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cepa NOJI/IIOTAHTOM B pernoHe Kapenua, Ha paguanbHblii NIPUPOCT (LMPUHY FOAUYHBIX
TAMXe/ble MeTalbl  KoAel,)AepeBbeB COCHbI 0O6bIKHOBEHHOW (PinussylvestrisL.). TecHble OTpULaTe/IbHbIE
XMMMYECKoe KOppenAuMOoHHbIe CBA3N MEXAY S U ycpeaHEHHbIMW NO NATUAETUAM 3HAYEHUAMM
3arpAasHeHue LWMPUHbI TOAUYHbIX KOJel, XapakTepHbl Ana nepuoga 1977-2001 rr. (B oTanume
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ot 1952-1976 rr.). HekoTopble WHAMBUAYaA/NbHble 06pasubl M3 CeBEpPHbIX
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BsegeHue

Cepa OTHOCUTCA K rpynne 3n1eMeHTOB, A/A
KOTOPbIX CBOMCTBEHHA ra3oobpasHaa ¢opma
He TONbKO B 3€MHbIX MybuHax, Ho u B buocoe-
pe. BogHaa murpauma ANA Hee TaKXKe Xapak-
TepHa (Mepenbman, 1989). B obnactv oxpaHbl
OKpyKatowen cpeabl coeguMHeHUA cepbl AB-
NAITCA BaXKHeMWMMKM 3arpasHuTenamu. Mpu
3TOM AmoKcug, cepbl (SO,) O4YeHb 4acTo KOH-
TPOAMpPYeTCA KaK BeayLwui Mo macce Komno-
HEHT B COCTaBe BblbpacbiBaeMblx CTaLMOHap-
HbIMW UCTOYHMKAMM 3arpA3HAIOLLNX BELLECTB,
CBeZleHMs O KOTOpbIX cobuparTca n obHapo-
Aytotcs denepanbHbIMU U TEPPUTOPUANbHbI-
MW OpraHaMu roCyAapCTBEHHOM CTaTUCTUKM.

OCHOBHOW WMCTOYHWK NOCTYN/JEHUA B OKpY-
YKaIOLLLYO Cpesly CEPHUCTbIX COeANHEHWUIN — CXKU-
raHue BCex BUAOB TON/MBA (raBHbIM 0b6pasom
yrna n HedtenpoayKtos). [pyrve MCTOYHUKMK
— BbIN/aBKa uUBeTHbIXx meTannos (Cu, Zn, Pb,
Ni) u uyryHa, npoussoacTtso bymaru, npowus-
BOACTBO LemeHTa (BpeaHsble..., 1989). B Pecny-
6anKe Kapenua oCHOBHOM BKNag B 3MWUCCUIO
SO2 BHOCUT MPOMbILW/IEHHOCTb, YTO, Ka3aaoCb
Obl, PE3KO OT/IMYAET PernoH oT rMobanbHOro m

MopnucaHa K neyartu: 4 nrons 2017 ropa

obuieeBponelickoro pacnpeaeneHus (tabn. 1).
OpHaKko B Pecnybnuke Kapenua KpynHenwue
npeanpuATMA MMenu UAM UMerT Ha banak-
ce COOCTBEHHble 3HEepreTMYeckne MOLLHOCTMU.
Kpome Toro, HekoTopble Hebonblune 3Hepre-
TMYeCKMe 0ObeKTbl, No3gHee MNOCTaBAEHHble
Ha roCy[apPCTBEHHbIA yYeT KaK 0ObeKTbl anek-
TpO3HepreTukun (Hanpumep: focyaapcTBEHHbIN
Aoknag,..., 2002), nepBoHa4asibHO MOIN OTHO-
CUTBCA K KUIULLHO-KOMMYHA/IbHOMY CEKTOpY.

Pecnybnuka Kapenua nopsepranacb 3Ha-
YNTENbHOMY BO34ENCTBUIO OCaXKAEHWUWN cepbl
M3 TPAHCTPaHWYHbIX AaTMOCPEPHbIX MOTOKOB
CO CTOPOHbI 20 eBPOMNENCKUX PErMOHOB, a TaK-
e CO CTOpOHbI perMoHoB Poccuiickon depe-
pauun (focygapcTBeHHbIN AoKnaa..., 1998).
B nocnegHue roapl BpeaHoe BAUAHWME €BPO-
NemCcKUX rocyaapcTs, B TOM 4YUCNEe COCeAHEW
PUHNAHANKN, CHUMKANOCL B pe3y/bTaTe 3Hayu-
TENbHOro COKpaleHua Bblbpocos (puc. 1, 2).
Tak»Ke CHUXKaNMCb BbIBPOCbI OCHOBHbIX 3arpss3-
HuTene B MypmaHcKkon obnactm — megHo-
HUKeNeBblX KOmMbMHaTOB «CeBEepPOHUKENb»
(pabotaet ¢ 1935 r.) u «le4yeHraHnKenb» (pa-
6oTtaeT ¢ 1940 r.). Hanpumep, BbIGPOCHI KOM-
6buHata «CeBepoHUKenb», OaMMKakwero K
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Tabnuua 1. AHTponoreHHble BbIBPOChI ANOKCMAA CEPbl U UX CeEKTOPasibHOe pacnpeaeneHue 8 2000 r.

Cektop Bcero B mupe ) B Espone? B Pecnybauke Kapenus?

9KOHOMMKM M/IH T SO, % M/H T SO, % TbiC. T SO, %
DNEeKTPOCTaHLUMMH 50 53 12 64 0.636 0.79
MpombIWNEHHOCTb 32 33 4 22 67.838 83.9
*Kunon 7 8 2 9 7.994 9.88
ABTOTpaHcnopT 2 2 0.5 2 0.735 0.91

SrenoporoR : 2 - :
Opyrne 2 2 0.2 1 3.698 4.57
Bcero 96 100 18 100 80.901 100.0

Mpumeuanue. Y Vestreng, 2008. 2 TocyaapcTBeHHbIN AoKnaa..., 2001, 2002.
Note. ¥ Vestreng, 2008. ? State Report..., 2001, 2002.
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Puc. 1. OueHKa McTopuyeckux BbiIbpocos aAnokcnaa cepbl B EBpone: 1 — no: Mylona, 1996 (McKatoueHbl
AaHHble no CCCP / Poccum n OTTomaHcKkom nmnepun / Typuuu), 2 — no: Vestreng et al., 2007

Fig. 1. Estimated historical anthropogenic emissions of sulphur dioxide in Europe: by Mylona, 1996 (emissions
from USSR/Russia and Ottoman Empery / Turkey are excluded), 2 — by Vestreng et al., 2007
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Puc. 2. dmucema gmokemaa cepbl B PuHAAHAMM 33 nepuroapl: a — 1880-1990 rr. (no: Mylona, 1996), 6 — 1990—
2005 rr. (no: Lyytimaki, 2014, MHCTUTYT OKpy:Katowen cpenbl PuHaaHanN)

Fig. 2. Emissions of sulphur dioxide in Finland for periods: a — 1880—-1990 (by Mylona, 1996), 6 — 1990—
2005 (by Lyytimaki, 2014, Finnish Environmental Institute)

CeBEepHOM TeppuTopuanbHoi rpaHuue Pecny-
6avkn Kapenus, cHuxkeHbl ¢ 280 Tbic. T SO, B
70-80-e rr. npownoro Beka 4o 45 toic. T 8 2000
r.n31.3 teic. T8 2011 r. (Kashulina et al., 2014;
OueHka pgoknaga.., 2013). Metannypruye-
CKUI KOMBWHAT «leyeHraHUKenb» OTBETCTBE-
HeH 3a Bblbpocbl 257.5 Thic. T SO, 8 1990 r,,
150.0 Tbic. T8 2000 1. 1 100.7 Tbic. TB 2011 T.
(OueHka poknaga..., 2013; Yepssakosa, 2014).

Hanbonee MoLLHbIM MCTOYHMKOM BbIOpPOCOB
CEPHUCTbIX COEAMHEHUN Ha TeppuTopun Pe-
cnybankn Kapenua asnsetca KOCTOMYKLLCKWIA
FOK OAO «Kapenbckuii oKaTtbiw». B 2000 r.
OH Bblbpocun B atmocdepy 30.258 Thic. T,
nnn 37.4 % ot obwero Konau4yectsa BblOpO-
cos SO, B pervioHe. Mo ApyrMM NPOMbILL/IEH-
HbIM LEHTPaM KO/JIMYecTBO BbIGPOCOB pac-
npeaenunocb cneayowmm obpasom (Tbic. T
SO, 8 2000 r.): r. KoHgonora — 19.277, r. Cere-
*Ka — 8.444, r. Netposasoack — 5.775, r. Nunt-
KAapaHTa — 2.520, nrt Hagsouubl — 1.444,

Takum obpa3om, U3yyaemblii PErMOH NOA-
BEPXKEH 3arpA3HEHUI0 KaK OT COOCTBEHHbIX
MCTOYHMKOB BbIOPOCOB, TaK U OCaXKAEHWUN U3
TPaHCrpaHUYHbIX NepeHocoB. B pesynbtaTte pe-
r'MOHasNbHbIM POH S, OLLEHEHHbIM MO 3aUMCTBO-
BaHHOMY (Pepopeu u ap., 2008) meanaHHoMy
COAEepXaHUIO B MOYBEHHOM ¢paKumMm meHee
2.0 mm necHbix noys Pecnybnumku Kapenus, co-
ctaBun 560 mr/Kr, ele 6onbliee KOAMYecTso S
coAeprKaT fiecHble NoACTUNKK (meanaHa 2345
Mr/Kr). Hanbonee BbICOKasA KOHLEHTpauua B
NIECHbIX NOACTUAKAX NPUypoYeHa K HaceneH-
HbiM nNyHKTam (Pegopey, n gp., 2008). Coaep-
XaHne S B NOBEPXHOCTHOM cnoe nous r. [e-

TPO3aBOACKaA KosiebneTca B LULMPOKMX Npeaenax
(41.1-5059.3 mr/kr). MeauaHHoe cogepyaHue
(637.1 mr/Kr) HeMHOro nNpeBbiaeT perMoHasib-
HbI doH (B 1.1 pasa). HUXKHUIN KBapTUAbL CO-
ctaBun 492.9 mr/kr, sepxHuit — 928.0 mr/Kr
(HoBukos, 2014). CornacHo cyliecTsylolemy
HopmaTusy (MpeaenbHo gonyctumeble..., 2006),
npegenbHoO AONyCTUMOE KO/AM4YecTBOo S B no-
yBe c ydyeTom ¢oHa/Knapka paBHo 160 mr/Kr.

3HaunTenbHoe cHWXeHue smuccun SO, B
EBpone u Ha Konbckom nonyocTtpose C y4e-
TOoM npeobnagaHma Oro-3anagHoro M 3anag-
HOro, a Ha ceBepo-3anaze JlafoXKCcKoro o3epa
— CeBepo-3anaZHoOro U KXHOro HanpasaeHUM
BeTpa (MeauKo-reorpadmnyecknii  cnpasBou-
HUK..., 1990) no3BonseT nyywe OLUEHUTb Mac-
WTab U AMHAMUKY TEXHOFEHHOTO 3arpA3HeHun
OT MPOMbIWIEHHbIX OOBEKTOB, PACMNO/IONKEH-
HbIX B CAMOM pernoHe. [JnA 3TOro B Kayecrse
nccnegyemblx  GUKCATOPOB  3arpA3HAOLWLUX
XMMUYECKUX I1EMEHTOB PEKOMEHAyeTcA WC-
Nnoab30BaTb roguyHble Konbua Pinus sylvestris
L., yTo 6bINO cAenaHO paHee Ha Mpumepe TA-
¥enbix metannos (Poibakos, 2016 u ap.).

JTa cTaTbA TaKKe ABASAETCA NOAXOLO0M K pe-
LWEeHMIO BaXKHbIX 33434, 06begMHEHHbIX LLeNbto
BbISIB/IEHNS OCHOBHbIX MOCNEACTBUIN BblNaje-
HUI cepbl (ee coeaUHEHUN) U Apyrux Noanto-
TAHTOB Ha XMBOe BeL,ecTBo. K He paccmaTtpumBsa-
€MbIM B PErMoHe APYrMMMW aBTOPaMM 3aZa4am
OTHOCMTCA, B YaCTHOCTU, OLLEHKA BANAHMUA CEPbI
Ha COCTOAHME N AUHAMMKY NAaPaMETPOB COCHbI
obblkHOBeHHOW (Pinus sylvestris L.) — WunpuHbI
rOANYHbIX KOJel,, ee B3aMMOAENCTBUA C APYru-
MW 31EMEHTAMM BTOAMYHbIX KO/IbLLAX AEePEBLEB.
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Martepuanbl Pecnybnukn Kapenus (tabn. 2). O6pasuypbl
oTbupannch c nomolLbio bypasa MNpeccnepa Ha

B kauyectBe maTepuana Ana uccnefoBaHuA % o
BbicoTe 30 CM OT KOPHEBOMW LWWENKN AEPEBLEB.

MCNONb30BaAUCb 06pasubl  KepHOB  Pinus
sylvestris L., oTobpaHHble B pa3HbIX paloHax

Tabnnua 2. Mecrta n aaTbl oT60pa 06pa3LOB ApeBECHbIX KEPHOB Pinus sylvestris L.

Mepuopa Konunyecrtso
Bospacrt
Ne o6pasuos MecTto 1 gata otbopa KepHOB onpeaeneHuna npob (no
Aepesbes, net
S, IT. NATUNETUAM)

3 KM K toro-3anagy ot r. KoHgonoru,
303-01 rpaga BAosb 6epera KOHA0MOMXKCKOM 50 1972-1996 5
rybbl OHeskckoro o3epa, 12.09.2001

15 Km K ceBepy oT . MeaBerKberopcka,
305-01 50 m oT goporu dpegepanbHoOro 50 1962-2001 8
3HayeHna M-18, 12.09.2001

r. Cerexka, y4acTOK COCHOBbIX
30601 HacaxkaeHui B6aunsm Cereskckoli LIPB, 55 1952-2001 10
13.09.2001

JlecHol y4acToK, NopaxKeHHbI
308-01 Bbl6pocamn Hagsounukoro 50 1952-2001 10
antoMmnHMeBoro 3asoaa, 13.09.2001

40 KM K HOro-BOCTOKY OT I. KOCTOMYKLUM
n KoctomyKwckoro NOKa, 65—-75 m ot

311-01 < 150 1977-2001 5
ABTO- 1 XKenesHou gopor Jlegmosepo —
Koctomykua, 13.09.2001
2.5 Km K ceBepo-BOCTOKY OT IO
312-01 Koctomykuickoro FOKa, mexay 100 1952-2001 10

OTCTOMHWUKOM M OTBaNaMu FrOPHOPYAHOIo
npounssoacTea, 14.09.2001

71 KM K BOCTOKY-CEBEPO-BOCTOKY
315-01 oT KoctomyKuckoro NOKa, 10 m ot 80 1952-2001 10
rpyHToBoi goporu, 14.09.2001

1.4 Km K ceBepy-CceBepO-BOCTOKY
oT Aa. Codnopor, 50 m ot goporu

317-01 o 100 1952-2001 10
Maosepckuin — Codpnopor — Sloyxu,
14.09.2001
1.8 KM K ceBepy OT rpaHuubl
328-01 F.VHMTKﬂpaHTbI, 50 m oT Kpa“d 120 1952-2001 10
HeaenCcTBYIOLLLEro Kapbepa (rpaHuTo-
rHericobl), 5.10.2001
330-01 2 KM K ceBepy oT Aa. Kapky, 5.10.2001 60 1952-2001 10
MeToabl BnnsiHME CEepHUCTbIX OCaXKAEHUN OUEHMU-

BaANOCb NyTEM YCTAaHOB/IEHWUA CTATUCTUYECKOMN

JleHApOreoXMMHUYEeCKniA  MeToA,  MO3BO-  CBA3KM MEXAY COAep)KaHMem S B 06beanHeH-
NAET B KOPOTKUW  CPOK 33¢V”§CVIPOBaTb HbIX MO MATUNETHUM CermMmeHTam TrOAUYHbIX
MCTOPUIO  3arpAsHEHWUA  U3y4aemon Teppu-  kosbuax Pinus sylvestris L. v paauanbHbIM npu-
TOopuu 3a A/UTeNbHbIM nNepuos BPemMeHU. pocTom aepeBbeB. DTO COoAepKaHuMe onpege-
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NIeHO CcneKTpopOTOMETPUYECKMM METOAO0M, A
copepKaHne COMNyTCTBYIOLLUX TAXKENbIX MeTan-
nos (Cu, Ni, Pb, Cd, Fe, Mn) — meTogom aTtom-
HOM abcopbummn B aHanuTMUYeckon nabopato-
pun UHCTUTYTa nleca KapenbCKOro Hay4yHoro
ueHtpa PAH  (http://forestry.krc.karelia.ru/
structure.php?id=P45&plang=r). Bce aaHHble
NPUBOAATCA HA BO3AYLIHO-CYXYyl0 HaBecKy. B
KayecTBe WMHAMKATOPHOro napamertpa Bblbpa-
Hbl yCPeAHEHHble MO TEM e NATUAETUAM 3Ha-
YeHMsA WMPUHbI roanyHbIx Konel, (D,). Bospact
[epeBbeB YCTaHABAMBAACA MNPUBAUKEHHO B
NoJieBbIX YC/NIOBMAX NOACYETOM TFOAMYHbBIX KO-
NeL, B KepHe, HaYMHasA OT Noc/ieAHero Kosbla u
[0 cepaLeBuHbl. Bmecte ¢ Tem cogepkaHue S
M NapameTpbl ApeBeCcHHbl ONpeaenaanco ToNb-
KO B Nepmnoabl, orpaHn4eHHble nocnegHnmm 50
rofamu XusHu gepesbes (cm. Tabn. 2). OcHos-
HOMY K& MCCNefoBaHMI0 NOABEPra/INChL YacTH
KepHoB, cooTBeTcTBytowme 1977-2001 rr., 10O
€CTb NOCNAeAHUM NATU NATUNETUAM KU3HU Oe-
peBbeB. 3TO MaKCMManbHO no3soauno usbe-
XaTb Npobaembl BO3MOXKHOTO BAMAHUA Nepe-
pacnpeseneHns XMMMUYECKUX 3/1eMEHTOB Ha
rpaHuLe A4p0BOM U 3aB0NIOHHOMN APEBECUHDbI
(XaHTemupos, 1996). Kpome Toro, npu aHanu-
3e 06pasyoB, OTOOPaHHbIX B CEBEPHOM YacTU
Pecnybnukun Kapenusa, B paiioHe BO34eNCTBUA
Koctomykuickoro NOKa, yuntbiBanca CpokK sse-
AeHUs KombuHaTa B aKcnayataymto (1982 r.).

B rogmyHbIX Konbuax aepeBbeB S, Hapaay
c As, K, Na, Mg, P, N, Cl u B, nposBnsaeT BbIcO-
Kyto mobunbHocTb B Keuneme (Cutter, Guyette,
1993). Tem He meHee caenaHa MoOMbITKa MUC-
Nnonb3oBaHuA S, BCnea, 3a 3/1eMeHTamMu, OT-
HOCMMbIMWU [OAHHbIMM aBTOpamMu K cnabo wm
yMepeHHO MobunbHbiM (Pbibakos, 2016), B
nccneaoBaHMM  3arpA3HEHUA MO FOANYHbIM
Konbuam Pinus sylvestris L. ObbeanHeHue
no nNATUAETMAM NO3BOAAET Crnagutb 3ddeKT
nepepacnpeneneHna 3/1eMEeHTOB MeXay aK-
TUBHbIMU TOANYHBIMM KOJIbLL@MMW, CBSA3AHHO-
ro C NOABMMXXHOCTbIO B KCMAeme MNOCTynao-
WMx 3arpAasHuTenen (XaHtemupos, 1996).

[nsa pacyeToB CTAaTUCTUYECKUX MapaMeTpoB
N rpadpryYecKnX NOCTPOEHMUN NPUMEHANCA NaKeT
«AHanu3 gaHHbIX» nporpammbl Microsoft Excel.
Mpu 3TOM C NOMOLLbI KO3OPULMEHTOB acUM-
MeTPUM 1 IKCLEeCCa OCYLLLECTBAANACh MPOBEPKA
rMnoTes 0 HOPMaabHOM pacnpeseneHnm coaep-
YKAHUA XMMUYECKUX 3/1EMEHTOB M YCpeaHEHHbIX
3HAYEHMM LWKNPUHBI TOAUYHbIX Kosel. Mexay
NoJsly4aemMbIMM 3HAYEHUAMM PACCUUTLIBANIUCH
napHble KO3QPULMEHTbI KOoppenaumm, cTaTu-
CTUYECKan 3HAYMMOCTb KOTOPbIX YCTaHaB/MBA-
Nacb Ha ypoBHe HaaexHoctu (P) 95 % npw co-
OTBETCTBYIOLLEM YMcCie cTeneHen ceoboab! (df).

Pe3ynbratbl

MepguaHHoe cogepKaHue S B roguyHbIX
Konbuax Pinus sylvestris L. Ha Tepputopumn
Pecnybnukn Kapenusa pans BbibopKn, obbe-
AVHAIOWEN AaHHble No Bcem obpasuam u3
Tabn. 2 (n = 88), coctaBuno 532 mr/Kr, npu-
MEPHO MONIOBMHA 3HAYEHUN NEXWUT B guana-
30He 386—741 Mr/Kr (MeXKBapTUAbHbINA pas-
max 355 mr/kr). [laHHble 3aMeTHO CMeLLEeHbI
B CTOPOHY 60/blUMX 3HaYyeHul. CpegHee reo-
MeTpuyeckoe 3HavyeHune coctaBuno 504 mr/kr.

Ons nepmnoga 1952-1976 rr. (n = 39) meaun-
aHHoe coaepaHue S coctaBuno 507 mr/kr,
OKO/NI0 MOJIOBUHbI 3HAYEHUW NEXUT B Auana-
30He 409-562 Mr/Kr (MeXKBapTUbHbINA pas-
Max 353 mr/kr). [laHHble CUIbHO CMELLEHbI B
CTOPOHY 60/1bLIMX 3HAYeHU. CpegHee reome-
Tpuyeckoe — 536 mr/kr. B cBoto ouepespb, onn
nepuoga 1977-2001 rr. (n = 49) megmaHHoe
coaepaHue 6an3Ko — 547 mr/Kr, oKos10 Nono-
BWUHbI 3HAYEHUN NEXUT B Anana3oHe 347-755
Mr/Kr (MeXKBapTUAbHbIMA pasmax 408 mr/kr).
[aHHble o4vyeHb cnabo cmelLleHbl B CTOPOHY
60NblUMX 3HauyeHui. CpeaHee reomeTpuye-
ckoe — 481 mr/kr. CpaBHeHMe no F-kputeputo
BbIGOPOYHbBIX Aucnepcmin nponorapndmmpo-
BAHHbIX 3HAYEHWN coAepKaHuA S Ana 3TUX
ABYX MepuoaoB MOKAa3aso OTCYTCTBME 3HAYU-
MbIX Pa3nnMyumMin Ha ypoBHe p > 0.1. TakKe no
t-KpUTEPUIO 3HAYMMO He OT/IMYAIOTCA cpeaHue
3HayeHua norapudmos coaepkaHua (p > 0.1).

Ha puc. 3 npeacrasneHbl CTaTUCTUYECKUE
mogenn gna nepuogos 1952-1976 wn 1977-
2001 rr., pasnnyarowmeca no creneHn agek-
BAaTHOCTW, OMUCbIBAOWME CBA3b MeEXAY CO-
AEPKaHNEM S B FOAMYHbBIX KONbLUAX U paananb-
HbIM MPUPOCTOM M3YYEHHbIX AEPEBbLEB Pinus
sylvestris L. U3 aByx moaenen 6ansKkom K ygo-
BNETBOPUTENBbHON MOXKHO Npu3HaTh (R*=0.74)
TONbKO Norapudmuyeckyro mogenb gna ne-
pnoga 1977-2001 rr. (cm. puc. 36). Mpu aTom
B COOTBETCTBMM CO LIKA/NON YennoKka mmeem
BbICOKYIO CTeneHb TECHOTbI CBA3K, onpegense-
MYIO TIMHEMHOM Koppenauuen mexay pacnpe-
AENEeHHbIM IOTHOPMA/IbHO coAepKaHnem S u
3HaueHvem D, (r=-0.86). laHHOe obcToATENb-
CTBO O3HA4aeT, YTo H6ONblUAA KOHUEHTpauus S
B ApeBeCuHe AepeBbeB TaK UM MHa4ye cBA3a-
Ha c nx bonee y3KMMKU FrOAUYHBIMU KONbLAMM.

Ha nokanbHOM y4yacTke neca, NOpPaxKeHHOro
BbIBpOCaMM aNtOMMHMEBOTO NPOM3BOACTBA, 3T
CBA3b BblpaxkeHa Hanbonee octpo (0bp. 308-
01). BmecTe c Tem aHann3 gaHHoOro obpasua no-
Ka3blBaeT Hambonbluee HaKoMIeHUE TAXKENbIX
METAN/IOB B rOAMYHbIX KONbLax B 6onee no3a-
HWIA nepuopg paboTbl aIFOMMHMEBOrO 3aBOAaA
(eBegeH B akcnayataumio B 1954 r.) (cpegHee
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Puc. 3. CogepaHue S n ycpeaHeHHble No NATUAETUAM 3HAYEHWNA WUPUHbI TOAMYHbIX Konew,: a —1952-1976

rr., 6 —1977-2001 rr. Menkumun mapkepamu (BHYTpY 60/bLUMX) NOKa3aHbl AaHHbIe MO UHAMBUAYANbHbIM 06-

pa3Luam; NYHKTUPHbIE IMHUN — NorapudMUYECKME MOLENN AN1A BCEX aHA/IM30B NO COOTBETCTBYHOLWMM Nepuo-

Aam (cm. Tabn. 2); TOHKME CNJIOWHbIE IMHUM — norapudmmnyeckme mogenn ans obp. 308-01 (s86amsm Hagso-
WLLKOTO a/IlOMUHNEBOTO 3aBOAa)

Fig. 3. Content of S and the width of annual rings averaged over five-year periods : a — 1952-1976, 6 —
1977-2001. The small markers (inside large ones) show the data on individual core samples; dashed lines
— logarithmic models for all analysis on the respective periods (see Table 2); thin solid lines — logarithmic

models for the sample 308-01 (near Nadvoitsky aluminum plant)

coaepaHune 1952-1976/1977-2001 rr., mr/Kr):
Pb (0.13/1.33), Cu (3.28/10.2), Cr (0.41/1.18),
Fe (11.2/27.0), Ni (1.66/3.18), Cd (0.62/1.12),
Zn (7.38/11.7). Mpn MeHbLUUX KOHLEHTPaLUUAX
NOBbILEHWNE COAEPMKAHUA TAXKENbIX METaNN0B
CONYTCTBYET paAnasibHOMy NPUPOCTY AEPEBa],
npu 6onee BbICOKUX (3arpAsHAKOWMX) Konnde-
CTBAaxX MMeeTcs 3Haunmmaa obpaTHaa Koppensa-
LUMOHHas ceAsb (Tabn. 3). B nocnegHem cny-
Yyae Takue Ba*kHble MHIMBUTOpPbI pocTa, Kak Ni
n Cu, NONOXKUTENIBHO KOPPEennpytoT ¢ S, xoTa
npu atom S nyyuwe B3anmogencteyet ¢ Cr u Fe.
CnepyeT TaK»Ke y4ecTb, YTO a/lOMUHNEBOE MPO-
N3BOACTBO — KPYMHEMLWNIA NOCTaBLMK B OKpY-
Xatowyto cpeay F B panoHe nrt Hagsowuubl
(Pbibakos, 2008), a coBmecTHoe geiicteune F m
S NpMBOAMT K CYLLECTBEHHbIM NOBPEXAEHUAM
pacteHuMn (KabaTa-MNeHguac, NeHaunac, 1989).

Hanbonblune KOHUEHTpauuM S YyCTaHOB-
neHbl B 100-neTHen cocHe B HenocpeacTBeH-
HoM 6nm3ocTn (2.5 KM K CceBepo-BOCTOKY) OT
LleHTpanbHon ¢pabpuku okomkoBaHusa (LUPO)
Koctomykuwickoro [OKa: makcmmanbHoe co-

AepxaHve — 1593 mr/Kkr, megmMaHHoe 3Haue-
Hue (ans nepuoga 1952-2001 rr.) — 748 mr/kr,
cpeaHee reomeTpudeckoe — 784 mr/kr (n = 10).
MaKcMmanbHoe coaeprkaHue 3adUKCMPOBaAHO
B camom nepsom natuaetum (1952-1956 rr.)
(puc. 4a), uTo MOXKeT CBUMAETENbCTBOBATb O
3arpA3HeHMM [AAHHOMO Yy4yacTKa 3a401ro A0
CTpOUTeNbCTBA I KOCTOMYKLIN U KOCTOMYKLL-
ckoro NOKa. JanbHeunlee CHUXEHNE KOHLEH-
TPauuMK, Kak BUAHO U3 conocTaBneHuns puc. 4a
C puc. 1 n 2, He COOTBETCTBYET AWHAMMUKE
amuceunun SO, B EBpone B Lesiom v GuHasHAUM
B YacTHoCTM B nepuoa 1952-1975 (1980) rr.

B 06p. 315-01 n3 80-neTHel COCHbI, OTO-
6paHHOM Ha 71 KM pganblwe OT rocyaap-
CTBEHHOM rpaHuubl ¢ PUHAAHAKEN, Yem 0bp.
312-01 wn3 100-neTHero pgepesa, coaeprka-
HWe S HWXKe, OJHAKO AMHAMMKA W3MeHe-
HUM 6nun3Kka (ans nepuopa 1957-2001 rr. r
= 0.792 npwu rkpuTt. = 0.666, P = 95 %, df = 7).

CpaBHeHMe fABYyX PA3HOBO3PACTHbIX Aepe-
BbEB U3 IOXHbIX MecToobuTtaHui (cm. puc. 46)
NMOKa3sblBaeT, YTo, B OT/INYME OT MNpeablayLLen
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Tabnuvua 3. MapHble KO3PPUUNEHTLI KOPPENALUN MEXKAY COAEPKAHNEM XMMUYECKMX 2/IEMEHTOB U
YCPEeAHEHHbIMM 3HAYEHUAMM LIMPUHBI FOAMUUYHbBIX KOJIeL, COCHbI U3 palioHa BO34elCcTBMA BbIBpPOCOB
Hagsowuukoro antomuHmnesoro 3asoaa (06p. 308-01)

Table 3. Pair coefficients of correlation between the contents of chemical elements and the width
of annual rings of the pine from the area exposed to the emissions from Nadvoitsky aluminum plant
averaged over five-year periods (sample 308-01)

S Mn Cr Pb Cd Ni Fe Cu Zn D,
[Tepuon 1952—-1976 rr. (n = 5)
S 1 -0.75 0.13 0.60 -0.52 -0.25 -0.57 -0.34 -0.91 -0.01
D, -0.01 051 099 006 077 094 081 0.86 038 1
[Tepuon 1977-2001 rr. (n = 5)
S 1 -056 093 0.61 044 088 092 0.75 -0.35 —-0.94
D. -094 078 -0.75 -0.65 -0.70 -0.93 -0.80 -0.91 0.25 1

S

MpumeyaHue. MonyKMPHbLIM BblAENEHbBI CTATUCTUYECKM 3HAUNMMble KO3dduumneHTbl Koppenaunn. Kputu-
yeckoe 3HayeHue npu P =95 % un df = 3: o, = 0-878.

Note. Statistically significant correlation coefficients are marked in bold. Critical value r .. =0.878 with P
=95 % and df = 3. '
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Puc. 4. PacnpeaeneHue S no NATUAETHUM CEFMEHTam roguyHbix Koneu, Pinus sylvestris L.: a — ceBepHble me-
ctoobutanus (obp.: 1 —312-01, 2 -315-01, cm. Tabn. 2), 6 — toXKHble mecToobutaHua (0bp.: 3 —328-01, 4
—330-01)

Fig. 4. Distribution of S over five-year annual rings segments of Pinus sylvestris L.: a — northern habitats
(samples: 1 -312-01, 2 -315-01, see Table 2), 6 — southern habitats (samples: 3 -328-01, 4 — 330-01)
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napbl o6pa3uos, 6onblie S HaKanAMBanoCb B
monogom aepese (06p. 328—-01, 60 net), uem
B ctapom (06p. 33001, 120 neT). MNpun aTOM 3a
NccnenoBaHHbIM Nepuosa, cogepkaHme S B ro-
OMYHBIX KOJIbLLAX MONOAOM0 AepeBa OTYETIMBO
POC/NIO C HEKOTOPbIMU NEPUOANYECKUMU CHU-
KeHMAMMU, 0cOBEHHO B NoCeaHEM NATUNETUMN.
BmecTe ¢ Tem Tak)Ke, Kak U B NepBom Ciyyae
(cm. puc. 4a), oTMeYeHa Koppenauua mexay
3Tumm obpasuamm gnsa nepmoga 1957-2001 rr.
(r=0.673 npu rkput. = 0.666, P = 95 %, df = 7).

OVHamnKa u3meHeHuna copep)aHma S B
FOOMYHbIX KOMbLLAX COCEH U3 HOXKHbIX MEeCToO-
6UTaHMN bONblue COOTBETCTBYET AMHAMMUKE
amuccmn SO2 B cTpaHax 3anagHon u Llew-
TpanbHoM EBponbl (cm. puc. 1 u 2). OaHako
OTYETAIMBOE CHUXKEeHWe MNPOABUNOCH TOJb-
KO B nocnegHem natuaetumn (cm. puc. 46).

BbicOokoe meaunaHHoe cogeprkaHue S (742
mr/kr) 3adukcupoBaHo B 100-neTHelt cocHe
ny noc. Copnopor (mexay o3. MNsosepo u To-
nosepo, 131 Km K ceBepy-CeBepO-BOCTOKY
ot Koctomykuwckoro NOKa mn okono 240 kKm K
tory-toro-3anagy ot KombuHata «CeBepoHMU-
Kenb»). CpegHee reomeTpuyeckoe HeCKONbKO

HUKe, yem B 06p. 312-01, — 731 mr/kr. Co-
rnacHo uccnegoBaHmam ®epopel, u ap. (2008),
B 3TOW e 30HEe OOHapY)KEHO MATHO 3arpsas-
HeHua S, a Takke Pb n Cu necHbIX NoACTUNOK.

Ha puc. 5 ana obpasuoB M3 ceBepHbIX U
FOXKHbIX MECTOOBUTAHMI, B TOM YnCe Noasep-
raBLUMXCcA Hanbonbluemy 3arpA3HEHUI0 CEPHMU-
CTbIMM COEAUHEHNAMM, NOKA3aHblI USMEHEHUA
coAeprKaHma S n 3HauyeHu bBUomeTpuyeckoro
nokasatensa D5 3a nocnegHwuit 25-netHunin ne-
puog, *KusHu pepesbeB. M3 pUCYHKa BUAHO,
YTO 3T U3MEHEHMA B LENOM NPOTUBOMNOIONK-
HO HanpaBneHbl APYr APYry He TONbKO B CBS-
31 C BUAMMbIMM BO3PACTHbIMM U reorpaduye-
CKMMU NpUYMHamMKM (ceBepHble obpasubl), HO
M B OTAENbHbIX 06pasuax, BHE 3aBUCUMMOCTMU
OT BO3pacTa AepeBbeB. Hanbonee otyetnmeo
3To nposasndetca ana obp. 312-01, 315-01,
330-01, 3ameTHO — ana obp. 311-01, 328-01
M nocneaHux Asyx nAtunetun 8 obp. 317-01.

CpegHue no nNATUNETUAM 3HAYEHMA LWK-
PUHbI TOAWYHbBIX Koneu, Konebntotca B npe-
nenax 0.54-2.27 mm. To e camoe Ana ob6-
Pa3LOB M3 HOXHbIX MecToobutaHui (n = 10):
S (689/611), Cd (1.20/1.12), Ni (3.65/3.87), Cu
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Puc. 5. UameHeHWe copepraHma S B NATUAETHUX CEMEHTAX MOANYHbIX KOJlel, U paananbHOro NpupocTta
nepesbes Pinus sylvestris L. n3 cesepHbix (06p. 311-01, 312-01, 315-01, 317-01) 1 toxHbIX (06p. 328-01,
330-01) mecToobutaHuii 3a nepmoa 1977-2001 rr.: 1 — coaepaHue S, 2 — ycpeiHEHHbIe 3HaYeHMA WNPUHbI

roguyHbix Koneu, (D5)

Fig. 5. Change in S concentration in the five-year segments of annual rings and radial growth of Pinus
sylvestris L. trees from northern (samples 311-01, 312-01, 315-01, 317-01) and southern (samples 328-01,
330-01) habitats for the period 1977-2001: 1 —-S ccznte)nts, 2 — average values of the width of annual rings

D5
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(2.25/2.15), Pb (1.53/2.92), Mn (32.4/34.1),
Fe (25.8/25.2), Cr (1.86/1.97). CpegHue no

NATUAETUAM 3HAYEHUA WUNPUHbI TOANYHbIX KO-
ney Konebnwtca B npeaenax 1.00-2.35 mm.
Bananme S n TAaxenbix MeTanNoB Ha pagunasb-
HblA MPUPOCT COCEH B 3TU MNepuoabl MOXKeT
XapaKTepu3oBaTbCcsa NpuBeaeHHbIMK B Tabn. 4
KOppenAaumMoHHbIMK B3aMMOOTHOLUEHNAMM.

Kak BuaHo 13 Tabn. 4, 3HauMmasa Koppensa-
LMOHHAA CBA3b MEXAY NPOonorapuPpmmupoBaH-
HbIMM 3HAYEHUAMM CopeprKaHuAa S u copep-
XaHuem Taxenoix metannos (Cd, Ni, Cu, Cr) Bo
BCEX MaJblX MHAMBMAYANbHbIX BblOOpPKAx OT-
cytctByeT. bonbwe Bcero Cd u Cu pacxogarca
¢ S Ha yyacTtke B6m3n Koctomykuickoro NOKa
(06p. 312-01), Ni — Ha yuyacTke «Codnopor»
(06p. 317-01). B ocHOBHOM S He MMeeT 3Ha-
YMMbIX KOPPENALMOHHbIX cBasel ¢ Pb, Fe, Mn
n Cr. TonbKo B oaHOM BblibopKe (06p. 315-01)
MMeeTCA 3HAYMMAA CTaTUCTUYEeCKasa CBA3b C
Pb, KoTopaa ob6bacHAeTcA cay4vaiiHbIM BAMA-
HMEeM ero eguMHUYHOro aHOMAJIbHOro coaep-
¥aHua (23.4 mr/kr Pb) B nATUNETHEM CErmeH-
Te [ApPeBEeCHOro KepHa, KOHUeHTpupyowem
Hanbonbluee B aHaNM3MpyemoMm nepuoge
ANA AaHHoro obpasua Konmyectso S (550 mr/
Kr). MOMHO OTMEeTUTb TaKXKe NpAMYyl Kop-
penaumnmoHHyto ceszb S u Fe B 06p. 330-01.

B T1abn. 4 gna ogHux obpasuos (312-01,
315-01) cywecTByeT obpaTHasa CTaTUCTMYECKan
CBA3b MEXKAY CoAeprKaHnem S 1 pagmanbHbImM
npupoctom, ana apyrux (311-01, 317-01) aTa
CBA3b MPOC/NEXKMBAETCA MJIOXO WU MPaKTMYe-
CKWN He Habnwopaetca. Ana obp. 317-01 Koad-
bOUUMEHT Koppenaumm mexay coaeprkaHmem S
M 3HaYeHnem D, pesKko cHuKeH. Mpu aTom ans
Hero ke 0TMeyYaeTcs Hanny4dlwan obpaTHasa Kop-
penauna mexay sHadeHuem D, n cogepskaHu-
em TaXKenblx Mmetannos. Tak, cogepaHue Ni B
3TOM 0b6pa3Lie U3 BCeX 0TOOPaHHbIX B CEBEPHbIX
MeCTO0bUTaHMNAX U3MEHANOCH B Hanbonee Wun-
pokux npeaenax —ot 1.6—2.1 mr/kr (1952—-1986
rr.) 40 5.6 mr/Kr (1992-1996 rr.) v B nocnegHem
naTunetTum (1997-2001rr.) coctaBmno 5.0 mr/Kr.

O6cyxpeHue

TexHOoreHHoe  3arpsisBHeHWEe  CEPHUCTbI-
MU coegunHeHnamu B Pecnybnuke Kapenus
B pacCMaTpMBaeMblii BPEMEHHOW nepuos,
06ycnoBNAEHO He TONbKO MECTHbIMWU UCTOYHU-
KaMn (MeTannyprmyeckUMm u LEeNNt0N03HO-
6yMarKHbIMM  MPeAnpPUATUAMMK, CBA3AHHBIMMU
M He CBA3AHHbIMU C HUMMK SHEPreTUYECKUMMU
06bEeKTaMM), HO M OCANKAEHUAMWU U3 TPaAHC-
rPaHUYHbIX NePeHOCoB, Npexae Bcero u3 LieH-
TpanbHOM M 3anagHon Esponbl. MocnegHee

Tabnnua 4. MapHble KO3PPULMEHTbI KOPPENALNN MEKAY COAEPIKAHMEM XUMUUYECKUX D/IEMEHTOB
(HopmanibHO pacnpeseneHHble 3HaYeHUsA UK nNorapudmbl) U 3HadeHnAMM IgD, B roanMuHbIX KObLAx
Pinus sylvestris L. n3 ceBepHbIX U IOXHbIX MECTOOOUTAHMI 33 Nepuoa, 1977-2001 rr. (ons Bcex n=5)

Table 4. Pair coefficients of correlation between the contents of chemical elements (normally
distributed values or logarithms) and values IgD. in the annual rings of Pinus sylvestris L. from northern
and southern habitats for the period 1977-2001 (for alln =5)

O6p. 311-01 (Cesep) O6p. 312-01 (Cesep)
lgD. Cd

Cd Ni Cu IgPb Mn IgFe Cr . IgNi Cu IgPb Mn Fe Cr gD

5

lgS 0.86 0.51 -0.01 0.35 -0.41 0.24 0.56 —0.65 -0.73 0.80 -0.02 -0.54 0.67 —0.05 0.75 -0.90

lgD, —0.57 -0.15-0.06 -0.21 0.81 -0.18-0.60 1 0.55 -0.63 -0.35 0.43 -0.30 0.09 -0.61 1

O6p. 315-01 (CeBep) O6p. 317-01 (CeBep)

Cd Ni  Cu IgPb Mn IgFe Cr |IgD, Cd Ni Cu IgPb Mn IgFe Cr IgD

5

lgS 0.21 0.75 0.64 0.92 -0.39 0.01 -0.12-0.89 -0.03 0.18 0.12 0.35 0.06 -0.18-0.47 —0.38

lgD, —0.55-0.36 -0.82 —0.85 0.48 -0.26-0.20 1 -0.85 -0.95 -0.84 —0.86 0.81 —0.50-0.43 1

06p. 328-01 (tOr) 06p. 330-01 (lOr)

Cd Ni Cu IgPb Mn Fe Cr IgD, Cd Ni Cu IgPb Mn Fe Cr gD

5

lgS 0.32 0.83 0.55 -0.11 -0.26 -0.42 0.69 -0.90 0.26 0.78 0.79 -0.11 -0.47 0.89 -0.31 -0.84

lgD, —0.54 -0.86 -0.82 0.16 0.47 0.25 -0.81 1 -0.41 -0.66 -0.91 0.14 0.48 -0.72 0.00 1

MpumedyaHne. TONYKUPHLIM BblAeNeHbl CTaTUCTUYECKU 3HaYuMble Ko3pPULMEHTbI
Kputyeckoe sHavenue npu P =95 %:r  =0.878 (df = 3).

Note. Statistically significant correlation coefficients are marked in bold. Critical value r_ = 0.878 with P
=95% (f=3). '

Koppenaumu.
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obcToATENLCTBO NPEAONpPenEeNeHO B OCHOBHOM
ceBepo-3anagHbiM BETPOM, Yallle APYrux oKa-
3bIBAlOLWMM BAMAHME HA pernoH. B 3anagHom
Mpunapokbe Kn3-3a BETPA OXKHOrO Hanpas-
NIeHVA [OJ/IKHO OLLyWaTbCa BAMAHME nepe-
HoCcOB M3 JleHMHrpaackon obnactm u CaHKT-
Metepbypra. Ha cesepe pecnybanku 3a cyer
He cTonb 4YacTbix (Meauko-reorpaduyeckunin
CNpPaBOYHMUK...,, 1990) BeTpOB CeBepo-CeBEPO-
3aMaZHOro HanpasAeHMA MOXHO OXMAaTb
onpeaeneHHOro  BAMAHUA  MeTannypruye-
CKMX npegnpmatnii KonbCKOro nosiyocTposa.

Cno¥Hana npoCTPaHCTBEHHO-BPEMeHHasA cxe-
Ma 3arpA3HeHns TeppuUTopuin S 1 Apyrummn xum-
MWYECKUMMW 31EMEHTAaMM, 3aBUCALLAA HE TO/b-
KO OT KO/AM4YecTBa BbIOBPOCOB pa3HbIMU MUCTOY-
HWUKAMM, HO U OT METEOPOIOTMYECKUX (Npexae
BCEro, BETPOBbIX) YCIOBUM, A,OMKHA YYNTbIBATL-
cA npu Bbibope HUoMHAMKaTOpOoB M cnocobos
NX U3y4eHusn. B aTom oTHoWeEHUN HeEOBX0aMMO
MCNoNb30BaTb MPEeMMyLLecTBa AeHAPOreoxu-
MWYECKOr0o MeToAa, NO3BOJIAKOLWLErO NOAyYaTb
LEHHYIO MHOOPMALMIO O AMHAMUKE XMMUYe-
CKOrO 3arpA3HeHMA No roANYHbIM KO/bLLaM ge-
peBbeB CPa3y 3a AUTENbHbIN NepPUoL BPEMEHM.

CnepyeT umeTb B BUAY, YTO HA pacnpegene-
HWe SNo roAMYHbIM KO/IbLLAM MOTYT OKa3aTb BAU-
AHWE 0COBEeHHOCTU NOBEAEHMSA 3TOTO 3/1EMEHTa
B KCMNEeMe, BO3MOXHO, NpoABAAtoWMecs, Kak
3TO YCTAHOB/IEHO ANA PAAA APYIUX 3/1eMEHTOB
(aKTyanbHanA ccblKa NpUBeAEHa Bbllwe), Ha rpa-
HULe A4p0BOM M 3ab60N0HHOM apeBecuHbI. A
MWUHUMMU3ALMN BO3MOXKHbIX OAYKTyauuhi wmc-
cnepoBaTesib MOXKET BblbpaTb roanYHbIe KOJb-
LA He MOJIHOrO BO3PACTHOrO CMeKTpa Aepesa,
a TONbKO MocnegHMe HeCKOJIbKO AeCATUNETUN
nAn nAaTuneTmn. Jna HneennposaHus adpdekTa
MOBUNBHOCTU S M APYTUX SNEMEHTOB B KCUeme
aHaNM3MpPYTCA NATUIETHUE CETMEHTbI KEPHOB.

BanaHne snemeHTOB-3arpasHuTENEl, no-
najalowmx B ApeBecUHy JepeBbeB, Ha ee
napameTpbl, MU B YACTHOCTU LWUPUHY FOAWNY-
HbIX KoJiel, npeactaBnseT ocobblt UHTepec.
CBA3b MAKPO- U MMKPO3/IEMEHTHOrO0 COCTaBa
C pOCTOM AepeBbeB TaK WAM UHA4ye 3aBUCUT
OT MHOTrMX PaKTOpPOB, KaK eCTeCTBEeHHbIX, TaK
N CO3LaHHbIX TEXHOF€HHbIMU UCTOYHMKamK. K
BHEWHUM (aKTOpam OTHOCATCA: BO3pacT Ae-
peBbeB, reorpapuyeckoe MONOKEHME MecT
npounspacTaHus, reonoro-reoxmMmmyeckme
M MeHalwmMeca  MNorogHo-KAMmaTuyeckue
YCNIOBUA, HaMYMe UCTOYHMKOB 3arpAsHeHus.

HemanoBa)kHoe 3HayeHMe MMeeT B3aUMO-
AENCTBME 31eMEHTOB, B TOM 4uc/ie 3arpas-
HUTeNnen, Npu Ux NOCTYNNeHUU B PaCTeHMA U
nepemelleHmn B Kcuneme. Tak, B 0630pHO-
obobuwatowenn paboTe nNONbCKMX aABTOPOB

(Kabata-MeHnguac, MeHanac, 1989) oTmeuyeH
AQHTAroHM3Mm S B PaCTEHUAX C TAKMMM 3N1EMEHTA-
MU, KaK Pb 1 Fe, xoTa ana Fe TakXe oTMeyeHo 1
CMHepruyeckoe B3ammogaencraeme. B Pecnybnu-
Ke Kapenua Ha n3y4yeHHbIX y4acTKax Takue pas-
N4ns, cygAa no NoNyvYeHHbIM Ko3pdUumMeHTam
Koppenaummn mexay 1gS n Fe, ocobeHHO xapak-
TEePHbl AN 06pa3L0B M3 HXKHbIX MecToobuTa-
HWi: r = -0.42 1 0.89 (cm. Tabn. 4). Ons cesep-
HbIX MeCTOObUTaHMI TO Ke camoe OTMeYaeTcA
Ansa S Pb, KoaddULMEHTbI KOPPENALUK MEKAY
norapudmamm cogepaHunsa KOTopbIX Bapbupy-
toT oT —0.54 go 0.93. OTcyTCcTBME 3HAYMMOWN OT-
pULATENbHOM KOPPENALMOHHOM CBA3N MeXAY
cogeprkaHmem S u Pb morkeT 06bACHATLCA Ha-
NIOYKeHMEeM Ha aHTAaroHUCTUYeCcKoe B3aumogeit-
CTBME 3TUX ABYX 31€MEHTOB B PacTEHMAX pes-
KMX CBMHLLOBbIX MaKCMMYMOB, BO3MOXKHO, B pe-
3y/ibTaTe BCM/IECKOB JIOKA/IbHOrO BO34ENCTBUA

aBTomobunbHoro TpaHcnopTa (Pbibakos, 2016).

3akntouyeHue

B nccneayembin nepmog 1952-2001 rr. 3a-
rpsisHeHue Tepputopum Pecnybnmkum Kapenms S
$OpMMPOBANOCH 33 CYET ee OCaAXKAEHUA U3 aT-
MocdepHbIX NepeHOCoB 0T 06bEKTOB, HaxoaA-
LLIMXCA KaK B CAMOM permoHe, Tak 1 3a ero npe-
Aenamu. CokpaueHune ammcenit SO, ot Haunbo-
Nee 3HaYMMbIX UCTOYHUKOB NMO3BOAAET Jlyylle
NMOHATb XapaKTep 3arpA3HEHUA OT OCTaBLUMXCA
KPYMHbIX UAM NOKaNbHbIX 3arpasHuTenen. Tak,
Hanpumep, akTya/ibHOM oOcTaeTcA npobnema
3HauUTeNbHbIX BblbpocoB OT obbekToB OAO
«Kapenbckuii okatbiw» B r. Koctomykuwe (focy-
[APCTBEHHbIN AoKANaga,.., 2015).

B uenom, HecmoTpa Ha 6an3KMe ans nepuo-
nos 1952-1976 n 1977-2001 rr. oueHKN KOH-
LEeHTpaunm S B roamyHbIX KONbLAX, ee cCoaeprKa-
HUe ropas3ao TecHee cBA3aHO 0bpaTHOM cTaTu-
CTUYECKOM CBA3bIO C paanasbHbIM NPUPOCTOM
AepesbeBs B 6onee no3gHem 25-neTHem nepumo-
Ae. ITo YaCTUYHO 0bbACHAETCA BAUAHUEM WH-
TeHCUBHOro npupocta 50-55-neTHUx aepesbeB
(onpoboBaHbl B paiioHe NPOMbILWIEHHOTO y3/1a
Cerexka — Hagsouubl) B nepsble 20-25 net ux
KU3HWU, HECMOTPA Ha OTHOCUTENIbHO BbICOKOE
(mo 880—900 mr/Kr) cogepskaHue S B cOOTBET-
CTBYHOLLMX FOANYHbBIX KOMbLAX. BepoaTHo, nme-
IOTCA U Apyrne nNpuYnHbl HEBO3MOXKHOCTU NO-
Nly4eHUA afeKBATHOM CTAaTUCTUYECKON Moaenm
aona nepuoga 1952-1976 rr.

M noctynneHune S, n NOCTynieHue TAXKenblx
METaNN0B B rogunyHble Konbua Pinus sylvestris L.
3aMeaNAT paAnanbHbIA POCT AepeBbeB. Bme-
CTe C TeM MOKA Henb3sl CO BCEM AOCTOBEPHO-
CTbO CKa3aTb, YTO 3TOT 3G PEKT BbI3BAH OAHO-
BPEMEHHbIM OENCTBMEM 3TUX MNOANOTAHTOB
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N YTO B KAKUX-TO C/Iy4aAX Mbl HE UMeeM 4eno
C NOCTyN/JIeHMEM 3/IeMEHTOB B XMBble TKaHU
BCNen, 32 OCHOBHbIM MHIMOUTOPOM B CBA3M C
ocnabneHvem y pacTeHui 3aluTHbIX bapbe-
poB. Tak, B 30HE KOMMIEKCHOIO BO34ENCTBUA
BbIbpOCOB HaaBOMUKOro antoMMHMEBOrO 3a-
BOZa o4YeHb pesKoe 3a nepuog 1977-2001 rr.
YMeHblUeHMe paanasbHOro NPUpPOCTa COCeH
MOrN1I0 6bITb YCMIEHO HE CTO/NIbKO MOBbILEH-
HbIM COAEpPXKaHUEM TAXENbIX MeTansioB, npe-

n Cu, ckonbko appekTom cymmaumnm S n F.

3arpAasHeHue S, npexae scero B popme Bbl-
6pocos SO,, ocobeHHO B cy4ae ux yBesnye-
HuA, byaeT octaBaTbcA B Pecnybnuke Kapenua
cepbe3Hol Npobiemon Ansa OKpyrKawLen cpe-
Abl. Npn CHUXKEHUN 3arpPA3HEHMUA CIeAYET OXKMU-
AaTb OONONHUTENbHOrO npupocta buomaccol
pacTeHWI, YTO B TOM YUCIe MOXKET GUKCUPO-
BATbCA MO YBE/IMYEHWUIO LUMPUHDBI FOANYHBIX KO-
New, B nocnepytowme nepnogbl.

»Kaoe BCEro TakKnX CUNIbHbIX MHFM6MTOpOB, KaK Ni
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EFFECT OF SULPHUR POLLUTION ON THE
RADIAL GROWTH OF PINUS SYLVESTRIS L. IN
THE REPUBLIC OF KARELIA

RYBAKOV

D Institute of Geology, Karelian Research Center, rybakovd@krc.karelia.ru

Key words: Summary: The effect of sulphur, as a historically important pollutant in the
sulphur Karelia region, on the radial growth (the width of annual rings) of Scots pine
heavy metals (Pinus sylvestris L.) trees was studied. The close negative correlation between
chemical pollution the S and the width of annual rings averaged over five-year periods are typical
tree rings for the period 1977-2001 (unlike 1952—-1976). Some individual samples from
Pinus sylvestris L northern habitats have deviations from this trend, including those associated

presumably with a comparatively great influence of heavy metals on plant
growth. This concerns in particular such strong inhibitors as Ni and Cu. The
largest changes in the plant growth, which obviously due to the combined effect
of S and F with the elevated concentration of heavy metals, were recorded
in the zone exposed to the emissions from Nadvoitsky aluminum plant.
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