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BO3JIEMCTBUE NPOMBIIIJIEHHOI'O 3ATPSI3SHEHU SI KOMBUHATA
«[IEYEHTAHUKEJIb» HA JUHAMUKY POCTA SORBUS GORODKOVII POJARK
(MypmaHckas 0071acTh)

PaccmarpuBaroTCs BOIPOCHI BO3JCHCTBUS MPOMBIILICHHOTO 3arps3HCHHS] MEIHO-HUKEJICBOIO0 KOMOMHATA
«IleyeHTraHUKETBY, PACIIONOKEHHOTO B apKTHYECKOW 30He PD, Ha TMHAMHUKY POCTOBBIX IPOIIECCOB PSIOUHBI
I'oponxoBa (Sorbus gorodkovii Pojark) — sanemuunoro Buna ®ennockanauu. [lokazarenn TuHAMUKH POCTa
JIUCTBEB M TOTUIHBIX TI00ETOB S. gorodkovii B IMIIAaKTHOW 30HE 000TaTUTETHHOW (PaOpUKH T. 3aItosIpHBIMA
CBUJIETEILCTBYIOT O TOM, UTO IICHOTIOYJISIIHH PSIOWHBI aTalITHPOBAHBI K XPOHUUECKOMY 3arpSI3HEHUIO Cpe-
JIbI TSKEJIBIMU MeTaJilaMu. MTHruOupoBaHue pOCTOBBIX MPOIIECCOB JTUCTHEB MIPOUCXOAUT B HAUaJIe UX Bere-
tanuu. BriepBeie oka3aHo, uTo psduHa ['opoakoBa yCcTOHYMBA K BBICOKUM KOHIICHTPAIUSM TSDKEITBIX Me-
TaJyIoB. B ycnoBusax ypOaHH3MPOBAaHHON TEPPUTOPHUU T. 3aNOISPHBIA MHTHOMPOBAHUE POCTA CHIIKACTCS.
Kirouessie crnoBa: Sorbus gorodkovii Pojark, poct, mpoMBIIIIIEHHOE 3arps3HEHIE, TSHKEIbIC METaJUTbl, APKTHKA

OnHOl 13 0a30BBIX XaPAKTEPUCTHK, IEPCIICKTHB-
HBIX JIJISl OLIEHKH CTPECCOBBIX BO3JICUCTBUM OKpPY-
JKAIOIIeH Cpellbl Ha PACTCHUS, SIBISCTCS JUHAMHUKA
POCTOBBIX TIPOIECCOB'. I3yueHHI0 pocTa U pa3BUTHS
BHUJIOB Pa3HBIX KU3HEHHBIX ()OPM B 30HE MPOMBIIII-
JICHHOTO BO3JICHCTBHS METHO-HUKEJIEBBIX KOMOWHA-
TOB Ha TeppUTOpHH MypMaHCKO# 00J1aCcTH MOCBSIIIE-
HO MHOT'0 Hay4YHBIX myOnukanuii [5], [10], [29], [30],
[31], [37]. AKTHBHO pa3BUBAIOTCS UCCICIOBAHUS
TEHETUYECKOU CTPYKTYPbl U U3MEHYUBOCTHU MOIY-
JAUMN paCTeHUH UMITAaKTHBIX PaiOHOB. DTO CBSA3aHO
C TE€M, YTO B IIPOLIECCE 3aCEICHUSI 3arPsI3HEHHBIX
TEPPUTOPHUI B TPUCTIOCOOTICHUSI K UX YCIOBUSM TIPO-
HUCXOMUT U3MCHECHUE YPOBHS I'€HETUUECKOr0 pa3-
HOOOpa3ws U CTPYKTYphI momyssiiiuii [28]. Ocobyto
aKTYaJIbHOCTh UMEET HAIIPABJICHUE MO U3YUYCHUIO
METaJJIOYCTOMUYMBOCTH PACTEHUH MPOMBIIIJIEHHBIX
30H [8]. Y psina BUAOB U3 3arpsi3HEHHBIX MECTOOOU-
TaHUH BBISIBIIEHA 0OJiee BBICOKAs PE3NCTEHTHOCTH
K TSDKEJIBIM METaJLJIaM IO CPABHEHUIO ¢ (DOHOBBIMU
ycioBusiMu [26], [27], [32]. Takue naHHbIE Oy YEHbI
B OKCIIEPUMEHTAX C CaxkeHIaMu Betula czerepanovii
(6epesza Yepemnanosa) [26], [27], BeIpallleHHBIMA U3
CEeMSIH JIEPEBHEB, IPON3PACTAIOMINX B UMITAKTHBIX
paitonax Konbckoro nonyoctposa. MccnenoBare-
JIU CUUTAIOT, 4yTO Oosiee 70 5eT 3arpsi3HEHUs Cpenbl
MeTHO-HUKEJIeBhIMU KOMOMHAaTaMu B MOHYEropcKe
n Hukene nmpuBeny K ajanTaiiuy NOMyJIsuil 6epe-
3Bl K CTPECCOBOMY BO3JCUCTBUIO TSXKEIBIX METall-
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JI0B. DTO OJUH M3 HEMHOTUX MPUMEPOB aJalTalllH
IPEBECHBIX PACTEHUH K aHTPOIIOI€HHOMY CTpEcCy
[26], [27]. beino BbICKa3aHO MPEAIMOI0KEHHUE, YTO
BBIKHBAEMOCTh JOJITOKUBYIIHUX BUIOB B CHJIBHO
3arpsI3HEHHBIX Cpeaax 00bIACHSAETCS, CKopee, eHo-
TUIMYECKON MJIaCTUYHOCTBIO, & HE BOJIOLMEH pe3u-
CTEHTHOCTH [26]. OnHAKO eCTh HEKOTOPbIE TPUMEPBI
BUJIOB JI€PEBBEB, TOJEPAHTHBIX K AHTPOIIOTCHHOMY
3arpsi3HEHNI0, 0COOEHHO B poaax Betula L. u Salix L.
Psig aBTOpPOB OTMEUAIOT BBICOKYIO METAIJIOYCTOHYH-
BOCTE Sorbus aucuparia [25]. BeisiBneno, uro Sorbus
gorodkovii sBnsieTcss Haubosee YCTONYMBBIM BUIOM
B 3€JICHBIX HacaxJeHusAx 1. Hukens [1].
Mypmanckas 001acTh — OJUH U3 LIEHTPOB IIBET-
Hoit Mmetannypruu Ha CeBepo-3amane Poccum.
Kombunars! «Ileuenranukens» u «CeBEpOHUKEb
OAO «Konbckast ropHO-MeTaJLTy prudeckas KOM-
MaHus» SBISIOTCS KPYITHEHIIUMH HCTOYHUKAMHU
TEXHOTEHHOI0 3arpsiz3HeHus1 B EBpo-ApKTHYECKOM
peruone. Ha 10110 3TUX NPEAIPUATUHI TPUXOIUTCS
ot 70 10 90 % exeromHBIX BHIOPOCOB CEPHUCTOTO
raza u npaktudecku 100 % Hukens u Meau Ha Tep-
putopuu MypmaHckoii obnactu. B pesynbrare mimm-
TEJILHOT'O BO3/JICHCTBHUSI a3POTEXHOTCHHBIX BEIOPOCOB
B UMIAKTHBIX 30HAX 3TUX NMPEANPUATHI 00pa3oBa-
JIUCH JIENIPECCUBHBIE TEPPUTOPUH, XapaKTepU3yo-
LIMecs: BBICOKOH KHCIOTHOCTBIO M 3KCTPEMaJIbHBIM
cogepxanmeMm Cu u Ni B mouBe u Bogoemax [19].
B 2016 rogy BeIOpOCH 3arpsA3HSIOMINX BEIIECTB
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B aTMoc(epy POCCUMCKUMU MPEATPUATHSIMHA KOM-
nanuu «HopHukenb» coctaBuwiu 1,94 MIiH T, B TOM
YUCIIe TUOKCUAA CePhI 1,88 MIIH T, TBEP/BIX BEIICCTB
0,01 muH 1.

Kom6unat «IledyeHraHuKe b pacnoyioKeH Ha
ceBepo-3amaae Mypmanckoit oomactu (Ileuenr-
CKHUM palioH), B IECOTYHAPOBOH 30He. MeaHO-HU-
KeJIeBBIT KOMOWHAT (paboTa KOTOPOTO B HACTOSIICE
BpeMs MPUOCTAHOBJICHA) HaXOAUTCSA B 1. Hukenn
(69° 25' ¢. 1., 30° 15’ B. 11.), oborarutenbHas padpu-
Ka — B I. 3anonsipHeIit (69° 25’ ¢. mr., 30° 48" B. 11.),
30HBI HX TEXHOT€HHOTO BO3/ICHCTBUS CYIIECTBEHHO
nepekpriBatoTcs [31]. OCHOBHBIMU 3aT PSA3HSIOIIUMEI
BENIECTBAMHU IIPH MepepaboTKe ChIPhS ABISIOTC
JIMOKCHJI Cepbl U MbUIb, COAEpKaIas TAXKeIble Me-
tatel (Ni, Cu, Co). B pesynprare 30HUpOBaHUS
HA3EMHBIX YKOCUCTEM B c(hepe TEXHOTEHHOT'0 BO3-
neicTBusl komOnHaTa «lleueHTaHUKEThY 10 COCTO-
STHUIO NTOYBEHHOI'0 MOKPOBA BBIJEIEHO TPHU 30HBI,
pas3auyaronuecs Mo HHTEHCUBHOCTH 3arps3HEHUS
1oyB. | 30Ha — cuiibHOE 3arps3Henue — 10 3,0 KM oT
WCTOYHWKA BRIOpOCOB, 11 30Ha — cpenHee 3arps3He-
uue — 1o 16 xm, Il 30Ha — cnaboe 3arpsi3HEHUE —
1o 25-30 kM B 0oro-3anajgHoMm HampasieHuu [9].
I H. Komuxk [12] moka3ano, uto B 1998 roay co-
nepkanve Ni u Cu B HETIOCPEICTBEHHOW OIM30CTH
k komOuHary «Ileuenranukens» coctasuiio 2 000—
2 600 Mr/KT, KOHIIEHTPAILNHU TSIKEIBIX METaJIIOB
B TIOYBE TOKCHUYHBI JUISI PACTEHUH HAa PACCTOSHHUU
1o 25-35 kM. B Hacrosiee BpeMs 3TH OKa3aTenu
MpakTHIeCKu He n3MeHunuck [9]. [lo nanHBIM MO-
HutopuHra 3a 2016 ron, B IleueHrckom pailoHe BbI-
SIBJICH MAKCUMAaJIbHBII CyMMapHbIH I0KA3aTelb 3a-
rpsi3HeHH s 1MouB HacesneHHbIX MecT (K mousa = 6,6),
XapaKTepU3yIONUUi 3arpsi3HEHHE TIOYBBI TSKEITBIMU
MeTajjgaMH. 3/1eCb OTMEYEHBI CAMbl€ BBICOKHE T10
MypMaHCKO# 0071aCTH KOHIIEHTPALIMH B ITOYBE HO-
HOB HUKEJISI 1 MEITH°.

B nmanHoit paboTe B KauecTBe 00BEKTA UCCIIENO-
BaHWS B 30HE MTPOMBITIUIEHHOTO 3aTrPS3HEHUS TKe-
JIBIMU METaJIJIaMU BIIEPBbIE UCTIONH30BaH dHAEMHY-
HbI Bug @ennockannm — Sorbus gorodkovii Pojark
(psa6una I'oponkosa). MccenoBanus 1o 0co6eHHO-
cTsIM MOpGOJIOTUH, pOCTa U Pa3BUTHS S. gorodkovii
enuHUYHE [3], [4], [15], [16], [17]. JI. . CanpHuKkOBa
[16], [17] npuBOAUT CPAaBHUTEIBHYIO XapaKTEPUCTH-
Ky MOP(OJIOTHYECKHX U aHATOMHYECKUX OCOOCHHO-
cTeil cTpoenus aucta u nodera Sorbus aucuparia,
S. gorodkovii u S. sibirica. B MypmaHckoit 00:a-
CTH M3y4Y€Ha IMHAMHKA POCTa NOOErOB U JINCTHEB,
0COOCHHOCTH ME30CTPYKTYPHI JTUCTa S. gorodkovii
B I. MypMmaHck [3], [4], bepTuIbHOCTH ¥ TIOTUMOP-
(m3m meuTBIEL B T. CeBepomopcke [15].

Lenp uccnenoBaHus — U3y4eHHUEe BO3ICUCTBUS
MIPOMBIIIIIEHHOTO 3aTPSA3HEHMS OKPY KAIOIIeH CpeIbl
TSDKEIBIMHA METaJIJIAMH Ha IMHAMUKY pOCTa I00EroB
U JTUCTheB psaOuHbI ['opoakosa (Sorbus gorodkovii
Pojark) B okpecTHOCTSIX 0OOTaTUTENBHON (hadpuKu
r. 3anonspusiii OAO «Kobckasi TOpHO-METaLTy p-
rudeckasi KOMITaHUSI.

MATEPHAJIbI U METO/JbI

HccnenoBanust mpOBOAMIINCH B IIEHOTIOMYIISIUAX
Sorbus gorodkovii Pojark (psbuna ['oponkoBa), eB-
POTENCKOro TUIMOapKTO-MOHTAHHOTO BU/1A, SIBJISIIO-
IIETOCS OTHAM M3 HEMHOTHX MPEICTaBUTENeH poaa
Sorbus L., KOTOpbII BcTpedaeTcs B IPUIIOJISIPHBIX
muporax. Psouna ['oponkoBa — sneMuk ®eHHO-
CKaHIIMH, 3aHeceHa B KpacHyro kHury Boctounoil
®ennockanauu [34] u Kpacnyro kaury Mypmasn-
ckoit obnactu [13]. B ecTecTBEHHBIX YCIOBHAX
BCTpeYaeTCsl B TYHJIPOBOH U JIECHOH 30HAX, TOPHO-
JIECHOM 1 TOPHO-TYHAPOBOM Tosicax PeHHOCKaHIHH.
Ha teppurtopun Poccuu mpouspacraeT B 3a00109¢H-
HBIX JIecax M JOJIMHAaX TyHIpoBbIX pek Koibckoro
nosryocTposa [20]. 3uMOCTOHKHUN B OBICTPOpPACTY-
M BUJI, TOBCEMECTHO PacIpOCTPaHEH B TOPOICKUX
HacaxJeHusx MypMaHckoit obnactu [6]. BriepBbie
B 03CJICHUTEIIBHBIN aCCOPTUMEHT Sorbus gorodkovii
ObLa BKIIFOUYEeHA B 1941 rony, koraa Jis o3ejeHe-
Hus roponoB Kpaiinero CeBepa B OCHOBHOM OBLITH
PEKOMEHI0BaHbI a00pUTEHHBIC BUJIBI KaK Harboee
YCTOHYMBBIE K SKCTPEMAIBHOMY KJIMMATY.

B nuTepaTypHBIX UCTOUHMKAX yYKa3bIBaeTCs pas-
JIUYHOE YUCIIO BUOB pona Sorbus L. B MUPOBO# (io-
pe, CUCTeMaTHKa MOCTOSTHHO MEHSETCS B 3aBUCHMO-
CTH OT TOTO, KaK PacCMaTPUBAIOTCS MHOTOUHCIICHHBIE
MIOJIUTLIONIHBIE anOMUKTHI [35]. I uccnenoBanust
TeHETHKH TOMYJISIIUN Pa3IuIHbIX BUIOB Sorbus L.
B TTOCTICHHE TOJIBI HICTIOJIE3YIOTCS HOBBIE MOJICKYIISIP-
HbIe MapkepsI [33]. IUCKYCCHOHHBIM SIBIISIETCS BOIIPOC
0 TOM, MOYKHO JIU BBLJICIISATH S. gorodkovii B KadecTBe
otnenbHoro Buaa [11], [16], [17], [22]. EcTb HeckonbKO
TOUeK 3peHwus: S. gorodkovii paccMaTpuUBaIOT KaK pe-
THOHAJBHYIO pacy S. aucuparia [22], KaK OTAEIbHBIN
Bun [16], [17], xak rubpun S. aucuparia u S. sibiri-
ca [11], momBun S. sibirica Held. wim S. aucuparia L.
(S. grabrata Held) [22]. B naHHOM HCCIIeIOBAHUU MBI
MpUAEP)KUBAEMCS TOUKHU 3peHusd, 4To S. gorodkovii
Pojark siBnsieTcst caMOCTOATETBHBIM BUIOM.

B mae 2017 roa B OKpeCTHOCTSIX 000TraTUTEIIBHOM
¢bhabpukn OAO «Koabckas ropHO-METAITyprude-
CKasi KOMIaHusD» (T. 3arosIpHbIi) 3a710)KEHO TAThH
9KCIEePUMEHTANBHBIX TUIOMIAI0K, Ha KOTOPBIX PO-
n3pactaer psouna ['opoakosa. Bee neHomomysimm
S. gorodkovii HaxonATCS B 30HE TOTMMETAITUYECKOTO
3arpsi3HeHUS 1MouB [9]. JIBe W3 HUX pacrooKeHbI Ha
TeppuTopuu I. 3anonapusiit: [, — neTckas crop-
THUBHAs IUIOIIAJIKa B ieHTpe roposa (1,64 kM ot 060-
ratuTebHON (hadbpukwm), I111,— Ha BBIe3e U3 Topona,
psiom ¢ aBrotpaccoit (1,8 km ot padpuku). Bae ropo-
Jla HaXOMISITCsl AKCepUMeHTabHbIE totmaaku: [T, —
okpectHOCTH Xiebo3aBozaa (0,76 kM oT dadbpukn),
[1I1,— necHoit MaccuB, PAIOM € aBTOTpaccoit (6,6 kM
ot dabdpukmn), [1I1,—HenocpencTBEHHO Ha TEPPUTOPHH
MPEANPUATHS, B CKBEPE OKOJIO aBTOTPAHCIIOPTHOTO
nexa (pucyHok). KoHTponpHas miomaaka pacmiosio-
YKEHA B 9KOJIOTUYECKU YHCTON 30HE, B OKPECTHOCTAX
nocenka BepxueTynomckuii, Ha paccTossHUU 98 KM
OT T. 3anosapHBIA. Ha KakIo# sKCcIieprMeHTaTBHON
IUTIOIIA/IKE MapKUPOBAJIOCh 110 10 nepeBbeB PsIOMHBIL.
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W3mepenus napamMeTpoB JUCTHEB U JUTMHBI T0O-
JUYHBIX IPUPOCTOB NPOBOAUINCH B JUHAMUKE,
B TeueHHe HioHs u urwous 2017 roga. 3amepsl nu-
CTbEB (AJIMHBI JIMCTA U COBOKYITHOW JJIMHBI ABYX

Tepputopua OAO KIMK
"MeyeHraHnkenb"

CPEJIMHHBIX JUCTOYKOB CJIOKHOTO JIUCTA) IPOBO-
IUITN Kaxable 7 cyTok. O0beM BEIOOPKH C KA I0H
IJIOUIAJAKHA O BCEM U3MEPSEMBIM MOKa3aTelsiM
N = 50.

CxeMa pacIonoxKeHHs NPOOHBIX IUIOMAN0K B OKPECTHOCTSIX 000TaTUTEIbHON (haOpHKH I. 3aIOIAPHBIH:
IIT1, — neTckas ciopTUBHAs MoLiaAka B I. 3anoisipubiii, [1I1,— Ha Bele3e u3 1. 3anoaspHbIi,
I1IT;— oxpectHOCTH Xnebo3aBoaa, I1T1,— necHoii Mmaccus, I1I1;—reppuTtopus o6oraTuTenbHOH Gpadbpuku

PE3VYJIBTATBI U UX OBCYKJEHUE

B pesynbraTte u3yueHus 1MHAMHUKHU pocTa Ju-
cTeeB S. gorodkovii mONy4eHO, YTO MPOMBIII-

JICHHOE 3arps3HEHHE OKa3blBACT MHTHOUPYIO-
1ee BO3JIECTBUE HA allUKaJbHBII POCT JTUCTHEB
(Tabm. 1).

Tadaumna 1

JuHaMuka AIUHB NTUCTbeB Sorbus gorodkovii B 30HE TEXHOTEHHOTO BO3JACHCTBHU S
oboratutenbHol pabpuku (r. 3amonsipasiii) B 2017 rony (B MMm)

IIpoGHusle mIomanKu
Jlara
KonTpouns 17, I111, 11,4 111, 11

08.06 50,7+ 1,6 14,5+ 0,6 20,7+0,9 18,4+ 0,9 11,9+ 0,7 15,7+£0,5
15.06 87,5+2,9 43,6+1,3 424+1,1 46,3+ 1,8 46,9+ 1,5 43,1+ 1,0
22.06 106,7 + 3,1 71,1 £2,1 72,5+2,1 69,6 3,0 61,827 63,4+2,1
29.06 150,6 + 3,9 100,2 +£2,7 105+3,3 93,8+3,4 89,5+2,5 94,5+2,7
06.07 192 +£42 156,4+5,5 166 +3,7 154,5+£3,8 122,9+3,6 133,9+3,0
13.07 200 +4.,9 183,4+5,5 187,7 + 4,1 165,4 +3,5 152,4+3,0 154,9+£2.,8
20.07 206 +4,7 183,8 +4,8 191,9£3,6 172,3 £4,1 152,7+3,3 15527

Oco0eHHO 3TOT 3¢ EKT BbIpakeH Ha paHHUX 3Ta-
Nax OHTOIEHEe3a BEreTaTUBHBIX OPraHOB PSOMHEL.
B nauane pocta nuctoeB (8.06) ux myiMHa Ha dKcIie-
puMenTanbHbIX momaakax L, u Il Ha 60 %, I11],
u Il na 70 %, 1111, na 77 % MeHbLIe KOHTPOJIbHBIX
3HadeHu# (cMm. Tadu. 1), k cepenune utons (15.06)
MHTUOMPOBAaHUE POCTa BO BCEX LIEHOMOMYJISIUIX
S. gorodkovii cHnxaercst 10 OTCTaBaHUS OT KOHTPO-
14 Ha 50 %. Bo BTOpO#i MONOBUHE NIOHS allUKallb-
HBIH POCT YCHITUBAETCS, IJIMHA JTUCTHEB HAa TIPOOHBIX

romaakax r. 3anonspusiit (1111, T1I1,) menpIe,
yeM B kKoHTpoJie Ha 30 %, B oKpecTHOCTAX obora-
tutenbHOl padbpuku (I111,, I111,, T1I15) — Ha 40 %.
Oco0bIif HHTEpEC NPEACTABISCT TOT (DAKT, UTO €CIIN
C CepellMHBI UIOJIS 3TOT MOKa3aTelb B LICHOIOIYJISI-
uusax S. gorodkovii r. 3anonApHbI NpUOINKACTCS
K KOHTPOJIBHBIM 3HAUCHMSIM, TO Ha Tutomaakax 1111,
[111,, I1I1; narubupoBanue Oosiee TPOJOHTUPOBAH-
HO, alIMKaJIbHBIH POCT JINCTHEB OTCTAET OT KOHTPOJIS
Ha 16-26 %.
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AHAJIOTHYHBIC TCHJCHIIUU TPOCICIKUBAKTCS
B IMHAMUKE POCTa JTUCTHEB S. gorodkovii o moka-
3aTeIN0 «JTMHA CPEAMHHBIX JIICTOYKOB CIIOKHOTO
nuctay (Tabm. 2). [lomydeHo, 9To B cepenmHe UIOHS
(15.06), cpasy mociie pa3BepThIBAaHUS JTUCTHEB, IJTH-
Ha CPCAMHHBIX JIMCTOYKOB HAa SKCIICPUMCHTAJIbHBIX
mwiomraakax 11, T, za 50 %, na I1I1,, IITL,, I1I1; Ha

65 % meHblle, ueM B KOHTposie. Bo BTopoit monoBune
UIOHS 3TH Pa3UyuMs PE3KO CHUKAIOTCA U COCTaB-
ng10T oT 20 1o 36 % mo minomankaMm. K 20 uroinsa
JUTUHA CPEAMHHBIX JIICTOYKOB B TICHOTIOMYJISAIIHAX
S. gorodkovii T. 3anioNspHBIN MEHBIIIE KOHTPOJIBHBIX
3Ha4eHu# Toibko Ha 2—10 %, B TO BpeMs Kak Ha
111, I1I1,, I1I1; na 16 —20 %.

Tabauuna 2

JuHaMuUKa AJUHB JTUCTOYKOB CIOXHOTro nucra Sorbus gorodkovii B 30He TEXHOTEHHOTO
Bo3jnedcTBUs oboratutenbHod Gpabpuku (r. 3anmonsipusiii) B 2017 rony (B MMm)

Tata [Ipo6ubIe mIomaaKn

KonTtpoins [T, II11, 111, 11, 1,5
08.06 36,5+ 1,7 - - - - -
15.06 57,6 £ 1,8 204+1,5 20,5+ 1,2 29+1,7 30+ 1,3 21,6 £ 1,1
22.06 67,4+ 1,6 50,4 + 1,7 53,6+ 1,6 47522 431+ 1,8 4477+ 1,6
29.06 88,3 +2,6 64+17 71,4+19 60,1 +1,7 584+14 63,5+ 1,6
06.07 104,8 +2,9 88 +2,7 94,5 +2,1 80,5+£2,6 73+2,1 81+1,8
13.07 1155+2,4 102,2+2,8 109,3+2,3 92,6 £2,6 91,6 + 1,6 93,7+ 1,5
20.07 117,2+£2,6 105,6 + 3,3 115119 98 +2,2 93,5+ 1,7 95,5+ 1,5

N3BeCTHO, YTO YMEHbBIICHUE JJIMHBI, IITUPUHBI
Y TUJIONIA/IA JIMCTOBBIX IUIACTUHOK, a TAKIKE CHIKE-
HUE JUHAMUKH POCTa MOOETOB BBI3BIBAIOT BHICOKUE
KOHIICHTPAIIUHU TSHKEBIX METAJIIOB B OKPY KAFOIIEH
cpene [2], [5], [26]. Takue naHHBIE TOTyYEHBI IPU
HCCIICOBAaHNH JUHAMUKH POCTA JIUCTHEB B LIEHO-
nonynasuusx Betula czerepanovii, pacroioxXeH-
HBIX TI0 TPAJUCHTY POMBIILICHHOTO 3arps3HeHUS
MEJTHO-HUKEJIeBOTO KoMOnHaTa « CeBEpOHUKEIbY
(r. Monueropck) [5]. Paccuutanbl 3HaunMbIe KOA()-

(UITUEHTBI KOPPEISIIMHA MKy Pa3MepaMu JIUCThEB
B. czerepanovii u KOHUEHTpaLKEW NOHOB MEIU U HU-
KeJlsl B IOYBE, P ATOM IMOJIYUYCHO, YTO YEM BBIIIIC
KOHIICHTPAIUS TSIKEIBIX METAJIOB, TEM MEHBIIE
pa3Mepsl JTUCTHEB [5].

HccnemoBanue MUHAMIKH TOTUIHBIX TTPHPOCTOB
S. gorodkovii B OKpeCTHOCTAX 000raTUTEIIBHOM (ha-
Opukwu (T. 3aMoNsIpHBII) MOKa3allo, YTO MPOMBIIII-
JICHHOE 3arpsi3HECHUE BBI3BIBACT HHTUOUPOBAHUE UX
pocra (Taomn. 3).

Tabauua 3

JuHaMuka AJUHB FTOJUYHBIX NPUPOCTOB Sorbus gorodkovii B 30He TEXHOTEHHOTO
Bo3neilicTBusg kKomOuunara «lleuenranukens» (r. 3anonsipasiii) B 2017 rony (B MMm)

[Ipo6HbIe mIomaTKN
Jlara
Kontpous [T, II11, 111, 11, T1T11,
29.06 127 + 6,7 82,1 +£4,3 54,8 + 3,23 61,6 +4,2 49,6 +£3,5 50,3+4,2
13.07 2874+ 15,7 240,7 + 13,9 190,1 + 8,4 170,5 £ 12,1 174,3 + 12,5 169,2 £ 13,7
20.07 305,6 £ 16,4 249,8 + 16,0 238,77+ 12,3 204 + 14,9 185,6 + 15,2 169,6 + 9,0

B koHIle MIOHS JJIMHA TOJAUYHBIX MOOETOB
S. gorodkovii Ha 3KCTIEpUMEHTAJIBHBIX TLIOMIAIKAX
I1IT,, III1,, ITII; meHbIIe KOHTPOIBHBIX 3HAYEHUHI
Ha 60 %, na III1,— 50 %. Uckmatouenue cocraBis-
et miomanka 111, naxoasmiasicsa B ueHTpe . 3a-
MOJSIPHBIN, T/I€ MPUPOCTHI OTCTAIOT OT KOHTPOIS
Tonbko Ha 35 %. K cepenune nrons poct noderos
CTaHOBHUTCS 00Jiee MHTEHCUBHBIM, OJJHAKO MHTHOU-
pOBaHHUE POCTA OTMEUAETCSI BO BCEX MCCIETYEMBIX
LEHOMON YIS UsIX pssOuHBI. OCOOCHHO OHO CHIIBHO
BBIpaYKCHO Ha MPOOHBIX Tutomaakax 111, ITI1,, I,
/i€ MPUPOCTHI MEHBIIE KOHTPOJbHBIX 3HAUYCHUN HA
40 %, B r. 3anonspusrii (111, T1I1,) 3HaueHUS 3TOTO
MOKa3aTelsi MEHbIIEe KOHTPOJbHBIX 3HAUYEHUN HA

1634 %. Jlo xoHIIa UIOJISE 3TA TEHAEHLIUS COXpaHsi-
etcs. CneyeT OTMETUTD, YTO JaHHBIC 110 JTUHAMHUKE
pocta 1oOeroB v JIUCThEB S. gorodkovii 3HAYNUTEILHO
oTnuyarTces. Poct ronnuHbIX oOeroB Mo Bo3/eH-
CTBUEM MIPOMBIIIICHHOTO 3aTrPS3HEHUS CPEIIBbI TSIKE-
JILIMU METaJITAMH UHTUOUPYETCs 00Jiee 3HAYUTEIb-
HO. AHAJIOTUYHBIE JJAHHBIC MOJIYUYEHBI B YCIOBHUIX
ypOaHU3UPOBAHHON TEPPUTOPUU TIPH UCCIICIOBAHUT
ueHononysiuuii S. gorodkovii B . MypMmaHcke [3].

OCHOBHBIM UCTOYHUKOM TIOCTYIUICHUS TSAKEIBIX
METAJIJIOB B PACTSHUS SIBISETCS a3P030JbHOE OCaXK-
JICHUE UX M3 BO3JyXa Ha MOBEPXHOCTH JIUCTOBOM
mwactudk [21]. [Ipu 5ToM BeICOKHME KOHLIEHTPALIMKI
METAJJIOB BHI3BIBAIOT KCEPOPUTHUZAIUIO U 33JICPIKKY
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pocTa TUCTBEB [2], B TO BpeMs KaK HU3KHUE TPUBOIST
K YBEJIMYEHUIO UX Pa3MEPOB, YTO CBSA3AHO C pac-
TSOKEHUEM KJIETOK M YBEIIMUEHUEM MEKKIETOTHBIX
npocTpancTB. Takue gqanuble npuBoasTces B. K. XKu-
poBBIM ¢ coaBTOpamu [10], KOTOpEIE MOTYYHITH, YTO
B 3KOTOMNAaX CO CPEJHUM YPOBHEM 3arpsi3HEHUS
B OKPECTHOCTSAX MEIHO-HHKEJIeBOr0 KOMOMHaTa
«CeBepoHnkenby (r. MoHUETOpCK) HaOIOgaeTCs
yBenu4eHne NuctheB Oepes. [lpn Bo3pactanum cre-
TIEHH 3arpsI3HEHUS TSKEITBIMU MeTaJllIaMH pa3Mephl
JIMCTHEB 3HAYUTEJIBHO YMEHBIIAIOTCA U HAUUHAIOT
npeobiaath nporeccs kcepopurnzanuu. Cpeau
TSKEJTBIX METAJIOB 0COOCHHO BBICOKYIO TOKCHY-
HOCTB M OOJIBIIYIO0 CKOPOCTb MOCTYTUICHHUS B HaJl-
3eMHbIE OpraHbl UMEET HUKEeJb, OKa3bIBasi CUIIHLHOE
BIIMSIHUE HA POCT U pa3BUTHE pacTeHud [18]. U3-
0bITOK MOHOB Ni B cpejie TPUBOIUT K MHOKECTBEH-
HBIM TOKCHYECKUM 3 deKTaM, TAaKUM KaKk HHTHOH-
poBaHue GOTOCHHTE3a, CHUIKCHUE TPAHCIIHPAIIHH
Y YPOBHSI MUHEPaJIbHOIO MUTaHUS PACTEHUH C 10~
CJIEeNYIOIMM HapylIeHHEeM pocTa U MopdoreHesa
[36]. 3amennenue pocra mucTheB S. gorodkovii B Ha-
yaje UX OHTOT€HE3a B OKPECTHOCTSIX 000TaTUTENb-
HOU (haOpuKH T. 3aN0JAPHBIN MOYKET ObITH BHI3BAHO
TOKCHUYHBIM BO3/IEHCTBHEM HOHOB HUKEIISI, KOTOPBIE
NoJaBIAOT JupdepeHInalnIo KIETOK MEPUCTEM
B niepBble 10 gHEN pa3BUTHUS JIUCTA, TO €CTh B IEPUOJ
(hopMUpOBaHUS TNCTOBON TUTACTHHKH [18].

Menap siBAsieTCS aKTUBATOPOM OTHAEIBHBIX
(dbepMeHTOB U PEPMEHTHBIX CHCTEM, CBI3aHHBIX
C OKHCIHUTEIbHO-BOCCTAHOBUTEILHBIMH PEaKIIU-
aMu KJIeTKku. B sxcnepumentax A. A. Kynaruna,
0. H. llarueBoii [14] ycTaHOBIEHO, YTO MOHEI
MeIH MPUBOAT K 3aJI€pPKKe pacyCKaHUs MEepPBhIX
JIMCTHEB JAPEBECHBIX PACTEHUM, IPU ITOM MPOJIOJI-
JKUTEIBHOCTh POCTA M CPEMHSS TIIOMIAAh JTUCTHEB
B DKCTIEPUMEHTE 3HAYUTEIHHO HIKE TI0 CPABHEHHTO
C KOHTPOJIbHBIMHU 00pa3namu.

3AK/IIOYEHUE

3amemiieHre pocTa 0OBIYHO paccMaTpUBaeTCs
KaK OjlHa W3 HauOoJiee OOIIMX U U3BECTHBIX Peak-
U pacTeHU! Ha MPOMBINIJIEHHOE 3arps3HeHHUE,
BKJTIOYAs JUOKCHUJ] CEPhI M TSHKEITble MeTaslIsl [31].
Bo MHOrHX MOHOTpadusiX U HAYYHBIX 0030pax He
OIUCHIBACTCS PA3IMYMi B POCTOBBIX PEAKIUsIX Ha
MPOMBIIIICHHOE 3arPSI3HCHHE MEXy TPaBSIHUCTBI-
MH U IpeBecHbIMU pacTeHusamHu [23], [31]. IIpu sTom
JIIVTENbHOE BpeMS TPaIUIIHOHHO CYUTAIOCH, YTO
KOPOTKOKMBYIIIUE TPABSIHUCTHIC BHJIbI PA3BUBAIOTCS
U aJIalTUPYIOTCS K 3TUM M3MEHEHHSIM, TOTJa KaK
JIEPEBbS M3-32 UX JOJITOTO T€HEPATUBHOTO TIEPHO-
Ja — Het [27].

IlokazaTenn MUHAMUKH pPOCTa JUCTHEB U TO-
JIUYHBIX TI00eroB S. gorodkovii B MUMIIAaKTHOH 30HE
MEHO-HHUKEIeBOro koMOuHata «[leueHraHukenby»

CBUJICTEIBCTBYIOT O TOM, UYTO LICHOMOMYJISIITUU Psi-
OuHbI [OpoaKOBa aJaNTHPOBAHBI K XPOHUUYECKOMY
3arps3HEHUIO CPEJIBI TSHKENbIMU MeTaimamu. [lomy-
YeHHBIC TaHHBIC, HA HAII B3TJISI, MOATBEPKIAIOT
pe3yNbTaThl HOPBEKCKUX U (PUHCKUX UCCIIEI0BATE-
neit [26], [27], KoTopble CUUTAIOT, YTO B YCIOBUIX
CyOapKTHUECKOTO KIIMMAaTa U MPOMBIIILIEHHOTO 3a-
rpsi3HeHus Ha KoJIbCKOM MMOITyOoCTpOBE MIPOUCXOAST
OBICTpast amamnTalys | BOJIIOIUS PE3UCTEHTHOCTH
JIEPEBHEB K AaHTPOIIOTEHHOMY CTPECCY.

HccnenoBanus mokasaiu, YTO, HECMOTPS Ha
3HAYHUTEIbHOE NHTUOMPOBAHUE POCTA JINCTHEB Ha
paHHUX dTamax pa3BUTHS M 3aMeJICHHE POCTa T0-
oeros, S. gorodkovii IBIAETCS METAIIIOYCTOMYNBBIM
BujoM. EcTh maHHBIC O TOM, UTO JTUCTHS S. aucu-
paria aKKyMyJIHUPYIOT B 3HAUUTEIbHBIX KOJTUYECTBAX
HMOHBI M€/, B MEHBIIINX — MOHBI HUKeNA [7]. TTo nan-
HBIM TIOJIBCKUX MCCIIeIoBaTeNeH, S. aucuparia mpo-
SIBIISICT HAUOOJIBIIYIO YCTOMYUBOCTE K BO3JICHCTBHIO
MOJUTIOTAHTOB B YCJIOBHSIX YpOaHU3UPOBAHHBIX TEP-
PUTOPUI 1O CPAaBHEHUIO C IPYTUMU BUAAMU JIEpe-
BbeB [24]. B xone uccnenoBaHuil TUHAMUKA POCTa
TUCTBEB S. gorodkovii Ha TeppuTopun T. MypmaH-
CKa, TJIe YPOBEHB 3arpsI3HEHUS CPEABI TSHKESITBIMHU
METaJIaMU 3HAYUTEIBHO HUXKE, YEM B OKPECTHO-
CTSIX MEJITHO-HUKEJIEBBIX IIPOU3BOICTB, HE BBISIBIICHO
WHTUOMPOBAHMS POCTA TUCTHEB Ha PAHHUX dTaIax
pasBuTus [3].

[TonydeHnHble pa3IuIus MEKY EHOOMYISIIN-
ssMu S. gorodkovii B OKpECTHOCTSIX 000TaTUTEIBHOM
(haOpukwu 1. 3aMONAPHBIN, HA HAII B3TIIS], CBHC-
TEINBbCTBYIOT TAKXKe O TOM, YTO, IOMHMO BBICOKUX
KOHIICHTPAIIH TSHKEITBIX METAJIOB, 3HAYUMOE BITH-
STHUE Ha POCT JICPCBHEB OKA3bIBAIOT U JIPYyTUC aOH-
oTuyeckue u ouornueckue akropsl. Jlo cux mop
AKOJIOTMYECKHE ACTIEKTHI aIaN T[N METAJIOyCTOM-
YUBBIX BHUJIOB, HAIIPUMEP, XapaKTep BIUSHUS pa3-
JTUYHBIX ()aKTOPOB CPEIbI, KPOME BBICOKOTO COJIEP-
JKaHUS TSKEIBIX METAJJIOB B TIOYBE, MAJIO U3YUEHBI
[8]. 3BecTHO, 4TO OONBITUHCTBO BUIOB poa Sorbus
SIBJISIIOTCS TENTHO(PUTAMHE U TPEOYIOT BRICOKHX YPOB-
HEW OCBEIIEHHOCTH, IIOATOMY OHH MPEATIOYNTAIOT
OTKpBITEIE MecTooOuTanus [33]. bonee BhIcOKUE
[OKa3aTeJIM POCTa B LICHOMOMYJIALUSX S. gorodkovii
T. 3aIoJIsiPHOTO MOT'YT OBITH CBSI3aHBI C OTCYTCTBHEM
KOHKYPEHIIUU, ONITUMAaIBHBIM JIJISI TAaHHOTO BUJA
YPOBHEM OCBEIIEHHOCTH, & TAKXKE C OCOOCHHOCTSIMHU
3aCTPOMKH ropoja, ero peiabedom. Pe3ko yObiBaro-
1€ YPOBHU COJACPKAHUS MOJITIOTAHTOB OTMEUe-
HEI B 11. Hukenp Ha MecTax mpo0, pacioiIoKeHHBIX
B BeTpoBOi TeHH [l]. 14 u3ydeHuss MEXaHU3MOB
aganranuu S. gorodkovii, Kak METaJIJIOyCTOWYNBOTO
BHJIa, K KOMIUJICKCY A0MOTHYECKUX U OMOTHYECKHIX
(hakTOPOB Cpe/Ibl TPOMBIIICHHOW CYy0apKTUYECKON
TEPPUTOPUH HEOOXOIMMBI TOTIOJHUTEIBHBIC IKC-
[IEPUMEHTHI.

[NPUMEYAHUWA

! BHONOTHYECKH KOHTPOJIb OKpYKartolieil cpesibl. buonHukanust 1 6uorectuposanue. M., 2008. 287 c.
2 Tonogoii oruet [TAO MK «Hopuibekuii Hukenb» 3a 2016 1. [DnexrponHsiii pecype]. Pexxum nocryma: www.nornik.ru (mara

obpamenus 12.12.2017).

3 JToKJaJ] 0 COCTOSIHUU U OXPaHe OKpy»Karolei cpeabl Mypmanckoii obimactu B 2016 roxy. Mypmarck, 2017. 180 c.
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Vasilevskaya N. V., Murmansk Arctic State University (Murmansk, Russian Federation)
Sidorchuk A. V., Murmansk Arctic State University (Murmansk, Russian Federation)

THE IMPACT OF INDUSTRIAL POLLUTION OF PECHENGANIKEL PLANT
ON THE DYNAMICS OF SORBUS GORODKOVII POJARK GROWTH
(MURMANSK REGION)

The article deals with the problem of industrial pollution impact of “Pechenganickel” copper-nickel plant, located in the Arctic zone
of the Russian Federation, on the growth dynamics of Sorbus gorodkovii Pojark (rowan Gorodkova) — an endemic species of Fen-
noscandia. Parameters of the growth dynamics of leaves and annual shoots of S. gorodkovii in the impact zone of Zapolyarny show
that rowan cenopopulations have adapted to chronic pollution of the environment with heavy metals. The inhibition of growth pro-
cesses in the leaves occurs at the beginning of their vegetation. For the first time it was shown that S. gorodkovii is resistant to high
concentrations of heavy metals. In the urbanized area of Zapolyarny the inhibition of growth is reduced.

Key words: Sorbus gorodkovii Pojark, growth, industrial pollution, heavy metals, Arctic
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