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MUWKPOS/IEMEHTHbIA COCTAB KPYT/IOrOANYHO
BEFETUPYIOLWWNX MAKPOBOAOPOC/IE KAMEHWCTOW
NINTOPASIN O3. BAKAJ (POCCUKA)

MpvBeLEHbI Pe3yNbTaTbl UCCEL0BAHNS MUKPO3NIEMEHTHOTO COCTaBa BEreTUPYHOLWMX KPYI/bIiA rof,
Bogopocneli nuTopanu KOxHoro baiikana. YcTaHOBMEHO, YTO B MHepanbHoM cocTaBe Cladophora compacta
(C. Meyer) C. Meyer, Chaetocladiella pumila (C. Meyer) C. Meyer et Skabitsch. npeo6nagatot Mn, Sr, Ti; B
Tolypothrix distorta (FI. Dan) Kutz. f. distorta, Schizothrix sp. — Ti u Sr, a B Stratonostoc verrucosum (Vauch.)
Elenk. f. verrucosum — Sr n Zn. [ina vccnefyemMbiX BWOB XapakTepHO rPynnoBOe KOHLEHTPHPOBaHMe
MUKPO3/1eMeHTOB. 10 CpaBHEHWIO C BOAOW, N3y4aemble BUAbI akkymynmpytoT Ti>La>Ce>Mn,Y. C. compacta,
Ch. pumila n Schizothrix sp. BblgenatoTca 13 obLero psaga cnocobHOCTbIO akKyMynuposatb Rb, Schizothrix
sp. — Cd u Cu. Mo cpaBHEHWIO C JOHHLIMUW OTIOXEHUAMU, BOLOPOC/M HakanmeatoT Mo. Kpome Toro, anis Ch.
pumila, T. distorta, S. verrucosum xapakTepHO KOHLeHTpupoBaHue Zn, ana Ch. pumila v Schizothrix sp. — Cd,
ana Schizothrix sp. — Cu. o cTeneHy HaKoMeHNS MUKPO3/IEMEHTOB OTHOCUTENbHO BOAbI BOAOPOCIN 06pasy-
10T cnegytownia pag;: T. distorta > Schizothrix sp.> Ch. pumila > C. compacta > S. verrucosum; 0THOCUTENbHO
[OHHBIX OTNOXeHWI — Ch. pumila > C. compacta > Schizothrix sp.> T. distorta > S. verrucosum.

Kniouesble cnosa: 03 baiikan, nuTopanbHas 30Ha, OGEHTOCHblE MaKpOBOLOPOCAM,
MUKPO3/1EMEHTbI.

BeefeHune

[na  onTumanbHOro pasBuTVs BOAOPOC/EN peluatoliee 3HadeHue WMeeT
Han4yme B cpefe 06uTaHMA He ToNbKO MakpoanemeHToB (N, P, K, Ca, Mg, Si u gp.), HO
N MUKPO3/IEMEHTOB, NOCKO/bKY OHW BXOASAT B COCTAaB MHOIMX (hepMEHTOB, BUTaMUHOB,
MUTMEHTOB W APYIMX BELLECTB, HEOOXOAUMbIX A1 pacTeHMWiA B MpoLeccax AplXaHus,
CMHTE3a OpraHNYecKunx BeLLecTBs, BOCNPOM3BoAcTBa U T.4. (Bogopocnu, 1989).

B Bojax Baiikana KOHLEHTpaUMU XUMUYECKMX 3/IEMEHTOB HaxoAsATCs, Kak
MpPaBUIO, Ha HWKHUX TpaHMLAX [AMana30OHOB COAEPXKaHWA 3TWX 3MEMEHTOB B
He3arpsisHEHHbIX NpecHbIX Bogax (Betpos, KysHeuosa, 1997; 3nos u ap. 1999). Mpu
3TOM psf, MUKPO3/IEMEHTOB BOLOPOC/IM HaKan/nBakT B KOHLEHTpaLUMAX, 3HAUNTEbHO
MPeBbLILLAKLLMX X COfepXXaHWe B Boge. B TO e BpeMsi HEOOXOAMMbIE AN PacTeHWiA
MVHepasbHble BellecTBa B [OCTATOYHOM KO/MYECTBE HAXOAATCH B  KaMEHUCTbIX
rPyHTax, 3aHyMaroLmXx O6LIMpHble mnowaan nobepexbs 03. Baiikan. Bogopocnn B
KOMINJIEKCE C APYrMMMW TMAPOOGMOHTaMU, Hapsaay C (M3NHECKUMI Y XMMUYECKMMU (haKTo-
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paMu, aKTMBHO Y4acCTBYIOT B MpoLeccax paspyLUeHMs KamMeHHOro matepuana Menko-
BOAHOW 30HbI, 06ecreymBas MOCTYN/eHWE B MPWUAOHHBIA CMOA BOAbl 6O0/bLIOIO
pa3Ho06pasns MUHepanbHbIX coeduMHeHui (Suturin et al., 2003; BawkuH, Kacvumos,
2004). AMeHHO B NMTOpabHOM 30HE YNbTPAO/IMIOTPOGHOIO 03. Baiikan opmmpytoTcs
OpUrVHaNbHbIE C OYeHb BbLICOKUMM YUCNEHHOCTbIO (10-44 Tbic. 3K3/M?) M 6romMaccoit
(25-30 r/m? v BbiLLE) 6roreoLeHo3bl (Koxos, 1962, 1972; Kravtsova, Timoshkin, 2006).
VIMeHHO 34ecb OBGHapy)keHO Hanbosnbluee 6MOpPa3HOOOpasMe YKUBOTHBLIX M PaCcTEHWIA:
6onee 700 BmaoB AuaTomelri K Apyrux Bogopocnei (Mbxk6ongmHa, 1990, 2007
MomasknHa, PoamoHoBa, 2004); 3 2595 BnaoB ayHbl 60nee 60 % Takke ABAAKOTCA
obuTaTeNnsaIMM NMTOPaIbHOM 30HbI (AHHOTMPOBAHHLIA ..., 2001, 2004; TUMOLLKMH,
2001).

XVMUYeCcKniA COCTaB OPraHN3MOB 3aBUCUT OT X MPUPOAbI (CUCTEMATUYECKOTO
MOMOXKEHMSA) U FEOXMMUYECKMX 0COBEHHOCTEN naHAWwagTa, Ha KOTOPOM OHW 06UTaloT.
Ecnn gna MakpoanieMeHTOB 3HAa4YeHMe WMMEET CUCTEMATUYeCKOe MOJIOKEHUe, TO ANd
MHOTMX MMWKPO3/IEMEHTOB BefyLLY0 pO/ib WUrpalwdT FeOXMMUYECKME OCOBEHHOCTM
naHawadra (MepenbmaH, 1975).

C BO3pacTaHMeM aHTPOMOreHHOro MPEecCUHra Ha NpPUPOAHYI0 Cpeay BOMPOC O
HaKOMMeHUN MWUKPO3NIEMEHTOB BO BCEX 3BEHbAX BOAHbLIX 3KOCUCTEM MpuobpeTaeT BCE
6onbLLUee 3HaYeHue.

B HacTosllee Bpems aHaIUTUYECKME AaHHble O MWKPO3/IEMEHTHOM COCTaBe
rMapoOMOHTOB 03. bailkan ManouucneHHbl, (hparMeHTapHbl M OXBaTbIBAKOT OrpaHu-
YeHHOe KO/M4YecTBO BWUAOB ayHbl U opbl (Mbk6onguHa wn ap., 1988; Ipoluesa,
BopoHckas, 1996; Betpos, KysHeuosa, 1997; PyaHesa, 2001; TaraHos u gp., 2002,
2005).

B mecTe ¢ Tem, B uTobeHTOCE 03. Baiikas, Kak 1 B MPMOPEeXHOi 30He Mopeii 1
OKeaHoB, Npeo6n1ajatoT BOAOPOC/IM. OHW OTHOCUTESIBHO Y3KOIM NOM0CON OKaMNAKT ero
nobepexee. MakcuMasibHble MTOMacca M BUAOBOE pasHOOOpasve XapaKTepHbl A/s
3anagHoro npubpexbs, rAe 3HaYNTEbHblE MOWAAN MNPEeSCTaBNeHbl KaMEHWUCTbIMU
rpyHTamu (Vhx6onguHa, 1990). Mo Npofo/mKUTeNbHOCTY BereTauun BblAenswoTcs ABe
rpynnel MakpoBogopocnei: 1) BuAbl, BereTvpylolye B TeYeHWe BCEro roja M B
6ONbLUMHCTBE CBOEM MHOrONETHME; 2) BWAbl C KOPOTKMM MEpUOLOM Beretauum
(BeceHHe-neTHWE, NleTHUE, NeTHe-0CeHHKe). Bogopocaun nepsoii rpynnbl (BuAbl POfOB
Cladophora, Chaetomorpha, Stratonostoc, Calothrix, Tolypotrix v gp.) UMelT 00bIYHO
He6OoNbLUYI0 (HMTOMACCY M HEe MPETEeprneBaldT Pe3KMX KONMYECTBEHHbLIX WU3MEHEHWI B
TeyeHve roja. JTo Menkue (3umoii — Ao 1-1,5 cM BbiC.), KaK MpaBwaIo, NPOYHO
MPUKPENeHHble K KamMeHUCTOMY Ccy6ecTpaTy, B  6GOMbLIMHCTBE  MHOrO/ETHUE,
TEHEeBLIHOC/IMBbLIE PACTeHUs, OKa3blBaloLMecs B TEM/ble Ce30HbI rofa nog Monaorom
6onee kpynHbix (40 20-30 CM BbIC.) BOLOPOCAEN, 3aTEHAIOLLMX FPYHT, U HU3KOPOC/ble
TaNIOMbl  KPYT/IOTOAMYHO BEFETUPYIOLLMX BUAOB. Bopgopocnu, Beretupyowye B
TeyeHWe BCEro roja, B OT/MUME OT BECEHHE-OCEHHUX BWAOB, ABAAKOTCA MECTOM
MOCTOSIHHOTO 0GUTaHNSA MacChbl MENIKMX 6eCMO3BOHOYHBIX, B T.4. TYpOenisipuii, Hematog,
O/INrOXeT, MOMMXET, rapnakTmuug v gp. B oceHHe-3uMHWIA nepuog 3TW BOLOPOCIU
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YacTo UrpaloT JOMUHMPYHOLLYIO PO/b B (DUTOLIEHO3aX IMTOPasbHOM 30HbI (VkGonamnHa,
1990).

B paHHoOl cTaTbe MNpvBefieHbl MepBble Pe3y/bTaTbl WUCCMEA0BAHUIA MMUKpPO-
3/1EMEHTHOTO COCTaBa BOZOPOC/EN, BEreTMpYHOLWWMX KpYr/bliA Tof, TMoKasaHa WX
reoXMMIYecKasi posib B 3KOCMCTEME KaMeHUCTOl nuTopanu 03. baiikan.

Martepuanbl U MeToAbl

Martepuanom Ans UCCNefoBaHUA MOCAYXWAM LUMPOKO PacnpoCTpaHEHHble B
npubpexxHoin 3oHe baiikana Buapbl: Cladophora compacta (C. Meyer) C. Meyer,
Chaetocladiella pumila (C. Meyer) C. Meyer et Skabitsch. (sHAeMuyHbIA BUE),
Tolypothrix distorta (FI. Dan) Kutz. f. distorta, Schizothrix sp., Stratonostoc verrucosum
(Vauch.) Elenk. f. verrucosum. O6pa3sLbl 6eHTOCHbIX BOZOPOCAeli cobpaHbl akBanaH-
rmcraMm Mo TpaHCeKTe C pasHbiX rny6uH (1,5; 3-3,5; 7-10; 14 M) Ha mexaucuwmn-
NHapHOM nonuroHe bepésosblii (KOX. balikan) (onmcaHue nonuroHa cm.: Timoshkin et
al., 2005). C kaxgoin Toukn nogHumany no 40-60 06710MKOB ropHbIX mnopos. B
NabopaTtopumn UHCTUTYTa TalIOMbl MaKpOBOZOPOC/el OTAENANN OT KaMHel, NPOMbIBaIv
OVCTUNNNPOBAHHOM BOAON, [OMNOMHWTENIbHO OuyuWanM B CTakaHYMKe €  AUCTWUN-
NIMPOBAaHHOM BOAON HA MAarHUTHOW MeLlasike, yAananum noj 6GUHOKYNSAPOM OCTaTKM
MOCTOPOHHMX NPMMeceid U ononackueanu GUANCTUNIMPOBAHHOW BOAON. OuMLLEHHbIE
TakuMM Crnocobom npob6bl BOAOPOCHEN CyWwmMan A0 BO3AYLUHO-CYXOrO COCTOSIHUSA Mpu
Temnepatype 30 °C, npocmaTpuBany eLLé pa3 nog 6MHOKYISPOM, PacTUpanu B araToBoi
CTYMKe 1 JOBOAWAN A0 NOCTOSHHOIO Beca npu Temnepatype 105 °C B TeyeHwne 5 u.

MoarotoBKy Npo6 K aHanu3y NpPOBOAWAM METOLOM KWC/IOTHOTO PasfioXeHWs
CMECbIO a30THOM, NJIaBMKOBOW W XIOPHOM KWCNOT, B CTakaHax W3 (Toponnacta.
O6pa3sLbl MPUAOHHOIO CNOA BOALI OTOMpaNM NNacTUKOBbIMK Wnpuyammn B 10-15 cm ot
[Ha B Tex ke Toukax. Cpasy nocne nofgbéma BoLy (huNbTPOBa/IM Yepe3 MeMOpaHHbIe
hunbTpbl ¢ gnameTpoM nop 0,2 MKM B MJaCTUKOBbIE CTaKaHbl, KOHCEPBUPOBan 40 2 %
HNO; 1 repmMeTUYHO 3aKpbIBa/IN KpbILLIKamMu. [0 NpoBefeHUs aHasm3a npobbl XpaHUu
B XO/IOAUNbHMKE. MUKPO3feMeHTHbIA cocTaB npo6 onpegensnin metogom ICP-MS.
AHaM3  BbLIMOMHANN Ha KBaApymoibHOM Macc-criektpomeTpe PlasmaQuad PQ2°
(Thermo Elemental). BennuuHy pH B cnoe Bofbl Haf TasfioMamMu U3MEPSN B TEYEHWe
CYTOK MOTEHLMOMETPOM «testo 252» B TpexkpaTHOW MOBTOPHOCTW. [ns npoBefeHUs
M3MepeHuii no 3-4 KpynHbIX 06/10MKa FOPHbIX Mopog ¢ obpacTaHusamu C. compacta
MoMellanM B M/ACTUKOBble [ABafLATWIUTPOBLIE EMKOCTW C 6ailkanbCKol BOZOWA,
KOTOpble yCTaHaBAMBaM Ha AHO B ByxTe b. KoTbl (FOx. balikan), morpyxas ux noutu
MONHOCTbLIO B BOZY. DTO MO3BO/IN/IO COXPaHUTL eCTECTBEHHbIE A1 BOLOEMA KONebaHUs
TemnepaTypbl B OMbITeé U YCTPaHUTb BOJIHOBOE BO3felicTBMe. CTeneHb HaKOMAeHus
3/1EMEHTOB B MaKpOBOAOPOC/ISAX OLEHUBa/IM OTHOCMTENBHO BOAbI U AOHHLIX OT/I0XKEHUI
C MOMOLBH0 KO3(h(hMUMeHTa BMONOrMYecKOro HakonneHuns (HukaHopos, >Xynuaos,
1991; Betpos, KysHevoBa, 1997), B nepecyeTe Ha cyxoe BelecTBo: K, = Cif/Cjs = Cig -
Mc/Ciw; Ky = Cig/Cis; Tae Ko — KOIPHULMEHT BMONOTMUYECKOTO HaKOMIEHWA, PaCcCUUTbI-
BAaeMbIii OTHOCUTENbHO MUKPO3/IEMEHTHOMO COCTaBa BOAbl; Ky — OTHOCUTENBHO COCTaBa

246



MWKpO3NeMEeHTHbIi cocTas

JOHHbIX OTNOXeHWH; Cig — KOHLEHTpauus i-ro afnemeHTa B Cyxoi 6uomacce BOJO-
pocneii, MKr/r; Cis — TO )XXe B CyXOM MWHepalbHOM ocTaTke 6aiikanbCKOi BOAbl MW B
JOHHbIX OTNOXeHuAX (cpega obutaHus); Ci, — KOHLEHTpauusa i-ro afeMeHTa B BOJE,
MKr/n; m, — macca cyxoro octatka 0,06 r/n. Ona pacyeta koathmumeHta Ky u
MOCTPOEHMA TpaUKOB pacnpefenieHns MUKPO3NEMEHTOB B M3y4aeMbIX 06beKTax
MCMNO/b30BANIN  CPefHeapuMeTUYECKNE 3HAYEHUS COLEpXKaHUA MUKPO3/MEMEHTOB B
6ailkanbCKMX Meckax MpPUOPEXHOro 1 ryO0KOBOAHOIO TUMa, KOTOpble, MO
nuTepaTypHbIM AaHHbiM (Mamnypa v ap., 1993), MOXHO paccmaTpuBaTth Kak nepsble
KnapKu 6aliikabCKUX 0CafKoB. Y CpegHEHHbIN XMMUYECKUIA 31EMEHTHBI COCTaB MECKOB
NPUOPEXHOro M rnyoboKOBOAHONO TWMa, Ha Haw B3rNsg, ONTUMANIbHO OTpaXaeT
YCPEAHEHHBIV COCTaB FOPHbLIX MOPOJ, Claralwmx AHO B paiioHe Mbica BepésoBbiil.
MpnbpeXxHble CKalbHble OOHAKEHWS B paiiOHe MCCMefOBaHWA MpeAcTaB/eHbl KaTak-
NasnpoBaHHbIMK, B Pa3NNYHON CTEMEHU BbIBETPENbIMU [LOKEMOPUACKAMM MeTamop-
tnyeckumm nopogamu. OCHOBHass Macca MOPOA — 3TO pas3rHecoBaHHble Marvo-
rpaHUTbl. Ha abpa3noHHOI Teppace, 06palleHHOM K 03epy, KaMeHHbIA MaTepuan
MpesCcTaB/IeH TEMMW e MOpojamu, YTO U Ha KIMQe, HO B pa3nnMYHOA cTeneHn AuagTo-
PYPOBaHHbLIMW 1 MeTacOMaTUYeCKn n3MeHeHHbIMK (Suturin et al., 2003).

PesynbTaTbl U 06CyXaeHMe

MWKpPO3eMEHTHbI cocTaB. Mo ycpeagHEHHOMY codepyKaHuio (Tabn. 1) MUKpo-
3/1eMeHTbI B UCCNeYeMbIX BOAOPOC/AX pacrnonaraloTcs B CiefyroLeM NopsaKe:

Cladophora compacta (C. Meyer) C. Meyer — Mn>Sr>Ti>Ba>Zn>Rb>Ni>Cu>Mo>Ce>
La>U>Y>Pb>Co> Ga>Cd> Sc>Th>W>Cs;

Chaetocladiella pumila (C. Meyer) C. Meyer et Skabitsch. — Mn>Sr>Ti>Zn>Ba>Rb>
Ni>Cu>Mo>Ce>La>Pb>Y>Co>U> Sc>Cd>Th> Ga>W>Cs;

Tolypothrix distorta (FI. Dan) Kitz. f. distorta — Ti>Mn>2Zn>Ba>Ni>Cu>Rb>Ce>Pb>
Y>La>Co>Ga>Sc>Mo>U> Th>Cd> W>Cs;

Schizothrix sp. — Ti>Mn>Sr>Zn>Ba>Cu>Ni>Rb>Ce>Co>Y>Pb>Mo>Sc>La>Ga> Th>
Cd>U>W>Cs;

Stratonostoc verrucosum (Vauch.) Elenk. f. verrucosum — Sr>Zn>Ti>Mn>Ni>Ba>Cu>
Mo>Rb>Pb>Co>Ce>La>U>Sc> Cd>Y> W>Ga>Th>Cs.

B uX XMMMYeCKOM COCTaBe MMEITCS MUKpOo3nemeHTbl: Mn, Ti, Sr, Ba, Zn, Co,
Ni, Cu 1 T.4. B TO >e BpeMmsi, KaXabli BUI MUMEET CBOM OCOBEHHOCTU. HammeHbLune
pasnuuns xapakTepHbl Ana npegctasuTenein Chlorophyta. B Tannomax C. compacta u
Ch. pumila B camom 60nbLIOM KO/MMYeCTBE W3 BCEX OMNpedenseMbiX 3/1eMEHTOB
06Hapy>xeHbl Mn, Sr, Ti. Cyanophyta (T. distorta u Schizothrix sp.) oTauuatoTcs
MaKCUMa/lbHbIM cofiepxa-Huem Ti u Sr, a S. verrucosum — Sr u Zn. B C. compacta u Ch.
pumila 6onee BLICOKME, YeM B CUHE3EMEHbIX, KOHLUEeHTpaumum Rb, Mo, U. Camble HU3KuMe
KOHLeHTpaumy GONbLUMHCTBA MMWKPO3NIEMEHTOB, 3a WCKtoveHuem Sr, Zn, Ni,
YCTaHOB/EHbI B S. verrucosum. MWHUMa/IbHbIE KOHLEHTpaUun B 1CCefyeMblX BUAaX
BOZopocseli xapakTepHbl Ans Cs (cMm. Tabn. 1).
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Ta6nnua 1. MUKPO3NeMeHTHbIV COCTaB BeHTOCHbIX BOAOPOC/EN (MKI-T™) 1 cpedbl X 06UTaHuA

ane-

- 1 2 3 4 5 6 7x

Rb | 186+11 35,9432 6,742,1 150+2,2 | 1,62¢0,15 | 0,67+0,06 74,0
Cs |0,040£0,004 |0,030+0,004 |0,030+0,003 06?(;‘(;); 0,020+0,003 06?0155 21

Cu 9,5+1,2 11,2407 | 13,6162 25,3+6,4 4505 1,340,5 20,0
Sr 1144 11643 59+10 62+3 12936 11345 200
Ba | 50,8+4,9 422410 | 407+130 | 435:03 | 28,919 9,740,3 610
Zn 46+24 8548 1067 5045 10712 10,7+2,4 66

cd | 026002 | 051#0,09 | 0,27+013 | 063012 | 0,18+0,03 <0,01 0,32
Pb | 1,02¢008 | 218+048 | 296x128 | 166:0,20 | 1,28+022 | 0,25:0,03 17,0
Ti 67+14 11248 31886 29560 79+4 0,150,03 9404
Mo | 615:072 | 678+0,67 | 1,14+027 | 1,62+0,36 | 1,78:0,21 | 1,38+0,02 1,0
W | 013001 | 015005 | 024:006 | 027:002 | 013002 | (054001 13

Mn 20315 241444 10939 189414 4242 0,64£0,18 1800
Co | 068:004 | 162:069 | 1,74+043 | 2,79+04 | 090:02 | 0,04+0,01 12,0
Ni 9,8+15 139+05 | 162435 182405 | 305:25 | 0,67+0,48 36,0
Sc | 020+003 | 052+020 | 1,34%037 | 137+0,27 | 0,19+0,02 | 0,46x0,03 17,0
Ga | 027%001 | 031008 | 146+053 | 1,174#0,03 | 0,09+0,01 <0,02 -

Y 1,19:0,12 | 2,0020,10 | 2,95:0,22 | 1,71#0,14 | 0,17#0,03 |0,010£0,001 | 24,0
La | 1,66£009 | 239+0,12 | 246+0,55 | 1,32+020 | 0,38+0,05 <0,02 52,0
Ce | 253:034 | 456:052 | 440+146 | 532+040 | 0,55+0,05 <0,02 79,0
Th | 017#0,01 | 048:0,30 | 038+0,20 | 0,77+0,14 | 0,06+0,01 <0,01 10-135
U 1,30£0,05 | 1,03+004 | 0,78+021 | 058+0,12 | 0,36+0,03 | 046+0,05 | 25-10,8

Mpumeuvanuna: 1 - Cladophora compacta (n = 5), 2 — Chaetocladiella pumila (n = 5), 3 — Tolypothrix

distorta (n = 10), 4 — Schizothrix sp. (n = 4), 5 — Stratonostoc verrucosum (n = 3), 6 — NPUAOHHOIO €105 BOAbI

(MKr-Kr'), M. BepésoBblii (N = 6), 7% — CPeHWI COCTaB COBPEMEHHbIX [OHHbIX OTNOXKEHWUA 03. Baiikan

(Mamnypa n gp., 1993). n — KOAMYECTBO NPOaHAN3MPOBAHHBIX NPOB; NPOYEPK — HET fiaHHbIX.

Halm faHHble N0 MWKPO3/1eMEHTHOMY COCTaBy GEHTOCHbIX BOAOPOC/el

COOTBETCTBYHOT

248

AvanasoHy

YPOBHeli

KOHLEHTpaLuii

B

MaKpOBOLOPOC/AX
NpPecHOBOAHbIX 3kocucTem (HukaHopos, XXynuaos, 1991), 3a ucknoueHWem Gonee
BbICOKOr0 cofepxaHnsa Mo B Tannomax C. compacta u Ch. pumila. B oTamume ot
MOPCKMX BOJOPOCNENR, B KOTOPbIX, Kak npasuno, Ni meHblle, yem Co (3axaposa,
YpenbHoBa, 1977), B BOLOPOCAAX IMTOPasbHOW 30HbI Baiikana, Ha060pOT, B HECKO/BKO
pas 6osbLue Ni (cm. Tabn. 1).
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HakonsieHve MWKPOSNEMEHTOB MakKpOBOLOPOC/AMW OTHOCWUTENbHO BOAbI U
JOHHBIX OTN0XEHWA. MUKPO3/1IEMEHTHbIA COCTaB M3y4YaeMblX PaCTEHWI MPU CpaBHEHUN
ero ¢ COCTaBOM Ma/IOMUHEPAIN30BaHHbIX BOA IMTOPaibHOM 30HbI baiikana (cm. Tabn. 1)
YKa3blBaeT Ha TO, YTO BOLA HE ABMSAETCA eAMHCTBEHHbIM WCTOYHUKOM MUHEPasbHOro
MUTaHUA BOAOPOC/EN. 13BeCTHO, YTO OAHUM M3 ONpeaensioLmX (hakTopoB, BANAIOLLMX
Ha Hakor/eHWe MUKPO3NIEMEHTOB rMApPOBMOHTaMU, ABNAETCA COAEpXaHve u JocTyn-
HOCTb XMMWYECKMX 3/1EMEHTOB B cpefle 06uTaHuA. [loCTyn/ieHWe B 3KOCUCTEMY
ANTOPaIM HeOBXOAUMBIX [/ TMAPOBMOHTOB MakKpo- M MUKPO3/IEMEHTOB B 3HAYUTEb-
Holi mepe o06ecrneunBaeTCs paspyLLEHWMEM TFOPHbIX MOPOA, Charatomx LHO MesKo-
BOLHOM 30HblI NPU COBMECTHOM BO3[EACTBMU (PU3MYECKMX, XUMUYECKMX U 610N0-
rmueckux npoweccos (3asap3uH, 2003; Suturin et al., 2003).

[na Bogopocnei, BereTMpyroWwmMX Kpyriblii rof, XapakTepHO MOCTOSHHOe
yyacTvie B MpoLeccax aksasbHOrMo BbIBETPMBaHWUA KaMEHWUCTOro cybcTpara nMTopany,
CBS3aHHOI0 C CYTOYHbIM KOMebaHUeM KUCIOTHO-LLENOUHbIX YCNOBUIA B MPULOHHOM Crloe
BOAbl. TaK, HallW 3KCMEPUMEHTaNbHbIE JaHHble NOKas3anu, YTo B [HEBHOE BPEMS B C/0e
BOAbl Haf Tannomamm C. compacta, 04eBUAHO, B pe3y/ibTaTe YCBOEHUS YIrNeKUCNOThl B
npouecce POTOCMHTE3a, NPOMCXOANI0 MNoBbiweHne pH (nogwenaynsaHne) N yMeHb-
LeHWe 3TOro nokasartens (MOAKUC/IEHWE) BO BpeMs [plXaHWs BOLOPOCNeN 3a CYET
BblaeneHna CO, B HouHoe Bpems (puc. 1).

pH
9,5

9,0 A

8,5 1

8,0 4

715 T T T T T T T T T T T T T T T T T T T T T T T 1
18 20 22 24 2 4 6 8 10 12 14 16
BPEMS CYTOK

Puc. 1. CyTouHoe nameHeHve pH B o6pactaHusax Cladophora compacta (C. Meyer) C. Meyer

AHanornyHble [aHHble O CYTOYHOM W3MEHeHUM nokasateneii pH B 30He
BECEHHE-OCEHHMX BWAOB GEHTOCHbIX MakpoBOAOpoCcnel 03. Baiikan npuBegeHbl B
nutepatype (Boukapés u ap., 1950; BotuHues, CamapuHa, 1957). PacTBOpPMMOCTb
MHOTMX BeLLEeCTB 3aBUCUT OT BennyuHbl pH. Hanpumep, pactsopumocts Fe npu pH 6
npumMepHo B 100 000 pa3 6onbLue, yem npu pH 8,5 (Onnwuep, 1987). Hakannueatowascs
B HOYHOE BpeMsi B C/l0e BOAbl Haf TasnoMaMu MakpoBOAOpOCHel cnabas KucnoTa
(H,CO3), no paHHbIM (MepenbmaH, 1975; 3aBap3vH, 2003), cnocobHa pacTBOPATH
HEKOTOpble MWHepasbl. HacbilleHe BOAbI KWUC/OPOLOM B AHEBHOE BPEMS YCWMBAET
OKWCNEHWe MWHepasioB, OCOBGEHHO TeX, B COCTaB KOTOPbIX BXoAAT Fe n Mn. 31u
MPOLECChl  YCKOPSIOT — paspyLUeHne  KPYNHOOBMOMOYHbLIX [OHHbIX OT/IOXEHUA WU
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CMOCOBCTBYIOT HACLILEHWNIO TOHKOTO MOrPaHUYHOIO C/os BOAA-AOHHbIE OT/IOXKEHUS
MaKpo- ¥ MMKpoanemMeHTamu (balkuH, Kacumos, 2004).

MpvmeyaTenbHa OAHOTUNHOCTL  rPa(UKOB  pacrpefenieHns Lenoro psaga
MukpoanemeHToB (Rb, Cs, Cu, Sr, Zn, Cd, Ce, Mn, Co, Ni) B NpuA0OHHOM CNoe BOfpbl,
JOHHbIX OTNOXEHMAX U BEHTOCHBIX BOAOPOCAAX (pUc. 2).
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Puc. 2. ConocTaBnieHne KOHLEHTPAUWA XMMUYECKUX 371EMEHTOB B MakpOBOLOPOCASAX, MPUAOHHOM C/I0e BOAbI
1 BOHHbIX 0TNoXeHmsaX: 1 — Cladophora compacta; 2 — Chaetocladiella pumila (A); 1 — Tolypothrix distorta f.
distorta; 2 — Schizothrix sp. (B); 1 — Stratonostoc verrucosum f. verrucosum; 2 — NpUAOHHbIA CMON BOAbI
(opwr.); 3 — goHHble oTnoxeHus KOxHoro baiikana (Mamnypa u gp., 1993) (B).
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Mpy 3TOM MaKCUMyMbl ¥ MUHUMYMbl KPUBbIX MUKPO3/IEMEHTHOrO COCTaBa
[IOHHbIX OTNOXEHWA K Bogopocnein (B T.4. U rpaduyeckoii KpMBOiA S. verrucosum,
KOTOpbIA, B OTAMYME OT OCTa/lbHbIX MCCMEeAyeMbIX BWAOB, HE CpacTaeTCs MPOYHO C
06/710MKaMK ropHbIX NOPOA) YacTo COBMaAatoT M MMEIKOT 60/bLUE Pa3INUUiA ¢ rpadiMkom
cocTaBa BOfbl. XapaKTepHble A1 NOrapuMUYECKOn KpPUBOW BOAbI MUHUMYMbI
CnabonofBMKHbIX B OKMCAMTENbHON o06cTaHoBke Y, La, Th, Ti NpOTMBONOMOXHbI
TaKOBbIM Ha rpajiukKax cOCTaBOB [JOHHbIX OT/IOXEHWIA 1 BOZOPOCAEN. B To e Bpems, B
coCTaBe BOfAbl M BOAOPOCNe/ OTMevaeTcs 60see BbICOKOE cofepxaHne Mo u 6onee
HM3KOE, YEM B JOHHbIX OTNOXEHMAX, Ba 1 W. B MONoXeHUN SC KpUBbIE XMMUYECKOTO
coctaBa C. compacta, Ch. pumila u Stratonostoc verrucosum oOTAM4YatOTCA OT
COBMaZatoLLMX B 3TOM TOYKE MaKCMMa/bHbIX MUKOB rpafuKoB BOAbl M KaMEHMUCTOro
cybcTpata. PacteHus, ocobeHHo C. compacta v S. verrucosum, cnabo noraoLwatoT 3ToT
3/1EMEHT M OTHOCWTE/IbHO BOZbI, M OTHOCK-TE/IbHO KAMEHWCTOrO cybeTpara.

TaKoii XxapakTep pacnpeeneHnsi MUKpPO3/EMEHTOB B BOJOPOC/AX, KAMEHCTOM
cybecTparte v NPUGOHHOM C/l0e BOAbI CBUAETENLCTBYET O €AMHCTBE (PN3NKO-XUMNYECKNX
M 6MONOrMYECKMX MPOLIECCOB, fleXKallMX B OCHOBE MPOLECCOB KOHLEHTPUPOBaHMA
XUMUYECKMX 3/1EMEHTOB PACTEHUAMM.

[ns BbISIBNEHUS 3aKOHOMEPHOCTY CBA3W COCTaBa BHELLHEN 1 BHYTPEHHEW Cpej
BbIYMCNAOT KO3M(ULMEHT OMONOTMYECKOrO HaKOMMEHWs, KOTOPbIA XapaKTepusyeT
CTEMEeHb KOHLEHTPMPOBaHWS 3/1IEMEHTa OPraHM3MOM OTHOCWUTE/IbHO Cpefdbl 06MTaHWs
(MepenbmaH, 1975), B 4aHHOM C/ly4ae OTHOCUTENIbHO BOAbI M OHHBIX OT/IOXKEHWIA.

M3yyaemble BAbI pacTEHWI OTHOCUTENBHO NMPUAOHHOIO C0S BOAbI OAUHAKOBO
B BbICOKOW CTeneHun akkymynupytoT Ti > La > Ce > Mn, Y. Hanbonee cnabblii
KOHLLEHTpaTop 3TUX 3/IEMEHTOB S. VErrucosum, a MakCUMa/bHbIMU KO3(durumeHTamMm
HakonneHus, ocobeHHo Ti, otamuatoTcs T. distorta mn Schizothrix sp. Kpome Toro,
BOAOPOC/N, BETETUPYHOLLME KPYT/IbIA TOA4, XOTS M B MEHbLUEA CTEMEeHW, HakanjvMBatoT
oTHocuTenbHO Boabl Co 1 Ni. B 3Tom cnydae 60/ee aKTMBHbIM KOHLEHTpaTopoM Ni
asnsetca S. verrucosum, a Co — Schizothrix sp. Tonbko C. compacta, Ch. pumila n
Schizothrix sp. cnocobHbl akkymynupoBatb Rb, a Schizothrix sp. — Cd n Cu. [ins Bcex
nccneayeMbiX BUAOB BOAOPOC/EN caMble HU3KME KO3puumeHTbl HakonneHus (K, —
0,03-0,07) ycTaHOBMEHbI AnA Sr, HECMOTPA Ha ero camoe BbICOKOE, OTHOCUTENbHO
[PYrux MMKPO3/1EMEHTOB, COfepXXaHue B Bode (Tabn. 2).

Mo BennumHe K, > 1 MMUKPO3MEMEHTbI, HaKanMBatoLLMecs B TassloMax MaKpo-
(h1TOB, 06PA3YLOT CreaytoLLme paapl:

Cladophora compacta — Ti>La>Ce>Mn>Y>Rb>Ni>Co
Chaetocladiella pumila — Ti>Ce>La>Mn>Y>Rb>Co>Ni
Tolypothrix distorta — Ti>Ce>La>Y>Mn>Co>Ni

Schizothrix sp. — Ti>Ce>La>Mn>Y>Rb>Co>Ni>Rb>Cu>Cd
Stratonostoc verrucosum — Ti>La>Ce>Mn>Ni >Y>Co
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Ta6nuuya 2. KoaipmumeHTbI B1OIONMYECKOr0 HAKOM/IEHWUS MUKPO3/IEMEHTOB MaKpOBOZOPOC/ISIMU

MukpoanemeHT I !
1 2 3 4 5 1 2 3 4 5
Rb 1,7 32 0599 | 13 | 015 | 025 | 049 | 0,09 | 020 | 0,022
Cs 0,24 0,18 0,18 | 0,24 | 0,12 | 0,015 | 0,011 | 0,01 | 0,015 | 0,007
Cu 0,44 0,52 0,64 12 | 021 | 047 | 056 | 0,68 13 0,22
Sr 0,06 0,061 | 0,03 | 003 [ 007 | 057 | 058 | 029 | 031 | 0,64
Ba 0,32 0,26 0,25 | 027 (018 | 0,08 | 0,07 | 0,07 | 007 | 0,047
Zn 0,26 0,48 | 059 | 028 | 05 | 0,70 13 16 0,76 14
Cd 0,44 0,87 046 | 1,10 | 0,30 | 0,80 16 0,84 2,0 0,55
Sc 0,03 0,068 | 0,17 | 0,18 | 0,03 | 0,012 | 0,03 | 0,08 | 0,081 | 0,011
Y 11,2 18,9 279 | 162 | 16 | 0049 | 0,08 | 0112 | 0,071 | 0,007
La 25,1 36,2 373 | 200 | 57 | 0032 | 005 | 0,047 | 0,025 | 0,008
Ce 224 40,2 388 | 469 | 48 | 0,032 | 006 | 0056 | 0,067 | 0,007
Th - - - - - 0,014 | 0,04 | 0,032 | 0,065 | 0,005
U 0,17 0,13 0,10 0,08 | 0,056 [ 0,26 | 0,128 | 0,10 | 0,072 | 0,05
Ti 26,6 44,2 1259 | 116,7 | 31,5 | 0,007 | 0,012 | 0,034 | 0,031 | 0,008
Pb 0,25 0,53 0,72 0,40 | 0,31 | 0,06 0,13 0,17 | 0,097 | 0,08
Mo 0,27 0,30 0,05 0,07 | 0,08 | 6,15 6,8 1,1 1,6 18
'\ 0,15 0,17 0,28 031 | 05 | 0,20 | 0,115 | 0,18 0,21 0,10
Mn 19,2 22,8 103 | 17,8 | 40 | 011 | 0,134 | 0,060 | 0,105 | 0,024
Co 1,1 2,5 2,7 44 14 | 0,057 | 0,135 | 0,45 | 0,23 | 0,075
Ni 11 1,2 15 1,6 27 | 035 | 039 [ 045 | 0,51 | 085
MpumeuvaHus. C. compacta (1), Ch. pumila (2), T. distorta f. distorta (3), Schizothrix sp., (4),
Stratonostoc verrucosum f. verrucosum (5) oTHocuTenbHO Bogpl (1) 1 foHHbIX oTnoxeHuid (11). CopepxaHue
Th B BOfie HW>Xe NMpeaena obHapyxeHus < 0,01.

Bce nccnegyemble BUAbl PaCTEHWIA KOHLEHTPUPYIOT MO B AOHHbIX OTIOXe-
HMsAX. bonblle Bcero sToro anemeHTa y npeactasuteneidi Chlorophyta, Ky > 6. Chaeto-
cladiella pumila, T. distorta, S. verrucosum HakaniuBaroT, Kpome Toro, Zn, a Ch. pumila
1 Schizothrix sp. — Cd. Schizothrix sp. oTanyaeTcs oT Apyrux nccnegyembix BOAOPOCNEN
el n 6onee akTMBHbIM noraowieHnem Cu (cM. Tabn. 2). Mo MHTEHCMBHOCTW KOHLIEHT-
PVPOBaHMS MMUKPO3/MIEMEHTOB OTHOCWTE/ILHO BOAbI BOAOPOC/N MOXHO PacnofioXXuTb B
cnegyrowmiia pag: T. distorta > Schizothrix sp. > Ch. pumila > C. compacta > S. verruco-
sum; OTHOCUTENIbHO AOHHbIX OTAOXeHWIA: Ch. pumila > C. compacta > Schizothrix sp. >
T. distorta > S. verrucosum.

252



MWKpO3NeMEeHTHbIi cocTas

BbiBOAbI

B XxumunueckoM cocTtaBe MakpoBOOpOC/el nuTopanu o3. balikan npeobnagatot
TUMNWUYHbIE /15 XXMBOIO BELLECTBa MUKPO3nemMeHTbl: Mn, Ti, Sr, Ba, Zn, Co, Ni, Cu u 1.4,
B TO e BpeMsA KaXfblli B4 UMeeT CBOUM O0COBGEHHOCTW. B MMKPO3/1EMEHTHOM COCTaBe
3eneHbix Bogopocnein Cladophora compacta n Chaetocladiella pumila npeo6nagatot
Mn, Sr, Ti, B cocTaBe cuMHe3eneHbix: Tolypothrix distorta n Schizothrix sp. — Ti u Sr, B
cocTase Stratonostoc verrucosum — Sr u Zn.

MakpoBOZOpOC/IM YHaCTBYIOT B MPOLECcCax akBa/lbHOro BbIBETPUBAHUSA Kame-
HMCTOrO cybecTpaTa MesIKOBOAHOM nnaTgopMel balikana. 3T0 cBA3aHO C MpoLeccaMu nx
XW3HeJeATeNlbHOCTN, B pesy/ibTaTe KOTOPbIX MPOUCXOASAT CYLLEeCTBEHHbIE KOfebaHus
KNCNOTHO-LLE/TIOUHbIX YCIOBUIA B 30HE BOGOPOC/IEN B TEUEHME CYTOK.

O[JHOTUMHBIA XapaKTep pacnpeaeneHns MukpoanemeHToB Rb, Cs, Cu, Sr, Zn,
Cd, Mn, Co, Ni B nNpWAOHHOM C/lO€ BOAbl, [OHHbLIX OTNOXEHUSIX, BGEHTOCHbIX
BOLOPOCNAX CBUAETENbCTBYET O EeAWMHCTBE (DU3NKO-XUMUYECKUX U OUONOTUYECKUX
MPOLECCOB, NeXaLlux B OCHOBE HAKOMIEHNA MUKPO3/IEMEHTOB MakKpOBOOPOCIAMM.

HecmoTpa Ha Hu3Kue KoHUeHTpauuu B Boge Th, Y, La, Ce, Ti, Bogopoc/iu
KaMeHUCTON nuTopanv Bailkana OT/M4YaloTCA CPaBHUTENBHO BbICOKMM COLEPXKAHMEM
3TUX 3MeMeHTOB. [locTynsieHne B 3KOCUCTEMY NIMTOpPanM HeOOXOAMMbIX ANA ruapo-
OVMOHTOB MWKPO3NEMEHTOB B 3HAYMTE/IbHOW Mepe 06ecrneynBaeTCsl paspyLLeHUEM
FOPHbLIX MOPOA, CNaratoLmx AHO MEIKOBOAHON 30HbI.

[ns MakpoBOZOpOCNEe NMTOpanbHOM 30HbI HOXHOro bBalikana XapakTepHO
rPynmnoBoe KOHLEHTPUPOBaHNE MUKPO3NEMEHTOB; HaNb01ee MHTEHCUBHO OTHOCUTENbHO
BoAbl OHW nornowatot Ti, La, Ce, Mn, Y, Co, Ni N0 CpaBHEHUIO C KaMEHWUCTbIM
cyberpatom — Mo. W13 o6Luero psaga cnocobHOCTLI0 akkyMynimpoBaTb Rb 0THocUTeNbHO
BoZbl BblgensatoTca Cladophora compacta, Chaetocladiella pumila n Schizothrix sp., Cd
1 Cu — Schizothrix sp. B cpaBHeHUM ¢ LOHHbIMU 0TN0XeHMAMKU Ch. pumila, Tolypothrix
distorta, Stratonostoc verrucosum KoHUeHTpupytoT Zn, Ch. pumila n Schizothrix sp. —
Cd, Schizothrix sp. — Cu.

[aHHble XMMUYECKOrO 3/1EMEHTHOr0 cocTaBa GEHTOCHLIX MaKpOBOLOPOC/EN
o3epa baiikan KpaiiHe Heo6xoAuMbl, T.K. MO3BOASAKOT PaccMaTpuBaTb 3BOMHOLMIO
3MIEMEHTHOrO COCTaBa XWMBOMO BELLECTBA M €ro CBA3b C HEMpepbiBHO MEHSHOLLLUMCS
COCTaBOM OKPY)KatoLLEeR cpeabl.

BnarogapHocTn

Pabota uyacTuyHO nopgepxaHa nporpammoli PAH Ne 11.14 «BbuopasHoo6pasue u
ANHAMMKa FTeHO(OH/OB. .. ».
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TRACE ELEMENT COMPOSITION OF ALL-THE-YEAR-ROUND VEGETATING MACRO
ALGAE ON THE STONY LITTORAL OF LAKE BAIKAL (RUSSIA)

The results of examination of trace element composition of all-the-year-round vegetating algae on
the stony littoral of Lake Baikal are presented. It has been found out that the mineral composition of
Cladophora compacta (C. Meyer) C. Meyer, Chaetocladella pumila (C. Meyer) C. Meyer et Skabitsch. is
dominated by Mn, Sr, Ti; Tolypothrix distorta (FI. Dan) Kitz. f. distorta, Schizothrix sp. — by Ti and Sr,
Stratonostoc verrucosum (Vauch.) Elenk. f. verrucosum — by Sr and Zn. In these species trace elements
concentrate in groups. With respect to water, the species under study concentrate Ti>La>Ce>Mn,Y.
C. compacta, Ch. pumila and Schizothrix sp. stand out by their ability to accumulate Rb, Schizothrix sp. — Cd
and Cu. In comparison to bottom sediments, algae accumulate Mo, and moreover, Ch. pumila, T. distorta,
S. verrucosum concentrate Zn, Ch. pumila, Schizothrix sp. — Cd and Schizothrix sp. — Cu. According to the
intensity of concentrating trace elements with respect to water, the algae may be presented in the following
sequence: T. distorta > Schizothrix sp. > Ch. pumila > C compacta > S. verrucosum; with respect to bottom
sediments — Ch. pumila > C. compacta > Schizothrix sp. > T. distorta > S. verrucosum.

Keywords: Lake Baikal, littoral zone, benthic macroalgae, trace elements.
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