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Ha ¢doHOoBBIX yyacTkax He(hTera3oHOCHBIX pailoHOB ceBepa 3amagHoii CMOMpHU B mpenesiaXx CeBEepHOM Talru,
JIECOTYHIPHI M FOXKHOM TYHAPHI U3yUeH 3JIEMEHTHBIM COCTaB ITMPOKO PACIIPOCTPAHEHHBIX MOACIHHBIX BUIOB Jpe-
BecHbIX nopon (Betula pubescens, Larix sibirica, Pinus sylvestris), kycrapaukoB Salix lanata, kyctapuuukoB (Vac-
cinium vitis-idaea, Ledum palustre s. 1.), TpaB (Eriophorum angustifolium, Equisetum arvense) u JMIIAliHUKOB
(Cladonia stellaris, Cladonia stygia). [lpuBenensl nanHsie o cogepxxanuu Cr, Co, Ni, Cu, Zn, Ga, As, Y, V, Na,
Mg, Si, P, S, K, Ca, Ti, Mn, Fe, S, nosydyeHHble C MUCIIOJIb30BAaHUEM METOAA PEHTTeHOMIYOPECIIEHTHOIO HEP-
TOJMCTIEPCUOHHOTO aHaJIn3a.

BrIsiBIeHBI OMOTeOXMMHMYECKEe OCOOCHHOCTH pPAacTeHMI, M3ydeHa WX BUIOBas reOXMUMUUYECKas CrelMrain3a-
nusi. Haubonbliee pasiauuue YpoOBHSI aKKyMYJISILMM MEXIY pa3HbIMU BUIAMU pacTeHUi oOHapyxkeHo st Ni,
Zn, Ca, Mn, S u Si. [IpoBeneH aHanu3 k03¢ OUIMEHTOB OUOIOTUYECKOTO HAKOIUIEHUS! XMMUYECKUX 3JIEMEHTOB
B PACTEHMSIX OTHOCHUTEIBHO JIOKAJIbHOTO (hOHOBOTO comepkaHus aneMeHToB B mouBax SIHAO. Craructuueckue
JIOCTOBEPHbBIE PA3JIMYUs B HAKOILJIEHUM BJIEMEHTOB PACTEHUSIMU B Pa3HBIX OMOKIMMATUYECKMX 30HaX BbISIBJIEHBI
mst Cu, Fe, Co, Cr, As, Mg, V, Y.

W3yyeHHBIC pacTeHUS MO KPUTEPUSIM IKOJIOTHIYECKOU 6€30MacHOCTU 1 COMePKaHNI0O HOPMUPYEMBIX MUKPO-
U MaKpO3JEMEHTOB COOTBETCTBYIOT TpPEOOBaHUSIM, MPEAbSIBIASIEMBIM K KOPMOBBIM pacTeHusiM. MckioueHue
COCTaBJISIET HU3KUI YpOBEeHb coiaepxKkaHuii OuoreHHbIX 3jeMeHTOB Co, Na u K. [nst npodunakTuku 3adoaeBa-
HUi1 XXUBOTHBIX, CBSI3aHHBIX ¢ AC(PUINTOM 3CCEHIMAIBHBIX 3JIEMEHTOB, HEOOXOIUMO ONTUMHU3UPOBATH PAIIIOH
MUTAHUS OJIeHEel TMyTEM OOoralieHusT KOPMOB OMOJIOTMYECKM AKTUBHBIMU BeIeCTBAMU U MaKpO- U MHUKPO-

QJIEMECHTaAMM.

KimoueBble ¢JI0Ba: pacTeHUS; XUMUUYECKUE IJIEMEHTHI; BUIOBasl crielinuka; OMOTeHHbIE 2JIEMEHTBI; OJIEHbU
nacTouIla; sKoJiornyeckasi 6e3ormacHocth; Hanpimckuii paiion; IHAO; 3amanHas Cubups.

BBEAEHNE

PacteHuss — 3To BaxKHEWIIMI KOMIIOHEHT OMO-
cepbl U 3BEeHO TPO(PUUECKOI 1IeNU B OMOTeOXu-
MUYECKOM MUIpALlMA MaKpo- U MUKPODJIEMEHTOB
U3 TOPHBIX ITOPOJ U MOYB B KUBbIE OpPraHU3MBI.
[TpupoaHast HEOTHOPOIHOCTb XMMUYECKOIO COCTA-
Ba Ccpeabl U MHTEHCUBHAsI XO3SICTBEHHAS IeATCb-
HOCTb YeJIoBeKa MPUBOIIT K aucOaaaHcy OMOIo-
TMYECKU aKTUBHBIX BEIIECTB B PACTEHUSIX, KOPMax
¥ opraHusMe XuBoTHHIX | butronkuii, 2011; ITo3oB,
Opnosa, 2012].

OIHUM M3 MCTOUYHMKOB TTOCTYIUIEHUSI B Opra-
HU3M XXUBOTHBIX TOKCUUYHBIX BEIIECTB SIBJISIIOTCS
KOPMOBBIE pacTeHus1. B ycIIOBUSIX aHTPOIIOTEHHOTO
3arpsI3HEHUsT OTMEYAeTCsl yBEJIMYCHEe MHTCHCUB-
HOCTHU BOBJICUEHMUS TSLKEIbIX METAJIOB B OMOJIOT U -
yeckuit kpyroBopot [OmnekyHoBa, 2019]. MHorue
XUMUYECKUE 3JIEMEHThl 00J1aJal0T CITOCOOHOCTHIO
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K aKKyMyJIsSlUM B OpTraHU3ME >KMBOTHBIX, OKa-
3bpIBAlOT TOKCHMYECKOE BO3IEHCTBUE U IIPUBOLSIT
K TIOSIBJICHUIO CrielM(rUUIecKoil 3a00J1eBaeMOCT —
MUKpO3JeMeHTo3aM [ABLbIH, 1972].

HayuHblii 1 mpuKIagHOl MHTEpec NpeacTaB-
JISIIOT MCCJIEIOBAaHUSI OMOT€OXMMUYECKIX OCOOEH-
HOCTEl 3JIEMEHTHOI'O COCTaBa PAaCTEHUI, MpPOU3-
pacTalolnxXx Ha (POHOBBIX ydyacTKax B TpaHMILIAX
pacnoioxeHus1 HepTera3o00bIBaIOIIEH TPOMBIIII-
JICHHOCTH, U BBISIBJIeHUE BUAOBOU cnielIU(UKU aK-
KYMYJISIHUM XUMUYECKUX DJIEMEHTOB B PACTCHUSIX,
u3ydyeHue reorpauiyecknux OCOOEHHOCTEl HaKo-
TUIEHUST XUMUYECKUX 3JIEMEHTOB PACTCHUSIMU.

Llenr pabGoThl 3akiao4aeTcss B BBISIBICHUU
0COOEHHOCTEe!l 2JIEeMEHTHOTO COCTaBa U OLIEHKeE
KadyecTBa HEKOTOPBIX BUIIOB PaCTEHUIl, COCTABIISI-
IOIIMX KOPMOBYIO 0a3y CeBEpHOTO OJIEHS B pas3-
HBIX OWOK/IMMATUYECKMX 30HAX TEPPUTOPUU
HanpsiMmckoro paiiona.

ANHAMNKA OKPYMAIO CPEAQDI

N rAOBAMbHDLIE N3MEHEHNS KANMATA
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OBDLEKTDbI N METOADI

B xome reoboTaHuMuyeckoro ooOcienoBa-
HUSI OJIEHBUX TacTOMII Ha (POHOBBIX ydacTKax
Hanpimckoro paitiona fAmano-Henenkoro as-
ToHoMHOTO oKpyra (AAHAQO) B wutone-aBrycre
2019 roga 6buUIM OTOOpaHbI OOpa3lbl 8 BUAOB
pacTeHuii U 2 BUIOB KOPMOBBIX JIMIIAHHUKOB!
IS OTpeJesieHUs] WX BJEeMEHTHOrO COCTaBa.
B npenenax HampiMckoro paiioHa BbIAETS-
IOT HECKOJIBKO NPUPOMHBIX ITOA30H — FOXKHAS
TyHIpa, JIECOTYHIpa U CeBepHas Taiira [ATtiac
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SAHAO, 2004]. O0Opa3upl pacTeHUi OTOOpAaHBI
Ha Tpéx ydactkax (puc. 1). Yuactok Ne 1 pac-
MOJIOKEH B MOJI30HE CEBEPHOW Talru, B pen-
KOCTOMHBIX JIMCTBEHHUYHBIX U €JI0BO-JIUCTBEH-
HUYHBIX KYCTApHUYKOBO-JINIIANHUKOBBIX JIECAX,
B OKpecTHOCTSIX T1oc. [Tpro3epHsblii. YuacTok No 2
HaXOIUTCS B MOA30HE JICCOTYHIPHI, B JIUCTBEH-
HUYHO-0epe30BbIX C HE3HAYUTEILHOM TTPUMECHIO
eI, KyCTapHUIKOBO-3eJI€HOMOIIHO-TAIIANHI-
KOBBIX PEIKOCTOMHBIX JieCaXx U PEAKOJIEChSX,
B OKpecTHOCTSX T. HagpimM. Yuactok Ne 3 BbI-
OpaH B TOA30HE I0XKHOW TYHAPHI, B KYCTAaPHUKO-
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Pnc. 1. [TpoGHbIe 1Toanku Ha Tepputopun Hanpimckoro paiiona, IHAO

! JIs ynpolueHus B JajJbHERIIEM 110 TEKCTY JIMIIaii-
HUKU OyIyT BKJIOUYEHBI B TEPMUH <«PaCTUTEIHHOCThb»
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BO-3€JIEHOMOIIIHOM C MBOW U €PHUKOM MeCTaMu
C OJIbXOBHUKOM OYTrOpPKOBOW U TMSATHUCTO-0Yrop-
KOBOIl TyHApE, B OKPECTHOCTSIX I1oc. AMOypr.
Bcero oroopano 90 11po6.

OmpenenéH 3JeMEHTHBIA COCTaB (hUTOMACCHI
CIeNyIOLIMX BUIOB: JIUCTbsl Betula pubescens
Ehrh., Salix lanata L., xopa Larix sibirica
Ledeb., xBost Pinus sylvestris L., BereTupytoiiye
3eJIeHble Han3eMHble d4actu Vaccinium vitis-
idaea L., Ledum palustre L. (incl. L. Decumbens
(Aiton) Lodd. ExSteud.), Eriophorum angustifo-
lium Honck., Equisetum arvense L., cnoeBuila
mamaitHukoB Cladonia stellaris (Opiz.) Pouzaret
Uezda u Cladonia stygia (Fr.) Ruoss.

IlepeuniciieHHbIe BbIIIE BUAbI OBLINM OTOOpPaHbBI
B TPEXKpATHON TOBTOPHOCTU ISl Kaxkaoi Ouo-
KJIMMaTudeckoi mona3oHbl. Ha kaxxmoil mpoOHoi
rtotanke 10 X 10 M ObL1a BbIOpaHa TUTTMYHAST 3KO-
cucTeMa M OCYIIECTBIISIIICS OTOOp Mpod He MeHee
yeM ¢ 10 MHAUBUOYAJIbHBIX PACTEHU IS KasK-
moro Buga. BBuiy HEOTHOPOIHOCTU TEPPUTOPUU
M Pa3HOCTU IKOJIOTrMUeCKUX (haKTOpPOB, [JIsk 0oTOOpa
BCEro MepeyHst BUAOB PACTEHUI B KaXKI0M MOA30HE
ObUIO opraHu3oBaHo 10—18 MPOOHBIX MUIOLIAACH
(puc. 1, Tabnuua 7 B Appendix). Macca Kaxaoro
oOpa3sua coctaBisuia He MeHee 0,2 kr. B nmabopa-
TOpUU 00Opa3Lbl ObUIM BBICYIIEHBI 10 MOCTOSIHHOMI
Maccel B cymmibHoM IKady (7= 80°C), a 3aTem
U3MeJIbUeHbl B MEXaHUUYECKOU MeEJIbHUIIE 0 I10-
POILIKOOOPA3HOTO COCTOSTHUSI.

OmnpeaeneHue 3JIEMEHTHOIO COCTaBa PacTEHUM
BBITIOJIHSIIOCh C MCMOJb30BAaHUEM METOAAa PEHT-
reHO(MIYOPEeCUEHTHOTO  DHEePTOAUCIIEPCUOHHOTO
anamms3a (PD®ADJ) na cnektpomerpe BPA 135-f
(AO HIIIT «bypeBecTHUK», I. CaHkT-IleTepOypr).
B mpobax ¢uromacchl OIpenessijioch coaepKa-
Hue sneMeHTOB Cr, Co, Ni, Cu, Zn, Ga, As,
Y, V, Na, Mg, Si, P, S, K, Ca, Ti, Mn, Fe, Sr.
KoHLeHTpaluu 3JeMEHTOB pacCuuMTaHbl Ha BO3-
JIYITHO-CYXO€ BEIIEeCTBO.

Mzyyanach aHanutuueckass Ko — JuHUS.
BbiObop aHanUTUUYECKUX JUHUN JIsI U3MEPEHUs
WHTEHCUBHOCTU U3JIYYECHUSI DJIEMEHTOB OCYILECT-
BIISIZICSI B COOTBETCTBYIOILIEM JIUAIIA30HE IJIMH BOJIH.
OO011as1 THTEHCUBHOCTD U3JIYYEeHUSsI ONpeaessiiach,
KakK CyMMa BTOPUYHOIO XapaKTEPUCTUUECKOTO
U TIEPBUYHOIO PACCESTHHOIO M3JayYyeHUi. Pexum
paboThl: mist cpenHeii obnactu — 19 kB, 100 MKA;
11 Tskenoit oomactn — 50 kB, 60 MKA. duinbTp
MEPBUYHOTO U3MYyUYeHUS U3 LIUPKOHMUSI.

JIT OCTpOEHUST TPAagyUPOBOUHBIX XapaKTe-
PUCTHUK HCITOJIB30BAJIUCh TOCYIAPCTBEHHBIC CTaH-
nmaptHbele obpasubl (I'CO): JIb-1 (coctaB aucra
oepesnl); DK-1 (cocraB anoneu kaHaackoit); TP-1
(cocTaB TpaBocMmecH). [Iis1 OLIEHKU MPaBUJIBHOCTHU
pe3yJbTaTOB MPUMEHSIIM CTaHIapTHbIE 0OOpa3Ilbl
pacteHuii. 'pagyupoBOUHbIe U CTaHAAPTHBIE O0-
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pa3ubl rotoBumyinch K PDADJI TakuMm Ke cro-
coboOM, 4YTO M HCCleayeMble OoOpa3lbl pacTCHUI.
3HayeHUsI TIpeneaoB OOHapyXeHMs yCTaHaBJIUBa-
JIU C TIOMOIIbIO CTAHAAPTHHIX 00Pa3IlOB C MaJIbIM
comepxkanuem anemeHra: Cr — 0,4 mkr, Co —
0,02 mr/kr, Ni — 0,3 mr/kr, Cu — 0,4 mr/xr,
Zn — 1,1 mr/kr, Ga — 0,02 mr/kr, As — 0,02
mr/kr, Y — 0,02 mr/kr, V — 0,09 mr/kr, Na —
30 mr/kr, Mg — 200 wmr/kr, Si — 400 mr/kr,
P — 60 mr/kr, S — 200 mr/kr, K — 300 mr/kT,
Ca — 300 mr/kr, Ti — 12 mr/kr, Mn — 30 mr/kr,
Fe — 50 mr/xr, Sr — 7 mr/kr. BennunHa ommoku
(BOCTTPOM3BOAMMOCTb PE3YJIbTATOB) JIJII U3YUEHHBIX
3JIEMEHTOB BapbupoBaia oT 5% mo 10%.

[To naHHBIM JUTEepaTypHOro 0030pa YCTaHOB-
JIEHO, YTO TIOUBBI MCCJEAYyeMOro peruoHa xapak-
TEPU3YIOTCS BBIPAXKEHHBIM 1e(ULIUTOM 3JIEMEHTOB
[OnekynoBa ¢ coast., 2007; MepoHoBa ¢ COaBT.,
2014; TomaiuyHac ¢ coaBT., 2014; ArbansaH ¢ co-
aBT., 2015; 2Kyp6a ¢ coast., 2016; CTpaxoBEeHKO
¢ coasT., 2016; CxunuH ¢ coanT., 2016; Ar6anaH
¢ coasT., 2018; AnekceeB c coaBT., 2019; CeMeHKOB,
2019]. JlanHble ucciaeaoBaHMS MPOBOAMIMCH Ha
TEPPUTOPUM HE3ATPOHYTON XO3SMCTBEHHOU Je-
ATeJIbHOCTBhIO. IS olleHKM (OHOBOrO coaepKa-
HUSI ObUIM MCITOJIB30BAaHbI MeAWAaHHBIC 3HAUYECHUS
PE3YJIbTATOB BCEX BHILIEIIEPEUNCICHHBIX PAOOT IS
MUHEepaIbHbLIX TTOYB HanbIMcKOro paiioHa.

g BBISIBICHUSI 30HAJIBHBIX OCOOEHHOCTEM
HaKOIMJIEHUSI XUMUUYECKUX DJIEMEHTOB pPaCTeHU-
sSIMU ObLIM BBIOpaHbI BUJbI, BCTpeyalollMecs BO
Bcex OMOKJIMMATMYECKUX Moa3oHax. Takxke, maH-
Hble BUAbI MOTYT OBLITb MCIOJb30BaHbI B Kaye-
CTBe O0BEKTOB OuMouHAuMKauuu. M3 obuiero me-
peUHsl MCCed0BaHHBIX BUAOB Betula pubescens
u Pinus sylvestris He OblIM OOHApYXXEHBI B 30HE
TYHIpPBI U MO 3TOI MPUUYMHE UCKIOUEHbI U3 aHa-
Jm3a.

HNccnenyemass BbIOOpKa OTJIMYHA OT HOPMaJib-
HOIro pacnpeieieHusl, MO3TOMY CTaTUCTUYecKast
00paboTKa aHaAJIUMTUYECKMX JaHHBIX BKJIIOYa-
na ompeneneHnue Med — meguanbl, 1-ro u 3-ro
KBapTuieid. 1 cpaBHUTEIbHBIX OLIEHOK MCIIOJIb-
3oBajicsi kputepuit Kpackena-Yomnnuca, Hemapa-
METPUYECKUIA METOMA MPOBEPKU MPUHAIICKHOCTHU
JIBYX 1 00Jiee BEHIOOPOK K OJHOMY pacIpenesIeHUIO,
C MOCJIEAYIOIIMM TIpUMeHeHueM TecTa JlaHHa is
norapHoro cpaBHeHust. O6beM BLIOOPKN COCTAaBUII
90 uzmepeHuit 1Jisl MpoBeAeHUSI KOPPEISILIMOHHOIO
aHaym3a (puc. 3), 9 u3MepeHUin Ijisi OLEHKU BU-
JIOBOI TEOXMMUYECKON CrelMaln3alun pacTeHUMN
(puc. 4) n 30 usMepeHuit 1js OLEHKHU COASPKaHUS
3JIEMEHTOB B PACTEHUSIX Pa3IMYHBIX OMOKIMMATU -
yecKux noa3oH (puc. 5). O6paboTka, aHaIU3 JaH-
HBIX U TIOCTpOoeHUEe rpacPMKOB ObLIM BbITTOJHEHBI
B TIporpaMMHOM TIpoaykTe R ¢ mcrnonb3oBaHuem
nakeToB rstatix, ggplot2 u ggpubr.

ANHAMNKA OKPYAIO! PEQDI

N rAOBAMbHDLIE N3MEHEHNS KANMATA
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Pnc. 2. 3HaueHUs 0OHAPYXKEHHBIX KOHLEHTpALIMi 31eMeHTOB. JInHKMel 0003HaueHa MeIMaHa, HYXKHSISI U BEPXHSIS
rpaHUllbl 6JJ0Ka — HUKHUM U BEpXHUI KBApTWIM, HACEUKU MOKA3bIBAIOT JOBEPUTEIbHbBIN UHTEPBAT OTHOCUTEIBHO
MenuaHbl, yebl — 1,5 MHTEpKBapTUWIbHBIX 3HAYeHUST (~3G), TOUKM — BBIOPOCHI (BCE, YTO BBIXOAUT 3a MPEIesIbl YCOB)

PE3YMNDbTATDI N OGCYXKAEHNE
Buoreoxummnyeckne 0COG0EHHOCTH pacTeHUil

Ha conepxxaHue XuMHUUYeCKUX 3JIEMEHTOB B pac-
TEHMUSIX OKa3bIBAIOT BJIMSIHUS, TJIaBHBIM 00Opa3oM,
KJIUMaTu4yecKue,  JiaHala@THO-reoXxuMruieckKrue
OCOOEHHOCTU Y BUIOBas cielM(prKa akKKyMYJISILIUA
XUMUWYECKUX BJIEMEHTOB pacteHusimu. ConepkaHue
XUMUUYECKUX DJIEMEHTOB 3aBUCUT OT MPOCTpaH-
CTBEHHOI HEOAHOPOIHOCTU Cpelbl UX OOUTAHMUSI.
Knumat onuH 13 BaxkHeHInux (pakTopoB, o0yciaB-
JIMBAIOIIUN OMOTeOXMMUYECKYIO CTEeLUATN3ANI0
GJIOphl U COOTHOILLIEHUE MEXIYy BceMUu (hopMamMu
MUTpalMU XUMUYECKUX 2JIEMEHTOB B JlaHAadTe.
B rymunHoM kiimMate (hOpMUPYIOTCSI, B OCHOBHOM,
KaTMOHOG(UTHBIE pacTeHUS C IIpe00JIagaloIM BhI-
COKMM HaKOIIEHMeM KaTHOHOTEHHbIX 2JIEMEHTOB
[Ckapabiruna-Yodumiena, 1991]. B nangmadrax
C KUCJIBIM KJIaCCOM BOJHOIM MUTpallMM SHEPTUYHO
MUTPUPYIOT KATUOHOTEHHBIE 3JIEMEHTBI, KOTOpbIE
JIETKO TIOTJIOLIAIOTCSI PACTUTEbHOCThIO.

AHanM3 MEIUWAaHHOIO COJAEpPXKAHUS MaKpo-

ENVIRONMENTAL DYNAMICS

AND GLOBAL CLIMATE CHANGE

1 MUKDPO2JIEMEHTOB B 00pa3liax BCEX M3YUYEHHBIX
pacTeHMii moKa3ay creluuKy 1 pa3andusl B Ha-
KOIUIEHUM DJIEMEHTOB, KaK MEXIy BUIAMHU pac-
TeHU#, TaK U MEXIY OMOKIMMATHYECKUMU TIOMI-
3oHamMu (puc. 2, Tabma.4—6). YcTaHOBIEHO, YTO
MOYBbI UCCJIEAYEMOrO PErMOHA XapaKTEepU3YIOTCS
BBIPAXKEHHBIM JTe(HUIINTOM 3JIEMEHTOB.

[To Ben1uuMHE MEIMAHHOTO COAEPKAHUSI B pac-
TeHUSIX 3JEMEHThI pacrojiaraloTcsl B CAEAyIOlIeM
yObIBaloIIeM TMOpsiaAKe (MT/KT):

Si(8827) > Mg(6469) > Ca(3186) > P(2955) >

> Mn(752) > S(210) > Ti(137) > Zn(33,9) >

> Cu(8,3) > Sr(7,0) > Cr(5,3) > Ni(3,4) >
>Y(2,6) > As(0,47) > V(0,2) > Ga(0,09)2.

DUTOreOXMMUYCSCKUN CIEKTP, IIPEACTABIISIIO-
i coOON paHKUPOBAHHBIA PsIT XMMUYECKUX
BJIEMEHTOB T10 YObIBaHUIO KO3 (PUIIMEHTOB OUO-

2 MenuaHHble 3Ha4eHns KoHueHTpauuii Na, Fe, K,
Co u Sr HuKe mpejiena ONpeaesieHUs, I03TOMY UCKIIIO-
YeHbl U3 NepeuHs
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Tabama 1

Koagpduumertbl 6rorornyeckoro HakonAeHus (Kgq) XMMMYECKUX DAEMEHTOB B PACTEHUSX OTHOCUTEABHO HOHOBBIX
KOHL@HTPALMIA B MOYBAX OKPYTa (ACGHHbIE O GOHOBbIX KOHLIEHTPALMSAX Ga 1 S B nouBax 9HAO HaOMM He OGHAPYKEHbI)

MpUopUTETHbIE SAEMEHTbI

P22.4: Mgg.4, Mg, Cag 5, ZNy 5

JleULUTHBIE 2JI€MEHTHI

Cugg, Yo4, ASga, Nigs, Croys Tigggs Koogs Sto07, Nages,s Sigas Voooors COo.00s: Feo.005

Tabamua 2

KoaddpuumneHtbl 6Guorornyeckoro HaKonAeHus (Kg,) XMMUYECKUX SAEMEHTOB B PACTEHUSIX OTHOCUTEABHO KACPKO BEPXHEN

YACTU KOHTUHEHTAABHON 3€MHOW KOpbI

MpuopUTETHbIE SAEMEHTHI

P4.3

JeduuuTHBIE 3JIeMEHTHI

Mny g5, Zny s, Mg 4, Cugs, Yo1, ASgos, Cag o, Niggr, Croges Tigoas Sigoss Sto3s
Koo1> Vo.002> Nag o1, Feggor, Cogo01

Jjjornyeckoro HakoruieHus K, (oTHoleHue conep-
JKaHUST XMMUYECKMX 3JIEMEHTOB B pacTeHUsIX K (o-
HOBOMY CoOAepKaHUIO 3JieMeHTOB B mouBax JAHAO
[OnexkyHoBa ¢ coant., 2007; MepoHoBa Cc COaBT.,
2014; TomamryHac ¢ coant., 2014; ArbansH ¢ co-
aBT., 2015; XKypb6a ¢ coast., 2016; CrpaxoBeHKO
¢ coaBT., 2016; CkunuH ¢ coasT., 2016; AroansaH
¢ coaBT., 2018; Anekcees ¢ coasT., 2019; CeMeHKOB,
2019], Mo3BOJSIET BBIIBUTh UHTEHCUBHOCTh aKKY-
MYJISUMUA XMMUYECKUX BJIEMEHTOB B M3YYEHHBIX
oOpaszuax pacteHuid (Tadma. 1).

®dochop saBiagercd OMOreHHBIM DJIEMEHTOM
W HaKaruiMBaeTCsl B PACTCHMSIX Ha TEPPUTOPUM
HagpiMckoro paitoHa B MaKCUMaJIbHOM KOJIMYE-
ctBe. [lpn MOBOJTBHO HU3KOM COACPXKAHWU B TIO-
yBax (132 Mr/kr) ero KOHUEHTpaLUsI B PACTEHUSX
BbIlLIe B ~22 pa3a.

Marnuii, Mmapradell U KajblIMii XapaKTepU3yOTCs
BBICOKMM KO3(P(PULIMEeHTOM OMOJIOTUYECKOTO HAKO-
TUIEHUSI, HECMOTPSI Ha UX KOHKYPEHTHBIC CBOMCTBa
B HakoIUleHMU. MarHuii yyactByeT B Mpolieccax
doTocuHTe3a, TpaHcmopTa ¢docdopa U MPOUYUX
KU3HEHHO BaxHbIX (yHKIui [Marschner, 2011;
BoeBoauna, 2015]. Mn gBisgercs WHIUKATOPOM
OMOreOXMMMYECKUX LUKIOB B JlaHmIIaTax ¢ Iy-
MUIHBIM KIuMaToM. HakoreHne Mn B pacTeHU-
sIX OOYCJIOBJIEHO M3MEHEHHMEM TMOMBVIKHOCTU XU-
MUUYECKHX BJIEMEHTOB IIPU CMEHE MecYaHbIX MOYB
TopdhsiHukamu [OnekyHoBa, 2013]. Kanbluii yya-
CTBYeT B TMOCTPOCHUU KJIETOUHBIX CTEHOK U MEM-
opan [White, 2003]. PacTeHunss HaKariMBaloOT LITHK
B MoJiTopa pas3a 6oJibliie ero (poHOBOTO comepka-
HUsS B MouBax. JJaHHBIN 3JIeMEHT 3a1eliCTBOBAH BO
MHOTMX OMOXMUMHUUYECKUX Tpolieccax.

Jlns ynodbcTBa cpaBHEHUSI Pe3yJIbTaTOB C (PyH-
IaMeHTaJlbHbIMU padboTamu JJo6poBoabckoro B.B.
u Ilepenpmana A.M. Oblin mmocuymTaHbl KO3(pdu-
LIMEHTHI Ouosnormyeckoro HakoruieHus (Kg,) xu-
MUUYECKHUX 3JIEMEHTOB I10 OTHOLICHMIO K KJapKy
[CpuropbeB, 2009]. TlomyyeHHbIe pe3yJibTaThl
(Taba. 2) CBUIETENLCTBYIOT O HAKOIUJIEHUU B pac-
TeHusix HanbIMckoro paiioHa nuib ¢ocdopa,
OoCTajibHbIE DJIEMEHTBI COAEPXKATCS B PACTUTENb-
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HOCTM B 3HAYUTEIBHO MEHBIIUX KOHLEHTpALMSIX.

IIpencraBisgeT uHTEpeC OLICHKA aCCOLMALIVIA XU -
MUYECKMX BJIEMEHTOB Ha OCHOBE KOPPEISIIIMOHHBIX
3aBUCHUMOCTE MEXIy UX COIepKaHUEM B U3yUYCH-
HBIX 00pa3uax pacteHuii. Takoil moaxo/ MO3BOJISICT
YCTAHOBUTH POJIb AaHTPOIIOTEHHOM HArpy3Ku U u-
3UOJIOTMYECKHX OCOOCHHOCTE MOIIOIIEHMS, CITell-
U(PUKY MCTOUHUKOB 3arpsi3HeHUsI. AKKYMYJISILIMsI
XUMUUYECKUX 3JEMEHTOB B PACTCHUSIX, TOIBEP-
JKEHHBIX OJJHOMOMEHTHOMY BO3IEHCTBUIO Pa3HBIX
(hakTOpOB, CBsI3aHA C TOCTYIUICHUEM 3arpsi3HSIIO-
IIMX BEIIECTB Pa3HbIMU MYTSIMU. YCTaHOBJICHBI
BJIEMEHTBI-AHTAaTrOHUCTHI U 3JIEMEHTbI-CUHEPTUCThI
B KOHKPETHBIX T€OXMMUYECKUX YCIIOBUSIX B IIpee-
Jax HagwiMckoro paiioHa.

YcTaHOBIIEHBI CTATUCTUYECKU JOCTOBEPHbBIE ac-
COLIMAIINU 3JIEMEHTOB IJIST BCeX pacTeHuil (puc. 3).
[TonoxurenbHasi 3HaYMMasi KOPPEISILUSI BHYTPU
rpynn V— S — K (,=0,58—0,91) u Mg — Cr —
Co — Fe — Si — P (r,=0,15-0,91), a Takxke Cub-
Has cBsi3b As — Y (r,=0,77), Ni u Zn mexny co-
6oii (r,=0,89) u c Ca, Sr, Ga, Mn (r,= 0,2—0,76).

MN3BecTHO, YTO HEImOCTaTOK WMJIM M30BITOK OJ-
HUX 3JIEMEHTOB MOXET OJIOKMPOBATh ITOIIOIIEHUE
WJIM METAa0O0JIU3M APYIUX XMMUYECKUX SJIEMEHTOB
[Epmaxos ¢ coasr., 2018]. B nanHOM uccienoBaHumn
BBISIBJICHBI BJIEMEHTHI C JOCTOBEPHOM OOpaTHOM
KOPPEJISILIUOHHOM 3aBUCUMOCTBIO, T.€. BBICOKOE
colepXXaHUE OTHOTO 3JIeMeHTa OOBIYHO COMPSIKEHO
C HU3KUM coiepxaHueM napyroro. K takum asne-
MEHTaM aHTarOHUCTOM OTHOCSITCSI accolanuu Si
¢ Zn (r,=-0,77), Sr (r,=—0,8) u Mn (r,= —0,89),
a takxe Mmexnay rpymnmnamu Mg, Cr, Co, Fe, P u
Sr, Mn, Ga, Cu, Ni, Zn (r,=-0,12 — —0,72).

BaxkHelmmmmMy M1 HOPpMUPYEMbIMU B palioHax
MUTAHUS KUBOTHBIX MaKpPO3JIEMEHTAMM CUUTAKOTCSI
Ca, K, Mg, P, Na, S, mukpoanemenramu — Fe,
Mn, Zn, Cu, Co. B uzyueHHbIX oOpasliax pacTeHUI
MeauaHHbIe cogepxkanus Mg, P u Mn nipeBbIatoT
peKOMeHayeMble BEIUUYUMHBI (HOPMY) B KOpME IS
KPYITHOTO poraToro ckora [ buoreoxmummyeckue oc-
HOBBI..., 1993], MenuaHHble comepxaHust Zn, Cu,
Fe u Si B pacTeHUSIX COOTBETCTBYIOT HOpME, a KOH-

ANHAMNKA OKPYAIO! PEQDI

N rAOBAMbHDLIE N3MEHEHNS KANMATA




E.V. Agbalyan, E.A. Zarov, LV. Filippov et al.

DOI: https://doi.org/10.17816/edgcc41876

Ga 1 |pa4s|0s2 072|057
Ni 1 o8
Zn| 1 -0.61
Mg 1
Cr| 4
Co 1

Fe

BIOGEOCHEMICAL ASSESSMENT OF THE MAIN PLANTS AT THE NADYM DISTRICT'S...

077 0.5 D81

0.74 | 0.77

Si

Cu
As
¥

0.67

0.8

-0.69 089 -0.7 1 -0.62

0.6

0.53 -0.66 0.4

1 | 053

V| 1 |oss 077 - -0.4

Cu 1
As 1 o7

¥l
&

Pnc. 3. Marpuia Koppesiluyd MexXIy KOHLEHTpAlUIMU 3JIEMEHTOB B pacTeHusX (o kputepuio CriupMaHa)

nentpauuun Co, Na, K Haxonsarca B medunure.

CyuiecTByolliie MOpo0JjieMbl pa3BUTUSI  OJie-
HeBoactBa B SHAOQO, cBg3aHHBIC C WUCTOILIEHUEM
KOPMOBOI1 0a3bl OJIEHBUX ITACTOMII B TYHIPOBOM
npuponHoit 3oHe [3yes, 2016], BO3BMOXHO YacTHUY-
HO pELIUTHb 3a cueT OoJsiee aKTMBHOTO BOBJIEUEHUE
B XO3SIMICTBEHHBIIA O0OPOT €CTECTBEHHBLIX KOPMO-
BbIx yroguit Hagpimckoro paiiona. KopmoBast 6a3a
HanpiMckoro paiioHa mipefcTtaBiieHa KyCTUCTbIMU
JIMIIaHUKAMU, KYCTapHUKOBBIMM HBaMu U Oe-
pe3KaMM, OCOKOBBIMM, 3JIaKOBBIMU, PACTECHUSMU
TPYIIIbl pa3HOTPaBbsl, CPEIU KOTOPBIX CJIOXKHOIL-
BeTHbIe U xBolu [balikaioBa, Hoarosa 2018]. TTpu
3TOM CJIeyeT CTPOro y4yuThbIBaTb HOPMY BbIMaca
OJIEHbMX CTaJl, YTOOBI MPEAOTBPATUTh Aerpanaliuio
PacCTUTELHOCTH.

B]/I,Z[OBaSI OHOreoXuMmn4ecKas
CIenuaIm3anusa pacTeHun

broreoxumnyeckas crenuain3anus pacTeHUI
3aBUCUT OT 30HAJIbHO-PETMOHAJIbHBIX 3aKOHOMEP-
HOCTEN OMOTeHHOW MUIpaLiM 3JEMEHTOB, BUIO-
BOI'O YPOBHSI OpraHm3anuy (PUTOOMOTHI U YPOB-
Hg aHTponoreHHoi Harpysku [Iluxosa, 2017].

CrieniiUIHOCTh aKKYMYJISILIMN XUMUYECKUX e~
MEHTOB pPAcTeHUSIMU B MPUPOIAHBIX JaHaInadTax
MpOSIBIISIETCSI HA 3KOOMOMOP(HOM YpPOBHE oOpra-
HMU3auuu (PUTOOMOTHI. BBIIEnsIIoTCsI 1B OCHOBHBIS
TPYIIITBI pAaCTeHUH, O0YCIOBIEHHBIC YBOTIOIIMOHHO
CJIOXKUBIIMMUCS aJaNTallMOHHBIMM CTpPaTErusIMU:
KOHILIEHTPATOPhI U IeKOHLIEHTpaTOpHI [Ydumiiena,
2015]. KoHlieHTpaTOpbl HAaKaILUIMBAIOT XUMUYECKIE
BJIEMEHTHI, KaK TPY HU3KOM, TaK W MPU BEICOKOM
X COIepXKaHWU B MIOYBE, TIOYBOOOPA3YIONINX U KO-
PEeHHBIX Mopoaax. JIeKoHIIeHTpaTopaMu SIBISTIOTCS
pacTeHusi, y KOTOPbIX TMOCTYIUIEHUE XUMUUYECKUX
5JIEMEHTOB B HAJI3eMHYIO YacTb OTpaHWYEHO, He-
CMOTpPSI Ha UX BBICOKOE COAEpXKaHME B cpele Tpo-
U3pacTaHUsI.

MzyyeHa BumoBasi reoxuMuueckas crielmanmnsa-
us pacteHuit (puc. 4, taodu. 5). Conepxanve Mg
u MukpoaneMeHToB (V, Y, As u Co) craTucTuiecku
JIOCTOBEPHO HE OTJIMYAETCS MEXAY BUIAMU UCCIIe-
JOBaHHBIX pacTeHuil. [1o ocTaJbHBIM 3JeMeHTaM
OTJIMYMSI BBISIBJIEHBI JUISI HECKOJBKMX Map pacTe-
Huii. HanGomnblllee pa3nuyune ypoBHSI aKKyMYJISILIAN
MEXIy pa3HbIMM BUAAMU PACTEHUN OOHApYy>KEeHO
anst Ni, Zn, Ca, Mn, S u Si.

I Na uckioueH 13 aHaiausa BBUY 3HAYCHUA KOHHCHTpaHHP’I HIMKE MpPEacjaoB 06Hapy)KeHI/I$I 1A BCEX UCCIIC-

IyeMBbIX 00pa31ioB
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Conepxanne V wusmensiercss ot 0,09 mr/kr
B xBoe Pinus sylvestris n tamnomax Cladonia
stellaris no 2,25 wmr/kr B Equisetum arvense
(Taba. 5). YcraHOBIEHO yBeJIMYEHUE KOHIIEHTpa-
muu V B psny BUOOB pacTteHuii Betula pubescens >
Cladonia stygia > Eriophorum angustifolium
> Larix sibirica > Ledum palustre (incl. decum-
bens) > Salix > Vaccinium vitis-idaea.

Conepxanne Cr BBICOKOE BO BCeX OIMPOOOBaH-
HbIX pacreHusix. Konuenrtpauum Cr BapbHpyeT
HEe3HAYUTeJbHO OT 3,3 MI/KI B JUCTbsIX Betula
pubescens no 7,2 mr/kr B Tamnomax Cladonia

stygia.
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Conepxanue Co B 3HAUYUTEJIbHON YacTU UCCTIe-
JIOBAaHHBIX 00PA31I0B HIKE Mpeaeia OOHaApYKEHUS.
HeonHoponHOCTh 1 MOBBIIIIEHHBIE YPOBHU KOHIICH-
Tpaluii oOHapyXeHbl B TajUloMax JUIIAHUKOB
W KOpe JINCTBEHHUIIBI, YTO TOBOPUT O JIOKATBHBIX
OCOOEHHOCTSIX pacnpeaeseHus] Kodasbra.

BoipaxeHHast akkymyJsiiuss Ni  ycTaHOBIe-
Ha B JUCTbsAX Betula pubescens 8,3 MI/KT.
HaubGonee HM3KMe 3HAYEHUSI OOHAPYKEHBI IS
Cladonia stellaris u Cladonia stygia.

B onpoboBaHHOIT BLIOOPKE pacTeHU coaepxka-
Hue Cu Bapbupyet 0,4 (nepenesl oOHapyXeHUs ) —
21,6 mr/kr. Tak, B tamnomax Cladonia stellaris

Ni Cu Zn Ga Si
Kruskal-Wallis, p = «0.0001 Hruskal-Wallis, p = <0.0001 Fruskal-Wallis, p = <0.0001 Kruskal-Wallis, p = <0.0001 KruskakWallis, p = <0.0001
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pwo: Dunn test; p.adust Bonferroni

Pnc. 4. HakorieHre 3JIeMEHTOB pasjMYHbIMU BUIaMu pacTeHUii. CKOOKaMU OTMEUEHBI BUIbI PACTECHUII CO CTa-
TUCTUYECKU JOCTOBEPHO PACXOMSIIMMUCI KOHILIEHTPAUMSIMM, 3BE3I0YKAMM OTMeueHa 3HAYUMOCTb DPa3Inyuii
(* — cnaboe MOCTOBEpHOE pasiuuue, ***** — cyjppHOE pazaudue)
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u Cladonia stygia copepxanue Cu U3MEHSIETCS
ot 0,4 mr/kr go 5,5 Mr/kr (MenMaHHOe 3HaUCHUeE
0,4 mr/kr), B xBoe Pinus sylvestris coaep>kaHUs
Cu Bapsupymor ot 1,6 mr/kr mo 47,4 mr/kr (Mme-
IraHHoe 3HadeHue 21,6 MT/KT).

MakcumMarbHast akKKyMYJISIIHS IIMHKA YCTaHOBJIe-
Ha B JIMCTbsIX Betula pubescens n TUCTbSIX KycTap-
HUKOB pona Salix. BappupoBaHue KOHLEHTpaLIWi
Zn B nUcThsiX Betula pubescens OT MUHUMAJIbHBIX
3HaYeHuil 128 MI/Kr 10 MaKCUMaJIbHbIX YPOBHEN —
190 mr/kr (MeauaHHoe 3HayeHue 150 mr/kr). B nu-
CTbSIX KyCTapHUKOB poja Salix HakoIIeHus1 Zn u3-
MeHSIIOTCST OT 38 Mr/Kr go 140 Mr/kr (MeauaHHOE
3HaueHne 94 Mr/kr). MUHUMAaJIbHBIE COACpP>KaHUS
Zn ycranosnensl B Cladonia stellaris n Cladonia
stygia (3,7—3,9 Mr/kr).

Jluctbsl KycTapHUKOB pona Salix akTUBHO ak-
kymyaupyoT Ga B KoHIeHTpauusx ot 0,06 Mr/Kr
1o 0,75 mr/kr (MenuaHHoe comepkanue 0,36 Mr/Kr).
MuHnManbHbIe YypoBHU Ga ycTaHOBJIIEHBI B Larix
sibirica v Cladonia stellaris (0,02 mr/xr).

Tabamua 3
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MakcumanbpHOe colepXaHue AS yCTaHOBJIECHO
B Larix sibirica 3,31 mr/kr (or 0,02 mr/kr mo
7,40 mr/kr) u B Ledum palustre 3,29 mr/kr (ot
0,02 mr/kr go 6,23 mr/kr). HammeHbime KoH-
HeHTpauu AS ToKa3aHBl B 00pa3liaXx KYCTHUCTBIX
JumaitHukoB (0,02 Mr/kr).

Conepxanust Y B U3y4eHHBIX PACTCHUSIX BapbU-
pyeT B mupokux npeaenax ot 0,02 Mr/kr (mpenen
oOHapyxXeHMs1) B TpaBe FEquisetum arvense N0
33,3 Mr/kr B Kope Larix sibirica.

Huskoe coamepxxanue Na MeHee mpenejia 00-
HapyxeHus:t (30 Mr/Kr) Ioka3aHO BO BCEX U3-
YYEHHBIX pacTUTEJbHBIX oOpasmax. B  xomde
aHajM3a OOHApYKEeHBI JBa CYIICCTBEHHBIX BBI-
Opoca 3HaueHuit 420 u 920 wmr/kr s Opyc-
HUKA W JIUCThEB WBBI, KOTOpBbIE MBI CBSI3bIBa-
€M CO CIIyJailHbIM 3arps3HeHWeM OTOOpaHHBIX
00pa3uoB.

MaxkcumajibHOe KoJimyecTBO Mg HakarjauBa-
eTcs B JUCTbsIX Betula pubescens — 8300 mr/kr
u B Kope Larix sibirica (8990 mr/kr).

KoadppuumeHtsl 6uorormyeckoro HakonAeHus (Ksq) XMMUYeCKNX AEMEHTOB B PACTEHUSX OTHOCUTEALHO PACCUYUTAHHOTO
AOKOALHOTO GOHOBOrO YPOoBHS B NoyBax FHAO (KMPHBIM LUPUPTOM OGO3HAYEHbI NMOBBILLEHHbIE YPOBHU AKKYMYASLUN,

KYPCMBOM — MOHWKEHHbIE YPOBHU OKKYMYASLIUM)

2 o 2 -
Xumn- 'g 2 ‘g 575, ,§_ 2 % 5 ‘§ § o § é “z; é«—,_
veckmi | 92 2 25 8.3 Q S2 S 33 2 s 22
anement | 22 S g3 35 S Sg = L x P <=
5% | 8 |8 &5 | § | 82| §5 5|8 | & | 8
O = <
% 0,46 | 092 | 096 | 11,51 | 1,36 | 1,59 | 1,42 | 053 | 1,04 | 046 | 020
Cr 121 | 1,42 | 081 | 085 | 1,06 | 097 | 075 | 064 | 106 | 1,03 | 529
Co 5,50 | 9,80 — — _ _ — 12,15 - <002
Ni 0,8 | 075 | 1,28 | 1,00 | 099 | 095 | 1,64 | 2,47 | 093 | 125 | 3,36
Cu 005 | 005 | 237 | 1,73 | 114 | 098 | 133 | 126 | 1,63 | 2,44 | 882
Zn 010 | 009 | 15 | 120 | 077 | 080 | 241 | 3,84 | 056 | 147 | 33,86
Ga 026 | 038 | 231 | 4,14 | 068 | 114 | 465 | 390 | 0,26 | 086 | 0,09
As 0,04 0,04 5,26 0,46 6,95 6,73 4,02 1,01 6,97 5,73 0,47
Y 6,52 1,08 1,00 0,01 5,38 9,27 2,72 0,07 | 12,65 7,17 2,63
Na — — — — — — — — — — <30,0
Mg 1,08 1,22 1,01 0,99 0,85 0,80 0,73 1,29 1,40 0,92 6469,0
Si 1,36 1,69 1,13 3,06 0,87 1,00 0,05 0,30 1,00 0,86 8827,0
1,16 1,17 0,96 0,77 1,00 1,15 0,68 0,70 1,08 1,00 2955,0
S 0,95 0,95 5,22 17,01 1,94 0,95 5,79 3,80 0,95 1,01 210,0
K - — 12,58 | 95,98 - — 34,58 | 15,38 - — <300,0
Ca 0,79 0,89 0,81 3,57 0,90 1,38 3,90 1,88 1,07 0,93 3186,0
Ti 1,74 2,22 1,38 0,36 0,60 0,69 1,96 1,31 0,08 0,1 137,0
Mn 0,70 0,74 0,81 0,81 1,55 1,56 1,44 1,67 0,89 1,11 752,0
Fe 5,40 | 8,50 - - — — — — — - <50,0
Sr _ _ — 3,50 — — 714 | - _ _ <7.0
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Bce m3yueHHBIe pacTeHUs1 oOorallieHbl KpeM-
HueM. B Jjmctbax Salix xoHueHTpauuu Si Mu-

HUMaJbHBI W BappupyloT or 400 Mmr/kr go
8190 mr/kT. MakcuManbHOE comep:KaHue Si BBISB-
neHo B FEquisetum arvense n Cladonia stellaris,
Cladonia stygia (24890 mr/xr, 13220 u 13730 mr/kr
COOTBETCTBEHHO).

MaxkcumanbHOe HakomjaeHue P xapakTepHO
mist Vaccinium vitis-idaea, Cladonia stellaris
u Cladonia stygia, KOTopoe U3MEHSIeTCSI OT
3210 mr/kr go 3250 mr/kr.

FEquisetum arvense L. cnocobeH aKKyMyJu-
poBaTh MakcuMaibHble KOHIIeHTpauuu S, K, Ca
10 CPaBHEHUIO C IPYIMMU U3YYEHHBIMU pacTe-

Cu Fe Co
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HUSIMU.

Conepxanusg Ti B pacTeHUSIX M3MEHSIOTCSI OT
12 mr/kr B xope Larix sibirica no 320 mr/kr
B Cladonia stygia. Bbicokue kKoHueHTpauuu Ti
ycranoBineHbl B Cladonia stellaris 1 B TUCTBSIX
Salix lanata — 251 u 282 mr/Kr.

B uccnenoBaHHoOI BbIOOpKE pacTeHUl coaepxka-
Hust Fe, B OCHOBHOM, HaxoJsTcsl Ha ypOBHE TIpe/ie-
Jia onpeneseHust 50 MI/KT, 3a UCKJTIOUeHUEM TaJllo-
moB suinaiiHukoB Cladonia stellaris w Cladonia
stygia, B KOTOpbIX KOHLEeHTpauusi Fe usmensiercs
oT 50 mr/kr 1o 2560 Mr/Kr (MenuaHHbIe 3HAYEHUS
270 u 25 Mr/Kr).

MaxkcumanbpHble KOHLEHTpauun Mn 3aduk-

Cr As

Kruskat-Walis, p « 0.026

Kruskal-Wallis, p < 0.0019
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Pnc. 5. ConepxxaHue 3JIeMEHTOB B PacTEHUSIX pa3sHbIX OMOKIMMaTtuyeckux moa3oH Hampimckoro paiiona, AHAO.
CkoOKaMu OTMEUYEHbI BUIIbl PACTEHUI CO CTATUCTUYECKU JTOCTOBEPHO PACXOASIIMMUCS KOHUEHTPALIUMSMU, 3BE3-
JIOYKaMM OTMEYeHa 3HAYMMOCTb pasznuuii (¥ — cjaaboe MOCTOBEpHOE paszinyue, ***** — cuyipbHOE pas3indue)
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cupoBaHbl B JUCThsIX Ledum palustre, Betula
pubescens n Vaccinium vitis-idaea (MeauaHHbIe
3HayeHus oT 1230 mr/kr mo 1240 mr/Kr).

KonneHnTpauuu Sr B M13y4eHHOM BBIOOPKE pacTe-
HU HIDKe TIpenelia onpeneiacHus. MakcuManbHbIe
comepXaHusl 3a(UKCUPOBAHBI B JIMCThIX KyCTap-
HUKOB poaa Salix (or 7 mr/kr 1o 93 Mr/kr) u B
Equisetum arvense (oT 7 Mr/Kr 1o 43 Mr/kr).

AHau3 Ko3h(duiueHToB OHUOJIOTUIECKOro
HAKOILUIEHUSI XUMHMYECKHMX 3JIEeMEHTOB B pac-
TEHHSIX OTHOCHUTEJIbHO JIOKAJIHHOTO (pOHOBOTO
ypoBHsa B mouBax SIHAQO (taGiu. 3) mo3Boaui
BBIIEIUTh TPYIIY pPacTeHUI-KOHIIEHTPAaTOPOB
(Kg,>1.5), Buasl pacreHuii ¢ GOHOBBIM COAEpXKaA-
HUEM 2JIEMEHTOB W TPYIITy pacTeHUI-IeKOHIIeH-
TpaTopoB (Kg;<0.5). CuiibHbIe KOHLIEHTPALUOHHBIE
COCOOHOCTU OOHApyXeHbI Ullb y Equisetum 1o
conepxanuto kanus (Kg = 96).

K pacteHMsSIM — aKKyMyJIsITOpaM XUMHYECKUX
3JIEMEHTOB OTHocuTcsl Equisetum arvense, cno-
COOHBIN HakamauBaTh 3—17-KpaTHble KoOJIMU4Ye-
ctBa V, S, Ga u Ca 10 cpaBHEHUIO C JIPYTMMU
Bugamu pacteHuil. Jlumaiinuku Cladonia stygia
u Cladonia stellaris 006n1agal0T CIIOCOOHOCTBIO
koHueHTpupoBath Fe u Co, nipu atom Cladonia
stellaris Taxxke crneuuduuHa K HAKOIUIEHUIO Y.
Eriophorum nakamnusBaer K, S u As, Ledum
palustre — As u Y. Salix lanata akkymynupyeT
B Boicokux KosudectBax K, Sr, Ca u Ga; nuctbs
Betula pubescens SBASIIOTCS KOHILIEHTpaTOpaMu
Zn u Ni; Larix sibirica conepXuT B KOpe IOBBI-
meHHoe coaepxkanue Co u Y; Pinus sylvestris —
akTUBHO HakaruBaet Cu.

Huxe poHOBBIX 3HAUEHUI MOKa3aHO coaepka-
Hue aneMeHTOB B Cladonia stellaris n Cladonia
stygia (Cu, Zn, As, Ga), FEquisetum arvense
(Y, Ti), Salix lanata(Si), Betula pubescens (Y, Si),
Larix sibirica(Ga, Ti), Pinus sylvestris (Ti).

30oHaIbHbIE OCOOEHHOCTH HAKOILICHHUS
XMMHUYECKHUX 3JIEMEHTOB PACTCHUAMM

Bce nmojsiyyeHHbIe pe3yJibTaThl ObLIN OObeaUHE-
HBI TSI XapaKTepPUCTUKA KOPMOBOM 0a3bl pa3HbBIX
NPpUPOAHBIX 30H. TakuM 0Opa3oM, Ha 3TOM OCHO-
BaHUM TEPPUTOPUST MOXKET OBITH OXapaKTepru30BaHa
Kak OoJiee ujau MeHee OJIaroInpusTHas IJIs1 BhIlaca
onieHell. CTaTUCTUYECKUE NOCTOBEPHBIC pa3INUIMs
B HAaKOIUICHUM 3JIEMEHTOB PAaCTEHUSIMHU B Pa3HBIX
OUMOKIMMAaTUIECKUX MOI30Hax (pHc. 5, Tabi. 6) 00-
HapyxeHb! 11s1 Cu, Fe, Co, Cr, As, Mg, V, Y. Jlna
OCTJILHBIX 2JIEMEHTOB CNeHUMUKU aKKYyMYJISILIUU
HE BBISIBJICHO.

CoracHO TIOJIyYEHHBIM JaHHbBIM, TEPPUTOPUS
CEBEPHOM Talrv OTJIMYAETCS HU3KUM COAEPKAHUEM
Fe, Co, As, Vu Y 1 noBBIILIECHHON KOHILIEHTpaLUuei
Mg u Cr B pacteHusix. Huskue KoHIIEHTpalluuy 2J1e-
MEHTOB OOYCJIOBJIEHbI TOCIIOACTBOBAaHUEM Iecya-
HBIX O€IHBIX ITOYBOOOPA3YIOIIMX ITOPOI U CPOPMMU-

DYNAMICS

MATE CHANGE

poBaBIIMXCSI Ha HUX Toa3oiax [OnekyHosa, 2013;
MockoBueHko ¢ coant., 2015]. s Tepputopun
JIECOTYHAPBI XapaKTEPHO TOBBIIIEHHOE COMmepKa-
Hue As. IloiyyeHHBIe HaMU JaHHBIE COIJIACYIOT-
cs C pe3yabTaTaMHM ITOYBEHHBIX WCCIICIOBAHUN
[AnekceeBa c coant.]. B AHAO ycraHoBjieH mo-
BBILLIEHHBI perMoHabHbIN (hOH 10 As [AJleKkceeB
¢ coant, 2019]. Ilo comepxxanuio Cu BBISIBIICHO
HEe3HAYUTEJbHOE TMOBbIIIEHNEe KOHLEHTPAUUU OT
CeBEPOTACXKHON IMOA30HBI K I0XKHOH TYHIpE.

J171s1 MOA30HBI JIECOTYHAPHI OOHAPYKEHBI MTOBbI-
lIEHHbIe KOHIIeHTpauuu Fe B Ki1agoHusx, a s
Eriophorum angustifolium TOJIbKO B IOA30HE HOXK-
HOI TyHIpHI. B mom3oHe ceBepHOIl Talru MOBBI-
IIeHHBIe KOHIIEHTpauy V HaKkarummBaoTes B Larix
sibirica. Salix akkKkyMynupyeT MaKCUMaIbHbIE KOH-
neHTtpanu Co B TIOA30HE CEBEpHOM TalTH, a IJIst
KJIaJIOHU B 3TOM MOA30HE HAOJIOMAIOTCS MUHM-
MaJibHble 3HAUE€HUsI, KOTOpbIe YBEJIMUYMBAIOTCSI Ha
ceBep. Equisetum arvense u Salix HakaruiuBalOT
Hu3kue 3HadyeHus1 Cu B MOJ30HE CEBEPHOM TalTH;
B Larix sibirica Ha060poT, 0OHAPYKEHO ITOBBILLIEH-
Hoe conepxkaHue 3toro 3ieMeHTa. Congepxanue Ga
CYLLIECTBEHHO BBbIIIE B JIUCTbsIX Betula pubescens
u B Eriophorumangustifolium B oa30He J€COTYH-
IpBI, B Salix MeHbIIIee comepkaHNe 3TOTO DJIEMEH-
Ta B MOJ30HE CEBEPHOU TAMIWU.

Paznuuust B HaKOTUIEHUM HEKOTOPBIX 3JIEMEHTOB
B pacTeHUsIX, BOBMOXHO, CBSI3aHbl C OCOOEHHOCTSI-
MU WX OOCTYIUIEHUSI U3 aTMoc(epbl Ha MOBEpPX-
HOCTh PacTeHUIl B COCTaBe OTAEIbHBIX (PpaKiInii
NblIJIeadpOo30JIbHBIX BhitaneHuii [TenTiokos, 2008].
IloBblllIeHHOE coAepXXaHUE TSKEIbIX METaJLJIOB
(B wactHocTu, Zn, Cr u Ni) oOHapyeHO B pac-
TUTeJIbHOCTU 3anagHoro TaiMbIpa, 4YTO IO MHEHUIO
aBTopoB [Crico u ap., 2014] aBasgeTcs reoxuMuye-
CKOM OCOOCHHOCTBIO OOpeaTbHOM 30HBI.

B pa6ote [OnekyHoBa u np., 2018] mokaszaHo,
YTO MOBBIIIEHHOE COAEPKaHUE TSKETBIX METAJIIIOB
B PACTUTEJIbHOCTU SIBJISIETCSI MHAUKATOPOM OO111e-
ro 3arpsisHeHusi Tepputopuu. [lpu sToM nuIaii-
HUKM XapaKTEepU3YIOTCs TOBBIIIEHHBIM COIepKa-
HHUEeM Bcex ayieMeHTOB. s 06epé3bl xapaKTepHO
MOBBLIIIIEHHOE HaKOTIJIeHue Zn, MOpoil ABaaliaTu-
KpaTHO TpeBbIIaioniee (hoOHOBbIE KOHIIEHTPAIIUHN
IaHHOTO 3JeMeHTa B mouBe [Margui, et al., 2007].
Pesynbratsl comepkaHMST TSKETBIX METAJUIOB B Ha-
IINX UCCIIETOBAHUSIX COTTOCTABUMBI C pe3yJIbTaTaMH
[[Tomomsa, 2016].

BbiBO4bl

IIpoBeneHHbBIE MCCIETOBAHMS TO3BOIMIN OTIpe-
nenuthb conepxxanue Cr, Co, Ni, Cu, Zn, Ga, As,
Y, V, Na, Mg, Si, P, S, K, Ca, Ti, Mn, Fe, SB
pacTeHUSIX (POHOBBIX YYACTKOB HE(MTEra30HOCHBIX
paitoHoB ceBepa 3amagHoii Cubupu B Tipeneiax
CEBEPHOI Taiiru, JIECOTYHIPbl U I0XKHOUW TYHIPHI.
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B kauectBe OOBEKTOB HCCAEAOBAHUS ObLIU BbI-
OpaHbl IIMPOKO PACIPOCTPAaHEHHBIC BUIBI Ipe-
BECHBIX Topof (Betula pubescens, Larix sibirica,
Pinus sylvestris), xycrapuukoB Salix lanata,
kyctapHuukoB (Vaccinium vitis-idaea, Ledum
palustre s. 1.), mpae (Eriophorum angustifolium,
Equisetum arvense) n mmmaitnukoB (Cladonia
stellaris, Cladonia stygia). Tlo BenuuuHe Me-
IWAHHOTO COIOEpKaHUsS B PACTECHUSX 3JIEMEHTHI
pacrioyiaratotcsl B CeAayrolieM Mopsiake (Mr/Kr):
Si(8827) > Mg(6469) > Ca(3186) > P(2955)
> Mn(752) > S(210) > Ti(137) > Zn(33,9) > Cu(8,3)
> Sr(7,0) > Cr(5,3) > Ni(3,4) >Y(2,6) > As(0,47)
>V(0,2) > Ga(0,09). PekomeH10BaHO UCITOIb30BaTh
TOJTydeHHbIE 3HAUCHUS CONIEep>KaHUS DIIEMEHTOB
B PaCTUTENIBHOCTA B KAa4eCTBE OPUEHTUPOBOYHBIX
JUTST UCCIIelyeEMOI TEPPUTOPUM.

[Mocuntanbl KO3GGUINEHTH OMOJIOTTYECKOTO
HaAKOIJICHUSI 3JIEMEHTOB B pPACTEHUSIX OTHOCH-
TEJIbHO PETMOHAJBHBIX (POHOBBIX KOHIIEHTpAIIUi
B MouyBaX. MakcumaibHble KOX(MDOUIIMEHTHl aK-
KyMYJISIUU OOHapyXeHbl st Py, 4, Mgy, Mnyg,
Cag, m ms Zn, 5. CuiibHbIE KOHLEHTPALIMOHHbIE
CIIOCOOHOCTU OOHapyxXeHbl Yy Fquisetum 110 cO-
nepxannto kanust (K, = 96).

BreisgBneHa BumoBast crieliMdUKa aKKyMYJISIIAN
XUMHWYECKUX 3JIEMEHTOB B PACTEHUSIX U M3YYEeHBI
30HAJIbHBIE OCOOCHHOCTH HAKOIUICHUST STUX dJie-
MeHTOB pacteHusiMu. CojepxkaHue psiia MakpodJie-
MeHTOB (Mg) u mukpoanemeHToB (V, Y, As u Co)
CTaTUCTUYECKU TOCTOBEPHO HE OTIMYACTCS MEXIY
BUAAMU UCCIEAOBaHHBIX pacteHuii. Haunbosbliiee
pazuyre YpoBHSI aKKyMYJISILIMA MeEXAYy BUAAMU
pacteHuii ooHapyxeHo mist Ni, Zn, Ca, Mn, S u Si.

CraTrcTU4ecKre TOCTOBEPHBIC Pa3IuUMs B Ha-
KOIUICHUM 3JIEMEHTOB PAaCTEHUSIMH B pa3HBIX OMO-
KJIIMMaTu4YeCcKnx 30Hax oOHapyxeHo mis Cu, Fe,
Co, Cr, As, Mg, V, Y. [lns1 ocTajbHBIX 2JIEMEHTOB
CeMMUKN aKKyMYJISIINU He BBISBICHO.
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APPENDIX

Tabavua 4

CoaepXXaHue XMMNYECKUX SAEMEHTOB B PACTEHUIX HOABIMCKOro pamoHa (Mr/Kr)

®oHoBoe
X3 Med M SD Hopma* MAY** COAEpPXaHUNe
B noysax FHAO***

\% 0,20 0,55 0,72 - — 27,00
Cr 5,3 5,4 1,7 - 0,5 43,70
Co 0,02 0,17 0,34 0,3—1,0 1,0 4,00
Ni 3.4 3,9 1,7 - 3,0 15,20
Cu 8,8 12,1 14,4 3—12 — 9,95
Zn 34 48 46 20—60 50 23,00
Ga 0,09 0,16 0,17 - — —
As 0,47 1,89 2,33 - 0,5 2,00
Y 2,63 14,89 18,12 - — 6,00
Na 30 44 101 1000 — 1075,25
Mg 6470 6670 2930 1800 — 711,78
Si 8800 10300 7300 10000 — 496139,57
P 2960 2740 903 1500 — 132,0
S 210 790 1030 - — -
K 300 5080 9270 3000 — 3654,38
Ca 3190 4670 3370 6000 — 514,00
Ti 137 157 134 - — 1528,00
Mn 752 877 337 20—60 >500 94,54
Fe 50 188 401 25-50 100 10982,00
Sr 7 15 19 — — 106,75

Med — menmanHoe 3HayeHuUe, M — cpemgHee 3HadyeHne, SD — cTraHmapTHOe OTKJIOHeHMe, * HopMa 1o [buoreo-
XUMUYECKUE OCHOBHI..., 1993], **MJIY — MakcumasibHO JOTMYCTUMBIN ypoBeHb 10 [TasaHoB, XmeneBckuii, 1991].
% o pesysbTaTaM aHaiu3a crareit [OnekyHos ¢ coaBrt., 2007; MepoHoBa ¢ coaBrt., 2014; TomaiyHac ¢ coaBnr., 2014;
ArbaisH ¢ coasrt., 2015; XKyp6a ¢ coasrt., 2016; CtpaxoBeHKO ¢ coaBT., 2016; CkunuH ¢ coanT., 2016; Ar6aisiH ¢ co-
aBT., 2018; Anekcees ¢ coaBrt., 2019; Cemenkos, 2019].

Tabama &

CerS)Konue XUMUYECKUX SAEMEHTOB B PACTEHUSIX B 3ABUCUMOCTU OT BUAQ (Mr/KT) (BEAUYMHA OLUIMGKM BAPBUPOBAHA

ot 5% A0 10%.)
™ Ledum Betula Vaccinium Salix Cladonia | Cladonias- Larix Eriophorum Pinus Equisetum
= palustre | pubescens | Vitis-idaea | Ilanata stellaris tygia sibirica | angustifolium | sylvestris | arvense
A% 0,27 0,10 0,31 0,28 0,09 0,18 0,20 0,19 - 2,25
Cr 5,4 3,3 4,9 3,8 6,1 7,2 5,4 4,1 5,2 4,3
Co — - - — 0,11 0,19 0,26 — - -
Ni 3,3 8,3 3,2 5,5 2,7 2,5 3,1 4,3 4,2 3,4
Cu 10,1 11,1 8,6 11,8 0,4 0,4 14,4 20,9 21,6 15,2
Zn 30 150 32 94 4 4 22 59 57 47
Ga 0,05 0,30 0,09 0,36 - 0,03 - 0,18 0,07 0,32
As 3,29 0,48 3,19 1,91 - - 3,31 2,49 2,72 0,22
Y 14,2 0,2 24,4 7,2 17,2 2,9 33,3 2,6 18,9 -
Mg 5500 8300 5120 4700 6900 7900 8990 6470 5900 6400
Si 7040 2450 8130 450 13220 13730 8140 9210 6960 24890

Tom 12 <> Bbinyck 1 <> 2021

ANHAMNKA OKPYKAIOWEN CPEAbI

N rAOBAMbHDLIE N3MEHEHNS KANMATA




E.V. Agbalyan, E.A. Zarov, LV. Filippov et al.
BIOGEOCHEMICAL ASSESSMENT OF THE MAIN PLANTS AT THE NADYM DISTRICT'S...
DOI: https://doi.org/10.17816/edgcc41876

™ Ledum Betula Vaccinium Salix Cladonia | Cladonias- Larix Eriophorum Pinus Equisetum
= palusire | pubescens | Vitis-idaea | lanata stellaris tygia sibirica | angustifolium | sylvestris | arvense
P 2780 1940 3210 1890 3240 3250 2990 2680 2790 2150
S 410 800 — 1200 - — - 1100 — 3600
K — 4600 — 10400 - — - 3800 - 28793
Ca 2600 5300 3900 11100 2200 2500 3000 2300 2600 10100
Ti 87 188 100 282 251 320 12 199 15 52
Mn 1230 1330 1240 1140 560 590 710 640 890 650
Fe — — — — 270 425 - — — -
Sr — — — 50 - — - — — 25
Tabavua 6

MeAnQHHOE COAEPXXAHNE XUMUYECKUX DAEMEHTOB B PACTEHUSX B 3ABUCUMOCTU OT TEPPUTOPUM NPONU3PACTAHUS (MF/KT)

X3 Yyactok N2 1 Yyactok N2 2 Yyactok N2 3
A\ <0,09 0,63 0,43
0,17—1,28 0,2—-0,77
Cr 6.05 4,40 5.29
5,4—6,7 3,7-5,3 4,4—6,9
Co — — 0,07
<0,02—-0,37
Ni 3.5 3.5 3.3
2,7-4,5 3,2—4,3 2,7-3,9
Cu <0.4 14.6 8.8
<0,4—11,7 5,6-22,1 <0,4—15,8
Zn 25 48 29
16—52 31-78 4—49
Ga 0,08 0.18 0,05
0,03-0,15 0,03-0,36 <0,02-0,19
As — 3.17 2,24
0,96-5,71 <0,02-3,42
Y - 29.1 16.8
<0,02—41,9 5,7-29.7
Mg 8900 5300 5700
7700—10200 3400—6600 4700—7200
Si 7600 9200 9400
5700—11100 6900—13400 7000—15000
P 2940 2900 2990
2580-3270 2150—-3090 2350—-3260
S <200 480 <200
<200—-760 <200—1060 <200—-1170
K <300 <300 <300
<300-3900 <300—6500 <300—-6300
Ca 3200 3300 3200
2400—4800 2300—6500 2600—5020
Ti 160 83 172
20—-260 12—-202 59-342
Mn 797 740 680
650—1130 620—1090 590—1150
Fe - - <50
<50-570
Sr - <7 <7
<7-11 <7-14

Yucauteab — MeIMaHHOE 3HAYeHWEe KOHLEHTpAIlu, 3HaMeHAaTeIb — TIEePBbIN U TPETUI KBAPTUIIN.
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Tabanya 7
KoopaAnHQTEI MECT MOCELLEHNI
n place name latitude longitude H n place name latitude longitude
1 C.taiira OaryibHUK 64,58598 | 70,94183 37 Jlecotynnpa OpycHMKa 65,58197 72,11540
2 C.Ttaiira GaryJabHUK 64,51162 71,16405 38 | Jlecorynmpa OpyCcHMKA 65,81552 71,03008
3 C.taiira GaryJabHUK 64,52786 | 72,16885 39 | Jlecotynapa OpycHMKA 65,75344 | 75,69913
4 C.raiira Gepésa 64,56671 70,94138 40 | JlecoryHapa nBa 65,59483 | 72,00751
5 C.raiira Gepésa 64,51162 71,16405 41 JlecoryHapa nBa 65,81552 71,03008
6 C.taiira Oepésa 64,58751 72,21848 42 | JlecoryHmpa uBa 65,74363 75,71055
7 C.taiira OpycHMKa 64,37391 71,58059 43 JlecoryHnpa Ki1.3Bé3muartas | 64,58121 72,20351
8 C.taiira OpycHUKa 64,37391 71,58059 44 | JlecotyHapa Kki1.3B€3muarast | 65,43226 | 75,70997
9 C.taiira OpycHMKa 64,58121 72,20351 45 | JlecotyHapa KiI1.3BE3muartas | 65,74461 75,70997
10 C.raiira uBa 64,50726 | 71,03552 46 JlecoryHapa KJI.MpayHast 65,61874 71,88978
11 C.raiira uBa 64,26743 70,9437 47 JlecoryHapa KJI.MpayHast 65,46921 73,43226
12 C.raiira nBa 64,37391 71,58059 48 JlecoryHuapa KJI.MpayHast 65,82544 | 75,71075
13 C.taiira Kki1.3Bé3muartast | 64,79944 | 70,94532 49 JlecoryHnpa JIMCTBEHHMLIA 65,59483 | 72,00751
14 C.raiira KJ.3Bé3qyaras | 64,48877 71,04145 50 JlecoryHnpa JIMCTBEHHUILIA 65,81479 70,99592
15 C.raiira KJ.3Bé3nyaras | 64,52836 | 72,16651 51 JlecoryHnpa JIMCTBEHHMLIA 65,74461 75,70997
16 C.raiira KJI.MpayHast 64,58493 | 70,94532 52 | JlecoryHapa nyuuia 65,78911 71,53417
17 C.raiira KJI.MpayHast 64,48877 | 71,04145 53 JlecoryHapa MyLIma 65,74567 71,6925
18 C.raiira KJI.MpaJyHast 64,52786 | 72,1688 54 | JlecoryHmpa MyIIna 65,82544 | 75,71075
19 C.taiira gucTBeHHUIa | 64,56671 70,94138 55 | Jlecorynapa cocHa 65,74567 | 71,20916
20 C.raiira JIMCTBEHHMUIIA 64,58493 | 70,94532 56 | JlecoryHapa COCHa 65,57803 73,07286
21 C.raiira JINCTBEHHMLIA 64,58121 72,20351 57 JlecoryHnpa COCHa 65,71098 74,16663
22 C.raiira MyIIuia 64,51162 71,16405 58 Jlecotynapa XBOIIL 65,55356 | 72,24153
23 C.raiira nyumia 64,52836 | 72,16651 59 JlecoryHunpa XBOLL 65,90652 | 74,20425
24 C.raiira MyLmia 64,42165 71,99564 60 | JlecoryHapa XBOIIL 65,90786 | 75,75230
25 C.taiira cocHa 64,58493 | 70,94532 61 Jlecotynnpa XBOIIL 65,46922 | 73,43225
26 C.taiira cocHa 65,59914 72,22268 62 1O.TyHmpa OaryapHUK 65,51944 | 73,89777
27 C.raiira CcOocHa 64,42056 | 72,00008 63 0. tyHmpa GaryJabHUK 65,63702 74,32866
28 C.raiira XBOIIL 64,50726 | 71,03552 64 1O.TyHmpa GaryIbHUK 67,78527 75,48186
29 C.raiira XBOLIL 64,50799 | 71,03507 65 1O.TyHIpa OpycHMKaA 66,48380 | 73,92025
30 C.raiira XBOIIL 64,37391 71,58059 66 10.TyHIpa OpycHMKA 65,81552 71,03008
31 JlecoryHmpa GaryJabHUK 65,60213 72,00791 67 10.tyHapa OpyCcHMKA 68,04344 | 75,52311
32 | JlecoryHapa OaryapHUK 65,58197 72,11540 68 O.TyHnpa unBa 65,51944 | 73,89778
33 | Jlecotynmpa OaryapHUK 65,74461 75,70997 69 O.tynnpa uBa 67,78527 75,48186
34 | JlecotyHapa Oepésa 65,59972 | 72,03813 70 | HO.tynnpa uBa 68,25058 | 75,74994
35 | Jlecorynapa Gepésa 65,55356 | 72,24153 71 0.TyHznpa uBa 67,91952 | 74,99752
36 JlecoryHapa Gepésa 65,90652 | 74,20425 72 10.TyHIpa KJ.3Bé3muarast | 66,48380 | 73,92025
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n place name latitude longitude n place name latitude longitude
73 0.Tynnpa Kki1.3BE€3muatast | 67,76963 75,54088 82 1O.Tynnpa nucTBeHHULA | 66,52038 | 73,89658
74 1O0.TyHIpa Ki1.3BE€3muatast | 68,04344 | 75,52311 83 0. Tynnpa JIMCTBEHHMLIA 67,91952 74,99752
75 1O0.TyHIpa Ki1.3Bé3muaras | 67,91711 75,03992 84 1O0.TyHapa JIMCTBEHHM LA 67,89675 75,46627
76 10.tyHIpa KJI.MpaJyHast 67,74619 75,26992 85 10.tyHIopa MyIIALa 65,51952 73,89583
77 O.Tynnpa KJI.MpavHas 67,74619 75,26992 86 O.tynnpa MyIIuIa 65,63702 | 74,3286l
78 O.Tynnpa KJI.MpavyHas 66,48380 | 73,92025 87 O.tynnpa MyIIuia 65,81552 71,03008
79 O.Tynnpa KJI.MpavyHas 67,76963 75,54088 88 O.Tynnopa XBOIILL 66,51772 73,88197
80 I0.Tynnpa KJI.MpavyHas 67,97258 75,47141 89 1O.TyHnpa XBOLLL 66,31844 | 73,88186
81 I0.Tynnpa KJI.MpayHas 67,91711 75,03991 90 10.Tynnpa XBOLL 68,24291 75,74708
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