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Hucmumym ceonocuu Kapenvckozo nayunozo yenmpa PAH,
rybakovd@krc.karelia.ru

AHHOTaumA: Ob6cyKaeHbl AaHHblE, CBUAETE/ILCTBYIOLLME O BO3MOMK-
HOCTM MCMO/Ib30BaHUA FOAMYHbIX KoseLl, aepesbeB Pinus sylvestris L.
A1 OLLEHKN XMMUYECKOTO 3arpA3HeHus TeppuTopumn Pecnybamkm Ka-
penvs. Mpn NoOMoLM MeToAa rMaBHbIX KOMMOHEHT GaKTOPHOTO aHa-
/N33 MOKa3aHa CBA3b MeXay COAePHKaHMEM XUMMYECKUX 3/1EMEHTOB
N AEeHAPONOTMYECKMMM NApaMETPaMM — LUIMPUHOM FOANYHBIX KOJEL, 1
MNOTHOCTBIO ApeBecuHbl. OCHOBHbIMKM HaKTOpaMK, CoCOOCTBYHOLLM-
MW 3arpsisHEeHUIO ceBepHOM YacTn Pecnybnnkmn Kapenms Bbibpocamm
enesopyaHoro kombuHata OAO «KapenbCKUii OKaTbILL», ABIAKOTCA:
MOBTOPSAEMOCTb 3KOJIOMMYECKM 3HAUMMbIX HAMpPaB/eHW BETPa, pac-
CTOAIHWE OT UCTOYHWMKA M 0bLLEee KOMMYECTBO BbIOPOLLEHHbIX 3arpas-
HUTENEN. BennumHa paamanbHOro NpupocTa (LWMPUHA roguyHbIX KO-
ney, no natunetmam) Pinus sylvestris L. umeeT oTpuLaTeNibHytO CTaTu-
CTUYeCKyto cBA3b € cogepKaHnem Cu, Cd, Ni n Fe. Mn, aBnasacb ane-
MEHTOM MUTAHKWA, B TOM YMC/IE B CEBEPHbIX apeasiaX B aHTaroHM3me ¢
Fe n, 4yactnuHo, ¢ Cr, NONOXKMTENBHO KOPPEUPYET C NAOTHOCTBIO Ape-
BecuHbI. Paa nukos copepyanna Pb coBnagaet co BpemeHem Hambo-
Jlee NHTEHCMBHbIX UCTbITAHUIA aTOMHOIO OPYXKKA. Peskre makcmymbl
Pb MoryT 6biTb TaK:Ke CIEACTBMEM TPAHCIPAHUYHDBIX 3arpA3HEHMI U
BbIOPOCOB 13 PErMoHasIbHbIX UCTOYHUKOB.

© MNeTpo3aBOACKUI FOCYAAPCTBEHHbIN YHUBEPCUTET

PeueHseHT B. B. laBpuneHko

MonyuyeHa: 15 aHBapa 2016 roga

BeBegeHue

Bonblwoe BHUMaHME NPUBNEKAET WH-
bopmaLma 0 XMMUYECKOM M PafMOaKTUBHOM
3arpA3HEHMN OKpYyrKatolen cpeapl, 3aduKcu-
pPOBaHHaA B TOAMYHbLIX KONbLAX [AEpPeBbes.
O. A. HeBeposoit (2004, 2010) nony4yeHsl
AAHHblIE O CHUKEHUU WHTEHCMBHOCTM ¢oTO-
CUHTE3a Y pas/IMyHbIX Mopos AepeBbeB (co-
CHbl, enu, nunbl, 6epesbl, cMpeHu, pAbuHbI) B
rOPOACKUX PaloHax C BbICOKOW CTeMneHblo 3a-
rpasHeHuns. CHUXKEHWE MHTEHCUMBHOCTU ¢OTO-
CMHTE3a M CBA3AHHOIO C HUM KOJINYecTBa op-
raHMYeCcKOro BeLLeCcTBa Y PacTeHW, B CBOMO

MopgnucaHa K neyatu: 19 mas 2016 roga

oyepenb, ABNAETCA MNPUYUHOM YyMEHbLUEHUA
roAMYHOro NPUPOCTa AEpPEeBbEB, MPUYEM Y
XBOMHbIX nopoa B 6o/bluel CTeneHu, Yem vy
JINCTBEHHDbIX.

Opyrumu astopamu (Anekcees, Copo-
Ka, 2002 n ap.) OTMEYEHO, YTO /IOKaNbHOE, pe-
rMoHanbHoe W rnobanbHoe 3arpaAsHeHue, 3a-
MeanAs MHTEHCUMBHOCTb npouecca PpOTOCUH-
Te3a Yy [APEeBeCHbIX pPacTeHWl, AeNcTByeT B
NPOTUBOMNOJIO}KHOM HanpasneHun 3¢PekTy
noTenneHnA KAMmaTa 1 yBeNMYeHUO0 KOHUEH-
Tpauum yrnekncaoro rasa B atmocoepe.

T. B. YepHeHbKoBa (2002) ynomuHaet
HECKONbKO M3BECTHbIX MNyTel NOCTynaeHun
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XMMMUYECKUX I/1EMEHTOB U COEANHEHUN B CO-
CYyAUCTble pacTeHWUA, OCHOBHbIMU U3 KOTOPbIX
ABNAIOTCA KOpPHEBOE NUTaHMe, ra300b6MmeH U
obmeHHas aacopbuma Ha NOBEPXHOCTU /INUC-
TOBOM MNNACTUHKK. [NAa KOpHen pacTeHui
Hanbonee [OCTYNHbI MUKPO3NEMEHTbI, aa-
COpbMpPOBaAHHbIE HA TIMHUCTbIX MUHEpanax,
TOrAa Kak GMKCMpOBaHHbIE HA OKCMAAX U CBA-
3aHHble MWKPOOPraHM3MamMu OKa3blBalOTCA
MeHee aoctynHbimu (Kabata-MeHaunac, MeH-
anac, 1989). B ycnoBusax MNOBbLILWEHHOrO Tex-
HOreHHOro 3arpAasHeHua (ropos) oborauieHue
APEBECHbIX PACTEHUN TAXKENbIMM MeTanNamu
(TM) ocywecTBnsaetTcas B OCHOBHOM aTMoO-
chepHbIM NyTem, TaK KaK BbICOKMI ypPOBEHb
3arpA3HeHMA No4YB BbI3blBAaeT MNoAaBaAeHue
61MONOrMYecKoro NOrNOWEHMNA MO CPABHEHMUIO
¢ GOHOM AN1A WMPOKOro CNeKTpa 3/1eMEHTOB
(Heeposa, 2004). B uenom, no onybauko-
BaHHbIM [OaHHbIM, BMeCTe C MNblAbl0 Ha no-
BEPXHOCTU NUCTbEB BONM3M UCTOYHMKA MOXKET
ocepatb okoso 30 % oT obuiero Konunyecrsa
TM. B NOHUXKEHUAX N C HABETPEHHOM CTOPOHDI
9TO KO/AMYECTBO MOXKeT Bo3pacTatbh 4o 60 %.
Mo mepe yganeHua OoT UCTOYHMKA POb aTMO-
chepHOoro 3arpAsHeHUA 3aMeTHO yMeHbLUaeT-
ca (NNo3aHoBcKan u ap., 1998; CaaoBHUKOBA U
Aap., 2006).

B nobbix pacTeHUAX NpPOUCXOZAT
pa3nnyHble MeTabonnyeckme u HemeTabo-
NM4eckne  npoueccbl, obycnosauBatowme
nocTynneHue, nepemelieHne, HAKONAEHUE,
B3aMMOAENCTBME U BbIHOC BO BHELIHIO
cpeany pasNMyHbIX MUKpoanemeHToB (Kabata-
Menanac, NeHgmac, 1989 u ap.). He asnsioTca

UCKA4YeHnem w aepesbda, wMCNONb3OBaHUE
KOTOpPbIX Aana n3yyeHunAa 3arpA3HeHuA
oxpymarou.l,eﬁ cpeapbl, KakK nonarakoT,

CONPAMEHO C HEKOTOPbIMU YCAOBHOCTAMM,
CBAI3aHHbIMM C WX (PU3MONOTMEN, MUHE-
panbHbIM  MNUTAHUEM U MepeaBuMKeHuem
BewecTsa B gpesecuHe (Hantemirov, 1992;
Cutter, Guyette, 1993; XaHTemunpos, 1996 u

3arpasHeHne TM mn S pasnnyHbix 06b-
€KTOB PaCTUTENIbHOTO MWpPa Ha TeppuTopumn
Pecnybnvkn Kapenus mccneposanocb pagom
aBTopos (/lasapeBa v ap., 1992; [AbAKOHOB U
Aap., 1996; ®epopeu, n ap., 1998 n ap.). Hamu
(PbibakoB u ap., 1997; Pvibakos, 1999; Puiba-
KoB, 2000 u Ap.) NOKasaHO, 4YTO roAuYHbIe
KONbUA@  COCHbl  0bBblKHOBeHHOW  (Pinus
sylvestris L.) xopowo ¢UKCMpPYIOT nocTynato-
e B [ApeBecUHYy [AepeBbeB XMMUYECKue
3/1IeMeHTbl, B TOM 4yucae pagmoHyknmabl u TM.
OCHOBHbIMWU UCTOYHMKAMM TEXHOTE€HHOro 3a-
rpasHeHma Pecnyb6nunkm Kapenua B pasHble

nepuoabl ABAANUCL: rnobanbHble pagMoak-
TUBHblE BbinageHua (Pbibakos u ap., 1997 u
Ap.), TPAHCrPaHUYHbIE U MeXpPernoHanbHble
nepeHocsl (Pegopew, 1 Ap., 1998; Newrko, Tu-
ToB, 2002; Elvingson, Agren, 2004), pervo-
Ha/ibHble BbIOPOCHI OT MPOMbIL/IEHHbIX Npes-
npuatuii (OAO «Kapenbckuit okaTbiw», OAO
«Cerexabymnpom», OAO «KoHgonora», OAO
«CYAN» ¢unnan «HagBoMUKMI antOMUHUE-
Bblii 33aBOAY»), OOBLEKTOB TEM/J03HEPreTUKM,
XKUINULWHO-KOMMYHANbHOTO KOMMJIEKCA U ne-
pPenBUMKHbIX MCTOYHMKOB — aBTOTPAHCMOPTA
(FocypapcTBeHHbIN AOKNAA4,..., 1998 n ap.).

JINHENHDbIN KOPPEeNALMOHHbIA aHanu3
MOKa3blBaeT OTPULATENIbHYIO CBA3b MeXay
YCPeAHEeHHOM MNo NATUNETUAM LUMPUHOM ro-
AMYHBbIX  Kosel, (paguanbHbiM  MPUPOCTOM
ApeBecuHbl) Pinus sylvestris L. u cogep»KaHu-
eM B Hux Cr u, B meHblen ctenenun, Pb (PbI-
6akos, 2002). OaHako Hebonbwon Habop xu-
MWYECKUX 3/IEMEHTOB W BbIOPAHHbIN CTATK-
CTUYECKMI MeToZ HeaoCTaTouyHbl anAa bonee
NONHOTO ONpefeneHna BepOATHOro BO3aeM-
ctBuA TM Ha pgeHAposorMyeckne napameTpbl.
B HacToswel paboTe 3Tn npobaembl pelatoT-
CA Ha OCHOBAHWW paACLIMPEHUA CMUCKA UC-
NOJIb3yEMbIX 31€MEHTOB (apXMBHble AaHHbIE
3a nepunog 1952—-2001 rr.) n npumeHeHua me-
TOZa rNAaBHbIX KOMMNOHEHT GAaKTOPHOrO aHaNu-
3a.

Marepuanbi

MN3yyanucb ppesecHble KepHbl Pinus
sylvestris L., obpasybl KOTOpbIX CcOBpaHbl B
pasnnyHbIX 4Yactax Kapenuu, B ApeBOCTOAX,
NPOM3PaCTAlOLWMX HA NeCYaHbIX N CynecYaHbIX
noysax B YC/NIOBMAX CPeAHEN U CEBEPHOM Tal-
M, Ha TEPPUTOPMUAX C PA3/IMYHOM TEXHOreH-
HOM Harpyskol (puc. 1). KepHbl gnameTtpom
0.5 cm otbupanucb B nepuos ¢ 12 ceHTaAbps
no 5 oKtabpa 2001 r. ¢ nomouwplo bypaBsa
Mpeccnepa Ha BbicoTe 30 cMm OT KOMAA, BbICy-
WMBAAUCb B MOMELLEHUN NPU KOMHATHOM
Temnepatype. Bcero m3sydyeHo 13 pgepesBbes
Bo3spacta 50-150 net, us Hux 5 pepesbes 50—
60 net n 8 pepesbes 80—-150 net. Ana uccne-
[0BaHMA OTOMpannUCb roguyHble Kosbla, Co-
oTBeTCcTBYOWMeE nocnegHuUm 50 rogam Ku3HU
hepeBbes.

Mertoapbl

B oTob6paHHbIX KepHaX METOA0M PEHT-
reHOBCKOro aHa/nu3a onpeaenanucb WMPUHa
FOAMYHbIX KOMew WM NAOTHOCTb APEBECUHDI.
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Puc. 1. Toukn otbopa ApeBecHbIx KepHoB Pinus sylvestris L.
Fig. 1. Sampling points of Pinus sylvestris L. tree cores

Mocne 3Toro matepuan noagepranca
aBTOK/N1aBHOMY pPa3/IOXKEHUI0 B KUCAOTE Mo
pa3paboTaHHoOM cxeme (Kosnos m ap., 2001),
M MeToAoM aToOMHOM abcopbumm (npmnbopbl
KBaHT 3T n C-115) B roAuYHbIX KOMbLAX OnN-
peaenanocb CoAepKaHUe XUMUYECKUX 3fe-
MeHTOB. Bcero metogom atomHom abcopbumm
BbinosiHeHO 130 onpeaeneHui coaep’KaHuA
Cr u Pb, 128 — Cd, Ni, Mn, Fe, Cu, Zn.

C uenbto Nosy4yeHMa AOCTaTOMHOrO Ko-
IMYecTBa BeLLeCcTBa ANA XMMWYECKOro onpe-
penenva (He meHee 60-70 mr) npobbl roto-
BWMJINCb NPWU MOMOLLM yCpeaHeHUs maTepuana
5 CMeXHbIX roanyHbix Koneu. Bo BHMMaHue

6panocb TaKKe To, YTO NpoBeAeHMe aHaIM3a
no NATUAETUAM NO3BONAET Crnagutb sddekT
«Pa3MbIBaAHMA» COAEP!KAHUA HEKOTOPbIX MOA-
BMXHbIX B KCU/IEMHOM COKE XMMWUYECKUX 3/1e-
MEHTOB M3-3a B/IMAHMA YPOBHA 3arpsa3HeHus
nocnegywwmx net, B TeYeHMe KOTOpbIX ro-
ANYHOE KOJIbLO OCTaeTCs aKTMBHbIM (XaHTe-
Mmupos, 1996). CteneHb NoTeHUMANbHON NoA-
BMMHOCTU HEKOTOPbIX 31eMEHTOB NpuBeeHa
Cutter u Guyette (1993) Ha ocHoBe pacTBO-
PUMOCTU, OTHOLLEHWA 3apAAa MOHA K paauycy
N CBOMWCTB 31eMeHTOB. B yacTtHocTM, u3 ane-
MEHTOB, MCMOJIb3yeMbIX B HacTosLwen paboTe,
K NPOABAAIOWMM Cabyto NOABUMKHOCTb OTHO-
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catca Fe, Ni, Pb n Cd, K ymepeHHO mMobunb-
HbiM — Mn, Zn n Cu.

[na yyeta BO3MOXKHOIO B/AMAHUA HaA
n3yvyaemble AeHAPOJIOTMYEeCcKMe NnapameTpbl U
yCTaHaB/MBaeMble CBA3N MEHAKLWMUXCA Me-
TEOPONOTrMYECKUX YCNOBUIM AN KaXKAoro na-
TUNETUA PACCUYNTbIBANUCL: CPeaHME 3HAYEHMA
TemnepaTypbl BO34yXa, CYMMapHOe KoJsunye-
CTBO aTMOCdEpPHbIX 0CaAKOB U NOBTOPAEMOCTb
3KO/IOTMYECKM 3HAYMMOro (OT UCTOYHMKA Bbl-
6pPOCOB 3arpA3HAIOLWMX BeLLecTB) Hanpasie-
HuA BeTpa. McxogHble AaHHble Bpanucb Ha
cante Bcepoccuitckoro Hay4Ho-
nccnefoBaTeIbCKOro MHCTUTYTA FTMAPOMETEO-
posoruyeckon uHpopmauun - MwupoBoro
LeHTpa AaHHbiX http://meteo.ru (Cneumanu-
3MpOBaHHble..., 2016).

Mo wu3BecTHbIM ¢opMynam pacyeTa
acMMMeTpUKM U 3Kcuecca (BoiTkeBmy u Aap.,
1990) npoBepsanocb COOTBETCTBME pacnpese-
NEeHMA UCMOJIb3yeMbIX 3HAYEHWUI WMPUHDI rO-
AWYHBIX KoJiel, NAOTHOCTU APeBeCUHbl U Co-
AEPrKaHUA XMMUYECKUX 3N1€MEHTOB HOPMa/lb-
HOMY W NOTHOPMa/ZbHOMY 3aKoHam. [nA
CpaBHeHMA BbIBOPOK MCMNO/b30Ba/INCL Meau-
aHHble 3HayeHuA. Mpu NpoBeAeHUN Koppena-
LUMOHHOIO U GAKTOPHOro aHaAN30B CTAaTUCTU-
4YeCKM aHOManbHble HabNAEHUA WCKAYa-
JIUCb U3 PAaCCMOTPEHMUA C y4eTOM BblOpPaHHOrO
3aKOHA pacnpegeneHns No «npasBuay Tpex
curm». MNonyyeHHble 3HaYeHMA CPABHMBANUCH

C TabnnyHbIMM AaHHbIMKM (Bonblies, Cmup-
HoB, 1983). CTaTuCcTUYECKME pacyeTbl ocylle-
CTBAANNCL C NOMOLLbIO NakeTa «AHanNuU3 AaH-
HbIx» nporpammbel Microsoft Excel u npo-
rpammbl STATGRAPHICS Plus 5.0.

Pe3ynbtatbl

B 1abn. 1 npepacTaBneHbl AaHHbIE O CO-
aepXaHmn TM B roanYHbIX KOMbLAX, WNPUHE
rognyHbix Koney, (D5) M naoTHOCTM ApeBecu-
Hbl (p5), NoNyyYeHHble B X04€e HACTOAWMX UC-
cnepoBaHun ana Pinus sylvestris L. Ha Teppu-
Topun Pecnybnmku Kapenua. MosbiweHHOe
cogepxaHme TM (Kkpome Mn) B roauyHbIX
KO/IbL@X Pa3HbIX MNATUAETHUX NepuoaoB, a
TaKXe 3aMeTHble Pa3InYmnA cpesHux apnpme-
TUYECKUX U MeAMaHHbIX 3HavyeHWUn (npexkae
Bcero, cogep:kaHua Pb u Cu) obbsacHsoTCA
YKa3aHHbIMKM Bbile NPUYMHAMMU 3arpA3HEHUA
TEpPpPUTOPUM, B TOM 4YMCne NpUBAMNKEHUEM
MeCT NpPOM3pPaCcTaHMA AepeBbeB K KPynHbIM
CTALMOHApPHbIM UCTOYHMKam BbibpocoBs. Kpo-
Me TOro, 3T PasINYMA CBA3LIBAIOTCA C HANU-
Yynem egMHUYHbIX CTAaTUCTUYECKN aHOMANbHbIX
(TpexcurmoBbIX) 3HAYeHUW coaepraHus Pb,
Cr, Zn n Cd, onpeaeneHHbIX B pasHbiXx MNpo-
CTPAHCTBEHHO-BPEMEHHbIX KOOpAMHATax W
Tpebylowmx nHTepnpeTaunn B byayliem Ha
6onbwem CTaTUCTUYECKOM maTepuane.

Tabnunua 1. Cogepkavne TM {MF Kr BO34YLUIHO-CyXOl HaBECKM), LUIMPUHA FOANYHbIX Konew, (MM) 1 naoT-

HOCTb ApeBECUHDbI

Kr/m3) B aepesbsx Pinus sylvestris L. 3a nepnog 1952-2001 rr.

Table 1. Heavy metals content (mg/kg air-dried sample), width of the annual rings (mm) and wood
density (kg/m3) in Pinus sylvestris L. trees in the period 1952-2001

Mn Cr Pb Cd Ni Fe Cu Zn Ds Ps
O6wasn BbibopKa (13 KepHOB)
CpesHee 33.24 225 458 153 3.30 3751 510 12.36 1.90 464.7
MegamaHa 3040 155 0.80 1.20 290 25.85 235 915 1.73 459.0
gﬁjgﬁgmze 21.958 2.531 22.45 1.253 1.552 34.30 6.598 14.62 1.032 56.36
MuHUMYM 240 0.27 0.03 0.20 cnegbl 550 0.60 1.70 0.46 343.0
Makcumym  92.9 23.0 2504 8.30 9.10 1719 39.8 1274 6.42 646.0
;mggg (an*;a‘ 128 130 130 128 128 128 128 128 129 129
[epesba BospacTta 50—60 net (n =47)
CpeaHee 2926 163 0.68 0.84 2.87 16.63 273 13.10 2.58 4493
MeamnaHa 25.80 099 0.37 0.70 220 1220 1.70 790 2.42 445.0
gﬁjgﬁgmze 24.174 3.288 0.814 0.370 1.699 12.668 3.226 21.454 1.175 54.63
MuHMYM 240 027 005 020 080 550 060 1.70 0.72 354.0
Makecumym 929 23.0 352 190 9.10 61.7 166 1274 6.42 610.0
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Tabnuua 1. NpogonskeHne

Mn Cr Pb Cd Ni Fe Cu Zn Ds Ps
Jepesbna Bozpacta 80—150 net (n = 80)
CpeaHee 3553 266 7.04 195 357 5005 6.54 12.01 1.48 474.0
Meamnana 3290 2.03 1.71 150 3.30 38.05 3.70 10.10 1.39 470.0
giﬂgggﬂ:l%e 20.490 1.928 28.403 1.404 1.403 37.055 7.635 8.637 0.677 55.971
MUHUMYM 3.70 030 003 060 050 870 0.80 420 0.46 343.0
Makcumym  90.2 10.53 2504 8.30 7.80 1719 39.8 779 3.12 646.0
CeBepHble apeanbl, Bo3pact 80—150 net (n = 50)
CpeaHee 3850 291 524 156 3.44 4571 7.24 1332 1.30 485.9
Meamnana 35.80 2.45 2.12 130 3.20 37.35 3.45 11.05 1.22 480.0
gﬁﬂgﬁgﬂ;‘(’f 20.179 1.881 8.350 0.808 1.092 30.620 8.829 10.531 0.608 53.513
MuHAMYM 13.2 0.3 0.03 06 13 114 08 42  0.46 385.0
Makcumym 902 822 4048 50 6.6 1719 39.8 779 265 609.0
FOskHble apeansl, Bo3pact 95—120 net (n = 30)
CpeaHee 30.58 2.24 1003 259 3.80 5727 536 981 1.78 454.1
MeauaHa 2140 167 110 1.65 3.60 43.15 455 960 1.57 457.0
giﬂﬁﬁ@ﬂ:@e 20.374 1.963 45.443 1.890 1.807 45.495 4.980 2.802 0.687 55.155
MuHMYM 3.70 057 008 080 050 870 090 6.10 0092 343.0
Makcumym 709 10.53 2504 830 7.80 1705 232 16.7 3.12 646.0

Ha pacnpegeneHne TM no roguvyHbim
KonbLam Pinus sylvestris L. n BenM4nHy aeHa-
PO/IOrMYECKUX NAapameTPoB BANAIOT BO3PACT U
reorpapumyeckoe nonoxeHme onpoboBaHHbIX
nepesbes (cm. Tabn. 1).

N3 tabn. 1 BUAHO, YTO CTapble AepeBbsA
Pinus sylvestris L., nmes MeHbLIWIA NPUPOCT
roguyHbIX Konew B TeyeHue ulyvyeHHoro 50-
NneTHero nepuoga, B 6onblueit cTeneHn Hacbl-
wanmcb TM (OTHOWEHWE MeauaH CcoAep’Ka-
HMA TM B cTapbix n 6onee monoabix AepeBb-
ax): Pb(4.62)—Fe(3.12)—Cu(2.18)—Cd(2.14)-
Cr(2.05)-Ni(1.50)-Zn(1.28)-Mn(1.28). Kak
cpegHue, Tak U MeguaHHble 3HaYeHuA NAoT-
HOCTW ApeBeCcHHbl B rpynnax cTapbix U 6onee
MONIOAbIX [AEepeBbeB OT/INYAIOTCA HE3Hauu-
TeNbHO (B Nnpeaenax 5-6 %).

CpaBHeHMe CTapbIX 3K3eMNAApPOB CO-
CEH CeBEpPHbIX M HOXKHbIX apeanos (cm. Tabn. 1)
pasgensaeTt aneMeHTbl Ha ase rpynnbl: Pb—Cr—
Zn, Mn n Cu—Cd-Fe—Ni. MocnepoBatenbHbIN
pA4 OTHOLEHUN MmeaumaH coaepaHua TM ce-
BEPHbIX W HOXHbIX 06pasLOB BbIFAAUT Cle-
aywowmm  obpasom:  Pb(1.94)-Mn(1.67)-
Cr(1.47)-Zn(1.15)—Ni(0.89)—Fe(0.87)-
Cd(0.79)—Cu(0.76).

B Tabn. 2 npuBeaeHbl maTpuupl Ppak-
TOPHbIX HAarpy3oK, Nosiy4yeHHble ansa 13 06-

pPasuoB 3a BeCb M3y4aeMblt BPeMeHHOM ne-
puosa 3a UCKAoYeHMem 8 npob, B KOTOPbIX
obHapy*KeHbl CTAaTUCTUYECKM aHOMaslbHble
(TpexcurmoBble) 3HayeHMA cogeprkaHusa Pb,
Cr, Zn n Cd. Obuwana BbibopKa coctaBuna 119
3HAYEHUN copepyKaHua UAM Norapudmos co-
AepXaHua (NpyM NOrHOpManbHOM pacnpeje-
neHun) 8 TM, a TakKe AeHAPOIOrMYECKUX Na-
PaMeTPOB — LWWMPUHbI TOAMYHBIX Kojel, W
NNOTHOCTU ApPeBeCUHbl, YCPeAHEHHbIX NO ns-
TUNETHUM YacTAM KEPHOB.

Pe3synbTaTbl  (GaKTOpPHOro  aHanu3a,
npeacTaBneHHble B TabA. 2, NoKkasanu, 4to oc-
HOBHbIMM 3/1IEMEHTaMM, 3HAYeHuA norapuo-
MOB COAEpP!KaHMA KOTOPbIX MMET OoTpUua-
TE/IbHYIO CTATUCTUYECKYIO CBA3b CO 3HAYEHMU-
em IgD5 (daKTop |, nonyyeHHbIN nocne Bpa-
weHua daktopos) asnatotca Cu, Cd, Fe n Ni.
Mpw atom ecnm Cu n Fe 06bIMHO NPUYUCAAIOT K
MWKPO3NEMEHTAM MMUHEPANbHOTO MNUTAHUS,
KM3HEHHO HeobXoAMMbIM W HEe3aMEeHUMbIM
ANA pacTeHUi (Npu BbICOKMX KOHLLEHTPAUMAX
Cu ToKcMyHa) (BaraHos, Kpyrnos, 2007), To Cd
K TakMM 3/1emeHTam He oTHocAT (Kabara-
MNenanac, NeHguac, 1989). bharotBopHOE Man
yrHeTatouwee gerctene Ni Ha pocT pacTeHwui
3aBUCUT OT €ero KoHueHTpauun (Kabata-
Menauac, Nenanac, 1989).
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Tabanua 2. MaTpuubl GaKTOPHbIX HAarpy3oK, PacCuYMTaHHbIX A5 BbIABAEHUSA CTaTUCTUYECKOW
CBA3N MEXAY COAEpPKaHWEM 3/1EMEHTOB U AeHAPO00TMYECKUMM NapameTpamm Pinus sylvestris L. 3a ne-
puoa 1952-2001 rr. (n = 119)

Table 2. Matrix of factor loadings, designed to detect a statistical relationship between the contents of
elements and wood parameters of Pinus sylvestris L. in the period 1952—2001 (n = 119)

MaTpuua [0 BpalleHus

MaTpuua nocne BapnMMaKCHOro BpalLeHmA

3HaueHuA
dakTop | ®akTop Il dakTop Il dakTop | dakTop Il dakTop Il

Mn 0.10 -0.76 -0.28 -0.08 0.28 0.76
IgCr 0.69 -0.23 0.44 0.37 0.76 -0.08
lgPb 0.43 -0.50 0.47 0.05 0.80 0.09
lgCd 0.87 0.17 -0.06 0.85 0.27 -0.05
IgNi 0.77 0.24 -0.05 0.77 0.19 -0.11
IgFe 0.80 0.26 -0.01 0.80 0.23 -0.15
lgCu 0.71 0.23 -0.48 0.86 -0.12 0.18
IgZn 0.52 -0.50 0.15 0.24 0.63 0.32
IgDs -0.82 -0.03 0.10 -0.77 -0.30 -0.09

Ps 0.04 -0.60 -0.57 0.02 -0.04 0.83
ds. % 41.0 17.0 10.9

Mpumeyanusa. 1. df — Bknag, i-ro paktopa B 0bwyto ancnepcuto. 2. MNonyKMpHbIM WPUPTOM Bbl-

AeneHbl 3HayeHna GaKkTopHbIX Harpysok >0.50.

Notes. 1. df — the contribution of the i-th factor to the total dispersion. 2. Boldface denotes the

value of factor loadings >0.50.

Otmeuaetcs (BaraHos, Kpyrnos, 2007),
4YTO MeXAy 30/IbHOCTbIO APEBECUHbI U WUPU-
HOM roAMYHbIX KONeu, YCTaHOBNAEHa OTpuua-
TeNbHas KOpPpPenAauMOHHAs 3aBUCMMOCTb C
BECbMa BbICOKMM KO3pduumeHToM Koppena-
unm (r =-0.80). 3TO, N0 MHEHUIO YKAa3aHHbIX
aBTOPOB, O3Ha4yaeT, YTo B BAaronpuATHbIE ro-
Abl, KOrga CO34aloTCs ONTUMAJIbHbIE YCN0BUA
ANA POCTa AEepPeBbeB U CUHTE3 OpPraHUYEcKuX
BELLEeCTB ocyliecTBnserca B 60nbwnx obbe-
Max, yBe/IMYeHUEe LWUPUHbI FTOANYHBIX Konel,
NPOUCXOANT B OCHOBHOM BCNeACTBME HaAKon-
NeHMA OpraHUYecKMx BelecTs. B page vccne-
[OBaHWM HA AepeBbsX, MPOMU3PACTAOWMX HA
CeBEpHOM npepgene ux pacnpocTtpaHeHus, ob-
Hapy)KeHa MOJIoKUTeNbHAA KOpPpPenAunmoHHas
CBfI3b 30/IbHOCTU C TAKUMU UCNOJIb3YEMbIMU B
HaCTOAWEM UCCNeAO0BaHUM 3/1IeMEHTAMM, KaK
Mn (r =0.88) un Fe (r =0.49). Takum obpasom,
B roabl, 6iaronpuaTHble ANA pocTa ApeBec-
HbIX PACTEHUIM HA NONAPHOM npeaene uUx cy-
LLLeCTBOBAHMA, OAHOBPEMEHHO C YMEHbLUEHU-
€M 30/1bHOCTU U YBENNYEHUEM LUUPUHbI TO-
ANYHBIX KONel, YMeHbLUAeTcs coaepiKaHue B
HUX, HapAAY C HEKOTOPbLIMU APYrMMU S/1€MEH-
Tamu, TakKe Mn n Fe. MeHee TeCHO WKWPUHA
rogMYHbIX Koneu, cBA3aHa, Hanpumep, C Co-
AeprkaHmem Cu (BaraHos, Kpyrnos, 2007), uTto
He cornacyeTca C pe3y/abTaTaMM HaLLMX pacye-
TOoB (cm. Tabn. 2). Kpome Toro, B otanyme ot

npeacTaBAEeHHbIX IMTEPATYPHbIX AAHHbIX, CO-
Aep)kaHne Mn B rogmyHbIX KO/bLAX COBep-
LUEHHO He CBA3aHO C npupocTom Pinus
sylvestris L., HO OTYETIMBO CBSI3AHO C NNOTHO-
CTbO ApeBecuHbl (cm. Tabn. 2).

Mpn BapumakcHom BpalteHum Pb, Cr u
Zn obpasytT cobctBeHHbIN ¢akTop (ll), yTo
COrNacyeTca C pasnymem MeguaHHbIX 3Have-
HWIA COAEPKAHMA I3TUX I/NIEMEHTOB B FOAUYHbIX
KOMbL@X CTapbix AepeBbeB Pinus sylvestris L.
N3 CEBEPHDIX U OXKHbIX apeasios (cm. Taba. 1).

@aKTopHbIN  aHanNM3, nNpoBeAEHHbIN
ana 5 obpasyos KepHoB Pinus sylvestris L. n3
ceBepHbIx panoHoB Pecnybankm Kapenua (cm.
puc. 1), noaTeepaMn oTpULATE/IbHYIO CTaTu-
CTUYECKYHO CBSI3b MeXAy MNPUPOCTOM roany-
HbIX KO/lel, M3y4yeHHbIX AEPEBbEB U COAEpPKa-
Huem anemeHToB rpynnbl Cu—Cd—Ni—Fe (¢dak-
Top | B Tabn. 3). 3arpaAsHeHne TM, c ogHoM
CTOPOHbI, MOXeT ObiTb CBA3AHO C TPaAHCrpa-
HWUYHbIMM NepeHocamu B pesy/bTaTe pPa3BU-
TMA NPOM3BOACTBA LBETHbIX MeTannos B 3a-
nagHon Espone B 1960-1970-e rr. TonbKo B
cepegunHe 1970-x rogos CTanm MCNosAb30BaTb-
CSl 3NEKTPOoCTaTUYECKME PUNBTPbI U TKaHEBbIe
YyNIOBUTENIN, KOTOPble MNO3BOAUAN  A0CTUYL
NnepBOro 3Ha4YMTe/IbHOrO COKpPaLLeHMA BblIOpO-
COB oOnacHbix 3n1emeHToB (Pacyna, 1996;
ESPREME, 2007). C gpyroi CTOPOHbI, 3arpss-
HEHMEe TaK)Ke CBA3bIBAETCA C AeATEeNbHOCTbIO
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OAO «KapenbCKuii oKaTbiWw» C MOMEHTa BBe-
AeHMA B aKcnayaTaumio B 1982 r. KoctomyKu-
ckoro NOKa (o6p. 311-01, 312-01 u 314-01
Ha puc. 2). Tak, 04eBMAHOCTb BO34ENCTBUA
BbI6pOCOB ropHO-060raTUTENBLHOrO0 KOMbBUHa-
Ta Ha y4yacToK otbopa obpasua 311-01, pac-
NOJIOXEeHHbIM B 40 KM K HOro-BOCTOKY OT AaH-
HOro MCTOYHMKA, AO0Ka3bIBAaeTCA CBA3bIO C KO-
JIM4ECTBOM BbIOPOCOB TBEPAbIX BELLECTB U MNO-

BTOPAEMOCTbIO CeBepo-3anagHoro Hanpasne-
HUsA BeTpa (Tabn. 4). AHanorMyHaa cBA3b C
BETPOBbIM pexmmom ana 20-neTHero nepuo-
Aa pabotbl Koctomykwckoro NOKa Habnoga-
eTCcs U ANA OCTaNbHbIX 06pasuoB (cM. puc. 2).
Bmecte € Tem WMHTEHCUMBHOCTb 3arpA3HeHuA
pasnnyaeTca, B TOM YMCne M3-3a pasHuUbl B
PacCTOAHMAX OT UCTOYHMKA BbIOPOCOB.

Tabnunua 3. Pesynbtatbl pakTopHOro aHanusa ana Pinus sylvestris L. 3a nepnog 1952—-2001 rr.
(CeBep, Bo3pacT aepesbes 80—100 neT; n = 49)

Table 3. The results of the factor analysis of Pinus sylvestris L. for the period 1952-2001 (North,
tree age 80-100 years; n = 49)

MaTpuua A0 BpalleHus

MaTpuua nocne BapMMaKCHOro BpaLLeHmsa

3HayeHuA

@aktop | dakTop Il daktop lll PakTop IV daktop | Paktop Il daktop Il dakTop IV
Mn 0.09 0.79 0.32 0.00 0.28 0.50 -0.54 0.34
IgCr -0.30 0.18 -0.56 -0.42 0.11 0.28 0.65 0.32
IgPb 0.25 0.58 -0.25 0.18 -0.07 0.69 -0.15 0.01
IlgCd -0.80 0.27 -0.07 -0.09 0.77 0.10 0.34 0.10
IgNi -0.68 0.20 0.16 0.07 0.73 -0.02 0.08 -0.02
IgFe -0.73 -0.39 -0.25 -0.16 0.42 -0.35 0.69 -0.10
IgCu -0.80 0.11 0.44 0.19 0.90 -0.22 -0.10 -0.11
IgZn 0.09 0.58 -0.51 -0.17 -0.05 0.71 0.24 0.28
IgDs 0.82 -0.33 -0.18 -0.06 -0.90 -0.05 -0.09 -0.03
Ps 0.44 0.29 0.61 -0.05 -0.11 -0.01 -0.75 0.29
Ig(T+10) —-0.08 -0.44 0.44 -0.49 -0.01 -0.71 -0.02 0.37
IgP -0.15 -0.32 -0.25 0.74 0.03 0.01 0.13 -0.84
dr. % 27.8 17.6 14.1 9.2

MpumevaHuA. PaccunTaHHble MO NATUAETUAM C UCMONb30BAHMEM AaHHbIX MeTeoCTaHunmn «Kane-
Bana» (CneunannsmposaHHble..., 2016): T — cpeaHsaa TemnepaTypa Bo3ayxa (418 yxoda OT oTpuuaTesb-
HbIX BE/IMYMH MPU JIorapudmnpoBaHNN BCe 3HAYeHMA yBesnyeHbl Ha 10); P — cymmapHoe Konmyectso

0CagKoB (N0 CKOPPEKTUPOBAHHBLIM AAHHbIM).

Notes. Calculated by five-years by using the data from the meteorological station «Kalevala»
(Specialized..., 2016 ): T — average air temperature (to avoid negative values when taking the logarithm,
all the values were increased by 10); P — total amount of precipitation (according to adjusted data).

Mo pacyeTam € Mcnoab3oBaHWEM [OaH-
HbIX MeTeoCTaHuun «Kanesana» cpegHenATU-
NeTHAA TemnepaTypa BO34yxa B panoHe oTHo-
pa 06pasyoB B ceBepHOM 4actu Pecnybamku
Kapenua B m3yyeHHbIt nepmog 1952-2001 rr.
Konebanacb B npegenax ot —0.22 go +1.17 °C
(meguaHHoe 3HauyeHune +0.64 °C). Obliee Ko-
IMYEeCTBO OCaAAKOB (MO CKOPPEKTUPOBAHHbLIM
3HaYyeHMAM) coctaBuno 3a 50 net okono 26440
MM U Konebanocbk no natunetTuam ot 2411.5 no
2839.8 mm. Mpun aTom Tabn. 3 npakTUYECKN He
NMOKa3blBaeT CBA3U MeXAYy 3TUMU eCTeCTBEH-
HbIMM PAKTOPaMM U NPUPOCTOM FOAMYHbIX KO-
Nnew, AepeBbeB B WUCCNEAOBAHHbIX 3arpA3HeH-
HbIX paioHax B Habntogaemblii 50-neTHU ne-

puoA.

AHTaroHnsm Mn ¢ Fe u Cr (paktop i
nocne BpaleHna — cM. Taba. 3) cessaH ¢ pas-
NIMYUAMM NNOTHOCTU ApeBecuHbl. aktop Il no-
C/le BapMMaKCHOro BpaleHusa ¢opmupyeTca B
OCHOBHOM  MOJIOXKUTENbHbIMU  GAKTOPHbBIMM
Harpyskamu Ha Zn, Pb 1 Mn n oTpuuatenoHom
— Ha 3HayeHuMe TemnepaTtypbl Bo3ayxa. Cneny-
eT OTMEeTUTb, YTO «UCKaKeHune» (aAKTOPHbIX
CTPYKTYpP (cm. Tabn. 2, 3) MoKeT bbITb cneacT-
BMEM [0BOJIbHO YaCTbIX Pe3KUX MUKOB coaep-
YaHMA HEeKOTOpPbIX 3/1eMeHToB. Hanpumep, 310
Kacaetca Pb, 3HaunTeNbHbIN POCT coaeprKaHUA
KOTOPOro B pAge C/ay4yaeB TOYHO coBnajgaeT C
nepuogamun BbiNageHUA PaaNOAKTUBHbBIX U30-
Tonos, 0H6pa3oBaBLUIMXCA B XOAE WCMbITaHUM
aTOMHOro opy»ua B 1950-1970-x rr. (puc. 3).
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Tabnuua 4. CogepxaHme TM, wnpuHa roanyHblx Konew Pinus sylvestris L., noBTopaemocTb ce-

Bepo-3anagHoro HanpasneHus setpa (C3 300—3200) 1 KonnyecTso BbIbpocoB TBEPAbIX BellecTs (MTB5)

n Ano

Kcuaa cepbl (Ms5) oT kenesopyaHoro FOKa no naTuneTHMm nepuogam

Table 4. Heavy metals content, width of the annual rings of Pinus sylvestris L., repeatability of

the north-west (NW 300-3200) wind direction and emissions of particulate matter (Mpm5) and sulfur

dioxid

e (Ms5) from Iron Ore Processing Combine for five-year periods
Mepuopasbl 1982-1986 1987-1991 1992-1996 1997-2001

Cu 21.9 32.9 39.8 28.4
Cd 2 1.5 2.2 1.7
Ni 4.7 4.2 5.2 4.4
Fe 19.9 34.2 86.2 28.2
Zn 7.8 8.3 10.2 9.3

Ds, Mmm 0.54 0.65 0.56 0.96

NWs, % 8.04 8.16 11.2 7.09

M1TBs, T 4574.2 4938.6 5622.8 6495.0

Mss, T 39151.2 60514.8 50714.0 32921.0

Cu, prer

MpumeyaHue. [laHHble Mo Bbibpocam 3arpasHAoWmMX BewwecTs no: OueHKa BosgencTeus..., 2002,
Note. Data on emissions of pollutants by: Impact Assessment..., 2002 (rus).
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Puc. 2. CogepaHne Cu B roanyYHbIX Ko/bLAX U pagunanbHbli NpupocT Pinus sylvestris L. Ha cesepe
Pecnybaukn Kapenua B nepmog 1952—-2001 rr.: 1 — cogep:kaHue Cu; 2 — WMpUHa rogmyHbix Koney, (D5); C3,
40 KM... — HanpaB/eHus BeTpa B cTBope 200 (3KONOrMUYECKM 3HAUMMOE) M PACCTOSHUE OT UCTOYHMKA

Fig. 2
Karelia

3arpAsHeHusn; B % npuseaeHbl cpeaHue 3a NATUAETUA NOBTOPAEMOCTM SKOTIOTMYECKN 3HAUNMMbIX
HanpaB/eHui BeTpa (3a nepunog, pabotbl KoctomyKuwckoro MOKa B 1982—-2001 rr.)

. Cu content in the annual rings and radial growth of Pinus sylvestris L. in the North of the Republic of
from 1952 to 2001: 1 — Cu content, 2 — width of the annual rings (D5); NW at 40 km... — wind direction

in the alignment of 200 (environmentally significant) and the distance from the source of air pollution; the
average five-year repeatability of environmentally significant wind directions given in % (during the period of

activity of the Kostomuksha Mining Processing Combine from 1982 to 2001)
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Puc. 3. CogeprkaHue Pb B rognyHbix Konbuax Pinus sylvestris L. Ha ceBepe Pecnybnunku Kapenus B nepuog,
1952-2001 rr. n pagMoakTUBHbIe BbiNageHusa B CesepHom nonywapum (no 90Sr): 1 — copepkaHue Pb, 2 —
BbinaaeHus 90Sr (no: Sources and Effects..., 2000)

Fig. 3. Content of Pb in annual rings of Pinus sylvestris L. in the North of the Republic of Karelia during the
period 1952-2001 and radioactive depositions in Northern Hemisphere (by 90Sr): 1 — content of Pb, 2 — 90Sr
deposition (by Sources and Effects..., 2000)

PaHee (Pbibakos un gp., 1997; Pbibakos,
2000) ¢ nomoLlbl NOKaNbHOrO J1a3epHOro
CNEKTPOMETPUYECKOTO aHanM3a B TFOAUYHbIX
Konbuax Pinus sylvestris L. ns Mepexberop-
CKOTO paloOHa, COOTBETCTBYIOLMX BPEMEHM
WCMbITAaHUIM SOEPHOr0 OPYXKUA, BbiNaAEHMUA
paguoHyknnaos (Mowucees, WMeaHoB, 1990;
Sources and Effects..., 2000) u YepHobblnb-
CKOM KaTacTpodbl, 06HapyxeHbl U, Ra, Ac, Pu,
Pa, Tc, Pb, Bi, Sr u apyrvne anemeHTbl. Hannume
NMOBbIWEHHOTO coAep)kaHua Pb B MCKOMbIX
FOANYHbBIX KOJIbLAX YAaCTUYHO MOXKeT ObITb
cneacTBMemM pacnaga TAXKENbIX PaguoOHYKAU-
[0B C Pa3INYHBIMKW NePMOgaMK Noslypacnaga,
NOCTYNUBLLUNX M3 TpornocdepHbiX U rnobanb-
HbIX BblNageHUN.

O4yeBMAHO, YTO B KaxKAOM NATUNETUM
Mbl UMeeM AeN0 C CYMMapHbIM COAEPKAHU-
em Pb 13 pas3nnyHbIX UCTOYHMKOB — NPUPOA-
HbIX M TEXHOTFeHHbIX. TaK, COrMaCHO UCTopUYe-
CKMUM TpeHgam 3a nepuog 1955-1990 rr.
(Pacyna, 1996), maKcMmanbHble eXerogHbie
Bblbpocbl Pb B EBpone — nopaaka 150-160
TbIC. TOHH — NpuxogATcA Ha 1970-e rr. lNocTe-

NMEHHO CHMXKAACH, yXKe K 1990 r. 3K BbIGpPOCHI
oueHuBanncb NpumepHoO B 60 TbIC. TOHH B roA,.

MpUYKMHbI yBENMYEHMA coaepKaHua Pb
B roAM4HbIX Konbuax Pinus sylvestris L. 8 1990-
e rr. (06p. 312-01, 315-01 u 317-01 Ha pwuc.
3), a Tak¥Xe NOCTOAHHO Habngaemon He-
obblyHOM pnsa pacteHun (Kabata-MeHamac,
MeHamnac, 1989) NonoxuTenbHoM Koppenaumm
ero coaepyKaHua ¢ cofepxaHuem Zn (cm.
Tabn. 2, 3) TouHO He onpegeneHsbl. Tak, NocTy-
nneHne TM B pacTeHUA MOKET bbITb CBA3AHO,
noMMMo GOSIMAPHOTO NOTNOLLEHUA, eLe U C
yBennyeHnem KMCNOTHOCTM MOYB 3a CYeT Tex-
HOreHHbIX BbIOPOCOB coeanHeHui S. ITo, B
CBOIO o4yepeapb, Npeanonaraet pocT coaepka-
HMA NOABMMKHbBIX AOCTYMHbIX pacTeHMAM GOpMm
TOKCMKAHTOB, UMEKLWMX UHOM WUCTOYHMUK, Ha-
npumep, gna Pb — TpaHcnopT B ycnoBuAx
npuaopoXKHoro naHgwadta (obp. 315-01 un
317-01). OpUEHTUPOBOYHO MOXKHO OTMETUTD,
Hanpumep, 4YTO BbIBPOCHI 3arpA3HAIOWMX Be-
LLecT8 OT aBTOTpaHcnopTta B Kapenuu cocra-
Buan (FfocymapcTBeHHbIM goknag.., 1993,
2002 n gp.) B 1992 r. okono 91 Tbic. T, B
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1993 r.—63.2 TbiC. T, BCero 3a 1992-1996 rr. —
288.4 TbIC. T, B TO BpemA Kak 3a 1997-2001 rr.
—219.1 TbiC. T (Ha 24 % MmeHblle, Yem 3a npe-
Ablayuiee natunetue). Bmecte ¢ tem B Aanb-
HeMWKUX MUccNenoBaHMAX cneayeT yuyuTbiBaTb
TaKXe 0COOEHHOCTM B3aMMOOTHOLUEHWI Co-
BMECTHO MPUCYTCTBYIOWMX XMMUYECKUX 3ne-
MEHTOB, B YacCTHOCTM aHTaroHusm Pb n S B
pacteHuax (Kabata-MeHnaunac, NeHgmac, 1989).

3aKkntoueHue

YyeT ecTecTBEHHbIX NAapPaMeTpoB, TaKMX
KaK BO3pacT AepeBbeB, reorpaduyeckoe no-
NIOXEeHWe MecCcT Mnpom3pacTaHuA, norogHo-
KAMMATUYECKME XapaKTEePUCTUKKM (Temnepary-
pa BO3A4yXa, KOAMYECTBO OCAAKOB M MNOBTO-
PAEMOCTb HanpasAeHUM BeTpa), NO3BOAUA C
AOCTAaTOYHOM CTAaTUCTUYECKOM [OCTOBEPHO-
CTblO BbIAABUTb CBA3b MeXAY 3arpA3HeHuem
OKpY»KatoLen cpeabl M NOBbIWEHHbIM COAep-
*aHnem TM B rogmyHbIX KONbLAX U3YYEHHbIX
aKksemnasapoB Pinus sylvestris L. Mpu sTom pa-
ANANbHbIN NPUPOCT (WMPUHA TOAMYHBIX KO-
Neu) aepeBbeB CBA3aH 06paATHOM cTaTUCTUYe-
CKOM 3aBMCMMOCTbIO C cogeprkaHnem Cu, Cd,
Ni u Fe, a He c TemnepaTypon UAU KOAMYeCT-
BOM OCAAKOB.

Ha nnoTHOCTb ApeBecuHbl OKa3blBatoT
B/IMAHWE BO3PACT AEPEBbEB U UX reorpaduye-
CKOe nosoxeHue. Hanbonblwine ee 3HavyeHUn
OUKCMPYHOTCA B CTAPbIX AEPEBbAX N AEPEBbAX,
npouspacTalolmnx B ceBepHon Yactm Pecny6-
nmkn Kapenma. Bmecte ¢ Tem npu nomoLm
$aKTOpHOro aHanM3a NOKasaHo, 4To b6onee
NAOTHble roguyHble Konbua Pinus sylvestris L.
coaepxat 6onbwe Mn, a B ceBepHbIX apeanax
TaKKe meHbLe Fe n Cr.

bubnuorpadus

MpucyTtctBne Pb B roanyHbix KosbLax
Pinus sylvestris L. MoOXeT MMeTb HECKONbKO
npuvynH. OAHAKO 4acTb MUKOB COAEPXKAHMUA
3TOro meTasn/sia TOYHO COBMajaeT C Nepnuoaom
Hanbonee MHTEHCUBHbLIX UCMbITAHWUIA aTOMHO-
ro opy»ua B 1950-1970-x rr. 3To cornacyeTtcsa
C npeanosoXeHMem O NOABAEHUW onpeje-
NeHHbIX Konndects Pb B pgpesecuHe Pinus
sylvestris L. 3a c4yeT pacnaga HEKOTOpbIX TA-
XeblX PaANOaKTUBHbIX 3/1eMeHTOB (Hannume
PaAMOAKTUBHOIO 3arpA3HEHUA BCAencTBUE
aTMocdepHbIX BbINAAEHUMA MOKA3aHO paHee
Ha npumepe Pinus sylvestris L. B MeaBexbe-
ropckom parioHe Pecnyb6amku Kapenus). Bme-
CTe C TeM B 3TOM KOHTEKCTe MOKa He O4YeHb
ACHa poO/Sb ZNn, KOTOPbIN NPOABAAET MOJIOXKMN-
TENbHYIO, @ He KaK 0b6blYHO ANA pacTeHuh OT-
puuaTenbHy Koppenauuto co Pb.

Takum o6pas3om, HecmoTpa Ha pAag
TPYAHOCTEM B WHTEpNpeTaumm MnosyYeHHbIX
OAHHbBIX, MOXHO NOATBEPAUTb, YTO UCMONbL30-
BaHWEe roAnYHbIX KoaeL, NOBCEMECTHO MpPouns-
pactatoweit B Pecnybnuke Kapenua Pinus
sylvestris L. BHOCUT 3HA4YMTENbHbLIN BKNa4 B
nccnefoBaHMe NPOCTPAHCTBEHHO-BPEMEHHOWM
OAVMHAMMKM 3arpA3HEHUA OKPYXKatoLen cpeapl
pervoHa.

PaboTta BbiNO/HEHA HA OCHOBe cObCT-
BEHHbIX apXMBHbIX aHA/UTUYECKUX MaTepua-
noB B pamkax Tembl HNP Ne 207 «[1pocTpaH-
CTBEHHO-BpPEeMeHHaA AMHAMMUKA NPUPOLHOro
M TeXHOreHHoro npeobpasoBaHMA OKpYrKato-
LLLen cpeabl, U3SMEHEHMNE KAMMATA U 3BONOLMA
6uotbl B pernoHe Hro-BoctoyHo PeHHO-
CKaHauun» B NHCTUTYTe reonornm KapenbcKkoro
Hay4yHoOro ueHTpa PAH.

Anekcees A. C., Copoka A. P. PocT HacaxaeHnin cocHbl 0b6biKHOBEHHOM Ha CeBepo-3anage KonbcKoro
No/IyOCTPOBa B CBA3M C BO3MOXHbIMU PErMOHabHbIMU U3MEHEHUAMMU OKpYyKatolwen cpedbl //
JKonorus cesepHbIx Tepputopmin Poccun. NMpobaembl, NPOrHo3 cUTyaLmu, Nyt pa3BuTmA, peLue-
HUA: MaTepuanbl MeXAyHapoAHON KOHpepeHUUN. ApXaHrenbCK: MHCTUTYT 3KONOrMYECKUX MPO-

6nem Cesepa YpO PAH, 2002. C. 273-278.

Bonbuwes J1. H., CmupHOoB H. B. Tabanubl maTemaTU4eckor ctatuctmkm . M.: Hayka. FhaBHasa peaakums
dU3nKo-maTemaTnyeckom nntepatypol, 1983. 416 c.
BaraHoB E. A., Kpyrnos B. b. 3konorua gpesecHbix pacteHuin: Kypc nekumi . KpacHosipck, 2007. 230 c.

BoiiTkesuuy I. B., KokuH A. B., MupowHunkos A. E.

Heppa, 1990. 480 c.

, Mpoxopos B. I CnpaBo4YHUK No reoxummun . M.:

locynapCTBEHHbIM AOKNAA O COCTOAHMU OKpYrKatowei npupogHon cpeabl Pecnybamkm Kapenuns B 1992
roay . MeTpo3aBoack: MUHUCTEPCTBO 3KOJIOTUM U NPUPOAHBIX pecypcoB Pecnybankn Kapenus,

1993.63 c.

locynapCTBEHHbIV AOKNAA O COCTOAHMM OKpYXatolen npupoaHon cpeabl Pecnybnmku Kapenus 8 1997
rogy . Netpo3asoack: NocyaapCcTBEHHbIM KOMUTET OXPaHbl OKpYyXKatoLLel cpeabl no Pecnybanke

Kapenua, 1998. 220 c.

ocynapCTBEHHbIM AOKNAA O COCTOAHMU OKpYrKatowei npupogHon cpeabl Pecnybamkm Kapenuns B 2001
roay . MeTtposaBoack: KomuteT npupoaHbIxX pecypcos no Pecnybaunke Kapenusa, 2002. 240 c.

79



Pbibakos /1. C. Buoreoxmmmnyeckas oLeHKa 3K0JI0rMYecKoro pucka Ha npumepe Pinus sylvestris L. // MpuHumMnbl 3Kono-
rmn. 2016. Ne 2. C. 70-83. DOI: 10.15393/j1.art.2016.4783

ObakoHoB B. B., Kosnos B. A., Kopuukasa 3. A. OueHKa 3arpasHeHns TAXKeNbIMU MeTal/laMn U Cepoi
NecHbIX aKocuctem Pecnybamnku Kapenua // Mpobnembl aHTponoreHHow TpaHcdopmauumn nec-
HbIx 6BuoueHo3oB Kapenuu. MNetposasoack, 1996. C. 167-182.

Mewko E. M., TutoB A. ®. OCHOBHble TEHAEHUUU U3IMEHEHMA COCTOAHMA OKpPYKaloLen NpUpoaHOM
cpeabl B Pecnybavke Kapenus // Ikonorna cesepHbIx Tepputopuii Poccun. Mpobiembl, NporHos
CUTyaumu, nNyTUM pPasBuUTMA, peleHua: MaTtepuanbl MeXAyHapoOAHOM  KoHbepeHuuu.
ApxaHrenbck: MHCTUTYT akonornyeckmx npobnem Cesepa YpO PAH, 2002. C. 12-16.

Kabata-MeHaunac A., NMeHgmac X. MUKpoanemMeHTbl B MoYBax U pacteHusx: MNep. c anra. . M.: Mup, 1989.
439 c.

Kosnos B. A., KuctepHaa M. B., KnemaHckuit 0. M. n ap. AHanmutMyeckoe obecneyeHne MOHUTOPUHIa
NecHbIX 3Kocuctem // BMO3KONOrMYECKME acmeKTbl MOHUTOPUHIA NecHbIX 3kocuctem Cesepo-
3anaga Poccuu. MeTtposasoack: KapHL, PAH, 2001. C. 278-285.

Naszapesa WU. M., Kyuyko A. A., KpaByeHKko A. B. u gp. BavaHne aspoTexHOreHHoro 3arpAsHeHuA Ha
COCTOSIHME COCHOBbIX JiecoB ceBepHoi Kapenuu . MNeTposasoack, 1992. 52 c.

No3aHoBsckas U. H., Opnos [. C., CapoBHUMKoBa J1. K. IKonorma u oxpaHa buocdepbl Npy XMMUYECKOM
3arpsasHeHun: YuebHoe nocobure ana By3os . M.: Bbicw. wK., 1998. 287 c.

Mowucees A. A., MiBaHoB B. M. CnpaBOYHUK NO A03UMETPUM U PaAUALMUOHHON rurneHe. 4-e usg., ne-
pepab. n gon. . M.: dHeproatommnsgat, 1990. 252 c.

HeepoBa O. A. dKon0rMYecKas OUEHKa COCTOAHMA APEBECHbIX PACTEHMI M 3arpsisHEHMA OKpYKatoLLel
cpeabl NPOMbILIEHHOTO ropoa (Ha npumepe r. Kemeposo): ABToped. gucc. ... A-pa 6Mon. HayK
.M., 2004. 37 c.

Heseposa O. A., UaHaekoBa O. J1. doTocuMHTETUYECKAA CNOCOBHOCTb ApPEBECHbIX PACTEHUIN KaK WH-
AMKATOP CYMMapHOro 3arpsAsHeHuMa aTMochepHOro Bo3ayxa ropoAckoi cpeabl // Cnbupckuia
3KO/IorMYecKkmit ypHan. 2010. T. 17. Ne 2. C. 193-196.

OugeHKa BO34ENCTBMA Ha OKpyxKatowyto cpeay lNpoeKkta pa3paboTkn KopnaHrckoro »KenesopygHoro
mecTopoxaeHusa. Koctomykiwa, Pecnybnumka Kapenuna: Otuet ana OAO «KapenbCKuii oKaTbIL» .
M., 2002. 53 c.

Poibakos . C., 3amoiicknin B. /1., Kocosey 0. . NccnenoBaHuA pagMoaKkTUBHOIO 3arpsA3HEHUsa B
Mepageskberopckom panoHe Pecnybamku Kapenua // TMpobnembl reoskonorum Kapenuw.
MeTtposasoack: KapHLU, PAH, 1997. C. 61-73.

Pbibakos [. C. MepBble gaHHble AEHAPOreOXMMUYECKOro onpeaeneHns MHOroneTHel AMHAMMUKKU 3a-
rpasHeHua leTposaBoacka // Bonpocbl reonormm u skonorum Kapenuu: Mo maTepuanam
KOHdepeHUnn monoabix yyeHbix. MNetposasoack: KapHL, PAH, 1999. C. 51-57.

Poibakos . C. OcobeHHOCTU pacnpeneneHmna TEXHOTEHHbIX 3arpA3HUTENeN MO FoAMYHbIM KOJibLam

cocHbl (Ha npumepe Kapenun) // CrpoeHue, CBOWCTBA M KayecTBo apesecuHbl — 2000:
Matepuansl Il MexxgyHapogHoro cumnosmyma. 11-14 cent. 2000. MNeTposasoack: KapHLL PAH,
2000. C. 72-75.

Pbibakos [l. C. Bo3geincTeue TAXKENbIX METANNOB Ha FOANYHbIA NPUPOCT U NAOTHOCTb APEBECUHbI COCHbI
// BUOKOCHblE B3aMMOAEWNCTBUA: XU3Hb U KaMeHb: MaTtepuanbl | MexxayHapoAHOro cMmno-
3myma. CM6., 2002. C. 296-299.

CapgosHukosa /1. K., Opnos A. C., /losaHoBcKasa M. H. DKosorMa n oxpaHa OKpy:Kaloweln cpegbl npu
XMMUYECKOM 3arpsisHeHmmn: YyebHoe nocobue gns By3os . M.: Bbicw. wk., 2006. 334 c.

CneunannsnpoBaHHble MacCKBbl AN KAMMATUYeCKnx nccnegosanunin / BHUMTMU-MUA. O6HMHCK. URL:
http://aisori.meteo.ru/ClimateR (gata obpalueHmnsa: 08.01.2016).

depopey, H. I., AbakoHos B. B., /iutuHckuin M. H0., Wunbuosa . B. 3arpAasHeHne necHoi Tepputopumn
Kapenuu Taxkenbimu metannamm un cepont . NMetposasoack: N3a-so KapHL, PAH, 1998. 47 c.

XaHTemupos P. M. BuovHAMKaumMA 3arpAasHeHns cpedbl B NPOLIJIOM Ha OCHOBE aHa/n3a CoAeprKaHus
XMMWYECKMX 3S1EMEHTOB B TOAMYHbIX CNoax ApesecuHbl // Mpobaembl 3KOAOrMYECKoro
MOHUTOPUHIA U moaenvpoBaHue skocuctem. T. XVI. CM6.: TmapomeTteonsaat, 1996. C. 153-164.

YepHeHbkoBa T. B. Peakumsa necHoi pacTUTE/NIbHOCTU Ha NMPOMbIWIeHHOe 3arpasHeHue . M.: Hayka,
2002. 191 c.

Cutter B. E., Guyette R. P. Anatomical, Chemical and Ecological Factors Affecting Tree Species Choice in
Dendrochemistry Studies // Journal of Environmental Quality. 1993. Vol. 22. Ne 3. P. 611-6109.

Elvingson P., Agren C. Air and the Environment. Goteborg: The Swedish NGO Secretariat on Acid Rain,
2004. 174 p.

ESPREME - Estimation of willingness-to-pay to reduce risks of exposure to heavy metals and
cost-benefit analysis for reducing heavy metals occurrence in Europe. Publishable final activity
report of the ESPREME Project, FP6, 2007. URL: http://espreme.ier.uni-stuttgart.de (gaTa
obpauweHus: 12.01.2016).

Hantemirov R. M. Possibility to use chemical elements in tree rings of Scots pine for the air pollution
reconstruction // Tree rings and environment: Proceedings of the International Dendrochro-
nological Symposium, Ystad, South Sweden, 3-9 September 1990. Lund: Lund University, De-
partment of Quaternary Geology, 1992. P. 142-145.

80



Pbibakos [l. C. Buoreoxmmuueckas oLeHKa 3KOJI0rMYECcKoro pmncka Ha npumepe Pinus sylvestris L. // MpuHumMnbl 3Kono-
rmn. 2016. Ne 2. C. 70-83. DOI: 10.15393/j1.art.2016.4783

Pacyna J. M. Atmospheric emissions of heavy metals for Europe. Improvements, updates, historical data
and projections. A Report for the International Institute for Applied Systems Analysis (IIASA).
Laxenburg, Norway, 1996.

Sources and Effects of lonizing Radiation. United Nations Scientific Committee on the Effects of Atomic
Radiation: UNSCEAR 2000 Report to the General Assembly, with scientific annexes. 2000. Vol. I.
Annex C: Exposures from man-made sources of radiation. URL:
http://www.unscear.org/docs/reports/annexc.pdf (nata obpaulieHun: 12.01.2016).

81



Rybakov D. Biogeochemical assessment of environmental risk by the example of Pinus sylvestris L. // Principy ékologii.
2016. Vol. 5. Ne 2. P.70-83.DOI: 10.15393/j1.art.2016.4783

BIOGEOCHEMICAL ASSESSMENT OF ENVI-
RONMENTAL RISK BY THE EXAMPLE OF
PINUS SYLVESTRIS L.
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Key words: Summary: The possibility of using annual rings of Pinus sylvestris L. to
pollution assess chemical pollution in the Republic of Karelia is discussed. With
heavy metals the help of principal component factor analysis the relationship
Pinus sylvestris L. between the contents of chemical elements and dendrological
radial growth parameters — the width of annual rings and wood density - was
annual rings revealed. The main factors contributing to the pollution of the northern
wood density part of the Republic of Karelia by the emission from iron-ore enterprise

JSC «Karelsky Okatysh» are frequent ecologically significant wind
directions, the distance from the source and the total mass of the
emission. The value of radial growth (the average width of annual rings
for five-years) of Pinus sylvestris L. is connected negatively with the
content of Cu, Cd, Ni and Fe. As an element of nutrition, Mn is
positively correlated with the density of wood wherein it is an
antagonist of Fe and partially of Cr in northern areas . Several peaks of
Pb content coincide with the most intense tests of atomic weapons.
Sharp maximums of Pb can also be due to a cross-border pollution and
emission from regional sources
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