoKa3alld, YTO JIECHOH IOKPOB COpOHpYET
SO4*, NOs” u Na' sddexTuBHEe, yeM 3TO
MPOUCXOTUT Ha OE3JIECHBIX TEPPUTOPUSIX.
O6Bem JOXAEBBIX BBITIAJICHU I B
MOJIKPOHOBBIX MPOCTPAHCTBAX OBLI HIDKE, YeM
Ha OTKPBITBIX TEPPUTOPUSIX. JOMOIHUTETHEHO
OTMEUAETCs, 4YTO INEpexBaT  JOXKAEBBIX
BBITA/ICHUI JIECHBIM ITOJIOTOM 3aBUCTH OT THIIA
pactuTenbHOCTH. Pa3Huila Mexay ocaakamu,
MIPOLIEAIIMMHU CKBO3b JAPEBECHBIM fApyc U
BBIMAJAIONIMUX HA OTKPBITBHIX MPOCTPAHCTBAX
JUIsl TUCTBEHHBIX JIEPEBbEB, cOCTaBiseT oT 10
no 15%, a B XBOWHBIX Jiecax pa3HHIA
yBenuuuBaercs 10 23-24% (Balestrini et. al.,
2007).

HccnenoBanust TpaHchopMalMu —aTMocC-
(hepHBIX OCAJIKOB JTUCTBCHHBIMU M XBOWHBIMHU
npeBoctosMu B Ilombpiie noxazanu, 4YTO
MHTCHCUBHBIE TIPOLIECCHl HOHHOTO OOMEHa
MEXIY KPOHOM M JOXIEM B BETETALMOHHBIN
MEePUOJ MPUBOAAT K YBETUUCHUIO BbIMAJACHUI
katnoHoB (K, Ca u Mg), kak B JINCTBEHHBIX,
TaKk ¥ B XBOUHBIX JiecaX. BuIoOBOM cocTaB
JIPEBOCTOS.  3HAYMTEIIbHO  BJIUSET  Ha
OCaXJECHHUE, COCTAaB OCATKOB M 3aBUCUT OT
peruoHa cTpaHbl. XBOWHBIE BUIbI (COCHA U
€J1b) BBI3BIBAIOT IOJIKUCIIEHUE OCAJKOB, TOTJa
KaK JINCTBEHHBbIE TOpoasl (ny0 u  Oyk)
nosblaloT 3HaueHue pH. bonee BeicOKHME
BhImaicHus noHOB K, Mg u Mn Habnronarores
B OCaJKax IPOLIEAIINX CKBO3b KPOHBI
COCHOBBIX UM JyOOBBIX HACaXICHWH, II0
CpaBHEHHIO ¢ OyKOBHIMH ¥  €JIOBBIMHU
(Kowalska et. al., 2016).

B CPEIU3EMHOMOPCKUX JIECHBIX
IKOCHCTEMAX BOCTOYHOTO no0epexbs
Anpuarnyeckoro Mops ¢ anpens 2017 rona no
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nekabpp 2018 roma mHpPOBOAMIINUCH OLIEHKU
cocTaBa aTMoCc(hepHBIX 0CAaJIKOB "
MOKa3aTenel >KU3HECTIOCOOHOCTH JIEPEBBLEB.
Pe3ynbpTaThl moka3anu, 4yTO BHIMAJCHUS a30Ta
¢ arMoc(EepHBIMU OCAJKaMH, MPOIIEAITUMHI
CKBO3b TOJIOT COCHOBBIX JiecoB (Pinus
halepensis u Pinus nigra), BbIIIE 10
CPaBHCHHMIO C OTKDPBITBIMU Y4YacTKaMH, B
ny6oBbIxX necax (Quercus pubescens, Quercus
ilex) nannas TeHaeHUUs OTCYTCTBYeT. Cambie
HU3KHE KOHIEHTpAIMU a30Ta OTMEYAIOTCS B
COCHOBBIX JIECaX, a CAMbIE BEICOKHE B TyOOBBIX
necax (Jakovljevic et. al., 2019).
Hccnenoanus TpaHchopMaIuu cocTaBa u
CBOMCTB aTMOC(EpPHBIX BBIIAJCHUNA B BUJC
JOXKJI1 JIPEBECHBIM TMOJIOTOM HU3YYaJIUCh U
oreuecTBeHHbIMU  y4eHbIMH  ([IbsiBUeHKO,
Cubepesa, 1959;  Tlo3gHsKOB, 1956;
MopozoBa, KynukoBa, 1974; VYuBaros,
I'nazosckuii, 1984; EmmareeBckuii, 1993;
Xpycranea, 2002 wu gp.). Ilpoxonsuiue
CKBO3b TMOJIOT aTMoc(epHbIE OCagKu HE
TOJBKO CMBIBAIOT C JIUCTHEB OCEBIIYIO MbLIb,
HO ¥ HACHIIIAIOTCS MPOAYKTaMU MeTabom3mMa
pacTeHHMii W JPYrMX OPraHW3MOB, a TaKKe
BBIMIECNIAYMBAIOT YaCTh 3JIEMEHTOB U3 KUBBIX

KJIETOK, aKTUBHO BO3JICHCTBYSI Ha
OMOJIOTUYECKUH ~ KPYTOBOPOT  BEIIECTB.
MHorue HCCIIeI0BaTENN OTMEYaIH

MIOJIKMCIIEHUE JIOKIEBBIX BOJ OPraHUYECKUMU
Y MUHEPAIbHBIMU KUCIIOTAMH, IIPU KOHTAKTE C
JPEBECHBIM  IOJIOTOM, YTO CIIOCOOCTBYET
[IEPEBOJly  XMMMUYECKUX  COEAUHEHMH B
JOCTYIIHYIO JJIsi KOpHEH pacTeHuil opmy, a
TaKkK€  YBEIMYECHHIO  KOHIIEHTpauuil B
BBINIAJICHUAX MHOTUX XUMUYECKHUX 3JIEMEHTOB.
HaubonpIiee cogepikanue Takux 3JIEMEHTOB U
COCIMHEHUI 3JIEMEHTOB KakK azor,
rUIpoKkapOoOHaT, cepa, CcynabhaTsl, Kauii,
HATpUH, IMHK U MeJlb HaOII01aeTcss UIMEHHO B
MOJKPOHOBBIX ocankax (Mensenes u ap.,
1986; Huxonos, Jlykuna, 2000, Mapynuu u
ap., 2006; ApueroBa, Kysuenona, 2011;
Pobakumze u ap., 2013 u gp.).

Ha KonbckoM 1mosyocTpoBe IPOBOAMIIUCH
UCCIIEIOBaHUS cocTaBa aTMOC(EepHBIX
BBINIAJICHUN B XBOWHBIX JiecaX IIPU YYeTe
BIUSHUS  ad3POTEXHOI€HHOI'O  3arpsi3HEHUs
(JIlykuna, Hwuxonos, 1996). Astopamu
OTMEUAETCs, 4YTO OCHOBHOE KOJHMYECTBO
TSOKENBIX METAUIOB M KHCIO0TOOOpa3yromux
BELIECTB BBINIAJAET HUMEHHO B IEpPUOJI

B.B. Epuos

Bereranu. CoctaB aTMOC(EPHBIX BBIMAJICHUN
B JIECHBIX OMOTreoleH03aX OmpeaesseTcs

CTeNeHbl0  Jedoiauanuu U TYCTOTOH
IpEeBOCTOS, a HMX  KUCIOTHOCTH  —
MHTEHCUBHOCTBIO BBIIIEIIaYUBAHUS

SJIEMEHTOB U3  KpOH  JepeBbeB. llpum
npuOIMKeHUH K KOMOMHATy OTMevaercs
CYILIECTBEHHOE BO3pacTaHUE COJICp)KaHUs
SIIEMEHTOB, KOTOpPbhIE€ BXOISIT B COCTaB
BbIOpocoB. bonee kucnbie, ueM B (POHOBBIX
yCIOBUSAX,  aTMoc(epHble  OCaAKH B
nedonuupyrommux — Jgecax,  CHOCOOCTBYIOT
BBIILETAYMBAHNUIO OCHOBHBIX KATHOHOB, YeM U

00BsICHSIETCS HX Ooiee BBICOKHE
KOHIIEHTPALlUA B JOXKICBBIX IOJKPOHOBBIX
BoJAax. B TEXHOTEHHBIX  PEIKOJIECHIX
OTMEUAeTCSI  BO3pACTaHWE  KHCIOTHOCTH

JOXKJIEBBIX aTMOC(EpHBIX BBINAZCHUN, a
TaKKe CHWkeHue koHuentpauui Ca, Mg, K,
Mn u NH4' u3-3a OTCYTCTBHS JPEBECHOIO
I10JI0T .

Ha KonbckoM moOIyocTpoBE Xapakrep
TpaHchopMau aTMOCc(EpHBIX BbINAICHHHA
IBYMsI JOMUHHUDPYIOIIMMH B OOpeaNbHbIX
Jecax APEBECHBIMH MOPOJAMH €JIbI0 U COCHOM
— CXOJEH, OCaJK{, TMPOLICIIINE Yepe3
JPEBECHBII I0JIOT, CTAaHOBATCS KHCIBIMH U
00OramaroTcsi XUMHUYECKUMHU 3JIEMEHTaMH.
Tem He MeHee, cremeHb MpeoOpa3oBaHUs
pa3nuyHa,  elb  OCYyLIeCTBIseT  Oonee
ri1yOOKyI0 TpaHC(OPMALIMIO, YEM COCHA, YTO
0COOEHHO SPKO BBIPAKEHO B BBIMAJCHUSAX B
BuJIe oK. bonee rimybokast TpaHchopmarus
o0yCJIOBJI€Ha  HaNUM4uMeM  IUIOTHOH U
MPOTSDKEHHOM KPOHOW €I 110 CPaBHEHHIO C
cocHout (Kucnornsie ocanku, 1999).

O1leHKa cocTaBa U CBOMCTB BBINAJECHUN B
BUJIE JOXAS Ha Pa3HbIX CTagUsAX JUTPECCUU
COCHOBBIX M €JIOBBIX OHOreol€HO30B Ha
Konsckom nomyoctpose 3a nepuog ¢ 1991 no
1997 r1r. mnoka3ama, uYro Ha (OHOBOHU
TEPPUTOPUM B OCCCHEXHBIM  MepHOA
KOHIIGHTPALlMU BEUIECTB B aTMOC(HEpHBIX
BBINIQJICHUAX 3aMETHO YBEJIMYMBAIOTCS, I10
CpPAaBHEHHMIO C TMEPUOJOM OHMOJIOTUYECKOTO
nokost. B cocraBe MOKOCBBIX BBIITAJCHUN
JOMHUHUPOBAJl  yIiaepoA, W3 KaTUOHOB —
KaJbIIMK 1 aMMOHMI M3 AaHHOHOB — CYJIb(ATHL
B nedonuupyrommx COCHOBBIX U €JOBBIX
jJecax OTMEYaeTcs pe3Koe BO3pacTaHue
KOHIICHTpaLUi CyJab(paToB, HUKEIS U MEIU B
JIOX7Ae, 9TO  OOYCIOBIIGHO  BIIUSHUEM
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A9POTCXHOTCHHOTI'O 3arpsA3HCHUA Ha
Ap €BECHBIN I10JIOT, TaKXC OTMECYACTCA
IIOBHBIIIICHHUEC KOHICHTP aHHﬁ KaJablus,

MapraHila ¥ MarHusi, 4YTO OOBSICHSAETCS
BBHITICNIAYMBAHIEM ITHX 3JIEMEHTOB U3 KPOH
KHUCITBIMH OCaJIKaMH. B €JOBBIX U COCHOBBIX
TEXHOTEHHBIX PEIKOJIEChSIX BBHISBICHHBIC B
e OTUUPYIOINX JIeCaX U3MEHEHHS B COCTaBe
JOXKICBBIX  BBIMIAJCHUA  COXPAHAIOTCS U
ycyryOmstoTcs. B enoBbIxX gecax HaOmonaeTcst
OTCYTCTBHE TMAapIEIUIIPHBIX PAa3IUYUil B
MOCTYIUICHUH SJIEMEHTOB B CBSI3M C CHIIBHBIM
pa3pylIeHUEM JAPEBECHOTO IPyca, B COCHOBBIX
Jiecax maplesuIsipHbIe Pa3Iudus COXPaAHSIIOTCS,
KOJIMYECTBO DJIEMEHTOB, TOCTYMAIOIUX B
MOJKPOHOBBIE TMPOCTPAHCTBA BHINNIE, YEM
Mexay KpoH (PaccesHHBIE OSIEMEHTHI...,
2004).

B 30He BIUSHUS MEIHO-HUKEIEBOTO
koMOnHaTa «CeBEpOHHKENb» MPOBOAUIUCH
npyrue,  asyxiaerue  (2001-2002  rr.)
WCCIICIOBAHMS BIUSHHUS BBIOPOCOB TOPHO-
METAJLUTyPrU4eCcKOi  MPOMBIIIUICHHOCTH  Ha
XUMHUYECKUHA CoCTaB aTMoCc(hepHBIX
BBIMIQJICHUN B BuUAe 1oxknasd. Jlns orbopa
JOXJICBBIX BBIMAICHUN OBLTH BBIOpAHBI 6
IUIOMIA/IOK, HAXOSIIUXCS Ha Pa3sIuIHOM
yaaneHuu oT komOmHata ot 1 mo 17 M, ¢
y4eTOM  pachpeleNieHuss pO3bl  BETPOB.
ABTOpaMH OTMEYaeTcs, YTO B HAUOOIBIINX
KOJIMYECTBAX B  aTMOC(EpHBI  BO3IyX
MypmaHcKoil 0obacTu ¢ BBIOpOCAMHU TOPHO-
METAJUTyprU4ecKOro TPOU3BOJICTBA IOCTY-
MaT Cyiab(paThl, a TAKKE MeIb U HHUKEIb, B
pe3ynbTare BIUSHUS STUX TOJUIIOTAHTOB B
OKpecTHOCTAX KomMOmHaTta «CeBEepOHUKEIh)
00pa3oBaIMCh OOMIMPHBIC 30HBI JACTPaTAIIN
MMOYBEHHO-PACTUTENILHOTO  MOKpoBa. [l
XUMHUYECKOTO COCTaBa JI0K/IEBBIX BBITIAICHUI
MoOHUYEropckoro  MOJIMTOHA  XapaKTepHa
KpaiiHsii M3MEHYHMBOCTh B TPOCTPAHCTBE U
BpeMeHHU, 3HadeHus pH HaXOoAsITCs B IIUPOKOM
muanazone ot 4 ngo 7. Ilpaktuuecku Bce
XUMHUYECKHE JJIEMEHTHI, BXOJSIIINE B COCTaB
aTMOC(epHBIX BBIOPOCOB KOMOMHATa, He
UMEIOT MAaKCHUMAJIbHBIX 3HA4eHHWH BOIHM3U
HEro, MaKCUMYMBI KOHI[EHTpALUi
HaOmomaroTcss Ha paccrosHuun  5-10 kM.
Cpennue xonnentparuu Ni, Cu, Zn, Mo, V,
Ag B aTMOC(epHBIX BBIMAICHUSIX MPEBBIIIAIOT
3Hauenus [11Kpex; (JayBansTtep u ap., 2009).

B.B. Epuos

Ha  Kombckom  momyoctpoe  I'.M.
Kamynmuuoit  (Kashulina et al., 2014)
MIPOBOJIMIINCH UCCIIE/IOBaHHS cocTaBa
aTMOC(EepHBIX BBINAICHUNA BOIN3M KOMOMHATA
«CeBeponukenb» ¢ 2005 mo 2011 rr. B
JOKJIEBBIX BOJAX Yy IUJIABWIBHOIO 3aBOJA
koHuenTpamun  SO4> B 4  pasa, a
KOHLIGHTpAllUd OCHOBHBIX KaTHOHOB (Ca u
Mg) B 5-6 pa3 mpeBbimanu (HOHOBBIC
3HadyeHus1. CozuepkaHue TsDKENbIX METAJIOB B
70k /1e OB BBIIIE HA OPSIOK U Ooree, 4eM
Ha (oHoBOI TeppuTopun: A Ni B 146, Cu B
80 u Co B 50 pa3, uem Ha QOHOBOI
tepputopun. OTmedaeTcs, 4YTO JOMHUHH-
PYIOLIUM HUCTOYHUKOM 3arps3HEHUs
JOKJIEBBIX BOJ| SABJSIOTCS OT(UIBTPOBAHHBIC
ra3omnblIeBbIe BBIOPOCHI U JBIMOBBIE TpPYOBI,
COKpallleHue BBIOPOCOB CaMUM KOMOWHATOM
3HAYUTEIbHO  YMEHBIIWIIO KOJINYECTBO
3arpsA3HSIONIMX BEIIECTB, MOCTYHAIOMIUX U3
TpyO B IO’ IAEBbHIC BOMBI.

OreHka BIUSHUS JIPEBECHBIX pAaCTEHUH Ha
XMUMHUYECKHH COCTaB aTMOC(EPHBIX OCAIKOB B
BUJC JOXKISI B TpOIECcCEe BOCCTAHOBJICHUS
CpeIHETae)KHBIX JIECOB B 17 KM OT ropona
CeixTrIBKap, ¢ 2006 o 2008 rr. mokaszana, 4To
TpaHCc(hOpMAIMIO  JIOKICBBIX  BBIMAJICHHUH
oTpeeisieT JpEBECHOE pacteHue-
snudukarop. VYBenuueHUE KOHICHTpaIUi
3JIEMEHTOB OMOTE€HOB HAOJIOMAETCS OT BECHBI
K JieTy U oceHU. COCTaB 0CaKOB, POIIEAITNX
CKBO3b JPEBECHBII IIOJIOT JIMCTBEHHBIX U
XBOMHBIX JAPEBECHBIX PACTCHUH, pa3iInyacTcs,
0COOEHHO, IO COJEPKAHHIO OPraHUYECKOTO
yriepojia, Kajus ¥ KaJlblus. B MeXKpOHOBBIX

IIPOCTpaHCTBaxX 1o CpPaBHEHMIO C
MIOJIKPOHOBBIMU ~ KOHLIEHTPALIMU  JIEMEHTOB
OMOTeHHOTO0  MPOUCXOXKICHHUS  MEHBIIE,

OTMEYaloTcsl Oojee pe3kue MX KojeOaHHus B
TE€YEHHE BEreTallMOHHOIO epuoaa. Jloxaesas
BOjJa,  coOpaHHas  MOJA  TPaBSHUCTOU
pPacCTUTEIBHOCTBIO, OTJIMYAETCSI  MEHbIIEH
KOHLIEHTpaluel Kaius, Kajlblusg M MarHus,
4yeM 10~ JPEBECHBIMU  PACTEHUSIMU
(Apuerosa, Kysnenona, 2011).

B nccnenoBanusx, nposogusmuxcs B 2011
roAay B 30HE BIMSHUA MapuiiCKOro 3aBoja
cwiMkatHoro kuprnuuya u B 2012-2014 rr. B
3aI0BETHUKE «bonbas Koxkmmara»
paccMaTpuBaeTcs  BIMSHHME  a’pajbHOIO
IIOCTYIUIEHHsI BELIECTB Ha UX KPYroBOpOT B
JECHBIX  JKOCHUCTEMaX. JUis  OueHKH
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a’pabHOTO  TOCTYIUIGHHST ~ XHUMHYECKHX
SJIEMEHTOB W  TpaHCPOpPMALUMU HX TpHU
B3aMMOJICHCTBHM C KPOHAaMHU JEPEBBHEB ObLI
pa3paboTaH METOJX TKAaHEBBIX  IOBS3O0K,
KOTOPBIH JJOMOJHSIET CYIIECTBYIOLINE METO/IBI,
MO3BOJISIE ~ OLIGHUBAaTh  3K30METaOOJIUTHI
pacTeHuil Mo BOBJICUEHHUIO UX B KPYTOBOPOT.
KomnyectBo u  coctaB  atMoc(hepHBIX
BBIMAJICHUN, KaK JIOKIEBBIX, TAK U CHETOBBIX
3HAYUTENbHO BapbHPYET B TNPOCTPAHCTBE WU
BPEMEHH, MPHU B3aUMOJICHCTBUH C JPEBECHBIM
MOJIOTOM, ~ CYIIECTBEHHO H3MEHSeTcd MX
COCTaB, a CTENEHb TpaHC(HOpPMAIMK OCAIKOB
3aBUCUT OT BHJA JIPEBECHBIX paCTEHHIA,
YCIIOBHM TpouspacTaHusi U (a3bl CE30HHOTO
pa3Butus. OTMedaeTcs, UTO BbIMBIBAaHHE
KaJbIUA U CTPOHIIMA U3 MoJiora Oepe3HsIKOB U
COCHSIKOB, TPOM3pAcTalOmUX Ha OemHBIX
MECUaHbIX II0YBAX, I/I€ OTMEYAETCS OCTPBIN
neUIUT IEMEHTOB MUHEPAJILHOT'O MMUTAHMS,
NpOSIBJISIETCS.  Topa3fo CHIIbHEE, YeM B
NOWMEHHOM JpeBocToe, rae aeduuura He
Habmronaercs. Ha ocHoBaHuuM 3TOrO Cnenax
BBIBOJL O TOM, UYTO JEpPEBbsi CHOCOOHBI
peryaupoBaTh MPOLECC CBOETO MUHEPAILHOTO
NUTaHUA W OWOJIOTMYECKUH KPYroBOpOT B
JIECHBIX KOCHCTEMAaX, BBIACTISSA Yepe3 KpOHY U
CTBOJ  HEOOXOAMMEBEIC  DK30METaOOJIUTEHI,
COCTaB U KOHLIEHTPAIUSI KOTOPHIX 3aBUCHT OT
BUJIOBOTO COCTaBa JPEBOCTOSI U YCIOBUH
cpensl (demaxos, Ucaes, 2015).

Takum 00pa3oM, H3yYCHHIO XMMHUYECKOTO
COCTaBa JIOKJEBBIX BOJ M €ro BIHMSIHHUA Ha
JIECHBIE HKOCHUCTEMBI MOCBSIIIEHO MHOXKECTBO
poccuiickux U 3apyOekHbIXx paboT. Ocoboe
BHUMaHME  yJensercs  TpaHchopMaluuu
XMMHUYECKOTO COCTaBa OCAJKOB JIECHBIMHU
HKOCUCTEMAaMHU C y4YETOM BIIMSHUS BUIOBOTO
coctaBa  JApeBoctos. B 3apyOexHBIX
UCCIICIOBAaHMSIX PEAKO YJeNseTcs BHUMaHUE
BIMSIHHIO ~ MHUKPOMO3aW4HOM  CTPYKTYpHI
OuoreoleHo3aHa COCTaB BBINAJCHUA B BHJIE
noxnasi. B eBpomelickux paborax cocTaB
JOKJIEBBIX BOJ, KaK IMPaBWIIO, M3y4yaeTcs B
MHOTOJIETHEH JMHAMUKE KaKk B  XOje
peanmzanuu nporpammel ICP Forests ¢ 1995
rojia 10 HaCTOSAIIETr0 BPEMEHH, TaK U B IPYTHX
uccleioBaHusX, Hampumep B llIBerun
M3y4eHHUE BBINAJICHUH CyIb(paToB, HUTPATOB,
aMMOHMSL U Jip. coequHeHuit ¢ 1955 no 2017
rr. (Ferm et al., 2019).

B.B. Epuos

Takum obpazom, MHOT'OJIETHHE
UCCIICIOBAHMsI  TIO3BOJISIIOT  OOHAPYXHTb
JONTOBPEMEHHBIE TPEHIBl B HM3MEHEHHX
COCTaBa JIOXKIS U BBIABIATH (DAKTOPBI ITHX
n3MeHeHnit. OnHako, B 3apyOexHbBIX paboTax
HE  yJensercs BHUMAaHHS BIIMSIHUIO
MHUKPOMO3aHYHON CTPYKTYPHI JIECOB HAa COCTAB
JOKJICBBIX BBIMAJCHUN, a B OTEYECTBEHHBIX
paborax wmHoroneTHue (Oomee 10 7er)
MIOCTOSIHHbIE ~ HAONIOJCHUS, TIOCBSIICHHBIC
BIMSHUIO TEXHOTEHHOTO 3arpsi3HEHUs] Ha
COCTaB M CBOWCTBAa JOXIEBBIX BOJ, HOCAT
enrHUuHbI xapakrep (Epmos u ap., 2020).
Ha npumepe necoB MypmaHckoi ob6mactu
MOKa3aHo, YTO XMMHUYECKHH COCTaB JIOMKAEBBIX
BOJI XapaKTepU3yeTCsl 3HAUUTEIbHBIM BHYTPH-
U MEeXOUOTeOlIeHOTUYECKUM BapbUPOBAHUEM.
Ha ocHoBe muoronernux (18 ner) naHHbIX
MOJITBEPKAACTCSI, UTO COJEPIKAHUE FIEMEHTOB
B JIOXKIE B TOJKPOHOBBIX IPOCTPAHCTBAX
BbIIlIE, YeM B MEXKKPOHOBBIX, TPU 3TOM B
eIbHUKAaX TI0 CPaBHEHUIO C COCHSKAaMHU
KOHIICHTPALlMM W BBINAJCHUS 3JIEMEHTOB
3HaYMMO BBIIIE, YTO OOBACHSAETCS pa3zHOU
copoupyromiei CIOCOOHOCTBIO KpPOH
JIEPEBBEB. MHoroneTHss JAHAMUKA
KOHIICHTPALUi 3JIEMEHTOB B JTOXKAEBBIX BOJaX
XBOMHBIX  JIECOB  OTJIMYAECTCS  BBICOKOM
BapHabenbHOCThI0. B (OHOBBIX YyCIOBHSX
BBISIBJICHO TOBBIIICHHE KOHIIEHTPALIMA HUKEIs
B mepuox 2013-2017 rr., uro oOBsACHSETCS
BO3pAaCTaHHEM COJIEP)KAaHUS TOJUIIOTAaHTOB B

a’po30JIsX, pacIpoCTPaHAOLIUXCSA Ha
SHAYUTCIBHBIC paCCTOAHUA.
Bausinue APeBOCTOA U

23POTEXHOINeHHOI'0 3arpsi3HEHUs] HA COCTAB
MOYBEHHBIX BOJ

IToyBa — BaKHEHIIMI KOMIIOHEHT JIECHOU
JKOCUCTEMBI, OHa CIYXUT aKKyMYJATOPOM
1151 OOJIBIIMHCTBA JIEMEHTOB, BOBJIEKAEMBIX B
Oouoreoxumuueckue UKIbL. [louBa siBisieTcs
IIOPUCTBIM TEJIOM, ITIO3TOMY B HEH Pa3ACIIAIOT
TpU TIJIABHBIE COCTAaBHBIE YaCTU — KUIAKYIO,
TBEpPAYI0 M Ta3o000pa3Hylo. Baxuehmmm
UCTOYHMKOM BJIarM B IIOYBE  SBISIOTCS
aTMocdepHble ocaaku. Bona, mocrymaromas
u3 arMoc(epsl, COIAEPKUT PacTBOPEHHBIC B
HEW rasbl M Jpyrue BEIIeCTBA, MIO3TOMY Ha
[IOBEPXHOCTh IIOYBBI IIOCTYNAET HE YHUCTast
BOJla, @ HEKHUM pacTBOp pAa3IU4HBIX TIa30B,
coJiel M Ipyrux Bemects. 13 storo cienyer,
YTO [IOYBEHHAS BJlara 3TO HEKOTOPBINA pacTBop,
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KOTOPBI NPUHATO HA3bIBaTh ITOYBEHHBIM
pacTBopoM wiM mnouBeHHoM Bojou (Poge,
1955). PaccmarpuBas IOYBEHHYIO BJIary Kak
OMHY M3 CaMbIX B@XHBIX KaTeropui
OpUPOJHBIX  BOoX B Owmocdepe, B.I.

Bepnaackuii  cuuTan €€ «OCHOBHBIM
cyOcTpaTtoM — KM3HM» M «OCHOBHBIM
3JIEMEHTOM MeXaHHu3Ma ouocheps»

(Bepnaackuit, 1960). Ona orBeuaer 3a
MOJBMKHOCTh ~ DJIEMEHTOB B  [TOYBEHHOM
npodwiie, oOmpenenss IepepacHpencIceHue
BEIIECTB 10 T€HETUYECKOMY MPO(UITIO TOYBBI
U BBIHOC UX B conpeaenbHblie cpeasl (Paynuna,
2015). IlouBeHHBIi  pacTBOp  SBISAETCA
Haunbosee akTUBHOU (pa3oit moussl. ViIMeHHO B
HEM  IPOUCXOTUT  OONBIIMHCTBO  BCEX
XMMHUYECKHX pEaKIHid, TMPOTEKAIOIMHUX B
noyBe. Boga sBmsercs  cBoeoOpa3HBIM
CBSI3YIOIIMM 3BEHOM B CHCTEME: OPraHU3MBbI —
nmouBbI—TOpoa—aTMocdepa. OOMEH BelecTB
OCYIIIECTBIISIETCS B OCHOBHOM 4€pE3 KHUAKYIO
a3y — MOYBEHHBIH pacTBOp, I'PYHTOBBIE U
noBepxHocTHble BoabI (KoBna, 1985). Cocras
MOYBEHHON BOJBI ATO PE3yJbTAaT KOMILIEKCA
pa3NUYHBIX ~ TPOLIECCOB,  TaKUX  Kak:
BBIBETPUBAHME, PEAKIHMs HEHTpanu3aluu u
OydepupoBaHuss B T1O4YBAX, BBIMAJICHUE
0CaZKOB M3  aTMocgepbl,  IOTJOMICHUs
pacTeHUsIMH, JaTepajbHble U BEPTUKAIbHBIC
MIOTOKH BOJIBI U BhIIIeNTaunBanue (MoTy3oBa u
ap., 2009). XuMuueckuil coCTaB MOYBEHHBIX
BO/I TIO3BOJISIET MOXYYUTh HH(OPMAIIHIO, KaK O
JTOCTYITHOCTH DJIEMEHTOB MHTAHHs, TaK U O
HEraTUBHOM BO3/CHCTBHM TOJUIIOTAHTOB Ha
JIECHBIE DKOCHCTEMBI.

MHorue 3apyOeXKHbIe aBTOPHI LIMPOKO
UCTOJIB3YIOT XUMUYECKUN COCTaB TTOYBEHHBIX
BOJA B  KauecTBe  JAMAarHOCTHYECKOTO
WHCTPYMEHTA TSt MOHHUTOPHHTA
OMOT€OXMMHYECKUX IUKIOB B  JIECHBIX
SKOCUCTEMax. B 1ensx Jydinero moHUMaHUs
MEXaHU3MOB BIIMSHUS 3arpsI3HEHUS BO3yXa U
apyrux (akTopoB cTpecca Ha COCTOSIHUE
JIECHBIX 3KOCHCTEM, ObUT yCTAaHOBJIEH BTOPOH,
WHTCHCUBHBIH ypOBEHb MOHHUTOPUHIA IO
nporpamme ICP Forests. Pesynbrarsl aToM
MHTEHCUBHOW 00I1eeBPONEHCKON MPOrpaMMbl
MOKa3zajau, 4Yro KoHueHTpauuun NOs B
MOYBEHHOM DPACTBOpE MPEBBILIIATN KPUTEPUN
kauectBa Bozbl B EC Ha 9% paccmarpuBaeMbIx
YY4acTKOB, a OTHOILICHHE KOHLIEHTPAIHi
OCHOBHBIX KaTHOHOB " ATFOMUHUS

B.B. Epuos

IIPEBBILIANIM KPUTHUECKOE 3HaueHue Ha 30-
39%  y4yacTKOB B 3aBHCHUMOCTH  OT
paccmarpuBaeMoro cios B 1997 rogy.
[TommydyeHHbIE [aHHBIE TaKXKe IO3BOJHIN
cenaTh BBIBOJI O TOM, YTO BBICBOOOXKIIECHUE
MOHOB IIFOMUHUS SIBJIIETCS JOMUHUPYIOIIUM
nporeccom OyepupoBaHus KUCIBIX MOYB, a B
MeHee KHUCIbIX TouBax OydepupoBanue
MPOUCXOJUT 33 CUET OCHOBHBIX KaTHOHOB.
N3MeHeHre KOHILIEHTpAlUid OCHOBHBIX MOHOB
B MMOYBEHHBIX BOJIAX MOXKET ObITh OOBSICHEHO
pa3IMUUsIMH B aTMOC(EPHBIX BBIMAICHUSIX U
MeTeoposiornueckux ycnosuii (de Vries et al.,
2003).

HccnenoBanue cocraBa MOYBEHHBIX BOJ B
€BPOIEUCKUX IINUPOKOJIUCTBEHHBIX U XBOMHBIX
necax (naHHble 3a nepuon ¢ 1995 no 1998 rox)
MOKa3ajJ0, 4TO KOHIIGHTPAIlMH HUTPATOB B
MMOYBEHHOM  pacTBOpPE  XapaKTEePHU3YIOTCS
BBIPAKEHHOM CE30HHOW JIMHAMUKOM, JIETHUE
KOHILIEHTpauuu Ha 25% Bblllle, YEM 3UMHHUE.
I[ToMuMO 3TOr0, OBLIO BBISBICHO, YTO XBOMHEIC
U I[IUPOKOJHCTBEHHBIE Jieca TO-Pa3HOMY
pearupyroT Ha BBINIAJCHUSA coeAuHEHUN N,
MO3TOMY HX HEOOXOAMMO aHAIM3UPOBATH
ornenbHo.  KOHIIGHTpamuu  HUTPAaTOB B
MMOYBEHHOM  pacTBOpE  pearupymTr  Ha
U3MEHEHHE COJIEpIKaHUS azora B
aTMoc(epHBIX BBIMAJICHUSX, U OTO Oojee
3aMETHO B IIMPOKOJIUCTBEHHBIX JIeCaX, YeM B
XBOWHBIX, TJIaBHBIM 00pa3oM, MOTOMY 4TO
IIUPOKOJIUCTBEHHBIE Jieca (PYHKIHMOHUPYIOT
Ha 0oJIee MI0IOPOIHBIX MTOYBAX, YeM XBOHHBIC
neca (Kristensen et al., 2004).

B BemukoOpuTaHum  Ha  ydyacTKax
WHTEHCUBHOTO MOHHUTOPHHTa OBLI MPOBEICH
MHorosieTHuid (12 ;er) aHanmu3 cocraBa
aTMoc(hepHBIX BBITIAJICHUI ¥ TTIOYBEHHBIX BOJI.
OneHka MHOTOJIETHEH JWHAMHKH COCTaBa
aTMoCc(hepHBIX 0CaJIKOB MOATBEPAMIIA
YCIEIIHOE OCYIIIECTBIICHUE MTOJIUTUKHU
COKpaleHus: BHIOpocoB B BenmmkoOpuTaHHH.
MHoroneTHue TEHICHIINH JTMHAMHUKHI
XUMHYECKOTO COCTaBa MOYBEHHOTO pPacTBOpa
MOKa3aIu MTOCTETICHHOE CHIDKEHUE
COJIEpKaHUs CyIb(PaTOB M ATFOMHUHHUS, a TAKKE
yBenuuenue mokasarens pH. Konuentpanuu
PacTBOPEHHOTO OpPraHUYECKOTO a3zoTa
YBEJIMYMBANIACh B aTMOC(EpPHBIX OCaIKax Ha
OTKPBITBIX TEPPUTOPHSIX U TMPU KOHTAKTE C
MIOJIOTOM Jieca, a TAK)KE B MOYBEHHBIX BOJIaX HA
OONBIIMHCTBE  HMCCIEAYEeMBbIX  YYacCTKOB.
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Habmiomanoce  CHMXKEHHWE  HUTPATOB B
MOYBEHHBIX BOJAX HAa Yy4YacTKaX C BBICOKHM
BBINIAJICHUEM  a30Ta W3 aTMochepsbl.
VY cTaHOBIEHO, YTO YBEITUUEHUE COJEPKAHUS B
MOYBe PacTBOPEHHOT O OpraHu4ecKoro
yrieposia MOXeT ObITh OOBSCHEHO 3aMETHBIM
CHIDKCHHEM 3arpsi3HEHUsI, THO00 N3MEHEHHEM B
TEMIIepaType TIOYBBI, JIMOO YBEIHMYECHUEM
MUKPOOHOJIOTHUECKOM AKTUBHOCTHU
(Vanguelova et al., 2010).

B cemepnoii uactu bembrum - ObLIH
MPOBEACHBl  HCCIIEIOBAHUS ~ XUMHYECKOTO
coctaBa B aTMOCQEpPHBIX BBIMAJACHUAX U
MMOYBEHHOM pacTBOPE 3a CEMHAIUATUICTHHI
nepuon  (1994-2010 rr.) wHa  mATH
MOHUTOPUHTOBBIX CTAHIMSIX C XBOHHBIMH W
JTUCTBEHHBIMH OuWoreorneHo3amu. B xoxe
UCCIIEIOBaHNS OBUIO BBISBICHO CHIDKCHUE
BBITIQJICHUN CyIh(aTOB U aMMOHHS Ha BCEX
HCCIEAYEMbIX y4acTKaX, a TaKKe HUTPaTOB,
HO TOJIBKO B JIJUCTBEHHBIX JieCaX. Y MEHbIIICHUE
BBIMAJIEHUNA a30Ta U CEpPbl COMPOBOXKAAIOCH
CHUKEHUEM BBINAJICHUNA OCHOBHBIX KaTHOHOB
(BC = Ca? + K '+ Mg %), a B uenom
MIPOUCXOAMIIO CHUXKEHUE MOTOKA
MOAKUCISIONIMX BEIIECTB C BBIMAJACHUSIMU.
ConepkaHne aMMOHUSI, HUTPATOB, CYIb(HaTOB
1 OCHOBHBIX KATHOHOB B IOYBEHHOM PAaCTBOPE
CHIDKAJIOCh C YMEHBIIEHHEM aTMOC(HEepHBIX
BBIIIQJICHUM HTUX DIEMEHTOB. BrImageHus
KHCIOTOOOpasyronmx coeauHeHniit N u S B
XBOMHBIX M JMCTBEHHBIX Jiecax benbruu
3HAUUTENIBHO COKpaTWINUCh B mepuoxa ¢ 1994
mo 2010 rox, HO JIECHBIC IIOYBBI BCE CIIE
HAXOJATCSI B HEONArompusITHOM COCTOSTHHH.
Kputnieckne Harpy3ku ObLTH MPEBBINICHBI, a

ITOJIKHCIICHUE IMOYBBI BCJICICTBHUE
AHTPOTIOTEHHOT'O ~ BO3JICUCTBUS  IPOJOI-
’KaJIOCh, 4TO MOKHO OOBSICHUTD

OJIHOBPEMEHHBIM YMEHBILIEHUEM COJIECPKAHUS
OCHOBHBIX KATHOHOB, YTO OKAa3bIBAJIO BIUSIHUE
Ha mpoleccsl kKaTnoHooOMeHa (Verstraeten et
al., 2012).

B  BenukoOputanuum OblT  MpOBEAEH
MHoroJsieTHu (¢ 1993 no 2011 roga) ananus
cocTaBa TMOYBEHHBIX BOJl Ha JECHBIX U
Oe3JIeCHBIX  ydYacTKaX, JUIsi  BBISBICHHS
BIIUSIHUS CHIDKCHUS aTMOC(epHOro
3arpsi3HEHUs, a TaKkKe KIMMaTHYECKUX
W3MEHEHUH Ha JWHAMUKY KOHLEHTpPAMl
pPacTBOPEHHOTO  OPraHUYECKOro  yIyepoja
(DOC). JlanHO€ uccnaeaoBaHue MoKa3aao, 4YTo

B.B. Epuos

HaO0II0JTaeMbI€ JTyTOBO-ITACTOUIIIHEIE U JIECHBIS
IIOYBBI CYLIECTBEHHO BOCCTAaHOBWJIMCH IOCIIE
AQHTPOIIOTEHHOI'0  TOJKHUCIIEHUS,  OJIHAKOo,
MaJOBEPOSITHO, YTO 3T H3MEHEHHS MOTYT
OBITh CBSI3aHBI c KJIIMMAaTUYECKUMU
W3MEHEHUSMH. Bpemennslie MOJETHN
MHOTOJIETHUX  TEHJEHUUNH  KOHUEHTpaIu
DOC Bapbupyer MexAy ydacTKaMH II0
MPUYKMHAM, KOTOPBIE MOTYT OBITh CBSI3aHBI CO
CBOMCTBAMH MOYBBHI, pacTHTEIbHBIM
MMOKPOBOM,  BEIUYMHOM U  MCTOUYHHUKOM
BBIOPOCOB  KHCJIOTOOOPA3yIOUIMX  BEIIECTB
(aHTPOMOTr€HHBIM WU IIPUPOJHBIM).
Tennentiun DOC ObTM B OCHOBHOM CBSI3aHBI
C BpPEMEHHbIMH W3MEHEHUSMH KHUCJIOTO-
colepKalMX BblnajeHul. M3meHeHus B
coctraBe DOC mnOBEpXHOCTHBIX BOJ B
3HAUUTEIBHOM  CTENEHU  COOTBETCTBYIOT
n3MeHeHusM DOC BepxHero ciosi IO4YBBI
Ecnmu  BeImajmeHuss  KUCIOTOOOPa3yrOIMIMX
BELIECTB IPOJOJKAET CHHMIKATHCSA, MOXKHO
HaOmoMaTh yBenuueHue KoHeHTpamuii DOC
B MMOBEPXHOCTHBIX TOPU30HTAX u
MPUIIETAIOIINX MMOBEPXHOCTHBIX BOJIaxX
(Sawicka et al., 2016).

3a mepuoxg ¢ 1995 mo 2012 rr. ObLIM
IIPOBEIEHBI UCCIIEIOBaHUS W3MEHEHUS
COCTaBa IMOYBEHHBIX BOJ W3 MHUHEPAIbHBIX
TOPU30HTOB B €BPOIEHCKUX JIECaX B CBS3H C
YMEHbILIEHUEM BBITNAJICHUN KHCIIOTO-
oOpasytomux BemiecTs. IloimydeHHbIe JaHHBIE
MTO3BOJIUJIU BBISIBUTh 3HAUUTEIbHOE CHIDKEHUE
KOHI[EHTpalui Ccynb(paToB B IOYBEHHOM
pactBope Ha 52% Ha ray6une 10-20 cm u 40%
Ha rayoune 40-80 cM, KOHIEHTpalUU
HUTPATOB CHWKAJIUCh TOJBKO Ha Tiyoune 40-
80 cM. CHMKEHHME KOHIEHTpAaIUil KUCIOTHBIX
QHUOHOB  COMPOBOXKJAJNOCh 3HAYUTEIbHBIM

CHUKEHUEM KOHIICHTpALUH OCHOBHBIX
KaTUOHOB (KaJbIusi, Maraus U Kamus) u Al
WU3MEHEHUS KHCIIOTHOCTH MMOYBEHHOT' O

pactBopa OBUTM HE OJHOHAINPABIICHHBIMHU.
[TonmyyeHHbIe pe3yIbTaThl CBUICTEIHCTBOBAIN
O HEIMHEWHON PEeaKIUU MEKIY CHUKECHHEM
BBIOPOCOB M U3MEHEHUSMU B KHCIOTHOCTH
MOYBEHHOTO pacTBOpa M  MOJYEPKUBAIN
BaXHOCTH JOJITOCPOYHOTO MOHUTOPHHTA TPU
OLIEHKE pEaKIMM 3KOCHUCTEM Ha CHIKECHHE
atMocepHoro 3arpsizaeHusi (Johnson et al.,
2018).

HccnenoBanust cocrtaBa IOYBEHHBIX BOJ,
KOTOPBI MOXET OBbITh HCIIONB30BaH IS
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paHHEW TUArHOCTUKHU MPOIECCOB JeTpaaaliuu
MOYB TIOJ] BO3JCHCTBHEM TEXHOT€HHOI'O
3arpsi3HEHUs, I[MOYBEHHOTO MOHHUTOPHHTA W
OILICHKH KPUTUYECKHX HATPY30K MPOBOIUIHCH
u oredecTBeHHbIMH yueHbiMH  (Tspkenbie
Metamibl ..., 1980; Kapnyxun u ap., 1993;
Jlykuna, Hukonon, 1996; 1998; Mory30Ba,
2001; Komnuuk, 2004; Moty3o0Ba u ap., 2009;
Lukina et al., 2018; u mp.).

Ha KonbckoM MonyocTpoBE NPOBOAATCS
UCCJICTOBAaHMS COCTaBa U CBOMCTB TOYBEHHBIX
BOJ B Jlecax Ha CEBEpHOM IIpejelne
pacmpocTpaHeHHUsi, Kak B €CTECTBEHHBIX
YCIIOBUSX, TaK U B YCJIOBHSIX 3arpsi3HEHUS
OMUCCHSMHU CaMbIX MOMHBIX B CeBepHOM
EBpone ucTouHUKOB BEIOPOCOB B atMocdepy
TMOKCH]IA CEPBI U TSHKEIBIX METAJUIOB — TOPHO-
METaJLTypruv4eCcKuX KOMOHMHATOB
«Ileuenranukens» U «CeBEpOHHUKEIbY.
CornacHO TOJY4YEHHBIM pe3yibTaraM B
MMOYBEHHBIX BOJIaX OOpeasbHbIX JIECOB MOXKHO
HaOIIOIATh 3HAYUTEIBHYIO BHYTpU-
npoUIBHYyIO W3MEHYUBOCTb, KOoTOpast
BBIPAKACTCS B CHIDKEHUU KOHIICHTPAITUil BCeX
SJIEMEHTOB C TIyOMHOH © 0O0BscHsETCS
HaI4MeM OHOTeOXUMHUYECKUX OaphepoB.
Taxke MOXHO HAONIONATh BBIPAKEHHYIO
BHYTPHUOHOTEOLIEHTOYECKYI0 H3MEHYHUBOCTD,
MMOYBECHHBIE BOJIBI B MTOJIKPOHOBBIX
MPOCTPAHCTBAX 0oJiee KOHIIEHTPUPOBAHHBIE U
KHCTBIE, YeM B  MEKKPOHOBBIX,  4YTO
00yCII0BJI€HO (POPMHUPOBAHNEM MHTEHCHBHBIX
MIOTOKOB KHCIIOTOOOPA3yIOIIUX BEIIECTB C
KPDOHOBHIMH M CTBOJIOBBIMH  BOJAaMH.
Otmeuaror BapuabeIbHOCTh cocTaBa
MOYBEHHBIX BOJl B 3aBUCHMOCTH OT THIA
OuoreorneHo3a: MOKa3aHO, YTO B MOYBEHHBIX
BOJAaX  €JIOBBIX  JIECOB  KOHIIEHTPALUU
AJIEMEHTOB, KaK TMPAaBHWJIO, BBINIE, YEeM B
COCHOBBIX  Jiecax. [louBeHHBIM  BOJAM
OOpeallbHbIX  JIECOB  CBOWCTBEHHA  SIPKO
BBIpOKEHHAsI CE30HHAsI BapUaOENbHOCTh: KaK
MpaBWIO,  KOHIIGHTpAIMs  yriepona u
MOJIOKUTETFHO 3aBUCAIIUI OT Hee MOKa3aTeb
KHCJIOTOHEHTpanu3ytorie ciocoonoctu ANC
YBEIMYMBAETCS OT BECHBI K oceHu. llpu
NpUOMKEHUH K WCTOYHHKY 3arps3HEHUs
OTMEUaeTcsl HapylleHue (yHKIIMOHHPOBAHUS
BCEX KOMIIOHEHTOB OMOreoleH03a, B CBS3U C
3TUM TPOUCXOANT CHIDKEHUE KOHI[EHTpPALUid
JJIEMEHTOB THUTAHWS B IMOYBEHHBIX BOJAaX M
nokazarenst ANC, HaOnromaercsi Bo3pacTaHue
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KOHLIEHTPAUMM  COEOUHEHHH  BJIEMEHTOB
BXOJUIIIMX B COCTaB BbIOpocoB. JlaHHBIE
M3MEHEHHsI HauboJiee 3aMETHBI B JJPEBECHBIX,
0cOOEGHHO B €JOBBIX, Mapleiax u3-3a
BBICOKOW COpOUpYIOIIEH CIOCOOHOCTH KPOH
XxBOMHBIX AepeBbeB (JIykuna, Hukonos, 1996,
1998; Kucnotnsle ocaaki ..., 1999, Jlykuna u
ap., 2008).

[TouBeHHBIE BOJABI TMOA30JOB B 30HAX
BIUsIHUSA, QYHKIIMOHUPYOMKUX Ha Koilbckom
MOJIyOCTPOBE, OOJIAAIOT KHUCIION peakiueH,
BBICOKHUM  COJICpKaHHEM  OpraHHYecKOro
BEIIECTBA, CPEH KATHOHOB JOMUHUPYIOT — Ca
u K, cpenn aHMOHOB — aHHOHBI OPraHUYECKUX
KUCIOT U cynbdarel. [louBeHHBIE pacTBOPHI B
eJIbHUKaxX 0oJiee KUCIble KOHIIGHTPUPOBAHHBIE
[0  CPaBHEHUIO ¢  cocHAkamu. IIpu
OpUOMMKEHUH K WCTOYHHKY 3arpsS3HEHUs
PE3KO BO3PACTAIOT KOHIIEHTPAIIUHU TSHKEIBIX
metawioB (Ni, Cu, Cd), mpu 3ToM mMenpb Oomee

IIPOYHO bukcupyercs OpPraHUYECKUM
BELIECTBOM, a HHKEIb BBIMBIBACTCS B
HIDKEJIeXKaIlne IIOYBEHHBIE CIIOM.

KoHueHTpanun opraHu4eckoro BEILECTBA,
Kalnus, HaTpus, a IOJ €IbHUKaMH €Ule U
KaJIbLMs1, MapraHia ¥ IMHKA [P TEXHOT€HHON
TpaHchopmalu YMEHBILIAETCS. ITpn
YBEIMYEHUH  aTMOC(HEPHOTO  3arps3HEHUs
KOHLEHTPALUU PACTBOPUMBIX OpPraHUYECKHX
KHUCIOT B BOJAx IHOJCTWIKM CHM)KaeTcs, a
cynbdaroB — Bospactaer. Ilpu cpaBHeHHH
IIOYBEHHBIX BOJ OpPraHOT€HHBIX u
MUHEpAJIbHbIX TOPU30HTOB C YBEIMYEHUEM
3arpsA3HEHUsT HAONI0JAeTCs HHUBEITUPOBAHUE
pa3iInuui, 4TO CBUACTEIBCTBYET O YACTUYHOMN
noTepe MOJACTHIKOM (YHKIHUH OHUOreoxu-
mudeckoro 6apeepa (Kommuuk u ap., 2007).

B nouBeHHBIX BOJIaX COCHOBBIX U €JIOBBIX
necoB Koabckoro noiyoctpoBa MpoBOJMINCH
UCCIIEIOBaHUS KaueCTBEHHOTO u
KOJIMYECTBEHHOIO  COCTaBa  HU3KOMOJIE-
KyJsipHbIX opranunyeckux kuciaor (HAK) na
pa3HbIX CTagusAX TEXHOTEHHOM JUIPECCHUU.
HccnenoBanust  cocraBa  BOA  (POHOBBIX
TeppuTopuil  BeISIBIWIIM, uTOo cpeau HAK
JOMHUHUPYET JIMMOHHAs KHUCJIOTa. BaXHbIM
nucrouHukoM nocryrienuss HAK B mousenHsie
BOZBl SIBJISIETCS BBIIEJIAUUBAHUE M3 KPOH

JIepEBBEB, OJTHAKO, B cepelHe
BEreTAllMOHHOIO0 TEpUoJa KpOHa MOXKET
BBIMOJNHATE  OapbepHble  QyHkuuu. C

MHUTpanyen BOJ 110 OpraHOT€HHOMY TOPU30HTY
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II0YB IIPOUCXOUT ux oOorareHue
opranuueckuMu kucnoramu. CopepxaHus
HAK B mouBEeHHBIX BOJaxX (OHOBBIX
TEPPUTOPUN 3aBUCUT OT THIA OMOTEOIICHO3a,
€ro NapLeUIIpHON CTPYKTYpBl U CE30HA Tofa
(ApremkuHa u ap., 2008). [Ipu npubnuxeHnn
K MWCTOYHHKY 3arpsi3HEHHs HaOIoJaeTcs
YMEHBIICHUE  KOHLEHTPALMi  JIMIMOHHOMN
KHCJIOTHI B TIOYBEHHBIX BO/IAX €JIOBBIX JIECOB B
MIOJIKPOHOBBIX M MEXKPOHOBBIX IIPOCTpPaH-
crBax. C yBelMueHHE TEXHOIC€HHON Harpy3Ku
OTMEYaeTcs OTCYTCTBHUE paznuuuit
KOHIIEHTpAaUUM  JIMMOHHOW  KHCJIOTBI  Ha
BHYTPHUOHOT€OLIEHOTHYECKOM YpOBHE.
ATMmoc(epHOe  3arps3HEHHsST ~ OKasbIBaeT
BausHUe Ha KoHueHTpauun HAK, wuepe3
U3MEHEHHE COCTaBa PACTUTEIBHOCTH U OMaja
(ApremkuHa u ap., 2011).

B MockoBckoil 00acTH  TPOBOAUIICS
YETHIPEXJIETHUA MOHUTOPHUHT IPUPOIHBIX BOJ
B IIMPOKOJINCTBEHHO-XBOMHBIX JIECAX C LIETBIO
U3Y4EHMs]  KOHLEHTpaluid U  IOTOKOB
pacTBOPUMOrO  OPraHUYECKOr0o  YIJepoja
(POY) B cucreme atmocdepHble OCaaKu —
IIOJIKPOHOBBIE BOJIbI — IIOYBEHHBIE BOABI. B
pe3ynbTare UCCIIEIOBaHUS ObLI1O0
YCTQHOBJICHO, 4YTO aTMOC(EpHbIE OCaJIKu
UMEIOT HU3KHUE U CPABHUTEIIBHO IOCTOSHHBIE
KOHIIEHTPALUH OPraHUYeCcKOro yIriiepoa, npu
KOHTaKTE€ C JIpEBECHBIM IIOJIOTOM  OHHU
o0oramaroTcst yriepoiaoM, B HauOoJbIIeH
CTENEHU B COCHOBO-EJI0OBOM Jiecy. [louBeHHbIE
BOJIbl UMEIOT BBICOKYIO KOHLIeHTpanuio POV,
U3MEHSIONIENCS B IIMPOKUX Ipefesax B
3aBHCHUMOCTH OT THIIa OMOTEO0IIeHO03a, CBOMCTB
u rITyOuHBI IIOYBBI. Hab6nronanace
3HAYUTENIbHAS BapHabeNbHOCTh KOH-
LEHTPAlUA yriaepoAaa B TOJKPOHOBBIX U
IIOYBEHHBIX BOJAX, KaK 110 CE30HaM, TaK U I10
rogamM.  BeisgBiaeHo, 4TO  pacTBOpUMBIE
OpPraHUYeCKHUEe COEAMHEHUS aTMOC(HEpHOro U
KPOHOBOI'O ITPOUCXOXICHUSI HE3HAUUTEIHHO
BIUSIOT Ha YIJEpoa IOYBEHHBIX BOA. B
YCIIOBUSAX IPOMBIBHOTO BOAHOIO peXHMa B
MOA30JUCTBIX  IOYBaX, B  IOJAKPOHOBBIX
IIPOCTPAHCTBAX XBOWHBIX UM  CMEIIAHHBIX
JIECOB, BBIHOC OPraHMYECKOTO YIrJepoaa ¢
[IOYBEHHBIMU BOJAMU B  BEreTallMOHHBIN
nepuosl MpeodsiafaeT Haj MOCTYIJICHHEM C
ocankamu (CynranbaeBa u ap., 2015).

B 3amosennuke «Kusau»y KoHmOIoOXCKOro
paifona pecrnyonuku Kapenus mpoBoauinch
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uccnegoanuss (¢ 2009 nmo 2011 rr.)
XMMHUYECKOTO COCTaBa TOYBEHHBIX BOJA B
XBOMHBIX Jiecax cpefHel tairu. Otmedaercs,
YTO B HOHHOM COCTaB€ IIOYBEHHBIX BOJ
npeoOnagany Kajlui, KalbIUi, Cyabparbl u
TUJIpOKapOOHATHI, BEJIMYMHA pH
COOTBETCTBOBaJIa  CIA0OKHUCIBIM  BOJAM.
Cpenn coeaMHeHMH a30Ta JOMUHHPOBAI
OpPraHUYecKUi a30T, OTMEYAJOCh BBICOKOE
COZICp)KaHHWE  OPraHMYECKHX  BEIIECTB U
JUTOQWIBHBIX 3JIEMEHTOB, CPEOH TSKEIBIX
METAJUIOB  HaWOOJBIIUM  COJECpKAHUEM
oTMyauch IUMHK ¥ Menb. C  rimyOuHON
MOYBEHHOTO MpO(UIs eNbHHKA M COCHSKA
HAOJII0AIOCh YMEHBUICHUE KOHIEHTpaIun
Kaus W KauplUsl W YBEJIUYCHHE
KOHIICHTpalun Cynb(}aros, HaTpus,
rHJIpoKapOOHAaTOB M BeNMWYMHBI pH, a Taike
YMEHBLICHHE COJIep)KaHus OOILEero a3ora, a B
cocHsike U (hocopa, u OpraHuYeCcKUX BEIIECTB
B TOYBEHHBIX BOJax. B 000MX MOYBEHHBIX
npopuIax YCTAHOBJICHO YMEHBIIICHUE
COZCp)KaHUSI AIOMHUHHUSI W KPEeMHHUS C
riyOuHoi. B mpoduiie cocHsika oTMe4anaoch
YBEIUYEHHUE COJCPKAHUS KaaMHUS U MeIu U
YMEHBIICHHE [MHKAa, a B EJIbHHUKE —
yBEIMYECHUE KaaMHs, CBHMHIA W LUHKA U
YMEHBIICHHE KoOanbTa, HHUKENIs U Meau
(baxmer u ap., 2011; KpaBuenko, 2016).
Takum  oOpazoMm, H3ydyeHHE COCTaBa
MOYBEHHBIX  BOJ  OCTAa€TCS  aKTyaJbHOU
npobnemoii. Kak u B ciydyae wu3ydeHuUs
aTMOC(EepHBIX BBINAJCHUN, B 3apyOeKHBIX
paboTax, MOCBALICHHBIX M3YYEHHUIO COCTaBa
MOYBEHHBIX BOJI, BIUSHUIO MUKPOMO3aHMYHON
CTPYKTypbl ~ OuoreomeHosa Ha  COCTaB
MOYBEHHBIX BOJ HE yJENACTCS] BHUMAHUS, a B
poccHiickux paboTax peaKo BCTpeyaercs
MHoroJjeTHue uccienosanus (Epmos u ap.,
2019). Ha mnpumepe inecoB MypmaHckoi
00JIaCTH yCTaHOBJICHA 3HAYUTEIbHAS BHYTPHU-
U MexXOMoreoneHoTH4ecKass BapuabeIbHOCTD
cocTaBa TOYBEHHbIX BOj. KoHIeHTpamuun
SJIEMEHTOB, KaK  MpPaBWUJIO, BHIIIE B
JU3UMETPUUECKUX BOJAX U3 BCEX TOPU30HTOB
MOYB  TOJAKPOHOBBIX  HPOCTPAHCTB MO
CPAaBHEHHMIO C MEXKPOHOBBIMHU, NPH 3TOM B
MOYBEHHBIX BOJ/IaX €JIOBBIX JIecoB
KOHIICHTPALlMM ~ COCOUHEHUH  IJIEMEHTOB
3HAYUTENbHO BBIIIE, YeM B BOJAXCOCHOBBIX
JIECOB. MHoronersss JUHAMHKa
KOHIIGHTpPAaLMH  TSDKENBIX  METAUIOB U
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Cyﬂb(baTOB B IIOYBCHHBLIX BOJaX OTIHMYACTCA

BBICOKOM BapHa0eNbHOCTHIO u
JIEMOHCTPUPYIOT TEHICHUHUIO K CHHXEHHIO,
4TO MOJKET CBH/IETEIILCTBOBATH 0
MOCTENICHHOM  CHW)KEHHH  TEXHOTEHHOU

Harpy3ku. OJHAaKO aHaJIU3 IOJIyYEHHBIX
JaHHBIX W COIOCTaBJCHHWE C (HOHOBBIMU
3HA4YCHUSIMU CBUIETENBbCTBYET 0
CYILIECTBEHHOM BIIUSIHUU BO3yLIHOTO
IIPOMBIIIJICHHOT' O 3arPsI3HEHMS Ha Jieca.

Ounenka KPUTHYECKHX ypoOBHeil
BO3/1eHICTBHS HA Jieca HA OCHOBE COCTaBa
aTMOC(epHBIX BBbINAJACHUH M NOYBEHHbIX
BOJ

Onenka YCTOWYMBOCTH II0YB K
3arpsA3HAIOIIMM  BEIlECTBAM OCHOBaHa Ha
[IOYBEHHO-3KOJIOTHYECKUX IIPUHIUIIAX
(I'mazoBckas, 1989, 1990, 1999). Iloussr
CUMTAIOTCS 3arpA3HEHHBIMU IIPU HAKOIUICHUU
B HUX 3arps3HSIONIUX BELIECTB B KOJIUYECTBE,
MPEACTABJISIONIEM ONACHOCTb IS YKUBBIX

OpraHU3MOB. OKcnepTHbIE OLICHKH
3arps3HEHUsT I0YB  OCHOBAaHbl HA  HUX
BHYTPEHHHUX CBOMCTBAX: MOILIHOCTb

TOPU30HTOB, COJEPKAHKUE, COCTaB U CBOMCTBA
rymyca, TPaHyJIOMETPUUYECKUI COCTaB,
E€MKOCTh KaTHOHHOI'O OOMEHa, OMOJI0rHuecKast
AKTUBHOCTD MTOYBBI, COJIEpIKAHUE
pPacTBOPUMBIX (HOPM 3arpsA3HSIOIINX BEIIECTB
U T.1. Yke OoJiee YeTBEPTH BEKa Pa3BUBACTCS
IpYyrol  MOAXOJ, KOTOpPbIM  CBSi3aH C
CHUCTEMaTH3alMell TI0YB M DKOCHUCTEM IIO
CTETIEHH WX YCTOWYMBOCTH K TMOJLTIOTAHTAM —

YCTaHOBJICHUE KPUTHYECKHUX Harpy3okx
3arpsA3HAIOLIAX BEILIECTB. WNnen
9KOJIOTUYECKOTO HOPMHUPOBAHUS Ha

MEXAYHAapOAHOM  YpPOBHE HalUIU  CBOE
BOIUIOIIEHHE B  pa3paboTKe  KOHIEMIUU
KPUTHUYECKHUX Harpy3oK B pamKax
«KoHBEHIIMM O TpaHCTPAaHUYHOM 3arpsiI3HEHUHU
BO37lyxa Ha Oojblllue paccTosHUs». B
COOTBETCTBUH ¢ 3Toi KoHBeHIHMEH, BRIOPOCHI
MOJUTIOTAHTOB JIOJDKHBI OBITH COKpAIIEHBI 10
MIPUEMIIEMBIX (KPUTUYECKUX) BBITAACHUN WU
koHueHntpauuii (Konuuk, 2004).

ITonsTue «KpUTHYECKast Harpy3Kka»
[10/Ipa3yMEBAET [10Ka3aTeb, KOTOpPBIN
XapaKkTepU3yeT MAaKCUMAJIbHYIO BEIUYHHY
BO3JICMCTBUS ~ OJHOTO  WJIM  HECKOJBKHX
MOJUIIOTAHTOB ~ HAa  €AMHULY  IUIOIIaau
nanamadTa, HKe KOTOPOro Ha COBPEMEHHOM
YpOBHE 3HAaHUU HE IIPOUCXOIUT

B.B. Epuos

CYIIECTBEHHBIX HETaTUBHBIX IPOLIECCOB IS
KOHKPETHBIX YYBCTBHTEIBHBIX JJIEMEHTOB
cpenbl (Nilsson, Greenfelt, 1988).
Kputnueckne Harpysku (critical loads)
PacCUUTHIBAIOTCS C UCIIOJIb30BaHUEM
XUMHUYECKUX WHIUKATOPOB, WM KPUTHIECKHIX
npenenoB (critical limits), ompenensirommx
BpEIHOE BO3/ICHCTBHE U TIOPOTOBBIE 3HAYCHHSL.
B arMmocdepHbIX BhImaieHUsIX (T0KIh U CHET)
OOBIYHO PacCYUTHIBAIOT KPUTHUYECKYIO
HArpy3Ky JMJIsi ONPEAEJICHHOTO JJIEMEHTa,
Hanpumep s cynbpaTtHoi cepsl (Korhola et
al., 1999), azora (Waldner et al., 2007) wiu
TspKenbix MetayioB (Reinds et al., 2006). Jlns
OLIEHKM TIPOLIECCOB  TOJKUCICHHS  IOYB,
KOTOphIE MOTYT HETaTUBHO BIHUSTH HA POCT
JIepEBbEB, MPEATIOKEH TaKOW WHAMKATOP Kak
MOJISIPHOE OTHOIICHHE CYMMbI OCHOBHBIX
KaTHOHOB (KaJbI[M{, MarHui W Kauuil) u
ATIOMUHUS B TOYBEHHBIX  PacTBOpPax
(Sverdrup, 1993). Ilpm  HOBBIIICHHBIX
KHUCIIOTHBIX HAarpy3kax IIOYBa IOCTEIIEHHO
UCTOIAETCS OCHOBHBIMH  KAaTHOHAMH, B
ocHoBHOM KambieM (Ca’") u Mmarnuem
(Mg?"). Ilpu MOAKUCIEHHH MOYB 00Pa3yloTCs
TOKCHUYHBIE opMbI amoMuHus. [loBbIIeHHAs
KOHIIEHTpauusi Takux Gopm Al B mouBeHHOM
pacTBOpe MOXKET MPUBECTH K MHTMOMPOBAHUIO
pocTa  KOpHEH, TMOBPEKICHUSIM  MEJKUX
KOpPHE W MHUKOPH3bI M, TaKuM o00paszoM,
CHU3UTH MOTPEOICHUE MUTATEIbHBIX BEIICCTB
u Bojel (Foy, 1988; Ulrich, 1983; Boudot et al.,
1994; Godbold, Hiittermann, 1988; Godbold,
Kettner, 1991; Godbold et al., 1988). lnsa
OILICHKH 3BTPO(UKAIUY, HACBHIIEHUS a30TOM,
UCTOJB3YIOT KOHILEHTPAIMH MHHEPAIBLHOTO
a30Ta B MOYBEHHBIX PACTBOpax. YBEIUYCHUE
BbIMaIcHU N MOXET BbI3BaTh 3BTPO(PUKALINIO
MOYBBI, a TaKkKe HWHTEHCU(DUIIUPOBATH
BBIMBIBAaHHE HUTPATOB, YTO YACTO HA3BIBAIOT
HaceimeHueM N (Aber et al., 1998; Gundersen,
1991). B nenom pe3yiabTaTroM MOTYT OBITh
HE/IOCTATOK AJIEMEHTOB MHUTAHUS U CHWKECHUE
CKOpPOCTH pocra JIECHBIX pacTeHUN.
[ToBBINIEHHOE BHIMBIBAHHE HUTPATOB CBS3aHO
C TMOJAKHCIEHHWEM TIOYBBI, BBI3BIBAIOIINM
MIOCTENICHHOE  CHW)KEHHE  KOHIEHTpaIuu
OCHOBHBIX KATHOHOB B IMOYBEHHBIX PAaCTBOPAX
C TMOCIENYIOIUM YBEJIWYCHHUEM KOHIICH-
Tparmii Al.

B IlBeifmapuum  ObuUIM  TPOBEAEHBI
uccnepoanus  (1999-2002 rr.) cocraBa
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IIOYBEHHBIX PAaCTBOPOB HA IECTH JIECHBIX
y4acTKaxX, XapaKTepU3YIOIIUXCS KHUCIbIMU
MHHEPAJIbHBIMU II0YBAMU IS OINPEICIICHUS

MIPEBBIIICHUS KPUTUYCCKUX Harpy3okK.
[TpoBeneH aHaaM3 MOJSIPHOTO OTHOIICHUS
OCHOBHBIX KaTUOHOB K obmemy
pactBopeHHOMY amomuHUI0 — BC/Alor.

Cpennee cootHomenue BC/Aly: B mouBeHHOM
pacTBOpE HUKOTa HE IOCTUTalI0 KPUTUYECKON
BEJIMYMHBI B KOPHEBOI 30HE HAa BCEX yYacTKax
3a Becb mepuoj HaOmoneHus. ba3zoBoe
cootHomenne BC/Al B mouBax 3HAYUTENHHO
KoppenupoBanio ¢ otHomeHusMu BC/Al: B
MOYBEHHOM pacTBope. [louBeHHBIE pacTBOPHI
C caMbIMH HU3KUMU OTHOIICHUAMU BC/Alior (<
2) OOBIYHO BCTpPEUANINCh B MHUHEPAIBHBIX
mouBax c¢ otHomreHueM BC/Al mmke 0,2.
XUMHUYECKUI COCTaB IOYBEHHOI'O pacTBOpa
3aBUCUT OT COCTaBa IMOJCTHJIAIOIINX CJIOEB
nouBbl. [TouBeHHbIe pacTBOpHI HA 80 cM UMenu
3navyeHus: pH u orHomenust BC/Ali: HaMmHOTO
BBIIIE, YEM OXKUIAIOCh, IOITOMY PEKOMEH-
JIOBAaHO YYHUTHIBATH 3TO OOCTOSITENHLCTBO MPHU
pacuerax KPUTHUIECKHIX Harpy3ok
kucnotHoctH (Graf Pannatier et al., 2004).

B paiione ¢ BBIP@KEHHOH MOPCKOU
UMITYJIbBEpU3AlMC U BBICOKUM YPOBHEM
BBIIIQJICHUM a30Ta B IOr0-3aIllaJfHOM YacTH

KOtnanauu, Hanws, MIPOBOMITUCH
uccnenoBanus (¢ 1989 nmo 1999 rr.) no ouenke
MIPUTOJIHOCTH MOKa3aTest BC/Al u

otHomeHnii Ca/Al B MOYBEHHOM pacTBOpe B
KaueCcTBE XHMHUYECKUX  KPUTEpPUEB AN
pacueToB KPUTUYECKOW HArpy3kd Ha JIECHBIE
9KOCHCTEMBI.  BbIBIEHO, 4YTO  ypOBHU
aTMOC(EepHBIX BBINAJCHUIH B XBOMHBIX Jiecax
Ha KHUCJBIX TMOYBAaX IMPEBBIATHM TOKa3aTeNN
KpUTHYECKOM Harpy3ku s N B Jlanuwm.
HNHTeHcuBHOE BbIMBIBaHUE N U3 I10YB JIECOB,
(bopMHUpyEeMBbIX CHUTXHMHCKOH enbio  (Picea
sitchensis), yKa3bIBalO Ha BBICOKHIl ypOBEHb
HaceineHus N. X0oTsa B eIbHUKAX, BRITTAACHUS
N okazanuch BBIIIE YPOBHS KPUTHYECKUX
Harpy3oK, UCCIIETyeMblil y4acTOK erie He ObLI
HacelllleH N,  IIOCKOJIbKY  BBIMBIBaHUE
HUTPATOB C TIOYBEHHBIMH BOJaMH OBLIO
HeBennKo. bykoBwie neca (Fagus sylvatica)
OTINYAIIUCH Ooiee LIIUPOKUMU
otHomeHUAMUBC/AlioB ITOYBEHHBIX BOIAX,
4yeM Jieca, GopMHUpPyEMbIe CUTXUHCKOU €NIbI0 U
eNbl0 0OBIKHOBEHHOM (Picea abies) B 1989 r.,
HO 9TH OTHOILIEHHUS IIOCTENIEHHO

B.B. Epuos

npuOIMKaIUCh K 1 11s 1ecoB (hOpMUPYEMBIX
BceMHU Tpems Bugamu K 1999 r. Ouenp y3kue
OTHOILICHUS Ca/Altot u BC/Alot,
HaOroaeMble B 9TOM  HCCIICOBAaHUH,
KOHTPACTUPYIOT  C  YIy4YIIEHHEM WU
HEMEHSIOLUMCSL  COCTOSSHUEM  JPEBOCTOEB.
OTO MOCTaBWIO IOJ BONPOC NPUMEHUMOCTb
3TUX COOTHOILIEHUH B KAa4e€CTBE XMMHYECKHX
KpUTEPUEB B palioHaX C IOBBILIEHHBIM
YPOBHEM  BBINAJACHUA  MOPCKMX  COJIEH.
bmuzocte Kk MOp0 M 3HAUUTENBHOE
MIOCTYIUIEHHME OCHOBHBIX KaTHOHOB B BEPXHHUE
CIIOM  TOYBBl ~ MOTYyT  CIHOCOOCTBOBATh
YCTOMYMBOCTH  JIECOB M IIPEOJOJICHUIO
neduumTa TUTATENbHBIX BeEUIECTB B Oolee
riryOokux ciosix noussl (Hansen et al., 2007).

B EBpone ObuIH IIPOBEIEHBI
IIMPOKOMACIITAOHbIE UCCIIEJOBAHMS,
HaIlpaBJICHHbIE HAa W3Yy4YEHHE BapbUpPOBAHUS
BBINIAJICHUN CEpPBI U a30Ta, U MPEBBIIIEHUS UX
KPpUTHYECKMX HArpy30K Ha  IUIOIIAJKax
MHTEHCUBHOr0 MoHMTOpHUHra ypoBHsa II ICP
Forests. /lanabie 6putn momyuens! ¢ 2000 mo
2005 romet Ha  Oomee yem 150
MOHHUTOPHHIOBBIX IUIOIIAJKax. Beimanenus
aMMOHUS, HHUTPAaTOB U Cylib(}aToB MOX
[IOJIOTOM Jieca BBILIE, YEM Ha OTKPBITHIX
ydJacTKax, TaKkKe HaOII0JAaeTcsi COKpalleHHe
BBIOPOCOB Ceppl MW MeEHEee 3HAUYUTEIbHOE
cokpaleHre BeIOpocoB azora B EBpome. Ha
UCCIIETyEMBIX ydacTKax IIPEBBILLIEHUE
KPUTHYECKHX HAarpy3ok Jjsi cepsl ObLIO
3a(hUKCUPOBAHO B MEHBIICH CTETICHH, YeM IS
azota. B ocaakax, mpolEeAmINX CKBO3b
JPEBECHBII T10JIOT, Habro1aeTcs
IIPEBBIILIEHUE KPUTHUYECKOI'O YPOBHS a30Ta
OpUMEpPHO Ha 2/3 HWCCIeayeMbIX Y4YacTKOB.
CamMmble BBICOKHE IIPEBBIIIEHNS BCTPEYAIOTCS B
Hunepnannax, benprum u Ha HEKOTOPBIX
3eMJIIX I'epmanumy, HAauMEHBIINE B
CoennHeHHOM KoponescTse, B
®enHockaHauu, B ['peuun u B AJjbax.
Kputnueckue Harpy3Kku ObLTH MPEBBILICHBI HA
MEHee, 4YeM Ha 4YETBEPTH  YYacTKOB,
pacnosoKeHHBIX B OCHOBHOM B Hunepinanaax,
Ha tore llIBenum, Ha HEKOTOPBIX 3EMIISIX
I'epmanun u B Benrpun. OTmeuaercs, 4to
IIPEBBILLIEHUE KPUTHUYECKHUX Harpy3oK
MIO3BOJISIET OIIpEAEIUTh Opor DIE:
OIIpEAEIECHHBIX MOJUTIOTAHTOB, KOTOPbIE MOTYT
yepe3 HEKOTOPOe HAaHECTH yIepO HIKOCUCTEME.
IToaToMy 111 OLIEHKM pEaKUMH 3KOCUCTEM
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BOXHO  ONpPEACTUTb,  JOCTUTHYTBI  JIK
kputnueckne npenenst (Lorenz, Granke,
2009).

B cemepnoii uactu bembrum - ObLIH
NPOBEACHBl  UCCIICAOBAHUS  XUMHUYECKOTO
cocTaBa  aTMOC(EpHBIX  BBIMAJACHUH U
MOYBEHHBIX PACTBOPOB 32 CEMHAALATHIICTHUN
nepuon  (1994-2010 rr.) ©Ha  OATH
MOHHUTOPUHI'OBBIX CTAHLHUAX C XBOMHBIMH WU
JUCTBEHHBIMU OHoreornenozamu. B  xoxe
UCCIIEIOBaHMsI  OBLJIO  BBISBIICHO,  YTO
otHomeHust BC/Al O6butn HIDKE KPUTUYECKOTO
YpOBHS Ha TpeX Yy4yacTKax Ha IeCYaHbIX
MOYBaX C € HU3KON CTEMEHbIO HACBIIICHHOCTH
NOYB OCHOBaHMSMHU. Ilokaszarenb KHCIOTO-
HEHTpanu3ylomenl CrocOOHOCTH B  IOYBE
BO3pacTall, HO OCTaBaJCid OTPHUIATEIbHBIM,
yKa3plBasg Ha TO, YTO MOJKUCIICHHE MOYBBI
MIPOI0JIKAIIOCH, TaK Kak Hayvajio
BOCCTaHOBIICHUS ObLI0 3aMeJUIEHHO
OJTHOBPEMEHHBIM YMEHBUICHUEM BBINAJCHUN
OCHOBHBIX KaTHOHOB M KPaTKOCPOYHBIMU
IpoLeccamu OydepupoBaHus IIOYBBI.
Kputnueckue mnpenenst koHieHTpauuii N B
MOYBEHHOM  pacTBOpe, B  3HAUYUTEIHLHOU
CTENeHH, OBUIM TPEBBILICHH B TEUYCHUE
OoJiblIel YacTH ToAa Ha BceX INyOMHax Ha
nsaTH yuactkax (Verstraeten et al., 2012).

Eme OJIHO IMpoKoOMacITabHoe
uccnenoBanre B EBpore ObLIO MpoBEAEHO ¢
2006 mo 2009 rr., ma Oomee uem 200
MOHHUTOPUHTOBBIX TUTOIAISX, (197
KOTOPOTO OBIJIO M3YYHTh B3aUMOCBSI3b MEKIY
NPEBBIIIEHUEM KPUTUYECKHX Harpy30K u
KOHIIGHTpaLlMell  HEOPraHHYecKoro  asoTa,
OTHOIICHHEM  OCHOBHBIX  KaTHOHOB K
AJIFOMUHUIO B TTIOYBEHHBIX PACTBOPAX, a TAKKE
MUTATENbHBIM ~ CTAaTyCOM  JIEPEBbEB. ITO
UCCIIEIOBAaHUE I10KA3aJI0, YTO CYIIECTBYIOT
paznuuus B qacToTe MIPEBBILICHUS
KPUTHYECKHX TPEAEIOB sl TOYBEHHOIO
pacTBopa MeEXAy TIpyNIaMd  Y4acTKOB,
KJIacCU(UIIMPOBAHHBIX B COOTBETCTBHH C

TEKyIIUM  IPEBBILICHUEM  KPUTHYECKUX
HAarpy30K, NPUYEM  OTU  IPEBHILICHUS,
BEPOATHO, COXPAaHSIOTCS B TEUCHHE
HECKOJBKHX  JIECATUJICTUH.  AHaloruvHas

middepennumanus Obula oOHapykeHa TpU
OLIEHKE MUTATEJIBHOIO CTaTyca AEPEeBBEB IS
IPYyMNI, BBIJCIEHHBIX B COOTBETCTBHUH C
MPEBBIIICHUEM KPUTHUECKUX NPEAeToB IS
MIOYBEHHOT'O pacTBopa. PesynbraTsl
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MOATBEPKAAIOT  TUIIOTE3Y O TOM, 4TO
3BTpOGHpPOBAHUE WU MOAKUCIIAIONIEEe
BO3/ICHCTBUE BBINAJCHUM HEOPraHUYECKUX
coequHeHMt N M S MOXeT INpuBecTH K
nucbanancy B mutanuu aepeBbeB (Waldner et.
al. 2015).

OneHkn KpUTHYECKMX HAarpy3oK Ha Jeca
IIPOBOJMIIUCH U OTE€YECTBEHHBIMU YUYEHBIMHU.
Hampumep, ¢ 1982 mo 2003 rr. Obutn
IIPOBECHBI HCCIIEN0BaHUs COCTOSIHUS
aTMoc(epHOro BoO3/ayXa U ocaakoB Pycckoit
paBHuHbL. Ha ee oOmupHON TeppuTOpHH
pacnoyiararorcss  KpyIHbIE  LEJUIFOJIO3HO-
OyMaKHbIE, METAJLTYpPrU4eCcKue, XUMUYECKHUE,
HedTerazonoObIBaOIUE M Tepepadarhl-
Bafoe mnpennpusatus. Wx  BbIOpocHl U

cOpOCBl  HEraTUBHO  BO3ACUCTBYIOT  Ha
OKpyXarmlmyw  cpexy. B pesynbrare
HUCCICOOBaHUA 6]:1.]10 BBIABJICHO, qTo0

KPUTUYECKHE MPENEIbl IO BBHINAJACHUAM CEPbI
ObUIN MPEBBIIICHBI Ha JIOKAIBHBIX Y4acTKaxX B
Jlenunrpanckoit, MockoBcko#, Pss3anckon
obmactsx. [lo cymme BbImaneHuii asora
YPOBEHb  KPUTHYECKHX  HAarpy3ok  OblLI
IIPEBBILLIEH IPUMEPHO HA MOJIOBHHE IUIOIIAIN
ETP: B CeBepo-3anmaguoM, CeBepHOM U
[enTpasibHOM  paiioHax. B wmemom Ha
uccienoBanHol miomanu ETP (3.2 min. kvm?)
YPOBHU KPUTHUECKUX HArpy3oKk IO a3o0Ty
TIPEBBIIIEHB] HA MUIOMANU 2.3 MIH. KM?, a 110
cepe — Ha momaau 1.7 mun. km? (TpyOunuHa,
2008).

Ha  KonbckoM  momyocTtpoBe — Obuia
IIPOBEJIEHA OLIEHKA KPUTHUYECKHX Harpy3okK
KHCIIOTOOOPA3yIOIIUX COCIUHEHUN Ccepbl U
pUcKa UX M30BITOYHOrO TIOCTYIUICHHS B
9KOCHCTEMBI. B pesynbrare wHcciaenoBaHus
ObUIO  BBIABIEHO, 4ro 58%  miomangu
Koubckoro nmomyoctpoBa 3aHUMalOT Hanbosee

YYBCTBUTCJIbHBIC OKOCHCTEMBI
(CeBepOTae)KHBIC JieCa MW KpPHUBOJICChS Ha
noa3oJiax, a TaK¥KC TYHAPOBBIC )48

JIECOTYHAPOBBIE COOOIIECTBA), UL KOTOPBIX
KPUTUYECKHE HATPY3KU CEPhl HE MPEBBIMIAIOT
400 kB ra”’ rox!. K ycToiuMBBIM cHcTeMaM
(ot 500 g0 600 kB ra! rox!) oTHOCAT ropubIe
TYHIpbl M Jieca, Oepe30Bble KPUBOJIECHS H
peaKosechs Ha MOAOypax W WILTIOBHAIBHO-
IYMYCOBBIX I0/130JaX 3aHUMaromue a0 8%
wiomaan moixyocrpoa. Haubonee ycroitum-
Bole cucTeMbl (Gomee 700 sk ra’l rogl)
3aHuMaoT 7%  momaad, HapsAgy — C
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O0JIOTHBIMH COOOIIIECTBAMHU BKIIIOYAIOT B CE0s1
COCHOBBIE U €JIOBBIE JIeCa HA WJUIIOBUAJIBHO-
TYMYCOBBIX  I0J30JjaX. 30HBI  pHCKa
cocrapisitor ~ Oonmee  20%  Kombckoro
MOJIyOCTPOBA — 3TO OOLIMPHBIE TEPPUTOPHUU HA
CeBepo-3amaje U B LEHTpPE, KOTOpbIE
HaXOoOsATCI BOIU3H KOMOHHATOB
«CeBEpOHUKETBY u «IleueHranukenp»
(Konmuk u nip., 2008).

B pamkax oOAHOrO U3 MEXIYHapOIHBIX
npoektoB OO0 «I'aznpom-BHUUI"'A3» Oblia
IIPOBEJIEHA OLIEHKA KPUTHUYECKHX Harpy3ok
MTOIKUCIISIOLINX u ABTPOPHUPYIONIUX
COCIIMHEHUM M1 TeppuTOopuu BeHecyansl B
CBSI3M C IUIAHUPYEMOM HMHTEHCU(pHKAIUEn
ra3oBoil orpaciau 3To crpanbl. CoriacHo
pacueraMm sKocucTeMbl Oonee uem 40%
TeppuTopun BeHecyanbl MMEHT BBICOKUHI
MIOTEHLIIMAJ yYCTOWYMBOCTU K KHCIOTHBIM
BBINIAJICHUSAM, B TO K€ BpEMs 3KOCHCTEMBI,
dopmupyromuecs Ha  10%  Tuiomanwy,
XapaKTEpU3yIOTCd IOHMXCHHOM  yCTOWYM-
BOCTBIO K TIOJKUCISIONIMM COEIUHEHUSM.
Hanmenee YCTOWUYUBBIMHU, SIBIIAIOTCS
9KOCHCTEMBI TOPHBIX JIECOB HA MAJIOMOIIIHBIX
KHUCIIBIX I10YBaX, BJOJb BOCTOYHBIX T'PAHUIL
Benecyanel u B ropHO# oOmactu AHJ Ha
3amajge crpaHbl. [IOBBIIIEHHBIE W BBICOKHE
YPOBHH PHCKOB 3BTPO(PHUPOBAHUS IKOCHUCTEM
BBISIBJIEHBl Ha OrPaHMUYEHHOW  IuIOIIAau
(mpumepro 0.2 u 0.8% COOTBETCTBEHHO) U
XapakTepHbl JUIsl TEPPUTOPHI, pacroio-
KEHHBIX B 30Hax BO3JEMCTBUS
IIPOMBIIIJIEHHBIX I1IEHTpOB BeHnecyansl (Ha
3amajge M CEeBEpO-BOCTOKE CTpaHbl). JlaHHOE
UCCIIEOBAaHUE COBMECTHOI'O HCIOJIb30BAaHUS
METOJI0JIOTUH PUCKA U KPUTUYECKUX HArpy30K
[10Ka3aJ10 NEPCIEKTUBHOCTD JTAHHOIO MTOAX0/1a
JUIs ~ pelIeHusT  NPAaKTHYECKUX  3a4ay
9KOJIOTUYECKON u IIPUPOIOOXPAHHOMN
nesrenpHocTd  npennpustuid  (Ilpunytuna,
bamikun, 2012).

B  o030ope momxomoB K OIICHKE
9KOJIOTMUECKOT O COCTOSIHUSI U HOPMUPOBAHUIO
kauectBa nmo4B (KonoBasnos u ap., 2017) Obuia
IIPEAIIPUHSATA MONBITKA OCBETUTHh POCCUNCKUE
1 3apyOexHBIC MOAXO0/IbI K JAHHOU MpodiieMe.
OTtmedaeTcs, 4TO MPH OLIEHKE IKOJIOTUYECKOTO
COCTOSIHUS II0YB OUYEHb BAXHO
pasrpaHUyYUBaTh MEXAYy COOOH pas3JIM4HbIe
BUJIbI TIOYBEHHOW Jerpajanuu: (pusnyeckysio,
XMMHUYECKYI0,  MHKPOOMOJIOTHYECKYI0 U

B.B. Epuos

KOMIUIEKCHYI0. B Poccun npenmMyiiecTBeHHO
HCIOJIB3YIOT CaHUTAPHO-TUTMEHNYECKUIT
MIOIX0Jl, B KOTOPOM JEHCTBYET KOHLEMIUS
IPENENbHO  JIOMYCTUMBIX  KOHLEHTpaLui
(ITAK), TO ecTth Takoe coJep:KaHUE
XUMHYECKHUX DJIEMEHTOB B CpPEIE, KOTOPOE B
TE€YEHHE JUIMTEILHOTO BPEMEHU HE BBI3BIBAET
HEraTUBHOIO (NPSAMOr0 WJIM KOCBEHHOI'O)
BIUSHUS Ha 340poBbe uyenoBeka. llommmo
storo, ITJIK XapakTepusyroT JUIIb CTENEHb
AHTPOIIOTEHHBIX HAPYLIEHUIN B 3KOCHUCTEMAX,
€CJIM CYIIECTBYIOIIUN YPOBEHb KOHLIEHTPALUI
nojuttotranToB Hwke I[IJIK, cuurtaercs, 4rto
JOMyCTUMO JalbHENIIee TEXHOT'€HHOE
BO3JICHICTBUE HA JAHHYIO TEPPUTOPHIO, a MpPU
NPEBBIIEHUN  HAarpy3ka  JIOJDKHa  OBITh
npekpaieHa. OJHaKo, OTBETOB Ha BONPOCHI,
KAaKOH YpOBEHb IOCTYILJIEHUSI B 3KOCHUCTEMY
3arpsA3HSIONIMX BEIIECTB AOMYCTHM, YTOOBI HE
HapyIanoch GyHKIIMOHUPOBAHUE IPUPOIHBIX
CUCTEM U HACKOJbKO BO3JEHCTBHUE JIOJIKHO
OBIThH CHIJKEHO PIE; MIPEKPALLEHUS
HEraTUBHOI'O M3MEHEHUS B OKpY’Karollen
cpene, IMpU TakoM IOAXOJA€ IOJIYUYMTh
HeBo3MO)kHO H (bamkun u  gp., 2005).
IToaTOoMy JAHHBII MOAXON UMeEeT
CYLLECTBEHHBIE HEIOCTATKH U Ul Pa3BUTHS
CUCTEMBl  JKOJIOTMYECKOTO HOPMMPOBAHMS
HEOOXOMMO pa3BUBATh JPyTUe TMOIXOIBI.
Hanpumep  —  OuoreoxuMuyeckuidi  u
CTaTUCTUYECKUH  MOAXOABI, A  TaKXkKe
HKOCUCTEMHOE HOPMHpOBaHHUE. 3a pyOexoMm
M10JIy4aeT pacnpocTpaHEeHUE MOJIXO[,
OCHOBAaHHBIM Ha OIEHKE JKOJOTMYECKUX
PUCKOB, B KOTOpPBIM BXOIUT KOHLEMIUSA
KpUTHYECKHX Harpy3ok. B Poccum ero
IIPUMEHEHHE  TaKXE€ MOXET  OKa3aThCs
3QQEKTUBHBIM, YTO JIEMOHCTPUPYETCS B
paborax B.H. bamkuna (2004), I'.H. Konmuk
u C.B. Konmuk (2008) u nip.

Takum  obOpasom, 3apyOexHBIMH, U
OTEUYECTBEHHBIMU aBTOPaMH, pa3padOTaHbI
pa3auYHbIE METOAbl OLEHKM U MEPHI IO
COKpAIICHUIO BIIUSIHUS BO3/IyILIHOTO
IIPOMBIIIJIEHHOTO 3arps3HEHUs Ha JIECHBIE
skocucTeMbl. ClieqyeT OTMETUTh, YTO IpHU
OLIEHKE KPUTUYECKUX HArpy30K Ha Jieca PeIKo
YUUTBIBAETCSl  BIMSHUE  MHKPOMO3AaW4YHOMN
CTpyKTypbl Ouoreonenoza (Epmo u np.,
2020). Ha mnpumepe inecoB MypmaHckoi
00JIaCTH BBISIBIICHO, YTO BBIMACHUS TSKEIIBIX
METaJUIOB M Cyinb(paToB B aTMOC(HEpHBIX
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BBIMAICHUAX MIPEBbIIIATH rOJIOBbIC
KpUTHYECKHE YypoBHU (10 4 pa3) yxke B
(OHOBBIX  YCIOBUSX, HO  TOIBKO B
MOJIKPOHOBBIX  NpocTpaHcTBax. HawmbGonee
BBICOKME TPEBBIIICHUS HAOMIOJAI0TCA B
nedonuupyrommux Jecax W TEXHOTCHHBIX
PEIIKOJIECHSIX, YTO OCOOCHHO SPKO BHIPAXKEHO B
MIOJIKPOHOBBIX MPOCTPAHCTBAX EJIOBBIX JIECOB,
B KOTOPbIX MAaKCHUMaJbHbIC IPEBBIIICHUS
YPOBHSI KPUTHUYECKUX HArpy30K BbIIaJICHHUHA
Cynb(aToB — 10 7 pa3 U TAKEIBIX METAIIIOB —
600 pa3. IlpoBeneHa oleHKa NPEBBIICHHUI
KPUTHYECKHX YPOBHEH B IMOYBEHHBIX BOJAX C

HCIIOJIb30BaHUEM MEXIYHAPOIHBIX
MOKAa3aTeNeH: OTHOIIICHUE OCHOBHBIX
katnoHoB Kk  amomuanio  (BC/Al) wu

KOHIICHTPALlMM ~ MUHEPAIbHOTO  a30Ta B
noyBeHHOM pactBope (Nmin) (EpmioB u ap.,
2019). OtHomIeHWE OCHOBHBIX KAaTHOHOB K
AIIOMUHUIO Ha BCEX CTaAUAX AUTPECCHH B
€JIOBBIX M COCHOBBIX JiecaX 3HAYUTEIHHO
NPEBHIIAET KPUTHYECKUE 3HAYEHUS, UTO
MOKHO OOBSICHUTH 6orarcTBOM
MOYBOOOPA3yIOIUX MOPOA U IOYB PEruoHa
UCCIICIOBAaHUH  OCHOBHBIMH  KaTHOHAMH.
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The article gives an overview of Russian and foreign studies devoted to the composition of
atmospheric deposition and soil waters in forest ecosystems. It is concluded that insufficient attention
is paid to the transformation of the chemical composition of precipitation by forest ecosystems, taking
into account the influence of the species composition of the stand and the mosaic structure of the
biogeocenosis (under-crown, inter-crown spaces, open areas). In European studies, the composition
of atmospheric deposition and lysimetric waters is usually studied over many years allowing detection
of long-term trends in changes in the composition of atmospheric and soil waters and identification
of the factors of these changes. Such long-term (over 10 years) constant observations on the influence
of technogenic pollution on the composition and properties of atmospheric and soil waters were not
carried out in any Russian publications. This task is very relevant for Russia and especially for
industrially developed regions.

Key words: forest biogeocenoses, air pollution, atmospheric deposition, soil water,
monitoring, long-term dynamics, critical loads.
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