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Metals were determined in two species of macrophytes Phragmites australis Trin. ex Steud and
Potamogeton pectinatus L. grown in lakes of different salinity, using emission spectrometer with
inductively coupled plasma. Principal component analysis revealed that the total metal content is
influenced by species of macrophytes and environmental conditions (in particular water chemistry). Both
species of macrophytes from freshwater reservoir Bugach were characterized by higher concentrations
of Fe, Al, Ni, V and Co in comparison with the same species from brackish lakes. However, there
were no significant differences in content of these metals between samples of macrophytes taken in
desalinated and saltwater parts of Shira Lake. In some cases, metal content of samples collected in
different years at the same place were significantly different. It was observed for plants of Ph. australis
collected in brackish station of Shira Lake, and plants of P. pectinatus from Lake Shunet. It was found
that the highest total content of most metals is typical for P. pectinatus.
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Coaep:xanue MeTaJLI0B
B Phragmites australis Trin. ex Steud
u Potamogeton pectinatus L.

U3 BOI0€MOB Pa3HOIl MUHEPAJIN3ANUU

E.A. UBanoBa®"*, O.B. AHnIEeHK0™?,

N.B. 3yes?, A.Il. ABpamoB*

“Cubupckutl pedepanvbHblil yHUBepcumem

Poccus, 660041, Kpacnospck, npocn. Ceoboonulil, 79
SUncmumym ouogpusuxu CO PAH

Poccus, 660036, Kpacnospck, Akademeopoook, 50/50

Memannvt onpedensnu 6 08yx eudax makpogumos — Phragmites australis Trin. ex Steud u
Potamogeton pectinatus L., npouspacmaiowjux 6 6000emMax ¢ pasHoll CONeHOCMbIO, ¢ HOMOULIO
IMUCCUOHHO20 CNEKMPOMEmpPA ¢ UHOYKMUBHO-CEA3AHHOU NAA3MOU. AHAIU3Z pe3yTbmanos Memooom
271A8HBIX KOMNOHEHIN NOKA3AJ, YO HA 841080 COOEPHCAHUE MEMANN08 BIUAEI BUO MAKPOPUMOE
U ycnogusi okpydcaioweli cpedvl, 8 YACMHOCMU Xumudeckuil cocmas 600vl. Oba uda Maxpogumos
U3 NpecHo800H020 8oooxpanuuwja byeay omauyanruce 6onee 8b1cOKUMU KOHYESHMPAYUAMU dHcele3d,
ANIOMUHUSL, HUKeNsd, 6AHAOUs U KOOANbMA NO CPABHEHUI0 ¢ MeMU dce SUOAMU MAaKpopumos,
COOPAHHBIMU 8 CONOH08AMOB0OHBIX 03epax. Oonako 0aa makpogumos uz o03. Llupa, omobpannvix 6
ONPEeCHEeHHOU U COOHOB8AMOBOOHOU YACIAX 03ePd, PACXONCOCHUT 8 COOEPHCAHUU OAHHBIX MEMAILILO08
He @viAsneno. B pade cnyuaes npodvi u3z oOHOU MOUKU, HO cOOpamHble 6 pasHble 2006l UMenu
Cywecmeennvle pasiuius — Mo HaOmMo0anocy Ol pacmeruii MpOCMHUKA U3 COTOHO8AMOB0OHOU
cmanyuu 03. Llupa, u pacmenuii pdecma u3z 03. LLlynem. Bvino ycmarnogneno, umo naubonee 6vlcoxkoe

8a1080¢e codepoicaniie OONLUUHCINEA MEMAI08 XapakmepHo 0ns P. pectinatus.

Kniouesvie cnosa: MAKpOSIeMennmvl, MUKPOIJIEMEHMbl, MEemAaJljbl, MﬂKpOd)umbl, 6odoxpaHuﬂume,

CONIOHOBAMOBOOHDLE ozepa, Munepaiuzayus.

BBCHEHHQ TKaHSIX OOJIBIIOE KOJMYECTBO TSKEIBIX METall-

Bricmne BogHBIE pacTeHHS (MaKpOQHUTHI)
IPEICTABIAIOT HadyaJIbHOE 3BEHO B KPyTOBOPOTE
BEILECTB ¥ SHEPI U KaK IIEPBUYHBIE TPOILYLICHTHI
OpPraHUYecKoro BELIeCTBa, BOBIICUEHBI B TPO(DU-
YECKHUE CETH, HI'PAIOT OTPOMHYIO POJIb B IIOJACP-
YKAHHUH CJIOKUBIIETOCSI €CTECTBEHHOTO PaBHOBE-
CHs B BOIOEMaX M B MPUPOAHBIX JaHIMAPTAX B
nenoM. JlocTOBEpHO M3BECTHO, YTO BBICIINE BO-

JAHBIC paCTCHU CIIOCOOHBI HAKAIJIUBAaTh B CBOUX

JIOB, COIEP’KaHNE KOTOPBIX CUIIBHO BapbUpPYET B
pasHBIX BUJIaX MAaKPO(MHUTOB U B 3aBUCUMOCTH OT
yCIIOBUI mpou3pacTaHus. brosorndeckas poib
XUMUYECKUX 3JIEMEHTOB B PACTCHUSIX pa3Has,
Yalme BCEro BBIACIAIOT JBE OONBIINE TPYIIIBI
METaJIJIOB: MaKpPO3JIEMEHThl U MUKPOAJIEMEHTHI
(Myp, Pamamyprtun, 1987; Jlykuna, CMupHOBa,
1988). bmaromapsi cocoOHOCTH HaKalJINBaTh

HEKOTOPLIC MCTAJIJIbl B TKAHAX paCTeHI/Iﬁ Makpo-
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(GUTHI UCHIONB3YIOTCS KaK MPUPOIHBIE (PUIBTPBI
IUISL YOAJICHUS METAJUIOB M3 BOJHBIX SKOCHCTEM
(Dunbabin, Bowmer, 1992; Kumar et al., 2008;
Nikoli¢ et al., 2014 u np.). C npyroii cTOpoHSHI,
BBICIIIHE BOJHBIC PACTECHHUS M3BECTHBI KaK 00b-
eKTHl THTAHUS THAPOOMOHTOB, IPEACTABIIAL
HAYaJbHOE 3BEHO MHOTHMX TPO(PHUECKUX Ierneit
(TaeBckast, 1966), B TOM YHCIEe U B BOIOEMAaX C
pa3HON COJIGHOCTBHIO BOAbL. B naHHOW crarhe
paccMmarpuBaeTcs BOIIPOC O TOM, UYTO BIHUSCT Ha
BaJIOBOE COJICPIKaHUE METAJJIOB B Makpodurax:
BH/JI paCTCHUH FIIH OKPYKAIOIIHUE YCIOBUS, B KO-

TOPBIX OHU IIPOU3PACTAIOT.

MarepuaJibl 1 METOBI

Pa6otsr mpooamim B 2012-2013 rT. Ha Tpex
BOJIOEMAaxX: IIPECHOBOJHOM BOAOXpaHWIHIIE by-
rad, COJIOHOBaTOBOAHBIX o3epax lupa u lllyner,
pacnonoxeHHbIX B KpacHosipckoM kpae u Peciry-

omuke Xakacug (puc. 1).

Bopoxpanmnume byrau  (56°03'

92°44' B.1.) — HEOONBIION MPECHOBOIHEIN BOMIO-

c.Il.,

eM, o0pa3oBaH Ha p. byrau (Bropu4HOM IpUTOKE
Enuces) u pacnonoxkeH B okpecTHOCTsX Kpac-
HOSIPCKA, B JICCOCTEITHOW MECTHOCTH, YAaCTHIHO
3aHATOW MACTOWINAMU W TIONSMHU, €ro Ormdaet
O)KHMBJICHHAsI aBTOMArucTpaib. B Hero BmagaroT
pyusu IlsTkoBa n Kapakymia, cTok u3 Bogoxpa-
HUJIMIIA OCYIECTBISCTCS Yepes IIOTUHY. Bozmo-
€M HMeeT CIOXHYI0 KOHQUTYpALHUIo, ILIOMAaITh
okono 0,32 kM2, MakcuMmaJbHas TayOuHa 7 M,
cpenHsis TTyOMHA BomoeMa okoio 2-3 M. Bomo-
XpaHUIIUIIE, B KOTOPOM HAOJIOMAETCS €KEroj-
HOE MIPOJOJKUTENEHOE JICTHEE KIIBETCHIE)» BOIBI
[UAHOMPOKAPUOTAMH, CIa0OIMPO3pavyHOe, XO-
poIIo TepeMenmnBaeMoe, HecTpaTu(puInpoBaH-
HOE [0 TEMIIEPaType, HO CTpaThu(GUIHpPOBAaHHOE
mo conepxanuio kucinopona u pH (pH=7,7-9,5)
(I'mapsimes u ap., 2001). Boasl Bogoxpanuiuina

OTHOCATCA K I'I/I,E[pOKap6OHaTHOMy KJIaccy, BO4O-
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Puc. 1. Kapra-cxema pacnosiokeHus BO0EMOB
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€M XapaKTepHu3yeTcsl CpeHEeN MUHepaau3aluuen
(Myukuna, HoBukoBa, 2004).

beccrounoe crenHoe o3. Illupa pacmnosno-
eHo B 17 kM k BocToky oT moc. [lIupa (Pecmy-
6nuka Xakacus). B rokxHyI0 YacTh o3epa Ba-
maet p. CoH. MopdomeTpuieckue HapaMeTphl
o3epa CleAyloIue: IUIOMAgh BOTHOTO 3epKaja
35,9 km?, niuna 9,35 KM, MaKCUMaJIbHAs [IIUPHHA
5,3 kM, AyTHA OeperoBoi TuHuM 24,5 KM, Makcu-
MalbHas TTyOrHA M3 TO/Ia B TOXI BAPBHUPYET U Ipe-
BhIIIAeT 24 M, cpeaHsasa raybuna 11 M. Bona mo
XUMHYECKOMY COCTaBY CyIb(}haTHO-XJIOPUIHO-
HaTpHUeBO-MarHueBas. Peakius Boxbl meI0YHas
(pH =
BOJIBI 03€pa ABJISIETCS HU3KOE COAep)KaHNEe KaTu-

8,9-9,2). XapakTtepHOoll OCOOCHHOCTBIO

oHoB Kampnus (Kemuyxwna Xakacud..., 1997;
IIpuponusrit kommiekc..., 2011). ConeHocTh
BOJIBI B SIIMJIMMHHUOHE 03epa (BepXHHE 5-6 M BO-
JTHOTO CTOJI0A) BO BpEMsi CTPaTU(QHUKAIIMH JIETOM
cocTaBisieT okoJo 14-15 r/m, B Oonee T1yOOKHX
cnosix Bogsl 18-19 /i (Rogozin et al., 2011). ITpo-
OBl MaKpO(UTOB OTOMpPANIA HA BYX CTAHITUAX:
cranmus 1 (54°29° c.m., 90°11° B.A., coseHas
4acTh 03epa) — B JINTOpaJIN 03epa, 1 KM [oKHee
KypopTHOH 30HBI 1. JKeMuyXHBIH, U CTaHLIHS
2 —ycrbe p. Con (54°28' c.or., 90°15' B.1., ompe-
CHEHHAas 4acTh 03€pa).

Crennoe o3. lynet (54°25' c.u., 90°14' B.1.)
pacmnonoxxeno B 10 kM roro-3anagnee moc. Kem-
qy>kHBIH. O3epo OeccTouHOE, Ha OKHOM Oepe-
ry B HEro BhajacT HEOOJBIIOW MPECHOBOMXHBIN
kutrod. [1ommane BOMHOTO 3epKaia 03epa CoCTaB-
nset 0,46 kM2, quHA OeperoBoit TuHuuU 2,9 KM,
riryouHa okosio 3 M, abCOJIIOTHAsI OTMETKA ype3a
Bozbl 418,3 M. Boma o3epa oTHeceHa K cpemHe-
MHUHEPATHU30BAHHBIM CyIb(aTHO-XJIOPHUIHO-
HaTPHUEBO-MAarHUEBBIM C MIETOYHON peaxiueit
(pH=8,4). 11151 03epa xapaKkTepeH HETTOCTOSHHEII
rugponoruueckuil pexxum (PKemuyxkmna Xaka-
cui..., 1997; llpupogHelii KOMILIEKC. . ., 2011).

MeTamnibl onpenensin B ABYX BHIAX Ma-

KpO(l)I/ITOB, Ipoun3pacTarorx BO BCEX BOAOCMAX:

renodut Phragmites australis Trin. ex Steud
(TpocTHHK I0KHBIA) U runpodur Potamogeton
pectinatus L. (pnect rpebenuatsiii). Pactenus
coOupany B KOHIIC HIOJNS — Hayajie aBrycra B
MePUO/l MAKCUMAJIBHOI'O pOCTa B Hambosee TH-
MMAYHBIX y9acTKaX (PUTOIICHO30B B TPEXKPATHON
noBTopHocTH. COOp pacTeHH MPOBOUIH METO-
JIOM YKOCOB (PHTOMACCHI C YUYETHBIX ILIOMIAIOK
¢ TIOMOIIBbIO paMKu pazmepoM 50x50 cm, cpesas
pacteHus Ha ypoBHe rpyHTta (KaTtanckas, 1981).
VYkocel pasdupanu mo BuiaMm pacteHuid. Jis
yAalleHUus 4acTHIl TPYHTA, KUBOTHBIX U 00Opa-
craTteiell pacTeHUs IPOMBIBAIM MPOTOYHOU H
JUCTUJUIMPOBAHHON BOMOH. 3aTreM Bce 4acTh
pacTeHUsl U3MENbYaId C MOMOIIBIO AJIEKTpHYe-
CKOM MENBHULBI W BBICYIIUBAIU B CYIIHIFHOM
mikady npu 105 °C o nocrosiHHoro Beca. U3 ro-
MOTEHU3UPOBAHHOHN pacTUTEIHHON MacChl Opaiu
HaBecky (1 r) Ha ananu3 (Hukxanopos, Xynumos,
1991).

HaBecku 00pa31ioB MUHEPAIU30BAIN METO-
JIOM MOKPOTO C)KHTaHUS B CMECH a30THOW U XJIOp-
Ho# kucnot (1:1). OnpeneneHue cogepxaHus Me-
tamios (Al, Ca, Cd, Co, Cr, Cu, Fe, K, Mn, Mg,
Na, Ni, Pb, Sr, Sb, T1, Ti, V, Zn) B uccieayemMbix
o0pasmax pacTeHHWH MPOBOMIIIA C IOMOIIBIO
SMHCCHOHHOTO CIIEKTPOMETPa C HHAYKTHBHO-
ceszanHON TuTazmorr iICAP 6300 Duo (Thermo
Scientific, BenukoOpuTaHus) coriiacCHO METOAH-
kaMm (EPA 200.7 Trace elements in water, solids,
and biosolids by inductively coupled plasma (33
anemenTa); [THI @ 16.1:2.3:3.11-98. MeTomauka
BBIMOJIHEHU S U3MEPEHH COAEPIKaHMS METAIIIOB
B TBEPIBIX O00BEKTaX (II0YBa, KOMIIOCTHI, KCKH,
OCaJIKM CTOYHBIX BOJ, IPOOBI PACTUTEIBHOIO
MIPOUCXOXKICHUSI) METOAAMH CIEKTPOMETPHH C
WHAYKTUBHO-CBSI3aHHOM IJ1a3Moi (41 a1eMeHT)).
KanmubpoBka mpubopa BBITIONHEHA C HCIOIB30-
BaHHEM MHOTOKOMIOHEHTHBIX CTaHJAapTOB MJIs
HUCII (ICP multi-element standard solution I'V and
XVI, Merck, Germany). B kauectBe BHyTpeH-

HETO CTaHJapTa MPUMEHSIIH CKaHaui (5 MI/IT) B
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Buzae Sc,0;, nonuzauunonusiit 6ydpep (CsCl) mo-
6aBinsiu B pactBop Sc,0s. [Ipu npurorosieHnn
KaJIMOPOBOYHBIX CTAHJAPTOB  HCIOIH30BAIH
JEHOHU3HNPOBaHHYIO Bony (18 MOwM), mobGaBisiin
10 MJI/7T KOHIIEHTPUPOBAHHOMN COJISTHOM KUCIIOTHI
(oca, OO0 «Curma Trx», . Xumkn). B kauecTe
(oHa B KaTMOPOBOYHBIE PACTBOPHI BBOAMIIN Ma-
tTpuuHsble anemMeHTHl (K, Na, Ca u Mg) B cpennux
KOHLIEHTPALUX, XapaKTepHbIX AJis pacTeHuid. C
KaXJIOW mapTreld mpod TOTOBUIM XOJIOCTOH 00-
pazer — cMech XJIOpHOI U a3oTHOH KucioT (1:1),
KOTOPBIM BBINAPUBAIM U PA3BOAMIIN AEHOHU3H-
POBaHHOI BOJOH, KaK M HCCIEAyeMBble MPOOHI.
KoHTpomnp kadecTBa aHanmm3a IIPOBOIUICS C UC-
nons3zoBaHueM ['CO 8869-2007 TpaBsHOI MyKH
3JIaKOBOM. BanoBoe conepkaHue METajIOB B
pacTUTENBHBIX 00pa3luax MPOBOAMIIA B aHAIU-
THYecKor taboparopun MHCTHTYTA OMODU3UKH
CO PAH.

JI1st BBISICHEHUS XapaKTepa U3MEHUYHBOCTH
pacripeneneHust MeTaJlJIoB B MakpoduTax B mpo-
rpamme Statistica 10 (Statsoft.Inc.) 66u1 mpoBeneH
aHanu3 riaaBHBIX KommoHeHT (PCA), ocHoBal-
HbI{ Ha KOPPESIIMOHHON MaTpuLe 18 anemeHToB
(Na, K, Ca, Fe, Mg, Cu, Mn, Zn, Pb, Al, Ti, Sr,
Mo, Ni, Cd, V, Co, Cr). MeTaibl, IMEIOIIUE CIIe-
JIOBbIE KOHIICHTPAILIMH, B aHAJH3 HE BKJIIOUCHBI.
Pe3ynbpraTel mpencTaBieHbl B BHIE JUarpamMm
paccesiHUs OTJCNBHBIX P00 MaKpO(HUTOB B IIPO-
CTPAaHCTBE IBYX IEPBBIX IJABHBIX KOMIIOHEHT
('K 1 u 'K 2) 1 Tabauibl pakTOPHBIX HATPY30K

0 KaXXKA0MYy MCETAJIYy.

Pe3yabraTsl

BanoBoe conepxaHne METaII0B B 00pa3nax
TPOCTHHKA IOKHOTO, coOpanHbIX B 2012 u 2013
IT. B TPEX Pa3HbIX 10 COJICHOCTH BOAOEMAX, 3Ha-
YUTENBHO BapbupoBano. Ph. australis oTHOCHT-
csl K TresiopuTaM— 3KOJIOTMYECKOH I'pynme pac-
TEHHH, y KOTOPBIX MPAKTHYECKH BCS HAI3EMHAS
Macca KpoMe HM)KHEH 4acTu cTeOlisi HaXOAUTCs

HaJ BoOoH. P. pectinatus — THAPOPUT, BCE YaCTH

KOTOpOTO MOIpy’KeHbl B Boay. Takum 00Opa3om,
JIOTUYHO TIPENIONIOKUTh, YTO KOHIICHTPAIUS
MHOTHX METAaJIJIOB B Pa3HBIX BUJAaX JAOJDKHA OT-
JMAYATHCSL.

Banosoe conepxxanme K B mpobax
Ph. australis, cobpannsix B 2012 1., BappHpoO-
BaJI0O B 3aBUCHUMOCTH OT THIIa Bojoema oT 4388
10 9946 MI/KT cyXo#l Macchl, MAKCHMyM OBLI
3aperucTpupoBaH B BojoxpaHunuuie byrau. B
2013 1. TeHACHIIUA paclpelesIeHUs] KOHUEHTpa-
MU Kajdus B 00pas3lax TPOCTHHKA OCTaJach
MPEeXKHEH, XOTS €ro BaJIOBOE COACPIKaHHE BRIPOC-
70 Ha 40 — 100 % 110 CPaBHEHHUIO C MPEABLAY UM
rojaom (tabm. 1).

B Tpex m3yuaembIX BOJOeMax KOHIIEHTpa-
nust Ca B pacTEHUSIX TPOCTHUKA TaKKe ObLIa BBI-
COKOH, HO B HECKOJIBKO pa3 HI ke conepkanus K.
Hawn6onsmee 3nauenue Ca BoisiBieHO B 2012 1. B
npobax Ph. australis w3 BogoxpaHminiia byrad,
HaWMeEHBIIass WX KOHIICHTpalus OOHapyXKeHa B
npobax pacreHuii, coopannsix B 03. [llupa. Ba-
JIOBOE COZiepKaHue Zn 3HAYUTEIHHO BapbHPOBa-
JIO KaK B PaCTEHHUSX U3 BOJIOSMOB Pa3HBIX TUIIOB,
TaK U B Ipo0ax, OTOOpaHHBIX B Pa3HEBIC TOJIBL.

Pacnipenenenue copepxanus Na u Mg
B mpobax Ph. australis W3 pa3HBEIX BOIOEMOB
HMEJI0 CXOJHBbIC YepThl B 00a roga HaOromIe-
Husa. Camble BBICOKHE 3HAUYCHHS KOHIICHTpa-
U 00OUX 3JIEMEHTOB 3apErUCTPHUPOBAHBI B
2012 r. B 03. [lupa Ha cTtanuu 1 u cocraBuIn
7266 mr/xr pos Na u 2797 mr/kr ans Mg. Hus-
KOE BallOBOE cojepkaHue Mn XapakTepHO IJIs
pactenuit u3 03. lyner. Konnentparnuu Mo B
o0pa3mnax TpPOCTHUKA OBIIN HU3KHUE U HE3HAUU-
TEIHHO BapbUPOBAJIH IO TOAAM.

BamoBoe comepxxanme Fe B o0Opasmax
Ph. australis 3aBucut oT roga ordoopa npood u co-
JICHOCTH BogoeMa. Tak, MUHUMYM 3aperucTpupo-
BaH B HanOosee cosieHom 03. lllyHeT u coctaBun
51-52 Mr/KT, MAKCUMYM — B TPECHOBOIHOM BOJIO-
xpanunumie byrau — 115,68 u 79,72 mr/xr B 2012

#2013 IT. COOTBETCTBEHHO. XOTS CaMasi BEICOKas
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KOHLIEHTpAIUs JKelle3a OTMeUeHa B Ipodax, 0To-
OpanHbIX Ha craHnuu 1 o3epa lllupa. BamoBoe
comepxanue Cu M3MEHSIOCh HE3HAUUTEIBHO U
BappHpoBaio ot 1,6 10 4,66 MI/KT BO BCEX BO-
JoéMax Ha IPOTSKESHHUH JBYX JIET.

B Teuenme nByx jer koHIeHTpanuu Al B
Ph. australis 6111 10CTaTOYHO BBICOKH. MakcH-
MyM BennuuH (92,3—-98,34 Mr/KT) 3aperucTpupo-
BaH B BOJIOXpaHujuiine byray; MUHUMYM OTMe-
yeH B 2013 1. B 03. llupa (cTaHmus 2) u cOCTaBHI
8,35 mr/kr. HeoObIYHO HU3KHMMU JUIsl paCTEHUN
ObuTH KoHIeHTpanuu Ti u m3meHsuucek ot 0,46
1o 5,72 mr/kr. B o6pa3uax TpocTHuka u3 03. Lly-
HET 10 CPAaBHECHHIO C IPYTHMH BOJOEMaMH BaJlo-
Boe conepkanue Ti ObUIO MPaKTUYECKH MOCTO-
STHHBIM.

Ha mnpoTsbkeHMM JABYX JieT B 1pobax
Ph. australis 0oTMEYECHBI BBICOKHE 3HAYCHUS Ba-
JIOBOTO COAEp)KaHMS Sr: MUHUMAJbHAs KOHIEH-
Tpauust Sr oOHapyxkena B 2012 r. B oOpasmax
pactenuit u3 o3. Hlupa (cranums 1) u B 2013 1.
B 00pa3max u3 BomoxpaHmwiumia byrad, a makcu-
MainbHble — B 2013 1. B mpo6ax u3 03. llyHeT.

Hu3kne  koHmeHTpamuu B mpodax
Ph. australis ormeuenst mist Pb: B 2012 r. MmuHu-
maJiibHOe 3Hayenue 0,029 Mr/kr ObLUIO HA CTaHIIUH
2 03. Illupa (yCIOBHO ONpPECHEHHBIH yYacTOK),
MakcuMainbHOe 0,83 MI/KT B 3TOM ke Tony — B
03. lllyner. B 2013 r. 3Ha4uenus mo BogoeMaM Ko-
nebanuce HesHauuTenbHO (0,07—0,16 MI/KT).

BanoBoe conmepkaHue TaKHX 3JIEMEHTOB,
kak Co, Ni, Cr, Cd u V, B o0pazuax Ph. australis
ObLI0 HeBbICOKMM. KOHLIEHTpanuu Bcex meral-
708 B 2012 1. Ob1H BBIIIE OoJice YeM B 2 pa3a 1o
cpaBHeHuo ¢ 2013 r. Camble HU3KWE 3HAUEHUSI
ormeuensl st Cd (0,01-0,07 Mr/kr), 6onee BbI-
cokue 3HaueHus — 1 Cr (1,43-4,77 mr/xr) u Ni
(1,08 — 3,33 mr/kr) (Tabm. 1).

Cognepxxanne K B mpobax P. pectinatus 3a
JIBa TOAa BapbUpOBaJIO B mpenenax ot 12 958
1o 26 156 mr/kr cyxoit maccel (tadiu. 2). Mu-

HUMAaJIbHOE W MAKCHMaJIbHOE 3HAYeHUS ObLIU

3apErucCTPUPOBAHbl B OJHOM UM TOW K€ TOUYKE
oT6opa mpod Ha 03. llupa B 2012 u 2013 rT. co-
OTBETCTBEHHO. MUHHUMaJIbHBIE KOHIEHTPAIUH
Na B npobax paecta (6901 MI/KT) BBISBICHEI B
2012 r. B Bogoxpanuiuie byrau, a Mmakcumanb-
Hele (31 675 mr/kr) — B 2013 1. B 03. [lupa (ycThe
p- Con). BanoBoe conepxanune Ca B paecTe rpe-
OCHUYATOM W3 IMPECHOBOAHOTO Bomoema byrau B
20 pa3 npeBbIlIAJIo COAEPIKAHKE JIIEMEHTa B 00-
pasmax W3 COJIEHBIX BOJOeMOB. Pacmpenencuue
KOHILIEHTpauuu Mg no obpasuam precta UMelo
00paTHYI0 3aBUCHMOCTE: B IIp00ax U3 COJNCHBIX
BOZ0EMOB cojiepkanue Mg Ha 70 % BbIle, Yem
13 MIPECHOBOJHOT'O BOJOXPAHUIIUIIIA.

Konnentparus Fe B pactenusx P. pectinatus
I BceX BomoemoB B 2012 T. Oblia BbIme (537 —
3620 mr/kr cyxoi maccel), ueMm B 2013 . (202 —
1959 mr/kr cyxoit Maccel). B 1enmom omHO3HAY-
HOW 3aBHCHUMOCTH conepkaHus Fe B precte
rpebeHYaToOM OT THIIa BoJOeMa He 00HApy KEHO.
Conepxanne Cu, Zn u Mo B oOpa3uax paecrta Ha
MPOTSKEHUH ABYX JIET IS BCEX THIIOB BOJIOCMOB
HM3MEHAJIOCh HE3HAUYMTENbHO, a MX pacipene-
neHue Ob1o cxoxuM. Konnerrpanus Mn B 00-
pa3uax P. pectinatus CUJIbHO BapbUpOBaja U He
3aBHcelia OT THIIA BOIOEMa U Tofa 0TOopa mpoo.
Conepxanne Al B pacCTEHHUAX pAECTa H3MEHSIOCH
3HaYUTENBHO (0T 34,7 mo 4593,95 mr/kr). Makcu-
MyM Obl1 OOHapy)keH B BojoxpaHuiuiie byrau
B 2012 r. u coctaBua 4593,95 mr/kr, B 2013 r. —
3088,91 wmr/kr. Konnenrpanus Ti Bo Bcex 00-
pasmax precrta cHiIbHO Kojiebanachk — ot 3,71 1o
275,65 mr/kr. MunuManbpHas KoHueHTpauus Ti
obHapyxena 2012 r. B pactenusx P. pectinatus
u3 03. lllupa (crannus 1), MakcumanbHast — B 00-
pasuax u3 o3. lllyHer.

Banosoe conepxanne Pb u Co B 06pasiax
P. pectinatus B 2013 1. BO BCeX HUCCIEIYyEMBIX
BomoeMax ObuIa B 2-3 pasa HHXKE, YeM KOHIICH-
Tpauuu 3Tux 31emeHToB B 2012 r. Pacnpenene-
Hue BajioBoro cozxepxanus Cr u Ni B oOpasuax

paecra rpe6quaTor0 HOCHJIO HeOI[HOBHa‘IHLIﬁ
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xapakTep: B 2012 r. Beicokue 3HaueHus Cr u Ni
3aperucTpupoBaHsl B mpodax u3 o3. lllyner, a
B 2013 r. — B pactenusnx u3 o3. lllupa u Bomo-
xpanunuma byrad. Banosoe copepxkanue Sr 3a
JIBa TO/1a U3MEHAJIOCHh HE3HAUUTEIBHO, OTINYNE
6bu10 B Ipobax P. pectinatus W3 BOJOXPaHUIIHU-
ma byrau, rae KOHIEHTpamuu St MpeBBIMIATH
ocTaJbHBIE IOKa3aTenu Ooyiee yeM B 3 pasa.
Konrnentparuu Cd Bo Bcex oOpa3smax puecra He-
BeICOKH M BappupoBanu ot 0,03 mo 0,22 mr/kr.
AMIUIMTYZAA coaepKaHusi V B pacTEHUAX pAecTa
rpebeHyaToro ObUIAa 3HAUYNUTENBHOH, €r0 COozep-
kaHue M3MeHsutoch oT 0,22-0,77 Mr/kr cyxou
Maccsl B 03. [llupa (2013 1) mo 9,18 Mr/kr cyxoit

Mmacchl — B 03. llyner (2012 r.) (Tadm. 2).

OO0cy:xneHne pe3yJbTaToOB

Kak n3BecTHO, THAPO(UTH 00JIANAIOT HAU-
0oJIbIIell  aKKYMYJIHPYIOIICH CIHOCOOHOCTHIO
W MOTYT IOIJIOIIATh METAJUIBl KaK W3 BOIHOU
Cpeabl, TaK U U3 JOHHBIX OTJIOKeHu. ['enodu-
TBl TAKOH CIIOCOOHOCTBIO OOJNAJAIOT B MCHb-
weit crenenu (Munteanu et al., 2005). OgHako
NpUOPEIKHO-BOJHBIC PACTEHHS, C OXHOU CTO-
POHBI, NOITIOIIAOT MUTATCIbHBIC 3JIEMCHTBHI M3
BO31yXa, B KOTOPOM OOBEMHasi KOHLCHTpaLHUs
TSAXKEJIBIX METAJJIOB CYHICCTBCHHO HUIXKE, YEM B
BOJIC, & C JPYrod — BBIBOIAT YacThb aKKyMYJIH-
POBaHHOrO B OMoMacce MeTalljla ¢ TpaHCIUPaLlU-
onHo# Bono# (Jlykuna, Cmupnosa, 1988). Takum
00pa3om, 00IIMX 3aKOHOMEPHOCTEH B COfiepiKa-
HUM METAJUIOB B PACTCHUSAX Pa3HBIX KOJIOTHYe-
CKHX TPYIII 10 CHX ITOP HEe 00HAPYKEHO.

BanoBoe conmepkaHue METaJJIOB, OOHapy-
JKEHHBIX B pacTeHusix P. pectinatus, mnpeBoc-
XOJHMJIO COACPKAHUE METAJUIOB B PACTEHHIX
Ph. australis ot aByx no necarkoB pa3. Cpenu
MaKpO3JEMEHTOB W IKH3HEHHO HEOOXOIUMBIX
MHUKPOJJIEMEHTOB BBICOKOE COJEpKAHHE U HaU-
Oonplnasi pasHULA Yy JBYX BHIOB Makpo()UTOB
Oblna BeIsiBieHa B copepxanuu K, Na, Ca, Mg,

Mn u Fe. 910 00ycnoBieHO 6HOIOrHYECcKOi po-

JIBI0 JaHHBIX JJIEMEHTOB B pacTeHusx. Kamnwuii
U HATpUil SBISIOTCS KIIIOUEBBIMH DJIEMEHTaMH
TPaHCIOpPTa BELIeCTBa Yepe3 MeMOpaHbl, OHHU 3a-
nyckatoT K-Na-Hacoc, 0OTBETCTBEHHBIH 3a cOXpa-
HEHHE JIEKTPUYECKOr0 MOTeHIIMala Ha MeMOpa-
HaX. B KkjeTke Takke CymecTBYyeT KaJlbLHEBbIH
HACOC, OTBETCTBEHHBIH 3a IMOMNaJaHue BEIeCTBa
B KJIETKY C TIOMOIIBIO oOnerueHHoi auddyzun.
Mapraner siBJISIeTCSl KaTajau3aTopoM B IPOLEC-
cax JIbIXaHUs U ycBOeHHs HUTparos. [lokaszaHo,
YTO MapraHel Opd HUTPATHOM MUTAHUH BbI-
CTYTaeT B POJIM BOCCTAHOBHUTENS, a IPH aMMHU-
AQUHOM — Kak okuciautesb. OH HeoOXOAMM st
TIOA/IEPXKAHUS CTPYKTYPBI XJIOPOIUIACTOB, CIIO-
COOCTBYET OTTOKY CaxapoB U3 JIHCTHEB; SBJISET-
cs kohakTopoM psiga pepmenToB mukia Kpeoca,
NYK-

OKCHJAa3bl U AP. Maruuit BXOJHUT B COCTaB XJIO-

HutpaTrpenykrassl, PHK-momnmepassr,
poduiLIa, YTO ONMPENEIIACT €ro BaXHOE 3HAUCHHE
B )KH3HU pacTeHuid. OH y4acTBYeT B yTIICBOTHOM
obOMeHe, neiicTBuK (PEPMEHTOB U B 00pa30BaHUHU
monoB (Bmaciok, Knmnmoswuikas, 1969).
Kanpuuii BMeCTe ¢ MarHueM IOMOTaeT B
CTPOUTENBCTBE KICTOYHOW CTCHKH pPACTCHUU,
COCTaBJISIE OCHOBY CPEAUHHBIX IJIACTHHOK KJIe-
TOK PacTeHHI, CIIOCOOCTBYET LEIOCTHOCTH Kile-
TOYHBIX MeMOpaH U BOJOYACPKUBAIOIICH CIIO-
COOHOCTH TPOTOIUTA3MBI, UTPAECT BAXXHYIO POIb
B ()OTOCHHTE3e M NEPEABHKCHUU YTJICBOIOB, B
Iporeccax YCBOCHHUS a30Ta pacTeHUsIMH. JKeire-
30 TAKI)KE UTPACT 3HAYUTEIBHYIO POJIb B META00-
JIU3ME PACTCHHI: BXOIUT B COCTAaB (PEPMEHTOB,
y4acTBYET B CHHTE3€ XJIOpOQHILIA, B IPOIEccax
razooomena u T.1. (Mensenes, 2004).
Pe3ynbraTel MCCIIENOBAHUS MMOKA3aJIH, YTO
conepxkanus K u Ca 3HaunTENBHO BEHIIIEC B 00-
pasiax pacTeHHH W3 MPECHOBOJHOIO BOIOECMA.
OnHako 3HaYCHUs BaJIOBOTO COACPIKAHUS Kajlb-
1MsI, JKeJIe3a U Maruus B pacTeHusix Ph. australis
B IIEJIOM COBIIAJAIOT C JaHHBIMH, IOIXYYCHHBI-
MH B JPYTHX BOJOEMax, Hampumep B 03. bori-

koBo, Jlommuuku, Benkn (3amagHas Ilombpina)
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(Szymanowska et al., 1999). IlocTymienue 3Tux
9JIEMEHTOB B PacTEHUs M BOAY BOAOXPAHMIHIIA
Byrau MO)XHO OOBSICHUTH BBICOKMMH KOHIICH-
tpanusimu K, Na, Ca, Mg, Al, Fe, kotopsie B 1o-
yBax KpacHospckoil jecocTenu ompenensitoTcs
MUHEpPAJIbHBIM COCTaBOM 3aJIETAIOIIUX ITOPOJ,
HpPEICTaBICHHBIX MPEUMYIIECTBEHHO TpaHUTa-
MH, a TaK)X€ CEPhIMH NECUaHUKAMH, MEPTeJISIMH
Y U3BECTHSKaMU. XMMUUYECKUH COCTaB 3TUX II0-
POA BKJIIOYAET aJIFOMOCHIIMKATHI KaJIus, HATPHS,
KaJIbLIMs, XKele3a, MarHus, OKCHI KPeMHHS H
kapOonat xansuus (Bynrakos u ap., 1981; Cnu-
npiHa, 2005).

CpaBHMTEIBHBII aHAIN3 MOKa3al, YTO CO-
nepxanue K n Ca B pacTeHHsAX paecta rpedeH-
4aToOro Ha TOPSAJOK BBINIE, Y€M Yy TPOCTHHKA
1okHOoro. Takas ke TeHAEHIUS XapaKTepHa s
apyrux merannoB — Al, Ti u Sr. O6pamaer Ha
ce0st BHUMaHUE (aKT BBICOKOTO COJCpIKaHUs St
B pacteHusx P. pectinatus. Ero BamoBoe coxep-
JKaHUE y plecTa rpebeHYaToro M3MEeHSJIOCh OT
127,0 no 899,6 Mr/kr cyxoii Maccel, B TO BpeMs
KaKk y Ph. australis — ot 42,69 no 148,9 mr/xr
cyxoi macchl (Tabm. 1, 2). I3BecTHO, 94TO HA JTH-
CTBSIX M CTEOJSIX THAPO(UTOB 4ACTO 00pasyercs
OpraHOMHUHEpajbHAas IUJICHKA MJIM HHKpPYCTa-
1H, aIcOpOUpPYIOLIEe TaAKUE dIIeMEHTHI, kak Ca,
Fe, Al, Ti, Sr u ap. (Jlykuna, CmupHOBa, 1988;
Ivanova et al., 2012).

Bamosoe comepxanne Na u Mg, Ha060poT,
BbIIIE ObLIO B 00pa3uax Makpo(pHTOB U3 COJIOHO-
BaToBOAHBIX 03. [llnpa n lllyner, mpuuem Baso-
Bo€ conepkanue Na u Mg B pacTeHUsIX pAECTOB
OBLIO TaK)Ke Ha TIOPSIOK BBIIIE, YEM B PACTCHHSIX
TpocTHHKA. CozepkaHne XUMUYECKUX 3IIEMEH-
ToB B nouBax lllupuHckoi crenu Xakacuu omnpe-
JeNsieTcs JIUTOJIOTHEH MOACTHUIIAIONINX JIEBOH-
CKHX W KapOOHOBBIX IIOpPOJ], NPEICTABICHHBIX,
KaKk MpaBWJIO, MECYaHUKAMH, aJIEBPOIUTaMH,
apriJIINTaMM, HHOT/Ia TPaBeIuTaMHu, J0JIOMHUTa-
MU, aJEeBPOJIUTAMU U apTUIUITUTAMHU C TOHKHUMH

HpOCJ’IOI\/’IKaMI/I II€CYaHUKOB, Meprenef/i, a TaKXeE

BOJIOPOCJIEBBIX M OpEKYEBHIIHBIX H3BECTHIKOB
(Kynmmxckuii, Pannonosa, 2012). B to xe Bpe-
MsI KOHIIGHTPAllMd OCHOBHBIX KaTHOHOB B BOJIE
03. llupa ouens Bricoku: Na (2880-5000 wmr/m),
Mg (954-1328 wmr/m), K (35,7-54 mr/m) Ca (48-
63 mr/m) (Kalacheva at al., 2002). Bricokoe co-
nepxxanue Na, Ca 1 Mg B Bozie MOXKET Croco0-
CTBOBATh ()OPMHUPOBAHNIO OPraHOMHUHEPATHHON
IJIGHKH Ha JIUCThSX PIECTOB.

Ecnu KOHIEHTpauy TaKUX JIEMEHTOB, KakK
Cu, Zn, Pb, Ni, Cd u Co, cpaBHUTH C JUTEpa-
TYPHBIMH JAaHHBIMH, TO 3HAYCHHUS, IOy YCHHBIC
HaMu Ha BojgoeMax byrau, Illupa u IllyHer B
JIByX BHJaX MaKpo(UTOB, HAXOASTCA B IIPEeIax
BapbUPOBaHUS KOHIIEHTPALUH METaJUIOB y Ma-
kpoduroB u3 kanajckoro o3. Cen-IIsep (St-Cyr
et al., 1994), rpedeckoro o3epa Kepxunu Jlaiik
(Sawidis et al., 1995) u yxe ymoMuHaBIINXCS
BhIIIe 03ep 3anaaHoii [Toasim (Szymanowska et
al., 1999). XpoMm — eMUHCTBEHHBIH AIEMEHT, KOH-
LEHTPAIK KOTOPOr0 B HALIMX 00pa3iax MpeBbl-
LIAI0T 3HAYEHUs, OOHAPYKEHHBIE B JIUTEpaType:
IUIs. MAaKpO(UTOB KaHAJICKUX U MOJbCKUX 03€p
BayioBoe cozpepkanue Cr kosebanoch B Ipene-
gax 1,1-1,68 MI/Kr cyxoil Macchl, B HAIIMX BO-
moemax — 1,43- 21,72 mr/kr cyxoii Maccel. Takum
00pa3oM, OCTaeTCs OTKPBITHIM BOIPOC O TOM,
Kakoil ¢akTop OoJibllie BIWSET Ha BAJOBOE CO-
Jiep)KaHue METAJJIOB B PACTEHHUU: aJICOPOHPYIO-
m1asi CIOCOOHOCTH pacTeHUS (BUA PaCTCHHUS) WITH
OKpPY>KalOIINe YCJIOBHS (THUI BOIOEMa, BKIIOYA-
IOIMHA CTENEeHb MHHEPATN3alUN, XUMUYECKUH
COCTaB BOJBI U T.11.).

AHanu3 JaHHBIX METOIOM IJIaBHBIX KOM-
MOHEHT MOXET [OMOYb OTBETHUTh Ha ITOT BO-
mpoc. AHanmM3 pe3yiabTaTOB pacHpenereHus
BCceX 00pa3loB paCTeHHH, BKIIOYAIOIIUX MTPOObI
Ph. australis u P. pectinatus W3 pa3HbIX BOJOE-
MOB, B IIPOCTPAHCTBE JIByX TJIaBHBIX KOMIIOHEHT,
B COBOKYITHOCTH OOBSACHSIOMMNX 64 % M3MEHYH-
BOCTH, MIOKa3bIBaeT, YTO BapUabENbHOCTh B CO-

JACPKAHUU MCTAJIJIOB B 06p33uax TPOCTHHUKA 3HA-

— 356 —



Elena A. Ivanova, Olesya V. Anishchenko... Content of Metals in Phragmites Australis Trin. ex Steud...

=

=]

MK 2 (19%)

=10 -5 Q
g |
'Y
-2
|
-3
L 2
g
@
=5
MK 1 (45%)

Puc. 2. Pe3ynbraThl MyJIbTHBApHAHTHOTO aHAJIN3a
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A Paect- oa, Wyner
@ Poect - 03, byrau
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A TPOCTHMK - 03, WyHEeT

METOAOM TJIaBHBIX KOMIIOHCHT, BBIIIOJTHCHHOI'O JJIsA

COACpIKaHUA METAJIJIIOB B ouomacce paecra rpe6quaTor0 1 TPOCTHUKA KOKHOI'O

YUTENBHO HIDKE, 9YeM B pobax paecra (puc. 2).
PacxoxeHre BUJOB MakpO(UTOB MPOUCXOMUT,
npesx e Beero, o nepsoii 'K (45 % n3menunso-
CTH) U CBSI3aHO, KaK y»e 00CYyKIajoch, ¢ bosee
BBICOKMMH KOHIIEHTPALUSAMH IPAKTHYECKH BCEX
MeTaJIoB B Ouomacce P. pectinatus, u3 KOTOPBIX
(dakropHast Harpy3ka HanOoxnee Bennka s Fe,
Ti, Sr, Ni, V u Co (ta6:n. 3). Pa3dpoc gaHHBIX 10
BTOpoii kommoHeHTe (19 %), rme HAMOONBIIUI
BKJIaJl BHOCSIT CBHHEL, HATPUIl U Melb, CBS3aH
yxe ¢ auddepeHnuanueii mpod Mo BoIOSMaM.
Jns neranbHON OLEHKHU XapakTepa HAKOIIEHU S
METaJJIOB BUJIAMH U3 Pa3HBIX BOJOEMOB IIPOBE-
JICH aHaJlu3 TJaBHBIX KOMIIOHEHT OTAEJBHO IO
BHJIaM — TPOCTHUKY U paecty (puc. 3, 4).

[Tpu ananuze obpasuoB Buna Ph. australis
METOZOM TJIABHBIX KOMIIOHEHT OTHOCHTEJBHO
onHopoaHyto rpymmy o nepsoi I'K (33 %) dop-
MHUPYIOT TPOOBI TPOCTHHKA W3 IPECHOBOAHOM
gactu 03. [Ilupa u o03. Hlyner; mo Bropoit ['K

(21 %) — mpoOs1 u3 Bogoxpanuianma byrad, koro-

prie o6ocobnensl, u o nepsoit 'K (puc. 3). B o
e BpeMsi JUIsl Tpo0 TPOCTHUKA U3 COJIOHOBATO-
BOJHOH yacTu 03. [llupa xapakTtepHa M3MEHUH-
BOCTb, CBSI3aHHAS C JaTOi 0TOOpa mpood. [Tpoosl
2013 . 3HagnTENNEHO 060c001eHBI OT TP 2012 T.
1 oT Tpo6 U3 mpecHoBoHOM yacTu o03. [llupa u
03. llyner mo nepsoii I'K. TIpoOs1, oToOparHBIE
B 2012 1. Ha cranumsax 1 u 2 o3. lupa, pac-
MIOJIOKEHHBIX HA y4YacTKaxX pa3HOH COJIEHOCTH,
MIOJTHOCTHIO NepeKpbIBatoTcsa. OCHOBHOM BKIa B
nepByto 'K BHOCSAT jxene30, antoMUHUN, HUKENb,
BaHaauH, koOaisT, B 'K 2 — mpeumy1iecTBEHHO
IIEJOYHBIEC U IIEJIOYHO3EMEIbHbIE METaJUIbl Ka-
JMUH, HATPUH, MarHui, kaneuuit (tabdn. 3). Ipu
stom o 'K 2 kanuii, kKaJabIUil SIBISIOTCS aHTa-
TOHHUCTaMU HATPHS.

OTtnenwsHBIN aHATTU3 00pasnoB P. pectinatus
B npoctpaHcTBe nepBoil 'K, oObscHsomei
MPaKTUYECKH TOJIOBUHY BCEH M3MEHUYHMBOCTH
(45 %), moka3ai, 4YTO OCHOBHOM MOJIOKUTEIb-

HBIM BKJIaJ BHOCUT HAaTPUH, OTPULIATENbHBIN —
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Tabnumna 3. Bkiaaa otaensHbeix GakTOpoB (COmEpKaHUE METAJLIIOB) B OOIIYIO AMCIICPCUIO TaHHBIX, CBI3aHHYIO
¢ nepsoit (I'K 1) u Bropoii (I'K 2) riaBHbIMH KOMIIOHEHTaMHU MYJbTHBAapUAHTHOI'O aHAJIU3a METOJOM IJIaBHBIX

KOMITOHEHT
P. pectinatus + Ph. australis Ph. australis P. pectinatus
Merann

K1 I'K2 K1 I'K2 I'K1 K2
Na -0,30 -0,72 -0,39 0,72 0,85 0,05
K -0,51 -0,23 0,26 -0,91 0,13 -0,64
Ca -0,66 0,54 -0,13 -0,69 -0,77 -0,52
Fe -0,94 0,03 -0,95 0,05 -0,86 0,40
Mg -0,65 -0,68 0,00 0,75 0,44 0,76
Cu -0,18 0,71 0,08 -0,16 -0,84 -0,40
Mn -0,28 -0,58 -0,33 -0,74 0,19 0,36
Zn -0,27 -0,03 0,09 -0,41 -0,28 0,15
Pb -0,28 -0,80 0,17 0,52 0,35 0,71
Al 0,74 0,51 0,87 0,27 0,84 0,47
Ti 0,83 0,03 0,71 0,12 0,72 0,47
Sr -0,81 0,34 0,66 0,39 -0,85 -0,34
Mo -0,62 0,30 -0,12 0,20 -0,58 -0,26
Ni -0,82 0,06 -0,84 0,14 -0,75 0,36
Cd -0,75 -0,28 -0,22 0,18 -0,51 0,77
\Y% -0,96 0,18 -0,90 -0,06 -0,96 0,20
Co -0,93 -0,17 -0,91 0,27 -0,77 0,39
Cr -0,70 -0,08 -0,75 0,02 -0,54 0,57

uenas rpymnmna metaios (Fe, Cu, Al, Sr, V, Ti,
Ni, Co) (puc. 4, Tabiu. 3). Conepxanue mocies-
HUX JJIEMEHTOB HanboJiee BEJIUKO Y PAECTOB U3
BogoxpaHunuina byrad u 03. llyner (8 2012 1.).
Pacnpenenenue npo6 no Bropoii I'K He cBa3a-

HO C KaKOi-mu00 OJHOI TPyNIIOi MEeTaJJIOB.

3akaoueHne

IIpoBeneHHbIN aHaANN3 TJaBHBIX KOMIIO-
HEHT OTICIBHO MO KaXXJAOMY BHAY Makpogu-
TOB MTO3BOJIMJI ONPEAEIUTD, YTO YCIOBUSA OKPY-
JKarouled cpenbl, B 4aCTHOCTH XUMHYECKHUM
COCTaB BOJIbl, OKa3bIBAIOT BJIMSHUE HA BaJIOBOE
collepXKaHHE METaJJIOB B pacTeHUsX. O0a Buga
Makpo(GUTOB M3 MPECHOBOIHOTO BOIOXPaHHU-

JIUIIa Eyral{ OTIIMYAINCh 00Jice BBICOKUMHU

KOHLEHTPALUSIMH jKejie3a, aTIOMHHUS, HUKE-
751, BAaHAIUSI ¥ KOOAJIbTA IO CPAaBHEHUIO C TEMH
e BUJIaMH Makpo(UTOB, COOpaHHBIMH B CO-
JIOHOBATOBOJHBEIX o3epax. OIHAaKO Kak MpoObl
TPOCTHHKA IOKHOTO, TaK U piuecra rpebeHya-
TOTO, COOpaHHBIE B ONPECHEHHON M COJIOHOBA-
TOBOIHOM vacTiax o03. lllupa, npakTuuecku He
000cobneHsl 1pyr oT npyra. B psge ciyuaes
npoObl U3 OJJHOW TOYKH, HO COOpaHHBIE B pa3-
HBIE T'OJIbl UMEIIH CYIIECTBEHHBIE P34 —
9TO HAOIIONANOCh A PACTEHUH TPOCTHUKA U3
COJIOHOBAaTOBOAHOM craHuuu 03. lllupa u pac-
TeHui paecrta u3 o3. lllyner. beijo ycraHose-
HO, 4TO Hauboyiee BEICOKOE BAaJIOBOE COAEpIKa-
HHUE OONBIIMHCTBA METAJJIOB XapaKTEpPHO IS

P. pectinatus.
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Paboma evinonnena npu gpunancosoit noooepcke I'ocyoapcmeennozo 3adoanus Munucmep-

cmea oopazosanusn u nayku Poccuiickoii @edepayuu Cubupckomy pedepanvromy ynusepcuniemy
Ha 2014-2016 2006t (npoexm Ne 3079) u uacmuuno zpanma POOU 15-04-00797.
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