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mAPOBUONOTUSA

OCOBEHHOCTH UCITOJB30OBAHUA UHIAEKCA
CAITPOBHOCTH ITIO MAKPO3OOBEHTOCY
JJIs1 OHEHKH KAYECTBA BO/l B PEKAX
BACCEMHOB OHEKCKOT'O ¥ JIAJIOXKCKOI'O O3EP

H. A. Bapsbies
HUnemumym ouonoeuu KapHIL] PAH

BrisiBiens! 3HaueHus uHaekca canpooroct no [lantne-bykky B Monn-
¢ukarun Cranedeka, pacCYMTaHHOTO 110 OPraHU3MaM MaKpo3000eHToca
U1 pek 6acceitnoB OHexckoro u Jlagoxckoro o3ep. IlpoBeneH cpaBHH-
TEJBHBIN aHaTN3 IPUYUH BapbrupoBaHus. CpeqHie 3HaYeHUS HHIEKCa B
30HAaX BJIMSIHHUS HaCEJIEHHBIX ITyHKTOB (Ha pa3IMYHOM yHaJIeHUH ) BapbU-
poBaiu ot 1,68 mo 1,78; «honoBwie» coctaBmau 1,61 + 0,161. Cpennue
3HaYeHUsI HaXOIATCS B J-mMe30carpoOHON 30HE (KpoMe YCTHEBOW 30HBI
p. JJococunkwu B 1. [leTpo3aBoacke, rae wHIeke coctasui 2,90). [pwu mo-
MOIIIM MHOTO(AKTOPHOTO JUCTIEPCHOHHOTO aHalln3a M0Ka3aHo, YTO KPo-
M€ aHTPOINOTeHHOTO (pakTopa OONBIION BEC MMEIOT €CTECTBEHHBIC, B
TIEPBYIO OUepelb, pa3Mep BoJ0TOKa. /LI OlleHKH KayecTBa BOJ peKOMEH-
JTIOBaHO HMCIIOJIB30BaTh TIOCTATOYHO OOJBINYIO BEIOOPKY M BBIOUPATH JIJIS
CpaBHEHUS «(POHOBBIEY» YIACTKU B BOAOTOKAX OIM3KOTO pa3mepa.

MeXBUIOBBIE pa3IHYKsi B OTHOIICHHU THAPOOHMOHTOB K OpraHuye-
CKOMY 3arpsi3HCHHUIO YCIICITHO MCIOJB3YIOT JUIsl OLEHKH KauecTBa BOJI.
OcCHOBO#1 3TOTO HaIpaBIEHUS MOXKHO cUUTaTh padboTs! P. KonbkBuTia 1
M. Mapccona [Kolkwitz, Marsson, 1902, 1908, 1909], koTopsie npej-
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JIOKWJIM JIETIeHUE BOJHBIX OOBEKTOB Ha MOJH-, alb(ame3o-, OeTame30- 1
OJIUTO-CcanpoOHbIe B 3aBUCUMOCTH OT CTENCHH OPTaHUYECKOTO 3arpss-
HeHus. s KaXIoW M3 9TUX 30H ObUIM MpPUBENEHBI MPUYpPOUYCHHBIE K
HUM Buabl. K HacTosmeMy BpeMeHH cHcTeMa OLEHKH KauecTBa BOJ Ha
OCHOBe canpoOHocTH mpeTteprena psa mMoxudukauuii. Tak, P. [lantie
u I Bykk nmpeanoxunu GopMmyiny IJisi pacueTa WHAEKCA CanpoOHOCTH
[Pantle, Buck, 1955]. Ilozanee B hopmyiny ObLT BBEAEH «MHANKATOPHBIN
Bec» Buja [Crnaneuek, 1967; Sladecek, 1973; Makpyuun, 1974]. [locto-
SIHHO BeAeTCs paboTa HaJl TOMCKOM HOBBIX MHAWKATOPHBIX OPraHU3MOB
[Deutsche Norm..., 1990; Moog, 1995; I'onoattok u np., 2008].

Hecmotpss Ha maremarmueckue HemoctaTku Metofa [LutnkoB u
1p., 2004] u npoOneMsl ¢ peruoHanbHOM ananTaruei [XKanuu, Ponuna,
1950; Yepronpyx, 2002; l'onoBarttok u ap., 2008], naHHas METOIUKA TI0-
JTy4uiia IUPOKOe pacpocTpaHeHue Onarogapsi OTHOCUTEILHON MTPOCTO-
T€ M YHHBEPCAIbHOCTU. BMecTe ¢ TeM BeTHMYrHa HHJIEKCa CalpOOHOCTH
CYIIECTBEHHO 3aBUCHT OT MHOXKECTBA €CTECTBEHHBIX (pakTopoB. M3BecT-
HO, YTO IIUPOTHAsS 30HA, pa3Mep BOJOTOKA, XapakTep pyciia U THI BO-
JHOTO MUTAaHUS MOTYT OKa3blBaTh BIMSHUE HA BEIUUMHY MHIEKca [Yep-
tornpyxn, 2002]. ITo 310l npu4KMHE OLIEHKA CTENEHN aHTPOTIOTEHHOTO Op-
TaHWYECKOTO 3arpsi3HEHUS P MMOMOIIHM MHAEKCA carpoOHOCTH HEBO3-
MOKHa 0€3 JaHHBIX 0 «()OHOBBIX» 3HAYECHUSX B IAHHOM PETHOHE U yUe-
Ta JIOKaJbHBIX ()aKTOPOB BapbUPOBAHUSI.

Lenb manHOW paboOThl — YCTaHOBHTH (POHOBBIC 3HAUEHHS WHIAEKCA
canpoOHOCTH 1Ist pek OacceliHOB OHexckoro u Jlagoskckoro o3ep, BbI-
SBUTh €CTECTBEHHBIC IPUYNHBI BAPLUPOBAHUS U OLEHUTH BO3MOXHOCTD
UCTIONIb30BaHUS JAHHOW METOIUKH AJISl OLIEHKH YPOBHSI aHTPOTIOTECHHO-
TO 3arpsA3HEHUs.

MeTtoauka. [Ipo6s Makpo3000eHTOCa 0TOMpANU B peKax 0acceiiHoB
Omnesxckoro u JIagokcKoro 03ep B JIETHIO MeKeHb. BbiOpaHbl moporo-
BbIE€ YYaCTKU C KAMEHHUCTBIMH I'PYHTaMH, CKOPOCTh TEUEHHsI BapbUpOBa-
na ot 0,2 o 0,8 m/c, tmyouna — ot 0,1 1o 0,5 m. MccnenoBanu yuacTku
BOJIOTOKOB, PAcCIOJIOKEHHBIE Ha Pa3INYHOM YAAJCHUU OT HACEIECHHBIX
MYHKTOB (KpOME TeppUTOPHH KPYIIHBIX TOPOAOB M 30H BHIOpOCA TOK-
CHYHBIX 0TX0/10B). Micnionb3oBanu nnaekc no [lantine-bykky B Mmonudu-
kanuu Cnaznedeka [Maxkpymun, 1974]. CanpoOHocTs onpeneneHa s



270 mpo6. CraTHCTHUECKHE PacueThl MPOBEICHBI C HCIOIb30BaHHUEM
nporpamMmHoro mnakera StatgraphicsPlus v.5.0. Ilpu ouenke BIusHHSA
pacxofa BOABI U PACCTOSHHUS OT HACEIEHHOTO IMYHKTA 3HAYECHHS 3THX
¢axropoB ObLIH MposorapudmMupoBansl. [Ipu ykazaHuu cpenHux nocie
3HAKa «£» MPUBEIEHO CTAaHAAPTHOE OTKIOHEHHE.

PesynbTarpl. CpaBHeHHE WHIIEKCOB CanpOOHOCTH, PAacCUUTAaHHBIX
MO OpraHu3MaM MaKpo3000€HTOCa peK, MPOTEKAIOIIUX [0 TEPPUTOPH-
SM C Pa3sHOH MHTEHCHBHOCTBIO aHTPOIIOTEHHOTO BIUSHMS, IPEACTaBIIC-
HO Ha puc. 1.
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Puc. 1. 3HauyeHnst mHAeKca canpoOHOCTH HA Pa3JIMYHOM
YAQJICHUH OT HACEJEHHOI0 NMyHKTa (TUIaHKM MOTPEIIHOC-
Tell — CTaHAapTHOE OTKJIOHEHHE)

Cpennue 3nauenus, kpome kak mexay 0-0,3 u 0,3-3, noctoBepHO
pasnnyatorcs (t-xputepuii Cteronenta, p = 0,05). Bmecre ¢ Tem unTEp-
BaJIbl 3HAYCHUH CYLIECTBEHHO MNepekpbiBatoTcsi. CpegHue Bcex rpaja-
U HaxoaaTcst B -Me30canpoOHON 30HE. 3HaYEeHUs] MHIEKCa carnpoo-
HOCTH B BOJIOTOKAaX, HE MOABEP/KECHHBIX aHTPOIIOI'€HHOMY BIUSHHIO (OT-
CYTCTBHE HACEJICHHOT'O ITyHKTa WK paccrosiHue 6osnee 30 kM), Bapbupo-
Banu ot 1,21 no 1,89 u B cpennem coctaBuim 1,61 +0,161.

10



O1rieHKa BO3MOYKHOCTH BIHSIHUSI JPYTHX (DaKTOPOB, KOTOPBIE MOTYT
NPUBOIUTH K JIOKAJIBHBIM TOBBIIICHUSM HHIIEKCA CaPOOHOCTH, — pac-
X012 BOJIbI, TeorpaduuecKoil IMPOTHI U PACCTOSHUS OT MIPOTOYHOTO 03e-
pa — mpoBezIeHa MPU TTOMOIIH MHOTO()aKTOPHOTO AUCTIEPCHOHHOTO aHa-
nu3a (Tadn.).

Biusinne aHTPONOIeHHOI0 U eCTeCTBEHHbIX (AKTOPOB Ha MH/EKC canpo0-
HOCTH, Pe3y/1bTaThl MHOTO()AKTOPHOI'0 AMCIIEPCHOHHOIO AHAJIN3A

Daxrop Kpurepuit @nmepa Vposens 10cTO- Cuna Bnus-
(F-ratio) BepHocTH (P-value) HUS
Pacxon Bosl 31,7 0,00 0,59
PaccrosiHue OT HaceneH-
HOTO Ty HKTa 28,6 0,00 0,40
[upota reorpaduyeckas 12,3 0,00 0,11
Paccrosnue ot o3epa 9,2 0,00 0,08

Ipumeyanue. Cuna BIUSIHUS — OTHOLLICHNE YAaCTHOM TUCTIEPCHH K OOIIEH.

ITo cune BnustHUS (HAKTOPBI PACIIONOKUINCEH B MOPSAKE yOBIBAHUS:
pacxof] Bofbl, OIM30CTh HACEICHHBIX IYHKTOB, Teorpaduyueckas mupo-
Ta, paccTosHUE OT 03epa. Takum 00pa3oM, pa3mep BOAOTOKA OKA3bIBACT
CYIIECTBEHHOE BIHMSHUE HA BETMUMHY HHIECKCA CapoOHOCTH (pHcC. 2).

2,50

2,00

1,50

1,00

y = 0,0268In(x) + 1,6839
R = 0,0961

WHpekc canpo6HocTyn

0,50

0,00 ; . )
0,001 0,01 0,1 1 10 100
Pacxop Bogkl, M.ky6/c

Puc. 2. 3aBucUMOCTH HHIEKCA CATPOOHOCTH OT pPacxoaa
BOIbI U JIorapupMuyeckas perpeccust
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C yBennueHHEM BOAOTOKA (pacxola BOABI) BO3PACTAIOT M CPEIHUE
3HAYCHUS UHJIEKCa canpoOHocTH, oT 1,63 = 0,150 npu pacxoe BoabI Me-
uee 1 M*/c 1o 1,82 + 0,112 B pekax ¢ pacxozom 6omnee 15 m*/c. Biusaue
reorpaduyeckoil IIMPOTHI U MPOTOYHBIX 03€P OKA3aI0Ch OTHOCUTEIBHO
HEOOJIBIITIM.

Oocy:xnenue. CannpoOHOCTh TPAKTYIOT KaK CTEIICHB 3arps3HEHHOCTH
BOJIHBIX 00BEKTOB OpPraHMYECKUMU BeleCcTBaMH. MI3BECTHO, YTO IIPH I10-
CTYIUIEHUU B BOJIOTOKH M BOJIOEMBI CTOUHBIX BOJ C HACEICHHBIX ITyH-
KTOB MHJIEKC CAallpOOHOCTH MOXET JIOCTUTaTh BRICOKHUX 3HaYeHUl. Tak, B
p. bapnaynke (mputok p. O0u, AnTaiickuii Kpaif) HHAEKC CanpoOHOCTH
cocrasisin 3,50-4,00 B 3oue HanOonbliero Bnusiaus T. bapHayna [Bbes-
marepHbix, 2008]. Ha npumepe pek OaccelinoB Jlamoxckoro u Onex-
CKOTO 03€p HaMH BBISIBIICHBI OTHOCHUTENIFHO HEOOIbIINE N3MEHEHUS, HE
MIPUBOMAIINE K TIEPEXOy B Jpyroit kiacc canpooHoctu. [Ipuunna Ta-
KHUX HEOOJBIINX W3MEHEHHH, BEPOSITHO, B TOM, YTO BOJBI MIOPOKUCTHIX
PEK HaCBIIIEHbI KUCIOPOJOM U YMEPEHHBIH YPOBEHb OPraHHMUYECKOTO 3a-
TPSI3HEHUS HE IPUBOAUT K CYIIECTBEHHOMY CHUKCHHUIO €0 KOHIICHTpPA-
. KpoMe Toro, B OBICTPBIX MOPOKUCTBIX PEKaX 4acTO OTCYTCTBYIOT
yCIOBHSI JUIsl OcaaKkoHaKoIUIeHus. [IpumedaTenbHO, 4TO 3HAYCHUS MH-
JIeKCca carpoOHOCTH KaK Ha «(OHOBBIX» y4acTKax, TaK U B 30HE BO3/ICH-
CTBUS HACEJICHHBIX MMYHKTOB COOTBETCTBYIOT I'PaJlallui «yMEPEHHOE 3a-
TpsI3HEHUE» B CHUCTEME OLICHKHU KauecTBa Boj [Opranuzanus..., 1992].
OpHako MpH CUIIBHOM 3arpsI3HEHUU WHAEKC CalpOOHOCTH MOXKET JJOCTH-
ratb ¥ OTHOCHUTEIBHO BBICOKMX 3HaueHuid. Tak, B p. Jlococunke (Gacc.
OHEKCKOro 03epa), B HIPKHEM TEUCHUH MPOTEKAIOMICH 10 TePPUTOPHH
r. [lerpo3aBoncka, Hamu paHee ObUIO BBISBICHO BO3pacTaHHE MHIAEKCA
canpoOrocTu ot 1,50 BbItie roposa o 2,90 B ycTheBoii 30He [ bapsiiies,
Kyxapes, 2011].

W3BecTHO, 4TO B yClOBUX dKocucTeM CeBepa MHACKC campoOHO-
CTH BO MHOTOM CBSI3aH C TPO(HOCTBIO, KOTOpasi MOKET BapbUPOBATH B
CUJTy €CTECTBEHHBIX MpHUUMH. Tak, paHee OTMeuYalud BO3pACTAHUE WH-
JIeKca carpoOHOCTH ¢ yBeIUYeHueM BojoToka [Ueptomnpymn, 2002]. 13-
BECTHO, YTO UCTOKHU M3 MPOTOUHBIX 03ep B ycioBusax Cesepa oTinya-
IOTCSl IOBBIIIEHHON TPOPHOCTHIO, YTO BIUSAET HA HHACKC CanpoOHOCTH
[Ueprompyn, 2002; baperme, Kyxapes, 2011]. BmecTe ¢ Tem Hamn ana-
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JIU3 HE TI0Ka3ajl CYIIECTBEHHOTO BIMSHUS ATOTO (haKTopa, BOZMOXKHO,
M3-32a €ro JIOKaJIbHOIO Xapakrepa.

Bimsinue reorpaduveckoil NIMPOTHI B paMKax JaHHOM pabOThI OKa3a-
JIOCh HEOOJIBIIIMM, BEPOSTHO, TIOTOMY, YTO PETHOH UCCIICIOBAHUI Orpa-
HUYEH B LIMPOTHOM HampasiieHuu. Bmecte ¢ TeM B BogoTokax Llentpa
EBponeiickoit Poccun «(hoHOBBIE» 3HaYCHUS CAPOOHOCTH CYIIECTBEH-
HO BBIIIE: CpellHee 3HaueHue cocTariseT 1,91 mpu pa3dpoce 3HauSHUI
ot 1,18 no 3,80 [Ueptompyxn, 2002].

3akawyenne. «DOHOBBIC» 3HAUCHUS HWHJEKCA CAlPOOHOCTH IO
[TanTne-bykky B Mmonugukanuu Crazedexa 1o opraHu3MaM Makpo300-
OeHTOCa peK HaXoAaTcs B B-Me30canpoOHOl 30HE, CpelHee COCTABISET
1,61 + 0,161. BapbupoBanue uHIeKkca carpoOHOCTH B CHJIY €CTECTBCH-
HBIX MPUYUH BETUKO U YaCTO MEPEKPHIBACT U3MEHEHUS, IPOUCXOISIINE
0 MMPUYNHE aHTPOTIOTCHHOIO 3arPSI3HEHUS, YTO MOXKET SIBJSITHCS UCTOU-
HUKOM OIIMOOYHBIX BBIBOJIOB TPU OIICHKE CAHHTAPHO-3KOJIOTHYECKOTO
COCTOSIHHSI BOJIOTOKOB. HanOopliiee BIMsSHUE U3 €CTECTBEHHBIX (PAKTO-
POB OKa3bIBaeT pa3Mep BOJOTOKA.

OrnpeneneHue THTEHCUBHOCTH aHTPOIIOTEHHOTO 3arpsi3HEHHUS 110 UH-
JICKCY CarpoOHOCTH, PACCYMTAHHOMY 10 OpraHU3MaM MaKp03000EHTO-
ca, HeoOXOMMO MTPOBOIUTH HA OCHOBE JIOCTATOYHO OOJIBIION BBEIOOPKH
C WCIIOJIb30BaHUEM METOJIOB CTaTUCTHUYECKOW 00pa0OTKM AaHHBIX. J[ist
CPaBHEHUS CIIENyeT BHIOUPATh «(POHOBBIEY» YYaCTKH B BOJOTOKAX OJM3-
KOro pasmepa. g 9Toil e Xopoio NoAOUIYT YYaCTKU PEK, HAXO/s-
IIUECS BBIIIE UCTOUYHUKA 3arpsI3HEHHUS.

QuHancuposanue ocywecmeaianocs u3 cpedcms ghedepanvhoco 0wdxicema
Ha 8bInoaHeHue 2ocyoapcmeennozo 3aoanus Ne 0221-2014-0005.
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A SAPROBIC INDEX FOR WATER QUALITY ASSESSMENT
ACCORDING TO MACROZOOBENTHOS OF RIVERS FLOWING
INTO LAKE ONEGO AND LAKE LADOGA

I. A. Baryshev
Institute of Biology KarRC of RAS

Saprobic Pantle-Buck index values (Sladechek modification) according to
macrozoobenthos were found for the rivers flowing into Lake Onego and Lake
Ladoga. The comparative analysis of the causes of variation was conducted.
The average values of the index in the zones of influence of settlements (at
different distances) ranged from 1.68 to 1.78; the “background” values were
1.61 £ 0.161. The average values belong to B-mesosaprobic zone (except the
River Lososinka estuary in Petrozavodsk, where the index was 2.90). Using
multifactorial ANOVA showed that besides natural factors (especially the size
of the watercourse) anthropogenic ones are important as well. It is recommend-
ed to use a large enough statistical sampling and select “background” points in
streams of similar size for comparison to assess water quality.

HCIMOJIb30BAHUE NOKA3ATEJE I MAKPO3OOBEHTOCA
JUISI UHIUKALIMA AHTPOIIOTEHHOI'O BO3/IEMICTBUSI
HA BOJOEMBbI PA3HOI'O TUIIA r. CAHKT-IETEPBYPTA

A. . baxopa, B. I1. beasikos

HUncmumym ozeposedenus PAH

Ha ocHoBe aHanmm3a JaHHBIX, TOIYYEHHBIX ITyTEM HCCIICIOBAHUS MAKPO-
3000eHTOCa psia BogoeMoB Cankr-IleTepOypra u npuiexanmx Teppu-
TOpHI C IPUMEHEHUEM MeTofa (HaKTOPHOTO aHaiM3a, ObLIM BBISBIICHEI
CTaTUCTUYECKUE CBSI3U MEXKAY PAJOM IOKa3areield JOHHBIX COOOIIeCTB
1 0000IICHHBIMH CTaTUCTUYECKHMMHU BEKTOPaMHU, KOTOPBIE OTPa)KaroT
JeiCTBUE OCHOBHBIX MIPUPOAHBIX U aHTPOIOTECHHBIX (pakTopoB. Peakiust
OCHTOCHBIX COOOIIECTB Ha 3arpsi3HECHUS BOJOEMOB C ITOBBIIICHHON MU-
Hepalr3alnuei WM UBETHOCTBIO BOJBI HE MIPOSIBIISIACE.

IIpu OmonHMKaMK 3arpA3HEHUH BOJJOEMOB B HACTOSAIIEE BpeMs da-
CTO MCTOJNB3YIOTCS PA3INYHBIE XapaKTEPUCTUKH 3000€HTOCA, TIIABHBIM
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o0pa3oM pasnu4Hble OMOTHYeCKHe UHAeKCH [banymkuna, 1997; baka-
HOB, 2000; SxoBnes, 2000; Hlutukos u ap., 2005; beamatepusix, 2007].
IlonsTHO, YTO MPUMEHEHNE TTOKa3aTeNel, OCHOBAaHHBIX Ha POJH OTJEIb-
HBIX MHIMKATOPHBIX TPYII 3000€HTOCA U UX COCTABE, YaCTO OrpaHHye-
HO TaM, IJIe 3TU IPYyNIbl He TpeAcTaBiIeHbl. TakoBbI, B YaCTHOCTH, OJHU-
TOXETHBbIE U XUPOHOMMJHbIE UHJEKCHI ['ynHalita u banymkunoi. 1Ipu-
Mepbl OIpaHMYECHHs MONOOHBIX TOKa3aTelel YKe paccMaTphBajiCh
Hamu paHee [benskoB u ap., 2015]. O4eBuIHO, YTO MPUPOHBIE 0COOCH-
HOCTH BOJIOEMOB BO MHOTOM OINpPENENsIoT (OpMy OTKIMKA 3000€HTOCA
Ha aHTPOIIOTEHHBIC BO3JACHCTBHUs. UTOOBI MHIMKAIMS IKOJIOTHYECKOTO
COCTOSIHUSI BOZIOEMOB Ha OCHOBE 3000€HTOCHBIX OLIEHOK ObLIa aJeKBaT-
HOM, HY)KHO BBISIBUTB, [IPU KAKUX 3HAUCHHUSAX MPUPOTHBIX (PaKTOPOB BO3-
MOKHO MPUMEHEHHE TeX MJIM MHBIX IOKa3aTesed JOHHOTO cOO0IIecTRa.
OCHOBHOH 1eNbI0 PaboOTHl OBLIO BBIBICHHE HAOOpa MOKazarenel 300-
OeHTOoCca, KOTOpble MHAYLUHUPYIOT 3arpsisHeHue (3BTpo(UpoOBaHUE) MPH
PasHOM YpOBHE ABYX MPUPOIHBIX (HaKTOPOB — CTETIEHU MUHEPATH3ALIUH
Y [IBETHOCTH BOJIBI.

Jnist BBISIBIICHHS 3TUX 3aBHCHMOCTEH Obl1a chopMHUpOBaHa MaTpuUa
JAHHBIX TI0 35 THAPOXUMUYECKUM U THAPOOUOIOTHYECKUM MTOKa3aTeIsIM
st 200 oTOOPOB M MPOBEICH CTATUCTUYECKUN aHaIM3 METOIOM TJIaB-
HBIX KOMIOHEHT [Adudu, DiizeH, 1982]. JlanHble ObLIM MOTYUYSHBI IPH
MOJIEBBIX UCCIIeIOBaHUX Ha psafe BogoeMoB CankT-IleTepOyprckoro pe-
THOHaA.

Cucmema 03. Huoicnezo Cyzoanvcrozo (p. CrapoxuinoBka — 03. H.
Cysnanbsckoe — p. Kamenka — Baxp. IllyBanosckuii kapeep — p. Kamen-
Ka) IpOJIEraeT IO CEJIbCKOXO3AHCTBEHHOM, MPOMBIIIJIEHHON U TOpoJ-
CKOH TeppuTopuu. Boasl cucteMsl KnacCuPpUIUPYIOTCS KaK XJIOPUAHO-
HaTpHEBbIE CO cIaboil MUHEpaIn3alen.

Ha Teppuropuu cucmemwvt p. Oxmur (p. Oxra — OXTHHCKOE BIXP. —
p. OxTa; iomaap 6acceiiHa 768 KM?, IPOTHIKEHHOCTh 99 KM) HaXOIST-
CSl TIPOMBILIJICHHBIE MPEANPHUITHS, 3arps3HSIONINe cOpocaMy pEvHbIe
BOJIbI. Bobl peku KinaccupUUUPYIOTCS KaK XJIOPUAHO-HATPUEBbIE C HU3-
KOW MHUHepanu3alnuei, OHM 00oraiieHbl OpPraHn4eCcKUM BEILECTBOM, YTO
oTpaxaercs Ha 3HaueHuu 1BeTHocTH U XIIK. 13 paccmarpuBaemsIx Bo-
JHBIX CHCTEM UCTBITHIBAET HANOOJIbIIeE aHTPOTIOTEHHOE BO3ACHCTBHE.
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Jlnst cpaBHEHHS HCIOJB30BaHBI JaHHBIE JBYX 03€p, €l1a0b0 MmoaBep-
JKCHHBIX aHTPOMOT€HHOMY BO3AEUCTBHIO, — Muuypurnckoeo u bepecmo-
6020, PacNoNOKeHHBIX Ha KapenbckoM nepemieiike. X Bombl Xapakre-
PH3YIOTCSI HU3KOH LIBETHOCTBIO U CJIa00H MUHEpaTu3auei.

Boonasi cucmema p. [{yoepeoghxu (03. dyneprodcekoe — 03. Jlonroe — 03.
Bespimsanoe — p. Jlyneprodxka; miomans 6acceiina 327 kM2, IPOTSHKEH-
HOCTB 25 KM) pacronoxeHa B 1okHOH yactu CaHkt-IletepOypra. Bomsr
CHCTEMBI OTPENEIISIIOTCS KaK THAPOKapOOHAaTHO-MarHUEBbIE C TOBBIIICH-
HOM MuHepanu3anueil. B o3epa momnanaror KOMMYHaJIbHO-OBITOBBIE CTOY-
HBIE BOJIBI C TEPPUTOPHU MAJIOITAKHON 3aCTPOHKH, aBTOMOOMIIBHOH U JKe-
JIE3HOM IOPOTH; PeKa 3arpsi3HAETCs 3a CYET JJMBHEBOTO CTOKA OT Hedreba-
3bl, CaJJOBOZICTB U ITPOMBILIJICHHBIX TIPOU3BOJICTB.

03. benoe (mnomazp 3epkana 0,32 KM%, MakCUMaJbHas LIyOUHA 7 M)
pacrosoxeHo B mapke . ['arauHbl. Bombl o3epa XapakTepusyroTcs OBbI-
IEHHOM MUHepanu3anuei ¢ npeodnanannem nonos CO.>, Mg u Ca*'
(tabmn. 1). EXMHCTBEHHBIM BUJ aHTPONIOTeHHOTO BO3ACHCTBHS — PEKpeaLiysl.

IIpoGsl 3000eHTOCAa OTOMpPATUCH BECHOMW, JIETOM M OoceHblo 2013—
2014 rr. Ha QUKCUPOBAHHBIX CTAHIMSIX OCHOBHBIX OMOTOIOB 03€p B LICH-
TpaJIbHOH U IMTOPAJIbHOM 30HE M Ha MOJTypa3pe3ax BOAOTOKOB. Mcmons-
30BAJINCH CTaHJIAPTHBIE METOIBI cOopa u 00pabOTKH 3000€HTOCa, MPO-
OYKIMOHHBIE TIOKa3aTeNH ONpPEACSUTUCH (PU3HOIOTHUECKUM METOAOM
[Canaskusn u ap., 1983]. [l maremarndyeckoit 00pabOTKH UCIIOIb30Ba-
cs makeT STATISTICA 6.0

OO0mui cnucok BUJOB U (HOpM 3000€HTOCA HMCCIEIOBAHHBIX BO-
noeMoB coctaBuil okoio 300 HammenoBanuii. HaumOonplryio dvacTb
NPEACTABISIOT HaceKkoMmble M3 oTp. Diptera (muuakm cemeiicts Chi-
ronomidae, Ceratopogonidae, Chaoboridae, Pediciidae, Simuliidae,
Stratiomyidae, Tabanidae, Tipuliidae u Limonidae) u apyrux otps-
noB: Odonata, Ephemeroptera, Plecoptera, Trichoptera, Megaloptera,
Coleoptera, Lepidoptera u Heteroptera, Takixe oOHapyKeHBI CIIEIyIO-
e rpynnsl Oecro3BoHo4YHBIX: Nematoda, Oligochaeta, Huridenea,
Bivalvia, Gastropoda, Isopoda, Amphipoda u Hidracarina. Tem He me-
Hee OOJIBIIMHCTBO ()OPM He SBISIOTCS MACCOBBIMH, YTO HE IAET BOBMOXK-
HOCTH HCTIOJIb30BaTh HHAWKATOPHBIE BUBI U OLEHKH 3arpsI3HEHHOCTH
BOJIOEMOB.
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Taonuna 1. anpongnqecmle XaPaAKTCePUCTUKHU UCCICA0BAHHBIX BOJIHBIX
CUCTEM

Cucrema | Cucrema

03. bepe- |03. Muuy- 03. Besoe| p. Jysep- |03, H. Cys- Cucrema

CTOBOE | pHHCKOE rodku | abexoro p- OxTBI

pH 6,2-7,7 | 6,484 | 7,1-8,1 | 7,2-8,7 6,8-8,2 6,8-7,8
0,, % 10-105 | 21-108 | 23-170 | 23-169 41-123 8-116

P o.oMr Pt 10,01-0,11 |0,02-0,06 0,01-0,03| 0,02-0,38 | 0,03-0,27 |0,10-0,38
NH,",mr N o' | 0,02-0,11 |0,02-0,300,01-0,50/ 0,003-2,00 | 0,0-0,60 |0,02-2,90
NO_,, MmrN ' | 0,00-0,02 |0,00-0,00|0,01-0,04| 0,03-0,34 | 0,00-0,04 | 0,01-0,20
NO,, mr Nr' |0,00-0,12 |0,00-0,20|1,00-3,40| 0,90-6,30 | 0,01-1,40 |0,10-1,30
LlBeTHOCT®,
rpan.

XIIK,mr O 1! | 9,1-21,9 | 3,0-19,6 [9,9-19,6| 9,6-55,8 | 9,9-62,0 |13,1-55,5
BIIK,, vr O, 5| 0,5-2,2 | 0,5-3,1 | 0,3-5,6 | 0,9-7,1 1,5-8,3 1,9-6,9

Bssecu, mr o' | 0,3-4,6 1,0-3,7 | 0,6-7,1 | 0,9-31,7 | 4,3-61,7 | 5,1-65,7
Na+K*,mra' | 0,3-1,0 | 0,7-2,5 | 1,8-7,4 | 1,6-65,5 | 5,1-88,6 | 0,4-40,8

8-34 10-32 8-19 4-54 36-120 | 43-192

HCO,, mr i1 10-15 | 24-27 |302-424| 288-404 | 48-104 | 0,02-82
HYB, mr o1 0,000 0,000 | 0,000 [0,000-0,286| 0,04-0,38 |0,04-0,60
Zn, mxr ! <0,5 <0,5 <0,5 | 0,00-0,07 1,23-10,91
Cu, Mxr 1 <0,5 <0,5 <0,5 | 0,00-0,03 | 1,6-160,0 | 1,2-95,0
Pb, Mkr ! <0,5 <0,5 <0,5 {0,000-0,015| 0,20-5,50 |0,53-3,34

Ipumeuanue. 1o nanusim H. B. Urnarsesoii [2014].

Jlnana3oH KOJMUYECTBEHHBIX XapaKTEPUCTHUK 3000€HTOCA JOCTATOYHO
HIMPOK JIa’Ke B OTACIBHBIX BOJOEMAX WIIM BOTHBIX CHCTEMaX, HO CyIIe-
CTBYET TEHJICHIIMS POCTA UX MAKCUMAJIBHBIX 3HAYCHUH OT OJTUTOTPO(HO-
Me3oTpodHBIX 03ep bepecroBoe m benoe k 3BrpoduEIM Bogoemam (H.
Cy3laibckoe) U HEKOTOPOTO CHYDKEHHS TIPU TOKCUYHBIX 3arpsi3HEHUSIX
(cuctema p. OxthI) (Tabn. 2). Jpyrue WHIUKATOPHBIE U CTPYKTYPHBIC
MOKa3aTell BapbUPOBAIM B IIUPOKUX IPEeiax B 3aBUCUMOCTH OT KOM-
TUIEKCa TIPUPOJHBIX U aHTPOIOTCHHBIX (HAKTOPOB. DTH CBS3H YIalOCh
YaCTUYHO BBISIBUTH NPU UCIIONIB30BAHUH MPOIETYPhI (PaKTOPHOTO aHa-
JIM3a METOJIOM TJIaBHBIX KOMITOHEHT.
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Taonuua 2. ]_II(Ial'IZBOH H3MEHCHUA HEKOTOPbIX XapPaKTCPUCTHUK MAKpPO0300-
0eHTOoCa MCCJIe0BAHHBIX BOI0EMOB

03. bepe- | 0O3. Muuy- Cuctema | Cucrema Cucrema

03. bemoe| p. ep- | 03. H. Cys-
CTOBOE | PHHCKOE p- Hynep Y p. OxThI
ropKH | JAIBCKOTO

UucaeHHOCTbD,
9K3./M?
Buomacca, r/ M?| 2,00-9,9 | 0,26-15,3 0,92-25,5| 0,14-80,4 | 1,00-227 |0,15-52,3
Wup. lennona,
OUT/IK3.

1160-4400[200—-11 845[280-9800[200-38 600| 16049 920 |40-33 080

0,0-4,15 | 0,0-3,45 (0,51-3,46( 0,65-3,51 | 0,00-3,67 |0,00-3,68

Wun. llenno-
Ha (Tpod. rp.), [0,61-1,97]| 0,00-2,21 (0,26-2,20( 0,00-2,21 | 0,00-2,25 [0,00-1,95
ouT/T
Wup. lyonaiita | 0,0-37,5 | 0,0-52,7 |0,0-95,6| 0,0-58,3 0,0-88,0 | 0,0-100

Hun. Bynu- 58 1-6 2-8 1-8 0-8 0-7

BHUCCaA

Mnn. banym- 15 17 6 681 0.78-9.5 10.14-10.4) 0.41-7.33 | 0.14-9.48 |0.30-11.5
KHUHOU

0

& 0,8-21,8 | 0,0-100 [0,0-52,1| 0-100 | 0,0-53,3 | 0,0-52,7
(ubTpaTopoB

0,

& 30-87 | 9.1-100 | 46-100 | 35-100 | 0-100 0-75

nerputodaros

% xnmmikos | 1,13-58.6| 0.0-84.8 |0.0-73.9] 0.0-43.8 | 0-100 | 0-100
W, (r) 0,50-8,5 | 0,55-17,5 | 1,28-8,6| 0,18-37,2 | 0,40-128 | 0,48-115
Pcyr

) 46-81 6-221 6-300 | 6-1910 13-1900 3444
(xan/m? cyT)

Royr 78212 | 13477 | 42-625 | 10-2808 | 16-2836 | 5-1091
(kan/m? cyr)

P/B cyT 0,01-0,05 | 0,01-0,04 [0,01-0,03| 0,00-0,07 | 0,00-0,06 |0,20-1,13
P/R cyT 0,33-0,59| 0,26-1,00 [0,26-0,90| 0,14—1,00 | 0,08-1,00 [0,20-1,00
R/B cyT 0,02-0,09 | 0,02-0,06 [0,02-0,04| 0,01-0,08 | 0,01 — 0,10 0,01 — 0,08

JInst IpecTaBleHUsT B3aMMOJCHCTBHS Pa3IMYHBIX (DAaKTOPOB CpeEmbl,
YacTO HE BIMSIONIMX MPSIMO Ha COOOLIECTBO 3000€HTOCA, OBLI MPOBEICH
(haKTOPHBII aHAIN3 JaHHBIX [10 TUM ITOKA3aTEISIM U Py XapaKTePUCTHK
3000eHTOCa (Tabmn. 1-2). [l BomoeMoB ¢ HU3KOM U cpeiHel MUHepaIn3a-
IMei BOBI B IPOCTPAHCTBE MEPBOTO M BTOPOr0 0OOOIIEHHBIX CTATUCTH-
YeCKHUX (haKTOPOB MOKa3aHa UX CBSI3b C OTACIBHBIMH ITapaMeTpamu (puc.).
[MonoxxurenpHbIe rpaaliiy TEepBOro (hakTopa HILTFOCTPHPYIOT YCIOBHS,
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CBSI3aHHBIE C IOHM)KEHHBIM COZIEpKaHHEM OMOT€HHBIX 3JIEMEHTOB, XOPO-
HIMMH KHACJIOPOTHBIMU YCIOBUSIMH U, COOTBETCTBEHHO, OOJIBIIUM BHIO-
BBIM pa3HOOOpa3ueM 3000eHTOoca, MpeodaagaHueM IeTpuTodaroB coou-
parerneii, BRICOKMMHU 3HaueHHsIMHU WHjeKkca BymuBucca. Bropoii dakrop
COBMAJaeT M0 HANPABICHHOCTH C MOBBIIICHUEM MHUHEPAIN3AIMU BOABI U
CHIYKEHHEM IIBETHOCTH, a TAK)KEe XapaKTepU3yeT CIaj CKOPOCTU HPOAYK-
TUBHOCTH 3000eHTOCa. [Ipu ananu3e MaHHBIX 03ep C MOBBHIIICHHOH MU-
Hepaau3auuel He yAanoch BBIABUTH YETKYIO 3aBHCMMOCTD IOKa3arenen
3000€HTOCa ¢ OTMEYECHHBIMH MapaMeTpaMH CPEZbl, YTO, BO3MOXKHO, CBHU-
JETENILCTBYET O CHW)KEHUH BIIMSIHUS 3arpsi3HEHHsT Ha OEHTOC 03ep C yBe-
JMYEHUEM KOHLEHTPAIMU HOHOB THAPOKapOOHaTa B BOJIE.

Factor Loadings, Factor 1 vs. Factor 2
Rotation: Varimax raw
Extraction: Principal components
12 T T T T T T T T T T

10 arpHer Hs
*
08 o ®TRENTCOLDET

02* °*
06 ”

04 PH Na+K

&
02 HCO3
0o coL NO3q — ®
020 o

Z lope4
-
(]

04 PHOS

06

08 H L L H L L H h H L
-1 08 06 -04 -02 00 02 04 06 08 10 12

Factor 1

(I)aKToprle Harpy3Kku pasjuvHbIX NE€PEMEHHLIX B MpPO-
CTPAHCTBE ABYX INIABHBIX KOMIIOHEHT:

nokasaresu 3000eHToca: Hs — nHAeKe BUIO0BOTO pasHooOpasus, Hir — un-
Jieke Tpodryeckoro pazHoodpasus lllenHoHa o Gruomacce TpoprIeCKUX
rpynn, TRENT — unpnexc Bynausucca, GTP — % rerepoTonHBIX KHBOT-
Hb1x, COLDET — % nmerputodaros cobupareneii, P u R — npoxyxuws u ne-
cTpyKiwst; xumuaeckue nokaszareian: PH — pH, O2 — % HachIIeHus KHUCITo-
pozoM, COL — BETHOCTb, KOHLIEGHTpALUsI pa3IM4YHbIX HOHOB — Na* + K,
HCO,, NO,, NH,", PHOS — obmiero docdopa, OIL — Hedrenponykron
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Kax ynanoce nmokasaTe npu aHajau3e psijia 3Ha4YEHUH 10 BCEM HU3Y-
4YeHHbIM Hamu BogoemaM CaHkT-IleTepOyprckoro permoHa, OqHUM U3
HanboJiee BaXKHBIX (aKTOPOB, ONMPENEISIIOIINX HEPAPXHUIO BHYTPEHHUX
CBsi3ell 3001I€HO30B M KOJMYECTBEHHOE Pa3BUTHE OCHTOCA, SIBISETCA
ypoBeHb Tpoduu BogoeMa. ITO HAXOAUT OTPAKEHUE B CTPYKTYPHBIX
(GYHKIMOHATBHBIX XapaKTEPUCTHKAX COOOIIECTBA, KOTOPhIE TAKXKE pe-
arupyroT M Ha pa3dyHble 3arps3HeHus. B ciyyae MOBBIIICHHBIX 3HA-
YeHHUU [IBETHOCTH M B OCOOCHHOCTH MUHEPaIH3allH BOJBI HE YAAeT-
Csl IPOCJIeIUTh BIMSIHKE Jake IIaBHOTO (hakTopa, 4To TpedyeT paspa-
OOTKH HOBBIX MOJXOJO0B MPU OMOMHIMKAIIMH IKOJIOTHIECKOTO COCTOSI-
HUS 9TUX BOJOEMOB.
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APPLYING MACROZOOBENTHOS CHARACTERISTICS
FOR INDICATION OF ANTHROPOGENIC IMPACT ON DIFFERENT
SAINT-PETERSBURG WATER BODIES

A. 1. Bazhora, V. P. Belyakov
Institute of Limnology RAS

Statistical relationships between characteristics of benthic communities and
generalized statistical vectors reflecting the effect of the natural and anthropo-
genic factors were found. They were based on the data analysis provided by the
study of macrozoobenthos of lakes and rivers in St. Petersburg and the surround-
ing areas with the use of factor analysis by principal components method. The
benthic communities’ response to the water bodies’ pollution with high mineral-
ization or high water chromaticity was not revealed.

MAKPO30OBEHTOC 3AJINBOB
BAJTAAMCKOI'O APXUITIEJIATA

FO. A. 3yes, H. B. 3yeBa, A. E. Jlanenkon

Poccutickuii 2ocydapcmeennulii 2udpomemeopono2uyeckuti yuusepcumen

[Ipennoxena crpaTerust UCCiIeIOBaHUs BUAOBOIO COCTaBA M OOMIIMS
MaKpo3000€HTOCa KaMEHUCTON JuTopanu Jlagoskckoro o3epa Boxoias-
HbIM MeTonoM. Ilpu mpoBeneHHn McclieoBaHUI JOHHBIE COOOILECTBA
0XapaKTEePHU30BaHbl KaK MMEIOIHE BBICOKOE BHJIOBOE OOraTcTBO U 00H-
nue Makpo3ooOentoca. Kopmosas 6a3a pbid 6eHTOdaroB B mpruOpexHOit
yactu Jlamoxckoro o3epa oreHeHa kak Bbicokas. [IpomemoHcTpupoBa-
Ha BO3MOXHOCTb HUCIIOJIb30BaHMUS JAHHOTO METO/a Ha MEJIKOBOAbsX Jla-
JOKCKOTO 03€epa U APYTHX BOIOEMOB.

IIpubpexubie METKOBOIBS — 3TO HanboJyiee MPOIyKTUBHAS 00IACTh
m000ro Bomoema. B mpuopexbe mporcxoasT OCHOBHBIE KOPMOBBIE MU-
rpanuu OONBIIMHCTBA BHJIOB phI0. MIXTHOIICHO3 CEeBEpHOU yacTH o3e-
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pa, K KOTOpoil OTHOCHUTCs pailoH Banmaamckoro apxumnenara, IpejcTaB-
JIeH TIPOMBICIIOBBIMH, B TOM YHCJIe 0CO00 IICHHBIMH, BUJIAMH PbIO: Xa-
pUYyCOM, JIaJIOKCKUM JIOCOCEM, MalHuel, CyJakoM U HECKOJIbKUMHU BHU-
JlaMU CHUTOB. 3HAYUTENbHYIO YacTh palldOHA 3TUX BHUJOB COCTABISAET
penukroBas (hayHa IPpUAOHHBIX pakooOpa3HbIx [ Tuxomuposa, bonoTo-
Ba, 1977].

KonmnuecTBeHHBIE XapaKTePUCTUKN KOPMOBOH 0a3bl pbI0-0eHTO(aros,
COCTaB M XapaKTepUCTUKU JTOHHBIX COOOIIECTB IS 3TOW 30HBI 03epa
MPAKTUYECKN HEU3BECTHBI. JleTanbHble UCClenoBaHUs Ha KaMEHHCTOM
JUTOpaJId B HACTOsIIEe BpeMs orpaHudeHsl riyouHoi 1 m [bapbaro-
Ba, Kypamos, 2011]. IlpuunHa cnaboli OMOIOTHMYECKON HM3y4YEeHHOCTH
Makpo3000eHTOoCca MekoBoIuH JlagoKcKoro o3epa — Hepenpe3eHTaTHB-
HOCTh CTaHIAPTHBIX TUAPOOHOIOTUYECKUX METOAOB KOJIMYECTBEHHOTO
ydeTa Makpo3000€HTOCa Ha TBEPABIX TPYHTAX W/WIIM B YCIOBUSX CIOXK-
HOTO penbeda.

HeoOxomumocTs uccnenoBaHuii MenkoBoaui Jlamoxkckoro osepa
o0ycllOBlIEeHa M T€M, YTO JOHHas ¢ayHa 3[eCb aKTHBHO HM3MEHSETCS
BCJIEICTBHE AHTPOIIOTEHHOIO BO3/EHCTBHS, a BO3MOXKHO, W KIMMATH-
4ecKUX U3MeHeHHH. JlononHuTenbHas Tpanchopmaus cooOmecTB Ma-
KP03000€HTOCa BbI3BaHa MPOHUKHOBEHUEM ¢ cepenunbl 2000-X IT. MHO-
TUX 4ykepoaHbix BuaoB [Kypamos u np., 2011].

HUccnenoanus npoBoamincsk B 3anmBax Kpacnom, KpectoBom u Oyx-
Te Manast HukonoBckast Ha 0. Banaam B JlagoxckoMm o3epe. Beibop 3amu-
BOB 0OYCIIOBJICH T€M, YTO OHU XapaKTePHBbI AJIs1 ceBepHOoU yacTu Jlamox-
CKOT'O 03€pa C €€ CIOKHBIM peibe(oM 1 OOIBIION TUIOMAABI0 TBEPIABIX
rpyHToB [babun u ap., 2013]. Coyetanue pa3nUYHbIX THIIOB TPYHTOB H
HaJIM4YUe MSATKUX JOHHBIX OTJIOKEHHUI MO3BOJISIET COMOCTaBIATh BUIO-
BOI cocTaB M 00miMe OEHTOCca Ha pa3NUuHbIX cyOcTparax. Pacnonoxke-
HUE 3aJIMBOB MOKa3aHO Ha puc. 1.

s mocTaBieHHBIX 3amad Obula pa3paboTaHa COOTBETCTBYIOLIAS
cTparerus uccienoBanuid. OOiee omucaHne JOHHBIX COOOIIECTB BbI-
MOJHSJIOCH TPH MOMOIIM MOAM(DUIMPOBAHHOTO BOJOJA3HOTO METO-
na tpancekt [[onukoBa, Ckapnaro, 1968; 3yes, 2012]. bouta nomydena
KapTa-cxeMma rpyHTOB U peibeda 3anuBoB (puc. 2). Ha ocHoBanuu 3toit
CXEMBI TPOBOJIUIICS BLIOOP paliOHOB Jist 0TOOpa Mpod OeHToca (puc. 3).
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st orbopa mpoO JOHHBIX OTIOKEHHH W 3000€HTOCA HAa MST-
KHX TPYHTaX HCIOJL30BAIUCH AHOUEPIATENN, C TUIOMAABI0 3aXBaTa
0,0625 m2. TleprieHauKyIsspHO Gepery u u3odaram, JUist TOro 4T00bI OT-
Ouparh MPoOBI C OMPEICTICHHOTO TUTIA TPYHTA U penbeda aHa, TPYHT ¢
HACEJSIIOIIUMHI €0 OPTaHU3MaMHi COOMpaics ¢ paMKU OPUTHHATBHOMN
KOHCTPYKIIMU BOJ0Ja3aMu BpyuHyt0. OqHAKO COOp METKHUX OpraHu3-
MOB C TBEP/bIX IUIOMAI0K CKAJILHOTO M KAMEHHCTOTO TPYHTA — Kpaki-
HE JUTMTeNIbHAs U HEeTOYHas mpoleaypa. Kpome toro, HaceneHue TBep-
JIBIX TPYHTOB YaCTO BHUJIBI XOPOIIIO TUTABAIOIIIE, KOTOPBIM JIETKO MOKH-
HYTh YYETHYIO TUIOMIAAKY MPH MpUOIMKEHNH nccienonarens. [1o3To-
My JUisi 0TOOpa 3000€HTOCa Ha TBEPIbIX IPyHTax Oblaa pa3zpaboTaHa
KOHCTPYKIIHS, TTO3BOJISIFOINAS 3aCAChIBATH OPTAHU3MBI MAKPO3000EHTO-
ca ¢ yactuuiamu rpyuarta [3yes, 3yesa, 2013].

e W

Puc. 1. Paiions nccienopanuii Ha Banaamckom apxumesare (BbIIeIEHBI
MIPSIMOYTOJILHUKAMH )
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Jnist nccnenoBaHus 3anmacoB pakooOpa3HbIX HA OONBLIMX MO IIOIIA-
I ydacTKax miyoxke 15 M (cyOnuTopaib) MCIOIb30BaICs CIEAYIOIIUI
Mmetof. Bribupancs npsmoit yuactok nHa aiauHoi 100 M. YyacTok mpo-
CMaTpUBaJICs Ha HaJM4YUe HapylIeHUH peibeda 1 U3MEHEHHE XapaKTe-
pa rpyHTa. Jlanee mo MapupyTy npoTackuBasiack apara. B koHue ygact-
Ka Jipara HeMeJUIEHHO MOJHMMANach Ha MOBEPXHOCTh, II€ CONEPKUMOE
KyTKa M3bIMajoch. TakuM 00pa3oM, MCCIEAOBAIUCH XOPOLIO IIABaro-
HIMe BUJBI, HACEISIOIIME POBHBIC YYAaCTKU MPUOPEKHBIX MEIKOBOIUH.
3Has paccTosiHKe, TPOUACHHOE IParoii, M MKUPHUHY MOJI0CH cbopa, pac-
CUMTBHIBAJIM TUIOTHOCTh TMOCENCHHUs U OnoMaccy KPYMHBIX MOIABHKHBIX
paxooOpa3HbIX.

Bcero B mccienoBaHHbBIX 3aiuBax MpHOpEXbs Bamaamckoro apxu-
nenara orMedeHo 119 TakconoB. Hanbonpliee KoTM4ecTBO TAKCOHOB —
41 — oTMeYeHO cpey TMYMHOK KOMapOB XUPOHOMHU/I.

YucneHHOCTh 3000€HTOCa BapbupoBania B 3aiuse oT 250 mo 24 130
9K3./M?, B CpeaiHeM cocTaBiisist 2727 9k3./M%. JIOMUHUPOBAJIH IO YHCIICH-
HOCTH JIMYMHKH KOMapoB XMPOHOMHJ, cocTaBisBiuue 44 % Bceil uuc-
nenHoctu. CyOnOMUHAHTaMM 1O YHMCIEHHOCTH OBUIM paxkooOpasHbIe,
COCTaBJISIBLINE B 3aJIMBE OKOJIO 27 % BCEro Makpo3o000eHToCa.

buomacca 3000eHTOCa BapbupoBaia B 3anuse ot 0,13 r/mM* Ha Kpym-
HBIX KaMHsIX 710 63,50 1/M? Ha 1ecke B OTKPBITOM yacTu OyxThl. CpeaHsis
6uomacca — 5,59 r/m?. JlomuHUpOBaNM MO OHOMacce pakooOpas3Hbie —
47 % Bcero 3000€HTOCA, JIMUYMHKA KOMAapOB XHPOHOMHJ COCTaBIISIIH
29 %. B uentpanpHOi yacTu 3anuBa o OMomacce mpeodiaagany paxo-
oOpasnbie. Ha mpuOpeXHBIX CTaHIMSIX 3HAYUTENbHBINA BKJIa] B OnoMac-
CY BHOCWJIN JINYMHKU XUPOHOMU U MOJUTIOCKH.

Ha ocHoBanum nanHueix 00 oOunuu OEHTOCA MPOM3BEAEHA TPYIIIU-
pOBKa CTaHIMH MHIEKCOM cxoicTBa YekaHoBckoro-CepeHcena. Ha BbI-
COKOM YPOBHE CXOJICTBa OBIIIM BBIJEJICHBI COOOLIECTBA, PACIIONIOKEHHBIE
Ha pa3JInYHBIX cyOcTparax.

g coolbmectBa cKajl THNWYHBI JOMHUHHPOBAHHE JIHMYMHOK KO-
MapoB XHPOHOMHUJ U OMomacca 3000eHTOCa B nuamnazone ot 0,1 mo
2,6 r/m?. JIns coobuiecTBa ckasl XxapakTepHa OoJiee BhICOKasi Onomacca
B 3anuBe KpectoBoM, kotopast Bapbupyert ot 0,2 10 4,4 r/M?, 31€ch J10-
MUHHUPYIOT JABYCTBOpYAThle U OpIOXOHOTHE MoJulocku. Hanbomnee BbI-
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COKUM OOMJIMEM OTIMYAIOTCS COOOIIECTBA IMECKOB Y TIOJHOMXUS CKall.
buomacca 31ech u3MeHsercs B mpeaenax ot 2,4 g0 63,5 r/m% a mo
BKJIaJy ¢ OOJIBIIUM OTPBIBOM OT JPYTHX TPy JTOMHHHUPYIOT PakKo-
obpasHsbie (puc. 4).

JlomuHupyromue Buomacca KOpMOBOTO

TPYIIIEL 3006€HTOCA 3006eHTOCa UxTnodayna
CrIS B, 0.12.6 2 m
& °§ ) e 4 g/m

0244 g/m?

24-63.5 g/’

HH3KHIT  CpefHHMIT BBICOKHII Upe3BBIYAlHO
BBICOKHI

Puc. 4. Cxema pacnpenesneHusi 3000eHTOCA U CBS3AHHOTO ¢ HUM MXTHOILIe-
HO032 HA NPUOPEKHBIX MEJIKOBOAbSX ceBepHOil yacTu Jlanoxkckoro ozepa

BrimonHeHHas onieHKa KOPMOBOIA 0a3bl Ha OOJBINNX IITYOHHAX C yde-
TOM XOPOIIIO TITABAIOIINX BH/IOB ITO3BOJISIET OTHECTH ATOT PAOH K Kare-
TOPUH «BBIIIEC YeM CPETHEKOPMHBIN 10 MPUHATON B PHIOOXO3SHCTBECH-
HO# orpaciu knaccudukarmu [[Tuaraiiko u map., 1968]. Hamwmane 601b-
IIOTO KOJIMYECTBA KPYITHBIX PaKOOOpPa3HBIX HA MTyOMHaX CBEIIE 15 M
00BSICHSIET, TOYEMY Ha ATHX TITyOWHAX MPOUCXOANUT HAryil OOJBIINHCTBA
IIEHHBIX TTPOMBICIIOBBIX BHIIOB PBIO Jlamosxckoro o3epa (cM. puc. 4) [Tu-
xoMupoBa, 1975; Tuxomupona, bonorosa, 1977].

Jlutepartypa

babun A. B., Bosxuna K. IO., 3yesa H. B. u op. [lpubpexnas 30Ha Jlamox-
CKOro 0o3epa // BnusiHne n3MeHeHui KMMarta ¥ OIACHBIX MPUPOIHBIX SIBJICHHN
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MACROZOOBENTHOS OF LADOGA BAYS
OF VALAAM ARCHIPELAGO

Y. A. Zuyev, N. V. Zuyeva, A. E. Lapenkov

Russian State Hydrometeorological University

The paper deals with the research strategy for the study of species composition
and abundance of macrozoobenthos found in rocky littoral zone of Lake Ladoga
with the help of divers. The bottom communities were characterized by a high
variety of species and abundance of macrozoobenthos. The benthophagous fish
forage base in Lake Ladoga shallow water area was found to be rich as well.
The paper illustrates the possibility of using the research method in the coastal
shallow waters of Lake Ladoga and other water bodies.
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XAPAKTEPUCTHKA MOJLUIIOCKOB O3EP BUIIITBIHEIIKOM
I'PYHIIBI (KAJIMHUHI PAJICKAS OBJIACTD, POCCHS)

J1. B. ManakoB

Kanununepaockuii puruan Mockosckoeo
20CY0apCmeeHH020 YHUgepcumema nymetl coooueHus.

B pa60Te JaHa MpeABApUTCIbHAA XapaKTCPUCTUKAa BUAOBOTO COCTaBa
u y,HeHLHOﬁ YUCJICHHOCTU MOJUIFOCKOB 03€P BI/IH.ITBIHGLIKOf/Jl rpynrsbl B
CpaBHCHUH C APYTUMU NOCTOSHHBIMU BOJOCMAMMU.

BBenenue. BuiireiHerikast X0JIMUCTO-MOPEHHAS BO3BBILICHHOCT 3a-
HAMaeT KpaHUU FOTO-BOCTOK KanwmHWHTpaackod 00JacTH Ha TpaHUIe
Tpex rocynapcts — Poccun, JIutser u [onsimm. [lpeobranatomme Bbico-
ToI 110-210 M (MakcumanbHas — 242 M) Hajg ypoBHeM Mops [KanumauH-
rpanackas..., 2004; O3zepo..., 2008]. 3HAYUTENBHYIO €€ YacTh 3aHUMa-
eT 0co00 oxpaHseMsblit iec KpacHblil — yacTh ucTOpudeckord PoMuHTEH-
ckoit mymtu [Cxema..., 2004]. Bo3BBIIIIEHHOCTh OOTara BOJHBIMH O0b-
€KTaMH, IJIaBHYI0 YacTh M3 KOTOPBIX COCTABIISIOT 03epa BUIITHIHELKOM
rpymImbl ¥ HauOoJiee KPYIHOE M3 HUX — 03. BUIIThIHENKOE [ AJIEKCEeB U
np., 1976; I'eorpadmaeckwii..., 2002].

Lens manHON pabOTHI — OXapaKTEPU30BaTh BUIOBOI COCTaB, a TaK-
K€ YIEIbHYIO YUCIIEHHOCTh MOJUTIOCKOB 03¢p BUIIITHIHEIIKON FPYIIITHI 10
coopam 2013-2014 rr.

BunoBoil coctaB MOJUTIOCKOB BHINITBIHENIKOTO 03€pa M3y4YeH J0CTa-
TOYHO MOTHO (Tab. 1). B 1966—1968 1T. 66110 HaliIeHO 27 OPIOXOHOTHX
(8 — mepenHekabepHBIX, 19 — ErouHbIX), a TaKke 15 BUIOB ABYCTBOP-
4yaThIX MOJUTIOCKOB [Mopayxaii-bonrosekast u ap., 1971]. Heckonbko
no3aaee FO. B. I'epacumoB [1977] myOnukyeT oOmuid 111 9acTH 03€p
BUIITBIHEIKOH TPYIIIBI CIIMCOK MOJUTIOCKOB, B KOTOPOM OBLIH YIIOMSIHY-
THI paHee HeW3BECTHHIE 31ech M. scholtzi, O. glabra, Myxas glutinosa,
U. crassus. B 2010 1. ObUTH OMYyONIMKOBAaHBI CBEICHUS O MOJLITIOCKAX
Bumteiaerkoro o3epa 3a 1981-1982 rr. [LLlep6una, 2010]. 3To modaBu-
JI0 TaKKe HOBBIE JIJIsl 9TOTO 03epa BUJIbL, Kak V. macrostoma, A. spirorbis,
G. riparius, G. rossmaessleri, S. nitida, Sph. solidum, P. moitessierianum.
Jpyrue Boj0eMbl H3ydeHbl (hparMeHTapHO.
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Taéauua 1. BunoBoii coctaB MOJUIIOCKOB 03. BUIITBIHEIIKOTO MO JINTEpa-

TYPHBLIM JaHHBIM

Ne No
Bun |

/1 /I

bBproxonorue monarocku
1 | Theodoxus fluviatilis (Linnaeus 1758) 19 | Myxas glutinosa (Miller 1774)

Bug

2 | Viviparus contectus (Millet 1813) 20 | Lymnaea stagnalis (Linnaeus 1758)
3 | Viviparus viviparus (Linnaeus 1758) 21 | Physa fontinalis (Linnaeus 1758)

4 | Bithynia leachii (Sheppard 1823) 22 Il’;aslgil;irms corneus (Linnacus

5 | Bithynia tentaculata (Linnaeus 1758)* 23 | Planorbis planorbis (Linnaeus 1758)
6 | Marstoniopsis scholtzi (Shmidt 1856) 24 | Planorbis carinatus (Miiller 1774)

7 | Valvata piscinalis (Miiller, 1774)** 25 | Anisus vortex (Linnaeus 1758)

8 | Valvata cristata (Miiller 1774) 26 | Anisus vorticulus (Troschel 1834)

9 | Valvata pulhella Studer 1820 27 | Anisus spirorbis (Linnaeus 1758)

10 | Valvata macrostoma Morch 1864 28 ?;tgféy)omp halus contortus (Linnacus
11 | Acroloxus lacustris (Linnaeus 1758) 29 | Gyraulus albus (Miiller 1774)

12 | Galba truncatula (Miiller, 1774) 30 | Gyraulus acronicus (Férussac 1807)
13 | Stagnicola palustris (Miiller 1774) 31 | Gyraulus crista (Linnaeus 1758)

14 | Stagnicola corvus (Gmelin 1791) 32 | Gyraulus riparius (Westerlund 1865)

Gyraulus rossmaessleri (Auerswald in
A. Schmidt 1851)

16 | Radix auricularia (Linnaeus 1758)* 34 | Hippeutis complanatus (Linnaeus 1758),
17 | Radix balthica (Linnaeus 1758) 35 | Segmentina nitida (Miller 1774)

18 | Radix labiata (Rossmaessler 1835)
JIByCTBOpYATBIC MOJITIOCKH

36 | Dreissena polymorpha (Pallas 1771) 46 | Pisidium henslowanum (Sheppard 1823)

15 | Omphiscola glabra (Miiller 1774)**** | 33

37 | Unio pictorum (Linnaeus 1758) 47 | Pisidium amnicum (Miiller 1774)
38 | Unio tumidus (Philipsson 1788) 48 | Pisidium subtruncatum Malm 1855
39 | Unio crassus (Philipsson 1788)**** 49 | Pisidium nitidum Jenyns 1832

40 | Anodonta cygnea (Linnaeus 1758) 50 | Pisidium milium Held 1836

41 | Anodonta anatina (Linnaeus 1758) 51 | Pisidium carsenatum (Poli 1791)

Pseudanodonta complanata
(Rossmiissler 1835)
43 | Sphaerium scaldianum Normand 1844 53 | Pisidium conventus Clessin 1877

44 | Sphaerium nitidum Clessin 1877 54 Pisidium moitessierianum Paladilhe

1866
45 | Sphaerium solidum (Normand 1844)

42 52 | Pisidium supinum A. Schmidt 1851

Ipumeuanue. * — Taxxe odutaet B 03. bopoBukoBo; ** — Takxke B 03epax OCTpoBHOE U
BoposukoBo; *** — taioke B 03. OctpoBHOe; **** — Byt yka3aH B 001iem criucke 6ecro-
3BOHOYHBIX JUISl CJICIYIOIINX BOtoeMoB: o3epa Jlecucroe, boposukoso, OctposHoe, Ka-
MbIIOBOe, Bummrteinernxkoe [I'epacumos, 1977].
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MarepuaJ u Mmetoabl. CoOCTBEHHBIN MaTepHai Obl1 coOpaH BO Bpe-
Ml IByX BECEHHHX MEIIEXOAHBIX TYPUCTCKUX ITOXOI0B U ABYX KpaeBeque-
CKHUX aBTOOYCHBIX 3KcKypcuit B 2013-2014 rr. Mcnons3oBanbl ooienpu-
HaThie MeTonbl [XKaauH, 1956; PykoBozactso..., 1983]. Unentudukarms
BUJIOBOTO COCTaBa MPOBOAMIIACH HA MecTe cOOpa MO PAKOBHHE C UCIIOJb-
3oBanueM onpeznenutens [Gloer, Meier-Brook, 2003]. 3a ocHoBy npuHsiTa
cucrema mosutrockoB EBporiel [Gloer, Meier-Brook, 2003; Gloer, Zettler,
2005]. Beero 6bu10 06padorano 6onee 600 ocobeii MOIITIOCKOB, COOpaH-
HbIX Ha 39 craHuuax u3 26 BoaHbIX 00bekToB. Ha 23 crtaHnusax ObLIM Io-
Jy4eHbI KOTMYEeCTBEHHBIE JaHHbIE Onarogapsi IpsIMOMY YYeTy MOJUTIOCKOB
METOAOM IUIOManoK (pazmepom 50x50 cm) okomo ypesa Boabl. YactoTa
BCTPEYAEMOCTH OPIOXOHOTMX MOJUTIOCKOB PACCUMTHIBAJIACH MO (opMyde:
V=M/n x 100 %, rne M — uuciio oOHapy>keHHIA TAHHOTO BHJIa, N — 00IIas
CyMMa 4Kciia 0OHapyKEHHI MOJUTIOCKOB BCEX BHJIOB TaCTPOIION.

Pe3synbrarel. braronaps namumm c6opam B 2013-2014 1. MbI 0OHa-
pyxunu 32 BUAa MOJUTIOCKOB, M3 KOTOPBIX K OPIOXOHOTHM OTHOCHJIOCH
24, x IByCTBOpYATHIM — 8 BUAOB. BumoBoii cocras, yacToTa BCTpeyaeMo-
CTH U yJelbHas YUCIEHHOCTh (Aajiee MPOCTO YHCICHHOCTh) MOJUTIOCKOB
03ep BumThIHENKON TpynIbl U IPyruX MOCTOSHHBIX BOJAOEMOB BO3BbI-
HIEHHOCTH MPHUBOIATCA B TaOI. 2.

OCHOBY HaceJeHHUS! MOJIIIOCKOB 03ep BHINTHIHENKOH BO3BBIIIEHHO-
CTH COCTABIISIIOT CIEAYIOUIME BUJBI, OOIIUE Il BCEX MOCTOSHHBIX BO-
nmoeMoB: Pl corneus, B. tentaculata, L. stagnalis, V. contectus, S. corvus,
R. auricularia. P. planorbis. Bo BTOpyt0 IpyIiry BXOISAT OOIIHE s 03€D,
NPYAOB U 3arpyd MOJUTIOCKU: S. nitida, A. vortex, V. cristata, A. lacustris,
B. contortus, Ph. fontinalis. Tonpko B 03epax oOHapyxeHsl V. piscinalis,
R. ampla, B. leachii, S. palustris, M. glutinosa, A. vorticulus.

YurcneHHOCTh MOJUTIOCKOB OKOJIO Ype3a BOJbI OOBIYHO HE MpEBbIILA-
na 20 sx3./M?. OHa BapbHpoOBajia B 00CIIEI0BaHHBIX 00JacTIX Oepero-
BOW 30HBI BOZOEMOB OT STOTO 3HAYEHHsI JO MOJIHOTO OTCYTCTBHS MOJ-
nrockoB. Hamnbonee maccoBble BUIBI TacTPOIOI — MEpeaHEKaOepHbIE:
B. tentaculata, V. contectus, V. cristata. Cpeau NBYCTBOpPUYATHIX MPEOO-
nanaet D. polymorpha B 03. Bututeinernikom. Pons 5TOro Bua B TOHHBIX
coo01ecTBax o3epa HauOosee nmoiaHo uzydeHa [ X. lllepOunoii [1993],
JpelicceHa B JPYTUX 03epax OTCYyTCTBYET.
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Criemyer OTMETHTb, YTO U3 0OCIICIOBAHHBIX BOJJOEMOB Hanbosee Oora-
TBI MOJUTFOCKAMHU 03¢pa BUIITHIHEIKOI BO3BBIIICHHOCTH. B Oomee MemKux
BOJIOEMAX PACMPOCTPAHEHBI MACCOBBIC BUJIBI FACTPOIOA, OOIIHE TS TIO-
CTOSTHHBIX CJTa0OMPOTOUHBIX BOA. B HUX OTCYTCTBYIOT PEIKHE BUIbI, CBOM-
CTBEHHBIE TOJILKO CIIOKUBIITMMCS SKOCHcTeMaM (03epam). Uem MeHbIIIe pas-
Mep TIOCTOSIHHOTO BOJIOEMa, TEM CKY/IHEe pa3HO00pasue MOJLTIOCKOB. JIpy-
rast 0COOEHHOCTH BO3BBIIIEHHOCTH — MPUCYTCTBHE PAKOBUH MOJITFOCKOB IO~
CTOSTHHBIX CJTa00MPOTOYHBIX BOJT B TAHATOIICHO3aX PEK C OBICTPHIM TCUCHH-
€M, TJIe MOCEICHHS STHX JKUBOTHBIX MPAKTHYCCKH HE HAOOMAIOTCS.

Taoauuna 2. BuaoBoii cocTaB 1 YHCJIEHHOCTH MOJLTIOCKOB HEKOTOPBIX 03€p
Bumrsinenkoii rpynnsi B 2013-2014 rr. B cpaBHeHHH ¢ IPYTHMHU MOCTOSH-
HbIMH BOJI0eMaMH

No Biix 06| % Osepa szupl;ﬂt:'a Iporoxu | Pexn

Bu| Mp | Bp | P6 | JIn |Bp| I [ Kr[Ms[Un|T1[ T2 [Kp| Ic
Bproxonorue Moyrocku

1 |PL corneus |23[11,3| e | 1-2 | 1-2| e 1-2[1-2|1-3| n | e [2-5[2-6 1-5%

2 |B. tentaculata{19]9,3 [1-5] 1-2 | 5-8 [5-10|5-10 1-5|efe|e|e|l2]e* e*

3 |L. stagnalis |17|83[1-3] e |[1-5] e |12 1-3] e ele| e |e*

4 |V contectus [16|7,8 [3-5[10-20| 5-8 |10-15 35| m [5-8]  [2-10 e*

5 |S. corvus 16|78 e | e | 1-5|520|1-2|2-3| 12 i 1-2 e*

6 |R. auricularia|15|7,411-3| e | 12| e |2-3|e| e e e e*

7 |R. balthica |13|6,4]| e e e 2-3 e e |e*|1-10*

8 |P. planorbis |13]6,4 1-8| e 2-3 e e [2-8 1-5|e*

9 |Ph. fontinalis|11|5,4 1-5] e e 1-2 e|e

10|A4. vortex 11|54(e|1-5| e e |1-5|e| e e e e*

11|V cristata 62,9 1-10 e e e e*

12|P. carinatus |6 |29] e e 1-2 e*

13|A4. lacustris | 6 (2,9 e |1-10'] e e | e

14|B. contortus | 6 2,9 1-5| e e 1-3 e*

15|S. nitida 62,9 10-20, e 1-5 e e*

16|A. fluviatilis | 6 [2,9 e*|1-5%

17|V, piscinalis |3 1,5] e e e*

18|V viviparus |2 |1,0 1-5 2—-10

19|R. ampla 2(1,0] e

20|B. leachii 21,0 e

21(S. palustris | 10,5 1-5

22|M. glutinosa | 1 {0,5

23|A4. vorticulus | 1 0,5

32



OxoHyaHue TadJI. 2

Ozepa Tpyne1  sa- IIpoToxu Pexu
No Bun 00| % [IpyAbL
Bu| Mp | Bp | P6 | Ju |Bp| rin | K [Maftn|T1| T2 Jkp| TIc
JIBycTBOpYAThIE MOJIITIOCKH
24|P- Pob- 2| = |m e
morpha
25\U. pictorum |1 | — e
26\U. tumidus |1 | — e
27\U. crassus 1| - e 1-20
28|4. cygnea 1| - e
29|A. anatina 2| - e e
30 Sph. cor- 4| - e e el e
neum
31|{P. amnicum |2 | — e| e
Bceero 13 13 13|19 8 |10(15]|7 8|87 7 ]6]| 15

Ipumeuanue. O603Ha4YeHNsT BOomoeMoB: Bir — 03. Bumreirenkoe, Mp — 03. MapuHo-
B0, bp — 03. boposukoso (IIporounoe), P6 — 03. PribHOE (Jlecuctoe), JIH — 03. JIunEBOE
(moc. Sromnoe), Bp — 3anpyna Ha pyd. Bpaxku (moc. Canosoe), [T — npyn wa p. ITuc-
ca (moc. SromHoe), Kt — 3anpyna Ha py4. y Karepununoit ropsl (ok. 03. BopoBrkoBo),
Mt — 3anpynsl Ha pyd. BHaj. B 03. MapuHoBo ¢ fora, Um — nportoka y p. Pycckas (mmoc.
Yucrsre [pynsr), T1 —npotoka Ne 1 y 6yx. Tuxas okorno 03. Bumrsiaenxoe, T2 — npoto-
ka Ne 2 tam ke rie T1 (c moctom Ha mocce), Kp — p. Kpacuas 1 xm Beime noc. Tokapes-
Ka, IIc — p. Ilucca 3 kM Huxe noc. SronHoe. YUCIEHHOCTh MOJIIIFOCKOB IPUBOAUTCS KaK
4yuco ocobeil Bua B nepecyere Ha | M? JIHa OKOJIO ypes3a BOJibl, KOTOpasi H3MEHSIIACh B
yKa3aHHOM fuarasoHe (A-B, roe: A — MUHUManbHBIe, B — MakcHManbHbIE 3HAUCHNS),
«&» — eIMHUYHBIC HAXOAKH; «ID» — IPeodIaJalomuil BU B cOopax; «» — 0coOM BHIa
TIOTIAJIATOTCST 9acTO; « » (IyCThIE STUSHKN) — BU HE HaleH Wik oTcyTcTByeT; O0 — abco-
JIFOTHOE KOJTMIECTBO HaX0/I0K (0OHapy»xeHnit) Buna B 20132014 rr.; % — gactora BCTpe-
YaeMOCTH JUTSl BOIHBIX TaCTPOIOA (JUIs IBYCTBOPYATHIX HE PACCUUTHIBAIIACK); TIPHMEHda-
Hus: | — B IepecyeTe Ha OJiMH cTeOenb porosa, * — oxapakTepu30BaH TaHATOLCHO3 (KOJIH-
YECTBO ITyCTHIX PAKOBUH MOJUTIOCKOB).

Odcyxnenue. [lo auTepaTypHbIM CBEIEHUSM B 03. BumrtsiHen-
KOM H3BECTHO 54 BUJa MATKOTENbIX (35 BuAoB ractpomnon u 19 Bumos
JIBYCTBOPYATBHIX MOJUIIOCKOB). MHOH OBIJIO OOHAapYy»EHO BO BCEX BO-
JloeMax BO3BBIIIEHHOCTH 24 BHJa racTpono (6 nmepeaHexabepHbIX U
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18 nerounsix), a Takke § BHAOB JIBYCTBOPUYATHIX MOJIIOCKOB. C pe-
3yapTataMu Hamux coopoB 2013-2014 rr. 1y1st BOTOEMOB BO3BBIILICH-
HOCTU BCErO0 OTMEYEHO 58 BUIOB MOJUIIOCKOB, U3 KOTOPHIX 20 BHUIOB
aBycTBopuaThiX U 38 OproxoHorux (10 mepenHe:xabepHBIX TacTPOIO/,
OCTaJIbHBIC JICTOUHBIC).

Boun HalineHbl BUABI, paHee HE U3BeCTHBIC: R. ampla (BUA He ObLI
HaWJIeH MPEeAbIYIIMMH aBTOPAaMU B 03. BUIITBIHEIIKOM — 110 MPUYMHE
OTCYTCTBHUS €T0 B OMNpeneauTesx), A. hypnorum (o0ciieqoBaHbl Bpe-
MeHHBbIE BOHOeMbl), 4. fluviatilis (M3y4eHbl PEKH U OCOOCHHO PYy4bH),
Sph. corneum (BUA CIy4ailHO MPOMYIIEH MPEABLAYIIUMH aBTOPaMU).
Taxxe moATBepxkKACHO obuTanue 21 Buaa racTporoa u 7 BUIOB JIBY-
CTBOPYATHIX MOJUTIOCKOB, YIIOMHUHABIITUXCS paHee.

25 BunoB u3 03. Bumrteinenkoro [Mopayxaii-bonToBckast u np.,
1971; I'epacumosn, 1977; lllep6buna, 2010] He ObuI Hamu BCTpEYe-
uel. Cpenu vux: Th. fluviatilis, M. scholtzi, V. pulhella, A. spirorbis,
G. truncatula, O. glabra, G. albus, G. acronicus, G. riparius, G. crista,
G. rossmaessleri, H. complanatus, Ps. complanata. 10 ke OTHOCUTCS
K OOJIBIITUHCTBY BHJIOB MEJIKUX JIByCTBOPYATHIX.

OTCyTCTBHE HaXOAOK BCEX ITUX MOJUIIOCKOB B 03. BUIITHIHEIIKOM
U B JIPYTUX 03epaxX BHIITHIHENKON TpyMIbl CBUIETEILCTBYET O HE-
MOJHON HMCCIEAOBAHHOCTU BO3BBLIIICHHOCTH B OTHOUICHUH €€ Malia-
Ko(ayHBl.

PaboTbl, kacaromuecs MOJUTHOCKOB BO3BBIIIEHHOCTH [Mopayxaii-
BonToBekas u np., 1971; I'epacumos, 1977; lllepbuna, 2010], ocema-
10T Pe3yJIbTaThl, IOJYUYEHHBIC B TEILIBIA CE30H T0Jla Ha BCCHl aKBATOPHUHU
03. Bumteiaenkoro (¢ momonipio qHouepnaress). Hamm «oeperoBbiey
cOOpBI Ha ATOM 03epe HECOMOCTABUMO MaJbl 10 CPABHEHUIO C JIAHHBI-
MU JPYTHX aBTOPOB.

B o3epax Bo3Bbimennoctu B 2013-2014 rr. naitneno ot 8 10 19 Bu-
JIOB MOJLTFOCKOB, ATO K€ OTHOCHUTCA K Ipyaam u 3anpyaam. HecomueHn-
HO, MOJUIFOCKHM 3THUX BOJOEMOB H3YYEHBI HEIMOJHO, HO 3TO JIOCTATOU-
HBIM pe3yabTar s «0erion» ruapoOHoIOrHiecKoll CheMKHU ¢ Oepera
B 30HE OKOJIO ype3a BOJBI.

BriOpanHbIii HAMU METOJl COOpa MOJUIFOCKOB MO3BOJISIET MOAPOOHO
0XapaKTepu30BaTh TACTPOIOA, HO OH HEIOCTATOYHO MPUTOACH AJIS BbI-
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JIOBa KPYITHBIX JIBYCTBOPYATHIX MOJLTIOCKOB (TpeOyeTcst 3yOuarsiii ca-
YOK Ha JUTHHHOM Iecte). JIpyroi HeIOCTATOK HAIEro MeToja — Hel0-
JIOB B MOJICBBIX YCIOBHUAX U OTCYTCTBHE BO3MOXKHOCTH Ha MecTe cOopa
OTIPENICTUTh 10 BUJIA MEJIKUX JBYCTBOPYATHIX MOJLTIOCKOB.

M3-3a cKAThIX CPOKOB HAXOXJICHHS HAa BO3BBINICHHOCTH U CIie-
HU(PUKE MapIipyTa MOXOJO0B HAM YAAJI0Ch OXapaKTepHU30BaTh MOJ-
JIOCKOB TOJIKO MOJIOBUHBI 03ep BUINThIHENKON rpymimbl. Pe3ynbTa-
ThI, MOJYYCHHBIC HAMHU, HOCST MPEIABAPUTEIbHBIN XapakTep. OmMHAKO
MOJITIOCKH 03€p BO3BBIIMICHHOCTH, UCKITIOUast 03. BUIITBIHEIKOE, pa-
Hee He OBLTM U3yUYeHbl BOBCE, U, CJIEIOBATEILHO, OOHAPYKEHUE JaKe
MACCOBBIX BHJOB B MOCTOSHHBIX BOJOEMax 3TOr0 Kpas COCTABISET
OTJEIBHYIO IIEHHOCTD.

B 3akmroueHue CieayeT OTMETHTb, YTO BUJbI, HAiJICHHbIC HAMHU:
P. carinatus v A. vorticulus, a Tak’xe U3BECTHBIE 110 TUTEPATYPE U3 BO-
noemoB BosBbilieHHOCTH (O. glabra, G. albus, G. riparius) 3aHeceHbI
B Kpacuyto kuury KanuHuHrpaackoit oomacty.

Buipaoicato 2nybokyio npusnamenbnocms pykogooumenio mypkiyoa «Aszu-
mymy M. I Baoamwuny u écem e2o uienam 3a cogmecmHule noxoovl, coe-
Jlasuiue 803MONCHbIM MY pabomy, KaluHuHepaockomy kpaegedy b. H. Aoa-
MOBY 30 Op2aHU3AYUIO YEIIeKAMENIbHBIX A8MOOYCHBIX IKCKYpCull K 03. Buw-
mutneyxomy, a maxoce P. H. Bypykosckomy (KI'TY) u Y. M. Huemamyniu-
Hy (AmaaumHHUPO), uumaswum pyKonucey u cOenasuum pso CyujecmeeH-
HblX 3ameuanuti. Aemop enyooxo npusnamenen 1. X. Illepoune (UBBB PAH)
uA. A. I'vcesy (AmananmHHUPO) 3a npedocmasnennvle Mmamepuaivl, a maxice
OMKAUKHYBUIUMCS HA MOU NPOCLOBL NonbCeKum Koleeam: M. Marzec (Suwalski
Landscape Park) u A. Kolodziejczyk (Department of Hydrobiology, Faculty
of Biology, University of Warsaw).
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MOLLUSKS OF VISHTYNETS (VISTYTIS) LAKES
(KALININGRAD REGION, RUSSIA)

D. V. Manakov
Kaliningrad branch of the Moscow State University of Railway Engineering

The paper presents a preliminary description of mollusks species composition
and abundance of Vishtynets (Vistytis) Lakes.
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BJIMSTHUE TOPHOM IOPO/IbI U CJIOXKHOCTH
EE HOBEPXHOCTHU HA ®OPMHUPOBAHUE
NEPUO®UTOHHBIX U MEMOBEHTOCHBIX COOBIIIECTB

. C. dynakosa!, I. A. Myxun?, E. B. CranuciaaBckas’,
JI. JI. Kanyceruna', 3. M. CaykoBckuii’, M. O. Jlynakos!

I Huemumym ozepoeedenus PAH, Cankm-ITemep6ype
2 Bonoeodckuil 20cy0apCcmeenHblil yHueepcumen
3 Unemumym 2eonoeuu KapHI] PAH

B nuropanbHOil 30He JIajoKCKOro 03epa MpOBEAEH HATypHBIM 3KcIe-
PUMEHT TI0 3acelIeHHIO MepU(YUTOHHBIMA U MEHOOCHTOCHBIMH OpTaHU3-
MaMH KaMCHUCTBIX Cy6CTpaTOB, COCTOAIIMX U3 Ppa3sHBIX THUIIOB I'OPHBIX
nopox: rab0po, TpaHOIMOPHTA, MpaMopa U CIaHla. AHAIM3UPOBATIOCH
BIIMSIHUE TPeX (aKTOpPOB: THIT TOPHOH MOPOJBI, TUIOLIAb U CIOKHOCTD
MOBEpXHOCTH 00pa3na. B Xoze axcrepuMenTa oka3aHo 3HAYMMOE BITH-
SIHUE THIIAa TOPHOW MOPOIBI HA XapaKTEPUCTHKH YUCICHHOCTH OaKTEepHO-
nepuuToHa, a Takke onmomaccel puronepudurona. [Inomans nosepx-
HOCTH KaMHs ObliIa HaI/I6OHCe 3HA4YUMbIM q)aKTOpOM, BIHWAOIOIUM Ha 4YUC-
JICHHOCTh MHUKPO300Iepr(GUTOHa (MPUKPEIUICHHBIX MPOCTCHIINX U KO-
JIOBpATOK) U MelioOeHToca. [loka3aHo BIMSIHUE CIIOXHOCTH ITOBEPXHO-
CTH CcyOCTpaTa Ha YMCJICHHOCTh OakTepuo- u (urtonepudurona. [lomy-
YCHHBIC JAHHBIC TAKKC YKAa3bIBAIOT HAa BaAXXHOCTH YUCTa OTACJIbHBIX CHU-
CTEMaTUYECKHUX TPYII HCCIISIyeMbIX coo0IecTB. B Oonbieli creneHu
MIPUBJICKATEIIbHBI JJIs COO0IECTB oOpacTarelieil ObLIM TOPHBIC TIOPOJIBI,
Oosiee yCTOMUYMBBIE K (PU3NIECKOMY U XUMHUYECKOMY BBIBETPHUBAHUIO.

KotnoBuna u 6epera Jlamoxckoro ozepa UMEIOT CIIOKHOE TEOIOTHU-
yeckoe cTpoeHue. KoTiioBHMHA 03epa pacrosiokeHa B 30HE COUWJICHEHMS
Banruiickoro mura u Pycckoii mnargopmbl U cliokeHa pasHOOOpa3HbI-
MH KOPEHHBIMU MOPOJAaMH, YacTO NMEPEKPHITHIMU YETBEPTHUUHBIMU OT-
noxxeHussMU. KopeHnHble opozis! Xoporo oOHakeHsl B CeBepHOM paid-
OHe npHOpexHOH yacT JlagoKCKOTO 03epa U MPEACTaBICHbBl Pa3HOBO-
3pacTHBIMU 00pa30BaHMSIMU; MX XUMHUYECKUI COCTaB U MEXaHHUYCCKHUE
CBOMCTBA BapbUPYIOT B IIHUPOKUX Ipenenax. OCHOBHAS 4acTh ITHX I0-
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PO CIIOKEHA 0CaJOYHBIMU BYJIKAaHOT€HHBIMH 00Pa30BaHUSMU MTUKPUTO-
BOTO, 0A3aJIETOBOTO W aHJIE3UTOBOTO COCTaBa; CIAHIIAMH IO TEPPUTCH-
HBIM, MPaMOPH30BaHHBIM KapOOHATHBIM U BBICOKOYTJIEPOIUCTHIM OCa-
JIOYHBIM TIOpPOJIaM, TOABEPTIIUMCS METaMOp(PHU3My U MHUTMaTU3aIUU;
WHTPY3UBHBIMUA 00pa30BaHUSIMH: rab0po, TUOPUTAMH, TPAHOIUOPHUTA-
MU, TpaHUTaMu, cueHuTamu [AmanToB, Criupuaonos, 1986]. Jlutopasb-
Hasl 30Ha CeBEpHOTo paiioHa JIamo:KCKoro o3epa CBsi3aHa ¢ BBIXOAAMHU KO-
PEHHBIX TOPHBIX MOPOJ; CKaJIbHBIE OOHAXKCHHS B PSIJIC CIyYaeB YXOISAT
r1yOoko o Boay. Takke OoJibliasi 4acTh TBEPIOTO Marepualia, oopa-
3YIOIIET0 KAMEHUCTHIC TUISHKH, TIPEJCTABIISET COO0H 00JIOMKH STHX TOP-
HBIX MTOPOJI. [OpHBIC TOPOABI Pa3IMYAOTC MEXKY COOOW XUMUYECKIM
COCTaBOM, CTPYKTYPHBIMH U TEKCTYPHBIMU OCOOCHHOCTSIMH (TPEIIHHO-
BaTOCTh, IOPUCTOCTH U T. 11.), CTENICHBIO Pa3pPYIICHUS, HHTCHCUBHOCTBIO
XUMHYECKOro U (huznueckoro BeiBeTpuBanus [['eonorus, 2004]. Mmeror-
Csl TaHHBIC, YTO OMOJIOTHYECKHE COOOIIECTBA JIUTOPAIH 03€p, Pa3BUBa-
IOIIUECS Ha TIOBEPXHOCTSAX TBEPIBIX KAMEHUCTBIX CyOCTPaTOB, 3aBUCST
OT TUMna ropueix nmopoy [Jlorauesa u ap., 2009; Illesenera u ap., 2012].
Jnist BeIsIBIEHUS] 0COOCHHOCTEH (POPMUPOBAHUS COOOIIECTB Ha 3acelisie-
MOM cyOCTpaTe 0OBIYHO UCTIONB3YIOTCS HATYpHBIC SKcriepuMeHThI [[e-
Benena u ap., 2012].

Ienp paboThl — BBISBUTH, MPUCYTCTBYET JU JJIs MEPUPUTOHHBIX H
MEHOOCHTOCHBIX OPraHU3MOB H30HMPATEIbHOCTh B 3aCElICHUHM KaMHEH,
MIPEICTABICHHBIX Pa3HBIMU TOPHBIMHU MOPOJAMU, BCTPEUAIOLUIUMUCS Ha
Oeperax Jlagoxxckoro o3epa.

s mpoBeZeHUsT IKCIEPUMEHTA MO BIUSHUIO TUIA TOPHOU MOPO-
JIbI Ha 3acelieHue NepU(UTOHHBIMA U MEHOOSHTOCHBIMH COOOIIEeCTBA-
MU ObLIa pa3paboTaHa OPUTHHANIbHAS YCTAHOBKA, COCTOSINAS U3 PAMKH,
U3roToBieHHOU 13 uHepTHoro [I1BX miactuka, pazmepom 50x70 cm. U3
TOJICTOH JIeCKU C(hOPMHUPOBAHA CETKA C siUCHKAMU pa3MepoM 8x8 cM 1o
6 stueek B 3 psana. B y3nax npodHo IpUKPEIIsTUCh IPEAMETHBIC CTEKIIa U
00pasIibl YeThIpEX Pa3IMuHbIX TOPHBIX MOPOJI (ClIaHel, MpaMop, Tabopo
U TPAHOJIMOPUTHI U3 ABYX PA3HBIX MECT) B TPEX MOBTOpPHOCTSIX. Kperuie-
HUE MPOU3BOIUIIOCH K BEpXHEH I'paHU KaMHEH, TaK YTO OHU €CTECTBEH-
HBIM 00pa30M JIeKaJIM Ha TPYHTE O]l CBOUM BECOM. YCTAaHOBKA Xapak-
TEepHU30Bajach HEUTPAILHON TIABYYECTHIO U HE OKa3bIBajia Ha 00pa3Ilbl
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HUKaKOTO BIUSHUSA, KPOME AP KaHHsI UX B y3/1ax sUeeK, MPeJoXpaHss OT
CMEILEHNs MOJ BO3/IEHCTBHEM THMAPOANHAMHUYECKON Harpy3ku. Kaxaprit
oOpasel OLEHUBAJICS M0 TpeM MokaszaresnsiM: Tuil ropHoi nmopoasl (TR),
TUIOLIA b TOBEPXHOCTH (S MOB.), cokHOCTH ToBepxHOCTH (C). Inomans
o0pasia u3MepsIach NpueMoM o0epThiBaHMs ero (oNbroid Mo Bcei mo-
BEPXHOCTH U U3MEPEHHEM ILIOIIAAN C TOMOLIBbI0 MUJUIMMETPOBOH Oyma-
ri. CJIOKHOCTh MOBEPXHOCTH OLIEHHMBAJIACh 110 COOTHOIIEHUIO TUIOLIAa N
u obvema oOpasua. Jing ycrpaHeHus! OaKTepUallbHOTO 3arpsi3HEHHS Iie-
pen dKcro3uipel o0paslbl CTEpPUIIM30BAIICh B aBTOKJIaBe NpH 1 arM.
(121 °C). 3akperuieHre 00pa3IOB HA YCTAHOBKE MTPOBOAMIOCH HEITOCPE/I-
CTBEHHO Iepe]l MOTPYKEHHEM HX B BOAY. YCTaHOBKa OblLIa pa3MellieHa Ha
KaMEHHUCTOM IUISKE OJTHOTO M3 OCTPOBOB CEBEPHOIO HIXEPHOTO pailoHa
Jlagoxckoro ozepa (0. Opwsarcaapn). [Ispk monBep)keH HU3KOH BOJIHO-
BOW aKTMBHOCTH. DKCIIEPUMEHT MPOBOAMJICA B mepuoa ¢ 12 aBrycra 1o
1 oktsa0ps 2015 1., cpok skcnosunmu coctaBui 49 nneit. Temmeparypa
BOABI B MOMEHT Hayajia 3KCIEepHMeHTa cocTapsuia +16 °C, B MOMEHT
oxoHuaHus — +5 °C. [1o okoHYaHMK CpPOKa HKCIIO3UIMHK C 00pa3LOB ObLIH
oToOpaHbl Mookl 6akTepro-, GUTO-, MUKPO300IIEpUPUTOHA 1 MEHOOEH-
Toca. i momyuenust mpod MHUKPO300MEpUPHUTOHA ¢ KaXKIOro odpasua
JIeJacsi COCKOO TUIoImaabio 1 ¢cM? B TPpeX-ISITH MMOBTOPHOCTSIX (B 3aBUCH-
MOCTH OT pa3Mepa KaMHs) Ha Pa3In4HBbIX y4acTKax MoBepXHOCTH. [Ipo-
OBl MPOCMATPUBAINCH B KUBOM BUAE NpH yBenuueHun 15x10 u 15x20
B MOJIEBBIX YCJIOBUSIX cpasy mocie otoopa. s momyuenus nmpod Gakre-
puo- 1 puTonepu(UTOHA, a TaKKe MeHOOEHTOCa C KasKI0ro 00pasia npo-
M3BOJIMIIM COCKOO MaTtepuana co BCcell MOBEPXHOCTH KaMHs B ONPEACIICH-
HBII 00beM cTepuibHON BoabL. [IpoObl pukcupoBamucy GpopMaInHOM H
pa3Oupaich 1Mo CTaHAapTHBIM MeTonukaM [PykoBozacTBo. .., 1992; Kypa-
moB, 2007]. i craructuueckoi 00pabOTKU JaHHBIX MPUMEHSUICS AUC-
MIEpCUOHHBIN aHAIN3 U €TO HenapaMeTpuyecKkuil anasor tect Kpyckasmia-
VYonnuca. Pacuets! Benuch B mporpammuoil cpeae STATISTICA.
CornacHo TMONyYEHHBIM pe3yJbTaTaM, Pa3BUTHE Pa3lIUYHBIX COO00-
HIeCTB Ha o0paslax He MPOMCXOAMIO eJMHO00pa3Ho. Kak mis mokasa-
Tesielt o0mIel YMCICHHOCTH U OMOMAcChl, TaK M JJIsl OTACIbHBIX CHCTe-
MaTU4ECKUX TPYII MPOSBISIIOCH Pa3HOOOpa3ue peakuuii Ha uccieaye-
MbI€ ()aKTOPBI, CBA3aHHBIE C 0COOEHHOCTSIMUA KAMEHHUCTBIX CyOCTpaToB.
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[Ipu oreHKe BIUSHUS Pa3IMYHBIX TUIIOB TOPHBIX MOPOJ] HA YUCIICH-
HOCTh TUAPOOUMOHTOB OBUIO BBISIBIICHO, YTO JJIs OaKTEpUONEPUPUTOHA
MaKCUMaJIbHOE OOMJIME HAOIIONAN0Ch Ha rab0po, sl PUTO- U MHUKDO-
3o00nepuUTOHa — Ha CIIAHIe, IS MeiioOeHTOCa — Ha Mpamope. MuHHU-
MaJIbHBIC YHCICHHOCTH OaKTEepHUo- U MEHOOEHTOCAa OTMEUCHBI Ha CIIaH-
e, GpuUTo- U MUKpOo30onepupuToHa — Ha rabopo 1 Mpamope (puc. 1).

UucneHHOCTh OakTepronepu(UTOHA CYHIECTBEHHO pa3iinyaliach
MEX]ly TPyIIol MEeTaMOP(PUUECKUX TOPHBIX TIOPOJ, UMEIOIINX 0Ca104-
HOE TIPOUCXOKJICHHE (MPaMOD U CIIAHEI) U MHTPY3UBHBIX MOpoJ (rabopo
Y TPAHOIUOPUTHI), IPHUEM HanOOJIee CHITBHYIO BApUaOeIbHOCTh IPOSIB-
JISUTA TTaJIOYKOBUAHBIE OakTepun (puc. 1, A). B o0oux citydasx Ha nep-
BOM TpyIIIe TOPOJ YUCICHHOCTh ObLJIa 3HAYUTEIILHO HIIKE, YeM Ha BTO-
poii. B ctpykType coobuiecTBa ciaeayeT OTMETUTh peodiiaiaHie KOKKO-
BUJHBIX QOopM OakTepuii Ha MpaMOpE | CJaHIIe, a TTAJIOYKOBUIHBIX — HA
rab0po U rpaHOANOPUTE.

3HaYMMBbIC pa3INuMsl HA Pa3HBIX TOPHBIX MOPOJAaX ObBUIM BBISBICHBI
Juist Oromacchl (puTornepuuUTOHa, a TAKKe JUIS OTACIOB BOIOPOCIEH.
MakcumalilbHOE 3HaUE€HUE OMOMACChl OTMEUAIOCh Ha MIOBEPXHOCTHU CTEK-
J1a, Ha KOTOPOM JIOMUHHUPOBAIIU 3eJIeHbIe Bojopociu. Ha Bcex Tumax 00-
pa31oB FOPHBIX OPOJ OMOMAacca 3eJICHBIX BOAOPOCICH Obliia B HECKOJIb-
KO pa3 HIDKE 110 CPaBHEHUIO C OMOMACCOW Ha CTEKJIE, OJTHAKO OHU TaKkKe
npeobaiaiy, X0TsS U B MEHBIIICH CTeeHU. VICKITFoUeHHEM SIBIISICS Clia-
HEll, Ha KOTOPOM JIOMHUHHPOBAIIU JIUATOMOBBIE BOJIOPOCIH. MakcruMalb-
Hasi OnoMacca ObUla OTMEUEHA Ha TPAHOAMOPUTAX, MUHUMAIIbHAS — Ha
ra00po u ciaHie.

MakcuManbHbIe YUCICHHOCTH M OMOMAacChl MHUKpO300mepu(uToHa
ObUIM OTMEYEHBI Ha ciaHnax (puc. 1, B). Haumenbinve BenuuuHbl vuc-
JICHHOCTH U OMOMACChl OPraHU3MOB TOTO COOOIIECTBa ObLIM Ha Tab0po,
a Ha MpaMope OHH MOJHOCTBIO OTCYTCTBOBAIIU. B cTpyKkTYype coolrecTBa
Ha pa3HbIX TOPHBIX MOPOIAX UMEITUCH PA3JIUYMs: Ha ClIaHIle U rab0po J0-
MUHHPOBAJIM KOJIOBPATKH, TOT/Ia KaK Ha TPAHOIUOPUTE — UH(PY30PUH.

3HAYMMOTO BIIMSHUS TOPHBIX TOPOJ HA YHCICHHOCTh M OMOMAcCCy
MeloOeHTOCa BhISIBIIEHO HE O0bUT0. OJIHAKO HEKOTOPBIE TCHIEHIMH BCE
ke npocnexuBatorcs (puc. 1, I'). MakcumanbHas YUCIEHHOCTh U OHO-
Macca MeHoOeHTOCa OTMEUEHBI Ha MpaMOpe, MUHUMAJIbHbBIC — Ha CJIaH-
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e (4MCIeHHOCTh) U rab0po (buomacca). YnCIeHHOCTh OCTPaKoOX U TYp-
Oensipuil Ha MpamMope | CIaHIe MO CPAaBHEHUIO C MHTPY3UBHBIMH I10-
pozmamu OblIa HUKE CPEAHEH, a Kiellel, HanmpoTus, Beie. [1o cpaBHe-
HUIO C IPYTUMH IIOPOJaMH OTMEUEHO CHUKEHUE YHCIEHHOCTH OJIUTOXET
Y XUPOHOMHMJ] Ha Tab0po, TOTA KaK YUCIIEHHOCTh LIUKJIONOB 371eCh OKa-
3amach MakCUMaJjibHOH. HHU3KMMU YMCIEHHOCTSMH LUKIIONOB BBIAEIS-
JHMCh CaHmbl. [ Mpounx TaKCOHOB MEHOOEHTOCHOTO CO00IIeCTBa SIB-
HOU 3aBUCHMOCTH OT THIIa TOPHOH MOPO/bI HE BBISBIICHO.

N 6akTepuonepudutoHa, MAH.KA/Mm? N ¢utonepuduroHa, Tbic. Kn./m 2
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Puc. 1. UncneHHOCTh OPraHU3MOB Pa3JIH4YHBIX TPYNI HA Pa3HBIX
THIIAX TOPHBIX MOPOJ
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Bnusiaue miomaan nmoBepxHocTH oOpasla Ha MOKa3aTeld YHCIICH-
HOCTH HCCIIEIOBAHHBIX COOOLIECTB MPOSBISLIOCH MO-pa3HoOMY (pHC. 2).
VYrenbHas IOTHOCTh MPOCTEHIINX U KOJIOBPATOK Obliia BhIIIE Ha Ooree
KPYIHBIX KaMHSIX, TOTJa Kak JJsl MeHoOeHToca MposiBIsuIach oOpaTHast
3aBUCUMOCTh. Ha Oakrepro- u ¢uronepuduToH miomans odpasua He
OKa3bIBaJla 3HAYMMOTO BO3ACHCTBHS.

MNnowaas kamHs, cMZN MeitobeHToca, Thic 9Kk3./M2 Y = 21782,4626 - 88,2186,

Nrowage kamHs, e 06w, N Mikposoonepnd., Toic.aka./i?. y = -1671,0109 + 24,0012%x;
r=-0,5959; p = 0,0191; 2 = 0,3550

r=0,8163; p = 0,0134; = 0,6664
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Puc. 2. U3smenenue o01ieil YUCJICHHOCTH B 3aBHUCHMOCTH OT ILIOIIAAH
KaMH$A

Taxxe paznuyHOi ObUTa peaknusi cOOOIECTB HA M3MEHEHHE TPO-
CTPAaHCTBEHHOW CJIOKHOCTH KamHeH. J[ist GakrepuonepuduToHa pocT
HpOCTpaHCTBeHHOfI CJIO)KHOCTHU BCJI K CHM)KXCHHUIO YUCJIICHHOCTH, a JJIsA
¢uronepuduTona — k ee yperaudenuto (puc. 3). C pocToM CIOKHOCTH
IMPOUCHT IMaJIOYKOBUIAHBIX 63KTepHI71 CHMIKACTCA, a KOKKOB, HAIIPOTUB,
BO3pacCTacT. OTMeueHa 3HaYnMast npsamass 3aBUCUMOCTL YHCJIICHHOCTH
CHHE3EJICHBIX BOJOPOCIICH OT CIIOKHOCTH IMOBEPXHOCTH 00pasia. 3aBu-
CHUMOCTb MEXIY MPOCTPAHCTBEHHOH CIIOKHOCTBIO U OOIIECH YUCIICHHO-
CThI0, a TAK)KE OMOMACCO MUKPO300epru(UTOHA U MEHOOEeHTOCa Oblia
BhIpakeHa ciadee. OHAKO JUIsl HECKOJIILKUX OTACIbHBIX TAKCOHOB OHA
oOHapyxeHa. Tak, OTMEYCHO YBEJIMYCHHE YHMCICHHOCTH M OMOMACCHI
WH(Y30pHii U TApIAKTUIUIL, & TAK)KE CHUKEHUE YHCICHHOCTH OCTPAKOJL
U TIOJICHOK C YBEIMUEHHEM IPOCTPAHCTBEHHOW CIIOKHOCTH.

Takum 00pa3om, B Tpoliecce MCCIeOBaHMs ObLIO BBISBICHO, YTO
BJIMAHUC PA3JIMYHBIX TUIIOB I'OPHBLIX IMOPOA HaH60nee SIBHO OBIIIO BBI-
paXEHO IS OPraHM3MOB, OOJNAJAIOMIMX MHUHHMAaJIbHBIMU pa3Mepa-
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MU ¥ OTHOCSIIMXCS K MpoAyLeHTaMm ((huronepuduToH) U AeCTPYKTO-
pam (OaktepuonepuduToH). st cooduiecTB MUKpO300NEepUPUTOHA U
Mello0eHToCca, HaXOAAIMXC s Ha Ooyiee BHICOKUX TPOPHUUECKHX YPOB-
HsX (reTepoTpodoB), 3HAUUMON 3aBHCUMOCTH HE HaWJEHO, YTO MO-
KeT OOBSICHATHCS YCUIICHUEM BIIMSHUS ONOTHYECKUX B3aMMOICHCTBUI
KaK BHYTpH COOOIIECTB, TaK U ¢ PUTOMEPUPUTOHHBIM COOOIIECTBOM.

CnoxHocTb:0BWan uncn. baktepvonepud. MK, kn./m? -y = 7,8071E5 - 1,028E5%x; CnoxHocTb:OB1Wan uicn. utonepud., Thic. kn. /M% y = -162,811 + 750,8153x;
r=-0,7553; p = 0,0496; 2 = 0,5705 r=0,7144; p = 0,0306; * = 0,5104
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Puc. 3. U3menenne o0meil YMCJIeHHOCTH B 3aBHCHMOCTH OT CJOKHOCTH
KaMH$A

BeposiTHo, B miporiecce 6MOIOTHYECKOTO BRIBETpUBaHUA (pruTO- M 6aKTe-
puonepupUTOHHbIE OPTaHU3MBI CTIOCOOHBI TIOTJIONIATh U3 pa3pyliaeMoi
MOPOJIbl XUMUYECKHE HIIEMEHTHI B COOTBETCTBUY CO CBOMMH OHOIOTHYE-
ckumu toTpedHocTs MU [ O6mias reonorus, 2006], 9T0 MOKET OOBSICHATH
pa3nuuus, BRIABICHHBIE B TAHHOM 3KcrnepumenTte. OcobeHHoctu hop-
MHPOBAHHS COOOIIECTB OakTepro- U (PUTONEPUPUTOHA HA TTOBEPXHO-
CTH KOPEHHBIX TIOPOJ 3aBUCIT OT MUHEPAIHFHOTO U XUMHUYECKOTO COCTa-
Ba TOPHOH MOPO/IBI, 00YCIOBIMBAIOIIETO PA3IMYHYIO MTOJBEPKEHHOCTh K
pasHBIM THIIaM BbIBeTprBaHUs. Hanbonee ycTOMUUBBIMU K (DU3HUECKO-
My U XMMHYECKOMY BBIBETPHBAHUIO B JAHHOM JKCIEPUMEHTE SBISIOT-
Csl CTEKJIO ¥ TPAaHOAMOPUTHI, HAWMEHEe — CIIaHIBl 1 Mpamop [l eomorus,
2004]. Ilo mammM pe3yapTaraM Ha CTeKJIe HaOIIonamuch MaKCUMaTbHBIC
YUCIIEHHOCTH OaKTepHONIepU(PHUTOHA U MAKCUMAJIbHBIE YUCIEHHOCTH U
O6uomacchl puronepuuTOHA, a TAaKXKEe MelioOeHToca. HanmMmenspmme rc-
JIEHHOCTH M Onomaccel putonepupuToHa ¥ MEHOOEHTOCa OTMEYAIINCh
Ha CIIaHIle, MUKPO300TepH(PHUTOHA — Ha MpaMope, a HauMEHbIIas YuC-
JIEHHOCTH OakTepuonepruduToHa — Ha 06€UX TOPHBIX TTOpoaax. Bo3Moxk-
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HO, Ha OTHOCHUTEIILHOE YMCHbBIIICHUE YMCIICHHOCTH M OMOMACCHI BIUS-
€T TO, YTO B MEHEE YCTOMYUBBIX MOPOAAX MPU XUMHUYECKOM BBIBETPH-
BaHUM MPOUCXOANT U3BJICUCHHE CHIIbHBIX ocHoBaHul (K, Na, Ca), mpu
3TOM COOTBETCTBEHHO MEHSIETCSI KUCIIOTHO-IIesIouHON OanaHc. [Ipomec-
ChbI (PUBUYECKOTO U XUMUYECKOTO BEIBETPUBAHUS B3aUMOCBSI3aHbI H IIPO-
UCXOST OJHOBPEMEHHO. [IpoOieHue u ae3uHTerpamus mopoj yCHIIU-
BaIOT BOAOIPOHUIIAEMOCTh M HHTCHCUBHOCTh XUMHUYECKOTO BHIBETPUBA-
HUS, 9TO elle 00JIee MOXKET MPENATCTBOBATh 00PACTaHUIO 3TUX CyOCTpa-
TOB OakTepuo- u puronepuputoHomM. J(ns Oosee rTyOOKOTO MOHUMAaHUS
BO3/ICUCTBUS COUCTAHUSI PA3JIMYHBIX (PAaKTOPOB BHIBETPHBAHUS HA 3ace-
JICHUE Pa3JIMYHBIX THIIOB TOPHBIX ITOPOJ] COOOIMIECTBAMY THAPOOUOHTOB
TpeOyrOTCs JalIbHEHIIINE UCCIISIOBAHMS.
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IMPACT OF ROCK TYPE AND ITS STRUCTURAL COMPLEXITY
ON PERYPHYPIC COMUNITIES

D. S. Dudakova', I. A. Mykhin?, E. V. Stanyslavkaya',
L. L. Kapustina', Z. I. Slykovsky?, M. O. Dudakov'

! Institute of Limnology RAS, Saint-Petersburg
2Vologda State University, Vologda
3 Institute of Geology KarRC of RAS, Petrozavodsk

We conducted an experiment on the colonization of stones containing different
rocks (gabbro, granodiorite, slates and marble) found in littoral zone of Lake Lado-
ga with bacterio-, phyto- and microzooperiphyton as well as with meiobenthos.
Three factors (type of rock, surface area and rock specimen complexity) were ana-
lyzed. It was found that the rock type affects the number of bacterioperiphyton and
biomass of phytoperiphyton. The surface area was a significant factor for micro-
zooperiphyton (Ciliata and Rotatoria) and meiobenthos population number. The
influence of rock specimen complexity was revealed for bacterio-, and phytope-
riphyton. The findings of the experiment indicate that different systematic groups
within communities should be studied as well. Rocks sustainable to physical and
chemical weathering attracted the studied communities most of all.

BJIMSAHUE PYCJIOBOI'O IIOTOKA HA CTPYKTYPY
MAKPO3OOBEHTOCA TAPACMO3EPA

E. C. CaBocun

HUnemumym ouonoeuu KapHI] PAH

B crarpse paccMaTpuBaioTcs pe3ynbTaThl THAPOONOIOTHIECKIX NCCIIE0-
BaHni Tapacmosepa, pacmonoxerroro B Cpenneii Kapennu u nmpuHai-
nexariero kK 0acceitny OHexckoro o3epa. llpencraBineHsl pe3yinbTaThl
WCCIICZIOBAaHUH PAa3INYHBIX YYACTKOB BOOEMA, OTIIMYAIOIINXCS 110 CBO-
UM xapakrepuctukam. [IpoBefeH CpaBHUTENBHBIN aHAIN3 CTPYKTYPHO-
(YHKITMOHAIBHBIX TIOKa3aTelieil COOOIIECTB MaKp0o3000eHTOCA PYCIIO-
BOH M IJIECOBOM YacTel BojoeMa.

Beenenune. PecriyOnuka Kapenust — TeppUTOpUS 03€pHO-PEUHBIX
CHCTEM C HAJWYHUEM PYCIOBOW M MJIECOBOM uvacteil. Bogoemsl ¢ BbI-
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COKOHM IPOTOYHOCTHIO UMEIOT CBOM OCOOEHHOCTH, CBA3aHHBIE C a0u-
OTUYECKUMHU M OMOTHYECKHMH YCIOBHSIMH Cpelbl. B aToM Hampasie-
HUU HCCIEAYIOTCSI B OCHOBHOM KpYIHBIE O3€pa, a Majble C XOPOIIO
BBIPAKEHHOM PYCIIOBOM 4acThlo M3y4deHBl HEJOCTaTouHO. O3epHBIE U
pEeUYHBIE YYaCTKH B MOJOOHBIX THIAaX BOAHBIX CUCTEM OKa3bIBaIOT B3a-
MMHOE BIHMSHHE Ha BOIHBIA W TEPMUYECKHH peXHM, Ha (HOPMHUpPOBa-
HHUE CTPYKTYpHO-(pYHKIIMOHAIBHBIX MOKa3aTeNeil OMOIOrHYecKux co-
0011eCTB, B YaCTHOCTH, HA 3000€HTOC.

Lenb nccnenoBanusi — U3y4UTh OCOOCHHOCTH CTPYKTYpPhl MAaKpPO300-
OeHTOCa B PYCJIOBOH M IJIECOBOH yacTsax 03. Tapacmosepo.

Marepuan u meroasnl. O3. TapacMo3epo NpuHAJICKUT K OacceiiHy
p. JInxmel, KoTOpBII HaxXoAUTCS B cpeqHell yactu Kapenbckoro ruapo-
rpaduyecKoro paiioHa K ceBepo-3amnany oT 3a0HEKCKOro n-osa. Tapac-
MO3€epo — HeOOIbIIOE O IIOLIAIH MEJIKOBOJHOE 03€PO, PACIIOI0KEHO
MEX]y I0’KHOM OkoHEeUHOCThIO Kenposzepa u Manoii JImkemckoli ry6oii
Omnexckoro o3epa. Yepes Hero nporekaet p. Huxnss JInxkma, BeITeka-
romtast u3 Keaposepa u Bnanatouiast B Manyto Jlmkemckyro ry0y. O3ze-
PO nMeeT yanuHeHHy1o ¢popmy, BEITsHYTO ¢ C3 Ha FOB. B ominune ot
apyrux o3ep Oacceitna TapacMo3epo xapakTepu3yeTcsl HCKIIOUUTENb-
HO BBICOKHMM ITIOKa3aTeJIeM yCIOBHOTO BoJooOMeHa — 59,6, T. e. Bona B
BoJI0OeMe OOHOBIIsIETCs ¢ BogocOopa 1 pa3 B 5 nueit (Tadm. 1).

Taoauna 1. OcHoBHBIe MOP(OMeTpUYECKHE H THAPOJIO-
ruyeckue nokasarean Tapacmozepa [O3epa Kapeiun,

2013]

IToka3zarenn 03. Tapacmosepo
Teorpaduueckne KOOPAUHATHI 62°23' ¢. u1.; 34°27" B. 1.
Inomaae 3epkana, kKm> 1,1
JlnuHa, kM 2.3
[Hupuna cp./mMakc., KM 0,5/0,9
['my6uHa cp./Maxc., M 3,7/5,8
[okazatenb ycI0BHOTO BOIOOOMEHA| 59,6
[Tnomiaae Bogocbopa, Km> 703
O06bEM BOIHBIX MAcC, MIH M? 4,1
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[Hockonbky Tapacmosepo oOnamaeT HEOONBIIMMH TTyOMHAMH, Iie-
peMelIMBaHie BOAHBIX MacC OCYIIECTBIIETCs M0 Bcell rmyoune. O6-
11as NPOTSHKEHHOCTH p. JIMkKMBI cocTaBisieT 68,3 KM IpH IJIMHE 03€ep-
HBIX y4yacTkoB 10 32,3 kM [Dpeitnanunr, 1969]. Habmonenus 3a ma-
Kpo3oobeHTocom TapacMmo3epa OCyIIecTBISUINCH TOCTOSHHO B MEPHOJ
¢ 1989 mo 1997 r. [[1aBnosckuit, [llupoxos, 1991; [1aBnosckuit, 1993,
1995, 1998]. B HacTosiiiee BpeMsi OHU BEIyTCS ¢ HEOOJBIIMMHU Iepe-
pBIBaMu, B CBsI3U ¢ pyHKIHOHUpoBaHueM (¢ 1992 r.) popeneBoro kom-
iekca. B pesynbrare ero sKkcIulyaraluy MPOHM30LIEN Pa3MbBIB €cTe-
CTBEHHBIX HJIOB NPUOPEXKbs, ObUIO OTMEUEHO M3MEHEHHE CTPYKTYPHI
JOHHOTO COOOIIEeCTBa, yBeTUYeHnEe OMOMACChl M YHCIEHHOCTH 3000€H-
Toca B ceBepHoM miece [[TaBnosckuit, 1998].

OTt60p nmpob Makpo3oobeHTOca B TapacMosepe NpOBOAMIN B HIOJE
2011 r. Ha 7 crannusax. CeTka CTaHIUN BKIIOYANIa B ce0sl PyCIOBBIC U
IJIeCOBbIE y4acTKu Bogoema. CTaHIMH pa3iuyainch 1o ryOuHe, CKOo-
pocTH TedeHus, Tuny rpyHta. C nomouisio nHodepnarens JJAK-250 na
cTaHIMAX 1—4, pacmonoKeHHBIX B PyclloBOW dacTu Tapacmosepa, OT-
Oupanuck 1o 4 npoOkI, Ha CTaHIUAX 5—7 (IUIeCcoBast 4acTh) — IO 2 MPO-
Obl. [ pyHT npoMbIBasics yepes cuTo U3 MedabHuuHOoro raza Ne 19. Ilpo-
06l pukcupoBanuck 8 % pacTBopoM Gopmanbaeruia. Marepuan odpa-
OarpiBasics B 1abopaTopun noa ounokynsipom MBC-9, B Moguduiupo-
BaHHOU Kamepe boropoBa. OpraHu3mbl MOACUYUTHIBATINCH U MOCIE 00-
CyLIMBaHMS Ha (UIBTPOBAIBbHOI Oymare B3BEIIMBAINCH HA TOPCHOH-
HBIX Becax ¢ TOYHOCTHIO 70 0,2 Mr. TakCOHOMHMYECKYIO MPHUHAIJIEK-
HOCTHb OpPraHM3MOB YCTaHaBIMBaJIH MO0 «ONpeAeTUTENI0 MPECHOBOA-
HBIX O€CII03BOHOYHBIX...» [1977].

Pe3ynbTarsl u 00cy:xaenue. AHaIN3 UCCIEIOBaHUNH MaKpo3000eH-
Toca TapacMo3epa mokasai, YTO OH MPEJCTABICH 5 OCHOBHBIMH TPYII-
namMu OeCHO3BOHOYHBIX: XMPOHOMHIAMH, MaJIOLIETUHKOBBIMH YepBsi-
MU, MOJUIIOCKAMH, HEMaTolaMH W MUSIBKaMHU. B TpOCTpaHCTBEHHOM
pacrpeieiecHny OpraHu3MOB B PYCJIOBOW YacTH BOJOEMa Ha CTAHIMU 3
BBISBJICHO HAJIMYME 30HBI ONTHMyMa Juid Tpynnsl Chironomidae, Olig-
hochaeta, Bivalvia. OTMe4eHBl TOCTOBEpPHBIE OTINYMS (110 KPUTEPHUIO
Manna-Yuthy, p = 0,05) Mexxay KoTHueCTBEHHBIMH MTOKa3aTeNsIMI OeH-
ToayHbI PyCIOBOM U MiecoBoi yacteir Tapacmosepa. Ha nosro muun-
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HOK XHPOHOMUJI IPUXOAMUIOCH 10 29 % oT 0buieit buomacchl u 10 59 %
OT YHCICHHOCTH 3000eHTOca. CpeqHsis Ouomacca OEHTOCA B PYCIOBOM
yacTh BomoeMa (ctanuuu 1-4) cocrasnsia 1,5 r/M? Ipu YUCICHHOCTH
902 sk3./M?. B mnecoBoit yactu Tapacmosepa (ctaHuuu 5—7) cpeaHsis
6uomacca 6bu1a 0,58 /M2, urcaeHHOCTD — 334 9K3./M2. JIoHHOE co001IIe-
CTBO Ha CTAHIMAX 1—4 ObUTO MPECTABICHO CEMBIO TPYIIIIAMU OpPTaHM3-
MOB (XMPOHOMHU/JIBI, OJTUTOXETHI, HEMATOIbI, IBYCTBOPYATHIC MOJLTIOCKH,
MHUSIBKY, TIOACHKHU, PYYSHHHUKH), B TO BPeMs KaK Ha CTaHIUsIX 5—7 — BCe-
IO MATHIO (XUPOHOMUJIBI, OJTUTOXETHI, HEMATO/IBI, TOACHKH, aM(HUTIONBI).
VYBenuueHne OMOMAacChl MaKpO3000E€HTOCA OT CTaHIMU | K CTaHiuu 3
CBSI3aHO, BEPOSITHO, C U3MEHUBIIIUMUCS A0MOTUYSCKUMHU M OHOTHUYCCKH-
MU YCIOBUSIMH cpepl. Ha MpOTSHKEHUH CETKH CTAHIUEM MPOUCXOANIIA
CMEHa THIA TPYHTA ¢ KAMEHUCTHIX (DPaKIUil Ha MECUaHbIe C MIOBBIMU
OTJIIOKEHUSIMHU, CHUXKAJIACh CKOpOCTh Tedenus ¢ 10 go 3 m/c (tadm. 2).
TakuM 00pa3oM, MPOUCXOAUIO BBIMBIBAHHE HEOOXOAMMBIX IS TIOMH-
HHUPYIOIIUX 03EPHBIX TPYIIT MAKPO300OEHTOCA MUTATEILHBIX BEIIECTB U
CTPOUTENTLHBIX MATEPUATIOB B «IIEPEXOAHYIO 30HY» (cTanius 3). [Tneco-
BBIC YYACTKH, XapaAKTEPUIYIOIHECs ONM3KUMHU K THITHYHO O3EPHBIM KO-
TOHAM YCIIOBHSIMH, 00T 1af0T MEHBIIIEH OMOMACCOI ¥ MEHBIITUM Pa3HoO-
o0Opa3uem JIOHHOTO COO0INEeCTRa.

Hamu Takske ObLIO OTMEUEHO, YTO B PYCIIOBOM YaCTH BOJOEMA B Ha-
npaBieHuH OT ycThs p. Kenpel k p. JImkme yepes 03epo MpOUCXOIHIIO
IUTAHOMEPHOE yBEJTHUEHHEe OHOMACChI TOMUHHPYIOIICH TPYIIBI JTHYH-
HOK Chironomidae ¢ 10 1o 60 % oT o01ero 3000eHTOCA.

Taoauua 2. CeTka cTaHuuii oT6opa npod

CraHuus Cropocte Tun rpyHra I'my6una
TEYEHUs1, M/C
PycnoBas gacte
1 10 Kamun + un 2,5
2 7 Ilecok + xkaMHHI 3,5
3 5 Tlecok 3,5
4 3 Wn + mecok 3,5
Ilnecosas yacth
5 — Wn 3
6 - W + mecok 3
7 - Wn + ropoxoBuaHas pyaa
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Ha mutecoBbIX y4acTkax, XapakTepU3yOIIUXCs 00Jiee HU3KUMU MTOKa-
3aTesIMH KOJIMYSCTBEHHOTO Pa3BUTHS MaKpo3000eHTOCca, oOpalaeT Ha
ce0sl BHUMAaHUE yBEJIMYCHHE OMOMACChl OOHAPYKCHHBIX HA LEHTPAJb-
HOM IuTece npeacTaBurencii Pontoporeia affinis o 75 %.

ITo nanneiM C. A. ITaBnosckoro (1993, 1994, 1995 rr.), B 1990-x rT.
OBUIO OTMEUEHO M3MEHEHHUE CTPYKTYPBI JIOHHOTO coo0IecTBa. B Bosoe-
M€ TIOSIBIJTUCH MOJUTFOCKH, JINYMHKU PYyYSHHUKOB, TIOJICHOK, OOJBIIICKPHI-
JBIX U OOKOTUIaBbl. B Hammx mpobax Takxke ObUIM OOHAPYKEHBI MPEJICTa-
Butenu Trichoptera u Ephemeroptera, ognako ux momnst cocrapisiia 5 % u
1 % Guomaccel cooTBeTCTBeHHO. KoTnuecTBeHHBIE TTOKa3aTeIl MaKpPO300-
oenToca Tapacmo3epa 3a MHOTOJICTHHI TTIEPHO]T MPEICTABICHBI B Ta0I. 3.

Taéauua 3. buomacca (B, r/m?) u unciaenHocts (N, 3K3./M?) MaKp03000eH-
TOCa B pycioBoii yactu Tapacmo3epa B pazHble rojasl (J1€T0)

Cucremaruueckue | 1989 1992 1993 1994 1995 2011
IpyIIIbL B| N|B|N|B|N|[B| N [B N B | N
Chironomidae 1,412180(0,5| 887 |0,3| 580 [0,4]| 620 |1,3| 9980 |0,3|523
Oligochaeta 1,0| 420 |0,4| 447 |0,8| 380 |1,1| 560 [1,0| 540 |0,5|155
Mollusca 1,1{2793]0,6|1660|0,1| 120 {0,7| 860 |0,6| 1010 |[0,4|130
Amphipoda 0| O |03|147 |0,6{400| 0| O |08 280 | 0| O
Ephemeroptera [0,2| 140 | O | O | O 0 [0] O 0 0 0] 0
Trichoptera (U 0] 0 |0 0 [0] O |29 130 | 0] O
Hirudinea 0] O 0| 0 |O 0 0 O 0 0 10258
Varia 0,8 200 (09| 113 | 0 0 (03] 20 [1,0| 120 |0,1| 36
Bcero 4,5(573312,7(3254|1,8|14802,5|2060|7,6 12060 |1,5]|902

Ipumeuanue. 1o nannaeim C. A. [TaBnoBckoro; 2011 1. — coGcTBeHHBIE COOPEL.

AHanu3 MoTydYeHHbBIX JaHHBIX MOKA3aj, 4ToO 3a BCE Toibl HabIoIe-
HHUI 32 BOJOEMOM JIOMHHHUPYIOIIMMH TPYyIIaMHd MaKpo3000eHTOCa B
pycioBoii yactu Tapacmo3epa SIBISIIUCH JTHYHHKH XUPOHOMUJI, OJIHIO-
XeThl, MOJUTIOCKH. O011ast GMoMacca U YUCIICHHOCTh JJOHHOH (hayHbI 3Ha-
YUTEIBHO CHU3MJIACH TI0 CPABHEHHIO CO CBOMM MAaKCHMyMOM 7,5 r/m* u
12 060 5x3./M> B 1995 1. 1o 1,5 r/m? 1 902 ox3./M? B 2011 1. cOOTBETCTBEH-
HO. B cocTaBe coobmiecTBa OeHTOCA SMU30IUUSCKH MOSBISUTUCEH TIPE-
crasurenu Ephemeroptera, Hirudinea u Amphipoda.

TakuM 00pa3oMm, pe3ynbTaThl HAIINX HCCICIOBAHHN TOITBEPIHIH
CYILIECTBOBAaHHE «PYCIIOBOW 30HBD», XapaKTEPH3YIOLICUCs pa3HOOOpa3-
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HOM ,E[OHHOﬁ (bayHOfI, " (IJIECOBBIX YYaCTKOB» C 0oJlee HU3KUMH KOJIH-
YECTBEHHEBIMU ITOKA3aTEIIMU 3000€HTOCA.
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STREAMFLOW INFLUENCE ON THE STRUCTURE
OF MACROZOOBENTHOS IN TARASMOZERO LAKE

E. S. Savosin
Institute of Biology KarRC of RAS

The article deals with the results of hydrobiological studies of Lake Tarasmozero
located in the middle part of Karelia and belonging to the basin of Lake Onego.
The article presents the results of studies carried out in various areas of the water
body differing in their characteristics. The article also includes the results of the
comparative analysis of the structural and functional characteristics of macrozoo-
benthos communities found in the riverbed and alluvial site of the lake.
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MOJUP®UKAIINHA JINIINTHOI'O COCTABA JIUTOPAJIBHBIX
MMJAN MYTILUS EDULIS L. B OTBET HA XPOHUUYECKOE
BO3JIEVCTBHUE NIOHUKEHHOHN COJJEHOCTH

H. H. ®oxuna', T. P. Pyokoaaiinen’,
I'. A. HIxkasipesuy’, H. H. HemoBa'

! Huemumym 6uonozuu KapHI] PAH
2 [Tempozaso0ckutl 20Cy0apCmeenHblil YHUGEPCumen

HccnenoBanue JTUMUIHOTO U )KUPHOKUCIOTHOTO COCTAaBa JIUTOPATBbHBIX
muauii Mytilus edulis L., obutaronux Ha HEKOTOpBIX OroTonax Kanna-
JIAKIIICKOTO 3a11Ba bexoro Mops ¢ pa3udHbIM THAPOTIOTHISCKUM PEKH-
MOM, TTOKA3aJ10, 4YTO COCTAB JIMITHIOB JKa0p ¥ rernaromaHkpeaca MOJITIO-
CKOB, TIO/IBEPIKCHHBIX XPOHHUECKOMY BO3JCHCTBHUIO TIOHIKCHHOM CoJie-
HOCTH MOPCKO# BOJIbI, MIMEET PsIT 0COOCHHOCTEH, B YaCTHOCTH, OH OT-
JINYAETCs MOBBIIIEHHBIM COOTHOIIEHUEM N-3/N-6 MOJIMHEHACKHIILIEHHBIX
JKHUPHBIX KUCIIOT. BBISIBICHHBIE 0COOCHHOCTH JTUIMUAHOTO CIIEKTPa Kaop
W TenaronaHKpeaca, BEpOsITHO, 00ECIIEYMBAIOT BBICOKYIO YCTOWYUBOCTD
JUTOPATEHBIX MHUIHH K BO3JCHCTBHUIO XPOHUYESCKOTO OMPECHEHUS MOP-
CKO# BOJIBI.

JlutopansHble BYCTBOpYATHIE MOJITFOCKH, KaK ¥ OOJBITHHCTBO TPH-
OpEeXXHBIX MOPCKMX OPTaHH3MOB, MOJBEPTAIOTCS KOMIUIEKCHOMY BO3/ICH-
CTBHIO a0MOTHYECKUX ¥ OMOTHYECKHX (DAKTOPOB CPEIIbl, B TOM YHCIIE Pe3-
KOW CMEHE TeMITepaTypbl, IepernagaM COIEHOCTH, KPaTKOCPOUYHON aHOK-
CHUH, JIGUCTBHIO 3arps3HSIONIMX BeriecTB. BozzelicTBre (hakTopoB pas-
JIMYHON TIPUPOABI OTPaKaeTcs HE TOJIHKO HA OMOXMMHUYECKHX TMOKazaTe-
75X (aKTUBHOCTH (DEPMEHTOB, YPOBHE OMOIIOTHYECKH aKTHBHBIX COCIH-
HEHHH), TI0 KOJIEOaHUSIM KOTOPBIX MOKHO CYJUTh O COCTOSIHUH OpTraHU3-
Ma, HO U Ha CTPYKType TOMYJISAIHHA B IeJIoM (TIOKa3aTeNsix IUIOTHOCTH,
Oromacchl, pa3MepHO-BO3PACTHOI CTPYKType U IpyTuX). [IBycTBOpUaThie
MOJUTIOCKH, MU Mytilus edulis L., SBASFOTCS TOMUHAPYIOIIAM BHIOM
OOJIBIIIMHCTBA JTUTOPAITEHBIX SKOCHCTEM beroro Mopst M UTparoT BaKHYIO
POJIB B IOJIIEPKAHIH SHEPTETHYECKOTO OaltlaHca MOPCKOM OHNOTHI, SBISISACH
KOPMOBO¥ 023011 /17151 KOHCYMEHTOB BTOPOTO MOPSI/IKa, 3aHIMAIOIINX OTHO-
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CUTEJIBHO BBICOKHE MECTa B IUIIEBBIX 1emsix [Berger et al., 2001; Haymos,
2006]. OtnenbHble yuacTku Kanpanakuickoro 3anusa benoro mopst 3Ha-
YHUTEIILHO OTIIMYAIOTCS MEXKIy COOOW HE TOJBKO Pa3IMYHbIMU THUAPOIIO-
THYECKUMHU XapaKTEPUCTUKAMU, HO U aHTPOTIOTEHHOM Harpy3Kkoii. B akBa-
TOPHH 3aJIMBa MPUCYTCTBYIOT TAKUE UCTOUHUKH 3arPs3HSIONINX BEIICCTB,
Kak OBITOBBIC CTOKM M IPOMBIIUICHHBIE OTXOABl. B HacTosimeit padore
W3y4eH JIMIHUIHbIA COCTaB TUTOPANbHBIX MUK Mytilus edulis L., obuta-
IOIIMX Ha HEKOTOPBIX OMOTOIAX, PACTIONIOKCHHBIX B Pa3IMYHBIX PaliOHaX
Kanpanakiickoro 3amuBa beinoro Mopsi ¥ OTJIMYAIONIMXCS MEXKIY COOOH
THJIPOJIOTHUECKUME XapaKTEPUCTHKAMH, B TOM YHCJIC COJICHOCTHIO MOP-
ckoli Bojibl. OJTHO U3 MCCIIEAYeMbIX HAMH MHJTUEBBIX ITOCEIICHUI HAXOIUT-
cst Ha 0. OyieHbeM, KOTOPBIH pacronaraercsi B BepuinHHoW yactu Kanna-
JIAKIIICKOTO 3aJIMBA U TIOJIBEPraeTCsl YaCTOMY OIPECHEHUIO KaK B pPe3yJIbTa-
TE XO3AHCTBEHHOH JIeTeIPHOCTH YeIOBeKa (M3 OTBOJIAIIETO KaHaia Hus-
ckux ['DC), Tak u myTeM €CTeCTBEHHOro cTtoka p. HuBbl, comepskariero
OBITOBBIC ¥ MIPOMBIIUICHHBIE OTXO/bI. 3/1€Ch MUIMUA OOHUTAIOT B yCIOBH-
SIX TIOHMDKCHHOM COJICHOCTH MOPCKOM BOJIbI, 3HAUEHHS KOTOPOH BapbUPY-
10T 0T 9,7 10 14,0 %o. pyroe uccnegyemoe MUAUEBOE MTOCEICHUE, PACIIO-
JIOKEHHOE Ha JuTopalii Typhero Mpica, HaXOAUTCS Ha 3HAYUTEIIBHOM OT-
nanenuu ot . Kanpanakmm (150 kM) 1 IpYTUX HCTOYHUKOB 3arpsI3HECHUIM.
YyacTok nuropanu [yis oToopa mpod 00paIeH K OTKPHITOMY MOPIO, U JIs
HEro XapakTepHa BBICOKAs CTEIEHb T'MAPOJANHAMUYCCKON aKTHBHOCTH, B
TOM YHCIIe IPUOOHHOCTh U TeueHus. CONICHOCTh MOPCKOM BOJBI HA JIaH-
HOM OMOTOIIE HAXOAWUTCS B Mpeeiax 3HaYCHUH CpeiHel coneHocTH be-
soro mopst u coctasisieT 20,1-22,5 %o. Kak u3BecTHO, CONEHOCTD SIBIISI-
€TCs BAYKHBIM (DAaKTOPOB OKPYKAFOIIEH CPEIIbI TSI MOPCKUX OPTraHU3MOB
U ompenesieT ux Quznonornyeckoe cocrosinue [beprep, 1986; Bussell
et al., 2008]. [TonmkeHHas! CONCHOCTh BO3ACHCTBYET Ha TaKUue (PHU3MOIO-
THYECKUE W OMOXMMUYECKHE MOKa3aTelIn MUJINHN, KaK CepcyHas aKTHB-
HOCTb, CKOPOCTh POCTa, JbIXaHHe, IMMYHHAs 3all[UTa, a TaK)Ke MeTado-
m3M OenkoB, smnunoB u np. [Berger, Kharazova, 1997; Bakhmet et al.,
2005; Berger, 2005; Garnaire et al., 2006; Bussell et al., 2008; Lysenko et
al., 2012; Nemova et al., 2013]. lns u3ydeHHs JIMIIHIHOTO COCTaBa MH-
T, OOMTAMOIIMX HAa HMCCIEAyeMbIX OuoTomax KaHIanakIckoro 3aim-
Ba, OTOMPAIIUCHh KPYITHBIE MOJUTFOCKH MPUMEPHO OIAMHAKOBOIO pa3mepa
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Y BO3pAacCTa, a TaKKe Ha OIMHAKOBOW CTAJWH PETPOAYKTHBHOIO LIMKIIA Ha
MPOTSLKEHUH HecKonbkux JeT (2009-2014 rr.), 3a uckmouenuem 2012 r.,
Koraa Ha jgutopanu o. ONeHbero mpucyTCTBOBaIM Tonbko 0+ u 1+ mu-
Juu. Mcnonb3yemble MEeToIbl OMOXUMHYECKOTO aHAIN3a COCTABA JIUMU/I0B
Y JKUPHBIX KUCJIOT moapoOHo onrcansl panee [Fokina et al., 2013, 2014].

2Kabpsl MmosuttockoB, oduTaromux Ha autopanu o. Onensero (T. €. B
YCIIOBUSIX XPOHHUYECKOTO ONPECHEHHUs), XapaKTepU3yIOTCs TOBBIIIEH-
HBIM YPOBHEM 3allacHBIX JUIHAOB (TPHALMWINIULIEPUHOB U 3(UPOB
XOJIECTEPHHA), HACBIIICHHBIX >KUPHBIX KHUCJIOT (TJIaBHBIM 00pa3oMm,
NanbMUTHHOBOH 16:0 KHCIOTHI) M HEKOTOPBIX N-3 MOJMHEHACHIIEHHBIX
JKUPHBIX KUCHOT (Takux Kak 20:4, 20:5 u 22:5). KaOpsl MOJIIOCKOB,
oOuTaromux Ha TuTopanu Typbero Mpica ¢ OTHOCUTEIBHO CTa0MIbHBIM
COJICHOCTHBIM PEXKHUMOM, HO C BBICOKOH BapuadeIbHOCTHIO THAPOIH-
HAMHYECKHUX XapaKTEPUCTHK (TaKMX KaK BOJHOBAs aKTHBHOCTH U Te-
YEeHHUS), OTIANYAIOTCS TTOBBIILICHHBIM YPOBHEM XOJIECTEPHHA U HEKOTO-
peix n-6 [THXK (18:2, 18:3, 20:4 u 22:4). B renaronankpeace MoJl-
JIIOCKOB OTMEYaJIHCh CX0KHE OCOOCHHOCTH: MOBBILICHHOE COlEPIKaHUE
TPHALMIITIIMLIEPUHOB, 3QHUPOB XoJecTepuHa, Goconunuiaos (rias-
HBIM 00pa3oM 3a cuet ochaTunuicepuna, GocharuanidTaHoOIaMIHA
u GochaTuIUIX0NINHA), a TAKKE HEKOTOPBIX N-3 MOJMHEHACHIICHHBIX
JKUPHBIX KUCTOT (Takux Kak 16:3, 16:4, 18:3, 20:3 u 20:4) y Munuii,
obOuTarommx Ha nutopanu o. Onennbero. Bmecre ¢ Tem B rematonas-
Kpeace y Muaui ¢ nutopanu Typsero Mpica oTMe4aloch npeodaia-
HUE B COCTaBe OOIMIMX JHUIHIOB XOJIECTEPHHA, OJCHHOBON KHUCIOTHI,
HEKOTOPBIX N-6 MOJMHEHACHIIIEHHBIX XKUPHBIX KUCIOT (TJIaBHBIM 00-
pazom, 18:2, 18:3 u 20:4) n HeMeTuIeHpPa31eIECHHBIX KUPHBIX KHCIIOT.
BaxHoii 0cOO0EHHOCTBIO KUPHOKUCIOTHOTO CIEKTpa *kabp U remnaro-
naHKpeaca MU, OOUTAIOIIUX Ha TUTOopanu 0. ONEeHbEro, CIYKUT IM0-
BBIILIEHHOE COOTHOILIEHHE N-3/N-6 MONMHEHACBHIIICHHBIX KUPHBIX KHC-
70T. BeposiTHO, AaHHbIE 0COOEHHOCTH JIMMUIHOTO CIEKTpa xabp u re-
naTrornaHkpeaca 00ecreyuBalOT BEICOKYIO YCTOMYMBOCTD JTUTOPATBHBIX
MUAHNA K BO3IEHCTBUIO XPOHUYECKOTO ompecHeHus. B To ke Bpems
MOBBIIICHHBI YPOBEHb XOJIECTEPHHA 1 N-6 MONMHEHACHIIIEHHBIX JKUP-
HBIX KHCIIOT B )abpax muauii ¢ Typsero mbica sIBIsSE€TCS XapaKTep-
HBIM TPU3HAKOM JUTOPAIBHBIX MOJUTIOCKOB, TOJOOHOE SIBICHUE OBLIO
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OMHCaHO B HALIMX HCCIIEJOBAHUSAX MO M3YUYCHUIO BIUSHUS Pa3IMyHON
COJICHOCTH Ha OEIOMOPCKHUX MUJHUH B yCIOBHUSIX MOAEIBHOTO dKCIIEPH-
MEHTA U CIYKUT NIPUMEPOM OMOXMMHUYECKOH alanTamnuu, ooecrneynBa-
IOLIeH YCTOWYMBOCTh U BEDKMBAHUE JTUTOPATIBHBIX MHIUN B YCIOBHUIX
4acTO M3MEHSIOLIMXCS YCIOBUH OKpyskatomiei cpeasl [Nemova et al.,
2013]. IloBslIeHHBIE PE3EPBHI 3AMACHBIX JUMIUAOB U N-3 MTOJIMHEHACHI-
HICHHBIX JKUPHBIX KHCIOT B )abpax U renaromaHKpeace MOJIIIOCKOB,
oOuTarommx Ha auTopain o. OneHbero, BEPOSTHO, CBUACTEIbCTBYIOT
0 BBICOKHX JHEPreTHUECKHX 3aTparax, HalpaBJIeHHBIX Ha aJalTaluio
Y BBDKMBAHHE MOJUIIOCKOB B YCJIOBHUSIX MOHMKEHHOH COJNEHOCTH MOP-
ckoii Bozbl. bosee Toro, moBBIIEHHOE CONEp)KAaHUE Yy TAaHHBIX MUAMN
dochonunuaos, B yactTHOCTH (ocdaruauicepuna, pocharnauadTa-
HOJaMHMHA M (POocHaTUAMIXOINHA, MO-BUANMOMY, 00ECIeUYUBAET He-
00XOAMMYIO MPOHUIAEMOCTh OMOJOTHYECKUX MeMOpaH AJsi HOHOB H
(GYHKIMOHMpPOBaHWE MEMOpPAaHHO-CBSI3aHHBIX (DEPMEHTOB, Y4acCTBYIO-
HIMX B PETryJSUHN KJIETOYHOTO 00beMa B OTBET Ha JICHCTBHE MOHMKEH-
HOW COJICHOCTH MOPCKO#1 BoAbl. [I0BBIICHHBIH YPOBEHb JaHHBIX (oC-
¢donunuaoB Takke ObLT OTMEUEH HaMHU paHee Y aKKIMMHPOBAHHBIX K
MOHMKEHHOM COJICHOCTH MUAMU B 1a0OpaTOpHBIX ycloBHUsIX [Nemova
etal., 2013].

TakuM 00pa3oM, XpPOHHUECKOE BO3ACHCTBHE MOHMKEHHOW COJICHO-
CTH Ha MUAWH, oOuTarommx Ha nutopaiu o. OneHbero, cnocoOCTBY-
€T Pa3BUTHIO KOMIICHCATOPHBIX MOAM(UKAIMN Ha YpPOBHE COCTaBa JH-
MHUJI0B ¥ )KUPHBIX KHUCIIOT jKa0p W renaronaHKpeaca, HalpaBiIeHHBIX Ha
aJanTalurio ¥ BBDKMBAHHE MOJUTIOCKOB B YCJIOBHSIX JJMTEIBHOTO CTPEC-
COBOTO Bo3zeicTBHsA. HecMOTpst Ha MeKrofoBbie (MIyKTyalluu B COAEP-
JKaHWU N-3 U N-6 MOJMHEHACHIIICHHBIX KUPHBIX KHUCIOT B jkKadpax H
rernarornaHkpeace MUIHi, OOUTAIOIIMX Ha pa3NuuHbIX Onotonax Kanna-
JIAKIICKOTO 3anuBa benoro Mops, ObUI0 MOKa3aHO, YTO MOJITIOCKH, 00U-
TaIOIME B YCIOBUAX XPOHUYECKOTO OMPECHEHUS] MOPCKOW BOABI, OTIIH-
YalOTCSl TIOBBILICHHBIM COOTHOLICHHEM N-3/N-6 TOJMHEHACHIIIEHHBIX
JKUPHBIX KHCIOT KakK B jkabpax, Tak W remartonankpeace. [lockonbky y
JBYCTBOPYATBIX MOJITIOCKOB BKJIIOYEHHE U BBIBEJCHHUE 3CCEHINANIBHBIX
n-3 ¥ N-6 NONMHEHACHIIICHHBIX )KUPHBIX KUCIIOT U3 cocTaBa (ocdonu-
nuoB MeMOpan ctporo perynupyetcs [Delaunay et al., 1993; Soudant
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et al., 1998; Parent et al., 2008; Pernet et al., 2008], mOBBIIIICHHOE COOT-
HOIIIEHUE N-3/N-6 y MUIUH, OOUTAIONIMX B YCIOBUSAX MOHMKCHHOHN CO-
JICHOCTU MOPCKOH BOJIbI, MOXET OBITh OOYCJIOBJICHO KaK HAKOIUICHUEM
n-3 MOJIMEHOBBIX KHUCIIOT, HEOOXOAMUMBIX JIJIsl MOJMY4YeHHsI MeTabomude-
CKOW 3HEPTUU U PEryJsAIUU MPOHUIIAEMOCTH KIETOYHBIX MEMOpPaH, TaKk
U PacXOJl0OBaHMEM N-6 TOJHMEHOBBIX KUCJIOT (TJIaBHBIM 00pa3oM, apa-
XU0HOBOHM 20:4n-6 KHUCIOTHI) HA CHHTE3 (DU3MOJOTUYCCKH aKTUBHBIX
MOJICKYT — SWKO3aHOWJOB (B TOM YHCJE MPOCTArJIaHIUHOB), KOTO-
pble, KaK U3BECTHO, YYAaCTBYIOT B aJalTallMd IBYCTBOPYATHIX MOJUIIO-
CKOB K IOHMKEHHOW COJICHOCTH MOpPCKoit Bojib! [Freas, Grollman, 1980;
Stanley-Samuelson, 1987; Di Marzo et al., 1991].

Pesynemamor oannozo uccneoosanus nonyuens ¢ ucnonvsosaruem LIKII na-
yunsim obopyoosanuem UB KapHIL] PAH.

QuHnarncosoe obecneuerue UCCIE008AHUL OCYUWECMBIALOCH U3 cpedcme ¢he-
0epanvbHo20 6100X)Ccema Ha BbINONHEHUe 20Cy0apcmeenHozo 3aoanus Ne 0221-
2014-0003 u npoepammer Ilpesuouyma PAH Ne 21 «Buopasznoobpasue npupoo-
Huix cucmem. buonocuueckue pecypcol Poccuu: oyenxa cocmosinus u ¢hynoa-
MeHmAIbHble 0CHOBbL MOHUMOpuH2ay, npoexm Ne 0221-2015-0003.
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MODIFICATIONS OF BLUE MUSSELS MYTILUS EDULIS L.
LIPID COMPOSITION UNDER LOW SALINITY CHRONIC EFFECT

N. N. Fokina', T. R. Ruokolainen', G. A. Shkyarevich?, N. N. Nemova'

! Institute of Biology KarRC of RAS
2 Petrozavodsk State University

The study of lipid and fatty acid composition of intertidal blue mussel Mytilus
edulis L., inhabiting some biotopes in Kandalaksha Bay of the White Sea with
various hydrological regime, showed the gill and digestive gland lipid com-
position of the mussels exposed to low salinity chronic influence, has several
features including an increased n-3/n-6 polyunsaturated fatty acids ratio. These
distinctive features of the gill and digestive glands lipid composition probably
provide a high resistance of intertidal mussels to the chronic low salinity effect.

K BOITPOCY O COBPEMEHHOM COCTOSIHUY NOMYJISAIUIA
HNHBA3UBHbBIX BUIOB AM®UIIO/ B IIYYBEM 3AJIUBE
JAJOKCKOI'O O3EPA

M. C. Tpudonona, E. A. Kypamosr, M. A. bap6amosa

HUncmumym ozeposedenus PAH

B Illyusem 3anuBe JIagokKCKOTO 03€pa COBMECTHO OOMTAIOT J[BA MHBA-
3UBHBIX BHJa amdunoy OalkaabcKoro mnpoucxoxacHus Gmelinoides
fasciatus Stebbing 1899 u Micruropus possolskii Sowinsky 1915. I'me-
JUHOUEC IOMUHUPYET B COCTaBe aM(HIION KaK MO YUCICHHOCTHU, TaK
u no 6uomacce. Uucnennocts G. fasciatus cocTaBisieT B cpeaHeM 969
9K3./M?, buomacca — 4,74 /™%, a M. possolskii — 153 sx3./mM*u 0,77 v/m>
cootBeTcTBeHHO. C OKTs0pst 2013 1. HAbIOAANOCh YCTOWYNBOE COOTHO-
IICHUE YUCIICHHOCTH U OMOMAacChl HHBa3UBHBIX BUJIOB aM(DHUIIO].

BBenenne. [aBHOI cocTaBisOLIEH Mpoliecca COBPEMEHHOM 3BO-
JIIOIUM DKOCUCTEM HAa3bIBAIOT TIEpECcelIeHHe BHUJOB M3 OJHOTO PETHO-
Ha B Japyroil. PesympratoM B3amMoOJeHCTBHsSI aOOpPUTEHHBIX BHJIOB H
BUJIOB-BCEJICHIICB SIBIIIETCS 3HAYNUTENbHAS TPAaHCPOPMAIINS YKOCHCTEM-
peuunuenToB [buonornyeckue nupazuu. .., 2004].
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Awmduriona Oadikanbckoro npoucxokaenus Gmelinoides  fasciatus
Stebbing 1899 nocne nponukHoBeHus1 B Jlagokckoe o3epo B 1980-¢ 1T
[Panov, 1996] konoHu3MpoBaia BClo €ro JIMTOpajibHyo 30HY [Panov et al.,
1999], crana JOMHHUPYIOIIMM KOMIIOHEHTOM OEHTOCA BO BCEX THUIIAX JIU-
TopasbHbIX OnotonoB [Kypamo u ap., 2006] 1 npuBena K 3HAYUTEITBHOM
TparchopMamu 3KocucTeMbl nutopanu [Kypamos u ap., 2012]. B Hly-
uybeM 3anmBe G. fasciatus nosisuics B 1989 r. B 3apocisix makpogutos [I1a-
HOB, 1994], a B 1992 1. on HalOrOaNCs y AaMObI [CrniermyxuHa u 1p., 1993].

B 2012 r. B Ulyusem 3anmuBe Jlagokckoro o3epa Oblia OOHapy»KeHa Ha-
TypaJIM30BaBILAsICS TOMYIISIINS HOBOTO 17151 JIagoxcekoro o3epa Buaa amQu-
1oJT 0alKaJILCKOTO TPOUCXOXKIeHUST Micruropus possolskii Sowinsky 1915
[bap6ariora u ap., 2013]. [1y1st O1leHKH BO3MOXXHOCTH JIAJTbHEHIIIETO pacce-
JICHHs ¥ TIOCJICICTBUI BCEJICHMSI HOBOTO BU/IA TIPEICTABISIET HHTEPEC H3Y-
YEHHE €ro SKOJIOTUYECKUX U OMOJOTMYECKUX XapaKTEPUCTHK B YCIOBHSIX
COBMECTHOTO OOMTaHUsI C paHee HaTypainn3oBaBIIMMCs BUIIOM G. fasciatus.

MarepuaJsbl u Metonabl. B [I{yusem 3anuBe Jlagoxckoro o3epa npoBo-
JJIMCH CE30HHBIC HAOMIONECHHS 32 TMOMYIISIUSIMU HHBA3UBHBIX aM(UIION C
Mast 2013 o urons 2014 1. ¢ neprogMyHOCTBIO 1-3 pa3a B MecsIl Ha YeThI-
PEX MOCTOSIHHBIX CTaHIWSIX. Takske mpoObl ObLIN 0TOOpaHkI B OKTsIOpe 2014
u B utone 2015 r. B nanHoi pabote mpeiCTaBieHbl JaHHbIC, TOTyYeHHbIC
Ha CTaHIMHU 1, pactoNoKeHHOW BOJM3M HACBITHOW KaMEHHOW JaMOBbl, OT-
JETISIONICH IOPKHYIO YacTh 3aJiMBa OT OCHOBHOM akBatopuu. KoopauHaTsl
cranimu 61°04'91 N, 30°05'51 E. [pyHT Ha cTaHImu ObUT NPE/ICTABIICH
3aUJICHHBIM TIECKOM C PacTHTEIbHBIMU ocTarkamu. [TyOuna otbopa mpoo
u3MeHsiach ot 2 M 10 0,7 M, B CBSI3U € KOJIEOaHUSMH YPOBHS BOZIBI B 03€pe.

[TpoOsr Makpo3oobenToca Ha cranuuu 1 B [llyusem 3amuse Jlamgox-
CKOro 03epa orOupanu auouepnarenem [lerepcena. [lpu kaxxaom ot6o-
pe Aenanu no aBe BeieMKU. OToOpaHHbIe TPOOBI MPOMBIBAIN Yepe3 Ka-
MPOHOBBIH ra3 ¢ quamerpoM siuen 0,125 mm u pukcuposanu 4% dopma-
nuHOM. B maGopatopuu mpoOsl MakpoOeHToca pa3oupaiiu, BEIOpaHHbIE
OpraHu3MbI COPTUPOBAJIH MO TPYTINAM, TIOJCUYNTHIBAIIN 1 B3BELIMBAJIH HA
TOPCHOHHBIX BEcax Mociie 00CyIMBaHus Ha QUIBTPOBAILHON Oymare.

Pe3yabrarsl n oocyxnenune. Ha craniyu 1 B Illyusem 3anuse Jlagox-
CKOTO 03epa ObuTo0 00HapykeHo 12 rpynm Makpo3oodeHToca: Oligochaeta,
Chironomidae, Amphipoda, Mollusca Bivalvia, Mollusca Gastropoda,
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Hirudinea, Trichoptera, Isopoda, Hydracarina, npouane Diptera, Mermithidae,
Lepidoptera. TIOCTOSHHBIME TIPEJCTABUTENISIMU JIOHHBIX OECITO3BOHOYHBIX
SIBITSUTUCH OJITOXETHI, XUPOHOMU/IBI U ampumoasl. CpeHne MmoKa3arTeny,
MaKCUMaJIbHBIC ¥ MUHUMAJIbHBIC 3HAYCHHST YMCIICHHOCTH U OMOMAcChl OeH-
TOCA M €10 OT/ICTBHBIX TPYIII, & TAKXKE YaCTOTa UX BCTPEYAEMOCTH B MPobax
TPE/ICTaBIICHBI B TA0JI.

Cpennue moka3zarejiu, MAKCMMaJIbHbIe | MUHUMAJIbHbIE 3HAYEHHS YHCTIEHHO-
ctu (N) 1 6uomaccs! (B) 6eHTOCA M €ro OTHeJILHBIX IPYII H YACTOTA UX BCTPe-
yaemocTH B podax (F) Ha cranmun 1 B Illyusem 3aauBe Jlagoxckoro ozepa

N, oK3./m? B, r/m?

V)
x+SE Max | Min x+SE Max | Min F, %
Oligochaeta 1640+ 246 | 6480 | 440 | 1,8+0,19 | 3,88 [0,30| 100
Chironomidae 6723 £827 [ 15880 |1060| 19,86 +2,1 |43,20(3,50| 100
Amphipoda: 1122 £ 154 | 2680 | 120 | 5,51 +1,38 | 29,5 [0,35| 100
G. fasciatus 969 + 153 | 2520 | 40 474+1,3 [27,23(0,06| 100
M. possolskii 153 £31 580 20 | 0,77+0,13 | 2,27 [0,04| 100

Mollusca Bivalvia 138 £ 18 360 20 | 1,99+0,54 | 7,88 |0,01]95,8
Mollusca Gastropoda| 26+ 3 60 13 | 0,59+0,21 | 3,78 [0,02| 62,5

Mermithidae 48 £ 6 120 12 | 0,07+0,02 | 0,26 [0,01| 83,3
Hirudinea 28+2 40 20 0,4+0,11 | 1,62 |0,02]33,3
Trichoptera 25+3 60 20 | 0,32+0,07 | 0,80 [ 0,01 33,3
[Ipoune Diptera 34+6 120 20 | 0,07+0,01 | 0,16 |0,01]62,5
Isopoda 24 +4 40 13 | 0,16+0,03 | 0,32 [0,06] 12,5
Hydracarina 20 20 20 0,04 0,04 10,04| 4,2
Lepidoptera 40 40 40 0,16 0,16 [0,16| 4,2
benroc 9717 £983 |22 620 2320 29,84 £2,25|51,84 | 7,62

B cocTtaBe Makpo30006eHTOCa TOMHUHUPOBAIH XUPOHOMHUIBL. B cpen-
HEM OHHU COCTaBIILIN 65,6 % dmciIieHHOCTH B 66 % OMoMacchl JOHHBIX
0ecmo3BOHOYHBIX. Ha oo onuroxeT B cpemHeM mnpuxoauiaoch 17,7 %
quciIeHHOCTH U 6,7 % Omomaccel, ampumon — 14,1 % gucieHHOCTH U
16,9 % Onomaccel. B 3umMHIE 1 BECEHHIE TIEPUOBI 10151 aM(HIION B CO-
oOmiecTBe OeHTOCA yBennIMBasIachk u qocturana 43,9 % uucieHHoCcTr 1
82,1 % Onomaccel. Jomst MOJUTIOCKOB B CpeTHEM ObliTa HEBEINKA, HO TIe-
pPUOAMYECKN OHM BHOCWIIM 3HAYMTEIHHBIN BKJIaM B Onomaccy OeHroca:
nByctBopuatsie 110 40,3 %, Oproxonorue 10 22,6 %. Ha puc. 1 mpencras-
JIeHa TUHAMHKA YHCIEHHOCTH ¥ OMOMACCHI IOHHBIX O€CTIO3BOHOYHBIX.
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Puc. 1. luHAMHUKA YNCJIEHHOCTH H OMOMacchl 0eHTOCa HAa cTaHIuU 1
B lllyusem 3aiuBe Jlajosxkckoro o3epa
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COOTHOIICHUS YUCICHHOCTH U OMOMAacChl JIBYX COBMECTHO OOUTa-
IOIUX B 3QJIMBE BUIOB MHBAa3UBHBIX aM(UITO] OaiKaIbCKOIO TPOUCXO-
JKICHUS TpecTaBieHbl Ha puc. 2. Ha nonto G. fasciatus npuxoaunoch
26,3-98,8 % uucnennoctu u 3,4-99,4 % 6uomaccel ampurnon. Ero yuc-
JICHHOCTh B CpelHeM cocTaBisia 969 + 153 sk3./mM*> u konedanach oT
40 mo 2520 sk3./m?, a buomacca Obuta B cpenuem 4,74 + 1,3 v/m? u us-
mensutack ot 0,06 10 27,23 r/m?. Cpennss unucieHnoctb M. possolskii
onuta 153 + 31 5k3./m2, munumansHas — 20 5K3./M?, MakCUMajbHas —
580 7k3./M?%, a Gnomacca konebanace ot 0,04 10 2,27 r/M? ipu cpeaHeit
0,77 £ 0,13 r/m>.
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B Gmelinoides fasciatus @ Micruropus possolsidi

Puc. 2. CooTHOLIEHNE YHCICHHOCTH U 0MoMacchl HHBA3UBHBIX BH/I0B aM-
¢unon Ha cranunu 1 B lllyusem 3anuse Jlago:xkckoro ozepa
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M. possolskii B ycaoBHsIX OOMUTaHUSI pacCMaTpUBAEMON CTaHIIMH
HE JocTuran OONbUIMX 3HAYCHHH YUCICHHOCTH U Onomacchl. JleTom
2013 1. oH BHOCHJI 3HAUUTEIIBHBIN BKJIA] B cocTaB amdumon (10 73,7 %
yuclieHHOCTH aMpunon u ao 96,6 % Ouomaccel). CooTHOUIEHHE
Mexay Bugamu M. possolskii u G. fasciatus ObLII0 HENTOCTOSTHHBIM. B
JajbHeHIeM J01s MOo3JHEee BCEIUBIIETOCS BU/Ia CHU3HMIIACH U C OKTSI-
Opsa 2013 r. e mpesbimana 33 % uucnennoctu u 37,2 % Ouomac-
cel. Ha cranumu 1 B Llyusem 3anuBe Jlamoxkckoro ozepa HaOmoma-
JIOCh YCTOMYHMBOE COOTHOIIGHNE YHCICHHOCTH U OMoMacchl MHBA3HB-
HBIX BUJ0B aM(UIIO.
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ON THE ISSUE OF THE CURRENT STATE OF THE INVASIVE
AMPHIPOD SPECIES POPYLATIONS IN THE SHCHUCHIY BAY
OF LAKE LADOGA

M. S. Trifonova, E. A. Kurashov, M. A. Barbashova
Institute of Limnology RAS
There are two invasive Baikalian origin amphipod species (Gmelinoides fas-
ciatus Stebbing, 1899 and Micruropus possolskii Sowinsky, 1915) inhabiting the
Shchuchiy Bay of Lake Ladoga. G. fasciatus prevail in amphipod’s quantity and
biomass. The quantity of G. fasciatus is 969 sp./m? on average, the biomass is 4,74

g/m?, and M. possolskii is 153 sp./m? and 0,77 g/m?. The proportion of invasive
amphipod’s quantity and biomass has remained stable since October 2013.

POJIb BAUKAJILCKON AM®UIIONAbI GMELINOIDES FASCIATUS
B COOBHIECTBE MAKPO30OBEHTOCA
JUTOPAJIBHOM 30HbI OHEKCKOI'O O3EPA

A. H. Cupnoposa
Hucmumym éoonwix npoonem Cesepa KapHL] PAH

MOHHUTOPUHTOBBIE HUCCIEOBAHHS TPEX TUIOB JHTOpaid OHEXKCKOTo
o3epa (KaMEHUCTOM, TPaBUIHHO-TIECIaHOW M 3apOCIICBON) ITOKA3aIH, YTO
MaKCHMaJIbHbIC 3HAYCHHSI OMOMACCHI OTMEUEHBI HA KAMEHHUCTOH JTUTOpa-
mu (3,4-6,6 T/M?), MUHIMaITBHBIE — Ha Ttecuanoii (0,1-0,2 r/m?). B ctpyk-
Type coOOIIeCTB BO BCEX THUIIAX JMUTOPAIBHBIX MECTOOOUTAHHN HrpaeT
CYIIIECTBCHHYIO POJIh MHBA3UOHHBIN BUA Gmelinoides fasciatus. Ha ka-
MEHHCTOM THUIIC OMOTOIA BUI-BCEJICHEI JOMHHUPYET KaK 110 YUCICHHO-
CTH, TaK M 110 Omomacce.

Hauunas ¢ cepennnbl XX B. BO MHOTHX paifoHax 3eMHOTO0 I1apa npo-
M30IIUIM TePEMEHBI, CBS3aHHBIE C MPOHUKHOBEHHEM B €CTECTBEHHBIC M
MCKYCCTBEHHBIE 9KOCHCTEMbI HECBOWCTBEHHBIX UM, YY)KEPOIHBIX BH/IOB
JKUBBIX OPTaHU3MOB M3 Ipyrux peruoHoB [Strayer, 2010; Keller et al.,
2011]. ComtacHo KoHBEHIIMHU IO OMOJIOTMYECKOMY pa3HO00pa3utio, O1o-
JIOTHYECKHE MHBA3WU TI0 MPaBy CYMTAIOTCSI BTOPOM MO 3HAYCHUIO YTPO-
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301 OMOpa3HOOOpa3uto, Mocie pa3pylieHus mect oouranus [Schlaepfer
et al., 2010]. Takum 0Opazom, U3-3a BIUSHUS WHBa3HOHHBIX TYXKEPOI-
HBIX BUJOB CYLIECTBYET HEOOXOIMMOCTh HCCIIEIOBATH POJIb BCEIICHIICB
B U3MECHEHHH CTPYKTYPBI COOOIIECTB TOHHBIX OPIraHU3MOB BOJHBIX JKO-
cucreM. OcoOblli MHTEpEC NPUOOpETaeT M3y4YeHHE JHTOPAIBHBIX CO-
o0mectB OHEKCKOTO 03€pa, UCTBITHIBAIOIINX BIMSHUE WHBA3HOHHOTO
BuJa Oalikanbckoit ampunonsl Gmelinoides fasciatus (Stebbing 1899).
Marepuasbl U Metoabl. lccienoBaHus Makpo3oo0eHTOca TMpo-
BOAWINCH B MpuOoiHON smTtopanu I[lyxTuHCKOM OyXThl Ha JABYX TH-
nax OmoToma: KameHHCToM (ctaHuust 1) W rpaBuiHO-TIeCYaHOM (CTaH-
g 2). B Ilunbryde mpoObl orOupanuck B MpHOOHHOW NecyaHoW 3a-
pactarouiet uropanu (crtanuus 3) (puc. 1). Ha Bcex MOHUTOPHHTOBBIX
CTaHIMSX OBLIM BBIIOJHEHBI CE30HHBIE CHEMKH C Masi IO OKTAOPH C Iie-
puoguyHocThiO 1 pa3 B 14 aneit B 2014 r, npu cpeaneii rmyoune 0,4 M.

A ’

MEﬂBE)Kb.EFOPCK

Puc. 1. Kapra-
cXemMa pacrnoJo-

2 - o
- N = JKeHHsI CTAHIUI
KunomeTpbl S
orbopa npood
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Ot60p mpoO MPOM3BOAWIM MOAUGPHIMPOBAHHBIM TPOOOOTOOPHUKOM
ITanosa-IlaBnoBa, mromansko 3axsara 707 cm? u Beicotoit 0,45 M [Mero-
JIMYECKUE peKOMeHanuu. .., 1984; [1anos, [1amos, 1986]. Bcero coopa-
HO ¥ MPOaHAIM3UPOBaHO 33 MpoOkl (Ha kKamMeHucToM ouotorie — 11 mpoo;
Ha TpaBuiiHO-nIecyaHoM O6uotone — 11 mpo0 1 Ha mecyaHoii 3apacTaronen
mutopayi — 11 mpo0).

Pesynbrarel. [lpuboiinas uesapacmarmowas KameHucmas JIumo-
panv I[lyxmunckoii 6yxmuor Onescckoeo ozepa (cmanyus 1). Pesynbra-
ThI IOKA3aJIM, YTO HA MOHUTOPUHIOBOM cTaHuuu B 2014 r. cpeansis uuc-
JIGHHOCTh MaKp03000eHTOCa JocTHrana 2,5 ThIC. 3K3./M?, IPU CpeaHeit
ouomacce 3,4 r/m? (tabn. 1). [loaydeHHbIe HAMU pPE3yIbTaThl COINIACY-
totes ¢ pesyasraramu 1. JI. Cnemyxunoit [1975], aBTop yka3bIBaeT, 4To
HaMBBICIINHA YPOBEHb pa3BUTUSI OeHTOca 0e3 Makpo(duTOB Halmonanu
Ha BaJyHax M KPYMHBIX KaMHAX JuTopanu OHexcKoro o3zepa. B nannom
OHMOTOINE OTMEYAIOTCS TTOJIOKHUTENbHBIE CTOPOHBI TPUOOHHOCTH: MOBBI-
HIEHHAsI a’palys, ITOCTOSIHHAS CMEHA BOJbI, paCTUTEIbHAS IIUIA B BUJEC
BOJIOpOCIIEH oOpacTaHuii, B TO e BPEMS 3/1€Ch HE MPOSBIACTCS OTPH-
HaresibHas CTOPOHA TMHAMUKU BOIHBIX MacC, & UMEHHO, TTOIBHKHOCTb
OTIOpHOTO cyOcTpara.

Taoauuna 1. TakcoHoMuYeckasi CTPYKTYpa M KOJIH4YeCTBEHHbIE XapaKTepH-
CTHKH €0001IecTB MAaKp03000eHToca HAa MpuOoiiHOl He3apacTalouleii ka-
MeHucToii imTopaau Ilyxrunckoii 6yxTbl OHexckoro o3epa B 2014 1.

YucneHHOCTh Bbuomacca
Takcon f, %
TBIC. DK3./M? m % r/m? m %

Amphipoda 1,328 0,322 | 52,10 | 3,040 | 0,628 | 89,50 | 100
Oligochaeta 0,095 0,038 | 3,74 | 0,004 | 0,002 | 0,17 82
Chironomidae 0,120 0,044 | 4,70 | 0,058 | 0,041 | 1,76 82
Diptera, nmpoune 0,003 0,002 | 0,10 | <0,01 | <0,01 | 0,01 18
Ephemeroptera 0,170 0,097 | 6,66 | 0,090 | 0,039 | 2,64 82
Trichoptera 0,050 0,029 | 1,97 | 0,088 | 0,074 | 2,60 64
Hirudinea 0,001 0,001 | 0,05 | <0,01 | <0,01 | 0,01 9
Plecoptera 0,005 0,002 | 0,20 | 0,010 | 0,009 | 0,28 36
Hydrozoa 0,777 0,616 | 30,49 | 0,107 | 0,090 | 3,15 64
Bcero 2,549 1,151 | 100,0 | 3,397 | 0,883 | 100,0

Tpumeuanue. 3nech n B TabI. 2-3: m — craHAapTHAs oMMOKa; f — yacToTa BCTpe4aeMOCTH.
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BaxxHo oTMETHTB, UTO AJSl yCIOBUI NMpHOOWHON He3zapacTarouei
KaMEHHCTOM JINTOpAIu JOMUHUPYIOUICH TPYIION B TEUCHUE IEPUO-
Jla HaOMoAeHWH Kak 1o uuciaeHHoctu (52,1 % or oOimel YuciIeHHO-
CTH), TaK U 1o buomacce (89,5 % ot obeli OuoMaccsl) ABIsIIACH TPYTI-
na amQumona, npeacTaBiIcHHas OJHUM BUIOM-BceneHeM Gmelinoides
fasciatus (Stebbing 1899). AnanmornyHas CUTyalus OTMEUYaeTCs Ha JIn-
topanu B [lckoBcko-UynckoMm o3epe, Kyda BUi ObUT HHTPOIYIHPOBAH
JUTSL TIOBBILIICHUS TPOAYKTHBHOCTH BOJI0OEMa, HA TPABUWHOM THIIE OHO-
TOMa CPemHsAs YHUCICHHOCTh G. fasciatus mocturana 3,1 Thic. 9K3./M* U
43-78 % ot oOmieli uncneHHOCTH Makpo3oobeHToca B 2002—2006 rr.
[Kanryp u ap., 2012].

Kak nokasanu Haiy HaONEOJICHHS, B TEYEHUE BETETAI[IOHHOTO CE30-
Ha 2014 1. TuHAMUKA YHUCICHHOCTH OCHOBHBIX TPYIIN TOHHBIX OpTaHU3-
MOB Ha KAMEHHUCTOM JINTOPAJIA UMEET JIBa ITUKA: B KOHIIE UFOHS U B KOH-
e UIONS — Havase ceHTaops (puc. 2, A).

A B
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Ochironomidae
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e ’
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¢ 30
4 300
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UncanenHoets
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=}
£

UnesieHHO CTh ThIC. 9K3./ME
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Puc. 2. UncieHHOCTH (A — ThIC. 3K3./M%*; B — %) 0CHOBHBIX rpyII MaKpo-
3000eHTOCa Ha MPUOOIiHOIT He3apacTalomeil kaMeHucToii muTopanu Ilyx-
THHCKOI 0yxThl OHexckoro o3epa B 2014 1.

HauGonbmie nokasarenad yuciieHHocty gocturany 10,1 Teic. 9K3./M?
B KOHIIC HMIOJIsI, IPU ATOM OCHOBHOM BKJI1aJ BHOcWiM Hydrozoa — 6,8 Thic.
9K3./M%. B 310 Bpems nmons amdumnon ObUia HAaMMEHBIIECH B TEYCHHE Ce-
30Ha (20 % ot obmieii ynciaenHocTn) (puc. 2, b). MuHuManbsHbIe 3Haue-
HUS YMCIICHHOCTH MaKp03000eHTOCa 3a()UKCUPOBAHBI B CEPEIUHE OIS —
0,2 ThIC. DK3./M2.

Jlunamuka OMOMacChl Ha JAHHOW CTAHIIMH, KaK U3MEHEHUE YNCIICHHO-
CTH, UMEET JIBa ITHKa (KOHEIl MIOHS U aBTyCT — HayaJlo ceHTs10ps). Tak, Hau-
OoJIbIIIMEe 3HAYCHUU OMOMACChl OTMEUCHBI B ITOCIIC/IHIO JCKaly aBrycra,
HaWMEHBIINE — B cepeaute uions, 6,4 t/m> u 0,2 T/M?, COOTBETCTBEHHO.
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B BererarmonHsIi Iepro (C CEpeIUHBI Masi JI0 TIEPBOM ACKa bl OKTSIOPS)
1o OHoMacce JJOCTOBEPHO JoMHHUpoBaia ampunona G. fasciatus, NOCTu-
rast 38—100 % ot oO1ieli OnoMacchl JOHHBIX THAPOOUOHTOB.

Ipuboiinaa nesapacmarowas epasutino-necuanas aumopans IIyx-
munckot 6yxmol OHedcckoeo o3epa (cmanyusi 2). COTIacHO TOMy-
YCHHBIM HaMH JIaHHBIM, HA MOHUTOPHHIOBOHM CTAHIIMM HA OTKPBITOM
rPaBUMHO-TIECYAHON JTUTOPAIU KOJIUYCCTBCHHBIC XapaKTCPUCTHKU Ma-
Kp03000eHTOCa ObLTN CaMbIMU HU3KUMHU CPEIH M3y4aeMbIX THUIIOB OHO-
ToroB. Tak, B TeUEHUE TEpUOJa UCCIICAOBAHUS CPEIHSISI YHCICHHOCTh
JIOHHBIX opraHu3MoB coctaBmia 0,085 Teic. 3K3./M?, Tipu cpeaHeit 6Ho-
macce 0,081 r/m? (Tabu. 2). CoracHo JIUTEpaTypHBIM JTAHHBIM, JUIS Tie-
ckoB siuTopanu OHexckoro o3epa b. M. Anekcanapos [1962] yka3siBaeT
cpennue 6uomaccer 6entoca 0,05-0,3 /m?, T. JI. Crnenyxuna [1975] —
0,3 r/m?.

Tabauna 2. TakcoHoMHYecKasi CTPYKTYPa M KOJHYeCTBEeHHbIE XapaKTepH-
CTHKH €O00IEeCTB MaKP03000eHTOCAa HA MPHOOITHON MecyaHO# JUTOpaIN
IMyxTuHckoii 6yxThl OHexekoro o3epa B 2014 1.

UucneHHOCTh buomacca
Takcon f, %
TBIC. DK3./M? m % r/m? m %
Amphipoda 0,057 0,040 | 67 | 0,063 | 0,043 | 78 45
Oligochaeta 0,008 0,004 9 0,001 | <0,01 1 36
Chironomidae 0,006 0,003 8 0,001 | <0,01 1 36
Hydrozoa 0,010 0,009 | 12 | 0,001 | 0,001 1 18
Diptera, npoune 0,003 0,003 3 <0,01 | <0,01 0 9
Coleoptera 0,001 0,001 2 0,015 | 0,015 | 19 9
Bcero 0,085 0,059 | 100 | 0,081 | 0,060 | 100

Kak nokasanu HaOnrogenus B 2014 1., Ha OTKPBITOHN NIECUAHOM JTUTO-
paJii B TeUeHHE BETeTAI[IOHHOTO Ce30Ha JUHAMUKA YUCIACHHOCTH U OHO-
MacChl OCHOBHBIX TI'PYII MaKpo3000EHTOCA MPEJCTaBIsieT co00i pe3-
KO€ YBEJIMUEHHUE YNCIIEHHOCTH B KOHIIE MIOJISI, BTOPOM MUK YHUCICHHOCTH
OBLT 3aperuCcTPUPOBAH B Havase ceHTI0ps (puc. 3).

B Mae Ha JaHHOM OTKPBITOM I€CYaHOM OHMOTOIE HE ObLIO OOHApY-
JKEHO HH OJTHOTO opranu3Ma B mpobe. ITo TuTepaTypHbIM JaHHBIM, 300~
OeHTOC MPUOOMHON JTUTOPATU C TIECKOM SIBJISICTCS OSIIHBIM B YCIIOBHUSX
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[ckoBcko-Uyackoro o3epa [Kanryp u np., 2012]. CormacHo HaOmrone-
Husm T. JI. Crienyxunoti [1975], oTpunarenbHbIM (HaKkTOPOM sl Tec-
YaHOTO OMOTOIA SIBJISETCS AMHAMUKA BOJAHBIX Macc, 00yCIOBIMBAIOIIAs
MOJBM)KHOCTh MIECKOB, 3/I€Ch YacTO OTCYTCTBYIOT OpPraHU3MBbI C HEXKHBbI-
MU MOKPOBaMH TeJla, UyBCTBUTEIbHbIE K MEXAHUYECKOMY BO3/IEHCTBHIO
BOJIH (OJTUTOXETHI).
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Puc. 3. Uuciaennocts (A — ThIC. 3K3./M?*; B — %) OCHOBHBIX Ipymnn Ma-
Kpo03000eHTOCAa HA NpuUOOiiHOoi necyaHoii suTtopanu IlyxTunckoil 0yxXThI
Omne:xckoro o3epa B 2014 .

B 2014 r. no 6uomacce nHBazuoHHbId BUA G. fasciatus urpain cyiue-
CTBEHHYIO POJIb TOJIBKO B OTACIIbHbIC AaThl (B KOHIIEC HIOJISI — IIEPBOH I10-
JIOBUHE aBTycTa U B Havyase CeHTs0ps). B ocTanbHOE e BpeMsl BBICOKHI
MPOLIEHT 110 OMOMACCe COCTABIISUIA XUPOHOMUABI U TUAPHI.

Ipubouinas 3apacmarowasn necuanas rumopans 6 [lunveybe Onedic-
ckoeo ozepa (cmanyus 3). VccnenoBanusi, poBefeHHbIe B [IMHBryOe
Omnesxckoro o3zepa B 2014 . Ha mecyaHoii 3apacTaroleil TMTopaiy, MoKa-
3aJIl, YTO CPEAHsS YMCICHHOCTh MaKpo3000eHToCca cocTaBuia 2,7 ThIC.
9K3./M%, ipu cpeHeit Gruomacce 4,8 r/m?* (tabu. 3).

Kak u3BecTHO, BbICIIAsi BOJHASI PACTUTEIBLHOCTD HOJIOKHUTEIBHO ACH-
CTBYET Ha BUJIOBOE OOraTCcTBO M OOMIIHE IOHHBIX )KUBOTHBIX [ Schmieder,
2004]. )KuBOTHBIE MOTYT YCIIEIIHO CKPBIBATHCSI OT PHIO CPEIU PacTEHUH,
ocobeHHO Mexy KopHsimu [Kanryp u ap., 2012]. braroxaps pasnoxe-
HHUIO PACTCHUH B 3apOCIsIX MMOCTOSHHO BO3HUKAET HOBBIM AETPHUT, He-
00XOIMMBIN Il TUTaHUsI OECIIO3BOHOYHBIX )KUBOTHBIX. 31€Ch OHH 3a-
HIMIIEHBI U OT BoJHeHus [Pacmonos u ap., 1990]. Makpo3oobeHToc nu-
TOpaJbHOM 3apacTarollell mecuaHod 30HbI OHEKCKOTO 03€pa SIBIISCTCS
CaMbIM Pa3HOOOpa3HBIM M NPEACTaBleH 16 rpynmnamMu pa3aIuyHOro Tak-
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COHOMHYECKOTO paHra. Hambonee pacrnpocTpaHEHHBIMH M MHOTOUYHC-
JICHHBIMU TPYIIaMHU SIBISUIMNCH PaKooOpasHble, JTUUYMHKH XUPOHOMH]I,
MAaJIOLIETUHKOBBIC YEPBH U JIMYMHKU ABYKPBUIBIX (IIaBHBIM 00pazoM
Heleidae). B otnmume ot Apyrux n3y4yeHHBIX TUIIOB OMOTOIOB OBLIM OT-
MEUEHbI CIEAYIOIINE TPYIIbI: CTPEKO3bl, KIOMBI U PABHOHOTUE PaKo-
oOpasHbIe.

Taéauua 3. TakcoHoMHYecKasi CTPYKTYPA M KOJIMYeCTBEHHbIE XapaKTepH-
CTHKHU c0001IIeCTB MaKpP03000eHTOCa MPUOOIHOH 3apacTaloniell mecyaHom
Jutopaju B [Tunbryde Onexckoro o3epa B 2014 1.

Taxcon YucneHHOCTh buomacca o
TBIC. 9K3./M> m % r/m? m % ’

Amphipoda 1,201 0,545 | 44,6 | 2,217 | 0,951 | 46,6 100
Oligochaeta 0,295 0,243 | 10,9 | 0,100 | 0,047 2,1 100
Chironomidae 0,703 0,280 | 26,1 | 0,620 | 0,255 | 13,0 100
Bivalvia 0,075 0,024 | 2,8 0,163 | 0,057 3,4 82
Gastropoda 0,005 0,003 0,2 0,208 | 0,206 4.4 45
Hydracarina 0,003 0,003 0,1 <0,01 | <0,01 0,0 27
Diptera, mpoune 0,117 0,044 4.4 0,073 | 0,033 1,5 100
Ephemeroptera 0,010 0,003 0.4 0,109 | 0,103 2.3 82
Trichoptera 0,010 0,004 0,4 0,001 | <0,01 0,0 82
Coleoptera 0,008 0,003 0,3 0,002 | 0,001 0,0 82
Hirudinea 0,018 0,010 | 0,7 0,916 | 0,653 | 19,2 55
Plecoptera 0,004 0,003 0,1 <0,01 | <0,01 0,0 18
Hydrozoa 0,100 0,100 3,7 0,013 | 0,013 0,3 36
Heteroptera 0,090 0,090 33 0,024 | 0,024 0,5 45
Isopoda 0,001 0,001 0,0 0,018 | 0,018 0,4 9
Odonata 0,051 0,050 1,9 0,296 | 0,296 6,2 36
Bcero 2,692 1,406 | 100,0 | 4,759 | 2,657 | 100,0

B Teuenme BereTanmoHHOTO CE30HA AWMHAMHUKA YHCIEHHOCTH B OWO-
Macchl OCHOBHBIX TPYTIIT JOHHBIX OPTraHU3MOB UMEET TPHU MHUKA: B Hada-
JIe MIOHS, B CEpelMHE aBrycTa U B ceHTA0pe (puc. 4, A). MakcuMasibHbIe
3HAUEHHs YHCIICHHOCTH OBbUIH 3a()MKCHPOBAHBI B CEpeMHE HIOHS — 12
TBIC. 9K3./M%, KOTZla OCHOBHYIO JIOJIO COCTaBHJIA TIpyIa OOKOIJIABOB
(40-85 % ot o0r11ieit ynuciieHHOCTH). B TedueHue nepro/ia Ucciiea0BaHusI
Ha JJAHHOU CTaHIIMH CYIECTBEHHYIO POJIb KaK MO YHCICHHOCTH, TaK U IO
Oromacce Urpaiau XHpPOHOMHUIBI U ABYCTBOpYAThIE MOJUTIOCKH (pHC. 4).
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Puc. 4. HucieHHocTh (A — ThIC. 3K3./M*; B — %) OCHOBHBIX IPyIIII MAKP0300-
OeHToca Ha mMpuOOITHOI 3apacTalomieil nmecuyaHoii juropanu B IInHbryoGe
Omne:xckoro o3epa B 2014 .

BobiBon. B 1ienoM nomydeHHbIe HAMU JTaHHBIE TIOATBEPIKIIAIOT PE3YITh-
TaTel KccaenoBannii A. B. Paounkuna, T. H. IomskoBoit [2008]: makcH-
MaJTbHbIE 3HAYEHUsI OOMacChl OTMEUYEHBI Ha KAMEHUCTOH uTopaiu (3,4—
6,6 T/M*), MUHUMAaJTbHBIE — Ha riecyanoii (0,1-0,2 r/m?). B ctpykType c006-
IIECTB BO BCEX THUIAX JIMTOPAITBHBIX MECTOOOUTAHUH UTPaeT CyIIeCTBEH-
HYIO pOJIb WHBa3MOHHBIA BUI G. fasciatus. [IOMUHUPYET BHJ-BCEJCHEI]
Kak TI0 YUCIICHHOCTH, TaK U 10 OMoMacce Ha KAMEHHCTOM TUIIe OHOTOTA.

Hccneoosanue vinonneno 3a cuem epanma Poccuiickoeo Hayunoz2o ¢onoa
(npoexm Ne 14-17-00766).
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THE ROLE OF BAIKALIAN AMPHIPOD GMELINOIDES FASCIATUS
IN LITTORAL MACROZOOBENTHOS COMMUNITIES
OF LAKE ONEGO

A. 1. Sidorova

Northern Water Problems Institute KarRC of RAS
The paper deals with the hydrobiological material collected in the littoral zone
of Lake Onego (rocky, gravel-sand and macrophytes habitats) to study the role
of invasive amphipod Gmelinoides fasciatus in community structure. The re-
sults of the present study prove that the amphipod G. fasciatus dominates among
macrozoobenthos found on littoral rocky biotope.

BUIOBASI IMBEPCU®UKAIINA BAUKAJIBCKUX
SHJAEMUWYHBIX MUSABOK CEMENCTBA PISCICOLIDAE

E. 10. MartBeenko!, !. A. Kaiiropomosa'-?

! Jlumnonozuueckuit uncmumym CO PAH, Hpkymck
2 Upkymckuil 20cy0apCcmeenHblil yHueepcumen

MortekynsapHO-(OHITOTEHETHUECKU aHaH3 Ha OCHOBE CPaBHEHHS HY-
KJICOTHHBIX TOCIEA0BaTeIbHOCTEH (DparMeHTOB TeHa MepBOW CyOh-
€/IMHUIBI MUTOXOHIpHANIbHOM 1uToXpoM okcuaaszbl (mtCOI) Oakikais-
CKHX PBIOBMX MHSBOK MMOKA3aJl, 4TO MPEACTABUTEIH YHICMUYIHOTO PO
Codonobdella Grube pa3znenunuch Ha TpU (HUIOTCHETHUCCKUEC JTHHHU.
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BBISIBIICHHBIH YPOBEHb MCHETHYECKUX OTIMYMA MO3BOJSET MPEIIOIo-
JKUTh CYIIECTBOBAaHHE JABYX IOMOMHHUTENbHBIX BUAoB Codonobdella B
03. baiikan un npusnare uccienyemsiii pparment mtCOI mpurogHsiM
MapKepoM Uil MOJICKYJSIPHOM HMICHTH(UKALUH IUSIBOK CeMeicTBa
Piscicolidae (Hirudinea).

IMusBku (Hirudinea) SBASIOTCA y3KOCTIEIMAIM3UPOBAHHON TPYMIIOiH
KOJIBIATBIX uepBed (Annelida), TIMPOKO pacpOCTPaHEHHON IO BCEMY
mupy. [1o mocieaHuM TaHHBIM MUpPOBas (hayHa MUSIBOK HACUUTHIBACT 0O-
nee 680 Bunos [Sket, Trontelj, 2008]. PazHooOpasue MUsSBOK B IPECHOBOI-
HBIX BOZO€Max HaIIel cTpansl peactasieHo S0 Bumamu [Jlykun, 1976].

Ozepo baiikan — yHUKambHBIH MPECHOBOTHBIA BOIOEM, KOTOPBIHA
UMEeT JINTEIHHYIO dBOTIOINOHHYIO HeTopHio (25-30 MiTH JIeT), SBIIs-
eTcst caMbIM TiTy0oKuM (1637 M) 1 caMBbIM KPYTTHBIM 03€pOM Ha IIJTaHEeTe.
IIpo3paunocts Gaiikanbckoir Boasl qocturaet 40-50 m. Bona baiikana
OTJIMYAETCs KpailHe HU3KOM MHHEpaM3alliel W BHICOKUM HACHIIICHU-
€M KHCJIOPOIOM TI0 BCEH TOJIIIE O MaKCUMaNIbHBIX TyOnH. CoueTaHue
VHHKaJbHBIX CBOWCTB 03epa CIIOCOOCTBOBANIO PA3BUTHIO YHHKAIHHOTO
KOMIIJICKCA KUBBIX OPTaHM3MOB, TPHCIIOCOOUBIIINXCS K )KU3HU B XOJIOI-
HOM, OY€Hb YHMCTOM, HACBHIIIIEHHON KUCIOPOJOM BOJIE.

I'mpynodayna o3epa baiikan BechbMa pasHOOOpa3Ha M OTIINIAETCS BhI-
COKHM JHJIEMH3MOM Kak Ha ypoBHE ponoB (31 %), Tak ¥ Ha BHIOBOM
ypoBHe (50 %). I1o mocieHuM TaHHBEIM TAKCOHOMHYECKHUH CITHCOK Oaii-
KaJIbCKUX MUSIBOK BKITFouaeT 27 BuoB u3 13 ponos [Kaygorodova, 2012,
2013, 2015; Kaygorodova, Pronin, 2013].

OOBEKTOM HAIIIETO0 MCCIENOBAHUA SBIAIOTCS IHABKA CEMEICTBA
Piscicolidae, mapa3utupytorie IpenMyIeCTBEHHO Ha pridax. B baii-
KaJie 0OMTAIOT MPENCTABUTENN 4 POIOB ATOTO ceMeicTBa: Acipencerob-
della Epshtein, Baicalobdella Dogiel, Codonobdella Grube, Piscicola de
Blainville. [To nocieqauM JaHHBIM U3BECTHO BOCEMb OaiKallbCKHX BH-
JTIOB PHIOBHX MHSIBOK, @ UMEHHO: A. volgensis, B. torquata, B. cottidarum,
Baicalobdella sp., C. truncata, C. zelenskiji, Codonobdella sp., Piscicola
sp. [Kaygorodova, 2012, 2013]. HexoTopsie 6alikaIbCKUE YHACMUYHEBIC
MUCIIUKOJIUIBI IPUCTIOCOOMITUCH ITUTATHCS 3a cueT aMpuiof. K TakoBbIM
oTHOCSTCS Bee npexacrasutenu pona Codonobdella. bonee Beka cunta-
JIOCh, YTO 3TOT POJ SBJSIETCS MOHOCTIEIIM(QUISCKUM, TTOCKOJILKY THIIO-
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Boit Bun Codonobdella truncata Obu1 onrcaH HEMEIIKUM TIPOQPECCOPOM-
3oomorom A. E. I'pybe eme B 1872 1. Buja, onucanHblii M3HAYAIBHO
H. I1. ®unorenoroii u JI. H. Caummukooii [1991] kak Dagarobdella
zelenskiji, Obi1 IepeHecen B pon Baicalobdella [Snimschikova, 1998],
a 3arem otHeceH K poxny Codonobdella [Kaygorodova, 2012]. B artoii
e paboTe BHepBble coobmaercsi o HoBoM Mopdotune Codonobdella
sp., 0OHapyXKeHHOM Ha OaliKalbCKuX aM(UIOAaX, OTIOBICHHBIX B JIa-
na3zone rryoun 50-300 m [Kaygorodova, 2012]. B oTinuuue ot «ruras-
ta» C. truncata (27 mm) u «xkapiukay C. zelenskiji (3 mm) Codonobdella
sp. UMeeT crnennduieckuii okpac Tena u cpeguue pasmeps (10—15 mm).
Kpome Toro, 3T Tpu BHJA 3aHUMAIOT Pa3HbIe HKOJOTHMYECKUE HUILHU B
npejesax orpoMHoro o3epa. Tak, C. truncata siBISETCS TATMYHBIM a0uC-
caibpHbIM BUJoM (700—1215 M), C. zelenskiji oOutaet B OaiikaibCKOM JTU-
topanu (10 m), a Codonobdella sp. 3aHUMaeT MPOMEKYTOTHOE TIOTOKE-
Hue, 3acenuB cyonuTopais (50—140 m) u npodyrgans (100300 m). ITo-
JOOHO MHOTHM JIPYTHM YKMBOTHBIM, BCTPEUAIOLIMMCSI B 30HE OOJIBIIMX
rnyoun, Hu onuH BuJ Codonobdella ne Beixonut u3 baiikana B Anrapy
[Dmureiin, 1961].

Llenbio HacToswIel paboOTHI ABJSIETCS UCCIeloBaHre Onopa3sHooopa-
3us Oaiikanbckux nusiBOK popa Codonobdella ¢ moMomipo coBpeMeH-
HBIX MOJIEKYJSPHO-TEHETHYECKUX METOMO0B. [IpiMeHeHne MEeTOI0B MO-
JIEKYJSIPHOW KOJIOTHH, XOTSI U HE SBJSIETCS JOCTATOYHBIM OCHOBAHUEM
JUISL ONIPEETICHUSI paHra TaKCOHOB, TEM HE MEHee, MO3BOJISACT OICHUTD
CTENeHb FTeHETHUECKOTO POACTBA BHJIOB B CPABHEHUH C CYLIECTBYIOLICH
Ha CErOJHSIIHHUN IeHb KiIacCH(UKAIHEH.

Buonornyeckuii Marepuan Obl1 0TOOpaH BO BpeMsi KpyroOaikaib-
ckux skcnenuiuii B 2009—2013 rr. [lyist omii0Ba peIObUX MTUSBOK UCIIONb-
30BAJINCh MXTUOJOTMYECKHIA Tpajl, TUIAPOOHOIOTHYECKUE IPart, BOJO-
Ja3Hble PaOOTHI M BO3MOKHOCTH TITyOOKOBOIHBIX OOMTaEMbIX alllaparoB
«Mup-1» n «Mup-2».

O0pa3tiel kooHOO eI coOpanbl B CeBepHOM batikane (Oyxra CrroisH-
ckasi, YuBBIpKy#HcKuii 3anuB, borydanckas ry0a, Oyxra Asis, Oyxta Keapo-
Bas, B paiioHe AKaJIeMUUECKOTO XpeOTa 1 YIIIKaHbHX 0CTpoBOB) 1 CpeaHeM
Baiikane (mponmme Manoe Mope, baprysunckuii 3anuB, Hropranckas ryoa,
Cenenruackoe MenkoBozbe). Marepuan ¢uxcuposaicst 80%-HbIM TaHO-
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JoM. BunoBas mprHaUISKHOCTh OIPE/eNieHa COMIACHO CYILECTBYIOIINM
cucremaruueckuM kmodaM [Jlykun, 1976; Ommrreitn, 1987], a Taxke oT-
JIeNbHBIM onucanusiM BuioB [DuHoreHosa, CHumIukoBa, 1991].

MornekynsapHbIi aHaau3 IPOBEACH B COOTBETCTBUH C TPEOOBAHUSMHU
texuuku JHK-mrpuxxoguposanust [Hebert, 2003]. Dxcrpakuus JHK
BBIMONIHEHA (eHon-xaopodopMusiM MetogoMm [Doyle, Dickson, 1987].
Oparment rera mtCOl aMunuIUpoBan ¢ UCHONb30BaHUEM IIpalime-
POB, YHHBEPCAJIbHBIX AJsI OONBLUIMHCTBAa Oecro3BOHOYHBIX [Folmer et
al., 1994]. PacmpoBka nepsuuHoii crpykrypsl JIHK mpoBenena c mo-
MOUIBIO PEAKIIUH CEKBEHUPOBAHUS JBYXLETIOUEUHBIX MPOAYKTOB aMILITH-
¢uxaunu (HIIK «Cuntom», Mocksa). Pacummdposano 25 HykieoTua-
HBIX MocnenoBaTenbHocTel pparmenta rena mtCOI mmHOH 709 m. H.
0aliKaIbCKUX KOAOHOOEII, B TOM YHCIIE 2 TTOCIEA0BATEILHOCTH [ITy00-
xoBoxHoro suna C. truncata.

DuIoreHeTUYeCKUEe OTHOILLEHMS], @ TaKXKe BHYTPU- U MEXTPYIIIOBbIE
TEeHETUYECKUE PACCTOSHUS BBIYUCIEHBI C UCIIOJIb30BAHUEM KOMIIBIOTEP-
HBIX Tiporpamm u3 nakera MEGAG6.0 [Tamura et al., 2013]. Cxema ¢u-
JIOTEHETHYECKUX OTHOLICHUH (PHC.) BBIBEACHA C IIOMOILBIO0 METOAA 00b-
enunenus: Ommkaimmx cocenert (NJ) [Saitou, Nei, 1987] mpu ucmons-
30BaHMMU JIByXmapameTrpuueckoro ainroputMa Kumypsr (k2p) [Kimura,
1980] m 20 TOMOJIOTMYHBIX MOCJIEIOBATEIBHOCTEN POJICTBEHHBIX BH-
JIOB U3 MEKIYHApOJHOro OaHka reHetwdeckuxX aaHHbiXx (DQ414313,
DQ414315,DQ414316,DQ414317,DQ414320 DQ414323, DQ414324,
DQ414325, DQ414332, DQ414337, DQ414339, AF003280, AY336012,
AY336014, AY336015, AY336018, AY336020, AY336021, AY336022,
AY336029) B kauecTBe IpyIIbl CPAaBHEHUSI.

Hykneoruansie nocnenosarensHocTH Oaiikansckunx Codonobdella 06-
PasyroT Ha JpeBe TPU XOPOLIO pa3pelieHHbIe (PUIOTeHETHUECKIE JTMHHU.
[ocnenoBarensHocTH ocoberr C. truncata KIacTepU3YIOTCS OTAENBHO,
MIOATBEPIKAasi MX HE3aBHCUMBIH BUIOBOM cTaryc. BeTBu npesa, oOpasy-
IolIMe JIBE TPpymIbl (puc.), mpencrapiensl 13 u 10 nociaenoBarenbHOCTS -
MH KOZIOHOOJIEIUI, COOTBETCTBEHHO. KONMMYeCTBO HYKICOTHUAHBIX 3aMEH
Ha CalT MEXIy dTUMH rpynnaMu coctasiseT 7,1 % B mapkepHoM ¢par-
MeHTe. BbIcokuil ypoBeHb T€eHETHUECKHUX OTIIMYNI MO3BOJISIET PacCMaTpH-
BaTh MX KaK JIBa HE3aBUCHUMBIX BHJA, TAaK KaK T€HETHYECKHE PACCTOSHHS
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cebite 3 % (d > 0,03) npu3HaHBI JOCTATOYHBIM YCIOBHEM IS pas3iinye-
HHS IBYX TaKCOHOB Ha BHJOBOM ypoBHe [Hebert et al., 2003]. T'enermue-
CKHE TCTAHIINH, OTJCISIOIINE OaifKaIbCKUe BUIBI OT (DUIIOrCHETHYECKH
HanOosee Onm3kux BUnOB Baicalobdella cottidarum, Piscicola geometra
u Piscicola milneri, cocrapnsror 7,1-19,4 % HYKICOTHIHBIX OTJIHYUIA, B
TO BpeMsi KaK BHYTPHBHUJIOBasi T€HETHYECKas BapHaOeIbHOCTh Oaiikaib-
ckux rpynn He npesbimaeT 1,1 %. JIHK-0apkoauHrossiit paspeiB B 6 %
HO3BOJISIET C YBEPEHHOCTHIO YTBEPIKIATh O HAIMYMU JIByX HOBBIX BUJIOB
Codonobdella sp. 1 u Codonobdella sp. 2 B 03. Baiikan, 4To yBeIuuuBaeT

BUioBOM coctaB pona Codonobdella Bapoe.
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To0z
NJ-apeBo ¢ cymmoii BerBeii = 1.33537577 u ajiuHaMu BeTBei,

COOTBETCTBYIOLIIUMH 3BOJTIOIMUOHHBIM TUCTAHITUAM. 3BOJ’IIOIII/I—
OHHBIC TUCTAHINHN PACCUUTAHDBI C UCIIOJIB30BAHUEM METOAA k2p

[IpoBemeHHbII aHATN3 TTO3BOJIIET paccMarpuBarh pparmerT COI kak
MIPUTOHBIN WHCTPYMEHT NIl U3YYEHHUSI MEX- U BHYTPUPOIOBBIX OTHO-
IIEHWH y MUSBOK, B YaCTHOCTH, MACHUKONHI. [[puMeHeHne BUoCIeu-
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¢uueckux JJHK-mMapkepoB 3HaUNTENHHO YIPOCTUT ONpEACICHUE BUIO0-
BOM NMpUHAIIEKHOCTH aHHENN]], BAKHOW I'PYMIbI 7S 3KOJIOTHYECKOTO
MOHHMTOPUHTA.

Aemopul  npuznamenvibl COMPYOHUKY 1aDOPAMOPUU 2€HOCUCMEMAMUKU
Jlumnonozuueckoeo uncmumyma H. B. Copokosuxogoii 3a nomous 6 npogede-
HUU MOJEKVIAPHBIX pabom U YeHHblll 6KI1A0 8 KoJIeKyuro obpasyos. Paboma
8bINONHEHA npu uHancogol noodepoicke PODU (npoexm Ne 14-04-00345_a).
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SPECIES DIVERSIFICATION OF BAIKAL ENDEMIC LEECHES
OF FAMILY PISCICOLIDAE

E. Y. Matvienko!, I. A. Kaygorodova':?

I Limnological Institute of SB RAS, Irkutsk
2 Irkutsky State University, Irkutsk

A molecular phylogenetic analysis based on a comparison of the nucleotide
sequences of the gene fragments of the first subunit of the mitochondrial cyto-
chrome-c-oxidase (mtCOI) from Baikal endemic piscine leeches demonstrated
that the representatives of the genus Codonobdella Grube split into three phylo-
genetic lineages. The detected genetic distances allows suggesting the existence
of two additional species of Codonobdella in Lake Baikal and accepting mtCOI
fragment as a suitable marker for the molecular identification of the species within
the Piscicolidae (Hirudinea).

MOJIEKYJISIPHASI UIEHTUO®UKALIUS
CUBUPCKHUX MAKPO®AT'OBBIX INTUSABOK
CEMEVCTBA ERPOBDELLIDAE (HIRUDINEA)

JI. 1. ®denopona’, H. B. Copoxoruxona’-2, . A. Kaiiropogosa®?

! Upxymckuti 2ocyoapcmeennulii aepapuulii yuueepcumen um. A. A. Excesckozo
2 JTumnonoeuuweckuti uncmumym CO PAH, Hpkymck
3 Upkymckuil 20Cy0apCcmeenuvitl YHugepcument

MonekynspHbslii aHanu3 24 HYKJICOTHIHBIX MOCIEI0BaTeIbHOCTEN
rera mtCOI BbIsIBHI, 4TO cHOMpCKHE MakpodaroBble NMHUSIBKU poaa
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Erpobdella nmerot yHukanbHble mocienosarenbuoct JHK, nakonus-
HIMe B XOAC JBOJIIONMU JOCTATOYHOE KOJMYECTBO HYKICOTHAHBIX 3a-
MeH Ui MJIeHTH(QHUKAIMKA BHIOBOTO CTaTyca dTUX MHUABOK. [lokazaHo,
YTO MHTEpPBAJ TeHeTHYeckux paccrosHuii B 7,0-18,2 % otaenser cu-
OMpCKUX MpeacTaBuTeNneld 0T (UIOTCeHETHYECKH OMM3KUX BHIIOB, UTO
CBUCTEILCTBYET 00 MX MPHHAUICKHOCTH K MOTEHIMAIBLHO HOBOMY
JUTS HAyKW BUY.

Hemnapasutnueckne musBku (okx. 30 % ot mupoBoii daynst Hirudi-
nea) MpeACTaBIAIOT SKOJOTHYECKYIO TPYIITy OEHTOCHBIX O€CIT03BOHOY-
HBIX, SIBIISIONTYIOCS BaKHBIM 3B€HOM B TPO(pHUECKOMN TN BOIHBIX IKO-
CHCTEM W WCIOJIB3YEeMYI0 B KadecTBe OMOMHIUKATOpPA 3arpSI3HEHHOCTH
TIpecHBIX BogoeMoB [be3marepnsix, 2007; Pomanosa, Kimumuaa, 2010].
Cucremarnka Hirudinea BecbMa 3aTpyaHHUTENbHA 1 TPOTHBOpEurBa [Jly-
kuH, 1976; Nezemann, Neubert, 1999]. B kmaccudeckoil TakKCOHOMUU
JUTSL OTIPENIeNIeHNs] BHUJIOBOW TMPUHAJISKHOCTH THSIBOK HCIIONB3YIOTCS
Takre Mop(OIOTHIECKHE MTPU3HAKH, KaK (popmMa Tena, BeTHIrnHa IPUCO-
COK, IIBET U PUCYHOK JOPCAJIIbHOM U BEHTPAIbHOM MOBEPXHOCTEH, pac-
MOJIOKEHNE M KOJIMYECTBO 713, PACCTOSIHHE MEXIy TOJOBBIMHA OTBEp-
CTHSIMH, KOJIMYECTBO JKEIYAOYHBIX OTPOCTKOB, (hopMa aTpueB u JApyrue
anatomudeckne mpusHaku [Sket, Trontelj, 2008]. CkymHOCTH BHEIITHHX
MOP(HOTOTHIECKUX MPU3HAKOB M OJHOBPEMEHHO O4YeHb OONbIIas BHY-
TPUBHUIOBAS N3MEHYUBOCTD, K TOMY K€ HEUETKHE OMUCAHHUS MHOTHX BH-
TIOB U ciabast I3y4eHHOCTH (DayHBI 3aTPyAHSIOT TAKCOHOMUYIECKOE OTpe-
JIeJICHNE.

Haubonee mpobreMaTHdHa CHCTEMAaTHKa HEMApa3sHTUUECKUX Ma-
kpodaroBeix musBoK cemeiictBa Erpobdellidae Blanchard 1894. Jlo
HEJJaBHETO BPEMEHHU CUMTAJIOCH, YTO Ha OOIMIHMPHBIX MpocTopax Cubu-
p¥ OOWTAIOT TOJIBKO JIBa IMPEACTABHUTENSI ATOTO cemeiicTtBa Erpobdel-
la octoculata (L. 1758) u Erpobdella nigricolis (Brandes 1900) [Jly-
kuH, 1976]. Pan nmpoBeneHHBIX B TTOCIEAHUE TOABI UCCIACAOBAHUN 10-
MOJTHUTEIHHO BBISBHI Ha TeppUTOpHH BocTounoit CHOMpPH KOMILIEKC
KPUNTHYECKUX BUIOB ponia Erpobdella De Blainville 1818 [Kaygoro-
dova, 2012, 2013, 2015; Kaygorodova, Pronin, 2013; Kaygorodova
et al., 2013].
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B nocnenHee Bpemsi s pelIeHUs] TPYIHBIX MOMEHTOB Kiacchue-
CKOH cucTeMaruku Hanbonee 3(peKTHBHO PUMEHEHHE COBPEMEHHBIX
MOJIEKYJSIPHO-TEHETUUECKUX METO/IOB, MO3BOJISIONIMX OBICTPO U I0OCTO-
BEPHO OIPEJCIUTh BUI0BOE pasHoo0paszrue MOpOoIOruiecku ciado Bbl-
PaKEHHBIX TAKCOHOMUYECKHX Tpynil. [IpocThIM B IpUMEHEHUH U TIOTO-
My HaunOojee momymsapHbIM sBisiercss Metos JHK-mrpuxkoaupoBanms
[Hebert et al., 2003]. [aHHBII METOJ 3aKIIFOYACTCS B CPABHCHHH Map-
KEPHBIX YYaCTKOB F€HOMa Pa3IMYHBIX OpraHu3MoB. [ GombmiMHCTBA
Oecro3BoHOUHBIX B KauecTBe JJHK-mTpuxkona ucnons3yercst pparMeHt
reHa IepBoi CyObeMHUIBI MUTOXOHIPUAILHON IIUTOXPOM OKcuaassl C
(mtCOI). Mertozn ObuT ycremHo anpoOMpOBaH M MPU3HAH MPUTOAHBIM
MHCTPYMEHTOM JJIsl U3y4YEHHsI ME€XK- U BHYTPHPOAOBBIX OTHOILICHUN TTH-
aBok u3 cemelcTB Glossiphoniidae [Kaiiropogosa, Manazsik, 2014] u
Piscicolidae [Katiroponosa, [letpsieBa, 2014].

Lenpio Hamero ucciemnoBaHHs SIBISIETCS YTOUHEHHE TaKCOHOMHUYE-
cKoil maenTuduKanuy nusBok cemelicrsa Erpobdellidae pa3ubix 300reo-
rpadguyeckux paiioHoB CHOMPH C TOMOIIBIO COBPEMEHHBIX MOJIEKYIISIPHO-
TeHETUYECKUX METOOB.

Buonoruueckuit marepuan 6611 codpan Bo Bpems sxcreauuuii 2011—
2015 rr. B Oaccelinax pex Anrapsl, Jlens:, Upteia u 03. baiikan. O1108
NUSIBOK MTPOBOAMJICS BPYUHYIO MJIM C ITOMOIIBIO THAPOOHOIOTHYECKUX
CayKoB B NPUOPEKHON 30HE BOZOEMOB B AuanazoHe rmyoun 0,5-1,5 m.
CoOpannbiii Marepuan 3apuxkcupoBat 80 %-HbIM STAHOJIOM C IIPEABAPH-
TEJILHOW aHecTe3WeH KMBOTHBIX HU3KOMPOLEHTHBIM PacTBOPOM CIIHp-
Ta. Mopdonorndeckuii aHanu3 UKCUPOBAHHBIX 00Pa3LOB MPOBOIMII-
csl B 1aDOPaTOPHBIX YCIOBUSX C HCIOb30BaHHEeM OuHOKymsapa MCII-2
(JIOMO). BuaoBas npruHaAIEKHOCTD MHABOK ONPEACIsIach B COOTBET-
CTBHH C CYIIECCTBYIOIIUMH CHCTEMAaTHYECKHUMHU KIFOYaMU U COBpPEMEH-
Hoii knaccudukanuent [Jlykun, 1976; Nesemann, Nuebert, 1999].

[Ipu BeIgenenun ToTanbHbIx npenaparos JJHK ncnonbs3oBanu ue-
taBioH [Doyle, Dickson, 1987]. ®parment rena mtCOI anunoi 709
0. H. aMIUIMQUUUPOBAIM C MOMOILBIO YHHBEPCAIBbHBIX MpaiiMepoB
[Folmer et al., 1994]. Onpenenenue nepBuunoii crpykrypst JIHK mpo-
Beaeno B LIKII «I'enomuka» (HoBocubupck) u HIIK «Cunton» (Mo-
ckBa). PenakTupoBaHue HyKICOTHIHBIX TOCIEI0BATEIbHOCTEH pOBe-
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neHo ¢ nomorbio mporpammbl BioEdit [Hall, 1999]. ®opmupoBanue
BBLIPOBHEHHOH MaTpHULbl JaHHBIX BBIMOJHEHO CHEIUalIn3UPOBAHHON
nporpammoii ClustalW [Larkin et al., 2007]. ®unoreneTuueckue oT-
HOILICHHSI, & TAK)KE BHYTPU- U MEKTPYIIIIOBbIE TEHETHUECKHUE PACcCTOsI-
HUS BBIYUCIICHBI C HCIOJIB30BAHUEM KOMIBIOTEPHBIX IPOTPaMM M3 Ta-
kera MEGA 6.0 [Tamura et al., 2013].

OnpezeneHsl HYKJICOTHAHBIE TOCIEIOBATENBHOCTH (parMeHTa
rera mtCOI muno#t 709 1. H. 24 ocobeli MaKpo(haroBeIX MHUSIBOK W3
pasHbIx BonoemoB 3anaanoi u Bocrounoit Cubupu (13 u 11 ocobeii,
COOTBETCTBEHHO). B kauecTBe BHELIHEW IPyNIIbl ObLIH MCIIOJIb30BAHBI
25 paHee omnpeAeNeHHBIX TOMOJOTHYHBIX HYKJICOTHIHBIX TOCIEeNI0Ba-
TEJIBHOCTEH POACTBEHHBIX BUAOB. CxemMa (pUIoreHeTH4eCKUX OTHOIIE-
HUH (pHcC.) BBIBEJCHA C TIOMOLIbIO METOAa OOBEAMHEHUS OmmKaimmx
coceneit (NJ) [Saitou, Nei, 1987] npu ucnonbp30BaHUU JAByXMapame-
tpuueckoro anroputma Kumypsr (k2p) [Kimura, 1980] cornmacuno meTo-
nonorun JJHK-mtpuxkopuposanus [Hebert et al., 2003].

Bce cubupckue 3pmnodaemipl 00pa3yroT Ha IpeBe eAuHY (uiore-
HETHYECKYI0 BETBb HE3aBUCHUMO OT UX Treorpauueckoil mpuypoyeH-
HOCTH (pHUC.). YPOBEHb I'€HETHUYECKHUX OTIMYUI BOCTOYHOCHUOMPCKUX
U 3amagHocuOMpcKuX NHUsBOK cocTasiseT 0,8 % 3aMeH B MapKepHOM
¢dparmenre.

l'enernyeckn Hambosee OMM3KMMH K TpPyMIe CHOMPCKUX MHUSIBOK
OKa3aJIHuch 0COOM eBpoleiickoro Buna E. vilnensis, TeHeTHUECKas JUC-
TaHIOUSI MEXIYy HUMHU cocTaBisieT 7 %. OcTaibHble BHIBI M3 TPYII-
Ibl CPaBHEHHUS MMEIOT 0ojiee BBICOKHME TEHETHYECKHE OTIMYHS OT-
HOCHUTEJIBHO TPYIIBI CUOUPCKUX dprnodaemn: E. japonica — 11,8 %,
E. nigricolis — 12,1 %, E. obscura — 12,2 %, E. testacea — 13,8 %,
E. octoculata — 13,9 %, E. monostriata — 14,5 %, E. punctata — 18,2 %.

OcnoBononokHukamu Merofa JHK-mTpuxkomupoBanusi ycTaHOB-
JICHO, YTO T'€HETHYECKHE PAacCTOSHHS CBbIIe 3 % HYKICOTHIHBIX 3a-
MeH B nocienoBateibHocTsIX mtCOI cooTBEeTCTBYIOT IpynnaM He3aBH-
cumoro BujioBoro craryca [Hebert et al., 2003]. Mcxons u3 3T0TO0, MOXK-
HO TIPEANONIOKUTb, YTO TPyIa CHOMPCKUX Makpo(aroBbIX MUSIBOK, HC-
CJICIOBAaHHBIX B JaHHOW paboTe, UMeeT He3aBUCUMYIO BUIOBYIO ITPUHA-
JIGKHOCTh, OTIIMYHYIO OT BCEX M3BECTHBIX B HACTOSIIEE BPEMS BHIOB,
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Erpobdella sp. M More Ulirba
Erpobdella sp. M More Xuzhir-Nugo
Erpobdella sp. M More Shida
Erpobdella sp. Angara

Erpobdella sp. Angara

Erpobdella sp. Kudareika
Erpobdella sp. Lena

Erpobdella sp. Lena

Erpobdella sp. ChivZmeev
Erpobdella sp. ChivZmeev
Erpobdella sp. M More Kurkut
Erpobdella sp. Irtysh

Erpobdella sp. Shulbinsk res

— Erpobdella sp. Shulbinsk res

-| Erpobdella sp. Shulbinsk res

Siberian leeches

Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res
Erpobdella sp. Shulbinsk res

E vilnesis DQ009663
—LEE vilnensis HM246551
E vilnensis HM246585
E_japonica 2012

E japonica 1999

E monostriata HM246601

E nigricollis HM246603

E testacea HM246602
E_octoculata HQ336344

E_octoculata HM246555

- E octoculata Xarkov KI37
L— E octoculata Xarkov KI38

E obscura AF003273

E mexicana DQ235595

E ochoterenai DQ235596

E triannulata DQ235602

— E montezuma GQ368760
L F punctata AF003275

Dina latestriata HM246600

Dina lineata HM246611
Dina krilata HM246629
Dina lyhnida HM246589
Dina ohridana HM24663
Dina lepinja HM246597
Dina svilesta HM246598

e
0.02

®uoreHeTHYeCKasi cXxeMa 3BOJIOIUOHHBIX B3aMMOOTHOIIEHHUIi, IOCTPO-
CGHHasl Ha OCHOBe 49 HYKJICOTH/IHBIX MOCJeJ0BaTeIbHOCTEH (pparmMeHTa
rena mt COI nusaBok cemeiictea Erpobdellidae
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TaK Kak e I'eHeTHYeCKHE IMOKa3aTelu 3HAYUTENBHO BBIIIE MOPOTOBBIX
3 %. Bonee Toro, BHyTpH IrpymIbl CHOUPCKHUX MUSIBOK TEHETUYECKAs! BApH-
abenbHOCTB coctasiseT 0,6 %, 4To yKa3blBaeT Ha HAIMYUE 3HAUYUTETIBHOTO
0apKoIMHTOBOTO paspeiBa (Oonee 6 % ot Omwkaiiiero mokasarens B 7 %),
MONTBEP>Kasi BUIOBOE €IMHCTBO BOCTOUHO- M 3aIIaJJHOCHOMPCKUX MTHUSIBOK.

Takum 00pa3oM, HAIlIK JaHHBIE TOATBEPKAAIOT IPUTOIHOCTH MOJIEKY-
nsipHOoTo Mapkepa mtCOI B kauecTBe MHCTpYMEHTA AJIsl U3YUEHHUS KakK BHY-
TPUBHUIOBOM, TaK U MEKBHIOBOW F€HETHUECKOM BapHaOeIbHOCTH MHUSIBOK,
B ToM uncne Erpobdellidae. B nenom meron JIHK-mrpuxkonupoBanus
3HAYUTENIBHO O0JIerdaeT MpoLeAypY BUIAOBOH MICHTU(PHKALMU IMHUSBOK,
4TO, B CBOIO OUEPE/ib, YIPOILIAET 3KOJIOTNYECKHUE UCCIIEI0BaHHS.

Aemopwt gvipasicarom npusnamensrocms E. A. @edoposot, A. FO. Cynetima-
nosy u E. B. /[3106a 3a nomoww 6 coope obpaszyos.

Paboma svinonnena npu gpunarncosoii noooepoicke Poccutickozo ponoa ¢yn-
damenmanvhuvix ucciedosanutl (PODPU), npoexm Ne 14-04-00345_a.
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MOLECULAR IDENTIFICATION OF SIBERIAN MACROPHAGOUS
LEECHES FROM THE FAMILY ERPOBDELLIDAE (HIRUDINEA)

L. I. Fedorova', N. V. Sorokovikova'?2 I. A. Kaygorodova*?

! Irkutsk State Agrarian University named after A. A. Ezhevsky, Irkutsk
2 Limnological Institute SB RAS, Irkutsk
3 Irkutsk State University, Irkutsk

Molecular analysis of the 24 nucleotide sequences of the mtCOI gene fragments
has revealed that Siberian macrophagous leeches of the genus Erpobdella have
unique DNA sequences, which during their evolution have accumulated suffi-
cient number of nucleotide substitutions for identification of their species status.
The range of genetic distances of 7-18 % separates the Siberian representatives
from Palacarctic species phylogenetically closely related to them and is an evi-
dence of their belonging to a potentially new species.

XAPAKTEPUCTUKA ®UTOINJIAHKTOHA PEKH OKH
B IEPUOJbI ETO MAKCUMAJIBHOI'O PA3BUTUA

1O. C. I'pumanosal, O. C. Pemernsik!:?

! FOoxcnulil pedepanvupiil ynusepcumem, 2. Pocmos-na-/lony
2 Tuopoxumuueckuil uncmumym Poceuopomema, . Pocmos-na-fomny

CraTbhs ocBsiIeHa n3ydeHuro puroriankToHa p. Oku B paiione . [[3ep-
JKMHCKA B IEPUOAbI €T0 MaKCUMaJIbHOTO pa3BuTHs. Mccnenosanue mpo-
BE/ICHO HA OCHOBE O0OOOILICHMS U aHAJIN3a MHOTOJICTHEH PEXUMHON T'H-
npoOuonornyeckoi nHpopmanum. PaccMoTpeHb! KOIMUeCTBEHHBIE (OT-
HOCHTENbHAs YUCIICHHOCTh JOMUHHUPYIOLINX BUOB, YUCIIO BUJIOB) U Ka-
YeCTBEHHbIC (pa3HOOOpa3yue JOMMHUPYIOIIMX BHUIOB) MOKA3aTelIu pas-
BuTHs (putoruiankToHa. IlokazaHo, 4TO MEpHOABI MAKCUMAJIBHOTO pa3-
BUTHS (PUTOIIIAHKTOHA MPUXOIATCS HA aBryCT-CEHTA0ph. OCHOBY TOMU-
HHUPYIOLIETO KOMILJIEKCa COOOLIECTBA COCTABISIOT TUATOMOBBIC, PEXe
CHHE3EeJICHbIE BOIOPOCIIH.

[Iporeccel pa3Butus u MpeoOpa3oBaHUsl FIKOCUCTEM B COBPEMEHHOM
MHUpe 00YCIIOBJICHBI, B OOJBIICH CTENCHU, aHTPOIIOICHHBIM BIIHSIHUAEM,
4TO OOBSICHSET UX 3HAYUTEIIBHOE YCKOPEHHE. 3arpsi3HEHUE BOIHOM cpe-
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Ibl BIMsET Ha (PUTOLICHO3, M3MEHSISI €T0 CTPYKTYPHBIE XapaKTePHCTHKH,
YTO MO3BOJIAET UCTIONB30BaTh MMOKA3aTeNN €ro pa3BUTH IS OLEHKHU Ka-
YeCcTBa BOJIBI M COCTOSTHUS BOHOM 3kocucTembl [P 52.24.620-2000].

OpHUM H3 WHIUKATOPOB COCTOSIHUSL BOAHBIX OOBEKTOB SIBIISIET-
csl (PUTOIUIAHKTOH — BaKHEMIIHMH SJIEMEHT OMOTHYECKOHW COCTAaBIISIO-
1iei 1000 BOIHON KOCHCTEMBI, aKTHBHO YYACTBYIOLIUH B Pa3IHYHBIX
XUMHUKO-OMOJIOTMYECKUX Mpoueccax U (popMHUpOBaHUH KauecTBa BOJBI.
WnpankatopHble CBOICTBA (PUTOILTAHKTOHHOTO COOOIIECTBA MPOSBIISIOT-
Csl B I3BMEHEHUH KaueCTBEHHBIX (BUI0BOM M TPYIIIOBOW COCTaB) U KOJIH-
YeCTBEHHBIX M0Ka3aTenel ero pazsutus [Pemernsk u ap., 2013; I'puma-
HoBa, 2015].

B ocHoBy nccnenoBaHus NonokeHbl MHOTOJIETHSISL peXKUMHask THIPO-
Ouonoruueckast MHPOPMAIMK O Ka9eCTBEHHBIX M KOJINYECTBEHHBIX I10-
KazaTessix pa3BUTUS (UTOMIaHKTOHA p. OKM 32 MHOTOJNIETHUH NEPHOJ
(2003-2013 rr.) u marepuansl U3 «EKerOAHUKOB COCTOSHUS SKOCUCTEM
MOBEPXHOCTHBIX BOA Poccum» (1o rugpoOnoIornyecKuM moKa3aresim).
PaccMoTpens! CTBOpPHI BhILIE U HIDKE I J{3epKUHCKA.

Panee mpoBeneHHbIE MCCIENOBaHUS MMOKAa3ald, YTO (DPUTOTUIAHKTOH
p. Oxu B myHKTe HaOMOAeHUH T. [{3epKIHCKA MIPEACTABIICH 3€ICHBIMH,
JUAaTOMOBBIMHU, CHHE3EJIEHBIMH, MUPO(MUTOBBIMH, 30JIOTUCTHIMH U 3B-
IJICHOBBIMH BojopocisiMi. HanGonpmmmM GorarcTBoM oT oOuiero vmc-
J1a BUJIOB XapaKTEPU3YIOTCS 3€JIE€HbIE U AMAaTOMOBBIE BOAOPOCIH, B CO-
BOoKymHOCTH cocTaisitorue 80,1 % (Boime ropona) u 84,6 % (HuU*Ke ro-
pona). CrenoBarenbHO, IO TAKCOHOMHYECKOMY COCTaBY (DUTOTUIAHKTOH
p. Ok B paiione T. J[3epXHHCKA UMEET JHUATOMOBO-XJIOPOGHUTOBBIN Xa-
paxtep [ pumanosa, Pemernsk, 2015a].

B pamkax gaHHOTO HCCIIEAOBaHMS MPOBEACH aHAIN3 JaHHBIX OOIIEH
YHCIEHHOCTH, YK CIIa BUJIOB M OTHOCUTENBHOM YMCIEHHOCTH IOMUHUPY-
IOIIMX BUAOB (PUTOMJIAHKTOHA 32 MHOTOJICTHHI MEPUOJ C LETbIO BhIJe-
JICHUSI XapaKTEePHBIX OCOOCHHOCTEH pa3BUTHs COOOIIECTBA B MEPUO/BI
€ro MakCHMAaJIbHOTO pa3BUTHs. PaccMOTpeHBI moKa3aresiu pa3BuTHs Gu-
TOIUTAHKTOHHBIX coo0miecTB p. OKH B T€ MOMEHTHI, KOTZIa Ha0I0ganach
MaKcHMaJibHast 00111asi YUCICHHOCTh COOOIIECTRA 32 KayKAbIi Tof uccie-
JIOBaHHUs (TaK Ha3bIBAEMbIE «EXKETOJAHbIE EPHUOJbl MAKCUMAIBHOTO pa3-
BUTHS»). Pe3ynbrarsl mpuBeaeHs! B Ta0.
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IMoka3aTesu pa3Butus GpuTOoNJIaHKTOHA Pp. OKM B paiioHe I. J[3ep:KMHCKa B
NMepHObl ero MAKCMMAJIbHOI0 Pa3BUTHA

od JloMuHUpYIOIITHE BUIBI OtHoCHTEE-
Jlara Yucno pyrort A Ornen Hasl YUCJICH-
(carpoOHOCTH) o
BHIOB HOCTB, %
CTBOp BbIIIE FOPOJA
26.86 .
04.09.2003 56 Cyclotella menegheniana (o-f) | duatomoBbie 20,0
28.96 . .
02.09.2004 51 Stephanodiscus minutulus JlnaromoBbIe 22,5
05.05.2005 23.39 |Stephanodiscus minutulus JlnaromoBbIe 38,6
R 38 | Stephanodiscus hantzschii (o) | JlnatroMOBBIC 38,0
02.08.2006 4‘(;’78*3 Aulacosira islandica () JlnatomoBbIe 37,0
39.88
07.09.2007 75 Sceletonema subsalsum JlnaromoBbIC 11,6
30.36 . .
13.09.2008 6 Stephanodiscus minutulus JlnaromoBbIe 16,3
36.37 . .
19.08.2009 62 Microcystis pulverea f. Incerta | Cune3eneHble 18,2
20,69 . .
07.06.2010 49 Stephanodiscus minutulus JlnatomoBbIe 18,4
10.08.2011 62.85 | Microcystis pulverea f. Incerta CHHEsCICHbIC 19.1
56 (p-a)
30.65 . . .
03.09.2012 48 Microcystis aeruginosa (f) CuneseneHble 26,9
29.12 .
14.08.2013 9 Aulacosira granulate (f) JlnatomoBbIe 21,3
CTBOp HIXKE roposia
04.09.2003 3‘55’61*6 Stephanodiscus minutulus JlnatomoBbIe 16,6
61.89 .
02.09.2004 52 Cyclotella menegheniana (o-f) | luatomMoBbie 45,5
24,38 . ..
13.09.2005 49 Stephanodiscus hantzschii (a) | JluaromoBbIe 18,0
44.98 Lo .
02.08.2006 50 Aulacosira islandica () JlnatomoBbIe 57,6
07.09.2007 40,30 | Dictyosphaerium pulchellum () | 3enenbie 12,7
o 48 | Stephanodiscus minutulus JlmaTromoBBIE 12,3
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OxkoHuaHue TA0J1.

o4 OTHOCHTE -
JloMuHUpYOIIKEe BUIBI
Jlara Yucno Otxen Hasi YUCJICH-

carpoOHOCTh
BUJIOB (canp ) HOCTB, %

19.98

13.09.2008 Cyclotella menegheniana (a-f) | JlnatomoBbIe 16,4

19.08.2009 Stephanodiscus minutulus JlnatomoBbIe 13,9

18.08.2010 Microcystis aeruginosa (p) CuHeseneHble 37,3

10.08.2011 Microcystis aeruginosa (f) CuHeseneHble 20,5

03.09.2012 Microcystis aeruginosa () CuHeseneHble 19,1

14.08.2013 Aulacosira granulata () JlnatomoBbIe 20,4

48

Tpumeuanue. OY — 00111as1 YUCIEHHOCTb. THIC. KIL./CM?,

AHanu3upys MONy4YeHHbIE JaHHbIC, MOXHO YBHICTb, YTO HNEPUOBI
MaKCHMaJIBHOTO Pa3BUTHUS (PUTOIJIAHKTOHA, B OCHOBHOM, IPUXOATCS HA
aBIyCT-CEHTSOpb. JJOMUHMPYIOT B Takue MEPHOIbI TUATOMOBBIE BOJO-
POCIH, YTO B IIEJIOM COOTBETCTBYET XapaKTEPHOMY Uil TaHHOM Teppu-
TOPHM COCTaBy (PUTOIUIAHKTOHA. B cocTaB JOMHHHPYIOILETO KOMILICK-
ca (PUTOIUIAHKTOHA YaIlle BCEIO BXOAWIM BOJOPOCIM TAKUX BUAOB, KaK
Stephanodiscus sp., Aulacosira sp., Cyclotella menegheniana. MoxHO
OTMETHUTh, YTO B CTBOPAX BBILIE U HIKE I. J[3epKUHCKA COCTaB JOMUHU-
PYIOIIEro KOMIUIEKca (PUTOIUIAHKTOHA Yallle BCEro COBIMAIACT.

KonndecTBeHHbIE XapaKTEPUCTUKU COOOILECTBA B MEPHUOIbI MAKCHU-
MaJIBHOTO Pa3BUTHSI TAKXKe MPAKTUIECKH COBIAJAIOT: YMCIO BUAOB HU-
TOIUIAHKTOHA B CTBOpE BbllIE J[3ep>KMHCKAa MeHsI0Ch OT 38 1o 75, B
CTBOpPE HUXKE ropoaa — ot 38 10 64, OTHOCUTENbHAS YUCIACHHOCTh JOMHU-
HUPYIOIIEro BUJa Bapbuposana oT 11,6 1o 38,6 % B cTBOpE BBIIIE U OT
12,3 no 57,6 % B cTBOpE HIKE ropoza (Tadm.).

B nepuox 2009-2012 rr. HabnromaeTcst mpeobnaianue B coctase (hu-
TOIUIAHKTOHA CHHE3EJICHBIX BOIOPOCIICH, UTO KOCBEHHO yKa3bIBaeT Ha 3a-
IpsI3HEHUE BOZOEMA OPraHUYECKUMMHU M OMOTCHHBIMU BEILIECTBAMU U yCHU-
JICHUE MPOLIECCOB 3BTPOGHUPOBaHUS BOAOTOKA. B cocraBe TOMMHHUpPYIO-
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IIET0 KOMILIEKCAa OCHOBHYIO POJIb UTPAIOT BOIOPOCIU BUAOB Microcystis
pulverea u M. aeruginosa, Ipu 3TOM UX OTHOCUTEIIbHASI YUCIICHHOCTh CO-
crapisuia 18,2-37,3 %. CocTosiHHE 3KOCHCTEMBI T10 YPOBHIO pa3BUTHS (Hu-
TOIUIAHKTOHA B TAKUX CIIy4asX MOKHO OLICHUTH KaK «aHTPOIOTeHHOE Ha-
MIPSDKCHUE C 3JIEMEHTAMHU aHTPOTIOTEHHOTO ABTPO(UPOBAHUS.

Kak Obuto mokazaHo Hamu panee [[pumanosa, Pemernsik, 20150],
HCCIeIyeMble BOTHBIC SKOCUCTEMBI p. OKU MOIBEPraroTCs 3HAUUTEIBHO-
My aHTPOIIOT€HHOMY BO3ICUCTBHUIO CO CTOPOHBI MPOMBIIIICHHBIX MPE/-
MOpUATHI T. JI3epKUHCKA U CTEMIEHb 3arPsI3HEHHOCTHU BOABI XapaKTEePHU3y-
eTCs KaK «OueHb 3arpsisHeHHas» u «rps3Has» (I u IV kimaccer kagecTBa
BOAbI). OHAKO SIBHOTO BIMSHUS TOPOJia HA KAu€CTBO BOJBI PEKU U CO-
CTOSIHHE (PUTOIIIAHKTOHA HE OOHAPYKEHO.

BrIsiBIICHHBIE XapaKTEepHBIE OCOOCHHOCTH pPa3BUTHS COOOIIECTBA
B TEPUOMABI €r0 MAKCUMAJIbHOIO Pa3BUTHS B CTBOPAX BBIINIC U HIDKE
T. [I3epKuHCKa Takke MOATBEPKIAIOT ATOT BBIBOJ.

B 3akitoueHne XoTenoch Obl OTMETHTD, UTO (PUTOIUIAHKTOH 00JIajiaeT
YHUKAQJIBHBIM CBOWCTBOM OBICTPOM aJanTalldOHHOM peaKIuy Ha HU3Me-
HEHUSI YCIIOBHIA Cpe/ibl. ITO CBOMCTBO IIUPOKO HCIIONB3YETCS B OMOWH-
JMUKALUU JJI TIPOBECHUS OLIEHKHU YKOJOTUYECKOTO COCTOSIHUS BOJIHBIX
00bekToB. [loaTOMY M3yuYeHHE TAaKCOHOMHYECKOTO COCTaBa M KOJIHMYeE-
CTBEHHBIX TIOKa3areyiell pa3BUTHUS BOAOPOCICH, (POpPMHUPYIONUX (UTO-
IJIaHKTOH p. OKH, UMEET BaXKHOE 3HAUCHUE ISl TOHUMAHUS TIPOTEKAI0-
IIMX B 9KOCHUCTEME MIPOIECCOB (0COOECHHO B MEPHOJIBI OYPHOTO PA3BUTHSI
(UTOMIIAHKTOHA).
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CHARACTERISTICS OF OKA RIVER’S PHYTOPLANKTON
DURING ITS MAXIMUM DEVELOPMENT

Yu. S. Grishanova', O. S. Reshetnyak":?

! Southern Federal University, Rostov-on-Don
2 FSBI «Hydrochemical institute» Roshydromet, Rostov-on-Don

The article deals with the study of the Dzerzhinsk area Oka River phytoplankton
during the period of its active development. The research was carried out using
summarized and analyzed long-term classified information. The number (ap-
proximate number of dominating species, number of species) and qualitative
indicators (diversity of dominating species) of phytoplankton development were
studied. It was shown that periods of phytoplankton's most active development
mainly occur in August and September. The basis of the dominant complex
communities consists of diatom or occasionally blue-green algaes.

JAUHAMUKA BUOMACCBHI ®UTOIIJIAHKTOHA
IO TEYEHUIO PEKH BEJIMKOI KAK IIOKA3ATEJIb
EE 9KOJIOI'MYECKOI'O COCTOsHUSA

E. A. CuneenkoBa, U. C. Tpudonona

HUncmumym ozeposedenus PAH
B pasnble ce30HBI U3yyYeHa JMHAMUKA CTPYKTYPhI M OHOMAacchl (hUTO-
IJIAaHKTOHA HAa BCEM MPOTSHKEHUU p. Benukoil, sBistomeics 0CHOBHBIM

IIPUTOKOM HCKOBCKO-qu[CKOFO 03€pa, OLICHCHO 3KOJOTUYECKOC COCTOs-
HUC PA3JIMIHBIX YYAaCTKOB PCKU U Ka4€CTBO €€ BOJ 110 (bHTOHJ'IaHKTOHy.
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Pexa Benukas — ocHoBHOM nputok IIckoBcko-Uynckoro o3epa, 0THO-
cutes K Oacceliny p. HapBel 1 B 1ienioM k 6acceiiny banrtuiickoro mopsi.
Tepputopusi GacceiiHa pacrmonokeHa Ha ceBepo-3amaze Pycckoit pas-
HUHBI B nipeaenax Ilpubantuiickoil HU3MeHHOCTH. Peka Oeper Hawaino
u3 o3epa Masbiit Bsi3 Ha rore [lckoBckoli obnmactu u Briagaet B [IckoB-
CKOe 03epo Ha ceBepe, 00pa3ys OOLIMPHYIO NenbTy. B BepxHeMm Teue-
HUU Ha NPOTsHKEeHUU 124 KM peka MpoXoauT Yepes CUCTEMY 03ep, COeTu-
HeHHbIX npotokamiu [[Ipupona..., 1974]. 1o ee Geperam pacronararor-
cs ropoga Onouka, OctpoB, [IckoB 1 1pyrue HaceleHHbIE yHKTHL. Peka
uMeeT OoNblIoe 3HAYeHHE ISl BOAOCHA0KEHHs TOPOIOB PETHOHA U pe-
kpeanuu. Ha Bcem nmpoTsykeHHM OHA MOJBEPraeTcsl 3HaUUTEIbHOMY aH-
TPOIIOr€HHOMY BO3JI€HCTBHIO, YTO OKA3bIBAET BIMSIHUE HA €€ 3KOCHCTE-
My M KadecTBO BOJbl. OCHOBHBIMH MCTOYHUKAMM 3arpsi3HEHHBIX CTOY-
HBIX BOJ, COpachIBaeMbIX B PEKH, SIBISIOTCS MPEANPUATHS >KUIHIIHO-
KOMMYHAJIBHOTO XO35IIICTBa M arponpoMBIIIIEHHOTO KOMIIJIEKCA.

Lenbto paboTsl OBLIO BBEISIBUTH OCOOEHHOCTH TUHAMHUKH CTPYKTYPBI U
OromMacchl PUTOIIIAHKTOHA P. BennKo# 1 OLIEHUTH HKOJIOTUYECKOE COCTO-
SIHUE PEKU U KaueCTBO €€ BOJ [0 COCTOSHHUIO (pUTOIUIaHKTOHA. Marepua-
JIOM 1St paOOThI MOCTY KN KOJMUYECTBEHHBIE MPOOBI (PUTOIIAHKTOHA,
coOpannblie B 2011-2012 rr. Ha 19 craHuumsIx Ha BceM MPOTSLKEHUH p. Be-
JIMKOH pa3 B TPU Mecsla ¢ Masi 1o OKT0ps. [lapannensHo Ha nccaenoBaH-
HBIX Y4acTKax OTOMpay MpoObl ISl THAPOXHUMHUUECKOTO aHATM3a BOJBL.

Bona p. Benmukoii otHOCHTCS K THAPOKapOOHATHOMY KJjlaccy, IpyIe
KaJIbIMs, CO cpenHel MuHepanmmsarmeit 151-343,5 mr/n, yBenmuuuBasch
BHH3 I10 TeUeHNI0. L [BETHOCTh M3MEHsAETCS BHU3 110 TEUEHHIO U TI0 C€30HaM
ot 8 1o 120°, pH B mpexenax 7,6-8,6. Conepxanue KUCIOpoAa BHICOKOE, HO
BHU3 110 TEUEHHIO CHIDKAeTCs oT 13,9 10 7,2 Mr/i1, mepMaHraHaTHast OKHCIIsI-
€MOCTb, HAIIPOTUB, BO3PACTAET OT MCTOKa K ycThio oT 0,8 1o 34,8 mr O,/m.
BIIK, Bapeupyer B ipenenax 0,2-3,0 mr O,/ u HanOOBIIKMX 3HAYEHUH JI10-
CTUTaeT B KCTOKE pekH B o3epe b. Bsiz n HkHeMm Teuennn. Coneprkanue 00-
iero pocdopa mmensiercs ot 0,02 mo 0,06 mr/n, obiero azora— ot 0,08 10
1,5 mr/n, Bo3pacrtasi BHH3 MO TEUEHHUIO PEKHU U, KaK IPAaBUIIO, OT BECEHHETO
ce30Ha K oceHHeMy. [1o cozmepikaHuIO OPraHUYEeCcKOro BEIIECTBA U OMOTEH-
HBIX JIEMEHTOB BOJIBI P. Benmkoit MoxkHO cunrtars Me3otpodHbvu (OECD,
1982) 1 TONBKO B HUKHEM TeUeHUH Y T. [IcKoBa — 3BTPOQHBIMHL.
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3a mepuon uccienoBaHWi B anbrodmope p. Benukoit mpeHtndu-
mupoBaHo 463 Buga (511 TakcoHOB) Bomopociel, TpUHAIISKAIINX K
8 ormenam. [lo yncny BunoB Hanbosee pasHooOpasHsl Bacillariophyta —
212 TtakconoB (41,5 %), Chlorophyta — 161 (31,5 %) n Cyanophyta —
56 (11 %). TakcoHoMu4eckuii cocTaB (PUTOMIAHKTOHA P. Bennkoit Mox-
HO OXapaKTepU30BaTh KaK JTUaTOMOBO-3€JICHBIN CO 3HAYNTEIbHBIM yya-
CTHEM CHHE3eJIeHbIX Bogopociieil. BecHolt Hanbomnee pasHooOpa3HbI 11-
aTOMOBBIE BOAOPOCIIH, B JICTHHI MEPUO]] YBEIMYUBACTCS pazHooOpas3ue
3€JICHbIX M CHHE3EJICHBIX, JMaTOMOBBIE NIPEICTABICHBI B OCHOBHOM IICH-
HaTHBIMU JUaToMesiIMH. B oceHHee 1 3uMHee BpeMsi pasHOOOpa3ue Beex
OTZEJIOB CHIKaeTcs. YHCIIo TAKCOHOB Ha pa3HbIX CTAHIMSIX H3MEHSIIOChH
oT 76 1o 222. B omMuyMe OT MHOTUX €BPONENUCKHUX peK TaKCOHOMMYE-
CKoe pa3HooOpasue (QUTOIIAHKTOHA p. Belnkoi MakcMMalbHO B UCTO-
K€ PEKH, 3HAYUTEIbHO CHIDKAECTCS B CPEJHEM TEUCHUH W 3aTeM YBEIH-
YHMBaeTCs M0 HAMpPaBICHUIO K ycThlo. OCHOBHBIMU (hakTopaMu (Gopmu-
POBaHHSA TAKCOHOMHUYECKOTO pazHOOOpasus SIBISIOTCS BIUSHHE 03€p U
3aperynupoBanue. Ha cranuusax Hwke miotua ['DC U mocie moporos
NPOMCXOANT COKPAICHUE YUCIIa BUOB U M3MEHEHHE TAKCOHOMUYECKOM
CTPYKTYpBI (PUTOIJIAHKTOHA.

Buomacca durtonnankrona p. Benukoil B nepuoa uccienoBaHUi Ha
pasHbIX yyacTkax uzmensiack ot 0,02 o 2,42 mr/n (puc.).

BecHoii HanOopIIie BETUYUHBI OMOMACCHl (PUTOTNIAHKTOHA OTMe-
YaJich B BEpXHEM TEUCHUH U B yCTHEBOM yuacTke y T. [IckoBa (puc., A).
Ha Bcex uccnenoBaHHBIX CTaHLIMSX B oOmiel Omomacce mpeoOnamaiu
JMaTOMOBBIE BOAOPOCIIH, CYyOJOMUHAHTAMH SIBISLTUCH KPUTITOMOHA/IBL.

Bricokue 6nomaccsl (110 1,5 Mr/im) 3aperucTpupoBaHbl B BEPXHEM Teue-
HUM, T7I€ peKa MPOXOUT dyepe3 cucteMy ozep (ct. 1-4). Ha cranmmsax 1-3
BeCHOM qoMuHUpOoBay Buabl u3 poo Cyclotellau Fragilaria, Ulnaria ulna
(Nitzsch.) P. Compeére, Aulacoseira ambigua (Grun.) Sim., A. granulata
(Ehr.) Sim., Cryptomonas erosa Ehr., Bunst pona Chlamydomonas u ap.
Ha cranumm 3 Gornee 3HaYMTENBHON ObLIa POJIb KPUITO(PHTOBBIX BOJO-
pocueii, a Ha craHuuu 4 — TUHOPUTOBBIX. Ha cranimu 4 noMuUHMpOBa-
mu Cyclotella comta Kiitz., Ulnaria danica (Kiitz.) Compére & Bukht.,
Cryptomonas erosa, Glenodinium gymnodinium Penard. VYBemmue-
HHe Ouomacchl (PUTOMJIAHKTOHA HA CTAHLUH 3 ONpENesUIOCh BIUSIHUEM
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KPYITHOTO 03epa, 4epe3 KOTOopoe MpoxoauT peka. Ha cranmmu 5 oOmiast
Ooromacca (pUTOIUIAaHKTOHA CHIKANACh 70 0,6 Mr/I.

mr/n
2,0 A
DEuglenophyta
15 SXanthophyta
BDinophyta
1,0
ECyanophyta
0,5 = Crysophyta
BChlormophyta
0.0 BCryptophyta
DBacillariophyta
1,5 b
1,0 -
L)
|
0,5 - '
|
0,0 1
1 ‘ 2 ‘ 3 [ 4 ‘ 5 lsAtes‘m‘ 8 ’ 9 ]10[11‘12[13‘14}15‘16
Neto
CraHuuu
1,9FfA B
1,0 7
0,5 1
0,0
1 ‘ 2 ‘ 3 | 4 ‘ 5 ‘6A465|7A‘75‘ 8 ‘ 9 |10|11’12l13’14’15‘16
OceHp  CTaHuuu

IIpocTpancTBeHHOEe PpacnpenejieHue OuomMaccbl (UTOMIAHKTOHA
p. Besmmkoii (2011 r.):

A — BecHa, b — neto, B — ocenp; crannuu: 1 — 1. Bss, 2 — a. FOmkoso, 3 — 1. Ko-
bUIOK, 4 — T/6 Anosb, 5 — noc. Uapuna, 6A — Maxkciotutckast ['DC, BblIiie I0TH-
Hbl, 6b — Maxkcrotunckast I DC, Huke miotussl, 7A — Iunsckas I'DC, Bbllie mi1o-
TuHbl, 7b — llunsckas ['OC, Huxe miaotunsl, § — Beie . Onouka, 9 — a. bapabansl,
10 — 1. CenuxnoBo, 11 — 1. Kproku, 12 — . Octpos, 13 — 1. llabansl, 14 — a. [Ipo-
Mexunpl, 15 — 1. [IckoB, 16 — 1. MypoBuist
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B cpennem Teuenun peku Ouomacca (UTOIIAHKTOHA YMEHBINA-
Jach, TOCTUTas MUHUMAaJbHBIX 3Ha4eHUil B paiione . Omouka (ct. 8) —
0,14 mr/n. M3MeHANIOCh M MPOLEHTHOE COOTHOLICHHE — AOJS JAUATO-
MOBBIX CHHMYKaJlaCh, & OCHOBY OMOMAacChl Ha ATHUX CTAHIMSIX COCTABIIs-
nu kpuntoduToBsie (10 56 %) u 3enensie (10 38,6 %) Bogopocau. Ha
cranuuu 10 6Gmomacca ¢uTomIaHKkTOHa MoBbImanack 10 0,7 mr/i, uro
MOKET OBITh CBSI3aHO C aHTPOIIOTCHHBIM BIMSHUEM: B PEKY HOCTYMAIOT
MPOMBIIUIEHHBIE CTOYHBIE BOJABI U CTOKH C TOJIEH.

B HwxkHeM TedeHuH peku y T. IIckoBa KoIM4ecTBEHHBIE MOKa3aTe-
¥ (PUTOIUIAHKTOHA 3HAYMTENLHO BO3pacTalid. J(MaToMOBBIE COCTaBIISUIH
OCHOBY OMOMAcCHI, Cpey HHX Mpeo0iajand LHEHTPUUSCKHE ITUATOMEH.
Taxxe 3HauUTENIEH OB BKJIA] KPUITOPHUTOBBIX U 3€IEHBIX BOIOPOCIEH
(puc., A). MakcumyMma 3a BeCEHHHH ce30H OMomacca (pUTOIUIaHKTOHA J0-
cTHTalla HUKe ropojia Ha ctaHiuu 16 — 2,0 Mr/i1, B OCHOBHOM 3a CYET pas-
BUTHS TUATOMOBBIX M KPUITO(OUTOBBIX BOAOPOCIIEH.

JleroM mpocTpaHCTBEHHOE paclpeneleHne OMOMAacchl OTINYAIOCh
OosbIIel HEOAHOPOAHOCTHIO (puc., b). B 2011 . 6uomacca nerHero ¢uto-
ruiankroHa uamensuiack ot 0,17 (ct. 13) mo 1,75 (ct. 6) mr/m, aB 2012 1 —
or 0,27 (ct. 15) mo 2,42 (ct. 1) mr/n. MakcumyM OHOMAaccChl JIETHETO
¢uToruIaHKTOHA OBUT OTMEYEH Ha CTaHIMU 2 y UCTOKa p. Benmkoit u3
03. bonbmoit Bs3. 3meck 3HauuTenpHyr0 poib wurpamu Microcystis
aeruginosa (Kiitz.) Kiitz., Stephanodiscus hantzschii Grun., Aulacoseira
ambigua, A. granulata, Trachelomonas volvocina Ehr. JluatomoBbIe 3a-
HUMAaJI JJOMUHHPYIOILEE MOJIOKEHNE. YBeTMUeHHuEe OMoMacchl (PUTOTLIaH-
KTOHA CBSI3aHO C IMUKOM Pa3BUTHUS BOJOPOCIEH B 03epax, 4epe3 KOTOpbIe
npotekaeT peka. Ha cranuum 4 mpeobnananu cuHe3eleHbIe BOIOPOCIH
Phormidium autumnale Gom., Planktothrix agardhii (Gom.) Anagn. Et
Kom., Aphanizomenon flos-aquae (L.) Rafls, a Taxxe Ceratium hirundi-
nella (O. F. M.) Bergh u3z qurodutoBsix. [TomoOHast 3aKOHOMEPHOCTH Xa-
pakTepHa W ISl Ipyrux pek. Hampumep, B 03epOBHIHBIX paclIMPEHHSIX
p. Byokcs! B netnmii nepuon cbiie 50 % oOrieit 6omMacchl cOCTaBIIsUTH
cunesenenble Bogopociu (CocrosiHue OUOIIeHO30B. .., 2004). B 2012 . Ha
CTaHIMU 4 TOMHHUPOBAIIU 3eJICHbIe U CHHE3elleHble Boopocin. OnHako
noist Cyanophyta 6puta meHbiie, yem B 2011 1., 9TO MOXKeT OBITh CBSI3aHO
c OoJiee HU3KOM JIETHEH TeMIepaTypoi BoJbl, B cpeaHeM Ha 2,5 °C.
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Ilocne npoxokaeHHsl 03€pHBIX YYaCTKOB Ha CTAaHIMU 5 MPOUCXOTUT
cra] 6momacchl PUTOIUTAHKTOHA, CHCTEMa 03€p 3aKaHYMBACTCS, ¥ PyCIIO
PEKU OTIIMYAETCS Ype3BbIUafHONW M3BUIMCTOCTHIO U MOBBIIIEHHONW CKO-
POCTBIO TEUEHHUSI.

B cpeanem TeueHnn noBbieHre OnoMacchl HabMIOAAIOCh HA y4acT-
Kax, 3aperyauposaHubix ['9C. Hanbonpmero 3Hauenus B 2011 r. 6uo-
Macca JocTurajia Ha ctaHuuu Bbiie MakcrotuHackord [DC (ct. 6A) —
1,75 mr/a, B 2012 — 2 mr/n, B ocHOBHOM 3a cuetr Chroomonas acuta
Uterm., Cryptomonas erosa, C. marssonii Skuja, a Takxe BUJIOB U3 PO-
noB Chlamydomonas, Gymnodinium u Peridinium (puc., B). YBenude-
HHUe yncneHHocT Dinophyta XapakTepHO ISl CTaphIX MaJbIX BOLOXpa-
HUJIHUIL C Pa3BUTOH MPHOPEKHON pacTUTENbHOCTHIO. KommuecTBo 1u-
HO(UTOBBIX YBEIMYMBAIOCH ITpUMEpHO B 2 paza B 2012 1., yTo MOXKeT
OBITH CBSI3aHO C yBEIMUEHHEM IIE€PMaHTaHATHON OKHCIISIEMOCTH TaKXKe B
2 pa3za. XOTs 10 JIUTEPATYPHBIM JIaHHBIM OOJILITMHCTBO BUIOB Dinophy-
ta SBIAIOTCS TIOKa3aTelsIMH OJMTOTPO(HBIX BOM, AN HEKOTOPHIX BH-
JIOB €CTh CBEJICHUS O BCTPEYaeMOCTH B -, 0-Me30CanpOoOHbBIX U MOIHCA-
npoOHbIX Bogax [ Tpudonosa, 1990; T'opOynun, 2011].

Hwoke nIoTHHBI Ha CTAaHLIUSX CPEIHETo TeUeHHs1 OrnoMacca, Kak mpa-
BUJIO, CHUKanack. Ha cranumm 7A ypoBeHb OMOMacchl (PUTOIIAHKTOHA
nazan g0 0,33 mr/n. Beneacteue B3My4YrBaHUs BOABI 371€Ch B (DUTOTIAH-
KTOH Momnaaain OEHTOCHbIE POPMBI TUaToMOBBIX. [locie mpoxoxaeHus
BTOpO# TioTuHbI 6nomacca Chrysophyta camxanace. B 2011 1. Ha cran-
muu 7b 6ruomacca mosblmanace a0 0,85 Mr/i, npeobiagaromuM oT/e-
nom Obutn Dinophyta. Jlanee Ha CTaHIUAX CPEOHETO TEUCHUS PEKH IH-
aTOMOBbIE BHOBb 3aHUMAaJI JJOMUHUPYIOIIEE MTOJI0KEHHUE, COCTABIISAS OT
41 no 71 % Ouomaccel. Ha crannuu 9, pacnionoxeHHo# Hike T. Omou-
ka, B 2011 . mporcxoauino yMeHbleHrne 6uomMacchl (PUTOIIAHKTOHA 10
0,4 mr/n, a B 2012 1., HaoOopoT, ee yBenmuenue 1o 0,7 mr/n. Hekoropoe
yBenuyeHue oromacchl B 2012 . MOXeT OBITh CBSI3aHO C IMOCTYIUICHU-
€M B BOJIOTOK OOJIBIIEr0 KOJIMYECTBA OpraHn4eckux BemecTs. [1o man-
HBIM THAPOXUMHUYECKOTO aHAIM3a 3HAUCHUS TICpMaHTaHATHOM OKHCIIsie-
MOCTH YBEJIMUYHUBAIOTCS B 2 pa3a MO CPaBHEHMIO C MPEABIAYIIINM TOI0M,
a TaK)Ke HECKOJIBKO MOBBICHIIOCH COZIEp)KaHUE HUTPUTOB U MUHEPAJIbHO-

ro ¢ocdopa.
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Ha cranuuun 10 B paiione a. Cenuxnoso B 2011 . B Ouomacce yBe-
JMYUBAJIOCH KOJIMYECTBO CHHE3ENIEHBIX M KPUNTO(PHUTOBBIX BOJOPOC-
JIeid, 4TO, MO-BUMMOMY, CBS3aHO C BIMSHHEM CTOKOB MOJIOYHOTO 3aBO-
na. buomacca ¢urorutankTona Ha cranuuu 11, pacrnonoxeHHOH BOIU-
3u a. Kproku, nocturana 0,76 mr/i, 1OMAHHUPOBAIH AMATOMOBBIE, BTO-
poe mMecTo 3aHuMany JuHopuToBble — 21,3 %. CHIKeHne OMomMacchl Ha
cranuuu 13, pacnonoxxeHHO# HMke . OcTpoBa, 3a Ba roja HaOIroIe-
HUSI CBSI3aHO C BO3ACHCTBHEM ITOPOTOB U MOBBIIEHHON CKOPOCTBIO TeUe-
Husl. 31ech npeodianaiu OeHTOCHBIe (GopMbl Bomopociel — Gyrosigma
acuminatum (Kiitz.) Rabenh., Pinnularia gibba Ehr.

Ha cranuum 14 u 15 B paiione 1. [IckoBa 6rmomacca ocraBanach He-
BBICOKO. B HIDKHEM TeueHnn HanOoJbIast Onomacca Obliia 3aperucTpu-
poBaHa B ycTheBOM yuacTke (cT. 16) — mo 1,3 mr/n. JlomuHupyromei
TPYNION SIBISUIUCH 3eeHble Bonopociu (Chlamydomonas sp.), B mocie-
OYIOUIMA T HAOMIONECHUI JOMUHUPOBAIN KPUITOPHUTOBBIE BOLOPOCIH
(Cryptomonas erosa), SIBISIOMINECS WHAWKATOPAMH (-M€30CaripoOHON
30HBI. YMEHBLICHHE YHUCIa TAaKCOHOB HAa JAHHOM CTaHIWHW, 3HAYH-
TEJIbHOE Pa3BUTHE OTACIBHBIX BHIOB BOIOPOCIEH, MPEANOYUTAIONINX
0-Me30carpoOHbIe YCIOBHSI, a TAK)KE YBEIWUCHUE COACPIKAHHS HUTPH-
toB (0,048 mr N/n), munepansroro (0,024 mr P/n) u obmero (0,052 mr
P/n) docdopa cBuaerenscTBOBaNmM 00 3BTPO(YUPOBAHUU B YCTHEBOM
y4acTKe PEeKU B pe3ylIbTaTe aHTPOIIOTEHHOTO BIMSHHSL.

OceHbI0 MaKCUMaITbHBIE ONOMACChl OTMEUEHBI B BEPXHEM TEUCHHUH, TaK
Kak B 03epax MpOI0JHKAIOCh MaCCOBOE Pa3BUTHE BOJOPOCIIEH, KOTOPBIE TO-
najaid B pedHol (HUTOIUIaHKTOH (puc., B). buomacca B BepxHeMm TeueHHH
cocramsa 1,1 mr/a (cr. 2). JIoMUHUpOBamu KpUNTO(GUTOBBIE BOAOPOCIIH,
3HAYUTENBHYIO POJIb UTPAJIM BIVICHOBBIE, a TAKXKE JUATOMOBBIC U 3€JICHbIE.
Ha cranimu 3 nanGonbinyro gomto B Onomacce coctapisimi Cyanophyta, u3
KOTOPBIX IOMUHUpOBAIU Phormidium autumnale (14,5 %), Aphanizomenon
flos-aquae (14,3 %), 910 MOXKET OBITH CBsI3aHO ¢ Oojiee OIaroNpUsTHBIMU
JUTSL UX Pa3BUTHUS TEMIIEPaTyPHBIMHU YCIOBHAMH B 03€pax, IIie OCThIBAaHUE
BOJIBI OCEHBIO TIPOMCXOUT MEJJICHHEE, YeM Ha PEYHBIX y4acTKax.

B cpemnem TeueHnum Omomacca (DUTOIUIAHKTOHA CHIDKANach J0
0,45 mr/n (ct. 5). [Ipeodnanamu quaromossie (61 %). B paiione MakcroTuH-
ckoii 'DC Obruomacca oceHHero (UTOIIAHKTOHA BBIILIE TIOTUHBI COCTABIIS-
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na 0,36 mr/n, a amxe — 0,12 mr/n. B patione [lnnbckoit 'DC ona nocrurana
0,3 mr/n Bbitre u 0,4 Mr/in Hyke TWIoTHHBL. OCHOBY OMOMACChI HA 3TUX CTaH-
IUSIX B OCHOBHOM cocTaisiin Cryptophyta. Kak u B puroruiankrone p. By-
OKCBI, 37IECh HAOTIOAIOCHh 00eAHEHHE (DUTOTIIIAHKTOHA 3a CUET BBITIAJICHUS
CHHE3eJICHBIX BOJIOPOCIICH, YTO, BEPOSTHO, CBSI3AHO C PA3PYILICHUEM KOJIO-
HUI CUHE3EJICHBIX TIPU MPOXOXKIeHNH yepe3 Typounbl ['DC u B TypOyIieHT-
HoM notoke [CocTosiHne OMo1eH030B. . ., 2004]. OceHblo, Kak 1 B IPEABbIY-
IIHE CE30HBI, B palioHe CTaHIMH 8 U 9 MPOMCXOAMIIO CHIYKEHHE OMOMACCHI.
Ha cranmuu 10 6uomacca nossimianack A0 0,7 Mr/J1, U 3HAYUTEITBHYIO POJTh
B Hell urpanu quaromoBeie (39,8 %) u kpunrodurossie (36,4 %), yBenu-
YHBAJIOCH KOJIMYECTBO CUHE3EIICHBIX Bojiopociel (Phormidium autumnale,
Planktothrix agardhii), 4To, BEpOSITHO, CBS3aHO C MOCTYIUICHUEM CTOKOB
MOJIOYHOTO 3aBojia. B HmkHeM Teuenuu y T. [IckoBa Ouomacca Obiia HU3-
koit — 110 0,4 mr/n. [Ipeobnanamu Bunet pogos Cyclotella u Stephanodiscus,
Clamydomonas, Navicula radiosa Kiitz., Chroomonas acuta.

B ce3onHOl muHaMuKe OMOMacChl (PUTOTUIAHKTOHA HIDKHETO TCUCHHSI
p. Benukoii BeisiBiieHO 2—-3 mMKa: B KOHIE Masi — Hayaje UIOHS, B HIOJIC
U B aBrycTe, YTO XapaKTepHO Jisi Me30TpodHoro Tumna Boj [ Tpudono-
Ba, 1990]. HaumeHnpmas Ouomacca oTMeueHa BECHOM W TO3JHEH oce-
upio — 0,02-0,05 mr/i.

Ha Bcex yyacTkax peku JOMHHUPYIOT [-Me30carnpoObl, 4TO MO3BOJIS-
€T OTHECTH BOJIbI PEKH K YMEPEHHO 3arpsi3HeHHBIM. VIHIMKaTOPBI TpoMe-
JKYTOUYHOW 30HBI 3arpsi3HeHHs (0-f-me30canpoOsl U -0-mMe30canpoobl)
3aHMMAIOT BTOPOE MECTO M OCOOCHHO DPa3HOOOpa3HbI B BEPXHEM Te-
yeHuu U Ha ydactke Beime [llunbckoit I'DC. Yucno mokazareneit uu-
CTBIX BOJ (X-, X-0-canpo0OoB u 0-carpoOoB) HeBbicokoe (1,5-13,8 %).
0-p-carpoObl BCTPEUCHBI TOJIBKO Ha YETHIPEX Yy4acTKax peKu: y 1. bomib-
mioit Bsi3, . Onouka, 1. bapa6ansl, 1. CenuxuoBo. B . Onouke u 1. Ce-
JIUXHOBO PAaCIOJIOKEHBI HECKOJIBKO MOJIOKO3aBOJIOB, CTOYHBIE BOJIBI KO-
TOPBIX OKAa3bIBAIOT 3aMETHOE BO3/ICHCTBUE HA BOJBI peKu. MHIEKCHI ca-
npo6noctu [Sladecek, 1973] Bapsuposamu ot 1,8 1o 2,2. MoxHO oTMe-
TUTh TPEHJI YBEIUYCHUS MHJICKCA BHU3 110 TCUCHUIO PEKH, a TaKXKe TO,
YTO HAUOOJIBINNE 3HAYCHHSI OTMEYAIIUCH JISTOM.

o ypoBHto 6uomacce! putoruanktona (cp. 0,7 mr/m) p. Benmkyro Mox-
HO OTHECTH K oJIHro-Me30TpodHoMy THIy [ Tprudonosa, 1990], Xots o koH-
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LEHTPaLK OMOTEeHHBIX JIEMEHTOB Ha HEKOTOPBIX CTaHLMSIX p. Benukas ot-
HOCHUTCS K KaTeropuu 3arpss3HeHHbIX BoJ [Okcutok u ap., 1993]. o coort-
HOILICHUIO BUJIOB-WHUKATOPOB CanpoOHOCTH p. Bennkyio MOXHO oTHEeCTH
K KaTeropuy yMepeHHO 3arpsi3HeHHbIX. [1o 3HaueHnsIM MHAEKca canpoOHO-
CTH BOIIBbI PEKH MOYKHO OXapaKTepPHU30BaTh KaK BOJBI yIOBIECTBOPUTEIHLHON
YUCTOTHI (3 Kiacc KayecTsa), ¢ U3MEHEHUEM Pa3psiia KauecTBa OT «IOoCTa-
TOYHO YUCTOI» J0 «CNado 3arps3HEHHON.
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PHYTOPLANKTON BIOMASS DYNAMICS ALONG THE RIVER
VELIKAYA COURSE AS AN INDEX OF ITS ECOLOGICAL STATE

E. A. Sileenkova, I. S. Trifonova

Institute of Limnology RAS

The research deals with the investigation of species composition, seasonal dy-
namics of phytoplankton structure and biomass in the Velikaya River, the main
tributary of Pskovsko-Chudskoye Lake. The evaluation of the river’s ecological
state and water quality based on the investigation data of phytoplankton charac-
teristics was carried out.
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COBPEMEHHBIE UBMEHEHUSA OBUJINS U CTPYKTYPBI
OUTOIIVIAHKTOHA CPEJHEI'O TEUEHUSI PEKW UPTBILI

S1. . I'ynbuenxo, O. I1. baxenoBa

OmcKutl 20Cy0apcmeeHtblil a2papHblil YHUGEPCUMEN
um. I1. A. Cmonvinuna

Onmcana CTpyKTypa u oominne (GuToruiaHKToHa p. pThim B paiione . Om-
cKa B mepuoA oTKpeIToil Bonbl 2014-2015 rr. BrisiBIEHO CTaTUCTUYECKU
3HAYNMOE CHW)KCHHUE OOIIEH YHCICHHOCTH U OMOMacChl (PUTOILIAHKTOHA
p. UpThIi B IETHUI U OCEHHUI CE30HBI MO CPABHEHUIO C MPEABIIYIIUM
niepuogom uccienoBanuii (19982003 rr.). OOuine BeceHHero puToruiaH-
KTOHA OCTAJIOCh Ha MPEKHEM YPOBHE. YCTaHOBICHBI U3MEHEHHUSI B CTPYK-
Type (PUTOIUIAHKTOHA PEKH, BRIPAKAIOIIHECS B CTATUCTHYSCKU 3HAYUMOM
CHIDKCHUU JIOJIU 3€JICHBIX U YBEIWYCHUU JOJU 3BIVICHOBBIX BOIOPOCIEH
BecHo 2014 u 2015 rr. M3meHeHue 1oy 1MaHOOAKTepUid U JTHAaTOMO-
BBIX BOJIOPOCIIEH CTaTUCTUYECKU HE3HAUUMO. YCTaHOBJICHHAS IIEPECTPOii-
Ka CTPYKTYpbI (PUTOIJIAHKTOHA PEKH YKa3bIBaeT HA OObEKTUBHBIC U3MEHE-
HUS DKOJIOTHYECKOTo coCTOsiHUS VpThIiia B MOCIETHUE TOMBL.

TpancrpannyHas pexa UpTsiim, SBissch caMbIM KPYITHBIM TTPATOKOM
O0wu, uMeeT UCKITIOUUTENbHOE 3HadueHue st OMckor obmactu. OTCyT-
CTBHUE allbTEPHATUBHBIX MCTOYHMKOB BOJOCHAOKEHUS TOPOAA U HETpH-
TOTHOCTH OOJBIIMHCTBA TTOI3EMHBIX BOJ ISl XO3AWCTBEHHOTO HCIIONb-
30BaHUSl OOBSCHSAIOT HEOOXOAMMOCTH TOCTOSHHOTO KOHTPOJSI COCTOSI-
HUs dkocucTeMbl p. Upthim. Peskoe yBenmuenue Bomo3adbopa u3 YepHo-
ro Uprteia Kuraem npuseno k yrpose ucroiienus Bog Upteiia u eme
Ooee obocTpmito 00CcTaHOBKY B Oacceiine peku [Tymoxonos, 2015]. B
HeNsIX o0ecTedeHns YKoIorndeckoi 6e3onacHoctu OMCKO 00macTu u
KOHTPOJISI COOMIONEHHSI MEXKTyHAPOTHBIX IOTOBOPOB HEOOXOIMMA OIIEH-
Ka COBPEMEHHOTO COCTOSHUS 9KOCUCTEMBI PEKH M Ka9eCTBA €€ BOJ.

Hcnonp3oBanre (pUTOMIAHKTOHA TPW OMOWHAMKAIMKA OO0YyCIIOBIIE-
HO €T0 BBICOKOH YyBCTBUTEINHHOCTHIO K M3MEHEHHUIO KaueCTBa BOJIHOM
cpenmpl, a TaKXke CIOCOOHOCTBIO OTpa)karh A(P(HEKT CMEITaHHBIX BO3-
JEUCTBUMN, YTO HEJOCTYIIHO XMMHUYECKOMY MOHUTOpUHTY [Hukanopos
u ap., 2015].
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DKosoruyeckas OleHKa COCTOSIHUS BEpXHero 1 cpeaHero MpTelia no
noKa3aressiM pa3BUTHs (PUTOMIAHKTOHA BBIMONHATAch B 1998-2003 rr.
[baxenosa, 2005, 2006, 2007]. bbuio ycTaHOBIEHO, YTO 3aperyiu-
pOBaHHE BEPXHEro TEUEHHUs PEKH KacKaJoM BOJOXPaHWIMII MpUBE-
JI0, COINIAaCHO KOHUEMIMM JKoIorndeckux moaupuxanuii B. A. AlGa-
kymoBa [1991], x sxonoruueckuM Moau(UKaAIUIM HETaTUBHOTO THUIIA.
Ha ocHOBe KauecTBEHHBIX XapaKTEPUCTHK (PUTOIUIAHKTOHA COCTOSTHUE
9KOCHCTEMBI CPEAHEr0 TedeHus p. MpThim OBLIO OMpeaesneHo Kak aH-
TPOTOT€HHOE IKOJIOTHYECKOE HAPSKEHUE C AIEMEHTAMH aHTPOIOTEH-
HOTO 3BTPOQHUPOBAHUSI.

Lenpto paboOTHl SBISIOCH BBISBICHHE COBPEMEHHBIX M3MEHEHUH B
CTPYKType U OoOMIHU (UTOIUIAHKTOHA CPEJHEro TeueHus p. MpToim
(B paiione 1. OMcKa).

Pabora ocHoBaHa Ha MaTepuanax o0paboTku Mpod GUTOMIAaHKTOHA
p. Upteil B paiione T. OMCKa B MepHOA OTKPBITON BOIBI (23 ampens —
6 HOs10ps1) 2014 1. m ¢ 22 ampenst o 15 utonsg 2015 . OT60op mpod
npoBOMIIN 2—3 pa3a B MeCSI Ha JABYX THAPOOHOIOTHYECKHUX CTBOpaX
BbIIe U HUke OMcka: «Omck-BU3» — Bblllle HCTOUHMKA 3arps3HEHUS
n «OMck-HU3» — Huke nerounuka 3arpsisHeHus. Pacnonoxenue cTBo-
POB BBIOPaHO B COOTBETCTBUU C Pa3MELICHHEM MecT 0TOopa mpod st
CTallMOHapHBIX HaOmrogeHui LleHTpa MO MOHUTOPHHTY 3arps3HEHUS
oKpyXkatouieil cpensl . OMcka 1 METOAMYECKUMHU PEKOMEHIaLUAMHU 1O
NPOBEACHUIO THAPOOHOIOTHYECKOTO MOHHMTOPWHIA TOBEPXHOCTHBIX
BoJ [PykoBogsumii nokymeHT..., 2001]. KonnuectBerubie mpoOkl Gu-
TOMJIaHKTOHA 00BbeMoM 0,5 J1 oTOMpany U3 MOBEPXHOCTHOTO CIIOS BOJIBI
B TPEX TOYKaX MOMEPEYHOTO CEUCHHUsI PEKH — y OEpEeroB 1 Ha CepeIuHe.
Ouxcanno npod npoBoAMIN (OpPMATHHOM, TPU KOHICHTPUPOBAHUU
MCITOJIb30BAJIN OCAJ0YHBIN METO/.

[IpoGsl oOpabarbiBasii  OOWIENPUHATEIME MeToaaMu [ Denopos,
1979]. Iloxncuer yncna KIETOK (PUTOIUIAHKTOHA MPOBOJIWINA B KaMmepe
TopsieBa B 2—4 moBTOpHOCTSIX Ha Mukpockone Euler Professor 770T.
3a yka3aHHbII niepuo] oToOpaHo u 00padoTano 117 KonMyecTBEHHBIX
npo0 (UTOIIAHKTOHA.

3a nccnenyemblii nepruos B putoruiankTone p. Mpreim Haiizeno 275
BUJIOBBIX U BHYTPUBHUAOBBIX TakcoHOB (BBT), oTHOCsAmMXCs K 9 oTAe-
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nam: Cyanoprokaryota (34 BBT), Chrysophyta (17 BBT), Xanthophyta
(3 BBT), Bacillariophyta (57 BBT), Dinophyta (5 BBT), Cryptophyta
(2BBT), Euglenophyta (17 BBT), Chlorophyta (129 BBT), Streptophyta
(11 BBT).

OO0mas 4MCICHHOCTh (PUTOIIAHKTOHA B MEPUOJ OTKPBITOW BOJIBI
2014 r. uamensacse B npeaenax 0,08—223,29 maH ki1./11, Ouomacca — oT
0,02 10 9,42 /™%, coctarnss B cpearem 14,51 + 3,93 mura xn./n u 1,89
+ 0,16 /M’ coorBercTBeHHO. Kitacc u pa3psin kadectBa Boabl p. Mp-
THIII HE U3MEHUIINCH 110 CPAaBHEHHIO C IPEABLAY MM NEPUOIOM HCClie-
nosanuil. [To mokazarento Guomaccs! purtomaankroHa [OKCHIOK U Ap.,
1993] Boma Uprteima oTHOCcHTEA K 3 Kiaccy KadecTBa (yIOBIETBOPH-
TEJBHOHN YNCTOTHI), paspsay 30 (ciabo3arpsisHeHHas).

OO0mas yrcneHHOCTh PUTOIIIAHKTOHA B BeceHHM ce30H 2014 1. co-
crasisuia 4,31 + 0,90 Mo xi1./1, 6uomacca — 2,29 + 0,50 r/m®. B naua-
Jie BECHBI HanboJjee aKTUBHO BETeTHPOBAJIN TUATOMOBBIE BOJOPOCIHU H
Trachelomonas volvocina. 3aTeM B TedeHHE BECEHHETO Ce30Ha 00MIINe
JUaTOMOBBIX, 3€JIEHBIX BOAOPOCIICH U IMaHOOaKTEPHii TUIABHO BO3pac-
tano, a Trachelomonas volvocina — CHU3UIIOCH K CepeIUHE Masl.

Becnoit Bxnan Bacillariophyta B uncieHHOCTh QUTOIIIAHKTOHA B
cpennem coctasisin 68,1 %, Chlorophyta — 19,9 %, Cyanoprokaryota —
9,9 % u Euglenophyta — 1,5 %. OcHoBHY®0 9acTh OMoMacchl (uro-
ianktona ¢opmupoBanu Bacillariophyta (89,3 %), 3ameTHbIN BKIaz
BHOcuu Chlorophyta (7,2 %). lonst Euglenophyta B cpeauem cocras-
nsita Toneko 1,4 %, ogHako B anpene oHu popmuposainu jgo 13,1 % o06-
nieit omomaccel. [lonst ocTalbHBIX OT/IENOB B 00mIei Ouomacce duro-
TUIAHKTOHA HEe3HAUYMTENbHA U COCTaBisu1a B cymme He Oonee 1,6 %.

C HayaJoM JIETHEro Ce30Ha OOMINE AUAaTOMOBBIX BOJOPOCIEH CHU-
JKaJIOCh, a UaHOOAaKTepuil — BozpacTaino. Jlons nuanoO0akTepuil JeTom
B cpeiHeM cocTtaBiisiia 83,7 % oOIieit YuCIeHHOCTH, IOCTUTasi CBOETO
makcumyma (97,5 % oOuieit yncneHHoctn) 3—4 ceHTaOps. 3aMeTHBIN
BKJIaZ B ()OPMHUPOBAaHKE OOILEH YUCIEHHOCTH JIETHETO (PUTOIUIAHKTO-
Ha BHocuin Chlorophyta (B cpennem 8,8 %) u Bacillariophyta (7,5 %).
Ha nonto octanbHBIX OTAETOB MPUXOAWIOCH B cymme MeHee 0,2 %.

OO0mas YucieHHOCTh (GUTOIUIAHKTOHA JIETOM M3MEHsJIach B IIUPO-
kux npenenax: ot 1,14 10 233,29 maH Ki1./11. MakCUMyM YHUCIEHHOCTH,

100



00yCJIOBJICHHBIM BCHBIIKOW pa3BuTusi Aphanocapsa holsatica, otme-
yajicsi B Hayase ceHTs0ps. OOmas Ouomacca (pUTOIIIAHKTOHA KoJieOa-
nack ot 0,19 10 9,42 r/M® 1 UMea HECKOJLKO ITMKOB — B KOHIIE MIOHS,
Cepe/IMHEe UIoJs U cepefuHe ceHTsI0ps. HebonbInoi muk OMoMacchl B
KOHIIC MIOHS OBUI BBI3BaH BO3PAaCTaHHEM YHUCJIICHHOCTU JIHATOMOBBIX
Bonopocnedt (Synedra ulna, S. acus var. radians), B urolie — MHTCHCHB-
HO¥ Berertanuel uanodakrepuu Gomphosphaeria aponina, B cepenu-
HE CEHTSIOPS — pa3BUTHEM 3€JICHBIX BOJIOPOCIICH.

Ocenpro 2014 1. oOmias YHCICHHOCTh (DUTOIUIAHKTOHA W3MCHS-
nack B mpeaenax 0,08-55,18 mmu wi1./1, 6umomacca — 0,02-3,30 r/m°.
MakcuMyM YHCICHHOCTH, OOYCJIOBJICHHBIA pa3BUTHEM Aphanocapsa
holsatica, TpUXOAUIICS HA KOHEI CEHTSIOPs, MTOCIIE Yero 001as YuciacH-
HOCTh (PUTOIUIAHKTOHA TUIAaBHO CHIKanack. OOmias Ouomacca duro-
TJIAHKTOHA OCCHBIO MMeEJIA J[Ba IHKA: MEePBbIi, B KOHIE CEHTIOPS, BbI-
3BaH Pa3BUTHEM JIUATOMOBBIX (Stephanodiscus hantzschii) n 3eneHBIX
BOJIOPOCIIEH U BTOPO#i, B KOHIIE OKTSOPS, CBS3aH C YCUJICHUEM BereTa-
uuu auaromeit (Synedra acus var. radians, Stephanodiscus hantzschii)
Ha (pOHE OOIIETO CHIKEHUS KaK O0IIei OMoMacchl, TaK U YUCICHHOCTH
¢duTOIUIaHKTOHA.

OceHbO B (DUTOIUTAHKTOHE TIO0 YHCICHHOCTH Mpeodiamaiy Iua-
HoOakTepuu (B cpeaHeM 74,2 %), MCHBINUN BKJIAJ] BHOCWIH 3€JICHBIC
(14,2 %) n nuaromossie (11,2 %) Bogopocnu. B hopmupoBanuu ono-
Macchl (PUTOIJIAHKTOHA OCHOBHYIO POJIb UTPald JIMATOMOBBIE BOJIO-
pociu, coctaBiisis B cpefHeM 62,6 %. B oraenbHbIX mpodax g0is aua-
Tomei gocturana 95,8 % oOmieit 6uomacchl purorutankTona. Ha BTo-
POM U TpeTbeM MecTax HaXOAWJIHCH 3elieHble Bomopociu (24,1 %) u
nuanobaxrepun (11,8 %). Ha 10110 ocTanbHBIX OT/AETIOB B CyMME MPH-
xoamnock MeHee 0,4 % uucnennoctu u 1,6 % oOrieit Gmomacchl PUTO-
TJIAHKTOHA.,

Becnoit 2015 r. o0mas 4uCICHHOCTh (PUTOTNIAHKTOHA COCTAaBIIsIIA
3,20 £ 0,55 man ki./n, 6uomacca — 1,39 + 0,12 r/m3. Kak u B 2014 1.,
B Hayajie BECHBI HauOOJbIIIce OOUITUE UMEITU TUAaTOMOBBIC BOJIOPOCITH
u Trachelomonas volvocina. MakcuMyM YUCJIICHHOCTH MPUXOJIUIICS HA
cepenuny mast (6,04 MITH KJI./1T1) 1 ObUT 00YCIIOBJIICH POCTOM OOMIIUS 11U~
aHOOaKTepuli, TUATOMOBBIX U 3€JIeHBIX Bojopociied. K Havamy uroHs
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oOunre GUTOIUIAHKTOHA TUIABHO CHUXKAJIOCh, YTO CBS3aHO CO CMEHOM
JIOMMHHPYIOIIETO KOMILJIEKCA.

Bxman Bacillariophyta mo 4HMcIeHHOCTH B CpeJHEM COCTaBIISLI
28,1 %, Chlorophyta — 32,0 %, Cyanoprokaryota — 17,1 % u Eugle-
nophyta — 13,9 %. OcHOBHyIO YacTh OMOMacChHl (UTOIIAHKTOHA BEC-
Hoi ¢opmuposanu Bacillariophyta (69,2 %), Chlorophyta (14,6 %) u
Euglenophyta (8,1 %). Hons Chrysophyta cocrasnsina 5,6 %, Bkian
OCTaJIbHBIX OTAENOB B 00IIel Onomacce (QUTOMIAaHKTOHA HE3HAYUTE-
neH (menee 2,5 %).

[Ipu cpaBHEHNH MOMYYEHHBIX JAHHBIX C PE3YJIbTaTaMU IPEIBITYIIHX
uccnenosanuii (1998-2003 rr.) Obia BELABMHYTA HyJEBas TUIIOTE3a O
NPUHAIEKHOCTH BEIOOPOK, COOTBETCTBYIOIIUX ABYM IEPUOAAM HCCIIe-
JIOBaHMI, K OJHOM reHepajbHON COBOKYyNHOCTH. [lockonbky pacnpene-
JIeHHWE BEeJUYMH OOLIel YMCICHHOCTH M OMOMAacchl (PUTOIIAHKTOHA HE
MOAYMHSACTCS HOPMAJIBbHOMY 3aKOHY, YTO TOATBEPXKIACTCS 3HAYCHUSI-
MU K03()(PUIIMEHTOB aCHMMETPHH U IKCIECca, IPOBEPKY TUIIOTE3BI OCY-
HIECTBISIM NPH TOMOIIM PAHTOBOIO HEMapaMeTPUUYeCKOro KPUTEpHs
Manna-Yutau (U-Kputepusi), MO3BOJISIOIET0 CPaBHUBATh Pa3HOMOIL-
Hble BEIOOpKH, HEe Hanaras TpeOOBaHMsI Ha HOPMAJIBbHOCTh pacrpesese-
HUSI BXOJSIIINX B HUX ciTy4aidHbIX BenuuuH [Kob3aps, 2006]. CpaBHeHHe
JAHHBIX TPOBOIMIIN 110 OOMIIMIO B CTPYKType ¢uromiankrona. [lox mo-
KazaTeJsIMUA OOMIIHS TIOHUMAX OOLIYI0 YUCICHHOCTD 1 00IIyI0 OroMac-
Cy (DUTOIIIAHKTOHA, B KaUeCTBE MOKa3aresiel CTPYKTYPhI UCTIOIb30BaIH
OTHOCHUTEINIbHBIE YHCIEHHOCTh U OMoMaccy OTnesoB. BeiOopku mo umc-
JICHHOCTH M OMoMacce CpaBHHBAJIM HE3aBUCHMO JIPYT OT Apyra, OfHa-
KO /17151 OOJNBLIMHCTBA XapaKTEPUCTHUK PE3yJbTaT COrNacyeTcs — B ciydae
3HaYUMOCTH OTIIMYUH BEIOOPOK IO YUCIEHHOCTH (PUTOTIIAHKTOHA BBISIB-
JSIeTCSl 3HAYMMOCTh OTIIMYMH BEIOOPOK 1o 6nomacce. CpaBHEHHE IPOBO-
I Ha BBIOOPKAx MO ce30HaM (BECEHHMH, JeTHHM, ocennuii). Jlocto-
BEPHOCTh OTIMYMI paccmarpuBain Ha 1 1 5 % ypoBHSIX 3HAYMMOCTH.

Becnoit 2014-2015 rr. obunue guromnankrona Mpreima B paiioHe
r. OMcKa OCTaoCh Ha YPOBHE IMEpHOJa MPEIbIAYLINX HUCCIECA0BAHUMI
(1998-2003 rr.), cCTaTUCTUYECKH 3HAYMMBIE PA3TIMUUsl OTCYTCTBYIOT.

VYCTaHOBIIEHO CTATUCTHYECKH 3HAYMMOE CHWKEHUE oOmiust QuTo-
TUIAHKTOHA B JICTHUW M OCEHHUH meproabl. JleToM o01as YucieHHOCTh

102



YMEHBIIMJIACh IO CPABHEHHUIO C MPOLUIBIM MEPUOJIOM HCCIEeT0BaHUMN
Ha 2,35 muH ki./1. [lonydeHHOE SMIHMpPUYECKOE 3HAYCHUE KPUTEPHUs
(U,,,) Wi BLIOOPKH IO YMCIEHHOCTH (DPUTOMIAHKTOHA JIETOM PaBHO
266 pu U o = 303 u sBasercd 3HaunMbIM Ha 1 % yposHe. CpenHue
3HaueHHs OMOMacChl (PUTOIUIAHKTOHA JeToM cHu3miuch Ha 0,91 r/m?,
pesyabrar 3Ha4um Ha 1 % yposue, U = 196 npu Ut = 214.

OceHbl0 MPOU30LIO0 CHM)KEHHE CPEJHEro 3HaYeHus1 00IIel YncieH-
HOCTH (UTOIJIAaHKTOHA Ha 5,88 MuH Ki1./1. Pesynabrar 3Haunm Ha 5 %
yposre, U =46 mpu UKpos =47. buomacca (puTOMIaHKTOHA CHU3UJIACH
B cpeaneM Ha 1,64 r/m°, uto noctoBepHo Ha 1 % ypoBHE 3HaUMMOCTH,
U .. =30 npu Ui = 32.

B cTpykrype ¢puronnankrona UpTeiiia oTMEYEHbI H3MEHEHHS, BBIPa-
JKaKOIIMeCcs B CHU)KEHUH JI0JIM 3€JIEHBIX U YBEITMUEHHUH J10JIM IBITIEHOBBIX
BOJIOpOCIIEH B 0OIIeH YUCIIEHHOCTH (PUTOILIIAHKTOHA peku BecHoi 2014
u 2015 rr. Bkian 3eneHbIX Bogopociieil B 00IIyI0 YUCICHHOCTb (UTO-
IJTAHKTOHA BECHOM cHU3WICS B cpeaHeM Ha 11,8 %, 9BINIEHOBBIX — BO3-
poc Ha 2,8 %, u3MeHeHus 3HaYUUMbI Ha 5 % ypoBHe. [lomyueHHoe sMnu-
pHUECKOe 3HAYCHNE KPUTEPHS TSI BBIOOPKH 110 OTHOCUTENBHON YHCIIeH-
HOCTH 3€JIEHbIX BOJopociiei BecHoii paguo U = 102, 1yist 9BIJIEHOBBIX
Bofopociei —U =94 npu U os= 113. Bknaj 3BITIEHOBBIX BOOPOCIIEN
B 001IyI0 OMomMaccy (UTOIIAHKTOHA B cpeJHeM Bo3poc Ha 3,2 %. BrI-
OOpKH 1O OTHOCHUTENIFHOM OHOMacce XapaKTepHU30BaJIHCh 3HAYCHUSIMH
kputepus U = 83 mpu prm =90, 4TO CBUACTEIBCTBYET O 3HAYUMOCTH
YCTaHOBJIEHHBIX U3MeHeHUH Ha 1 % ypoBHe. YBeIuueHue 101 3BINIEHO-
BBIX BOJIOPOCTICH B CTPYKType (PUTOIUIAHKTOHA YKa3bIBAaeT, 10 HAIIEMY
MHEHHIO, Ha yCUJIEHHE 3arpsi3HeHus VpThilna JIerkooKUCIsieMbIMU Op-
TaHWYEeCKMMU BelleCTBaMU. VI3MeHeHne 101 LIMaHOOaKTepuil U J1aTo-
MOBBIX BOJIOPOCJIEH B CTPYKTYpE (PUTOIIAHKTOHA PEKH HE YCTaHOBJICHO.

Takum oOpa3zoM, oOmiHe W CTPYKTypa (DUTOIUIAHKTOHA CPEIHEro
TeueHus p. MpTei B nmociaeaHue roasl u3MeHmIuch. [lockonpky mep-
BOCTEIIEHHOW XapaKTEepPUCTUKOW, UCTONb3YeMON MpH OMOWHIMKAIMH
BOJHOTO O0BEKTA, SIBISETCS CTPYKTYpa (PUTOIIAHKTOHHBIX COOOIECTB
[AGakymoB, 1991], cTrarucTHYeCKH AOCTOBEpHas €€ IMepecTpoiika B
2014-2015 rr. yxa3piBaeT Ha OObEKTUBHBIC U3MEHEHHSI SKOJIOTHUECKO-
IO COCTOSIHUA p. VpTHINI B OCIEIHNE TOMBI.
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RECENT ABUNDANCE AND STRUCTURE CHANGES
OF PHYTOPLANKTON FOUND
IN THE IRTYSH RIVER MIDDLE REACHES

Ya. 1. Gulchenko, O. P. Bazhenova
Omsk State Agrarian University named after P. A. Stolypin

The article deals with the description of the structure and abundance of the Irtysh
River phytoplankton studied near the city of Omsk during the open-water period of
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2014-2015. A statistically significant decrease in phytoplankton total number and
biomass of the Irtysh River in summer and autumn periods in comparison with the
previous research period (1998-2003) was found out. The abundance of spring phy-
toplankton remains at the same level. Some changes of the river phytoplankton com-
munity structure characterized by a statistically significant decrease in Chlorophyta
and increase in Euglenophyta number in the spring 2014 and 2015 was found out.
Changes in the Cyanoprokaryota and Bacillariophyta number were not found statis-
tically significant. The river phytoplankton structure reorganization indicates objec-
tive changes of the Irtysh River ecological status over the recent years.

IKOTOKCUYHOCTDB BOJA MOAEJIBHbBIX 9KOCUCTEM
B YCJIIOBUSX 3AT'PA3SHEHUS KAIMUEM

E. H. Bakaesa' >3, M. H. Tapanaiiko®

! Huemumym éoonvix npoonem PAH, T'uopoxumuueckuii omoer,
2. Pocmos-na-/[ony
2 Tuopoxumuueckuit uncmumym, 2. Pocmos-ua-J{omny
3 FOocnulil (hedepanvubiil ynusepcumem, 2. Pocmos-na-/lony

HpI/IBeIleHLI PE3YIbTAThI I/ICCJ'Ie,ZlOBaHI/If/i OKOTOKCHUYHOCTH BOJHBIX 5KO-
CUCTCM, NIOJYUYCHHBIC B XOAC AJIUTCIBbHOIO HATYPHOTI'0 MOACINPOBAHUA
(M€3OKOCMI>I) 3arpsA3HCHUSA KaJIMUCM. I[aHHI:Ie I‘I/I,I[pO6I/IOJ'IOFI/I‘lCCKI/IX
WHAUKAIIMOHHBIX HUCCIICIOBAaHUMN (I)I/ITOHJ'IEIHKTOHa 1 OMOTECTOBBIX HC-
CIICIOBAHUM C MCIOIb30BAHUEM aBTOTpO(l)HBIX nu I‘CTCpOTpO(l)HLIX TECT-
00BEKTOB BEHIIBUIN OTIMYHEC B UX OTKIUKE HA BO3,I[€I>iCTBI/IC KaaMus.

B nocnennee BpeMsi yBeIMUNBAETCS MOCTYIUICHHUE TSXKEIJIBIX METAJI-
JIOB B BOZIHBIE 00BEKThI. K 4KciTy OmacHbIX TOKCHYHBIX METAJUIOB OTHO-
CUTCS KaMUU, IPUHAJISKAIINI KO BTOPOMY KJIACCy OMaCHOCTH. Y Y-
ThIBasi 0COOGHHOCTH ITOBEJIEHUS B BOIHBIX 3KOCUCTEMAaX M CIeLU(UKY
MeTabo0sIn3Ma B KHUBBIX OPraHU3MaXx, OCIEACTBUS BIMAHUSA KaAMUs Ha
OMOJIOrHYEeCKUE CUCTEMBl MOKHO CUUTATh HEINpeacKasyeMbIMu [berno-
HoroBa, 1999].

OpHuM n3 HanboJIee BaYKHBIX KOMIIOHEHTOB BOJHBIX 3KOCHCTEM SIB-
JSIFOTCSL ABTOTPO(HBIE OPraHU3Mbl, HanOoJIee IIMPOKO MPEACTABICHHbIE
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¢uronnankroHoM. MHAMKAaTOpHBIE CBOMCTBA (PUTOILIAHKTOHA OMpe[e-
JISIFOTCSL HE TOJBKO (PaKTOM HAXOXKACHUSI MIIM OTCYTCTBHSI ONIPEAETICHHBIX
BUJIOB, HO U CTETICHBIO X KOJMUECTBEHHOTO Pa3BUTHSL, a TaKkxke Gpu3no-
JIOTHYECKUM cOCTOstHHEM. [1oaToMy TipencTaBisieTcs akTyalbHBIM MPO-
BE/ICHHE SKCIEPUMEHTAIBHBIX HCCICAOBAaHUN, MOACIUPYIOIINX BIIHS-
HUE Pa3IMYHBIX KOHIEHTPAMK KaJMHsI B OTIIMYAIOLINXCS APYT OT ApyTa
YCIIOBUSIMH SKCTIEPUMEHTAJIBHBIX SKOCUCTEMaX Ha TUIPOOUOHTOB, B TOM
qrcie GUTOIIAHKTOH.

KauecTBO BOAHOI cpenbl, B KOTOPOH OOUTAIOT THAPOOMOHTHI, 3aBHU-
CHT OT TaKOTO CBOWCTBA BOJbI, KAK TOKCHYHOCTh. TOKCHYHOCTh Kak OHO-
JIOTHYecKast XapaKTepPUCTHKA Ka9eCTBa BOJ BBISBIISICTCS 110 BO3ACHCTBHIO
uccieyeMol BOJbl Ha THIPOONOHTOB METOAOM OnoTecTUpOBaHus. M3y-
YUTh 3aKOHOMEPHOCTH BIUSHUS 3arpS3HSIONINX BEIIECTB HA THAPOOHO-
Ty MO3BOJISIET METO/I HATYPHOTO MOJCIMPOBAHUS 3arps3HEHHSI, IPEUMY-
IIecTBa KOTOPOTO M3JI0KEHBI B psiae padoT [bakaesa, Hukanopos, 2006;
Tpodumuyk u ap., 2010].

Lenp HacTosIIeH pabOThI 3aKII0Yanach B BBISIBICHHH SKOTOKCHYHO-
CTH BOJI MOJICJIbHBIX 9KOCHCTEM, 3arPsI3HEHHBIX KaJMHEM, METOJIOM OHO-
MHIUKAIMK QUTOMIIAHKTOHA U METOJIOM OMOTECTUPOBAHUSI.

B uccrnenoBanum MCHOIB30BATUCH METOABI HATYPHOTO MOAEIUPO-
BaHMs 3arpsizHeHus [bakaesa, Hukanopos, 2006], rumpobuonoruye-
ckuil aHanmu3 ¢uTorlaHkToHa [AOakymoB, 1983], omeHka TOKCHYHO-
CTH BOJ METOIOM OMOTECTHPOBaHMS C HCIOJB30BAHUEM B KauecTBE
TeCT-00bEKTOB IreTepOTPOPHBIX OPraHU3MOB-PHIBTPATOPOB — AaHUI
Daphnia magna n aBTOTpO(HBIX OPraHU3MOB — 3€JICHBIX MHKPOBOJO-
pocneit Scenedesmus obliquus [PI1 52.24. 566-94]. 3anauu 3KcriepruMeH-
Ta 3aKJII0YAINCh B M3YUYCHUH BIMSHUS KaJMHs Ha (QUTOIUIAHKTOH U TOK-
CHYHOCTB BOJl B ME30KOCMaxX C pa3IMYHbIMU BApHaHTAMH BHECEHUS Kal-
must (Tadm. 1).

OOBEKTOM HCCIIEJOBAHUS CIYKHUIN MOJEIbHBIE YKOCUCTEMBI — Me-
30kocMbl (M) o0beMoM 4 M®, ycTaHOBIIEHHBIE B PHIOOBOIHOM MpYAY,
3aronHseMoM Bogamu p. JJoH. Me30KoCcMBbI MpeACTaBIsAIOT COO0H Mpo-
CTPaHCTBEHHO M30JIMPOBaHHBIE OOBEMBI BOJIBI M JOHHBIX OTIOKECHHUN
BMECTE C HACEISIOMIMMHU UX THAPOOMOHTAMH, OHH UMEIOT IMINHIPH-
4ecKylo (opMy; M30IMPYIOLIMM MaT€pHalOM SIBISIETCS MOJUAITHIICH.
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OnHUM KOHIIOM ME30KOCMBI 3aKpeIUIsINCh y JHa BOJOEMa, BTOPOM
YCTaHABIMBAJICS HA TMOIUIABKAaX M ILIMalepax HaJl MOBEPXHOCThI0. Me-
30KOCMBI UMEIOT T€ €, YTO U B MaTEPUHCKON 3KOCHUCTEME, CTPYKTYPY
BOJHOW TOJILIM, HEHAPYLICHHYIO CTPYKTYPY AOHHBIX OTJIOXECHUH, HC-
XOIHBI XUMHYECKHI COCTaB BOABI, TO e BOAHOE HaceneHue. O0mu-
MU WM BeCbMa OU3KUMHU SIBIISIIOTCS OCBELICHHE, TEMIIEpaTypa, 1aBje-
HUe, a TaKXKe UX IPaJueHThl U [uHaMuka [bakaesa, Hukanopos, 2006;
Tpodumuyk u ap., 2010].

JmMTenbHOCTh SKCIIEpUMEHTa cocTapisiia 25 cyTtok. B pabore nan
aHaJIU3 Pe3yJIbTaTOB IO IIECTH ME30KOCMaM, OJIMH U3 HUX — KOHTPOJIb-
Hbli (M1) 6e3 nobaBnenus kaaMusi. B ocTanbHble ME30KOCMBI BHOCHIIH
pa3iuuHble ero KoHUEeHTpauuu. CxeMa 3arps3HeHHs ME30KOCMOB Kajl-
mueM npuseaeHa B Tadmn. 1. [TJIK ans xaamust B Boxe pbiO0X03siicTBEH-
HBIX BogoeMoB cocrasisgeT 0,005 mr/i.

Taoauna 1. Cxema 3KkcnepuMeHTa

Ne me3o-
BHeceHHbIC KOHIICHTPAIMH KaJIMUs Ipumeuanus
KOCMa

Ml 0 ITAK KoHnTponbHblil Me30K0CM

M2 50 ITJIK OJHOKpaTHOE BHECCHUE

M3 100 ITAK OpHOKpaTHOE BHECEHUE

M4 150 TIJIK OHOKpaTHOE BHECEHUE

M5 100 TIIK OnHOKpaTHOE BHeceHI/IS:;
0e3 TOHHBIX OTIOKCHHIA

M6 50; 50; 50; ... IIAK (B cymme — 400 I1JIK) | MHorokpaTHoe BHECEHUE

OT60p poO PUTOTIIAHKTOHA TPOBOAMIIN Yepe3 2 yaca mociie BHeCe-
Hus Kaamus (ucx.*), manee Ha 1, 5, 8, 11, 14, 19 u 25-e cyTku sKkcnepu-
MeHTa. B mepuon nposeneHus 3kcepuMeHTa TeMIeparypa Bo3ayxa Ko-
nebanach B npenenax 16,6-35,6 °C, Boxsl — ot 21,5 10 26,8 °C, 3HaueHUs
pH BapsupoBanucs ot 7,9 1o 8,6.

CocrosiHue GUTONJIAHKTOHA ME30KOCMOB, 3arpsi3HEHHbIX Kaj-
MHeM. Pesynbrarel nccnenoBaHus (DPUTOIUIAHKTOHHBIX COOOIIECTB MO
BO3EICTBUIO Pa3JINUHBIX BAPUAHTOB KOHLEHTPALUI U c10cO00B BHECE-
HUS KaJIMUs [IPEICTaBIEHbI Ha puc. 1-0.
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AHanu3 pe3ynbTaToB HaTypHOT'O MOJIEIEHOTO AKCIIEPUMEHTA MTO3BOJINI
C/IeNaTh CIEIYIOINE BBIBObI:

— TloxnTBepxeHo, YTO MpU OJHOKPATHOM BHECEHHMH KaMHUI OKa3bl-
BacT HEraTHMBHOE BJIMSHHME HAa YUCICHHOCTb U OMoMaccy (DUTOMIaHKTO-
Ha MPH BCEX MCTBITHIBAEMBIX KOHIIEHTpauusax. MTHruOnpoBanue pa3BuTHs
(UTOTUIAHKTOHA YCUIIMBACTCS C YBETMYCHUEM COIACPIKAHUS KaJMUs U J10-
CTHTaeT MaKCUMaJIbHBIX OTMeTOK B M4 (150 T1JIK).

— K konny skcnepumenTa Ha 25-e cytku B M1, M2, M6 ormeueHo
BOCCTAaHOBJIEHHE OMOMACCHI, OJM3KOH MO0 CBOMM 3HAYEHUSIM K KOHTPOJIb-
HOMY ME30KOCMY.

— OrtcyTcTBHE SPKO BBIPAKEHHOTO YIHETAIOIIETO JEHCTBUS KaJMUS
Ha pa3BUTHE (PUTOMIAHKTOHA MOXKHO OOBSCHHUTH BIUSHHUEM CJIA0O0M Iie-
JIOYHOCTH TpUpoaHOHN Boabl Hmxuero JloHa Ha BHOCHMBIE COETUHEHUS
kaamust. Lllenounas cpema cmocoOCTBYeT CHMIKEHUIO OMOAOCTYITHOCTH
kagmus [Hukanopos, Kynuaos, 1991]. [lo ananuTuyecKkuM NaHHBIM Ha
TPEThU CYTKH HaTypHOTO SKCIIEPUMEHTA KOHIIEHTPALMK KaJMHUS B ME30-
KOCMax ObUTH 0YEeHb HU3KH.

— DBonpimmx pasznuuunii B JUHAMUKE YHCIEHHOCTH B OMoMacchl (UTO-
TUTAaHKTOHA 3a 25 CyTOK AKCIIEPUMEHTA MPU Pa3HO KPaTHOCTH BHECEHMUS
OZIMHAKOBOW KOHLEHTPALUH KaaMHs He OOHAPYKEHO, YTO TAKKE MOKET
OBITH CBS3aHO CO CHIKEHHMEM OHMOAOCTYIHOCTH KaJMHs B claboIienoy-
HOW IIPUPOJHOM BOJE.

— OrTcyTcTBHE CBA3M BOJHOW YacTH SKOCUCTEMBI C JOHHBIMU OTJIO-
KEHHUSAMH CTIOCOOCTBYET 0oJiee aKTUBHOMY Pa3BUTHIO (PUTOIIIAHKTOHA.

TOKCHYHOCTH BOJI Me30KOCMOB, 3arpsA3HeHHBIX KagmueM. Haps-
Oy C MHIUKALMOHHBIMH HMCCIEAOBAHUSAMHU (PUTOIUIAHKTOHA IMpOBEe-
Ha OLIEHKA TOKCUYECKOTO JEHCTBHSI BO MOJIENBHBIX SKOCUCTEM Ha BYX
ounorecrax. [IpoBenennsie B TeyeHue 12 cyTok OuoTecTsl ¢ AaHUSIMH
BBISIBWJIM, YTO YK€ U€pe3 OJIMH 4ac MOCJIe BHECEHMSI KaMMsI OTMEYEHO
TOKCHYECKOE ACHCTBHE BOJ BO BCeX Me30kocMax. Hanbosbiias Tokcuy-
HOCTB MPOsIBUIIACH B Me30kocMax 3 u 4. ['nbens naduuii B Tectupyemoit
BOJIE ATUX ME30KOCMOB HACTYINJIAa BCETO Yepe3 CyTKHU, U OCTPOE TOKCH-
YyecKoe ACHCTBHE COXPAaHSIIOCh Ha IPOTsbKeHUK 12 cyTok (Tadn. 2).

AHanu3 pe3ynbTaroB OMOTECTUPOBAHHS BBIIBUI OTIIMYME B OTKIIMKE
aBTOTPO(HBIX U reTepoTPOdHBIX TECT-00beKTOB. B oTnnune ot gororpo-
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hoB (Scenedesmus obliquus) opraan3mbl-QuiIsTpaTopsl (Daphnia magna)
ObLTH 00JIee TYBCTBUTEIBHBI K TOKCHYHOCTH TECTUPYEMBIX BOJ BCEX Me-
30KOCMOB Ha MPOTSHIKEHHUH BCETO HATYPHOTO dKCIIepUMeHTa. BaxkHo oTMe-
THUTh BECOMOE BJIMSIHHE JIOHHBIX OTIIOKCHUI Ha CHUKCHHUE TOKCUYHOCTH
BOJI MOJIC/TEHBIX BOJHBIX SKOCHCTEM TIPH 3arPI3HCHUHN KaJMHEM.

Taoauua 2. TOKCHYHOCTH BO ME30KOCMOB ¢ HATPY3KOii KaMHUsl M0 BbIKH-
BaeMocTH AadHuii, Yo OT KOHTPOJIS

Ne mezo-| 1 uac
Kooma | (ex.®) 1-e cyTku |2-e cyTkH|3-u cyTKH|5-€ CyTKH | 7-€ cyTKH | 12-e cyTKH
M 100 100 100 100 100 100 100
Her T[] | Her T | Her T | Her TA | Her T | Her T | Her TJ
M OTA OTA OT[ OT]] OT]] OT[ Her T/1
3 OT[ OT[ OTH OT[ OTH OTH Her T]]
M4 OT[ OT[ OTA OT[ OTA 0+ 01/ OT[
M3 OTA OTA OT[ OT]] OT] OT]] OTA
6 OT[ OT[ OTH OT[ OTH OTH OT[

Tpumeuanue. * — rubesnpb Ha 3-1 CyTKH; ** — rrOesb Ha 2-€ CYTKH; *** — ribenb B 1-¢ CyTKu.

TakuM 00pa3oM, OTCYTCTBHE 3HAYUTEILHBIX OTIHYNI B BO3ICHCTBUH
KaJMUsl Ha QUTOITAHKTOH B HATYPHOM MOJICTBHOM 3KCIIEPUMEHTE, Be-
POSITHO, CBSI3aHO C OBICTPON MOTEpeil ero OMOIOCTYITHOCTH, 00YCIIOB-
JICHHOM MIEJIOYHOCTHIO, XapaKTEPHOU JIJIsl MOBEPXHOCTHBIX BOJ| Oaccei-
Ha Hwxnero [{oHa.

CpaBHUTEIBHBIN aHAJIN3 JTAHHBIX THAPOOUOIOTHUECKOTO UCCIIEI0Ba-
HUs QUTOIJIAHKTOHA U OMOTECTOBBIX UCCIICIOBAHMIA C TECT-00BEKTOM U3
qrciia MUKpoBosiopociel (Scenedesmus obliguus) Tiokazan OTCYyTCTBHUE
SIBHO BBIPAYKEHHOTO TOKCHYECKOTO JICHCTBUS TECTUPYEMBIX BOJI, 3aTrpsi3-
HEHHBIX KaJMHEM, Ha aBTOTPO(HBIC OPTaHU3MBI U OOJNBIIYIO YYBCTBH-
TEIBHOCTh OPTaHU3MOB-(PHIILTPATOPOB.

Hamm nanpHeimue uccienoBanus OylyT HaNpaBiICHbI HA CPaBHU-
TEJIbHBIN aHAJIN3 OTKIIMKA TUNIAHKTOHHBIX CO00IIeCTB ((puto- 1 30011aH-
KTOHA) Ha BO3JICHCTBUE KaIMHUSI.
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ECOTOXICITY OF MODEL ECOSYSTEMS WATERS
UNDER CADMIUM POLLUTION

E. N. Bakaeva' >3, M. N. Taradayko®

"' Water Problems Institute of RAS, Hydrochemical department, Rostov-on-Don
? Hydrochemical Institute, Rostov-on-Don
3 Southern Federal University, Rostov-on-Don

The article presents the results of ecotoxicity aquatic ecosystems studies, ob-
tained in the course of a long full-scale simulation (mesocosms) cadmium con-
tamination. These hydro-biological indicator investigations of phytoplankton
and bioassay studies using autotrophic and heterotrophic test objects revealed a
difference in their response to exposure to cadmium.

OPIAHU3ALMA U ITPOBEJEHUE BUOMOHUTOPUHI'A
MPUBPEKHBIX AKBATOPHI: ONIBIT IPUMEHEHUA
U INEPCIIEKTHUBbI

H. B. JIamuna, A. I'. JIamun

HHcmumym npupodHo—mexHuquKux cucmem, 2. Cesacmonons

IToka3aHna BO3MOXHOCTb HCIIONB30BaHUS AMIUIMTYJHBIX IAapaMETPOB
NoJIsi OMOIOMUHECLECHIIMY JUTA 1elieli OMOMOHUTOPUHTA IIaHKTOHHBIX
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coobmiectB. IlpoBeneHo uccnenoBaHWE CE30HHBIX M3MEHEHHMH BEPTH-
KaJbHOW CTPYKTYpBbl MHTEHCUBHOCTH 10151 OnomomunecueHmu (I16) B
npuOpexxHbIX Bogax I. CeBacTomnosisi. BhIsBIEHBI CyIleCTBEHHBIE OTIIH-
YHsI Ce30HHBIX U3MEHEHUI HHTeHCUBHOCTH [1b B MOBEpXHOCTHOM U IITy-
OMHHOM CJIOSIX OTKPBITOM aKBaTOPUHU M OOBSICHEHBI IPUYHMHBI, 00YCIIOB-
JIUBAIOIINE 3TO SIBJICHHE.

OrnepaTuBHBIA MOHUTOPUHT MOPCKUX aKBAaTOPHI OTHOCUTCS K UUCITY
MIPUOPUTETHBIX HAIPaBICHUH COBPEMEHHOW OKEaHOJOTHH W TPHKIA]-
HOM dKooruu. [Ipu 5TOM HWHIUKAIMS TOTBKO (U3NKO-XMMHUYECKUX Ta-
paMeTpoB cpelibl, KOTOPBIE MOTYT ONIEPATHBHO OIMPEENIATHCS OObEKTHB-
HBIMHA METOJaMH{, HECMOTpPSI Ha HEOCTIOPHMEBIE JIOCTOMHCTBA B CpaBHE-
HUU CO MHOTUMH OMOJIOTHYECKIMH METOAMKAMH (M3ydeHHUS] XPOMOCOM-
HBIX abeppariuii, BEhKHBAEMOCTH, MOIH(DHUKAITIHN Beca | T. 1I.), HE MOXKET
JIaTh HETIOCPE/ICTBEHHOTO OTBETA Ha BOTIPOC O BO3MOKHOH PEaKITUH IKO-
CHCTEM Ha BO3JIEHCTBHE IMOJUTFOTAHTOB. Tak, ypOBEHb MOIHXJIOpOHUdeE-
HOJIOB ¥ PaINOHYKITU/IOB B TKAHSAX THAPOOMOHTOB Pa3INIHbIX Tpodrde-
CKHUX ypoBHe# MoxkeT B 10°—10° pa3 mpeBOCXOMUTh KOHIIEHTPAIHIO ITHX
BelecTB B Mopckoit Bojae [[lommkapmos, 1964, 1977]. Ilogo6Has O6umo-
AKKyMYJIAIINS TIOJUTIOTAHTOB 3aTparuBaeT BCe CUCTEMBI JKU3HeoOecede-
HUSI MOPCKHUX OPTaHW3MOB W HE MOXKET HE OTPA3UTHCS HA WX (DYHKIIHO-
HaJIbHBIX XapakTepucTukax [['urens3oH u ap., 1992; I[locraukosa, Kpu-
BomenH, 1994; Tokarev et al., 1999; Tokapes, 2006].

Hcnonp3oBaHre B Ka4€CTBE CTPECC-WHIMKATOPOB Pa3TUYHBIX TECT-
OpraHm3MOB Manod(PPEKTUBHO, MOCKOIBKY WX BHIOBas IPHHAJICK-
HOCTP 3aBHCHT, TOMUMO JPYyTUX (PaKTOPOB, OT pETHOHA W BPEMEHHU PO-
BeneHus: HaOmronenuit [Howkins et al., 1994]. BaxxHo mpuMeHSATH Me-
TOJBI MOHUTOPHHTA MOPCKOW CPEIbl, Pe3yJIbTaThl KOTOPOTO HOCHIIH OBl
YHUBEpCaIbHBIN (MHTETPaJIbHBIN) XapaKTep U MOTIIH CITy>KUTh ITOKa3are-
JIeM KaK XOpPOJIOTHYECKOH CTPYKTYpPHI HCCIIEyeMOTO IIeH03a, TaK U €ro
¢uznonorudeckoro coctossHus. [Ipu 3TOM M3 BCcero MHOT0OOpasus pe-
aKIWH «OCTBO3ACUCTBUS) TOMYJIAINA HanOOJMBIINKA HHTEpEC, HeCco-
MHEHHO, TIPEICTABISAIOT T€, KOTOPHhIE, BO-TIEPBBIX, MPOSBISIOTCS YXKE B
TEYeHHNE TIePBBIX JECATKOB MUHYT ITOCIE BO3ICHCTBUS IMOJUTFOTAHTA H,
BO-BTOPBIX, ONPEACISIOTCS MHCTPYMEHTAIBHBIMA METOIaMU PETHCTpa-
Iy HabOromaeMbIX 3G (HeKToB, B YaCTHOCTH, OMoIIOMUHeceHIwH [ To-
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kapeB, 2006; Tokarev et al., 1999]. BronroMuHECIIEHITHS — BaXKHBIN dJie-
MEHT (pyHKIMOHUPOBAHUS MIEJIarMYECKOT0 COO0IIeCTBa, KOTOPBIH MOKET
OBITH MCIIONB30BAH AJISl SKCIIPECC-OLEHKH €r0 CTPYKTYPUPOBAaHHOCTU H
¢dynkauonansHoro cocrosuus [Harvey, 1952; Tokapes, 2006; Tokarev
et al., 2007; JIamuna, 2014].

UccnenoBanue NTUHAMHUKH XapaKTEPHCTHK OMOIIOMHHECIEHIUU BO-
JTHOM TOJIIIM aKTyaJbHO ISl BEISIBIICHUSI OOIIUX 3aKOHOMEpPHOCTEH (DyHK-
HMOHUPOBAHHS TTAHKTOHHBIX COOOIIECTB, @ TaKKe MPHYMH, BBI3bIBAIO-
IIMX UX U3MEHYHBOCTb BO BPEMEHU U npocTpaHcTse [JIsmuna, 2014]. 13-
MepeHue apameTpoB nosist onomomuHectennn (I16) poruaeckoro cnos
1 OBLJIO MOJIOKEHO B OCHOBY BBIMIOHSAEMOTO OMOMOHUTOPUHTA TPUOPEXK-
HBIX akBaropuil CeBacTONoIsl, KOTOPBIM CTall JOTMYEeCKMM IpOIOJDKe-
HHEM MHCTPYMEHTAIbHBIX HAaOII0AECHUH OMOMIOMHHECLIEHIIMN y Oeperon
Kpbima, mpoBoguMsbIx ¢ okT0pst 1965 1. [butiokoB u np., 1967].

MarepuaJj u MeTOABI. B 0CHOBE METOZOB HCCIIE0BAHUS JIeXkKaT UH-
CTpYMEHTaJIbHbIE U3MEPEHUS i1 Situ B pealbHOM MaclTabe BpEMEHH aM-
TUINTYOHBIX apameTpoB [1b 1 BbIsSICHEHHE MX CONMPSKEHHOCTH ¢ (POHO-
BBIMU XapaKTepUCTUKaMH cpenbl. Ha Kaknol cTaHIMU MPOBOAMIH O
HOBpEMEHHBII 0TOOp OMOJIOrHYEecKOro MaTrepuala B CIOSX SKCTPEMallb-
HBIX 3HAUEHHH OMO(QHU3MUYECKUX U THUAPOJIOTHUECKUX Mapamerpos. Jlo-
CTOBEPHOCTh MOJYYEHHBIX PE3yJIbTaTOB OINpPENENseTcs UCIOIb30BaHU-
€M aImnapaTypHbIX KOMIUIEKCOB, MPOMIEAIINX METPOJOTHYECKYIO aTTe-
CTaINIO0, OTBEYAOLIYI0 MEXAyHapOJHBIM cTaHfapTaM [JIamuna, 2014].
Becb marepual mo u3MEHEHHI0 HHTEHCUBHOCTH T10JIs1 OMOJTIOMUHECIICH-
M 1 (OHOBBIX XapaKTEPUCTUK CPEAbl TOABEPralld PasauyHbIM (op-
MaM MaTeMaTHYeCKOH 00pabOTKH C MOMOLIBIO METOJOB OXHOMEPHOU M
MHOTOMEPHOM CTaTUCTUKH.

Pe3ynbrarsl u odcyxaenue. [1b B UepHom mope popmupyercs 36 Bu-
JaMu Bozopocineit Dinophyceae, a Takxe TpeMs BULAaMH rpeOHEBUKOB, He-
CKOJIbKMMH BUJIAMH KOTIETIO/] ¥ ABYMsI pofiaMy cBeTsmxcs Oaktepuii [ To-
Kapes U 11p., 2002; Mamrykosa u ap., 2007]. YcTaHOBIEHO, 4TO TIOMUHHPY-
I0IIasi POJIb B CBEUEHUH YEPHOMOPCKHX BOJI NPUHAMICKUT Dinophyceae.
W3 Hux y 30 BUIOB XapaKTEpUCTUKH CBETOM3IIYYEHHs ONPENeNICHbI HH-
CTPYMEHTAJIbHO B YCIIOBUSX UepHOro MOpsi COTpYIHHKaMH OTxeNa OHo-
¢du3nyeckoit sxoiorun MHCTUTYTa MOPCKUX OMOJIOTHYECKHUX HCCIeI0Ba-
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Huit uMm. A. O. KoBanesckoro PAH [butiokoB u np., 1996; Tokapes u np.,
2003]. BaxxHoii rpymnmoi CBETAIMXCS OpraHu3MoB B UepHOM Mope sIBIs-
totcs rpebueBuku Pleuropbrachia pileus Miiller 1776, a Taxxe cpaBHU-
TEJILHO HEJIAaBHO MOSBUBIIMECS 31ech Mnemiopsis leidyi A. Agassiz 1865
u Beroe ovata Mayer 1912 [MarykoBa u nip., 2007].

3a mepHuoj MCCIeI0BaHUN B MpoOax (PUTOIUIAHKTOHA, COOPAHHBIX B
npubpexbe CeBacTonois U3 36 CBETALIMXCS BUAOB, U3BECTHBIX 11 Yep-
Horo mMopsi [ Tokapes, 2006], Ob110 onpeseneHo 14 BUAOB, KOTOpbIE BHOCH-
JIV 3HAYUMBIH BKJ1a]1 B (DOPMHUPOBAHKE CyMMapHOTO MMOTEHITHAA OIS OHO-
JFOMUHECHEHIIMH B HEPUTUUECKOM 30HE, OCTaJIbHBIE BCTPEYAINCH B IPO-
0ax snm3onuuecku: Neoceratium furca (Ehrenberg) F. Gomez, D. Moreira
& P. Lopez-Garcia 2009; N. fusus (Ehrenberg) F. Gomez, D. Moreira &
P. Lopez-Garcia 2009; N. tripos (O. F. Miiller) F. Gomez, D. Moreira &
P. Lopez-Garcia 2009; Protoperidinium crassipes (Krofoid 1907) Balech
1974; P. depressum (Bailey) Balech 1974; P. divergens (Ehrenberg 1841)
Balech 1974; P. steinii (Jorgensen) Balech 1974; P. pallidum (Ostenfeld
1899) Balech 1973; P. pellucidum Bergh 1882; Scrippsiella trochoidea
(Stein 1883) Balech ex Loeblich III 1965; Gonyaulax apiculata (Pénard
1891) Entz 1904; G. digitale (Pouchet 1883) Kofoid 1911; Noctiluca
scintillans Kofoid & Swezy 1921; Lingulodinium poliedrum (Stein 1883)
Dodge 1989 [buttokoB, 1968; EBcrurnees u ap., 1993; BpsiHiiesa u np.,
2009, 2010, 2012; T'eopruena, 2012; Cepukosa u np., 2009, 2010, 2013].

U3 nux B Oyxtax CeBacTonoss peryisipHO BCTPEYAIOIIUMH B ITpobax
obun 4 Buna: N. fusus (Ehrenberg) F. Gomez, D. Moreira & P. Lopez-
Garcia 2009; P. divergens (Ehrenberg 1841) Balech 1974; P steinii
(Jorgensen) Balech 1974; P. pellucidum Bergh 1882 [Tokapes u ap.,
2006; Cepuxosa u ap., 2013].

OCHOBHBIMH CBETSILIMMUCS BUAaMH 300IUIAHKTOHA B HCCIICAYEMOM
peruone Obutu: Mnemiopsis leidyi A. Agassiz 1865; Pleuropbrachia
pileus Miiller 1776; Beroe ovata Mayer 1912; Oithona similis Claus
1866 [MamykoBa u ap., 2008; TemHbIX 1 1p., 2012].

ITokaszano, uto IIb B UepHOM MOpE CyIIECTBYET IOBCEMECTHO B JIIO-
00e BpeMs CyTOK IPHU CYIIECTBEHHBIX PErHOHATBHBIX U CE30HHBIX pa3-
nruusix. MatencuBHOCTE 1B perucTpupoBaiu, HaYnHast OT MOBEPXHO-
CTH BOJIBI ¥ JI0 TIPUIOHHBIX TTyOUH.
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[Tpu aHanu3e BepTHKAIBHBIX Mpoduieil naTeHcuBHOCTH [16 OTKpHI-
TOW W 3aKPBITOH aKBaTOPUH MOPS BBLICHWIOCH, YTO UMEIOTCS IBE 00-
JIACTH MOBBINIEHHONW MHTEHCUBHOCTU IIb, ce30HHBIE IIpoLIECChl B KOTO-
PBIX MPOTEKAIOT M0 Pa3IMYHBIM 3aKOHOMEpHOCTSIM (pHc.). B memom B
MOBEPXHOCTHBIX CJIOSIX MCCIEAOBAaHHOTO PETHOHA COXPAHSIOTCS 00LIHe
4YepThl FOJOBOM JUHAMUKU MHTeHCUBHOCTU [1b.

OTH.ea. ) OTH.ea.

1,00 1,000 - (B) A

0,100

0.10

0,010

0.01 0.001
I oI Im v Vv VI VIIVI IX X X I II Il IV V VI VIIVII IX X XI

Mecsy, Mecsy,

YepeaHeHHbIe 1 HOPMHPOBAHHBIE HA MAKCHMAJIbHOE TOA0BOE 3HAYEHHE
ce30HHbIe u3MeHeHUusi MHTeHcuBHOCTH IIB B moBepxHOCcTHOM cJjioe (A) U
NPUAOHHOM (riryOuHHOM) ciioe (B):

l-nacr. 1;2—Hacr.2;3—HacT. 3

Ce3oHHBIE U3MEHEHUsI NHTEeHCUBHOCTH I1b B mMOBepXHOCTHOM cioe
pa3HBIX y4acTKOB BHYTpH CeBacTOMOIBbCKOW OyXTHl XapaKTepHU3YIOTCS
JIOCTATOYHO BBICOKOM COMPSIKEHHOCTBIO, YTO MOATBEPKIACTCA BBICOKUM
ko3 unmenTom nmapHoi koppessituu r = 0,83, ConpsykeHHOCTh CE30H-
HOM u3MeH4YUBOCTHU [Ib B MOBEPXHOCTHOM CIIO€ OTKPBITON M 3aKPBITOM
AKBaTOPHIi, HAIIPOTUB, XapaKTEPU3YETCS CPEAHUM YPOBHEM KOpPpPEIAIH-
oHHOM cBs3u (r = 0,56—0,63), 9TO MOKET CBUICTEIHCTBOBATH, B YACTHO-
CTH, O Pa3JIMYHOM 3KOJIOIMYECKOM COCTOSIHUU JIAHHBIX PETMOHOB.

Ce3oHHas U3MEHYUBOCTh BEPTHKAIbHOU cTpyKTyph! [1b B moBepx-
HOCTHBIX CJIOSIX HEPUTHUYECKOI 30HBI CYIIECTBEHHO OTJIIMYAETCs OT Ta-
KOBOM B MIyOMHHBIX CJIOSIX. MakcuMalibHasi MHTeHCUBHOCTH [16 B 10-
BEPXHOCTHOM cJI0€ MPHOPEKHBIX BOA I. CeBacTOMONS 3aperucTprpo-
BaHa B OCEHHUII nepuos (ceHTa0pe-okTsaope). B riryOuHHOM clioe Mak-
cHMaJIbHasi UHTeHCUBHOCTD 1B 3aperucrprupoBaHa B OTKPBITOM aKBa-
TOPUM MOPS Ha TITyOMHAX, PACIONOKEHHBIX HUKE CJIOS TePMOKIIMHA.
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Wnrtencuuocts 116 B mpuaonHoM ciioe CeBacTONOIbCKON OYXThHI B
3TOT MEPUOJ IPUMEPHO HA OAUH-/BA MOPSAIKA HUXKE, YEM B OTKPBITOU
AKBaTOPHUH.

Asmopul gbipadicarom 61a200apHOCHb U NPUSHAMETbHOCHb 0. 0. H., npogec-
copy 10. H. Tokapesy 3a yeHHvle HayuHble cO8Embl U 3AMEUAHUs, KOHCYIbMAyuu
npu pazpabomre HOBbIX 2Unome3s u mpedosameIbHOCHb K UX anpobayuu.
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ORGANIZATION OF COASTAL WATERS BIOMONITORING:
EXPERIENCE OF ITS APPLICATION AND PROSPECTS

N. V. Lyamina, A. G. Lyamin
Institute of Natural and Technical Systems, Sevastopol

The paper deals with the possibility of using bioluminescence field parameters
for the purposes of plankton communities’ biomonitoring. The seasonal changes
of the vertical structure of bioluminescence field (BF) intensity in the coastal
waters of the city of Sevastopol were studied. The key distinction of the seasonal
changes of the BF intensity in the superficial and deep sheets of open sea was
found and the reasons for this phenomenon were explained.
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CE30HHAS IMHAMUKA MUKPOBNOJIOT' MYECKUX
TIMOKA3ATEJIEHA PEK r. IETPO3ABOJICKA

E. M. Makaposa, E. B. TekanoBa
Hncmumym eoonvix npoonem Cesepa KapHIL] PAH

KauecTBo Box B pekax r. Ilerpo3aBoicka Ob110 HCCIEI0BAHO MUKPOOHO-
JIOTHYECKUMH MeToaMu. VHAuKaTopaMul 3arpsi3HEHHsI MOCITYKUIH KO-
JMYECTBEHHBIE MOKA3aTeNN Pa3IHYHBIX TPYMI reTepoTpodHbIX Oakre-
puii. ITo pesynasraram ordopa npo6 2014 r. pexn Hernmunka u Jlococun-
Ka OLIEHEHbI KaK CHJIBHO 3arpsi3HEeHHbIe. Bbicokoe cofepkaHue yIieBo-
JOPOIOKHCIISIIOIINX OaKTepUil CBUAETENLCTBOBAIIO O 3arPsI3HEHUN BOJBI
HedTenponykramu. bomnbioe konnuecTBo OakTepuil rpymIlbl KHIICYHON
MaJIOYKH YKa3bIBAJIO Ha 3arpsisHeHne (peKaIbHOTro IPOUCXOKICHHS.

Peku r. Ilerpo3aBoacka — Jlococunka u Hernmuuka — OTHOCSITCS K Ka-
TETOPUHN «MaJIble PEKN», TAe 00hEM BOJIBI OTPAHUYEH U JIF000€ aHTPOTIO-
TeHHOE BJIMSIHHUE TIPOSBISIETCS 3HAYUTEIHHO OBICTpEe, YeM B KPYITHBIX
BOJHBIX 00bekTax [JlurBuHEHKO U 1p., 2011]. Boasr Mansix ypOaHU3u-
POBaHHBIX peK TYMHUJIHOHM 30HBI OTIMYAIOTCS OOJBIINM COAEpIKaHUEM
TYMYCHBIX BEIIECTB, HU3KOH MHHEpalU3aIueil, ClIaDOKUCION peaKin-
eit cpenpl [Tumakosa, Ankenoud, 2006]. 3arps3HeHUEe TOPOICKUX PEK
UJET JIOBOJBHO OBICTPO, TaK KaK KpOMe BO3MOXKHBIX TOUEUHBIX COpO-
COB CTOYHBIX BOJI TPOUCXOANT MOCTOSTHHOE TIOCTYIIJICHHE B BOJLYy T€PPH-
TEeHHOTO TOPOJICKOTO CTOKA. B pe3ynbrare Maible TOPOJCKUE peKH Tiepe-
CTalOT BBITIONHSATH PEKPEAMOHHY0 (PyHKITHIO. B CBS3M ¢ TUM aKTyamb-
HOCTh NPHOOPETAIOT MCCIENOBAHNUS COCTOSHHS TOPOACKUX PEK IO MU-
KPOOHOJIOTHUECKUM MTOKA3aTeIsIM.

B cucTeMe OIEHKH 3KOJIOTMYECKOI0 COCTOSHUS BOJHBIX DKOCHCTEM
WH/INKATOPBl COCTOSHUSI OaKTepHOIIEHO30B 3aHUMAIOT HEMAJIOBAKHOE
Mecto [Okcurok u ap., 1993; Tumaxosa, 2011]. bakrepun urparot 3Ha-
YUTENHHYIO POJIb B TIPOIeccax YTHIIM3AINA BEIIECTB PA3INYHOTO MPO-
UCXOXIeHUsl. BpIcokas cKOpocTh MeTadon3Ma OakTepuil ompeaenseT
WX OBICTPYIO PEAKITIO Ha MEHSIOIIUECS YCIIOBUS Cpe/Ibl. B CBs3H ¢ ATHM
MUKPOOHOJIOTHYECKHE TOKA3aTeNN OBLIH UCTIOIb30BaHBI JIJIsl OIIEHKH CO-
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CTOSIHUSI TOpoAcKuX pek Jlococunku n Hermuuku. Beutn nposeneHs! ce-
30HHBIC HAOMIONEHHS 32 OaKTepUaIbHBIMU COOOIIECTBAMH, HA OCHOBE
KOTOPBIX HCCIIEIOBaHa CTENEHb 3arpsI3HEHUSI PEK OPraHMYECKUM Bellle-
CTBOM U JIaHa OIIEHKA UX CAHUTAPHO-0aKTEPHOIOTHYECKOTO COCTOSIHUSL.

B 2014 ., ¢ masg mo HOSAOPH, €KEMECSYHO Ha pa3lIWYHbIX y4acT-
Kax M3y4aeMbIX peK ObLI0 0ToOpaHo 56 mpob (maATe Touek oTdopa — Ha
p. Jlococunke, Tpu Toukn 0oTOOpa — Ha p. Hermuuke). Uzyuanucs cieny-
IOLIME TIOKA3aTeIH IKOJIOT0-CAaHUTAPHOTO COCTOSIHUS BOJBI: OOIas YnC-
JeHHOCTh MUKpooprann3MoB (OY), canpodurhsie 6akrepun (Ch), onu-
rokapoodmibabie (OKB) u yrnesogopogokuchstomnue (YOB) Oakrepun,
obmee MukpooHoe yuciao (OMY), 6akrepuu rpymibl KUIIEYHOH Maiod-
ku (BI'’KII) — mokazarenu ¢ekaapbHOro 3arps3HEHUsI 1 BO3MOXKHOM KOH-
TaMHUHAIUH BOJbI TATOTEHHBIMH OAKTEPUSMH KUIIEYHOU TPYIIIIHI.

Pesynbrarel uccienoBanus Mokasaiu, 4yTo B Boje p. Jlococunku O
Ha MPOTSHKEHUH U3y4aeMoro yJacTka peKu kojebanach B mpeaenax 0,6—
3,31 muH ki1/mi, B Boje p. Hermuaku — B penenax 0,6—15 mutH ki/mit.

KonnuecTBeHHble  MOKa3aTenu  Canpo(UTHBIX  MHUKPOOpPTraHU3-
MOB B OakTepuoneHo3ax p. JIOCOCHHKHM ObUIM B CpeIHEM HUXKE, YeM B
p. Hernmnke, 4T0 CBUAETENBCTBYET O MEHBILIEM 3arps3HEHUH €€ BOJBI
OpraHMYecKUM BelecTBoM. B Boae p. JIOCOCHHKM HEKOTOpOE CHIHKe-
HHUE KOJIM4ecTBa canpouTHON OakTepruouiopsl HAOIIOAAETCS MO3THEN
BecHOH (10 1,5 Teic. KOE/Mn) u netom (1o 5,2 teic. KOE/mi). YBenuue-
HUE UX YUCIEHHOCTHU OceHbo (110 8,9 Thic. KOE/MiT) MOXeT OBITH CBsI3a-
HO KaK C BO3pacTaHHeM KOHLIEHTPALUH OPTaHMUECKOTO BEIL[ECTBA BCIIE-
CTBHE OTMHPaHUsSI OMOTHI (OKTSIOPH), TAK M C MOCTYIUICHUEM TEPPUTEH-
HOTO CTOKa B JOXKIJIUBBIM oceHHUl nepuoa. Ha p. Hernmuuke ¢ nossl-
HIEHUEM TeMIIepaTypbl B BECEHHE-JICTHUI NEPUOJ YBEINYUBACTCS YUC-
neHHocTh canpodutoB (1o 196 teic. KOE/Min). K ocenu uumer cHmxe-
HHUE KOHIICHTPALUH JTa0UILHOTO OPTaHHMYECKOTO BEILECTBA, O YEM CBH-
JETEIbCTBYIOT HU3KHE TTOKa3aTeNn pa3BUTHsI canpoduToB.

Baxxayro yacTh MccieqoBaHMI HpEACTaBISET OLIEHKA IMOKa3aTrelnei
naroreHHol Mukpoguopsl. DekaabHOE 3arpsi3HEHHE BOJbl yCTaHAB-
JMBAETCSl IO HANWYMIO OAaKTepUil TPyNmbl KuiledHoW nanouku. [loka-
3aTeNld MX YUCICHHOCTH MCIONB3YIOT AJISl OLEHKH 0e30MacHOCTH NpH-
POAHBIX BOA ISl MUTHEBOIO M PEKPEAMOHHOTO HAa3HAYEeHHUs, T. €. JJIs
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300pOBbs yesnoBeka. OrpoMHOE KOJMUYECTBO TaKUX OakTepuii Obu1o 00-
Hapy»XeHO B pycllaX TOpoAcKux pek. CaHHTapHO-0aKTEPUOIOTHIECKHE
MOKa3aTeNl Ha pa3HBIX ydacTKaxX peK M3MEeHsuIch B mpexaenax: OMY
ot 30 no 7880 — Ha p. Jlococunke u ot 12 no 150 100 — Ha p. Hernun-
ke, a BI'’KII ot 1,69 Teic. 10 340 ThIC. K)I/11 — Ha p. JlIococuHke u oT 328
K1/11 1o 3,5 muH ki/n — Ha p. Hernmunke. Beicokast unciieHHOCTh OakTe-
pHii TPYNIBI KUIIEYHOH MAajlouKu CBsI3aHa, MO-BUAMMOMY, C HHTCHCHB-
HBIM NOCTYIUIGHHEM B PYCJIO PeK JMBHEBBIX CTOKOB ropoaa. B memom
CaHMTapHO-THTHEHUYECKUe moKa3aresn Boabl Jlococunkn n Hernmuukn
NPEBBIIIAIOT MPEAETBHO JOIMYCTUMBIE HOPMBI JIJII BOJOEMOB peKpeary-
onHoro ucnonb3oBanus [CaulluH, 2000].

Ocob6oe BHHMaHHE OBIIO YIEIEHO M3YYECHHUIO IPYII YIJIEBOAOPOI-
okHcIsIoIuX O6akrepuil. [Ipu 3TOM MokaszaTenn COCTOSIHUS PeK CPaBHU-
BaiU ¢ (POHOBBIMHU (YCJIOBHO YHCTBIMH) y4acTKaMH MPHUPOAHBIX BOI, a
MMEHHO C IIeHTpaIbHOM yacTbio OHexckoro o3epa. Okazajaock, 4To Yuc-
JICHHOCTH yrieBonopoaokucisitomux Oakrepuii (141 KOE/Mi) B Bepxo-
Bbe p. Hermunkwu (3a npeaenamu 1. [leTpo3aBoncka) conoctaBuma ¢ aHa-
JIOTHYHBIMH TIOKa3aTesIMA IIEHTPaJbHOro paiioHa OHEXKCKOTO o3epa
(185 KOE/mm). B To e Bpems 4HCIEHHOCTh 3TOM TpyNIbl OakTepuil B
BOJIC TOPOJCKHX YYaCTKOB 00€HX peK MpeBbliana (OHOBBIE MOKa3aTe-
nu B 4-20 pa3, 4To CBUAETEIBCTBYET O BHICOKOM 3arpsI3HEHHOCTH TOPOI-
CKMX y4YacTKOB PEK HEPTEPOIYKTaAMH.

[lo pesymsraraM MHUKpOOHOIOTMYECKOTO aHanu3a, pexd I. [lerposa-
BOZICKA OTHOCSITCSI K 3arpsI3HEHHBIM WIIM JI)KE TPS3HBIM BOIOTOKAM, IO/~
BEpKEHHBIM (PeKaIbHOMY W HE(TSHOMY THIAM 3arpsisHeHui. VX ncnonb-
30BaHHE B LIEJISIX peKpeanny (KynaHue, MUThEBbIE L) HEIOIyCTHMO.
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SEASONAL DYNAMICS OF MICROBIOLOGICAL PARAMETERS
IN PETROZAVODSK RIVERS

E. M. Makarova, E. V. Tekanova
Northern Water Problems Institute KarRC of RAS

The paper describes the seasonal dynamics of abundance of different groups of
bacteria in the rivers of Lososinka and Neglinka. Different functional groups of
heterotrophic bacteria were used as indicators of water pollutants in the studied
rivers. A great number of them proved that the rivers were polluted with oil
products and organic matter.

COCTOSIHUE 300ILTTAHKTOHA MTETPO3ABO/ICKOM I'YEBI
OHEKCKOI'O O3EPA B 3UMHMI ITEPUO]]

10. 0. ®omunua, M. T. Capku

HUnemumym 6oonvix npoonem Cesepa KapHIL] PAH

HccnenoBaHo COBPEMEHHOE COCTOSIHME 300IUIAHKTOHA [lerpo3aBomckoit
ryObl OHEKCKOTO 03epa B 3MMHUIA nieproz. [IpencrasieHsl BUI0BOI COCTaB,
YHCIICHHOCTh, OMOMacca 1 BepTUKAIbHOE paclpeieICHUE B TOJIIE BOJBI.

B nacrosiiiee Bpemst Bce 00J1bliiee BHUMAaHHUE SKOJIOTOB HAIPABJICHO Ha
npo0eMy BIMSAHUS M3MEHEHHS KJIMMaTa Ha MPECHOBOIHBIE YKOCHCTEMBI.
JmTenpHOE TOTeTyIeHre KIIMMaTa MOJKET I3MEHHUTh OOMEHHBIE TIpoIiec-
CBI U (PU3MUECKUE CBOICTBA Cpe/Ibl B 03epax, HalpUMep, YBEININUThH TEM-
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neparypy MOBEPXHOCTH BOJBI M O€3JICIOCTABHBIN TMEPUOJ, MOBIHITH HA
YPOBEHb BOJIbI, BETPOBOW PEKUM, TEMIICPATYPHYIO CTpaTU(UKAIINIO U JP.
[Hampton et al., 2014, 2015]. 3a nocnemnue 60 jeT NpoJOHKUTEIBHOCT
«OUOIOTNYECKOT0 JIETa» B CEBEPHBIX 03epax yBenumumiack Ha 10—14 cy-
ToK. B OHEKCKOM 03epe MPOIOIKUTEIILHOCTh O€3JIeI0CTABHOTO TIEPHO-
Ja Bozpocia Ha 12 nueit [DunaroB u Ap., 2012]. Takue uaMeHEHHsI BBI3bI-
BalOT (PCHOJIOTHUYECKUE CIIBUTH BAXKHBIX OMOJIOrMYECKHUX MPOIIECCOB, YTO
MOXET ITPUBECTH K MEPECTPONKE B MUIIIEBOW IIEMTH HAa PA3HBIX Tpoduue-
CKHX YPOBHSX U CYIIECTBEHHO U3MEHUTH MOTOK yIIEPOa B YKOCUCTEMAX
[Hampton et al., 2015]. AxTyanbHbIM SIBISIETCSI HCCIIEJOBAaHUE 3MMHETO
COCTOSIHMSI TUTAHKTOHA MOJIO JIbJIOM.

3oomankToH OHEKCKOTo 03epa, B ToM unciie u [lerpo3aBoackoi ry0sl,
n3yyvaiica co Bropoi nojoBuHbl XIX B. B Hacrosiiee Bpemsi JOCTaTOUHO
XOPOIIO OMHCAH €ro BUAOBOM COCTaB, TOMUHAHTHBIC BHU[BI, pa3MepHas
CTPYKTypa, KOJIMYECCTBEHHBIC IOKA3aTeNIM, JKOJOTUS M OUOpEeCypCHBII
notenman [[Tonusannas, 1950; CmupnoBa, 1972; Cspku, 2008]. Onnako
B CBSI3U C TPYAHOCTSAMU TMOJJICTHBIX MOJEBBIX UCCICAOBAHUIN 3UMHEE CO-
CTOSIHHE 300IUTAHKTOHA U3YYEHO ellle HejocTarouHo. [locnennue moapoo-
HBIE 3UMHHE ChEMKHU MPOBOIMINCH B 60-X rogax npouuioro Bexa [Dumu-
MoHOBa, 1974]. B pamkax Poccuiicko-I1IBeiiiapckoro MHOTOAUCIUTLIM-
HAPHOTO TMPOEKTa 3aJ[a4eil UCCIECIOBaHUI OBUIO M3yYUTh OCOOCHHOCTH
300IIIAHKTOHHOTO coo0IiecTBa OHEKCKOTo 03epa B 3UMHHUIA TICPHO]I.

st OLIEHKH 3MMHETO COCTOSIHUSI 300IUIaHKTOHAa OHEKCKOro o03e-
pa B 2016 1. Obu1a oTOOpaHa cepus mMpo0d Ha CTAHLUSIX B LHEHTPAIbHOMN
yactu [lerpo3aBojckoii ryosr OHexckoro o3epa. COop Marepuana ocy-
HIECTBIISUICS TUIAHKTOHHOM ceThio [IkKeau Mo CTaHIapTHBIM TOPU30HTAM:
0-5 M, 5-10 M, 10-15 M, 15-20 M, 20-30 m. O6paboTka pod ocyriecT-
BJISIACH TI0 OOIIEIPUHATON MeToiuKe [ MeToandeckie peKOMEeH IalluHy. . .,
1984; Meronuka..., 2011].

B mepuon uccnenoBanus B momiienHoM 3oomuiaHkToHe IleTposa-
BOJICKO# T'yObl OHEXKCKOTO 03epa OTMEUEHO 15 BUIOB U POJOB PAYKOB
U KoloBparok: Limnocalanus macrurus (Sars 1863), Eudiaptomus
gracilis (Sars 1863), Mesocyclops leuckarti (Claus 1857), Thermocy-
clops oithonoides (Sars 1863), Megacyclops gigas (Claus 1857), Daph-
nia (Daphnia) cristata (Sars 1862), Kellicottia longispina (Kellicott
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1879), Keratella cochlearis (Gosse 1851), Keratella quadrata (Miiller
1786), Notholca cinetura (Skorikov 1914), Polyarthra vulgaris
(Carlin 1943), Cyclops sp., Asplanchna sp., Synchaeta sp. B uemnom
M0 CTPYKType 3WMHUN 300MJIAHKTOH KaJaHOUIHO-IIMKIOTOUTHBIH.
I'pynna Calaniformes cocrasisiia 56 % mo 6uomacce u 48 % 10 uunc-
neHHocTH, a rpymmna Cyclopiformes — 42 % wn 43 %, COOTBETCTBEH-
HO. KONMMYEeCTBO BETBUCTOYCHIX PAYKOB M KOJOBPATOK HE3HAYUTEIHLHO
(puc. 1).

B moteniHblii MEPUOA B CBS3HM C HEONATOMPHUATHBIMHU ISl SKU3HH
TUTAHKTOHA YCIOBUAME (HH3Kas TEMIeparypa, OTCYTCTBHE CBETa H
KOpMa) KOJHMUYECTBEHHO 300IUIAHKTOH KpaiiHe ManoducieH. YucieH-
HOCTh BapbupoBasa ot 0,3 1o 0,7 ThIC. 3K3./M>, B CPEHEM MO CTAHIMH
0,43 TeIC. 3K3./M%, a Guomacca — ot 0,01 g0 0,03 r/mM°, B cpeanem Mo
craumuu 0,02 r/m3.

N B

1% 1%

1% 8%
\ 48% \

43% & / / A

4

El m2 =3 m4 El =2 =3 m4

Puc. 1. CTpykTypa 300IJIaHKTOHA B 3UMHUI MePHO] MO0 YUCIEHHOCTH U
no dumomacce:

1 — Calaniformes, 2 — Cyclopiformes, 3 — Cladocera, 4 — Rotifera
bonee BpICOKas MIOTHOCTH 300IIJIAHKTCPOB B cTos0e BOJbI OT-
MeueHa B ciioe oT 15 g0 30 M mpexe Bcero 3a cueT BHICOKOH Yuc-

nenHoctu Eudiaptomus gracilis (puc. 2) u Limnocalanus macrurus,
BO3MOXKHO, KPYITHBIC BECIIOHOTHE PAavyKH HaXOMSTCS B CTaJMH IOKOS.
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B BepxHeM MSITHMETPOBOM CliO€, C OJATONMPUSATHBIMU IMHIIEBBIMU U
KHCIIOPOJHBIMH YCIOBUSMH, B OCHOBHOM IIPE00JIaat0T HAYILITUU TPYyII-
uel Calaniformes (puc. 2). B3apociubie pauku rpynmsl Cyclopiformes,
WX HAyIUTHAJIbHBIC U KOTICTIOJUTHBIC CTAJIUU PACIPEICICHBI B TOJIIIC
Oonee paBHOMepHO. CBer, Temmeparypa, KOHICHTpAIMs MUIIH, a
TaK)Ke YKIIOHEHUE OT XUITHUKOB MOXKET OBITh PUYNHON BEPTUKAIBHON
MUTPALAX 300TUIAHKTOHA 110710 Jb70M [Cunningham, 1972]. CornacHo
E. IO. Murpodanooii u O. C. Bypmucrposoii [2007], pacnpenenenue
300IUTAHTOHA B BOJIHOH TOJIIIE 00YCIIOBICHO MEXaHHYECKUM (DaKTOPOM,
CBSI3aHHBIM C IHPKYISANKEH BOAbl. OTMEUYEHO, YTO JAHHOE SIBJICHHE
HaOJOaeTcsl B 03epax YMEPEHHOW 30HBI, Hampumep, B Telenkom,
I'my6oxom u baiikane.

A b
N
0 100 200 300 0 100 200 300
g ————
- E
o1 [l s
1520w e
s0n | PSS

Puc. 2. BeprukaasHoe pacnpeaeieHne no YucjaeHHocTH (IK3./m%):

A — nayrummii Calaniformes, b — Eudiaptomus gracilis

[Honnennslit 300mnankToH [leTpo3zaBoackoro 3ainuBa OHEKCKOTO 03€-
pa B UCCIIEIOBAaHHBIN TIEPUOJ] XapaKTEPU30BAJICS HU3KUMHU BUIOBBIM 00-
rarcTBOM, YHCIEHHOCTBIO U Omomaccoil. B cocrase mpeoOmananu Bec-
noHorue pauykd. [lomydeHHBIE NMaHHBIE COTIIACYIOTCS C pe3ylbTaraMu
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npeaAbILAYIINX I/ICCHC,Z[OBB.HI/IfI SUMHECTO ITOJJICAHOI0 COCTOAHMA 300I1JIaH-
KTOHA U YTOYHSAIOT UX.

Paboma evinonnena 6 pamrax poccuticko-ueeuyapcko20 MHOS0OUCYUNTU-
Haproeo npoekma «Lake Ladoga: life under ice interplay of under-ice processes
by global change».
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ZOOPLANKTON OF PETROZAVODSK BAY
OF ONEGO LAKE IN WINTER

Yu. Yu. Fomina, M. T. Syarki
Northern Water Problems Institute KarRC of RAS

The paper deals with the condition of zooplankton found in Petrozavodsk bay
of Lake Onego and studied in winter period of 2016. The article contains the
description of the species composition, abundance, biomass and vertical distri-
bution in the water column.

KPUIITOI'AMHBIE MAKPO®UTDbI
IICKOBCKO-YYICKOI'O O3EPA

K. b. Muxaiinoa, /[. H. CynHunbiHa
Tcxosckoe omoenenue @I'BHY «[ocHUOPX»

B cocrase makpoduToB TpancrpanuuHoro Ilckoscko-Uyackoro o3epa Kpo-
M€ BBICIIHMX COCYAMCTBIX PACTEHHH (LBETKOBBIX M CHOPOBBIX) OOHapy:ke-
HBI MXH ¥ KPYIHBIE BOJOPOCIH, KOTOPbIE MPUHATO HA3bIBATh KPUIITOraM-
HbeIMU. Beero BersBreHO 23 BHA, U3 KOTOPBIX 4 BHUAA MXOB, 2 BHJa TeUé-
HOYHHMKOB M 17 BHIOB Boopociei u3 yetbipex otaenos. [Ipeobnanator xa-
poBbIe Bogopociu (6 BUAOB). M3 pekux MakpOCKOIMYECKUX BOIOPOCIEH
B IlckoBcko-Uynckom o3epe oOHapy:KeHbl 2 BHAA KpacHBIX BOIOPOCIHEH
(Rhodophyta): nsrymeunuk (Batrachospermum gelatinosa) B Packoneins-
CKOM 3aJIMBE U Ha SCTOHCKOM CTOpOHE 03epa Oaurus (Bangia atropurpurea).

B ruapoboTannke MakpopUTaMU Ha3bIBAIOT «KPYITHBIC, BHIUMBIC
HEBOOPY)KCHHBIM TJIA30M, PACTCHUS, HE3aBHCUMO OT MX CHCTEMaTH4e-
CKOTO TOJIOKEHHS U DKOJIOTHYECKOU TpuypoueHHOCTH. K Makpoduram
OTHOCSTCS KaK BBICIIIHE PACTCHUSI, TAK U KPYITHbIE MHOTOKIICTOUHBIE BO-
nmopocauy [Ilamaenkos, 2003]. B BogHBIX 3KOCHCTEMax MaKpO(HUTHI BBI-
MOJHSIOT MHOKECTBO DKOJIOTUYECKUX, CAHUTAPHO-TUTUCHUICKUX U WH-
(bopMaIMOHHBIX (YHKIHIA: MHUIIEBYIO, CPEJO3alIUTHYIO, aKKYMYIISIH-
OHHYI0, MUHEPAIU3AIMOHHYIO, IETOKCUKAIIMOHHYIO, TIPOTHBOAPO3HOH-
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Hyto u np. [Baacos, ['uresuu, 2002]. Camoii m1aBHON W3 HUX SIBISICT-
csi cpenoodpasytomas. MakpouTsl GOPMHUPYIOT Cpeay OOMTaHHS IS
MHOTHX I'PYIII BOJHBIX OPTaHU3MOB: PO, 6€CIIO3BOHOUHBIX KHBOTHBIX,
BOJIOTLIABAIOIINX IITHUIL U JIP.

Maxpodutsr [IckoBcko-Uyackoro o3epa U3y4aanch CIOPAJHUECKH C
50-x ronoB npomuioro cronerus [MBanos, 1966; TyBukene, 1966; Heno-
cracoBa, 1970; Msaemerc, 1983; Cyauuisina, 1989]. B 2005 r. Ha scTOH-
CKOH cTopoHe 03epa, a B 2007 T. Ha poCCUHCKON MakpO(UTHI OBLTH BKIITIO-
YeHBI B 00BEKTHI HKOJIOTHUECKOT0 MOHUTOPHHTA 3TOro Bojoema. Haburo-
JEHHsl 32 pa3sBUTHEM BOTHOM pactuTenbHOCTH B IlckoBcko-YUynckom
03epe MOoKa3alli, YTO B €€ COCTaBe KPOME BBICIIUX COCYIHUCTBHIX pacTe-
HUH 3HAYUTENBbHOE Y4aCTHE TPUHUMAIOT MaKpOCKOIIMYECKHE MHOTOKJIe-
TOYHBIE BOIOPOCIH, IEUCHOUYHUKH U 3€JIEHBIE MXH, KOTOPBIX Ha3bIBAIOT
KpunroraMHeIMu Makpodutamu [Yemepuc, bodpos, 2006].

Kpunroramueie MakpoQHThl BCTPEUAIOTCSI BO BCEX BOAOEMAX, I/E
WHOT/IA SIBJISIFOTCSI OCHOBHBIMHU IEPBUYHBIMU TMpoOAyleHTamu. Paspac-
Tasich B OOJIBIINX KOJIMYECTBAX, MAKPOCKOIIMYECKHUE BOIOPOCIH U MXH
MOTYT CYIIECTBEHHO M3MEHHTBH yCJIOBHUS Cpelibl (YMEHBIIUTH CBET, CO-
JeprKaHue KHCIOPOo/a, MUTaTeIbHBIX BEIECTB, TIOBBICUTH TEMIIEPATypY,
pH u 1p.). Kak ormeuaror HekoTopbie aBropsl [Uemepuc, boopos, 2006],
3a pyOekoM MaKpOBOIOPOCIH U BOAHBIE MOXOOOpa3HbIE H3Yy4alOTCsI Ha-
Psy C COCYOMCTBIMU PACTEHUSIMH JJaBHO U Pa3HOCTOPOHHE, YETO HEllb-
351 CKa3aTb 00 OTEYECTBEHHOM ruapo0OTaHHKE.

B cninckax makpoduToB nepBbix uccienosareneit ¢iaopst [IckoBcko-
Uynckoro o3epa 0OTMEUEH TOJIBKO | BUI XapoBbIxX Bojopociei (Chara sp.),
XOTsl MAaKpOCKOTIMYECKHE pa3Mepbl UMEIOT MPEACTaBUTENN Pa3HbIX OT-
JIEJIOB BOJIOPOCIIEH: CHHE3eJIeHbIe, 3eJIeHble, KpacHble U JIp., U U3 MO-
X000pa3HbIX — 1 BUJI MXOB (DOHTHHAJIMC MPOTUBOMNIOKAPHBIHN (Fontinalis
antipyretica DC. var. antipyretica) .

Hamu 3a nepuon ¢ 2005 o 2015 . B cocTaBe BOAHOM PACTUTEIBHO-
ctu IlckoBcko-Uyackoro ozepa BBIABICHO 23 BUAA KPUNTOTaMHBIX Ma-
kpouToB: 17 BUa0OB Bomopociei u 6 BUI0B MXOB (Tadil.).

Kak BugHO M3 AaHHBIX TaOl., B COCTaBE KPUIITOrAaMHBIX Makpodu-
TOB TIO YUCITy BUJOB npeoOanarot 3enensie (30,4 %) u XxapoBbie BOJO-
pociu (26,1 %).
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Kpunroramusie makpogutsl [IckoBcko-Uynackoro o3epa

OT1aemst Uncno BumoB | % ot obmero umcia
Cyanophyta/Cyanoprokaryota 2 8,7
Charophyta 6 26,1
Chlorophyta 7 30,4
Rhodophyta 2 8,7
Bryophyta 4 17,4
Marschantiophyta 2 8,7
Htoro 23 100

Cpenu 3enenbix Bomopocien (Chlorophyta) nHamOonbiee pac-
NPOCTPaHEHUE HMEIOT BUABI KIaJ0(POPOBBIX BOJOPOCIEH, 0COOEHHO
Cladophora glomerata (L.) Kiitz. Bce BUbI BEICIIUX BOJIHBIX PACTCHUIN
U IpUOPEKHBIE BaJyHBI BO BCEX YACTIX 03€pa, 0COOCHHO B MAJIOBOAHBIC
TOJIbl, OKA3bIBAIOTCSI MMOKPHITHI CKOIUICHUSMH 3TUX BOAOPOCIEH.

HenpukperuienHble HUTH 3€JI€HBIX BOJIOPOCIEH, BCIUIbIBAs, (OPMU-
PYIOT «MaTbD», pacIpoOCTepThIe O MOBEPXHOCTH BOJBL. B 10:kHOW YacTH
IlckoBckoro o3epa B MasioBoHbIH 2007 I. B IITHIIEBYIO TIOTOLY COOOIIIe-
CTBa BCIUIBIBLIMX BOJOPOCIEH-MaKpO(OUTOB (IPEUMYIIECTBEHHO KIIa10-
(bopbl) pacronaraiuch Ha OOIIMPHBIX TeppUTOopHsX (10 S00 M?) ¢ mpoek-
TUBHBIM MOKpbITHEM 100 %.

B 2014-2015 rr. cpean MakpOCKOIMMYECKHX 3€JIEHBIX BOJOPOCIIEH TO-
BBILICHHON BCTPEYaEeMOCTBIO BBIIEIISUIMCH BUIBI POAOB Spirogyra, Mou-
geotia, Ulothrix, xotopsie B 20062010 rr. BCTpe4anuch O4eHb PEAKO.
Brepseie B 2015 1. B mpubpexnoii 3oHe Yynckoro ozepa 03 1. Kynectsb
obHapyxena Chaetophora incrassata (Hudson) Hazen, kycTukoBuHBIC
CJIOEBUILA KOTOPOW HA KPYIHBIX KAMHSX JOCTUT AN BBICOTHI 5 CM.

Xaposeie Bonopociu (Charophyta) B IlckoBcko-Uynckom o3epe
NpeACTaBICHbI 6 BUIAMH, OTHOCSIIUMUCS K 3 CEMEHCTBaM.

[lo nureparypubiM ganHeM [[ommtepOax, Kpacasuna, 1983], xapoBble
BOZIOPOCIIM Yallle BCEro MOCEIISIOTCS Ha MIMCTBIX TPYHTaX HA 3HAYUTEIIb-
Hoit iyoune (1-5 m). [o nammmm nabnmronenusim (20062015 rr), xaposble
BOZIOPOCIIM BCTPEUAJIMCH JIMIIb HA MECUYaHBIX MEJKOBOABSIX CAMHUYHBIMU
HEBBICOKMMH KycTHKamu Ha nryoune 0,2-0,5 m. Tonpko B Packonenbckom
3anuBe Uynckoro o3epa omuH Buj Nitellopsis obtuse (Desv.) Gr. BcTpeda-
Csl Ha 3HAYUTENILHOU IIyOHHe (110 2 M), 00pa3yst YHCTbIE 3apociy (OJHOBH-
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JOBBIe coolmiecTsa). Emie onHo coolImecTBO XapoBbIX BOIOpOCieH ¢ pae-
CTOM IpeOeHYaThIM BBISIBIICHO B CEBEPO-BOCTOUHON yacTu Uyzckoro o3epa.
OtcyTcTBHE XapOBBIX BOAOPOCIEeH Ha TITyOUHE, BOBMOYKHO, CBSI3aHO C HU3-
KOH MPO3pavHOCTBIO BOIBI B JIETHUI IEPHO M3-3a €KETOTHOTO «LIBETCHHS
BOJIbL, KOTOPOE BBHI3BIBAIOT CUHE3eIeHbIe Bogopocu [Sctpemckmii, 2011].

BerpewaemocTs XapoBBIX BOAOPOCIEH B TOCIEAHUE OBl YBENH-
yuBaercs (¢ 14 mo 65 %) [[IckoBcko-Uynckoe o3zepo, 2012]. Tonbko
Ha CTaHUUSIX MOHHTOpHHTA (poccuiickas cropoHa) B 2007 I. BBISIBICHO
3 mectonaxoxaeHus, B 2014 . — 7, B 2015 . — 8 MeCTOHAX0KICHUH.

W3 makpocKonnueckux cuHe3eleHbIX Bomopociel (Cyanoprokaryo-
ta) IHPOKOE paclpoCTpaHEHUE B 03€pe, OCOOEHHO B €ro IKHOH 4acTH
(ITckoBckoM 03epe), mMeeT TeoTpuxus TropoxoBumaHas (Gloeotrichia
pisum (Ag.) Thur), MHOro4YMCIEeHHBIE MTAPOBUIHBIE O0OBbEIUHEHHS KOJIO-
HU KoTopoii nocturarot 0,5-1 cm B nuamerpe. OHa mocessieTcst Kak Ha
MOTPYKEHHBIX B BOAY THAPOQHTAX, TAK M Ha BO3IYIIHO-BOIHBIX PACTCHH-
ax (reno¢urax). U3 renopuros ona odpacraeT cTedaM KaMbllla U puaa-
TOYHBIE KOPHU Ha cTeONsX TpocTHUKA. OCOOEHHO MOIIHBIE 0OpacTaHUs
Ob1H 3adukcupoBanbl B 2014 1. Ha paectax u ypyTH B [IckoBckoM o3epe.

B 2015 . B YUyackoMm o3epe (BOCTOUHBIN Oeper) Ha KaMHSIX U Ha MeCKe
0oOHapyKeHbl apOBUIHBIE MEIKOOYropuaTble O4eHb KPETKHUE KOJIOHUH
OJIUBKOBO-0ypoli okpacku Sphaeronostoc zetterstedtii (Aresch.) Elenk.,
JOCTHUTAIOMINE B MTOTIEPEUHUKE 3 cM U Ooree.

N3 penkux makpockonudeckux sopopocineil B IIckoscko-Uynckom
o3epe oOHapy»XeHbI 2 BUAA KpacHbIX Bogopociue (Rhodophyta): nsry-
meunuk (Batrachospermum gelatinosa (L.) DC.) B PackonemsckoM 3a-
nuBe Yyackoro o3epa M Ha 3CTOHCKOM cTopoHe o3epa — OaHrus (Bangia
atropurpurea (Roth.) C. Agardh). B Dctonun oHa BcTpeyaercs TONBKO B
cononoBaroii Bojie [[IckoBcko-Uynckoe o3epo, 2012].

Bonusie mxu u3 otaena Bryophyta u neaenounuku (otnen Marschan-
tiophyta ) mpeacTaBieHbl 6 BUAaMH, OTHOCSLIMMUCS K 4 ceMeiicTBaMm.

00600113 U3NOKEHHOE, CIIeAyeT OTMETUTb, YTO KPUIITOraMHbIE Ma-
KPO(MUTBHI — BayKHBIH AJIEMEHT MPECHOBOAHBIX SKOCUCTEM. DTa MaJlOU3y-
YeHHasl Ipylna pacTeHUH MMeeT OOJIbIIOEe MPAKTHUYECKOe 3HaYeHUE B
¢byHKIHOHMpOBaHMH dKOcHcTeMbl [IckoBcko-Uynckoro Bogoema u Tpe-
OyeT BHUMaHMS U JaJIbHEHIIETO H3yYeHHUS.
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CRYPTOGAMOUS MACROPHYTES OF LAKE PEIPSI
K. B. Michailova, D. N. Sudnicina
Pskov Departament of the Institute of Lake and River Fishery

Cryptogamous plants were discovered during the study of macrophytes structure
of Lake Peipsi. The total number of revealed species is 23 including 4 types of
mosses, 2 types of hepatics, and 17 types of stonewort algae. Thus, Charophyta
prevail (6 types) in the lake. In addition, 2 types of Red algae considered to be rare
species listed in the Red Data Book of Pskov Region were revealed.

HUCITOJb3OBAHUE MAKPO®UTOB B OLIEHKE
IKOJOTI'MYECKOI'O COCTOSIHUS MAJIBIX PEK

H. B. 3yeBa

Poccutickuii 2cocydapcmeennulii 2u0pomemeopoio2udeckull yuusepcumen

B pabote mpomemMoHCTpUpOBaHA BO3MOKHOCTH HCIOJB30BaTh JTaHHBIC
0 Makpo(uTax MaJIbIX PeK JJIsl OICHKH KayecTBa UX BoJ. [lomyuceHHbIC B
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paboTe MHICKCHI B IajbHEHIIIEM MOXKHO HCIIOIB30BaTh TIPU MHOTOKPUTE-
pHaIbHOM SKOJIOTMYECKON OLIEHKE BOIOTOKOB.

HexBaTka MHIEKCOB, OCHOBAHHBIX Ha Pa3BUTHH B BOJHBIX OOBEK-
Tax Makpo(UTOB, MPAKTHUECKH HCKIIIOYAET Ty TPYIILy OPTaHH3MOB H3
MHOTOKPUTEPHUATLHON (MHTETPAILHOMN ) SKOJIOTHUECKOH OIICHKH BOTHBIX
akocucteM. KoHeuHo, B TOM cllydae, €CIM MOJL IKON0SUUECKOU OYEeHKOU
MOHUMATh TTApaMETPUIECKOE OTIPENIEICHNE COCTOSHIM MPUPOIHON cpe-
JTbI, 00€CTIEYNBAIONINX CYIIECTBOBAHIE COOOIIECTB KUBBIX OPTaHU3MOB,
XapaKTEPHBIX JUISI 3TUX COCTOSTHUN B YCJIOBHSAX €CTECTBEHHOTO WM aH-
TPOTIOTEHHOTO peknMa ux pasputus [Amutpues, 2002]. Takas orenka
JUTSE BOJTHOTO OOBEKTa JOJDKHA CBOAMTHCSA K TMAPAMETPHUUECKOH OILEHKE
XUMHYECKOTO, OMOIOTHYECKOTO COCTaBa M (PM3MUECKUX CBOWCTB BOJHO-
10 00BEeKTa, O0YCIOBIUBAIONINX YCTOWINBOE (PYHKIIMOHUPOBAHKE B HEM
KOHKPETHBIX COOOIIECTB KUBBIX OPTaHU3MOB, COXpPAHEHUE OMpEIeNeH-
HOTO THITa SKOJIOTHYECKON CYKIIECCHU.

s ocymecTBieHHsT MHOTOKPUTEPHAIBHON OIIEHKH HEOO0XOINMO
MOCTPOCHHUE CBOJHOTO (MHTErPATbHOTO) MOKA3aTessl M0 COBOKYITHOCTH
KPUTEPHUEB OIIEHUBAHUA. B 3Ty COBOKYITHOCTH TOJKHBI BOUTH KPUTEPHH
COCTOSTHUS OMOTHI M a0MOTUYECKOM CPEIbI, TIPH 3TOM HEOOXOIUMO, UTO-
OBl Bce mapaMeTpsl BMecTe ObUTM TIOCTATOYHBI ISl OTIMCAHUS KadyecTBa
(cocTostams) paccMaTpuBaemoii cuctemsl [ mutpues, 2002]. [pu omnen-
K€ HKOJIOTMYECKOTO COCTOSTHHS MaJIbIX PEK BIIOJIHE 000CHOBAHHO BKJIIO-
YUTH B HEE MMapaMeTphl, CBSI3aHHBIE C Pa3BUTHEM MaKpO(HUTOB — 4acTO
OCHOBHBIX TIEPBUYHBIX ITPOAYIIEHTOB TAKUX BOJIOTOKOB.

Taxum oOpa3om, 11eTbI0 JaHHOH paOOTHI OBLIO MPOIEMOHCTPHPOBATH
BO3MOXKHOCTh HCIOJIB30BATh JAHHBIE O MaKpO(PHUTaX MaibIX pPeK I
OLIEHKHM KayecTBa UX BOJ U JlalibHEHIlIe MHOTOKPUTEPUAIbHON 3KOJIO-
TUYECKOU OLICHKHU.

B pabote MbI onrpaeMcst Ha pe3yIbTaThl MOIPOOHBIX TTOJIEBBIX HCCITe-
JIOBaHWH HU30BHEB Mayioil peku T. CakT-IletepOypra — OxThl. B mrome
2010 r. Ha y9acTKe 3TOTO BOAOTOKA BHYTPU TOPOACKHUX TPAHUIL ITPOBEIC-
HBI pa®oThl Ha 13 cranmusax (puc. 1). XapakTepucTuku MaKpo(UTOB OTIH-
CaHbI HA KOKIOW CTAaHIINY U3BECTHRIMU MeTonamu [Karanckast, 1981; bo-
6poB, Uemepuc, 2006]. Onrcanne BRITOTHIIOCH HA YYACTKE pyciia POTsI-
JKEHHOCTRIO TIopsiaka 50 M, «oT Oepera 0 6eperay, 9To P CPETHEH IITH-
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pune Oxtbl B 20 M cocrasisiet okoino 1 kM2 Ha mMecte cocTaBisuiack ria-
30MepHasi CXeMa 3apacTaHHs ydacTKa PEeKH, ONPEAeNsIach €ro CTEIeHb
B MIPOLIEHTAaX, MPOU3BOAMIACH TIEPBUYHAS ICHTU(UKALMS BUIOB pacTe-
Hui, B Oaynax Jpyne dukcupoBanioch ux oOuiue, BHIIOMHsIACH (HOTO-
¢uxcanms u cobop repdapHbix 00pasuos. [lapamiensHo Ha KaXI0H CTaH-
LM OCYILECTBIISICS 0TOOP MPOO BOIBI AJIsl ONpEAeTICHUS THIPOXUMHUYE-
CKHX ITOKa3aTesieil — C MOBEPXHOCTH U U3 MPUIOHHOTO CIIOS.

Jlns OueHKHM KadecTBa BOJ IO THAPOXMMHYECKHM IapameTpam
ObUT BBIYMCIICH MHAEKC 3arpssHeHHocTH Boasl (M3B) mo marepmanmam
€IMHCTBEHHOH cheMKH. [lomydeHHBI MOKa3aTelb MOXKHO CUHUTATh pe-
KOTHOCLMPOBOYHBIM HMHJEKCOM 3arpsi3HEHHOCTH BOABL sl 3KOJIOru-
YecKoro aHanmsza (IOpPbl PEKH HCIONb30BaHA KiIacCU(HKALMS, Tpe.-
noxenHas B. I [MamuenkoBbiM [2001]. [l komU4eCTBEHHOW OLIEHKU
pa3Ho00pa3usl BOAHBIX PACTCHUH Ha Pa3IMYHBIX yYaCTKaX PEKH HCIOJb-
30Basics nH(popManroHHbIi nHAeke Lllennona. «YpoBeHs Tpodum» Bogo-
TOKOB ompeaemsuica Tpems metonamu: IBMR [AFNOR..., 2003], MTR
[Holmes et al., 1999] u TIM [Schneider, Melzer, 2003]. B orenke kadue-
CTBA BON MAJIBIX PCK XapakTC-  Tagauma 1. Ompenesienne KauecTa

PHCTHKA  MaKpOMUTOB TNPUME-  Bogpl MasbIx PeK Mo XapakTepucTH-
HAIMCh C IIOMOLIBIO AaBTOPCKO-  KaM MaKpo(HUTOB

ro OayuTbHO-MHIEKCHOTO MeToIa F—

[3yera, 2007]. B Hero Brimtouenbr | apamerp ] 5 3 1

CIC/yIOIIHME TAPAMETPBL: MHACKC = 24 a5 | >
BUJIOBOTO Pa3HOOOpa3us Ha CTaH- NI-S 0 " 5 -
MM, YMCJIO BHUIOB UCTHHHO BO- ! —

HBIX PAacTeHHWii, CyMMapHOe 00OH- 4 <30 |30-40]40-50] =50

nue MakpouToB (cM. Taom. 1). Tpumeuanue. H, | — WHAEKC BUIOBOTO pas-
JI1s KOHKPETHOM CTaHIMH Ha HoOoOpasus Makpoduros ¢ 1 mo 5 skoTHI;
BOJIOTOKE, pacrojaras JaHHBIMU ]ZVA __szgfas:ggigzgﬁgT;;f{;ié;:;‘gnﬂ);
oH , N un ZA, moclenoBaTeib-
HO OTIPEICIISUIN, KAaKOMY 0aJlTy COOTBETCTBYET KaXK/asi XapaKTePUCTUKA.
3arem, CyMMUPYs TPH MOTyUYSHHBIX Oalijia, BEIYUCIISLTN UHACKC Sm. BEI-
JICJICHBI YEThIPE KJIacca KauecTBa BOM: 1) «OYeHB Ips3Has» — C CyMMOUR
OaiioB (Sm) ot 3 10 4; 2) «rpsA3HAs» — OT 5 110 7; 3) «YMEPEHHO 3arpsi3-
HeHHas» — oT 8 710 10; 4) «uucrasi» — ot 11 1o 12.
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Puc. 1. Huknee Teuenue p. OXTbI

Bennuunet nsatu ruapoxumudeckux napamerpos (BIIK,, pactopen-
HBIH KUCIIOPOJI, TIEpPMAaHraHaTHasl OKUCIISIEMOCTh, CyMMapHOe cojieprKa-
HHE XKeJie3a, KOHIEHTPAaUu: HUTPUTOB U (ocdaroB) NMpeBbIIAIOT Mpe-
nenbHo jomyctuMble koHHeHTpaumu (I1JIK). Kpome Ttoro, comepixa-
HUE PACTBOPEHHOTO KHUCIOpOoJa B BOjE Bcerna Huxke HOpMbl. [lpnyem
oT yuyacTka 13 K yCThIO €ro KOHIICHTpAlUs CHHXKAETCS, JOCTUTAsT MHU-
HUMasbHOTo 3HaueHus (1,01 mr/m) Ha cranumu 2. Takum o6paszom, peka
OTJINYAETCSI BHICOKHM COZICP’KaHHEM OMOTeHHBIX M OPTaHHMYECKUX Be-
HIECTB M BEChMa HEONArompHsATHBIM KHCIOPOIHBIM pe:KUMOM. Paccma-
TpHUBasi MPOCTPAHCTBEHHYIO JUHAMUKY 3arpsA3HEHHs, MOXHO CKa3arh,
9TO €r0 HauOONBIINK YPOBEHb IPUCYII CPETHEH YACTH HCCISIOBAaHHOTO
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pycna peku. Ha 3Tux yuactkax HaOmrogaeTcsi MHOTOKPaTHOE MpeBbIILIe-
HHUE TpeaenbHo AonycTuMbix koHueHTpammid ([TAK) xumuueckux Be-
miectB. Tak, Ha yyacTke 5 3adukcupoBaHO HAUOOIBILIEE COEPIKAHNE HU-
TpuToB — 125,1 MKI/n 1 cymmapHoTo *xejne3a — 7,99 mr/n. Ha cranuuu 6
OTMEUeHbI BhICOKHME Mokazarenu gocgaros (383,4 Mkr/m).
Paccunrannble 3HaYeHUs] WHAEKCa 3arps3HeHHOCTH BoAbl (M3B) u
OLIEHKA Ka4ueCTBa BOJ 10 STOMY IT0Ka3aTeNto MpUBEIEHBI B Ta0M. 2.

Taoauua 2. U3B ucciienoBanubIx cranumii p. OXTbI

Cranmus 1 2 3 4 5 6 7 8 9 |10| 11|12 |13
3B 9,1 15,8113,9(14,2(20,4|14,7(13,7|11,4|8,4(9,4(8,9(7,5|7,0
KauectBo | Ouenn .

Upe3BbIYaiiHO IPsI3HbIC OueHb rpsi3HbIC
BOJI TpSI3HBIC

Maxkpodutsl p. OXTbl B ToA HaOMIONCHUS NpeacTaBieHsl 19 Buna-
Mmu. CaMmble pacnpoCTpaHEHHbIE PACTCHUA-TUAPOMUTHI — 3TO KyOBIIIKa
xentas (Nuphar lutea), eXerollOBHUK POCTOH (Sparganium emersum),
CTPEJIONIUCT CTPENONUCTHBIN (Sagittaria sagittifolia), paect bepxromnb-
na (Potamogeton berchtoldii) n 6onorauk 6onotnstit (Callitriche palus-
tris). llppdem BHU3 11O TEUEHHIO POUCXOIUT YMEHBLICHUE BULOBOTO 00-
raTrcTBa, a HAYMHAsI C yyacTKa 6 pacTeHHs KpaiiHe yraueressl. [ uapodu-
Thl OTCYTCTBYIOT Ha cTaHIMAX 2—4 u 6. CxoqHas TeHIEHLH MpHUCYILA
U TAaKOMY IapaMeTpy, Kak o0lee IPOCKTUBHOE MOKPHITHE HA CTAHLIUU.
MaxkcumanbHoe 3HaueHue ero Habmonaercst Ha 13 ygactke. M3-3a mon-
HOT'O OTCYTCTBHSI PACTCHUH Ha CTAHLIMYU WM OOUTAaHUU UX JMIIb HA ype-
3¢ BOZABI BBIIEJISIOTCS TUIOIIAAKH, I1e 3HAYCHHE MPOESKTUBHOTO MOKPbI-
TUA paBHO 0, 3TO y4acTKU HUKHETo TeueHus p. OXTseI ¢ 2 1o 6.

Tadauua 3. XapakTepUCTHKU MAKPO(HUTOB HCCIAETOBAHHBIX CTAHIUIA
p. OXTbI

CraHuust 1 4 7 8 9 (10 | I1 | 12 | 13
% <S50 0 0 0 0 | <5 |<5|10|30]| 5 5125
0
0

S

N, wr 1

o

7011 8 9 9 |10 | 12
091092734 |38|3,1(3,1]|32]|34

H, ., our 0 109126

1-52

Ilpumeuanue. S | — ob1iee NPOEKTHBHOE MOKPBITHE MAKPOPUTOB HA CTAHIMM; /| | — MH-
JEKC BUIOBOTO pasHooOpasus Makpoputos ¢ 1 1o 5 skotur; N, — YKCIIO BUIOB TMIpPO-
¢wuros (1 sxorwm).
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CpasuuBas p. OXTy ¢ ManbIMu pekaMu JIeHUHrpaackoii 0061acT, Mo-
JKEM CZIeJIaTh BBIBOJ O TOM, 4TO e¢ (pIIOPHUCTHUECKUH COCTaB BechbMa Oe-
neH. Tak, MakcuMalbHOE YHCIIO OOHAPYKEHHBIX Ha OJHOM CTaHIMU BU-
noB Ha p. Openex cocrasnsieT 21, a Ha p. UynkoBka — 36 [3yeBa u 1p.,
2007], B To Bpems Kak Ha p. OXTe MaKCUMaJIbHOE YHCJIO BUI0B HA OTHOM
CTaHIMM He MpeBblmano 12.

CrnenyromuM maroM B JaHHOW paboTe CTalo ONpeneieHHe «Tpo-
¢udeckoro craryca» p. OXTbI C TOMOILBIO XapaKTEPUCTHK BOAHBIX Ma-
KpO(HTOB 1O HECKOJIBKUM E€BPONECHCKHM MeToauKaM. [loHsTHE «Tpo-
(udecKuii cTaTyc» B3ATO B KABBIYKH, BCICACTBUE TOTO YTO OHO TPaH-
LIUOHHO MPUMEHSAETCS AJs 03€p, a TEKyuue BOABI NPUHIUIHAIBHO OT-
JUYAIOTCS MO0 XapaKTepy MPOUCXOJAIIMX B HUX DKOJIOTMYECKUX IPO-
neccoB. OnHako B EBponie TepMUH «ypOBEHb TPO(QHUU» YNOTpeOIIeT-
sl ¥ 110 OTHOLLIEHUIO K pekaM. [loHumas, HaCKOJIbKO THCKYCCHOHHO HUC-
M0JIb30BAHKE ITOTO OHATHS JIsl BOAOTOKOB, M ITOKa HE Hal1 JOCTOM-
HOM 3aMEHBI, Mbl IPUMEHSIEM €r0 BCIIEH 32 3apyOeKHBIMU KOJIJIETaMH,
HO B KaBbIUKaXx.

s ompeneneHust «ypoBHS TPO(QHUM» BOJOTOKOB HCIOJIb30BAIUCDH
Tpu Metoga: MTR — cpennee 3nauenne Tpoduu; IBMR — Guomornde-
ckuil unnexc Makpodurtos st pek 1 TIM — Tpodudecknit HHAEKC Ma-
kpopuToB. Bece Metoauku pa3paboraHbl A5 MOHUTOPHUHTA TIPOTOYHON
BOJbl. Hy’HO OTMETHUTH, UTO MPUMEHEHHUE 3TUX WHAEKCOB B YCIOBHUSIX
OYCHb BBICOKOW aHTPOIOI'CHHOW HAarpy3KH HE BCerga ObLIO BO3MOXKHO.
T'uapoduTsl, HeoOXomUMBIE IS aHaM3a, Ha psiae cTaHiuid p. OXTHI BO-
00I11e OTCYTCTBOBAJIH.

PesynbTrarsl NpoBEeACHHBIX UCCIEOBAHMN TTOKa3anHu, 4yTo p. OxTa 00-
JaJlaeT BBICOKUM «YPOBHEM TPO(HU»: OT ME30TPOGHOr0 A0 THIEpTPOd-
HOT0. 30HUPOBAHHE UCCIIEAOBAHHOIO OTPE3Ka pyciia peKH CONIaCHO MH-
JIeKcaM TpesICTaBIeHO Ha puc. 2.

Hano orMeTuTs, YTO BCE MHAEKCHI UMEIOT TECHYIO CBA3b CO 3Haue-
HUSIMU NI€PMAHTaHaTHON OKUCIISIEMOCTH U KOHIIEHTpalued HUTPUTOB U
docdaro, a uagexcet MTR u IBMR eme u ¢ EHKs. Tak, Hanpumep,
KaK BUJIHO U3 puUC. 3, cBa3b 3HaueHui IBMR ¢ BenmmunHo nepMaHraHar-
HOU OKHCIISIEMOCTH BeCbMa CyIIeCTBEHHA: a0COMOTHOE 3HAUCHHE KO-
¢unmenTa xoppesiuuu BICOKo (—0,71). DTo 3HAYUT, UTO C MOBBILICHH-
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€M COZIEpKaHHMsI B BOJIC OPraHUUECKUX BEIECTB «yPOBEHb TPOPHM OLie-
HUBAETCS STUMHU MHIEKCAMHU Kak 0o0jiee BBICOKHI (MEHBIIUM 3HAUCHHSIM
MHJIEKCa COOTBETCTBYET OOJBILUI «YPOBEHD TPOPHUM»).
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Puc. 3. CBsasp 3nauennii uagexca IBMR ¢ Beanunnoi
MePMAHTAHATHOH OKHCISEMOCTH

Cremyrolum 3TaroM ObUIO ONpeIeSicHHEe KadecTBa BOI 00CIIeI0BaH-
HBIX YYACTKOB Ha OCHOBE JAHHBIX O MAaKpO(pHUTaxX C MOMOIIBIO MHIEKCA
Sm. Kax BumHO 13 Tab:1. 4, KaueCTBO BOABI PEKH B COOTBETCTBUY C HUM U3-
MEHSIETCSI TIPH TIPOJBIYKCHUH K YCTHIO OT «TPSI3HOI» IO «OUEHB TPS3HOI.

Tabauua 4. MakpouTHbIN HHIEKC KauyecTBa BOJ UCCJIEJ0BAHHBIX CTaH-
mii p. OXTBI

CraHuus 1 2 3 4 5 6 7 8 9 |10 | 11 | 12 | 13
Sm, 6am 4 3 4 3 4 3 7 7 7 8 7 7 7
KayectBo

OueHb rps3HbIC I'psizHbIC
BOJ
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CormnocTapmsisi KJIAcChl KAYeCTBA, MOIYUYCHHBIC [0 JaHHBIM O MaKpo-
¢duTax, C OIEHKOH 1O THPOXUMHUIECCKIM XapaKTEPUCTUKAM, MOKHO OT-
METHTb, 4YTO OHH JOBOJILHO Onu3ku. OO0 3TOM CBUACTEIBCTBYET KOADHU-
LUEHT MapHOI TUHEHHON KOPPENSIIIUY PSAOB JAHHBIX — HHAEKCA 3arpsi3-
HenHoctu Box (M3B) ¢ BenmnuuHol Sm, oH paBeHn —0,68; T. e. xapakre-
PUCTUKU PACTUTEIHLHOTO MOKPOBA YYBCTBUTEIBHEI K 3aTPS3HEHUIO PEKH.

B urtore pe3ynbraThl MPOBEACHHBIX UCCICIOBAHUMN 0KUIAEMO MOKa-
3anu, uto p. Oxra, npotekaromas o . Cankr-IlerepOypry, — oueHb 3a-
TPSI3HEHHBIN BOJOTOK. [IpuyeM ObLia MPOAEMOHCTPUPOBAHA BO3MOXK-
HOCTh TIPUMEHEHUS XapaKTEPUCTHK MaKpO(PHUTOB B OIICHKE KayecTBa
BOJBI peku. Bee paccuntanuble HHIEKCH BO3MOXKHO B JadbHEHIIIEM HC-
MOJIb30BaTh B MHOTOKPUTEPUATLHOM OIICHKE SKOJIOTUYECKOTO COCTOSHUS
MaJjbIX BOJIOTOKOB.

Hccnedosanue svinonuerno npu gunarcosoti noooepicke PODOU 6 pamkax
Hayunoeo npoexma Nel6-35-00382 mon_a.
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USE OF MACROPHYTES IN ASSESSMENT
OF ECOLOGICAL STATUS OF SMALL RIVERS

N. V. Zuyeva
Russian State Hydrometeorological University

The article demonstrates the possibility of using data on macrophytes in small
rivers to assess water quality. Described indices can be used for multicriteria
environmental assessment of watercourses.

K METOJUKE PACUMCJIEHUSI TEMIIA POCTA CUTA
COREGONUS LAVARETUS (L.) O3EPA UMAH/IPA

E. M. 3y6oBa, H. A. Kamryaun, I1. M. TepentbeB

Hucmumym npodiem npomvluLieHHOU IKoL02UlL
Cesepa Konvcrozo nayunoeo yenmpa PAH

g cura camoro kpymnHoro ozepa MypmaHcKkoi oOmactu — MMaHapbl
(880 kM?) — poBeieH NOAPOOHBII MOP(POIOTHYSCKUI aHAIN3 PETHCTPH-
pyIoIIeil MUHEPaIN30BaHHOM CTPYKTYPHI (UeIIyH), yTOYHEHa U ONTHMHU-
3MpOBaHa METOJMKA 00PAaTHOTO PACUUCIICHHS JITUHBI PBIO 10 Yelrye.

[lo3Hanne MeXaHM3MOB PETY/SILIMH POCTa PBIO W BBISBICHUE (AKTO-
POB, OIPEAETSIOIUX €ro TEMII, TO3BOJISIET UCIIOJIB30BaTh TAPAMETPBI PO-
CTa B OMOMHAMKAIINHU COCTOSHHS OKPY>KaIOIIEH cpebl, JaeT BO3MOKHOCTD
MPOTHO3UPOBATh PHIOOIPOLYKTHBHOCTh BogoeMoB [Hukonbckuid, 1974;
Kysznenosa, 2003], cxy>kUT 0CHOBOW IpH pa3padOTKe NPUHLIUIIOB PaLlio-
HaJILHOTO MCIIOJb30BaHUSI M OXPaHbl PEIOHBIX pecypcoB. JInHelHbIe pa3-
MEpBI, B YAaCTHOCTH, JUTHHA 0COOM — Oosiee CTaOMJIbHBIN U YIOOHBIN TO-

141



Kazaresb, Hexxenu Bec [Muna, Kieezans, 1976], a oOparHble pacuuciie-
HUS JUTMHBI HEOOXOIMMBI AJIsl PEKOHCTPYKLIMH €T0 MOKa3aTeliel B TeUeHHe
JKH3HU 0COOM M YMEHBILICHUsI OIIMOKH, CBA3aHHOW C Pa3INYMsIMH CE30H-
HBIX IPUPOCTOB MOCIEAHET0 rofa [3unoBseB, Manapuia, 2003].

Yenryst Kak perucTpUPYIOLIask CTPYKTypa HauOoJee 4acTo HCIOb3Y-
eTcst sl OOpaTHBIX pacuuclieHuid JUMHBL Y pbi0 CeBepHOro moiryiia-
pust. 910 TpebyeT MmoApoOHOro U3y4YeHus: ee MOp(OJIOTUU U pa3MepHO-
BO3pacTHOU m3MeHuuBocTH [bprosrun, 1969; 3y6osa, Kamrynun, 2015
u ap.]. ns uccnenoanus Temmna pocrta peld He0OXoaUM Oosiee TOYHBIN
BBIOOP MeToza 0OpaTHBIX pacUMCICHUH 10 Yelrye, 00beKTUBHO OTparKa-
IOIIMI JTMHEHHbIC MOKa3aTesd phl0 KaXKI0W BO3PACTHOM IPYNIHMPOBKU
[Muna, 1973, 1981 u ap.].

B Hactosimield pabore MpeAcTaBIeHBI Pe3yabTaThl HCCIEAOBAHUS
MOp(GOJIOTUN YelIyd, YTOUYHEHa M ONTUMHU3UPOBaHA METOAMKa 00-
paTHOro pacyuciieHus: AMUHBI No yemrye y cura Coregonus lavaretus
(L.) 03. Umaugpa. lllupoko pacupocTpaHeHHEIH B BojoemMax MypMaH-
CKOW 00JIaCTH CHT B CHIIy CBOMX OMOJOTHYECKHX 0COOEHHOCTEH MHO-
THe TOJbl HCIIONB3YETCsl KaK TECT-00BEKT MXTHOJIOTHYECKOTO MOHUTO-
punra [Mouceenko, 1991; Kamrynun u np., 1999 u ap.]. Ilpu onuca-
HUU TOMYJISIUOHHBIX XaPAKTEPUCTHUK CUra B YCIOBHUSX AHTPOIOTEH-
HOTO 3arpsizHeHus 03. iManapa Oonplioe BHUMaHUE BCeraa yAaesioch
M3MEHEHHIO POCTOBBIX XapakTepUCTHK pbIO [Mouceenko, 2000, 2002 u
ap.]. B mpencrasnenHbix paborax ObLIO MOKAa3aHO, YTO OAHOH U3 peax-
Ui cura Ha U3MECHEHHUE YCIOBUH OOMTaHUS B CHIBHO-3arpS3HIEMBIX
yuacTkax o3. UManapa (mnece bonbmas Mmanapa) ssnserca u3MeHe-
HHUE CKOPOCTH POCTa U MOJIOBOTO CO3pEeBaHus prl0. MeToauueckue oco-
OCHHOCTH OOPaTHBIX PACUMCICHUN pa3MEPHBIX XapaKTEPHCTUK CHTa B
paboTax He MPUBOAMIUCE.

Marepunan u MeToAabl. M3yueHue pocra cura npoBOJUIOCH B pam-
Kax KOMIIJIEKCHBIX HCCJIEJOBaHUI BHYTPEHHUX BOA0EMOB MypmaH-
ckoit obnactu B 2011-2013 rr. OHM cOCPeIOTOUYUBAIUCE HA BOJOCOOpE
camoro KpymHoro o3epa obnactu — Umanapsr (880 km?) (6acceitn be-
moro mopsi). Paitons! uccnenoBanuii — Tpu mieca 03. Umanapa (miec
Bonbimas Mmannpa, mnec Hokocrposckas Mmannpa u miec babunckas
Wmangpa) (Tabm. 1).
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Tadauna 1. Pazmepbl BbIGOPOK cura B Tpex miecax o3. Umanapa

Komn-Bo

Hccnenyemslii Bogoem [lepuon uccnenosanuit K3

[lnec bonpmmas Umannapa | CeHtsiopb — okTs16ps 2012-2013 T 47

Asryct — cenTsiops 2011 1,

Os. Inec HokocTposckas
€XKEMECAYHO C MIOJIA 10 aIpelib 460
Hmanzpa | Mvanpa 2012-2013 rr.
[Inec babunckas Umanapa | ABryct — ceHtsiops 2011 1. 140

Bo Bcex mccnenyeMbIX BopoeMax phIOy OTJIaBIMBAIH CTABHBIMH
»KaOepHBIMH TOHHBIMH CETSIMH U3 HEHIOHOBOTO MOHO(HUIaMeHTa AU~
HOH 25 M, BbIcOTOM 1,5 M u pasmepom suen 10, 12,5, 16, 22, 25, 30,
35, 38 u 45 MM, 4T0 0OECIIeYnBaIIO BBUIOB PHIOBI JUIMHOM >5 cM. B nu-
TOpanbHOH 30HE (Ha mIyOMHE 1,5-3 M) ycTaHaBIMBaloCh MO 1-2 ceTH
NEePIEeHANKYISIPHO Oepery B MecTax ¢ MmecyaHO-TPaBUHHBIME OTMEJIsI-
MU U KPYIHBIMU BaJyHHBIMH OTJIOKEHHUSAMH. B mpodyHaansHON 30HE
¢ nyounamu Oosiee 18 M wucmonb3oBanock A0 10 cereil B ofuH Mo-
psanok. B memarmueckoil 30He Bojoema JUisi 0TOOpa MXTHOIOTHYECKO-
ro Marepuaia NPUMEHSUTUCH IIaBHbIC MYJIBTHPa3MEPHBIC CETH BBICO-
Toii 3 M. O6paboTKa MaTepuaia MPOBOAMIIACH MO CTAHIAPTHON METO-
muke [[IpaBaun, 1966]. Maccy pbIO onpenensian ¢ TOYHOCTBIO 10 1 T,
ey 1o Cmury (AC) uzmepsuid ¢ TouHOCThIo 10 1 MMm. J{ns BeLaene-
HUS BHYTPUBHOBBIX (DOPM Y UCCIIEYEMBIX CUTOB MOICUUTHIBAIIN YHUC-
JI0 TBIYMHOK Ha NepBol xabepHoit nyre [Pemernukos, 1980]. Yemrys
JUTS MCCIIEIOBAaHNUs Beeraa Opasiach ¢ OJHOTO M TOTO K€ y4acTKa — MOA
nepeaHe YacThio CIIMHHOTO IJIaBHUKA [3UHOBLEB, Mannpuina, 2003].
s onpeneneHusi Bo3pacta y peld 1o OMHOKYJISPOM MpocMaTpuBa-
nock 4—6 venryi (rogoBbie KOJbIa MPOCMATPUBAINCH 110 BCEM CEKTO-
pam demnyu), mocje 4ero BelOMpanach denrys Haubosee MpaBUIbHON
dopMBl U HccienoBauCch ee Mopdoioruueckue ocodeHHoctu. s
9TOTO MIPOBOJIMIIMCH TOTIOHUTENBHBIC U3MEPEHUS C TIOMOLIBIO OKYIISP-
MHUKPOMETPa €€ MPOJOIBHOTO U MOTIEPEUHOT0 JUaMETPOB, a TaKKe pa-
JUYCOB: mepeanero (6a3anpbHOr0) M MEpeiHero aAuaroHanbHoro. bo-
KOBOH M 3aJHUH (KayJanbHbII) paguychl HE U3MEPSINCh, UX HAXOH-
JIM TIyTEM JIeJIeHUs] 3HaYCHHS TONEPEYHOT0 AruaMeTpa Ha 2 U BbIUUTA-
HUS U3 3HAYCHUS NPOJOJIHHOTO TUaMeTpa 3HAYCHHS MEPEAHEro paju-
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yca coOoTBeTCTBEHHO. Ha 0CHOBe 3THX M3MepeHHid ObLITN ONpeIeIeHbI:
J — OTHOCHTENbHBIN pa3Mep demyu, B — ¢opma (IIUPHUHA) YELIyHd H
br — nmonoxenue siapa yemyu [YepHosa, [redyanze, 2008]. dns onu-
CaHMs BO3PACTHBIX U3MEHEHUI CEKTOPOB Yellyu cura (mepeanero, 0o-
KOBOTO M 33JJHETO) MCIIOJIb30BAIMCH UX 3HAUEHUS B MPOLEHTAX OT JJIH-
Hel Tena (AC) [BoBk, 1956].

Pesyabrarsl n o0cyxaenue. Cur B 03. ViManapa npeacrasieH ABY-
M1 9KOJIOTMYECKHMHU (hPOpPMaMK: MaJIOTBIYMHKOBOM, OOMTAIOIIEH BO BCeX
iecax, ¥ CpeIHeThIYMMHKOBON — MaJIOUMCIICHHON U IPUYPOYEHHO JINIIb
K ceBepHOMY miecy bonbmas Umanapa. Yncno THIMHHOK Y MaTOTBIUMH-
KOBOM (hopMbI BapbupyeT oT 15 1o 30 u cocTaBisieT B CPEAHEM JUIS 03€-
pa 23,1 £ 0,1, y cpenHeThaiHKOBOM Gopmbl — oT 31 10 43, 38,1 + 3,4
W3-3a HeOombIIOro uncna ocobeil cpeqHeThIMMHKOBOTO cura (17 sx3zem-
IUISIPOB) Aajiee B paboTe OyayT MPUBOAUTHLCS AaHHBIE TOJIBKO 11O MaJo-
TBIYUMHKOBOMY cUry VIMaHApBI.

MaJtoTPIMMHKOBBIH cUT B 03. MIMaHapa ObLI IpecTaBiIeH 0COOsSMH B
Bo3pacte oT 0+ 10 9+ ner.

Yenrys MaJOTBIMMHKOBOTO cHra 03. MIMaHapa TUIIHYHAsA IUKIIOUIHAS,
LHEHTPaJbHBIN CKIEPUT UMEET OBaJIbHYIO (popMy, uaine He3aMKHYT. CKiie-
PHUTHI IMEIOTCSI Ha BCEH MTOBEPXHOCTH YEIIyH — OHU 00pa3yloT Yepeayro-
HI1eCs] KOMIUIEKCHI U3 «KOHLEHTPUYECKUX» U CIAEAYIOIINX 32 HUMHU «BbI-
KIIMHUBAIOIIUXCS («CPE3aHHBIX») CKIEPUTOB, KOTOPBIE (YOPMHPYIOT TO-
JIOBBIE 30HBI pOCTa. BBIKIMHNBaHNE CKIEPUTOB HAYMHAETCS Ha TPAHU-
e OOKOBOTO M 3aTHETO CEKTOPOB YELIYH U 3aKaHUYUBAETCS Ha IepeIHEM
CEKTOpE, IOATOMY 37I€Ch UX OOJIbILIEe YHCIIO, YTO YKA3hIBAET Ha 3aKIaIKy
u Oosiee MHTEHCHBHBIM MX POCT B 0a3aJibHOM YaCTH C BEPLIMHBI YEIIyH
[[Cankun, 1958] . B nepennem cextope HaOmonaeTcs yABOCHUE CKIEPH-
TOB, CKJIEPHUTHI 3[€Ch cIa00BOMHHUCTHIC. B1oIh OOKOBBIX CEKTOPOB He-
IIyH, B pe3yJbTaTe yTepH CKIEPUTOB, PACCTOSTHUE MEXy HUMH He3Ha-
YUTENILHO OO0JIbILE; TOPa3ao OOJbIINE PACCTOSIHUS HAOTIOAAIOTCS MEXK Y
CKJIEPUTaMH B 33 JHEM CEKTOPE, YTO OOBSCHSIETCS JOTIOIHUTENEHOM «I10-
Tepei» HEKOTOPBIX CKIEPUTOB Ha TPaHUIle OOKOBOTO M 33JHET0 CEKTO-
POB YElIyH, OHU KaK Obl OOPBIBAIOTCSL.

OTHOCHUTENBHBIN pazmep demyu (J) y pplO 3HAYMMO YBEITHYHBACTCSI
C BO3pacToM, IIpH 3TOM LEHTp uellyu (br) caBUraeTcs K 3aJHEMY Kparo
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(puc. 1, a). DTH U3MEHEHUS TPOUCXOST U3-3a PA3TUYHOTO POCTA MEPE/I-
HEro M 3aJHEr0 CEKTOPOB UEILIYW CUTa B Pa3HOM BO3pacTe: NEPENHUI
CEKTOp Y€lIyH, BKIIOYAIOLINM IEPEAHUIN U IEPEAHUIN TUAarOHaIbHbIN pa-
JINYChl OTHOCUTEIBHO JIJIMHBI TEJIA, C BO3PACTOM yBEINYMBACTCS; 3aHUI
CEKTOp MPaKTHUYECKU He u3MeHsercs (puc. 1, 0). bokoBoii cexkrop yenryu
CUTra, BKIIIOYAKOIIUH OOKOBOH pajinyc, ¢ BO3PacTOM OTHOCUTEIBHO JJTHU-
HBI Tena yBenuuuBaeTcs. Dopma uvennryu (B) cura uccieayeMbIX BOAOE-

MOB OCTAETCsl OCTOSIHHOM (cM. puc. 1, a).
a 6

— | - - B em—r [epennuii panuyc
= [lepenuuii TUarOHANBHBIH paguyc
1,%, B br,% o - BokoBoii pamuyc
0 mm==- 3anuuii paguyc
2 n=630 80 1,6 n=630
15 %”/\\ L
40
1A - oem o ™ o o - - 20 0,8
0’5 T T T T T T T T T T T O 0 4 t T T T T T T T T T ]
OF 1+ 24 3+ 4+ 5+ 6+ 7+ 8+ 9+ 0+ 1+ 2+ 3+ 4+ 5+ 6+ T+ 8+ 9+
Bospacr, ner Bospacr, ner

Puc. 1. OtHocuTebHbIil pazmep vewryu (J), %o, OTHOCHTEIbHOE IOJIOKEHHE
siapa vewyu (br),%, popma yemryu (B) (a) U JJIMHBI PAAMYCOB YelIyH OTHO-
cuTeabHO AauHbI Tesa (AC), % (0), y MATOTBIYHHKOBOTO cura o3. Imanapa

s BBIOOpa ONTHUMAaIBHOTO CEKTOpa YelryH JUIsi 0OpaTHBIX pac-
YUCIEHUN JIMHBI y 26 3K3EeMIUTAPOB MaJOTHIYMHKOBOTO CHUTa pa3-
Horo Bospacta (or 1+ mo 9+ ger) mieca Mokocrposckas Mmamapa
03. IMaHipa n3Mepsyinch pasMepsl TOAOBBIX KOJIEIl Ha TIepeaHeM, TIe-
pelHEeM JMaroHajbHOM, OOKOBOM M 3aJHEM paJiHycax 4YellyH, W 3a-
TeM MPOBOJMIINCH OIEHKH PACUNCICHHON JUIMHBI IO YETHIPEM Painy-
caM. B ocHOBe 00paTHBIX pacuucIeHUH JUIMHBI JEXKHUT YTBEPXKICHHUE
0 HAJIMYMH CBSA3M MEXAY JUTMHON Tena (L) u pasmepamu demyu (R)
[bpro3run, 1969; Muna, 1981 u ap.]. ¥ MaaoTEUHHKOBOTO CUTA Ho-
KOCTpPOBCKOU MIMaHIpbl 3aBUCUMOCTh MEXY IJIMHOW Teja U pa3jiny-
HBIMHU pajiiyCcaMM YellyH JIy4Ille OMUChIBAETCS YpaBHEHHEM CTEIleH-
HOW (QYHKIIMH, HEXeJIn JTUHEHHOW (Tabn. 2), HO MpHU pa3HBIX 3HAYC-
HUSIX [TapaMeTPOB JIMHUH perpeccuu (Kod(hOUIIMEHTOB PErpeccuu d 1
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b). UTOOBI BBISICHUTD, B KAKOW Mepe pa3iIuyus JIUHUI PEerpeCcCHy BITH-
SIIOT HA OLICHKH PACUMCIICHHOM JUTMHBI, Mbl CPABHHIIN PACUHCICHHBIC
10 pa3HbBIM pajuycaM OLEHKHU IJIs OJHHX M TeX ke ocoOeil. Jlunuu
perpeccuu JIMHBI 10 YETHIPEM pajuycaM Yellyd He MPOXOAST 4e-
pe3 Hayaio KOOPAHMHAT, IIOATOMY JUIsi OOPaTHBIX PACUUCICHUN JATUHBI
pBIO MpennoyYTHTEIbHEE UCTI0IBb30BaTh Gopmyny Po3sl JIu [Bprosrum,
1969; Muna, 1981 u ap.]. dist oOpaTHBIX pacYUCICHUN JUTUHBI Ma-
JOTBIYMHKOBOTO CUTa MBI JIOTApU(PMHUPOBAIIN YPaBHCHHE CTCIICHHOI
byukuun L = a x R®, mony4anu: [nL = [na + b x [nR. Pacuucisiiu mo
JIu, HO BMeCTO aOCONIOTHBIX 3HAUYCHUIl IepeMEHHBIX Opaii uX Jiora-
pudmbl: [nL, = Ina + InR/InR_* (InL - Ina), rne R — paauyc yenryu
JlaHHOM PBIOBI B MOMEHT €€ MOMMKH, R, — pajiuyc Yelryu 3Toi ocoou B
BO3pacTe i JIeT, L — AInMHa pbIObl B MOMEHT MOMMKH, L, — ITMHA PHIOBI
B BO3pacTe i JIeT, @ — IOCTOSIHHAS BEJTUYHHA.

Hamm pe3yabrarsl moka3aliu, 4To JII000i paJnyc Yelryn MOXKeT ObITh
BBIOpaH Uil OOpaTHBIX PaCYMCIICHUHM JJIMHBI CUTA, TaK KaK PacyMCIICH-
HbIC [UTUHBI 110 YETHIPEM paauycaM Ha MPOTSHKCHUH JKH3HU 3HAYUMO He
pasnmuyanucek (tadn. 3). Takxke pacuncieHHble U (HaKTHYECKUE OLICHKU
JUIMHBI XOPOIIO COOTBETCTBYIOT IO BCEM pagrycaM YelIyH, HO CO CMe-
HIeHHEeM Ha | ToJI, TaK KaK BBUIOB UCCIEAYEMBIX 26 dK3EMIUIIPOB CHIa
3 MokocTpoBckoii FIMaHIph! TIPOMCXOIMIT C OKTAGPS IO MapT, KOT/Ia HO-
BBII TIPUPOCT NPAKTHUECKH 3aBEPILEH, HO ele He chOpMHUPOBATOCH HO-
BOE TOJI0BOE KOJIBIO. M3 3TOro ciemyer, 4To Mpu cpaBHEHUH (akTHye-
CKHMX BEJIMYMH JJTMHBI PBIO C PACYMCIICHHBIMHU HAJIO0 CTPOTO YYUTHIBATh
CE30H JIOBa PHIOKI.

Taoauua 2. KoapunmneHTsl 1eTepMUHALNH, ONIPee/IsIoNe JHHeHHYI0 U
CTENMEeHHYI0 3aBHCHMOCTH MeKAY AInHOi Teaa (A4C), MM, H pa3MepaMHu 4e-
IIyH, e[. OK.-MHUKPOMeTpa, 0 Pa3IuYHbIM paguycaM MaJ0TbIYMHKOBOI0O
cura nieca Hoxocrposekas Umanapa o3. Umanapa

Pamyc R’mipu nuHeltHON | R’mpu cTenenHoi | Yuco sK3eM-
3aBUCUMOCTH 3aBUCHMOCTH TUIIPOB
[lepennuii 0,93 0,94 26
IMepennuii AMArOHANBHBIN 0,90 0,93 26
BokoBoit 0,90 0,92 26
Saguuit 0,72 0,77 26
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Taéauua 3. Pacuuciennas aiauHa tena (AC), MM, 10 YeTbIpeM paguycam
yemryu u HabmonenHasi jiauHa (4C), MM, y MaJIOTBIYMHKOBOTO CHTa IJjeca
HoxocTrpoBckas Umanapa o3. Umanapa

Pacuucnennast ayHa, MM, TIO YeThIpeM paanycam 4ye- | HaGmroneHHas aiuHa, MM,
Bos- mryu, M + m (Kon-Bo 9K3.) M =+ m (Kon-BO 3K3.)
pacr, -
TOJIbl, . Hepenuuit . . ICo cMeleHun-
Ilepenunii | nuaronanb- BokoBoit Sagaui —
JIeT M eM Ha | rox
HBIH
1 108 £2,5(26)[115+£2,4(26)| 115+£2,4(26)| 105£2,7(26) | 146 £ 1,9 (4)| 116 £2,5(2)
2 |149+44(22)[154+4,4 (22)|158+3.9(22)| 156+3,4(22) | 185+3,3 (4)| 146+ 1,9 (4)
3 |179£7,1 (18)[185+£6,0 (18)|191£5,5(18)| 194+£6,3 (18) | 246 7,8 (4)| 185+3,3 (4)
4 |1200£6,3 (14)[206+4,7(14) 211 £4,7 (14)| 220 £ 5,9 (14) | 256 + 1,2 (3) | 246 + 7,8 (4)
5 233+£6,4(11)[236£5,1 (11)|242+£5,3 (11)[248+£6,5(11)|275+£2,9 (3)|256 £ 1,2 (3)
6 |262+4,5(8)[268+53(8)|270+6,6(8) | 273+7,7(8) |280+1,8(4)|275+£2,9(3)
7 1295+6,7(4)[296+6,7(4)]|302+6,8(4)| 299+8,9(4) 316+ 15,5(2)280+ 1,8 (4)
8 [308+33(2)|316+4,4(2)[326+10,9(2)| 318+ 16,1(2) 323 (1) PBl6+£155(2)
9 330 (1) 338 (1) 353 (1) 347 (1) 361 (1) 323 (1)

IIpumeuanue. B ctonbuke «co cMerieHreM Ha 1 romy» 3Hauenue 116 + 2,5 Mm — 3T0 11H-
Ha (AC) ceronetkoB cura (0+ neT), BbUIOBIEHHBIX B MlokocTpoBckoit Mimanape B ceHTsI-
ope 2013 .

Y ManoTHIYMHKOBBIX CHTOB BCEX BO3PACTOB YHCIIO TOIOBBIX KOJIEII
OJTHO ¥ TO K€ TI0 Pa3HbIM paauycam dentyu. /s oOpaTHBIX pacuuce-
HUH JUIMHBI CUTa MCCIEIYyEeMBbIX BOJIOEMOB HaMH PEKOMEHIYETCsl CHU-
MaTh pa3Mep TOIOBBIX KOJIEI C MEePEeTHEr0 UaroHAIBHOTO pajyca de-
IIyH. AHAIA3 CTPYKTYPHI YEIIyH MOKa3ajl, YTO MO ITOMY Pajiycy BO3-
MOYKHO OoIree ueTkoe (PUKCHPOBAHKE TOJIOBBIX 30H Y UCCIIEIYEMBIX PBIO.

Y MaNoTPIYMMHKOBOTO CHTa TpeX IIecoB 03. MiMaHIpa 3aBHCHMOCTH
MeXIly JUTMHOHM Tela W MEepeIHHM JIHAarOHaJIbHBIM PaIyCOM XOPOIIO
OTIMCHIBAETCSA ypaBHEHHEM CTeTIeHHOW (yHKImH (puc. 2, a). OTcrona Ha-
xonuM (hopMyITy Ut OOpaTHOTO PACUHUCIICHHS JITMHBI MATOTHIYMHKOBO-
ro cura osepa: [nL, = [n46,13 + (InL — In46,13) x (InR/InR ). Yaursl-
Basi BPEeMs JIOBA, MbI COOTHECIIN (aKTHUECKYIO JJIMHY CHTOB C pacydmc-
JICHHOH JUTMHOW. Pe3ynbTarsl cpaBHEHUS MTPECTaBIICHBI Ha pHUC. 2, 0, T/Ie
BHJTHO, YTO Y CUTOB (paKTHUECKast OI[EHKA JITHHBI XOPOIIIO COOTBETCTRBY-
€T pac4YMUCICHHOM.
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MM n= 630 L=5.35R+130.28 MM DakTUYECKas TMHA
R2=0.74 — — — PacyuciieHHas JUTHHA
500 500

. L =146.13x051 e
200 R?=0.77 200 == )
100 Jluneiinas 100 n=1630
0 . b Crenennas 0 +—a7————
0 20 40 60 80 01 2 3 4 5 6 7 8 9
Ex. okyssip-MHKpoOMeTpa Bospacr, rojpl, ner

Puc. 2. CoorHomenne ¢pakruyeckoi qiuunbl Teaa (4C), MM, 1 iepeaHero
AHATOHAJBHOTO paauyca yewyu (R), en. ok.-MuKkpoMeTpa (a); cpaBHeHHe
dakTnueckoii Aaunbl (AC), MM, ¢ pacyuciaeHHoii Anunoi (AC), MM, y Ma-
JIOTBIYMHKOBOIO cura o3. Umanapa, 2011-2013 rr.
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ON THE METHOD OF GROWTH RATE CALCULATION FOR WHITE-
FISH COREGONUS LAVARETUS (L.) INHABITING IMANDRA LAKE

E. M. Zubova, N. A. Kashulin, P. M. Terentjev
Institute of the North Industrial Ecology Problems Kola Science Center RAS

A morphological detailed analysis of the mineralized structures (scale) for
whitefish inhabiting Imandra Lake (880 km?), the largest lake in Murmansk re-
gion, was conducted. The method of the length back calculation based on scale
was adjusted and improved.

OCOBEHHOCTHU IIUTAHUSA MOJIOAU KYMXKHU
SALMO TRUTTA L. B ITIPUTOKAX OHEKCKOI'O O3EPA
B OCEHHU ITEPUO/I

A. T Jleryn!, U. A. Toipkun®

! [lempo3asoockuil 20Cy0apcmeeHHblil YHUGepCUNem
2 Unemumym 6o0nvix npoonem Ceeepa KapHI] PAH

HccrnenoBanie NHUTAHUS CErOJIETOK M MECTPIATOK KYM)KH B IPUTOKAX
Omnesxckoro o3epa (pexu Op3era, bonbmast Ys u Hemykca) ocenpro 2014 .
IIOKa3aJii, 94To pI)I6I)I IIPOAOJDKAKOT IMUTAThCA, HO MHTCHCUBHOCTDH HOTpe6He-
HUA AN 110 CPAaBHEHUIO C JICTHUM HaryJIbHbIM IEPHUOIOM CYHICCTBEHHO
cHmkaeTcs. OCHOBHBIM KOPMOM PBIO B peKkax Ha MOporax M mepekarax Mo-
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JIOOM KYMJKH SIBIISIFOTCSL JIOHHBIE OECIIO3BOHOYHBIEC, B OCHOBHOM KPYITHBIE
OpraHu3Mbl — IMYMHKH PyYEHHHUKOB, HUM(BI TIOJEHOK U BecHsHOK. [1o3a-
Hell OceHbI0 (Hayano HOsIOps) B paLliOH MOJIOMM KyM>KH MOMUMO TpPajiu-
LIMOHHBIX OOBEKTOB MUTAHKUS (OpraHU3MbI 3000€HTOCa) BXOIST B OONBLIOM
KOJINYECTBE YEXJIMKH Ha3eMHBIX U BO3AYIIHBIX HACEKOMBIX, TO-BUIUMOMY
CHOCHMBIX C Ha3€MHOM MTOYBbI OCEHHUMM BETPAMH WU JOKAIMHU.

BBenenue. VccrienoBanusm SKOIOTHHA MOJIOIN KyMKU Salmo truttta
L. ma EBpomneiickom Ceepe Poccrn, B TOM 9uCIIe U U3YUCHHUIO TTHTAHUS
PBIO, TIOCBSIIICHO JOCTATOYHO OOJBINTOE KOJMIECTBO MyOnuKamuii [ Kpei-
moBa, 2003; [lyctoB u np., 2013 u ap.]. OnHako 6oibIIas 4acTh UCCIIE-
JIOBaHUH BEHITIOJHEHA B JICTHUH HATYJIBHBIN TTepHO KU3HU pei0. CBeje-
HUS O TOM, HACKOJIBKO YCIIEIITHO MTPOIOJIKAIOT TUTATHCS CETONIETKHU U Tie-
CTPSTKH KyM)KH B HEPECTOBBIX pPEKax C MOHIKEHHEM TeMIIepaTyphl U
00pa3oBaHNEM JIEZIOBOTO MTOKPOBA HA PEKaX, IOCTATOYHO CKY/IHBI.

Marepuaj u MeToabl. MoJofb KyM>KH (CETONETKH U TECTPSATKH) U3
Tpex HepecToBBIX pek OHEKCKoro o3epa — bombimmoit Yu, Op3ern u He-
JYKCBI — OTJIABIMBAIaCh HAMH B T€UEHHE HECKOIBKUX OCEHHUX MECAIEB
2014 r. — ¢ xorma ceHTsaops (29.09) n mo navana HosOpst (07.11). [Tputoku
pacmookeHbI Ha 3amagHoM Oepery Onesxckoro o3epa; Hemykca u Op3e-
ra BIaJaroT B paiione J{epeBssHKCKOM OyXThI, bombiast Vs — B paiione Yii-
CKOM TYOBI.

P16 Ha moporax W mepekarax OTIABIMBAJIN C IOMOIIBIO PAHIIEBO-
TO AJIEKTPOJIOBA, IPOBOIIIIN N3MEPEHNS, N3BIICKAIH JKEITYIKH, KOTOPHIE
cpazy puxcuposanu 96 % ciimprom. Mccnemyemble peku IMEIOT HEOOIb-
M€ pa3Mephl, B Mpeeinax HeCKOIbKUX JECSITKOB KHJIOMETPOB, U COOT-
BETCTBEHHO HEBBICOKHE 10 YHCICHHOCTH MOIMYISIUN KyMKu. [loaTomy
OTJIOB PBIO M3 KaXI0H pEeKH MBI CO3HATEIBHO OTPaHUYHBAJIH.

KamepanpHass o0paboTka TpOBOOMIACH COIIACHO TPAIUIINOH-
HBIM, a TaK)ke€ COBPEMEHHBIM MeToAuKaM [MeTomndeckoe mocoodwue...,
1974]. IlumeBoii KOMOK M3BICKAIU W3 KEIYIKOB PHIO IS OmpereIie-
HUS 001Iero uHekca HaromHeHus. [1oacunThIBaIoCh KOJTMYECTBO Opra-
HU3MOB — 00IIIee | JIJIs1 OCHOBHBIX KOPMOBEIX 00BbEeKTOB. Ompeaensiach
BcTpedaeMocTh (F) W 1ot 0OCHOBHBIX KOPMOBBIX OOBEKTOB OT MacChl
Bcero kopma (P), a Takke paccyuThIBaICA KOMIUIEKCHBIA HHJIEKC OTHO-
cutenbHOM 3HaunMocTH (IR). OOt HHACKC HATTOTHEHNS JKeIyIKa pac-
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cuuThIBajICA B npopeuumuiie (*/ ) Kak OTHOIICHUE Beca MUK (Mr) K
Becy pbIObI ('), yMHOKeHHOH Ha BennuuHy 10. Beero namu nccnenosa-
HO MUTaHMUe 22 IK3. CErojeTKOB U 14 7K3. MECTPATOK KYMXKH.

Pesyabrarel u 06cy:knenue. VcenenoBanus muTaHust MOJIOAN KYMIKH B
npuTokax OHEXCKOTo 03epa B pa3HbIe CPOKH — Havana, CepeAnHbI U T3/~
Helt ocenn 2014 T. — MO3BONMITN YCTaHOBUTH CIIEAYIOIINE OCOOCHHOCTH.

B nawane ocenn — B ceHtsi0pe B p. Hemykce mpu goctatouHo Te-
TUION MOTOJIE CETONIETKU U MECTPSITKUA KyMKH aKTHBHO IMOTPEOIISIIOT BO3-
JOYIIHBIX M HA3eMHBIX HACEKOMBIX, JIETAIOMINX Y TIOBEPXHOCTH BOIBI HIIH
CHOCHMBIX Ha ee MOBEpXHOCTh. Bce mokazareny mUTaHus peld — 4acTo-
Ta BCTPEYAEMOCTH, YHCIO OPraHU3MOB M MX JIOJIS B ITHUILEBOM KOMKE —
JOCTaToOuyHO BbICOKHE (Tabn. 1). M3 MOHHBIX HACEKOMBIX MPEOOIaaloT
KpynHbIE (POPMBI — TMYHMHKN PyYEHHUKOB, HUM(BI IOICHOK M BECHSIHOK.

Taoauna 1. [lutanue Monoau o3epHoii Kym:ku B p. Heykcee 29.09.2014

[Tokazarenu Ceronerku JIByxnerku
CocTaB UL q N % q N %
Chironomidae (L.) 22,2 0,3 2 28,57 1,1 0,1
Chironomidae (P) 11,1 0,2 1 1428 | 0,14 0,1
Simulidae (L.) - - - - - -
Ephemeroptera (N.) 44,4 0,4 15 - - -
Plecoptera (N.) 44.4 1,2 9 42,85 | 0,71 2
Trichoptera (L.) 55,5 2,5 32 57,14 12,4 18
Tpoune 22,2 0,3 5 42,85 0,8 27,3
Insecta (umaro, cyonumaro) 66,6 1,8 36 85,71 10,6 52,5
OO6wuii UHIEKC HaIOIHEeHus, */ 263 274
? 000 0-84,4 6,3-87,5
Oo0111ee K0JI-BO OPraHU3MOB, JK3. L 49.4
0-20 1-66
Jlna pui6 AB, cu 8,897?%),9 12,123717 6,1
_ 15 224
Bec poiObL, T 6.0-10.0 15-36
Koi-Bo pbI0, 9K3. 9 7

Ilpumeyanue. 3necy B Tabm. 2-3: B YUCIHUTENE — CpEAHEE, B 3HAMEHATENe — MHUHHU-
MaJIbHbIE M MaKCHMaJbHbIe 3Ha4eHMs. U — 4acToTa BCTPEUaeMOCTH OPraHHW3MOB, 9K3.;
N — cpenHee KOITHYECTBO SK3EMIUTSIPOB B OIHOM SKETYAKE; %o — OT BCETO MUILIEBOTO KOMKA.
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HecMmoTps Ha BEICOKYIO MUIIEBYIO IIEHHOCTh JIMYMHOK U KYKOJIOK XMPOHO-
MU/l 1 MOLIEK, B palliOHE PbIO OHU 3aHMMAIOT OYEHb HE3HAYUTEIEHOE Me-
CTO, BO3MOYKHO, M3-32 CBOMX MaJIbIX Pa3MEpOB.

B cepennHe oceHn — B OKTSA0pe NpU PE3KOM CHHYKCHUHU TEMIIEpaTy-
PBI IPOMCXONUT MAaCCOBOE OTMHUpPaHHNE HACEKOMBIX, UTO OTPAXKaeTcs U Ha
pamyone Mosoau Kymku p. Op3eru. IMaro HacekOMBIX MPaKTHUYECKU
€IMHUYHO BCTPEYAIOTCS Y CETOJIETOK U MOJIHOCTBIO OTCYTCTBYIOT Yy Ie-
CTpATOK (Tabi. 2). M3 1OHHBIX OECIIO3BOHOYHBIX OMSTH K€ JOMHHUPY-
10T KpyITHBIE OPTaHU3MBI U, B IEPBYIO OYEPEb, TUMUNHKN PyUYECHHUKOB.

Taoauuna 2. [lutanue Moaoau o3epHoii Kym:ku B p. Op3ere 24.10.2014

Ilokasarenn CeroneTku JIByxueTku
CocTaB TN k! N % k! N %
Chironomidae (L.) 42,9 0,9 6 - - -
Chironomidae (P) — — — — — -
Simulidae (L.) 28,6 0,3 1,7 - - -
Ephemeroptera (N.) 28,6 0,3 2,6 66,7 0,6 3
Plecoptera (N.) 71,4 1,8 28 66,7 0,6 4
Trichoptera (L.) 71,4 1,6 55 100 2,6 93
IIpoune — — — — — —
Insecta (umaro, cyonmaro) 14,3 0,3 6,7 - - -
OO61uit MHEKC HaToNHe- 24 33,7
Hus, 040 13,7-47,43
Oo0r11ee KoJI-BO OPraHU3MOB, 53 4
9K3. 0-12 3-5
7.7 12.3
Jnmuna pei6 AB, cm 59.9.1 11.8-12.9
44 16.5
Bec peier, r 1,7-7.3 14,5-19,6
Ko-Bo pbIO, 9K3. 7 3

WHTepecHble O0COOCHHOCTH THTAHUS MOJIONM KyMKH TIO3IHEH oce-
HBIO — B HOSIOpE, KOTJIa HEPEIKO Y)KE BBINA/IACT CHET, BBISBICHBI HAMHU Ha
p. bonpinas Va. B xenmynkax y CeroneTok U MeCTpATOK KyMXKH, Hapsimy ¢
JMYMHKAMHA PYYEHHUKOB, HAOIIOMaeTcst OOMBIIOe KOMMYECTBO MOTHOIINX
MMaro KpbUIaThIX ¥ Ha3eMHBIX HACEKOMBIX, ITyCTHIC YEXJIMKU PYYCHHUKOB
(tabm. 3). MOXXHO JOMYCTUTh, YTO MOJIOIb KYMKH TPOIODKAET WHCTHH-
KTHBHO COBEpIIIaTh OPOCKU W TIONOMPAET C MOBEPXHOCTH BOIBI MEPTBBIX
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Ha3¢MHbIX U BO3AYIIHBIX HACCKOMBIX, HC UMCIOIIUX MPAKTUYCCKU HHUKaKOH
HHIIIGBOP'I INECHHOCTH. BepOﬂTHO, 9TU BBICYIIICHHBIC HACCKOMBIC CAYBAOTCA B
PCKU C IOYUBBI U BBICIICH PaCTUTCIILHOCTU CUJIbHBIMU OCCHHUMU BETPaAMU,
a 'y KYMXXU «HE IIpoIraaacT» HHLHGBOﬁ pe(bneKc Ha Ha3€MHbIX HACCKOMBIX.

Taoauna 3. [InTanue Mo10au 03epHOIi Kym:ku B p. boasmas ¥Ya 07.11.2014

Iloxa3zarenu CeroneTku JIByxierku
CocTtaB numm ! N % 4 N %
Chironomidae (L.) 16,7 0,16 1 50 0,75 5
Chironomidae (P) 16,7 0,8 1 - - -
Simulidae (L.) - — — - —

Ephemeroptera (N.) - - - _ _ _
Plecoptera (N.) - - - - - _

Trichoptera (L.) 50 0,8 25 75 1 46
Ipoune 16,7 0,3 18 25 0,75 11
Insecta (umaro, cyonmaro) 50 2,1 55 50 1,25 38
OO01uii UHAEKC HaroHeHus, / 306 —12.08
71000 0-62,5 0-42,02
Oo11ee Kon-BO OPraHU3MOB, IK3. 4.3 325
0-8 0-8
7.4 15.1

Jlauiia pei6 AB, eu 7,0-7.8 14.3-17,1
Bec poiOsbL, T 37 3L

’ 3,244 24,8464
Koi-Bo pbIO, 9K3. 6 4

[To-BuIMMOMY, TaKHE CUTyallil BO3HUKAIOT JOCTATOYHO peaKo. Taxk,
€ClIM B cepelluHe CEHTSOpsI HACEKOMBIE U JjayKe MHOTA MayKH BCTpeya-
JIMCh MPAKTHYECKU BO BCEX JKEIyAKaX MOJOAM KyMxkH (peku borbmas
Vs 1 Op3era) u B 00JIIIOM KOIUYECTBE, TO B CEPEAMHE OKTSAOPS OHU yiKe
noJHocThio oTcyTeTBoBanu [Ilycros u ap., 2008].

Panee ObuIO yCTaHOBJICHO, YTO OCEHBIO KyM)ka B pekax MypmaH-
ckoro kpas u Kapenuu npomoimkaeT MUTarkCs, HO MHTEHCUBHOCTD TH-
TaHUs B DTOT Mepuof 3HauuTenbHo cHmkaercs [LllycroB u ap., 2008,
2013, 2014; Iycros, bemsikosa, 2012]. AnamoruyHasi CUTyanus BBI-
sBjeHa U Hamu. Ecnm nerom B mpuTokax OHEXCKOTO 03epa MHICKCHI
HAIOJIHEHHUS JKENY/IKOB COCTaBIIAIM BENMYUHBI B npenenax 100 % u
naxe oonee [LLycroB u ap., 2013, 2014], To B ocennux npobax 2014 r.
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(Tabn. 1-3) 3TOT moKa3arenb MHTEHCUBHOCTH MUTAHUS BCeraa ObLI Me-
nee 50 /. Taxas ke 3aKOHOMEPHOCTh XapaKTepHa U Jijisl MOJIOJI TIpe-
CHOBOJIHOTO JIOCOCS B IpUTOKax OHEXKCKOro 03epa B 3UMHHIA MEPHOJ —
OHH TaKKe MUTAroTCs KpaiHe cnabo [CMmupHOB 1 ap., 1976].
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FEEDING HABITS OF JUVENILE BROWN TROUT SALMO TRUTTA L.
IN THE RIVERS OF ONEGO LAKE INAUTUMN

A. G. Legun, I. A. Tyrkin?

! Petrozavodsk State University
? Northern Water Problems Institute KarRC of RAS

The study of nutrition of juvenile brown trout in the tributaries of Onego Lake
(rivers - Orzega, Bol'shaya Uya and Neluksa) in the autumn of 2014 showed
that the fish continue to eat well, but the intensity of food consumption, com-
pared to the summer feeding period significantly reduces. The main fish food
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in the rivers in the rapids and shoals of juvenile trout is benthic invertebrates
and mainly such large organisms as the Trichoptera larvae, and nymphs of
Plecoptera and Ephemeroptera. It was found that in the late autumn (early
November), trout fingerlings eat a lot of terrestrial and aerial insects that might
have been demolished from the ground soil by autumn wind or rain besides
traditional food items (zoobenthos organisms).

POJIb MAKPO3OOBEHTOCA B IIMTAHUHN OKYHSA
JUTOPAJILHOM 30HbI OHEKCKOI'O O3EPA

A. C. Jlo6anoBa!, A. I. CugopoBa’

! [Tempozasodckuil 20cydapcmeennulii yrugepcumen
2 Unemumym e00mnwbix npoonem Cesepa KapHI] PAH

B maHHO# cTaThe MPOaHATM3UPOBAHO MUTAHUE MOJIOIHM OKYHS Ha JINTO-
panu [ToBeHerkoro 3anmuBa OHexckoro ozepa. [lokazano, 4To MaKpo300-
OCHTOC WUI'PaeT CYIICCTBEHHYIO POJIb B CIIEKTPE MUTAHUS, B OCOOCHHO-
ctu Oaiikanbckuii Buj Gmelinoides fasciatus. B ynetHuit nepuoy mosst
G. fasciatus no 6uomacce cocrapiusieT 30 % MHUIEBOr0 KOMKa, B 3SUMHUN
nepuos ysenuunaetcs 110 50 %.

Jnist yBemueHust KOpMOBOH 0a3bl peIO MPOBOAMIM PEAHAMEPEHHYIO
WHTPOYKITUIO BOTHBIX OeCIT03BOHOUHBIX [ bekman, 1962; Modde, 1968].
Tak, B 1960-1970-x rr. amdunona Gmelinoides fasciatus (Stebbing
1899) u3 03. baiikan Obuta nepeHeceHa B [ OpbKOBCKOE BOIOXPaHUIIAIIE
Ha p. Boare [MBanoB, 2005] u B 03epa Kapensckoro nepemerika [Humo-
Ba, 1976]. BnocneacTBuu BUA-BCENEHEL YCIENTHO aKKIUMaTU3UPOBAII-
Cs U Hayall IPOHUKATh B APYyrue BonoeMbl no cucreMe pek. B 2001 .
G. fasciatus ObUI 3apErUCTPUPOBAH BIOJIb FOr0-3amnagHoro oepera OHex-
ckoro o3epa [bepesuna, [1anos, 2003]. B 2006 r. Gaiikanbckuii BUI OT-
MEUEH MpPaKTHUYECKH Mo Bceil nuropanu OHexckoro o3epa [Kyxapes u
np., 2008]. Ilockonbky MHOTHE OEHTOCOSTHBIE PHIOBI TUTAIOTCS TyXKe-
POAHBIM BHJIOM, CYLIECTBYET HEOOXOJMMOCTH UCCIENOBATh €r0 POjb B
nuTaHuu pe10. OcoObIl HHTEpEC MprUoOpeTaeT U3yUeHHEe PO OalKalb-
ckoil amdunons! G. fasciatus Ha muropann OHEKCKOTO 03€pa, IIe YuC-
JIEHHOCTh UHBa3UOHHOTO BHJ1a MakcuManbHas [Cugoposa, 2013].
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Marepuan no nutanuio peid 66Ut codpan B urone 2010 1. mpu mo-
MOIIM aKTHBHOTO criocoba ynoBa (ymouku) U B siuBape 2016 1. ¢ mo-
MOIIBIO pa3zHosiuenucThiX ceteil B Kymca-rybe [loBeneukoro 3amu-
Ba OHexcKoro o3epa. [myOuHa oTioBa peIOBI cocTaBisuia a0 2,5 M,
OMOTON MPEACTABICH MJIOM C 3apOCISIMH TPOCTHHUKA OOBIKHOBEHHOTO
Phragmites australis. Becero 0b110 BbIIOBIIEHO OO0nee 100 sx3emruis-
poB okyHeil Perca fluviatilis. B 2010 r. cpennsis qnuna tena o0pa3nos
(AD) cocraBuna 12,4 cm (10,0-13,8 cm) npu cpenneit macce 24,4 T
(13-35 ). B 2016 1. cpennsis nnHa Tena (AD) Oblia BbINIE U JIOCTH-
rana 15,4 cm (13,9-16,9 cm) npu cpenneit macce 36,2 r (20-52 r). Ta-
KUM 00pa3oM, HAMH HCCIIE0BaHbl OCOOCHHOCTH MUTAHUS TOIBKO IS
ONpeNeIeHHON YacT! MOMYJSIINY, TPEICTABICHHON B OCHOBHOW Macce
MoJtoibiMu 0cobsimu (0T 2+ o 3+). O6paboTKa mpoBoIUIACH O 00IIIe-
npuHATON MeToauke [PykoBonctso..., 1961; IIpapaun, 1966]. Kommo-
HEHTHI MMUIIEBOr0 KOMKa B3BELIMBAJINCH Ha TOPCUOHHBIX Becax C TOY-
Hocthio 0,001 1.

Kak n3BecTHO, mUTaHUE CErojeTok OoKyHs B OHEKCKOM o3epe mpe-
MMYIIECTBEHHO TUIAHKTHYECKOE, Ha BTOPOM IOy *KM3HU MOJIOAb Tepe-
XOOUT K CMEIIAHHOMY MHTAaHHIO OEHTOCOM U IUIAHKTOHOM. TpexyieTKu
OKYHSI TOJTHOCTBIO MEPEXOAST Ha MUTaHUE OEHTOCOM, H, TOJILKO JOCTHI -
HYB pa3mepoB 10 cM u Oosnee, MOIOIb TEPEXOIUT HA XUIIHUIECKUH 00-
pa3 xu3Hu [Mroauna, 1951]. AHanus nuiieBapuTeNbHBIX TPAKTOB OKYHS
B ietHUi nepuo 2010 1. mokazai, 4To CIEeKTp MUTaHUs ObLT IpeICTaB-
JIeH TONBKO OCHTOCHBIMH OpPraHWU3MaMi, JETPUTOM M PACTUTEIbHBIMH
ocratkamu. [lockonbKy MecTOOOMTaHME MIIAAIINX BO3PACTHBIX TPYIII
OKYHsI coBIaaeT Ha nutopain OHEXCKOro o3epa ¢ ITyOMHAMHU MaKCH-
MaJIbHOHM YMCIICHHOCTH MHBa3HOHHOTO Buaa G. fasciatus no 4 m [Cuno-
posa, 2013], mo yacToTe BCTPEUAEMOCTH B CHEKTPE MUTAHUS JTOMHUHHU-
pOBal BUA-BCENCHEL. DTOT BHJ OOHApYKEH BO BCEX UCCIENLyEeMBIX 00-
pasiax >KeJyaKoB, Kpome Toro, B 90 % BcTpedyaroTcest TMYMHKK MOASHOK
Ephemeroptera u pyueiinukoB Trichoptera (puc. 1). B monosune nuie-
BapUTENBHBIX TPAKTOB 0OHapykeHb! TuunHkH Chironomidae, neTpur u
octatku MakpohuToB. [IpucyrcTBoBanmm Takxke Kykonku Chironomidae,
BonHbIe Kiemu Hidracarina, BonsiHoi ociuk Asellus aquatucus, penko —
nnuuHKH KykoB Coleoptera u [BycTBOpUaThie MOJUTIOCKK Bivalvia.
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Dona, %

KomnoHeHT

M no BcTpeyaemocTn no 6uomacce
Puc. 1. CoekTp nmUTaHHS MJAJIINX BO3PACTHBIX TPyNI

OKYHSI B JieTHUi nepuoa Ha jurTopau IloBeHenkoro 3ajiusa
OHne:xckoro ozepa

Hamu mokazano, 4To B JIETHHH TIEPHUOI 10 OMOMacce JOMHUHHPOBAIN
nrnauHKY nogeHok Ephemeroptera (33 %), 6okoruiassl G. fasciatus (28 %)
u pyueitanku Trichoptera (20 %). B omimyme ot nmuTepaTypHbIX Marepua-
noB 1o Ilerpo3aBozackoii ryoe OHEKCKOTO 03epa, I7ie B BECOBOM OTHOIIIE-
HUH BBIAEISAIOTCS TIofeHKH (49 %), ampumoznst (46 %), a 701 OCTaIBHBIX
opranu3moB mana [Mnemact, Kyuxo, 2012].

PaccunTanHblil HAMU MHAEKC HAITOJIHEHUS KEJTYKOB B JIETHUW TIEPUO]T
B [loBenenkom 3anuse ObuT 54°/  (1,2-128), 4TO H¥DKE CPETHETO MHIIEK-
ca, 00Hapy>KeHHOTO TakKe B JIeTHw ce30H H. B. Mnbmactom u A. f1. Kyd-
ko [2012] na muropanu IlerpozaBoackoii ryosr Onexckoro o3epa. Cormac-
HO JIAHHBIM 3THX aBTOPOB, CPE/IHSAS BEMYNHA HHIIEKCA cocTaBsia 95°/
(20,1-207,5). D10 sIBNEHNE MOXXHO OOBSICHUTH PA3TUUUSIMH B BHIOOPKaAX
BO3PACTHBIX TPy OKYHEH: HaIllM TaHHbIE BKJIFOYAJH PBIO B Bo3pacte 2+,
3+, marepuansl 1o [lerpozaBoackoii ryde H. B. Mnsmacta n A. S. Kyuxo
[2012] BxrOUanu BO3pacTHBIE TPYIIBI OKyHEH 3+ 1 5+.
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AHanu3 NUIIEeBapUTENBHBIX TPAKTOB B 3UMHUH nepuoa 2016 r. moka-
3aJl, YTO COCTaB IMHUILEBOTO KOMKa OTJIOBJICHHBIX OKYHEW HE OTIHYaJICS
pazHooOpazueM. [1o0BHHA yIOBa OKa3aIUCh C IyCTHIMH KETyAKAMH HITH
C mepeBapeHHOH mumeid. Yactora BCTpeyaeMOCTH MHBAa3HOHHOTO BHIA
G. fasciatus B JaHHBIN TIEPUOJT 0KA3aJI0Ch HIDKE U cocTaBmia 65 % (puc. 2),
HO 1o OroMacce J0Js BHaa-BcesneHna Bo3pocia 10 50 %. Kpome toro, B
JKeTyAKax ObUTH OOHAPYKEHBI MaIbKU PHIO U TMYMHKH cTpeko3 Odonata.
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Puc. 2. ChnekTp muTaHus MJIAAIIHX BO3PACTHBIX TPYyHI
OKYHsI B 3UMHMII nepuoja Ha JuTopayu [lopeHenkoro 3ajnusa
OHesxekoro ozepa

Hannusie E. 1. TopmaueBoii [2011] mo mutanwmio okyHs B 03. Apax-
JIeH CyIIECTBEHHO OTIMYAIOTCSA OT MOJyH9E€HHBIX pe3yiapTaroB B OHEX-
ckoM o3epe. Tak, B 03. Apaxiieii OKyHb MMEET IIHPOKHH MHINEBOM
cnektp (21 xommoHeHT). JloMHHUpYIOIIEH NHUIIEH OKyHS SBIISIACH
B OCHOBHOM pbIOa (apaxiielickas recdaHasl IIHUPOKOJIOOKa Leocottus
kessleri arachlensis Tarchova) u GeHroc (JinunHKK XupoHomum). Ort-
MEUEHO, YTO B KOHIIE TPOINIOr0 — Hayajie HBIHEITHEr0 BEKOB B IMUTAa-
HUM OKYHS TIPOM3OIIUIA CYIIeCTBEHHbIC n3MeHeHus. B 90-x rr. motpe-
OJieHHE OKYHEM PBIOBI U3 03. ApaxJiell COKPaTuioCh U OCHOBY €r0 MHUIIH
YK€ COCTAaBISLIM JIMYMHKKA XUpOHOMUA M naduuu. B Hacrosiiee Bpe-
Msl OKyHb NUTaeTcs AaHUSIMU M BUIOM-BcelieHeM G. fasciatus, Ko-
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TOpBIA cocTaBisteT 10 95 % mo macce OT MUIIEBOro Komka. B ce3oH-
HOM acmekte aons G. fasciatus B TUTaHUM OKYHS 03. Apaxiieidl CHiib-
Ho MeHsiercs [T'opnauesa, 2011]. Tak, B mapte on 3anumaet 10 90 % 1o
Macce MUIIEBOr0 KOMKa. B Mae OKyHb MOJHOCTBIO MEPEXOAMUT Ha MH-
TaHHE Yy>KepOAHBIM BHIOM. B MIOHE MHIIEBOl KOMOK OKYHsI OBUI MOJI-
HOCTBIO TIPEJICTABIICH KyKOJKAMH XHPOHOMUJ, BBUIET KOTOPBIX MPOHUC-
XOIUWI B 9TOT nepuoa. B uione Bun-secenenern yxe coctasisun 50 % 1o
Mmacce, CyOMOMHUHAHTOM BBICTYIAIOT JIMUMHKKA XHUPOHOMUA. B aBrycre
JIOMUHUpYIOIIer nuieil craHoBstes aadguun (90 % mo macce), a 107
G. fasciatus nanaet 10 10 %. [logoOHas cutyanus HaOmonanack B Pei-
OouHckoM Bopoxpanunuine [Kusimko u np., 2010], npu u3yuyeHun nuta-
HUsI ObluKa-yuuka Proterophinus marmoratus 0alikanbckas aMQHIIO-
Ja SIBIISUTACh BTOPBIM MO0 3HAYMMOCTH KOMIIOHEHTOM IHUILHM, OHA YCTY-
naJjia JMYMHKaM XUPOHOMUJ 10 MHIEKCY OOMIIUS, HO MPEBOCXOIUIIA UX
M0 YacTOTe BCTpeuaeMOCTH. [Ipr 3ToM HaOIIOAalOTCsl CE30HHbBIE M3Me-
HEeHHUs B ee moTpednenun. B utone »tu aBa nokasarens mist G. fasciatus
OBUIM MaKCUMAaJIbHBIMH Yy MEJIKHUX PBIO 1 MUHUMAIBHBIMH — Y KPYTIHBIX.
B aBrycre u centsiOpe kapruna oOpatnas. B okrsiope G. fasciatus cra-
HOBHUTCS PEAKUM M MaJlO3HaUMMbIM 0OBEKTOM y OONBIINHCTBA pa3Mep-
HBIX TPYMII PBIO, 332 UCKIIIOYEHUEM CaMbIX KPYITHBIX 0CO0EH, Y KOTOPBIX
OH 0CTaeTcs JOMHUHAHTHBIM, HO C O4YEHb HU3KHUM WHIEKCOM OOMIIHSI.

JluteparypHbple MaTepHalbl JOKa3bIBalOT, YTO BHJ-BCENEHEI
G. fasciatus cral O4YeHb Ba)KHBIM IHIIEBBIM OOBEKTOM HYaCTHKOBBIX
pBIO ¥ MonoAM PBHIO BO BCEX PELUIHUEHTHBIX dKocucTeMax. Hampwu-
Mmep, B Jlagoxkckom o3epe G. fasciatus ctanl U3m00IEHHBIM MHILEBBIM
o0bexToM HanmuMoB Lota lota (B Bozpacte 0+...1+), okyHs (1+...3+) u
epmwia Gymnocephalus cernuus. B PBIOMHCKOM BOJOXpPaHUJIHINE 3TOT
padok Toxke cocrapiser ocHoBy (90 % mo macce B MHUIIEBOM KOM-
Ke) B muTaHuu cerojeTkoB Hamuma (0+, 70 mm). [Ipuyem mo Bcene-
Hus G. fasciatus HanMM 3TOTO BO3pacTa MUTAJICA APYTHMH Oecrio-
3BOHOYHBIMHU (M301101aMH, BOAHBIMH HAaCEKOMBIMU) W YaCTHYHO 300-
iankToHoM. B 03. Otpagnom (Jlennnrpaackast 061a.) 80 % mpoayk-
UK 3000€HTOCA MOTPEOISIOCh OKYHeM 2+...3+, U Jaxe Mpu JUIMHE
170 mm (6+) okyHb nuTalNICS IpeuMyIecTBeHHO G. fasciatus (no 63 %
Mmacchl) [Berezina, Strelnikova, 2010; bepesuna u ap., 2012].
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Ha ocHOBe BCero BBIIICH3IOKEHHOTO MOXKHO IPEANOJIOKHUTH, Y4TO
WHBa3us yykepoaHoro Buaa G. fasciatus B OHeXKCKOE 03epo MpuBeia K
3HAYUTEIIPHBIM U3MCHCHUSM B COCTaBE MUIIM OKyHs. balikanbckas am-
¢umnosa aKTHBHO NMOTPEOIACTCS OKYHEM MIIAJIINX BO3PACTHBIX TPYIII
Ha nutopanu [loBenernkoro 3ammBa OHEXKCKOTO 03€pa, B JICTHHI Tie-
puoa nocturas mo 6uomacce 30 % MUIEBOrO KOMKa, B 3UMHUI Tepu-
O]l 10JIsl padka 1o 6uomacce yBenuuubaercs g0 50 %. Bo3moxHo, u3-
MEHEHHUE €r0 POJIM B MUTAHUHM OKYHS CBS3aHO C OCOOCHHOCTSMU JKU3-
HEHHOTO IIMKJIa CAaMOT0 Pavyka, KOTOPKIH B yciaoBusax OHEKCKOTO 03epa
UMEET OJTHOTOINYHbBIN KU3HCHHBIN IIUKJI C TCHePAIUsIMU MPEAbIAYIIe-
ro u Texyiero roaa [Cugoposa, 2013].
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THE ROLE OF MACROZOOBENTHOS AS PERCH FOOD
IN THE LITTORAL ZONE OF LAKE ONEGO

A. S. Lobanova', A. 1. Sidorova®

! Petrozavodsk State University
? Northern Water Problems Institute KarRC of RAS

The paper focuses on the role of macrozoobenthos in the diet of the perch
inhabiting the littoral zone of Povenets Bay of Lake Onego. The Baikalian
amphipod Gmelinoides fasciatus is included into the perch’s diet. During the
summer period the proportion of G. fasciatus by biomass is about 30 % and in
the winter it increases up to 50 %.
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OIIEHKA CTEIEHMU 3AT'PA3HEHUS MOPCKHUX
AKBATOPHM B 3AJIMBE IETPA BEJIMKOI'O (IMTOHCKOE
MOPE) 1O COAEP/ KAHUIO METABOJIMTOB
HOJMUIUKINYECKUX APOMATHYECKUX
YIJIEBOJAOPOJIOB B )KEJIYU JAJBHEBOCTOYHOM
KPACHOIIEPKU TRIBOLODON BRANDTII DYBOWSKII 1872

A. A. Ucromuna', H. H. Beanuena', A. 1O. 3psirnnues?

! Tuxookeanckuii okeanono2uueckuil uncmumym um. B. U. Hnvuueea
JIBO PAH, Baaousocmok
2 Unemumym 6uonoeuu mops JJBO PAH um. A. B. KupmyHnckozo
JIBO PAH, Baaousocmok

B nanHOM mccienoBaHuH OBUIO ONPEICICHO COfEp)KaHue MeTabOoNUTOB
ITAY B xenmuu AanbHEBOCTOYHOW KpacHonepku Iribolodon brandtii, BbI-
JIOBJICHHOW B pa3JIMYHbIX akBaropusx 3anusa [lerpa Bemuxoro (SAmon-
ckoe Mope). bputo mokazano, uto coznepxkanue metabonuTos 11AY B xen-
91 pBIOBI M3 aKBaTOPHiA cTaHIi Moproposok (AMypCKuii 3a5IUB) U OyXThI
3omnotoit Por 3Haurmo (B 2—19 pa3) BeIlIIe 10 CPaBHEHUIO C JKETYBIO PBIO 13
NPHOPEIKHBIX BOJ CEBEPO-BOCTOUHOM YacTH AMYypCKOro 3aimBa. Pesynbra-
TBI TAKOKe TIOKa3aJIH, YTO UCTIOB30BAHHBIN METOJT OTpakaeT peaibHo CyIIe-
CTBYIOIIYIO KapTHHY 3arpsi3HEHUs B HCCIIEIOBAHHBIX aKBATOPHSIX.

BBenenue. Cpean TOKCHKAaHTOB, MTOBCEMECTHO PACIPOCTPaHEHHBIX
B OKpYJKaIOIIeH cpefie M XapaKTepU3yIOMNXCS BBICOKOW MOTEHIIMAIb-
HOM OTTaCHOCTHIO IS 3A0POBbS MOPCKMX OPTaHN3MOB, BBLICTISIOT MTOJTH-
MAKJIMYECKUE apOMAaTHICCKHUE YIIIEBOAOPOLI, WK monuapeHsl (ITAY).
Boanble opraHu3mMbl MOTYT MOTIIONIATh MHOTHE U3 ATHX COSAMHEHUH /10
TOKCHYECKUX YPOBHEH 1 METabOIN3NPOBATh UX /IO MTPOAYKTOB, YaCTh U3
KOTOPBIX MOXKET OBITh TaXke OoJiee OMacHOM, 9eM POAUTENbCKHIE (POPMBI
[Beyer et al., 2010]. B uccnenoBanuax Ha peIdax, MOABEPTHYTHIX JCH-
ctuio [TAY, Ob110 OTMEUEHO yBeTMYECHNE TIOPOKOB PAa3BUTHS HA PAHHUX
CTaINAX JKU3HU, 3aMeJICHNE POCTa U CHIDKeHHE BhDKHBaeMocTu [Heinz
et al., 2000; Incardona et al., 2004].

Heo0XoanMOCTh SKOJOTHYECKOTO MOHWTOPHHTA 32 MOCTYIUICHH-
em [TAY B MOpckyto cpermy TpeOyeT HCIOb30BaHMs IKCIIPECC-METO/I0B
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OTpeeNICHHs] 3TUX TOKCUKAHTOB B TKaHSIX THAPOOMOHTOB. MeTox, mpe-
noxenHuslit Jluaom u ero koieramu (FF — Fixed-Wavelength Fluores-
cence — MeTon (uyopecueHIMH Ha (UKCHPOBAHHBIX JUIMHAX BOJH),
ABJIsIETCSl OOJiee MPOCTHIM U ACUIEBBIM METOAOM OTPENENICHHs YPOBHS
metabonutoB [TAY B xemun ppiO, a Takke MO3BOJISIET aHAJIM3UPOBATH
OoJIbIIOE KOJTMUYECTBO 00pa3oB 3a KopoTkoe Bpems [Lin et al., 1996].

Lenp HacTosmeit paboThI cOCTOSTIA B TOM, YTOOBI METOZOM (hryopec-
LUEHIMU Ha (PUKCUPOBAHHBIX AJMHAX BOJH MPOBECTU CPABHUTEIHHYIO
OLIGHKY 3arpsi3HEHHUs] pa3IMYHbIX akBaTtopuil 3anuBa [letpa Bemukoro
(AnoHckoe Mope) 1o coaepkaHuio MeTabonuToB [TAY B xenun nanpHe-
BOCTOYHOM KkpacHoriepku Tribolodon brandtii Dybowskii 1872.

Marepuanabl u metoabl. [Ipucyrcreue merabonutos [TAY B 00pa3s-
Hax XeJ4d ObLJIO MPOAaHAIU3UPOBAHO Y JaJIbHEBOCTOUHOM KpacHOIep-
KW — MOMYJSPHOTO 00BEKTa JIOOUTENhCKOro pridonoBcTBa [COKOIOB-
ckuil u np., 2011]. PeiOy oTnaBnuBaiu ¢ MCMONB30BaHUEM CTAaHAAPT-
HBIX CHACTeH AJIsl JIIOOUTENHCKOTO JIOBA B PAa3IMYHbBIX aKBAaTOPUAX 3a-
nuBa [lerpa Benukoro (puc. 1) ¢ mast mo utoib 2015 r. Cranmuu Ne 1 u
2 B Oyxre 3onoroit Por: 44-it mpuyan (n = 11) u 30-i npuvan (n = 10),
cooTBeTCTBeHHO. AkBaropuu ctaniuit Ne 3 — Moproponok (n = 25),
Ne 4 — Yaiika (n = 20), Ne 5 — Canaropnas (n = 4), Ne 6 — OkeaHnckas
(Boznie yctbs p. boratoit) (n = 4), Ne 7 — Cagropon (n = 4) — 310 mpu-
OpeKHbIe BOJIBI BOCTOUHOW YaCTH AMYPCKOTO 3aJInBa, a cTaHius Ne 8§ —
3anuB Boctok (n = 10) (n — yncno mpoo).

Bonpt OyxTe1 3omotoii Por u BoctouHo# npubpekHol yacTn AMYpCKo-
IO 3aJIMBa HAXOAATCA MO aHTPOIIOTeHHBIM Bo3elcTBUeM. 3anuB BocTok
ObL1 BEIOpaH Kak (OHOBBIN paiioH, 31ech pacronaraercs [ocynapcTBeH-
HBIII MOPCKOH KOMIIJIEKCHBIM 3aKa3HUK «3ajiuB BOCTOK» M OTCYTCTBYIOT
KPYIHBIE MIPEANPUSTHUSA, 3arPAZHAIOIINE OKPYKAIOIIYIO CPELTy.

PpiOy oTnaBnuBaiM B TEUEHUE TpeX MecsleB (Mail — MIONb), HAa aHa-
JIM3 OTOUMPAIH TIOJIOBO3PEIIBIX 0co0eH cxoaHoro pasmepa (24-28 cm T1).
Bcero otnoBneno u npoanannzupoBaHo 88 9K3. gaHHOrO Buaa pelo. Ilo-
ciie omioBa pei0y 3amopaxuBaiu (—20 °C), a uepe3 2—5 aHel nocie pas-
MOpPaKHBaHUS PHIOBI OAHOPA30BBIMH LINPULIAMU 00BeMOM 1 Mi1 oTOMpa-
I JKEeTYb U3 YKEITYHOTO My3bIpsl. JKemub XpaHWIHM B CTEKJITHHBIX MHKPO-
NpOOHPKax € IUIOTHO 3aKPBITHIMU KPBIIIKAMH B MOPO3WJIBHOH Kamepe
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npu —20 °C B Teuenue 1-2 mecsies 0 aHanu3a. OnpeieneHue MeTado-
mutoB [TAY npoBoamiu cormtacHo meroay Jluna u ero kosuter [Lin et al.,
1996] na cnekrpodayopumerpe Shimadzu RF-5301 PC.

3anu. Ierpa Beankoro

42°160°N

131°20'E 132°4'0'E

Puc. 1. Kapra-cxema cTaHIuii 0T/IOBA JAJIbHEBOCTOYHOI KpacHONEPKHU

JlanHble mpencTaBieHbl Kak cpeanee 3HadyeHne (M) HHTEHCUBHOCTH
(uryopecueHIuH (AMUCCHH), CpEeHEE 3HAYCHUE + CTAHJAPTHOE OTKJIO-
nenne (M £ SD), cpennee 3HaueHHe + CTaHIAPTHAS OIIMOKA CPEITHETO
(M« SE). [lnsa cpaBHeHMsI CpeTHUX 3HAUCHUN NCTIOJIb30BAIIH t-KpUTEPHUIA
JUTst He3aBUCUMBIX TiepeMeHHbIX (p < 0,05) (STATISTICA 7).

Pe3ynbTarsl u 06cyxnenune. Kak nokasanu pe3yspraTsl HCCIe0Ba-
HUMH, copepkaHue Tpex THIOB MeTabonutoB [IAY OblIo BhIIEC B XKej-
Yl JaJbHEBOCTOYHON KpacHONEpKH, oburatomiell B Oyxre 3oioToil Por
(puc. 2). Ciienyer OTMETHTB, YTO MEKAY COOOH CTaHUMH U3 OyXThI 30J10-
Toii Por paznuuarorcs 1o coaepKaHuIo ATUX METAOOIUTOB, TAK, B JKell-
4u peIObI co cTanmmu Ne 1 coneprxanne Bcex TUoB MeTabonutos [TAY B
2 pa3a BbILIE IO cpaBHEeHUIO co cTanuuei Ne 2. Coznepxxanue Metabosnu-
ToB [TAY B pri0e co ctanuuu Ne 1 3osororo Pora 0bu10 BbILIE TIO CpaB-
HEHMIO CO CTAaHIMSAMHU U3 AMYpPCKOro 3anuBa: ais MmeradonutoB [TAY ¢
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2-3 xonbiiamMu — B 5—10 paz, aius Mmeradbonutos [TAY ¢ 4 konpiiamu — B
4-19 pa3, s metabonutoB [TAY ¢ 5-6 konbpuamu — B 2—8 pas (puc. 2).
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Puc. 2. IHTeHCHBHOCTH (pIyopeceHINU (OTHOCHTEIbHbIE eTHHUIIbI) Me-
TaboautoB ITAY:

A — ¢ 2-3 xonbiamu, b — ¢ 4 xonmeriamu, B — ¢ 5—6 KoJibIIamMu B JKEITYHM JaIbHEBOCTOY-
HOH KpacHONEPKH W3 Pa3IMYHBIX aKkBaTopuii 3aimBa [lerpa Bemmkoro; 1 — Gyxra 3oi0-
Toii Por, 44-it mpuyan; 2 — Oyxra 3onoroii Por, 30-it mpuyan; 3 — Moproponok; 4 — Yaii-
ka; 5 — CanaropHas; 6 — OxeaHckast; 7 — Caaropon; 8 —3anuB Boctok. M — cpensee 3Ha-
uyeHue, M + SD — cpenHee 3HaueHue + CTaHAAPTHOE OTKIOHeHUe, M + SE — cpennee 3Ha-
YeHHUE + CTaHJapPTHAsI OMIHOKA CPESTHETO

Conepxanue metabonmutoB [1IAY (BeIpakeHHOE B OTHOCHTEIHHBIX
€IMHULAX WHTCHCUBHOCTH 3MHCCHUH) B JKEIYH PBIO, HCIIOJIB30BAHHOE
HaMM Kak OMOMapKep Ha 3arps3HEHHE MOPCKON Cpeibl, I03BOJISIET clie-
JIaTh BBIBOZ O TOM, YTO HanOoJIee CHIIBHO 3arpsi3HeHA MOMULMKINYECKHU-
MH apOMaTHYECKHMH YTIIEBOIOPOJAMH aKBaTopusi OyXThl 3010TOH Por
10 CPABHEHUIO C HCCIEAOBAaHHOM akBatopue AMypckoro 3anusa. Jleii-
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CTBHUTENBHO, OyxTa 301010 Por siBisieTcst Hanboee 3arps3HEHHON aK-
Batopueil B 3anuBe Ilerpa Benukoro [KagectBo mopckux Box..., 2013].
B GyXTy co cTOYHBIMU BOAAMH IPOMBIIIJICHHBIX U BOAHO-KOMMYHAJIBHBIX
OpeAnpuaATHii I. BraguBocToka noctymnaer HaubobIee KOJTMYECTBO 3a-
TPSA3HSIONIMX BEUIECTB, TAKUX KaK TSHKEJIbIe METAJJIbI, apOMaTHUECKUE
YIIEBOAOPOIbI, TTOIMXIOPUPOBAHHbBIE OU(EHUIIBI, He()TSHbBIE YIIIEBOAO-
ponbl, MeTad U Ap. KoOHIEHTpauu 3THX BEIIECTB HACTOJIBKO BBICOKH,
4TO 30Ha OYXTHI CTaja MEraaHoMalbHOM 1O UX conepxkanuto [[ocynap-
CTBEHHBI MOHUTOPHUHT ..., 2013].

Bonee Bricokoe coneprkanue merabonutoB [TAY B skenmuu peid B KyTO-
BOHM yactu OyxThl 3omotoi Por cranumu Ne 1 mo cpaBHEHHIO CO CTaHIU-
eit Ne 2, BeposITHO, CBSI3aHO C 3arpsi3HEHUEM, IPUBHOCHMBIM B 3Ty 4acTb
OyxTbI ¢ TeppuTOopHH I. Biamusoctoka p. O0bscHenus. [lokazaHo, 4to Hau-
OonbLIMit 00beM 3arpsI3HEHHBIX CTOKOB MOCTYIAeT B SIOHCKOE MOpe € BO-
nami p. O0bscaenns (185,6 ma M*/rox) [KagecTBo Mopckux Bof. .., 2013].

Cpenn cTaHUMii AMYpPCKOTO 3alKMBa MOXXHO BBIJCIUTH CTAHIHIO
Ne 3 (Mopropoaok). Tak, conepxkanue metabonutoB [TAY ¢ 4 konblamu
B JKEJTYH PBIOBI C 3TOW CTaHIMK OBLIO JOCTOBEPHO BHILIE MO CPABHEHUIO
C IpyTuMH cTaHIusMu AMypckoro 3anua (Ne 4-7) (puc. 2, B). Ognako
conepxanne metabonutoB [TAY ¢ 2—3 konbliamu 06110 BbITe B 2,2 1 1,7
paza TOJIbKO MO cpaBHEHHIO cO cTaHIusIMuU Ne 6 u 7 (Oxeanckas u Can-
ropoj) cooTBeTCTBeHHO (puc. 2, A). Conepxanue meradoiautoB [TAY ¢
5—6 KONbLAMH B YKETYU PHIOBI CO CTAaHIMU MOPTropofoK HE OTINYAIOCh
ot crannuu Ne 2 (30-it mpuyai, 30m0Toi Por) u ObLTO JOCTOBEPHO BBIIIE
B 4 pa3a, yeMm Ha ctanuu Ne 5 (Canaropnas) (puc. 2, B).

3arpsi3HeHre akBaTopuu Moproposka CBA3aHO ¢ pacrojararoueics
3nech He(hTeba30l U CTOSTHKON MaJOMEpHBIX cy/10B. Kpome Toro, copoc
3arpsi3HEHHOTO TpyHTa U3 OyxThl 3010TON Por B paiioH 3anmagHON OKo-
HeyHocT Mbica lIkota B Amypckom 3anuBe (1o 1985 1) mpuBonmi K
3HAUNTEILHOMY TIEPEHOCY 3arpsi3HEHHBIX TPYHTOB TPH MX CIIOJI3aHUH B
TyOOKOBOAHYIO YacTh 3ajiMBa W TPU OCaXIEHHH BIOJb 3amagHoi Oe-
peroBoi InHUM 1M-oBa MypaBbseBa-AMypckoro [Mumrykos u ap., 2009].

Coneprxanne merabonutoB [TAY ¢ 2-3 xonmbpuamu B >keT4d puIO €O
cranimuu Ne 8 (3anuB BOCTOK) 3HaUMMO HE OTJIMYANIOCh OT BCEX CTaH-
i AMmypckoro 3anuBa (puc. 2, A), a anst meradonutoB [TAY ¢ 4 u
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5—6 KoJIbIIaMU OBLIO JOCTOBEPHO HIYKE TOJIBKO 10 CPABHEHHUIO CO CTaHLH-
et Ne 3 (Mopropomok) (puc. 2, b, B). CornacHo mosy4eHHbIM JaHHBIM 3Ta
CTaHLMS HE OTIIMYAETCA OT UCCIIEJOBAaHHBIX aKBaTOPUH AMYpPCKOTO 3aJIu-
Ba (cranuuii Ne 4-7) mo coxmeprkanuio Bcex MetadbonutoB [1AY B skemun
JTAJIbHEBOCTOYHON KPaCHOMEPKH.

Takum 00pa3om, JaHHBIE 1O cofepkaHuio meradonmutoB [TAY orpa-
JKalOT PeasIbHO CYILECTBYIOIIYIO KapTHHY 3arps3HEHUS] B UCCIIEI0BaHHbIX
akBatopusix. Vcmonb3yeMblil B JaHHOW paboTe METOM MO3BOJISET ObICTPO
onpenenuTh mpucytcTBre [IAY B MOPCKHX 00BEKTaX, TOATOMY PaLlIOHAIb-
HO €ro MPUMEHSTh B LIEJIIX MOHUTOPHHIA 3a 3arpsA3HEHUEM MOPCKOH cpe-
JIbl TTOJMLMKJIMYECKHMHU apoOMaTHuecKMH yreBogopoaamu. Kpome Toro,
TIOJTyYeHHbIE JaHHbIE MOXHO MCIOIB30BaTh U ISl OIPENIeNICHNs] IPUPOABI
npoucxoxkaeHus [TAY B mopckoii cpene. Tak, COOTHOIIEHNE MEXK/Ty MHTEH-
CHBHOCTBIO (ITyOpecleHIINH, MOTy4eHHOH a1 MetadonutoB [TAY ¢ 2-3
xonbuamu (FF, ) u meTabomutos ITAY ¢ 4 u 5-6 xonbuamu (FF,, . n
FF g 430)> HCTIONB3YETCS KAK MHMKATOP MCTOYHMKA 3arpPsI3HEHMS MOJMape-
HaMH ITUPOTeHHOTO MM NETPOreHHOTro NpoucxokaeHus [Aas et al., 2000].
Kaxk mokazanu Halm JaHHbIE, HHTEHCUBHOCTD ()TyOpECLICHIIMN METa001-
ToB [TAY ¢ 2-3 kombuamu Obita Bbie B 526 u 36—123 paza, yuem UHTEH-
CHBHOCTH (pmyopecueHu MeTadboanToB [1AY ¢ 4 u 5-6 konmbLamu, cooT-
BETCTBEHHO. Takoe COOTHOIIEHUE TIO3BOJISIET C/IEIaTh BBIBOJ O Mpeoodiaaa-
HHUU B KeIT4U PbIObI MeTabonuToB [TAY meTporeHHOro MmpoucXoKACHHMS,
OYEBUJIHO, B PE3YJIbTaTe aHTPOIIOTEHHOTIO 3arpsI3HEHHSI MOPCKOM aKBATOPUU
CBIpOH HE(THIO, €€ MPOLYKTAMHU U TOILUTHBOM C CYHOB.
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A. A. Istomina', N. N. Belcheva!, A.Yu. Zvyagintsev>

'V, I Il’ichev Pacific Oceanological Institute Far East Branch
of the Russian Academy of Sciences

2 A. V. Zhirmunsky Institute of Marine Biology of the Far Eastern Branch
of the Russian Academy of Sciences

The study deals with the examination of PAH metabolites content in the bile of the
fish Tribolodon brandtii caught in various water areas of Peter the Great Bay (Sea
of Japan). It was found that the PAH metabolites content in the bile of fish caught
at the stations of Morgorodok (Amursky Bay) and Golden Horn was significantly
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(by 2—19 times) higher than that in the bile of fish caught in the coastal water areas
of the eastern part of Amursky Bay. The results of the study also indicate that the
used method reflected the real pollution levels in the studied areas.

BJIUAHUE JEATEJBHOCTU KOCTOMYKIICKOI'O
I'OPHO-OBOTATUTEJIbBHOI'O KOMBUHATA
HA ITPOIECCHI IEPEKMCHOI'O OKNCJIEHUS JIMIINJIOB
B TKAHAX IIVIOTBbI RUTILUS RUTILUS (LINNAEUS 1758)

O. b. BacuabeBa', M. A. Hazaposa?, H. H. Hemoga'

I Muemumym 6uonoeuu KapHI] PAH
2 Bonoeoockuii 20¢y0apcmeenHblil yHugepcument

B pabore nccnenoBany KOHIEHTPALUIO MIPOAYKTOB IIEPEKUCHOTO OKHUCIIE-
HUSL JIMITUJIOB — MAJIOHOBOTO JTHANIbACTU/IA, TMEHOBBIX KOHBIOIAaTOB U JU-
eHKeTOHOB. OLEHKY JaHHbBIX NapaMeTpPOB IIPOBOAWIN B IIEYCHH, MBIILIIAX
u skabpax miotBbl Rutilus rutilus (Linnaeus 1758) n3 BomoeMoB 03epHO-
peuHoii cucrembl p. KeHTH ¢ pa3nnyHoi CTeNeHb0 aHTPONOTeHHON HAarpy3-
Ku. B Xone paboThl BHISIBICHO BIMSHUE THAPOXUMHUYECKUX XapPAKTEPUCTHK
BOZIOEMOB Ha MHTEHCUBHOCTb IIEPEKUCHBIX POLIECCOB B TKAHSX IUIOTBBL.

B Hacrosiiee Bpems 1eSTeIbHOCTD YeIOBEeKa SBIISIETCS OMHIM U3 Hau-
OoJiee 3HAYMMBIX HKOJIIOTHUECKUX (PAKTOPOB, MPUBOAALINX K TpaHchop-
MaIliy IKOCHCTEM BHYTPEHHHX BOIOEMOB. [103TOMy Kak HUKOI/A aKTy-
aJbHOW CTAHOBHUTCS TMpoliema BbIOOpa Hanbonee nH(POPMATHBHBIX OHO-
JIOTHYECKUX KPUTEPHEB OLIEHKH COCTOSHUS PHIO, 0OBEKTUBHO OTpakaro-
IIUX YPOBEHb TEXHOT€HHOM HAarpy3KH Ha BOIHBIE SKOCHCTEMBI. BomoeMsr
03epHO-pedHOH cucTeMbl p. KeHTu ciy»xaTr mpuponHbIM MOIEIEHBIM 00b-
€KTOM JUTS W3y4YeHHUs BIWSHHS aHTPOIIOTEHHOTO 3arpsi3HEHHsT Ha THIIPO-
OMOHTOB, MOCKOJBKY BCE 03€pa HAXOATCA B HETOCPEICTBEHHOW OIM30-
CTH APYT OT JAPyra, UMEIOT OJMHAKOBOE MPOMCXOXKIEHNE, HO OTINYAI0T-
Csl THAPOXMMHUYECKAMU TTOKa3aTesIMu Bonbl. OOIast JyTHHA UCCIIeayeMOn
03EPHO-PEUHON CUCTEMBI COCTABIISIET 75 KM, OHA MPEICTABIIIET COO0H Ka-
ckazx u3 10 o3ep, uepemayrommxcs ¢ HopokucThiMH yuacTkamu. O3epo Ko-
CTOMYKIIICKOE SIBJISIETCSI MECTOM 3aXOPOHEHHS TEXHOT€HHBIX OTXOJIOB ITe-
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pPepaboOTKH CHIPhs (XBOCTOB) OAHOTO W3 KPYMHEWUIIMX MPOMBIIUICHHBIX
npeanpuatuii CeBepo-3anagHoro perrnona Poccun — Kocromykiickoro
ropHo-o0orarutenbHoro komounara (I'OK), nesTeapbHOCTh KOTOPOrO U
npuBea K U3MEHEHHIO OCHOBHBIX (DHU3MKO-XUMHYECKUX XapaKTEPUCTHK
Bonmoema. Crounsle Boabl Kocromykimickoro ['OKa u3 03. Kocromyxi-
CKOTI'0 MOCTymNaroT B 03. OKyHEBOE, PACHONI0KEHHOE B HEMOCPEACTBEHHOM
0JIM30CTH OT XBOCTOXPAaHMJIMIIA, M 3aTE€M Yepe3 psil BoOoeMoB B 03. Koii-
Bac, KOTOPO€E HaXOUTCsI TOpas3/io HUKE Mo TeueHHto p. KeHTu.

IIponyktel nepekucHoro oxuciaeHus aunuaos (I1OJI) otHocsTCs K
KJIACCUYECKUM OMOXMMHUYECKUM MapaMeTpaM TKaHed THAPOOHOHTOB,
KOTOPbIE MCIONB3YIOTCS MIPH OLICHKE BIUSHHS Pa3IMYHbIX TOKCUKAHTOB
Ha OpraHu3M pbl0. JIMEeHOBBIX KOHBIOTATHI U AUEHKETOHBI SIBIISIOTCS TIEp-
BuuHbIMHU IipoaykTamu [1OJ], koTopble uepes 1erns peakunii NepexoisT B
OJIMH M3 KOHEYHBIX META00IUTOB OKHCIICHUS — MAJIOHOBBIN THAJIbACT U],

B nanHoii pabote onpenensiiock cogepkaHue NpoayKTOB OKHACICHHS
(IMeHOBBIE KOHBIOTATHI, TUEHKETOHBI U MaJOHOBBIN TUaNbACTH) B Tie-
YeHH, ’Kadpax ¥ MBIIILAX PbIO, OOUTAIOUIMX B BOAOEMAX C Pa3IMYHBIM
YPOBHEM aHTPOIMOTCHHOTO BO3AeHCTBHSA. B kauecTBe 00BbEKTOB HCCIeno-
BaHUs ObLIa BeIOpaHa riotBa Rutilus rutilus (Linnaeus 1758) kak Hau6o-
Jiee pacpoCTpaHEeHHbIN BUJ PHIO B JAHHON CHCTEME BOAOEMOB.

Onpenenenue KOHLIEHTpAllMM AMEHOBBIX KOHBIOTaTOB, JHUEHKETO-
HOB M MaJIOHOBOTO AMAJbJCTHAA B jkKaOpax, MEYeHH W MBIIILAX PHIO
NPOBOAMINA COBPEMEHHBIMH OOMICTIPUHSATHIME METOIAMH OHMOXUMHYE-
CKOTO aHaju3a: yIbTpaleHTpU(yrupoBaHUEM H CHEKTPO(OTOMETpHEH
[Cranbnas, ['apumBunm, 1975; IaBpunos u ap., 1987]. O6pabotky nan-
HBIX OCYILECTBIISUIN CTAaHAAPTHBIMHU CTATUCTUYECKUMHU METOJIAMH, CPaB-
HEHHE JIBYX BBHIOOPOK MPOBOAMIM C IMOMOILBIO KpuTepusi BuikokcoHa-
Manna-Yutau [['yonep, I'enkun, 1989]. MccnenoBanusi BBINOTHEHBI C
ucnons3oBanueM LleHTpa KOJIEKTHBHOTO MOJNB30BaHUs HayYHBIM 000-
pynoBanueMm b KapHI[ PAH.

B pe3synbrare mpoBeAeHHOT0 NCCIEN0BaHUS YCTAaHOBIIEHO, YTO YPOB-
HU JIMCHOBBIX KOHBIOTATOB W JAMEHKETOHOB B MEYEHU IUIOTBHI M LIYKH
U3 XBOCTOXpaHWIUIIA U 03. OKyHEBOTO JOCTOBEPHO HE pa3iIMyalnuCh U
ObUIM 3HAYMTENBHO BBIIIE KOHIEGHTPALMH JaHHBIX IOKa3aresell y poio
u3 o3ep KoiiBac u Kenro (tab6mn.). BeposiTHO, 3TO 00bsICHSIETCS BRICOKHM
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YPOBHEM HauaJIbHBIX ATANOB MEPOKCUIALMH B TKAHIX PBIO IIPU BIUSIHUH
TeXHOTeHHbIX cTokoB Koctomykiickoro 'OKa, nockonbKy HakoruieHue
JMECHOBBIX KOHBIOTATOB M JTUEHKETOHOB B TKaHSAX TMAPOOHMOHTOB OTpa-
’kaeT panHioro craguto [1OJI.

Conep:kaHue NPOAYKTOB IEPEKHCHOT0 OKHCJIEHHS JIUNUIAOB B TKAHIX
mnoTBbl Rutilus rutilus (Linnaeus 1758), Hr/r TkaHu

YKabpet [lTeuenn MbII1BI
1 2 3 1 2 3 1 2 3

[Tokazarenu

ManoHOBBIH

86,2 | 96,8* | 943* | 142,6 | 80,4* | 71,3* | 25,4 | 22,7 | 21,7
aJIbICTH/I

JlueHoBbIE
KOHBIOTaThl

Juenkerons! | 80,8 | 91,3* | 87,6* | 106,3 | 91,7* | 68,1** | 28,1 | 25,9 | 25,7

76,9 | 107,6* | 100,8® | 100,7 | 67,3* | 39,7** | 29,6 | 27,3 | 24,9

Ipumeuanue. 1 — 03. Koctomykuickoe; 2 — 03. OkyHneBoe; 3 — o03. KoiiBac; a — pa3nu-
YHUs JIOCTOBEPHBI IIPH CPAaBHEHUH PBIO U3 JAHHOTO 03epa U 03. KoctoMykiickoro, npu
p < 0,05; b — pasnuuus 10CTOBEPHBI NIpH cpaBHeHUH pbIO U3 03. KoiiBac u 03. OkyHe-
Boro, npu p < 0,05.

KoHLeHTpausi MajOHOBOIO JHalbACruia B IEYEHH IUIOTBBI U3 03€p
Oxkynesoro u KoiiBac Oblia oMHaKoBa M HIXKE, YeM y PbIO U3 XBOCTOXpa-
HWINIIA. MaJIOHOBBIHM AWaNbACTUA SBISIETCS. OMHUM U3 KOHEUHBIX MPOIYK-
TOB IIEPEKMCHOIO OKUCIIEHHS JIUIN/IOB, ¥ €70 YPOBEHb B TKAHSIX MOXKET CIIy-
JKUTb KPUTEPHEM OLICHKH CTEIIEHH HHTCHCUBHOCTHU JAHHBIX IPOLIECCOB.

[lepexucHoe OKHCICHHE JUIHMIOB XapaKTepU3yeTcss 00pa3oBaHUEM
OOJIBIIOTO YKCIIa YPE3BBIYAHHO PEAKLIMOHHOCIOCOOHBIX CBOOOAHBIX pa-
JMKAJIOB, OKA3bIBAIOIINX PAa3pPYLIMTEILHOE BO3eiicTBUE HA OHoJIornye-
CKHE CTPYKTYpBl, U HEKOHTPOJIUPYEMBIM Pa3BUTHUEM IO THILYy LETHON
peakuuu. YBenudeHHoe oOpa3oBaHue CBOOOAHBIX PAJUKAJIOB U CBS3aH-
HOE C 3THUM YCHJICHHE IIPOLECCOB NEPOKCUAALUH JIMITUI0B MOXKET PH-
BECTH K M3MEHEHMIO (PU3MKO-XUMHUECKUX CBOWCTB MEMOpaHHBIX Oej-
KOB U JIMNK0B, aKTUBHOCTH MEMOPAaHHCBSI3aHHBIX ()EPMEHTOB, HapyIle-
HHUIO TPOHULAEMOCTH MeMOpaH (B TOM 4uCIIe IJI1 NPOTOHOB M MOHOB
KaJbI¥sl), HOHHOTO TpaHcnopra (mHruomposanne Nat+, K+-ATdasznn),
YMEHBIICHHUIO IEKTPUUYECKOW CTa0MIBHOCTH JIMIHUIHOTO OMCIIOS MEM-
Opan [Biagumupos, Apuakos, 1972; [lumenos u ap., 2004].
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0O3. OkyHeBoe Tonorpauuecku 3aHIMaeT IPOMEKYTOYHOE MOJIOKe-
HHe Mexny ozepamu Koctomykuickum u KoiiBac U o cBOMM T'HIIPOXH-
MHUUYECKUM XapaKTepucTuKaMm Onmu3ko K 03. Kocromykmickomy. B meue-
HU MI0TBBI U3 03. KoiiBac cogepkanue mponykros I10J1 3HaunTensHO
HIDKE, YeM Y pbIO, OOMTAIOLIHX BHIIIE 10 TeueHuto p. Kento (Tabm.), uto
MOKET OBITh CBS3aHO C CYIICCTBEHHBIMHU PA3IMUYMSIMH B KOHLICHTPALIMH
MOHOB B BOJIC JAHHBIX BOJOEMOB. TakuM 0Opa3oM, yCTaHOBIIEHA YeT-
Kasi 3aBUCUMOCTb CTETICHH TIEPOKCUIALINH JIUITHOB B IEYSHHU MIIOTBBI OT
KOHIIEHTPAaLMN MUHEPAJIIbHBIX HOHOB B UCCIIEIOBAaHHBIX 03€pax.

B xozne paboTsl ycTaHOBIIEH BbICOKH ypoBeHb npoxyktos [10JI B xa-
Opax mi1oTBbI (Tabi.). BeposTHO, 3TO 0OBSICHSETCS MOBBIIIEHHON CTerle-
HBIO OKCHI'€HALIMM B JaHHOM OpraHe, 4To, KaK CJIEACTBHE, MPUBOIAMUT K
YCUJIIEHHOMY OKHCJIEHHIO MEMOpaHHBIX JTUIHI0B xkabp. Mckirouenue co-
CTaBWIIM PBIOBI M3 03. KOCTOMYKILICKOTO, I7ie KOHIIGHTpALUsl MAaJIOHOBO-
rO IUajbJerh/a, AMCHOBBIX KOHBIOTaTOB U JTUCHKETOHOB B jkabpax Obl-
Jla HIKe, YeM B MEUeHHU IUIOTBHI (Tabi.). BeposTHO, 5TO CBfA3aHO C TeM,
YTO B3MYyYEHHOCTh XBOCTOXPAHUIIUILA CTIOCOOCTBYET MEXaHUUECKOMY 3a-
OMBaHMIO THIYMHOK a0p MEIKOJMCIEPCHON B3BECHIO, MPUBOASIIEMY K
YMEHBLICHUIO OKCUTEHALIMH TKaHU M CHIDKCHHUIO adpOOHOro oOMeHa; u,
KaK CIJIe[CTBUE, CHW)KCHNIO aKTUBHOCTU TMEPEKUCHBIX MporeccoB [Mowu-
ceenxo, 2009]. HenocraTok nocTymiieHus KUCIOpOAa MPUBOAUT K HAKO-
TUICHUIO B jkabpax TPHALMITIMLEPUHOB U HU3KOMY YPOBHIO XOJI€CTEpH-
Ha [BacuibeBa u np., 2012]. CHukeHHE XOlecTeprHa B Ka0paxX BIIHSET
Ha M3MEHEHHE MHUKPOBSI3KOCTH OMOMEMOpaH, YTO MOXKET CTaTh MpPUYH-
HOHM HapyIIeHHs OCMOPETYIATOpHON (hyHKIMU HaHHOro oprasa. Ilomo6-
HbIE MOIU(UKAIMH JUTHIHBIX KOMIIOHEHTOB MPU BIMSHUU TEXHOTCHHO-
IO 3arpsi3HEeHHs1 ObUIM YCTAHOBIICHBI B PaHEe MPOBEICHHBIX HCCIICIOBAHN-
sx [buorta..., 2012; Tkatcheva, 2004; Zaman et al., 2008]. Y npecHoBoj-
HBIX PBIO, OOMTAIOIIMX B THIIOTOHUYHOW CpeAie, BOAA MPOHUKAET B Opra-
HH3M uepe3 KaOpbl, KoKy U IepopajibHo ¢ nuiieid. s npeynpeskaeHus
OOBOIHEHUSI OpPraHM3Ma B MOYKaX XOPOILIO Pa3BUT (HUIBTPALMOHHBIA am-
napar (MHOTOYHCIIEHHbIE KITyOOUKH 1 KaHaJIbIIbl) U BBIIEISETCS OOIBIIOE
KOJIMYECTBO TUMOTOHMYHOM Moun. [loTeps coneit kommneHncupyercst peaod-
copOIrel uX B JUCTaJbHBIX MOYEUHBIX KaHAIBIAX, & TAKKE NPOHUKHO-
BEHHEM uepe3 jkabpbl U MOCTYIJICHHEM ¢ KOpMOM [ AHUCHMOBa, JIaBpoB-
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ckuii, 1983]. Beicokass MuHepanu3zanus xBocroxpanunuia Kocromyku-
ckoro 'OKa co3naet HEPUBBIYHYIO — THIIEPTOHUYHYIO Cpey OOMTaHHs
JUISL TIPECHOBOAHBIX PBIO, UTO BIUSIET, MPEXKIE BCEro, Ha (PYHKIMOHHPO-
BaHUE MX XKalOp W MOYEK, PEryIrupyroLIUX BOJHO-COIEBON OanaHc opra-
H13Ma. IHTEepecHO OTMETHTB, UTO ke B 03. OKyHEBOM yPOBEHb MaJOHO-
BOTO JMAalbJIeruia B )kaOpax MJIOTBBI 3HAUMTENIHLHO BBIIIE, YeM B jkaOpax
PBIO M3 XBOCTOXPAaHWJIMIIA, YTO MOXKET OBITh CBSI3aHO C OTCYTCTBHEM B
03. OKyHEBOM MEJKOAMCIIEPCHOM B3BecH. [Ipy cpaBHEHNH KOHLIEHT ALK
npoxaykros [1OJI B xabpax pri0 u3 03ep OxyneBoro u KoiiBac noctoBep-
HBIX Pa3IMuuil He yCTaHOBJIEHO (Tal.).

B Mbimmax pei6 oOHapy»)eHo caMoe HU3KOe cofepKaHue MPOTyKTOB
[1OJI mo cpaBHEHUIO € APYTUMHU TKaHAMH (Ta0M.). AKTUBHOCTB MEPEKHUC-
HBIX [IPOIIECCOB B AAHHOW TKAaHU Y MJIOTBBI M3 Pa3HbIX BOZOEMOB JI0CTO-
BEPHO HE pa3inyanach. YUUTHIBas KPalHIO YyBCTBUTEIBHOCTD IEepe-
KHCHBIX MPOLIECCOB K PAa3IMUHOMY POy BO3JCHCTBHUM, MOKHO CIeNaTh
NPEANOI0KEHHE O JOCTATOYHO BBICOKOM aJanTalliy MBI H3y4eHHBIX
BUJIOB PBIO K BIMSIHUSIM, HCCIIEyEMBIM B IJaHHOH padoTe.

Takum 00pa3oM, B TKaHsIX IUIOTBBI, oOuTaromeil B 03. Kocromyki-
CKOM, TIEPEKHCHBIE MpoLiecchl IpoTeKkaroT akTuBHee. O3epo KoiiBac Hau-
Oosiee yaaneHo OT MPEANPHUTHS, TOITOMY B TKaHSAX PbIO, OOMTAIOMINX B
JaHHOM O3€pe, CTENeHb MePOKCUAALNN HaUMEHbIIasi. AKTUBHOCTb I1e-
PEKHCHBIX MPOLIECCOB CHIKACTCS B PsYy: MEYEHb — 5Ka0pbl — MBILIIIBI.
Haubonee BoipaxkeHHBIE pa3nuuus B coaepkanuu npoaykros [10JI o6-
Hapy»XeHbI B IEYEHU PBIO, YTO, BO3MOXKHO, OIPEAEIISICTCSl BHICOKOH Me-
Ta0OIMYECKON U JETOKCUKAIIMOHHOM aKTUBHOCTBIO 3TOTO OpraHa.

Paboma svinonusanace 6 pamxax cocyoapcmeernnozo 3aoanus Ne 0221-2014-
0003, npu gunarcosoii nodoepaicke npoexkma Ne 0221-2015-0003.
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EFFECT OF KOSTOMUKSHA ORE DRESSING MILL
ON THE PROCESSES OF LIPID PEROXIDATION IN THE TISSUES
OF ROACH RUTILUS RUTILUS (LINNAEUS, 1758)

0. B. Vasil’eva', M. A. Nazarova?, N. N. Nemova'

! Institute of Biology KarRC of RAS
?Vologda State University

The research deals with the concentration of lipid peroxidation products (malo-
ndialdehyde, conjugated diene and dienketonov) found in the liver, muscles
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and gills of roach Rutilus rutilus (Linnaeus, 1758) inhabiting the lakes of the
Kentti river system. The effect of hydro-chemical characteristics of the lakes
with varying degrees of anthropogenic load on the intensity of lipid peroxida-
tion processes in the tissues of the roach was revealed.

COBPEMEHHOE COCTOSAHHME JTOCOCEBBIX PbIb
YPBAHU3NPOBAHHBIX ITPUTOKOB OHEKCKOI'O O3EPA

JI. A. Beanuesa', M. A. Teipkun"?

! Muemumym 6o0uwix npoonem Cesepa KapHIL] PAH
2 Tocyoapcmeenblil HAYHHO-UCCCO08AMENbCKULL UHCMUMYTN
03EPHO20 U PEUHO20 PLIOHO20 XO35CEA

[MonyueHsl JaHHBIE O IUIOTHOCTSIX PACcCENICHHMs, ITOJIOBOH, BO3PACTHOM,
Pa3MepHO-BECOBOM CTPYKTYPE MOJIOJH JIOCOCEBBIX PBIO (IIPECHOBOIHO-
ro jgococst — Salmo salar u xymxu — Salmo trutta) u3 AByX MaJIbIX peK
I0T0-3aIaIHoro nobdepexkbs OHexckoro o3epa. Ha ocHose rucronoru-
YECKOT0 aHaJin3a MpPOBE/ICHA OLICHKA COCTOSIHUS Ka0p U MEYCHU MOJIO-
JIM JIOCOCEBBIX PhIO ypOaHW3UPOBAaHHBIX NPUTOKOB OHEKCKOTO 03epa B
HepHo] JISTHEro Haryna. beuio mokasaHo, 4to uisi ocobeil 000uX pek
XapakTepHO Haluuue MOp(HodYHKIIMOHAIBHBIX U3MEHEHUI B UCCIETY-
€MBIX OpraHax.

B cBsi3U ¢ TIOCTOSHHBIM BO3ZICMCTBHEM YeJIOBEKa Ha CEBEPHBIC DKO-
CUCTEMBI YHCIICHHOCTh MHOTHX ITOIYJISIIIAN KHUBOTHBIX, B TOM YHCJE H
pBIO, pe3Ko cokpamaercs. B Teuenne mocnennero cronetus B Poccun u
COTIPEIETIFHBIX CEBEPHBIX CTpaHaX HAOIIONAIOCh PE3KOe COKpaIleHHe
MHOTHX TUKUX TIOMYJISIMA HanOoIiee IeHHBIX TpeicTaBuTeNnell nxruoda-
VHBI — JIOcOoCceBbIX prI0. Cpemy mpeacTaBuTenelt nxrnodayHsl EBponeii-
ckoro Cesepa Poccun mococeBbie Hapsily C CHTOBBIMH BHIAMHE PBIO SIBIIS-
I0TCSl HAanOOoJIee YyBCTBUTEIBHBIMI Y HAUMEHEE PE3UCTEHTHBIMU K aHTPO-
TIOTeHHBIM U3MEHEHUIM cpelibl. Hapyienne u gerpaiars eCTeCTBEHHBIX
HEPECTOBO-HATYIILHBIX MECTOOOUTAHHIA B peKaX, B KOTOPbIE MPOM3BOIH-
TEJN aTIIAaHTHYECKOTO JIOCOCS ¥ KYM)KU 3aXO[IAT TSI pAa3MHOKEHHUS, CIUTA-
FOTCS OTHOM M3 OCHOBHBIX IPUYMH CHH)KEHHS YHCIIEHHOCTH JIOCOCEBBIX.

175



YeroiunBoe (pyHKIIMOHUPOBAHUE MOMYJISIIUIA U COOOIECTB HEMBIC-
JTUMO 0€3 37J0POBBIX KU3HECITOCOOHBIX 0co0el. ['mcTonaronoruueckue
W3MEHCHHUSI MTPU3HAHBI HAJISKHBIMUA WHIUKATOPAMH COCTOSIHUS 3]10PO-
Bbst pbIO [Hinton et al., 1992; Bernet et al., 1999; van der Oost et al.,
2003; Jlykun, Hlaposa, 2004; Au, 2004] u ucnonb30BajuCh KaK WH-
CTPYMEHT JIJIsl OL[EHKH COCTOSIHUS 3JI0POBbS Y IMKHX O0COOCH B IIEJIOM
psane uccnenosanuii [Teh et al., 1997; Schwaiger, 2001; Handy et al.,
2002; Schmalz et al., 2002; Steintiford et al., 2003]. Kak npaBuio, Ha
WU3MEHEHHUSI COCTOSIHUSL OKPYKAIOIIEH Cpebl pearupyroT TaKue opra-
HBI, KaK )a0pbl, IeueHb ¥ MOYKH. Llesib JaHHON paboThI 3aK/IF0UaIach B
WCCJICIOBAHUU COCTOSIHUS JKa0p M MEUYCHU JIOCOCEBBIX PhI0 ypOaHU3U-
POBaHHBIX MPUTOKOB OHEKCKOTO 03€pa B IIEPUOJ] JIETHETO HaryJia. DTH
OpraHbI BBIMIOJIHAIOT B OPraHU3Me pa3HooOpa3Hbie GpyHKIMUU. AHATH-
3UPYs UX COCTOSIHUE, MOXKHO CYIUTH 00 001IeM (PU3NOIOTHYECKOM CO-
CTOSIHMH OpPTaHu3Ma 0COOH B IIEJIOM, a TAKKE B ONPEICICHHON CTETICHU
0 XapakTepe MaToJOTUICCKUX U3MEHECHUN B OOMEHE BEI[ECTB.

COop MXTHOJOTMYECKOro Marepualia mpoBoJMIiIcs Ha pekax Jloco-
cunke u Henykce B koHIe aBrycta 2014 r. O0e pexu OTHOCSITCS K TPyII-
Tie MaJIbIX PEK FOro-3anajHoro noodepexns OHexcKoro o3epa. B TeueHue
JIOJITOTO BPEMEHU YKOCHUCTEMbI JIAHHBIX BOJOTOKOB ITOJ[BEPTAIOTCS KOM-
TUICKCHOMY aHTPOIIOTEHHOMY BO3JICHCTBUIO, YTO BEIET K YXYALICHHUIO
KadecTBa BOJbI, HAPYIICHUIO CTPYKTYPbl OMOIIEHO30B, CHUKEHUIO BUJIO-
BOTO pa3HooOpasus. JIococHHKa B TEUEHHE MHOTHUX JIET SIBJISICTCS MPU-
E€MHUKOM JIMBHEBOTO CTOKA rOpoJia U OT/CIBHBIX MPEIIPHUSITHI, YTO OIpe-
JIeIsieT MHOTO()aKTOPHOCTh 3arpsSi3HEHHS, CBA3aHHOTO C TIPOMBIILICHHBIM
1 OBITOBBIM BOJIOTIOJNIB30BaHMEeM. Ha BomocOope p. Hemykewl HaxoauTcst
00BEKT pa3MeIICHHS TBEPABIX OBITOBBIX OTXO/I0B — KpYITHEHIIast ohuiu-
aJbHAs CBAJIKA B OKPECTHOCTX T. [leTpo3aBojcka 1 MoTeHIMaNbHbIHN UC-
TOYHHK 3arpsI3HEHUS IOBEPXHOCTHBIX M MOJI36MHBIX BOJI.

Monones otnaBnuBanack ekTposnioBoM «FA-3» (Hopserus) mo
crangaptHoit metomuke [Karlstrom, 1976]. Yuactku, moreHIua b-
HO TMPUTOHBIE U OOUTAaHUsI MOJIOAU MPECHOBOAHOTO jococs (Salmo
salar) u kymxu (Salmo trutta), o0IaBIUBaIUCh TPHU pa3a ISl MaKCH-
MaJbHOTO M3BATHS MOJIONU Jococs. B mporecce 06moBa MoIoan co-
Oupanach B eMKOCTh ¢ Bopoi oobemom 10 1. ITocae oGnoBa mpoun3Bo-
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JWIICS TIOJICYET OOIIero Yucia pei0, MOWMaHHBIX Ha 00JIaBIMBAEMOM
ydacTke peku. Y pbI0 ompenessiuch pa3MEpHO-BECOBBIE XapaKTepH-
CTHUKH, TIOJI U CTaJus 3pe’aocTH roHas, Bospact [IIpasaun, 1966; Map-
ThIHOB, 1987]. Jlns ruCcTONOrNYeCKOTo aHaTN3a OTOUPAIIN JKa0phI U TTe-
yeHb. OOpasLbl opraHoB GUKCUPOBAIH KUAKOCTBIO bysHa u 3anuBanu
B napaduH. Cpe3bl TONIUHONH 5—7 MKM OKpalIMBald IeMaTOKCHINH-
903UHOM MO CTaHAapTHOM Meronuke [Bonkosa, Emeuxuit, 1982]. Ilo-
Jy4YeHHbIe Ipenaparsl 00CIe0BaIl Ha MUKPOCKOIIE TP YBEIHYECHUH
100, 200 Ha HamH4Me MATOIOTHH.

Heaykca. OGn0BBI IPOU3BOIMINCH HA yYacTKe PEKH B 5,75 KM OT
ycThsl. Pyciio peku BbIcTaHO rpaBueM, raibkoi, BamyHoM. [lnomans 00-
JoBa coctaBmia 26 mM?. OTIIOBIEHHAs MOJIOAb KyM)KH ObLIa IpeaCcTaB-
JieHa JIByMSI BO3pPAaCTHBIMH TpyNIaMu: IByxJieTkamu (1+) u Tpexierka-
MU (2+). CeroneTku 0OHapy>KeHbI HE OBLIH, YTO TOBOPHUT 00 OTCYTCTBUH
HepecTa MPoU3BOAUTENCH Ha JaHHOM ydacTke oceHbio 2013 . Uucnen-
HOCTb JUTs BO3pacTHOM rpymmsl 1+ coctaBmia 60 3x3./100 Mm%, 2+ — He-
CKOJIBKO HIKe, 46,6 5k3./100 M2, obmas — 106,6 3k3./100 m2. ITonosas
CTPYKTypa XapakTepu30Bajach JOMHHHPOBAaHHEM CaMOK (JIMHEHHO-
BECOBBIC [TOKA3aTeNHN CM. B TaOI.).

JInHeiiHbIe 1 BeCOBbIE MIOKA3ATEJIH JI0COCH U KYMKH

Bug Mo, % Bospact | CootHomienue, % Amna AC (M £ 8), Macca, T
@13 o™
0+ 33 78+0,5 59+09
Jlococh 43/57 1+ 40 14,6 0,1 36+1,5
2+ 27 16,3 54,7
1+ 56 9,5+0,6 83+1,3
Kywoa ) 6194 2t 44 13.0+12 2.4+67

OTiioBiIeHHas MOJIOAb KyM)KH 00Jajana XapakTepHOHW OKpPacKoi,
OTKJIOHCHUH B MOBEJICHYCCKUX peakiuii He HaOJI01anoch, phIObI aK-
TUBHO H30€ralli BU3yallbHBIX M TAKTUJIBHBIX pasapaxurerncil. ['ucro-
JIOTUYECKHI aHaIu3 >Kadp BBISBWJI pa3iMuHbIe HAPYIICHUS KPOBO-
oOpalleHusl, COCTOSBIINE, TNIABHBIM 00pa3oM, U3 THIIEPEMUHN KaIHIUIsI-
POB PECIUPATOPHBIX JAMEILT, PEXKE MEIKUX KPOBOU3IHUSHUI U B OJTHOM
cilyvae — IMOSIBJICHUSI aHEBPU3M. Y OOJbIIEH 4acTH OTIOBICHHBIX JK-
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3eMIUISIPOB KyMKHU B )ka0pax HaOIlro[anach pa3auvHasi CTeIICHb THIIeP-
TJIa3uu MUTETUs. Y 0co0ei 4acTo OTMEYalld OTEKH PECITUPATOPHOTO
SIUTENNS, PEKE — HEOOIBIINE U SIUHUYHBIC YUYACTKA UHPUIBTPAIIUU
nefikonutamu. K pacnpocrpaHeHHBIM QopMaM HATONOTHH Y KYMKH
p. Hemykchl OTHOCUTCS M pa3pacTaHUe COSAMHHUTEILHON TKaHU — (-
Opo3bl, MPUBOIAIIUE K HAPYIICHUIO CTPYKTYpPHI (uiiamMeHnrta. Pexe y
WCCJICIOBAaHHBIX PBIO AMATHOCTUPOBAIUCH TAKHE CTPYKTYpPHBIC H3Me-
HEHUsl, KaK UCKPUBJICHUE U YKOPOUCHHE PECIUPATOPHBIX JaMeIll, U3-
OBITOYHAS MPOYKIUS CIU3H, HHTPABACKYIISIPHBIN T€MOJIH3 SPUTPOIIH-
TOB ¥ HEKPO3 KJIETOK.

B nedenu oOcienoBaHHBIX 0cO00EH paccTpONCTBA MHKPOIUPKYJIS-
[[UW BKJIFOUAJIM BEHO3HOE IMOJIHOKPOBUE U CTa3bl, a TAKIKE KPOBOU3IIU-
saust. CIeyeT OTMETHTh, 4TO 0oJiee YeM B MOJIOBUHE CIydYaeB 3pHU-
TPOIMTHI, 3aNIOJHSBIINE COCY/IbI, OBLIIU reMOJIN3UpOBaHbl. HapymeHus
CTPYKTYPBI TaK)KE OTMEYAJIUCh B KEIYHBIX MPOTOKAX: MOYTH Y IOJIO-
BHUHBI 00CJIEIOBAaHHBIX 0CO0EH BOKPYT KEIYHBIX MPOTOKOB HAONIOIA-
JIOCh pa3pacTaHue COCJAMHHUTENIbHOU TKaHU. B psae ciydaeB pubpo3
JKEJTYHBIX MMPOTOKOB COMPOBOXKIAJICS MOSBICHUEM OTIOXCHHH B TIPO-
CBETE MPOTOKA, KAPUONMUKHO30M B KJIETKaX BBICTHIIAFOIIETO DIUTE-
nus w/uiy nponudepalieil JKemyHbpIXx TpoTokoB. Ha mpenaparax me-
YeHH OOJIBIICH YaCTH UCCIEAYEMBIX PhIO MOXKHO OBLIIO HAOJIOAATE Pa3-
JIUYHBIE M0 TUIOIIAIA YIaCTKH HEKPOTUYECKHUX MPeoOpa3oBaHuil rema-
TOIIMTOB U HEKPO3a MapeHXUMbI. JKUPOBYIO TUCTPOPUIO MEUCHOUHON
TKaHHM HaOJIIO[QJIA y 3HAYUTEIIBHO MEHbIIIEro yucia ocobei. Takxke B
MEYCHU BCTPEYAIUCh HEOOJBIINE YYACTKA TKAaHU, WH(OUILTPOBAHHBIC
neikonuramu. [IpakTuyecku y Bcex 00CiIeIOBaHHBIX 0CO0eH HaOII0-
JIAJTUCh MPU3HAKYU MOBBIIIICHHOH MHUTOTHYECKOW aKTUBHOCTH — YBEIIU-
YeHHE TUIOUJHOCTH KJIETOK, OJTHAKO CITydall pereHepaliuy nedyeHOYHOM
MapeHXUMBbI ObUT BBISBJICH JIUIIb Y OAHOU ocoOu. Cilenyer OTMETHTD,
YTO Y OHOU 0COOU Ha OOIIYHO KAPTUHY COCTOSIHUS NIEUEHU MOT ITOBJIH-
STh Mapa3UTapHBIN (AKTOp: B MEYCHU OBUTM OOHAPYKEHBI IIUCTHI Ia-
pa3uToB.

Jlococunka. OONOBBI MPOM3BOAMINCH HA y4yacTke pekd B 200 M
OT yCThsl. JIHO BBICTIIAHO BAJIyHOM M TajJbKOW, TAK:KE BCTPEUAIOTCS U
OMYTKH, 00pacTaHus He3HAYUTeIbHBL. [L110111a16 00710Ba HA HEPECTOBO-
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HaryJnbHOM ydacTke cocraisiia 180 M. UHCIEHHOCTh MOJIOIHU JIOCO-
cs cocraBuia 20 5x3./100 m?. Bo3pacTHasi CTpyKTypa MOJIOJH JIOCOCS
Ha 00JIOBIEHHOM Y4acTKe MpeCcTaBlieHa TpPeMs BO3PACTHBIMU IpyIa-
MU (Tabin.). B Xozxe nccnenoBanust ycTaHOBIGHO, YTO YHUCICHHOCTD Ce-
TOJIETKOB HIJKE, YeM PbIO CTapIInX BO3PACTHBIX TPYIII, YTO CBUICTEIb-
CTBYET O CHI)KEHHMH YHUCIIa MPOU3BOANTENEH HA HEPECTOBO-HATYJIBHOM
yuactke B 2013 . mo cpaBHenuto ¢ 2012 r. EcrecTBeHHOE BOCIIPOU3-
BOJICTBO JIOCOCSI HECTaOMIBbHO. B MoJ0BOW CTPYKTYpe MOJIOAM JIOCOCS
npeobianany caMipl (JIMHEHHO-BECOBBIE IOKA3aTEIH CM. B TaOIl.).

B npoutom p. Jlococunka Oblia HacelIeHa JJ0CoceM U 03epHOi do-
peIiblo, OJHAKO CTPOMUTENBCTBO IUIOTUH HApYHIMJIO IYTH MHUTPALUH
MPOXOAHBIX pbI0. B HACTOSIINI MOMEHT JIOCOCIO AOCTYTIEH HEPECTOBO-
HaryJlbHBIH yYacTOK IUIOIIAAbI0 Okoso 500 M%, pacroyioKeHHbIH me-
pen nepBoit miuoTuHOM, B 0,5 kM OT ycThs. Ellle 1Be MIOTHBI pacmnono-
>KEHBI BBIIIE IO TeYeHUI0 — B 2,5 u 3,1 kM oT ycThsi. Bce onu Hempeo-
JIOJIUMBI JIJIS1 JIOCOCH.

IIpu Bu3yaJlbHOM OCMOTpE W MATOJIOrO0AHATOMHUYECKOM BCKPBITHH
MOJIOAM Jlococs, obuTatomero B p. JlococnHke, BHEIIHUX MPU3HAKOB
NaToJIOTUU OTMEYeHO He Obu1o. B pesynbrare rucTONOrHYecKOro Mc-
cleJoBaHusl OBUIO YCTAHOBJIEHO, YTO Hambosee pacipoCTPaHEHHBIMH
W3MEHCHHUSIMU B Ka0pax phIO SIBJISIFOTCS HEOOJBIINE OTEKH U ciadast
TUNEPIUIa3Hsl SMUTENUS Ha OTACNbHBIX yYacTKaxX PeclupaTopHBIX Jia-
mem. C BBICOKOH 4acTOTOU B ’alOpax pblO OTMeUanu pa3pacTaHus Co-
eMHUTENbHON TKaHu — GUOPO3bl. Y HEOOIBIIOro Yncia o0cae10BaH-
HBIX 0c00el pekn oTMeuasach W30bITOYHAS TPOAYKLHUS CIU3H, MEJIKHE
CKOIUICHHS OTJIOKEHUH MUTMEHTa U MHTPABaCKYJIAPHBIA T€MOJIN3 SPH-
TpouuToB. Hapymienuii kpoBooOpaleHusi B 1aHHOM OpraHe oTMeue-
HO He ObLIO.

B newyenu mononu nococs p. JIococMHKH HaOMIOOAINCh PACCTPOM-
CTBa MUKPOLIUPKYJISILMHU, O KOTOPBIX CyAMIH IO OOHAPYKEHHBIM Ha Tpe-
naparax BEHO3HOMY IOJIHOKPOBHIO, CTa3aM M MEJIKMM KPOBOM3IIUSHU-
aM. Y 4yacTu 00CIIeOBaHHBIX PBIO SPUTPOLMTHI, 3aMOTHSBLINE KPOBE-
HOCHBIE COCY/IbI, ObLTM TEMOJTM3UPOBaHbI. B meueHouHO TKaH! OTOBH-
HBI 00CIIeIOBaHHBIX 0cO0EH 0TMeUanach Ta UM UHAsl CTENICHb KUPOBOU
JUCTPO(UH, peKe B MapeHXUMe OOHAPYKUBAJIM HEOOIBIINE CKOTUICHHS
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JKUPOBBIX KJIETOK. Y psiia ocoOeil HabIroqany mosiBICHUE B TApEHXUME
HEOOJBINX 04aroB MHQUIBTPALMH JIeHKOIUTaMH 1 1M PY3HBIA HEKPO3
OTZAEJBHBIX TeNaTOUUTOB. B MeueHn HeKOTOPhIX PbIO OTMeuanu paspac-
TaHHE COCTUHUTENHLHON TKAHNU BOKPYT JKETYHBIX MPOTOKOB, peKe 0OHa-
PYKHUBAJIN YTOJIEHUE CTEHOK KPOBEHOCHBIX COCY/IOB.

UncneHHOCTh BCeX BO3pacTHBIX Ipymn KyMxku B p. Hemykce B 2014 1.
Obu1a B 5 pa3 BhIlIe, 4eM MoJioau Jococs B p. Jlococunke. [To Temmy po-
cTa Jlococh (1+) MpeBoCXOIUT KyMXKY TOH e BO3pacTHOM rpynmsl B 1,5
pasa o anune u 0osee yeM B 4 pasza 1o macce. B 06onx pekax oTiaoBieH-
Has MOJIO/Ib MMeJNa HaloJIHEHHbIe MUIIeH kemyaku, Ho p. Hemykca mo
mMpuHe B 7 pa3 MeHblue p. JIocOCUHKH, YTO, BEPOATHO, CKa3bIBAETCS Ha
KOpMOBOH Oaze. B p. Henmykce mioTHOCTH pacceneHusi COCTaBUIIN MTOYTH
1 5K3. KyM>kH Ha | M?, 4TO SIBJISIETCSI MAKCHMAJIbHO BO3MOYKHBIM, TaK KaK
MOJIOZIb KYMH H JIOCOCS MPOSBISET OTUETIMBOE TEPPUTOPHAIIBHOE T10-
Beaenue [Lllycros, 1983]. M3BecTHO, 4TO 3aluTa TEPPUTOPUH TPEeOyeT
JHEPreTUYECKUX 3aTpar, 4To OTPa)KaeTcs Ha TEMIIE POCTa KyMXKH.

[Ipy rUCTONOTMYECKOM aHAIHM3€ COCTOSHUS >Kadp M MEYEeHU MOJIO-
JI1 J1ococst M KyMkH pek Jlococunku n Hemykcel ObIIIO OTMEYEHO, UTO
y 00cCiIeOBaHHBIX PBIO B OpraHax BBISBISINCH KaK KOMIIEHCATOPHO-
NPHUCIIOCOOUTENBHBIE, TaK M MAaTOJOTHYEeCKUEe M3MEHEeHHs. B omHux
CIIy4asx 3T HapylIEHUs Malibl U HE3HAUYUTENbHBI, B PYTUX — OOIINp-
HBl ¥ MOIJIM OKa3aTh CYIIECTBEHHOE BIMSHHE Ha paboTy opraHa. [u-
arHOCTHPOBAHHBIE B XO/€ JAHHOTO aHAJIM3a U3MEHEHUs BHYTPEHHUX
OpPraHoB CBUAETEIbCTBYIOT O HapyIIEHHH METabonu3Ma, OclabieHuH
UMMYHUTETA, Pa3BUTHU 3aIIUTHO-KOMIEHCATOPHBIX Peakuii U (yHK-
LUOHAJIBHBIX HApYLIEHUH B )KU3HEHHO Ba)KHBIX OpraHax MOJIOJIHU JIOCO-
Cs1 M KyM KU UCCJIEI0BaHHBIX BOJOTOKOB. [losyueHHbIe pe3yabTaThl MoO-
TYT CIYXUTb WHAMKATOPOM HEOIAromoNy4HbIX YCIOBUH cpenbl oOu-
TaHUs JJIs JaHHBIX BUJIOB PHIO B MCCIEAYEMBIX BOJOTOKAX, YTO TAKIKeE
MOJKET IPUBOAUTH K PETPECCUBHOMY COCTOSHUIO TOMYIISIIIUH.

Hccnedosanue ywacmuuno (50 %) evinonneno 3a cuem epanma Poccutickozo
HayyHozo ¢onda (npoexm Ne 14-17-00766).
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PRESENT STATE OF SALMONIDS INHABITING
LAKE ONEGO URBAN TRIBUTARIES

L. A. Belicheva', I. A. Tyrkin"?

! Northern Water Problems Institute KarRC of RAS
2 State Research Institute on Lake and River Fisheries

The current data on the density, sex and age structure, size and weight charac-
teristics of two salmonids species (freshwater salmon — Salmo salar and brown
trout — Salmo trutta) inhabiting urban tributaries of Lake Onego are revealed. To
assess the health state of studied salmonids species during the summer feeding
period, histological analysis of gills and liver was used. A variety of histopatho-
logical changes was found in tissues of fish from both streams.



CTEHAOBASI CECCUS

PALEOENVIRONMENTAL RECONSTRUCTION
FROM LAKE SEDIMENTS OF PILCINE, LATVIA

L. Pundure, K. Stankevica, L. Kalnina
Department of Environmental Science, University of Latvia, Riga

Paleolimnology studies provide a valuable information of environmental
long term changes. Full sediment profile 3 m was taken from Lake Pilcines
for paleoenvironmental reconstructions which are based on microfossil
analysis, loss-on-ignition (LOI) and magnetic susceptibility measurements.
Microfossil analyse was used to determine sapropel type with aim to
identify environmental changes during the Lake Pilcines development.
Loss on ignition method was used to estimate moisture, organic matter,
carbonates and mineral matter content. Magnetic susceptibility method is
based on presumption that everything is magnetic.

Introduction. Actual problem is a degradation of environment. This is
the main reason why it is necessary to understand witch causes of degrada-
tion are natural or human made [Douglas, 2007]. Small lake sediments are
suitable for paleoenvironmental studies because small lakes are influenced
by environmental changes more than large lakes [Meyers, 2003]. Sedi-
ments are accumulating biological, chemical and physical components
during the lake existence time. Changes of lake level, area and depth affect
physical and biological processes in a lake [Jones, Jordon, 2007]. Morpho-
metric parameters such as lake depth, shape and area are the main factors
which influence chemical, physical processes. In shallow lakes biological
diversity is richer than in deep water lakes because littoral zone of lake is
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wider than pelagial zone [Wetzel, 2001; Bennion et al., 2010]. Mid-latitude
lakes mainly are glacial in origin and sediments have been accumulated
since the last Pleistocene glaciation [Jones, Jordon, 2007].

Lake sediments are composed of three components: organic, mineral
and non-organic matter. Sediment in the temperate forested areas usually
are with high organic matter content, over 15 %. Gyttja or sapropel are
organic lake sediments which are formed from aquatic plants, benthic
organisms and plankton then transformed under influence bacteria and
mixed with mineral components [Korde, 1960]. In Latvia a term “gyttja” is
used to define organic rich sediments for past climate studies [Stankevica
etal., 2015]. Sapropel sediments absorb and release nutrients from the lake
water and influence the trophic status of water body [Rutina et al., 2012].

Study area. The Lake Pilcines is located in R&zekne district, Latgale
region. Lake Pilcines (Fig. 1) is a small lake of glacial origin. Lake is
situated at western part of Burzavas Hilly Area, north Latgale Upland,
in the Eastern part of Latvia. The area of lake is 7.0 ha, average depth is
1.50 m and maximum depth 1.70 m. The total amount of gyttja deposits
is 287.000 m*. Gyttja fills approximately 80 % of the lakes depression
[Geo-Konsultants, 1998]. Sedimentation of Lake Pilcines was affected
by bedrock sediments such as dolomites, marlstone and carbonates. Lake
Pilcines shore is formed by an approximately 10 m wide reed (Phrag-
mites) marsh belt. The lake catchment basin occupies 358 ha and is bog-
gy, covered by mixed forest. The surrounded are is uninhabited.

Materials and methods. Magnetic susceptibility. Magnetic suscep-
tibility analyse was used to measure the magnetisability of sediments.
Magnetisability provides an information about the minerals that are
found in sediments which particularly are Fe bearing minerals. Barting-
ton MS2E sensor was used for measuring volume magnetic susceptibility
values for open sediment core with surface was covered by plastic film.
First step before measuring is necessary to ensure that surface is tightly
covered in thin plastic film leaving no air pockets or wrinkles. Before
sensor is placed on surface measurement is made at least 20 cm away
from any object in air. Then sensor is placed on surface and next meas-
urement is made again in air. In general, a measurement is made on the
surface and the sensor is lifted for a second air measurement.
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Fig. 1. Location of the study area and Lake Pilcines basin

Microfossil analyse. For microfossil analyse were analysed 30 lake
sediment samples. Remains of vascular plants, algae and aquatic ani-
mals, fungi were identified. At interval 0-1 m samples were taken every
5 cm, at interval 1-3 m every 10 cm. 10 ml of water was added to 1 cm?
of the sample and vortexed for 15 min to destroy sample colloidal structure.
Motic BA300 Digital Microscope with the 400—1000 times magnification
was used in analyse. For the identification of organic remains, atlases of al-
gae, freshwater and mire plants [Katz et al., 1977; Linne von Berg, Melko-
nian, 2010; Streble, Krauter, 2012] were used. The results were processed
and visualised using the TILIA 1.7.16 software.

Loss-on-ignition (LOI).This method was applied in order to estimate
the moisture, organic matter, carbonates and mineral matter content in
the sediments [Heiri et al., 2001]. At first, the moisture of sediments was
determined after drying it at 105 C. The content of the organic and car-
bonate matter was analysed by incinerating the samples sequentially at
550 C for 4 h and at 900 C for 2 h.
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Results and interpretation. Loss on ignition (LOI). There are
separable two layers of sapropel. Layer I at the interval 180-228 cm
(5263-6782 cal. yr. BP) when the lake were not stabile conditions
formed silicate sapropel as with high as with low ash content. Layer
IT (0-180 cm) from 5263 cal. yr. BP to nowadays is formed silicate
sapropel with low ash content. Mineral content increases with depth.
At the beginning of Lake Pilcines development sediments accumu-
lated with high mineral content. Carbonates is 2.39 % on average and
is decreased from upper layer to bottom layer. In depth 145-155 cm
(44544699 years ago) is the rapid increasing of carbonate up to 6.91 %
and not big decreasing ash content. That shows that there has been the
abatement of water level.

Magnetic susceptibility. Magnetic susceptibility values affect high
mineral content in sediments. At top layers X values are negative with
tendency to increase with depth. At the interval 0—10 cm are more organic
matter and visible remains of plants. At the interval 170—180 cm values
rapidly increase from average 2.6 to 4. This may indicate enhancement
of erosion process at the catchment territory.

Microfossil analyse. Six microfossil zones were established.
Microfossils are represented by three algae groups: cyanobacteria, green
algae, diatoms, vascular plants, aquatic animals and fungi.

P -6 zone, age 386-before present, depth 0-40 cm. Dominate
Anabaena and Melosira sp. Amount of Anabaena increases from 2.2
to 41.1 %. Average amount of Melosira is 15.3 %. Tabellaria sp. are
increased in upper part of the zone from 4.3 to 13.2 %. Average amount
of Pinullaria sp. is 2 %. Green algae in small amount are represented by
Desmidiales, Pediastrum and Scenesdesmus. Aquatic animals mainly are
represented by Spongilla, average 1.3 %.

P, -5 zone, age 386-4872 cal BP, depth 40-150 cm. Still dominates
Anabaena, average amount 22 %. Tabellaria decreases from 13.2 to
0.2 %. Higher plants remain increase from 22 to 48 %. Appears Surirella
average amount 0.2 %. Navicula varies from 0.1 to 6 %.

P, -4 zone, age 4872-6000 cal BP, depth 150-220 cm. Higher plants
continue increase. Amount of Anabaena decreases from 22 to 14 %.
Melosira decreases from 12 to 3.5 %. Tabellaria appears in small amount.
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Aquatic animals Cladocera varies from 0.6—1.8 %. Green algae mainly
are represented by Pediastrum 0.8 %.

P, -3 zone, age 6000-6331 cal BP, depth 220-240 cm. Higher plants
still continues increase. Melosira is continuing to decrease. From Green
algae appears Desmidiales.

P, -2 zone, age 6331-6827 cal. BP, depth 240-270 cm. Average
amount of Anabaena is 25 %.

P -1 zone, age 6827-7158 cal BP, depth 270-300 cm. High amount
of Higher plants.

e s
+ J’f d’f X, (volume susc.)
> & ¢ )
2 ] B
2
o 30
ko
3000 1 419
120
S
150
=
200
210
2
a—-
290
0 T T i 74 g

Sand

Organic silicate gyttja Diatom gyttja
Fig. 2. Lake sediments:

A — changes in mineral matter, carbonate and organic matter content; B — magnetic
susceptibility

High amount of Bacillariophyceae are as indicators of periodical
environmental changes. Diatoms response quickly to changes of
phosphors level. Melosira sp. mainly appear in eutrophic lakes. The

main reason of rapidly decreasing of Bacillariophyceae at depths 50—
55 cm and 140-160 cm is increasing of carbonates content in sediments.
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Anabaena increases at the interval 220—150 cm and this shows that there
has been water level rising before 6000 cal. yr. BP and intensive erosion
of shores started. Erosion intensity may be as a reason of appearance
Pediastrum. Temperatures fell, this is the reason why amount of aquatic
animals decreased but amount of Melosira increased.
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Fig. 3. Microfossil distribution in sediment profile of the Lake Pilcines

Conclusion. Lake sediments are as valuable paleoenvironmental
information sources. This study has shown that about 6500 cal. yr. BP
in the Lake Pilcines started accumulate a large amount of sapropel
matter deposited in the lake bottom that was unable to fully mineralize.
Microfossils data show that around before 6000 cal. yr. BP there has been
water level rising, and rapidly increase of magnetic susceptibility values
show intensive erosion processes. Water level decreasing was before 500
cal. yr. BP which indicate decrease amount of Anabaena.
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HNCCIIEAOBAHUE IMHAMUMKHU YPOBHS BO/IbI
APAJIBCKOI'O MOPA 11O JTAHHBIM JMCTAHLIUOHHOI'O
3O0HANPOBAHUSA U KIMMATHYECKOI'O PEAHAJIU3A

I. B. Aiizean’, A. C. Miknukuii’

! Unemumym 600mnwix npoonem PAH
2 Unemumym oxeanonozuu um. I1. I1. Hupwoea PAH

I/ICCJIe}Z[OBaHI/Ie JUHAMUKH YPOBHS ApaJ'H)CKOI'O MOpA ABJISCTCA aKTyallb-
HOW Hay4YHOH 3ajadell B CHIY HEOOXOAMMOCTH TIOHMMAaHHSI MEXaHH3-
MOB NPUPOAHBIX W aHTPOIOTCHHBIX IMPOUCCCOB, UHAYLIUPOBABUINX pa-
JIMKaIIbHOE H3MEHEHHUE €r0 BOJJHOTO M COJICBOTO 0aIaHCOB 32 MOCIIEIHUE
50 net. C xoHna 60-X TT. IPOIIIOTO BeKa 00beM MOpPS] YMEHBIINIICS Ha
90 %, Ha OPSAIOK BO3pOCAa CONEHOCTh €To BOLI. MccnemoBanue mpo-
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LIECCOB TUAPOJIOIMYECKOro IUKIa ApajabCKOro MOpsl 3aTPyAHEHO HeJo-
CTYHHOCTBIO JAHHBIX COBPEMEHHBIX U3MEPEHHI COCTABIISIOMINX €ro BO-
aHoro GanaHca. B pabote cienaHa MmombITKa NPUBJIEUEHUS COBPEMEH-
HBIX JJAHHBIX JUCTAaHIMOHHOTO 30HAWPOBaHMUS (CIyTHHKOBOH anbTHMe-
tpun DAHITI) n xnumarnugeckoro peananusa (ERA-Interim) amst oueH-
KM AMHAMHKH YPOBHS BOJABI CEBEPHON YacTH ApPaibCKOro MOpSI.

Hauunas ¢ 60-x rT. mponutoro Beka ApaibCckoe MOpe TpeTeprieBaeT
HeoOpaTHMble U3MEHEHHUsI CBOETO BOJHOTO M COJICBOTO PEXHMMa, Kapau-
HaJIbHBIE U3MEHEHUSI KOCHYJIMCh HE TOJIBKO SKOCHCTEMBI CAMOTO MOPSI, HO
1 3aTPOHYNIN Bech ero OacceiiH (puc. 1). 3a nocnennue 15 ner ycyryou-
Jach TEHICHIMS pa3lesieHns] APaibCKOro MOpsl Ha TPU Pa3IM4HbIX Oac-
ceifHa: TIyOOKOBOHBIN 3araIHbIA, MEIKOBOIHBIH BOCTOYHBIN 1 Majblil
Cesepnbiil. Tak, BocTounslii 6acceliH ApanbCKOro Mopsi B HOCIEIHHE
ronbl (haKTHYECKH TIepecTall ObITh IIOCTOSTHHBIM BOJIOEMOM, CTaB d(emep-
HBIM 03€POM, CYLIECTBOBAHUE KOTOPOTO ONpeessIeTCsl BEIMUMHON CE30H-
HOM TIOTHOBOIHOCTH CTOKa p. AMynapbu. CeBepHblii OacceiiH ApasbCKo-
ro Mops (wm Manoe Apanbckoe MOpe) B TTOCIIEIHUE TO/bI TIOYTH TTOTe-
PsUI CBSI3b C IPYTMMH OacceifHaMM — KakK 110 €CTECTBEHHBIM IPUUUHAM BbI-
chIxaHus 3anagHoro 1 BoctouHoro 6acceifHOB, Tak M MO MPUIUHE CTPOU-
TEeNbCTBA JaMOBbI, IPEHa3HAYCHHOH JUIsl CBECHUSI K MUHUMYMY BOZ1000-
MeHa MeXTy KoTiaoBuHamu [Zavialov, 2007; Izhitskiy et al., 2014].

Puc. 1. CoBpeMeHHOe COCTOSIHHE ApPajJbCKOro Mopsi (MCTOYHHK:
earthobservatory.nasa.gov/Features/WorldOfChange/aral_sea.php)
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B nanHO# paboTe MbI c/ienalii akIeHT Ha UCCIICOBAHUU TUHAMHKH
ypoBHst Manoro Apansckoro mops (puc. 2). B mocnennue roasl, mocie
MUHUMH3AIMH €r0 BOJJOOOMEHA C IPYTMMHU YacTIMHU MOPSI, B HEM Hauall
YCTaHABIIUBATHCS CTA0MIIbHBIN BOJIHO-COJICBOI PEKUM, OJIM3KUH 110 Xa-
PaKTEPUCTHKAM K PEXXKUMY ApalbCKOro MOpPs 0 Havalla mpoliecca pas-
JIETICHMUSL.
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Puc. 2. CoBpeMeHHble KO/1eO0aHHMsA YpPOBHSI BoAbI MaJjioro ApajbCcKoro
Mops

CoBpeMeHHbIC HATYPHBIC HAOIONCHUS Ha BCEX 4acTIX ApaibCKOTO
MOPSI HOCSIT SMTU30IUYECKUI XapaKkTep, OOJIBIINHCTBO PEKUMHBIX MOHH-
TOPUHTOBBIX THPOMETECOPOJIOTUICCKUX ITyHKTOB U CTAHIUI TpEeKpaTh-
JI CBOE CYIIECTBOBAHUE B IepBOil mosioBuHEe 1990-X IT., M03TOMY B I1aH-
HOW paboTe ObLIa UCIONIb30BaHa 0a3a JaHHBIX HEMPSMBIX HAOIOICHHI
3a ypoBHEM BObI, cBOOOAHO pacmpoctpansemas npoekrom DAHITI
(puc. 2) [Schwatke et al., 2015], a Tak:xe 0a3a JaHHBIX KIIMMATHYECKOTO
peananuza ERA-Interim (puc. 3) [Dee et al., 2011].

[maBHO¥ 1IeNIBbI0 TaHHOW Pa0OThI SIBIISIETCS UCCIICOBAHUE BO3MOXK-
HOCTH MOJICJIMPOBAHUS JIMHAMUKHU YPOBHS BOJIOEMa, PACIIOIOKECHHOTO B
APUJIHBIX YCIIOBUSX, C MCIIOJIB30BAHHEM TOJIBKO HEIIPSIMBIX, AMCTAHIU-
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OHHBIX U3MepeHui. st ananusa 661 BeIOpan nepuoa ¢ 2002 mo 2014 1,
BCE CYyTOYHBIE (peaHann3) 1 AeKaaHble (YpOBEHb BOJIbI) JaHHbBIE U3MeEpe-
HUI OBUIM IPUBEJCHBI K CPEAHEMECIUYHBIM 3HAYCHUSIM.
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Puc. 3. /[HeBHOIi X0 TeMmepaTypsl BO3AyXa U KOJINYECTBA 0CAJAKOB HAJ
akBaTopueii Manoro Apajgbsckoro Mops 3a nepuoa ¢ 1979 mo 2015 r.

B kauecTBe Mozenu, CBS3bIBAIOUIEH CpeIHEMECAYHbIE HOPMbI KO-
nebaHuil KITMMAaTHYeCKUX XapaKTePUCTUK C JTWHAMHKON YpPOBHS BOJPBI,
ObL1a BEIOpaHa MOJIEIh PErPEeCCUH PEelIaloNIuX epeBbeB, KOTopas B 00-
1IeM BHJIE TIPENCTABIsIeT COO0M HemapaMeTpHIecKyto MOJIeIbh MallluH-
HOTO O0yUYeHHS — IPOCTYIO0 MOJIEITh «OEJIOT0 SIIIHKaY, AITOPUTM NPUHSI-
THS PEIICHUH KOTOPOH MOXET OBITh ONMHMCaH HAOOPOM MPOCTHIX Oyrie-
BbIX (pyHKIUI. JJOCTOMHCTBAMU MOJEIM PErPECCUU PELIAIOIINX Jepe-
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BbEB SIBIISIIOTCS: MHTEPIPETHPYEMOCTh, OBICTpOTa OOy4eHUs, BBICOKAs
TOJIEPAHTHOCTH K HETIOJHBIM JaHHBIM. B KauecTBe HEJOCTAaTKOB OOBIYHO
BBIJIEIISIIOT: BBICOKYIO CIIOCOOHOCTD K MepeoOydeHHI0, HEyCTOWYNBOCTD
MPU TOMHUHUPOBAHUM OHOTO PEIIAOIIETo KJacca, CI0KHOCTh MOMCKa
TOYHOHN CTPYKTYPBHI JIepeBa.

AHanu3 3HaUMMOCTH MPU3HAKOB IOKa3all, YTO MapaMeTphl CpeaHei
TEMIIepaTypbl, KOJMYECTBA OCAJKOB U BEJIWYMHBI OOIIEr0 HCIapeHUs
OKa3bIBAIOT HAMOOJBIIYIO 3HAUUMOCTb Ha PE3yJIbTaThl IOCTPOCHUSI MO-
JIeNTU PelIaoNINX 1ePEBbEB, IOATOMY TOJIBKO OHU OBUTH BBIOpaHBI B Ka-
YecTBe MPEIUKTOPOB PUHATIBHOM Mozienu (puc. 4) — 3TO MO3BOIMIIO Clie-
JaTh MOZAETb MEHEe BOCIPHUMYMBON K IIymMaM (poOacTHOM), a Takke
MUHHMHU3UPOBAJIO PUCK TIEPEOOyUCHHS.
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Puc. 4. Pe3yabTarbl MO1e TMPOBAHMSI CPeIHEMECSIYHON TMHAMUKHU YPOBHS
Mausioro ApaJjibckoro mops 3a nepuoj ¢ 2002 no 2014 r.

PesynbTrarsl MOKa3bIBalOT BHICOKYIO 0000MIAIONTYIO CIIOCOOHOCTh HC-
MOJIb30BAHHON MOJIENI Ha BBIOPAHHOM IEPHO/IEC — JOJs OOBSICHEHHOM
mucniepcuu (R?) cocrasnsiet 85 %. BbIOpOChl MOIENbHBIX 3HAYCHUH B
00JIacT! OTPUIIATEIIBHBIX aHOMAJHMH B TIEPUOJIBI CIIafia YPOBHS MOXKHO
O0OBSICHUTH OTCYTCTBHUEM y4eTa IMPUTOKA BOABI p. ChIpAaphH.
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Hanpasnenus nanpHeRmMx ucciaeqoBaHuid JMHAMUAKU YpoBHs Maio-
1o ApaabCKOTO MOPSI BUJIATCA B MPUBJICUCHUN IMUZ0AUUCCKUX TAHHBIX
HATYPHBIX H3MEPEHHUIA JIJIsl IPOBEPKU U O0JIee JIETaIbHON HACTPOMKH UC-
MOJIb3yeMOM MOJICITH, @ TAKXKE B HCITOJIB30BAaHUH MOJICTH (DOPMUPOBAHHSI
ctoka p. CoIpapbu 15l BOCCTAHOBJICHUS 3HAUYCHUHN €CTECTBEHHOTO IIPU-
TOKa BOJbI B Manoe Apanbckoe Mope.

Paboma evinonnena npu noooepocke Mezacpanma Murnooprayxku PD Nel4.
B25.31.0026. Co30anue moodenu popmuposanus peunoco cmoxa p. Coipoapvu
HA OCHOBE NPUMEHEHUS MEMOO08 MAWUHHO20 00YUEeHUs GbINOIHEHO NPU (DUHAH-
cosotl noodepxcke PH® ¢ pamkax epanma Ne 16-17-10039.
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THE INVESTIGATION OF THE ARAL SEA LEVEL DYNAMICS
BASED ON REMOTE SENSING AND CLIMATE REANALYSIS DATA

G. V. Ayzel, A. S. Izhitskiy>

! Institute of Water Problems of RAS
2 Shirshov Institute of Oceanology, RAS

The Aral Sea level dynamics research is an urgent scientific task regarding to the
fact that the environmental and anthropogenic mechanisms have induced dramati-
cal change of water and salt balances for the last 50 years. Since late 1960s the
sea volume has decreased by 90 % and its salinity has increased a lot. The Aral
Sea hydrological cycle processes investigation is limited by the total shrinkage
of modern water balance measurements. This work presents an effort of using
modern data of remote sensing measurements (satellite altimetry DAHITI) and
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climatic reanalysis (ERA-Interim) for the research of the level dynamics in the
northern part of the Aral Sea.

CTPYKTYPA 300IINTAHKTOHHBIX COOBLIECTB
CTAPUYHBIX O3EP OCTPOBA CAMOMJIOBCKHI
(IO KHAS YACTD AEJIBTbBI PEKHA JIEHBI, CAXA-AKYTHS)

A. B. AnanbeBa', E. H. AGpamosa?, H. B. lllakyposa’

! Kazanckuii ¢hedepanvuviit (Tlpusondicckuil) ynusepcumem
? [ocyoapcmeennulil npupoOHblil 3ano8eo0HuK « Yemu-Jlenckutiy

[Mpoananu3upoBaHa CTPYKTypa 300IUIAHKTOHA JIBYX CTAPHUYHBIX BOIOE-
MoB 0. Camoiinosckuii (FOxnoe n CeBepHoe), HAXOAALIUXCS HA OIHOM
peuHoii Teppace. [1o HabIOEHUAM JIETHETO NIEpHoa HauOObINas YHC-
JICHHOCTh W OHMOMacca 300IJIaHKTOHA OTMEYCHa B Hayaye WIOHS IS
03. FOxxnHOrO U B cepenune urons — st 03. CeBepHoro. JloMmuHUpYyIo-
HIeH TPYMION MO TOKA3aTeNsIM YHCICHHOCTH U OMOMACCHI SIBJISIFOTCS KO-
nenonbl. OCHOBHOM BKJIaa B BUIOBOE pazHOOOpa3ue Komemnos 03. HOx-
Horo BHocsAT Cyclopoida, 03. CeBepHOTO — HayruMaiabHble ctagun. [o
TAaKCOHOMHYECKOMY COCTaBY 300IUIaHKTOHHOE cooOriecTBo o3ep HOx-
Horo U CeBepHoro (0. CaMOIMIOBCKHIT) MOXKET OBITH OXapaKTEPU30BAHO
KaK pOTaTOpHO-KOTICTIOAHOE, BKIIIOYAIOIee KaK IBPUTOITHBIC BHIbI (Ha-
npumep, Keratella cochlearis, Notholca acuminata, Cyclops strenuus,
Daphnia pulex), Tak u cyryoo 0opeanbubie Bunsl (Cyclops kolensis,
Heterocope borealis, Leptodiaptomus angustilobus).

Pexa Jlena, Bnanast B Mmope JlanteBbix, 00pazyeT OOIMpPHYIO YHHKAIb-
HYIO JIeNBTY, KOTOpasi Oorara pa3iMyHbIMHA BOIOEMaMd MOMMEHHOTO M
TEPMOKAPCTOBOTO MPOUCXokaAeHUs [AHTOHOB, 1967]. OgHuM U3 BUAOB
MOWMEHHBIX BOJOEMOB SIBJISIIOTCS CTAPHUHBIE 03epa. MBI IpoaHann3nupo-
BaJIM CTPYKTYPY 300IJIAHKTOHHBIX COOOLIECTB ABYX CTAapUYHBIX BOJOE-
MOB — 03ep FOxHoro n CeBepHOTO, HAXOAIIMXCS Ha OJHON pedHol Tep-
pace 0. CaMOMIIOBCKUH FOKHOUM YacTH JIENBTHI p. JISHBI.

COop 3001utankToHa IBYX crapuuHbix o3ep (FOxxnoe n CeBepHoe)
ObUT TIPOBEZICH B BeceHHe-NeTHUH nepuof 2013 . B xo1e paboOTHI JieT-
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Hell KCIeTUINK pOoCCHiicKOo-HeMelKoro npoekra «Cuctema mopst Jlan-
TeBbIX». C Mas 10 MIOHB B CBSI3U € 00JIeJleHEHUEM BOZOEMOB cOOp ILIaH-
KTOHA OCYIIECTBISUICA CTaHAApTHO, IMpouexuBanueM 50 1 Bozbl yepes
KauecTBEHHYIO ceTh AmmreliHa (pa3mep siuen 80 Mxm). B utone, nocie
TasHUS JIbJI0B, 3200p MPOO MPOBOAMIICS BEPTUKAIBLHBIM MPOTATUBAHUEM
oT 1Ha 10 moBepxHocTu Maion cetu Jxenau (100 mxm). OgHOBpEMEH-
HO C 0OTOOPOM OMOJOTHYECKHX MPOO MPOBOAMICS (HUIUKO-XUMHUUIECKHN
aHanmu3 BoAwl (Ha 0asze ruapoxumuueckoil madoparopun HUC «Camoii-
noBckuit»). CpenHsas ce30HHas Temreparypa Boibl coctaBuia 8 °C
st 03. FOxuoro u 7,6 °C — mns 03. CeBeprnoro. Haumenslinas cpen-
Hsisl MECSTYHas TeMIepaTypa BOJbI Ui CTAPUYHBIX 03€p OTMEUEHA B Mae
(0,4 °C), naubosnbmas — B cepeaune urons (14,1 °C — s 03. FOxxHOTO
u 13,5 °C — st 03. CeBEpHOT0), 4TO B LIEJIOM COINIACYETCs C OOIIUM Xa-
pakTepoM IMHAMHUKH TeMIIepaTypbl B JaHHOM paiione. CopeprkaHue Kuc-
JIOpojia B BOJIC TIOWMEHHBIX 03ep — 5—9 mr/n. BomopoaHblii moka3areins
(pH 6,5-8,0) BapbupyeT y rpaHuLibl HeHTpansHOH cpensl. KamepanbHas
00paboTKa MaTepuaa OCyIeCTBISIIACH B THAPOOHOIOrHYECKOH Tabopa-
topun HUC «CamoiinoBckuii» u 1abopatopuu Kadeapsl 300I0THH U 00-
et Omonornu KaszaHnckoro yHuBepcuteTa 1mno oOMICTIPUHATON METOIM-
ke [boropos, 1941; Yucnenko, 1968; Metoauueckue peKOMEHIAIUM. . .,
1982]. KonnuectBenHast 00padoTKa B YCIOBHAX CTAaHLUHU OCYILECTBIIS-
Jach ¢ MOMOIIBI0 Kamepbl boroposa nox 6uHokysipom Olympus SZX9,
a TaKXKe IMoJ] CTEPEOCKONUYECKUM MaHKPaTHUeCKUM MUKpockoriomM MC-
2-ZOOM co cBeroBomamu. Iy ompeAencHus 10 BUia OBUIM HCITONb-
30BaHbl MuKpockonbl Olympus U-DA, Primo Star (Carl Zeiss), «Mu-
kpomen C-12». YnobeH npu padoTe ¢ INIAHKTOHOM YHHUBEPCaJIbHBIH MU-
kpockor Axio Imager M2 ¢ pynkuuneit mynsTuoKycHOlH cheMku. Takast
ChEMKa MO3BOJIAET PACCMOTPETh BCE JETAJIM OpraHu3Ma B OJHOM IUIO-
ckoctH. OH e ObUT UCTIONIB30BaH I MOP(OMETPpUIEeCKHX HaOIIONeH
(coBmecTHO ¢ iporpammoit CZ AxioVision).

KonnuecTBeHHBIH yUeT 1 TAKCOHOMHYECKasi HACHTU(QHUKALUS TPOBe-
neHbl Ha 18 709 sxzemmisipax u3 60 mpoo.

B crapuunbix moiimMeHHbIX o3epax 0. CaMOWJIOBCKHI BBISBIECHO
24 Busa 300IUIAHKTOHHBIX OPTaHU3MOB, TPUHAJIEKAIUX K ABYM TUIIaM
Rotifera u Arthropoda, 3 xnaccam, 6 orpsaam, 11 cemeiicTBam.
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YcTaHOBIEHO, YTO 300IMJIAHKTOHHBIE coodmiecTBa o3ep FHOxHOTO M
CeBepHOro uUMeIOT psif odumx 4ept. llpexxne Bcero, JTOMUHAHTHOH B
BUJIOBOM OTHOILIEHHUHW TPYMIION SBISIOTCS pakooOpasublie (Crustacea):
Copepoda, Cladocera, Diplostraca, cocrapnsitonue 56 % ot o0rmiero
yrcia BuaoB (Tabdn.). Haubonbiuumii BKiiaa B BUAOBOE pa3HOOOpasue pa-
KOOOpa3HBIX BHOCAT Komemnonsl, a uMeHHo — Cyclopoida. Yto xacaer-
sl IBYX APYTUX OTPSZOB, TO MPEICTABUTENCH OTpsiia KaJIsHUA B 2 pas3a
MEHbIIIe, ueM IuKiIonua, a Harpacticoida npencrasieH equHCTBEHHBIM
BunoM — Canthocamptus glacialis.

Bricoko pa3zHooOpa3ue KOJIOBpaToOK — OHHM COCTaBIsIOT 46 % OT
BCEX BBIBICHHBIX B IpoOax BUIOB (Tadm.). [lo TakcoHOMUYECKOMY CO-
CTaBy 300IUTAHKTOHHOE COOOIIECTBO MOHMEHHBIX 03€p IOKHOH 4YacTH
nenbThl JleHsl (0. CaMOMIOBCKHI) MOXKET OBITh 0XapaKTEePHU30BAHO Kak
poTaropHo-konenoaHoe (puc. 1-2).

CocTaB 300IJIAHKTOHA 110 CHCTEMATHYECKHM rpynmam

Yucno | % ot obugero
Cucrtemarnueckas rpymia

BUJIOB | 4KCIIa BUIOB
Rotifera (komoBparku) 11 46
Crustacea (pakooOpa3sHbIe) 13 54
Copepoda 10 41
Cyclopoida 6 25
Calanoida 3 13
Harpacticoida 1 4
Diplostraca 3 13

Emie ognolt yHuBepcaibHON 4epToil moMMEHHBIX 03ep 0. CaMOUIoB-
CKUI1 SIBJISICTCSI IPUCYTCTBUE KaK IBPUTOMHBIX BUJOB (CPEAN KOJIOBPATOK
TakuMu aBistrorcs Keratella cochlearis, Notholca acuminata, Kellicottia
longispina wn np.; cpenu Crustacea — Acanthocyclops vernalis, Cyclops
strenuus, Daphnia pulex), Tak 1 OrpaHUYCHHBIX CEBEPHBIMH IINPOTA-
mu BunoB (Cyclops kolensis, Heterocope borealis, Leptodiaptomus
angustilobus).

300IUTaHKTOHHAsA (payHa CTapUUHBIX O3€p IOKHOIO y4yacTKa [ellb-
Thl JIeHBI Ka4eCTBEHHO M KOJIMYECTBEHHO OTIMYAETCs APYyT OT Apyra. B
CTPYKTYpE 300IIJIaHKTOHHBIX cO00IIeCTB NOHMEHHBIX o3ep HOxkHOro n
CeBepHOro JOMUHMPYIOIIEH TPYNIION IO MOKa3aTesisiM YUCICHHOCTH U
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Ouromacchl sBIsOTCS Korenoael. Ho st 03. KOxHOTO XapaKTepHBI BbI-
cokue nokazarenu Cyclopoida, nns CeBepHOro — oOWINE HAyIUIHAIb-
HBIX cTaauil (puc. 4-5).

B BeceHHee-neTHH MeprOA HAONIOACHUN CPENHSS YUCIEHHOCTh M
Oromacca 300TUTAHKTOHHBIX OpraHu3mMoB 03. FOxHoro cocraBwiu 9470
9k3./M°> 1 0,19 r/mM3, cooTBeTCTBEHHO; a Ha 03. CeBepHOM — 6263 3K3./M> U
0,05 t/m* (puc. 3). Haubombimas 4uCISHHOCTh U OHOMacca 300TUIaHKTO-
Ha B 03. KOxHOM OBLIM OTMEUEHEI B HaYajle UIOHS, TOrma Kak Ha 03. Ce-
BEPHOM — B CEpPE/IMHE HIOJIS.

12
10 M Rotifera
8 M Cyclopoida
6 W Calanoida
4 M Harpacticoida
2 M Diplostraca
0

Puc. 1. PacnpenesieHne 0CHOBHBIX TAKCOHOMHYECKHX IPYI 3001JIAHKTO-
Ha B MOMIMEHHBIX 03epax JeJbThl p. JIeHbl

14
12
10 M Diplostraca
M Harpacticoida
8 ® Calanoida
6 M Cyclopoida
4 M Rotifera
2
0

Crustacea Rotatoria

Puc. 2. Pacnpenenenune 3oomnankrona mexay Rotifera m Crustacea B
NMOIMEeHHBIX 03epax AeJbThbl p. JIleHbl
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Puc. 4. YncjieHHOCTh OCHOBHBIX TPyNN 300IJIaHKTOHA 03ep FO:kHOro u
CeBepHoOro

YucieHHOCTh 300MIaHKTOHA Ha 03. KOKHOM Koebanach B mpeenax
ot 60 10 49 000 sx3./M%, a 6buomacca — 0,01-1,535 mr/m®. OcHOBHYIO
POJIb B COOOIIECTBE 300MTAHKTOHA UTPAIOT PAKOOOpasHbIe, TOMUHHPYS
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Ha OONBIIMHCTBE CTAHLMI MO YHCIEHHOCTH U duomacce. Ho ecnu umc-
JICHHOCTbh PakooOpa3HbIX Ha MPOTSHKEHUH NMEPBO MOJIOBUHBI BEreTallu-
OHHOTO Tieprona Obl1a cTadbuiIbHA, TO YUCIeHHOCTh Rotatoria cokparia-
Jach K KOHIY HIONS, C TeM YTOOBI B aBIyCTE€ JaTh PE3KOE YBEJINYCHHUE
YHUCICHHOCTH momysiiuii — 10 15 000 9k3./m>.

Ha 03. CeBeprom 0. CaMOilIOBCKHUI CKIabIBaeTCs Apyras KapTHHa.
KoneGanust 4nciieHHOCTH TNIAHKTOHHBIX COOOIECTB 32 BECCHHE-JIETHUH
nepuos mepekpoiBaiy aBa mopsaaka: ot 100 mo 16 000 sx3./m*; a Guomac-
ca Bo3pactana Ha nopsiok — ot 0,01 mo 0,524 mr/m?. OCHOBHYIO pOJIb
B COOOIECTBE 300IUIAHKTOHA WTPAIOT PakooOpaszHbIe, TOMHUHHUPYIOT B
OOJIBIIMHCTBE MPOO MO YHCICHHOCTH M OMoMmacce HayIiMajbHbIe CTa-
quu. Taxke 3HaYMTENbHYI0 OMomaccy 03. CeBEepHOrO COCTaBIAIOT Ka-
JSTHUJBI, HO STy TPYIILy HEJb3sl cUMTaTh cTaOmibHOW. Bee octanmbHble
K€ PavyKH Ha MPOTSKEHUH BCETO CE30HA UMENM CTAa0MIIbHYIO MJIOTHOCTD
YHCIEHHOCTH. Y KOJIOBpaTok 03. CeBepHOro OTMEUEHBI KOJIeOaHUs YnC-
JICHHOCTH, TaK K€ KaK M B MeJaruieckoM cooduectse 03. FOxHoro, C
TOH pa3HUILIEH, UTO UK YUCIECHHOCTU Rofatoria IPUXOAUTCS HA CEPENU-
HY HIOJSI, @ K HadaJly aBrycTa UX 4Mcio COKpalaeTcs.

Haynauu

rotatoria

diplostraca
. " m CesepHoe
harpacticoida
J M lO3KHOe
calanoida
cyclopoida
0 50 100 150

Buomacca, r/m3

Puc. 5. Bnomacca OCHOBHBIX Ipynn 300ILUIAHKTOHA 03ep
HOxnoro u CeBepHoro

Takue MUK YUCIIEHHOCTH B CTAPUYHBIX 03€paxX MOTYT OBITh OOBsICHE-
HBI TIPOJIOJKUTENFHOCTBIO OTPE/IENIEHHBIX ITEPHOJI0B PAa3BUTHS Y Macco-
BBIX BHJ0B. CPOKH U JUTMTEIFHOCTh PA3MHOXKEHHS M CO3PEBAHUS Y pas-
HBIX BHJIOB PaKoOOpa3HBIX BaphUpyroT. O3epa 3UMOI MpoMep3aroT 1Mod-
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TH MIOJHOCTHIO, OOJIBITMHCTBO IJITAHKTOHHBIX OPTaHM3MOB B 3TO BpeMs Ha-
XOIUTCSL B JMaray3e, KOMUYECTBEHHBIC XapaKTEPUCTUKU B ATOT MEPHUO.
OYCHb HU3KHU. B TeueHue yieta HAOIFOIAETCS HECKOIBKO MTUKOB B Pa3BH-
TUY TICNIATUYECKUX OMOIICHO30B 03€p, CBA3aHHBIX C HEPECTOM MAaCCOBBIX
BUJIOB IUIAHKTOHHBIX OpraHu3MoB. KonoBpaTku, HECMOTpPS Ha CpaBHH-
TEJIbHO OOJIBIIIOE YUCIIO OOHAPYKEHHBIX BUJIOB U BCIBIIIKA YUCICHHOCTH,
HE BHOCST 3aMETHBIX U3MEHCHUH B IMHAMUKY OMOMACChI TUIAHKTOHA BO-
Joema. JIast omoKUTEIHLHOM JUHAMUKH OMOMACChI IIJIAHKTOHHEBIX CO00-
IIECTB CTAPUUHBIX 03ep 0. CaMOMIOBCKUN BaXKEH TOT YCTOMYUBBIN meia-
THYECKUI KOMIUIEKC, KOTOPBIH (hOPMUPYETCS C y4aCTHEeM KPYIHBIX PaKo-
00pa3HbIX, TakuX Kak Diaptomus glacialis, Heterocope borealis v Daphnia
pulex. CocTaB KOMILICKCA MMOCTOSHEH B TEUEHHE IMOYTU BCETO JIeTa, Ha-
OromaeTcst UMb CMEHA JJOMHHUPYFOIIUX BUJIOB.
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STRUCTURE OF ZOOPLANKTON CENOSIS OF OXBOW LAKES
ON SAMOILOVKY ISLAND (SOUTHERN PART OF DELTA LENA
RIVER, SAKHA-YAKUTIA)

A. V. Ananjeval, E. N. AbramovaZ, N. V. Shakurova!

" Kazan Federal University
? Lena Delta Wildlife Reserve

The structure of zooplankton cenosis of two oxbow lakes (South and North) on
Samoilovsky Island was studied. The greatest abundance and biomass of zoo-
plankton was observed for South Lake in early June, and for North Lake — in
the middle of July. Crustacea dominated among the other groups (54 %). The
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abundance and biomass of Cyclopoida dominated among Crustacea of the both
lakes. Zooplankton cenosis of South Lake and North Lake included eurytopic
species (eg, Keratella cochlearis, Notholca acuminata, Cyclops strenuus, Daph-
nia pulex), and stenotopic boreal species (Cyclops kolensis, Heterocope borea-
lis, Leptodiaptomus angustilobus). In the context of taxonomic biodiversity the
planktocenosis of the two oxbow lakes are rotatoria-copepodal type.

OCOBEHHOCTH I'MAPOJIOrMYECKOI MOJEINA
CE-QUAL W2

A. JI. ApakenbsiHI

Mocxkoeckuii cocyoapcmeennvtii yHugepcumem um. M. B. Jlomonocosa

PaccMoTpeHbl 0COOCHHOCTH TIPUMEHEHHSI JIJISl PACYETOB THUPOIKOJIOTH-
YECKOTr0 PeXMMa BOJOXPAHUJIMIL THIPOJAUHAMUYCCKOM, TBYXMEPHOU B
BepTuKanbHON uiockoctn mMofenu CE-QUAL W2. KamuGpoeka u Be-
pUdUKaIKsT MOACTH MPOBEICHBI 110 JaHHBIM MOJIPOOHBIX HAOJIIOICHUIN
Ha Moxaiickom Bomoxpanwmnuiie B 1983, 1984 u 2012 rr. MonenbHbIe
pacueThl aJIeKBaTHO BOCIIPOU3BOMIAT TUAPOJIOTHUCCKHI PEKUM BOJIOXPa-
HWINIA B TeUCHUE Oe3efocTaBHOrO nepuonaa. Haubosbiime morpei-
HOCTH pacyera TeMIleparypbl 1 MHHEPAJIM3alliU BOJBI B JICTHUN TIEpU-
O]l BBI3BaHbI PACCUMTAHHBIMUA MHTEHCUBHBIMU JIPE(POBBIMH U KOMITCH-
CAIMOHHBIMU TEYEHUsIMU. Hu3Kas TOYHOCTHh pacuera yKJIOHOB BOJHOM
MOBEPXHOCTH MPHUBOAMUT K OIIMOOYHOMY BOCIIPOU3BEICHUIO HHTEHCHUB-
HBIX CTOHHO-HATOHHBIX sIBJICHUN. )i yBEIMUYCHUS] TOYHOCTH MOJIEIh-
HOTO pacyeTa HeoOXOIMMO YCOBEPIICHCTBOBATh AJITOPUTM OTIPEICICHHS
MOJIOKEHUST KPUBOH CBOOOIHOM MOBEPXHOCTH U CHU3HUTH UyBCTBUTEIb-
HOCTh BHYTPEHHETO BOJIOOOMEHA K BETPOBOMY BO3JICHCTBUIO.

HeOI[HOpOI[HOCTI) U U3MCHYMBOCTb BOJAHBIX 3KOCUCTCM IPUBOAUT K
HCO6XOI[I/IMOCTI/I CO3JaHHsA UX MAaTCMAaTUYCCKHUX MO,Z[CJIGP'I AJIsL pCHICHU
HAyYHBIX W NPAKTUYCCKUX 3a1a4. O,I[HaKO IIpHU YBCJIIMYCHUU KOJINYCCTBA
BOCIIPOU3BOAUMBIX NPOILECCOB YBCIIMYMUBACTCS CIOKHOCTD aJITOPUTMOB
pacucTa. 2T10 MIPpUBOAUT K HCO6XOI[I/IMOCTI/I HCCIICA0BAaHUA TAKHX MOJC-
Jen JUIA OOCHKH UX aICKBATHOCTHU IIOCTaBJICHHOM 3aaaqe.
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JIByMepHbIE THAPOJIOTHIECKHE MOACIH B HACTOSIILEE BPEMSI IIUPOKO
MPUMEHSIIOTCS JUIsl JOJIMHHBIX BOJIOXPAHWIIHIL, T€ TPEBBIIICHUE JJTHU-
Hbl HaJl IIMPUHOW IO3BOJIAET MpEeHeOperaTh M3MEHYMBOCTHIO Xapak-
TEPUCTHK IO HIMPHHE BojoeMa. B Momensx 3Toro THma BOZOXpaHUIIU-
111 MPEJICTaBISIETCS B BUJIE OTCEKOB U CIIOEB, Pa3/EIAIOIINX BOJOEM IO
JUIMHE ¥ TITyOMHE COOTBETCTBEHHO, 00pa3ysl pacueTHbIC siueiiku (OOKCHI).
CE-QUALW2 (CQW?2) — 3T0 01Ha U3 CaMBIX U3BECTHBIX THAPOJIOTHYE-
ckux moneneit nannoro tuna [Cole, Wells, 2013]. Ilemsto qanHoit pabo-
ThI 0bLT0 MpuMeHnTh CQW?2 11718 pacueTa XapakTepUCTHK THAPOIOTHYIC-
CKOTO peknuMa MoXalCKOro BOAOXPAaHMIIHILA, OLEHUTh €€ BO3MOXKHO-
CTH, HEJOCTAaTKH U CreHuHuIecKrue 0COOCHHOCTH Bepu(pUKANM U Ka-
TOPOBKH.

CQW?2 Bxuirogaer B cebs qBa ONoKa: TMAPOAWHAMHYECKHNA M Kade-
CTBa BOIBL. B rumponmHaMuueckoM OJ10Ke MPOBOJUTCS pacueT MOIoKe-
HUsI BOAHOW MOBEPXHOCTH, CKOPOCTEH TEUEHHs M TEMIIEpPaTypbl BOABI.
brok kadyecTBa BOJBI MO3BOJIAET MPOBOAUTH pacueT TpaHCc(OpMaluu
OobIIoro KoianuecTBa xapakrepuctuk Boasl [Cole, Wells, 2013], Ho B
JaHHOW paboTe paccMaTpUBaCTCs TOJIBKO €€ MUHEpaTU3alHs.

Moskalickoe BOAOXpaHHJIMILE TPEICTaBICHO B Buae 18 oTcekos,
MOJICJICHHBIX Ha CJIOM TOMIIMHOW B 1 M. HuxkHsisl TpaHuIia MPHIIOHHO-
ro cjosi Haxoautes: Ha Beicote 160,5 M. I[Ipu HOpMaIbHOM HOAIOPHOM
ypoBHe (183 M) pacueTHas cxeMa BOJOXPaHWIIHIIA COCTOsIIA U3 246 siue-
ex. B CQW2 kaxneiii 60Kc mpencTaBiseT co0oil MpsIMOYTONBHBINA Ta-
pamenenunen. Ero o0beM u muomanm moBepxXHOCTEH rpaHeil paccuu-
TBIBAIOTCSI UCXO/S U3 JUIMHBI OTCEKa, CPEAHEH MIMPHUHBI ¥ BBICOTHI OOKCa.

KamubpoBka Mojenu mnpoBOAWIACH [0 JIAHHBIM  HAOMOICHUI
1983—1984 rr. [ Apakenbsiuil, 2015]. [lns Bepudukauu MoeIIv UCIIOIb-
30BaJINCH JaHHbIe 10 rHAPOIOro-THAPOXUMHUYECKUX ChEMOK, IIPOBEACH-
HeiX B 2012 1. CpenHexBaapatuueckasl norpemHocts pacuera (S, °C)
TeMriiepatypsl Boasl coctaBuia 1,1 °C. B Tedenue pacuera S usMeHsiach
ot 0,6 °C (30 aBrycra) no 1,4 °C (17 mas u 26 urons) (puc. 1, a). Pac-
4eT MUHepasn3aalnuu Bojbl B 2012 1. ObLI IPOBE/ICH CO CPEIHEKBaApa-
TUYECKOH morpemmHocTeio 8,1 mr/in. Hanbonpmme norpemHocTy pacye-
Ta MUHEpaJIM3alUY BOJbl OBUIN TIOJYYEHBI BO BpeMs JiefjocTaBa: 57 u 46
mr/a 25 mapta 2012 . u 13 suBaps 2013 1. coorBeTcTBeHHO (pHC. 1, 0).
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Puc. 1. CpenHekBaapaTuyecKasi MOTPeNIHOCTh pacyeTa TeMIepaTypsl
(a) u muHepaau3anun (0) BoAbI (YUCIIO Tap 3HAUYCHUH m3MeHseTcs oT 103
22 wrons 110 229 26 urons 2012 1.)

B nepuos BeceHHETo M JIETHETO HarpeBaHusl MOJICIIbHBIN pacdyeT Boc-
MIPOU3BOIUT TEPMHUUECKYIO CTPYKTYpPY JOCTaTOYHO TOUHO (pHuc. 2).
a) 6)
H,MBC H,MBC

181 4! 181 b2

176 /// 176 -
171 // 171 7/

161 +———————7,°C 161 —_—
7 11 15 19 23 27 7 11 15 19 2

I,°C

Puc. 2. BeprukajbHoe pacnpenejieHue TeMiie-
patyps! Boabl 11 utons (a) u 21 uroas (0) 2012 .
B oTcexkax Ne 15 u 17 coOTBeTCTBEHHO:

1 — nannbie HaOmroneHM; 2 — CQW2

B HEKOTOphIX ciydasix MPOU30IUIO PE3KOe YBEIHYCHUE TTOTPEITHO-
CTH pacueTa TeMIIepaTypbl i MUHEPAIU3aIUU B OTACIILHBIX OTCEKaX BO-
nmoxparmumia. [Ipexae Bcero 3to mposBisiock 4 uions 1983 ., kor-
Jla pacCUMTaHHas M0 MOJEIM TeMIIepaTypa BOJbl B MPUIOHHBIX CIIOSIX
OTCEKOB B BEPXOBBSX BOJOXpaHWIHINA monydmiack Ha 5—10 °C Hmke
HAOJIFO/ICHHOM BCIICACTBUE TCUCHUH, 3aBUCSIIUX OT THIPOMETECOPOJIOTH-
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YECKUX YCIIOBUI M HANPABICHHBIX U3 IICHTPAIBHBIX OTCEKOB BOJIOXPa-
HWINIIA K BEPXOBBIM OTCEKaM.

CornacHo MojienbHOMY pacueTy 28 mast 1983 . Moskalickoe Booxpa-
HWIAIIE OBUIO YCTOMYMBO CTPATH(HUIIMPOBAHO TIO BCEH JITMHE, KPOME
BepxoBuid. Temmneparypa BOJIBI TUIIOJUMHHOHA B IIEHTPAIBHOM M IPH-
TUTOTHHHOM paiioHaX BojoxpaHwimiia coctarisiia 5S—8 °C (puc. 3, a).

7 a) 0)
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gy ——
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s T
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Puc. 3. Paccuntannoe no CQW2 pacnpenaeieHue cpeIHUX 3HAYeHUil B
0okcax Temmnepatypsl Boabl, °C (a) 4 cKOpOCTH TeyeHHii, M/c (0) (moso-
JKUTEJbHbIE 3HAYEHHS YKA3bIBAIOT, YTO TeYeHUE HANPABJIEHO K MJIOTHHE)
B 12:00 28 mas u pacnpeaeeHne TeMnepaTypbl Boabl (B) H CKOPOCTH Te-
yenuii (r) B 12:00 1 urons 1983 r.

C 27 no 30 mas 1983 1. neiicTBOBaJ I0KHBIN BETEp, HANPABICHHBIH
OT TUIOTHUHBI K BEPXOBBSIM BOAOXPAHMIIHILA, CO CPEITHECYTOUHON CKOPO-
cThI0 4 M/c. 28 mast 1983 1. o pe3ynbraraM MOJICIBLHOIO pacyeTa B BOJIO-
XpaHWIHILE JISHCTBOBAJM 1B KPYITHBIX TEUCHHUS: IOBEPXHOCTHOE Teue-
HHE OT IJIOTHHBI K BEPXOBBSM U INyOMHHOE, HAITPAaBJICHHOE B 0OPaTHYIO
CTOPOHY M 3aXBaTbhIBaIOIIEe BCIO OCTAIBHYIO 4acTh Bogoema. [Ipu aTom
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paccUMTaHHBIA YPOBEHb BOJBI B BEPXOBBAX Ha 2 CM MPEBBILIAN YPOBEHb
BOJIbl Y TUIOTHHBL. TeueHne Ha MOBEPXHOCTH JIEHCTBOBANIO IO BCE AJH-
HE BOJIOXPaHWIIHIIA U UMeENI0 MecTaMu ckopocth oT 0,09 m/c 10 0,14 m/c.
[log HUM B SMHMIAMMHUOHE HAa TTyOMHE 3—7 M pacyeToM ObLIO MOIyye-
HO TEYEHHE C MaKCUMyMOM ckopoctu okoiio 0,1 m/c B otcexax Ne 2—5.
[To mepe mpubnMKeHUs K IIIOTHHE OHO 0CIa0eBaio JO HECKOIBKHUX CM
B CeKyHIy. HuwxHue ciou, pacronokeHHbIe B TUIIOJIMMHUOHE, OXBaThI-
Basio ryOuHHOE TeyeHue (puc. 3, 6). [IponomkuTensHoe neiicTBUE Be-
Tpa I0r0-BOCTOYHOIO HAIPABJIEHUS OT IJIOTUHBI K BEPXOBBSM, CHIBHOE
TEYEHHUE B TIOBEPXHOCTHOM CJIO€, COBIAJIAIOIIEE C HAIPABICHUEM BETPA,
MEPEKOC BOAHOI MOBEPXHOCTH B CTOPOHY BEPXOBBEB IPU MAJIOM pacxo-
JIe BOJIbI B IPUTOKE, a TAK)KE HE3aBUCUMOCTh CKOPOCTH ITOBEPXHOCTHOTO
TEYEHUs OT I'PaJMEHTA TUIOTHOCTH BOABI YKa3bIBAIOT HA TO, YTO MOBEPX-
HOCTHOE TeUeHHUe — apeidoBoe, a MoJ HUM — KOMIICHCALIHOHHOE.

OnucaHHOe pacnpeiefieHne TeMIEepaTypbl BOAbI U CTPYKTypa TEUEHUH
COXPaHSUTUCH B BOAOXpaHMWIHUILE Oe3 M3MeHeHuH 10 31 Mast, Korjia Harpas-
JIEHHE BETpa CMEHWJIOCHh C FOr0-BOCTOYHOIO Ha 3alajiHOE, a €r0 CKOPOCTh
ymana j1o 3 m/c. O6mmast 061a4HOCTh YMeHbImIach ¢ 10 1o 6 6aywios, cpea-
HsIsl TeMIIepaTypa Bo3dyXa ocTajiack IpumepHo paBHO 16 °C. Pacxonsl
BOJIbI MIPUTOKOB HE MpPEBBICHIM 3,5 M’/c. OnHAaKO HEOOMBIIOE U3MEHEHUE
THIPOMETEOPOJIOTMYECKUX YCIOBUH 3HAYUTENBHO M3MEHWIO PAaCCUMTaH-
HYIO TEPMUYECKYIO CTPYKTYpY BopoxpaHmuina. [lo pesyiasraram Mozesns-
HOro pacyeta 1 utoHst 1983 . BomoxpaHUIuILEe cTajao yCTOWYUBO cTpaThdu-
LIMPOBaHHBIM IO BCeW JUTMHE. B BEpXOBBIX OTCEKax Temreparypa BOJbl Ha
noBepxHocTH cHu3mack ¢ 20 10 19 °C u va nryoune 3—6 M copmupoBai-
Cs1 CJION TEMITEpaTypPHOIo CKavKa C BEPTUKAIBHBIM I'PAJUEHTOM TeMIIepary-
pbL, octuratommm 7 °C/m. Temneparypa NpHIOHHBIX CIIOEB BEPXHUX OTCE-
KOB CHM3MIach 10 5—8 °C u cTana npuMepHO paBHOM TeMIepaTrype TUIo-
JMMHUOHA CPEIHEN 1 HIDKHEH JacTel BojpoxpaHumiia (puc. 3, B).

1 MIOHS B IBYX BEPXHUX CJIOSIX BCEX OTCEKOB JIEHICTBOBANIO TEUEHNE, Ha-
MIPABJIEHHOE OT BEPXOBBEB K IUNIOTHHE. MaKCcUMalbHbIE CKOPOCTH Ha I0-
BEPXHOCTH yBEIMYMBAIKICH 110 Mepe MpuOImKeHus K miaotune ot 0,06 m/c
B orceke Ne 2 10 0,1 m/c B orcekax Ne 16—18. OqHOBPEMEHHO C 3TUM Ha
m1youHe oT 3 10 12 M Bozja B ciioe TeMIIEpaTypHOTrO CKayKa ABHUIalach
B CTOPOHY BEPXOBBEB CO CKOPOCTHIO, AocTturaromeit 0,07 m/c. B Gonee
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DTyOOKHUX CIOSIX BOJA ABHTallach MO HAIIPABJICHHUIO K IMJIOTHHE CO CKOPO-
ctpio 0,01—0,03 m/c (puc. 4, 6). [IpeBbilieHre ypOBHA Y TJIOTHHBI HaJl
BEPXHHUMH OTCEKaMH MIPH 3TOM COCTABHUIIO BCETO 5 MM.

Ah, cm
3 >
0, '/ v, M/c
200 14
12
150 ;0
6
100 - 4
2
0

50

0 -6
Mapr Hrose Oxts6ps SuBapes Anpens HMrions HosiGps
1 2 3

Puc. 4. CpeaHecyTouHBbIii CyMMapHBIii pacxosn
MockBbl-pekn u Jlycsinku (1), cpeaHecyTro4yHast
CKOpPOCTH BeTpa (2) U pacCCYUTAHHAS PA3HULA BbI-
€OTHI YPOBHS BOJbI M€Ky MPUMJIOTHHHBIM I1J1€COM
U BepXoBbsiMH BogoxpaHuianma (3) B 1983-1984 rr.

TakuM 00pa3oM, BCIIEACTBHE CMEHBI MPOJIOIBHON BETPOBOM IUPKY-
JSIUH BOJ Ha MPOTHBOIIOIOXKHYIO TOJ] EHCTBHEM KOMIIEHCAIIMOHHO-
ro Te4YeHUs | MIOHS B BEPXOBYIO YacTh BOJAOXpaHWIUINA OynTo OBI Iie-
peMecTHIach XOJIOIHAs BOAA TMIIOIMMHHOHA OTCEKOB IIEHTPAIFHOTO U
MPUITIOTUHHOTO pailoHOB. B pesynprare pasHuia MeX Iy H3MEpPEHHBIMH
n paccuntanHbIMA TT0 CQW?2 3HaueHUsIMHU TeMIepaTypbl BOABI 4 HIOHS
1983 1. mocturna 10 °C B runonumHnOHE oTceka No 3.

CormacHo MOJETBHOMY pacyeTy BETPOBBIC JCHUBEISAINH, U3MEHS-
IONIHE CTPYKTYPY TEUEHUH 10 BCEH JUTMHE BOAOXPAHIIIHUING, (OPMUPY-
I0TCSI O4eHb OBICTPO, B TEUECHHE HECKOJBKHX PACUETHBIX YacoOB. boib-
10€ BIHMSHHUE BeTpa Ha BHYTPEHHUN BOIOOOMEH 00yCIIOBIEHO TEM, YTO
paccunTaHHas KpUBasi CBOOOIHOM MOBEPXHOCTH BOJIBI MPAKTUYECKH IO~
pPHU30HTaJbHA HA MPOTSHKEHUH BCETO rofa. ITO MPOTHBOPEUUT JaHHBIM
HAOJIOIEHHH, COTJIACHO KOTOPBIM TaJIeHHE YPOBHS BOJIBI 1O yinHE Mo-
JKaliCKOTO BOJOXPAHWINIIA 3aBUCUT MPEXKIE BCErO OT PACXOAOB BOBI
puToKoB U cocTapisieT 20—80 cm npu yxitore 0,02—0,08 %o [ Komrutexc-
HBIE HCCIIeA0BaHUS. .., 1979].
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[lo pesynbratam MOIEIUPOBAHUSI YKJIOH BOJHOH MOBEPXHOCTH Obl-
CTPO U3MEHsIETCS MO BO3JEHCTBUEM BETpa, HO MPU 3TOM OH OCTAaeTCs
HEYYBCTBHUTEJIEH K BOMHOCTH IMIABHBIX MPUTOKOB (pUC. 4) U JUCKPETHO-
CTH pacueTHOMN CETKH.

IIpu pacuere nmo rugpomereoposorndeckumM yciaosusm 2012 r. Bius-
HUE BETPOBBIX JEHUBEIAIMI Ha pacrpesiesieHHe TeMIepaTypbl 1 MHUHe-
panu3ayy BoJbl HE TPOSBUIIOCH. DTO CBA3AHO C TEM, YTO AUCKPETHOCTh
METEOPOJIOrHYeCKOi MHpOpMaLMK cocTaBuiaa 3 4, a He | CyTKH, Kak B
1983—1984 rr. bonee yacras cMeHa HaIpaBJIE€HUS U CKOPOCTH BETpa He
N03BOJIsIa cPOPMUPOBATHCS LUPKYISIIMSM, OXBATHIBAIOLIMM BCIO AJTHHY
BOJIOEMA.

l'unponoruyeckas moaens MoxkaiicKoro BOAOXpaHWIMILA TPEACTAB-
nsieT co0oi 3 (HEeKTUBHBIN HHCTPYMEHT JIJIsl pEIlICHHS HAyYHBIX U TIpaK-
THUYECKUX 3a/1a4, KaCaroIMXCsl JOJUHHBIX BOJOXPAHMINL, OHAKO Tpe-
OyeT BBICOKOM IMCKPETHOCTH METEOPOJIOTMUECKUX JAaHHBIX U COBEp-
LICHCTBOBAHHUS AJITOPUTMa pacyeTa MOJI0KEHHUs KpUBOWH CBOOOAHOM 110-
BEPXHOCTH BOJOXPAHWINIIIA.
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The paper deals with the application of two-dimensional laterally averaged,
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verified model utilizing data collected on the Mozhaysk reservoir in the years
of 1983, 1984 and 2012. The model performed well in simulating the thermal
stratification regime and distribution of total dissolved solids. Meanwhile, big
errors for backwater slope predictions induced strong currents, which affected
distribution of temperature and total dissolved solids. As a result, these cur-
rents seriously reduced the quality of the simulation. We conclude that the
model's algorithm should be improved in order to make better backwater slope
predictions and to reduce impact of wind on the thermal stratification regime.

KPUTEPUU HOPMUPOBAHUSA AHTPOIIOT EHHOM
HATI'PY3KH C YYETOM IIPUPOJHBIX OCOBEHHOCTEN
BO/JIHBIX OFBEKTOB

K. B. bBecnajoBa

Hnemumym sxonoeuu Bonocckozo 6acceiina PAH

ITo maHHBIM MHOTOJIETHUX HAOIIOAEHUHA Ha BOAHBIX 00bekTax HidkHen
Bouiru paccuntanbl peruoHajabHbIE IOMYCTUMbIE KOHUEHTPALUK JIJIsl BE-
LIECTB JABOMHOTO reHesuca. [losmyyeHHble HOpMAaTUBbI KauecTBa BOJIbI
YYUTBHIBAIOT MPUPOJHBIE OCOOCHHOCTH (POPMHUPOBAHUS KaueCTBa BOJ U
MpEeUIaratoTcs JAJisl UCIOJIb30BaHUs B KAUECTBE KPUTEPUEB HOPMHUPOBA-
HUs cOpoca 3arpsI3HSIONIMX BEIECTB B BOJHBIC OOBEKTHI.

Ha xpymHbIX Bomoxpanwimmmax HwxHelt Bonru ocobyro TpeBory
BBI3BIBACT OPraHUUYECKOE 3arps3HEHHE, 00yCIOBICHHOE YpEe3MEPHBIM
cOpocoM OMOTEHHBIX BEIIECTB B COCTABE CTOUHBIX BOJ, YTO MPH 3aMe/-
JICHHOM BOJHOM OOMEHE BBI3BIBAET MAacCOBOE Pa3BUTHE BOJAOPOCICH U
YXyALICHUE KauecTBa BOJbl MCTOYHMKOB HMHUTHEBOTO BOJOCHAOKCHHUS
[Cenesnesa, 2007]. Bmecte ¢ TeM oduuuanbHble HICTOYHUKH yKa3bl-
BAIOT Ha 3arpsi3HCHUE BOJKCKOM BO/IBI ME/IbIO, IMHKOM M MapraHLeM.

OpHa U3 NPUYUH CIOKHUBIIEHCS CUTyallMM — 3TO HECOBEPIIEHCTBO
METOIUKHM pacueTa HOpMaTHBOB jpomyctumoro copoca (HIC) 3arpss-
HSOIUX BEIIECTB B BOAHBIC 00BEKTHI [MeTonuKa..., 2007]. B Hacrtos-
1Iee BpeMsl B KaUeCTBE KPUTEPHUEB TP HOPMUPOBAHUH cOpOCa BELICCTB
JBOWHOTO TEHE3UCa MCIOJIb3YIOTCS NMPEIebHO JOMyCTUMbIE KOHIICH-
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tparuu (1K), KoTopbie SBISFOTCS OAMHAKOBBIMU JJIsi BCEH TEPPUTO-
pun PO, 3aBUCAT TOJBKO OT BHJA BOAOIOJB30BAHUSA U HE YUUTHIBAIOT
MIPUPOHBIX OCOOCHHOCTEW BOJHBIX 00BEKTOB. B pe3ynbrare ycraHapmu-
BAaIOTCS OLITMOOYHBIC TPUOPUTETHI IPU YIIPABICHUU aHTPOIIOTCHHOW Ha-
rpy3KOii Ha BOJHBIC OOBEKTHI.

ABTOpOM TIpeJyTaraeTcsi pyu HOPMUPOBAHUU cOpOCa BEIECTB JBOHHO-
ro reHesuca BMecto [1J[K, ycTaHOBIEHHBIX Ha OCHOBE J1a00PATOPHBIX IKC-
MIEPUMEHTOB, KCIIOJIb30BATh PETHOHAIBHBIE JOIYCTUMBIE KOHLEHTpaluU
(PIK), monmy4eHHbIe 110 JaHHBIM MOHUTOPUHTA BOIHBIX OOBEKTOB.

PernonanbHoe HOPMUPOBAHHWE OCHOBBIBAETCS HAa YUYETE NPUPOAHBIX
ocobeHHOCTeH (hopMupoBaHust kauecTsa Boja. OCHOBHAS LIeib Pa3padoT-
ku PJIK cocTtouT B TOM, 4TOOBI aHTPOIIOTEHHOE BO3JICHCTBUE HE TIPUBO-
JIWIO K HAPYIICHUIO HOPMAJILHOTO (PYHKIIMOHUPOBAHUS BOIHBIX YKOCHU-
CTEM M YXYJALICHHUIO KaY€CTBA BOJBI.

B xaxxom oTnenpHO B3STOM OacceliHe Win ero 4actu (popMupyercs
0COOEHHBII COCTaB BOABI, CBOWCTBEHHBIN JaHHOW BOJOCOOPHOH TeppH-
TOPUU U 3aBUCSIIUN OT MPUPOIHBIX YCIOBUMA. YCIOBUS (POPMUPOBAHUS
XUMHUYECKOTO COCTaBa MOBEPXHOCTHBIX BOJA B Oacceiitne Hwxuerr Boi-
T'Y CYLLIECTBEHHO OTIIMYAOTCS U 3aBUCSAT, IPEXKIE BCETO, OT KJIMMAaTa, pe-
nbeda, THAPOTEOTOTHYSCKUX 0COOEHHOCTEH U pacTuTelbHOCTH [Pecyp-
CHI..., 1971].

I'eorpaduueckoe monoxenne Oacceitna Hiokueit Bonru, 3Hauntens-
Hasl €ro MPOTSXKEHHOCTH B ILIMPOTHOM HAIMPABIEHUU OMPEAENSIOT Pa3HO-
o0Opa3ue KIMMaTn4ecKux yciaoBuid. B ero mpenenax HaOmromaeTcs cMme-
Ha KJIMMaTUYECKUX 30H OT JOCTATOYHO BJIAXKHOTO KJIMMaTa CEBEPHOM ya-
CTHU J0 3aCyLJIMBOIO KOHTMHEHTAJIBHOIO KJIMMAra MYCTbIHb B HOXKHOM
€ro YacTH.

IIpu TakoMm pazHOOOpa3uu MPHUPOJHO-KIMMATHYECCKHX YCIOBHH B
Oacceiine Huxnelr Boiaru coBepIieHHO OYEBUIHO, YTO KOHIICHTPAIIHSI
XUMHUYECKHUX BEIICCTB JABOWHOIO IeHE3UCa B PA3IMUHBIX PEYHBIX Oac-
celfHaX MOXKET M3MEHSThCS B INMMPOKHX Mpenenax. Haubonee xoporio
M3yYeHBI 3aKOHOMEPHOCTH (DOPMUPOBAHUS HEOTHOPOIHOCTEH IO MUHE-
panu3anuu Boj. KoHIleHTpalust 1 pe:KuM OpraHMueCKUX U OMOTCHHBIX
BEIIECTB, COJIECPKAIIMXCS B BOJHBIX O0BEKTaX, H3YUYCHBI TI0 CPABHEHUIO
C MOHHBIM COCTaBOM 3HAUUTENBHO Xyke [Anexkun, 1970].
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B cooTBeTcTBHU € U3BECTHBIMU METOAMYECKUMHU pazpadoTkamu PIK
PacCUMTHIBAIOTCS IS OINPEEIEHHOTO BEIECTBA B KOHKPETHBIN IMIpO-
JIOTUYECKUM CE30H MO AJaHHBIM MOHUTOpHUHTa [Cene3nes u np., 2014].

Teppuropus Gacceiina Huknelt Bonru pasnenena opranamu BogHoro
KaJacTpa Ha 28 BOJOXO3AHCTBEHHBIX yyacTKoB. Kakaplil ydyacTok oxBa-
TBIBaCT BOJOCOOp OmpezieieHHoro orpeska Bonru nubo oraensHbie Oac-
CeifHbI ee KPyMHBIX NPUTOKOB. [IouTn Ha BceM cBOEM MPOTSKEHUU PYCIIO
Bonru B HMXKHEM CBOEM TEUEHHMH 3aperyIUpOBAHO TPeMs KPYITHBIMU BO-
noxpanuiuiamu: Kyiiosimesckum, CapatoBckuM 1 Boirorpagckum.

B kauectBe 00BexTOB st paspaborku PJIK B Oacceitne Hwuxneit
Bounru u3 28 yuacTkoB BeIOpaHbl: yyacTok 2 (peka Illemva), yaactok 6
(pexa Coxk), yuactok 14 (pexa Mansiit Uprus), yuactok 19 (pexa Te-
pemika), yuactok 15 (CaparoBckoe) u yuactok 22 (Bonrorpaackoe) Bo-
JOXpaHWiniia. BelOpaHHbIe y4acTKH OXBATBHIBAIOT Pa3IHYHbIE TPUPOLI-
HBIE ycIIoBHs (OPMUPOBaHUS KauecTBa BoJ B Oacceitne Hmwxkuelt Bonru.

WcxonnbsiMu nanHbiMu 17151 pacueTa P/IK Ha yka3aHHBIX yyacTKax Io-
CITy’KWIIM JJaHHBIE CUCTEMAaTHYECKUX TUAPOXUMHUUECKUX HAOIIONCHUH B
nepuog 2006-2009 rr. Ha ocHOBEe COBMECTHOTO aHAIN3a JaHHBIX 33 Pac-
XOZlaMU U TeMIIepaTypoil BOJABI BBIJICIEHBI T'MJIPOJIOIHYECKHE CE30HBI:
3UMHSISI MEXKEHb (1eKaOphb, SHBaph, (heBpajb U MapT); BECEHHEE TT0JIOBO-
Ibe (ampenb, Mai, UIOHb); JIETHE-OCEHHSS MEXKEHb (UIONb, aBIyCT, CEeH-
TS0Pb, OKTAOPH U HOSIOPB).

B nanHoli cTarbe mpeacrasieHs! pesynasrarsl pacueta PIK mo cre-
JQYIOLIMM MOKa3aTesisiM: Cynb(aTbl, aMMOHUH, HUTPUTBL, HUTPATHI, ME/Ib,
LMHK, OPraHWYeCKHe BELIECTBA [0 HHTETPaJbHBIM ITOKa3aTeNsM, OHOXH-
muyeckoe norpednenne kucaopona (BIIK,), xumuueckoe norpebienue
kucnopona (XIIK).

Pexa lllewma (yuacmox 2). Jlnuna pexu — 259 kM, momaap dacceii-
Ha — 6,04 TbIC. KM% Peka sBisieTcst JeBbIM MPUTOKOM KyHOBIIEeBCKOTO
BOJIOXPAaHWJINIIA U BHajaeT B ero KaMckyro BeTKy HUXe ycTbd p. BAT-
ku. bepet Hauano Ha ByrynsMmuHcko-beneGeeBckoli Bo3BbIlIeHHOCTH. B
peky Bnagaet 69 mputokoB. Pacxon mexxeHu B ycthe 8,8 M*/c.

Pexa cpenneit BogHocTH. IluTaHme NpPEeMMYIIECTBEHHO CHETOBOE,
a TaKke MOA3EMHOE M JoXkIeBoe. Boma B peke ruapokapOOHATHO-
XJIOpUIHO-KaJIbLIeBasi, cpeaneil munepanuzauuu, 200—-400 mr/m, Bec-
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HOW ¥ moBkimieHHOH, 600—700 Mr/i, B MexeHb. B MeXECHHBIN Tepuoj
peKa OTJINYaeTcss BBICOKMM MOA3EMHBIM NHUTaHueM. CTOK peKH 3apery-
mupoBaH. OTINYaeTCcs MOBBIIIEHHBIM I'PYHTOBBIM CTOKOM.

Pexa Cox (yuacmox 6). Pexa siBngercst neBbIM puTokoM Caparos-
CKOro Bojoxpanwnmuma. JnuHa pexu — 375 kM, miomans Bogocoopa —
11,7 Teic. kM2 beper Hayano Ha 3amagHBIX CKJIOHaX byrympMuHCKO-
BeneGeeBckoli BO3BBILICHHOCTH. Ha cBOeM MPOTSH)KEHUH peKka NpuHUMA-
eT 53 nmpuToKa, IIaBHBIA NPUTOK — npaBodepeskHas p. Kongypua. Cpen-
HUIl pacxon BoAwl y BojoMmepHoro nocra c. Kpacuslit SIp cocrasnser
38,4 m3/c. Ins Oacceiina p. Cok XapakTepHO OOWIIME MOI3EMHBIX BOJ,
MPUYPOUEHHBIX K BOJOHOCHOMY T'OPHM30HTY Ka3aHCKOTO M TaTapcKOro
apycoB. [T1yOuHa 3aneranust BOA B 3aBUCUMOCTH OT pelibe(a MEHSETCS
oT 5-12 no 30-50 M. Pe3ynsraTsl pacuera ce3oHHbIX 3HaueHui PIIK mo
Oacceitnam pek llemma u Cok npeactaBineHs! B Ta0. 1.

Pexa Manwiti Upeus (yuacmox 14). Pexa sSiBIsieTCsl JIEBBIM IIPUTOKOM
CaparoBckoro Bojoxpanwiuiia. J[nuna ee cocrasmnser 203 km, miomanb
BogocOopa — 3,9 Teic. kM2 beper Hauano B orporax Kamennoro Ceip-
Ta Ha Teppuropun Camapckoii obnactu. JlonuHa peku 10CTaTOYHO YeT-
KO BbIpakeHa. Pyciio cuiibHO M3BMIINCTOE, OCHOBHBIE TPUTOKH — CyXoii
Wprus, Yepnasa, Kpacnas, Kyneunxa, Crepex.

Taomuua 1. Ce3onnsbie 3nauenusi PIK mus p. emma (y4. 2) u p. Cok (y4. 6)

SUMHSISt Becennee JleTHe-oceHHss
[Moka3zarenu KayecTBa MEKEeHb TOJIOBO/IbE MEKEHb
2 6 2 6 2 6

Cyxoii ocrarok, mr/mm® | 581,1 | 1299.4 480,3 782,9 501,1 | 1108,1
Xnopusl, Mr/am? 30,3 514 22,0 29,5 26,5 45,1
Cynbdarsl, Mr/am? 181,9 | 4893 141,9 315,9 152,6 440,5
Awmmonwii, mr N/om? 0,381 | 0,535 0,576 0,819 0,325 0,238
Hurpurst, Mr N/nm® 0,035 | 0,026 0,018 0,024 0,030 0,027
Hurparet, mr N/am? 1,65 1,95 1,36 2,03 1,54 1,29
docdarel, mr P/om? 0,101 | 0,134 0,064 0,097 0,108 0,080
BIIK_, mr O/mm? 1,42 2,55 4,92 4,33 3,12 4,29
XIIK, mr O/nm? 15,1 26,2 24,5 35,9 18,2 32,8
Keneso obuiee, mr/am® | 0,091 | 0,106 0,124 0,152 0,087 | 0,080
Menp, Mr/om? 0,003 | 0,005 0,003 0,004 0,002 0,005
uuk, Mr/om? 0,009 | 0,021 0,008 0,019 0,007 0,020
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Pexa Tepewxa (yuacmox 19). Peka spinsiercst mpaBbIM IPUTOKOM Bo-
rorpajickoro BojgoxpaHwidiia. JnuHa pexu coctasiger 270 kM, mio-
mane Bogocobopa — 9,68 Thic. kM2 beper Hayasio Ha 1ore YibSHOBCKOM
obnactu. B cpeanem u HIKHEM TEUEHUH XapaKTEepHBI TOMMEHHBIE Jieca,
o3epa-cTapullpl. Peka n MHOTHE ee IPUTOKH MOCTOSHHO MOJMUTHIBAIOT-
cs ponHruKaMu. Bosa B peke npo3padHasi, Xopolero kadectna. Mcmoms-
3yercs sl BOAOCHAOKEH U, opolIeHusl. Pe3ynprarsl pacueTa Ce30HHBIX
snauennid P/IK mo Gaccelinam pex Maunsriii Uprus u Tepemika npeacras-
JIeHBI B Ta0II. 2.

Taonauna 2. Ce3onnbie 3nauenuss PIAK nas pexk Maasiii Upruz (14) u
Tepeuika (19)

SuMHsIs Becennee Jlerne-ocennsis
TlokazaTeny KauecTBa MEKCHb MOJIOBO/IBE MEKCHb
14 19 14 19 14 19

Cyxoii ocrarok, mr/om® | 1092,0 | 625,0 618,8 366,1 938,8 | 554,1
Xopupl, Mr/am? 2925 36,2 1499 20,5 256,0 32,3
Cynbdarst, mr/mom? 182,5 169.,6 102.3 99,5 164.8 1543
Awmmonwuit, mr N/om? 0,532 | 0,363 1,029 0,550 0,570 | 0,306
Hurpurst, mr N/om? 0,048 | 0,074 0,041 0,058 0,029 | 0,065
Hurparst, mr N/am? 1,32 1,76 1,15 1,64 1,23 1,64
docdarel, mr P/om? 0,165 | 0,131 0,109 0,194 0,172 | 0,108
BIIK,, mr O/nm’ 4,63 4,31 7,45 4,76 5,99 5,84
XIIK, mr O/nm? 44,0 41,5 44,6 51,7 46,7 423
Keneso obwee, mr/av® | 0,138 | 0,144 0,173 0,190 0,120 | 0,138
Menp, mr/om? 0,004 | 0,004 0,005 0,003 0,003 | 0,003
Iusk, Mr/om? 0,006 | 0,010 0,007 0,009 0,005 | 0,007

Capamoscroe soooxpanunuwe (yuacmox 15). Ilnomans ygacTtka co-
craBisieT 8,64 Thic. kM2, BogoxpaHuuIie uMeeT eMKOCThb 12,9 kM, fitu-
Hy 357 KM, HanOOJBILYIO MIUPHHY 25 KM.

OCHOBHBIM PETYISTOPOM CTOKa siBIsieTcsl KylOpImeBckoe Bomoxpa-
HWINIIE, KOTOPOE CYIIECTBEHHO MepepacipeaeisieT CTOK BHYTpHU Toja,
3a/lep’KMBas BOAY B ITOJIOBOABE M TOCTEMEHHO OT/1aBasi HAKOIICHHEII 3a-
1ac B TEUEHUE MEKEHH.
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Boneoepadckoe eodoxpanunuwe (yuacmox 22). Inomane ydvact-
ka coctaBiger 29,1 Teic. kM?. EMKOCTH BOMOXpaHWIMINA COCTABISET
31,4 xv’. Jlnuna Bomoxpanwmuma — 540 kM, HauOoJblIas MHPHHA —
17 xm. Pe3ynbrarsl pacuera ce3oHHbIX 3HaueHn# PJIK nis CaparoBckoro
u Bonrorpackoro BogqoxpaHuiti MpeAcTaBiIeHbl B Ta0. 3.

Taoauna 3. Cesonnbie PIK CaparoBckoro (15) u Boarorpaackoro (22)
BOIOXPAHUJIHII

3uMHSSA Becennee Jletne-ocennss
[MokasaTeny KauecTBa MEXEHb MI0JIOBOABE ME)XEHb
15 22 15 22 15 22
Cyxoii ocrarok, mr/om® | 352,6 | 370,5 259,5 267,3 290,5 301,7
Xopupl, Mr/mom? 32,6 34,5 24,4 25,9 28,4 29,8
Cynbdarsl, mr/am? 79,8 85,1 57,2 60,4 66,2 70,4

Awmmonnii, mr N/om? 0,194 | 0,285 0,272 0,407 0,146 0,198
Hurputst, mr N/am? 0,026 | 0,035 0,024 0,026 0,016 0,017

Hurparst, mr N/am? 0,95 1,09 1,23 1,41 0,48 0,61
docdarel, mr P/am? 0,094 | 0,120 0,058 0,080 0,099 | 0,125
BIIK,, mr O/nm’ 1,80 1,95 3,49 2,71 2,80 3,03
XIIK, mr O/nm? 28,4 26,8 33,9 32,2 34,4 333
XKeneso obmee, mr/nm® | 0,070 | 0,102 0,134 0,141 0,056 | 0,075
Mensb, mr/om? 0,005 | 0,003 0,004 0,003 0,004 | 0,002
unk, Mr/om? 0,012 | 0,010 0,016 0,012 0,013 | 0,010

Brionne gonmycrumo Ha HadanbHOM 3Tane BHeapenus PIK oTkazarb-
Csl OT CE30HHBIX 3HAUCHHUU U TIEPEHTH K TOJOBBIM 3HAYCHHSIM, YTOOBI HE
ocymecTBiATh pacuetsl H/IC 1mo oTaensHBIM THIPOIOTHYECKUM Ce30-
HaMm. J{51st 3TOTo U3 ce30HHbBIX 3HaYeHnH P/IK BBIOHparOT MX MakCUMallb-
HBIE 3HAUCHUSI.

TTonyuyennsle 3Haduenus PIIK cynieCTBEHHO OTIIMYAKOTCS APYT OT IpYy-
ra Ha pa3JIM4HbIX y4acTkax B Oacceiine Hmxnelt Bonru. Jlnanazon u3me-
Henuii cocrasisier: 353—1300 mr/am® o cyxomy octarky; 30-293 mr/am?
mo xiopumam; 80-490 mr/nm® o cynbdaram; 0,27-1,03 mr N/am® mo
ammonwnio; 0,03-0,07 mr N/am® mo mutputam; 1,2-2,0 mr N/am® o au-
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tparam; 0,10-0,20 mr P/am® mo docdaram; 3,0-7,5 mr/am’ mo BIIK,;
25-52 mr O/mM® mo XIIK; 0,003-0,005 mr O/mm® mo memu; 0,007—
0,021 mr/om® no umHKy (Tadn. 4).

Taoauua 4. Cpaprenue 3nadyennii PIK u IIJIK ans yyactkos 2, 6, 14, 15,
19,22

PJIK
ITokazarenu kagecTBa > 6 12 A 19 G B IAK
Cyxoii ocrarok, mr/om® | 580 1300 1090 625 353 370 1000
Xopupl, mr/mm? 30 51 293 36 33 35 300
Cysbbarsl, Mr/am? 182 490 183 170 80 85 100

AMMonuii, mr N/am? 0,58 0,82 1,03 0,55 0,27 0,41 0,39
Hurpurst, mr N/nm? 0,04 0,03 0,05 0,07 | 0,03 0,04 0,02

Hurparst, mr N/am? 1,7 2,0 1,3 1,8 1,2 1,4 9,1
®docdaret, mr P/am? 0,11 0,13 0,17 0,19 | 0,10 0,13 0,20
BIIK,, mr O/nm’ 4,9 43 7,5 4,8 3,5 3,0 2,0
XIIK, mr O/nm? 25 36 47 52 34 33 15
Keneso obmiee, mr/nm® | 0,12 0,15 0,17 | 0,19 | 0,13 | 0,14 0,10
Menp, mr/om? 0,003 | 0,005 | 0,005 | 0,004 | 0,005 | 0,003 | 0,001
unk, Mr/om? 0,009 | 0,021 | 0,007 | 0,010 | 0,016 | 0,012 | 0,010

PIIK mpeswimator [1/IK mo cyxomy octarky — B 6acceline pek Cok u
Mansrit Uprus; mo cynbdaram — B 6acceitnax pek [lemma, Cox, Mamsiid
Nprusz u Tepemxka. ITo xnopunam PIIK cymectBenno Menbe ITJIK Ha
BCEX YUYaCTKax, 3a HCKJIIoUueHueM ydactka 14 (p. Mamsrnii Uprus).

ITo menn PJIK Ha Bcex yuyactkax B 3—5 pa3 npessimaet [1JIK, mo nun-
Ky TIpeBbIIIEHHEe MEHEEe 3HAYNTENIbHOE, HO HAOM0AaeTcs Ha BCeX yJacT-
Kax, kpome 2 (p. Ulemma) u 14 (p. Mansrit Uprus).

ITo oprannyeckum BemectBam (BIIK, u XIIK) PJIK mpesbimator
ITJIK Ha Bcex yuacTtkax. [Io OmoreHHBIM BeliecTBaM KapTHHA HE CTOJb
onHo3zHauHas. [1o aurpuTam u xene3y obmemy PJIK mpessrmatot 1K
Ha BCEX PAaCYETHBIX y4yacTKax, a 1mo ¢ocdaram m 0coOEHHO HUTpaTaMm,
Haobopot, P/IK mensme TT/IK.

B macrosmiee Bpems pacueT HopMmarua gorryctamoro copoca (HIC)
JUTSL BELIECTB JIBOITHOTO reHe3mnca ocymectsistercs ¢ yuetom [1/IK [Me-
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TONUKA. .., 2007]. st yaydIeHus SKoJIOTUYECKOT0 COCTOSHUS BOJOXPa-
HWINI] U HENPEIbsIBICHUS HEOOOCHOBAHHBIX TPEOOBaHUN K BOJOIOIb-
30BaTelIsIM 11eJIECO00Pa3HO /ISl BEIIECTB JIBOMHOTO IreHe3uca Ipu pac-
yetax HIC Bmecro I1JIK ucnonn3oBats P/IK. [lannas 3ameHa mo3BoauT
MIPH HOPMHUPOBAHUU COpPOCA BEIIECTB YYECTh IPUPOIAHBIE OCOOCHHOCTH
¢dbopmupoBanus kauectsa Boa. Kpome Toro, momoOHas 3aMeHa MO3BOJIHT,
C OJTHOW CTOPOHBI, CHU3UTh OMOTEHHYIO Harpy3Ky, a ¢ APyrod — OTKa-
3aThCsl OT MPEAbSBICHUS HEOOOCHOBAHHBIX TPEOOBAHUI K BOJIOTIONB30-
BaTeJIsIM pU cOpoOCe psifia METaJLIOB.
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CRITERIA FOR REGULATION OF ANTHROPOGENIC LOAD
WITH REGARD TO THE NATURAL FEATURES
OF WATER BODIES

K. V. Bespalova
Institute of Ecology of the Volga River, RAS

According to long-term observations on the water bodies of the Volga River
allowable concentrations for substances of double genesis were calculated. The
resulting water quality standards regarding to natural features of the formation
of water quality are proposed for use as criteria regulating discharges of pollut-
ants into water bodies.
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OIIEHKA BO3MOJKHBIX U3BMEHEHUI CTOKA
PEKMU CEJIEHI'U I1PU PEAJIM3ALIUUA IIJIAHOB
I'MAPOTEXHUYECKOI'O CTPOUTEJIBCTBA
HA TEPPUTOPUU MHP

M. I. T'peuymnukoBa’-2, K. K. Dneabmreiin’

! Mockoeckuii 2ocyoapcmeennutii ynusepcumem um. M. B. Jlomonocosea
2 Unemumym 600mnwvix npoonem PAH

[TpuBeneHa oreHKa BEpOSTHBIX M3MEHEHHH CPEIHEMHOTOJETHETO Me-
csiaHoro croka p. CeneHrw Npu pealn3alii Pa3IHMyHBIX BapHaHTOB
CTPOMTENILCTBA BOJOXPAHMJIMII B MOHTOJBCKOW 4acTH ee BomocOopa.
Paccmotpensl Tpancdopmanus cToka B HUKHEM TedeHnHn CeleHTr U ee
BJIMSIHME HAa YPOBEHHBIN pexuM 03. baiikan u ero uxrtuodayny. [Ipemio-
JKEHO Haubosee OMarompusTHOE C SKOIOTUYECKOW TOUKH 3PEHUS PacIo-
JIO)KEHHE CTBOPOB IIOTHH.

B crarbe paccMOTpeHBI BO3MOXKHBIE TIOCIEACTBUS CTPOUTEIILCTBA Ye-
TeIpex ['DC, koTopble IaHupyeTCsl BO3BECTH B AonuHe CelneHru U Tpex
ee IPUTOKOB Ul PEeIlIeHHs dHepreTuueckux npoodmem Monronun. Cae-
JEHHSI O MPOCKTHBIX MapaMeTpax I'MApOY3JI0B MPEACTABICHBl B OKJIA-
ne [Ceenenus.. ., 2015] no peanuzanuu npoekra I’ 2C «Illypsn» Munu-
cTepcTBa dHepreTHKH MoHronmmu (Tadi.).

DKcnpecc-oleHKa BIMSIHUS CTPOUTENIbCTBA TMApoy3noB: Llypsn
Ha p. Cenenre, OpxoH Ha ee npaBoM mnputoke p. OpxoH, Yaprailt Ha
p. Jdpnrep-MypaH u OruiiH Ha ee JieBoM npuToke p. Durus-l o (puc. 1) —
COCTOsIa B OIIPECTICHNN U3MEHEHHUS pexnMa 1 o0beMa ctoka CeneHru
U ee MPUTOKOB BCIICACTBUE BO3BEICHMS IUIOTHH U dKcmuryaranuu ['DC.
s BogHO-0amaHCOBBIX OLIEHOK HCIIOJIB30BAHBI CPEAHEMHOIOJIETHHUE
naHHbIe ¥ HaOmoneHus Ha octax YI'MC Poccuu u Monronuu, mpeno-
cTaBieHHble balikanbcKkuM HHCTUTYTOM npupopomnonb3oBanus CO PAH,
WuctutyTom meteoponioruun u ruaponorut MAH (Mowrromnwust). s pac-
YyeTa COCTABIISIIOIIMX BOAHOTO OasaHca MPOEKTUPYEMBIX BOJOXPAHMIIHLII
UCIIOJIb30BAaHbl KapThl CPEIHUX MHOTOJIETHHX BEJIMYMH aTMOCQEpPHBIX
OCAaJIKOB U UCIAPEHHUs C BOOHOH MOBEPXHOCTH (MCHapsieMoCTn) U3 [AT-
mac..., 1974]. Ocanku Ha y4acTKkax TeppuTopun Bogocoopa CeneHru, Ko-
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Topble OyayT 3aromiensl, nuamenstorcs ot 400 (Baxp Yapraiit) mo 300
mm/rox (Baxp Opxon). McnapsieMocTh U3MEHSIETCSI B MEHBLIHNX MpeJe-
nax — ot 590 10 630 MM/TOll COOTBETCTBEHHO.

Jnist pacyeToB BHYTPHUIOOBOIM TpaHC(HOPMAIK CTOKA BOJIBI THIPO-
y3JIaMH CBEACHUS O CTOKE IMOYyUYEHBI [0 JaHHBIM HAaOMIOAeHUH OnnKaii-
X K cTBopaM npoektupyemslx ['OC Yapraiit, Oruitn, Opxon u lllypan
ruzponornueckux nocros [['apmaes, Xpucrodopos, 2010] (tadmn.). Boi-
MOJTHEHA OLIEHKA U3MEHEHUs cToka p. CeJeHru U ee IPUTOKOB IIPU CTPO-
UTENIbCTBE BOAOXPaHUIIHILL.

W3-3a yBenuyeHus MOTeph BOABI HA MCMAapeHue Mpu 00pa30BaHUHU BO-
JoeMoB (0e3 yyera MoTeph CTOKa Ha WX HAINOJHEHWE) CTOK 3aperyiu-
POBaHHBIX PEK COKpaTuTcs B cymme 3a roi Ha 0,11 xm?, 4to cocraBisi-
et He Oosee 0,5 % oT BeIMYIMHBI CpemHEeTonoBOro cToka CeneHrn BOIH-
31 YCTbs. [IpO€KTOM Ir'HapoIHEPreTHUECKO CUCTEMBI TaKXkKe MIIaHUPYeTCs
nepeOpocka cToka u3 Oacceitna p. OpxoH U1t BODOCHAOKEHUsI JOOBIBAIO-
HIMX [TPOM3BOJCTB Ha FOTO-BOCTOKE CTPAHBI B BUAE TPyOONpOBOAa C pac-
XOZIOM BOJIBI MOpPSAKa 2,5 M?/c. DTO yBeNMUUT NoTepH cToKa p. OpXoH Ha
0,08 km?/roz1, a B 1IEJIOM TIOTEPH C YYETOM BUIUMOTO UCHIAPEHHS COCTABST
0,7-0,9 % croka Cenenru B yctbe. [Ipu yBenmuueHny norepb CTOKa Ha Hc-
NapeHue ¢ MPOSKTUPYEMBIX BOJOXPAHIIIMII H BOJ03a00pe B TPYOOIIPOBOJ
MIPY YKa3aHHBIX BEIMYMHAX CHHKEHUE YPOBHs BOJbI B balikane cocTaBuT
MakcuMyM 1 cm/roz.

Beimonnena  oumenka TpaHcopMalMy - CTOKA — MPOEKTUPYEMBIMH
ruapoysnaMu (puc. 2). Ocobo paccMOTPEHBI CUTYallMHM PEryINpOBaHUS
cTroka BopoxpaHwmmmeMm Ilypsn: Bapuantr 1 — npu  OTCYTCTBUM
BoZOXpaHmui Yapraiit u OruiiH; BapuaHT 2 — IpH 3aperyJrpOoBaHUU
CTOKAa 3TUMH THApOy3lamMu. B BapmanTe 2 NPUHIMNUAIBHO H3MEHHUTCS
BHYTPUTIO/IOBOE paclpezieieHre NpUToka BoAbl K ruapoysiy Llypsn. Co-
macHo [Dnenbiureitd, 2005], B CTBOpE peKu, IA€ PacXod BOJIbI CTAHOBUTCS
COM3MEPUMBIM C YABOCHHBIM pacxonioM copoca ['DC, B peuHoM pycie mpo-
HCXONIUT MpeBpallieHre OCHOBHOM BoaHOM Macchl (OBM) BomoxpaHumnina
B TpaHC(OPMUPOBaHHYIO peyHylo BoaHylo Maccy (TBM), maBHbIM oua-
roM (OpMUPOBAHUS KOTOPOW CTAHOBHUTCS YacTh OacceiiHa peyHOl cHhcTe-
MBI, pacIoNIoXKeHHas: HWXKe CTBOpa TMApOoy3ia. 3a cUeT MOCTYIUIEHHS BOJBI
He3aperyapOBaHHbIX PUTOKOB, HECYIIINX XapaKTepHbIE 1 TaHHOMN 30HBI
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BOJHBIC MacCChl, IIOCTCIICHHO BOCCTAHABIIMBAIOTCs BOHHLIﬁ, TepMH‘ICCKI/II\/'I,
XUMHYCCKHUH PEKUM 3aperJIPIp0BaHHOI>'I PCKU U CTOK HAHOCOB.

Monronus

= npoekTupyemblie [OC
® rMgpomeTpuyeckue NocTbl

ML L lkm
0 30 60 120 180 240

Puc. 1. PacnoJsioskeHne ruapoMeTpUUYecKUX MOCTOB M MPOEKTHpYe-
MbIx I'IC B 6acceiine p. Cenenrn

VY rpanunsl ¢ PO pabora ruapoysna Yaprait OyneT mposiBiIsSTHCS B
YBEITMUEHHH HU3KOTO 3MMHEr0 CTOKa BOJBI B MEPHOJ C SHBAPS 10 MapT
(puc. 2, A). CymmMapHbIil MPUTOK peK, GopMupyromux cTok CeneHrn
BBIIIIE BIAJeHUs p. DruiiH-1 01, mpeBsiaeT noTeHuanbHbI copoc I'DC
TOJILKO B MIEPHO]] C Masi IO CEHTSIOph. B ocTanbHbie Mecsiiibl cOPOC BOABI
yepe3 [ DC 3HaAYUTENBHO MPEBBICUT €CTECTBEHHBIN CTOK B MAJIOBOIHYIO
MexeHb. 30HAIbHBIE XapaKTEPUCTUKH CTOKA COXPAHATCs Ooliee UTUTEIb-
HBII TIEpHOJ] — C arpeis 1Mo OKTSAOPb, B OCTaJIbHBIC IISITh MECSIEB cOpoc
I'SC OruitH MOXeT MpeBbIIaTh CyMMAapHBI CTOK HpuTOKOB CerneHry,
(bOpMUpYIOIIMX €€ CTOK JI0 TPaHUYHOTO cTBOpa. [Ipu BBOZIE B JKCIUTya-
TalUIO0 THUAPOY3NIOB YaprallT m OruifH HU3KUHM 3uMHHI CTOK CeneHru
Ha rpanuile ¢ P® yBenuuurcs B 2-3 pasa, a yMEHbIIICHHE CTOKa OyneT
Haubosnee cymectseHHbIM (20-30 %) B aBrycre — ceHtsiope (puc. 2, b).
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CaeleHUsl 0 XapaKTEPHCTHKAX MPOEKTHPYeMbIX BOXOXPAHHJIUIN B 0ac-
ceiiHe p. CeJIeHTM M CPeIHEr0J0BBIX 3HAYEHHUSAX COCTABJSIKOIIAX HUX BO-
JHOT0 0aJiaHca

VcxoaHble MPOCKTHBIE TaHHbBIC
Moocts,| Tnomas O0bem o CpenneronoBoi
I'aC , |BOxp, W, [Peka (Oimxaiimii OCT)| pacxoi peKku Ha
MBT  |BOXp, KM s 3
KM mnocry, M*/c
. Jpnrap-Mypan
UYapraiit 24,6 43 1,09 (c. Mypow) 35
Oruitn 315 125 4 Orwuiin-Ton (c. XanTait) 90,3
OpxoH 100 60 0,7 | OpxoH (c. OpxoH) 39,6
lypan 245 203 3,3 |Cenenra (c. 3yyHOypoH) 212
Pe3ynbTarhl OIEHOYHBIX PACYCTOB
O6bem npu- Koo Tum pery- Copoc
mC roxa. V. BOJJ0OOMEHA IHDOBA- Ocanku Ha | Mcnapenue ¢ BOJIBI
i Ks=V/W, P BIXp, M>/TOI| BIOXD, KM*/TO1 I'2C,
KM’/TO]| 0 HHS ;
TOJI KM’/ron
Yapraiit 1,10 1,01 MeHor. 0,017 0,025 1,10
Oruiin 2,85 0,71 Meor. 0,044 0,076 2,82
OpxoH 1,25 1,78 MHor. 0,018 0,038 1,23
Hlypau 6,69 2,03 Ces. 0,071 0,123 6,63

I'uapoyszen OpxoH MpU OJUHOYHOM BO3ICHCTBUM YBEJIUUUT 3UMHHIMA
crok Cenenrn Ha 0,03-0,06 km*/mec. (15-20 %) ¥ YMEHBIIUT CTOK B
urose — ceHTsiope (MakcuManbHO B aBrycre Ha 0,18 km’/mec., mmm 8 %).
CyMMapHoOe BO3JeHCTBHE TpeX MHIpoy30B — Yaprait, OruitH u OpxoH —
CYIIIECTBEHHO COKPATHT pa3MaX KOJICOAaHUH CPETHEMECSYHBIX BEIHMYUH
croka Cenenru y rpanuipl Pocenu 1 Mouromnuu ¢ 1,95 1o 0,96 km®/mec.,
YBEJIMYMB 3UMHUI MEKEHHBIN CTOK B 2—3 pa3a U COKPATUB MAKCUMATbHBIN
netauii B 1,5 paza.

[Ipu ectectBennoM pexkume nputoka k I'DC Ulypsn cymmapHoro
cToka Bcex nmputokoB Cenenru Ha Tepputopuu PO ¢ sHBaps mo mapt
OyJeT HEeJOCTAaTOYHO JJIsS TBOMHOTO pa30aBJICHUsS BOIBI BOJOXPaHIIIHU-
1a, ¥ B pyclie peKH OyJeT MPOTEKaTh BOJIOXPAHMIIHIIHAS BOJHAS Macca,
HECKOJIbKO TpaHC()OPMUPOBAHHASI PEYHBIMH BOJIAMH, TIOPTOMY XapakKTe-
PHUCTHKH €€ cocTaBa OyAyT OTIIMYHBIMU OT HAOIIOIAEMOTO B HACTOSIIIEE
BpeMs1 IPUPOIHOTO.
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B ciydae perynaupoBanus wacTu ctoka ¢ BomocOopa CeneHrd B
Oacceitnax pek Jpnrap-MypsH u OruiiH-Ion mpuTtoK K THUAPOY3TY
Hlypsn Oynmer BecbMa OTIMYATHCS OT ecTecTBeHHOro (puc. 2, J1): B
cpenHeM B 1,4 pa3a HIKe 3a TIEPHOJ C Masi IO OKTSIOPh U B 3 pasa BhILIE
B OCTaJIbHOH nepuoz. [Ipu TpaHCPOPMUPOBAHHOM MTPUTOKE K TUAPOY3ITY
BO3MOKEH HauOONBIINK cOpoc BOIBI B HamOosee dHeproaepuUUTHBIN
3UMHHUHM TepHoA, YTO OoJiee 3HAYUTEIBHO TPaHCPOPMUPYET PEKUM
cToka BoAbl CeJleHrn HUKE 110 TEUEHHIO B MEPHOJ ¢ AeKadps 1Mo MapT,
9YeM B [IEPBOM BapHaHTE.

Okcrutyatauust ['9C ypsn B Bapuante 1 OyaeT yMmMeHbIIaTh BHY-
TpHUTroI0oBEIe KoJieOaHus cToka peku B 1,1-1,2 pasza, cokpaiasi Makcu-
MaJIbHBII cpefiHeMec YHbII CTOK Ha 5—6 % W yBenuunBas MUHHMAJIb-
HBIHA 3uMHUM Ha 57-63 %. B BapuaHnTe 2 cokpalieHne MaKCUMalbHOTO
CpPEIHEMECSIYHOTO CTOKa cOCTaBUT 14—-15 %, a yBeanueHne MUHUMAIIb-
HOTO 3UMHero ctoka — 73—75 %. HecMoTpst Ha TO YTO JB€ TPETHU CTOKA
Cenenru opmupyetcs Ha Tepputopun Poccuiickoit @enepannu, Baus-
HHUE PEryIMPOBaHMs HAa H3MEHEHHE BHYTPUTOJOBOTO PEKUMa CTOKa Oy-
JeT CYIIECTBEHHBIM, 0COOCHHO B 3UMHHIA IEPHOI.

CTpouTenseTBO THAPOY31a B OCHOBHOM pyciie p. Cenenru B 550—
600 KM OT ycThsl O3HAUYaeT, YTO JOCTYIHBIMH JUIsl HEpPECTa IEHHBIX I10-
POI PBIO OKaXKyTCS TOJIBKO MPUTOKH HA POCCHICKOM TEPPUTOPHU M HU30-
Bbsl peuHOl ceTn BogocOopa Opxona B ciydae crpourtensctsa [ 9C Op-
XOH. DTH PEKH CHJIBHO 3arpsi3HEHBI U HaceJIeHbl MEHEee LIEHHBIMH BUIaMU
pbIO [PBIOBL. .., 1983; Dkonorusi..., 1985]. Haubonpmmii ypoH Bocpouns-
BEJICHUIO LIEHHOW MXTHO(ayHbl HAHECET UMEHHO CTPOHUTENBCTBO THUIPO-
y3na llypan. Haumensiee Bo3nelicTBre Ha cTok CeneHru 1 HepeCcTOBYIO
MUTpAIHKIO OMYJIs OyAeT B ciaydae coopyxkenust Bopoxpanunui [ D9C Yap-
raiit u OpxoH. [lepcnekTrBHBIM MOXHO cunTath Bo3BereHue ' 9C OpxoH,
TaK KaK BOAOXPAHWIUIIE MOXET OBITh MCTOYHUKOM JJIsI OOBOIHEHUS
PErHoHa Pa3BHUBAIOLIEHCS POMBIIIICHHOCTH U YISl pa30aBiIeHus 3aJII0-
BBIX 3arpsI3HEHUH, NOCTYNAIIUX ¢O CTOKOM pek Tyyi, Epoo u Xanxrair.
CymectBeHHOE paz0aBieHue OyaeT MPOUCXOAUTh TONBKO B XOJIOAHBIH ITe-
pHof, Koraa cOpoc BOAbI M3 BOAOXPAaHHUIIHIIA MOXKET 3HAYUTEIILHO MPEBbI-
1aTh CTOK p. Tyys, HO UMEHHO B MaJIOBOAHYIO 3UMHIOI0 MEXEHb BIHUSHUE
3arpsi3HeHH Hanbosee SKOJIOTHYECKA HEraTHBHO.
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Puc. 2. PaccuntanHoe M3MeHeHUE CpeIHeMeCSYHBIX BeJHYHH 00beMa
cToKa pek Oacceiina CejleHI'M M cOPOCOB B HHKHUI Obed BOIOXPpaHUIIMII
npoexkTupyembix [IC (km?):

A — ot BepxoBbeB 210 TpaHuIsl Monromuu u PO ¢ yueToM paboThl BEpXHETO BOIOXPAHH-
mma: [ — p. JJparap-Mypau (ctBop Mypan), 2 — copoc Yapraiit I'DC, 3 — cymmapHbIit
ctok pek Unop, YynyTsin u Xanyi, 4 — cymmapuslid crok pex Wnsp, UynytsiH, Xanyit
u Oruitn-T'on, 5 — cymmapuslii crok pex Unsp, YynyTsin, Xanyit, Oruiia-T'on u Opxos;

b — ot BepxoBbs p. OpxoH 1o ero BmaaeHus B Cenenry: 6 — p. OpxoH (ctBop OpxoH),
7—copoc I'DC Opxon, 8 —p. OpxoH (cTBop OTXO0HTYYM), 9 —p. Opx0H (cTBop Cyxdbarop);
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B — or BepxoBest Cenenru o rpanunsl Monromun n P® ¢ yuerom paboTsl ABYX
Bopoxpanwunt: /0 — p. Oruiin-T'on, /1 — copoc I'DC OruitH, 12 — cyMMapHbIH CTOK
pex Unop, Uynyten, Xanyit u copoc I'DC Yapraiit, 13 — cymmapuslii cTok pex Vmap,
YynyteiH, Xanyit, Opxon u copoc 'DC Yapraiit;
I" — or BepxoBbeB n0 rpanunsl Monromuu u P®: /4 — npuponnstii ctok p. CeneHru
B cTtBOpe 3yyHOypyH, /5 — cbpocsl I'DC IllypsH mnpu ecTecTBEHHOM HPHUTOKE,
16 —ne3aperymuposanHast p. OpxoH B yctbe (cTBOp Cyxa6atop), /7 — 3aperyITiupoBaHHast
p. OpxoH;
JI — oT BepxoBbeB 0 rpaHunbl Monronnn u P®: /8 — 3aperynupoBaHHBIA MPUTOK K
I'DC Ulypan, 19 — p. Cenenra (ctBop 3yyHOYpyH), 20 — cOpoc I'DC ILlypsn mpu
3aperyimpoBaHHOM TpuToke, 2/ — p. OpxoH (ctBop Cyxnbatop), 22 — p. OpxoH (CTBOp
Cyx»30artop) npH peryIupoBaHIH CTOKA

Aemopwel 6nazodapam Jdupexmopa baiikareckozo uncmumyma CO PAH
E. JK. I'apmaesa u npogheccopa Hncmumyma memeoponocuu u 2uOpoiocuu
MAH I Jlasaa 3a npedocmasnennvle danHble o cmoke pek bacceina Ceneneu.

Ceéedenust o npoekmuvlx napamempax euopoysioe 19C  Ilypon
na p. Cenence. Pexcum Oocmyna: https://independent.academia.edu/
YondongomboGendensuren (0ama obpawenus 10.07.2015).
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ESTIMATION OF PROBABLE CHANGES OF SELENGA FLOW DUE
TO HYDROPOWER CONSTRUCTION IN MONGOLIA

M. G. Grechushnikova'2, K. K. Edelshtein!

! Lomonosov Moscow State University
2 Institute of Water Problems of RAS

The article deals with the estimation of Selenga mean annual monthly flow
changes due to the implementation of various hydropower dam construction
projects at Mongolian area of its basin. The transformation of flow at the Se-
lenga mouth and its consequences for Lake Baikal level as well as its fish fauna
were considered. The authors suggested the most favorable option for the loca-
tion of dams that is not supposed to disturb the ecosystems.

223



PEJIKO3EMEJIbHBIE SJIEMEHTBI B BRICIIEN BOJTHON
PACTUTEJIBHOCTHU UBAHBKOBCKOI'O BOAOXPAHUJINIIIA

E. C. I'pumanuesa, A. 1O. berukos, C. A. lllypynosa

Mockosckuii 2ocyoapcmeennblii yHugepcumem um. M. B. Jlomonocosa

Bnepsrie onpenernen coctaB penko3zeMenbHBIX dnemeHToB (La, Ce, Pr,
Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) B Mmakpodurax VBaHbKOB-
CKOTO BOAOXPAHMJIUINA C IPIMEHEHHEM COBPEMEHHBIX aHAJTUTHYECKUX
metonoB (MCII-MC). IIposeneno cpaBHenue conepskanus P33 B makpo-
¢GuTax pasHBIX IKOJOTHYECKUX TPYII — TeIOQHUTOB (BOJHO-OOJOTHBIX
pacreHuil) ¥ THAPODUTOB (MOTPYKEHHBIX PACTECHUH ), IPOU3PACTAIOIINX
B 3QJIMBAX C Pa3JINYHON aHTPOIIONEHHOW HArpy3KOi.

B nocnennue necsatuiieTrsi B CBSI3H C Pa3BUTHEM COBPEMEHHOW Mpo-
MBIIIIEHHOCTH M HAHOTEXHOJIOTHI MOCTOSIHHO pacTeT 00beM MPOU3BO/-
CTBa M MoTpedieHus peaxoseMenbHbIX 3nmeMenToB (P32) [bapenOoiim,
ABanpnieeBa, 2014]. B cBa3u ¢ 3TUM yBenuuuBaeTcs nocrymieHue P30 B
OKPY’KaIOILYI0 CPEAy M BOIHBIC SKOCUCTEMBI. Peiko3eMerbHbIE HIIeMEHTHI
CUHUTAIOTCS C1a00 U CpelHepacpoOCTpaHEHHBIMU B rapocdepe u Tpaau-
LIMOHHO HE PacCMaTpPUBAIOTCS B KAUECTBE 3arpsi3HUTENICH BOIHBIX 3KOCH-
cteM. Porre P30 B nponieccax kn3HeNEATENBHOCTH KHUBBIX MHOTOKJIETOU-
HBIX OPTaHU3MOB He ycTraHoBJeHa [bapenOoiim, ABanneesa, 2014]. Pen-
KO3€MEJIbHBIC JIEMEHTBI U X COCIMHEHHS B OOJIBIIMHCTBE CBOEM TOKCHY-
HBI B IPUPOAHBIX Boaax [MBanoB, 1997]. OqHako pacpoCTpaHEHHOCTH B
BOAHBIX SKOCHCTEMaX, MUTPALMOHHBIC CBOMCTBA, TOKCUKOJIOTHYECKUE U
OMOreOXMMHUUECKHE 0COOCHHOCTH PEIKO3EMENIBbHBIX AIEMEHTOB M3yUYCHBI
HEJOCTaTOuHO.

Llenpro0 JaHHOTO UCCIIEIOBAHUS SIBISIETCS ONpPEe/ICHUE COIACP KaHMSI
penkozemensHbIX anenemeHToB (La, Ce, Pr, Nd, Sm, Eu, Gd, Tb, Dy,
Ho, Er, Tm, Yb, Lu) B BeIcIIei BoiHO# pacTUTEIbHOCTH MBaHPKOBCKO-
ro BogoxpaHwiuia p. Bonru. MiBaHbKOBCKOE BONOXpaHMIIMIIE PACIIO-
noxeHo B TBepckoii obmactu Mexay ropogamu Teeps u [lyoHa. Bonb-
1I0i nHTEpec K mpoliieMe KauecTBa BOAbl MIBaHBKOBCKOTO BOAOXPaHU-
nuia 00yCIOBJICH YHUKAIbHOCTBIO 3KOCUCTEMbI BOJIOEMA: OHO HCIIOJb-
3yeTcsl He TOJIBKO B PEKPEAIMOHHBIX LETISIX, HO M SIBJISIETCS] HCTOUHUKOM
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NUTHEBOTO BoJOcHaOkeHus T. MockBel. [Ipy 3TOM BOomoXpaHUIHUILE Ha-
XOZIUTCSl B pallOHE MHTEHCHBHOI'O XO3SHCTBEHHOTO OCBOEHUS M HCIIBI-
THIBA€T AHTPOIOIEHHOE BO3/IEHCTBHUE, KOTOPOE MPOSBIAETCS Kak B He-
MOCPEICTBEHHOM cOpOCe B PEYHYIO CETh CTOYHBIX BOA MTPOMBIILIEHHBIX
NpEeINpUATUI, KOMMYHAJIbHBIX U JUBHEBBIX CTOKOB TOPOJIOB, TaK U B I10-
CTYIUIEHHUU 3arps3HAIOIIMX BELIECTB C TOBEPXHOCTHBIM CTOKOM. [loaTO-
My OblIa OCTaBJIeHa 3aa4a — OXapaKTepU30BaTh COCTAB PEAKO3EMEIb-
HBIX 2JIEMEHTOB B BBICIIEH BOJHOW pacTUTEIBHOCTH, a TAKXKE BBISIBUTH
o0mye 3akoHOMepHOCTH pactpenenenus P33 B makpodurax pasnud-
HBIX JKOJIOTMYECKHX Trpymil. Breicmas BoaHas pactutensHocTh (BBP)
urpaet OONBUIYIO POJIb B MPOAYKIMOHHBIX MPOLEccax B BOJOEME, MPH-
HUMaeT aKTUBHOE y4yacTue B MPOLEccaXx MUTPALUU U CBSI3bIBAHUS Me-
TaJUIOB M JAPYTUX 3arps3HSIOMIMX BELIECTB, MOCTYNAIOIIMX B BOAHYIO
JKOCHCTEMY.

Panee Hamm ObLTH HCCIEOBaHBI OMOTEOXUMHYECKHE OCOOEHHO-
cti Makpo(uToB VBaHbKOBCKOTO BoJOXpaHwinia [[puinanuesa u ap.,
2010]. Ognaxo onpenenenue P3D ObUIO cONpsiKEHO € aHATUTHYECKUMHU
tpynHocTaMu. [lossnenue metona MCII-MC nano Bo3MOXKHOCTB ompe-
JIJIEHUS IIUPOKOTO CHEKTPA PEAKUX DJIEMEHTOB, B TOM YHCIIE PEIKO3e-
MEJbHBIX JIEMEHTOB.

Onpenenenue conepxxanuii P32 B o6pasuax BeIcIIe BOJHOH pacTu-
TEIbHOCTH IPOBOJMIIOCH METO/IOM MacC-CIEKTPOMETPHH C MHIYKTUBHO-
ceszanHoi mnasmoii (MCII-MC) na macc-criektpomerpe ELEMENT-2
¢upmbl Thermo Scientific B maboparopun kadeapsl T€OXUMUH T€OJIOTH-
gyeckoro (akynsrera MI'Y nm. JlomonocoBa. KoHTpob MONHOTHI pasiio-
JKEHUs1 00pa3loB U MPaBUILHOCTH pe3yibTaroB aHainn3a BBP merogom
UCII-MC npoBoaunucek no locynapctBennbiM Crannaptaeiv OOpas-
1aM: CTaHJapTHBIA o0Opas3el] cocrasa 3oaeu kaHazackoit (OK-1), cran-
JApTHBIA 00paser cocraa nucta oepesst (JIb-1), crangapTHbIii 0Opasery
cocraBa TpaBocmecH (Tp-1) (Tabm. 1).

[lo pesynbraraM HalMX MPEBIAYIINX MCCIEIOBAaHHUN ObLIO BHIOpa-
HO ABa BuAa BBP u3 pa3HbIX 3K0I0rH4ecKux rpymi, KOTOpbIE SBISIOT-
csl crnenu(UYecKUMHU TPYNIOBBIMH KOHIIEHTPATOpaMH MHKpPO3JIEeMEH-
TOB U PEKOMEHJIOBaHBI B Kau€CTBE OCHOBHBIX OOBEKTOB MPH MPOBEJe-
HUU MOHHUTOPHHTA HKOJIOTMYECKOTO COCTOSHHS VIBaHBKOBCKOIO BOJO-
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XpaHWINILIA: MAHHUK BOJsIHOM (Giyceria aquatic (L.) Wahlb.) u3 rpynmsr
BOJIHO-OOJIOTHBIX PACTCHUH M PAECT MPOH3EHHONUCTHBINH (Potamogeton
perfoliatus 1..) n3 TpymnIibl MOTPyKEHHBIX pacTeHU. MaHHHUK BOISIHON
B CBOEH 3KOJIOTMYECKOM TpyIIe MPOsBIsET ceOsl Kak BHJI, yCTOWYMBBIN
K BBICOKMM COJEpPKaHMIM 3arpsi3HUTENe B OKpyXkarolel cpeae, mpo-
u3pacTaeT MOBCEMECTHO, B TOM YHCIIE B MecTax cOpoca CTOUHBIX BOJ,
SBJSIETCSl IOMUHHUPYIOUIMM BHJIOM CPEAM TeI0(pUTOB, UMEET OAHY W3
HanOOJIBIINX OMOMacc B Makpo(UTHOM cooOlnecTBe. Praect mpoH3eH-
HOJIUCTHBIM MMEET caMble BBICOKHME MOKAa3aTeN HAKOIUIEHUS TSKEIbIX
METaJUIOB, OOJBIIYIO0 PACIPOCTPaHEHHOCTh M YUCICHHOCTD B MpeJiesiax
JAHHOTO BOAHOTO oObekTa. OOpasusl oTOMpanu B 3apactaromux BBP
3alMBax ¢ Pa3IMYHON aHTPOIIOTeHHOH Harpy3koi (puc.) B utone 2012 .

Taoauua 1. 3navyeHnst KOHUeHTpanmii, moxy4dyennsie meronrom UCII-MC,
U aTTeCTOBAaHHbIE 3HAYeHUs KoHIeHTpauuii B [CO

I'CO snopmen kananckoii| I'CO mmct Gepesst I'CO tpaBocmecs Tp-1,
DJIeMEHT DK-1, mr/xr JIB-1, mr/kr MI/KT
HaWJEHO | aTTECTOBAHO | HAIJEHO | aTTECTOBAHO | HAMIEHO | aTTECTOBAHO
La 1,92 2,05 0,79 0,82 0,24 0,26
Ce 3,41 3,40 1,45 1,50 0,46 0,50
Pr 0,41 0,42 0,18 0,19 0,05 0,06
Nd 1,56 1,59 0,71 0,69 0,21 0,22
Sm 0,27 0,31 0,12 0,13 0,03 0,04
Gd 0,31 0,35 0,15 0,15 0,04 0,05
Dy 0,24 0,36 0,12 0,12 0,03 0,04

Ipumeuanue. Conepxxanns octanbubsix P30 B 'CO He arTecTOBaHBI.

OTbupanu HaJKOPHEBYIO YacTh PacTeHUs ¢ Tuiomanku 1x1 m, mpo-
MBIBAJIM O] TPOTOYHOM BOJIOM, BBICYLIMBAIM IPU KOMHATHOW TeMIIE-
parype, U3MenBiaii B MelbHUIC. MeTo/oM KBaJpaTOBaHUsI OTOUPAIH
cpenHtoro mpody. [Ipodsr ozomsum ipu 450 °C 1 4. [lomydeHHyI0 30Ty
pasyarany noj jamnoii B cmecu kuciot (HF + HNO, + HCI). Henocpen-
CTBEHHO IEpe/l U3MEPEHUSIMUA Ha YCTAaHOBKE MPOBOJVIIHN ITOIKUCIICHHE
npo0 U cTaHaapTHRIX 00pasioB azotHoi kucioroi (HNO,) no momyuye-
Hus 3 % pacTtBopa. B kxauecTBe BHYTpPEHHETO CTaHAapTa BBOIWIICS WH-
quii (Indium ICP Standard CertiPUR 1002 mr/a + 0,4 %). IIpenensr 06-
HapyKeHHUs B aHAIM3UPYEMOM pacTBope cocTaBmsin: 1,1-5,5 ur/m mis
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Nd; 0,1-0,8 ar/n g La, Eu; 0,01-0,09 ar/n gns Ce, Pr, Sm, Gd, Tb, Dy,
Ho, Er, Tm, Yb, Lu. 30onpHOCTE 00pa3ioB MaHHUKA BOASIHOTO B Cpell-
HeM cocrasisiia 9 %, paecra — 17 %. Maremaruueckas 00paboTka aHa-
JUTUYECKUX JAHHBIX MPOBOJUIACH C IPUMEHEHUEM KOPPEISIITUOHHOTO U
(haKTOPHOTO METOIOB C MOMOIIIBIO MakeTa rnporpamm «GOLD-reoxumuk
2.0» (aBropsel C. A. BopoObeB, A. C. XXykoBckuii).
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Cxema pacnoJio:keHusi cTaHiuii oT6opa nMpod Ha M BaHBKOBCKOM BOI0-
XpaHuInie:

1 —HoBocenbckuit 3anuB; 2 — [lepeTpycoBckuit 3anuB; 3 — Manbiii KopueBckoii 3a5uB;
4 — MomkoBuueckui 3anuB; 5 — baOuuHCckuit 3anuB; 6 — Bonra-HusoBka; 7 — be30o-
pomoBO

[Mony4ennsle nanubie 0 cogepkanuu P33 B Makpodpurax MBaHbKOB-
CKOTO BOJIOXpaHWJIUIIA TPUBEJICHBI B Ta0. 2 U 3.

Psin cpennux 3HaueHuit conepxkanust P35 B MaHHUKE BOASTHOM HMe-
et Buj Ce>La>Nd>Pr>Gd>Eu>Dy>Sm>Tb, Ho, Er, Tm, Yb, Lu. [{ys
paecTta MPOH3EHHOIUCTHOTO Pl CPEIHUX 3HAYCHMM copepxaHus P30
umeer Bua Ce>La>Nd>Pr>Gd>Sm>Dy>Er>Yb>Eu>Ho>Tb>Lu>
Tm. Takum 00pa3om, HanboJIee MHTCHCUBHO BOBJICKAIOTCSI B OMOT€OXU-
MUYecKue npouecchl B Makpodurax Ce, La, Nd, Pr, Gd.
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Taoauna 2. Coaep:kanue peaKo3eMeJbHBIX )JIeMEHTOB B MAHHHKE BOASTHOM

Crsop KoHneHTpaIust, MI/KTI CyX0il Macchl
La Ce Pr Nd Sm Eu Gd
1 0,031 0,085 0,005 0,031 0,001 0,004 0,001
2 0,046 0,109 0,006 0,037 0,003 0,011 0,005
3 0,036 0,086 0,004 0,034 0,001 0,008 0,003
4 0,087 0,191 0,018 0,083 0,013 0,007 0,014
5 0,009 0,024 <0,003 0,004 <0,001 0,002 <0,001
6 0,057 0,133 0,010 0,049 0,008 0,004 0,008
7 0,026 0,058 0,003 0,023 0,001 <0,002 <0,001
Tb Dy Ho Er Tm Yb Lu
1 <0,007 0,003 <0,006 | <0,002 | <0,002 | <0,002 <0,002
2 <0,007 0,003 <0,006 | <0,002 | <0,002 | <0,002 <0,002
3 <0,007 0,003 <0,006 | <0,002 | <0,002 | <0,002 <0,002
4 <0,007 0,010 <0,006 0,002 <0,002 0,002 <0,002
5 <0,007 | <0,003 | <0,006 | <0,002 | <0,002 | <0,002 <0,002
6 <0,007 0,005 <0,006 | <0,002 | <0,002 | <0,002 <0,002
7 <0,007 | <0,003 | <0,006 | <0,002 | <0,002 | <0,002 <0,002

Praect npoH3eHHONMCTHBIN U3 IPYNIbI MOTPYKEHHBIX PACTEHUN Ha-
KarutuBaeT OoJblre Konmuectsa P33 1o cpaBHEHHIO C MAHHUKOM BOJIsI-
HBIM U3 TPYIIIBI BOJHO-0O0JOTHBIX pacTeHuid. Takas jke 3aKOHOMEPHOCTh
ObLIa TIOTyYeHa HAMU paHee IS TSDKETBIX METAJUIOB U Psiia MaKPOKOM-
noHeHToB [ purannesa u ap., 2010]. D10, ckopee Bcero, CBsi3aHO ¢ Hu-
3MOJIOTHYECKUMH U MOP(OJIOTHYECKUMH 0COOEHHOCTSIMUA Makpo(uTOB
3TOM IKOJIOTMYECKOH TPYIIIHI.

CpaBHEHHE MAHHBIX, MOMYUYCHHBIX I PaiOHOB, MCIBITHIBAIOIINX
Pa3IMYHYIO aHTPOTIOIEHHYIO HArpy3Ky, TOKa3auo, 4To B MecTax cOpo-
ca CTOYHBIX BOJ] MAKPO(UTHI XapaKTEPU3YIOTCs 00JIee BHICOKMMH COZIEP-
skanusiMu P33, Tak, B MOIIKOBUYECKOM 3aJlMBE — MeCTe cOpoca CTou-
HbIX Boa KonakoBckoii [ POC 1 koMMyHaIbHBIX CTOUHBIX BOJ T. KoHako-
BO — MaHHHUK BOJISTHOM COZIEPIKUT OoJiee BhICOKHE KoHIeHTpauuu La, Ce,
Pr, Nd, Sm, Gd, Dy, B cpejiHeM HpeBbIIIAIOIINE CPEAHUE 3HAYCHUS B 2
pasa. DTo CBUAETENBCTBYET O TEXHOTC€HHOM TocTyIuieHnu P33 B cocTa-
BE€ TIOBEPXHOCTHOTO cTOKa ¢ mpomIutonianok KI'POC, kotoperii mepexsa-
THIBAE€TCS BOIHO-00JIOTHBIMU pacTeHusMu. ConepikaHusi OOJIBIIIMHCTBA

228



P3O (La, Ce, Pr, Nd, Sm, Gd, Tb, Dy, Ho, Er, Yb) B paecte npoH3eHHO-
JUCTHOM 13 MOIIKOBUYECKOTO 3aJIMBa TAK)KE MPEBBILIAIOT CPETHUE 3HA-
yeHus B 1,5 pasa, T. e. P33, nocTynaromiue B COCTaBe MPOMCTOKOB, T10-
[JIOIAOTCS ¥ HAKATUTUBAIOTCS IMOTPYKEHHBIMH BHIAMH MaKpO(HTOB.

Cranus be300posoBo pacrionokeHa HUXKE 10 TEYCHUI0 OT MecTa
cOpoca CTOYHBIX BOJA PEeIKMHCKOTO ONBITHOTO 3aBOAA, MPOU3BOIAUTEIIS
XUMHYECKOW MPOAYKIMU JUIS MPEANPHUITAN aBUAIMOHHOW M KOCMUYE-
CKOY TIPOMBIIIIJICHHOCTH, a TaKKe BOJIM3M KeJe3HOU noporu MockBa —
Cankr-IletepOypr. Paect npoH3eHHOIUCTHBIN U3 ATOrO CTBOpa Xapak-
TEpHU3YeTCsl BHICOKUMU COJepKaHusIMU OonbirHCTBa P30, KOTOpBIE B
cpenHeM B 1,5 paza mpeBOCXOIAT CPEIHUE 3HAYCHHS.

Taoauuna 3. Conep:xanue peaKo3eMeJbHBIX 3JIEMEHTOB B pAecTe MPOH3eH-
HOJUCTHOM

CrBop KoHueHTparwst, MIr/Kr CyXxoi Macchl
La Ce Pr Nd Sm Eu Gd
1 1,158 2,532 0,273 1,111 0,188 0,051 0,209
2 0,767 1,746 0,179 0,738 0,128 0,042 0,134
3 0,431 1,008 0,103 0,430 0,081 0,035 0,089
4 1,032 2,337 0,252 1,026 0,193 0,054 0,207
5 0,788 1,752 0,182 0,760 0,138 0,056 0,162
6 0,524 1,156 0,120 0,491 0,090 0,035 0,107
7 1,365 | 3,140 | 0307 | 1219 | 0233 0,070 | 0,243

Tb Dy Ho Er Tm Yb Lu
0,017 0,155 0,016 0,076 <0,002 0,071 <0,002
0,014 0,110 0,013 0,052 0,002 0,046 0,002
0,007 0,066 0,006 0,032 <0,002 0,023 <0,002
0,023 0,160 0,022 0,087 0,002 0,073 0,004
0,012 0,127 0,013 0,062 <0,002 0,054 <0,002
0,007 0,080 0,008 0,038 <0,002 0,034 <0,002
0,022 0,200 0,027 0,097 0,006 0,088 0,006

N[N || |W N~

[To pe3ynbraTaM KOPPEISIIUOHHOTO U (PaKTOPHOTO MaTEMaTHIECKO-
r0 aHAJIN3a aHATUTHYECKHUX JAHHBIX BBISBICHA BBICOKAsS MMOJIOKHUTEIb-
Hasl KOppENSIMOHHAS CBs3b Mexk Ly conepkanuem P33 c Al, Ti, Fe kak
JUTST MaHHUKA BOASIHOTO, TaK W JJIsl pAECTa MPOH3EHHOIUCTHOTO. [l
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P33 u Mn nony4yeHs! oTpunaTelbHbIe 3HaYCHNS K03 PHUIneHToB Kop-
pensum.

MaxkcumManbsHele cozepkanus P30 momydeHsl Juis piecTa MpOH3EH-
HOJINCTHOTO M3 TPYIIIBI TOTPY>KEHHBIX PACTEHUA. JTO CBA3aHO ¢ (U3HO-
JIOTUYECKUMHU U MOP(OIOTHYECKUMHI 0COOCHHOCTSMH PAaCTEHUH JaHHOM
9KOJIOTMYECKOH TPYIITBI U KX CIIOCOOHOCTBIO YIIEP)KUBATH B3BECH M3 BOJBI
u BhIenaunBath u3 Hee P30D. Kak uzBectHo [[lyounun, 2006], riaBHOI
¢dopmoii mepeHoca P3D B Bomoemax SIBISIETCSl B3BEHICHHOE BEILECTBO.
Jnst GonbIIMHCTBA UcCenoBaHHbIX P30 oOHapy)keHbI MOBBIILICHHBIE CO-
JEepKaHusl B MaKpouTax, MPOU3PACTAIOIIMX HA YYaCTKaX BOIOXPAHMIN-
1113, UCTIBITHIBAIOIINX HEraTHBHOE aHTPOIIOTEHHOE BIUSHUE B PE3YNIbTaTe
cOpoca CTOYHBIX BOJ MPOMBIIIICHHBIX MPEANPUATHH.

B ycnoBusix HapacTtaromero npou3BoJICTBa U UCIoiab30BaHus P33 B
COBPEMEHHOH MPOMBIIIECHHOCTH CYILIECTBYET HEOOXOAMMOCTD UCCIIE/I0-
BaHus cojepxkanus P30 B BomHbIX skocucTeMax. [loBbileHHBIE conep-
xanus P35 B BBP BOnM3u cOpoCcOB CTOKOB MPOMBIIIIICHHBIX MPEIIpPH-
ATUN CBUAETEIBCTBYIOT O JIOKAJIbHOM 3arpsi3HEHUU OTAEIBHBIX 3aJIH-
BOB VBaHBKOBCKOTO Bojoxpanunuina P32 u, cienosarenbHo, 0 HEOOXO-
JUMOCTH KOHTPOJIsI coaepkanus P3D B OnoTnueckux M aOMOTHYECKHX
KOMITOHEHTaX dKOcHCTEMBbI IBaHBKOBCKOTO BOJAOXPaHWIIHUILA.

Paboma evinonnena npu noooepocke PODPU epanm 16-05-00542.

Jluteparypa

banawos FO. A. Teoxumus peako3eMenbHBIX d1eMeHToB. M.: Hayka, 1976.
267 c.

bapenoouim I’ M., Asandeesa O. I1. PenxozemensHBIC SIEMEHTHI B BOIHBIX
o0BekTax (9Komorndeckre acnekthl) / Boma: xumus u sxomorus. 2014, Ne 5
(71). C. 42-55.

Tpuwanyesa E. C., Cagponosa H. C., Kupnuunuxosa H. B., ®edoposa
JI. 1. PacnpeneneHue MUKPOJIEMEHTOB B BBICUIEN BOJHON pPacTUTEILHOCTH
MBanbpKkoBcKoro Bomoxpanmnuma // I'eoskonorusa. Mmkenepras reomorus. [u-
nporeonorus. ['eoxpuonorms. 2010. Ne 3. C. 223-231.

[younun A. B. Teoxumus penko3eMeIbHBIX IEMEHTOB B okeane. M.: Hay-
Ka, 2006. 360 c.

Hsanos B. B. Dxonoruyeckas reoxXuMus meMeHToB: CripaBoyHUK. B 6-TH
kH. / Pex. 3. K. Bypenkos. M.: Henpa, 1997.

230



RARE EARTH ELEMENTS IN THE AQUATIC PLANTS
OF IVANKOVO RESERVOIR

E. S. Grishantseva, A. U. Bychkov, S. A. Shurupova
Lomonosov Moscow State University
It was the first time the composition of the rare earth elements (La, Ce, Pr, Nd,
Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, Lu) found in macrophytes of the Ivankovs-
koye reservoir has been determined using modern analytical methods (ICP-MS).
The comparative analysis of REE contents in the macrophytes of different eco-

logical groups such as helophytes (wetland plants) and hydrophytes (submerged
plants) growing in the bays with different anthropogenic load was carried out.

MOIEJUPOBAHHUE ITPOLECCOB B MPAMOPHOM MOPE
C. B. /loBras

Mopckoii eudpogusuueckuii uncmumym PAH, 2. Cesacmonons

Ha ocHoBe rujipoluHaMU4eCKON MOJEIN MPOBEAEH JIMTEIbHBINA MPO-
THOCTHYECKHI SKCTIEPUMEHT 10 M3YYEHHIO (POPMHUPOBAHUS THAPOANHA-
MHUYECKOH CTpYyKTYpsI Bog MpamopHoro mopsi. [lomydensl 0coOOeHHOCTH
UPKYJISLIUN BOJ MOPsI Ha Pa3HBIX MTyOHHAX.

MpamopHoe Mope pacnonokeHo Mexay YepHoiM u Cpean3eMHbIM
MOpsIMU. Yepes Hero 0CyIIeCTRISIETCS TPAHCIOPT COJIEHBIX U TEIUIBIX Cpe-
JTM3EMHOMOPCKUX BOJl B UepHoe Mope u 0ojiee XOJOJHBIX M ONpPECHEH-
HBIX YepHOMOpCcKUX — B Cpeauszemuoe. [loaToMy anekBaTHOEe MOIEIUPO-
BaHUE LUPKYISILUYA B MpaMOpHOM MOpPE MO3BOJIUT NPAaBUIIBHO BOCIIPOU3-
BECTH XapaKTEPUCTUKU BOJI, MOCTYMAIONIMX B IponuBbl bocdop u lapna-
HEJUTBI U, cienoBarenbHo, B UepHoe u CpenuzeMHoe Mopsi. MpamopHoe
MoOpe — ITyOOKOBOJ/IHBIN BHYTPEHHHI OACCEHH, pa3IeNsoNIii a3UaTCKYO
u eponerickyto Typuuto. C 3amaza Ha BOCTOK pa3Mep OacceliHa cocTas-
nsiet 250 KM u ¢ ceBepa Ha or — okono 70 kM. Tpu genpeccun 3aHUMAIOT
CEBEpHYIO YacTh OacceliHa ¢ MakcuMaibHbIMU ITyOnHamu 1097 M, 1389 m
u 1238 M COOTBETCTBEHHO ¢ 3amaja Ha BOCTOK. [loporum mexnmy 3aman-
HBIM, IIEHTPAJILHBIM U BOCTOYHBIM Oacceiinamu okojo 10 km u 30 kM 1mu-
PHUHBI COOTBETCTBEHHO. FOkHY0 YacTh OacceliHa 3aHMMAET OTHOCHTEIb-
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HO MEJKOBOAHAs 1ienbdoBas obnacts co cpenneit myounoi 100 M. Mpa-
MOpPHOE Mope cBsi3aHo ¢ YepHbIM MopeM uepe3 nponus bocdop (cpenusis
miyouna ~35 M) u co CpeanszeMHbIM MOpeM yepe3 npoiuB [lapranemnibt
(cpennsist mmyOnHa =55 M). XapakTepUCTHKKA BOAHBIX Macc MpaMOpHOTo
MOpPS B OCHOBHOM ONPEEISIOTCS BOAJOOOMEHOM Mex 1ty YepHbIM 1 Oreii-
CKUM MOPSIMH MTOCPEACTBOM COOTBETCTBEHHO MpoiinBoB bocdop u lapna-
HeJutbl. [IBe pa3nnyHble BOAHbBIE MAacChl MpaMOpPHOTO MOpS pa3aesoTCs
CHJIbHBIM MMUKHOKJIMHOM Ha niryoune 20—30 m.

Jannas pa0oTta TOCBSIIEHA HCCICAOBAaHHIO AWHAMHUKH Box Mpa-
MOPHOTO MOpSI Ha OCHOBE TMIPOAWHAMHYECKOW MOJAENH, pa3padoTaH-
HoMl koyuiekTuBoM aBTOopoB MI'M PAH [[embimes, Koporae, 1986],
C BBICOKMM IPOCTPAHCTBEHHBIM pa3pellieHueM Ipu ydeTe oOMeHa de-
pe3 mponuBbl bochop u Jlapmanemnsl. BimsHue ce30HHOW H3MEHYH-
BOCTH Ha D3BOJNIOLUUIO THAPOPH3NYECKUX IOJEH Y4YHMTBHIBACTCS 3aa-
HHEM TeMIlepaTypbl TeueHHsi B BepxHeM cjoe nponuBa bocdop. Cu-
CTeMa YpaBHEHHWH C COOTBETCTBYIOIIMMH HayaJbHBIMH U KpaeBbI-
MH YCIOBHSMH TOIpoOHO mpenacTasieHa B [Jembimes, Josras, 2007].
UuncneHHbI pacyeT MPOBOAMICS MPH pa3pelieHud M0 TOPHU30HTAIU
1,22 xm — 1o ocu X, 0,83 kM — 1o ocu y. 1o BepTUKaIn UCIOIB30BATOCH
18 ropuzontos: 2,5; 5; 10; 15; 20; 25; 30; 40; 50; 62,5; 75; 100; 150; 300;
500; 700; 900; 1100 M. Ilar mo Bpemenu B moxaenu coctasisut 0,5 MuH.
Koadduients! TypOyneHTHOH BA3KoCcTH M AN DY3UH IO TOPU3OHTAIH U
BEPTUKAJIU TPUHUMAIIN, COOTBETCTBEHHO, CIEAYIOIINE 3HAYECHUS:

v, =5-10" k"= 510" em* ¢!, v, =5, k"= 3-107cm’ c .

Cropoct B bocdhope m JlapmaHemnax 3amaBaiCh ITOCTOSHHBI-
MU BO BpeMeHH. OHU PaCcCUUTHIBAIIUCH C YUETOM INPHHSATHIX PACXOJOB:
650 xm*/ron — B Tedenun B BepxHeM cioe 0-20 M mposimBa Bocdop,
350 kv*/rom — B HIDKHeM citoe 20—100 M, 830 kM>/ro — B TEUEHNH B BEPX-
aeMm cioe 0-20 M u 530 xm*/ron — B HIKHEM cioe 20—75 M mpomusa ap-
nmaresutsl. [Ipy 3amaany TeMneparypsl B TEUEHUH B BEPXHEM CJIO€ TTPOITH-
Ba bocdop yunteiBanace ee ce30HHas M3MEHYHBOCTB. [Ipn sTOM 3Hade-
HUS TEMIIEPATYPbI U3MEHSUIUCH CO BPEMEHEM B Ipeaenax ot 8 10 23,5 °C,
3HAYEHUs! CONEHOCTH — ¢ ryouHol ot 21 10 30 %o. B HIxHEM TeueHuu B
Hapnanemnax Ha mryOuHax 2563 M, COTTacHO ITOCTYTHBIM JTaHHBIM W3-
MEpEHUH, COJICHOCTh 3aaBayack B npeaenax 34,5-38,68 %o, Temnepary-
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pa Obuna paBHa 14,6 °C [Surku T. Besiktepe et al., 1994]. B xauecTBe Ha-
YJalbHBIX /Ui T U S UCTIONB30BAIUCH MOJIS TEMIIEPATYPBI U COIEHOCTH, TO-
CTPOCHHBIC HAa OCHOBE JIAHHBIX U3MEPEHHI, UMCIOIIUXCS B 0a3e JaHHBIX
MI'U PAH. Huxe 30 M Bce uMerolecs JaHHbIC HAOIOICHUHN YCPeIHs-
JIUCH TI0 TOPU30HTaM. YPOBEHb MOPS U TOPU30HTAIBHBIE CKOPOCTH TOTa-
raJluch paBHBIMU HYJI0. M3 MOCTAaHOBKM 3ajiauu CIIEAyeT, 4To B pabore
HCCIIEAYETCS BOMPOC O BIUSHUM MOTOKOB MUMITYJbCA U TUIABYYECTH Yepe3
TIPOJIUBBI HAa (POPMHUPOBAHKE IUPKYISAIIH MpaMOpHOTO MODSL.

B pesynbrare mpoBeIeHHOTO YUCICHHOTO DKCIEPUMEHTA MOTYyUEHO,
YTO CTPYKTypa TOJsl YPOBHS COOTBETCTBYET S-00pa3HOMY CTpyHHOMY
TEYEHUI0, HAIIPaBJICHHOMY OT TiposinBa bocdop k nponuy Jlapaanesnibt
U paszaensomemMy MpamopHoe Mope Ha aBe obnactu (puc. 1). 3oHa mo-
JIOXKUTEIBHBIX 3HaueHUM ypoBHs (10 1,8 cM) HaOmomaeTcs B CeBEPHOM
yacTu OacceliHa, OTpULATEeNbHBIX (10 —1,4 ¢M) — B FOXKHOU TOJIOBUHE.
Takoli BuI cooTBeTcTBYeT pesynbraram padotsl [Surku T. Besiktepe et
al., 1994], B koTopoii MpUBe/IeHa CXeMa TEYCHUH B BEPXHEM CIIO€ MOPS,
MOJIyYeHHAst HA OCHOBE 00Pa0OTKH UMEOIIIETOCsl MaCCHUBa HAOIIOICHUH.

15 aprycra
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Puc. 1. Tonorpadus yposust (cm) MpamopHOro Mmops

Crkopoct B S-00pasHoM Tedenumn aocrurant 60 cm/c. Kak Henpe-
PBIBHAS CTPYS, OHO TIpOCIIeKUBaeTcs 10 ryouH 40 M. Yke Ha TiryOnHe
50 M BCIO 00JIaCTh MOPS 3aHUMAIOT BUXPHU C Pa3HBIMHU 3HAKAMU 3aBUX-
pEeHHOCTH. B ceBepo-BOCTOUHOM MOIOBHHE OacceitHa chopMUpoBaIICs U
MOCTOSTHHO MIPUCYTCTBYET aHTHIIMKIOHHYECKUN KpyroBopoT (puc. 2). B
BUJIE €IUHOTO KPYroBOpPOTa OH HaOromaeTcs 10 rryOouHsl 30 M, HIKe
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1oJIe TeYEHH MpeacTaBisieT co0ol Habop BUXPEll pa3HOro 3HAKA 3aBHUX-
perHoctu. QK00 ceBepHOil rpaHuIbl MpaMopHOTOo MOps (pHC. 2) Tie-
proIMUecKn 00pa3yercsl UKJIOHNYECKUN BUXPb. Bpems ero >kxu3Hu co-
crasinsiet npumepHo 230 cytok. OH opMHpyeTCs B MapTe U CyIIECTBY-
eT 70 HosI0pSl, ero IuaMeTp cocTasisieT mpuMepHo 50 kM. B mone cko-
POCTH BUXPb MPOCIEKHUBACTCS 0 TIIyOHHBI 15 M, opOHUTaNbHBIE CKOPO-
cTH B HeM focturatoT 10 cm/c. AHanus TedeHuii B paiione 3aiusa M3mua
(BocTouHas yacTh OacceliHa) MOKAa3al, YTO UX CTPYKTYpa HOCHT CIIOXK-
HBII XapakTep. B aToii o6nmactu Oomblnyto 4acTh roga (MCKIIOYas JieT-
HHUE MECSIbl) 10 IIIYOHHBI IPUMEPHO 15 M UMEET MECTO aHTHLHKIOHH-
yeckuid KpyroBopoT. Ha Oonpiinx riryOuHax B 3amajHON yacTu paioHa
Wsmupckoro 3anuBa B Mone TeUeHU GopmupyeTcs o0nacTb UKIOHHU-
YECKOI'0 BpallleHHUs BOJI, B BOCTOUHOW — aHTUIMKIOHUYECKHH BUXph. B
JeTHU nepuo] (MoHb — aBryct) B ciioe 0—50 M HaOIOnaeTCs IMKIOHU-
YeCKOe BpaIEHHE BOI.
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Ce30oHHast U3BMEHYHUBOCTSH B IT0JIC TEUCHHUN MPOCIICKUBACTCS 110 25 M.
Hwuxe cTpykTypa 1mojisi TOpu30HTaILHOM CKOPOCTH COXPAHSETCS B TEUe-
Hue roga. OHa npejcTaBisieT co00¥ HaOOP BUXPEBBIX 00pa30BaHUit pa3-
HOTO 3HaKa 3aBUXPEHHOCTH. B IeHTpanbHOH Jienpeccun HalonaeTcs
LUKJIIOHUYECKUI KPyTOBOPOT, B ABYX JAPYTUX UMEIOT MECTO aHTULUKJIIO-
HUYCCKHEC BUXPU.
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METOINYECKHUE OCOBEHHOCTH NCCJIIEJOBAHUS
COCYHUIECTBYIOIIUX ®OPM XUMUYECKUX SJIEMEHTOB
B IOBEPXHOCTHBIX BOAHbBIX OFBEKTAX

B. A. Kexeps, T. I1. Kexeps
Hucmumym cudpobuonocuu HAH Ykpaunwl, Kueg

PaccMoTpeHbl MeTouuecKe PeKOMEHIAIMH HCCIISOBAHUSI COCYILIECTBY-
I0MX (HOPM XMMHUYECKHX 3JIEMEHTOB B PACTBOPEHHOM COCTOSTHHH, B CO-
CTaBe B3BEIICHHBIX BEIECTB U TBEPI0H (ha3e TOHHBIX OTIOKEHUH MTOBEPX-
HOCTHBIX BOJHBIX 00BEKTOB. /1151 M3yUeHHUs COCYIIECTBYIOIUX (HOPM XH-
MHUYECKHX DJIEMEHTOB HCIIOIB30BANN B ONPEICIICHHON TTOCIIeIOBATEILHO-
CTH MeMOpPaHHYTO (DHITBTPAIINT0, HOHOOOMEHHYIO U TeIb-XpOMaTorpaduio,
CIoco0 NBYXCTamuitHON 00paOOTKY B3BECH U JIOHHBIX OTJIOXKCHUH, (hOTO-
XUMHUYECKYIO JIECTPYKIIMIO PACTBOPEHHBIX OPraHHYECKUX BEIICCTB.

HOBCpXHOCTHLIC BOJHBIC 00BEKTBI OTHOCATCS K CIA0KHBIM U caMmope-
TYJIIMPYIOIIUMCA CUCTECMaM. B ux cocrtaB BxomsT a0MOTUYECKUE U OMOTH-
YCCKHNEC KOMITIOHCHTBI, KOTOPLIC UMCIOT MCIKIY €000 CI0KHEIC B3aHMO-
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CBsI3H. YCJIOBUS CYIIECTBOBAHUS TUAPOOUOHTOB, TOMUMO THIPOIOTHYE-
CKOTO PEXHUMa, OMPENSsIeT XUMHUSCKAN COCTAaB BOJIbI, HA KOTOPBIH, B
CBOIO OYepelb, TAKKE CIIOCOOHBI BIIUSTh )KUBBIE OpraHu3mMbl. OCOOCHHO
CWJIBHOE BO3/ICHCTBHE Ha KAYECTBO BOJIbI TOBEPXHOCTHBIX BOJ| OKa3bIBa-
€T JIeATeNIbHOCTh YelloBeKa. B 3aBUCHMOCTH OT 0COOCHHOCTEW aHTPOIIO-
TCHHOTO BJIMSIHHS TOBEPXHOCTHBIC BOJBI 3aTrPSA3HSIOTCS COCAMHECHUSMU
METaJIJIOB, OPraHUYCCKUMH U OMOTEHHBIMU BellleCTBaMU. BaykHy0 poiib
B JICTOKCUKAIIUM METAJUIOB UTPAIOT PUPOHBIC PACTBOPCHHBIC OPTaHu-
yeckue Bemectsa (POB), ¢ koTopeiMu OHH 00pa3yrOT KOMILICKCHBIE CO-
€/IMHCHUS, a TAK)KE B3BEIICHHBIC BEIICCTBA, HA MOBEPXHOCTU KOTOPBIX
OHH aJICOPOUPYIOTCS U B JANIbHEHIIIEM CEIUMEHTUPYIOT Ha JHO. B mo-
BEPXHOCTHBIX BOJHBIX 00BEKTaX COCAMHEHUS MHOTMX XUMUYECKUX dJie-
MEHTOB CIIOCOOHBI K JCTIOHUPOBAHHUIO B JIOHHBIX OTIOKEHUSIX, HO IPH
aHa’POOHBIX YCIIOBUSIX, CHIDKEHUH PH BOIBI IOCIIEIHUE CTAHOBSITCS UC-
TOYHHKOM BTOPUYHOTO 3arpsi3HCHHSI BOTHOU CPE/IbL.

B mOBepXHOCTHBIX BOJIHBIX OOBEKTAX XUMHYECKHE JJICMEHTHI MU-
TPUPYIOT B PACTBOPSHHOM, KOJUTOMTHOM ¥ B3BEIIIEHHOM COCTOsIHUU. Ha-
XOXKJICHHE XUMHUYECKHX DIIEMEHTOB B PAaCTBOPEHHOM COCTOSHUM YBe-
JUYMBAET UX MHUTPALMOHHYIO TIOABMKHOCTh U OMOIOCTYITHOCTh. B co-
CTaBe B3BEIICHHBIX BEHIECTB XUMHUECKHE DIIEMEHTBI MOT'YT COIEPIKATh-
Csl B KPUCTAUTMYECKHUX PEIISTKAaX WX MHHEPAIbHOW COCTABIISFOIICH, a
TaKKe B aJICOPOMPOBAHHOM COCTOSHUM WM B IJTAHKTOHHBIX OpraHH3Max
(uTOIUIAHKTOH, 300TUIAHKTOH M OaKTEPUOILIAHKTOH) C pa3MepoM 0o-
nee 0,45 mxM. B cBsi3M ¢ TeM YTO XMMHYECKHE DJIEMEHTHI HAXOMSITCS
B TIOBEPXHOCTHBIX BOJaX B Pa3IUYHBIX (POPMaX, JJIs YCTAHOBICHUS UX
COJICpXKaHMS B COCTABE KaXJ0W M3 (hOpM HAXOXKJICHUST HEOOXOAMMO HUC-
MOJIb30BAHKUE OTMPEACICHHON TMOCIeIOBATEIBHOCTH MPOOOTIOATOTOBKH
MPUPOJHON BOJBI. MHTEpec K M3yUeHUIO COCYIISCTBYIOIIUX (OPM XU-
MUYECKUX 3JIEMEHTOB CBSI3aH C Pa3lIM4MEM B UX MHUIPAIMOHHOHN MOJ-
BUYKHOCTH, OMOJIOCTYITHOCTH W TOKCUYHOCTH. Huke OyayT mpuBeIeHBI
0COOCHHOCTH UcCClienoBaHus cocymectByromux Gopm Al, Fe, Ti, Mn,
Zn, Cd, Pb, Si u P. [lo MHEHHIO aBTOPOB, MPEJIOKEHHAST HUXKE CXeMa
UCCIICZIOBAaHUI COCYIIECTBYIOIINX (DOPM XUMHUYECKUX DIIEMEHTOB MOKET
OBITh MCIOJB30BAHA MPH U3YyUYCHUM HE TOJIBKO BBINICYKAa3aHHBIX, HO U
JIPYTUX XUMHUECKHUX 3JICMEHTOB.
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MeToauyecKue acreKThl HCCJIe0BAHNUSA COCYIIECTBYIOIMX (hopM
XUMHMYeCKHX 3J1eMeHTOB. VccieoBanus MpoBOANINCH B PA3HOTUITHBIX
BOJIHBIX 00beKTax YKpauHsbl. 11 0TOOpa mpo0 BOJIbI C TOBEPXHOCTHOTO
W TPUJIOHHOTO TOPH30HTOB HMCIOIB30BaIN OaromeTp PyTHepa wmu mo-
TUQHUIMPOBAHHBIA 0aTOMETp-OyThUTKY. [IpenMyIIecTBOM TMOCIEIHEro
SBJSIETCSl MUHUMAJIBHOE B3MYYMBaHHE JOHHBIX OTIOKEHHUH MpU 0TOO-
pe Boabl B puaoHHOM ropusonTte. [locne orGopa mpoObl Boabl ee He-
00X0IMMO TIPOITYCTUTh Yepe3 MeMOpaHHbBIH (QHUIIBTP € AUAMETPOM TIOp
0,45 MKM B MaKCUMaJIbHO KOPOTKOE BPEMS JIJIsl OT/IEICHUS B3BEIIEHHBIX
BEIIECTB. JTO CBA3aHO C TEM, YTO B3BEIICHHBIE BEIIECTBA MOTYT JOMOJI-
HUTEJIBHO aJIcOPOUPOBATH HA CBOEH MOBEPXHOCTH COSIMHEHUSI HEKOTO-
PBIX XUMHUYECKHUX AJIEMEHTOB, a B IaJbHEeHIIIeM oceaTh Ha CTEeHKAxX T0-
cynsl. [Tocne atoro ¢unbTpar Boabl pa3aensior Ha aBe yacTH. OqHy U3
HUX TOJKHUCIISIOT HEMOCPEJCTBEHHO TNOCie (HIBTPOBAHHS PACTBOPOM
1:1H,SO, um HNO, no pH 3,5-4,0, a Bropyio ocTaisior 6e3 noa-
KHCJIeHUs. be3ycloBHO, MOIKHUCICHHE MOXKET MPUBOIUTH K BHICBOOOXK-
JICHUIO KaKOM-TO YacTH MCCIelyeMOro MeTaa, CBI3aHHOTO B KOMITIEK-
cel ¢ POB, HO B JaHHOM cily4ae KOHTPOJIEM SBJSETCS] HETTOAKHUCICHHBIH
¢bunpTpar Boabl. B nanbHeleM u3MepeHHe KOHIICHTPALUN UCCIIeaye-
MOTO MeTaJlla MPOBOJMIIN B IMOJKUCICHHOM M HETIOJKUCICHHOM (HIIb-
Tpare BOJbI A0 U mociie Gporoxumudeckoi aectpykiuu POB. [list aToro
(GuabTpaT NpUPOIHO Bobl 00beMoM S50 cM® BHOCHITH B KBapLIeBHii CTa-
KaH ¥ TOJIKKUCIIsM KoHueHTpuposanHoi H,SO, rpanaimu «x. 4.» 1o pH
1,0~1,5, a 3arem nobasnsim 5—7 xanensb 35%-noro pactsopa H,O, u 06-
Jy4yanu pTyTHo-kBapuesoi sammoit IPT-1000 B Teuenne 2,0-2,5 4. Co-
nepxanue Siu P onpenensii B HENOAKUCICHHOM (PHUIBTpaTe BOABI 10 U
nocine poroxumuueckoit aectpykimu POB.

KoHneHTpanus nceneryeMoro MeTasmia, KoTopast Onpeiesercs B mojl-
KUCIIEeHHOM (puiibTpare Bojbl 10 Gporoxummdeckoit nectpykimu POB, co-
OTBETCTBYET CyMME KOHIICHTPAIMiA ero CBOOOAHBIX (THIPATUPOBAHHBIX )
VIOHOB ¥ JIa0uibHOH (pakumun (Me , ), a mocyie — 00LIeMy COIEPKaHHIO
MeTaJula B pacTBOPEHHOHN (opme (Me,,, pacm ). KoHuenTpaus merasa,
KOTOpast OTpe/IeIIsIeTCs] B HEMOAKUCICHHOM (HIIBTpare BOJbI 10 (HOTOXH-
Mudeckoil aectpykimu POB, COOTBETCTBYET €ro COMEPKAHUIO, TPEXKIIe
BCEro, B Ta0MIbHOM (pakuuu (Me ), a ocyie — €ro COIEpIKaHuIO B pac-
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TBOpEHHOH popme (Mepacm ) 0€3 yueTa ruapaTMpOBaHHBIX HOHOB, KOTO-
Ppble, BepoSTHO, OBICTPO aacopOMPYIOTCs Ha CTEHKaX rmocyabl. KoHueHTpa-
IO THPaTUPOBAHHBIX MOHOB METaljla MOKHO PaccyuTarh 1mo (Gopmy-
JIe: Mee = Me&mﬁ - Memé. Konuentpanuio uccieayemMoro Merauia B co-
craBe CTOHKMX KoMmIuiekcoB ¢ POB (Me ) paccuutbiBanu 1o ¢opmy-
ne: Me,, ~=Me, pacms Me .. YKa3aHHbIA BBIIIE PACYET COACPIKAHHUS
TUJIPATUPOBAHHBIX MOHOB Me  HCTIONB30BAH B CIlydae (JOTOMETPUYECKO-
ro onpenenenust koHneHtpauuu Al, Fe u Ti [CaBpanckuii, Hamxadosa,
1992; Ananitinyna ximist..., 2007], koTopoe He MO3BOJISIET IPOBOIUTH HE-
MOCPEICTBEHHOE OTpeeiieHre 3Tol Gopmbl MeTasa. B To ke Bpems xe-
MIIIOMHUHECLIEHTHBIH METO/ M aHO/IHAs MHBEPCHOHHAs BOJIBTAMIIEpOMe-
Tpusi, MpUMEHsIoIMecs ist onpenenenus Mn, Zn, Cd u Pb [Habusanen
u ap., 1981; Jlunnuk, Habusaner, 1988, mumens! sroro Hepocrarka. Of1-
HAaKoO C TIOMOIIBIO MPUBEIEHHBIX PAacueTOB MOYKHO YCTaHOBHUTH IOTEPH
pactBopeHHO# popmbl Mn, Zn, Cd u Pb npu TpanciopTHpoBKe QIIIETpa-
Ta Bozbl. [loaTOMY MomyueHHBIE pe3yIbTaThl O0IIETO COACPKAHUSI PACTBO-
peHHOH (hOPMBI HCCIEyeMOTo MeTaiia B GUiIbTpare Boabl O0e3 ero moj-
KUCJICHUS] B MAKCUMaJIbHO KOPOTKHH MPOMEKYTOK BpPEMEHH OyIyT 3aHU-
JKEHBI. ITO OCOOCHHO KacaeTcsl yuacTKOB BOAHBIX 0OBEKTOB C TOYCUHBIMH
MCTOYHUKAMHU 3arpsi3HeHus (Talir.).

HccnenoBanue pacrpesieNieHns: paCTBOPEHHBIX COEIMHEHNI METaIIoB,
KpeMHUsI 1 (pocdopa 1Mo 3HaKy 3apsiia U MOJIEKYIISIPHON Macce OCYIIECTBIIS-
JM C TIOMOIIBI0 COOTBETCTBEHHO HOHOOOMEHHOH U rejlb-XpoMarorpaduu.
[Ipu MOHOOOMEHHOM pa3/IeNIeHUH MCIOIBb30BANIN JIBE TOIHUIIPOITHIICHOBBIE
KOJIOHKH, TIepBasi U3 KOTOPBIX 3aMOJIHEHA aHUOHUTOM JTU3THIaMUHOATHII-
nemnono3oit (JI9AD), a Bropas — KAaTHOHUTOM KapOOKCUMETHIIIICILTEONIO-
30ii (KM). Meroanka HOHOOOMEHHOW XpoMarorpauu MmpeaycMaTpuBacT
MOCIIEJIOBATEIILHOE TPOIYCKAHNUE HEMOAKUCICHHOTO (HIBTpaTa MpHPO.I-
HOM BOJIbI CHa4ajIa yepe3 KoNoHKy ¢ JIDAD-nenmono3oi, a 3areM — ¢ KM-
1eIuTI0510301. C OMOILIBIO 3TON METOTMKH MOTy4ai KUCIOTHYO (JIOMUHU-
pytoT rymycoBble BemiecTsa (I'B) 1 ux coeanHeHus ¢ UcClenyeMbIMU XU-
MHUYECKMMH 3JIEMEHTaMH C OTPHULATENbHBIM 3apsi/IoM), OCHOBHYIO (TIpeBa-
nmpytoT 6enkxoBoronoOHsle BemiecTsa (BI1B) 1, BO3MOXKHO, MX COeTMHEHUS
C UCCIIeYEMBbIMA XUMHYECKUMH DJIEMEHTAMH C MTOJIOKUTEIILHBIM 3apsi/IoM)
1 HEUTpaIIbHYIO (COziep KaTcs yIVIEBOABI U UX COEAMHEHHS C UCCIIENYEMBIMU
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XHUMHUYECKUMU dJIeMeHTaMu 0e3 3Haka 3apsiyia) ppakuun. Coequnenus POB
C XUMHUUYCCKUMHU AIIEMEHTAaMH — 3TO, MPEKIE BCEro, KOMIUIEKCHI ¢ MeTaj-
namu. [locienoBarenbHOCTh NEHUCTBUH, KOTOPBIE HEOOXOAUMO COONIONAThH
TP BBIMOJIHEHUN METOMKA HOHOOOMEHHOH XpoMaTorpadyu, U3JI0KEHbI B
paHee onyOnuKkoBaHHBIX cTaThsx [Linnik et al., 2013, 2014]. Metoxn noHo-
00MEHHO# XpoMaTorpaduu Mo3BOJISIET YCTAHOBUTH HATTMYHE UCCIITyEeMOTO
MeTajljla B COCTaBE KOMIUIEKCHBIX coeaunenuii ¢ I'B, BIIB u ymeBogamu.
s ycTaHOBIIEHHSI MOJIEKYJSIPHOM MAcChl 3TUX KOMIUIEKCHBIX COEIUHE-
HUIA UCTIOJIB30BAIM METOJI refib-XpoMarorpaduu. M3ydeHre MOIEKyIsipHO-
MaccoBoro pacrnpesneneHus ['B 1 ux KOMILIEKCOB ¢ UCCIETyeMbIMU METa-
JIAMH, a TaKKe aHMOHHOHN (DPaKIMKM KPEMHHUS OCYIIECTBIBIIA C TIOMOIIIBIO
CTEKJITHHOHM KOJIOHKH, 3arnoiHeHHoi reneM Toyopearl HW-50F (SInonus)
U MPEABapUTEIbHO OTKAIMOPOBAHHOW C MOMOIIBIO BEIISCTB C U3BECTHOM
MOJIEKYIISIPHON Maccoi — moymmaTmwienrvkoneit (1,0, 2,0, 15,0 u 20,0 x/la)
u ko3l (0,18 x/la). McenenoBanre MOIEKYIISIPHO-MAaCCOBOTO paciipe/ie-
JICHUS YIVIEBOAOB U MX KOMIUIEKCOB ¢ METaJIaMU OCYLIECTBIISUTN C ITOMO-
IIBIO CTEKJITHHOW KOJIOHKH, 3anoyiHeHHOH reneM Toyopearl HW-55F (Smo-
HUs1), KOTOpask Tarxoke OblIa OTKATMOpOBaHa C TIOMOLIBIO JIEKCTPaHa C MO-
nekymnspraoii Maccolt 70 k/la, anpOymuHa (= 64 xJla) 1 yIOMSIHYTBIX ITOJIH-
STUICHIIMKOJCH U DIIOKO3BL. J[J1s iccneaoBaHus MOJIEKYISIPHO-MAacCOBOTO
pacrpeneneHus: PacTBOPEHHBIX COCAWHEHUN KPEMHUS, HAXOMSIIIUXCS B
HEUTPATLHON (hpaKIMK, IPUMEHSUT CTEKISIHHYIO KOJIOHKY, 3aIlOJHEHHYHO
TSK-renem Toyopearl HW-40F (SInonwust), koTopasi Oblia MpeaBapuTeib-
HO OTKaJIMOPOBaHa C IOMOIIIBIO PACTBOPOB MOJIMATHIICHIIUKOJICH C MOJICKY-
nsipHOU Maccoit 0,6, 1,0 u 2,0 k/la u nmoko3sr (0,18 k/la). B xauecTse 2imro-
enta ucnionbzosaau 0,05 mosb/im® pactBop KNO,. Konnenrparyro uccie-
JTyeMBIX METaJIOB, KpeMHUS U (ochopa B MOMYYSHHBIX (DPAKIUIX TOCIIE
HMOHOOOMEHHOM U rejlb-XpoMarorpaduu u3Mepsum nocie (POTOXUMUIECKOM
necrpykiuu POB. OOHapykeHHe pacTBOPSHHBIX (POPM HCCIISyEeMbIX Me-
TaJUI0B, KpeMHus 1 (pocopa B coCTaBe HU3KOMOJICKYIISIPHBIX COCIIHEHUN
MeHee 5 k/la yka3plBaeT Ha UX MOTCHIMAIBHYIO0 OHOIOCTYITHOCTD IS TH-
JIPOOHOHTOB.

HccnenoBanue pacTBOPEHHBIX COCTUHEHUN XUMUYECKUX JIEMEHTOB
B IOPOBOM BOJI€ JOHHBIX OTJIOKEHUN OCYILIECTBISIIN B TAKOM K€ MOCIIe-
JIOBATEJIbHOCTH, KaK U B IPUPOIHON BOJIE.
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CpeaHue BeJTUYNHBI COIEPKAHUS UCCJIeyeMbIX METAJIJIOB B HEMOAKHUCIEH-
HoMm (I, Mepam) u noakuciaennom (I, Meﬂﬁmv pacTB) ¢uabTpaTe MPUPOAHOH
BOABI p. JIbIOeab U mpuierammero yuacrka Kanesckoro Baxp. nocie ¢goro-
xumuyeckoii gecrpykuun POB, uionn 2014 r., r. KueB, Mxr/am?

Cranuus Al Fe Zn Cd Pb

orbopa 1 11 1 11 1 11 1 11 1 11
1 2,5 33,0 | 127 | 135 | 49 | 312 ] 0,2 | 8,0 | 77,0 | 108,0
2 2,0 36,9 115 | 128 | 4,7 | 22,6 | 0,4 | 12,5 4.8 78,2
3 6,5 | 380 | 130 | 142 | 80 | 280 | 0.7 | 180 | 1.2 | 50,8
4 50,5 | 104,9 | 218 | 308 - - - - -
5 2655 | 43,6 | 132 | 154 | 2,0 [ 81,0 | 1,1 [ 290 | 50 | 26,7
6 21,0 | 27,2 | 165 | 176 | 1,3 | 76,0 | 0,6 | 32,0 | 2.4 | 33,7
7 29,0 | 31,0 | 131 | 133 | 22,0 | 33,0 | 0,6 | 0,6 | 36,5 | 37,8
8 22,0 | 37,0 | 145 | 152 | 13,7 | 364 | 0.4 | 53 | 19,3 | 50,3

Ilpumeuanue. Cranuuu oréopa: 1 — 50 M Beie BnageHust p. Mokpoi, 2 — 10 M Hmxke
BHajeHus p. Mokpoii, 3 — 5 M Huke BrageHus p. CoBkH, 4 — MeCTO BIlaJIeHUst COPOCHOTO
kanana TOILI-5 (~1,6 kM Beimie ycThs p. JIsioeap), 5 — ycrbe p. JIbibens, 6 — MecTo cMme-
mmBanus Box p. JIeibens u Kanesckoro Baxp., 8 u 9 — KaneBckoe BAXp., COOTBETCTBEH-
Ho BbImIe (~150 M) u Hwke (~150 M) Buagenus p. JIbioens.

Jns u3ydenus: GpopM HaXOKICHUS XUMHUYECKUX 3JIEMEHTOB U OIIpe-
JIETICHUSI UX COACPKaHUS B COCTABE TBEPABIX CyOCTPAaTOB AOHHBIX OTJIO-
JKCHUH M B3BELICHHBIX BEIIECTB HAMH IpEAJiaraeTcs UCIONb30BaTh pas-
paboTaHHBIA cOCO0 AByXCTaJUHHONW 0OpaOOTKHM B3BEIICHHBIX BEIICCTB
u noHHbIX omiokenud [[lar. 107989, 2013; XKexeps u ap., 2015]. Tpu-
MEHEHHE AaHHOTO Croco0a MO3BOJSIET YCTAHOBUTH KOHLCHTPALUIO U OT-
HOCHUTEJBHOE COACPIKaHUE HMCCIEeTyeMOro XUMUYECKOTO AJIEMEHTa B ajl-
copOHpoBaHHOK (hOpME U B COCTaBE OMOTUUECKOM COCTABIISIIOIICH B3Be-
nreHHbIX BemecTs (I craauns), moaBepKeHHBIX KUCIOTHOMY BBIIIEIaIHBa-
HHIO («MOKpOE CKUTaHHE»), & TAKKE B KPUCTAIUIMYECKOH peleTke MU-
HepaJbHBIX YaCTHI] B3BEIICHHBIX BEILECTB U TBEPAOH (a3bl JOHHBIX OT-
noxennit (I cramms, ruaporepmanbaas oOpadoTtka). Ha mpumepe Ka-
HEBCKOro Baxp., Kunmiickoit nenstel dynas, p. JIsioens (r. Kues), ozep
cucreMbl Oneuens (I KreB) ycTaHOBIICHO, YTO OTHOCUTENBHOE COJEpIKa-
nue Al, Fe, Ti, Si u P, koTOpbIe W3BIEKAIOTCS U3 COCTaBa B3BEIIEHHBIX Be-
miecTs nocie | craauy qByxcraanitHol 00pabOTKH, HAXOJUTCS B IPEAEax
COOTBETCTBEHHO 22,5-85,3, 77,3-99.,8, 57,1-100, 0,1-5,7 u 82,4-91,9 %.
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Best ocranbHas 4acTb McClieyeMbIX XMMHUYECKUX SJIEMEHTOB BBIIIENA-
YHUBACTCS TOJIBKO TOCIIE THIPOTEPMAaIbHON OOpabOTKH OCTATKOB B3BECH
B 3,2 monb/am® pactBope NaOH. OcobeHHOCTH MCHONb30BaHUs CII0co0a
JBYXCTaJIMIHON 00paOOTKH B3BEILICHHBIX BELIECTB U JIOHHBIX OTIOKEHUH
M3JI0KEHBI B paHee OmyOnnKoBaHHOM cTatbe [JKexeps u np., 2015].
HccnenoBanue cocymecTByOmux GopM XUMHIESCKUX JIEMEHTOB B CO-
cTaBe TBepAOH (ha3bl JOHHBIX OTIOKEHUH TaKKe IPOBOIUTCS MyTEM IISITH-
cTyneHyaroit ux oopadorku [Tessier et al., 1979], B KOTOpOit MbI 3aMEHITH
ISITYIO CTYTIeHb (pa3pyiieHue B cmecH 48 % ¢ropoBonoponHoit HF u 70 %
nepxyoparnoit HCIO, xucnor) cnocobom aByxcraauiinoi 00padoTku. Ms-
BIICKaeMble XMMUUECKUE AJIEMEHTHI Ha MEPBBIX TPEX CTaAMsIX 00pabOTKH
COCTaBIISIFOT Hanbosee MoABMKHBIE X GopMbl. [TosTomy 3Has coneprkanue
TOTO MJIM MHOTO XMMHYECKOTO JIEMEHTa B MEPBBIX TPeX (HPaKIUIX, MOKHO
CYAUTD O MOTEHIMATBLHON BO3MOXXHOCTH €ro MOCTYIUICHUSI U3 JOHHBIX OT-
JIOKEHHUH B BOJHYIO CpELy TPHY ONarompHUsITHBIX JJIS 3TOTO YCIOBHUSIX.
W3BecTHO, YTO B3BEIICHHBIC BEHIECTBA YYACTBYIOT B JETOKCHKALIUH
METaJJIOB Iy TeM aCcOpPOLMHU U3 BOABI MX JIAOMIBHON (pakuy Kak Hanbo-
Jiee TOKCHYHOM (POPMBI, a TAKXKE B Pe3ysibrare OMOaKKyMyysuuu. B cBs-
3M C TEM YTO B3BELICHHBIE BELIECTBA UIPAIOT BAKHYIO POJIb B MHIPALIUH
XMMHYECKHX IEMEHTOB, HAaMU ObliIa paccunTaHa KOHIIEHTPALUs 1 OTHO-
CHUTEJIbHOE COIepiKaHHe aJCOPOMPOBAHHON (OPMBI ATIOMHUHUS U Kelle-
3a B COCTaBe B3BELICHHBIX BELIECTB, KOTOpas CHOCOOHA K JECOpOLMH B
c1aboKHCIION cperie. YCTaHOBIEHO, YTO B Boze p. JIbiOeap M mpuiieraro-
el Tepputoprn KaHneBcKoro BAXp. KOHIIEHTpALUS aTIOMUHUS B COCTaBe
B3BEILICHHBIX BELIECTB, paspyliaomuxcs Ha | cragum aByxcTa uiiHoO#H 00-
paboTkw, cocTaBisia coorsercTBeHHO 101-438 u 102-314 mxr/am®. Ot-
HOCHUTENBHOE COfIepXKaHue JlecopOupoBaHHOTO amoMuuus npu pH ~ 4,0
U3 ATOU e (pakUy B3BEIICHHBIX BEIIECTB HAXOAWIOCH B IpEAenax
27,7-99,1 %, a ero xoHueHtpamus cocrapmsia 50,8-311 mxr/am®. Ta-
KUM 00pa3oM, 3Ty YacTh METaJlIa CIIEAyeT pacCMaTpUBaTh KaK MOTCHLU-
AJIBHO CIIOCOOHYIO MOCTYIaTh 0OPaTHO B BOAHYIO CPey, TPaHCHOPMHPY-
SCh M3 B3BEILICHHOTO B paCTBOpPEHHOE cocTosiHKe. B 03epax cucremsl Ome-
4yeHb U ycTbe p. Coipen (T. KueB) conepxanue amoMUHNSA U JKelle3a B Co-
CTaBe B3BEILLCHHBIX BEIECTB Nocie | cTtagun AByXCTaguiiHON 00paboTKH
HAXOWJIOCH B TIpeeaax cooTBeTCTBEHHO 24,3-289 u 104-631 Mkr/mm?.
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Jons necopOupoBaHHOTO amroMHHUS U kelne3a npu pH ~ 4,0 Bapeupoa-
Ja B LIMPOKUX Mpeaenax — coorBercTBeHHo 1,1-98,7 u 7,5-99,6 %, a ux
KOHIICHTPAIIUsI COCTaBJIsIa COOTBeTCTBEHHO 3,1-151 1 30,0-625 MKr/mm?.
Bonbiast yacTh xemne3a BEICBOOOKIASTCSI B BOAY B CIIA0OKUCIION Cperie,
YTO MOXKET OBITh CJICJCTBUEM €T0 MPEUMYIIECCTBEHHOTO HAXOKICHUS B
ouonocrynHor (opme. MccnenoBanue (hopM HAXOKIACHUS XUMHUYECKUX
9JIEMEHTOB B COCTABE B3BEIICHHBIX BEIIECTB BAYKHO C DKOJOTUYECKUX I10-
3WIIUH, TaK KaK Npu CHWxeHuu pH BomHOM cpenbl v (hOpMUPOBAHHUY aHA-
3POOHBIX YCIIOBHI B BOIOEMAaX XUMHUYECKHIE MIEMEHTBI OyayT TpaHcdop-
MUPOBAThCS U3 B3BEIICHHOIO B PACTBOPEHHOE COCTOSIHUE. JTO, B CBOIO
o4epellb, SIBISICTCS MPUYMHON BTOPHYHOTO 3arpsi3HEHUS BOJHOWM CPEIIbl.
Bosnee neranbHas nHGOpPMAIHSE OTHOCUTEIILHO U3YYCHUS OPM HAXOKIe-
HUS XUMHYECKHUX DJIEMEHTOB B COCTABE B3BEIICHHBLIX BEILECTB M3JI0KEHA
B cTarbe [Kexeps u ap., 2015].

BouiBonbl. [Ipu u3ydeHnn cocynecTByONmx GOpM XUMHUSCKUX dJIe-
MEHTOB B [TOBEPXHOCTHBIX BOJJHBIX OOBEKTaX PEKOMEHIYETCS MIPUICPIKHU-
BaThCsl M3JI0)KEHHOH BBIIIIE [TOCIIEIOBATEILHOCTH POOOITOTOTOBKY BOJIBI
U JIOHHBIX OTJIOKCHUH, YTO TO3BOJISIET YCTAHOBUTH COJCPIKAHHE MX pa3-
JIMYHBIX (POPM HAXOXKJICHHUS B PACTBOPEHHOM M B3BEIIICHHOM COCTOSHHH,
a Taxke n30eKaTh MOTyYeHHUs HeKOPPEKTHBIX pe3ynbraToB. [lonkucienue
¢dunsTpara IPUPOIHOI BOMIBI TO3BOJISICT YYECTh COIEPIKAHUE THAPATUPO-
BaHHBIX NOHOB, KOTOPbIE SBIISIOTCS HANOOJIeE TOKCHYHOM WITH OMOI0CTYTI-
HOU (hopMOY HCCIIETyeMOro METaJlIa, 0COOCHHO B BOJHBIX 00BEKTaX C TO-
YEYHBIMUA MCTOYHUKAMU 3arpsi3HeHus. Vcnonb30BaHne HOHOOOMEHHOM U
refb-xpoMarorpaduu 1aeT BO3MOXKHOCTh OILICHUTH COZICPIKaHHE PAacTBO-
PEHHBIX OPM XUMHUECKUX DIIEMEHTOB, KOTOPHIC OTJIMYAKOTCS 110 3HAKY
3apsjia ¥ MOJICKYJISIDHOH Macce COOTBETCTBEHHO. J[JIsi MOJMHOTHI paspy-
IIICHUS B3BCILICHHBIX BEIIECTB U TBEPJON (pa3bl JIOHHBIX OTIOKEHHU pe-
KOMEH/TyeTCsI UCIIOJIb30BaTh pa3paboTaHHbIN CrIOCcO0 JBYXCTaJUHHON UX
npobomoaroroBku. [Ipu U3ydeHun cocymecTByrnmx GopM METaJIOB B
COCTaBE B3BCIICHHBIX BEIIECTB BAKHO YCTAHOBUTH KOHIICHTPAIUIO U OT-
HOCHUTEIILHOE Cojiep kaHue (OpPMbI MeTajlla, KOTopasi CIocoOHa K JIecopo-
uu npu cHwkeHnu pH. Drta dopma Merayia NOTEHIMAIBLHO CrIOCOOHA
K MOCTYIUICHHUIO B BOY TP 3aKUCIICHHU U MOXET CIIY>KUTh HCTOYHUKOM
BTOPUYHOTO 3arpsI3HEHMUS] BOIHOW CPEIBL.
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and gel chromatography, two-step method for treatment suspended matter and bot-
tom sediments, photochemical destruction of dissolved organic matter were used.

MAKPO®UTHBI JIAJTOKCKUX 3AJIUBOB
BAJTAAMCKOI'O APXUITIEJIATA

H. B. 3yeBa, IO. A. 3yes, 10. A. llleBuoBa

Poccutickuii 2ocyoapcmeennsiil 2udpomemeoponocuieckutl yHugepcumem

BrimonHeno uccienoBanne Makpo(UTOB 6 JIaJOKCKUX 3aTHBOB U OyXT
Banaamckoro apxunenara. TakcCOHOMHYECKUH CITUCOK MaKpO(UTOB U3y-
YEHHBIX 3JIUBOB CKJIAJIBIBACTCS U3 56 BUAOB PACTEHUM, OTHOCSIIUXCS
K 5 oraenam. [IpoBeneHo comocTaBieHne akBaTOpUil 10 BUIO0BOMY 00-
raTCcTBY U pa3HOOOpa3uio pacTeHuil. BrlsBieHa MakcuMallbHas TITyOuHA
HWDKHEW TpaHUIlbl 00JIaCTH PACIPOCTPAHEeHUsT MAaKPO(HUTOB B ATOM paii-
oHe, oHa cocTrapisgeT 10—12 m.

Jlagoskckoe 03epo — OTPOMHBIN BOJOEM, €r0 MaKCHMaIbHAsl TITyOu-
Ha nocturaet 230 M, a cpenassa — 46,9 M [JIutopanpras. .., 2011]. Takoe
KpPYITHOE 03ep0, KOHEYHO, HE OyAeT SBIATHCA «MAaKPO(UTHBIMY», U BEAY-
11ast poJib B MIPOILYyIIMPOBAHNN OPTaHUYECKOTO BEIIECTBA B HEM TIPHUHATE-
KUT (PUTOTUTAHKTOHY. Tem He MeHee Ja/T0KCKast IUTOpaslb, BayKHAs U IPH-
BJIEKaTeJbHAS IS MCCIIEOBATEN 30HA, PacIoyiaraeTcs 3/1eCh 10 TTyOuH
8,4 M [JlutopampHas..., 2011]. OTa gacTh 03epa, KaKk U3BECTHO, SBIISCTCS
WCKITIOYATENTFHON 00IaCThIO PacCIpOCTPaHEHHSI MAKpO(HUTOB M TPOCTHPA-
€TCsI OT ype3a BOZBI /10 HIDKHEH TPaHUIIBI MX TIPON3PACTAHHS.

Ilo xapakrepy 3apacTaHus JTUTOpaibHAs 30Ha JIagoKCeKoro o3epa moapas-
JIeTISIeTCs Ha Te000TaHNYECKIE PaiioHbI. BamaaMckuii apxuriesiar OTHOCHTCS
K IIIXEPHOMY paifOHy, KOMIUIEKCHBIE MCCIIEIOBAHNS BOIHON PACTUTEILHOCTH
KOTOPOTO TIPOBOJIMITHCH TIOM PYKOBOZICTBOM J1. 0. H. . M. Pacmomosa [Pacrro-
1oB, 1961, 1968, 1985 u np.] B MactuTyTe 03epoBencuus PAH. B Hactosmiee
BpeMs N3ydeHne MakpopHTOB 3aIMBOB Banaamckoro apxwrenara Jlamoxcko-
TO 03epa TakkKe BeIeTCs Ha yueOHO-Hay4qHOM cTarmu PITMY «Bamaamw.

Hauwnaas ¢ 2011 mo 2015 1. B KOHITE HIONS U HadaJle aBrycTa — B TICPH-
OJT MAaKCUIMAJILHOTO Pa3BUTHSI MAKPO(PHUTOB — B JTAHHOM paifoHe ObLIH 00-
CJIeI0BaHbl 3aJIMBbI pa3HbIX yacteil Bamaamckoro apxunenara. Mccneno-
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BaHMS TIPOBOAMIIACH 1O oOmenpuHsaTol metonuke [Karanckas, 1981], B
TOM YHCJIE C UCIIOJIb30BAHUEM BOJIOJIA3HOTO 00OPYI0BAHHUS, YTO JaJI0 BO3-
MOXXHOCTh TPOCIICIUTh M3MECHEHHUE XapaKTepa 3apacTaHus 10 IIyOWHE,
OT ype3a BOJbI IO BHEIIHUX TPAHUL PACTUTEIBHBIX TPYIIUPOBOK. B nan-
HYIO0 pa00Ty BKJIFOYCHBI JIaHHbBIE O IIECTH 3aJIMBaX U OyXTaX apxuresara
(puc. 1). 3anuBel HeBon, Menbununbiil U JluBHast OyXTa pacrioioxKeHbI B
IOr0-BOCTOYHOM ero yacTtH, OyxTel Manast HukoHoBckast 1 MocKoBcKast —
B CEBEPO-3araHoM, a 30510Tast OyXTa HaXOAUTCS HAa CEBEPO-BOCTOKE.

Taxoke ObLIO 00CIIEIOBAHO MOOEPEKBE K FOI'Y OT H3YYCHHOU aKBaTo-
pun OyxTbl Manast HukonoBckas (2 Ha puc. 1). OnqHako MakpoduTsl Ha
9TOM yYacTKe MOOepek bsi MPAKTUYSCKH OTCYTCTBOBAIU, 32 MCKIIOYEC-
HueM npeacrasurencit poga Ulothrix, moBceMecTHO pa3BUBAIOIIUXCS Y
ype3a BOABI Ha CKallaX, KaMHSX U T. II. B aHanu3 naHHbI TaKCOH BKIIIO-
YeH He ObUI, TaK KaK IMPUHSITO OTHOCUTH €0 K THUITMYHBIM TPE/ICTaBUTE-
JISIM TIEPUPUTOHHOTO KOMILIICKCA.

Puc. 1. UcciaenoBan-
Hble 3aJuBbl Baja-
aMCKOTO0 apxumeara:

1 — Oyxta MockoBcKas,
2 — Oyxta Manas Huxo-
HOBCKas, 3 — Oyxra J{uB-
Has, 4 — 3amuB Hesop,
5 — 3anuB MenbHUYHBIH,
6 — Oyxta 3om0Tas

TakCOHOMUYECKUI CIIUCOK MaKpO(UTOB M3YYEHHBIX 3aJIMBOB CKJIa-
IbIBaeTcsl U3 56 BUJOB PAacTEHUM, OTHOCALIMXCSA K 5 oraenaM. boub-
myto 4acth u3 HUX (93 %) COCTaBISIOT MPENCTaBUTENN OT/AeIa
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Magnoliophyta, npuaem Ha gomo Magnolipsida npuxoautcst 30 BUI0B
(54 %), a Liliopsida — 22 Buna (39 %). Kpome 1BETKOBBIX, B CITUCKE
MPHUCYTCTBYET 10 1 Buay pactenuit usz otaenos: Charophyta, Bryophyta,
Equisetophyta v Lycopodiophyta.

HawnGonpiee BugoBoe 00rarcTBo u pazHooOpasre MakpopUTOB Mpu-
cymie Oyxrtam MockoBckasi 1 Manast Hukonosckast. Uucio BUIOB B Kaxk-
JIoM U3 HUX cocTaBisieT 36, a unaekc lllennona pasen 5,1 u 5,0 cooTBeT-
CTBEHHO, YTO HE YAMBUTEIBHO, TaK KaK 3TO JIBE€ CaMble KPyIHbIE aKBaToO-
pyu 13 odcnenoBanHbIX. B 3anuBax HeBon 1 MenbHUYHBINA KOTHYECTBO
Bu10B He npesbiiiaet 30. B Oyxre J{uBHas Obu10 3aKCHPOBaHO HEOOIb-
1I0€ YHCIIO BUJIOB — 18 M OTHOCHTENEHO HEBBICOKOE BHIOBOE PazHOOOpa-
3ue (4,1 OuT), XOTs OHa DIyOOKO BpE3aeTcsi B CYIIy W UMEET CIOXKHYIO
dopMy ¢ TiecaMu U KyTamu, OIaronpusITHYIO JUTsl pa3BUTHS BOAHBIX Pac-
TeHUH. MUHUMaIbHBIC Ke 3HAUYCHUS BYX ITHX XapaKTEPUCTHUK BbISBIIC-
HBI B OyxTe 30m0T1ast: 6 BuaoB U 1,8 6ut. CTob HU3KUE 3HAYCHUS OOBSICHSI-
I0TCS B TIEPBYIO OUepellb TeM, UTO rojl HaOmoaeHui 3necs — 2015 — xapak-
Tepu3yeTcsl HU3KUM ypoBHEM Bojibl. [IoaTOMy mocie ero nmajeHus Ha ype-
3€ BOJBI elle He YCTeIn ChOpMHUPOBATHCS 3apOCIIU MPUOPEKHO-BOAHBIX
pactenwuii. [TogoOnas cutyanus HaOmonanacek B Oyxrte JJusHas B 2003 r.,
KOIZIa M3-32 OUYeHb HU3KOTO ypoBHS Jlagoru Ha aToli akBaTopuu OBLIO 00-
Hapy>KeHO JUIIb 3 BUIa ruapoduToB. [lanee B JTaHHOW CTaThe MbI UCKIIIO-
YHM 3Ty aKBaTOPHUIO U3 aHAJIN3a, BBUAY TOTO UTO 371eCh HEOOXOIMMBI JalTh-
HeWIIre NCCIIeI0BaHusI B TOMIBI C O0Jiee BHICOKUM YPOBHEM.

OOmuMK AJ1s1 MCCIEAOBAaHHBIX 3aJIMBOB OKa3aluCh 9 BUIIOB MaKpo-
¢uroB. 3HaueHMs1 MHAEKCA cXoncTBa JKakkapa MpU CPaBHEHHWH BCEX aK-
Batopuii u3mensuuck ot 0,4 1o 0,6, T. €. CXOJACTBO UX JOCTATOYHO BEIH-
k0. MakcuManbpHOE 3HaYeHHE MOI00Hs HadmonaeTcs Ajst OIM3KO pacIo-
JI0keHHBIX 31MBOB HeBon 1 MenbHuuHbIN. [Ipy aHaM3e 3K0I0rn4ecKux
TPYII PacTeHUH BUIHO, YTO TMUIPOQUTHI TUAUPYIOT 1O KOJIUYECTBY BU-
JoB, ux 20. Craenyromias MHOTOYHMCIEHHAs TpyMIla — UCTUHHO-BOJIHBIE
pacrenus (Tuapodutsl), BKiodaet 17 BunoB. Octanbhbie 19 BUIOB — 3TO
THTPOTEIO(UTHI U TeNOPUTHL

[MonpoOuble paboTel, poBeaeHHbIe B OyxTe Manas HukoHOBCKas B
2015 1. ¢ UCTIONB30BaHUEM BOJOJIA3HOTO 00OPY/IOBAHKS, TIO3BOJIMIN BbI-
SCHUTH HIDKHIOIO TPaHUILy 30HBI OOUTaHUsI MAaKpO(MHUTOB B STOM 3aJIHBE.
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Tak, npencraBurenu Buna Elodea canadensis BCTpe4aroTCs 10 TIIyOHHBI
10 M, a oTnenbHBIe Bogopocnu poaa Nitella — no 12 m. BrisiBneHHble 3Ha-
YEHUsI MIPEBBIIAIOT U3BECTHYIO TPaHMIy JUTOpaiu B JlagoKckoM o3epe
(8,4 M). Hy)xHO OTMETHTB, UTO MPO3PAYHOCTH BOIBI (BUIUMOCTH OEJIOTO
Jcka) B 3Tol Oyxrte jeroM 2013 I. U3MEHs1ach B JUarasoHe oT 2,5 10
4,5m,82014—012,7 10 4,4, 82015 1. cocrasisuia 2,4-4,9 m. Takum o0pa-
30M, DTyOMHA TpaHMIa 30HBI OOUTAHUS KPYIHBIX PACTEHHH 3[1€Ch COCTaB-
JsieT Oosee yeM 2 DTyOMHBI MAKCUMAJIbHOM JIETHEH MPO3padHOCTH BOIBI.
WHTepecHO cOMOCTaBUTh MaTepualibl, MOJYYCHHBIE C TOMOIIBIO 00-
HICTIPUHATON METOMKH TOJIEBBIX Pa0OT MPH ONMCAHUU PACTUTEIBHOTO
MOKPOBa 03€pa, U JaHHbIC BOJOJIA3HBIX 00CIEIOBaHUI METOIOM TpaH-
cekt [lonukos, Ckapiaro, 1965]. Ha puc. 2 moka3anel oOmactu pac-
NPOCTPaHEHUs] MaKpO(HUTOB, MOJTYUYCHHBIC B PE3YJbTaTe dTHX CHEMOK.
Kpome Toro, Hanecena mpenmnonaracMas HaMH 0OOJIacTb UX OOUTAHMS.
Kak cremyer u3 cxembl, OONbIIas 4acTh TUIOIIAJIN, 3aHATON THIpOdUTa-
MH, He Obula OOHapy)KeHa HCCIIEAOBATENIEeM C MOBEPXHOCTH, KOTAA JUIS
00cCIieJOBaHUsI HCIIONB30BANCH BOMASHBIE TPadiIM WM Jpara-KoIlKa.

Puc. 2. O6aactu pac-
NPOCTPaHeHUs  Ma-
KpoputoB B  OyXx-
Te Manas HukoHos-
cKasi:

1 — BBISIBICHHASI [TPH MO/1-
BOJIHBIX paboTax; 2 — pu
paboTax C MOBEPXHOCTH;

3 — npenmnonaraemast 00- | 50 100
I ———
J1acTh OOUTaHUS )




Ha 3anagHom mobepexbe 3aiamBa MakpOQUTBI BOOOIIE HE OTMEYAIUCDH
npu padoTe ¢ JoaKku U Oepera. Tem He MeHee MOABOAHBIE PAOOTHI TTOKa3bI-
BaIOT U [103BOJISIIOT MIPEAIIOIOKUTH JOBOJIBHO 3HAYUTEIBHYIO 110 10N
obnacTtb X 00UTaHus y 3TOrO Oepera.

[IpoBenennas pabora CTaBUT Mepel, HAMH 3a7aqd sl JadbHEUIINX
UCCIEN0BaHUH 10 TOJBOAHOMY U3yUYEHUIO PACTUTEIBLHOIO IIOKPOBA B CE-
BepHoii Jlanore. YTouHeHHne ITyOWH HUKHEH TpaHuIbl OOUTaHUS THAPO-
(GUTOB — ONTHA U3 HUX.
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MACROPHYTES OF LADOGA BAYS
OF VALAAM ARCHIPELAGO

N. V. Zuyeva, Y. A. Zuyey, Y. A. Shevtsova
Russian State Hydrometeorological University

Macrophytes of six Valaam archipelago’s gulfs and bays were studied. The taxo-
nomical list of macrophytes found in the investigated bays includes 56 plant spe-
cies belonging to 5 divisions. A comparison of water areas in species richness and
plant diversity was carried out. The maximum depth of the lower border of the
macrophytes’ distribution in the area that is 10—12 meters was revealed.
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AHAJIN3 CYB®OCCUJIBHOI'O COCTABA CLADOCERA
(BRANCHIOPODA, CRUSTACEA) JIOHHBIX OTJIOKEHUIT O3EPA
MEJBEJIEBCKOT'O (KAPEJBCKHI1 MEPEMIEEK, POCCHSI)

A.T. U6parumona’, JI. A. ®posoa'?, JI. C. Ceipbix>?, 1. A. Cyderro*?

! Kazanckuil (Tlpusoncckuil) pedepanviviil ynugepcumen
2 Uncmumym 6o0nwix npoonem Cesepa KapHI] PAH
3 Poccuiickuii 20¢cyO0apcmeenblil Nne0a20eUtecKull YHueepcument
um. A. Y. I'epyena

Ilenpl0 MAHHOTO MCCIICAOBAHMS SIBISCTCS BOCCTAHOBIICHHE KIIMMATHU-
yeckol KapTuHbl ronoueHa aas Kapensckoro meperueiika, C3 Poccun,
a TaKKe PEKOHCTPYKIUS SKOJIOTMYECKHUX YCIOBHIA Mporwioro. B padore
TIPECTABIIEHBl PE3YJIBTaThl MaIe00NOIOTHYECKOTO aHajm3a COOOIIECTB
Cladocera B noHHBIX oTIIOXKEHUsX 03. MenBenesckoro (Kapembckuii me-
pemieek Mexay PuHckuM 3anuBoM banrtuiickoro mops u Jlagoxckum
o3epoM Ha C3 Poccun). BeIsSBIEHBI BHIIBI-IOMUHAHTEI, OTPEIEIeHa 300-
reorpaduyeckas 1 OMOTOIHYECKas IPHYPOYSHHOCTD ITPEACTaBUTENeH 00-
Hapy»XEeHHBIX TakCcOHOB. 1o pe3ynmbpraraMm KiiaJolepHOTO aHajIHM3a BbIe-
JICHBI YeThIpe cTparurpaduyeckre 30HBI B pa3pese JOHHBIX OTIOKESHUH
03. MeBeneBCKoro, 1Mo TaKCOHOMHYECKOMY COCTaBy KOTOPBIX CIETIaHBI
BBIBOJIBI 00 M3MEHEHHH TPO(PUYECKOrO CTaTyca BOAOEMa M KIIMMaThde-
CKUX ycIIOBHH B 11esoM. [IpoBeieH cpaBHUTEBHBIN aHAIN3 MTOTYYEHHBIX
JTAHHBIX C Pe3yJIbTaTaMi XHPOHOMUIHOTO aHAJIH3A.

OOBEKTOM HCCIeAOBaHUS OBLIO BEIOpAaHO 03. MenBeaeBckoe
(60°31'51" ¢. mr., 29°53'57" B. m., 102,2 M H. y. M., IJTOMAIL 3epKaja
Bogel — 0,44 kMm%, MakcuMalbHast TIyOHWHa — OKOJIO 4 M), PacIoIoKeH-
HOE Ha LEHTPaJbHON BO3BBIIEHHOCTH Kapenbckoro nepemeika, KoTo-
poe Onarogapsi BBICOTHOMY ITOJIOKEHUIO M MAJIOW TUTOMAIu BOocOop-
HOTO OacceliHa He 3aJTUBaJIOCh BOJAMHU KPYITHBIX MPIIICTHUKOBBIX BOJIO-
€MOB TI0CJIe JICDISIUAIINN U XapaKTepU3yeTcsi HePEePhIBHOCTHIO 0Ca]l-
KOHaKOIUIeHUS Ha nmpoTsokeHuu 12 650 mer [Cy6etTo, 2009].

PernoH uccnenoBaHust XapakTepu3yeTcsi YMEPEHHBIM MOPCKUM KJIH-
MaToM CO cpenmHeil Temmieparypoil sHBaps —9 °C, cpemHel Temrepary-
poii urosst +16 °C u cpenHeit romoBoit Temneparypoit +3 °C [Syrykh et
al., 2015]. KotnoBuna 03. MenseneBckoro copMupoBaiach Ha BalyH-
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HBIX CYDIMHKAaX U CyNecsX. PacCTUTENBHOCTD TEPPUTOPUH COOTBETCTBYET
¢dnopucTrueckoMy pazHOOOpa3nIo CpeAHETaeKHON MOA30HBI BocTouHo-
Erpornetickoii Taiiru [CyoerTo u ap., 2003].

Becnoti 2012 1. co siba ObLTH OTOOpaHBI IBE KOJIOHKHU JIOHHBIX OTIIO-
skeHu# qumHo# 1 u 2,5 M. KonoHkM TOHHBIX OTIIOKEHUH 03epa, Iepuos
CEJIMMCHTAIIMHM KOTOPBIX OXBaThIBAET IO3/IHEJICIHUKOBLE U BECh I'OJIO-
1IeH, ObLIH JATUPOBAHBI METOJOM YCKOPUTEIBHON MacC-CIIEKTPOMETPHH
("*C AMS-mMeToIoM) ¥ IPOaHATM3UPOBAHBI HA MOTEPIO0 MACCHI MTPH MPO-
kanmuBanuu (I1I1I1, %). BemonHensr nutoctparurpaduyeckuid, paauo-
YIJICPOIHBIN U PSIJi aHAIHM30B C UCTIOJIB30BaHUEM OMOJIOTUYECKIX UH/IU-
KaTOpOB (XUPOHOMUIHBIH, CITIOPOBO-TIBUIBIIEBOH, KIIAOIEPHBIH ).

Cladocera, sBISISICH 3HAYMMOW TPYIIION BOXHOW YKOCHCTEMEI, B TIO-
CIIETHUE JIECATUIICTUS BCE Yallle MCIOJB3YeTCS B PEKOHCTPYKLHUSIX
najgeokaumara. llemoCTHOCTh XUTHHOBBIX CTPYKTYp HX 3K30CKeleTa
(TOJIOBHBIE IIUTHI, KAPATIAKCHI, TOCTA0IOMEHBI, TOCTA0JOMEHAIILHBIC KO-
TOTKH | JIp.), KaK MPaBUIIO, COXPAHSAETCS B JIOHHBIX OTIOKEHHSIX 03€ep,
YTO MO3BOJISICT UACHTU(DUIIUPOBATH OOJILIIMHCTBO U3 HUX JI0 YPOBHS BU-
nmosoi puHaanexknocTH [Korhola, Rautio, 2001].

Jlis Ki1aonepHoro aHaim3a 1o BCel KOJOHKE JOHHBIX OTIOKEHHIM
ObuTH 0TOOpaHbl 00pa3ubl ¢ HHTEpBaIoM 1—6 cM. OOpaboTKy Mpod A0H-
HBIX OCQJIKOB TPOBOJMIIM IO CTAHJAPTHOW METOIMKE, ONpEciICHUES
MPOBOJIWIIN TI0 CIICIUAIIM3UPOBAHHOMY OTpeaenuTelnto [Szeroczynska,
Sarmaja-Korjonen, 2007; Korosi, Smol, 2012; ®ponosa, 2013].

B cocraBe cyO(OCCHIIBHBIX OCTaTKOB OBUIO BBISBICHO 39 TaKCOHOB.
B BomoeMe IOMUHHMPYIOT BUBI, CBOWCTBEHHBIC 30HAM MAJICAPKTUKU
(44,5 %) n ronapkruku (39,5 %), KocMonoaUTHYECKas 300reorpadus xa-
pakrepHa ymtib st 15,8 % coobiiectBa. JJOMUHUPYIOIIMMY BHIAMH CO-
obmiectBa siBnsitorcst Bosmina (Eubosmina) longispina, Alonella nana,
Acroperus harpae, Chydorus sphaericus. 3Ha4UTETLHOTO Pa3BUTHS J0-
CTHTAIOT TIeJIaruuecKue npeacraButenu pona Eubosmina sp. (22,3 %),
YTO MOXKET OBITh CBSI3aHO C YBEJIIMYCHUEM JIOJU OTKPBITON 4acTH BOjOE-
Ma. YBEIMUEHHE B OINPECIICHHBIC TIEPUOJIbI 3HAYUMOCTH JINTOPATBHBIX
(GUTOPUIHLHBIX BUAOB CBUIICTEIBCTBYET O HATMUUKM MEIKOBOIHBIX Y4acT-
KOB B 03€pe U Yy4acTKOB, 3apocUInX Makpodurtamu. Bunosoe pazHooOpa-
3He COOOIIECTBA B HIDKHUX CJIOSIX KEPHA XapaKTepU3yeTcs Kak OeqHoe U
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pacTeT ¢ MPOIBUKEHUEM BBEpX MO KoJoHKe. OpraHnuuecKkasi COCTaBIISIO-
11asi ICCIIELyEeMOTo 03epa TaKKe YBETMUMBACTCS TAPaLIEbHO CO CKOPO-
CTBIO 0Ca/IKOHAKOTLICHHSI.

Crparurpaduio cooOIIecTBa BETBUCTOYCHIX pakooOpasHbIX 03. Men-
BEJICBCKOTO MOYKHO YCIIOBHO DPa3JIeIUTh Ha YETHIPE 30HBL. B HMKHUX
ciosix (9000-13 000 kaut. J1. H.) OTHOCUTENbHAsE OTHOCTh TAKCOHOMHYE-
CKOTO Pa3HO00pa3usi COYETaeTCs ¢ IOMUHUPOBAHUEM TUIIMYHBIX CEBEp-
HBIX BUJIOB, TaKUX Kak Acroperus harpae, Eubosmina longispina, Alona
affinis, Camptocercus rectirostris, Alonella nana, Eurycercus lammela-
tus. JlaHHbIE, TIONyYCHHBIC B PE3y/IbTATe aHAIH3a MOTEPH MPU MPOKAITH-
BaHUM U XUPOHOMHUIHOTO aHAN3a, MOJATBEPIKAAIOT HATHYUE MPOXIIA-
HOTO KJIUMara B OJIMTOTPO(HOM BOJOEME U CBUJICTEIBCTBYIOT O HAKO-
IUIEHUH MUHEPAJIbHBIX 0CaaKkoB B HeM [ChIpbIX U 1Ip., 2015].

Ha nepexone k cnenyromeli naneosone (65009000 xai. 1. H.) OT-
MedaeTcsi pe3koe yBenwueHue ponu Chydorus sphaericus. Tlpusna-
KOM TOTEIUICHHUS KJIUMara MOXKET CIYXHTh YBEJIHYEHHE OHMOOrmye-
CKOTO pa3HO00pa3us B JJAHHOW 30HE: PACTET 3HAYMMOCTh JTUTOPATBHBIX
u ¢uropunbHbIX BUAOB (Alona affinis, A. intermedia, Alonella excisa,
A. exiqua, A. nana), CHWXaeTCsl BCTPEUAEeMOCTb TUITUYHOW Iearnye-
ckoit popmel Eubosmina longispina. OTHOBPEMEHHO ITPOUCXOIUT YBEIHU-
YeHue 0y XUIHoro Polyphemus pediculus. Ha nanHoM dTare pa3BuTust
03epa MPOUCXOJUT CMEHA CEIMMEHTAIINH, CONPOBOXKIAIOILAsICS YBEIHUe-
HUEM OPTraHMYECKOW COCTABJISIONICH B JIOHHBIX OTJIIOKCHHSX, YTO, BEPO-
ATHO, CBSI3aHO C MI3MEHEHNUEM MPUPOJHBIX 0OCTAaHOBOK Ha BogocOope.

B 30ne 20006500 kaun. 1. H. HaOIIOHAETCS OYEPETHON «PaCIBET» XO-
JIOHOBOJHBIX BUIIOB (Acroperus harpae, Eubosmina longispina, Camp-
tocercus rectirostris, Alonella nana, Eurycercus lammelatus). Ilo nan-
HBIM XMPOHOMHJIHOTO aHAJIM3a, HA 3TOM JTAIle BOJIOIUU TPOUCKXOTUT
YMEHBIIICHHE KOJTUYECTBA KUCIOPO/ia B BOAOEME U MOBBIIIICHHUE €r0 TPO-
¢uueckoro craryca [Cripsix u ap., 2015].

B otnoxenusix, narupyemsix Bozpactom 500—2000 kami. 1. H., oOHa-
pyxuBaroTcs octarku Acroperus harpae, Chydorus sphaericus, Cerio-
daphnia sp., 9TO SBISIETCS MPU3HAKOM 3BTPOPHUKALUU BOIOEMA.

Ha coBpemeHnHOM dTare u3ydyeHus B PUTOIUIAHKTOHE 03epa mpeodiia-
narT padumoduToBsie BOMOPOCIH, CBOMCTBEHHBIC CTOSTYUM BOJIOCMaM,
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00JI0TaM W BBI3BIBAIOIIUE HX «LBETEHUE». JTO OOBSICHAETCS TEM, YTO
B HACTOSIIMHA MOMEHT 03€pO HCIOJb3yeTcs Al peidopassenenus. [lo-
CJIe U3BECTKOBAHMS M yIOOPEHUS B HUX 3HAYUTEIHHO MOBBICHIINCH LIBET-
HOCTB 1 cozieprkanne P . . O3epo MOXKHO OTHECTH K KaTeropuu cabosa-
Ipsi3HEHHBIX BogoeMoB [ Tpudonosa u ap., 2014].

W3MeHeHne KIMMaTn4ecKUX YCIOBHH U TPOPHUUECKOTo cTaTyca o3e-
pa OTYETIMBO OTPa’kaeTcsi Ha TAKCOHOMHUYECKOM Pa3HOO0Opasuu Kiajo-
nepHoro coo6mecTBa. Ha NMpoTshkeHHHM KOJOHKHU JABaXKIIbI IPOUCXOTUT
3aMeHa XOJIOJHOBOAHBIX BHJIOB TEILIOIIOOWBBIMH, TOJIEPAHTHBIMH K TIO-
HIDKEHHIO YPOBHS KUCJIOpOJa M K auuAo(pUIBHBIM yCIOBUSM BOJOEMA.
B o03epe mpocnexuBaeTcst TeHASHIUS K SBTPO(QUKAMHA U HAKOIUICHHIO
MHUHEpaJIbHBIX BELIECTB.

Hccneoosanue noooepocano epanmamu PODU Ne 16-35-50067 u 16-35-
50036.
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ANALYSIS OF SUBFOSSIL CLADOCERA (BRANCHIOPODA,
CRUSTACEA) FROM BOTTOM DEPOSITS OF LAKE
MEDVEDEVSKOYE (KARELIAN ISTHMUS, RUSSIA)

A. G. Ibragimoval, L. A. Froloval, L. S. Syrykh*3, D. A. Subetto*?

"' Kazan (Volga region) Federal University, Kazan
2 Northern Water Problems Institute KarRC of RAS, Petrozavodsk
3 Herzen State Pedagogical University of Russia, St. Petersburg

The study is focused on the reconstruction of climatic and environmental con-
ditions the Karelian Isthmus, NW Russia, experienced over the Holocene. The
paper presents the results of the paleobiological analysis of the Cladocera com-
munity of Lake Medvedevskoye (Karelian Isthmus, located between the Gulf
of Finland of the Baltic Sea and Lake Ladoga, NW Russia). The dominant spe-
cies, zoogeography and biotopic attachments were identified. According to the
results of Cladocera analysis, four stratigraphic zones were determined which
taxonomic composition allowed making conclusions about changes referring to
the climate and trophic status of the lake. A comparative analysis of our findings
and the results of chironomid analysis was carried out.

KAJIBIIUA3ABUCUMBIE ITPOTEMHA3bI CEMENCTBA
KAJIBITAMHOB KAK ITOKA3ATEJIN COCTOsIHUS PbIb
ITPU BO3IEHCTBAU AHTPOIIOT EHHBIX ®AKTOPOB

H. II. Kanueposa, JI. A. JIbicenko, H. H. HemoBa
Hncmumym ouonoeuu KapHI] PAH

LICJ'ILIO HACTOSAIICTO UCCICAOBAHUS ABUJIOCH U3YUCHUC BIUSAHNA CTOKOB
KOCTOMYKH.ICKOF O T OpHO-06OFaTI/ITeJ'H>HOFO KOMOHMHATA HA AKTHUBHOCTH
BHYTPUKIICTOYHBIX KaJIbIIUM3aBUCUMBIX npoTenHas y pr6. br11o moka-
3aHO, YTO aKTHUBHOCTDH KaJIbIIaMHOB B IICYCHH, )KaGan " IIOYKax pLI6 us3
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3arpsI3HEHHOMN 30HBI 3HAYUTEIILHO MPEBBIIIACT TAKOBYIO Y PbIO U3 pede-
peHTHOTO Bomoema. HaOmromaemasi akTHBalMs KajibIIAMHOB B OpraHax
PBIO, BEUIOBJICHHBIX B 3arps3HEHHOM 30HE, CBUCTEILCTBYET O CTAHOB-
JICHUH HeCTeNU(UISCKOTO KOMIICHCATOPHOTO OTBETa OEITKOBOTO METa-
0onm3Ma Ha JieiicTBHE OCHOBHBIX (DAaKTOPOB BOJ XBocToxpaHmwimiia Ko-
cromykiickoro ['OKa.

B mocnennue necAtmieTuss B CBA3M C YCHJIMBAIOIIUMCST aHTPOIIO-
TeHHBIM BO3/IEHCTBHEM Ha BOJHBIE SKOCHCTEMBI 3HAYUTEIHHO BO3POC-
JI0 BHUMaHUE K TIPOOJieMe CyIIECTBOBAHUS U BBDKUBAHHS THAPOOHOHTOB
B YCIIOBHSIX 3arpsi3HeHus. [I[pHopUTEeTHBIM HamlpaBiIeHWEM CTaljla OLEH-
Ka Ouosiornyeckoro 3dexra 3arps3HIONIUX BEIIECTB, TOTIa KaK aHa-
JIN3 KaYeCTBEHHOTO M KOJMYECTBEHHOI'O COCTaBa KCEHOOMOTHKOB B BO-
JTHOW cpejie He OTpa)kaeT MX OWOJOTHYECKON aKTHBHOCTH U TO3BOJISET
YCTaHOBUTH TOJIBKO COOTBETCTBHE BOJOEMOB OINPEIEICHHBIM HOpMAaTH-
BaM. Craryc opraHu3MoB, OOUTAIONIHNX B YCIOBUSX aHTPOIIOTCHHOTO 3a-
IPSI3HEHHMSI, OLCHUBACTCS 0 Pa3IMYHBIM OMOXUMHUYECKUM U (HU3HOIIO-
TMYECKUM IT0Ka3aTessiM, U3MEHEHHUsI B KOTOPBIX, KaK M3BECTHO, JETEK-
TUPYIOTCSl paHee BUAMMBIX HapyIIEHHH B O1aronoyuyuy HHAWBUYaIIb-
HBIX OPTaHW3MOB WJIM MX MOMYJALUN. YKa3aHHbIE MOKa3aTelH, Ha3bIBa-
eMble OMOMapKepaMu, TaKUM 00pa3oM, CIIyKaT MHAMKATOpaMH Havyailb-
HBIX CTaJWi Pa3BUTHA IATOJIOTWYECKOTO WM aJalNTHBHOIO Mpoliecca
[van der Oost et al., 2003]. [TokazaTeny BHYTPHKIETOYHOTO MPOTEONH-
3a B psiJie DKCIIEPUMEHTOB ITPU3HAHBI BHICOKOYYBCTBUTEILHBIME U CIIE-
MUQUYHBIMA OMOXUMHYECKUMH MapKepaMH y OpPraHU3MOB Pa3HOTO
YPOBHSI OpPTaHH3alMU M NPU BO3ACHCTBHM BapHalOElbHOTO KOMILIEKCA
kcenoOmotukoB [bonmapesa, 2004; Hemona, Briconikas, 2004; Kanie-
posa, 2011]. BHyTpuKieTOo4HbIC TPOTEONUTHUECKUE HEPMEHTHI PETYIIH-
PYIOT HOpMaJIbHBIH OOMEH B TKaHSX KHMBOTO OpraHu3Ma IyTeM KaTallu-
3a peaklui ABYX THIIOB: 1) Jlerpajanuu BHE- U BHYTPHUKIETOYHBIX OeJI-
KOB U 2) OTpaHWYEHHOTO MpoTeonu3a (IPOIeCCHHra) Mpe/IeCTBeHHHU-
KOB OMOAKTUBHBIX OEJIKOBBIX TIOIMMepoB. [TokazaHo, 4TO CBOWCTBA MPO-
TEOJIUTUYECKUX PepMEHTOB (YPOBEHb aKTHBHOCTH, 0COOCHHOCTH CTPYK-
TYpPBI, COOTHOIIIEHUE MOJICKYJISIPHBIX (popM) HH(DOPMATUBHEI TIPU OIICH-
KE cTaTyca OpraHM3MOB, OOUTAIOIIUX B YCIIOBHSX 3arpsS3HEHHS, a TAKKe
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MO3BOJISIIOT CYAUTH O (He)crnennu(pUIHOCTH AEHCTBUS KCEHOOMOTHKOB M
B psJie CIIy4aeB YCTaHOBUTh MEXaHM3M UX TokcuyHocTH [HemoBa, 1996;
Hewmoga, Bricorikas, 2004; Hemosa, 2005].

TopHonoObBIBarOmasi MPOMBIIICHHOCTh, KaK HM3BECTHO, OTHOCHT-
CSl K YHCITy KPYHMHEHIINX MCTOYHUKOB 3arpsA3HEHUs] BOJHBIX OacceiiHOB
Mupa. CToYHbIE BOJBI TOPHOIPOMBIIIJIEHHOTO KOMILIEKCA, COIepIKalIie
MOBBIIIIEHHOE KOJMYECTBO B3BEIIEHHBIX YaCTHI, MUHEPAJIBHBIX KOMIIO-
HEHTOB, NMPHUBOAAT K U3MEHEHHIO OCHOBHBIX (M3MKO-XMMHUYECKHX Ma-
paMeTpoB BOJHOW CpeAbl, TAKUX KaK MUHepanu3alus, HOHHBIN COCTaB,
npo3payHocTs, pH. M3MeHeHne TaHHBIX apaMeTPOB CPeJlbl OKa3bIBAET
HEraTMBHOE BO3/CHCTBUE Ha oOuTaTenel BogoemMoB [Mounceenko, 2009],
B CBSI3M C YeM OCOOYIO aKTyalbHOCTh MPHOOPETaloT padoThl MO HU3yye-
HUIO BJIMSHUS HA HUX CTOYHBIX BOJ NPEANPUATHI TOPHOIPOMBIIIIJIEHHO-
TO KOMIUIEKCa.

B nacrosmieii paboTe mpeacTaBleHbl Pe3ynbTaThl U3YYEHUS! YPOBHS
AKTUBHOCTH BHYTPHUKIIETOYHBIX Ca’’-3aBUCHMBIX MPOTEHHA3 (KaJbllau-
HOB) W3 TKaHEH psaa BUIOB PbIO, HACEISIOMMX XBocToxpanmuiie Ko-
CTOMYKIICKOT'O TOPHO-000TaTUTeIbHOTO KOMOMHATA.

MarepuaJibl n MeToabl. Coop Marepuana nposoawi B 2009-2011 rr.
B 03€pax, PacrojoKeHHbIX Ha Tepputopun PecrmyOnuku Kapemus. Oze-
po Kocromykiickoe — BepxHUiA BooeM cucTeMsbl p. KeHnTu, siBnsieTcs XBo-
croxpanmmieM KocTOMYKIICKOro TOpHO-000TaTUTENBHOr0 KOMOHMHa-
ta (I'OKa) n ncnons3yercst 11t cOpoca MPOMBIBHBIX BOA U ISl 3aX0PO-
HEHUsI pa3MOJIOTOM IyCTOH MOponbl (XBOCTOB OOOTaIleHHUs). XUMHUUe-
CKUIl COCTaB MUHEPAJIOB XBOCTOB BCIIEACTBUE BBIIIEIAUMBAHNS Pa3IHy-
HBIX KOMITOHEHTOB HETOCPEICTBEHHO BIIHSIET Ha THAPOXUMHUYECKUE TO-
Ka3aTeJM BO/bI XBOCTOXPAaHMIIUILA U 03€p, pacloiokeHHbIX Hixke. [o pe-
3y/bTaTaM XUMUYECKOTO aHAIN3a BOJbI, 00ILasi MUHEPAIN3aIKs BOJ XBO-
CTOXpaHWJIMILA B IEPUOJT UCCIICAOBAHUs JocTUrana 650 Mr/J1, KOHIEHTpa-
s (B MI/J) HOHOB Kajusi coctaBisuia 156, Hatpus — 18, kanbius — 40,
Mmaruust — 18, xsopunoB — 7, ruapokapoonaros — 122; pH — 7,4-7,5. Ta-
KuM 00pa3oM, IIABHBIM 3arps3HAIOMUA (HaKTOp BOJABI B XBOCTOXPaHH-
JIMILIE — BBICOKAS MUHEPAIM3aLKs, TIPH 3TOM OCOOCHHO BBICOKH KOHIICH-
Tpauyy MOHOB Kanus u cyabdaros [Kynakosa, JlozoBuk, 2012; buora...,
2012]. Kpome Toro, /st XBOCTOXpaHWJIMILA XapaKTEPHO HAJIMYUE MeJl-
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KOZIIUCIICPCHOM MEXaHMYECKON B3BECH, KOTOpasi, IPOHHKas B XKaOpbl U B
JKETYAOUHO-KUIICUHBIH TPaKT, CIOCOOHA YyTHETAaTh JbIXaHHE U MHUILEeBape-
HHE TUIPOOHOHTOB.

B kauecTBe KOHTpONSL OBUIM HCIOJB30BaHBI PBIOBI, HACEINSIOIINE
03. KamenHnoe (Oacceitn p. Kemn), pacnonoxkeHHOe Ha TEPPUTOPHU TO-
cyaapcTBeHHOro 3amnoBefnuka «Kocromykmickuii»y. Boma 03. Kamenno-
r0 XapaKTepH3yeTcsl HU3KOW MUHepanu3auuei (9,5 Mr/i) u conepkaHuemM
OpraHuuecKux coenuHenuit (oommii azor — 0,41 mr/n, oouwmit Gpochop —
0,005 mr/m). BenenctBue crna®oii MUHEpaIH3aluK B HEBBICOKOH HHTCHCHB-
HOCTH OMOJIOTHYECKHX MPOLIECCOB BOJa 03epa OTIMYAETCS HU3KUMU BEJIU-
yuHamu pH (5,97-6,49) [buora..., 2012]. Takum oOpa3om, 03epo Xapax-
TEpHU3yeTCsl KaK OJIMTOTPOGHOE C BBICOKUM KaueCTBOM MTPUPOAHOMN BOABL.

Broxumuyeckne nokasarenu onpeiesisuii B IeYeHH, CKEIETHBIX MBIIL-
Hax, )kabpax u noukax psio (1yku Esox lucius, cura Coregonus lavaretus
W TIOTBBI Rutilus rutilus), BBUIOBIEHHBIX B XBocToXpanunume Kocto-
mykiickoro 'OKa u 03. KameHHOM. AKTHUBHOCTH KaJIbLIMH3aBUCUMBIX
npoTerHa3 (KaJbIIanHOB) OLIEHWBAIIM B LIUTOILIA3MATHYECKON (PpaKkuuu 1
BO (hpakLMKM MUKPOYACTUL] (MEMOPAHOCBS3aHHBIX OEIIKOB) IO THAPOIU3Y
IETOYHO-ACHAaTYpupoBaHHOrO Ka3enHa [Enns, Belcastro, 2006].

Pesynbrarel MpoBEAEHHBIX HKCHEPHUMEHTOB 00paboTaHbI C MPUMEHE-
HHEM OOIIETPHHATHIX METOJO0B BapUALMOHHOM CTAaTUCTUKH. JlocToBep-
HOCTb Pa3lnyuil OLEHEHa C IMOMOLIbI0 HEMapaMeTPHYECKOr0 KpUTEpHs
ManHna-YutHu.

Pe3ynbTarsl u o0cy:xaenue. B Tabn. npuBeaeHb! JaHHBIE IO YPOB-
HIO aKTHBHOCTH KaJIbIIMH3aBUCHMBbIX IPOTEMHA3 B OpTaHax LIyKH U CHra,
BBUJIOBJICHHBIX U3 03€P C Pa3HBIM MHHEPAJIbHBIM COCTABOM.

JlocToBepHbIe U3MEHEHHS YPOBHSI aKTUBHOCTH KaJbIIaWHOB HAOIIO-
JAJINCh B )kaOpax, MedeHH U noykax pei0. XKaOpel kak OapbepHbIi opran
MOCTOSIHHO TIO/IBEPTaroTCsl BO3JCHCTBUIO (haKTOPOB OKpY’Karolel cpe-
Ibl, BKJIIOYasi TOKCUYHbBIE areHThl, U CIIy’KaT OJHUM W3 OCHOBHBIX IIy-
Tel MPOHUKHOBEHHUS KCEHOOMOTHUKOB B OPraHU3M TUApOOHOHTOB [Mo-
uceenko, 2009]. IlocTosiHHAs MPOTOYHOCTH BOABI B KaOpax SBIISET-
cs1 HeOOXOAMMBIM YCIIOBHEM HOPMAJIBHOTO Ta3000MeHa, OJJHAKO MOBBI-
HIEHHAasi B3MyYEHHOCTb BOJI XBOCTOXPAaHHJIHILA MPUBOJIUT K MEXaHHYe-
CKOMY 3a0MBaHHMIO THIYMHOK >Ka0p YacTHLAMH IE€PEMOJIOTHIX TOPHBIX
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MOPOJ U, KaK CJIEICTBUE, K YMEHBIIEHUIO OKCUTE€HAIIUH OPraHOB U TKa-
Heit. XKaOpel ppIO — noau(yHKINOHANBHBIA OPTaH, OTBEYAIOLIHN TaKKe
3a HOHHYIO PETYNALNI0, HapsAdy ¢ MOYKAMH M KUIIEYHUKOM [BuHorpa-
108, 2000]. [ToBbIlIeHNEe aKTUBHOCTH KaJIbIIaWHOB B jkabpax pbIO U3 3a-
IPSA3HEHHOTO BOIOEMA, TIO-BHIUMOMY, SIBIISIETCSA HECTIeM()UIEeCKON KOM-
MEHCAaTOPHOW peakuueil Ha BO3AeHCTBHE OCHOBHBIX (DaKTOPOB BOJ XBO-
CTOXpaHWIUIIA — B3MYYEHHOCTH U BEICOKOH MUHEpaIU3alHH.

Wzyuenne napaMeTpoB MeTabOIM3Ma MTEUeHH THAPOOHOHTOB SIBIISIET-
Cs1 HEOOXOIMMBIM KPUTEPHEM JIJIsl OLIEHKU COCTOSIHUSI OPTaHU3MOB, O0H-
TAIOIIMX B 3arps3HEHHBIX BojoeMax. B neuenu peanusyroTcst MeTabou-
YeCKHe MyTH yIIIEBOAHOTO, OEIKOBOIO U JIMMTUIHOTO OOMEHOB, CHHTE3H-
PYIOTCSI pa3IMYHbIe COEANHEHNUS, OCYILECTBIsIETCS (PyHKIUS JETOKCHUKA-
LUU. YCTaHOBIIEHO, YTO B MEYEHHU IIYKH U CUTa, BHUIOBJIEHHBIX B 30HE,
3arpsisHeHHON cTtokamu Kocromykmickoro I'OKa, nabnromancst 3Hauu-
TEJILHO 00JIee BHICOKHI YPOBEHb aKTUBHOCTH KaJIbIII3aBUCUMBIX MTPO-
TEHHAa3 KaK MEMOPaHOCBI3aHHOM, TaK U LUTO30JIbHON (PaKLUM, YeM y
pbI0 13 03. KamenHoro. BepoaTHo, n30bITOUHAs aKTHBHOCTD (pepMeHTa
B IIEYEHN MOXKET MHIyLIMPOBATHCSI U3MEHEHHEM OanaHca BHYTPUKIIETOY-
HOTO KaJIbIIMsl, HAIPUMEp, N3-3a HapyIleHHUs TPOHUIAEMOCTH MEMOpaH-
HBIX CTPYKTYp M (QYHKIHH OEIKOB-TPAaHCIIOPTEPOB, U, KaK CIEICTBUE,
MO3BOJISIET MPEANOIOKHUTE (PYHKIIMOHATILHBIE HAPYLICHHUS B OpraHe, Bbl-
3BaHHBIC HEAOCTATOYHBIM CHAOKEHHEM OpraHu3Ma KHCIOPOIOM.

MHTepecHO OTMETHUTD, YTO OCHOBHBIE U3MEHEHHSI AKTUBHOCTH KaJlbIla-
MHOBOH CHCTEMBI OOHApyKEHBI B MIEYCHH U jkabpax pbIO, TOrna Kak 1moy-
Ka — OCHOBHOH OpraH peryJsiiiy BOAHO-COJIEBOrO0 0OMeHa — XapaKTepH-
3yeTcsl CTAOMJIBHBIMU IMOKa3aTessiMH. VICKIIIoueHreM cTaio oOHapy KeH-
HOE TIOBBIIIEHNE aKTHBHOCTH KaJbIIAaUHOB B MOYKaX y IIyKH, BBIJIOBJIEH-
HOH B xBocToxpanmnuiie B 2010 1. MaTeHcnpukanus 6eIKoBoro ooMeHa
B [I0YKaX, O-BHIMMOMY, HEOOXOMMa JJIsl YCKOPEHHOTO OOHOBJIEHHS KJle-
TOYHBIX KOMITOHEHTOB M MOKET PaclIEHUBAThCS KaK MOKA3aTelb Pa3BUTHS
a/IaNTallMOHHBIX N3MEHEHUH MeTab0M3Ma PBIO B YCIOBHAX MUHEPATLHO-
ro 3arpsi3sHeHus. OTCYTCTBHE SIBHBIX PA3JIUUUI 110 UCCIIEAYEMBIM MTOKa3a-
TENSIM B MOYKAX PbIO M3 YCIOBHO YMCTOTO M 3arps3HEHHOTO BOIOEMOB B
LIEJIOM CBUJIETEJILCTBYET O HE3HAUUTENILHOM BIMSHUY MUHEPAJIbHOM B3Be-
cu 'OKa na ocMoTH4eckuii 6ainaHc B OpraHu3Me MOCIEeJHUX.
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YaenbHasi akTHBHOCTD KajbnanHoB (EA/r 6enka) B opranax myKkHu U cura

U3 BOJOEMOB € PA3HOIi CTENMEeHbIO AHTPONOTeHHOI HATPY3KH

yka | Cur
VienbHas aKTHBHOCTD KajiblianHoB, EA/r Genka
Bomoem Opraun
[UTO30JIbHAS | MEeMOpaHHasl | IMTO30JIbHAS | MeMOpaHHas
(bpakus (dbpakmms (dpakmus (dpakmus
2009 .
Memmsr | 44,3 +8,6 952+274 72,3 +26,1 181,1 £50,6
Os3epo Kabpsr 40,6 £10,2 | 176,4+57,8 56,4+ 18,4 178,6 £34,8
Kamennoe | [louku 30,4+9,7 | 157,4+42,1 77,6 £30,4 | 228,5+87,6
[euenn 23,9+8,8 | 123,6+48,6 | 64,7+224 | 326,6+125,8
Mpimsr | 64,7+ 19,2 | 82,9 +33,1 60,4 +25,6 |2544+114,6
XBocCTO- YKabpsr 30,1 £8,7 |2956+482*% | 77.9+21,4 | 350,1+98,6*
xpanunuiie | [Toukn 35,6 +10,4 | 204,4+63,8 | 49,4+13,5 186,6 + 64,5
Ieuens | 71,8 £21,3* | 534,1+112,6%| 80,5+324 |717,3+1259*
2010
Mbrmmer | 26,9 + 8,7 159,9 £ 54,2 56,0 21,3 94,9 + 38,6
O3epo Kabpet 46,8 £ 11,2 | 199,6 £36,4 | 43,1+£14,6 158,4+45,6
Kamennoe | [louku 255+ 13,4 | 217,7+41,5 89,5 +29,4 157,4 £29,4
Ieuens 22,7+10,8 | 92,8+30,6 472+11,3 104,2 +£33,1
Mpimmer | 54,7 +21,3 | 112,8£32,5 64,8 +£24,6 111,2£29,2
XBOCTO- Kabpst 36,9+17,8 | 295,6+44,3* | 77,8+31,6 |371,9+62,1*
xpanuuiie | [Touku 15,6 £84 | 304,1£29,6% | 49,4+18,7 192,6 +33,4
Ievens | 71,3 £19,6% | 365,0 + 84,6* | 90,9 +21,9* |387,9+102,8*
2011
Mpimnnsr | 184,8£60,5| 204,8+64,2 | 114,2+26,7 | 150,3 +34,7
O3epo XKabper | 104,0+22,1 | 313,6 +54,9 | 89,1 +£253 184,5+31,3
Kamennoe | Ilouxu 448 +9,1 126,7 £ 16,2 74,8 £10,2 134,2 £ 47,1
Ieuenn 423+79 | 163,4+599 | 685+193 159,1 £44,2
Mpmmer | 102,7 £27,1 | 236,5+47,1 | 121,6+34,3 | 172,7+29,1
XBOCTO- Kabper | 176,8 + 54,1 | 376,1 £ 1274 | 103,8+£27,6 | 212,5+47,8
xpanwmiie | [Touku 51,2+31,4 | 267,4+75,1 62,1 £153 176,8 + 39,8
Ieuens | 130,8+234* | 317,1+£77,8 | 104,6 £25.6 | 378,1 +89,3*

Tpumeuanue. * — oTIMYME OT KOHTPOJIS ocToBepHO npu p < 0,05.

ﬂOCTOBepHLIe HU3MCHCHUA B YPOBHC AKTUBHOCTHU BHYTPHUKIICTOYHBIX
KaHLHHﬁ3aBHCHMLIX MMpOTEHHAa3 B OpraHax IIJIOTBbBI U3 XBOCTOXPAaHUIIN-
I1a Mo CpaBHCHUIO C TAKOBLIM Yy pLI6 n3 03. KaMeHHOIro 0OTMEUEHBI TOJIb-
KO B OAHOM cCJydac. TaK, YPOBCHb AKTUBHOCTH KaJIbIIAUHOB B NICYCHU
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IJI0TBBI, BBUTOBIEHHOH B 2010 I U3 3arps3HEHHOrO BOJIOEMA, T0CTOBEP-
HO BBIIIIE 10 CPABHEHHUIO C TAKOBBIM B IIEYCHHU PBIO U3 pe)epEHTHOTO 03¢-
pa. BeposiTHO, 3TO MOKHO 0OBSICHUTB OOJIBIIEH YCTOWYHBOCTHIO TIOTBHI
M0 CPABHEHHIO C JIPYTUMHU BUAAMHU PBIO K 3aTPS3HEHUIO BOJIBI POMBIIII-
JIECHHBIMHU CTOKamu. J[aHHOE NMPEANO0KEHUE MOATBEPKIAAETCA TaHHbI-
MH UXTHOJIOTMYECKUX UCCIEA0BAHUN, COIIACHO KOTOPBIM IJIOTBA — HAaU-
0oJiee MHOTOYHCIICHHBIN BH]I B XBOCcTOXpaHmiuiie [buora..., 2012].
TakxuMm 00pa3oM, MOXKHO MPEAIIOJIOKUTD, YTO HaOIF0JaeMas aKTHBa-
Ul KaJIbIIAWHOB B OpraHax pbi0, BEUIOBJICHHBIX B 3arpsi3HEHHO 30HE,
CBUJICTEILCTBYET O CTAHOBJICHHHM HECHEIU(UYISCKOTO0 KOMIIEHCATOP-
HOTO OTBETa OCJIIKOBOTO METa0oJIM3Ma Ha JIEHCTBHUE OCHOBHBIX (haKToO-
POB BOJ XBOCTOXPaHUJIUILA — B3MYYEHHOCTHU U NTOBBILLIEHHON MUHEpa-
nu3anuu. Hanbonee 4yBCTBUTENLHBIM OPTraHOM IPH JaHHOM THIIC 3a-
TPsI3HEHUS CIEAYET NMPU3HATh NIEYEHBb, HO HE MOYKHU, KaK TOI0 MOXKHO
OBLIIO OBl 0XKUAATH UCXOJS M3 (PYHKIIMOHATHLHOW HATPy3KH STUX Opra-
HOB. B cocraBe CTOKOB MPUCYTCTBYIOT B HE3HAUUTEIBHOM KOJIMYECTBE
(MM HaxoMSITCS B CBS3aHHOM COCTOSIHUU, HE 001a/1at0T OMOIOCTYITHO-
CThI0) KOMIIOHEHTHI CIENU(UISCKOTO ACHCTBUS (MOHBI TSIKEIBIX Me-
TaJlJIOB, OPraHMYECKUE BEIISCTBA), B CBSI3U C UYEM XapaKTep OMUCaH-
HBIX H3MEHEHUI BHYTPUKJICTOYHOTO OEITKOBOTO 0OMEHA y PhIO OTpaxa-
€T 1o OOJIbIIIel YacTH OTBETHYIO PEAKIIMIO Ha BO3JCHCTBUE HECICIU-
¢udeckux GakTopoB (HE TOIBKO 3arpsiI3HUTENEH, HO M TPUPOIHBIX a0H-
OTHYECKHUX), paHEe HEOJHOKPATHO OMUCAHHYI HAMU Y THAPOOUOHTOB
Pa3HBIX TAKCOHOB, OOUTAIONIUX B CYOONITUMABHBIX YCIOBUSX.
Hccnedosanue evinonneno ¢ ucnonvzosanuem npudopos LIKII HO UB
KapHI] PAH. @unancosoe obecneueriue uUCCIe008AHUSL OCYUWECMEIANOCH U3
cpeocms pedepanvHo2o 0100dNCema HA BbINONIHEHUe 20CY0apCmB8EeHHO20 3d-

Odanus Ne 0221-2014-0003 u npu nooodepaicke epanma Ilpesuoenma PD MK-
4737.2016.4.

Jlureparypa
buoma ceBepHBIX 03€p B YCIOBUSIX aQHTPONOINE€HHOTO BO3AEHCTBUS
/ H. H. Hemoga [u mp.]. [Terpo3zaBoxack: KapHII] PAH, 2012. 230 c.
bonoapesa JI. A. Bnusnue HEKOTOPBIX (PaKTOPOB Cpebl HA BHYTPUKIIETOU-

HBIU TIPOTEOIN3 Y THIPOOHOHTOB: ABTOpEd. MUC. ... KaHa. ouoi. Hayk. [lerpo-
3aBoack: KapHIl PAH, 2004. 24 c.
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CALCIUMDEPENDENT PROTEASES OF CALPAIN FAMILY
AS THE HEALTH STATUS INDICATORS UNDER THE ACTION
OF ANTHROPOGENIC FACTORS

N. P. Kantserova, L. A. Lysenko, N. N. Nemova
Institute of Biology KarRC of RAS

The purpose of this study was to find out the effects of ore-dressing sewage from
the Kostomuksha mining factory on intracellular calcium-dependent proteolytic
activity in fish. The study showed that calpain activity in liver, gills, and kidneys
of fish inhabiting the polluted area was higher than in the same organs of fish
inhabiting the reference lake. The activation of calcium-dependent proteases in
fish organs under mineral pollution influence indicates to the development of
nonspecific compensatory biochemical changes in protein metabolism.
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HNCTIOJIB3OBAHUE TOKCUKOJOI'MYECKHUX
XAPAKTEPUCTHUK B UHTET'PAJIbHOM OIIEHKE
3KOJOTMYECKOI'O COCTOSHUS BOTHON YdKOCUCTEMBI

A. B. Ko3sioBa, H. B. 3yeBa, A. 10. Kyinuenko

Poccutickuii 2ocyoapcmeennulii 2udpomemeoponocudeckull yuusepcumen

B pabore paccMmaTpuBaroTCs 3Tabl MOCTPOSHUS HHTETPATLHOTO ITOKa3a-
TEJIS DKOJOTHYECKOT0 COCTOSIHUS BOJHBIX O0BEKTOB HAa OCHOBE MOJEIEH-
KIaccuuKanui. B kauecTBe OHOTO U3 MPU3HAKOB, BXOISIINX B TAKYIO
KIIACCH(HMKAIMIO, HUCTIONB3YIOTCS TOKCHKOJIOTUYECKUE XapaKTEePHUCTH-
k. Ha ocHOBe MeToja CBOJHBIX TOKa3aTellel peam3yercs J1Ba ypOB-
HSl CBepTKH HMH(OpManuu. Bo3MOXXHOCTh HCIIONB30BaHUS TOKCHKOJIO-
TUYECKHX XapaKTEPUCTUK B MHTETPATBHON OIICHKE DKOIOTHIECKOTO CO-
CTOSTHUS BOJTHBIX OOBEKTOB arpoOUpyeTcst Ha IpUMeEPe HECKOIBKHUX 03P
IIckoBCcKOM 00IacTH.

OcymiecTBIeHHEe MHOTOKPUTEPHUATBLHON U WHTETPATBHOM OIECHKH
JKOJIOTMYECKOTO COCTOSIHUSI BOJHOM JKOCHUCTEMBI YJOOHO BBIMOJIHSATH
Ha OCHOBE METOJIa CBOJIHBIX Mmokazareneit [[murpues u ap., 1977]. s
3TOr0 HEOOXOMMO BHIOPATH HCXOIHYO KIIACCU(PUKAIMIO OI[CHKH SKOJI0-
TUYECKOTO COCTOSIHMSL. B Hee TOJIKEeH BXOIUTD PsiJl IPUOPUTETHBIX TIPU-
3HAKOB. B KauecTBe 0JJHOTO U3 TAKHUX NMPHU3HAKOB KAXKETCSI 1esiecoodpas-
HBIM UCIIOJIh30BaTh TOKCUKOJIOTHYCCKUE XapaKTEPUCTUKHU.

[Tos TOKCHYHOCTBIO MOBEPXHOCTHBIX BOJI TIOHMUMAETCS CIIOCOOHOCTH
BOJIbI BBI3bIBATh HAPYIIICHUE KU3HECITEIIbHOCTH BOIHBIX OPTaHH3MOB 3a
CUeT MPUCYTCTBUS B Hell BpeqHbIX BeulecTs [['anbiiosa, IMuTtpues, 2007].
TOKCHYHOCTB BOJIBI YCTAHABIUBACTCS METOIOM OuoTecTupoBanus. [1pu-
OPUTETHBIM METOJIOM OTIPEJICIICHHSI TOKCHKOJIIOTHUECKUX XapaKTEPUCTHK
BOJIHOH CpeIbl sIBJISIETCS. OMOTECTHPOBAHKE, HCIIONB3YIOTCS pa3HbIC TECT-
opranu3mbl. 110 YyBCTBUTEIBHOCTH U CTEIICHU W3YYCHHOCTHU CPEIH JIPY-
THX TeCT-O0BEKTOB BBIICISIOTCS PakooOpas3Hbie naduus marHa (Daphnia
magna Straus 1820) 1 OTHOKJIETOYHBIC 3€JICHBIC BOIOPOCIH M3 Kilacca
MIPOTOKOKKOBBIX — xJtopeiuta (Chlorella vulgaris Beijer 1890).

OnpejienieHue TOKCHYHOCTH TTOBEPXHOCTHBIX BOJ| C HUCIIOJIb30BAHUEM
JapHUNA TIPOBOIUTCS 110 METOJIMKE, OCHOBAHHOM Ha OINPEICIICHUN CMEPT-
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HOCTH AadHHUA MPU BO3IEHCTBUM TOKCHUECKHMX BEILECTB, IIPUCYTCTBYIO-
IIUX B UCCIIeyeMOl BOJHOM cpejie, 0 CPaBHEHHIO C KOHTPOJIBHON Ipo-
001, He comeprkallell TOKCHYECKUX BEIIECTB (KOHTposib) [MeTomuka. ..,
2012]. Kputepuem ocTpoil TOKCHYHOCTH CIYKUT Tudens 50 % u Gonee
nadumii 3a 48 4 B nccneayeMoii mpooe mpu yCIOBUH, YTO B KOHTPOJIEHOM
IKCIIEPUMEHTE BCE PaYKH COXPAHSIOT CBOIO )KU3HECIIOCOOHOCTD. Konnue-
CTBO MBBIX U MEPTBBIX JaQHUI OMpEAeIseTCs METOIOM MPSMOTo CYeTa.

OmnpeneneHne TOKCHYHOCTH BOAHBIX OOBEKTOB C HCIOJIB30BaHUEM
XJIOPEIUIBI TPOU3BOANUTCS B COOTBETCTBUM C METOJIMKOI, OCHOBaHHOM Ha
perucTpanuyu pa3iniuii B ONTUYECKON INIOTHOCTH TECT-KYJIBTYPbl BOJO-
pociH, BBIpAILIEHHOM Ha cpefie, He copeprKalleil TOKCHYECKHX BEIeCTB
(KOHTPOJIB), U TECTUPYEMBIX TPOO, B KOTOPBIX 9TH BEILECTBA MOTYT MPH-
cyTcTBOBath [Metoauka..., 2012]. M3MepeHrue onTHYeCKOM MIOTHOCTU
CYCIIEH3MH BOJOPOCIH MO3BOJIAET KOHTPOJIMPOBATh U3MEHEHHE YHCIIEH-
HOCTH KJIETOK B KOHTPOJIBHOM M OTIIBITHOM BapHaHTaX OCTPOTr0 TOKCHKOJIO-
THUYECKOTo JKcTiepuMeHTa. KputepreM TOKCUYHOCTH BOJIbI SIBIISIETCS CHU-
xenune Ha 20 % u Oonee (momaeieHue pocra) win yBenumdenue Ha 30 %
u Oosee (CTUMYJISILMS pOCTa) BEMTUYMHBI ONITHYECKON TJIOTHOCTH KYJIBTY-
PBI BOIOPOCIIH, BBIPAIIIMBAEMOM B TeUeHUE 22 4 Ha TECTUPYEMOI1 BOJE, 110
CPaBHEHHIO C €€ POCTOM Ha KOHTPOJILHOM Cpesie, PUTOTOBIEHHOMN Ha AnC-
TUJUIMPOBAHHOMU BOJE.

TokcHuKoIOrn4ecKkre XapakTepUCTHKH BO3MOYKHO MCIOJIB30BaTh MPU
Pa3InYHBIX MHOTOKPUTEPHATIBHBIX (MHTEIPAJIbHBIX) OIICHKAX, I7Je B Ka-
YeCcTBE MPU3HAKOB CIyXKar, BO-IIEPBBIX, ONPEAEIEeHIE OCTPOI TOKCHYHO-
CTH 110 U3MEHEHUIO MPOLIEHTa MOruomMX JaQHUN B TECTUPYEMOH Mpo-
0e, a, BO-BTOPBIX, ONpeIesieHHe OCTPOH TOKCHYHOCTH MO M3MEHEHHIO
ONTUYECKOH MIIOTHOCTH TecT-00bekTa Ch. vulgaris.

TakuM 00pa3oM, TOKCHKOJIOTHYECKUE XapaKTEPUCTUKU CTAHOBSITCS
OJTHUM M3 MapaMeTpOB, IPH MOMOILU KOTOPOTO (popMHUpYETCsT MOAETb-
KJaccupuKanus A7l ONpPeIeIeHHOT0 CBOMCTBA CUCTEMBI, C LIEJbIO TO-
CIIEAYIOILEH PKOIOTHUECKOH OLleHKH. B Takol kinaccupukanny asis Kax-
JIOTO KJlacca HEOOXOOMMO BBECTH T'PaHHMIBI KOJMUECTBEHHBIX H3MEHE-
Huil napameTpoB. [loaToMy creayronM 3TaroM CTaHOBMUTCA BbLAENeE-
HUE TUara30HOB M3MEHEHHs] TOKCUKOJIOTMUECKUX XapaKTepPUCTUK B CO-
OTBETCTBHUHU C KJaccaMH KadecTsa Boj (Tali. 1).
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Tadauua 1. Knaccudukanusi kauecTBa BOJ MO0 TOKCHKOJIOTMYECKHM Xa-
paKTepUCTHKAM

Knacc xauectBa

[Ipusznaku OueHb 3arpsa3- | YMepeHHO
I'psiznas Uucras
Ir'ps3Has HEHHas | 3arpsA3HCHHAs
CMepTHOCTS Aa(iinit 100-80 | 80-70 | 70-60 60-50 50-0

B TeCTHpYyeMOoii mpobe, %

H3menenne onTuyeckomn
IJIOTHOCTHU TECT-00hEKTa
Ch. vulgaris mo cpaBHEHHIO
C KOHTpoIneM, %

100-80 | 80-60 | 60-40 40-30 30—-(-20)

[Mpeanonoxus, uTo Oe3BpeJHOE TOKCHYECKOE ACHCTBHE, KOTOPOE CO-
crapisietT He Oosiee 50 %, COOTBETCTBYET OUEHb YUCTHIM BOJIAM, MBI OT-
HocuM ee K 1 kiaccy (tabum. 1). s ocTajabHBIX KJIAaCCOB KauyecTBa BO-
JTHBIX DKOCHCTEM (YHCTasi, YMEPEHHO 3arps3HEHHas, 3arps3HeHHas,
rpsi3Hasi K OYeHb T'PsI3HAsT) MPOLEHT MOTHOMKX AadHuUil B TeCTUpyeMoi
po6e OyzmeT HaxoauThes B auanasone ot 50 go 100 %, tmoe 50 % u 6o-
Jiee — KpUTEepUid OCTPON TOKCUYHOCTH.

B ciyuae omnpeneneHus o0l TOKCUYHOCTH 10 W3MEHEHHUIO OITHYC-
CKOW TUIOTHOCTH TecT-00bekTa Ch. vulgaris MOXXHO TIPHUHSTH, YTO OYEHb
YUCTHIM BOJAaM COOTBETCTBYeT nuara3oH oT —20 10 30 % u3MeHeHus OnTH-
YeCKOH IIIOTHOCTH 110 CPAaBHEHHIO C KOHTpoJieM (Tabm. 1).

Janee mpoBouiachk mpolenypa HOPMHUPOBAaHUS MCXOMHBIX 3Haue-
HUI C MTOMOIIBI0 HOPMUPYIOMUX (DYHKIHUH, U MPU ITOM HAWITyUlIEMY
IKOJIOTUYECKOMY COCTOSTHHIO 10 Ka)KJIOMYy OICHOYHOMY KPHUTEPHUIO CO-
OTBETCTBYET 3HaueHue, paBHoe 0, a Hauxyamemy — 1 (tadin. 2). Takum
00pa3oM, HCXOHBIC MapaMeTphl B Pa3IMYHBIX IIKajJax n3MepeHus (ao-
COJIFOTHBIC W CpPEHHE BEIMYMHBI B KOHKPETHBIX SIUHUIAX H3MEPEHUs,
OTHOCHUTEIIbHBIE WM OaJUIbHBIE OLCHKH U T. 11.) TIPUBOMSATCS K €AMHON
0e3pa3MepHOH IIKale, MOCIe Yero HaJl UX 3HaYEHUSIMA MOXKHO TIPOH3-
BOJMTh MaTeMaTHYECKHE ACUCTBHS C LEJIbIO MOTYYEeHUS] HHTETPaIbHO-
TO MoKa3are’is.

[Tocne mocTpoeHus TaKUX KiacCH(PUKAIHA, TIPH UCTIOIL30BAHUHU Me-
TOMa CBOJHBIX ITOKA3aTelieil, MOKHO PacCuuTaTh MHTErpalIbHBIN TOKa-
3aTellb ONpENEeNICHHUs] TOKCHYHOCTH YK€ C MCIOIBb30BAaHUEM JIBYX TECT-
00BEKTOB | Jiajiee MPUMEHSTh ero JUIS pacueTa MHTErPalibHbIX IMOoKa3a-
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TeJIel BTOPOTO YPOBHS CBEPTKH UH(OpMALINH, HAPSAY ¢ THAPOOUOIOTH-
YEeCKMMHU M THAPOXUMUYECKUMU MoKa3zaressiMu (Tadi. 3). M3 Hux B uTo-
TOBYIO Kiaccuukanuio Mbl BkiIroumnu: Y KU3B — yaenbHbli koMOuHAa-
TOPHBII MHJEKC 3arps3HEHHOCTH BOJbI, 3TO T'HAPOXUMUYECKAS XapaK-
TEPUCTHUKA, KOTOPAs sIBJIETCS KOMILUIEKCHBIM [10Ka3aTelleM CTEICHH 3a-
IPS3HEHHOCTH MMOBEPXHOCTHBIX BOJ; MHAEKC canpobHocTu 1o [lantie u
Bykky, paccunTaHHBIN 110 JAHHBIM O 300ILIAHKTOHE.

Taéauua 2. HopmupoBanHble 3HAYeHUS] TOKCHKOJIOTMYECKHX XapaKTepH-
CTHK M PacyeT HHTErpajibHOro noxkasareas Q

Kiracc kagecTBa
IIpusnaku O4eHb YmepeHHO
I'pssras | 3arpsisHeHHas | 3arpsi3HeH- | Yuncras
rpsi3Hast
Has

CmepTHOCTB nadHui
B TECTHUPYEMOH I1pO- 1-0,8 0,8-0,7 0,7-0,6 0,6-0,5 0,5-0
oe, %
W3menenue ontuue-
CKOM TUIOTHOCTH TECT-
oobsekra Ch. vulgaris | 1-0,667 | 0,667-0,500 | 0,500-0,333 |0,333-0,250| 0,250-0
M0 CPABHECHUIO C KOH-
Tposiem, %
Q, 1-0,734 | 0,734-0,600 | 0,600-0,467 |0,467-0,375|0,375-0

prwetmnue. (2TX — I/IHTSI‘paJII)HHﬁ I10Ka3areiib, HOJ'Iy‘{eHHLIﬁ JJIA TOKCUKOJIOTHYCCKUX
XapaKTCPUCTUK.

Taﬁ.mma 3. HOpMHpOBaHHBIe SHAYCHUSA XAPAKTCPUCTUK IJIH OLCHKHU IKO-
JIOTUYECKOI0 COCTOSAHUS U PACYET HHTEIPAJIBHOI0 IMMOKAa3aTe sl Q

Kareropuu 3K0JIOrH4eCKOro COCTOSHUS
IIpusnak | Karactpopu- |  Kputu- Heynosner- | VYnosnersopu- |bnaronomy-
4ecKoe YyecKoe BOPUTEIIBHOE TEJIbHOE YHOE
YKI13B 1-0,727  |0,727-0,364 | 0,364-0,182 0,182-0,090 0,090-0
S 1-0,878  |0,878-0,625| 0,625-0,500 0,500-0,378 0,378-0
Q, 1-0,734 | 0,734-0,600 | 0,600-0,467 0,467-0,375 0,375-0
Q 1-0,780 |0,780-0,530| 0,530-0,383 0,383-0,281 0,281-0

Ipumeuanue. YKU3B — ynenpHbI KOMOMHATOPHBIA HMHIEKC 3arps3HEHHOCTH BOJBI;
S — nnpnexc canpoduoctu no [antie u Bykky B mommpukamuu Crnanedeka; Q, — uHTe-
rpajbHBII I0KAa3aTellb, IOIYYCHHbIH I TOKCUKOJIOTHYECKUX XapaKTePUCTUK.
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[IpencraBnenHast HaMu Kiaccu(UKALMS 751 OLIEHKH KOJIOTHYECKO-
IO COCTOSIHMSI BOAHBIX 9KOCHCTEM ObLIa apoOupoBaHa AJisl psiaa Bojoe-
moB [lckoBckoit obnactu — o3ep bonbmioit MBan, banazapiab, YepeTsu-
bl ¥ Ypuikoe (taom. 4).

Tabauna 4. FcxonHble JaHHbIE IAPAMETPOB /ISl OLIEHKH KO0JI0THYeCKOro
cocTosiHus Ha npuMepe o3ep IlckoBckoii obmacTu

O3epo VYKU3B S A, % L%
Bonbimoit Ban 0,27 1,87 0 6
Vpuikoe 0,94 1,87 0 18
UepeTBHUIIB! 0,68 1,85 0 8
bana3aeian 0,55 1,81 0 15

Ipumeuanue. YKU3B — ynenpHbli KOMOMHATOPHBIA HMHIEKC 3arps3HEHHOCTH BOJIBI;
S — wungekce canpobHoct 1o Ilanmie um Bykky B Momudukanuu Cragedeka;
A — cMepTHOCTB JadHHUI B TECTHPYEMOit 1pode; | — i3MeHeHHe ONTHYEeCKOH INIOTHOCTH
tecT-00bekTa Ch. vulgaris o CpaBHEHUIO C KOHTPOJIEM.

Kak BUJIHO U3 TaoII. 5, OIICHKA 3KOJIOTUYCCKOIO COCTOSAHUSA O3€p C
HCIIOJIB30BAHUEM TPCX MNPUOPUTCTHBIX IMPU3HAKOB (I‘I/IZ[pOXI/IMI/ILICCKO-
To, I‘I/II[pO6I/IOJ'IOFI/I‘-ICCKOFO n TOKCI/IKOJ'IOI‘I/I'-ICCKOFO) IIoKasajia, 4TO 9KO-
Jorudeckoe cocrosinue osep banaznaeinb, bonpmoi MBaH, UepeTBuiibl
n ypI/IIIKOC ABIISACTCA ((6HaFOHOJ'Iy‘-IHI:IM». O3ep0 ypI/IIIKOG HUMECT Hau-
OouIblllee 3HAYECHUE HUHTCTPAJIBHOI'O IMOKa3aTejisd U3 BCEX NMPEACTABJICH-
HBIX 03€p, UYTO, NO-BUAUMOMY, CBA3aAHO C aHTPOIOTCHHBIM BO3I[GI\/'ICTBI/I-
€M Ha HETO, Oosee BBICOKHUM, YEM Y OCTAJIbHBIX BOJOCMOB. TeMm He menee
1 €T0 3KOJIOTMYECKOC COCTOAHUC MOXKHO IPU3HATH «6J'Ial"OHOJ'IquLIM».

Taoauua 5. UaTerpaibHblii mokazarejb Q U OLIEHKAa 3K0JI0THYECKOT0 CO-
cTosiHMs Ha npuMepe o3ep IlckoBckoii od1acTn

Osepo Q Kareropus
SKOJIOTHYECKOTO COCTOSIHUS
Ypurkoe 0,209 Bnaronomydnoe
bana3npinb 0,188 bnarononyunoe
UepeTBHUIBI 0,186 Bnaronoryanoe
Bonbioit MiBan 0,172 Bbnaronomnyunoe

Takum o0Opa3oM, B paboTe PacCMOTPEHBI ATAlbl MOCTPOCHHS WH-
TErpajbHOTO MOKAa3aTelsl 3KOJIOTHYSCKOTO COCTOSHHS 03P Ha OCHOBE
Mojielei-kinaccupukanuii. B xauecTtBe 0HOrO W3 MPHU3HAKOB, BXOJIS-
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HIMX B TaKyIO KIACCHU(PHUKALUIO, UCIIONb3YIOTCS TOKCHKOJIOTHUECKUE Xa-
PaKTEPUCTUKU. BO3MOXKHOCTD HCIOJIB30BAHKS TOKCUKOJIOTHYECKHUX Xa-
PAKTEPUCTUK B UHTETPAIbHOU OLIEHKE 3KOJIOIMYECKOIO COCTOSHUS BO-
JHBIX OOBEKTOB MPOJEMOHCTPHpPOBAaHA Ha MpuMepe o3ep bama3abiHb,
Bonbmmoit Usan, Yepetsuust n Ypuukoe IlckoBckoii obnactu.

Hccnedosanue svinonuerno npu gunarcosoti noooepicke PODU 6 pamkax
Hayunoeo npoexma Nel6-35-00382 mon_a.

Jlureparypa

Tanvyosa B. B., [mumpues B. B. [IpakTukyMm 1o BOAHON DKOJIOTHHU U MOHHU-
TOPHMHTY COCTOSTHHS BOAHBIX dKocucTeM. CII6., 2007. 364 c.

Jmumpuesg B. B., Maxuwesa H. B., Tpemvsixos B. IO., Xoéanos H. B. MHo-
TOKpUTEPHAIbHAS OI[EHKA IKOJIOTMYECKOTO COCTOSIHUSI M yCTOWYNBOCTH T'€OCH-
CTEM Ha OCHOBE MeToja CBOAHBIX mokaszareneil. II. Tpoduueckuii craryc Bo-
nHBIX dKocucteM // Bectruk CIIOLY, cep. 7. 1977. Bein. 1 (Ne 7). C. 51-66.

Memoouxa w3mepenuii konmdectBa Daphnia magna Straus s ompene-
JICHUS] TOKCUYHOCTH IUTHEBBIX, MPECHBIX NMPUPOJHBIX W CTOYHBIX BOJ, BO-
JIHBIX BBITSDKEK W3 T'PYHTOB, IOYB, OCAJKOB CTOYHBIX BOJ, OTXOJOB ITPOM3-
BOZICTBA M noTpebienust merogoM npsivoro cuera [THJ @ T 14.1:2:3:4.12-06
T 16.1:2:2.3:3.9-06 (u3nanue 2014 1.).

Memoouxa n3MepeHNH ONTHYECKOH TIIOTHOCTU KYJIBTYPBI BOJOPOCIH XJIO-
pemna (Chlorella vulgaris Beijer) mist onpeaencHuss TOKCHIHOCTH TTHTHEBBIX,
MPECHBIX TPHUPOAHBIX M CTOYHBIX BOJ, BOJAHBIX BBITSDKEK M3 T'PYHTOB, IOYB,
0CaJIKOB CTOYHBIX BOJ, OTXOOB mNpom3BojcTBa W morpednenus [THJ & T
14.1:2:3:4.10-04 T 16.1:2:2.3:3.7-04 (u3nanue 2014 ).

USING TOXICOLOGICAL CHARACTERISTICS
FOR INTEGRATED ASSESSMENT
OF THE ECOLOGICAL STATUS OF AQUATIC ECOSYSTEM

A. V. Kozlova, N. V. Zueva, A. Y. Kulichenko

Russian State Hydrometeorological University

The paper deals with the stages of construction of an integral index of eco-
logical status of water bodies on the basis of classification models including
toxicological characteristics as one of the features. Two levels of convolution
of the information based on the method of summary indications are available.
The possibility of toxicological characteristics use for integrated assessment
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of ecological status of water bodies is tested for several lakes located in the
Pskov region.

AHAJIN3 OBOBIIEHHBIX ITOKA3ATEJIENA CTEITEHHA
3AT'PA3HEHHOCTHU PEYHBIX BO/l HA IIPUMEPE OLIEHKHN
3ATPSI3HEHMSI PEKM BEJIUKON

E. O. Ko3sipesa, B. A. llleayTko

Poccutickuii 2ocyoapcmeentbiil 2udpomemeopoiocuteckull YHUgepcumemn

PaboTa mocasimena Bormpocam OIeHKH KadecTBa BoA p. Bennkoii B mepu-
or ¢ 1967 mo 2009 1. Ha ocHoBe nHAekcoB 3B m YKU3B. Ilo paccun-
TaHHBIM MHJIEKCAM MPOU3BEIEHO COMOCTABIEHNE YKa3aHHBIX WHIEKCOB
1 yCTaHOBIIEHA CBs3h Mek My HUMU. [lokazaHo, uro 3HaueHus YKI3B B
TOJIBI, KOT/Ia HAOMIOAIOTCS BHIOPOCHI, CYIIECTBEHHO YMEHBIIAIOTCS TPU
WX UCKITFOUEHUH.

B pamkax crcTeMbl MOHMUTOPUHIA OKpY’KaIOLIEH Cpelbl XapaKTepH-
CTHKa KauyecTBa MOBEPXHOCTHBIX BOJI, OLIEHKA YPOBHS UX 3arps3HEHMS
MIPOBOJATCS O pe3ynbTaTaM THAPOXMMHUYECKOTO MOHHMTOpPHHIa C HC-
MOJIb30BAaHMEM YTBEPKACHHBIX KpuTepues. [loa kauecTBOM BOABI B Iie-
JIOM MOHHMMAETCsl XapaKTePUCTHKA €€ COCTaBa M CBOICTB, OMPEACIAIO-
masi €e MPUTOAHOCTh JJIsl KOHKPETHBIX BHJIOB BOJONOJIB30BAHUS, MPH
3TOM KPUTEPHH KauecTBa MPEACTABISIIOT COOON MPU3HAKH, 10 KOTOPHIM
MIPOU3BOJUTCS OLICHKA KadecTBa Bonbl [Hukanopos, 1989; JImutpues,
Opymun, 2004]. Hanbonee pacnpocTpaHeHHBIMH B HACTOSILEE Bpe-
Msl KPUTEPUSAMH OLIEHKH KadecTBAa MOBEPXHOCTHBIX BOJ CYIIM SBISIOT-
sl IpPeieTIbHO AOMYCTUMBbIE KOHIIEHTPAIIMH BPEIHBIX BEIIECTB B Boje. B
JaHHOW paboTe ObLIM MCIIOIB30BAHBI MPEACIBHO JOMYCTHUMbIC KOHIICH-
TpaLUH BPEIHBIX BEIIECTB AJISI BOABI PIOOX03SIHCTBEHHBIX BOIHBIX 00B-
exToB (cokpamenno [1/1K).

C 80-x rr. XX B. 15l OLIEHKH CTENEHU 3arPs3HEHHOCTH BOBI HCIOIb-
3YIOTCSI KOMIUIEKCHBIC (0000IIEHHBIC) TOKa3aTeIH.

B 1986 1. Obumd yTBEp)KICHBI METOJMUYECKHE YKa3aHUs, KOTO-
pble OpUIHATBFHO PEerIaMEHTHPOBAIM JUIsl UCIIOIb30BAHUS B KaueCTBE
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KOMIUIEKCHOTO TOKa3aTessl KauecTBa BOJbI — THAPOXUMHUUECKUIA HHIEKC
3arpsizaenust Boabl (U3B) [Hukanopos, 1989].

Onoxa N3B kak ocHoBHOro B Poccuu mokasatenst Ui OLEHKH Kaue-
CTBa MOBEPXHOCTHBIX BOA 3akoHumsiach B 2002 1., Korma ObUT BBEICH B
nevicteue PykoBomsimmii nokymeHT (Pl 52.24.643-2002). B atom moky-
MeHTe 11 00001eHns HH(QOpMaK 0 XUMUYECKOM COCTaBE BOJL IIPELIO-
JKEH aJITOPUTM pacueTa KOMOMHATOPHOTO MHJEKCA 3arpsi3HEHHOCTH BOJBI
(KMU3B), ynenpHOro KOMOMHATOPHOTO HMHJIEKCA 3arpsi3HEHHOCTH BOJIBI
(YKU3B) u onpenenenue kiacca kadectsa Bogsl [PI] 52.24.643-2002].

B o0oux cnyyasx kimaccuuUKanus CTENEHH 3arpsS3HEHHOCTH BOJBI
MIPOU3BOIMIIACH MTyTEM YCIOBHOTO paszefieHHs BCEro Auara3oHa MoKa-
3aresneld KauecTBa MPUPOAHOM BOABI B YCIOBMSIX aHTPOIOI€HHOTO BO3-
JieficTBUSI Ha pa3nu4Hble HHTepBaisl [[Mutpues, @pymun, 2004].

Llenpro maHHBIX MCCIEOBAHUN ABISAETCS aHAJIN3 M COMOCTABICHHUE
pE3yNbTaToOB OLIEHKM KadecTBa BOJ p. Benmkoi mo paccYuTaHHBIM HH-
nexcam YKI3B u U3B.

st mocTrkeHHs TIOCTaBICHHOM ey ObUIM PELIeHbI CIIEAYIOIIUe
3a/1a4uu:

1. AHanu3 kauecTBa BOJ B p. Benukoil 1mo MHIEKCY 3arpsi3HEHMs
Bogbl (U3B);

2. Amnanu3 KauecTBa BOX B p. Benukoli mo yaensHOMY KOMOMHATOP-
HOMY HHJIEKCY 3arpsa3HeHHocTH Boasl (YKU3B);

3. Comnocranenue pe3ynbTatoB aHaiausa uajaekcos 3B u YKN3B;

4. PazpaboTka aaroputMma CTHIKOBKU ITOKa3aTelel KauecTBa BOJ 110
H3B u YKU3B;

5. OueHka BIUSIHHS BBIOPOCOB Ha Pe3yNbTaThl OLEHKH KauecTBa
Bonbl mo YKM3B.

B kadecTBe MCXOOHBIX B pabOTEe MCIOJIB30BAINCH JAHHBIE THIPO-
JOTMYECKUX M THIPOXUMHYECKMX HaOMogeHud mo p. Bemukoit (T.
IIckoB, HuxkHUN cTBOP) 3a mepuon ¢ 1967 mo 2009 r., npenocTaBieH-
Hbele CeBepo-3anagHbIM YIIpaBIe€HUEM IO THAPOMETEOPOIOTHHA U MO-
HUTOPHUHTY OKpyxkaromeit cpeast (C3YIMC). Ucnonb3oBanuch JaHHbIE
KOHIICHTPALUK IO BOCEMU NOKA3aTeNIIM: a30T HUTPATHBIN, a30T HUTPUT-
HBIH, a30T aMMOHUUHEIHN, pacTBOpeHHbIHN kucnopox, BIIKS, XIIK, xene-
30 obmiee u Gpochop oomui.
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ITocT pacnonoxen B ropose, B 0,5 kM Boitie ycths p. [IckoBsl. Cre-
JIyeT OTMETHUTb, YTO BHIOOP 00BEKTa MCCIIeI0OBaHUsI BO MHOTOM ONpese-
JISUICS. HAJTMYMEM TIEPBUYHBIX JAHHBIX HAOIIOACHUH.

Jl1s KOMIIJIEKCHOH OLEHKM KauecTBa MOBEPXHOCTHBIX BOJ CYIIH
HCIIOJB30BaJCs «MHJAEKC 3arpsisHeHHOCTH BoA» (M3B). Pesynbrars
pacuetoB 3B npencrasnens! Ha puc. 1.

H3B
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C3U3B p. Benukas
= 0YEHb YHCTHIC
=——YHCTHIC

w—YMEPECHHO 3aIPA3ZHCHHBIC
Puc. 1. U3menenne 3nauenuii U3B

MeTo/1 KOMIUIEKCHOM OIEHKH CTETEHH 3arPSI3HEHHOCTH MTOBEPXHOCT-
HBIX BOJ[ 11O THAPOXUMHYCCKUM MOKA3aTesIM BKITIOUACT B ceOst:

— TlpeaBapuTebHYIO OIICHKY CTETICHH 3arpSI3HEHHOCTH BOJIBI

— Pacuet MOBTOPSIEMOCTH CITy4acB 3arps3HEHHOCTH

— Pacuer cpennero 3HaueHust kKparHoCTH npeBbiteHust [TJIK

— Pacuet 0000IIEHHOTO OIIEHOYHOTO OalIa 0 KaKI0MY UHIPEIUCHTY

— Pacuet KOMOMHATOPHOTO MHACKCA 3arPSI3HEHHOCTH BOJIBI

— Pacyert ynenpHOro KOMOMHATOPHOTO MHEKCA 3arPSI3HEHHOCTH BOJIBI

— Knaccudukarys kauecTBa BOABI MO CTEIIEHHU 3arPI3HEHHOCTH

KoHCTPYKTHBHON 0COOEHHOCTHIO METO/Ia KOMITJICKCHOW OIEHKH CTe-
MICHU 3arPS3HEHHOCTH TOBEPXHOCTHBIX BOJ 0 THAPOXUMHUECKUM I10-
Ka3aTessiM SIBIISICTCS MMPOBE/ICHHIE HA MEPBOM JTare JeTaTbLHOTO MOKOM-
MOHEHTHOTO aHAJTH3a XUMHUYECKOTO COCTaBa BOJIBI M PEKUMA OI[CHOUHBIX
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COCTABJISIIOLLMX U MOCJIENYIOIIEE UCIIOIB30BAaHUE NTOJIYYEHHBIX OLIEHOY-
HBIX COCTABJISAIOIIMX Ha BTOPOM 3TaIle JIJIsl OTHOBPEMEHHOTO YU€Ta KOM-
TUIeKca HaOJkoIaeMbIX MHTPEJIMEHTOB M TIOKa3areel kadecTa Bozbl [P
52.24.643-2002].
Pesynbratel pacueroB YKU3B u onpeaenenue kiacca KauecTBa BOIBI
o p. Benukoii mpencraBieHsl Ha puc. 2.
VKHSB
7.00
6.00
5.00
4,00
3,00
2,00
1.00
0.00

g g 5 g g 8 8 § ﬁ
EYKU3B
~=——yCIIOBHO YHCTas
cnabo 3arpsi3HEHHAs
3«a» — 3arpsa3HeHHas
e 3(0» — OUEHB 3arPA3HEHHAS

— 4@» — TPA3HAS

= 4"¢"-rpEanze
Puc. 2. U3menenne 3nauennii YKNU3B

Jl1s olleHKH BO3MOXKHOM MTPEEMCTBEHHOCTH PE3YJIBTATOB 10 OICHKE
KadecTBa BOojibI 70 1 mocie 2002 I. ¢ TOMOIIBI0 PAaCCMOTPEHHBIX 0000-
IICHHBIX MTOKa3aresei ObLTO MPOBECHO COMoCcTaBiIeHne 3HaueHnit 3B
u YKU3B 3a onnHaKoBEIH 1Tepro HaOTOIeHH.

[ompITKa yCTAaHOBUTH CBSI3U MEXKTY CIIOBECHBIMHU XapaKTEPUCTHKAMHU
HE JIaJi KaKOTO-THOO MOJI0KHUTEIHFHOTO pe3yabraTa. Bo3aMOKHO TOTOMY,
YTO B JJAHHOM Cllydae 3a Bech mepuoj] HabmoneHuit mo 3B nabmona-
JIOCh BCETO JIBE€ XapaKTEPUCTUKU 3arps3HEHHOCTH Bofbl, a nmo YKU3B
mecth. [loaToMy Oblla TIpoaHaTM3UpOBaHA CBA3b MEXKAY HCXOIHBIMH
YUCIIOBBIMU XapaKTEPUCTUKAMH, TI0 KOTOPBIM OIPENEISTUCh CIOBEC-
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HBIE XapaKTePUCTUKH KauecTBa Boabl. Ko duuueHt xoppemsiunuu cBs3u
r=0,79, T. e. CBA3b JOCTATOUYHO TE€CHAs U MOXKET UCIOIb30BAThCA IS
nepexona ot 3B k YKU3B u nHaodopor.

YuureiBas, uro unaekc Y KN3B ocHoBEIBaeTCs TIIaBHBIM 00pa3oM Ha
aHaJIN3e SKCTPEMAIIbHBIX 3HaYEHH, ObII0O HHTEPECHO OLIEHUTh CTENCHb
BJIMSIHUS BEIOpOCOB Ha BennuuHy Y KM3B.

J1n1s1 BBISIBTICHUSI BEIOPOCOB B TIOJIE KJIETYATKH BEPOSITHOCTH C YMEpEH-
HOH aCHMMETPUYHOCTBIO OBUTM MOCTPOCHBI SMIUPUYECKHE M TEOPETH-
YeCcKue KpuBble 00eCIIeYeHHOCTH U3MEPEHHBIX 3HAUCHUI KOHLIEHTPALHH
paccMarpUBaeMbIX BELIECTB. TeopeTHYeCKUE KPUBBIE CTPOUIIUCH IIPU Pa3-
JMYHBIX 3aKOHAX pacrpeaeneHus. BriOop onTrManbHOro 3aKoHa pacipe-
JeTICHUs] TIPOM3BOIMIICS ¢ OMOILBI0 TTakeTa Gidstat2. [Toutn Ha Kaxgom
rpaduke KpUBBIX 00ECIIEYeHHOCTH NMEIOTCS TaK Ha3bIBAEMbIEC OTCKaKHBa-
IOIINE TOYKH, T. €. IMIUPHYECCKHE TOUKH, BHIXOISIIUE B KPHTHUECKYIO 00-
JacTh KpUBOW 00ECTIEUEHHOCTH. 3HAYEHUsI U3MEPEHHBIX KOHLEHTpAINH,
COOTBETCTBYIOLINE 3THM TOUYKaM, MPUHUMAIUCH 32 BHIOPOCHL. [IpaBuiib-
HOCTb TAKOT'O IPEAIOI0KEHHS IPOBEPSIIACH C TOMOILBIO KpuTepus Jnk-
coHa. B mocnenyromem BeIOPOCH! HCKMIOYaIUCh U3 pacuetoB Y KM3B.

ITo paccunrannbim 3HaueHusiMm 3B u YKIM3B ¢ yuerom BeIOpOCOB
U [IPU UCKITIOYEHUHU BEIOPOCOB OBUIN MMOCTPOEHBI MHTETPaIbHbBIE KPUBBIC
3a coBMeCTHBIN niepuon (puc. 3). Tak kak konumuecTBo kiaccoB st 3B
n YKU3B paznoe, To U1l CTBIKOBKM IOKa3aTesei KauecTBa BOJ M IO-
CTPOCHUS UHTETPAJIbHBIX KPUBBIX OBUIO COMOCTABIEHO KOJIUYECTBO Ipa-
Jalnri o pa3IMuyHbIM XapakTepucTukaM nHaekcos. s U3B BeiOpano
4 rpamanuu: 1 — o4ueHp uMcras, 2 — 9ucras, 3 — yMEpeHHO 3arpsA3HeHHas
u 3arpsisHeHHas1, 4 — rpsizHast. s YKI3B toxe BbiOpano 4 rpanamuu:
1 — ycnoBHO 4ncTas, 2 — ¢1a00 3arps3HeHHast, 3 — 3arpsi3HEHHAs U OUeHb
3arpsisHeHHas, 4 — rpsa3Hast.

W3 naHHbBIX, IPEICTaBIEHHBIX HA PUC. 3, CIEAYET, YTO UHTETpajIbHas
kpuBast 111 13B nHa rpaduke nexut Hmke kpuBbix it Y KM3B, Tak kak
CyMMa PaHIoB ¢ KaxabM rojgoM it Y KM3B Beilie cymMMBbl paHroB ist
N3B. CnenoBarenbHO, MOKHO CENATh BBIBOJ, YTO MHJEKC 3arps3HEH-
HoctH Bonbl (M13B) Goee onTUMUCTHYEH.

Wnterpansuele kpusble s YKWU3B 1o u mocne MCKIOYeHUs! BbI-
OpOCOB, IOCTPOCHHBIE TIO PE3yJibTaTaM pacuera 3a MHOTOJIETHUH MEepHOj
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HaOJIONeHHH, TpakTHIecku coBnany. ClienoBaTenbHO MOKHO CIEIaTh BbI-
BOJI, YTO UCKITFOYECHHE BEIOPOCOB HE OKA3bIBAET CYIIECTBEHHOTO BIMSHMS Ha
pe3ynbrathel pacyeta Y KM3B 3a MHOTONETHHI NIEpro HAOIOIEHHH.

rox
0 5 10 15 20 25 30 35

——M3B  —=— YKH3B amo uckmoqernsa sabpocos  —=— YKI3B mocne Hexmouerna BEIGPOCOE
Puc. 3. UnTerpajbusie kpuBblie Ais 3Hadennii U3B n YKU3B

3arem 1o 3HadeHIsIM Y K3B ¢ yaetom BeiOpocos 1 YKW3B npu uc-
KITIOYEHUH BBIOPOCOB, OBLTH TIOCTPOEHBI HHTETPATbHBIE KPUBBIE TOIBKO
3a TIepHOoJ, KOTa ecTh BEIOPOCHI. ' pamanuy ObUTH B3STHI TE )K€, UTO U B
npenpiayieM ciaydae. Marerpansueie kpuble st Y KM3B mo u mocie
WCKJTIOUEHHS] BRIOPOCOB, TIOCTPOCHHBIE TT0 PE3yJbTaTaM PacdyeTa TOJb-
KO 3a TIEpUOJ, KOTJ]a €CTh BBIOPOCHI, HE COBIIAJH. bBITO OTMEYEHO, 4TO
MIPHU UCKITFOYEHUH BBIOPOCOB, B TOJBI, KOTAA OHHM HAOIIONAINCH, 3HAUYe-
Hust YKM3B B cyIecTBeHHO# CTETIEHN YMEHBITIAIOTCSI.

BriBoa. B manno# paboTe OBITH TTPOAHATU3UPOBAHBI H COMTOCTABIIC-
HBI PE3YJIbTaThl OIIEHKH KayecTBa BOJBI P. Benmnkoil Mo paccyuTaHHBIM
nanexcaM 3B u YKW3B. HoBelit 1 cTapblit KOMITIEKCHBIE TIOKa3aTeln
KadecTBa BOJ| CYIIECTBEHHO Pa3INIaroTCs.

IIpu comocrapnennu 3naueHnii 3B 1 YKU3B 3a omnHaKOBEIHA TTe-
pHoI HAOMIOMEHUH OBIITO BBISBIICHO, UTO Ka9eCTBO BOMKI p. Bennkoii, mo-
mydenHnoe o YKW3B, ke, gem nmomydenHoi mo U3B. To ectb MmeTon
KOMIUTEKCHOM OIIEHKH CTETIEHH 3arpSI3HEHHOCTH MOBEPXHOCTHBIX BOJI IO
TUAPOXMIMHYECKHAM TIOKa3aTeNsIM JaeT 00oIee KECTKHE OI[CHKH.
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Mexly MCXOIHBIMH YHCJIOBBIMH XapaKTEPUCTUKAMH, MO KOTOPBIM
OTIPEIEISUINCh CIOBECHBIE XapaKTEPUCTHKH KauecTBa BOABI, ObuIa 3a-
(uKcupoBaHa J0CTaTOYHO TecHas CBs3b (r = 0,79), 4To moxTBEpKIACT
BO3MOKHOCTH nepexona ot 3B k YKU3B u Hao6opor.

[Ipu oneHke cTeneHu BIUsHUS BEIOpocoB Ha BennuuHy Y KM3B 00-
Hapy»XEHO, YTO HUCKJIIOYCHUE BHIOPOCOB HE OKA3bIBACT CYIIECTBEHHOTO
BIMSIHUA Ha pe3ynbTarsl pacueta YKW3B 3a MHoronetHuii nepuos Ha-
OmoneHuil, onHako Biuser Ha 3HaueHus YKU3B B Tor mepuon, xorga
€CTb BBEIOPOCHI.

Hccnedosanue svinonuerno npu gunarcosoti noooepicke PODU 6 pamkax
Hayunoeo npoexma Ne 16-35-00382 mon_a.
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Russian State Hydrometeorological University

The work deals with the assessment of water quality of the River Velikaya from
1967 to 2009 on the base of the calculated indexes that were used to compare
the indexes’ values and a link between them was found. It was shown that the
UKIZV values in the years characterized by the emissions significantly reduced
when excluding extreme values.

273



CE30HHAS JTMUHAMUKA CTPYKTYPbI U YPOBHS
BUOMACCBHI SJITM®UTOHA IICKOBCKO-UYYACKOI'O O3EPA

M. B. Ko1uenko

Tckosckoe omoenenue I 0cyoapcmeeHH020 HAYYHO-UCCTE008AMENbCKO20
UHCMUMYMA 03€PHO20 U PEUHO20 PbLOHO20 XO35LICMEa

Ha npumepe snugurona tpoctauka [lckoBeko-Uyackoro o3epa uceieno-
BAJIM CE30HHYIO0 TMHAMHUKY CTPYKTYpPBI U YPOBHSI OMOMACChI BOIOPOCIICH
oOpacTtaHuii. YCTaHOBHIIM, YTO OMOMACCy ONpeerisuii THaTOMOBEIC U 3e-
JICHBIE BOJIOPOCIH. YPOBEHb OMOMACCHI SMU(UTOHA H3MEHSUICS B TIpeiIe-
nax ot 0,6 1o 18 r/m? cybctp. B ce30HHO# AuHAMIKE HAOIIOMAIOCH TPH
NHKa: MAKCUMaJIbHBII MOIbeM OMOMAcChl OTMEUYCH B KOHIIC Masi — Hayaje
HIOHA U IBa MCHEC BBIPAKCHHBIX ITOABEMA — B aBI'YCTC U CCHT516pe.

Ce3onHas TMHAMHKa OMOMAcCChI BOIOPOCIEeH oOpacTaHUi eCTeCTBEH-
HBIX ¥ HCKYCCTBEHHBIX CYyOCTPATOB IIMPOKO W3ydaeTCs B BOZOEMax pas-
muaHoro Tuma [bacoa, 1974; PerukoBa, 1975; Laugaste, Reunanen,
2005; Karosiene, Kasperoviciené, 2008; XKykosa, 2008; CranuciaBckas,
2014]. HccnenoBareny OTMEUAIOT, YTO XapaKTep CE30HHBIX M3MCHECHUN
CTPYKTYpPHI SIU(PUTOHA 3aBUCUT OT Tuma cyocrpara [essTkun, 1979,
2003; Karosiené, 2008; CricoBa, 2008], ypoBHs Tpoduu Bogoema [Ma-
kapeBnd u jap., 2007; CranucnaBckasi, 2011] 1 MeXKTOTOBOW M3MEHYH-
BOCTH TIOTOHBIX YCJIOBUN M THApOIIOTHYecKuX (akTtopoB [CTaHucnaB-
ckasg, 2008]. B ommmune oT (DUTOTUTAHKTOHA, UCCICIOBAHUN CE30HHOU
TUHAMHKH YPOBHSI OMOMAacChl PUKPETUIEHHBIX Boopociel [IckoBcko-
Uynckoro o3epa 70 CHUX IOp HE MPOBOAMIOCE. M3yueHue 3TuxX Xapakre-
PUCTHK ITepU(PUTOHHBIX COOOIIECTB SIBISACTCS BAXKHBIM 3B€HOM B THJIPO-
OMOIOTMYECKUX 1 MOHUTOPUHTOBBIX paboTax, MOCKOIBKY OHH MTO3BOJIS-
0T JIaBaTh OoJiee TOUHYIO OIEHKY SKOJIOTHYECKOTO COCTOSIHUS BOJIOEMOB
Y JIeTIaTh KOPPEKTHBIEC TTPOTHO3BI.

Lenpro Hamret pabOTHI OBUIO M3yYEHUE CE30HHON TUHAMHKH CTPYK-
TYpBI U YPOBHSI OMOMAacChI BOJOPOCIIEH 00pacTaHmii TPOCTHHUKA FOXKHOTO
(Phragmites australis (Cav.) Trin. ex Stend), ocHoBHOTO 31H(pHUKaTOpa
BOJHOW pacturenbHOCTH IlckoBcko-Uynckoro ozepa [CymauibiHa, Ko-
3eIpeBa, 2005].
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[IpoOs1 oTOMpanmck ¢ Mast o okTs0ps 2013 . B Ipeenax oaHoOH cTaH-
LIUH B 10:KHOM yacTu [IckoBCKOro o3epa ¢ neprouuHOCThIO B 1-3 Henenu.
[loaBoaHbIE YaCTH pacTeHUH Cpe3au, CUUILIATN 00pacTaHus B ONpeieIIcH-
HBII 00BEM MPOQHUIBTPOBAHHOW 03epHOI BoAbI U pukcupoBanu 40 %-m
¢dopmanuaoM. [IpoObl mpocunteiBaim B Kamepe Hakorta oObemMom
0,02 cMm?, GHOMACCy BBIUKCIISIIA CUSTHO-00BEMHBIM METOJIOM, TIPHUPAaBHH-
Basi JOpMY KIIETOK K U3BECTHBIM reomeTpuueckumM ¢urypam [Hillebrand
et al., 1999]. buomaccy paccuutbiBanu Ha M* cyocTpara. JJoMuHHpYOIIHU-
MU CUUTAIN BUIBI, onpenessitomue He Mmenee 10 % obieit 6moMacchl.

TckoBeko-Uymackoe 03epo — kpymHbii (S = 3555 km?) TpaHcrpaHuy-
HBII BoloeM Ha rpaHuie Poccun 1 DCTOHUM, COCTOAIIMI U3 Tpex yacTeil:
ceBepHoe Uynckoe, roxkHOoe [IckoBckoe n coenunsitoniee ux Temmoe o3e-
po. IlckoBckoe 03epo — MENKOBOIHOE HECTPaTU(HULIMPOBAHHOE THUIIEPIB-
TpodHOE 03epo. YpOoBEeHb BOIBI B HEM MOJBEP)KEH 3HAYUTEILHBIM CE30H-
HBIM U MEXKroioBbIM KosteOanusM [[IckoBcko-Uynckoe. .., 2012]. MHuoro-
BoaHbli 2013 rox (cpemHerogoBoii ypoBeHb BOABI Ha 13 cM Bble cpen-
HEMHOTOJIETHUX 3HAUCHUH) XapaKTepu30BajlCs 3alo31aiod, HO OUYCHb
CKOPOTEYHOW M TETUIOW BECHOM C IMOJHBIM OTCYTCTBHEM «BO3BPATHBIX»
MOXOJIOAAHHI; PaHHUM HACTYIUIGHHEM CE30Ha «OHOJIOTHYECKOe JIETOY,
OOJBILION €ro MPONOIKUTEILHOCTBIO U BBICOKOH TEII000eCIeYeHHOCTIO
NpU OTCYTCTBHM aHOMAaJIbHO BBICOKOTO ITPOrPEeBa BOJBI 10 CPEAHECYTOU-
HBIX TeMIeparyp Boabl 6osee 25 °C; IpomoIKUTENBHBIM U TETUIBIM MIEpH-
0ZIOM «Onooruueckoi oceHm» [OUeHuTs. .., 2014].

B BuzmoBoM cocraBe smu(UTOHA OBLIM BBISABICHBI BOAOPOCIN 7 OT-
nenoB:  Cyanophyta/Cyanoprokaryota, Euglenophyta, Xanthophyta,
Bacillariophyta, Dinophyta, Chlorophyta u Rhodophyta. 13 Hux 6uomac-
Cy ONpEAENsIIN TUAaTOMOBBIE, 3eJIeHble M B MEHBIICH CTENICHU CHHE3ele-
HBIE BOAOPOCH. JJOMMHUpOBaHUE ITHX OTHAENIOB BOAOPOCIEH XapakTep-
HO /1715 SM(UTOHA MHOTHX BOIOEMOB yMEpeHHOH 30HbI [ PrrukoBa, 1986;
Cranucnasckas, 2008; Metenésa, 2008; Komuenko, 2015 u ap.].

Jli1s ce30HHO# TMHAMUKHU 0011el OroMacchl AIH(UTOHA OBLIO XapaK-
TEPHO HAJM4YHE TPEX MOABEMOB. MaKCUMaJbHBIM MUK MPUXOIUICS Ha
KOHEIl Masi — Ha4aJio UIOHS U, TOCJIe OCTENEHHOTO Caaa YpoBHs Ouo-
Macchl, HE3HAYUTENbHBIEC €€ MOABEMBbI OBUIN BHIPAKEHBI B HavYale aBry-
CTa M CepeIuHe CeHTSIOps (puc.).
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[ )
S N A O X O

Buomacea, r/m? cyGerpara

S N A O

OCyanophyta Bacillariophyta &= Chlorophyta mIIpoune

Jqunamuka Ouomaccsl 3nmupuToHa TpocTHUKA IlckoBcko-Uynckoro
o3zepa B 2013 r.

B cepenune mast Omomaccy SnU(pUTOHA ONpEACTsUIA AUAaTOMOBEIE
Boztopociu (99 % ot oOuieit 6momaccer). K MmoMeHTy Havana orOGopa
npod OTMEYEH YCTOWYMBBIN MEPEX0ll CPEAHECYTOUHOW TeMIIeparyphl
BozbI uepe3 10 °C, 4TO COOTBETCTBOBANIO «MO3HEN BECHE)» B TOJIOBOM
nuMHoJorudeckoM nukie IlckoBckoro ozepa [Ouenuts..., 2014]. B
3ToT mepuon nomuHupoBaia Synedra ulna (Nitzsch.) Ehr. (=Ulnaria
ulna (Nitzsch) P. Compére) Bmecte ¢ Bapuanusmu (40-60 % ot 00-
nieit ouomaccel). CyOnomMuHaHTaMu BeICTynainu Diatoma tenuis Ag,
Fragilaria capucina Desm., Cymbella cistula (Ehr.) Kirchn., Navicula
tripunctata (O. Mill) Bory (=Navicula gracilis Ehr.). Buomacca »mu-
¢uTOHA MOCTENIEHHO HapacTana a0 6,5-8,4 r/M? cyocTp.

B nocnennei nekaze Mas Ha MHTEHCUBHBIN IPOTrPEB BOJHBIX Macc 1
HACTYIUIEHUE «ONOIOTHYECKOTO JIeTay (TIepeXo CPEAHECYTOUHOM TeM-
nepatypsl Boasl uepe3 15 °C) coobmectBo snMupUTOHA OTpearupoBa-
JI0 Pe3KUM moabeMoM Oouomaccsl (10 18 r/m? cyOcTp.) B OCHOBHOM 3a
CYET JIMATOMOBBIX BOAOPOCIEH. Y4acTue 3eJIeHbIX BOJOPOCIEN CcTalo
0oJiee 3aMETHBIM, HO OBUIO ellle He3HAYUTEeNbHBIM. JJOMUHUPOBAIH JH-
atomoBeie Fragilaria capucina, Cymbella lanceolata (Ehr.) Kirchn.
u Synedra ulna, nons mociieqHeil B o0med Ouomacce IMOCTENEHHO
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yYMEHbIIAJIACh, HO YBENIUYUBAIACh poib Melosira varians Ag. Tlo nu-
TepaTypHbIM JaHHBIM [Bogopocnu, 1989; Tpudonosa, 1990; Cranuc-
naBckast, 2008] Synedra ulna, Fragilaria capucina, Cymbella cistula,
Melosira varians SBISIOTCS CTPYKTYpOOOpa3yromnuMu BugamMu (Gpuro-
nepu(uToHa, IUPOKO PACIPOCTPAHEHBI B BOJOEMAaX Pa3IMYHOrO TUIIA,
0COOCHHO IBTPOGHBIX. DTH BUABI UMEIOT LIMPOKUI TeMIepaTypHBIH
ONTHMYM, Pa3BUBAIOTCS Ha MPOTSHKEHUHU BCErO BEreTallMOHHOTO CE30-
Ha, HO Yalle BCEro Jal0T BCIBIIIKH BECHOH.

B Hnauane uioHs ypoBeHb OMOMacchl ocTaBajics mpexHuM (16,7—
17,8 r/m? cyOcTp.), HO IPOUCXOAMIIA TTEPECTPOKa CTPYKTYPBI AU DHU-
TOHA 3a CYET yMEHBIICHUS Noau nuaromMoBeiX (70-77 %) u yBenuue-
HUS J0MH 3eleHbIX Bogopocieit (20-27 %) B obweit 6uomacce. [lo-
muMo Synedra ulna w Fragilaria capucina nomunupoBaiu Melosira
varians u3 puaroment u Gonatozygon kinahanii (Arch.) Rabenh u3 3e-
neHwix. Kpynueie pa3smepsl Gonatozygon kinahanii v cyOpoMuHaHTa
Oedogonium sp. ONpeNeNnuian CyIeCTBEHHBIA BKJaa 3€JCHBIX BOJO-
pociieii B 001yto 6romMaccy B 9TOT MEPUOA pa3BUTHS AU (UTOHA.

K cepenune uromnst ObI0O OTMEYEHO 3HAUMTENILHOE CHUXKEHHE OHO-
maccol 10 0,8 r/m? cybetp. OcHOBHO# GoH obpacTaHuii CHOBa ompe-
JEJISIIU AUaTOMOBBIE BOAOPOCTH. JJOMHHAHTaMH JIETHETO SMUPUTOHA
cranu Navicula tripunctata v Tabellaria flocculosa (Roth.) Kiitz.

C nayasia aBrycra 1o Ha4yajlo CeHTSIOps 3ejieHble BOAOPOCIH 3aHU-
Mald Belyllee MOJOKEHHE B CTPYKType Onomaccel snugputoHa (50—
82 %). He3HaunTenbHbIH MOaIbeM OHOMACCH B aBrycte — a0 2,8 r/m?
cyoctp. omnpenensuiu Oedogonium sp. u Stigeoclonium tenue (Ag.)
Kiitz,, mocnexHnii ocraBajics B YUCIIe AOMHHAHTOB BIUIOTH A0 KOH-
na oktsaops. Cpenu NOMMHAaHTOB Haudaja CEHTSOpS ObUIM OTMEUYEHBI
Cocconeis placentula Ehr. 3 11aTOMOBBIX W MPECHOBOJHASI KpacHas
Bontopocie Chantransia chalybea (Roth) Fr. (=4udouinella chalybaea
(Roth) Bory), BuepBbie oTmedennas B anbroguiope I[IckoBckoro osepa.
«buonoruueckoe 1eTo» B CE30HHOW AMHAMUKE OMOMAacChl AMHUQUTO-
Ha B 2013 1. 3aBepmIniIOCh TPETHUM NOABEMOM OMOMACCHI B CEPEAMHE
ceHTsiops (10 3,2 r/M? cyocTp.), 0OYyCIOBIEHHBIM pa3BUTHEM Stigeoclo-
nium tenue v BUAOB pona Encyonema. C ycTaHOBIEHUEM «OHOJIOTHYE-
CKOW OCEHHM» ypOBEHb OMOMAacChl TIOCTENEHHO CHWXKAJICS, HE TPEBbI-
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mas 0,4 r/m? cyoeTp. B KOHLE OKTs0psi. Cpeiu TOMUHHUPYIOIINX BHJIOB
ocraBanucek Stigeoclonium tenue, Cocconeis placentula w Navicula
tripunctata.

Ha mpotsbkeHHH Bcero nepuoja MCCIeNOBaHHN B SMU(PHUTOHE IO-
CTOSIHHO BCTPEYAJIHMCh, HO HE BXOJMJIM B COCTaB JOMHHHPYIOILE-
ro komiekca Achnanthes minutissima Kiitz., Navicula cryptocephala
Kiitz., Navicula radiosa Kiitz., Gomphonema parvulum (Kiitz.) Kiitz.,
Rhoicosphaenia abbreviata (Ag.) Lange-Bertalot u3 1naToMoOBBIX BOJTO-
pocneit; Scenedesmus quadricauda (Turp.) Breb., Pediastrum boryanum
(Turp.) Menegh., Pediastrum tetras (Ehr). Ralfs n3 3enensix u Hetero-
leibleinia kuetzingii (Schmidle) Compeére u3 cuHE3eIeHbIX.

Takum 00pa3oM, MPOBEICHHOE UCCIIEI0BaHIE MOKA3aJI0, YTO OCHOB-
HYIO poiib B 3nupuTOHEe TpocTHHKA [IckoBcko-Uynckoro o3epa urpaiu
JIMaTOMOBBIE U 3eJieHble Bomopocyiu. Ce30HHas JMHAMUKa OMOMAacChl HO-
CHJIa TPEXTIMKOBBIM XapaKkTep: MaKCUMAIIbHBIN MO IbeM OHOMACChl OTME-
YeH B KOHIIE Masi — Hayase UIOHS U JIBA MCHEE BBIPAKCHHBIX TOIBEMA —
B aBrycTe M CeHTs0pe. YpoBeHb OMOMAcChl SMU(PHUTOHA U3MEHSIICS B
npenenax 0,6—18 r/m? cyoerp. [lonyueHHbIe BeTMYMHBI OMOMACCHI BOIO-
pocreii odpacTaHuii COOTBETCTBOBAIN BEJIMUYHHAM, IPUBOAUMBIM B JIH-
Teparype Ui 03ep BBICOKOTO Tpoduueckoro ypoBHs [MakapeBud u ap.,
2007; Cranucnasckas, 2011, 2014].
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SEASONAL DYNAMICS OF THE EPIPHYTON BIOMASS LEVEL
AND STRUCTURE IN PSKOVSKO-CHUDSKOE LAKE

M. V. Kolchenko
Pskov Department of the Institute of Lake and River Fishery

The paper deals with the seasonal dynamics of the level and biomass structure of
attached algae by the example of reed epiphyton found in Pskovsko-Chudskoe
Lake. It was found that Bacillariophyta and Chlorophyta played the main role
in the process. The level of epiphyton biomass changed within 0.6-18 g/m?
of substrate. The seasonal dynamics of biomass had a three-peak pattern: the
maximum rise in biomass was observed from late May to early June and another
two less intensive rises were observed in August and September.
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CPABHEHWE PACTIPEJIEJIEHUI CONEPKAHWUI
BUOMETAJLJIOB (BAHA IUSI, HUKEJIST) B JIOHHBIX OTJIO-
JKEHHMSIX 11O ITPOPUJISAM YCTHEBBIX YYACTKOB PEK
JIOH, MUYC Y TATAHPOI'CKOT O 3AJIMBA 11O CE3OHAM

K. O. Kopueena!, B. O. XopomeBckas® %3

! FOoicnwitl ghedepanvmbiil ynusepcumem
2 Tuopoxumuueckuii uncmumym Poceuopomema
3 Unemumym 6oomnwlx npoonem PAH

Jannas pabora npencTaBnsier coOOH TMONBITKY CpaBHEHHUsI 3aKOHOMEp-
HOCTEW B PacIpeIeICHUsIX CoJiepKaHuli OMoMeTassioB (BaHaIusl, HUKe-
JI51) B IOHHBIX OTJIOKEHMSIX YCTHEBBIX yUacTKoB pek IIpua3oBss u Taran-
POTCKOTO 3aJIMBa MO Pe3yJibTaraM aHaJIM30B Mpo0, MOTYUYSHHBIX B XOJIE
skcriequuuii B okTsiope 2012, B anpene 2014 u B anpene, oktsiope 2015 1.

Canponien —  OpraHO-MHHEpallbHbIE  MHOTOBEKOBBIC — HJIHCTHIC
OTIIOKEHHsI ~ CITa0OCONIEHBIX W TPECHOBOMHBIX  KOHTHHEHTAJBHBIX
BOZIOEMOB, cojiepkar cBbItre 15 % opranmdeckux BemiectB. [lo MHeHHIO
M3BECTHBIX TEOXUMHKOB B 00JIaCTH JMareHe3a OpraHMueckoro BEMIeCTBa, K
THTIOMOP(HBIM 3JIEMEHTaM HIIoB-canporreneii otHocstes V, Ni [TOCT.. .,
1980; demopoB u ap., 2009; Xopomesckas, 2015]. C apyroit CTOpOHHI,
9TU AIIEMEHTHI-METAUTBI, CONIACHO YYEHHIO HOBOTO HAITPABIICHUS HAYKW —
OMOHEOPraHUYECKOW XMMHUH, OTHOCATCS K KIJIACCY «OMOMETaIOBY. B )KHUBBIX
OpraHn3Max MOJIEKYJIbI HJTA HOHBI, B3aUMOJICHCTBYIOIINE C OMOMETasIaMHy,
HazbIBatoTCst OnommradgamMu. OJJHIM U3 IPUMEPOB OMOTUTAH/IOB SIBIISTFOTCSI
OeTKM 1 UX CBOMCTBA (Kak OMOJIUTAHIIOB), OMIPEICIITIOTCS CONEPKAHUEM B
TONMTIENITHIHBIX TIETSIX JOHOPHBIX aTOMOB a30Ta M KHUCJIOpPOAa, KOTOPHIE
MOT'YT y4aCTBOBAaTh B 00pa30BaHHUH XEIATHBIX ITUKIJIOB 1 MAKPOITHKITTYECKIX
KOMITIEKCOB C MeTasuTaMu. Kpome Toro, K MX TIONUTIENTHAHBIM IIeTISIM MOTYT
OBITH TIPUBA3aHBI MOPGHUPHUHOBEIE KobITa. [lopdupuH npencrasiseT codoit
MPUMEP MaKpOIMKIMYECKOTO JIMTaH/Ia C YeTHIPhMS JOHOPHBIMHA aTOMaMH
a30Ta, KOTOpble KOOPAWHHPYIOTCS WoHamu Metaiuia. llopdupuHoBbie
METAJUIONUKIIBI COfIepKaTcsd B XJOpo(dminie pacTeHHd M TeMOIIOOWHE
kpoBu. Mmerommmecss cBeleHUs O (YHKIMAX BaHAIUs B OPraHM3Max
TOBOPSAT O TOM, YTO OH y4YacTBYeT B Iporeccax (DOTOCHHTE3a U BXOIWT B
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Nop(HUPHHOBBIE KOMIUIEKCHI CHHE3eJIeHBIX BOIOpOCIeH (LraHoOaKTepHii)
[Xopormesckas, 2015].

Huxkens n3BecTeH Kak OJWH M3 OMOMETAIIOB, BXOASIIMX B COCTaB
METaUIOPPUPHUHOBOTO KOMIIIIEKCa — reMoTiIoOnHa. Taxke HUKeIb BMe-
cte ¢ koakropom F-430 «momoraeTr» OakTepusiM — METaHOT€HAM BOC-
cranasmuBarh rpynnsl CH,CO no CH, [Xopowesckast, 2015].

Takum 0Opa3oM, BaHaMil HE MPOCTO MUTPUPYET U HAKATUINBAECTCS B
OpPraHMYECKOM BellecTBe (PUTOIIAHKTOHA TOHHBIX OTIIOKEHUH, HO 1 aK-
TUBHO CTUMYIHpPYET pocT nocnenHero [Xopomesckas, 2015]. Baxuoi
0COOEHHOCTBIO OMOMETANIOB, 0COOCHHO BaHAAMS, SIBISIETCS TAKXKE U TO,
YTO OH CKJIOHEH K M3MEHEHHIO BaJCHTHOCTH B XOie OoOMEHa BELIeCTB
(HampuMmep, oT V¥ «IOBEHHJIBHOTO» — BOCCTaHOBUTENS 10 V™ (popma
HaXOXKJCHUS B HEPTSIX U YIVISIX ) — CHIIbHEHIIero okucnuress) [Penopos
u ap., 2009; Xopomesckas, 2010, 2015].

Wzyuenne B 8§0-x rogax mpomuioro Beka mporeccoB NoTpedaeHus Bo-
JIOPOCIIIMU HUKeEIs U BaHaaus B TaraHporckoM 3ajluBe IOKa3ajo, YTO
OHO CPaBHMMO C MOCTYIUIEHUEM METAJIJIOB B PACTBOPEHHOM COCTOSTHUU
¢ BOIHBIM cTokoM p. [Jon [Xopomesckas, 2015].

B oktsa6pe 2012 u anpene 2014 r. ObUIO MPOBEICHO UCCIICAOBAHUE
JIOHHBIX OTJIOKEHUH Ha cofiepKaHue METauioB B TaraHporckom 3ajuBe.
CbeMKH IPOBOIWIIMCH ¢ MAJTOMEPHOTO PEYHOro CynHa, 000pyIOBaHHO-
T'O HAaBUTATOPOM, 110 BBIOOPOUHBIM 10 cTaHIMAM CTaHAapPTHON CETKHU Ha-
omronenuit Pocrunpomera B Taranporckom 3anuse (puc. 1). B ycTbeBbIx
gacTsax pek Jon u Muyc nmpoObl oTOMpaIich ¢ pe3NHOBOM JIOAKH B 8 U
2 TOYKaxX COOTBETCTBEHHO B ampese u okTsiope 2015 r. [IpoOsr oTOupa-
JUCH ¢ moMoIbio qHouepnarens «Okean-0,025» morpyxenuem Ha 15 cm
OT MOBEPXHOCTH JIHA, PYKOBOJACTBYSICH OOIIMMH TpeOOBaHUSAMH K OTOO-
Py IpoO TOHHBIX OTJIOKEHUH BOAHBIX OOBEKTOB JUIA aHAJIU3a Ha 3arps3-
HEeHHOCTb, coracuHo 'OCT 17.1.5.01-80.

AHanu3 MOJYYEHHBIX PEe3yJbTaTOB IOKA3bIBAET, YTO COJEpKaHHE
BaHa/IM4, HUKEJS B JOHHBIX OTIOKEHUAX 3HAUNUTEJILHO HUXKE 3HAUEHUH
KJIApKOB JJIs1 0CaA0YHBIX OPOoJ (IIMHA U cIaHLbl). B BeceHHH iepron
YCTaHOBJIEHA CHWJIbHAs KOPPEJALMOHHAs CBsI3b BaHAAUs C HHUKEJIEM
qnst Taranporckoro 3ammBa (r = 0,89) [KopneeBa, Xopomieckas,
2015]. IloBblieHHBIE COAEpKAHUS BaHAIUSA XapaKTEPHbI Ul JOHHBIX
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OTIIOKEHUHM IeHTpanbHON uactu Taranporckoro 3amuBa (puc. 2).
OTO 30HBI MOBBIIICHHBIX COACPKAHUN B TOHHBIX OTIIOKEHUSIX COpr 1,1-
1,5 % [Xopomesckas, 2010]. 3aech, ¢ 0IHOI CTOPOHBL, IPU COJICHOCTH
3—4 %o MPOUCXOMAAT MPOLECCHI (PIOKYISAIUU, OCAKIACHUS U HAKOTLICHHS
B JIOHHBIX OTJIOKCHHSIX KOJUIOWJAHON (Dpakiuu  aJUIOXTOHHOTO
TYMHUHOBOTO BEIIECTBAa PEYHOTO CTOKA, KOTOPOE 00pasyeT ¢ MeTaiaMu
OMOIOCTYITHBIC XeNIaTHbIE KOMIUIEKChl. C JIpyroil CTOPOHBI, TO 30HA
WHTEHCHBHOTO 00pa30BaHUs aBTOXTOHHOTO OPraHMYECKOTO BEIIECTBA
(puromnankToHa), mporecc 00pa3oBaHHS KOTOPOTO JHMHUTHPYETCS
HACBIIEHHOCTRIO BOJABI KapOOHaToM Kaublus. BTopoit Makcumym
HACBIICHHUSI BOJBl KApOOHATOM Kayblidsg B TaraHpOrcKOM 3ajuBe
MPUXOAUTCA HA Yy4YacTOK C COJEHOCThIO 3 %o [Denopos u ap., 2009].
[Ipuypo4eHHOCTh TOBBIIICHHBIX COACPKAHUN BaHATUS B JOHHBIX
OTJIIOKEHUSIX K 3TOU 30HE CBUCTEIBCTBYET O HAIMYUU CBS3H BaHAIMS C
(urortankroHoM B TaranporckoM 3anuBe. Kak MOXKHO BUIIETh U3 puC. 4,
B OCEHHUI TepHOJ] HAKOIUICHUSI BaHA/WUS HE MPOUCXOJUT B TOYKAX Ha
MPOTSHKEHUU p. JIOH, 4TO MOXKET TOBOPHUTH O TIOJTHOM €0 IMOTJIOIICHUU
(DPUTOIITAHKTOHOM B BETreTAIlMOHHBIN TIEPUO/.

w— — :
Y

B 7 Touka ot6opa npo6bi B 3anvee. e 3 Touka ot6opa npo6bl

Puc. 1. Kapra-cxema or6opa npod
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IlomyuenHsbIe pe3yabTaThl COAECPKAHNIN BaHAIUSA M HUKEIS IIpeICTaB-
JIEHBI Ha pHC. 2—3 — B BECEHHUI NEPUOJ U Ha pUC. 4—5 — B OCEHHUH.
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| p. [loH |p.Maye|  TaraHporckuit 3anus |

TO4KN 0T6Opa NPob

Puc. 2. Pacnpenesienne cogep:kanus (B MKI/T) BAHA/HUs B JOHHBIX OT.JI0-
JKeHUAX 10 npouisiM ycrbeBble yuacTKu pek Jlon, Muyc — Taranpor-
CKUI 32J1MB B BeCEHHUH Mepuo
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Puc. 3. Pacupenenenue cogep:kanus (B MKI/T) HUKeJs B JOHHBIX OTJIOKe-
HHUSIX 10 NPpoduiAM ycrbeBble yuacTku pek /lon, Muyc — Taranporckuii
3aJ1MB B BeCeHHMIl Mepuos
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Puc. 4. Pacnpenesienue cogep:kanus (B MKI/T) BAaHAUs B JOHHBIX OT.JI0-
JKeHUsIX 110 npoduiasam ycrbeBble yyacTku pek Jlon, Muyc — Taranpor-
CKHH 32/1MB B OCCHHH I IIepHOJ
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Puc. 5. Pacnipeaenenue cogepxanusi (B MKI/T) HUKeJsl B JOHHBIX OTJIOKe-
HHUSIX 110 NPOo(uiIsAM ycTbeBble yyacTku pek [loH, Muyc — Taranporckuii
3aJIMB B OCEHHUI Nepuoj

ConepxaHue HUKENs B JOHHBIX OTIOKEHHUSIX YCTBEBBIX YaCTIX
pex Hon, Muyc um Taranporckoro 3ammBa pacmpezaessiercs Oonee
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paBHOMEPHO, CHHXKAsICh OOJiee YeM B JIBa pa3a B 30HE ICOXHMMHUYECKOTO
Oapbepa 2 %o B TaraHporckom 3aiuBe, TJie TAKKE PE3KO CHUKACTCS CO-
JIiep>KaHue MeTaHa B BOJI€ U JOHHBIX oTioxKeHusix [[appkyma, 2005] .
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COMPARISON OF SEASONAL CONTENT OF BIOMETALS
(VANADIUM, NICKEL) IN PROFILE ESTUARINES BOTTOM
SEDIMENTS OF RIVERS DON, MIUS AND OF THE GULF
OF TAGANROG

K. O. Korneyeva!, V. O. Khoroshevskaya' >3

! Southern Federal University
2 Hydrochemical Institute of Rosgidromet
3 Institute of Water Problems of RAS

This work presents an attempt to compare the patterns of the biometals (vana-
dium, nickel) distribution in sediments of river estuaries of the Azov Sea and the
Gulf of Taganrog using the results of the analyzes of samples obtained during
the expedition of October 2012, April 2014, and April and October 2015.

MOJIEJIMPOBAHUE PACITPOCTPAHEHUSA TPUMECHU
OT TOYEYHOI'O UCTOYHUKA B A30BCKOM MOPE
IPU PA3JIMYHOM BETPOBOM BO3/IEVICTBUH

B. C. Koueprun, C. B. Koueprun

Mopcrou euopogusuyeckuti uncmumym PAH

IIpu pemennn 3amad, CBSI3aHHBIX C aHAIM30M JKOJOTHYECKOTO COCTO-
SHUS BOJHBIX OacceiiHOB, HEOOXOAMMa OIIEHKAa BO3MOXKHBIX MOCIEN-
CTBUI pacipoCTpaHEHUs NPUMECEH pa3IMYHON NpUPOAbl. AHAIMU3 T10-
T KOHIIEHTPAIMU MOXKET OBITh OCYIIECTBIIEH Ha OCHOBE MCIOIH30Ba-
HUSI MaTeMaTH4ecKoro MojennpoBanns. Ha ocHOBe 6apoTpomHOi Tpex-
MEpPHOI THAPOTEPMOTUHAMHYECKON MOAETH A30BCKOTO MOpPS B CUTMa-
KOOpJMHATAX TOyYEHBI MO TE€UCHUH U KOA(P(PUITMEHTHI MOJIEIH MIPH
pa3IMYHOM BETPOBOM BO3JEHCTBHH, KOTOPBIE NCIIOIH30BAHBI B KAYECTBE
BXOJIHBIX TTapaMeTPOB MPH peajM3aIlli MOJENN MEePeHOCca MaCCUBHOM
npuMecu. [IponsBeneHs! pacyeTsl 0 MOIEIMPOBAHUIO PACTIPOCTpaHe-
HUSI TPUMECH OT TOYEUHOI'0 UCTOYHHUKA B paiioHe Kochl Jonroi, mpose-
JICHBI aHAJIN3 TIOTY9eHHBIX PE3YIBTATOB M CPABHEHHUE CO CITy THUKOBBIMHU
M300pakeHUSIMH KOHIIEHTPAIINY B3BEIIEHHOTO BEIIECTBA B IAHHOM paii-
OHE MTPH WHTEHCHUBHOM BOCTOYHOM BETPOBOM BO3/ICHCTBHU.
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Hcnonb3oBaHne COMpsKEHHBIX YPaBHEHUH M BapUAMOHHBIX MPHUH-
LUIOB MPH PEIICHUH 3a/ad, CBI3aHHBIX C MOJAEIHMPOBAHHWEM JHHAMH-
KM OKeaHa, MOJYYHJIM IIMpOKoe pacmpocTpanenue [Malanotte-Rizzoli,
Holland, 1988; Yu, O’Brien, 1991]. McTopu4ecku CIOXUIOCH TaK, YTO
CHavaja BapHallMOHHBII MOAXOA MPUMEHSIICS ISl pellieHHs 3ajaq u-
Hamuku atmocgepsl [Mapuyk 1974; Ilenenko, 1981], a B nanpHeiimem
MCIOJIB30BAJICS TSl pPELIeHHs OKeaHOJOrMYecKux 3aaad. B ocHoBe Ta-
KHX aJITOPUTMOB JIEXKAT PELICHUE COMPSIKECHHOW 3a1a4l 1 MUHUMHU3AIHs
KBaJpaTUYHOrO (PyHKIIMOHAJA KayecTBa MPOruo3a. BaxkHoii ocoOeHHO-
CTBIO TaKUX alTOPUTMOB SIBIISIETCS TO, YTO CaMa MOJEINb BBICTYNAcT B
PO MPOCTPAaHCTBEHHO-BpeMeHHOoro mHTeprnoisHTa [[lenenko, 1981]
U TI0JTy4aeMO€ pElIeHHE CONIACOBAHO HE TOJBKO C JaHHBIMU HM3Mepe-
HUH, HO M ¢ caMOl MoAeNblo. MaeHTuduKanus: BXOJHBIX MapaMeTpoB
OCYILIECTBIISIETCA 33 CYET MUHUMH3AIMN KBaJIPaTHYHOTO (PyHKIHMOHAA
KauecTBa MPOoruo3a. Takod (yHKUMOHAN SIBISECTCS BBIMTYKIBIM U MUHH-
MYM €ro eJMHCTBEHHBIH. Mojiesp epeHoca MacCUBHON MPUMECH — JIU-
HeHas1, TOATOMY HCIIOJIb30BaHHUE €€ B KaueCTBE CBsA3CH (OrpaHnYeHUil)
NpY MUHUMU3AIUH BBIOPAaHHOTO (PyHKIIMOHAIA HE MEHSIET €T0 BBITYKJIO-
CTH, 4TO MO3BOJISIET OCYIIECTBIATh MOMCK BXOAHBIX MapaMeTPOB MoJie-
JIM, TIPY KOTOPBIX €€ PelIeHne HamTy4IIuM 00pa3oM CoracyeTcst ¢ uMe-
IOLIMMUCS JAHHBIMU U3MEPEHUH.

Pemienne conpspkeHHON 3a1auyl 1O CBOEH cyTH siBisieTcs «(QyHKIU-
eil 9YyBCTBUTEILHOCTHY W «PyHKIMEH BIusHus» [Mapuyk, 1982], mo-
3TOMY pelIeHHE CONPSHKEHHOW 3a/laud JaeT BO3MOXKHOCTH TaKKe Olle-
HUBATh BIMSHUE PA3IHYHBIX PAaHOHOB 00JACTH MHTETPUPOBAHUS MOJE-
JIM Ha MHTEpECYIOUMH Hac paiioH. YacTo npu peleHnn dKOJI0rHUeCKUX
3a1a4 HEOOXOAMMO CIEOUTh HE 32 caMOW KOHIEHTpalueld mpuMecH, a
3a 3HAYEHMUSIMHU HEKOTOPBIX (PYHKIIMOHAJIOB B MHTEPECYIOIIEM HaC paiio-
He. Hanpumep, 3T0 MOKeT OBITh CpeIHss MIIM CyMMapHast KOHLIEHTpaLHs
Kakoi-m100 mpuMecH B uccienyemoil oonactu. Takue 3HaueHus QpyHK-
IIMOHAJIOB MOYKHO BBIYUCIIATH HETMOCPEACTBEHHO 110 3HAYEHUSM KOHLIEH-
TpaLuy B y3J1aX pacdeTHOU ceTkH. [Ipu 3TOM 3HaueHHs1 Ha KOHEYHBII MO-
MEHT MHTETPUPOBaHMSI HITYTCS IyTEM pELIeHUsI MOAEIH MepeHoca ¢ 3a-
JaHHBIMU Ha4yaJlbHBIMH JAHHBIMHU U (YHKIUSMH UCTOYHUKOB 3arpsi3He-
Hust. TakuM 0Opa3om, 3a1aBasi pa3aMyHble HaYaJbHbIC JaHHbIC U (QyHK-
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LIUU NCTOYHUKOB, MBI ITOJIy4aeM CEPHIO MoJIei KOHLIEHTPALUH, JJ1s1 KOTO-
PBIX BBIYHCIISIEM HEOOXOAUMBIH (QYHKIIMOHAT B YKa3aHHOM obnactu. [l
Pa3JINYHBIX HAYaJIbHBIX JAHHBIX U MOLTHOCTEW HCTOYHMKOB HEOOXOIMMO
OCYIIECTBJISATh HOBBIM MTPOCTPaHCTBEHHO-BPEMEHHOM pacueT. Cpeau Ta-
KHX PacuyeTOB MOJKHO BBIOpaTh HanOoJIee ONTUMANBHBIN ¢ TOUKH 3pCHHS
HETpeBbIIEHHUs (PYHKIHOHAIOM HEKOTOPBHIX €ro JOIMYCTHMBIX 3Haye-
Huit. C Ipyroil CTOpOHBI, pelieHrne Nog00HOro poaa 3a1a4 MOXKET ObITh
YIPOILEHO HAa OCHOBE METOJa CONpPsUKEHHBIX ypaBHeHui. [Ipu atoMm, B
cooTBeTCTBUU ¢ [Mapuyk, 1982], conpsikeHHas 3aaua pemaeTcs: oJuH
pas, u uccieayeMblil QyHKIMOHAT BEIYUCISETCs 0e3 MPOCTPaHCTBEHHO-
BPEMEHHOTO CYETa MPH Pa3IMYHbIX HAYAJIBHBIX TMOJISX M (QYHKIHIX HC-
TOYHUKOB.

Mopens mnepeHoca. B kauecTBe MoOIEIM IEpEHOCA IACCUBHOU
npuMecH B A30BCKOM MOpPE pacCMOTPUM CIEIYIOLIee ypaBHEHHE B
G-KOOpAMHATax

oDC oDUC dDVC oWC 9 oDC 9 oDC 9d K, dC
+ + + A 4

= — + — _
ot ox dy 06 ox " ox dy " 9y dc D ac (1)

C Kpa€BbIMU YCIIOBUAMU

oC
I—=0
on
G=0:2—§=Qs(x,y), c=- :z—ngB(x,y), WM
oC = aC =
0=0:$=QS~8(x—xO,y—yo), G=—1:$=Q Bd(x—x0y—¥,)
(2)
W HaYaJIbHBIMA JTaHHBIMHA
C(x,y,6,0)=C,(x,y,0), 3)

rine C— koHuentpauus npumecu; U, V, W — KOMIOHEHTHI OJIs1 CKOPOCTH;
A, n K, — xo>pdunrentsl TypOyneHTHOH 1updy3ur B rOPU30HTaIb-
HOM M BEPTHKaJIbHOM HampasieHusx; D(xX, y) — auHaMu4eckas nryOuHa;
0 — BepTUKaJIbHas KoopAauHaTa (6 = 0 Ha MOBEpXHOCTH, G = —| Ha jHe);
Oy(x.y), Q,(x,y) — NEPEMEHHBIE 11O NPOCTPAHCTBY MOIIHOCTH UCTOYHHMKA

Ha MOBCPXHOCTU U HA AHE; QS’QB — IIOCTOAHHBIC MOITHOCTH TOYCYHBIX
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WCTOYHHUKOB, M — 001aCTh HHTETPUPOBAHUS MOJieNu; [ — rpaHuia ooma-
cru M; M, =M < [0,T].
Conpsi:kennas 3agayda. [loctaBum B coorBerctBue (1) — (3) conpsi-
JKEHHYIO 3a71aqy
oDC" 9DUC" 9DVC" owC" 9 ,d9C" 9 ~dC 9 K,dC

pZ4, & wp Ly = 4 L Bn T
ot ox dy 00 ox = ox dy '~ dy do D do

ol
I:—=0
on
aC’
6=0, o=-1:2-=0
Jc
C" (x,,0,T)=h(x,»,0) (4)

[Ipu BBIBONE (4) yYTEHO COOTHOIICHHE, TIOTYYCHHOE M3 YPaBHEHHS
HEPa3phIBHOCTH

oD oDU oDV oW

—+ +—+—=0

or  Ox dy 0JC Q)
Ymuoxast (1) — (3) Ha C* 1 uHTErpUPYs 110 YacTsM ¢ yueToM (4) u (5),

MOJIyYUM

[ncam=[c,cram .
M M

(6)

Bribupaem /1 B Bue

1
h=4——— 6 o0bnacmu Q, 0 — 6 oonacmu Q R
m(<) :
rae m — Mepa HeKoTopoii obnactu Qe M . [Ipu 3ToM B 1€BO# 4acTH BbI-
pakenus (6) moiaydaeMm cpenHioro kKoHueHTpanuuioo C, B () Ha MOMEHT
BpeMeHH 7.
Bri6paB B kauecTBe € siUCHKY pacueTHOM CETKH, IMEEM
C,=[C,Cam
b ®)
TakuM 00pazoM, IpH pEIICHIH CEPUNA CONPsKEHHBIX 3amad (4) ¢ Ha-

YaJpbHBIMH TaHHBIMHE (7) 110 hopMmyre (8) OCyIIeCTBISIETCSI OIEHKA OIS
KOHIIEHTpAILIMM B HEKOTOPOH siueiike pacueTHOU ceTku. HauanbHble JaH-
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Hpie C| MOTYT COOTBETCTBOBATH JIOOOMY MOMEHTY BPEMEHH 1, € [0,7],
NPY 3TOM TPOILeypa BOCCTAHOBIICHHUS MOJISI KOHIICGHTPAIIMH MTACCUBHOM
npumecH C, peanu3yeTcs Ha MHTepBajie Bpement [z, 7).

COHpﬂ)KCHHI)Ie 3aga4u B JAaHHOM aJTOPUTMC HE3aBUCUMBLI JPYTr OT
Apyra, 4To MO3BOJIACT OCYHICCTBIATH HGO6XOI[I/IMI>I€ BbIYMCJICHHUA B pac-
napajuieJieHHoM pexume. JlanpHeiimas ouenka (C;) OCyLIECTBISETCS
0e3 MpoCTPaHCTBEHHO-BPEMEHHOI'O CYETa C HMCIIOJIb30BaHUEM yXKe Ha-
CuMTaHHbIX 3HaYeHui C".

Bribupas h ={] — 6 oonacmu Q, 0 — ene oonacmu €, MOXKHO OIIe-
HUTH CYMMAapHYIO KOHIICHTPAI[IO Ha KOHEYHBIII MOMEHT BPEMEHH B 00-
nactu Q o Gopmysie

[ca@=[c,dm =[c,Cram
Q M M (9)

[Tpu 5TOM pelieHne CONpsKEHHON 3a/1aull SIBISIETCS] BECOBOM (yHK-
LHUeN PU HaYaJIbHBIX JAaHHBIX, T. €. 1O Cg MOYKHO CYIHTbh, KaKhe 00-
nactd M OKa3bIBalOT BIMsSHUE HA (POPMHUPOBAHHE MOJIeH KOHIICHTPALIUH
npuMecHu B Q.

Pe3ynbTaThl YHMCJIEHHBIX JKCIEPUMEHTOB. UHCIeHHBIE JKCIepH-
MEHTHI POBOIWIHCH ¢ Monenbio [MBanoB, ®omun, 2008] nms akBarto-
prH A30BCKOTO MOpsi. BbUTH MoTy4eHbl ToJist TeUeHU U ko3 duimeH-
Tl TypOyJneHTHON Au(Py3uu NP Pa3InuHOM BETPOBOM BO3JICHCTBUH,
KOTOPBIEC UCTIONB30BAUCH B KaYECTBE BXOIHOW MH(OpMAIINU TIPU HHTE-
TPUPOBAHUM MOJIENHN MEPEeHOCca MacCHBHOW mpumecu. Jlns TecTuposa-
HUSI BapUAIIMOHHOTO JITOPUTMa MIICHTH(UKAIIMKA MOIIHOCTH HCTOYHH-
Ka B 3anuBe KazaHTuIl ObUT MPOBE/ICH pacyeT Ha yCTAaHOBJICHUE MOJICIIhb-
HOTO TIOJISI TEYSHHUH C TIOCTOSIHHBIM BeTpoM 10 M/C BOCTOYHOTO Harpas-
nenust. [TomydeHHbIE TIONISI CKOPOCTEH 1 KOA(PUIIMEHTOB TypOYyICHTHOI
T Qy3UH HCTIOTH30BAIUCH B KAUECTBE BXOIHBIX MTAPAMETPOB TIPU UHTE-
TPUPOBAHUM MOENH MepeHoca MacCUBHOM MpuMecH Ha cpok 10 cyTok.
[Ipu sTom miar o Bpemenu At = 240 ¢, mar mo nmpoctpadcTBy Ax = 0,78
kM, Ay = 1,125 kM. 1o BepTuKamu B MOJIENH UCTIONB3YETCSl pacueTHas
ceTKa B g-koopauHarax ¢ 15 ropusontamu. C ornvcaHHON BBIIE MOJe-
JIBIO TIEPEHOCA TACCUBHOM MpHUMeCH OBUIM MPOBEASHBI pacyeThl AJs TO-
YEYHBIX HCTOYHUKOB IPH PA3ITUYHOM BETPOBOM BozzericTBiH. Ha puc. 1
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OpeaACTaBJICH CHUMOK MOBCPXHOCTHU A30OBCKOrO MOps, U3 KOTOPOTO IO
KOHIICHTpAlUN B3BCHICHHOI'O BEIIECTBA MOKHO CYAUTh O AMHAMUYCCKUX

IpoLeccax.

[Ipu TakoM BETPOBOM BO3ACHCTBHU OT TOYEYHOTO MCTOYHMKA, pac-
MOJIOKEHHOT0 Y Kochl J{0aroi, pacnpocTpaHeHue NacCUBHOM IpuMecu
n3o0pakeHo Ha puc. 2. CpaBHUBas pe3y/nbTaT MOAEIUPOBAHUS C JaH-
HBIMH, ToTydyeHHbIMU ¢ IC3, MOKHO CynuTh 00 aJeKBaTHOM OMUCAHUHU
MOJIEIbIO JMHAMHUYECKUX MPOLECCOB, TPOUCXOAALINX B A30BCKOM MOpE.

)

Puc. 1. Konnenrpanust B3BemieHHOro Bemecrsa 16 okrsadopsa 2015 r.

1 1 1 | 1

474

46.5+

46+

455+

45+

T 1 1 T 1 1 T T 1
35 355 36 36.5 37 37.5 38 38.5 39

Puc. 2. PacnipocTpaHeHue nacCMBHOI NpUMecH OT TOYEYHOI'0 HCTOYHHUKA
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B pesynprare MHTErpUpOBaHUS CONPSHKEHHOM MOJENM NEpPEHOCa
OBUIM MOCTPOSHBI (PYHKIIUHM BIMSHUS HAuyaIbHBIX JIAHHBIX HA CyMMap-
HYIO KOHIIeHTpauuio C B obnactu, mpuieraomeii k Kepuenckomy mpo-
JIUBY U PaCIIOJIOKEHHON B paillOHE MHTEHCUBHOIO CyloxoiacTBa. B pe-
3yJIbTaTe€ IPU CEBEPHOM BETPE HA CYMMAapHYI0 KOHLEHTPALUIO CBQB
OCHOBHOM OKa3bIBaeT BIHUsSHUE 00JacTh KepueHckoro mposimBa u mop-
ta Temprok. M3BecTHO, 4TO B JaHHOM paiioHe MpeoOiIagaroT ceBepo-
BOCTOYHbBIE BETPHI. [Ipy TakoM BETPOBOM BO3JAEHCTBUM OCHOBHOE BIIMS-
Hue Ha C B () OKa3bIBaeT akBaTopus nopra Tempiok (puc. 3).

47

46.5-

46|

45.5

min =0.00
max = 0.56 I~

45+

T T 1 T T T T T T
35 35.5 36 36.5 37 37.5 38 38.5 39

Puc. 3. ®ynkuus BJMsIHUS PU CEBEPO-BOCTOYHOM BeTpe

IIpi BOCTOYHBIX M IOTO-BOCTOUHBIX BETPAX OCHOBHOE BIMSHME HAa C
B () OKa3bIBaeT 00NacTh MPOXOXKACHUS Cy10B MoprcTee KepaeHckoro mpo-
mmBa. [Ipu 10)kHOM BeTpe cymMMapHasi KOHIIEHTpANus B yKa3aHHOW 00ia-
cTH (DaKTHUECKH OMpeAeisieTcsl 00JacThi0 MPOXOXKICHHUS CY/IOB, a TIPH
FOr0-3aIMaIHBIX BETPaX HAYMHAET OKa3bIBaTh OCHOBHOE BiMsHHE caMm Kep-
YEHCKHUM TIPOJIMB, KOTOPbIN Hapsiay ¢ KazaHTUIICKUM 3aJIMBOM BIIMSIET Ha
C B Q npu 3amaHOM BETPOBOM Bo3eiicTBHN. [Ipy ceBepo-3amaIHbIX Be-
Tpax Ha C B () CYIIECTBEHHOE BIMSHHE OKA3bIBACT OOIACTE, MPHMBIKAIO-
m1ast K BeIxoAy u3 KepueHckoro mpommsa B A30BCKOM MOpe.

JlaHHBI TOAXOM MOXET OBITh MPHUMEHEH TPW DPEUICHHH pa3ind-
HBIX 3a]ad JKOJOTHYECKOW HarpaBlieHHOCTH. OH TMO3BOJSET OIpee-
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JISATh 30HbI BIIMSHMS HAYAJIbHBIX I0JEH M MCTOYHUKOB 3arpsi3HEHUN Ha
I10JI€ KOHLIEHTPpALUU UCCIIEAYEMON IPUMECH B HHTEPECYIOIIEM HAC Paii-
oHe. Buay Gonbiioro o6bemMa HHGpOpMAIMK, UMEIOLIETOCS B TPEXMEP-
HBIX MOJISIX CKOPOCTEH U K03((PUIIMEHTOB, yMO3PUTEIbHBIE 3aKITI0UCHHS
0 BO3MOXHBIX UCTOYHMKAX 3arpsA3HEHUN BecbMa 3aTpylHUTENbHBL. [Ipn
UCIIOJIB30BAHUH CONIPSKEHHBIX YPABHEHUH YNAeTCs TOYHO MPOCIEIUTh
BCE U3MEHEHHMS B MOJISIX M YKa3aTh BO3MOXKHBIE pallOHBI (POPMHUPOBAHHMS
UCCIEyEMOU IPUMECH.
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TRANSPORT MODEL OF PASSIVE ADMIXTURE
FROM A POINT SOURCE IN THE AZOV SEA
AT DIFFERENT WIND DIRECTIONS

V. S. Kochergin, S. V. Kochergin
Marine Hydrophysical Institute RAS

The solution of problems associated with the analysis of the ecological state of
water basins requires the evaluation of the possible consequences of the trans-
port and diffusion admixtures of different nature. The analysis of the concentra-
tion fields can be performed through the use of mathematical modeling. The
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modeling calculation referring to the transport and diffusion of admixtures from
a point source in Dolgaya Spit area was made and the analysis of the found
results in comparison with satellite images of the concentration of particulate
matter in the area under intensive east wind influence was carried out.

IIUTAHUE PEYHHOI'O OKYHS (PERCA FLUVIATILIS L.)
N CUTA OBBIKHOBEHHOI'O (COREGONUS LAVARETUS L.)
B PEKE OJIAHT'E (HAIITMOHAJIBHBIN MAPK «ITAAHASIPBH»)

M. A. Jleconen’, . A. Toipkun?

! [Tempozasodckuil 20cydapcmeennulii yHugepcumen
2 Unemumym eoomwvix npobnem Cesepa KapHI] PAH

HUccnenoBanue nutanus pedHoro okyHs (Perca fluviatilis 1..) u cura 0OBbIK-
HoBeHHOTO (Coregonus lavaretus L) B p. OnaHre Ha ruiece B paiioHe ypo-
yuia Bapruonamnu B netauit nepuon 2014 r. mokasanio, 4To OKyHb U CUT
MUTAIOTCST KpaiiHe CJ1a00 — CPEHUI MHJICKC HAIOJIHEHUSI JKEIYIKOB HE
npesbimaet 19 %. Ha p. Onanre nMeroTcst oporu M mepeKarsl, rae oou-
TaeT MOJIOJb KyM>KH, a TAKKe TITYOOKHE IUIECHI ¢ OOJBILION YHCIICHHOCTHIO
OKyHsI, cura 1 mioTBbl. KopmoBast 6a3a HU3Kas1, Tak Kak miec 0ObIYHO 00-
pasyercst Tam, Tie TeUeHHe PeKH HHTEHCUBHO Pa3MbIBAeT JTHO, YTO BEAET
K YMEHBIICHHIO OPraHU3MOB 300TUIAHKTOHA, (PUTOIUIAHKTOHA W TPOYHX.
OO0 3TOM CBUJICTEILCTBYET KOJIMYECTBO ITYCThIX KEITYAKOB y curoB — 20 %o,
y oKyHei — 59 %.

Beenenne. VmeeTcst MHOTO CBEACHUH O MUTAHUHM PEUHOTO OKYHS
(Perca fluviatilis L.) n cura oosikHOBeHHOTO (Coregonus lavaretus L.)
B o3epax Kapenuu (Ozepa Kapenuu, 1959; Pemernuxos u ap., 1982
U 1p.), @ HACKOJIBKO YCIICIIHO IMHUTAIOTCA JaHHbIe BUIBI B pekax Kape-
JIMH, U3y4CHO HeJoCTaTouHo. Tak, Hanpumep, B p. JIene criektp norpe-
OJeHUsT KOPMOBBIX OOBEKTOB CUTOM-IBIKBSIHOM (Coregonus lavaretus
pidschian Gmelin) OTHOCHUTEIBHO MOCTOSHEH, OJHAKO COOTHOIIECHUE
J07Ie OCHOBHBIX KOMIIOHEHTOB (JINUYMHOK, MOJACHOK, BECHSHOK) H3-
MEHSIETCSI B 3aBUCHUMOCTH OT Xapakrepa onotona. OKyHb 3BpHdar mo-
€/1aeT He TOJIBKO Pa3sHOOOpa3HbIX OECII03BOHOYHBIX, KOTOPBIE SBISIOT-
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Csl OCHOBHOM THIEH, HO U MeNKUX Miexonutaromux [I[loremMkuna u
Ip., 2013].

HUccnenoBanuto peid HalMOHAIBLHOTO Mapka «IlaanaspBu» mocesie-
HO OonpIIoe Komn4yecTBO myonukauuii [bapckas u ap., 2003; Unemact u
Ip., 2003 u gp.], ectsb cBeneHuUs no nutanuio kKymxku [I1lycros, Becenos,
2007], xapuyca [Yeuenkos, JIsttu, 1986], onHako MarepuaioB Mo MUTa-
HUIO OKYHS M CHT'a HET.

Lenb paboTel — HccnenoBaTh 0COOGHHOCTH MUTAHMUS CUTA U OKYHSI
Ha IIecoBOM ydacTke p. Onanru (HaunoHanbHbIN napk «[laanaspsmy).

Marepuaabl u meroguka. Ha teppuropumn Kapemum p. Onanra
(o3epHO-pevHast cuctema) siBisieTcss npopoinkeHueM p. OylaHKaioKH.
[IpoTekaeT mo AByM HamMOHaIbHBIM mapkaM — «Oynanka» (OuHIsH-
nus) u «Ilaanaspsw» (Kapenus). B Kapenuu uctoxom p. Onanru siBns-
etcst 03. [laanaspBH, NPOTSHKEHHOCTh PEKH COCTAaBIsET 23 KM, BHagaeTr
B 03. [Is103epo (Kymckoe Bomoxpanunuimie). Ha pexe MMeI0oTCst TOpOKH-
CTBIE YYaCTKH, a Takxke Bogona] KiuBakkakockH.

OKyHb U CUT OTJIaBIMBAIMCh B HIOHE — utoie 2014 r. mepexeil Ha
miece okojio ypounia Bapruonammnu B 8,5 kM oT ycrbs Onanru. Ux-
THodayHa mijeca npejcTaBlieHa CICAYIOUMMH BUAaMU: PEUHONW OKYHb
(Perca fluviatilis L.), oobikHOBeHHas TuioTBa (Rutilus rutilus L.), cur
o0bIkHOBeHHEI (Coregonus lavaretus L.), kymxa (Salmo trutta L.), xa-
puyc (Thymallus thymallus L.), myka (Esox lucius L.), 536 (Leuciscus
idus L.). Ppi0a u3 Mepesxu u3BJIeKalach IBa pa3a B CyTKH (yTPOM U Be-
yepoMm). Ha mecte priOy n3mepsiinu, B3BemnBaiu [[Ipasaun, 1966], n3-
BJICKAJIN KETYA0K, STUKUPOBAIN U cpa3y (ukcupoBaiu 4%-M pacTBoO-
poMm ¢dopmanuHa.

Kamepanbnas 00paboTka mpoBOAMIIACH COTNIACHO TPAJAULIMOHHBIM Me-
tomaM [MeToaudeckoe mocodue. .., 1974; [lonoea, Pemernukos, 2011].
[ueBoii KOMOK M3BIIEKAIIU U3 KEITyAKa PHIOBI AJIS OTpeiesieH st o01Le-
ro uHeKca HarnojdHeHus. [logcunThIBaIoOCh KOIMUECTBO OPraHU3MOB —
oO1iee u A5l OCHOBHBIX KOPMOBBIX 00beKTOB. ONpeAessuTuch BCTpeyae-
MocTh (F) 1 7011 0OCHOBHBIX KOPMOBBIX OOBEKTOB OT MAcChl BCETO KOpMa
(P), a Takxxe paccUMTBIBAICS KOMIUIEKCHBIN HHIIEKC OTHOCUTEIBHOM 3Ha-
yumoctu (RI). OOmwmii MHAEKC HATIOIHEHHMS JKeNyIKa PacCUNTHIBAIICS B

nponeuumuiie (), Kak OTHOIIEHHE BEca UL (MT) K BECY phIObI (T),
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YMHO)K€HHOE Ha BennuuHy 10. Beero nccnenoBansl Ha MUTaHKE XKeTy -
kH 22 okyHell u 20 curos.

Pesyabratel m o0cy:xknenue. 3yueHne coAepKUMOIO >KEITYIKOB
OKyHs 1 cura B p. OaHre oKa3ano CXOJCTBO MUIIEBBIX CIIEKTPOB PBIO.
Tak, B xemyakax 000MX BHIOB BCTPEUAIUCH BOJSHON OCIHUK, THYHMHKH
XUPOHOMUJ, KYKOJIKH XMPOHOMMJ, PYUEHHMKH, MOJEHKH, HACEKOMBIE,
pacTUTeNbHbIE OCTaTKH, IPOUNe.

[lo uucny muILEBBIX OpraHu3MOB (Tall.) Yy OKyHsI OCHOBHOE MECTO
3aHUMAIOT HUMQBI MOACHOK, Y CUra — MOJITFOCKHU, KyKOJIKH XUPOHOMH/I,
HUM(BI TOACHOK, IMYUHKNA XHUPOHOMUJI. BTOpocTenenHplie NHieBkbie op-
TaHU3MBI OKYHS — KYKOJIKM XUPOHOMM/I; CUTA — BOJSTHOM OCITUK, Py4eiiHH-
K{, BO3IYIIHbIE HACEKOMBbIE, PACTUTENbHbIE OCTATKU. EAMHUYHO y OKYy-
Hsl BCTpevasiach pbi0a, y cura — KJiaJoluepsl U BOASHOM Kiemuk. Ocraib-
HBIX OPTaHU3MOB, TAKUX KAaK BOJASHBIE OCIUKH, TNUNHKU XUPOHOMHU/, KJIa-
J0Lepbl, OOKOIUIaBbI, py4YEHHNUKH, BO3YIIIHbIE HACEKOMBIC, PACTUTEIIbHbIE
OCTaTKH, Ipouee, y OKYyHsI, OOKOIUIaBbI, )KYKU U POYHE Y CUTa B TUILIEBOM
KOMKE MEHbIIIE €ANHUILIBIL.

o yacToTe BcTpeuaeMOCTH KOPMOBBIX OOBEKTOB B Macce y OKyHs Ipe-
00m1a1a0T HUMQBI MOAECHOK, KyKOJIKM XMPOHOMMJI, PbIOa; y CUTra — pydeidHu-
KU, MOJUTFOCKH, HUM(BI TTOACHOK, Mpounre. JIMIMHKN XUPOHOMHU/, KIaaoLe-
Pbl, OOKOIIJIaBbL, PyYEHHUKH, BO3AYILHbIE HACEKOMBIE U MIPOYHE UMEIOT Ha-
MMEHBIIYIO BCTPEUYAEMOCTh Y OKYHS, KJIa0Iephl — y CUTa.

B p. Onanre ocHOBHBIM BHJOM KOpMa OKYHS siBisieTcst pbi0a (43 % mo
macce) 1 HUM(bI IOZIeHOK (34 %), TOTOTHUTEIBHBIM — KYKOJIKH XHPOHO-
muz (9 %), ocranbHble BUABL, TAKWE KaK BOASHOW OCIHUK, TMYMHKU XH-
POHOMU, KIaJ0LEphl, OOKOIIABbI, PYyUYCHHUKH, BO3AYIIHbIE HACEKOMBIE,
pacTuTenIbHbIE OCTATKH U MpoUMe, BapbUpytoT oT 1 10 3 % mo macce. Ha-
npumep, B 03. HIOK OCHOBHBIM BHJIOM KOpMa OKYHsI SIBJISIOTCS] TMUUHKH
pyueitnukoB (58 % 1o macce), JOMOTHUTEIBHBIM — BETBUCTOYCHIE PAKO-
obpazubie (10 %) u musuasl (12 % mo macce) [I[lepBo3Banckwuii, 1986].
OCHOBHBIM KOPMOBBIM OOBEKTOM cura B p. ONaHre sBIsIOTCS PyYeHHUKH
(20 %) u muumaKy xupoHomun (19 % mo macce), B HEOOIBIIIOM KOJTUYe-
CTBE BCTpeuamch Mouttocku (12,6 % mo macce), BonsiHOMH ocuk (12 %),
HuMel mogeHok (10,6 %), pacturensHble octatku (9 % mo macce),
eIMHUYHO — JKYKH, OOKOIUIABBI, BOASHOHN KICIWK, BO3AYIIHBIE Ha-
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cexkomble U mpoume (1-3,6 % mo macce). Hanpumep, B 03. Hiok
JOMUHHUPYIOIIUMU TPYIIIAMUA B THTAHUH CUTA SIBIISIIOTCS PYYCHHUKU
(40 %), 30011aHKTOH (26 %) U penmuKTOoBbBIE pakoodpasubie (19 % mo mac-
ce) [ITepBo3Banckuii, 1986].

IMuranue okyHs M cura Ha nJiece Bapruosamnu p. OJIaHIM B MIOHE — HI0JI€
2014 r

OkyHb Cur
CocraB

N|F|P RI N F P RI
Asellus aquaticus <l|14]| 2 1,3 4 30 12 10
Chironomidae (L.) <1| 5 1 0,2 7 35 3,6 1
Chironomidae (P.) 2 [ 18] 9 7,6 12 35 19 18
Coleoptera - =1 - - <1 20 1 0,5
Cladocera <l| 5 1 0,2 1 5 2,5 0,3
Ephemeroptera (N.) 16 | 32 | 34 | 51,3 10 45 10,6 | 12,8
Gammarus <l| 5 1 0,2 <1 20 2 1
Hydracarina - =1 - - 1 35 1 0,9
Trichoptera (L.) <1| 5|2 0,5 4 55 20 29,5
Mollusca - - | - - 15 45 12,6 15
Insecta (umaro, cyoumaro) | <l | 5 3 0,7 3 25 3,2 2
Pacrurensubie ocrarku <19 2 1 2 20 9 4,8
Priba 1 | 18|43 | 36,5 - - - -
IIpoune <l| 5 2 0,5 <1 45 3,5 42
I/I.H)ICI;C HanoiHeHuss M 19 (0-207) 16 (0-67)
(lim), /o
Jnuna peiosr M (lim), cm 28,8 (24,5-34,9) 39,1 (14,7-46,6)
Bec ppibsr M (lim), T 236,7 (15-330) 549,8 (132-965)
ITycToii sxemyaoxk, % 59 20
n, 9K3. 22 20

Ipumeuanue. F — 4acToTa BCTPEYaeMOCTH KOPMOBOTO 00BEKTa; P — 101151 KaXI0r0 KOM-
MoHeHTa 1o Macce; RI — HHJIEKC OTHOCHTENBHOM 3HAYMMOCTH; N — YHCIIO MHIIEBBIX Op-
raan3MoB; (L.) — mmauaky; (P.) — xykonkw; (N.) — HUMQBEL.

Wunexc HaronHeHust okyHs B p. Onanre B cpefHeM cocTaBisgeT 19,
makcumanbio 207 /. MHausuyanbHas HaKOPMIICHHOCTH PhIO Bapby-
pyer oueHb mupoko. Hanpumep, cpeaHnii MHIEKC HATIONHEHUS JKEIy/l-
ka okyHst o3ep Kamennoe, Kiumac u Hiok 10BOJIbHO HH30K M M3MEHSICT-
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cs B mpesienax 22-32 %/ - [Tleppospanckuii, 1986]. Mnnekc HanomHenus
y cura B p. Omanre B cpennem 16, nocruraer 67 /. B o03. Hrok
HAKOPMJIEHHOCTb CHIa COCTaBIIAET B cpeiHeM okono 30 % ., a oraes-
HBIX pbIO — 70 138 0/000 [[TepBo3Banckuii, 1986]. M3BecTHO, UTO B Teue-
HHUHM P. AHAJBIPb B UIOHE OOLIMI MHAEKC HATIOMHEHUS KeTyAKa COCTaBUII
349 ,,» B mione — 250,5 %/ - [PemeTnukos u ap., 1971].

B nmutanun peid HaMOONBIIMIA WHIIEKC OTHOCHUTEIBHOH 3HAYMMOCTH
OKyHsI cocTaBuiii HUM(bI roieHoK (51,3) u pwida (36,5), y cura — pydei-
HUKK (29,5), xykonku xupoHomua (18) m mommtocku (15). B p. Onanre
MPOLEHT ITyCTHIX KETYIKOB OKyHs cocTaBui 59 (4 — B 03. Kamennom [Ilep-
Bo3BaHCKHH, 1986]). IIporieHT mycThIxX xemyaxos cura coctasuia 20 %. [o
nanabM B. S, TlepBo3Banckoro [1986], y cura Kumacosepa uHmekc Hako-
TUICHUS] MOJKET CHIKAThCSl B HEPECTOBBII MEPHOJ (CEHTAOPH — OKTAOPB).

BeiBoasbl. B p. Onanre Ha niece B paiioHe ypouuia Bapruonammnu
B nioHe — utone 2014 . OKyHb H CUT MUTAIUCH cabo. PeiObI moTpebs-
JIM TaKUE KOPMOBBIE OOBEKTHI, KAK HUM(]BI ITOJICHOK, PBIOY, py4eHHHKOB,
KYKOJIOK XHPOHOMHUJI, MOJIUTFOCKOB (B OOJBIIOM KOJIMYECTBE), M JOMOJ-
HUTEIBHO HACEKOMBIX M3 BO3AYLIHOM M Ha3eMHOW (hpakuuid, KOTOpbIe
CHOCSITCSl BOJTHOHM MOBEPXHOCTbHIO, paCTUTEIbHBIE OCTAaTKU. KoinuecTBo
MyCTHIX JKEITYJIKOB OKYHA U cura B p. OJaHre 1o cpaBHEHHIO C JaHHBIMU
B. 4. IlepBo3Banckoro [1986] oueHb BEIUKO.

TakuM 00pa3oM, yCTaHOBJIEHO, YTO OKYHb M CHT B JICTHHH MEPUOA
NUTaloTCs KpaitHe cnado. O0 3TOM CBUIETENLCTBYIOT TAKHE TIOKA3aTEIN
NUTaHUS PbIO, KaK HU3KUH MHACKC HAIOMHEHHUs KeyaKa (Taom.), 00mb-
1I0€ KOJMYECTBO IMYCTHIX JKEITYyAKOB (y OKYHS 2/3 OT KolnM4ecTBa MO-
MaHHBIX pbIO, y cura — 1/5) u mpencTaBaeHHOCTh OOJBIIMHCTBA MHILE-

BbIX OPraHU3MOB €IUHUYHBIMU SK3EMILJIApaAMU.
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THE DIET OF PERCH (PERCA FLUVIATILIS L.)
AND COMMON WHITEFISH (COREGONUS LAVARETUS L.)
INHABITING THE RIVER OLANGA (NP “PAANAJARVI”)

M. A. Lesonen!, I. A. Tyrkin?

! Petrozavodsky State University
2 Northern Water Problems Institute KarRC of RAS

The research of nutrition peculiarities of perch (Perca fluviatilis L.) and common
whitefish (Coregonus lavaretus L.) inhabiting the river Olanga on the reach near
the tract Vartiolampi in summer 2014 showed that the perch and the whitefish did
not eat enough and the average index of stomach fullness did not exceed 19 %.
The River Olanga is rich in rapids and shallows inhabited by juvenile brown trout as
well as in deep reaches inhabited by a large number of perch, whitefish and roach.
The food supply is poor due to the fact that the reach is usually formed at the places
where the intensive flood of the river flow erodes its bottom, which causes a de-
crease in the number of zooplankton, phytoplankton and other organisms. 20 % of
whitefish” empty stomachs and 59 % of perch’s empty stomachs prove the fact.
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CYBMAPUHHAS PABI'PY3KA KAK ®AKTOP
®OPMUPOBAHUSA AHOMAJIbHOW BEPTUKAJILHOMN
CTPYKTYPHI BOJ] BEJIOI'O MOPSI

T. M. MakcumoBckasn, O. B. Xailimuna

Poccutickuii cocydapcmeennulii 2u0pomMemeopoiocudeckull yuusepcumen

Pabora nocasieHa U3y4eHnIo ABIeHNs CyOMapHHHOM pa3rpy3ku B Kan-
JANIaKIICKOM 3anuBe beroro Mopsi 1 BO3MOXXHOCTH €ro WaeHTH(]uKa-
WU TI0 JJAHHBIM HAOJFOJICHUI CO CTaHJAPTHBIX TOPU30HTOB. B crarthe
BBITIONTHSIFOTCS CIIEAYIOIINE 3aa4n: 0000meHre onmyOIMKOBaHHBIX JIaH-
HBIX O MPUYMHAX (OPMUPOBAHUS aHOMAILHOW BEPTUKAILHOU CTPYKTY-
pbl Bon MUpOBOro okeaHa; MoJAroTOBKa MacCUBOB JAHHBIX TMIPOJIOTH-
YECKUX U THAPOXUMHUYCCKUX HAOMIOIECHUH B BepiiHe KaHmanakiickoro
3aJIMBa; OCYIIECTBIICHA KIaCCU(HUKAIIUSI TUIIOB BOJ C UCIIOJIb30BaHUEM
KJIACTEPHOTO aHaJM3a; UCIIOJHEHbI OLEHKA MPOCTPAHCTBEHHOW U Bpe-
MEHHOI M3MEHYMBOCTH THJPOJIOrO-TMIPOXUMUYECKUX XaPaKTEPUCTHUK
PAa3JIMYHBIX TUIIOB BO/J W aHAJIM3 BHCUIHUX q)aKTOpOB, BO3MOXHO IIpU-
BOJAIIIIMX K CyOMapHHHOI pasrpyske. /laHHoe uccienoBaHue Mo3BOJH-
JI0 CAENATh PSIl BEIBOJOB: MO AaHHBIM Habmronenuit 2002—-2005, 2009 rr.
B BepmHe Kanmanakiickoro 3anuBa ObUTO BBIAENIEHO 4—6 KIaccoB (TH-
TIOB) BOJI 10 JIAaHHBIM HAOJIFOICHUH CO CTaHAaPTHBIX TOPU3OHTOB M JIaH-
HbM CTJI-30HaupoBaHMs; TPUMEHEHUE KIACTEPHOTO aHAIHM3a JJIs pas-
JACJICHUA BOAHBIX MAacCC IMPUBOAUT K MMOXOKUM, HO HE aHAJIOTUYHBIM pPC-
3yJibTaTaM NpHu HCIOJbB30BAHUN TS JaHHBIX U TUAPOXUMUUYCCKHUX TaH-
HBIX; TI0 pe3yJibTaTaM KJIaCTEPHOTO aHaJi3a IPU UCTIOJIb30BAHUH TOJILKO
JAaHHBIX CO CTaHAAPTHBIX TOPU3O0HTOB HC YyAaJIOCh BBIACIWUTL B OTACIIb-
HBIN KJacc BOJbI CYOMapHHHOUM pa3rpy3Ku; Hamboiee BEpOsITHO, CyO-
MapuHHasl pa3rpy3Ka BoJl B BeplinHe KaHaanmakmickoro 3aivBa BbI3Ba-
Ha BBIXOAOM TPCHIMHHO-KUJIIbHBIX BOJ, KOTOPBIC IPUYPOUCHLI K CUCTEME
TEKTOHHMYECKUX Pa3IoMOB. Ha ocHOBe mcciieoBaHus yCTaHOBIICHO, YTO
Oosee JeTanpHOE M3yueHHE cyOMapHHHOW pasrpy3ku B BepiinHe Kan-
JAJIaKIICKOIO 3aJ1MBa BO3MOXKHO TOJIBKO IIPU PETYIIIPHOM BBIIIOJIHEHUU
HaOJIOIEHNH B 30HE TEKTOHUUECKUX PA3JIOMOB C YUETOM CeHCMUYeCKOM
akTHBHOCTH Ha KoibckoM momyocTpose.
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B HacTosiee Bpemst siBICHHE Pa3rpy3KH MOA3EMHBIX BOJ B MOPCKHE
BOJIbI M3YUYEHO HEIOCTAaTOYHO. MIMeromuecs: OTphIBOUHbIE CBEACHUS HE
MO3BOJISIIOT OLIGHUTD BKJIA]] KaXKI0TO TTO00HOTO sIBJIEHUS B (POPMUpPOBa-
HHUE CTPYKTYPBl MOPCKHX BOJ B Pa3JIMUHBIX paiioHax MHUpPOBOTO OKeaHa,
MO3TOMY HEOOXOANMO JeTadbHOE M3yUeHHE KaXKI0TO BBISBICHHOTO, XO-
POIIO OCBEIIEHHOTO JaHHBIMH CITy4asi.

Wzydenne cyOMaprHHOM pa3rpy3KH akTyallbHO B IPAKTHYECKOM CMBIC-
Je B psae ciydaeB. Hampumep, npu co3maHny akBaKyJIBTYPHOTO XO3sH-
CTBa HEOOXOIUM yUeT BceX (PaKTOPOB COCTOSIHUSI CPEbl OOUTaHUS KyJb-
TUBHPYEMBIX BHJJOB MOPCKUX OpraHu3MoB. OTHMM U3 HETaTUBHBIX U, CKO-
pee Bcero, HeMmpeABUACHHBIM (PaKTOPOM MOKET OKa3aThCs BHIXOJ ITOA3EM-
HBIX BOJI C aHOMAJIBbHBIMH JUIS JAHHOTO paiioHa XapaKTepHUCTHKaMH. JTO
MOXKET €CIIH He MOTYOUTh OPTaHU3MBbI, TO COPBaTh TOPOTOCTOSILIHE MEPO-
OPUSTHS TI0 BEIOOPY MecTa /JIsl aKBaKyJIBTYPHOTO XO3SHCTBA U OLICHKE €ro
npurogHocT. C APYyroil CTOPOHBI, B COBPEMEHHBIX YCIOBHAX HEJOCTATKA
NPECHOM BOJBI TAKKE HEOOXOANMO J€TAIbHOE M3yUeHUE Pasrpy3KH MO/~
3eMHBIX BOJ. [Ipy HaMMuMK TOCTATOUYHBIX YCIOBHUM U cBeIeHUH 0 (hopmu-
POBaHMH CyOMapHMHHOTO UCTOYHHKA B MPUMOPCKUX PaliOHaX HETOCTATOK
B MPECHOM BOZE XOPOLIEr0 KayecTBa B HEKOTOPBIX CIIydasX MOKHO BOC-
TIOJIHUTB 34 CYET MCTIOJIb30BAHMUS TOA3EMHBIX HCTOUHHKOB.

Lenbto qanHol pabOTHI OBIIO U3YUYECHHUE SIBICHUS CyOMapUHHOM pa3-
rpy3ku B Kanganaxmickom 3anuBe benoro mMops U BO3MOXKHOCTH €ro
uAeHTH()UKAMH TI0 JaHHBIM HaOMIOAEHUH CO CTaHAAPTHBIX TOPU30HTOB
(puc. 1).

3agaun paboThI:

1. O600mMTE OMyONMKOBAaHHBIC JaHHBIE O MPUYMHAX (HOPMHPOBa-
HUSI aHOMaJbHOM BEPTHUKAIBHOW CTPYKTYphl BoA MHpPOBOTO OKeaHa, B
TOM YHCIIe cy4an CyOMapuHHOM pa3rpy3Ku;

2. IloAroToBUTH MAacCHBBI JaHHBIX THAPOJIOTHYECKUX M THUAPOXHU-
MUUYECKuX HaOmoneHuit B BepumHe Kannanakmickoro 3anusa [Jlomus...,
1983] 3a neTHMIT IeprO] ¥ BBITIOHUTH KJIACCU(PUKAIMEO TUTIOB BOJI C UC-
MOJIb30BaHUEM KJIACTEPHOTO aHAaJIN3a;

3. Ha ocHOBaHMM aHanu3a pe3ylbTaTOB HEPAPXMUECKON KiacTe-
pHU3alru OLEHUTh MPOCTPAHCTBEHHYIO M BPEMEHHYIO H3MEHYHBOCTD
THIIPOJIOTO-THAPOXUMHUECKUX XaPAKTEPUCTHUK PA3ITUUHBIX TUIIOB BOJ;
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4. OueHuTh COrTacCOBAHHOCTh M3MEHEHUN BEPTUKAIBHON CTPYKTY-
pBI BOJ B pe3yibTare CyOMapHHHOW pa3rpy3KH 1O JaHHBIM, MOJTYYCH-
HbIM B Havasie 2000-x rr. B BepinHe Kanaagakickoro 3aimuBa THIPOIIO-
TUYECKHX U TUAPOXUMHUYECKUX HAOIIOICHUH;

5. IlpoBectu aHanu3 BHEMIHUX (PAKTOPOB, BO3MOXKHO, MTPUBOJISIIIUX
K CyOMapuHHOU pasrpyske.

T T T T T T T T
1‘1) 3 3235 324 3245 s 3258 s 3265

Puc. 1. PacnojioxkeHue cTaHIUI M3MepeHUii THAPOJOTHYEeCKUX U THAPO-
XHMHYECKHX XapaKTepPUCTHK:

a—20021;6-2003r;B-20041;r—2005T1; 1—2009 1.

B pabote ncnonp30Bajcs MaTepra HaTyPHbIX UCCISIOBAHMM, IOy~
qeHHbIX B Xoe JieTHnX dxcrneaunuii PI'TMY-TTMHPO nagana 2000-x rr.
[Bextes, 2007] (Tabm.).
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O0mas XapaKTepUCTHKA JAHHBIX IHIAPOJOTHYECKHX H THAPOXHUMHYECKHX
Haomonenuii [ITaBnos, 2006] B Bepmune Kanaanakuickoro 3ajausa

Huc- | O6mee KonnuecTBo HaOMRONCHNMI
Ton | Ilepuon Kper= ) Ko Hcrounnk
HOCTb, '-IeCTBOV T S 02 ml pH NOZ
M CTaHIIUN 4
2002 |1.07-16.07| 3-5 43 |PaToveTpmie-| 5 e o1 | g4 | 218
CKUC CbCMKHU
9.07-14.07| 3-5 36 | PaToMeTPHIe- | o | 6o | 145 | 145 | 145
2004 CKUC CBbCMKNU
CTI-308101-
9.07-14.08]0,1-0,5| 44 781 | 781 | — - | -
POBAHUC
200s| DO | 55 | 43 |Baromerpmie-) oo oo | 057 | 257 | 257
22.07 CKHE ChEMKU
2009 [01.09-7.09| 0,5 2gq | CTsommn- |50 | g9 | _ - | -
POBAaHUE

OCHOBHBIM METOIOM THITH3AIINU BOJ SIBIISVICS. METOJT KJIACTEPHOTO aHa-
mm3a (puc. 2, a). Micnonb30Baiicst arsioMepaTUBHBIN METOl — Hepapxude-
ckuii meron Yopaa (Bapaa) [Topomuuna u mp., 2006]. B xauectBe Mepsl
CXOJICTBa MMPUMEHSITOCH EBKIHMIOBO paccrosaue. Peanmzanus MKA mpo-
BOIMIIACh ¢ TioMotbsio kommbroTepHoro nmakera STATISTICA. Jlms xia-
CTepU3allii JaHHBIE HOPMHUPOBAIMCH HA CpeaHEe 3HAYCHHE TI0 BCEMY
MaccuBy. [l OIIEHKM 3HAYMMOCTH Pa3jin4usl BHIOPAHHBIX KIJIACCOB HC-
TTOJTL30BAJIACH TIPOBEPKA TOCTOBEPHOCTH OTIMYMS CPETHIX 3HAUCHUH T1a-
pamMeTpoB MKy Kiaccamu 1o t-kpureputo CThroneHTa. Busyanmsanms
PEe3yJIBTaToOB OCYIIECTBIBIIACH B TakeTax Surfer u Grapher (puc. 2, 6).

Tree Diagram for 930 Cass
Ward's method
Eudidean digances

s

ns

P B ik

20}

Y . . . :
a) 0 100 200 300 400 500 600 100 800 6) . L3 19 T

&

Puc. 2. Pe3ynabTarsl BblIIeJeHUS KJIACCOB BOJ HA OCHOBE KJIACTEPHOIO
anaan3a aias 2009 r.:
a — aeHaporpammbl; 6 — TS-1uarpammsl
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B utore uccrnenoBanue rugpoIOruuecKux U THAPOXUMHUUYECKUX Xa-
PaKTEepUCTHUK BepUIMHbl KaHgamaKIIcKoro 3ajirBa B JCTHUN MEPUOA TO-
3BOJIMJIO CAENATh PSI BHIBOJIOB:

— mo ganHbIM HaOmoaenui 2002-2005, 2009 rr. B Bepnae Kan-
JTAJTAKIIICKOTO 3aJiiBa ObUIO BBIIEICHO 4—6 KIIACCOB (THIIOB) BOJ IO
JAaHHBIM CO CTaHJAPTHBIX ropu30HTOB U AaHHBIM CTJI-30HaupOBaHUS.
HanMensblee KOJIHMYECTBO THUIIOB BOJ, BBIICISJIOCH B TOJbI, KOIZIa Ha-
OJTIO/IEHUS BBITIONHSITUCH TOJIBKO B MalIbIX 3ainBax — B [lankuHol ryoe
u Kanga; MakcUManbHO KOJIMYECTBO PA3IUUHBIX KiaccoB Bog B 2004 1.
TIPH BBIPAKEHHOUM CyOMapuHHOW pa3rpys3Ke;

— IMIOKa3aHO, 4TO MPUMEHEHHE KJIACTEPHOTO aHalIW3a MPUBOIUT K
MOXOKUM, HO HE aHaJOTUYHBIM pe3yibTaTaM IpH UCIONb30BaHUM TS
JAHHBIX U THIPOXUMHUYECKUX TaHHBIX;

— IO pe3yJibTaTaM KJIaCTePHOT0 aHalIu3a MpU UCIIOIb30BAHUY TOJIb-
KO JaHHBIX CO CTaHJAPTHBIX TOPU30OHTOB HE yHAJIOCH BBIICIUTH B OT-
JICJIBHBIA KJIACC BOJBI CYOMapUHHOMN pa3rpy3KH, OJHAKO UCIIOIb30BaHUE
TOJIKO TUAPOXUMHUUYECKUX AHHBIX, KaK U UCIIONb30BaHue T'S, mo3BOIIs-
€T MIPUMEPHO OIPEIEIIUTh 00JIACTh Pa3TPY3KH BOJI IPU MOCTPOSHUH pa3-
PE30B B pailoHEe TEKTOHUYECKUX PA3JIOMOB;

— HauboJee BEpOsSTHO CyOMapuHHast pa3rpyska Boj B BepiiuHe KaH-
JTAJAKIICKOTO 3aJIMBa BbI3BaHA BBIXOAOM TPEIIMHHO-KUIBHBIX BOJ, KO-
TOpBIC MPUYPOUCHBI K CUCTEME TEKTOHMUYECKUX pa3ioMoB [KopoTkoB u
np., 1980; ITaBnos, 2006; MupopmaninoHHbIi OromieTeHb.., 2012];

— Oornee geTaibHOE H3yUeHUE CyOMapUHHOM Pa3rpy3KH B BEPIIUHE
Kanpanakiickoro 3anuBa BO3MOXXHO TOJIBKO MPHU PETYISIPHOM BBITIOJ-
HEHUU HAONIOIEHUH B 30HE PA3JIOMOB, a TaKXKe MPHU y4yeTe celicMuye-
CKOI aKTMBHOCTHU palioHa.

Jluteparypa

bexmes B. B. AHanu3 MeXrof0BOi U3MEHYMBOCTH TEPMOXAINHHON CTPYyK-
TypHl BOA BepUIMHbI KaHaamakIckoro 3aauBa B JISTHUH Heproa: J{UIIOMHBIH
mpoekT. 2007.

HUngpopmayuonnwviii  61on1emens O COCTOSIHUM TCOJIOTHUECKOH Cpembl
npudpexHo-nenbGpoBeix 30H bapennesa, bemoro m banruiickoro mMopeit B
2011 r. CII6.: Kaprorpaduueckas ¢padpuxa BCEI'EU, 2012. 80 c.
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SUBMARINE UNLOADING AS A FACTOR FOR THE ABNORMAL
VERTICAL STRUCTURE OF WHITE SEA WATER

T. M. Maksimovskaya, O. V. Khaymina
Russian State Hydrometeorological University

The paper deals with the study of the phenomenon of submarine unloading in
Kandalaksha Bay of the White Sea and the possibility of its identification based
on the observational data received from the standard depth. The article presents:
the compilation of published data on the causes of the formation of an abnormal
vertical structure of the World Ocean; the preparation of data sets including hy-
drological and hydrochemical observations carried out at the upper Kandalaksha
Bay; the classification of water types using a cluster analysis; the evaluation of
spatial and temporal variability of hydrological and hydro-chemical characteris-
tics of different types of treatment and the analysis of external factors that might
lead to the submarine unloading.

The study has allowed making a number of conclusions: according to the
observations carried out in 2002-2005 and 2009 and to the observational data
received from the standard depth and CTD-sensing data, from 4 to 6 water
classes (types) were identified in the upper Kandalaksha Bay; the use of cluster
analysis to separate water masses provides similar but not the same results as
TS data and hydrochemical data; according to the results of cluster analysis, the
data received from the standard depth did not allow including submarine water
unloading to a special water type; most likely, the submarine unloading at the
upper Kandalaksha Bay was caused by the release of waters confined to the
system of tectonic faults.

The study proved that a more detailed study of submarine unloading at the
upper Kandalaksha Bay is only possible on the base of regular observations car-
ried out in the zone of tectonic faults with regard to the seismic activity on the
Kola Peninsula.
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HEPBBIE JAHHBIE O ®AKTOPAX ®OPMUPOBAHUS
XUMHYECKOI'O COCTABA O3EPHBIX OTJIOKEHUI
IOKHOT'O U CPEJHEI'O YPAJIA

A. B. MacneanukoBa, B. H. Ynauun, Il1. I. AMunoB

Uncmumym munepanoeuu YpO PAH

Ha ocHoBe HemapaMeTpHuecKoro KOppessSIOHHOTO U JAMCIIEPCHOHHO-
ro aHanusa aaHHbiX 1o 31 o3epy FOxHoro u Cpennero Ypana omnpene-
JICHO BIUSHHE JAaHAMAPTHO-KIMMaTHIECKOW 00CTaHOBKH, TOPOJ] BOJO-
cOOpOB, (PU3NKO-XMMUYECKUX MapaMeTPOB BOJ W TEXHOT€HE3a Ha CO-
nepkanue 49 3eMeHTOB-IIPUMECEH B TIOHHBIX OTJIOXKEHUSX. BhIsBIEHO
CTaTHCTUYECKH 3HAYMMOE TTOBBINIIEHIE KOHIIEHTPAIIUU St B 03€PHBIX OT-
JIOKEHUSX CTEIHBIX JTaHAMAPTOB, a TAKXKE CBSI3b €T0 COJEPIKAHMsI B TOH-
HBIX OTJIOKEHHSX C AIIEKTPOIIPOBOTHOCTHIO BoA 03ep. OmnpeneneHo Bo3-
pacranue konueHtparuu As, Tl, Cu, Zn, Bi, Te, Cd, Sb, Sn, Pb B j0H-
HBIX OTJIOKEHUSX UMIAKTHON 30HBI KapaOarmickoro MeseruiaBUIbHOTO
KOMOMHATA, a TAK)Ke B 03€PHBIX 0CA/IKaX JIECHOU 30HBI. Clie]aH BBIBO O
IJIaBEHCTBYIOIIEH poJu MeTpo(OH/1a B KOHIIEHTPUPOBAHUU XUMHUECKHIX
AIIEMEHTOB JINTO(DHUIILHON aCCOIUAIINH B JOHHBIX OTIOKCHHUSX.

JIOHHI)IC OTJIOKCHUA 03€P SABJIAIOTCA Ba>XHBIM UCTOYHUKOM I/IH(bOpMa-
UM 00 M3MEHEHHSIX OKpy’Karomieil cpenpl. Ha ocHoBe m3ydenns cocra-
Ba O3CPHBIX OTJIO)KEHHH BBHITIOTHSIOTCS MAJICOPEKOHCTPYKIIUH C BO3MOXK-
HOCTBIO COCTABJICHHUSI T€OIKOJIOTHUECKOTO TIPOTHO3a Pa3BUTHS TPUPO]I-
HBIX cucTeM. J[ocTaTogHO OOMBITIOE KOJIMYECTBO PadOT MOCBSIIECHO H3Y-
YCHUIO CBs3U XMMHYECCKOI'O COCTaBa JOHHBIX OTJIOKEHHUH C )IHHaMHKOI;‘I
OKPY)KaIOHIeﬁ CpCabl 11O/ BIUAHUEM €CTECCTBCHHBIX 1 TEXHOI'CHHBIX BO3-
nevictBuid [YoauwH u ap., 1999; lomsabepr u mp., 2008; JlayBansrep,
2012; aysanerep, Kamryaun, 2013; Kalugin et al., 2015]. Ognako uc-
cienoBanust HakTopoB (HOPMHPOBAHHS XUMHUYECKOTO COCTaBa JIOHHBIX
OTJIOYKEHHH C UCIIOJIBL30BaHNEM 0a3bl JaHHBIX MMOBECPXHOCTHBLIX O3CPHBIX
OTJIOXKEHUH elle He TPOBOJUIOCK.

[enpto Hamero wcciefoBaHus SBISETCS ONpe/elieHHe OCHOBHBIX
(bakTopoB (HOpMHPOBAHUST XUMHUYECKOTO COCTaBa JOHHBIX OTIIOKCHUI
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03ep FOxHoro u CpenHero Ypaia Ha OCHOBE 0a3bl JaHHBIX TOBEPXHOCT-
HBIX O3EPHBIX OTIOKEHHMH. 3amadr paOOTHI BKIOUYAIOT: 1) BbIIECICHHE
OCHOBHBIX T'€OXMMHUYECKHX acCOLMAIMK AEMEHTOB JOHHBIX OTIOXKe-
HUH 03ep; 2) ompeneneHUe BIUSHUA JaHAIA(QTHO-KIMMATHIeCKOr 00-
CTaHOBKH, IIOPOJ] BOAOCOOPA, TEXHOTeHe3a U (PH3UKO-XUMUIECKHX Tapa-
METPOB O3EPHBIX BOJ Ha COAEPKAHHE XUMHUYECKHX AJIEMEHTOB pa3jiiny-
HBIX ACCOLMALUI B JOHHBIX OTIOKEHHSIX.

B xome wuccnenoBanusi oTOOpaHbl JOHHBIE OTIAOKeHHs 31 o3epa
CeepmioBckoii u YensiOunckoir obnacteid, a Taxke Pecnybnukn bam-
koproctaH. Camoe IoxHOe, 03. KynrybaH, HaXxoAmiIoCh Ha ILUPO-
Te 52°37°457”, camoe ceBepHoe, 03. TaBaTyl, pacmonarajaoch Ha IIH-
pore 57°08°01.97”. Ozepa HaxXOOWJIUCh B Pa3IMYHBIX JaHIMIA(THO-
KJIMMAaTHYECKHX 30HAX, XapaKTepU30BaIUCh LIMPOKOW Bapualuei 3J1eK-
tponpoBoxHocTH (EC = 89-1796 uS cm™) u kucnornoctu (pH 6,7-9,2),
0COOEHHOCTSIMH KaTHOHHO-aHMOHHOTO cocTaBa. OHM OTIMYAIUCH TO
temneparype (16-21 °C), usetHoctu (13—71), mpozpaunoctu (0,7-5,5 M
m1younsl o aucky Cekku), mmyoune (2,510 M) u creneHu 3apacTaHusl.
Kpome monHoro XuMu4eckoro aHajin3a MpoBeICHO OIpeAeIeHrue coaep-
xKaHus 49 SIeMEHTOB-IPUMECEH € TMOMOIIBI0 MacC-CIIEKTPOMETPUH C
MHIyKTHBHO CBSI3aHHOH Tu1azMoii Ha npubope Agilent 7700x B JOHHBIX
OTJIOKEHUSIX, TPUIOHHON ¥ TOBEPXHOCTHON BOJIE 03€p.

Jli BeIAENEHUSI TEOXUMUYECKUX aCCOLMAIMA JOHHBIX OTIOKEHUH
03€p BBINOJIHEH aHaIM3 NpUHIUNHaIbHBIX KomrnoHeHT (PCA) B mpo-
rpamme CANOCO 4.5 [Ter Braak, Smilauer, 2002]. ITockonbky 3Ha-
YeHUSI IEPEMEHHBIX M3y4aeMOU BBHIOOPKH XapaKTEePHU30BAIHCh OTKIIO-
HEHHEM pacIpeesieHus] OT HOPMaJIbHOTO 3aKOHA, CBSI3b COCTaBa JIOH-
HBIX OTJIIOKEHUH C (PM3MKO-XMMHUYECKHMH MapaMeTpaMH O3ep U pac-
CTOSTHUEM OT MeJeIIaBuIbHOTO KoMOnHara 1. Kapabamr onpeznensiiach
C TIOMOIIBIO PAHTOBOTO Kod(dunuenta koppemsiuuu Crnupmena, cia-
00 YyBCTBUTEJIBHOTO K «BbIOpOCcam». sl OLlEHKHM HaJIW4usl BIMSHUS
naHAmaQTHO-KINMATHYECKOH OOCTaHOBKM M TOPOJA BOZOCOOPOB Ha
COCTaB JOHHBIX OTJIOKEHHUH 03ep BhIMosHeH TecT Kpackena-Yomnuca,
SABISIIOLIMICS HemapaMeTpUIecKOl albTepHATHBOH OJHO(PAKTOPHO-
ro JUCIIEPCHOHHOTO aHaju3a. BbluKcIeHHs MPOBEACHBI B IporpamMme
STATISTICA.
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leoxumuueckue accouanuy JOHHBIX OTIIOKEHUH 03ep

B pesynbrare 06paboTkn MaccuBa JiorapupMHUECKU TpeoOpa3oBaH-
HBIX JaHHBIX XMMHYECKOTO aHajii3a JOHHBIX OTJIOKEHUH ONpeieieHbl
TPH IVIaBHBIE acCOLUAINU (PHC.).
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PCA opamHanus XMMHYECKHX 3JeMEHTOB MOBEPXHOCTHBIX
o3epHbIX oTJI0KeHni FO:kHoro u Cpennero Ypanaa

1. Sr oTHOCHTCS K KapOoHaTo(QMIBHBIM dlieMeHTaM. M3meHnenue ero
KOHIICHTPALUHN B U3yYEHHBIX HAMU KOJIOHKaX JOHHBIX OTIOKEHHH 03ep
HOxnoro u CpenHero Ypana, Kak IpaBuIo, TECHO B3aUMOCBSI3aHO C Ba-
pHuaLueil conepaHus Kajblus, MarHus, yriepojaa KapOoHaToB M Kallb-
nuTa [MacneHHukoBa u 1p., 2014].

2. Li, Sc, Hf, V, Al, Zr, Be, Ti, Rb, Co, Nb, Fe, Th, P3D otHocsTCs
K JTUTOQWILHON acCOLMAINU H, COTNIACHO MPEABLAYIIUM HCCIIeI0OBaHH-
SIM KOJIOHOK JIOHHBIX OTJIO)KEHHUH 03€p, CBA3aHbI C U3MEHEHHUSIMU TEPPH-
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TeHHOTO CHOCa. PeaKo3emMemnbHbIe 2IeMEHTHI pacioiokeHbl 000co0IeH-
HO, TIOCKOJIbKY MX paclpeiesieHHe He BCEeria COBNAgacT C U3MEHEHUSIMU
KOHIEHTPALUI JPYTUX JTUTOPHIBHBIX YJIEMEHTOB.

3. As, Tl, Cu, Zn, Bi, Te, Cd, Sb, Sn u Pb oTHOCATCS K XaaTbKO(MITH-
HOH acconanuy. YacTo UX KOHIIEHTPALUs BO3PACTAET B 30HE TEXHOTCH-
HOT'O BO3JECHUCTBUSL.

®daktops! GOPMUPOBAHHUS COCTaBa JOHHBIX OTIOKEHUH 03€ep.

1. Ou3HKO-XMMHUYECKUE TapaMeTphl BOJ 03ep.

s OoNpLIMHCTBA XMMHYECKHX 3JIEMEHTOB OTMEUEHO OTCYTCTBHE
3HAYMMOM CBSI3U MX COAEPKaHUs B BOAE M B JOHHBIX OTIIOKeHMsIX. [lomo-
JKUTENbHAST KOPPEIBSILUS COlepKaHuld B BOJIE U JOHHBIX OTJIOKEHHUSIX OT-
MedeHa Tonbko st St (r = 0,59). Kpome Toro, BEIsSIBIIEHO Halmuue mpsi-
MOH CBSI3H COIep KaHMsl St B JOHHBIX 0CAJKaX C 3JIEKTPOIPOBOTHOCTHIO
(r = 0,73), conepxannem HCO, (r = 0,71), Mg (r = 0,72), V (r = 0,71),
U (r=0,69) u Mo (r = 0,63) B Boze. [Ipu ananm3e noiHOM BEIOOPKH 03€p,
BKJIIOYAIOIIEH 03epa MMITaKTHOW 30HBI, OTMEUAIOTCSl BBICOKHE K0d((hu-
LUEHTbI KOPPEISIUU MEXKIY COIepKaHHEM XallbKO(PUIBHBIX AJIEMEHTOB
B BOJIC U B JIOHHBIX OTJIOKEHHUSX, a TAKXKe 0OpaTHasi CBA3b COIEp KaHHs
XaJbKO(MIIBHBIX 2JIEMEHTOB ¢ pH BOI 1 cofepkaHneM KUCIOpoaa B BOAE.
[Ipu nckmrouennu o3ep, moaBepracMeIx BozaelcTeuto Kapabarickoro me-
JeTUIaBUIIBHOTO KOMOMHATA, OTMEUaeTCsl UCYe3HOBEHHE 3aBUCHMOCTH.

2. JlanamadTHO-KIMMaTHYeCKas 0OCTaHOBKA.

Jns ompeneneHys HAIUYUS BIUSIHUS JIAHIIAQTHO-KIMMAaTHYECKOH
OOCTAaHOBKM Ha COCTaB JOHHBIX OTJIOKEHHH 03€p BBINOJIHEH TECT
Kpackena-Yommuca. PacTutenbHas 30Ha HCIONB30Balach B KayecTBE
HE3aBUCHMOW TPYNIHUPYIOIIEH NEpeMEHHOW, a KOHLECHTpPAlUH XHMH-
YEeCKUX DJJIEMEHTOB B JIOHHBIX OTJIOKEHHSX KaK 3aBHCHMBIC INEpEeMEH-
Hble. Komy rpynmupyroreii mepeMeHHOH «CTelb» COOTBETCTBOBAIM 03€-
pa cTernel u jecocTeneil, Koay «Jiec» OTBeYalu JiecHble o3epa. Brissie-
HO, uTO KpuTepuii Kpackena-Yonnuca Beicokoznaunm st St (p = 0,0021),
Zn (p = 0,0024), As (p = 0,0074), Cd (p = 0,0011), Sb (p = 0,0016),
Te (p = 0,0000), Pb (p = 0,0000), W (p = 0,001) u 3Ha9mM, HO B MEHB-
et crenenu A Mn (p = 0,0226), Fe (p = 0,0593), Mo (p = 0,0437),
Cu (p =0,0141) u TI (p = 0,068). Pezynsrars! Tecra Kpackena-Yomuca
W aHaIu3 MeIHWaH COJCP)KaHWH XMMHUYECKUX O3JIEMEHTOB B JIOHHBIX
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OTJIOKEHHMSIX 03€p PA3IMUHBIX JaHAIA(THO-KIMMATHYECKUX 00CTaHOBOK
MO3BOJISIIOT CAEaTh BBIBOJ, YTO JJIsl O3€PHBIX OTIIOKEHHH CTerel u Jieco-
CTemnel XxapakTepHO OoJbllee CoAepKaHue St, B TO BpeMs Kak B JOHHBIX
OTJIOKEHHMSIX JIECHBIX O3€P BBILIE KOHLEHTPALMH XAIbKOQHIBHBIX dJie-
MeHTOB (Zn, As, Cd, Sb, Te, Pb, Cu, Tl), a raxxxke Mn, Fe, Mo u W. Hecmo-
Tps Ha MCKJIIOYECHHE M3 aHaIM3a JAHHBIX 10 JTOHHBIM OTJIOKEHHUSIM 03€ep
MMIIAaKTHOW 30HBI MeJIeTIaBUIIbHOTr0 KomOuHaTa r. Kapabari, Bozpactanue
KOHIIEHTPALUH XaJIbKOQHIGHBIX 3JIEMEHTOB B TOHHBIX OTJIOKEHHSIX JIEC-
HBIX 03€p MOXKET OBITh CBSI3aHO C TEM, YTO OHU B CPAaBHEHHH C WU3Yy4CH-
HBIMH CTEITHBIMH U JIECOCTEITHBIMH 03€PaMH PACIIONIOKEHBI HA MEHBILEM
PacCTOSIHUM OT 3aBOJIa ¥ MOTYT MOABEPraThCsl €0 BO3ACHCTBHIO.

3. TexHoreHHbIN (akTop.

Ha u3yueHHO# TeppUTOpHH TOCTATOYHO MHOTO TOPHOAOOBIBAIOIINX
U nepepalaThlBalONIMX MpeAnpHusITuii, oqHako Kapabamickuii Menena-
BUJIbHBIN KOMOMHAT XapaKTepU3yeTcss HAanOOIbIINM MacIITaboM 3arpss-
HeHus. OnpeneneHue BIUSHHUA TEXHOTEHHOTO (hakTopa MpOBOIHIOCH
C TOMOIIBIO PAHTOBBIX KOA(PPHUUNEHTOB Koppeasiunu CrupMmeHa, BbI-
YHCIICHHBIX 7151 IEPEMEHHON PacCTOSHUS OT MeJeTIaBHILHOTO 3aBOAA
r. Kapabamr 1 KOHIEHTpauil XUMHUYECKUX 3JIEMEHTOB B JOHHBIX OTJIO-
JKCHUSIX. BBISIBICHBI 3HAYMMBbIEe OTpHLIATENIbHBIE KOd(UIIMEeHTh! Koppe-
nsiun s Zn (r = -0,5), As (r =-0,53), Cd (r =-0,59), Sb (r = -0,64),
Te (r=-0,63), Pb (r =-0,66), Bi (r =—0,64) u Mo (r =-0,54).

4. Cocras nmopoa BogocOOpOB.

[TockonbKy M3y4eHHBIE O3epa JieKaT B MOPOJAaX Pa3InYHOTO BO3-
pacta M cocraBa, B JaHHOH paboTe MBI PEIIMIM OIPAaHUYUTHCS H3Y-
YEHHEM CBSI3M COJEpKaHUs Sr, KaK OJHOTO M3 IVIaBHBIX SJIEMEHTOB
KapOOHAaTOPHUIBPHONW T€OXMMHUYECKOH accoUMaluy, C MPHCYTCTBHEM
B cOCTaBe BOJ0CcOOpa U3BECTHSKOB U JAPYIMX KapOOHATHBIX mopoj. B
pe3ynbTare pacdeToB BBISBIEHO, uTo kputepuid Kpackena-Yomnuca,
XapakTepU3YIOMNK HAIMYHE OTIIMYUI B COJEPKAHUU CTPOHIMS B JOH-
HBIX OTJIOKEHHUSX O3€p C PasIUYHBIMHM IOPOAAMHU BOgocOOpa, MeHee
3HaunM (p = 0,0227), yem B ciydae aHaiu3a BIMSHHS JaHAMAPTHO-
KIUMaTH4eCKOI 0OCTaHOBKH.

Wrak, B pesynbrare paboThl caenaH BBIBOI 00 OTCYTCTBUH CBSI3H CO-
JeprkaHus OOJBLIMHCTBA IEMEHTOB (32 UCKIIOYEHHEM St) B BOJIE U JIOH-
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HBIX OTJIOKEHUSAX M3YyYEHHBIX 03ep. BhIsABICHO, UTO HA coaepx)aHue St B
JIOHHBIX OTJIO)KEHUSIX BIMSCT JIaHAMAPTHO-KIMMAaTHIeCKast 00CTaHOBKA U
B MCHBIIICH CTENCHH HAJIM4Me KapOOHATHBIX TIOPOJl B COCTaBe BOAOCOO-
pa. Kpome Toro, cormacHo moJgy4eHHBIM JaHHBIM, HA OCHOBE COAEpKa-
HUS St B JIOHHBIX 0CaJKaX MOXHO CYIAUTH 00 3JEKTPOTNPOBOTHOCTH 03€-
pa. BoisiBneno noseiieHue conaepxanust Fe 1 Mn B JOHHBIX OTJIOXKEHU-
sx JiecHbIX 03ep. [lockonbky Hammuue B ocajike Fe u Mn moxer crioco6-
CTBOBATh JIONIOJHUTEIILHOW KOHIIEHTPAIIMU B OTJIOKEHUSIX XaJbKO(PHUIIb-
HbIX 2nemeHToB (As, T, Cu, Zn, Bi, Te, Cd, Sb, Sn, Pb), npexnonaraer-
€A, YTO MX KOHLEHTpalus B MOBEPXHOCTHBIX JOHHBIX OTIOKEHMSX JIEC-
HBIX 03€p CBA3aHa HE TOJBKO C TEXHOTEHHBIM 3arps3HEHUEM, HO U C MPHU-
POIHBIMU TEOXMMHUYECKUMU 3aKOHOMEPHOCTAMU. OmpenencHo OTCyT-
CTBHE IPSIMOM CBSI3M KOHIIEHTPAIIMN XUMUYECKUX IEMEHTOB JINTO(DUITb-
Houi accoumarmu (Li, Sc, Hf, V, Al, Zr, Be, Ti, Rb, Co, Nb, Fe, Th, P3D) ¢
JMaH A THO-KIIUMATHYECKON 00CTAHOBKOM U TEXHOTCHHBIM (haKTOPOM.
Ionesvie uccredosanus evinonnenvl 3a cuem epawma Poccuiickoco nayu-
Ho2o ¢honoa (npoexm Ne 14-17-00691), eeoxumuueckuii ananus nposedeH npu

@unarcosoil noooepoicke PODU ¢ pamkax nayunoeo npoexkma Ne 16-35-60039
mon_a_ox uNe 16-35-00103 mon_a.
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FIRST DATA ON CHEMICAL COMPOSITION FACTORS
OF THE SOUTHERN AND MIDDLE URALS LAKE SEDIMENTS

A. V. Maslennikova, V. N. Udachin, P. G. Aminov
Institute of Mineralogy, Ural Branch, RAS

Through the non-parametric correlation and variance analysis of 31 lakes of
the Southern and Middle Urals the impact of landscape-climatic conditions,
watershed rocks, physicochemical water parameters and technogenesis on 49
trace elements contents in lake sediments was defined. A statistically significant
increase of Sr in steppe lakes sediments and the correlation between Sr concen-
tration and electrical conductivity of lake water was determined. As, T, Cu, Zn,
Bi, Te, Cd, Sb, Sn, Pb show increase in lake sediments of Karabash copper plant
impact zone and in forest zone. It was concluded that chemistry of the source
rocks is dominant for concentration of lithophylic elements in lake sediments.

®UTOIIAHKTOH JIEJBTHI PEKHA BEJIMKOHN
B JIETHUM CE30H

C. I. Muxanan, T. B. /Ipo3nenko

Tcrosckutl 2ocyoapcmeennblil yHugepcumem

B crarbe paccmarpuBaeTcs SKONOTo-reorpadpuueckas XapaKkTepUCTH-
Ka puToriaHKTOHA ACILTHI p. Benukoi. Anbrodiuopa 1enbThl (CTaHIHS
BaiiMeHka) xapakTepu3yeTcs JOCTaTOYHO BBICOKMM BHJIOBBIM Pa3HO-
obpasuem. OUTOTIIAHKTOH TipencTaBieH 110 TakcoHaMu paHTOM HIDKE
pona, oTHOcsImuXcs K 3 maperBam, 8 otaenam: Cyanophyta (13), Chloro-
phyta (51), Bacillariophyta (22), Charophyta (2), Euglenophyta (8),
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Cryptophyta (5), Ochrophyta (7), Miozoa (2). OCHOBY (pUTOIIAHKTOHA
COCTABJISAIOT 3€JICHBIC BOJOPOCIIH, CPEIM HUX HANOOIIEE MPECTABUTEIb-
HBI ceMelicTBa Scenedesmaceae, Selenastraceae, Chlorellaceae.

TakcoHOMHUYECKasi CTPYKTypa, OmpesenseMas BUIOBBIM pazHooOpa-
3We€M M COOTHOIIIEHHUEM TaKCOHOB, SIBIISIETCS BasKHEHIIIEH XapaKTepUCTH-
KOM JTFOOBIX OMOJIOTHYECKHUX COOOIIECTB W MMEET OTPOMHOE 3HAUCHHUE,
B YaCTHOCTH, TIPH aHAJIM3€ PerHoHaIbHOM amsrodmops! [lemen, 1985].
OUTOTUIaHKTOH, B CBOIO OYEPEIb, ABISACTCS OJHUM U3 TNIABHBIX KOMIIO-
HEHTOB BOJIHOW YKOCHCTEMBI, KOTOPBIA OBICTPO pearupyer Ha M3MeHe-
HUS DKOJIOTHYECKHUX YCIIOBHIL, a €ro CTPYKTYpPHO-(YHKIMOHAIBHBIC Xa-
PaKTEepUCTHKHU BBICTYMAIOT BAKHBIMU COCTABIISIONINMH TIPH OIEHKE CO-
CTOSTHHSI BOTHOTO 00BeKkTa [ IKomorndueckuii. .., 2003, 2004; po3neHko,
Muxaar, 2015a, 6].

PaGotsr o nccnenoBanuio (HUTOIIIAHKTOHA TPOXOAMIIH B JICTHHH Tie-
pHOI B palioHe JENBTH p. Benmnkoit, koTopas mpeacTaBisieT co00i yHH-
KaJTbHBIN TPUPOAHBIA KOMIUICKC, COSAMHSIONINN W TpaHCHOPMHUPYIO-
U BOAHBIE MAacChl PEKH M BOIONPHEMHOIO OacceifHa KpyImHEHIIero
TpaHCcTpaHngHOTO BomoeMa IlckoBckoi obmactu — IlckoBcko-Yyackoro
o3epa [Jlebenena, Cymaumpiaa, 1998; Dxomormueckuii. .., 2004].

Lenpro paboThl CTAI0 HCCIETOBAaHWE TAKCOHOMHUYECKOTO COCTaBa
(uTOIIIAHKTOHA NETBTH P. Benmnkoii.

Co0p ruapOoOHOIOTHYECKOTO MaTepHaia IPOBOINIIN B HIOHE-aBTyCTe
Ha TIOCTOSTHHOM cTaHmmm oTOopa mpod «BaiiMeHka», 3aJI0KCHHOU B
2015 . B pamKkax BO30OHOBJICHHSI MOHHUTOPHHTA MEIBTH p. Beaukoi.
[Apo3menko, Muxamnam, 2015a] (puc. 1). OT6op kauecTBEHHBIX ITPO0 (u-
TOTIAaHKTOHA OCYIIECTBIISIICS MPH TIOMOIIM TJIAHKTOHHOU cetn Jxemn
(raz Ne 74) mo oOmenpuHITHIM MeTomukaM [Mactok, Paguenko, 1989;
Camunkos, 2003]. Becs MaTepuan GpuxcupoBaiu HOmIHO-(POPMaTHHOBHIM
¢ukcaropom I'. B. Ky3pMuHa U nccnenoBanu B 1a00PaTOPHBIX yCIIOBU-
AX ¢ ucroib3oBanueM Mukpockona Carl Zeiss Axio Lab. Al. O6pabor-
Ky MaTepuaia IpOoBOIMIH IO CTaHAapTHOM MeToauke [ Camunkos, 2003].
Bce opranmsmbl 0 BO3MOXKHOCTH OTPEAETSUIH 10 BUAA, UCTIONB3YS
OTEUYECTBEHHBIE W WHOCTpPaHHBIE ompeaenuTenu. CucreMaTHdeckoe
MOJIOKEHNE TAKCOHOB COOTBETCTBYET HOMEHKJIATYpE MEKTyHapOIHOTO
anekTpoHHOTO pecypcea AlgaeBase (http://www.algaebase.org/).
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Puc. 1. 'eorpajdnueckoe noJioxkeHue NOCTOSIHHON cTaHIMHU 0TOOpa MPod
«Baiimenka»

Bcero B cocraBe (UTOIUIAHKTOHA UCCIICAOBAHHOTO YYaCTKa JCIBThI
p. Benukoti (p. Baiimenka) O0bu10 BbIsiBIIeHO 110 TaKCOHOB paHTOM HIKE
poa, OTHOCSIIMXCS K 3 mapcTBam, § otaenaM, 12 xiaccam, 28 mopsia-
Kam, 44 cemelictBam U 73 pogam.

HauGonbmiee uncino BuaoB ormedeHo B otuene Chlorophyta — 51
Buj (46,4 % ot obmero xonmyectBa). Cpenu HUX Hambosee mpencTa-
BUTEJIBHBI TI0 BUJIOBOMY pPa3HOOOpa3uto ceMeicTBa Scenedesmaceae,
Selenastraceae, Chlorellaceae. Ha BropoM MecTe 110 KOJIHUYECTBY BCTpe-
YEeHHBIX BHJIOB CTOMUT oTAeN Bacillariophyta — 22 Buga (20 % ot 00-
HIEr0 4Kcia), C MPeodaJarouM 10 KOJIMYECTBY BUJIOB CEMEHCTBOM
Naviculaceae. Ha Tpetbem mecte — otaen Cyanobacteria, npencraBieH-
uelid 13 Bugamu (11,8 %). JloMuHUpYET Y CHHE3EIEHBIX 110 BUAAM Ce-
MelcTBo Merismopediaceae. HanmeHbliliee 4uCiIo BUIOB PUXOTUTCS HA
otnensl Charophyta v Miozoa — o 2 Buna (1,8 %) (puc. 2).
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Puc. 2. TakcoHoMH4YecKasi CTPYKTYpPa (PUTONJIAHKTOHA MOCTOSIHHOM CTaH-
nuu otoéopa «Baiimenka» (MoHb-aBrycr 2015 r.)

[lo oTHOWIEHWIO K MECTOOOMTAHWIO BBIJCICHBI IIAHKTOHHBIE,
TTAHKTOHHO-OEHTOCHBIC, OCHTOCHBIE, JOHHBIC (DOPMBI U oOpacraTesu.
BonbIImHCTBO MUKPOBOOPOCIICH MPUXOAUTCS Ha TNIAHKTOHHBIE (POPMBI
(55,5 % ot obmiero uncna BcTpedeHHBIX BUOB). Criemyromiast o oOnImio
rpyIia MpeJCTaRIeHa TIAHKTOHHO-OeHTOCHBIMU (hopmamu (27,3 %).
K nonneiM popmam otHOcuTCes 4,5 % Bogopocieit. Camble HEMHOTOUHC-
JICHHBIE TPYIIIBI TIPEACTaBICHBI OeHTOCHBIME (hopMmami (2,7 %) u oOpa-
crarensmiu (1,8 %) (puc. 3). AGcontoTHOE IpeolajlaHue MIIAaHKTOHHBIX
Y TJIAHKTOHHO-O0EHTOCHBIX (hopM 00YCIIOBIICHO, ITPEXkK/IE BCETO, HEBBICO-
KOM CKOPOCTBIO TEYEHHUSI BOJHBIX MacC B AENbTE p. Benukoi.

4,5% 1,8%

2,7% Hp
p-b
mb Puc. 3. Pacnpenesienne BHI0B
27,3% (puTomIaHKTOHA N0 OTHOLIeE-
mg HHUIO K MECTOOOUTAHHUIO:
p — IuaHKTOHHBIE (GOpMBI; p-b —
me IJIAHKTOHHO-OEHTOCHBIE hopmbI;

b — GenTocHble (GOPMBI; g — JOHHBIE
(hopmbr; e — obpacrarenu
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[lo oTHOWIEHHIO K COJEHOCTH COOOIIECTBO (PUTOMIAHKTOHA MpeN-
CTaBJICHO, B OCHOBHOM, nHAN(pGepeHTHeIMU hopmamu (60 % oT obe-
rO Yuclia BUJOB), HA BTOPOM MecTe UayT rajodpwuisl (6,4 %) u onuro-
rano0st (2,7 %). 'anodoOsl npencrasiensl | BunoM — Ankistrodesmus
falcafus (Corda) Ralfs (puc. 4). Takoe pacnpenenenue rpymmn Bogopoc-
JIeid o JaHHOMY TTOKa3aTellio TOBOPHT O C1a00i MUHEPaTU3alluy BOJbI B
paiione cranuuu «BaiimeHnkay.

B uHanddepeHTb
= onuroranobsl
H ranodunol

H ranoobol

B HeT AaHHbIX

Puc. 4. Pacnpenesienne (puUTONIAHKTOHA O OTHOLIE-
HHIO K COJICHOCTH

ITo oTHOMIEHUIO K ITOKa3aTesto pH, KOTOPHIi OKa3bIBaeT OOJIBIIOE BIIU-
SIHUE Ha MIPOLIECCHl POCTA M Pa3MHOKEHHsI BOAOPOCIIEH, B PUTOIIAHKTO-
He JoMUHHUpYeT rpynna ankanupuwios (17,3 % ot olmiero uncia BUI0B),
HECKOJIbKO MEHee MHorouucieHHsl nHaup¢epentasie Buasl (9,1 %).
OpnHako OTHOLIEHHE OOJNBLIMHCTBA BUIOB K JaHHOMY ITOKa3aTellio cpe-
IIbI B JlenbTe p. Benukoitl He BeIsBIeHO (73,6 %). B 11e1om BobI AembThl
p. Benukoii B 1eTHUH NepHO UMEIOT C1a00IIETI0UHYIO PEaKkitio, KOTO-
past MaJIO U3MEHSIETCS B JIETHE-OCEHHUH MEPHO.

B ¢uronnankrone crannuu «Baiimenka» oOHapykeHO 70 BUIOB BO-
JIopociiell — WHANKATOpoB canpobHocTH (64 % oT obmiero 4mcna BU-
JI0B), U3 KOTOPBIX TOYTH HOJIOBHHY COCTAaBIISIOT [-ME30CanpOOHOHTEI
(47,1 %), a Ha nomio o-P, P-o-canpobuonToB Npuxomurcs 15,7 %. Ko-
anuecTBo B-a, o-f-canpodbuontoB cocrasisieT 14,3 %, o-o-campoboB —
11,4 %, a-canpoOuHTOB — 5,7 %, 11 4,3 % OTMEUEHHBIX BUOB SBISIFOTCS
OJIMTOCanpOOMOHTAMHU, UHIMKATOPAMHU YHUCTBIX BOX. EnuHHYHO BCTpe-
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4eH o-p-canpoOuoHT — 3mubuoHT Colacium cyclopicola (Gicklh.) Bour.
Takum 00pa3om, Boza AeIBTH p. Benukoii B MccaeJO0BaHHOM YYacTKE sIB-
JSIeTCS. YMEPEHHO 3arpsS3HEHHOH, YTO 00yCIOBIEHO OJIM30CTHIO TOPOI-
CKOH MH(PACTPYKTYypHI (pHC. 5).
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Puc. 5. Pacnpenesienue BuioB putoniaHkToHa cranuuu «Baiimen-
Ka) M0 OTHONIEHNI0 K 3aTrPA3HEHHI0 OPraHNYeCKHMU BellecTBaMH

ITo 6uoreorpadnuyueckoi MPIUypoOIeHHOCTH JOMUHUPYIOIIEH TPYIIITOi
(PUTOTUTAHKTOHA SIBIISTFOTCSI KOCMOTIOIHUTHI, KOTOPBIX BCTpedeHo 72 BUaa
(65 % ot obmiero yrcna BUAOB). He3sHAYUTEIBHYIO OO COCTABISAIOT
romapkruaeckue (5 %) u 6opeansusie (2 %) Buasl. buoreorpaduyeckas
MIPUYPOUYEHHOCTh OCTABHBIX BHIOB He yCTaHOBIEHa (28 %).

B nmenom Qropuctryeckuii coctaB (YUTOTUIAHKTOHA MCCIIEIOBAHHOTO
y9acTKa MO)KHO OXapaKTepH30BaTh KaK 3€JIE€HO-JINAaTOMOBBIN C MPHUCYT-
CTBHIEM CHHE3EJICHBIX, IBIJIEHOBBIX M OXPO(HTOBBIX BOAOPOCIEH. DKoi0-
TUYeCKHH aHaJIN3 (PUTOTUTAHKTOHA TIOKA3all, YTO B paiioHe cTaHmmn «Baii-
MeHKa» MPpeolIaaloT MUPOKO PaCIpOCTPaHEHHBIE, TNIAHKTOHHBIE aJlKa-
T(UIBHBIE BHIBI, OOUTAIONINE B YMEPEHHO 3arpsi3HEHHBIX BO/ax. BeI-
COKasl JOJsI 3eJICHBIX BOJOPOCTeH B mpobax cTanmmu «BailiMeHka» Mo-
JKeT CBUJIETEITLCTBOBATH O TIOBBIIIIEHHOM COIEP)KaHUH COCAMHEHHH a30Ta
[WmatoBa, 2005], MOCKOIBEKY IMEHHO dTa TpyIia Hanboee TpedoBaTelh-
Ha K €ro MpUCYTCTBHIO B BOJIE.
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PHYTOPLANKTON OF THE VELIKAYA RIVER DELTA
IN SUMMER PERIOD

S. G. Mikhalap, T. V. Drozdenko
Pskov State University

The paper deals with the ecological and geographical characteristics of phy-
toplankton of the Velikaya River delta. The delta Algaflora analyzed using the
sampling station “Vaymenka” as an example was characterized with high bio-
diversity. The phytoplankton of the Velikaya River delta is represented by 110
taxa below rank of genus belonging to the four kingdoms and 9 phylums includ-
ing Cyanophyta (13), Chlorophyta (50), Bacillariophyta (22), Charophyta (2),
Euglenophyta (8), Cryptophyta (5), Ochrophyta (7), Miozoa (2) and Fungi Phy-
lum (1). The Green Algae makes the phytoplankton basis with Scenedesmaceae,
Selenastraceae, Chlorellaceae families that prevail in its composition.
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I'nJPOJIOr'MTYECKAS POJIb YUHACTKOB CYLIHN
C MTPAKTUYECKHU BOJOHEITPOHUIIAEMbBIM
HOKPBITUEM N HACEJIEHHBIX ITYHKTOB
B PA3JIMYHBIX KIINMMATUYECKHUX YCJOBUAX

H. A. MsicHHKOBAa

Hncmumym soonvix npoonem Cesepa KapHI] PAH

AHTpOIIOTreHHAs JISATSIbHOCTh OKa3bIBACT 3aMETHOE BIUSTHUE Ha (HOp-
MUPOBAHHE BOAHBIX pecypcoB. CTENEeHb 3TOTO BIMSHUS BO MHOTOM 3a-
BHUCHUT OT KIUMATHUECKUX yCJIOBUNA. OCHOBHYIO POJb B M3MCHCHUU HC-
MapeHUs O] BIUSHUEM XO3SIICTBEHHOTO BO3IEUCTBUSI UTPAIOT paana-
[IMOHHBINA OaJaHC, OCAJKH U COOTHOIICHUE MEXKIY HUMH (pagualiioH-
HBIN uHACKC cyxocTH). [Ipyn Hamu4IuM MPaKTUUYECKHA BOIOHEIIPOHUIIAC-
MBIX MTOBEPXHOCTEH HAOJIONACTCSl YMEHBIIICHUE UCTIAPEHUSI C YYaCTKOB
cymi. HanGonbliiee ero CHIKEHUE POUCXOJIUT B PETHOHAX C pajidall-
oHHBIM uHIEeKcoM cyxocTH (B/PL) ot 1 mo 1,5. [omydeHa cBs3b MEXKIY
OTHOCUTETIFHOM BEIWYMHOM WM3MEHEHHS MCIAPEHUS U PaTUallMOHHBIM
HUHJICKCOM CyXOCTH. IHTEHCUBHOCTH CHMIKEHUSI UCTIAPEHUS C TEPPUTO-
puii HaCEeJIECHHBIX MTyHKTOB IO MEPE YIUIOTHEHUSI 3aCTPOCK BO3PACTACT C
YBEIUUCHUEM PAIUAIIIOHHOTO HHIEKCA CYXOCTH.

K ocHOBHBIM (hakTOpaM, ONpEHEeNAIOUIMM H3MEHEHHs SKOJIOTHYe-
CKUX YCJIOBUH Ha ypOaHU3UPOBAHHBIX TEPPUTOPHSIX, OTHOCSTCS:

— HaJIM4YMe NPAKTUYECKH BOAOHEIPOHHMLACMBIX yYacTKOB 3E€MEJIb,
NPUBOJSIIINX K CHUKCHUIO HCIIAPCHMS;

— mnpeoOpa3oBaHUE METEOPOJOTHYECKUX MPOLECCOB HaJ rOpOIOM,
YTO COINPOBOXKIACTCS M3MEHEHHEM TEMIIEPaTypbl BO31yXa, OCAIKOB M
UCTIapCHUS;

— MWCMOJIb30BaHUE JJISl TEXHUYECKOTO U MUTHEBOIO BOIOCHAOKEHUS
BOJ C IPYTUX BOIOCOOPOB; N3MEHEHUE YCIOBUH (hOPMUPOBAHMS OI3EM-
HBIX BOJ U pexknma nx croka [[IInknomanos, 1989; Kapneuxo u p., 2006].

Jloporu pasin4HbBIX TEXHHYECKUX KAaTErOpUH W pa3HOM MpPOTSKEH-
HOCTH, IPOE3/Ibl, a9POAPOMBI U MIPOYUE OOBEKTHI CYLIN C MPAKTUUYECCKU
BOJIOHETIPOHHUIIAEMBIM MOKPHITHEM COCTAaBJIIOT HE OOJBUIYIO IO IUIO-
a1 YacTh CYILIH, OAHAKO MI'PAIOT 3aMETHYIO POJb B MPEOOpa30BaHUU
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BOJIHOTO OayiaHca ropojioB M IIPOUMX HACENICHHBIX TYHKTOB [ KynpusHOB,
1977]. CiocoOCTBYIOT H3MEHEHHUIO YKOCHCTEM, TIPOLIECCOB (hOpMHUPOBa-
HUSl TIOBEPXHOCTHBIX M TOJ3EMHBIX BOJ, TPaHC(POPMAIUU MaKCHMAIlb-
HOT'O BECEHHETO U JOXKJEBOTO CTOKA.

W3MeHeHre ucnapeHus C TAKUX YYaCTKOB OIICHUBACTCS TI0 PABEHCTBY:

dE =E -E, (D)
e E — ucnmapeHue ¢ NPakTUYECKH BOJOHENPOHMLAEMOIO y4acTKa
cymm, Mm; E, — cpennee ucnapenune ¢ okpyxkarouei npeoopazoBaHHbIE
YYaCTKH TEPPUTOPUHN, MM.

Hcnapenue ¢ cymm 10 BO3ACUCTBUS MPUHAMAJIOCH KaK CPEIHSS Be-
JUYMHA U3 TOJdy4YeHHbIX 1o MetoaaMm M. U. bBynsiko u A. P. Koncrantu-
HOBa 3HaueHui [Pexomennamuu..., 1976].

I'omoBoe ucmaperne ¢ MpakTUIECKH BOJOHEPOHUIIAEMBIX Y4aCTKOB
CYIITH OMPEIEIISETCS TI0 BRIPAXKEHUIO:

E=E +E_, )
rie E  — ncnapenue ¢ IpakTHYECKH BOJIOHEPOHUIIAEMON OBEPXHOCTH
B TEIUIBIH MEPUOJ BPEMEHHU, MM; E  — ucriapenue ¢ mpakTUYeCKU BOIO-
HEIPOHUIIAEMOM MOBEPXHOCTH B XOJIOIHBIN MIEPUOJT BPEMEHHU, MM.

Jlns pacueTa cpeHEMHOTOJIETHEH BEJIMYMHBI UCIIAPCHUS C TPAKTH-
YECKU BOJIOHETIPOHUIIAEMON MMOBEPXHOCTH JUIs JISTHETO MEPHO/Ia, UCXO-
ISl U3 YpaBHEHUs BOJHOTO OallaHca, MOKHO HCIIOJNB30BaTh CIIEAYIOILYTO
(dbopmyity, Kak 3T cieniaHo B padore [JIbBoBuu, UepHoraera, 1976]:

E =P(1-a), 3)
e P_—xuikue armochepHbie ocaiku, MM; o — KO3 (HUIHMEHT CTOKA.

B 3umMHuii, paHHEeBECEHHUN U MO3JHEOCEHHUI NEpUOAbl B pailoHax
CO CHEXXHBIM ITOKPOBOM MOKHO CUHTATh, YTO BJIATH HA IMOBEPXHOCTH C
TaKUM TIOKPBITUEM MPAKTHYECKH BCET/a IOCTATOYHO JUIsl CYTOYHOTO €€
UCHIapeHusi, TIOATOMY JUI pacyeTa HMCIAPEHUs CIeAyeT HCIIOIb30BaTh
dbopmyity m1st pacuera ucnapeHus co cuera [Pekomennanmu. .., 1976]:

E_ =0,37dn, 4)
rae d — cpenHsist BenurHA JAe(uImTa yIpyrocTy BOISHOTO TTapa 3a pacder-
HBIH Tieprof, T11a; n — MpoIOIKUTETHHOCT PACUETHOTO TIEPHO/IA, CYTKH.

IIpu uccrnenoBaHNy BIHUSHUS EATEIHHOCTH Y€JI0BEKa Ha OKPYKAro-
IIyI0 cpeiy OBLIM paccurTaHbl 3HAYCHHS HMCIIAPEHHS C BOJOHEIPOHU-
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LAeMbIX U C €CTECTBEHHBIX MMOBEPXHOCTEH B Pa3NUUYHBIX reorpaduuye-
ckux 30Hax. C momopio ypaBHeHui (2)—(4) ObUIO paccunTaHo ucnape-
HUE C BOAOHEIPOHMIIAEMBIX U C €CTECTBEHHBIX TOBEPXHOCTEH MpH 3Ha-
YEeHUU BEJIMYMHBI TOBEPXHOCTHOTO cToKa o = 0,78 1y 43 myHKTOB, pac-
MOJIOKEHHBIX B Pa3IMYHbIX TeorpaMuecKnuX 30HaX Ha PaBHUHHBIX Tep-
putopusix. Ilo ypaBuenuto (1) ObUTH MOITyYeHBI OLEHKH U3MEHEHHS HC-
napeHus, BETMYHHBI KOTOPBIX KONeOmroTes oT —149 1o —352 MM, npudyem
9TH KoJIeOaHUsI COOTBETCTBYIOT U3MEHEHHUSIM KIMMAaTHYECKHX yCJIOBUH,
0 YeM CBUJETEIbCTBYET HATMYME CBSI3U MEXKAY OTHOCUTEJIbHOM BEIUYH-
HOM 9TOM OLIEHK!U (OTHOLIEHHE U3MEHEHMsI HCIIapeHus K 0cajikaM) U pa-
JUALMOHHBIM HHIEKCOM CyXocTH (puc. 1). JlaHHYIO CBS3b MOXHO BBIpa-
3UTh JIOTApUPMHUUECKUM YPAaBHEHUEM:

dE /P =-0,50 - 0,26 In(B/PL). ®)]
DTa CBA3b NOCTATOYHO HANEKHAs, AUCTIEPCHS OTHOCUTEILHON BEJTH-

YUHBI I3MEHEHUS HCTIAPEeHUs (OTHOCUTEIIFHO 0CAIKOB) Ha 68 % omperne-
JSETCS paJIHallMOHHBIM HHIEKCOM CYXOCTH.

-0.2

OTHOIIEHHE H3MEHCHHS HCIIAPEH U K
ocaIKaM

00 05 10 15 20 25 30 35 40 45

PanuauyoHHBIN HHAEKC CYXOCTH
Puc. 1. 3aBUCHMOCTh OTHOCHTE/JIbHOH BeJHYHMHBI H3MEHe-

HUA UCMTAPEHUS B pe3ylibTaTe CTPOUTEJILCTBA JOPOr OT pa-
ANANUOHHOI0 HHAECKCA CYX0CTH
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Hcnapenne ¢ 1000# MOBEPXHOCTH, KaK H3BECTHO, ONPEACISIETCS Ha-
JIMYMEM BJIard ¥ KOJIMYECTBOM MOCTYyIarolel sueprun. /11 30161 BEICO-
KOTO YBJIQ)KHEHHSI (Talirn) BTOPOH (aKTop SIBISETCS IUMUTHPYIOINM.

HcnapeHue ¢ nmpakTHUECKH BOAOHENPOHMIIAEMOW MOBEPXHOCTH, B
YaCTHOCTH, C JJOPOJKHOTO IOJIOTHA, C BBICOKMM KOA(QHIMEHTOM CTOKA
JUMUTHPYETCS B OONbLICH CTENEHU KOJMYECTBOM >KUAKHX OCAJKOB M
YacTOTOH MX BbIMaaeHus. JlaHHbIE 0cOOEHHOCTH (HOPMUPOBAHUS HCIIA-
PEHMSI C TAKOW MMOBEPXHOCTH M CPAaBHUTENILHO HU3KOE €0 3HAUEHHUE NpHU-
BOJAIT K TOMY, YTO NPOCTPAHCTBEHHAs! M3MEHUYMBOCTH TOW BEJIMYHHBI
MEHbIIIE, UeM BapHallMsl UCIIapEHUs ¢ ECTECTBEHHOM nmoBepxHocTH. Cre-
JIOBATEJIbHO, B MpeJieNax TEPPUTOPUU C BBICOKUM YBIAKHEHHEM, OIpe-
JeNsioliee BIMSHAE Ha M3MEHEHHE B MPOCTPAHCTBE aOCONIOTHOM Be-
JMYUHBI aHTPOTIOTEHHOHN COCTaBIAIONICH UCTapeHus, 00pa30BaHHOM, B
YaCTHOCTH, CTPOUTEIBCTBOM JIOPOT, OKa3bIBAET HCIIAPEHNE C €CTECTBEH-
HOU MOBEPXHOCTH, KOTOPOE JIMMUTUPYETCS SHEPreTHUECKUM (PaKTOpOM.
OTO 00CTOSITENBCTBO OMpeesisieT HHTEHCUBHOE BO3PAacTaHUE C ceBepa
Ha IOT JIOJIN OCAAKOB, COCTaBJISAIOIIMX M3MEHEHHE HCIapeHus (CHUXe-
HUs) (cM. puc. 1), U3-32 MOKPHITUS IOBEPXHOCTH BOJIOHEPOHUIIAEMBIM
MarepuaioM. Takast TEHAEHINS TPOCIIEKNBACTCS 10 3HAUEHUHN HHJeKca
cyxoctu 1,0-1,5 (3ona creneii no M. U. Byasiko) [Byneiko, 1980], a a6-
COJIIOTHAsI BEJINYMHA AaHTPOIIOTEHHOMN COCTaBIIAIONIEH CTTapeHHsI JOCTH-
raeT MakcHMajlbHOro 3HaueHus. C JaJbHEHIINM yBEIHYEHHEM pajana-
LIMOHHOT'O MH/EKCA CYXOCTH MHTEHCUBHOCTH CHIMKEHUSI OTHOCHUTENIBHOM
BEJIMYUHBI aHTPOMOTEHHON COCTABIAIOLIEN HCTapeHus 3aMeIsieTcs U
nake npekpamaercs (cM. puc. 1). Ilpu nponBukeHun B Oosee 3acyi-
JIMBBIE PETHOHBI BEIMYMHA U3MEHEHUS UcnapeHus: OyeT yMEeHbIIAThCs
M3-32 MOCJEIOBATENIbHOTO CHIKEHUSI MCHApeHUsl ¢ €CTECTBEHHBIX I0-
BEPXHOCTEHN.

B xozme ypOannzamuu co3maeTcsi HOBasi aHTPOIIOTEHHAs Cpesa, 4To
NPUBOAMT K M3MEHEHHIO OMOTEOIIeH03a U CIIEIOBATENBHO YCIOBHH (op-
MUpOBaHUs BoxHOrOo OamaHca tepputopuu [YepHoraesa, 1978]. Pomnb
HACEJICHHBIX MYHKTOB B Pe00pa30BaHUK BOAHOTO OayaHCca 3aBUCHT OT
JIOJIM TPAKTUYECKH BOAOHENPOHMIIAEMBIX YYacTKOB M OT KJIMMaTH4e-
CKHX XapakTepUCTHK. [[s1 perieHus sToi 3a1auu yCIOBHBINH HacelleH-
HBI{ yHKT OBUT pa3AesieH Ha ABE YaCTH: MPAKTHUECKU BOIOHENPOHUIIA-
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€MbIe YYacCTH U yYaCTKH, COOTBETCTBYIOILIUE MO CBOUM XapaKTEPHUCTU-
KaM UCCIEAYEMOM MPUPOIHON 30HE.

HccnenoBanue BIUSHUS MIIOTHOCTH 3aCTPOMKH Ha U3MEHEHUE UCIIa-
peHust yIoOHEee BBITIOIHATH C UCIIOIb30BAHUEM JIMHEHHON 3aBUCHMOCTH:

dEX/E, =k f/F, (6)

rae dErZ — U3MEHECHHE UCTIAPEHUs CO BCel Tepputopuu, MM; F — obOmas
IJIONIA/Ib YCIOBHOTO HACENEHHOTO IyHKTa, ra; f — miomans Teppuro-
puH, IpencTaBIeHHAs MPAKTUYCCKU BOJOHETIPOHUIIAEMBIM MTOKPHITHEM,
ra; E_— ucnapenue ¢ eCTeCTBEHHON MOBEPXHOCTH, MM; K — Koo duiu-
SHT perpeccui, MOKa3bIBAIOIINN HHTCHCUBHOCTh CHIKEHUS UCTIAPEHUS
MIPU YBEJIMYCHUU JIOJHU IIJIOIIATH, 3aHATON MPAKTUYECKH BOAOHEIIPOHHU-
[[a€MBIM TOKPBITHEM.

Ananu3 BenuuMHbL KOdpuurenTa K , momy4eHHOro JUIs PasiIuIHbIX
KJIMMaTUYECKUX YCIOBUM, CBUICTEILCTBYET O 3aBUCUMOCTH €T0 3Haue-
HUS OT paAUAIIIOHHOTO HHJEKCa cyXOCTH. C ero pocTOM HHTEHCUBHOCTD
CHUKCHUSI UCTIAPCHUS TIPU TOBBIIICHUH TUIOTHOCTH 3aCTPOUKHU yBEJIH-
guBaetcs oT 0,5-0,6 B yBnaxkHEeHHBIX paiionax u a0 0,75-0,8 — B 3acy1-
JMUBBIX. B CTEMHBIX, MOTYMYyCTHIHHBIX U MyCTHIHHBIX PETHOHAX CTEMEHb
VIUIOTHEHUS UTPACT HAUOOJIBIIYIO POJIb B M3MEHECHUU UCITAPCHHUSI, U Be-
JMYUHA K B 5THX 30HaX ¢ MU3MEHEHUEM PAJMAIIMOHHOTO HHJIEKCA CyXO-
cTH cnabo MeHsiercs (puc. 2).

Kiumarndeckue (GakTopbl OKa3bIBAIOT 3HAYUTEIBHOE BIIMSHUE HA
CTCTICHb M3MEHEHMsI AJIEMEHTOB BOJIHOTO OajlaHCca B pPe3yyibTare XO3sii-
CTBEHHOU AesiTenbHOCTH. OTMEUAeTCs CBSA3b MEXKAY BEIUYMHAMH CHHU-
JKEHUS UCTIAPEHUS C IPAKTUUECKU BOJTOHEIIPOHUIIAEMBIX IOBEPXHOCTEN
U paJiMalluOHHBIM UHAEKCOM cyXocTH. HauMenblliee 3HaYCHUE OTHOIIIE-
HUSl BEJIMYUHBI CHU)KCHUSI UCTIAPEHUS K OCaJIKaM OTMEYaeTcs B M30bI-
TOYHO YBJIQXKHEHHBIX MECTHOCTAX. C yBeTHUCHHEM PAAUAIIMIOHHOTO UH-
JIEKCa CYXOCTH JI0 3HAUCHUN, COOTBETCTBYIOLIUX 30HBI CTEIEH, OTHOCH-
TeNbHAS U a0COJIOTHAS BEIMYUHBI M3MCHEHUS UCITAPCHHSI MHTCHCUBHO
BO3pacTaroT. JlanpbHeUIuii pocT paaualioOHHOIO MHAECKCA CYyXOCTH Xa-
pakTepusyeTcs CTaduIn3auel OTHOCUTEIBHBIX BEJIMYUH CHUKCHHUS UC-
MapeHUsT U YMCHbBIICHUS aOCOMIOTHBIX 3HAYCHUH aHTPOIOTEHHBIX CO-
CTaBJISIIOIIUX UCTIAPCHUS.
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PagmalmoHHBI MHAEKC CYXOCTH

W HTeHCHBHOCTL CHHKEHHS HCITapCHHUA
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Puc. 2. 3aBucMMOCTh HHTEHCHBHOCTH CHHKEHHS MCIa-
peHus ¢ yBEJIUYCHUEM IVIOTHOCTH 3aCTp0ﬁKl/l OoT paaua-
IMUOHHOI'0 MHACKCA CYX0CTH

I'upponoruyeckas posib HACEJIEHHOIO IYHKTa BO MHOIOM 3aBUCHUT
OT JIOJIM ILIOLIA/JM, 3aHUMAeMOW MPAKTUUYECKU BOAOIPOHULIAEMOM IO-
BepxXHOCThIO. C yBEIMUECHUEM HAa TEPPUTOPUHU NOJNU TAKOW MOBEPXHO-
CTU B MEPEYBIAXKHEHHBIX MECTHOCTIX CHU)KEHUE MCIAPEHUS IPOUCXO-
JIUT HauMeHee UHTEHCUBHO. C POCTOM HHJIEKCA CYXOCTU HHTEHCUBHOCTD
CHIKEHMS MCIIAPEHUSI BO3PACTAET U JOCTUTAET MAKCUMAJIbHBIX 3Haye-
HUI B 30Hax JiecocTenen u crenei. [lpu nanpHelieM MpoaBUKEHUU B
0oJsiee 3acCylUIMBBIC 30HBI JAHHBIN MOKA3aTeilb OCTACTCS MPAKTUYCCKH
0e3 M3MEHEHUIA.

Paboma evinonnena npu noooepocke npoekma PH®D (Ne 14-17-00766).
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HYDROLOGICAL ROLE OF RESIDENTIAL AREAS
AND STRETCHES OF LAND WITH ALMOST IMPERMEABLE
SURFACES UNDER VARIOUS CLIMATIC CONDITIONS

N. A. Myasnikova
Northern Water Problems Institute KarRC of RAS

Anthropogenic activity affects the formation of water resources a lot. Its de-
gree largely depends on climatic conditions. The radiation balance, atmo-
spheric precipitation and the relationship between them (radiation index of
dryness) plays a dominant role in changes referring to evaporation and runoff
under the influence of the economic impact. The existence of almost imperme-
able surfaces causes a decrease in evaporation from tracts of land surface. Its
largest decrease occurs in regions with the radiation index of dryness (B/PL)
varying from 1 to 1.5. We managed to obtain a correlation between the relative
value of variation in evaporation and the radiation index of dryness. The rate
of decrease in evaporation from residential areas with a densification of build-
ings increases with an increase in the radiation index of dryness.

BJIMAHUE BYPOBbIX PABOT HA HHIEJIB®E YEPHOI'O MOPS
HA COCTOSTHUE MOPCKOM CPE/JIbI

M. B. HaueBa
Hncmumym npupoono-mexuuueckux cucmem PAH

B nmanHOW cTarbe mpe/cTaBlieHA aKTyalbHas SKOJOTHYEcKas IMpoodiie-
Ma — BJIMSIHME Ha COCTOSIHUE MOPCKOW Cpesibl U ee oburareneli Oypo-
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BBIX paboT Ha menbdpe Yepnoro Mops. [IpeanoxeHsl Npupoa0OXpaHHbIe
MEpPONPHUATHS, HAIIPABJICHHbIE HAa COXPAaHEHHE YCTOWYMBOTO PaBHOBECHS
MIPUPOIHOMN Cpebl U SKOCUCTEMBI MOPSI.

Bypossie pa®otsl Ha menbde UepHOTO MOpS MPEACTABISAIOT OJHY U3
CIOHEHTIINX DKOIOTHIeCKuX MpobieM Poccun, B wactHOCTH KphIMCKO-
ro (hemepatbHOTO OKpyTa, B CBSI3U C TEM, UYTO OypeHHEe CKBaYKUH POBO-
JUTCSl B aKBAaTOPUHU OTKPBITOTO BOAOEMA, IKOJIOTHYECKH TyBCTBUTEIb-
HOTO K XHMHUYECKOMY 3arpA3HEHNI0. JKOJIOTHYECKast YyBCTBUTEIHOCTD
00yCIIOBICHA YHUKAJTHLHOW JdKOCHUCTEMOM, XapaKTepHOU I BCEX BHY-
TPEHHUX MOPEH 1 HATMYHEM KYPOPTHBIX 30H JIJIsl MACCOBOTO OT/IbIXa Ha-
CEJIeHHS — ATO OJIHA W3 BAKHEHIINX MPUYUH 0COOOTO BHUMAaHUS K JKO-
JIOTUYECKOH 0e301MacHOCTH JaHHBIX PETHOHOB.

Bbypenne ckBakuH Ha menbhe YepHOTo MOpS BKITIOYaeT MHOXKECTBO
Pa3IMYHBIX OTIEPANNii, TIPH BHIITOJTHEHIH KOTOPHIX BO3MOKHO 3arps3He-
HUE OKPY’KAIOIIEeH Cpebl — aKBaTOPHH MOPsi. bypoBbie pabOThI Ha HIETh-
(e, Kak IPaBHUIIO, COBIAAAIOT MM COMPUKACAIOTCS C PETPOAYKTHBHBIM
apeayoM, MecTaMi OOWTaHHUS MacCCOBBIX BHIIOB PbIO, OE€CITO3BOHOUHBIX,
a Takke ¢ OCHTOCHBIMH cooOImecTBaMu. [1aBHAs 0COOEHHOCTE CTPYK-
TypHl B (PyHKITMOHUPOBAHUS MOPCKOM 3KOCHUCTEMBI 3aKITIOYAETCs B TOM,
YTO €€ AJIEMEHTHI CBSI3aHBI MEXIY CO00M Oojee TECHO, YeM B Ha3eM-
HBIX OmoTax. Mopckue OMOTHI 3aHUMAIOT OOIIUPHBIC aKBATOPHUH, COM3-
MEpHMEIE C pa3MepaMu MOPS, KPOME TOTO, OHH TIOCTOSTHHO MEHSIOT CBOE
MOJIOXKEHNE W TPaHC(HOPMUPYIOTCS B CE30HHOM actekre. [Ipu sTom Bo-
JTOOOMEH MEeXIy Pa3INYHBIMH OMOTONaMH CTOJNb )K€ MHTEHCUBEH, KaK
W JIBUKEHWE BOJ BHYTPH HUX. OTH (aKTOPHI JIENAIOT HEJOITyCTUMBIM
HETaTUBHOE BJIMSHHE Ha aKBaTOPHUIO MOPS, CBSI3aHHOE C 3arpsi3HEHHEM
MOPCKOW BOJIBI WJIM JIOHHOW TOBEPXHOCTH OypOBBIMH CTOYHBIMH BOJIa-
MU, OypOBBIM PaCTBOPOM H OCOOEHHO KHIKUMH YIJIIEBOAOPOIAMH.

JlHoyTITyOuTEeNbHBIE PaOOTHl — OAMH U3 CePhE3HBIX (AaKTOPOB TEXHO-
TEeHHOTO JaBJIEHUS HA MOPCKHE dKOCHCTeMBI. lIpu cTponTenbcTBe He-
(hTera3oBBIX MECTOPOXICHUI BEJEeTCS BHIEMKA M OCBHIIIKA TPYHTA, YTO
MIPUBOAUT K CEPHE3HBIM Pa3pyIIEHUSM [TOHHBIX OHMOIIEHO30B Ha Me-
CTe TIPOU3BOIUMBIX PadoT. M3mMeHeHus pu3muecknx mapaMeTrpoB cpe-
JIbI OOUTaHUS — MyTHOCTH BOJIBI, CTPYKTYPBI JIOHHBIX OCaJIKOB, IPUBHE-
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CEHHME HOBBIX JOHHBIX CyOCTpPaToB — HETaTUBHO BO3ICHCTBYIOT Ha T'H-
OpoOuoHThl. Hapymaercst cTpykTypa OHMOIIEHO30B, H3MEHSIETCS YHCIICH-
HOCTB U TPO(PHUUYECKUE B3aMMOOTHOIIEHHS TUAPoOHOHTOB. [Iponcxoaut
TaKKe M3MEHEHHE XMMUYECKHX U MHKPOOMOIOTHYECKHX MapaMeTpoB
CpenBbl.

He crout 3a0biBath 1 0 TOM, 4TO OypeHHE HE(TSHBIX U ra30BBIX
CKBa)KMH COTPSIKEHO ¢ 00pa30BaHWEM M HAKOIUIEHHEM OOJBIIOTrO KO-
nudecTBa 0TXon0B Oypenus. K Hum otHOCsTCS: OypoBoii pactBop (BP)
W ero M3JIHIIKU, TaMrnoHaxHbIH pactBop (TP), marepuansr u xumu-
yeckue peareHThl A npurotosienus bP u TP, BeiOypenHas ropnas
nopoga (uuiam), OypoBBIE CTOUHBIE BOJBI, OTpAaOOTaHHBIE TOpIOYE-
cmazounsle Marepuansl ('CM), mpogyKTsl ompoOOBaHHs CKBaXKHUH,
MOIMYTHBIE TUIACTOBBIE BOJIBI, @ TAKXKE XO3SHCTBEHHO-OBITOBBIE U (e-
KaJbHbIE CTOYHBIE BOJBI, MycOp. BypoBbIe cTOUHBIE BOABI, 3arps3HEH-
HbIe KOMIIOHEHTAMH XUMHYECKH 00pabOTaHHBIX IPOMBIBOUHBIX KU~
KOCTEi, MONaAaT B MOpEe MPpH 0OMBIBE HUKHEH CETKH CUTOKOHBEIe-
POB, IPU OOMBIBE MJIOLIAAKH U 10Ia OYpOBOH, €CIIM OTCYTCTBYET Iep-
METHYHBIH HACTHUI THAPOTEXHUYECKOTO COOPYKEHUS M KaHaIW3alus
st coopa cTokoB. KonndyecTBeHHOE copep aHHE OTAENIbHBIX Bpe.-
HBIX BEIIECTB B OypOBBIX CTOYHBIX BOJAAX MHOTAA MOXKET MPEBBILIATH
IJIK nuist peiboxo3siictBeHHBIX BogoemoB [[opOyHoBa, 1988]. OnHa-
KO HEOOXOAMMO OTMETHTb, YTO HanOOJbIlIee 3arps3HEeHIE MOPS B IPO-
necce OypeHUs! M 3aKadMBaHMs CKBa)KUH MPOUCXOAMUT MPHU aBapusx H
OCJIO)KHEHUSIX, MPUBOASIINX K OTKPBITHIM (DOHTAaHAM M MOJBOJHBIM
rpudonam. BeIOpocCHl, OTKpBIThIE Ta30HEe(TAHBIE POHTAHBI U MOJBO-
OHbIe TpUQOHBI B mpouecce OypeHHs U 3aKadyMBaHUs CKBaKUH HUMe-
nu Mecto B npouuioM [Ilarun, 1994]. Ecnu He3HaunTENbHBIE YTEUKU
XUMHUYECKH 00pabOTaHHBIX MPOMBIBOYHBIX KUAKOCTEH MPH HOPMaJlb-
HBIX YCIIOBUSIX OypeHHUs CKBaXMH UMEIOT JOKAJIbHBIA XapakTep U Ha-
HOCAT yiepb Mopckoi ¢ayHe U (uope TOJNBKO B Ipeesax MiIomaan
CTA[MOHAPHBIX IIAT(OPM U MPUICTAKAAHBIX TIOIAO0K, TO OTKPBITHIC
¢dboHTaHBI M MOABOAHBIC TPU(OHBI 3arpPs3HAIOT 3HAYUTEIbHBIE MACCHI
BOJIbI M BOJTHAMH, BETPOM U TEUEHUSIMU Pa3HOCSTCS Ha OOJbIINE pac-
ctosiHusl. OnMCaHHbIE BIIIE HCTOUHUKHA U XUMHUYECKHE 3arpsI3HUTENH
MOPCKOM cpenibl mpeAcTaBieHbl B Ta0I. 1.
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Taéauua 1. Kinaccudukanus HCTOUHNKOB U 3arpsi3HUTe/Ieil MOPCKoii cpe-
AbI NPU OypeHUHU HePTAHBIX CKBAKUH

IIy4Yux XuMu4e-
CKUX p€arcHToB

DKCITyaTaluoOHHbIE ABapuiinbie
Xumuueckue
HcTtounnk 3arps3HUTENb Wctounuk | 3arps3HUTENH
COCJIMHEHHUS
XuMuyecku
Xpommuk, HedTh, Cy-
obOpaboTaHHas
w1, cynb(haHo, HU-
Mupkynsunon- | XuMUYECKH U yTSDKEIICH-
TPOJIMTHUH, KaJbLH-
Hasl CHCTeMa obpaboranHas Hast TIPOMBIBOY-
. HHUpOBaHHAs U Kay- | BeiOpochl
TIPOMBIBOYHOM | IPOMBIBOYHAS Hast )KUKOCTb,
cThYecKas coxa, oa-
JKHUJIKOCTH JKHUJKOCTh . HEe(Th, KOH-
PHT, XJIOPUCTBIH
o JICHCAT, IUIa-
KaJIbLIUH, OK3HII
CTOBas BOJA
Cucrema npuro-
TOBJICHHUS TTPO-
MBIBOYHOI! k- | BeiOypennas OTKpBITBIC
KOCTH ¥ ’KUAKUX | TOPOJa, IIaM (hoHTaHBI
XUMHYECKUX pe-
areHTOB
Cucrema npu-
eMa, XpaHeHHUs!
- XP VTspxenurenb
Y BBIJIA4H yTsI- TlonBonubIe
U XUMHYECKHE
JKEJIUTEIS U Chl- rpudoHBI
peareHTsl

Cucrtema mpue-
Ma, XpaHEeHHUS U

Bypossie cTou-

KoMmoHEeHTBI XUMH-
4eCcKH 00paboTaHHBIX

(opm

HBIE BOJIbL MIPOMBIBOYHBIX JKUJI-
Beigaun [ CM P .

KocTeil u nopona
Hactun cranu- Jn3enpHOE TOTIINBO,
oHapHBIX m1aT- | ['CM CMa3KM U aBUAllUOH-

HO€ MacJjio

Ipumeyanue. 'CM — roprode-cMa304HbIC MaTEPHAIIBI I MAIIHH.

OCHOBHBIM UCTOYHHKOM 3arpsi3HEHUS] MOPCKOI cpeibl sBistoTcs Oy-
poBbIe pacTBOPHI. Kilacc TOKCHYHOCTH PEearcHTOB SIBISICTCS BaXKHOI Xa-
PaKTEPUCTUKOM MPOMBIBOUHO# HKUAKOCTH, TIOCKOJIbKY €€ yTeuka B 00J1b-
KX KOJMYECTBAX MOXKCT BbI3BaTh JIOKAJIbHBIC 3arpsAASHCHUS. Knacc Tok-
CHYHOCTH peareHToB OypOBOTO PacTBOpA MpeACTaBlIeH B Ta0II. 2.
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Taoauna 2. Kiace TOKCHYHOCTH XUMHYECKHX PeareHToB

Knace Knacc Tok-
Pearent Pearent
TOKCHYHOCTH CHUYHOCTH
I'munonoporok 4 ALDACIDE (anbnerun) 3
Bapur 4 BARAZAN D PLUS (kcantan) 4
KCCb 4 BARANEX (nonumep) 4
KMIT 3 BDF-284 (murnocynsdonara) 4
OXJIC 4 CLAYSEAL PLUS (amdotep) 4
Yuip 4 DEXTRIDE (xpaxmai) 4
IMAA 4 EZ MUD RDP (nonmakpriamun) 3
I'papur 4 GEM GP (nmonaurimkoss) 3
Hedrs 4 LIGNOX (smuraocynbgoHar) 4
Heonon 3 PAC L, PAC LL (uemntonosa) 4
Cynbdanoin 3 PAC R (uwenmtono3Hslil monmumep) 3
JuconBan 4 THERMA-CHEK (cononumep) 3
JusrornmrBo 4 THERMA-THIN (monumep) 3
ITAB OII-10 4 KCl (xnopun kamws) 3
MAC-200 (kpemHe3eM) 3 NaCl (xitopux HaTpus) 3
Tunc 3 CaCl, (xmopu KajbLus) 4
Na,CO, (coma) 3 MgCl, (xopun Marsus) 4
N3BecTh 2 NaOH (menous) 2

Ipumeuanue. KCCB — xonneHcupoBanHas cynbhut-criuprosas 6apaa, KMLI — kap6ok-
cumetuiemtonoda, ®XJIC — heppoxpomaurHocyinsdonar, YIP — yremienouHoit pe-
areHt, IIAA — nonuaxpunamun, [IAB — noBepXHOCTHO-aKTUBHbIE BEIIECTBA.

3arps3HAONINE BEIIecTBA OYPOBBIX M HEPTAHBIX OTXOJOB MOTYT pas-
HOCHUTBCSI TCUCHUSMH Ha 3HAYUTEILHBIC PACCTOSHHS, W He(Terasono-
ObIua He OyJeT OrpaHHMYUBATHCS TOJBKO JIOKATBHBIMU YYaCTKAMH IIEITh-
(a, rie uaet pazpaboTka MecTopoxacHusI. KOHTpOIb, CpescTBa U MephI,
NpPEOTBPAIIAIOIINE ABAPUITHBIC BBIOPOCHI 3arps3HSIONIMX BEIICCTB, B
MIEPBYIO OUEPE/ib, TOKHBI OBITH MPETYCMOTPEHBI pA00OYHM MPOEKTOM Ha
OypeHHe CKBaKHHBI, a TAKKe B TpoekTe «OlieHKa BO3IEHCTBUS HA OKPY-
)arorryto cpeay» (OBOC).

TakuM 00pa3oM, JUIsl TIOJIHOTO MPEIOTBPAIICHHUS 3arPA3HEHHUS MOPSI
npu 100brue He(YTH U ra3a Ha MOPCKUX MECTOPOKACHUSIX HEOOXOAMMBI:
HOBBIC TEXHOJIOTHYECKHUE CXEMbI cOOpa U TPAaHCTOPTa MPOIYKIIMU CKBa-
JKUH, CO3IAaHHBIC C YUCTOM CIEM(PUISCKUX yCIOBUN H00bIUN HEDTH H
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ra3a Ha MOpeE; COOPYXEHHs Juis cOOpa U TPAHCIOPTUPOBKH IPOMBIIII-
JICHHBIX CTOKOB U OTXOJIOB; YKPYITHCHHBIC aBTOMATH3HPOBAHHBIC TEX-
HOJIOTHYECKHE OJOKU C (hakesioM JIJIsi COKMTaHUs ra3a; cpeicTtBa 0e3o-
MACHOCTU M OXPaHbl OKPYKAIOIICH Cpeibl (MIPeIoXpaHsIoIie, CUrHa-
JU3UPYIOIINE U MEPEKIIIOYAOIINE YCTPOHCTBA, TaTYUKU 3PO3UH U KOP-
pPO3UM HAAIUIONIAIOYHBIX TPYOOTIPOBOAOB M OOOPYIOBAHHMS, KIIallaHbI-
OTCEKATEIIN); aBTOMATH3AIMsI M TEJICKOHTPOJb 3a MPOIECCaMU JO0BIYH
He(TH U ra3a; 3QPeKTHBHBIE METOIBI OCYIIIKU ra3a; BBICOKOAPPEKTHB-
HBIC JICTIPECCATOPBI ISl CHUYKCHUS BSI3KOCTH BRICOKOCMOJIMCTBIX U T1apa-
¢uHUCTBIX HeTel; HOBBIC METO/Ibl KPEIUICHHUS MPU3a00HHON 30HbI HEe-
(TSHBIX CKBAXKHH JIJIS TPEIOTBPAILIEHHUS BEIHOCA ITeCKa Ha TIOBEPXHOCTb.
OnTUMaNbHOE PEIICHUE 3TOH MPOOJIEMbl — BHEAPEHUE MHOTOCTBOJIBHO-
T'O ¥ TOPU30HTAIBHOTO OYPEHUS CKBaXKWUH, CHU)KEHUE KOJIMYECTBA U CTe-
MEHU TOKCUYHOCTH HCIIOJb3yeMbIX XUMUYECKHUX PEarcHTOB B TPOMBI-
BOYHBIX XKUIKOCTIX, YTOO CHU3UTH CTENEHb TOKCHYHOCTU BP.

OxpaHa MOPCKOH U OKPYKaIOIIEeH Cpeibl IPH MPOBEICHUH OYPOBBIX
paboT B JAaHHOM PETHOHE SIBISCTCS BAXKHOM 3aja4eid, OT MPaBUIBHOCTH
pelIeHUs] KOTOPOU 3aBUCUT COXPAHHOCTh MPUPOIAHON CPE/Ibl, €€ YCTOMN-
YHBOE JKOJOTHYECKOE PABHOBECUE U COXPAHHOCTh IKOCUCTEM, pa3Mme-
IICHHBIX B HEJIPAaX MOPSL.
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INFLUENCE OF DRILLING OPERATIONS AT THE SHELF
OF THE BLACK SEA ON THE MARINE ENVIRONMENT

M. V. NacHeva
Institute of Natural and Technical Systems of RAS

The paper deals with the current environmental issue of the Black Sea shelf
drilling impact on the marine environment and its inhabitants. The environmen-
tal measures aimed at the preservation of a stable equilibrium of the environ-
ment and the sea ecosystem are suggested.
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I'MJPOBUOJIOTMUECKHUE UCCJIEJOBAHUS
B JEJBTE PEKHU JIEHBI (2014 )

I. P. Huramar3sinoBa, JI. A. ®posoBa

Kazanckuii (Ilpusonsicckuii) ghedepanvhulii yHusepcumem

B nanHoii paboTe nmpeacTaBieHbl pe3yinbTaThl THAPOOHOIOTHYECKHX HC-
CJIeJIOBaHUH MPOTOK J1enbThl p. JIensl BecHolt — tetom 2014 1. B cocra-
BE 300ILJIAaHKTOHA BBIABICHO 43 TakcoHa. BujoBoe pasHooOpasue 300-
TUTAHKTOHA COCTAaBJIsUIM TipeicTaBurenu Tumna Rotifera, tak xe, xak u
YHCIEHHOCTH B ipoTokax (Keratella cochlearis Gosse 1851, Conochilus
unicornis Rousselet 1892). Bkiag B Gnomaccy Obu1 OoIbIIe y BUIOB BET-
BUCTOYChIX U BECIIOHOTHX PakooOpasHbix (Mesocyclops leuckarti Claus
1857, Bosmina longirostris Muller 1785). YeTko mpociexuBaercsi ce-
30HHAsl TUHAMHUKA BHUIOBOTO Pa3HOOOpa3Msi M KOJNMYECTBEHHBIX IMOKa-
3ateneii 30omuankrona. CornacHo paccuntaHHOMY uMHAEKcy llleHHOHa-
YuBepa BOJbl MPOTOK SIBISUIUCH YMEPEHHO 3arpsi3HCHHBIMH, OJHMIOCa-
MPOOHBIMHU C OTKJIOHCHHEM B [J-Me30CarpoOHyI0 30HY IO MHJICKCY Ca-
npoOHOCTH.

Pexa Jlena ¢opMupyer ofHy K3 caMbIX OONBIINX B APKTHUKE JEJIBT
[Fedorova, 2013]. DTo 30Ha B3auMoJeCTBUS PeKH U Mops JlanTeBbIx,
0COO0BIN Teorpaduueckuii 00bEKT, — €AMHBIN MPUPOTHBIA TEPPUTOPH-
anpHbIl KomIuieke [I'ykoB, 2001]. M3ydyeHue 3Toro peruoHa nogHUMa-
€T MHOTHE BONPOCHI, KaCAIOIINECs MPOLECCOB, NPOTEKAIOIINX B JEIb-
T€, ¥ KOTOpPbIe OCTAIOTCs 10 cuX nop oTkpeIThiMU [Fedorova, 2013]. 3o-
OIJIAHKTOH B AEJIbTE PEKH, KAK U B JPYTHX BOAHBIX YKOCHCTEMaX, Urpa-
€T KJII0YEBYIO POJb B TpaHC(HOpPMALIUU SHEPTUH M OMOTHYECKOM KPYTo-
Boporte BemecTB [Abramova, 2002]. OcoOeHHOCTH 300IIIIaHKTOHA B JTaH-
HOM paiioHe TECHO CBSI3aHbI CO BCEMH XapaKTEPUCTUKAMH BOJHBIX MAacC,
00HapYKHMBAIOT XOPOLIO BBIPAKECHHBIN CE30HHBIM XapakTep, HO THAPO-
OMOJIOTHMYECKUN PEeKUM yCTheBOU oOnacTu JIeHbl M3ydeH KpaiiHe cra-
00 [I'ykoB, 2001]. Llenbto JTaHHBIX HCCIEIOBAHUN SBISIIOCH U3YYUTh CO-
BPEMEHHOE COCTOSIHUE 300IIJIAHKTOHHOTO COOOIIECTBa, BHISIBUTH BUJIO-
BOM COCTaB NMPEICTABICHHBIX BUIOB, UCCIIEI0BATH CE30HHYIO TUHAMUKY
300IUIAHKTOHA TPOTOKOB PeKU BecHOM u jietom 2014 r.

332



Marepuaniom s JaHHOKH PaOOThI MOCITYKUIH 00pa3Lbl 300TIaH-
KTOHa C OCHOBHBIX HPOTOK AedbTHl p. Jlensl (OneHekckas, OneHek-
ckas (Yaii-Tymyc), ['maBusiii CtBop, Tymarckas, Tymarckas (AMepuka
Xas), Bynkypckas), oroOpannble BecHO# — eTom 2014 1. (¢ 4 uroHs 1o
16 ntos1s1) aBTOPOM | TPYIIION TUAPOIOTOB APKTHUECKOTO M AHTapKTH-
YEeCKOT0 Hay4HO-UCCIIe0BaTeNbCKoro nHCTUTYyTa I. CankT-IletepOypra
B XOJI€ COBMECTHOM MEXIYHApOAHON POCCUUCKO-TEPMAHCKOM DKCHE-
muiun «Jlenbra Jlensr-2014» (puc. 1). OTO0p mpou3BOIMICS C JIOI-
KM BEPTUKAJIbHBIM MPOTATUBAHUEM Majioi ceTh AmITeiHa (quameTp
cetH 25 cm, pa3mep suen 100 MKM) CO JHA 10 MOBEPXHOCTH IO BCEH
TOJIILIE BOABI MPOTOKA WK npouexuBanueM 100 11 BoJbl uepes3 ceThb C
nocneayomuM GurcupoBanueM 4%-m ¢popmanuHoM. [IpoOsl uccie-
JIOBAaHHBIX MPOTOK OBUIM TMOABEPTHYTHI aHATU3y KAUCCTBEHHBIX M KO-
JMYECTBEHHBIX TUAPOOMOIOTHYECKUX XapaKTEPUCTHK COITIACHO 00-
HICTIPUHATBIM rUApoouonorudeckuM meroaukam [XKanuu, 1960; Kon-
CTaHTUHOB, 1986].

B BuIOBOM cocTaBe MONYYEHHBIX OOpPa3lOB MPOTOK OOHapyxe-
HO 43 TakcoHa (39 BUIOB) 300MIAHKTOHHBIX OpraHU3MOB. 59 % Bu-
JOBOTO pa3zHOO0Opa3usl ONMpeaessioch npeacTaBuTessiMu tuna Rotifera
(23 Buza), Ha momo pakooOpasHbIx npuxonunock 23,1 % — 9 BuaoB
otp. Cladocera u 17,9 % — 7 BunoB otp. Copepoda. Haubonee npen-
CTaBJIeHHBIMU ceMmeiicTBamu Obuti Brachionidae (8 Bumos, Rotifera),
Cyclopidae (5 Bumos, Copepoda) u Bosminidae (3 Buna, Cladocera).
[To wacToTe BcTpeuaeMOCTH BO BCEX HM3YUYEHHBIX oOpasnax oOHapy-
JKCHBI IOBCHUJIbHBIC CTAIMM PAa3BUTHS BECIOHOTHMX PAaKOOOpAa3HBIX, B
90,9 % npo6 Bcrpeuensl Keratella quadrata Muller 1786, Rotifera u
Bosmina (Eubosmina) coregoni Baird 1857, Cladocera. Takxe o0uib-
HBIMHM BUJIaMH cTaiu KojioBpatku Keratella cochlearis Gosse 1851,
Conochilus unicornis Rousselet 1892 u Bosmina longirostris Muller
1785 u3 Cladocera. Haubonpmee koanaecTBO TaKCOHOB — 25 — oOHa-
pyxeHo B mnpobe, orobpannoit gerom (16.07 2014 r.) na Tymarckoit
NPOTOKE; HaMMEHbIIee BHIOBOE pazHooOpasue 3aMKCHPOBAaHO B Be-
ceHHell mpode ¢ OneHekckoil mpoToku — Beero 2 Buaa (4.06 2014 1.). B
cpenHeM Ha mpoOy ¢ nmpoTtok npuxoautes 9,7 + 1,7 Buaa Rotifera, 4,3 +
0,6 Buna Cladocera u 1,8 = 0,4 Buna Copepoda.
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Puc. 1. Kapra-cxema pacnoJio:keHusi IPOTOK AeabThI p. JIeHbI 1
CTAHIHH 0TOOPa 00pPa310B 300IJIAHKTOHA:

1 —I'maBusnii CtBop, 2 — Tymarckas (Amepuka Xast), 3 — Tymarckast, IeBbIi Oeper,

3-1-Tymarckas, mpaBblii 6eper, 4 — Bynkypckas, 5 — Onenexckas (Yait-Tymyc),
6 — Onenexckas)

92,4 % 4YUCICHHOCTH 300TUIAHKTOHHOTO COOOIIeCcTBAa M3Y4YEeHHBIX
MPOTOK OTNPEEIISUTH KOJIOBPaTKH — 37,7 £ 17,2 ThIC. 9K3./M*> — B OCHOB-
HOM OJ1arojapsi 0OJIbILION IpeACTaBIeHHOCTH 0co0el Buna K. cochlearis
(38,4 = 15,1 TeIc. 9Kk3./M%). Ha 1010 YHCICHHBIX IMOKa3areleil paxo-
obOpasubIx nmpunuiock: 4,8 % (1,9 £ 0,6 teic. 9x3./mM*) Cladocera u 2,8 %
(1,2 £0,2 TBIC. 3K3./M*) Copepoda. CpemHee 3HAUYCHHE YHCIICHHOCTH 30-
OIIJIAaHKTOHA MPOTOK cocTaBmio 40,8 + 17,7 TeIC. K3./M°.

B ornmuumne ot yrciaeHHOCTH OHoMacca onpeselsuiach TpyInaMu 30-
oIJIaHKTOHA OoJiee MM MEHee B paBHOM cremeHu. Tak, 37,9 % Bceit
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oromaccel mpurnuiock Ha qoio Cladocera (24,7 + 7,5 mr/m?), 35,2 % —
Copepoda (22,9 + 5,6 mr/m®), Ha nomio komoBparok — 27 % (17,6 +
6,4 Mr/m®). BBICOKMMH TOKa3aTeassMd OMOMACCHI OTIMYHIIUCH PaKo-
obpasusie Mesocyclops leuckarti Claus 1857 (10,7 £ 2,6 mr/m®) u
B. longirostris (7,9 £ 2,9 mr/m*). CpeaHee 3HaueHHe GHOMACCHI 300TIIaH-
KTOHA MPOTOK COCTAaBIIO 65,2 + 15,5 mr/m?.

Ha ocHoBe konM4YecTBEHHBIX MOKa3aTelel 300IUIaHKTOHA pacCUnTaH
WHJIEKC BUJIOBOrO pasHooOpasusi lllenHnona-Yusepa [Shannon, 1949].
Tak, mpOTOKU AEAbTHI P. JIGHBI MOXKHO OXapaKTepU30BaTh KaK yMEpEH-
HO 3arpsizHeHHbIe: 2,2 + 0,2 OUT/3K3. (PacCUUTAaHO MO YUCICHHOCTH) U
2,6 = 0,3 OuT/3K3. (paccuuTaHo 10 Oromacce). 3HaYeHUE WHICKCA BaphU-
posaiio ot 1 1o 3,65.

Takke HAMH pacCUUTaHbl MHICKCH canpoOHocTu. Ilo nHaekcy ca-
npobnoctu 1o [lantne n bykky B momuduxanun Cnaneueka [Sladecek,
1973] Bombl IPOTOK ONHUIOCaNpoOHbIe (CpeHee 3HAYCHHE MHJISKCA IS
npoTok Obw1o paBHO 1,49 + 0,03). [To urmekcy canpoOHOCTH 1O 3eNUH-
ke 1 Mapsany [Zelinka, 1961] Boabl IpOTOK AETBTHI SIBISIOTCS OIUTOCa-
MPOOHBIMU C OTKIIOHCHUEM B [3-Me30CanpoOHYO 30HY.

Jlnist mpoBeZieHnsl CpaBHEHUSI MEKAY BHIIOBBIMH COOOLIECTBAMH 30-
OIUIAaHKTOHA MPOTOK HAMHU WCIOJIb30Bajcs uHAeKkc JKakkapa [Jaccard,
1901]. HanGonbiee cxoncTBo 0OHaApYReHO Mexkay OJNIeHEKCKOW TTPOTO-
ko (Yaii-Tymyc) u I'maBupim CtBOpom (0,81), HauMeHbIIee — MEXIY
Bynkypckoii u Tymatckoii mporokamu (0,5).

[To 300reorpaduyeckoMy paliOHHPOBAHHIO B BUIAOBOM COOOILECTBE
MPOTOK JeNbThI p. JIeHBI Mpeobi1aaaroT KOCMOOIUTHBIE BUIBI (69,2 %).
Ha nonro maneapkruueckux BuioB npuxoautcs 28,2 %. M3 naubonee
YacTO BCTPEUYCHHBIX MPEACTABUTENCH MaleapKTHUECKOTO pacmpocTpa-
HeHMs1 oTMeueHbl Daphnia cucullata Sars 1862, Bosminopsis deitersi
Richard 1895 u3 Cladocera u Cyclops kolensis Lilljeborg 1901 — u3
Copepoda. 13 BUAOB C rolapKTHY€CKUM PacpOCTPaHEHHEM BCTpeUeHa
konoBparka Kellicotia longispina Kellikot 1879 (2,6 %).

[To GuoTronnyeckoMy MPEANOYTEHUIO OTHOCHTEILHO B PaBHBIX KOJIU-
YeCTBaxX MPE/ICTaBICHBI INIaHKTOHHBIC (38,5 %) u 3BpuTonHbie (35,9 %)
BUJIbI, MEHBIIIC BCTPEUYCHBI IPUOPEKHBIC U (PUTOPIIIBLHBIC TIPE/ICTABUTE-
JIM 300TUIaHKTOHA (25,6 %).
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B ce30HHOIT qTUHAMHKE 300IIJIAHKTOHA MOKHO OTMETUTh YBEIHUCHHUE
pa3Ho00pasus M KOJIMYESCTBEHHBIX TOKA3aTelIeH 300IJIAHKTOHA OT BECHBI
Kk JieTy. [lepBbie 00pasiibl 300IUIAHKTOHA, OTOOPaHHBIC BECHOU Cpasy Mo
OKOHYAHUU Jieqoxoaa peku Ha OneHekckoi mporoke u [maBHom CTBO-
pe B HauaJie UIOHS, XapaKTEPU3YIOTCS BeChMa OCHBIM BUOBBIM COCTa-
BOM U, COOTBETCTBEHHO, HU3KUMHU KOJIMUECTBEHHBIMHU ITOKA3aTEISIMU 30-
omiaHkToHa. Tak, B 3THX TOYKax OTOOpa 3a(pUKCHPOBAHBI MUHHMAIIb-
HBIE II0KA3aTelId YUCICHHOCTH U Guomaccsl: 2,1 Teic. 9k3./M> 1 3,9 Mr/m?
(puc. 2). Bo BTOpO¥i MOJOBUHE UIONS, T. €. JISTOM, Ha THX )K€ CTaHIU-
X 3a(UKCUPOBAHBI 00Jiee BBHICOKHE KOJMUYECTBEHHBIC TMOKA3aTENU: JIO
196 thIC. 5K3./M° 11 179 Mr/M*. MeHee 4eTKo MpOCIeKUBACTCS JaHHAs TH-
HamuKka s TymaTckolt mpotoku. B Havane urons B oOpasiax 3001IaH-
KTOHA [TOKa3aresn cocTasisuiy 24,3 Teic. 9K3./M> ¥ 85 Mr/M? 1S cTaHIn
Tymarckast (Amepuka Xast); BO BTOPOU TIOJIOBUHE HIOJISL ATH MTOKA3aTeIH
Jutst ctaniun Tymarckas Obuta 63,6 Thic. 9k3./M° u 107 mr/m?.
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JlaTa B cTaEIHES 0TOOpa HPOD Buonacca

Puc. 2. luHaMHuKa YHCJIEHHOCTH W OMOMACCHI 300IJIAHKTOHA MPOTOK
3a VI-VII 2014 .

Takum o00pa3zoM, BUAOBOE pa3HOOOpa3We 300IUIAHKTOHHOTO CO-
oOmiecTBa MPOTOK AeNbTHl p. JIeHsl 3a wroHb-ut0Ib 2014 T. ompenens-
JI0Ch KoJloBparkamu. Hanbosee 4acTto BCTpeUeHHbIE HAME TIPECTaBUTE-
JIY KOJIOBPATOK W HU3IIMX PAKOOOPA3HBIX SBISUIMCH XapaKTEPHBIMH JIJIS
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JIeJIBTOBO 00nactu pexu [ AOpamoBa, 1996; ['ykos, 2001]. KonuuectBeH-
HbIE TIOKA3aTeNIN 300IJJaHKTOHA B MPOTOKAX BapbHpPOBAJIU B 3aBUCHMO-
CTH OT 0COOGHHOCTEH BOAHBIX MAcC U MPOTOK, YETKO MPOCIEKHUBATIACH
Ce30HHasl JUHAMMKa 300MJIaHKTOHHBIX OPraHU3MOB, YTO HE IPOTHUBO-
pEUUT paHee NMPOBEJEHHBIM HCCIIEIOBAHUSAM Ha MPOTOKAX JENBTH PEKU
[['yxoB, 2001]. [Ipeobnamanu B cooOmecTBaX BUABI C IIUPOKUM PaCIIpO-
cTpaHeHueM. B nmpoTokax HaMu ObUTH BCTPEUEHBI KaK MIAHKTOHHBIE, DB~
PHUTOIHBIE, TaK U MPUOpeXHbIe BUABL. MccnenoBanHbIe BOABI IPOTOK Xa-
PaKTEepHU30BAIUCH KaK YMEPEHHO 3arpsi3HEHHBIC, OJIMTOCAPOOHbIE C OT-
KJIOHECHHEM B [3-Me30CanpoOHyI0 30HY.

Asmopul ebipasicarom 61a2o00apHocmb cuoponoeam Apkmuueckozo u Anmap-
KIMUYECKO20 HAYYHO-UCCIe008amenbckoeo unemumyma e. Cankm-Ilemepoypea
3a NOMOWb 8 NPOBEOeHUlU NOJEbIX UCCIed08anull 8 denvme p. Jlenvl. Paboma
8bINONHEHA Npu PUHAHCOB0U noddepoicke PODHU (npoexmur No 15-05-04442,
14-05-00787).
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HYDROBIOLOGICAL INVESTIGATIONS
IN THE LENA RIVER DELTA (2014)

G. R. Nigamatzyanova, L. A. Frolova
Kazan (Volga Region) Federal University

The article presents the results of hydrobiological investigations of the channels
of the Lena River Delta in spring and summer of 2014. 43 taxa were identified in
zooplankton. Zooplankton species composition and abundance were determined by
type Rotifera (Keratella cochlearis Gosse, 1851, Conochilus unicornis Rousselet,
1892). Mesocyclops leuckarti Claus, 1857, Copepoda and Bosmina longirostris
Muller, 1785, Cladocera dominated in zooplankton biomass. According to the
Shannon index and saprobic index, the channels were characterized as moderately
polluted and oligosaprobic with deviation to f-mezosaprobic zone.

HHTEI'PAJIBHASI OHEHKA 9KOJIOI'MYECKOI'O
BJIATOITOJIYUYHSA BOJAHBIX 9KOCUCTEM

E. A. IIlpumaxk, H. B. 3yeBa

Poccutickuii 2ocydapcmaennulii 2udpomemeopoio2udeckull yuusepcumen

B mpaxTuke mpupononoab30BaHusl OTCYTCTBYET €IUHBIN, OOLIepHHS-
TBI METOJl MHTErpaibHOIN OLIEHKH HEaJJUTUBHBIX CBOWCTB 3KOJIOTHYE-
CKHX CHCTEM: YCTOMYMBOCTH, YKOJIOTHUECKOTO OJIaronoiydus Bogoema
U Jp. D10 00ycnaBIuBaeT HEOOXOAUMOCTh IOMCKA IPUEMOB U pa3padoT-
KM METOJIOB MHTErpajbHON OLIEHKH HEAJAUTHUBHBIX CBOMCTB CIOMXKHBIX
CHCTEeM B Ipupoze 1 obmectse. B qanHo padoTe npeanokeH Moaxoa K
OLIEHKE YKOJIOTUYECKOTO ONIaromnoayvus BOAHOTO 00BEKTa.

Dkonoeuueckoe dnazononyuue 600Ho2o obvexma (ecological well-being
of water body) cormacuo [['OCT 17.1.1.01-77, 1978] — 310 HOpMaIBHOE
BOCIIPOU3BE/ICHIE OCHOBHBIX 3BEHBEB JKOJOTMYECKOH CHCTEMBI BOJHOTO
oObekTa. [IpudeM K OCHOBHBIM 3BEHBSIM 9KOJIOTUUECKOW CHCTEMBI BOJJHOTO
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00BEKTa OTHOCATCS MENIArMYECKHe U MPUAOHHBIE PAaKOOOpa3HbIe U PHIObI.
Onnako B TaHHOH paboTe aKonocuueckoe Orazononyyue paccMaTpuBaeTCs
C JIPyTOM CTOPOHBI 1 OTOXKECTBIIAETCS C MOHATHEM «XOPOLIash WU «ONTHU-
MaJibHasD) ISl YeloBeKa (TiApoOHMOHTOB) BOAHAS SKOCHCTEMA.

Ilonxoap!l K BBIAEIEHUIO HOPMAJIBbHOM (IIOHMMaeMON Kak Xopoluas,
ONTUMAJIbHAS [T YEJIOBEKA) SKOCUCTEMBI M HX aHaJN3 ObUIH 00001IeHbI
E. JI. BopoGeituuk ¢ coasropamu [Bopobeitunk u ap., 1994]. B pesynn-
Tare OblIa ONpeeNieHa «XOPOLIash HKOCHCcTeMa. DTO HIKOCUCTEMA C MakK-
CHUMaJIbHOM U pa3HOOOpa3HOM MPOAYKUUEH, yIOBIETBOPSIOLIEH YKOHO-
MHUYECKUE U ICTETHYECKUE MOTPEOHOCTH YeJI0BEKa, CYyLIeCTBYIOLIas He-
OTpPaHUYEHHO JI0JITO B U3MEHSIOILEHCS cpejie.

[IpusHaku «xopouiei» (a5t 4eIoBeKa) BOJHON SKOCUCTEMBI M UX U3-
MEHEHHUE MO KJIaccaM ONaromoiyyusi COCTaBIISIIOT OCHOBY Kiaccu(uka-
UM 9KOJIOTHYECKoro Ojaronomyuusi B AaHHou pabote. [Ipu co3nanun
KJacCU(pHUKALUU HCIOIb30BAaHO COBMELICHHE aHTPOMOLEHTPHYECKO-
ro U OMOLEHTPUYECKOTO MOIXO0B, YUTCHBI IPUHINIIBI HOPMUPOBAHUSI
H. C. Crporanosa [[ento, 1990]: npuopuTeTHOCTh B UCIONB30BaHUU
BOJIOEMOB, JIOCTaTOYHOCTh CaMOOYHILECHHUS, 00ECIEeYEeHHOCTh YCIOBHM
JKU3HH JJ151 IPOMBICIIOBBIX 00BEKTOB, PUTOAHOCTD BOABI ISl TUTHEBBIX
ueneil. [Ipu3Hakamu OnaromnoayYHol NPUPOAHON SKOCUCTEMBI, CIELys
B. B. Imutpuesy [[Amurpues, 2000], npeanaraercs cCHUTATh:

1) MakcuMasIbHas MPOTYKIUS pECYPCHOTO 3BEHA;

2) BBICOKHI 3amiac OMOMACCHI PECYPCHOIO 3BeHA;

3) MakcuManbHOE BHIOBOE pasHOOOpasue OHOTHI;

4) BBICOKOE Ka4yeCTBO BOJBI;

5) BbICOKasi yCTOMYMBOCTH K BHELTHUM BO3AECHCTBUSAM;

6) HM3Kas CKOPOCTb 3arpsi3HEHMS, 3aKUCICHNUS, SBTPOPHUKALIIH;

7) BBICOKas CTENEHb CAMOOUNIIICHHUS;

8) crmocoOHOCTH COXpaHATH BHIILIEHA3BAHHBIC MPU3HAKH PEATBHO He-
OTpaHUYEHHOE BpPEMs.

Ecnu w3 ymcna mepeyncieHHbIX TPU3HAKOB yOpaTh Mpu3Hakd 2, 3
U 8, TO MpUPOIHAs BOIHASI SKOCUCTEMa MOXKET OBITh 3aMEHEHa MCKYC-
CTBEHHBIM BOJOEMOM, HCIIOJBb3YEMBIM B PHIOOXO3SHCTBEHHBIX LIEISX.
Ecnu noxxepTBoBaTh NEPBBIMU TPEMsI IPU3HAKAMH, TO IPUPOAHAs HKO-
CUCTEMa HEe CMOXKET MPEACTABIATh HHTEPEC IS YeJIOBEKa Kak HCTOYHHUK
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BOJIHBIX PECYPCOB BHICOKOTO Ka4eCcTBa. A eciii yOparh U3 mepeyHs TOJb-
KO TIOCJICIHUU MPHU3HAK, TO MPUPOJHBIA BOAHBIA OOBEKT MOXET OBITH
TaKKe 3aMEHEH MCKYCCTBEHHOW BOAHOU HKOCHUCTEMOM, KOTOpas MOXKET
CYIIIECTBOBATh TOJIBKO B CIIydae ONTHMAJIbHOTO YIIPABICHHUS ¢ (PyHKIU-
OHUPOBAaHUEM YEJIOBEKOM. BKitoueHue B mepeueHsb 4-ro mpu3Haka Io-
3BOJISICT CHU3UThH «IIOTPEOUTEIIBCKOE» OTHOIICHUE YEJIOBEKa K MPUPOJIE
U UCIIOJIb30BaTh BECOMOCTh JAHHOTO MPU3HAKA B UHTETPATILHOM OLIEHKE
BOJTHOM PKOCHUCTEMBI C IMO3UIUI OUOIIEHTPHU3MA.

Takum 00pazoM, 00OOIICHUE ¥ aHAIN3 MEPEUUCICHHBIX MPU3HAKOB
TpeOyIOT ydeTa MepCIeKTHB HCIONb30BaHUS BOJHON YKOCHUCTEMBI YeJO-
BEKOM. DTO 00yCIIaBIMBaCT BHECCHUE HEOOXOIMMBIX TSI CBEPTKU HH(DOP-
MaIui IPUOPUTETOB MEKAY UCXOMHBIMU KpuTepusiMu. [lomyueHnslit pe-
3yJbTaT OIIGHKU B ATOM Cly4ae OyJeT UMETh HE TOJIBKO PETHOHAIBHYIO U
BPEMEHHYIO IIPUBSI3KY, HO U 3aBUCETh OT BUJIA €€ UCTIONb30BAHUS. 3HAUUT,
OJTHA U Ta K€ HKOCUCTEMA, B 3aBUCUMOCTHU OT ITUIAHUPOBAHUS €€ UCIIONb-
30BaHMs YETIOBEKOM ]ISl CBOUX HYKI, MOXKET ObITh Ha3BaHa OJIaronoimyy-
HOI1 B OOJIBIICH MITH MEHBIIIEH cTereHn. BaxHbIM SBISETCSA U TO, YTO KO-
HEHTPU3M (TCOLCHTPH3M) B pa3pabOTKe OLIEHOYHOW KITaCCHU(HUKAIIUK IKO-
JIOTHYECKOTO OJIArornoTy4ust MOXeT 00YCIIOBUTh BEIPAOOTKY COOCTBEHHBIX
KPUTEPUEB, IO KOTOPBIM CUCTEMa MOXKET OBbITh IMPH3HAHA OJ1aronoyYHOM.

B nienom, MOXKHO cka3ark, 4TO pa3padoTKa KPUTEPHUEB IKOJIOTUIECKO-
ro OJIarONONyYHsl CYIISCTBYIOIIUX WA MPOCKTUPYEMBIX IKOCUCTEM SIB-
JISICTCSI CIIOKHOM 3a7aueit u TpedyeT MPOBECHHMsI CIICIIMATBLHBIX UCCIIe-
noBanuii [[Ipumak, 2009].

Haubomnee onTuMaabLHBEIM MOAXOA0OM K OI[CHKE DKOJIOIHYECKOTO Ona-
TOTOJYYHS MOYKHO CYMTATh HHTETPAIbHYO OIIeHKY. OHa I03BOJISIET 00b-
€IMHUTH B OJTHO LIETIO€ paHee MOIyYeHHbIE MHOTOKPUTEPUATIbHBIC OLICH-
KH C y4E€TOM MX BKJIaJia B OOIIyI0 OIeHKY. lIHTerpanbHast oligHKa OCHO-
BBIBACTCS HA PE3yJbTaTe MHOIOYPOBHEBBIX CBEPTOK MH(OPMAIIMH O CO-
CTOSIHUM CHUCTEMBbI. MeToauKa MOCTPOCHUS UHTErPATbHOTO MOKA3aTess
OCHOBBIBAETCSI HA METOJIC CBOJIHBIX MOKA3aTee WK METOAE PaHIOMHU-
HU3UPOBAHHBIX CBOJHBIX MoKazareneit [XoBanos, 1996, 1998]. Hauubiit
METOJI XOPOIIIO 3aPEKOMEHI0BaJ ce0sl KaK MHCTPYMEHT JIJIsl CHHTE3a UH-
dbopmanu 0 pa3IMYHBIX CBOWCTBAX CIOXHBIX CHCTEM B IPUPOJIE U 00-
mectse [[murpues, @pymun, 2004].

340



OCHOBBIBasICh Ha OOIIUX MOJIOKEHUSAX O OJIATOIOIYYHOH HKOCUCTEME
ObuTM 0TOOpaHkl cienyromue npusHaku [Ipumak, 2009]:

— KaueCTBO BOJBI, KOTOPOE IPEIaracTcsi OLCHUBATh 0 YAEIbHO-
My KOMOMHaTopHOMY uHaekcy 3arpsisHenus (Y KN3B), pacuer koToporo
BBelleH B cooTBeTcTBUH ¢ [P/] 52.24.643-2002];

— TPOIYKIHs pECypCHOTO 3BEHA, OIICHUBAEMasl C IIOMOIIbI0 UXTHO-
MAacChl;

— BUJIOBOE pa3HOOOpa3ue OMOTHI (MAKPO300OCHTOCA), OLICHUBAEMOE
ungekcoMm lllenHoHna;

— CKOPOCTh CAMOOUUIIICHHUS BOIHOM YKOCHCTEMbI MOJKET OLIEHUBATh-
s TI0 3HAUYCHUSIM (PUIIBTPAIMOHHON aKTUBHOCTH WUJIM BPEMEHH OCBETIIe-
HUS BOJIbI 300IIaHKTepamMu-(puibsrparopamu. B 0CHOBY KitaccupuKaim
OIICHKH DKOJIOTUYECKOTO OJIaromoiTyqust TOJI0KEHBI JIBa TIPU3HAKA: CKO-
POCTh (PUIBTPAIIUM BOJBI 300TUIAHKTOHOM M OMOMAacca 300TUIAHKTOHA.
DTO CBS3aHO C TEM, YTO 3HAUCHUS (PUIIBTPAIMOHHON aKTUBHOCTH C YBe-
JUYEHUEM TPO(HOCTH BOJOEMA MOBBIIIAIOTCS, OJHAKO B TUIIEPIBTPO(h-
HOM BOJIOEME C YMEHBIIICHUEM CKOPOCTH (DMIIBTPALIMU BOJbI 300TLIAH-
KTOHOM, HO C OOJIBIIUM YBEJIMYCHHEM OHOMACCHI 300TIAHKTOHA CKO-
pPOCTh (WIBTPALUU TTOHIKAETCS, MTOITOMY BO3HUKAIOT ONPEACIICHHBIC
TPYIHOCTH B IMIOCTPOSHUH OLEHOYHOH IIIKAJIbI, KOTOPAs JISKET B OCHOBY
KJIACCU(UKAIIMU YKOJIOTHYECKOTO OIaronoayyusi.

— TpO(UYECKHIl CTATyC BOJOEMa OLECHUBACTCS C IOMOIIBIO IPO-
3pauHOCTH U KOHIEHTPAIUH XJI0poduiLia a;

— canpoOHOCTh BOJHOTO OOBEKTA, OLIEHECHHAS C MIOMOIIIBI0 MH]IEKCa
canpoOnoctu [Tantie u bykka B Mmogudukarmu Crnagedexa.

B Tabn. 1 mpeacrapneHa kiaccu(UKaius 3KOJIOTHISCKOTO OJIarormo-
JIy4usi BOAHOHN 3KOCUCTEMBI [0 BBIOPAHHBIM MTPU3HAKAM U yKa3aHbI KOH-
KPETHBIC XapaKTEPUCTUKHU.

Crneyst METOIMKY ITOCTPOCHUS UHTETPAIIBHOTO MOKa3arelis [ XOBaHOB,
1996, 1998], ObL1a pa3paboTaHa MIKajia MHTETPAIBHOTO WHJIEKCa 01aromno-
Jy4ws, npeAcTaBieHHas B Ta0m. 2. OHa mpeacTaBiIsieT COO0 HempephIB-
HYIO OILICHOUHYIO KTy, KOTOpasi IO3BOJISIET MOJTy4YaTh YHCICHHBIC 3HAUC-
HUSI MHTETPAJIbHBIX TOKA3aTelei OJNIaromoinyyust Ui pealibHbIX BOIHBIX
JKOJIOTUYECKUX CHUCTEM C YYETOM MPUOPUTETOB UCXOIHBIX XapaKTepH-
CTHK, BRIOPAHHBIX JIJISl OIICHKU 3KOJIOIMYECKOTO OJIaromoryyusl.
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Taonauuna 1. Knacendukamus 3K010ru4eckoro 6Jaronoiyqust BoJIHoMH 3K0-
CUCTEMBI

CrernieHb 0J1aronoIy4usi, KJacchl Oaronoyyus
[Ipusnaxu Bricokas [Beie cpenneit| Cpennsisi (Huke cpenneii| Huszkas
1 1I 111 v \

1 12 2-4 4-11 11-16

KauecTBo BOBI 1O
YKHN3B

CxopocTh (huIbTpanuu
BOJBI 300IUTAHKTOHOM, | > 0,60 0,60-0,25 ]0,25-0,15| 0,15-0,025 |<0,025
a/mMr CYTKH

ChIp.BECa

Buomacca 300miankTo-

<0,2 0,2-1,0 1,0-2,0 2,0-6,0 > 6,0
Ha, MI' CMp'Bm/Jl
Mxrtuomacca, r/m? <1725 1,25-2.5 2,5-20 2040 > 40
Wupexc canpobHoCTH
[Tantie u bykka B Mo- <0,5 0,5-1,5 1,5-2.,5 2,5-3,5 >35
qubukaimn Crageyexa
Munexc BugoBoro pas-
HOoOpa3us LllenHoHa, >3 3-2 2-1.,5 1,5-1 <1
OHMT/IK3.
IIpo3padHoCTh, M >7 7-5 5-2 2-0,5 0,5-0,1
Kormerrpaus x10po- |- _ g 815 15-30 30-60 > 60

dwina a, mr/m?

Taéauua 2. llkana uaTerpaabHoro uHaekca Q 1Jisi OllEeHKH IKOJIOTHYe-
CKOro 0JIaronoJiy4yusi BOAHbIX 00beKTOB

CreneHb O1aronoay4us, KJIacchl OJarononryyus

Wnnexc | Boicokas | Beiie cpesneit Cpennsist Huxe cpenneit | Huzkas
I 11 111 v \Y%
Q 1-0,889 | 0,889-0,698 0,698-0,495 0,495-0,186 0,186-0

CaMoe BBICOKOE SKOJOTHYECKOe OIaromoiydyre COOTBETCTBYET 3Ha-
yeHnro, paBHOMY 1. IlpenensHo HHU3KOE OMaromoiydre COOTBETCTBYET
HYJIEBOMY 3Ha4€HHI0. TakuM 00pa3oM, HHTETPaTbHBIN MOKa3aTeNb TaeT
BO3MOXXHOCTH Ha KOJTMIECTBEHHOW OCHOBE MPOCIETUTH JMHAMUKY U3Me-
HEHHS 9KOJIOTHIECKOTO OJIarormoIyqrst BOMHOTO OOBEKTa.

OTMeTHM erie pa3, 9TO Ha CETOAHAIIHUN IeHb OTCYTCTBYET CMHbIH,
OOIIETIPUHATHIT METOJl OIIEHKH KOJOTHYECKOTO ONIaroTmoIy4Hs BOgOe-
Ma. [IpennokeHHBIN TTOAXO/, IO MHEHHIO aBTOPOB, JIYYIIe IPYTUX COOT-
BETCTBYET ITOCTABIEHHBIM IEJIIM U 3a/1a9aM HCCIIEIOBAHHI O OICHKE
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9KOJIOT'HMY€CKOI'O 6narononyq1/m BOJHBIX 06’beKTOB, TaK KakK Jy4lIC apy-
rux odecreueH HCO6XOI[PIMOI>'I I/IH(l)OpMa]_[I/Ief/'I " JaC€T aICKBATHYIO OLICH-
Ky O CTCIICHU Omar OIIOJIy4us pacCMarpuBacMoro y4actka BOJHOT'O 005-
C€KTa UJIKM BOOAHOI'O 00BEKTa B OCJIIOM.

Hccnedosanue svinonuerno npu gunarcosoti noooepicke PODU 6 pamkax
Hayunoeo npoexma Nel6-35-00382 mon_a.
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INTEGRATED ASSESSMENT OF ECOLOGICAL
WELL-BEING OF WATER BODY

E. A. Primak, N. V. Zuyeva
Russian State Hydrometeorological University

The environmental management lacks a universally accepted method for the
integral assessment of non-additive properties of environmental systems such as
sustainability and environmental well-being among others. Therefore, there is
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a need in searching techniques and developing methods for integral estimation
of non-additive properties of natural and social complex systems. The paper
deals with the approach to the assessment of the ecological well-being of water
bodies.

OLEHKA COCTOSIHUS 300BEHTOCA O3EPA WJIIBMEHb
oA BIUAHUEM AHTPOIIOI'EHHBIX ®AKTOPOB

B. B. IIni:xoBa, T. B. HukuTtuHa

Tocyoapcmeennviil HAYUHO-UCCIE008AMENbCKUL UHCTIUNLYM
03epH020 U peyHo2o pbibHo2o xossticmea um. JI. C. bepea

HccnenoBansl BONpockl cocTosiHUS 03. MnbMeHs 1o ruppobuonoruye-
CKUM XxapakTepuctukaM. Ha oCHOBe aHaJiM3a pe3ysbTaToB 0TOopa mpoo
BOJIBI, JOHHBIX OTJIOKEHUM, MOJUTIOCKOB 3a mepuoa ¢ 1995 mo 2014 r.
C/IeJIaHbl BBIBOZBI 00 aHTPOIIOTEHHOM BO3JEHCTBUH Ha 3000€HTOC 03¢epa.

Ozepo UnbMeHb SBISETCS OMHUM W3 CaMBIX OOJBIINX 03€p JIeIHU-
KoBoro npoucxoxaenus Cesepo-3anannoro peruona. Crok u3 Mnbme-
HSl OCYIIECTBIISIETCS Yepe3 p. BomxoB, B MCTOKE KOTOPOH PacIIONOKEeH
r. Benmukwit Hoeropos. [Tmomaae Bogocoopa BonxoBa cocTaBnser okoio
5 % obmeit uomaau MinbMeHb-BomxoBckoro 6acceliHa, TO3TOMY Ha TH-
JPOXUMHUYECKHI cOCTaB BOJBI B p. BonxoB OonbIioe BIHMsSHUE OKa3bIBa-
et Wnemens. [l ropoia 03epo SIBISIETCSl OTHUM U3 TJIaBHBIX UCTOYHU-
KOB TIPECHOM BOJIBI, 00OCTPSIOIIHICS Ne(UITUT KOTOPOH 3aHUMAET 0CO-
00e MeCTO B YHCIIe TII00ATBHBIX IKOJIIOTUIECKUX pobiaeM. B HacTosIee
BpeMsI TIPECHOBOJIHBIE 03€pa JIETPAANPYIOT U UCUE3aI0T C YBEIIMYNBAIO-
HIEHCS CKOPOCTHIO, TIPH ATOM ACSATEIHHOCTh YEIOBEKA UM B PAJE CIIy-
4yaeB, HAPOTUB, €T0 TTACCHBHOCTh — IIaBHBIC TIPUYHHBI THOSIH BOJOC-
MOB. [ToaTOMy OIIeHKa COBPEMEHHOTO COCTOSIHHS 03. IbMeHb sBIsieT-
s KpaliHe HeoOX0UMON /ISt pa3pabOTKY TTaHa MEPOTIPUSITHIA, HaIpaB-
JICHHBIX Ha MPEIOTBPAIICHNE €T JeTPpalalliH.

CoBpeMeHHbI WnbMeHb — MENKOBOJHOE 03€pO C IUIOCKUM THOM
u3 10-merpoBoro mia. Pasmepsr u gopma o3epa CHIBHO H3MEHSIFOTCS
BCJIE/ICTBUE 3HAUUTEIbHBIX BHYTPHUTOOBBIX U MEKTOOBBIX KOJIEOaHHI
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YPOBHSI €r0 BOJ B YCIIOBUSIX IUIOCKOM PaBHUHHOM noWMBIL. IIpu BbICO-
KX KoieOaHusiX Bce Oepera o3epa, KpOME CEBEpO-3alaJHOro M IOro-
3arajJHoro, 3aTOIIAIOTCS Ha poTskeHnH 2—15 kM. [Ipu aToMm muiomans
BOJIHOM MOBEPXHOCTH yBenuuuBaercs Ha 10—15 %. B ozepo Bmanmaer 19
pek mmHoi 6onee 10 KM M HECKOJIBKO COT pyubeB. O3epo, obnagast Ma-
70# m1youHoH (1-2 M B mpuOpekHO# 30HE U 4—5 M B LICHTPaJILHOIT), Me-
HSeT Boay 4 pa3a B rofl. OT0 0OBSCHSET CHIIBHYIO 3aBUCUMOCTh €€ XUMHU-
YEeCKOr0 COCTaBa OT XMMUYECKOTO COCTaBa U 00beMa PEUHBIX CTOKOB, a
TaKXe BOBMOKHOCTb 00pa30BaHUs JIOKAJIbHBIX TPOOJIEMHBIX 30H, Xapak-
TEPU3YIOLINXCS MOBBILIEHHON KOHIIEHTpAIe BPEIHbIX BEIIECTB.

Jnst oneHkH coctosiHMs 03. MITbMEHb MCTIONB30BATIMCh THAPOOUOIOTH-
YeCKHe XapaKkTepUCTHKU. Bce MHOTONeTHHE THAPOOHOTIOrHYECKUE TIOKa3a-
TeNM CBS3aHBI MEXIY COOOH M B COBOKYIHOCTH JAlOT HauOonee MOTHYIO
KapTHHY COCTOSIHUSI BOJJOEMA, TaK KaK MO3BOJIIOT OLIEHUTH MOCIEICTBUS
JUTUTENIBHOTO aHTPOIIOTEHHOTO BO3/ICHCTBHUS HAa BOJOEM H €r0 OOUTAaTEIIeH.

Lenb paGoTsl: aHamu3 coCTOSIHUS 03. MIIbMEHb 110 MHOTOJIETHUM TH-
JpOOHOIOTHYECKHM HCCIIEAOBAHUSAM 3000€HTOCA MPH aHTPOIIOTEHHOM
BO3JECHCTBUU.

Marepuaj U MeTOAMKa HMccieJ0BaHUil 3000eHTOCca. CocTaB Ha-
OmrofeHUi:

— BHUJIOBOM COCTaB;

— o0was YMCIeHHOCTh B OroMacca;

— YHUCIEHHOCTb M OMOMacca OCHOBHBIX CHCTEMAaTHUECKUX TPYIN U
MacCOBBIX BU/IOB;

— TPOCTPAaHCTBEHHOE pacIpesesieHHe;

— MHJIUKAaTOPHBIE BUJIBI.

Ha ka0l ruipoOHOIOrHYECKO CTAaHIIMN OTOMPAIOTCS POOBI 300-
Oenroca (puc. 1). st uccnenoBanus yciaoBuid OOUTaHHS THIPOOHOHTOB
OZIHOBPEMEHHO C 0TOOPOM T'MAPOOHOIOTHUECKUX MPO0 Ha KaKIOH CTaH-
LK U3MEPSIOTCS IIyOMHA, TeMIIepaTrypa BObl, IPO3PaYHOCT (10 JUCKY
Cekkn), KOHIEHTpAIMs B3BELICHHBIX BEIIECTB, COACPIKAHNE KUCIOPO/Ia.

MeTtonuka ucciaenoBanuid. [IpoObr 3000eHTOCAa OTOMpArOTCS THOYEP-
nareneM [lerepcena c miomanpko 3axsara 0,025 M. OTMBIBKA TPyHTA C UC-
nosib3oBaHueM cuta Ne 23 mpoBoAUTCS cpasy Hocie B3STH TPoObl. OTMBI-
Thle TIPOOBI uKcUpyroTest 4%-M pacTBopoM (popmanuHa. 3apuKcupoBaH-
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HbIE IPOOBI TPAHCIIOPTUPYIOTCSI B CIICLMATIM3UPOBAHHYIO Jabopartopuio. B
71a00paTOPHBIX YCIOBHUSX BBITIOIHAETCS KaMepasibHast 00paboTKa mpo0o.

B naboparopHbIX ycIOBUSAX OpraHU3Mbl BEIOUPAIOTCS U3 TPYHTA, O
CUMTBHIBAIOTCS. U B3BELINBAIOTCA HA TOPCHOHHBIX BECax ¢ TOYHOCTBIO JI0
0,0005 r. B3BemmuBanue opraHu3MOB MPOBOIUTCS Pa3EIbHO MO OCHOB-
HBIM TaKCOHOMHYECKUM Tpynnam. J{jst onpeaeneHus: TakcOHOMHYECKO-
r'0 COCTaBa MACHTU(PHUKALNIO OPTaHU3MOB MIPOBOASAT JI0 BU/A (32 HCKITIO-
yeHueMm Hematon). OnpernesneHre BUA0B IPOBOAUTCS C UCTIONb30BaHUEM
MHUKpPOCKOTa 1 OMHOKYJISIpa.

*p, Bonxos
L\wup. - ApKaJCcKuii 3B
Po
p. Bepsxa p. Huma

10

e 18

O /.
Curerkmuii

p. Jlosats 3a7HB

Tynebenbckuit
3aIUB

Puc. 1. PacnojioikeHue craHuuii ord6opa rugpoonoJornyecKux
npo6 Ha 03. UnbMeHb

3000eHTOC 03. IIbBMEHB MpeCcTaBiieH TPEeMsi OCHOBHBIME TPYIIAMHE
OpPTraHU3MOB — OJIUTOXETAMHU, XHPOHOMHUIAMH U MOJUTIOCKaMHU.

BunoBoii coctaB 3000eHTOCa 03. mbMeHb B 2014 1. ObLT Ipe/iCTaBIICH
19 TakcoHamu >kuBOTHBIX. Hanbonbiiee BuoBoe pazHooOpasue oTMeua-
JIOCh B TPYIIIEe XUPOHOMU — 9 BUAOB. MOJIUTFOCKHM OBLITH TIPE/ICTABIICHEI 7
BuaMu. OJIUTOXeThI, HEMATOBI 10 BUA HE ONpenesuimch. OcTaabHbIe
CUCTEMaTUYECKUE TPYIIIBI PEICTABICHBI 1—2 BUAaMU OpraHN3MOB.

B nenom mo o3epy ¢ 1995 no 2014 r. uncaeHHOCTh 3000€HTOCA Ba-
pbrpoBana ot 1396 sx3./M? (2008 1.) 10 2980 sx3./M? (1996 1.) (Tabmn.).
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Yucaennocts (N, 3k3./mM?) u 6uomacca (B, r/m?) oTae bHbIX pynn 3000eH-
Toca M UX coOTHOeHne B 03. Mnbmenn B 1995-2014 rr.

Ton Onuroxetsl | XupoHOMHIBI | MOUTIOCKU [Ipouee (Kolgfg;;)oﬁ)
N B N B N B N B N B

1995 | 450 | 287 B0 Lo 30 1O 60 0L o610 | 4
1996 | 1950 | 194 | 1650 ) 247 | 180 | 104 | 40 | 001 heg) | 545
I el Bl el Bl el el B s RUT R
1999 | 82 | 196 dond  LT6 a8 LT 3T 003 gz | s g6
a000 | 28| 201 180 10 2B LG T B8 00 | 4t
e el Bl el Bl vl Bl B el R D
a00p | ST | 1501 208 ) 201 1 &) 0AL O 028 05 | 43
2003 |23 ]2 1 60| 725 46060 3 001 55 | 453
2004 | L2501 AR LB 3308 R BB g1 | seo
a005 | 133 3001 AR 008 ) 333 016 D B0 5060 | 600
a005 [ 1333 3001 AR 008 ) 333 016 IR0 060 | 600
2006 | 108 | 345 | 1406 LT 35 0SS A0 031500 | g
2007 | 22| 21128 LT A 02T L 008y g |y s
a008 | 22| 28316 1 232 ) 28 ) 388D B2 1306 | 11,77
2000 | 132|200 | AL A8 1AL OB 01 | 1687 | 968
2010 | 22| | B | LR T AT S 0 o | son
dor | 2| SELY 62 138y L 20T 303 1036 | g |y
2012 | 1986 13031 T2 12Ty 122 L | B | 020 g6 | s 6
p013 | IR | 2R 12 0T0 ) AT 046 10 BD0 5130 | 306
So14 | 1066 ig% % Li% 1%1 l§86—7 % %2& 1813 | 6.40

Ipumeyanue. N, 5x3./M*> — YHCICHHOCTH; B, 1/M? — OnomMacca.
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OnuroxeTsl pacnpocTpaHeHbl MO Bcel miomanu ozepa. Mx umc-
JIGHHOCTh BapbupoBaia oT 670 sk3./M> (2002 r) mo 1593 sk3./m?
(2005 1.). B rpynme XupoHOMHUJ HauMOOIEe 4YacTO BCTPEYAHCH
Procladius ferrugineuis, Cryptochironomus rp. conjunges, Polypedium
rp. scalaenum u Chironomus plumosus. Mx 4ncieHHOCTs BapbupoBaia
ot 439 sk3./M? (2010 ) m0 1680 sx3./M* (1996 1.).

OCHOBHYIO YacTh OMOMACChI CO3/1AI0T OJIMTOXETHI, HA BTOPOM MECTE —
xupoHoMubl. HecMoTpst Ha TO 4To HamOoJbIlee BUJOBOE pa3HOOOpa-
3Me OTMEUEHO CPelr MOJUTIOCKOB, MX YHCIEHHOCTh M OMomacca Hecy-
[IECTBEHHBI.

OO0cy:xneHue pe3yJabTaToB. 3a mepuon ucciaenoBanuit ¢ 1995 mo
2014 r. OBIJIO YCTaHOBIEHO, YTO YHUCICHHOCTh U OMoMacca 3000eHToca
yMeHbImich. Hanmenpme nokasarenu Haomonanuck B 2008 1., Han-
oonbmme — B 2003 . DTO CBA3aHO C aHTPONOT€HHON HArpy3koi Ha BO-
JHBIE OMOILEHO3bI 03epa MPU NPOBEACHUH THIPOTEXHUYECKHUX PaloT.

OTtpunarensHOe BO3ACHCTBHE aHTPONOIEHHON HAarpy3KH Ha BOJHBIC
9KOCUCTEMBI, HapsIly € AKCIUTyaTaleil MHOTOUMCIICHHBIX BO03a00POB,
3arpsi3HEHHEM CTOYHBIMHU BOJAaMH, CKa3bIBA€TCsl MPH NMPOBEACHUH pa3-
JMYHBIX BHJIOB TUAPOTEXHUUYECKUX pabOT (CTPOUTENBHBIX, JOOBIYN He-
PYIOHBIX UCKOTIAeMbIX, THOYTITYOUTENbHBIX).

l'mpporexunyeckue paboThl paccMaTpUBAIOTCS KaK MOILIHBIN aHTPO-
MOTeHHBI (PaKTOp, HETaTUBHO BIMSIOIIMK Ha JOHHBIE OuoueHo3bl. Ha
03. MnbMeHb eKerogHo MpOBOIATCS THAPOTEXHUYECKHE paboThl, KOTO-
pble BIMSIOT Ha BOJHBIE YKOCHUCTEMbl. MHOTOUHCIICHHBIE UCCIIECIOBAHUS
MOCBSILIEHBI OLIEHKE HETaTUBHOTO BIMSHUS JAHHBIX (JaKTOPOB Ha Pa3IHy-
HBIE TPYIIBI TUAPOOHOHTOB ((PHUTO-, 300TIIAHKTOH, 3000€HTOC U PBIOY).
HenocpencteenHoe Bo3neiicTBHE BCIEICTBUE HApYyLIEHHUs! JOHHOM MO-
BEPXHOCTH U TMEPEMEILEHHUsI TPYHTOB MCIIBITHIBAET 3000€HTOC, 3a4acTyI0
HaOogaeTcs Tuoeb JOHHBIX OPraHU3MOB. 3000€HTOC TIOTHOCTBIO TTOTH-
0aeT B rpeiiepHBIX KOBIIaX U pedyrepax 3eMCHAPsIIOB, IPH ATOM H3Me-
HSIETCS XapakTep JOHHBIX OMOTOIOB, YMEHBIIAIOTCSI BUIOBOE Pa3zHOOOpa-
3Me U KOJIMYECTBEHHBIE XapaKTEPUCTHKH JOHHBIX OMOLIEHO30B. Takue n3-
MEHEHHsI HOCST JIOKaJIbHBIA XapaKTep M MPOCIEKHUBAIOTCS JHIIb HA He-
OOJNBIINX YyYacTKaX, HaXOMIIMXCS TMOJ HEMOCPEICTBEHHBIM MeEXaHUYe-
CKUM BO3AEHCTBUEM pabOTAIONIIMX MEXaHU3MOB.

348



[ocnenctsus, BbI3bIBaeMble pabOTaMK Ha BOAHBIX O0BEKTAX, POSIBIIS-
I0TCS1 Cpasy JKe M MPO0JIKAIOTCS B TEUEHHUE psijia JieT. YeM anuTenbHee pas-
paboTka TpyHTa, TEM 3HaYMTENIbHEEe BO3IEHCTBUE HA OOHMTATEIeH BOIHOTO
obbekTa. B TO ke Bpemst OmoMacca OEHTOCa BOCCTAHABINBACTCS MEIJICH-
HO — uepe3 3—5 JeT u He B oHOM o0beme. CocTaB ero o0eHsIeTCsI, TIPO-
JQYKTUBHOCTB cOCTaBUT He Oosiee 50 % OT mepBoHAYaIbHOM, OCTAILHOE —
9T0 0e3BO3BpaTHbIC sl PHIOHOTO X03siicTBa motepu. K ocodkim, 6e3B03-
BPAaTHBIM MOTEPSIM PHIOONPONYKIIMH OTHOCHTCSI IIOIHOE OTTOP)KEHUE PhIO-
HBIX YTOOUH U HEPECTUIIHIL, KOTOPBIE HE MOAJIEKAT BOCCTAHOBICHHIO.

JluHaMUKy BOCCTaHOBIICHHS OMOIIEHO30B 3000eHTOCa B 03. VInbMeHb
MOXHO TipocieuTh ¢ 1995 no 2014 r. (puc. 2-3).

Vil |
1500 b V \,/_’J\

500

1997
1999
2000
2001
2002
2003
2008
2009
2010
2011
2012

g
R

1995
1996
2005
2006
2007
2013
2014

Puc. 2. Unciaennoctn 3000enToca B 1995-2014 rr.

14

12

Puc. 3. buomacca 3006enToca B 1995-2014 rr.
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BbiBOaBI. HpI/IMCHﬂeMaSI B HaACTOAIIEC BpEMsA TEXHOJIOI'US BEAC-
HUA TUAPOTCXHUYCCKUX pa60T OKa3bIBA€T HCIraTUBHOC BOBHGﬁCTBHC Ha
Kau€CTBCHHO-KOJIMYCCTBCHHBIC ITOKA3aTCIIM JOHHBIX GI/IOI_ICHOBOB. Boc-
CTAHOBJICHUC MPOUCXOAUT MCIJICHHO, B TCUCHHUC psAaa JICT. I[J'Iﬂ 03. Ninb-
MCHbB IEPUOA COCTABJIACT 3-5 net. BMecTe ¢ TeM BOCCTaHOBJICHHUE JOH-
HBIX COO6H.IGCTB B IIOJIHOM 00BEME HEBO3MOKHO B JIaHHBIHI MOMCHT, TakK
KaK THAPOTECXHUYCCKUC pa60TLI Ha 03€peC MPOBOAATCA C€IKETOAHO.

ASSESSMENT OF THE ILMEN LAKE ZOOBENTHOS UNDER
THE INFLUENCE OF ANTHROPOGENIC FACTORS

V. V. Pyzhova, T. V. Nikitina
State Research Institute of Lake and River Fisheries L. S. Berg

The paper deals with the assessment of Ilmen Lake condition by hydrobiological
characteristics. The data of the analysis of water samples results, the composi-
tion of bottom deposits and mollusks inhabiting the lake during the period of
1995 to 2014 allowed making conclusions about anthropogenic effects the lake
zoobenthos experienced.

IKOJIOI'NYECKAS OLHEHKA U 9KOJOI'MYECKAS
BE3OITACHOCTbB B KOMIIVIEKCHOM UCCJIEJOBAHUN
COCTOAHUA YEPHOT'O MOPsL

C. U. PyouoBa
Hucmumym npupoono-mexnuueckux cucmem, Cesacmonons

IIpoananu3upoBaHbl OCHOBHBIE IPUHIMIIBI U AJIEMEHTBI SKOJIOTUYECKON
OLICHKH; BBIJCJICHBI IPUPOIAHBIC U aHTPOIIOTCHHBIE (PAKTOPBI, BIUSIOLIIE
Ha M3MeHeHue sKkocucteMsl YepHoro Mops. [lokazaHo, uTo 3arps3HeHue
YepHoro Mopsi ¥ ero OMOTHI OTHOCHUTCSI K YMCIY BaKHEHWIINX MpoOiieM
P®, a HeoOXoMMMOCTh OXpaHbl MOPCKOH CPEAbl OT 3arpsi3HEHUM AUKTYET-
cs1 TpeOOBaHMSAMH PallMOHAIBHOTO UCTIONB30BAHUS IPHPOIHBIX PECYPCOB.

DKoJIoTHYecKast OI[EHKa — 3TO MPOIIECC CUCTEMaTHYECKOTO aHaATN3a |
OIIEHKH KOJIOTHYECKHX MOCIIEICTBUI HaMeuaeMOH AesTeIbHOCTH, KOH-
CYNBTAIN C 3aMHTEPECOBAHHBIMY CTOPOHAMH, a TAK)KE YUeT Pe3yibTa-
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TOB ATOTO aHAJIKM3a U KOHCYJIBTAIIHI B TNIAHUPOBAHHH, IIPOCKTHPOBAHNUH,
YTBEPKIICHUU U OCYUICCTBICHUH JaHHOU nearenbHocTH [[Inunk, 1998,
1999; Yepm u ap., 2000; Py6rosa, 2013].

CornacHo JaHHOMY OTPEICIICHUIO:

— DKOJIOTHYECKas OLEHKA pacCMaTpuBaeTCs Kak Mpolecc, a He Mpo-
CTO KaK JIaHHBIC MJIU JOKYMEHTBI, KOTOPBIC MOJIyYalOTCs B PE3yJbTaTe
JTOTO MPOILIECCa;

— DKOJIOTHYECKas OIICHKA PACCMATPUBACTCSl KaK MPOILIECC CHUCTEMa-
TUYECKUM, T. €. CIICAYIOMNNA ONPECICHHBIM MIPaBUIaM;

— JKOJIOTMYECKas OIICHKA HE OTPAaHHMYMBACTCSI TATIOM IIAHUPOBAHUS,
HO OXBATHIBACT U ATaIl OCYIIECTBICHUS HAMEYaeMOM IeATCIbHOCTH.

IIpouecc skonoruueckoit oueHku (DO) BKIHOYACT CICAYIOLIUEC
OCHOBHBIEC COCTABJISIONINE: aHATU3 (IPOrHO3) MOTEHUIUATBHBIX BO3ACH-
CTBUU HAMEYaeMOH JESITeIbHOCTH Ha OKPYKAIOLIYIO CPEy U OLICHKA UX
3HAYUMOCTH; KOHCYJBTAIIMU C 3aUHTEPECOBAHHBIMU CTOPOHAMH C IIE-
JIBIO0 TTOMCKA B3aUMOIPUEMIIEMBIX PEIICHUI; UCIIOIb30BAHUE PE3YIbTa-
TOB MPOTHO3a BO3ACUCTBUI U KOHCYIBTALUNA B MPOIECCE MPUHATUS Pe-
LICHUI, OTHOCSIIUXCS K HaMeU4aeMOU JIeSITCILHOCTH.

DddeKTHBHBIE CUCTEMBI IKOJIOTHYECKOHN OIICHKH, TPOBEPEHHBIC Bpe-
MEHEM, OTBEYAIOT TPEM OCHOBHBIM ITPHHIIUIIAM: IPEBEHTUBHOCTHU, KOM-
TUIEKCHOCTH U JieMOoKparuyHocTH [Yepn u ap., 2000; Pyoiosa, 2013]:

1. TlpuHIUN KOMILJIEKCHOCTH IMOAPA3yMEBAET COBMECTHOE PacCMO-
TpeHHe U y4eT (DaKTOpOB BO3IEHCTBHSI HaMEU4aeMOW IEATEILHOCTU U
CBSI3aHHBIX C HMMU M3MCHEHUH BO BCEX NMPUPOAHBIX CPElax, a TaKKe
B COLIMATLHOM cpeie. DTOT MPUHIIUIT OCHOBBIBACTCS HA MPEACTABICHUN
0 TOM, YTO pa3JelicCHUE OKPYXKAIOIIeH Cpellbl Ha «KOMITOHEHThI» (BO3-
JIyX, BOJa, TOYBa) SIBIISICTCS YIPOIIEHUEM peasibHOM cutyaruu. Ha ca-
MOM JIeJIe Mbl UIMEEM JIEJIO C eIMHON MPUPOIHON CUCTEMOM, HEPa3PhIB-
HO CBSI3aHHOI ¢ 00111eCTBOM. 3a1a4a DKOJIOTHYECKOM OLIEHKH COCTOUT HE
TOJILKO B TOM, YTOOBI MPOCIIEANUTh, HACKOJIILKO COOIONAIOTCS «CTaHap-
Thl U HOPMATUBBD» JJIs1 OTJACIbHBIX KOMIIOHEHTOB IPUPOIAHOMN CPEIbl, HO
U B TOM, YTOOBI MOHATh, KaK MPHUPOIHO-COIUAIbHAS CUCTEMa B IEJIOM
OoTpearupyeT Ha BO3EHCTBUE HAMEUAEMOMN ACSITEIbHOCTH.

2. llpuHUIMI TPEBEHTUBHOCTH O3HAYAET, YTO SKOJIOTHYECKAs! OLICHKA
MIPOBOAUTCS 10 MPUHSATHSI OCHOBHBIX PEIICHUN IO pean3aldy HaMeuae-
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MOWU JISSITEIILHOCTH, a TaKXkKe, YTO €€ PEe3yJIbTaThl UCIIOBb3YFOTCS IPU BbIPa-
0OTKe M IPUHATHHN PEIleHUH. AHAIN3 TIOCIIEICTBUH YKe PUHSATOTO periie-
HUSI DKOJIOTUYECKOM OLICHKOM, IO CYTH, HE SIBIISIETCS. JTO CIIPABEUIUBO He-
3aBUCHMO OT TOTO, SIBIISICTCS JIU TAKOM aHAITN3 «O0OCHOBAHHEM» PEIICHHS,
OpPHEHTHUPOBAHHBIM HAa OIPABIAHHUE €0 JKOJOTMYECKOM MPHEMIIEMOCTH,
WJIH XK€ TPEICTABIIET CO00I 0OBEKTUBHOE U HE3aBUCHMOE HCCIICIOBAHNE.

3. IlpuHIMI AEMOKPATUYHOCTH OTPa)KaeT TOT (haKT, YTO IKOJIOTHYC-
CKasl OIICHKA HE CBOJIUTCS K HAYYHO-TEXHHUUECKOMY UCCIICIOBAHHIO, A SIB-
JISIETCS. MTHCTPYMEHTOM TIPUHSTHS B3aUMOIpUEMIIeMbIX perienuit. [lpen-
rojlaraeMoe BO3/ICHCTBHE HAMEUaeMOU JICSITEIbHOCTH Ha OKPYKAFOIILYHO
Cpely 3aTparuBaeT MHTEPEChl MOTCHIMAIBLHO HEOTPAaHMYCHHOTO Kpyra
JIMII ¥ OpraHu3aiui. BoJBIIMHCTBO U3 HUX HE OONAAl0T KaKUMHU-JIMOO
(hopMabHBIMU MTOJTHOMOUHUSIME B OTHOIICHUH 3TOW JiesiTenbHOCTU. WH-
CTPYMEHTOM 3all[UThl KHTEPECOB 3TUX CTOPOH (B TOI Mepe, B KOTOPOii OHH
OTPaXKECHBI B «MHTEpecax OOIIECTBA B IIEIOM») MOT'YT CIYKUTh Pa3HOIo
po/ia CHCTEMBI pa3pelIeHU W JIUIICH3UPOBAHUS, HOPMbI IPOCKTUPOBA-
Hus. OJTHAKO TPUHIIMIT IEMOKPATHYHOCTH TOApa3yMeBaeT MpU3HAHKE 32
STHMU CTOPOHAMU IIPaBa Ha HEMOCPEACTBEHHOE YYacTHE B MIPOIIECCE MTPH-
HATHS pelneHnid. TakuM 00pa3oM, 3aMHTEPECOBAHHBIC CTOPOHBI JIOJIKHBI
UMETh BO3MOXXHOCTh y4YacTBOBaTh B IPOIECCE IKOJOTHUYESCKON OILIEHKH,
Y WX MHEHHE JIOJDKHO YUYHMTBIBATBCS HAPSIY C 3aKIIFOUESHHUSIMU DKCIIEPTOB
npu GpOpMYIIMPOBAHUU BBIBOJIOB U UCIIOJIb30BAHUM PE3YJIBTaTOB MPOLIEC-
Ca YKOJIOTUYECKOU OIICHKH.

DKoJIOTHYECKasl OICHKA, OTBEYaromas CQOPMYJIUPOBAHHBIM BBIIIC
MPHUHIUIIAM, MOXET CIY)KUTh OJHUM M3 OCHOBHBIX WHCTPYMEHTOB
YCTOHYMBOTO Pa3BUTHS. SIBIISSACH HE TOJIBKO MPEBEHTHBHBIM HHCTPYMEH-
TOM JKOJIOTUYECKOTO PETYIUPOBAHUS, HO TAK)KE U MHCTPYMEHTOM ILIa-
HUPOBAHUS U MTPOSKTUPOBAHUS, OHA ITOMOTaeT (POPMUPOBATh CTPATETH-
YECKUE PELICHHS B COOTBETCTBUU C SKOHOMHUYECKUMHU, COLUATBHBIMU U
9KOJIOTMUECKUMU TEJISIMUA YCTOWYUBOTO Pa3BUTHSL.

B Tpersem npunume «/leknapaum no okpyxaroliei cpeje u pa3Bu-
THIO» 1I€JTb YCTOMYUBOTO PAa3BUTHsI CPOPMYIUPOBAHA CIICIYIOIIUM 00-
pa3oM: «...Ha PaBHOIIPABHON OCHOBE YJOBJIETBOPUTH MOTPEOHOCTH KaK
HBIHEITHETO, TaK ¥ OyAyIIHX [MOKOJICHUH B Pa3BUTHUU U ONAaronpHSITHOM
cpene oouranus» [Yepm u ap., 2000; PyGrosa, 2013] .
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OTO ompeneneHue eI YCTOMYMBOTO Pa3BUTHS UMEET JIBE COCTaB-
Hble yacTu. [lepBast yacTh KacaeTcsi «paBHOIIPABHUS TMOKOJICHUID: Oymy-
HIMe MTOKOJICHUS JOJKHBI MUMETh TaKHUe e BOSMOXXHOCTH YIOBJIETBOpE-
HUsI TOTpeOHOCTEH, Kak M HbIHEeIIHee. 11 TOro COBOKYITHBIN MPUPOI-
HBI ¥ SKOHOMHYECKUI KaluTall, OCTaBISEMbId OyIyIIMM TOKOJICHH-
M, JTOJDKEH OBITh COXpaHEH WM NMPUYMHOXKEH B pe3yJbTaTe Hamevae-
MOH AeaTeNbHOCTH. FIMEHHO Ha 9TO HaleleH NPUHIMIT KOMIIEKCHOCTH
9KOJIOTMUECKON OLIeHKU. BTOpast cocTaBHast yacTh LieJIn KacaeTcst paBHO-
NpaBusl MPEICTaBUTENCH HBIHEIIHETO TTOKOICHHUSL.

Ecnu coBOKymHBIM KamuTan oOiecTBa pacTpauyuBaeTcsi U HE OcTa-
€TCsI HAIllUM TTIOTOMKaM, TO HeJIb3s TOBOPUTH 00 «ycToitunBocTi». Ecnn
JKE KaluTall COXPaHIEeTCsl WIN akKe HaKalJIMBaeTCsl, HO pachpeaeisier-
Cs1 HACTOJILKO HEPaBHOMEPHO, UTO OoJiee o0ecrieueHHast 4acTh 00IEeCTBa
CTaHOBHTCS elle Oorave, a MeHee obecriedeHHas — ewle OenHee, qpyTrH-
MHU CJIOBaMH, €CIT Pa3BUTHE UIET 0e3 yueTa NpUHIIMIIA PABHONPABHS, TO
BPSIIL JIM BOBMOKHO TOBOPHUTH O Pa3BUTHH. YCTOHYMBOE Pa3BUTHE IOI-
pasyMeBaeT KaK CpaBeIMBOCTD 110 OTHOIICHHIO K OyIyIINM MOKOJICHHU-
SM, TaK ¥ CIIPaBEJIMBOCTh MO OTHOLICHUIO K MPEICTABUTEINISIM HBbIHEII-
Hero nokosneHus. [IpuHun 1eMOKPaTHYHOCTH HKOJIOTHYECKOH OLCHKH
MOMOTaeT OCYIIECTBUTH OoJiee PaBHONPABHOE PAa3BHUTHE, T. €. OH Halle-
JIeH Ha BBIMOJHEHNE BTOPOH COCTABHOM YaCTH YCTOMYMBOTO Pa3BUTHSL.

DKojornyeckass OICHKa YIOMSHYTa KaK OAWH W3 HMHCTPYMEHTOB
YCTOWYHMBOTO pa3BUTHs. B HanbombIeil cTeneHn 3Ty poiib MOXKET UTPaTh
CTpaTernyeckas dKOJIOTHUECcKas OLeHKa, a Takke DO HHTerpupOBaHHAsS
C IpyTUMH BUAAMHU OLEHKH B «OLICHKY YCTOWYHBOCTH.

[lon mpenMeToM 5KOIOTHYECKOW OLIEHKH MOHUMAETCsl BO3JCHCTBUE
HaMe4YaeMOH JesTeIbHOCTH Ha OKpysKaromyto cpeay. Ilox BozaeiicTBu-
€M NOHUMAIOTCSl T€ U3MEHEHHs B OKpYXKalollel cpene, KOTOpble MOJ-
HOCTBIO MJIM YaCTUYHO SIBJISIOTCS PE3yJbTaTOM HaME4aeMOH JIesITeIbHO-
ctu. [Iporuos u paspaboTka Mep MO UX CMSATYCHHIO SIBISIOTCS OJHOW
U3 OCHOBHBIX cocTaBisitomux mpouecca 0. Cucremarnueckasi, KOM-
TUIEKCHAS TIPUPOJIA YKOJIOTHUYECKOM OLIEHKH MO3BOJISET BBISIBISTH TE BO3-
JIEeHCTBUS, KOTOPbIe MOTYT HEaJeKBATHO YUHMTBIBATbCS CTaHAAPTaMHU,
YCTaHOBJICHHBIMH ISl OTACIBHBIX CPel U UCTOYHUKOB BO3ICHCTBUS, —
OpexkIe BCEero, HempsiMble M KyMYJISTHUBHbIE BozaelcTBus. C apyroi
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CTOPOHBI, JJIsl TOTO YTOOBI TAKOH CHCTEMAaTHYECKHH aHaIu3 ObLUT BO3MO-
JKEH, a pe3yJbTaThl €ro MPUMEHNMBI Ha TIPAKTHUKE, KOJIOTHYeCcKas OLleH-
Ka JOJKHA ObITh CKOHLIEHTPUPOBaHA Ha HanOOJee BaXKHBIX, KIFOUEBBIX
BO37eHcTBUAX. Bo3aeiicTBHs B paMKax 3KOJIOTHYECKOM OLIEHKH paccMa-
TPHBAIOTCSI HE TOJIBKO C TOYKH 3PCHUS UX PU3UUECKOI BEIIMUMHBI, HO H C
TOYKH 3PEHUS UX 3HAYMMOCTH AJIs1 00IIECTBA B LIEJIOM, OTAEIBHBIX COLIU-
aJbHBIX TPYII U IpaxaaH. [101xoab! K pelIeHnto NepeuuciIeHHbIX 3a1ad
noJpoOHO paccMarpuBaroTcs B [Mopckasi..., 1995; Ilnunk, 1998, 1999;
Yepn u ap., 2000; Muponos, 2002; Py6rosa, 2013].

CymiecTByeT psi padoT, B KOTOPBIX J€NAI0TCS MOTBITKH OLEHUTH 9KO-
JIOTHYECKOE COCTOSHHE M BKJIAJ Pa3jMYHBIX MCTOYHHKOB B 3arpsizHe-
e Yeproro mops. CoriacHo aUTEpaTypHbIM JaHHBIM [ 'ybaHOB 1 1p.,
1997; Black Sea..., 1997] npunsato cuutarh, 4T0 dKOCUCTEMa YepHOTO
MOps1 HAXOJIUTCS B CTPECCOBOM COCTOSIHMU. [ TTaBHBIMM NpPUYMHAMU SIB-
JSIFOTCS MACCUPOBAaHHOE 3arpsi3HEHHE (XUMUYecKoe, pu3ndeckoe u Ono-
JIOTHYECKOE), I3MEHEHHE THAPOJIOrnyecKoro 6ananca YepHoro u A30B-
CKOTO MOpEM, pacrpocTpaHEeHNE BCEJIEHIEB, YTO B IIEJIOM MIPUBETIO K TH-
JKEJIEHIINM HKOJIOTHYECKUM TIOCTIEICTBUSM.

Hamu npeuiokeH HOBBIN MOAXOM K SKOJIOTUYECKOM OLICHKE B CUCTE-
M€ UHTETPUPOBAHHOTO YIPaBICHHS PECYPCHO-OKOJIOTHYECKOM Oe3ormac-
HOCTH MPHOPEKHOM 30HBI YepHOTO MOPSI (pHUC.).

baok 1. IIpuOpexHbIii MEHEIKMEHT OOBEIMHIET BCE OCTAJbHBIC
Onoku. [IpuOpexHbIl MEHEIHKMEHT ONpeNeNseTcs] KaK CKOOPAMHUPO-
BaHHAsl JEATEIBHOCTh MO YIPABICHUIO M PYKOBOICTBY MPHUOPEKHON
30HOH. KomruiekcHoe ympaBieHne npuOpeHOH 30HOW MpPEACTaBIISET
co0OH HempepbIBHBIN MPOIecC BHIPAOOTKH M MPHHATHS pEIlCHHi, Ha-
NpaBJIeHHBI Ha TAPMOHUYHOE pa3BUTHE MPHOPEKHBIX PaiOHOB B Iie-
JSIX ero yctoitumBoro passutus. [lon npuOpexHoil 30HOH HaMH MOHU-
MaeTcsl 30Ha KOHTAKTa CYILIM ¢ MOPEM, BKJIIOYas MPUPOAHbIE KOMILIEK-
CBhl — Kak Oepera, Tak ¥ NPHJISKAIIYI0 MOPCKYIO aKBaTOPHUIO B IPaHU-
1ax, MO3BOJIIOLINX 00ECIEUYNTh HKOJIOTHYECKH cOalaHCHPOBaHHOE Pas3-
BUTHE PUOPEIKHBIX TEPPUTOPUH, COXpaHEHUE PUOPEIKHBIX U MOPCKUX
naHIadTOB U SKOCUCTEM OT 3arpsI3HEHUS] U YHUUTOKEHHUS, — TEPPUTO-
pUs C PEKUMOM OTPAaHUYECHHON U PETyIUPYEMOU X035 HCTBEHHON U MHOU
nesitenbHOCTU. [IpubpeskHast 30Ha — 3TO MPOCTPAHCTBO, TAE ¢ 0CO00i
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MHTEHCUBHOCTBIO OCYIIECTBIISIETCS] B3aUMOJICUCTBHUE YEIOBEKa C OKPY-
JKarolen cpenoi.

Baok 2. KoHTposb kKauecTBa MOPCKOM BOJIBI M IPUOPEKHBIX OTIIONKE-
Huil. B aToM OJIOKe TIaHUPYeTCsl HA 3apaHee BIOPAHHBIX MOJIMTOHAX B
npuOpexHOoU 30He YepHOro Mopsi MPOU3BOAMTH MIAHOBBIC UCCIIEIO0BA-
HUSl TUHAMHKH 3arpsi3HSIONIMX BEUISCTB, BKIIOYas HEPTh U HedTenpo-
JIyKTBI, a TAKKE YUCIEHHOCTH OCHOBHBIX OPraHU3MOB, YYaCTBYIOLIUX B
TpaHC(OpPMAIIUHU 3aTrPs3HEHUH.

BJiok-cxeMa HOBOIO MOAX0Ja K 3KOJIOTHYeCKOii olleHKe B cHCTeMe HH-
TerpMpoOBAaHHOIO YNpPaBJeHUS] PeCypPCHO-IKOJIOrHYecKoil 0e30macHOCTH
npuodpexHoii 30ap1 YepHoro mops

Baok 3. Uzyuenme skonorndeckoid OOCTaHOBKH B NPHOPEKHOI
30He YepHOro MOps O3BOJIUT JaTh OLIEHKY HKOJIOTUYECKOTO COCTOSHUS
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NpUOPEIKHON CPeIbl peKPealMOHHON 30HbI. [Tpr 3TOM paccMaTpuBarOT-
Cs1 TAaKMe MYHKTBI, KAK 3arpsi3HEHNE U OEPEroBoil CTOK; MPOBOTUTCS KOH-
TPOJIb HAJ] UCTOYHHKAMH 3arpsA3HEHHS, U3ydaroTCs 00bEMBI 3arps3He-
HU, MOCTYMAIOIIHMX OT MJIABCPECTB U B PE3yNIbTATE CBAJIa MyCOpa, po-
U3BOJIUTCS OIEHKA U MOHUTOPHHT 3arps3HSIONINX BEIIECTB.

Buiok 4. VM3yuenue poau MOPCKUX OPTaHM3MOB B YTHJIH3AIUH Op-
TAaHUYECKHUX BEIECTB, HATPABICH HAa HM3yYeHHE U MOCICIYIOIIee HC-
MOJTH30BAHUE MOPCKHX OPTaHM3MOB B YTHIIM3AIIMH 3arpS3HSIONIMX Be-
nrectB. TTocTynaromne B BOMAY OPraHMYeCKre BEIIeCTBA CIYKAT MHIICH
MHUKPOOPTaHU3MaM, U MO3TOMY 00OTaleHue BOJbI ITUMH BEIIECTBAMHU
HETMPEMEHHO BJICYET 3a COOOI BCHBIMIKY Pa3sBUTHS MHKPO(GIOpbl. Mu-
KPOOPTaHU3MBI SIBIISIOTCS OMOMHIUKATOPAMHU HATHYHUS PA3IUIHBIX BU-
JIOB 3arpsI3HSIONINX BEIECTB B MOPCKO# Bojie. [eTepoTpodubie Oakre-
pHUH B CBOEM MHUTAHHH HUCIOJIB3YIOT JIETKOIOCTYITHBIE OPraHUIECKHE Be-
nrectBa. KomuuecTBeHHOE cofiepikaHue He(DTEOKUCTISIONIIX MUKPOOPTa-
HU3MOB SIBJISICTCSI CBHICTEIBCTBOM HIYIIETO MPOIecca eCTeCTBEHHOTO
CaMOOYHIIICHUST MOPCKOM Cpe/bl OT He(YTH U HEPTEPOTYKTOB.

Baok 5. Co3ganne cucTeMbl KOMIUIEKCHOTO MCITOJIB30BaHMS BOJHBIX
peCypcoB MPUOPEKHON 30HBI, B 3TOM OJIOKE PACCMATPUBAIOTCS BOIPO-
CBI MPOMBIIIICHHON IKCILTyaTalii PECYPCOB, OXPAHbI OMOIOTHYECKO-
ro pa3Hoo0pasus, OXpaHbl MECT OOUTAHUS U JaH A Ta, OIEHKH YPOB-
HEl BO3JCHCTBUS HA OKPYKAIOIIYIO Cpeay U OOBETUHEHHOTO yIpaBiie-
HUSI TPUOPEKHOM 30HOM.

Buiok 6. M3yueHne mapaMeTpoB OHOTFOMUHECIICHITMH 1 (POHOBBIX Xa-
PAKTEPUCTHK CPEJIBI [n Situ JJIs DKCIPECC-OICHKH (DYHKITHOHHUPOBAHHSI
BOJHBIX 3kocucTeM. OCHOBHAS POJIb B CO3JJAHUN OHOFOMHUHECIIEHTHOTO
MOTEHIIHAIA MOPS IPUHAUICKHT ITAHKTOHHBIM opranu3mam. B Uepaom
MoOpe OMOTIOMUHECIICHTHBIH TTOTeHITHAT GopMUpyeTCs 36 BHIaMH BOJIO-
pocneit Dinophyceae ponos Neoceratium, Protoperidinium, Scrippsiella,
Gonyaulacaceae, Noctilucaceae, Lingulodinium, a Takxe Tpems BUIaAMU
rpeOHEBUKOB, HECKOJIBKIUMHU BUAAMHU KOTICTIO W JIBYMSI POJaMHU CBETS-
mmxcst Oakrepuil. [TapameTpbl OMOTIOMHHECIICHIIUY TJIAHKTOHTOB MO-
TYT CIYXHUTh 9yBCTBUTEILHBIM dKCITPECC-MHIMKATOPOM CTETIEHH MX pe-
3MCTEHTHOCTH K BO3/ICHCTBUIO MOJUTIOTAHTOB M OKCIPECCUBHBIM TOKA3a-
TEJIEM PETHOHATBHOTO 3arPSI3HEHUST MOPCKOU cpejibl. B aTo# cBsA3M u3y-
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YeHUE NMHAMUKHY MapaMeTpoB OMOIIOMUHECLEHIIMN U (POHOBBIX XapaK-
TEPUCTHK CPEABI i1 Situ aKTyaJbHO JUIS SKCTIPEC-OLEHKH (PYHKIIMOHHUPO-
BaHUS BOAHBIX IKOCHUCTEM.

buaoku 7, 8, 9. Ilo3Bomst pa3paboTarh U NPeIOKUTh TPAKTHUECKUE
PEKOMEHIaH 00eCIIeUeHHs SKOIOTHYEeCKOl 0e30MaCHOCTH HACEICHHS
B pekpealioHHoi 30He YepHoro mops. IIporHo3 pa3Butus sKocucre-
MBI IPUOPEKHON 30HBI MOPSI, 3aIUTa €€ OT HeOIArONPHUATHBIX TPUPO-
HBIX M aHTPOIOTEHHBIX MPOLIECCOB SIBISIOTCS BaKHEHIIUMHU 3aadyaMu
NpU OCBOSHHMHU NOOepeskbsi. Brimonnenune qanHoW pabOTh IO3BOIUT pe-
aIM30BaTh KOMIUIEKCHBIN MOAXO/ K PEIIEHHUIO MPOOIeM MCIOIb30BaHMS
npuOpEeKHBIX 30H KpbiMa 1 HAMETHUTB MyTH K Pa3BUTHIO IPUOPUTETHBIX
HanpapJeHUH MPUOPEKHOro MeHeIkMeHTa B PO u mpubIu3uTh HX K
MEX/lyHapOJHOMY YPOBHIO.

IIpennoxxeHHbIE TPUOPUTETHBIE HAIMPABICHHS COBEPLIEHCTBOBAHMS
OpraHM3allid MOPCKOTO MPUPONONONb30BaHus B Poccru, OCHOBaHHO-
ro Ha NPUHIMIIAX WUHTETPUPOBAHHOTO YNPABICHHS, ONPEACISIOT MyTH
Y HalpaBJICHUsI BEPTUKAIBLHON M TOPU30HTAILHON HHTETPALlMH Ha PETH-
OHAJIBHOM M MEXIIyHAapOTHOM YPOBHSX, pepopMUpoBaHue o01Ie rocy-
JTApCTBEHHOW CHCTEMB! YIPAaBIEHHs NPUPOIHBIMU pecypcaMu U OXpa-
HOW OKpY’Karolleil cpesbl ¢ yueToM peanu3allid WHTETPALMOHHBIX CH-
CTEM PETYISALNN MCIIOIB30BaHMsI PECYPCOB, HIKOJIOTHYECKOTO KOHTPOJIS,
B LIEJIOCTHOM CHCTEME «KOHTAKTHAS 30Ha CyIlla — MOPE», CO3AaHus d]-
(EeKTHBHOI CHCTEMBI aHATUTUYECKUX HCCIIEIOBAaHUN, POTHO3UPOBAHHUS
Y TJIAaHUPOBAHUSI.
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ENVIRONMENTAL ASSESSMENT AND ENVIRONMENTAL SAFETY
IN THE CONTEXT OF THE INTEGRATED STUDY
OF THE BLACK SEA CONDITION

S. I. Rubtsova
Institute of Natural and Technical Systems, Sevastopol

The paper deals with the analysis of the basic principles and the environmen-
tal assessment elements. The natural and anthropogenic factors leading to the
changes of the Black Sea ecosystem were described in detail. It was shown that
the Black Sea and its biota pollution was one of the most important issues the
Russian Federation and there was a need in development of measures to ensure
the marine environment protection against pollution, which was required by the
principle of rational use of natural resources.

OCOBEHHOCTHU IMNPOAYKIUOHHO-AECTPYKIIMOHHBIX
MNPOLECCOB MAJIBIX O3EP OCTPOBA BAJIAAM

H. B. Cemanenn’, E. 10. Bosiknna®

! Poccutickuil 2u0pomemeoponrocuteckull yHugepcumem
? Canxm-Ilemepbypeckuil HayuHO-UCCIE008AMENbCKULL YEHMP
aKonoeuyeckol b6ezonacnocmu PAH

B pabore obcyxmaroTcs MPOAYKIMOHHO-IECTPYKIIMOHHBIE IPOIEC-
CBI MaJIBIX 03ep 0. Bamaam. beumn paccunTanbl Takue BaKHBIE TIPOTYK-
LIMOHHBIE XAPAKTEPUCTUKH, KaK A W XA, ONpENeneH TPOpUIECKUi
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craryc o3ep. [lokazaHo, 4To wyaiie BCero MpoOXyKIMOHHBIE MPOLECCHI
UAYT B CJO€ OT MOBEPXHOCTH 10 TIyOMHBI OAHOW mpo3padHocT. s
BCeX 03ep 0. Banaam ObUIN BBISBIECHBI IIUPOKHE AUATIA30HbBI, KAK CKOPO-
cte poTocuHTE3a, TaK U OKazaTesnel qecTpykunu. CpeHeMHOTOIETHHE
snadenusa A (1,14 £ 0,08 mr O,/n-cyT) n MakCUMabHOM JIECTPYKIUH
(1,19 + 0,07 mr O,/n-cyT) mnst Becex o3ep ObLiu BeicokuMH. [1o nnmexcy
Tpoduueckoro craryca (MTC) o3zepa oTHOCATCS K ME30TPO(HBIM C Yep-
TaMH 3BTpoduH. 3a MepHoj UCCIEIOBAHHS COOTHOLIEHHE MPOAYKIIHH K
nectpykuuu (A/R) Bapbuposaio ot 0,3 1o 2,4.

Wudopmanust 0 IpomyKIIMOHHO-IECTPYKITMOHHBIX MTpoIieccax Heoo-
XOIMMa JIUISl PEIIeHHsI KaK TEOPETUYECKUX, TaK U MPAKTHYECKUX BOIIPO-
coB JTMMHOINIOTHH. 3Mepennst ckopocTu (OTOCHHTE3a HYKHBI JUIS OLIeH-
KH OMOTIPOTYKTHBHOCTH BOIOEMOB M JUIS BBISICHEHHUS OOIINX 3aKOHO-
MEpPHOCTEeH OMOTHYECKOUW TpaHC(OpPMAITHH BEIIECTBA M YHEPTHH B BO-
THBIX dKocHcTeMax. KomndecTBo opraHudecKoro BemecTBa, CHHTE3UPO-
BaHHOTO aBTOTPO(HBIMH OPTaHU3MaMHU 32 €IMHUITY BPEMEHH, Ha3bIBAIOT
NepBUYHON nponykuueil. [lepBuyuHas NpogyKUuUsl CIIYKUT OCHOBAaHUEM
Tporyueckol 1enu BO BCEX IKOCHCTEMAX, OTKPBITHIX IS SHEPTHH COJI-
HeuHOW pamuarnmu. Ha ciemyromux 3a oOpa3oBaHHEM MEPBHYHON MPO-
IYKITMH CTYNEHSIX OMOTHYECKOTO Mpoliecca HOBOOOpa30BaHHbIE OPTaHU-
YeCKHe BEIIeCTBa BOJOPOCIeil TpaHC(HOPMHUPYIOTCS U aKKYMYIHPYIOTCS
B TeJIaX OaKTepuil M JKHBOTHBIX OPTaHU3MOB.

Taxum 0Opazom, iepBUYHAS TPOIYKIIHS CO3AAaeT MUIIEBYIO 0a3y IS
BCEX HACEISIONINX BOJAOEM reTepoTpo(HBIX OpraHu3MoB. J[pyras He me-
Hee Ba)KHAs CTOPOHA 00pa30BaHUs MEPBUYHON MPOAYKIIMU TPOSIBIISET-
Csl B TOM, YTO BBIIEISIEMBIH TP (DOTOCHHTE3E MOJIEKYIISIPHBIN KHCIOPOX
CITy>)KHT UCTOYHUKOM TIOTIOJTHEHHUS ero 3araca B Boje [ BunOepr, 1960].

Kpome TOro, maHHbple MO MEPBUYHON MPOAYKIIMU HCIIONB3YIOT IS
OIIEHKH TPO(PHUECKOTO CTaTryca BojoeMa, CTeNeHH 3BTPO(UKAIINN U Ka-
yecTBa npupoAHsix Box [bynbon, 1983, 1987, 1993, 1997]. [Iponykuus
(UTOTUTAHKTOHA €CTECTBEHHO 3aBUCHT OT CKOPOCTH (pOTOCHHTE3a, KOTO-
pasi ompeAensieTcsl CBeTOBBIMU W TeMIIepaTypHbIMU yciaoBusMHU. C TIy-
OMHOI OCBEIIEHHOCTh YMEHBIIIAETCSI U COOTBETCTBEHHO YMEHBIIIAETCS U
ckopocTh (poTocuHTe3a. [ MyOMHBI, Ha KOTOPBIX HaOmoxaercs (GpoTocuH-
T€3, OTPENEISIOTCS TPO3PAYHOCTHIO BOJIBI.
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CxopocTh MpoylMpoBaHus OPraHUIECKOTO BEIIECTBA HMEET CBOKO
creun(uKy B BOZOEMax TYMUAHOHN 30HBI, K KOTOPBIM OTHOCSTCSI U 03€-
pa o. Banaam.

Hapsigy ¢ mepBHYHOM NponyKuueidl IMJIaHKTOHA 3HEPreTHYECKYIO
OCHOBY BCEX ITOCIIEIYIOLINX 3BCHbEB B TPOPUUECCKOM LIENH CO3ai0T Op-
TraHWYECKHE BEIIECTBA, MMOCTYMAIOIINE B BOJOEM HM3BHE (AIJIOXTOHHBIC
oprannueckue Beuiectsa). [loaToMy cienyeT 3HaTh CKOPOCTb HE TOJIb-
Ko (oTocMHTETHYECKHX TMpoleccoB (A), HO M MHHEpalu3aluu (Je-
CTPYKLHH) OpraHndeckoro euiectsa miaHkToHoM (R). Kak ormeuaror
B. 1. Pomanenko, H. . boraanoB u MHOTHE ApyTrue aBTOPbI, BEIUUNHBI
JECTPYKLHUH B OTJIMYUE OT MEPBUYHON MPOLYKIMU OTPAXKaIOT CyMMap-
HOE yJacTHhe B OMOJIOTHYECKHX MpoLeccax B BOAOEMaX aBTOXTOHHBIX U
AJUIOXTOHHBIX OPraHUYECKUX BeuecTs [Anumos, 1989].

Llenbio uccnenoBanus ObUIO BBISIBICHHE OCOOCHHOCTEH MPOIYKIHOH-
HO-JICCTPYKLIMOHHBIX TIPOLIECCOB B JBYX MAJIBIX PAa3HOTUIHBIX 03€pax
0. Bamaawm (o3epa I'epmanoBckoe n UrymeHckoe) 3a iepron 1999-2014 rr.

Bamaamckuii apxunenar pacrojiOKeH B CEBEPHOH IITyOOKOBOIHOM
30He JlajokeKoro o3epa, HaMMeHee MOABEPKEHHON BIMSHUIO BOJ IPU-
TokoB. Ha apxumnenare pacroiokeHo OIMHHAIIATh MaJIBIX 03€p, B 00JIb-
HIMHCTBE CBOEM COXPAHSIOLINX €CTECTBEHHBIN PEeXXUM (PyHKIIMOHUPOBA-
Hust. Paborta nmpoBoauiack Ha IByX Pa3HOTUIHBIX 03epax — rymeHckoM
u ['epMaHOBCKOM.

OT100p mpod mpOoM3BOAMICS OAMH pa3 B MECAL B IEPHOJ C UIOHS I10
CEHTsI0pb Ha MOHUTOPUHIOBBIX CTAaHIMAX B 03epax 0. Bamaam. [lepuu-
Hasl TPOAYKLUS ONPEACIsUIach CKISSHOYHBIM METOOM B KHCIIOPOAHON
momudukaiyu [bynson, 1983; Metonndyeckue pekoMeHAanuy. .., 1988].
CxistHKYA eMKOCThI0 100 MJT SKCIOHUPOBAIKUCH B T€UEHUE 24 4 HA TOPU-
30HTaxX OT HOBEPXHOCTH JI0 IHA B 3aBUCUMOCTH OT IPO3pavHOCTH. B pas-
HBIX 03€pax MOIVIO OBITh OT TPEX IO CEMU TOPU30HTOB MPO3PAYHOCTH.

O3epo UrymeHckoe pacioiokeHo B CeBepo-3anaaHoi yacTu o. Bana-
am. bepera ozepa B Oosblieli creneHn c(hOpMHUPOBaHbI OTBECHBIMU CKa-
JaMHu ¢ yyacTkamMu O0apaHbux JI00B. CTeneHb 3apacTaHus 03epa HE3Ha-
yurtenbHa. [nomaae o3epa — 0,02 km?. MakcuManbHas riyouna 7,8 M.
B 03. UrymeHckoM JieToM HaOmonaeTcs yCTOHUMBasi TepMHUUECKast CTpa-
TUUKALUS: TOBEPXHOCTHBIE CJIOM BOABI mporpesatorcs 10 28,0 °C, B
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NPUAOHHBIX CIIOSX TEMIIEpPaTypa B TEUEHHUE rojla MPAKTUYECKU He MEHsI-
ercst u ocraercs 4,1-4,2 °C. B Teyenue nera riiyOMHa STMITUMHUAOHA T10-
CTEIIEHHO yBEJIMYMBAETCS, CIIOW TEMIIEPaTypPHOro cKauka (hopMHUpyeTcs
Ha m1youne 2-3 M. CozpepkaHHe KUCIOpPOAa B MIOBEPXHOCTHOM CIIOE B
TeueHue jeTa konediercs oT 65 10 99 % naceienns. Boga runonum-
HUOHa O€JHA KHCIOPOJOM B TEUEHHE BCEro MEPUOAa OTKPHITOW BOIBI
(5-35 %), gacTo HabIOAAIOTCS 3aMOPHEIE SIBJICHHS. B pa3Hbie rosibl 3Ha-
YeHHs NPO3pavHOCTH Bapbuposanu ot 0,9 no 2,8 M. 3HayeHHs IIBETHO-
CTH B 03epe ObUIM HEBBICOKHE M U3MEHSJIMCh HE3HAUUTEIbHO KaK B Te-
YeHHEe Ce30Ha, Tak u roj oT roga (55-90 °Pt-Co). 3HaueHHs 3IEKTpPO-
MPOBOAHOCTH OBUTM HU3KUMH U CXOAHBI C TAKOBBIMHU B 03. [ epMaHOB-
ckoM (28-52 mx Cm/cm), o 3HayeHusiM pH o3. UrymeHckoe oTHOCHTCS
K HEHTpaIbHO-IIEJIOYHBIM BoioeMaM (6,5-7,5).

I'epmaHOBCKOE 03€pO — MOMMALMIHBIA BOIOEM, OKPYKEHHBIH CHIIBHO
3a00JI0YEHHBIM YYacTKOM XBOWHOTO Jieca. Brwiciias BomHas pacTUTEINb-
HOCTb NPAaKTHYECKH OTCYTCTBYeT, Oepera MOKpbIThl cdarnymom. [lio-
maae ozepa — 0,010 km?. HecmoTpst Ha HEOOMbLIYO DTyOHHY (MAaKCUMAITb-
Has DIyOuHa 3,5 M), 03epo XOPOLIO CTPaTH(GUIMPOBAHO B TEYCHUE BCETO
JeTHero nepuoa. B neTHuit nmeproa Temneparypa HOBEpXHOCTH BOJIbI Ba-
pbupoBaina ot 8,8 no 27,4 °C, cpeanee 3nauenue 010 18,6 °C. Xoporo
NporpeBascs TONBKO cI0i B 1,5 M. 3HaueHHs MPO3PAaYHOCTH BOJBI HU3KHE
u BapbupoBanu ot 0,3 1o 1,4 (cpennee 3nauenue — 0,7 m). Kucnoponusriii
PEeXKHUM B 03epe HeONaronpHATHBIA, B MEPHOl MAKCUMAILHOTO MPOrpeBa
BOZBI YacTO HaOMIOOAalOTCs 3aMOpHBIE siBieHHsl. O4YeHb BBICOKME 3Haue-
HUS [IBETHOCTH OBUTH XapakTepHBI Ui 3Toro Bogoema (90-295 °Pt-Co).
3naueHus AekTponpoBogHocTH (32—42 mx Cm/cm) u pH (4,0-5,7) 3nech
OYeHb HU3KUE M HAXOMATCA B Y3KOM Juamna3oHe. J[is o3ep oTMeueHo BbI-
COKO€ COfIepKaHHe OPraHNYeCKOro BELIECTBA.

Jlnst miccnenoBaHHBIX 03ep 0. Banmaam ObLin BBISIBICHBI IMPOKUE TUATIa-
30HBI Kak ckopocTH (horocunresa (ot 0,00 1o 3,6 mr O,/n-cyT), Tak U 1moxa-
sareneit necrpykuuu (ot 0,0 10 3,2 mr O, /n-cyT). CpeTHEMHOTOJIETHHE 3Ha-
uennsa A (1,14 + 0,08 mr O, /n-cyT) u MakcumanbHOU nectpykimu (1,19 +
0,07 mr O,/n-cyT) nuist Beex 03ep ObLi Bricokumu [Bosikuna, 2007, 2015].

Kak 1 Bo Bcex BajmaaMckux o3epax, B rymenckom u I'epmaHOBCKOM
MaKcHMaJIbHbIE CKOPOCTH (hoTocHHTE3a B OonbInnHCTBE ciaydaes (90 %)

361



MPUXOANINCH HA CJIOW BOABI OT MOBEPXHOCTH JI0 OJHOM MPO3PaYHOCTH,
B TO K€ BpeMs B psizie cirydaeB (POTOCHHTE3 MpociexuBaics 10 AHa. Mu-
TEHCHBHEE BCEro MPOIECCHl JECTPYKIUH MPOUCXOANUIN B CJIO€ OT MO-
BEPXHOCTH JI0 ABYX mpo3padHocTeit (84 %), 4To B OONBIIMHCTBE UCCIIe-
JIOBAaHHBIX 03€p COOTBETCTBOBAIO cjow0 A0 2 M [Boskuna, 2015]. He-
CMOTpsI Ha 3TO, 03€pa 3HAUUTENILHO PA3JINYAIUCh KaK [0 CPEIHUM 3Ha-
YeHMAM A, Tak ¥ 10 ux auanasonam. Cpennee sHauenue A B 03. ['ep-
MaHOoBckoM (0,46 mr O,/ncyT) IpakTHYECKH BABOE OBLIO HUIKE, YEM B
03. Urymenckom (0,95 mr O,/m-cyr).

[1o TakomMy mapameTpy, Kak HHTerpajibHas mpoaykuus (3 A), T. €. mpo-
JYKIHS IO M?, pa3linuusi B 03epax He CTOJIb SIPKO BhIpaxkeHbl. CpeHe-
MHOTOJIETHHE 3HAY€HHUs 3TOTO MapaMeTpa MPaKTUYECKN HE OTINYaINCh
(0,27 mr O,/n-cyt B 03. I'epmanosckom u 0,26 mr O,/n-cyT B 03. Urymen-
CKOM). DTO CBSI3aHO C TE€M, YTO B paccCMaTpHBaeMbIX 03€pax CKJIaJbIBa-
I0TCsI HeOJIaronpHuATHBIE YCIOBUS IS BETeTalluH (PUTOMJIAHKTOHA C YBe-
JMYEHHEM [IyOuHBI. B TO e BpeMs pasinuHble GakTopbl ONpeAesuIn
1yOuHy (POTHUECKOH 30HBI M CTOJb HU3KYIO BEJIMYMHY MHTETPaJIbHOM
npoaykuuu. B 03. UrymeHnckoM 3To, B epBylo o4epe/ib, THIpOoIoruye-
CKHE 0COOEHHOCTH: 3HAYUTENbHBII 00bEM THIONMMHHOHA C TeMIlepa-
Typo#t Boasl 4,0 °C, HaunHas ¢ riyOunsl 3 M. B monurymycaom 03. ['ep-
MaHOBCKOM HeOoJIbIIasl TyOnHa ()OTHYECKOH 30HBI CBsI3aHA C BBICOKOM
[[BETHOCTBIO U HU3KOU MPO3PAYHOCTHIO BOJBI.

Baxxnas xapakTtepucTuKa OMOTHYECKOro OajaHca — 3TO COOTHOILE-
HHUE TPOAYKLIUOHHOTO U AECTPYKUHMOHHOTO npoueccos. /st aToro Obu1
paccuntan kKodpuuueHT A/R, KOTOpPBIH MOKa3BIBaeT, HACKOIBKO CKO-
pocTh poTocuHTe3a OOMIBLIE WM MEHBILIE CKOPOCTH ACCTPYKLHUH. 3a Te-
PHOJ MCCIe0BaHHs COOTHOLICHNE MPOAYKIHH K AecTpykuun (A/R) Ba-
peupoBaiio ot 0,3 10 2.,4.

Jns o0oux 03ep MOXHO BBLACIHTH TOABI, TZ€ NPOAYKIHOHHBIE
nporeccsl npeodiagany Haja IeCTPYKIMOHHBIMH W HAo0OpOT (pHcC.).
[lo cpemnum 3a Bech mepuof uccnenoBanus A/R Obuto O6nm3ko kx 1: B
03. Urymenckom 3nauenue A/R 6s10 1,03, a B 03. 'epmanoBckom — 0,97.
Jist 03ep ObLT paccuuTaH UHIEKC TPOPHUUECKOTO CTaTyca Mo 3HaYCHUSIM
A (UTC). Ilo nnaekcy Tpohuueckoro craryca JaHHbIE 03epa OTHOCSAT-

onrt

sl K M€30TPO(HBIM C YepTaMu 3BTPOPHH.
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OTKJ/IOHEHHE OT CpeHEeMHOro0JieTHero 3HauyeHusi A/R B ucciie10BaHHBIX
o3zepax o. Bamaam

HecMotps Ha TO 4TO HCClIEOBaHHBIE 03€pa OTHOCATCS K Pa3IUYHbBIM
TUINIAM, MPOAYKIHUOHHO-JECTPYKIHUOHHBIE NPOIECCH], WAYLINE B HHUX,
cxonHbl. POTHYECKUH CIIOH, TAe (HOPMHUPYIOTCS ONTHUMAIbHBIE YCIOBHS
Ul Beretaluy (PUTOIUIAHKTOHA, B UCCIIEIOBAHHBIX BOJOEMaX HAXOAMT-
Cs B Y3KOM JMaIla30HE M MPUXOIUTCS Ha CJIOH OT MOBEPXHOCTH JI0 IIy-
OuHBI OTHOHM Tpo3payHocTH. [loaTOMY M cpenHue 3HaYEHUsI TPOAYKLIMH
MOJI METPOM KBAIPaTHBIM ) A B HUX OBIJIM OYE€Hb HU3KUE U CXOIHBI MEXK-
Ity COOOiA.

Kpowme Toro, nokazano, uto B nepuoz 1999-2014 rr. npogykunoHHo-
JeCTPYKLMOHHBIE MPOLIECCH] B 3THX BOJ0EMaX HaXOIWINCh B cOalaHCH-
POBAaHHOM COCTOSIHUH, U IPOAYKLIMOHHBIE ITPOLIECCHI 1ake peoliiagaiu
Haz aecTpyKIuoHHbIMU. CooTHomenue A/R Gbuto Onmsko K 1.
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FEATURES OF THE PRODUCTION AND DESTRUCTION
PROCESSES IN SMALL LAKES OF THE VALAAM ISLAND

I. V. Semadeni’ , E. Yu. Voyakina’

" Russian Hydrometeorological University
? Saint-Petersburg Scientific Research Center of Ecological Safety RAS

The paper deals with the production and destruction processes in small Valaam
lakes. Such important production characteristics as the AL and XA were calculat-
ed and the trophic status of Valaam lakes was determined. The maximal rate of
photosynthesis was observed in the water layer including the water surface and the
water found at the depth transparency 1 in most cases. It was shown that all the Va-
laam lakes had large ranges of both the photosynthesis rate and destruction indexes.
All the lakes were characterized by high enough long-term average values of A
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(1.14 £ 0.08 mg O%l day) and maximum destruction values of 1.19 + 0.07
mg O%1 day. The studied lakes belong to mesotrophic with eutrophic (ITS) features
lakes. During the study period, the ratio of A/R in the lakes ranged from 0.3 to 2.4.

CBSI3b COJIEPKAHUSI OPTAHUYECKHNX BEIIECTB
C PACXOJIOM BO/JIbI B ITIPUTOKAX
MOXKXAWCKOI'O BOJTOXPAHUJIHIIA

J. 1. CokoJjioB

Mocxkoeckuii 2ocyoapcmeennviii yHugepcumem um. M. B. Jlomonocosa

B pabote aHaIM3MPYyIOTCSI MaTepHABI ICTATbHBIX HAOIIOJCHUIA 32 conep-
’KaHHeM OpraHMYeCKUX BEIIECTB B BOJIC OCHOBHBIX MPUTOKOB MorKalicKo-
ro Bomoxpauwmiia B 1983/84 r. m 2012/13 1. [loka3aHa xapakTepHas IS
PEUHBIX BOJI IIPSIMAs CBSI3b MEKJTY ITOKA3aTEIISIMH COJICPKAHHS OpraHuye-
CKHUX BENIeCTB (IIBETHOCTHIO, OKHCIISIEMOCTBIO BOJIBI) H PACXOIOM BOJIBI.
DTa CBs3b M3MEHUYMBA B TCUCHHE TONIa M HE MOXKET OBITH d(ppeKTrBHO ar-
MPOKCUMHUPOBaHAa MPOCTON 3aBUCHMOCTHIO. B TONIOBOIbE OHA UMEET BbI-
paxkeHHYI0 (JOpMY TIETIIH; IIBETHOCTh M OKUCISIEMOCTh PEYHBIX BOJI JIET-
HUX U OCCHHUX MABOJIKOB, KaK IMPABUIIO, BBIIIIE, UM B ITOJIOBOJIBE.

KaudecTBO BOJIBI B BOJOXpaHMUIIUINAX BO MHOTOM OMpEAeNseTcs Kaue-
CTBOM IHTAIOIIETO MX PEYHOTO CTOKA, BECbMa M3MEHUUBBIM B pa3iny-
HbIe (a3bl THIPOIOTHYECKOTO peskuma. [Ipu 5ToM 1aBHO M3BECTHO, YTO
MEXJly THJIPOXUMUYECKUM 1 BOAHBIM PEKUMOM PEK CYIIECTBYET TeCHasI
cBs13b [Asiekun, 1970]. Hanpumep, Xopoiio W3y4eHbl 1 MOTYT OBITh JIO-
CTaTo4YHO (PPEKTUBHO MapaMETPH30BaHbI I KOHKPETHBIX BOJOTOKOB
oOpaTHble 3aBUCUMOCTH MHHEpaJIN3alliu BOABI OT pacxona [Ilykiakos,
ITyxmaxoBa, 2013]. IIpu peryiaupoBaHHN BOJHOTO peXHMa BOJIOXPaHU-
JIUII HAMTOJTHSIOT UX, KaK MPaBUIIO, B IEPHOJ] BECEHHETO MOJI0BO/IbS, KOT-
Jla MMHEpaJIM3allisl PEYHbIX BOJ MUHUMAaJbHA.

OpHako JUIs TAKMX Ba)KHBIX MOKa3aTesnel KauecTBa BOJbI, KaK Coep-
JKaHWEe OPraHWYeCcKUX, OMOTEHHBIX BEIIECTB, B3BECEH U JIp., XapaKTepHa
He oOparHasi, a mpsiMast CBS3b C BETMUMHOMN Pacxoyia BOJIbl, TaK KaK MMEH-
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HO B ()a3bl MOBBIIIEHHOTO CTOKA MPOMCXOAUT HauOosiee MHTEHCHBHBIN
CMBIB 3THX BELIECTB C BOAOCOOpA. DTa CBsI3b N3MEHYMBA B TEUEHHE TOAA
M OCTaeTCsl MaJIOU3yYECHHOM.

[lokazarenu conep:kanusi opranndeckux BemectB (OB) — IBETHOCTD
Y OKUCIISIEMOCTb BOZBI ObUIM M OCTAIOTCS IPUOPUTETHBIMU IPH MOHUTO-
PHHI€ KauecTBa BOJBI B CUCTeMe BOioCHaOKeHus T. MockBbl. OObekTa-
MU HAaCTOSIIET0 UCCIIeI0BaHus CBsI3U coaepkanust OB ¢ pacxomom Bobl
BBIOpaHbl IPUTOKHU TOJIOBHOTO BogoeMa MOCKBOPELKOTO HCTOUYHHUKA BO-
nocHaOkeHus . MockBbl — Moxkaiickoro Bomoxpanwiuiia (55°35' ¢. 1.,
35°50' B. 1.).

Haunbonee nomHele u HOCTOBEpHBIE MMOJeBble HabmoaeHus Ha Mo-
JKaCKOM BOAOXPaHUIIHUILE M €r0 BOZOCOOpE MPOBOAMIMCH TI0 IPOrpaM-
MaM «banaHcoBbIi ro», OCYIECTBICHHBIM TPHKIBI 38 HCTOPHIO CYIIe-
CTBOBaHHMs BoJoXpaHwiuma: B 1968/69 Bogoxo3siicTBeHHOM Tofy (00b-
eM romoBoro nputoka XIIP = 257 maa M°, k03huImeHT Bogoodme-
Ha K, = 1,7 rox") [KommiekcHble uccienosanus..., 1979], B 1983/84 r.
(ZIIP = 263 mnu M°, K, = 1,4 ron') u ¢ yuactuem aBropa B 2012/13 .
(ZIIP = 360 man M’ K, = 1,8 rox") [Cokoios, 2013].

OCO0EHHOCTBIO ATHX TOIUYHBIX LUKIOB JETAIbHBIX KOMIUIEKCHBIX
0aaHCOBBIX MCCICAOBAHMUN SIBISUICS YYallleHHBIH OTOOp mpo0 ped-
HBIX BOJ B TPEX OCHOBHBIX NPUTOKaX BOIOXpaHMJIMIIA, JAroIuX Oojee
83 % nputoxa Bozsl B Hero: p. Mockse (1. bapcykn), p. Jlycsiake (1. Uep-
HsKku) 1 p. Konoun (B 1968/69 u 1983/84 rr. — y mnotunsl Konouckoro
BOJOXPAaHWIIMIIA, U3 KOTOPOTO OCYIIECTBIIsIETCS Mepekauka B Morkaii-
ckoe, a B 2012/13 1. — Taxke Ha camMoi peke y A. bopoanHo). B monoso-
Jbe TPOOBI OTOMPAIH €XKEAHEBHO HIIH Yepe3 IeHb, B MEKEHb — HECKOJIb-
Ko pa3 B Mecsil. Becero B 1968/69 1. o6paborano 6onee 250 npobd peu-
Hoii BojibL, B 1983/84 1. — Gonee 480 npo6, B 2012/13 1. aBTOpOM — Oosiee
100 mpo6. B Hacrosmield paboTe aHANU3UPYIOTCS MaTepUaibl BTOPOTO U
TPETHETO LUKIIOB.

[IpoOb1 oOpabaTpiBany B XUMHUUECKOH J1abopatopun KpacHOBUIOB-
CKOH yueOHo-HayuHOH 0a3bl reorpapuueckoro dakynsrera MI'Y. Ompe-
JeNSUIA  CIIEAYIOIMe KOCBEHHBIE TOKazarenu coiepkanus OB: Oux-
pomarHyto okuciseMocts (BO) apbutpaxubM MeTonoM [YHUHLH-
poBaHHBIE METOMBL..., 1973] B Mmonudpukanuu A. I1. Ocranenu [Ocra-
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neHs, 1965], nepmanranatayro okucisiemocts (I10) meromom KyOe-
751 B Kucioit cpene [Mypasbes, 2004], uBetHocTh Bobl (LIB) Bu3yasns-
HO T10 TUIATHHOBO-KOOAIBTOBOM 11Kase. [Ipu pacxoxaeHuu pe3ylbTaTtoB
COCEIHUX OMpEeNeTCHUH, MPEeBBIIIAIONIEM TOYHOCTh METOIUKHU, aHATU3
MPOU3BOAMICS B 2—3 MOBTOPHOCTSIX.

HocTarouno Beicokas TouHocTh onpenenenuit bO, 110, 1B, a Takxke
3((HEeKTUBHOCTH HCIIOJIL30BaHUS 3TUX KOCBEHHBIX TOKa3areyel coaep-
skanus OB npu olieHKe KauecTBa BOJbI MOITBEPIKAACTCA HATUIHEM TEC-
HOM CBSI3U MEXAY HUMHU U TapaiIeNIbHO OMPEICIISIBIIUMCS CONEPIKAHU-
eM B BoJie opranuyeckoro yriepoga C B 57 po0ax BOJIbI, OTOOPAHHBIX
B xone ucciaenosanuii 2012/13 r. [Cokomnos, 2015].

[psimast cBs3b MeXIly 00BEMOM PEYHOTO CTOKA M COACPKaHUEM B HEM
OB xoporo npocnexuBaercs Ha puc. | (konedaHusi BOAHOCTH, IBETHOCTH
U OKHUCIISIEMOCTH BOIBI pek MockBsl, JIycanku u Konoun npuHIMnmianasHO
cxoku). OJTHAKO TaKIKE U3 ITOTO PUCYHKA BUIIHO, YTO IMPH MAKCUMAJIBHBIX
pacxoziax BO/Ibl BECEHHETO MOJIOBO/IBS, BO MHOTO Pa3 MPEBOCXO/AIINX pac-
XOJIbI JIETHE-OCEHHUX MTABOJIKOB, PEYHBIE BOJIBI XaPAKTEPUBYIOTCSI HECKOIb-
KO MEHbIIEH [IBETHOCTBIO U OKUCIIAEMOCTBIO, YEM B ITABOJIKH.
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Tax, B monoBoabe 1984 1. npu MakcCuMaIbHBIX pacxoax Boabl p. Mo-
ckBbl 103 M*/c u p. Jlycsuku 17,5 M*/c Benmuumna LIB peuHbIx Boj He nipe-
Bermana 50-55 rpan Pt-Co, I10 — 10 mr O/n, BO — 23-25 mr O/x. [pu
9TOM Ha MHKE MaBojaka B Hadane utons 3HadeHus 1B, T10, BO peunbix
Bon nocturanu 80 rpan Pt-Co, Bo BpeMs maBojka B Hadaje aBrycra —
90 rpax Pt-Co; 3nauenus [10 nocturanu B 3tu nepuosnst 17—19 mr O/,
BO —32-35 mr O/n. CpenHecyTOYHBIC BEITUYUHBI PACXOI0B BOJIBI p. Mo-
CKBBI BO BPeMs 3THX MMaBOJAKOB He npesbimanu 20-25 %, a p. Jlycsaku —
30-43 % oT MakCUMaJbHBIX PACXOAOB MOJIOBOIbS.

MakcumallbHbIe PacXObl BOJbI BECEHHETO MOJIOBO/IbS B O0OJIEe MHO-
roBogHoM 2012 1. cocraBuiu Ha p. Mockse 175 m?/c, Ha p. JlycsHke —
30 M*/c, Ha p. Komoun — 62 m*/c. Peunbie BO/IBI TEPHO/IA MOTOBOIBS XapaK-
tepuszoBanuch 3HaueHusME LB 40—70 rpan Pt-Co, I10 mo 15-16 mr O/,
BO no 30 mr O/n. Bo BpeMst HEOOJIBIIOTO IOKICBOTO MTaBOJIKA B TIEPBOM
MIOJIOBUHE Masi 3Ha4eHMsI MoKa3zareneit cogepxkanus OB mocturanu co-
orBercTBeHHO 8090 rpan Pt—Co, 19-21 n 25-28 mr O/n. U3mepenusimu
BO BpeMsi ITABOJIKA B Cepe/IMHE UIOHS 3a(huKCUpoBaHbl 3HaueHus [[B 6o-
nee 90 rpag Pt-Co, ITO 6onee 23 mr O/a1 u BO oxomno 40 mr O/n. Oxucns-
€MOCTb BOJ, MIONIbcKoro naBoaka gocrturana 17 mr O/a I1O u 33 mr O/n
BO. ITaBonok B ceperue HOSIOPs XapakTepu3oBaics 3HaueHusMu LB 10
75 rpan Pt—Co, I10 no 12 mr O/n, BO mo 26 mr O/a. [Ipu 5TOM maBoaku
2012 r. ObLIH B CpeJHEM HUXKE, ueM B 1984 T.; MX pacXoibl BOJIBI COCTaB-
nsum 5-30 % 0T MakCUMaJbHBIX PACXOA0B MOJIOBOIbS.

I'paduku cszeit BO, 110, LB ¢ BennunHo# pacxona BoIbI AJIs MEpH-
0/1a MOJIOBO/IbS UMEIOT (hopMy eTiu (puc. 2). Pe3koe moBkIlieHUE 1IBET-
HOCTHU M OKHMCJIIEMOCTH BOJBI HA MOIBEME IIOJOBOAbS CMECHSETCS 3aTeM
0oJiee TIaBHBIMUA M3MEHEHUSMU B JIMANla30HE, KOTOPhIM MOXET HE Tpe-
Beimath 5 rpaa Pt-Co u 3—4 mr O/n (ipu 3HaUMTETBHBIX KOIEOaHUSIX
pacxojia BObl); MakcuManbHoe conepskanue OB qocturaercs, kak mpa-
BUJIO, HA CII1aJi¢ BOJIHLI IIOJIOBOJIbSI.

s mepuona netne-ocennedt mexenu 2012/13 r., Hapymaemoi na-
BOJIKAMU (MIOHB — OKTSIOPB), MMOJTy4eHbI KBa3winHelHbIe cBsi3u bO, 110,
LB ¢ pacxonamu Bonsl (puc. 3), XapakTepU3yrOIIUeCcs 3HAUNMbIMUA KO-
a¢punmenramu koppessiuu (= 0,98—0,99 ans LB, r = 0,96-0,99 nns
I10, r = 0,69-0,86 nns BO npu qune psga n = 10).
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Puc. 2. Ces3b LB, rpag Pt—Co (¢), [1O, mr O/a (¢), BO, mr O/a (¢
(BepTHKAJBHbBIE OCH) C PACXOIOM BOJbI, M3/C (TOPHU3OHTAILHbIE OCH)
p. MockBbI (BepxHuii psan), p. Jlycssnku (cpennuii pan) u p. Kosgoun
(HuzkHM# psia) B mosioBoabe 2012 .

OpnHako naHHbIe OoJiee YacThIX HAOMIONECHUN B JIETHE-OCCHHUH Mepu-
on 1984 r. (puc. 3, HIKHUH PsJT) MOTYT CBHJICTEILCTBOBATH O HAIUYHH
HEJIMHEHHON MeTIeo0pa3HON CBA3M MEXKAy MOKa3aTeNsIMU COACPKaHMs
OB u Benmn4MHO pacxosa BOABI IPU MPOXOKACHNN HA PEKax JT0KIAEBBIX
MaBOJIKOB, TIOI00OHOH TOM, YTO XapaKTepHa Uil BECEHHETO MOJIOBOADS.

HauGosee TecHas 3aBUCUMOCTh OT PAacxoia BOABI YCTAHOBJICHA IS
LBETHOCTHU BOABI, 00YCJIOBJICHHOM B IEPBYIO OUY€pEIb HATUIMEM HCTHH-
HO PacTBOPEHHBIX U KOJJIOMAHBIX TYMYCOBBIX COCAMHEHHH, OCTyHAt0-
IMX ¢ BOAOCOOpa, U TIEpPMAaHIaHATHOW OKHCIIIEMOCTH, KOTOpasi B MPH-
POZIHBIX BOAAX MO UMEIOIIUMCS MTPECTABICHUSIM TaKKEe B 3HAUUTEIBHOM
CTEIICHH 3aBHUCHUT OT COJIEPXKaHUS B BOJIC TYMHUHOBBIX U (YJbBOKHUCIIOT
[Cxonunues, 1950]. HanMeHbIe OOCTOBEPHOCTBIO XapaKTEpU3yeTCs
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(BepTHKAJLHBIE O0CH) C PACX0A0M BOABI, M’/c (TOPH3OHTAJILHBIE OCH)
p. JIycsinku B nioHe — okTsi0pe 2012 r. (BepXHHii psAi1) U B HIOHE — CE€H-
Tsi0pe 1984 1. (HuKHMIA psim)

CBSI3b C PACXOZOM BOJIBI BETMUNHBI OMXPOMATHOW OKHCIISIEMOCTH, TI0 KO-
TOPO MPUHATO CYANTh O CyMMapHOM cozaep:kaanu OB, Bkirouast aBTo-
XTOHHOE.

Paboma evinonnena npu ¢unancogoii. noodepoicke PDPDU  (npoexm
Ne 16-35-00199 mon_a).
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RELATION BETWEEN ORGANIC MATTER CONTENT AND WATER
DISCHARGE IN TRIBUTARIES OF THE MOZHAYSK RESERVOIR

D. 1. Sokolov
Lomonosov Moscow State University

The paper analyzes the data of detailed observations of the organic content in the
water of the Mozhaisk Reservoir main tributaries in years 1983/84 and 2012/13. The
paper shows a direct relation between the indices of organic matter content (water
color and oxidizability) and water discharge typical of river waters. The relation
changes throughout the year and cannot be effectively approximated by a simple
correlation. During the floods it has a loop outline; normally, river waters color and
oxidizability in summer and autumn high water periods are characterized by higher
values than during the spring floods.

OILIEHKA BJIMSIHUSA XO351MICTBEHHO-BBITOBOM
JESITEJJbHOCTHU HA TIPOTEKAHHME ITPOIECCA CYJIb®AT-
PEJYKIIUHA (ITO PACIIPEJIEJIEHAIO COEJJUHEHUI CEPBI)
B IOHHBIX OTJIOKEHHMSIX MAJIOT'O O3EPA CBATOI'O
(KOHOIICKHN PAMOH APXAHTEJIBCKOM OBJIACTH)

K. B. TuroBa, H. M. Kokpstckas, T. A. [ITanoBa

Dedepanvhblil UCCIE008AMENbCKULL YEeHMD
KomniekcHo2o uzyuenust Apkmuxu PAH, e. Apxaneenvck

B pabore npencraBieHbl pe3ylbTarhl HCCISJOBAHUI COCTOSHHS TIPECHO-
BojHOro 03. Cstoro (KoHomickuit paiion ApxaHreiabCkod 00JIacTH) Ha
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OCHOBAaHUHU JAHHBIX MO PACHPEACIICHUIO COCIMHCHUIM CCPBI B JOHHBIX OT-
JIOXKCHUSIX JI BBISIBJICHUS YHACTKOB BO3JICHUCTBUS XO3SIHCTBEHHO-OBITOBOM
JACATCIIBHOCTH HACCJIICHUS Ha BOOOEM U TCHACHITUI 10 €r0 U3MECHEHHUIO.

JloHHBIE OTIOXKEHUS SBNAIOTCS HEOTHEMIIEMO YacThiO BOI0OEMa, Ha-
XOOSATCS B HOCTOSIHHOM B3aMMOACHCTBUU C BOJHOM TOJIIECH; B HUX HaKa-
TUTMBAIOTCS U TPAHC(HOPMUPYIOTCS PA3INYHBIC 3JIEMEHThI, KOTOPBIC ITPH
W3MEHEHUH YCJIOBUU B BOJOEME MOTYT BBICTYIAaTh MCTOYHMKAMH BTO-
PUYHOTO 3arpsi3HCHUS.

Wzydenne comepskanusi psaa DIEMEHTOB B JOHHBIX OTIIOKEHHUSIX
BEChbMa Ba)KHO HE TOJILKO JJIsl BBISICHEHUS BHYTPHUBOJOCMHBIX IPOIIEC-
COB, HO U ISl PELICHMSI TPAKTUYECKUX BOIIPOCOB, TAKUX KAK BBISBICHHUE
Y4aCTKOB aHTPOIOTEHHOTO BO3/IEMCTBUS Ha BOIOEM.

Cepa sBisIeTCSI OJHUM W3 PACIPOCTPAHEHHBIX 3JIEMEHTOB B 3€MHOM
kope u B rugpocdepe. McrouHnkamu ee COSNUHEHHH CIyKar MOBEpX-
HOCTHBIN CTOK U TOJI3EMHBIE BOJIBI, IIOCTYTIAIOIIHE KaK B XOJI€ €CTECTBEH-
HBIX TIPUPOIHBIX TPOIIECCOB, TAK M B PE3YJIETATE aHTPOIIOTEHHOM HATPY3-
ku. Hanbonee TepMopnHaMuuecKn yCTOHUUBOM GOpPMOIl cephl SBISIOT-
cs1 cynbGarbl. XOTs KOHIIEHTPAIIUHU CYJIb(aToB B MPECHBIX BOJIOEMAaX MO-
I'yT ObITh HU3KMMH, KPYTOBOPOT CEPhI KaK B IMPOCTPAHCTBE, TaK U BO Bpe-
MEHH CHJILHO BJIMSICT HA MHOTHE OHMOreoxuMuueckue mnpoueccol [Holmer,
Storkholm, 2001]. Yacto BogoeMbI MOABEPratoTCsl aHTPOIIOTEHHOMY BO3-
JIEMCTBUIO, KOTOPOE HE OTPAaHUYMBAETCS TOJBKO YBEJMUEHHEM COIepiKa-
HUS Cyb(aToB B BOJIE U €€ TIOJKUCIIeHHeM. B psie ciyuaeB HaOmomaeTcs
KOMOMHHUPOBAHHOE 3arpsi3HCHUE BOIOEMOB CEPHHUCTHIMHU COCITUHECHUSIMU
Y OpPTraHMYeCKUMH BEIIECTBAMH, a TAKXKe a30TOM M (POocHOpoM, 4TO MpH-
BOJIUT K aKTUBHM3AIIMH LIECTIOUKH OUOJIOTMICCKHUX MPOLIECCOB, MPUBOISIIAX
K PBTPO(UPOBAHUIO BOJOEMOB, & TaK)Ke OOPa30BaHUIO B OOJIBIIUX KO-
JMYECTBAX CEPOBOJOPOAA 32 CUET aKTUBHM3AMH JICSTEILHOCTH Cylb(ar-
penyuupyromux Oakrepuii (CPB) B BO3HUKIIMX aHAdPOOHBIX YCIOBHSIX
[[moGasbHbIi. .., 1983]. OOpa3oBaHue CepOBOAOPO/IA, 32 UCKIIIOUCHUEM
MPOLIECCOB THUCHUSI, SIBJISCTCS PE3yJIBTaTOM NPOTEKaHHs Cyb(harpenayk-
IIUH, B OCHOBE KOTOPOM JIEKUT OKUCINTEIILHO-BOCCTAHOBUTENIbHAS peaK-
Ul OKUCTICHHUS opranndeckux Bemiects CPb 3a cyer conpsikeHHOTo BOC-
craHoBiicHHs cynbdaro [MBaHoB, 1979]. OCHOBHBIMH JIMMUTHPYOIIHU-
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mu ¢akrtopamu pa3zsutusi CPb B mpecHbIX BomoeMax SIBISIOTCS HAMUYHE
Cynb(aToB, HU3KOMOJIEKYIISIPHBIX OPraHUYECKUX COCAMHEHUH, HEUTpasib-
Hble 3HaueHus pH, a Taxke BOocCTaHOBHUTENbHBIE ycIoBUS cpenbl [Bon-
koB, 1984; Hamcapaes u ap., 1995]. OObekramu Hccie0BaHusl, OTBEUAIO-
MIMMH TOAOOHBIM YCIIOBUSIM, MOTYT BBICTYIaTh MaJible 03€pa, KOTOPhIC B
OCHOBHOMI CBOEH Macce OCTaroTCsl MaJION3yYeHHBIMU.

Lenpto nanHO# paboTHI SIBISUIOCH M3yYeHHE 0COOCHHOCTEH MpoTeKa-
HUA Cynb(aTpeayKIuy B MasioM pecHoM 03. Ceatom (KoHomickuii paiion
ApXaHTeNnbCKol 001aCTH) 1 BBISIBIICHHE BIMSHHS X035 CTBEHHO-OBITOBOI
JIESITENBHOCT HAcCelIeHUs Ha 3KOJOIMYECKOE€ COCTOSHME BOJOEMa Ha
OCHOBAHNU JJaHHBIX paclpeeNIeHNsI CEphl B IOHHBIX OTIIOKEHUSX.

Ozepo CesiToe — Hambolee KpPYyIHOE u

v ‘nl\ 1
B PortkoBenkoit cucreme. JlmHa ero jo- "\
1\
cturaet 4,30 KM, AHO €ro HEOAHOPOA- -KI'MMOBCR a
HOe — TIIpH cpez[Heﬁ FJ'Iy6I/IHe BOIOEMA /(F‘-J w

3,6 M €ro IeHTpalibHaAsl YacTh [TyOOKOBOJI- f
Ha (371eCh OTMEYEH MaKCUMyM DTyOuH 16 M), “\
a ceBepHasi — MeNkoBojIHA (puc.). beperosas \
JIMHUS CWJIBHO m3pe3aHa. [IpuTok Box B BO- /:}@wxoacxaﬂ
1/
JIOEM OCYIIECTBIISICTCS Yepe3 HECKOIBKO Py-
YbEB, BIAJAIONINX B HKHYIO U IICHTPAJIb-
HYI0 4YacTH o3epa. M3 Bomoema BBITEKaeT
p. Cesaruna. Bospl 03epa OTHOCSATCS K THIPO- 7
KapOOHATHOMY KJIACCY KAJIIIUEBOMN IPYTIIIbI, f!
MOP(OMETPUUECKHE U TUIPOXUMHUUCCKHE (f
XapaKTePUCTHKYU TpeicTaBieHbl B [Kokpsr- \
ckas u 1p., 2012]. Ry
ITo ero Geperam pacronararoTcs CyIie-
CTBYIOIIME WIIN B HACTOSAIIIEE BpeMs 3a0po-
nieHHble nepeBHu [lo3neeBckas, MokeeB-
ckas u qp. Ha ceBepe BojoeMa HaXoauT-
csl HaceneHHbIN myHKT KimmoBckast, 00b-
CAMHSIFOLIMH €I HECKOJIBKO IePeBeHb. JI0  yanma paconoKenns
HeJaBHUX 1MOp B KiMMOBCKO# (QYHKIHO-  crapumii oT60opa npo6 Ha
HUPOBAJ MacJI03aBo/I. 03. CBSITOM

|l|-:“|lv.
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JloHHble ocanku ObutH 0TOOpaHbl coracHo TpebdoanusMm [['OCT,
1980] B TiryOOKOBOTHOM yacTH 03epa (CTaHuus SV) U CEBEpHOH ero ya-
CTH, Ky/a NOCTYMaJIi BOJBI Macjio3aBojia (CTaHIMsS SmMZ) B IMEPUOJ €ro
(YHKIIMOHUPOBAHUS U CITYCTSI HECKOJIBKO JIET ITOCJIe €ro 0ocTaHoBKH. [1o-
CJIOMHOE pa3/ielicHre 0TOOPaHHBIX yAapHOU TPYOKO# 0CaKOB MPOU3BO-
JIWJIOCHh B 3aBUCUMOCTH OT UX BU3YAJIbHBIX JIUTOJOTUYECKUX OTIUYHM,
MOBEPXHOCTHBII TOPU30HT OTOOPaH MOLIHOCTBIO 5 CM.

Kak u3BecTHO, B TeueHHE BEreTAIlMOHHOTO CE30HA JKOJIOTMUYECKUE
YCIIOBUS B BOJIOEMAX MEHSFOTCS — JUISI paCCMaTPUBAaeMOTO B pa0OTe JIU-
MUKTHYECKOTO 03. CBATOr0 MEKECHHBIC IIEPUOBI — 3UMHUH (MapT) U JIET-
HUH (UIOJIb) — XapaKTePU3YIOTCS CTarHaIlUei BOJIbI, HCYSPIIAHHEM KHUC-
J0poJia B TUIIOJMMHUOHE M HAKOIUIEHHEM BOCCTAHOBJIEHHBIX MPOAYK-
TOB. B JIOHHBIX OTJIOKEHUSIX CO3JJAIOTCSI aHA3POOHBIC YCIOBUS (IS MEJI-
KOBOJIHOM CTaHIIMHM BO3MOXKHBI a3pO0OHO-aHapoOHbIe), B KoTopbix CPb
MOTYT aKTUBU3UPOBATH CBOIO AESTEILHOCTb.

B pesynbrare mporekaHus mporecca cyibdarpenyKiun o0pasyer-
Csl PSIJl COCAMHEHHN BOCCTAHOBJICHHOW CEpPBI: MPOAYKTHI TpaHChOpMa-
UK 0aKTEPUATLHOTO CEPOBOIOPO/IA, Ky/la BXOISAT KUCIOTOPACTBOPHMEIC
cynbduasl (S*), onementHas (S°) u nuputHas cepa (S ), Takxke cepa B
COCTaBE OPraHMYECKUX COCTUHEHHIA (Sopr) [OctpoymoB, 1953]. Ilomumo
pacrpeieNieHus: COlepKaHUs YKa3aHHbBIX ()OpPM Cephl B paboTe Oy/IeT Tak-
JKE OLICHCHO KOJHMYECTBO CYNIb()ATOB B )KUIKOH U TBEpIOH (paze JOHHBIX
OTIIOXKEeHUH. AHau3 mpoBopIICs 1Mo Metouke [Bonkos, XKaduna, 1980].

Paborel o m3ydeHuto Cynb(aTpenyKIUU B JOHHBIX OTIOXKCHUSIX
03. CBSITOTO OBUTH HaYaThI paHee, PEe3yJIbTaThl ITUX UCCIICAOBAHUI MTPE/I-
CTaBJieHbI B psae myonukanuii [Kokpsrckast u ap., 2012; Turtosa, Ko-
kparckas, 2013, 2014]. JlanHble M0 BIAXKHOCTH, BU3YyaJIbHOMY OIHCA-
HUIO OTOOPaHHBIX paHee JOHHBIX OTJIOKECHUN U COJCPIKAHHUIO OpraHnye-
cKoro yrinepoza onyonukoBansl B [ TutoBa, Kokpsitckas, 2014].

Bpu10 yCTaHOBIEHO, YTO aHA’IPOOHBINA IMPOLECC CYIb(aTPeLyKIUH
MPOTEKAET B JOHHBIX OTIOXKEHUSIX 03. CBATOro, HAUMHAS C UX MOBEPX-
HOCTHBIX TOPU30HTOB (10 10 cM), 94TO XapaKTepHO AJIsl OTI0KESHUN 0OITb-
IIMHCTBA MPECHOBOAHBIX BopoeMoB [Urban et al., 1994; Hamcapaes u
np., 1995; Liet al., 1996; Holmer, Storkholm, 2011]. Ognako 6osiee sBHO
OH BBIPAXKEH B TOJIIE OCaaKoB (IyOmHa Oonee 25 cm). [lns mOHHBIX
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OTJIOKEHUH 00enx cTaHiuii 03. CBATOro0 XapakTepHbl CXOAHBIC TEHICH-
LU B paclpeaeseHUH COeIMHEHHH cepbl. JJaHHbIe paHee MPOBEIEHHBIX
MHUKPOOMOJIOTMYECKUX UCCIENOBaHUH JOHHBIX OTJIOKEHUH 3TOTO BOJO-
ema [KokpsrTckas u ap., 2012] cBuAETENbCTBYIOT O HAIMYMH MaKCUMY-
Ma YHCIEHHOCTH Cyib(parpeylupyomux OakTeprii 1 HHTEHCUBHOCTH
Cynb(arpe yKIUU B MMOBEPXHOCTHBIX FOPU30HTAX OCAJKOB C MOCIEIY-
IOLIUM 3aTyXaHHEM Ipoliecca M aKTUBU3ALUE ero BHOBb B T'OPHU30H-
Tax OTIOXKEHHH HWKE 25 CM — HHTEHCUBHOCTB 3,75 mMr S/ (am® cyTKn)
[Koxpsrckas, 2012], npu cpenHem 3HaueHUM 3Toro napamerpa 2,05 mr
S/ (nm* cytkm) [3abenuna u np., 2012].

AKTHBH3AIMSl BOCCTAHOBICHHUS CYIb(ATOB MHKPOOPTaHM3MaMu B
BEPXHUX CJOSIX OCAJKOB NMPH MPOUYMX PABHBIX YCIOBHUSX MPEANOIOKHU-
TEJIHO CBS3aHa C HAIMYUEM B HUX JIOCTYITHOTO OPraHUYECKOro BEILECTBa,
MOCTYIAIOIIETo B Pe3yabTare OTMUPAHUS BOJIHON PaCTUTENILHOCTH, BOO-
pocieil 1 MUKpOOPTaHW3MOB, U CO3[aHHEM MHKPOa’pO(MIBHBIX YCIIO-
BUH, ONarompusITHBIX ISl )KU3HEACATEIBHOCTH CYylb(aTperyupyomnX
OakTepHii, a pa3BUTHE NPOLECCA B HIPKHUX TOPU30HTaX 00YCIIOBICHO I10-
CTyIJIGHHEM Cyab(]aToB ¢ moa3eMHbIMH BogaMu. Ha 3TOT (akT yka3biBa-
10T OOJBIINE KOJMYECTBA STHX MOHOB B MIIOBBIX BOJAX JOHHBIX OCAJIKOB,
MIPEBBILIAIOIINX COAEPKaHUE B BOIHOM Touie B cpeaneM B 50 pas. [lpu-
YeM MaKCHMaJIbHbIE KOHICHTPALKH CyIb(})aToB ONpeaAeIeHbl IMEHHO B Jie-
JKaLIUX HIOKE 25 CM TOpPU30HTax 0caikoB. Takum 00pa3oM, KOHTPOIHUPY-
I0MIMMH (paKTOpamMH MPOTEKaHUsI CyTb(aTpeayKIMU B JOHHBIX OTIOKCHH-
X 03. CBATOrO BBICTYNAIOT, IPEKIE BCETO, COepKaHKe Cyab(aToB B HII0-
BOM BOJI€ OCAIKOB 1 HAIMYHE MOCTYTAIOINX U3 BOAHOM TOJIIN OpraHuye-
ckux BemecTB [Turosa, Kokpsarckas, 2014].

Cpennee coaepkaHue coeqUHEHNH BoccTaHOBIeHHOU cephl (D SH2S)
B JIOHHBIX OTJIOKEHHSAX [TyOOKOBOAHOMW craHimu 03. Cstoro (Sv), oTo-
OpaHHBIX BO BpeMs (DYHKIMOHMPOBAaHMS Macjo3aBola, COCTAaBIUIO
0,21 % (31ech 1 nanee B pacueTe Ha CyxOe BelIeCTBO ocajka). Ocrarou-
HOE KOJIMYECTBO cynb(haroB (Kuakon u TBepaoi ¢azer ocaakos) — 0,07 %
(Ipu cpenHEeM KOIMYECTBE I BCEX OTOOPAaHHBIX OTIOXKEHHH ATOW CTaH-
mun B 0,12 %). KomnuecTBo opraHmndeckoro ymiepoaa (Copr) HACUUThI-
Bao 9,45 % (91,04 % ot obmero coxepxkanus yriepoza). Hanboss-
1iee KOJIMYECTBO BOCCTAHOBJIEHHOM CEpbl XapaKTEpHO Ul 3MMHEIO
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nepuona (mapt) — Y SH2S 0,32 %; conepikaHue OPraHUYECKOTO YIIIepO-
Jla B IOBEPXHOCTHOM TopH30HTE ObLIO 8,39 %, KOMM4ecTBO Cyab(aToB —
0,14 %. B netHwuii nmepuo (U0JIb) KOJIMYECTBA COSNMHEHUIN Cephl COKpa-
miarotcest onee yeM B 3 pasza, cocranisisi Beero 0,10 %, am1s cynbgaros Tak-
JKe OTMeueHbl MUHIMaIbHbIe 3HaueHus — 0,01 %. B 310 xe Bpemst Habmo-
JTAeTCsI MOCTYIUICHUE OPTaHUYECKOTO BELIECTBA (COpr 10,50 %) u, cyas no
3HayeHuto nokasarens C/N, paBHoMy 14,58, BKaJ| aoXTOHHON COCTaB-
JsroIel Takke yBenuumBaercs. Ha menkoBofHo# craHium ozepa Smz
CpeiHee 3HaYeHUe COeIMHEHNI BoccTaHOBIEHHOM cepbl 0,36 %, npuuem
HauOOJBILNHA BKJIAJl B 3TO 3HAYCHUE BHOCST KOJIMYECTBAa 00Opa30BaBIICH-
cs cepbl B 3uMHMIN niepuog — 0,51 % OTHOCHTENBHO JIETHUX KOHILIEHTpa-
i — 0,22 %. KonnuecTBo cynbharoB B 3MMHUIN MEPUOA MPEBBIIAET UX
coziepkaHue J1eToM B 4 pasa u coctasiseT 0,24 %. OpraHnueckoro Belie-
CTBa B JIOHHBIX OTJIOKEHHUSX 3TOH JKe CTAaHIMK B 00a mieproa ObUIo pH-
MEPHO OJMHAKOBOE KOJIMUYECTBO — OKOJ0 9,60 %, mons ero comepkaHus
OT 00LIEro KOIMYeCcTBa yriepoaa Obuia Ha 5 % Oonbllie B JIETHUH MEPUOJ
(89,81 %), uem B 3UMHHH.

Ilocne mpekpaieHust IesTeIbHOCTH Macio3aBoAa COAEp KaHUE CO-
€IMHEHUIl BOCCTAHOBJIEHHOW cepbl B OcajKkax Julsl CTaHUMU Smz 3a-
METHO COKpallaeTcst — B cpeiHeM B 1,7 pasa, a /Ui 3UMHETO Nepuosa —
B 2,4 paza. IIpu 5Tom B 5,3 paza CHU3MIOCH KOJUYECTBO CYJb(aToB, a
OpPraHUYECKOTO BELIECTBA, HAIPOTUB, HEMHOTO YBEIMYMWIOCH, 10 10,50
B cpenneM. [l miryOokoBogHOW craHiuu Sv konudectBa y SH2S B
3UMHHMH TEepUoJ] TaKKe CHU3MUIIMCH, HO TIOYTH B 3 pasa, U COCTABMIIU
0,13 %, neroM 3TOT Mmoka3atenb cHu3mics B 2 pasza 10 0,05 %. Cynbda-
TOB B 00a ce30Ha ObLIIO HEMHOT'O B TIOBEPXHOCTHBIX TOPU30HTAX OCal-
koB 0,03 (mapt) u 0,08 % (uronb), copep:kaHue OPraHMYECKOTO YIIIepo-
Jla CHU3WIOCH 110 7,12 1 8,55 % (COOTBETCTBEHHO).

Conepxanue cynbGUAHBIX GOPM cepbl (KHCIOTOPACTBOPUMBIX CYIIb-
¢GUI0B M MUPHUTA) B JOHHBIX OTIOKEHUSAX MEJIKOBOTHOM CTAaHIMU Smz
ObUIM M3HAYaJbHO HEOONBIIMMHU M €lle HECKOJIbKO CHHM3MJIOCH TOCIe
npekpaiienus padorsl Macnozasona ¢ 0,04 o 0,01-0,02 %.

IIpu cpaBHEHUM B pa3HbIe TObI COAEPHKAHUI OPraHUUECKOW COCTaB-
JSAIOUIeH COeTMHEHUH BOCCTaHOBJIEHHOM cephbl B MOBEPXHOCTHOM CJIOE
OTJIOKEHUI CTaHIMKU SmZ, KOTOpble MOTYT 0Opa30oBBEIBATHECS B PE3Yib-
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Tare B3aMMOJCHCTBHSI MPOAYKTOB MHUHEpAIN3ALMH OPraHUYeCcKOro Be-
HIeCTBa C JIEMEHTHOH cepoii (KOHIEHTpaLus NMocaeJHel He MpeBblla-
et 0,01 % B ocaakax 3a Bce BpeMsl HAONIOACHUI), TAK ¥ IOCTYIATh B pe-
3yJbTaTe OTMHPAHMS PACTUTEIBHOCTH WM C TIOBEPXHOCTHBIM CTOKOM,
MOKHO OTMETHTB, YTO €€ COJepKaHUE YMEHBILACTCS, a TAK)KE CHUKALCT-
cs noist ee oT obmiero konuuectsa y SH2S ¢ 89 no 72 (mapt) u ¢ 71 1o
65 % (utonb). Ecnu ydecTh, 4TO KOHIEHTPALMK IEMEHTHOW Cepbl IS
910l cranuuu He npesbimaioT 0,01 % B ocaakax 3a Bce Bpemst HaOIO-
JICHHIA, TO BTOPOIi MyTh MOCTYIVICHUSA S, 0YCBH/IHO, MPEAIOYTHTEIICH.
CrnenoBarenbHO, MOCTYIICHHE BOJ ¢ ()YHKIIMOHHUPOBABLIETO Mac03aBO-
Ja IPUBOAMIIO K AOTOJIHUTEIHLHOMY BHOCY OPraHUYeCKHX COSIMHECHUH,
B TOM YHCIJIE OPTaHWYECKHX COCIMHEHHH Cepbl, MM U3-3a YBEIHMUCHHS
KOJIMYECTB OMOTEHHBIX IEMEHTOB K POCTY PACTUTEIILHOCTH B 03epe Ha
9TOM OTHOCHUTEIILHO HETTTYOOKOM y4acTKe.

TakuM 00pa3om, mocie MpeKpaleHus IesTeIbHOCTH Macio3aBoja
Ha Oepery 03. CBATOr0 CHU3MIIOCH COJIEPKAHNE COSAMHEHHI BOCCTAHOB-
JICHHOM Ccepbl B IOHHBIX OTJIOKEHUSX, B OCHOBHOM, 33 CYET YMEHBIICHHS
KOJIMYECTB OPraHWYeCKUX COCAMHEHHH cepbl. s Toro 4ytoOsl crenarsb
OJTHO3HAYHBIH BHIBOJ M IPOCIEIUTH TEHCHLIMIO, NCCIICIOBAHUS HA J1aH-
HOM 03epe He0OXOIUMO MPOJOKUTD U IOATBEPAHUTH CACTaHHbIE BBIBO-
Jbl Ha OONBIIEM KOJIMYECTBE 00pa3IoB.

Paboma svinonnena npu unancosoii noooepoicke PODU (npoexm mon_a
MNe 16-35-00025), @HUP 041020140026.
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ASSESSMENT OF HOUSEHOLD EFFECT ON THE FLOW
OF SULFATE (DISTRIBUTION OF SULFUR COMPOUNDS)
PROCESS FOUND IN BOTTOM SEDIMENTS OF A SMALL LAKE
SVYATOE (KONOSHA DISTRICT, ARKHANGELSK REGION)

K. V. Titova, N. M. Kokryatskaya, T. A. Panova
The paper deals with the results of the investigations of the freshwater lake Svya-
toe’s condition (Konosha district of Arkhangelsk region) using the data on the dis-
tribution of sulfur compounds in the lake sediments in order to identify areas of ex-
posure of the population household activities into the pond and its changing trends.
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3AT'PA3HEHHOCTDB MAJIBIX PEK
CAHKT-IIETEPBYPTA U JIEHUHI PAJICKOM OBJIACTH
BUOTI'EHHBIMU BEHLIECTBAMU

E. C. YpycoBa, E. O. Ko3bipeBa, E. Koznos

Poccutickuii 2ocyoapcmeennbiil 2udpomemeoporocuteckull YHugepcumen

Pabora MOCBAIIICHa BOIIpOCaM ,Z[OCTOBCpHOﬁ OLICHKHN 3arpsA3HCHHOCTHU
MaJIbIX PCK OMOT€HHBIMH BC€IICCTBAMHM. PaCCManI/IBa}OTCH 0CO0eHHO-
CTH O6pa6OTKI/I JAHHBIX TUAPOXUMUYCCKUX Ha6J'IIO,[[CHPII>i, MOJTYYCHHBIC
Ha MaJIbIX pCKax. HOKaSaHO, 4YTO IPHU HEAOCTATOYHOCTHU JAHHBIX Ha0II0-
,Z[CHHﬁ 3a TUAPOXUMHUYCCKUM PEIKUMOM MaJIbIX PCK HCO6XOZ[I/IMO Ooitee
THIATCJIBHO IMOAXOAUTH K aHAJIN3Yy MCXOAHBLIX JAaHHBIX JIJId obecrieucHus
JAOCTOBEPHBIX OIICHOK 3arpsA3HEHHOCTH PCK. B YaCTHOCTH, HCO6XO):[I/I—
MO IMPOBOAUTH IMPOBCPKY MCXOAHBIX PSAI0B Ha6J'IIO,I[CHI/II\/'I Ha CTaluoHap-
HOCTb, OAHOPOAHOCTL U HAJIMYKNEC BBI6pOCOB.

B Hacrosiiee Bpems mpoOsieMa 3arpsi3HCHUs U MCTOLICHUS BOJI-
HBIX PECYPCOB SIBISETCS OJHOM M3 HanboJiee BaKHBIX TII00AJBHBIX
npo6iem B mupe. Ilo ganueim OOH ne menee 100 ctpan mupa crai-
KUBAIOTCSI C HEXBATKOW MPECHOU BOJKI, a 31 rocymapcTBO CTOUT Iie-
pen yrpo3oi cepbe3Horo BoaHoro kpusuca. s Poccuiickoin dene-
pauuu 0oJiee aKTyalbHBIMH SIBJISFOTCSI BOIIPOCHI KA4e€CTBa MUThEBOMN
Boael. B nenom mo Poccun mo 20 % mpod BOABI HE OTBEYAIOT Tpe-
OoBaHUsAM cTaHJapTa. B mocienHue aecAaTuiieTHs: OJHON U3 HauOo-
Jiee aKTyaJbHBIX MPOOJIEM COCTOSHHS BOJHBIX PECYPCOB CTaHOBHUT-
Cs1 OMOTEHHOE 3arpsSI3HEHKE BOJHBIX 00BEKTOB M UX 3BTpOdUpOBaHUE.
Oco0eHHO CHIIBHO 3arps3HSIOTCS Majble, U TaKe CPEIHHUE PEKU, Ha-
XOJSIIUECS B IMPOMBIIUICHHBIX M T'YCTOHACEJICHHBIX paiioHax [KoH-
TpOJb KauecTna..., 1988; 3yesa u ap., 2007]. Ha tepputopun CaHkT-
ITerepOypra u JleHuHrpaackoi 00JacTU pacronaraeTcs 00JbIIoe KO-
JINYECTBO MAJIbIX PEK €CTECTBEHHOI'O IIPOUCXOXKCHHUS. BOTBIIMHCTBO
M3 HUX IPOTEKAIOT 110 TEPPUTOPUHU TOPOIOB B Mpejiesiax MPOMbIIIICH-
HBIX, CEJIMTCOHBIX U CEJIbCKOXO3SHCTBEHHBIX TEPPUTOPHUIA, UTO HPH-
BOJIMT K UX CYIIECTBEHHOMY 3arps3HCHUIO.
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HccnenoBanus mo onpeAeseHUIo aHTPOIOIeHHOM Harpys3ku Ha BO-
JTHBbIE OOBEKTHl BO MHOTOM ONMPAIOTCS HA JJaHHBIE TUAPOXHUMHUYECKUX
HaOroneHui. B OONBIIMHCTBE CiIy4aeB AJsi XapaKTEPHUCTUKH JKOJIO-
TUYECKOTO COCTOSIHUS PEK M BOJOEMOB HCIIOJIB3YIOTCS CPEIHErofo-
BbI€ KOHLIEHTPALMU COJEpKallUXCs B BOJE BellecTB. B yactHocTH, 1O
9TUM JaHHBIM OOBIYHO PACCUUTBHIBAETCS TOIOBON CTOK COAEPIKALLIMXCSI
B BOJI€ BEUIECTB, MOCTYNAIOUIUX B PEKU M BOAOEMEHI [ YpycoBa, 2015].
Cy1iecTByrolue B HaCTOSIIEE BpEMsI METO/Ibl OLICHKH 3arpsI3HEHHOCTH
PEK He BCErAa yUYUTHIBAIOT OCHOBHBIE 0COOCHHOCTH THAPOXMMHUYECKUX
HaOmronenuid. M3 MCXOAHBIX PsIIOB HE HCKIIOUAIOTCSI IKCTPEMallbHbIC
3HaueHus: koHueHTtpanuil [[enytko, 2002]. Kpome TOro, npu oueH-
Ke 3arpA3HEHHOCTH MaJIbIX peK HEOOX0JMMO MPUHUMATh BO BHUMAaHHE
YacTyl0 HEIOCTaTOYHOCTh NAaHHBIX MOHUTOPHHIOBBIX HAOMIONEHUI.
OTO CBA3aHO, MPEK/E BCET0, C KATETOPUAMHU [IOCTOB MOHUTOPUHIA Ha
Takux pekax. TakuM oOpa3oM, AJisi ZJOCTOBEPHOW OIICHKH 3arpsi3HEH-
HOCTH MaJbIX PeK OMOT€HHBIMHU BEIECTBAMH HEOOXOJMMO HE TOJIBKO
MPOU3BOJUTE pacueT CPeAHEroJOBBIX KOHIIEHTpPALUi, HO U NMPOU3BO-
JIUTh AeTaJbHBINA NEPBUYHBIN aHAIN3 UMEIOLINXCS UCXOIHBIX JaHHBIX.

TakuM 00pa3oM, LENBI0 PadOTHI SBISAETCS OLEHKA 3arpsA3HEHHOCTH
maueix pek Cankr-IlerepOypra u Jlennnrpanckoit oomactu OMOreHHBIMH
BEIIECTBAMH C YUYETOM 0COOCHHOCTEH MCXOIHBIX PSIIOB HAOMIOACHUH.

B pabore paccmaTpuBanuch AaHHBIE O KOHLIEHTPALUSIX Pa3IUIHBIX
¢opm azora u pocdopa, a Taxke nokasareneit BIIK, n XIIK, nony4en-
HBIE B Pe3yJbTaTe MPOBEACHUS FOCYAAPCTBEHHOTO M POU3BOICTBEHHO-
ro MOHUTOpHHTa Ha pekax Oxra, JIyobs, Mxopa, CenezneBka, Bonxos u
Openex.

Ha ocHoBe meTomoB mpeoOpa3oBaHUsI UCXOMHBIX JAHHBIX U MX Ha-
IJISITHOTO TpeACTaBleHHs ObLT MPOM3BEICH aHAIN3 PacCMaTPUBAEMBIX
MPOLIECCOB MO UMEIOLIMMCS PsifiaM HAOTIOACHUH, BBISIBICHB 0COOCHHO-
CTH JaHHBIX. Ha sTame mpeaBapuTeNbHOTO aHamu3a ObLia MPOU3BeIeHA
OLIGHKA YHCIIOBBIX XapaKTEPUCTUK METOIOM MOMEHTOB. A HIMEHHO OBbUIH
paccuMTaHbl YUCIOBBIE XapaKTEPUCTUKH [Tl BCEX PSA0B THIPOXUMUYE-
CKMX HAONIOAEHUH 10 BCeM HCCIEAyeMbIM MOKa3aTessiM: MaTeMaTHye-
CKOE OKHJaHHe, CPEIHEKBAIPAaTHYeCKOe OTKIOHEHHUE, Kod(pUIUEeHTHI
BapualMy U aCHMMeTpuu. B pesynbrare ObLIO BSIBIECHO, YTO OOJIBIINH-

380



CTBO PsJI0B HAOIIONECHUI 00NIAar0T IOCTATOYHO SPKO BBIPAKEHHOM I10-
JIO)KUTEJIbHOM aCUMMETPHUEN U BBICOKOM BapuMaTUBHOCTHIO. Jlanee mpo-
W3BOJIMJIACH OIIEHKA OJIHOPOJIHOCTH JAHHBIX 10 KAXKIOMY DSy HAOJHO-
nenuit. Hanpumep, muist p. Cene3HeBKU BBISBICHO, YTO Psibl HaOIO/Ie-
HUI 0 HUTPATHOMY, HUTPUTHOMY U AMMOHUHHOMY a30Ty, PaCTBOPEH-
HOMY KHUCJIOPOLY M YIJIEKHUCIIOMY Ta3y SABIISIIOTCS OJHOPOJHBIMH, a IO
docdaram — HeogHOpOTHBIMH. A A7t p. OXThI 6 U3 17 HccieayeMbIx psi-
JIOB OKa3aJIUCh HEOMHOPOAHBIMU. KpoMme Toro, ObLTM MOCTPOCHBI Ipa-
(GuKM BpEeMEHHON W3MEHUMBOCTH HM3MEPEHHBIX 3HAYCHHI KOHIICHTpPA-
UH JUJIS KQKJI0TO psijia HaOMIOACHUN U TIPOBE/ICHBI OLIEHKHU 3HAYUMOCTH
tpenna. Tak, Hanpumep, Wit p. OXThI 4 psijia HAOIOACHUH U3 HCCIIeIye-
MbIX 14 okazanuch HeCTAIMOHAPHBI. XOYETCSl OTMETUTD, YTO MPAKTHIE-
CKHM BCE HEOJHOPOAHBIE Psi/Ibl OKAa3aJIUCh HECTALlMOHAPHBIMU. B pe3ynb-
TaTe OIEHKA OJHOPOMHOCTH U CTAllMOHAPHOCTH IMOKa3aja, 4To OOJIbIe
MIOJIOBUHBI UCCIIEAYEMBIX PSAAOB OTPA)KalOT PEAIbHYIO KapTUHY 3arps3-
HEHHOCTH PEK B YCIIOBUSX MTOBBILIEHHON aHTPONOreHHOM Harpy3ku. He-
OIIHOPOJIHBIE M HECTALIMOHAPHBIE PSAABI, MO-BUIUMOMY, OTPaXarwT pe-
JKUM 3arpsi3HCHHS PEK B YCIIOBUSX BO3/ICHCTBUS HEOIArONPUSITHBIX (haK-
TOPOB (aBapUITHBIX COPOCOB MPEANIPHUSITUN, HEOTATOTIPUSITHBIX THAPOME-
TeoycyoBusix). Takue psjibl 1e/1eco00pa3Ho MPOBEPITh HA HATMYUE TaK
HA3bIBAEMBIX «BBIOPOCOBY.

Jy1st BBISIBIIEHUST BBIOPOCOB B TOJI€ KJIETYATKU BEPOSITHOCTH C yMe-
PEHHOM aCUMMETPHYHOCTBIO OBUIA IMOCTPOCHBI AMITUPUYCCKUE KPU-
BBl 00CCIICUCHHOCTH M3MEPCHHBIX 3HAYCHUH KOHI[EHTpAIUi paccMma-
TPUBAEMBIX BEIIECTB. BBIOOP ONTUMAIBHOIO 3aKOHA pacIpeleicHUs
MPOU3BOIWIICS C MoMoIIbio makeTa Stokstat. [loutn Ha KaxkaoM rpa-
(uKe KPUBBIX OOCCIICUCHHOCTH MMEIOTCS TaK Ha3bIBaGMbIC OTCKAKH-
BAIOLLIUE TOYKH, T. €. DMIHUPUUYECKUE TOUYKH, BBIXOOAILIUE B KPUTHUE-
CKYI0 00JIaCTh KPUBOH O0CCIICUEHHOCTH. 3HAUCHUST U3MEPCHHBIX KOH-
[EHTPAINil, COOTBETCTBYIOIINE dTUM TOYKAM, IPUHUMAJUCH 32 BEIOPO-
cbl. [IpaBHMIIBHOCTB TAaKOTO MPEANOIOKEHUS MPOBEPATIACH C TOMOLIBIO
kputepus JukcoHa.

JlanbHele pacyeTbl OCPEAHCHHBIX 3HAYCHUH KOHIIEHTpAIUi OH1o-
TeHHBIX BEIIECTB B BOAAX HCCIEAYEMBIX PEK MPOBOIMIMCH 0e3 yde-
Ta BBIOpOCOB. OIleHKa MPOCTPAHCTBEHHOH W BPEMEHHOW ITWHAMHUKHU
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3arpsi3HEHHOCTH MPOBOJMIIACH C YYETOM BBISIBICHHBIX OCOOCHHOCTEH
MCXOIHBIX PsIIOB HAOMIOACHHH.

B pesynbrare npoBeJeHHOTO HCCIEAOBaHMs ObIIO BBISBICHO, YTO:

1. Jdns GonmpmmHCTBa Mccnenyembix pek Cankr-IletepOypra u Jle-
HUHTPAACKOW 00JacTH XapakTepHa HEJOCTaTodHas O00eCleYyeHHOCTb
JaHHBIMU THAPOXMUMUYECKHUX HaOMIONEHUN. DTOT (akTop HEOOXOAMMO
YUUTBIBATh MPH 00paOOTKe JaHHBIX U OLEHKE 3arpsI3HEHHOCTHU PeK.

2. OueHkKa OCHOBHBIX YHCJIOBBIX XapaKTEPUCTHK HCCIENYEMBIX psi-
JI0B MU3MEPEHHBIX KOHLCHTPALUK I0Ka3ajga BBICOKYH) BapHATUBHOCTH
3HAQUEHUH U SIPKO BBIPAKECHHYIO CTEIIECHb MOJIOKUTEIbHON aCUMMETPUU.

3. IlpoBepka psioB Ha OJHOPOAHOCTb M CTALIMOHAPHOCTH IOKa3a-
7a, 4To OoJiee MOJOBUHBI BCEX MCCIEAYEMbIX PSAO0B CTAMOHAPHBI U OJI-
HOPOZHBI, @ 3HAYUT OTPAXKAIOT PEaIbHYIO KAPTUHY 3arpsA3HEHHOCTH PEK
OMOTeHHBIMH BEIIECTBAMH B YCIIOBHSX BBICOKOH aHTPOINOI€HHOW Ha-
IPY3KH.

4. B O0NBIIMHCTBE MCCIEAOBAHHBIX PSIOB HAOTIOACHUI BBISBICHEI
BBIOpOCHI. BrIsiBIeHHBIE 3Hau€HHS BHIOPOCOB 1eNecO00Pa3HO HCKIIIO-
4aTh U3 UCXOJHBIX PsIOB IPU AalbHeWIuX pacuerax. MccinenoBaHue
NPUYMH BO3HUKHOBEHHS BBIOPOCOB NPECTABISIETCS BECbMa HMHTEpEC-
HOU 3a/1aueii, TpeOyoe OTAETBLHOTO PACCMOTPEHHSL.
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NUTRIENT POLLUTION OF SMALL RIVERS
IN SAINT-PETERSBURG AND THE LENINGRAD REGION

E. S. Urusova, E. O. Kozyreva, E. Kozlov
Russian State Hydrometeorological University

The work deals with the matters of reliable estimation of nutrient pollution of
small rivers. The paper considers the features of hydrochemical data processing.
In order to estimate the river pollution in the right way, the data on the hydro-
chemical regime of small rivers should be analyzed carefully. The verification of
the data series on stationary and homogeneity of the river runoff as well as the
presence of pollutants in river water should be performed.

BOITPOCHI IPUMEHEHUSI METOJIUKU KOMILJIEKCHOI'O
YYETA OCOBEHHOCTEM I'MJIPOXUMHUYECKOM
HH®OPMAILIUHU JJISI OHEHKH 3ATPSISBHEHHOCTH PEK

E. C. YpycoBa, B. A. llleayTko, A. 0. ’Kuramno

Poccutickuii 2ocydapcmeennulii 2udpomemeoponocudeckull yuusepcumen

B pabote paccmarpuBaeTcs KOMIUIEKCHASI METOMKA y4eTa BOXHOCTH U
HEIKBUIAMCTEHTHOCTH TIPU pPacyeTe CPEeIHETOOBBIX 3HAYCHUH KOHIICH-
Tpanmii copep Kanuxcs B Boje BemlecTB. [loka3aHa cTerneHb BIUSHUS
HEeydeTa dTHX 0COOCHHOCTEW B pacderax Ha Pe3yJbTaThl OIICHKH CPel-
HETOJIOBBIX KOHIICHTpAIUK N 00hEMOB CTOKa OMOTEHHBIX BEIIECTB B pe-
kax CeBepo-3amnana.

B Hacrosiiiee Bpemsi IpH OIICHKE KauecTBa BOJbI B BOJOTOKAX HC-
HOJ'II)SYIOTCSI JAHHBIC HCpBI/I‘-IHbIX Ha6J’IIOIlCHPII71 3a KOHHCHTpaHI/IHMI/I CO-
JepKamuxcs B Boje BemecTB [AnekceeB u ap., 2011]. IIpu stom 6a-
30BOM XapaKTCPUCTHKOM COJCpKaHHMsS KOHKPETHOTO BEIISCTBA B BOJIC,
Ha OCHOBE KOTOPOW BEIYTCS JAJbHEUIIIME PacueThl, SIBISICTCS CPEIHE-
rojloBasi KOHIleHTpalus. Tak, Ha OCHOBE CpPEIHErOJ0BOM KOHIICHTpa-
I[UU Yalle BCEro OIEHUBAIOT MPOCTPAHCTBCHHYIO U BPEMEHHYIO JIMHA-
MUKY 3arpsi3HEHHOCTH PEKH, OLICHUBAIOT 00bEM CTOKA [0 METOJIUKE, 13-
noxxerHou B PJ[ 52.24.643-2002, onenuBaror YKM3B u tak manee [P/]
52.24.643-2002, 2003; Dxosorusi..., 2009]. Takum 00Opa3oM, MOXKHO
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cAenaTh BBIBOJ, YTO JOCTOBEpHAsI OLIEHKA CPEJHEr0f0BOM KOHIIEHTpa-
1M CYIIECTBEHHBIM 00Pa30M BIMSET Ha Ka4€CTBO JAaJbHEHIINX OLIEHOK
1 pacyeToB U BBIBOJOB, TOJIYYEHHBIX Ha €€ OCHOBE.

B mpoBezneHHBIX paHee MCCIeIOBaHHUIX OBUIO MOKa3aHO, YTO MCXO-
JHBIE PSAABI U3MEPEHHBIX 3HAYEHHWH KOHILIEHTpAalMH colepiKaliuxcs B
BOJIC BEILECTB, B YaCTHOCTH OMOTCHHBIX AJIEMEHTOB, HE COOTBETCTBY-
IOT OCHOBHBIM TE€OPETHUYECKHUM IOJIOKEHUSAM, KOTOPbIE JIEKaT B OCHOBE
METO/IMK OLIEHKH Pa3INYHBIX THAPOXMMHUYECKUX Mokaszarenei [[emyt-
Ko u ap., 2010; Ypycosa u ap., 2012]. B cBs3u ¢ 3TUM NpeACTaBIsAETCS
HEOOXOIMMOM pa3paboTka U arpodaryst HOBOH KOMIUIEKCHOH METOAUKH
OILIEHKH CPEIHET0JJ0BBIX KOHLIEHTPALMH, YUUTHIBAIOIIEH OCHOBHBIE 0CO-
OEHHOCTH THIPOXUMHUYECKHUX PSIO0B HAOMIOACHHUH.

Hcexons u3 3T0ro0, LEIbI0 UCCIEA0BAHUS SBIISAETCS OLIEHKA BIUSHUS
HeydeTa 0COOEHHOCTEH THAPOXUMUYECKON HHPOPMAIIK Ha Pe3yIbTaThl
OLIEHKH 3arpsi3HEHHOCTH peK.

B kadecTBe UCXOMHBIX JTAHHBIX B PaOOTE MCIIOIb30BAHBI PE3YJIbTATHI
THIPOXUMHYECKIX HAOMIONECHHH 3a collepKaHneM OMOTEHHBIX BEILIECTB
B Bozax pek Cesepo-3anana Poccuu. [lannble npencrasiensl Cesepo-
3anagasiM YIMC.

B Hacrosmiee BpeMsi OCHOBHBIM CIIOCOOOM OMNpEAETICHUS] CPeIHEro-
JIOBOM KOHLIEHTPALMHU SABJISIETCS pacueT cpeaHeapu(MeTHIecKoro 3Haue-
HUS 110 U3MEPEHHBIM 3a ToJl BeIuunHaMm KoHueHtpauuil [P 52.24.643—
2002, 2003; Dxonorus..., 2009; AnekceeB u ap., 2011], 1. e. nanHas
¢dopmyia pacyeTa He yUUTHIBAECT BOJHOCTD PEKHU B IEPUO]] B3ATHS IPOOBI
BOJIbl. OJTHAKO IEHCTBUTENBHBIE 3HAUEHUS CPETHUX CYTOUHBIX PACXOJ0B
TOJILKO B TEYEHHE OTHOTO rofla MOT'YT OTIM4arhes mouTtH B 50 paz. Takum
00pa3oM, CIOCOOHOCTh PEKU TPAHCIIOPTHPOBATH COAEPIKAIINECS B BOJE
BEIIECTBA CBOMMHM BOJIaMH B TEUEHHUE T0/]a MEHSAETCS B IECATKH U B COT-
Hu pa3 [[uknomanos, 1989]. B nuccepraumonnoit padotre E. C. CmbI-
xoBoii [2010] Obwa pa3paborana U anpoOMpoBaHa OTAEIbHAS METOIH-
Ka yueTa HeAPKBUIUCTEHTHOCTH UCXOIHBIX PAJOB MMIAPOXUMUYECKUX Ha-
OmroneHuii. B pesynbrare ObUT MOMYYeH alrOPUTM MOCIIEI0BATEIbHOCTH
BBIUMCIIEHNH /1711 OLIEHKU CPEAHEr010BOM KOHLIEHTPALMH.

IIpu »TOM KpaiiHe BayKHO MPOBOAUTH AHAIN3 U3MEPEHHBIX MOCIEN0-
BaTEIbHOCTEH KOHIEHTPALM Ha HaJMYME B HUX TaK Ha3bIBAEMBbIX «BbI-
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opocos» [CmbikoBa, 2010; Lemytko u ap., 2010; Ypycosa u ap., 2012].
Heo0xomuMo OTMETHTH, YTO METOAMKY BBISIBICHHS BHIOPOCOB B psiaax
THIPOXUMHYECKUX HAOMIOAEHUI HEOOXOAMMO HCIIONIBb30BaTh MPH Iep-
BUYHOM aHAJIM3€ MCXOJIHBIX JIAHHBIX, IO KOTOPBIM B AajbHEHIIEM pac-
CUHTBIBAIOTCA CPEHETOAOBbIE 3HAYECHUSI.

OpnHol W3 TIaBHBIX 3a/ad, pelleHre KOTopoi HeoOxoanmo st 6o-
Jiee TOCTOBEPHOM OLIEHKM CPEIHEro/I0BbIX 3HAYEHUH KOHLIEHTPALUi co-
JIeprKallrxcs B BOJIE BELIECTB, SIBISETCS CTHIKOBKA Pa3IMYHBIX METOOB
yueTa 0COOEHHOCTEH Te0IKOJIOTHYECKOH MH(POPMAMKM M CO3IaHUE Ha
9TOI OCHOBE KOMILIEKCHOM METOIMKH OoJiee TOCTOBEPHOM OLIEHKH KOH-
LHEHTpaluui 1 00bEMOB TOJJOBOTO CTOKa OMOTEHHBIX 3JIEMEHTOB.

Jist aTOTr0 OBITI0 HEOOXOAUMO PEIIUTh 3a/1a4y CTHIKOBKH JBYX aJro-
PUTMOB, Ka)KJIbIii U3 KOTOPBIX ObLT HAIlpaBJIeH Ha pelIeHre YacTHOH 3a-
Ja4M: MEPBbIA — y4eT BOAHOCTH B MEPUOJ B3SATHA MPOO HA XUMHUECKUH
aHaJn3, BTOPOH — y4eT HeAKBUANCTEHTHOCTH PSIIOB HAOIIOACHHIH.

3agava okazanach JOCTaTOYHO CIOKHOW. B KOHEYHOM HTOTE OBLI BBI-
Opan Oosee MpaBUIBHBIA MyTh, 3aKIIOYAIOIINICS BHAYalle B y4eTe BO-
JHOCTH, a 3aTeM YK€ IO PsAy MOJyYEeHHBIX 3HAYEHUN MPOU3BOAMICS
y4eT HEIKBHJUCTEHTHOCTH. BlIOK-cXema mocienoBaTeIbHOCTH BBIYHC-
JICHUH U1 CTBIKOBKH 3TUX JIBYX aJITOPUTMOB IIPEJCTABIIEHA HA PHUC.

Ha ocHOBe H3110)k€HHOT0 aJITOPUTMA PAaCYETOB, KOMIIIIEKCHO YUHUThIBA-
IOIINX OCHOBHBIE 0COOCHHOCTH HCXOIHON MH(OPMAIIHH, IO BCEM paccMa-
TPUBaEMBIM psiiaM OBUTM pacCUMTaHbl CPEAHUE TOIOBBIE KOHICHTpALUU
Y COTIOCTABIICHBI C pe3yJbTaTaMi pacyeToB OOLICTIPUHATHIM METOJIOM, HE
YUUTBIBAIOIIUM 3TH 0coberHocTH. [Ipu 3TOM ectecTBeHHO 3a Oosnee Tou-
HBbIE peNepHble 3HaYeHUs TPUHUMAITICh TaHHbIE, YIUTBIBAIOIINE 3TH OCO-
O6eHHOCTH. OTKIOHEHHS OT PENEPHBIX 3HAYCHUH TPUHUMAJINCH B KAY€CTBE
MOTPELIHOCTEH 32 CUeT HeyyeTa 0COOCHHOCTEH UCXOIHBIX JaHHBIX.

B pesynbrare uccieqoBaHus ObUIN MONYYESHBI CIEAYIOMINE BBIBODL:

— Heyuer ocobennocrteil rumpoxumuueckold MH(pOpMaUU B Teo-
SKOJIOTMYECKHX PacueTax MOKET MPUBECTH K CEPhE3HBIM MOTPELTHOCTSM,
Jocturatonmm B cpenaeM 20 %, makcumym 100 1 Gonee IpoLeHTOB.

— OrpuuarenbHble 3HAYSHHS OTPEIIHOCTEH MpeodIagaroT Hal Mo-
JIO)KUTENBHBIMH, T. €. OOJBLIIMHCTBO 3HAYCHUH CPEIHET0J0BBIX KOHIICH-
Tpauuii yMeHbIIaeTcsa MU pacyeTe Mo KOMIUIEKCHOH METOMKeE.
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1. OnpeneneHue A KaKIOTO OJI0Ka
3HAYEHUN KOHIICHTPALUN U PacX0/10B BOJIbI
ma 1.01 u 31.12

2. Ha kaxayro naTy u3sMepeHuil pacCUuThI-
Baetcs mpousBeneHue Q*C, Bkimtouas 1.01 u
31.12

3. Haxonsites cpeqnue 3Ha4eHUs
MIPOU3BECHUS (Q”‘C)Cp U Pacxo/loB BOAbI QCp
MEX/Ty CJIIO)KHBIMH JJaTAMH U3MEPCHHIA.

%
Omnpenensirorcst oTHOmeHHs (Q C)Cp / QCp

4. Onpenensercst YMciio JHEH Mex 1y
CMEXHBIMU, At

\
5. Ompenensercst cpenHss TOA0Bas
KOHIEHTPAHA MEXIY AaTaMH NU3MEPEHUS

Baok-cxema mocJ/ie10BaTeJIbHOCTH BHIYUCJIEHUH MPH OLleHKe CPeIHero1o-
BbIX 3HAYeHMIi KOHIEHTPALUii 10 KOMILIEKCHOI MeTOIHKe y4eTa 0c00eH-
HoOCcTell ruipoxumMmuyeckoii uHgopmaunu

— Ilpu 3TOM 4YHCIOBBIC XapPaKTEPUCTUKU PSAIOB CPETHETOIOBBIX
KOHIICHTPALMH, TOJIyUYeHHBIX C Y4eToM U 0e3 ydera ocoOeHHOCTeH uc-
XOIHBIX PSZIOB, B OCHOBHOM Pa3NYalOTCsl HE3HAYUTEIBHO, KaK B CTOPO-
HY YBEIUYCHHS, TAK U B CTOPOHY YMEHBIIICHUSI.

— Meroauka OLEHKHU CPEHETOJOBOM KOHIIEHTPALMU CYIIECTBEHHO
CKa3bIBAETCS HA PE3YJbTaTaX OLEHKHU IIPOCTPAHCTBEHHON U BPEMEHHOM
JIMHAMHKHN KOHIICHTpaIuii 1 00beMOB CTOKa OMOTEHOB 110 JUTHHE p. Be-
mukol. [Ipu yueTe BOJIHOCTH M HEIKBUIUCTCHTHOCTU I'pa()UKH UMEIOT
3a4acTyr0 OoJiee CIVIaKEHHBIH BUJ] C MEHEE BBIPAYKCHHBIMU KCTPEMY-
MaMH.

— Jlnsg yMCHBIICHHUS TOTPEIIHOCTEH PAacYeTOB CPEAHUX TOIOBBIX
KOHLICHTPALMH U TOJy4YeHHs 0osiee 0ObEKTUBHOM OIICHKH 00 UX U3Me-
HEHUSIX BO BPEMEHHU HEOOXOIUMO HCIIOJIb30BaTh MPEAJIaraeMblii METO/
KOMIUIEKCHOTO y4eTa 0COOCHHOCTEW THIPOXUMUYECKOH HH(DOpMAITIH.
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ISSUES OF USING METHODIC OF INTEGRATING
HYDROCHEMICAL DATA FEATURES FOR ESTIMATION
OF RIVER POLLUTION

E. S. Urusova, V. A. Shelutko, A. Yu. Zhigalo
Russian State Hydrometeorological University

The paper deals with the integrating methodic of using the water flow and
non-equidistance for the accounting of annual concentrations of various sub-
stances in rivers. The result of ignoring these features at the estimation of
annual concentrations and nutrients flow in the rivers of North-West Russia
was shown.
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MOJAEJMPOBAHUE BOJHO-COJIEBOI'O BAJIAHCA
BOJIBHIOIO AITAJITUHCKOI'O O3EPA

A. B. ®pouios, T. HO. Beipyuaakuna, C. I. Capkucsin

Hncmumym eoouwix npoonem PAH

Brepsrlie npuBoasaTcst Mopdo- 1 GaTUMETpUYeCcKre 3aBUCUMOCTH Boiib-
nroro SmraaTUHCKOTO 03epa U OaTUMeTpHyecKasi KapTa, OJTy4YeHHbIE B
pe3ynbrare 00paboTKU JaHHBIX YKCIIEANIMOHHBIX HccienoBanuil. [Ipen-
JIOKEH METOJ MOJICJIMPOBAHMUSI BOJHOTO OanaHca U coleHocTH Box O3e-
pa, OCHOBaHHBIM Ha MPUMEHEHUH MeToJa reorpaduueckoll aHaJIOTHH
aJIropuTMa NOCTPOEHHUS CTOXaCTHUECKOIO BEKTOPHOI'O aBTOPETPECCHOH-
Horo npouecca. [lomydyensr 1000-neTHHE peanu3aluu CMOJEINPOBaH-
HBIX PSIIOB COCTABIISAIOUIMX BOIHOTO OaiaHca M KoJieOaHHId COIEHOCTH C
MECSYHON TUCKPETHOCTBIO.

Bbonbmoe SAmantuHckoe 03ep0 OTHOCUTCS K THIIEPTAIMHHBIM 03€PaM.
ConeHocTh BOABI B HEM MOXKET AOCTHrath npuMepHo 450 %o. b. Sman-
THHCKOE 03epo (manmee — O3epo) Haxomutes B PecnyOnmke Kammbikws,
BXOJIUT B YUCIIO HauOoJee KPyImHBIX 03ep B penenax Kymo-MaHbrackoit
BragmHBL. O3epo MMeeT 3HAUUTEbHBIN peKpearlioHHO-TIedeOHbIH 1 XO-
3sIACTBEHHBIN ToTeHIan. OgHako M3-3a pa3dopa MOBEPXHOCTHOTO IPH-
TOKAa Ha CeNbCKox03sicTBeHHbIE Henu K 2014 . O3epo MpakTHYECKH nepe-
coxJ10. Ero BoccranoBneHne BO3MOKHO ObUIO TOJIBKO TP MOZIAYE BOBI U3
OTHAJICHHOTO MCTOYHUKA. B ruzpponorniyeckom orHomeHnu O3epo Maino
M3Y4€HO, HUKAKUX CHCTEMAaTHYECKUX IAHHBIX HAOIIONEHUH O COCTaBIIs-
IOIINX ero BOAHOro OanaHca He cymecTByeT. IlosTomy mis ompenene-
HUS HeoOxoanMmoro oobema npuToka Bozsl B O3epo HaM HPeICTosIo pe-
LINTH 3314y MOAEINPOBAHHS OCHOBHBIX COCTAaBIISIOLIMX BOAHOTO OanaH-
ca — MOBEPXHOCTHOIO MPUTOKA, OCA/IKOB U UCIIAPEHUS, OTBEUYAOLLUX €CTe-
CTBEHHOMY T'ipojiorndeckomy pexumy Osepa.

ConsiHble 03epa COCTABISIOT 3HAUUTEIbHYIO YacTbh OOLIEro 4ucia
o3ep Ha 3emie. B monorpaduu [Eropos, Kocmakos, 2010] mpuBoasTcs
JIAaHHBIE, YTO U3 253 KpyNHEHIINX 03€P MUPA C IJIOLIAbI0 BOIHOTO 3€p-
kasa 500 kM’ 1 Gojiee K coseHbIM OTHOCATCs 64. [ToduTH BCe KpYIHbIE
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COJISTHBIC 03€pa, PACIOJIOKEHHBIE B apUIHBIX M CEMHAPHUIHBIX paiio-
HaX, HAXOJATCS TOJ CHJIbHBIM TEXHOTESHHBIM BO3jIeWicTBHEM. B HacTo-
sIIee BPEMsI MHOTHE M3 HUX «YMHUPAIOT», YTO COMPOBOKIACTCS LIEITBIM
PSZIOM HETaTUBHBIX TOCIEICTBUN — KaK MPUPOTHBIX, TAK U COLMATBHO-
sKoHOMHYeCKUX. HabmroneHuii 3a BOHBIM 0aJIaHCOM TaKHX 03€p — IPHU-
TOKOM IIPECHBIX BOJ, UCHIAPEHUEM, OCATIKAMHU — OUE€Hb MaJo.

CymecTtByrome cBeneHus o Moppomerpun u Oarumerpun O3zepa
TaK)Ke MMEJM HETOJHBIN XapakTep, HallpuMep, OaTUMETPUYECKUE Ha-
OrozieHusl ObLIM SIMHUYHBIME, TIO3TOMY (pOpMa Yalllk BojoeMa OblLia
MPAaKTHYECKU Hens3BecTHA. bornee nmoapoOHas unpopmarliust 0 Mopo- u
OaruMmeTprudecKuX Xapakrepuctukax O3epa ObUTa TONYYEHA MPH MPO-
BEJCHUN HAIMX JKCIIEIUIIMOHHBIX MccaeaoBannii Becnor 2014 1. Ko-
OpAMHATHI TOYEK HAOJIOACHUN ONPENSISUINCh C TIOMOIIBI0 HABUTATOPA
GARMIN eTrex30. Touku onpenesaeHns KOOpAUHAT PACIIOIATraInCh, MO
BO3MOXHOCTH, OTHOCUTEIILHO pABHOMEPHO. [|0MOIHUTENILHO OBLIN PH-
BJIUEHBI KapThl OKpyXarollei mectHocty MacmTaba 1 : 25 000. B pe-
3yJbTaTte 0OpaOOTKHU IMOJIyYCHHBIX JIJAHHBIX BIIEPBBIC ObLIA MOCTPOCHA
OarumeTpuyeckas kapra O3sepa (puc. 1, a). [Lnmomaape BogHOTO 3epKana
npy HaOJFOIABIIEHCS BO BpeMsl CheMKH MaKCUMaJIbHOU TiryOuHe O3epa
1 M okazanochk paBHO# 38 KM?. 3aBUCHMOCTH TUIOIIAIH 3€pKajia U 00b-
ema damu O3epa oT ypOBHS BOJbI, IOCTPOCHHBIC IO IAHHBIM HAOMHO/IE-
HUH, IpUBEIeHBI Ha puc. 1, 6-B.

3naueHue O3epa — SKOHOMUYECKOE, IKOJIOTHUYECKOE — 3aBUCUT OT
TOTO, HACKOJBKO COJICBOM PEKUM Oy[eT ONarompusiTHbIM JUist 00pa3o-
BaHUs JICYCOHBIX WIOBO-CYJIb(DHUIHBIX TPS3eH U Pa3BECHUSI aKBaKYJIb-
Typ. Conu nmoctynatot B O3epo MOCPEACTBOM BHIMBIBAHUS JOKICBBIMH,
TaJbIMU U TPYHTOBBIMHU BOJAMH MOPCKHX COJICBBIX TPYHTOBBIX OTJIOXKE-
Huil. ConeHocTh Bog O3epa 00BIYHO MMEET CUIIbHO BHIPAKCHHBIN CE30H-
HbI x01. Becennuit monoBogHbIl TpUTOK B O3ep0 paclpecHseT 03ep-
HYIO BOJY, IETOM CHJILHOE UCIIaPEHUE B COYCTAHUH C MAJIBIM MOCTYILIE-
HUEM IpecHOH Bojbl B O3epo (BBI3BAHHBIM B OCHOBHOM arMOC()EPHBIMU
0CaJIkaMH) TIPUBOJIUT K YBEIHUYEHHIO coiieHOCTH. [lo nanubM [bambee-
Ba u Jip., 2009], Becuoii 2003 r. coieHocTh OblIa 223 1/11, I€TOM OHA yBe-
muauiack A0 441 r/a; MHOTOJICTHUE BapUAllMK COJICHOCTH OICHUBAKOT-
sl iuana3oHoM oT 78 10 447 %o. CornacHO HalllMM U3MEPEHUSM, B ()eB-
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pane 2014 1. coneHocth paBusach 242 %o. [To Moppomerpuueckum xa-
pakrepuctukam O3epa (cM. puc. 1, 6—B) 1 U3MEPEHUSIM COICHOCTH, MO~
JTy4eHHBIM B (eBpase — anpene 2014 r., mocTpoeHa 3aBUCUMOCTh COJIe-
HocTH Box O3epa OT ero HamosHeHus (puc. 2).
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VpoBers BORBI B O3epe, M Vpoeens, M

Puc. 1. Barumerpuueckas kapra boabmoro flmanrunckoro osepa (a),
IJIYOMHBI YKa3aHbI B CM; KYCOYHO-THHEHHAsl alMPOKCHMAIUs 3aBHCHMO-
cTH mjaowaau 3epkana Osepa or ypoBHs (0) u od0bema yamm O3zepa ot
momanm 3epkajia Osepa (B)

IIyHKTHp — 9KCTpanonsanus 3aBUCUMOCTH () 3a Ipeaebl IMEIOIIUXCS HATyPHBIX TAHHBIX

JlaHHBIX MPAMBIX U3MEpEeHUH ucnapeHus ¢ 3epkana Osepa B Hayy-
HBIX MyOJNHMKALKAX HAaMHU HE ObL10 0OHapykeHo. [ToaToMy HcIoib30Ba-
nack WHGOPMAIHS [0 BOJOCMaM-aHAIOTaM, HaXOMSIIUMCS B CXOXKHX
MIPUPOIHBIX YCIOBHUAX, B YaCTHOCTH, BO/IHBIN Oananc 3anuBa Kapa-bora-
T'on Kacnmiickoro mopsi. Conenocts pambl Kapa-borasz-l'ona nocturana
270 r/n u 6onee, yro 6mu3Ko K ycinousMm O3epa. 1o nanHeiM [Mupo-
HOBa, 1960], ucnapenue ¢ moBepxuoctu Kapa-borasz-l'oma cocrapuser
okosio 800 mm/ron. Coracuo [Great..., 1980], MuHepanu3aiusi BOJibI
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B bonbimom ConeHOM 03epe MEHSETCsl B 3aBUCUMOCTH OT 00beMa BOJIbI
B HeMm oT 137 go 300 %o. Ucnmapenue ¢ moBepxHoctu O3epa OKOJIO
1300 MMm/ron, ocanku paBHbI IpUMEpHO 250 MM/TO.

3aBUCUMOCTD UCTIAPEHUS OT COJICHOCTH U TEMIIEPaTyPhl BOJIbI HCCTIe-
noBaniack B [boOpos, 1960; byiinesny, byiinesuy, 1963; [lanun, bpes-
ryHoB, 2007] (puc. 3.).

Lé

T T T T T T T T T

"
8

Munepanuzauus o Ozepa, S %o

0 1 1 1 1 1 1 1 1 1

0 5 10 15 20 25 30 35 40 45 50
Hanonuenue O3epa, MIH M3

Puc. 2. Cosenocthb Bog boabmoro SlmajaruHckoro o3e-

pa kak ¢pyHkuus HanoJHeHus O3epa

k E, MM 3a nexany
100, T T T T T T
(a) (6)
80 100
6o _
40f q 50
201 b
1 1 1
00 100 200

300 ;
S, 0/00 T g
Puc. 3. Biausinue cojieHOCTH U TeMIneparypbl BOAbI HA UCITAPEHUE:

a — 3aBHCUMOCTH K03 duirieHTa ucrapenust k (OTHOIICHUS HCIIAPEHHSI C TIOBEPXHOCTH
COJICHOW BOJBI K UCIIAPECHHUIO MPECHON BOIBI) OT coieHocTH S %o [bobpos, 1960]; 6 —
3aBUCHMOCTE HcnapeHus E ¢ moBepxHocTH parsl (coneHocThio 6omee 270 %o) 3anmBa
Kapa-boras-T'on ot remnepatypsl panst T °C [byiineBuu, byiineBuu, 1963. Touku — skc-
HEPUMCHTAJIbHBIC JAHHBIC, TMHUYU — JIMHEHHbIC alllPOKCUMALIUU 3aBUCUMOCTEH

391



VYBenu4yeHne ColIeHOCTH BEJET K YMEHbBIIEHUIO HCIIapPEHNUs, TOBBIIIe-
HHUE TeMIepaTypbl BOJbI YBEIMYUBACT HCIIapeHHE U HA000poT. D10 00-
CTOSITENBCTBO OBIJIO HAMH YUYTEHO ITPH MOJICIIMPOBAHNHT MECSIUHBIX BEITH-
YUH UcnapeHus c nmosepxHoctu O3epa.

i cToXacTn4yeckoro MOAEIMPOBaHMUSA HMCHApeHHs HCIONb30BAIUChH
PsiIBI HAOMIOACHHH 32 TEMIIepaTypol BO3ayXa U aTMOC(HEepHBIMU OCaKa-
MH TI0 T. DITHCTE KaK Hanbosee perpe3eHTaTuBHOTO, IO COBOKYITHOCTH CO-
oOpakeHuil, myHkra. [Ipeamnonaranock, 4To 3T AaHHbIE OTPAXKAIOT C J0-
CTaTOYHOM TOUYHOCTBIO KIIMMAaTH4eCKHe 1 MOTO/IHbIE YCIIOBHS /IS pailoHa
Osepa. IlockonbKy UcnapeHue OIpenelsieTcsl B CyLIeCTBEHHOI Mepe co-
OTBETCTBYIOLIUM IMOCTYIUIEHUEM TeIJla, BHYTPUIOJIOBOM X0 HCIapeHHs
MOXKET PacCMaTpUBAaTHCs, B IEPBOM NPHOIIKEHUH, KaK JIMHEHHAs (yHK-
sl CPEJHEMECSYHBIX TeMIepaTyp Bo3nyxa. Bapmaumu apyrux gakro-
POB, BIMSIIOIIUX Ha MCHApeHUe (IeQUINTa BIaKHOCTH, CKOPOCTH BETpa
U T. [1.), YIUTBIBAIOTCS B BUJEC HEKOTOPBIX MOMPABOYHBIX KOA(duIeHToB
00 Ke JOMYyCKaeTcs, YTO BIUSIHUE TUX (aKTOPOB HA CyMMapHOE Me-
CSIYHOE UCTIApPEHUE SBIAETCS HE3HAYMTENbHBIM. Takol MOIXOJ K OLIEHKE
ucnapenus ¢ noBepxHoct O3epa sBisieTcs, 0€3yCIOBHO, TPHOTH3UTENb-
HBIM U TPEeOYIOIIMM YTOUYHEHUS MPU JAIBHEHIINX HccienoBanusx. [lpu
MOJICIMPOBAaHUN COCTAaBIISIIOIINX BoAHOro Oanmanca O3epa — ucmapeHus,
0CaJIKOB M ITPUTOKA — UCIIOIB30BAIHUCH CPEJHUE (MaTeMaTHIeCKUE OXKU 1A~
HUSA), TUCTIEPCHH, KOd((OUIMEHTBI aBTO- M B3aUMHOW Koppensiiuu. Kax-
Jas COCTaBIISIIOIIAsl BOXHOrO OajiaHca paccMarpuBasach Kak 12-koMmo-
HEHTHBIN CTOXaCTHMYECKHI BEKTOp C 3aJaHHBIMU CPETHUMH, TUCTIEPCUs-
MH 1 K03(PHULUEHTaMU aBTO- ¥ B3aMMHOH Koppemsinuu. [ Mmoaenupo-
BaHMs MPUMEHEH AJITOPUTM, U3JTI0KEHHBIH B [Pponos u nip., 2014].

Cnabasi BBIpQKEHHOCTb TPEHAOB B KOJNEOAHUSX TEMIEpaTyphl H
0CaJIKOB MO3BOJISIET, B TIEPBOM MPUOIIKEHUH, CUUTATh PsIIIbl HAOIoIe-
HUH yOBJIETBOPSIOIIMMHI YCIOBHUSM CTAl[MIOHAPHOCTH U IPUMEHUTD aJl-
TOPUTM CTOXaCTUYECKOr0 MOJENNpOBaHus. BHyTpuromoBoi xoxn cpen-
HEMHOTOJIETHUX BEJIMYMH HCIIAPEHHU s, BBIYUCIEHHBIX 110 CMOJIEINPOBaH-
HbeIM 1000 rooBBIX peanu3aiuii, npuBeaeH Ha puc. 4, a. B Becennue me-
CAIBI UCTIAPEHHE YBETMUYUBAETCS U3-3a MOBBIIIEHNS TEMIIEpaTyphl BO3-
JlyXa 1 paclpecHEHUs] O3€PHBIX BOJ MOJOBOIHBIM TPUTOKOM, B OCEHHUIN
MEpUO/l YMEHbBILIEHUE HCTIapEHUE BbI3BIBAETCS YMEHBIIECHUEM TEMIIEPATY-
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pBI BO3/lyXa M yBEJIMUEHHEM COJeHOCTH BoJl O3epa. MoaenupoBaHue vc-
napenus (puc. 4, a) 1 ocagkos (puc. 4, 0) Ha moBepxHOCTh O3epa MpoBo-
JUJIOCH C YYETOM CTOXAaCTHUECKHX B3aMMOCBSI3el MEXIY TeMIIepaTypoit
M 0CaJKaMH IO T. DIHUCTE, XapaKTEePU3yEMBIX KOPPEISHOHHON MaTpuLer
pa3MepHOCTBIO 24 X 24, 00pa30BaHHON KOBapHALMSIMH MEXKIY 24-10 KOM-
MOHEHTaMH — MECSIYHBIMU 3HAUCHUSIMU TEMIIEPATypbl H OCA/IKOB.

[Iputok B O3epo B €CTECTBEHHOM PEXHUME MPOXOAUT, ITIABHBIM 00-
pa3oM, B MEPHO BECEHHETO MM0J10BOAbs B TeueHue 30—50, nHoraa — oko-
10 10 nueii. [TocnenonoBoaHbIN MEPHOJ XapaKTEPU3yeTCsl OYCHb MaJIbIM
CTOKOM WJIM BOOOIIE MOJHBIM €ro OTCYTCTBHEM. HeOonbIioi mpuTok
MPOMCXOINUT OCEHBIO, BCIIEACTBHUE BhIMAAeHUs AOKACH. [[puHsTHI cie-
Hapuil ecTeCTBEHHOTo MpuToka K O3epy npuBeneH Ha puc. 4, B.

Hcnapenne, mm/mec

Ocaxu, Mm/mMec

(8)

Tpurok, M.’ /vec

i,

7 8 a9 E10; MY 12 Yo 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192
Mecsiust ecsubl

Puc. 4. CpennemHorosieTHue MecssuHble BeIn4uHbI Boabuoro Smaarun-
CKOro 03epa — cjeBa (CTOJOMKH; MYHKTUP — CTAHAAPTHbIEC OTKJIOHEHHs);
cnpaBa — (pparMeHT CMO/CJHPOBAHHOIO MHOI'OJIETHEr0 Psiia MeCSIYHbIX
BeJIMYHH:

a — ucrapenue, 0 — 0CaJ Ky, B — IPUTOK, B YCIIOBHO-ECTECTBEHHOM PEXUME

Ce30HHBIC U MHOTOJICTHUE KoJieObaHus coeHocTu Boj O3epa paccuu-
TBHIBAJIMCh B 3aBUCUMOCTbH OT €T0 HaNoJHEHUs (M. puc. 1), KoTopoe orpe-
JISISUIOCH 110 YPaBHEHUIO BOIHOTO OajlaHCca BOJOEMa, HCIIOb3Ysl CMOJIe-
JUPOBAHHBIEC PSABI IPUTOKA B O3ep0 U pa3HOCTh MEXKAY PAIaMH OCaIKOB
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u ucnapenus: (3QPeKTUBHOE UCIIApeHue), C YIETOM MOPHOMETPHIECKUX
u OatmMerpuyeckux xapakrepuctuk Ozepa (cm. puc. 1, 6-B). Ha puc. 5
NpUBEICH (parMeHT CMOJECIMPOBAHHOTO PsJa BEIMYUH COJNICHOCTH BO[,
KOTOPBIH MOKA3bIBAET, YTO B MHOTOBOJHBIE TOJbI — HAYMHAsI ¢ 4-T0 rofa
u 1o 10-ii — xosiebaHusl CONCHOCTH MPOUCXOASAT B OTHOCUTEILHO HEOOIb-
oM auanasone, npumepHo ot 50 1o 150 %o0. MasoBosbe NpUBOIUT K Cy-
[IECTBEHHOMY YBEJIMYEHHIO MAKCUMAaJIbHOW COJICHOCTH, MpUMepHO 350—
380 %o. CpaBHEHHE C HEMHOTMMH MMEIOUIMMUCS HATyPHBIMU JTaHHBIMU
MOKa3bIBAET, YTO MOJIEIb YAOBJIECTBOPUTEIHHO BOCIPOU3BOAUT KOIEOAHHS
coneHoctu Bog O3epa.

500, T T T T T T T T T T
400
300

-
2

100)

ConeHocts, %o

1 1 1 1 1 1 1 1 1 1 1 1 1 1

0 12 24 36 48 60 72 84 96 108 120 132 144 156 168 180 192
Mecsiubl

Puc. 5. ®parmMeHT cMOICJIMPOBAHHOIO PSA/IA BEJIHYHH COJIe-

HOCTH BOAbI Bosbmoro Smaarunckoro o3epa

Taxum 00pazoM, MpUMEHEHHE MeToIa Teorpadieckoll aHaJIOTHH B CO-
YeTaHWH! CO CTOXaCTHUECKUM MOJIETTMPOBAHMNEM BEKTOPHOTO aBTOPETPECCH-
OHHOTO TIporiecca (B JAaHHOM CITydae HMEFOIIETO 24 CTaTUCTHIECKH CBsI3aH-
HBIC KOMITOHEHTHI) TTO3BOJIMIJIO CMOJICTTPOBATh BOAHBIN OajlaHC M KojeOa-
HUS coyieHOCTH bombmroro SlmantuHCcKoro 03epa. PazpaboranHas mMomens
(opMupoBaHus CoeHOCTH BOABI B O3epe MO3BOISIET OMPEETIHTh PEKIM
TIO/TAY¥ BOJIBI B BOZIOEM JIJISI TIOJICPKAHUS ONITUMAITBHOM COJIEHOCTH.
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MODELING OF THE BOLSHOE YASHALCHINSKOE LAKE’S
WATER-SALT BALANCE

A. V. Frolov, T. Y. Vyruchalkina, S. G. Sarkisyan
Northern Water Problems Institute KarRC of RAS

The paper presents new morphometric and bathymetric characteristics of the
B. Yashaltinskoe Lake. A joint approach of geographical similarity and stochas-
tic algorithm was applied for modeling of the Lake water-salt balance.

CTPYKTYPHO-®YHKLUOHAJIbHASI XAPAKTEPUCTUKA
300IJIAHKTOHHOI'O COOBILLECTBA O3EPA CYTYPYOXA
(BACCEH PEKU UHJUTUPKHU, BOCTOUYHASI CUBHPb)

JI. A. ®posiosal, I. P. Huramar3ssinoBa',
JI. A. TlectpsikoBa?, /1. A. Cy6erro*

! Kazanckuil ¢hedepanvuwiil ynueepcumem
2 Cesepo-Bocmounbiil hedepanvibiil yHUGepcumem
um. M. K. Ammocosa, SAxymck
3 Unemumym 6o0nvix npoonem Cesepa KapHI] PAH
* Poccutickutl 20cy0apCcmeentulil neda2o2uteckuil yHugepcumen
um. A. Y. I'epyena

Brinoaaeno HCCIICIOBAHNE 300ILIAHKTOHHOI'O coo01ecTna
03. Cytypyoxa (0acceiin p. Muaurupku, Bocrounas Cubups). B cocrase
COBPEMEHHOI'0 COoO0OIIecTBa 300IUIaHKTOHA JietoM 2015 T. oTMedeHo
53 takcoHa rugpoOnoHTOB. OLEHEHO BUAOBOE pa3HOOOpasue, Konde-
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CTBEHHBIC XapaKTEPUCTUKHU 300TUIAHKTOHA, MPUBOIUTCS 300Teorpadu-
Yyeckas M XOpPOJOrHYecKas CTPYKTypa 300TUIAHKTOHHOTO COOOIIeCTRa.
JlaHbl pe3yabTaThl OIECHKH KaueCTBA BOBI C HCIIOIb30BAHHEM Pa3iIHy-
HBIX METOIOB, OICHMBAETCSI COBPEMEHHOE COCTOSHHE 300TUIAHKTOHHO-
ro COOOIIECTBA.

Ozepo Cytypyoxa pacronokeHO Ha ceBepe Slkytum B OacceiiHe
p. Uamurupku, B npenenax AOvickoi (CpeTHEMHIUTUPCKON) HU3MEH-
HOCTH, Ha FPaHMIIE JIECOTYHIPBI U 30HbI ceBepHOU Taiiru. KoopauHaTs!
reorpaduveckoro meHrpa ozepa: 69°09° c. mr., 145°23" B. n1. OHO SBIIA-
€TCsSl OIHUM W3 KPYITHEHIINX BOJIOEMOB JIaHHOTO paiioHa, oAb aK-
Baropuu 03. CyTypyoxa — 69 km?, ruromiaap Bogocoopa — 960 km?. Kot-
JIOBHHA 03€pa UMEET MPOCTOE CTPOCHHUE, XapaKTePHBIE TITyOMHBI — OKOJIO
2,0-2,5 M, MakCUMAaITbHBIE TTYOWHBI TOCTHTAIOT 3,5 M.

daxTHUeCKHii MaTepuan JUIsl OIEHKH 300IJIaHKTOHHOTO cooO0Ie-
cTBa coOpaH ¢ pa3HOTHITHBIX OnoTonoB 03. CyTypyoxa B aBrycre 2015 1.
OT00p 300TUIAHKTOHHBIX TTPOO MPOM3BOIMIICS MajlOW CEThIO ATIITEH-
Ha (mmametp cetu 25 cM, pasmep suen 70 MK) mporexuBanueM 100 i1
BOIBI U (ukcanmen B 4%-M dopmanbaeruae. O6padoTka mpod mpous-
BOJIMIIACH TI0 CTaHIAPTHBIM THIPOOHONIOTHYeCKNM MeTonrkaM [JKamuH,
1960; Koncrantunos, 1986].

CorracHo MoTy4eHHBIM pe3yabTaTaM, 300IJIaHKTOHHBIE COOOIIeCTBa
03. CyTypyoxa OTIIMYaIOTCsl OTHOCHUTENBHO OOTaThIM (1151 CEBEPHBIX pe-
THOHOB) BHUIOBBIM COCTaBOM, HaMU 3aHUKcHpoBaHO 47 BUIOB (53 Tak-
COHA) TIPEJCTaBUTENEH 300IUTaHKTOHA. BrioBoe pazHooOpasne cocTas-
JISTIOT B OCHOBHOM KoJyioBparku (tum Rotifera) — 25 BumoB (31 TakcoH)
u3 12 cemeiicTs; cpeau mpencrasureneit rpymmsl Cladocera (ki Bran-
chiopoda, tunt Arthropoda) obnapyxerno 11 BumoB U3 5 cemeicTB, u3
nonki. Copepoda (k1. Maxillopoda, Tumt Arthropoda) Hamu onpeeeHbI
10 BuoB (11 TakcoHoB) u3 4 cemeiricTB: 7 BumoB oTp. Cyclopoida u o 2
Buna orp. Calanoida u Harpacticoida. HauGomnee 6orato B BHIOBOM OT-
HOIIICHUH TIpe/ICTaBleHbI cemelicTBa Brachionidae (Tum Rotifera) — 8 Bu-
no u Cyclopidae (momkn. Copepoda) — 7 Bunos. U3 momota. Cladocera
MOYKHO OTMEeTHUTH ceMeiicTBa Daphniidae u Chydoridae — o 4 Buna.

MaxkcumansHble 9acTOTHI BCTPEYaEMOCTH XapaKTEpHBI IS HETo-
JIOBO3PEIBIX CTAJANNA Pa3BUTHUS BECIOHOTHX pakooOpasHbx (87,5 %) u
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KOJOBparok Brachionus angularis (Gosse 1851), Collotheca pelagica
(Rousselet 1893), Kellicotia longispina (Kellicot 1879) (1o 75,0 %) u mst
BeTBUCTOYycOorO pauka Daphnia middendorffiana (Fischer 1851). IIpen-
CTaBHUTEJIN XOJIOAOJIIOOMBBIX BECIOHOTHX pPakooOpasHbIX Heterocope
saliens (Lilljeborg 1862) u Leptodiaptomus angustilobus (Light 1938)
BcTpedeHbl Oonee ueM B 50,5 % Bcex 00pasios.

YucneHHOCTh 300TIaHKTOHa 00YyCIIOBIMBACTCSI KOJIOBparkamu (Cpen-
Hee 3HAYCHHE YHMCICHHOCTH KoJoBpatok 26,91 + 7,98 Thic. 9k3./M°) B
ocHoBHOM Onaronaps C. pelagica (cpenHee 3HaueHue yncieHHocT 18,21
ThIC. 3K3./M°). Cpennue 3Hadenust unciennocta BumoB Copepoda u Cla-
docera nmxe: 7,64 + 2,46 toIc. 5x3./M> 11 0,44 £ 0,11 TEIC. 5K3./M3, COOTBET-
CTBEHHO. 3HAYCHUs YMCICHHOCTH 300IUIaHKTOHA TI0 TOYKaM OTOOpa Ba-
pbUPYIOT OT 2,24 ThIC. 3K3./M° (00pazen 15-Su-02) mo 117,5 ThIC. 3K3./M°
(o6pazer; 15-Su-01), B cpeanem coctaBuB 35,13 + 9,16 ToIc. 9K3./M°. U3
BETBUCTOYCBIX PakooOpa3HbIX 0€3yCIOBHBIM JJOMHHATOM MOKHO Ha3BaTb
D. middendorffiana. Bun TvnyeH 1 BRICOKOLIIMPOTHBIX 03€P U MOJIHUIO-
HaJIbHBIX BOJIOEMOB, UMEET Y3KO OUEpPUCHHBIN apeaj, 4acTo BCTpedaeTcs
BO BPEMEHHBIX MEIIKOBOJIHBIX, 0e3pbIOHBIX 03epKax [ Vega, Clause, 2000].
D. middendorffiana — >BpuTepMHBII BU, HO UMEET ONTHMAIBHBIN TEIUIO-
BOI IMara3oH mpouecca AbIXaHus Mpuoan3nuTenbHo Ha 5 °C HIbKe, YeM B
cpeaHeM npeactaButenu pona Daphnia [Yurista, 1999].

Onpenenenue 6rnoMacchl 300IIAHKTOHA POBOJUIIOCH C HCIIOIb30Ba-
HUEM TaOIuI peKOHCTpyHpoBaHHBIX BecoB E. B. bamymkunoii [1979].
buomacca 30011aHKTOHa BapbHpoBaia 3HauuTeNnbHO: 0T 0,69 Mr/m? (00-
pazerr 15-Su-12) 1o 943,40 mr/m® (o6paserr 15-Su-09), coctarus B cpe/i-
HeM 295,21 + 72,92 mr/m? (BbICOKHE 3Ha4YEHHs OIIMOKU CPEeHEH yKa3bl-
BAIOT Ha CUJIbHBIC Pa3IMyMsi MEKAY MOKazaTeasiMu Onomacchl B 00pas-
nax). Kpynneie BeTBUCTOYyCBIE pakooOpasHeie Bythotrephes crassicaudis
(Lilljeborg 1890) (404,00 mr/m®), D. middendorffiana (212,83 mr/m® —
CpeHHuE MoKa3aresn OrnoMacchl padka B 00pasuax) oOyClIOBIMBAIH BbI-
COKHe 3HaueHus Oromacchl, B cpemHeM 189,23 + 48,53 mr/m®. Oobras
cpennsisi Ouomacca TakcoHoB rpymisl Copepoda coctaBuia B cpegHeM
108,34 + 32,84 mr/m?, komoBparok — 4,99 + 1,30 mr/m>.

Ha ocHOBe KOJIMYECTBEHHBIX IMOKa3aTesieil HaMH ObLIM PAacCYUTAHBI
MHJIEKC BUAO0BOTO pasHoodpasus Lllennona-Yusepa [1949] u nunaekcs! ca-
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npo6nocty 1o Ilantie u bykky B Moandukamuu Cragedexa [1973] u o
Metony 3enunke u Mapsana [1961]. CornacHO MOTYYEHHBIM 3HAYEHUSIM
unHekca lllenHoHa-YnBepa Ha OCHOBE YHCIEHHOCTH 300IUIaHKTOHA, Kayue-
CTBO BOJI 03€pa M0 BUAOBOMY Pa3zHOOOPA3UI0 OLIEHUBAETCS KaK TIOTPaHHY-
HOE MEXIY YMCTBIMU U YMEPEHHO 3arpsi3HEHHBIMU BOIOEMaMU. 3Hade-
HUE UHJCKCAa U3MEHSIETCs B peAenax ot 3,9 no 1,46, cocTaBuB B cpeiHEM
2,57. Ilo nHIeKcaM BUAOBOTO pa3HOOOpa3Hsi, paCCYMTAHHBIM HA OCHOBE
O1roMacchl 300IJTaHKTOHA, OTHOCUTENILHO OOJTbILIEe KOTMYECTBO OMOTOIIOB
BOJIOEMa XapaKTepHu3yeTcsl KaKk YMEPEHHO 3arpsi3HEHHbIE, Cpe/lHee 3Haue-
HUe uHjekca cocraBwio 1,88 (min 0,96, max 2,8).

[Ipu pacyerax MHIEKCOB CanmpoOOHOCTH BOJOEMa Ha OCHOBE MH/AMKA-
TOPHBIX OPraHU3MOB B Mojudukaimu Crajeyeka MoaydeHbl pe3yabra-
ThI, CXOZIHBIE TIOTYYEHHBIM 110 HHJEKCaM BHI0BOTO pazHooOpasus. 3Ha-
YeHus] MHJEKCOB BapbupoBanu 1,19 (omurocampoOnas 3ona) mo 2,01
(B-me3ocanpoOHast 30Ha), B cpeqHem coctaBuB 1,47. Mupeke campoO-
HOCTH, PACCYMTAHHBIN 110 METOAY 3elInHKe U MapBaHa, yUYUTHIBAIOLIHI
canpoOHble BaJCHTHOCTH BHJOB, BBISBWI, YTO B 03epe MpeodiagaroT
B-Me30canpoOHbIe yCIOBHS C OTKIOHEHHWEM B OJHUTOCANPOOHYIO 30HY
(9 cranumii), 7 0OTHOCATCS K OJIMTOCAIIPOOHBIM YYaCTKaM C OTKIIOHEHHUEM
B -Me30canpoOHyI0 30HY.

[To 300reorpadguueckoMy pacnpoCTpaHEHUIO B 300IJIAHKTOHE Mpe-
o0nagaroT BUAbI-KocMOmouThL, ux 53,0 % (25 BuaoB) (B ocHOBHOM OJa-
rojiapsi MHOTOUMCIICHHBIM KOJIOBpaTKaM, MPEJICTABICHHBIM B OOJIBIIIOM
KOJIMYECTBE B JIMTOPAJIBHOW 30HE BOJOEMOB), BHJIOB C MalleapKTHUe-
CKHM U TOJIApKTHUYECKHUM pacrpocTpaHeHueM MeHslue — 27,7 % (13 Bu-
1oB) 1 9 % (19,2 Buza), COOTBETCTBEHHO. BHJIbI ¢ OTHOCUTEIILHO BBICO-
KHMU KOJMYECTBEHHBIMHU TIOKA3aTEJIIMA OTHOCSITCS K TPEACTaBUTEISIM
lonapkrrnueckoii monodnactu, a MMEHHO K. longispina n3 KoloBpaTokK, a
takxke Leptodiaptomus angustilobus (Light 1938) u Bunst p. Cyclops u3
BECJIOHOTHX PaKOOOpa3HbIX.

[To xoponoruyueckoil cTpyKType npeodnaaialoT B 300MJIaHKTOHE JIU-
TopanbHble Bunbl — 44,0 % (22 Buga) (konoparku p. Lecane, Nothol-
ca, Trichothria, BeTBHCTOYCBIE pakooOpasHbie p. Alona, mpencraBute-
mu otp. Harpacticoida), B paBHBIX COOTHOIIIEHUSX BCTPEUCHEI MEarude-
CKHE U IBPUTONHBIE BUABI — 110 28 % (14 BuIOB).
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WHTepecHa Haxogka BECIOHOTO paxooOpasHoro Leptodiaptomus
angustilobus (Light 1938), obnamaromero y3KiuM roJlapkTHYECKUM ape-
anoM oOuTaHus (BOONb ceBepHOH yacTh asuarckoit yactu PO, CHIA u
CeBepo-3anagHas Anscka) W SBISIOLIETOCs MPEACTABUTEIEM YHCTBIX
MIPO3pauHbIX BOAOEMOB C HHU3KOW Temmeparypoil Boas! [bopyukuii u ap.,
1991]. Emte onnum npencraBuTeneM KpaifHero ceBepa [onapkTuku sBis-
ercst D. middendorffiana [Onpenenurens..., 2010]. /lanHblil BUI Xapakre-
PEH 1Sl HEOOJIBIINX OJMIOTPO(HBIX U ClIeTKa MOJKUCICHHBIX BOTOEMOB
[Tiberti, 2011]. TTo Geperam BomoeMa OBLITH OTMEUEHBI MACCOBBIC CKOTLIIE-
HUA dunmnuansHeX BeiOpocoB Cladocera, chopMupoBaHHBIE B MEPBYIO
odepenab 3QUNIUSIMU BETBHCTOycoro pauka D. middendorffiana.

Takum 00pa3oM, HECMOTPSI Ha CypOBbIE KIMMAaTHYECKUE YCIIOBUS, B
KOPOTKHMI BETeTallMOHHBIN CE30H 3a CUET MAacCOBOTO Pa3BHTHSI KPYIHBIX
¢dopMm B cocraBe 300mIaHKTOHa B 03. CyTypyoxa (hopMUpyeTcs: XOpOIo
Pa3BUTHII 300IUIAHKTOHHBIM KOMIUIEKC. 300IIAHKTOHHOE COOOILECTBO
NpeNCcTaBIseT cOO0H 3HAYMMOE U B IOCTATOYHON CTETICHH PAa3BUTOE 3BEHO
MUIIEBOW 1IETI SKOCHCTEMBI 03epa, oOecreurBasi ONaronpusTHBIE yCiIo-
BUSL IS MACCOBOT'O HAaryja MOJIOAM PbIO, MIIaHKTOHOSAHBIX BUIOB PBIO
BHUJIOB CO CMEILIAaHHBIM ITUTAaHHEM, TAKHX KaK MeJIsiib, YUP, XapruycC U Ip.

Hccnedosanue vinonneno npu ¢unarncogoii noodepocke PODOU (npoexmoi
15-05-04442 A u 15-45-05063 p_socmoxk_ay).
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STRUCTURAL AND FUNCTIONAL CHARACTERISTICS
OF ZOOPLANKTON COMMUNITY OF LAKE SUTURUOKH
(INDIGIRKA RIVER BASIN, EASTERN SIBERIA)

L. A. Frolova!, G. R. Nigamatzyanova', L. A. Pestryakova?, D. A. Subetto>*

I Kazan (Volga region) Federal University
2 North-Eastern Federal University in Yakutsk
? Northern Water Problems Institute KarRC of RAS
* Herzen University

The articles deals with the results of the zooplankton taxonomic composition and
population densities in the lake Suturuokha (Indigirka river basin, Eastern Siberia)
study. On the whole, 53 taxa including rotifers, cladocerans and copepods were
identified. The qualitative and quantitative characteristics of the zooplankton, its
spatio-temporal distribution and community structure as well as the water quality
were assessed.

MOAEJUPOBAHUE JTUHAMUKU BUOMACC IIVTAHKTOHA
B INIEPNO/J BECEHHET'O ITPOI'PEBAHUS BOOAOEMA

b. O. llpinenoB

Tomckutl 20¢y0apcmeeHHbIl YHUBEPCUmem

B nannoii paGote mpencTaBiIeHbl Pe3yNbTaThl YHCICHHOTO MOJEIHUPO-
BaHWS JUHAMHUKHA OMOMACC TUIAHKTOHA B IEPHOJ Pa3BUTHUS BECEHHETO
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peunoro Tepmodapa B 03. Kamnync (bpuranckas Komym6us, Kanana) na
OCHOBE «HYTPUEHT — (PUTOIUIAHKTOH — 300IUIAHKTOH» Mozaenn OpaHkca
u np. [lpenmymecTBoM pa3zpaboTaHHOW MOAEIH SIBISETCS YUET CyTOY-
HOW M3MEHYMBOCTH aTMOC(EPHBIX XapaKTEPUCTUK (TeMIeparypsl BO3-
JyXa, OTHOCHTEJIbHOW BIQ)KHOCTH, aTMOC(EPHOTo AaBJICHUS, 00IaqyHO-
CTH), BO3/ICHCTBYIOIINX HA BOAHYIO TOBEPXHOCTb.

BecHoll 1 0ceHbIO B 03epax YMEPEHHBIX IUPOT BO3HUKAET mMepMo-
bap — PUPOTHOE SBICHUE, TIPEACTABIIONIee COO0H y3KyIO 30HY, B KO-
TOPOU TIPOUCXOUT TOTPYKEHHUE BOJBI, UMEIOIIeH HanOONBIITYIO TIOT-
HOCTbB, OT TIOBEPXHOCTH 110 1HA. OH OKa3bIBae€T OTPOMHOE BIHSHUE Ha
HKOCHCTEMY 03€pa, TaK KaK CO37aeT MPEMATCTBUE TSI TOPU30HTAIBHOTO
BOJIOOOMEHA MEXKIY IUPKYISAIMOHHBIMU TIOTOKAaMHU C Pa3HBIMHU XapaKTe-
PUCTHKAaMH BOJIBI (TEMIIEpaTypoi, MUHEpaIu3ae u T. 1.) u GpopMu-
pyeT Oapbep Mexay 00JacTsIMHU C ONarompUsATHBIMU (C TEIJIOW BOAHON
Maccoi) 1 MeHee ONarompHUsSTHRIME (C XOJIOIHON BOTHOM Maccoi) ycio-
BUSIMU JIJISL POCTA TIAHKTOHHBIX COOOIIIECTB.

Lempto HacTOsMIIEH PadOTHI SBISETCS pa3padOTKa MaTeMaTHYeCKOH
MOJIETIN HAa OCHOBE «HYTPHUEHT — (PUTOTUIAHKTOH — 300TIJIAHKTOHY MOJZIEIIH
[Franks et al., 1986] ¢ ygeTom CyTOUHOM H3MEHYMBOCTY aTMOC(EPHBIX I1a-
paMeTpoB, a TaK)Ke YHCICHHOE BOCITPOM3BE/ICHUE pacTIpe/ieNieHHs OHOII0-
THUYECKUX KOMIIOHEHTOB, COCTABIIAIONINX IJIAHKTOH, BO BpeMs BECEHHEH
HBOJTFONIMH TepMoOapa Ha IpuMepe KaHaJIcKoro 03. Kamiyric.

Ilepenoc 6uomacc miaHkToHa B 2.5D MareMaTu4eckol MOZAEIH ONu-
CBIBAa€TCS C TIOMOIIHIO KOHBEKTUBHO-TH(PPY3NOHHBIX ypaBHEHUH BHIA

oV ou¥ ow¥ o oV ) o oY

—+—+—=—|D,— |[+=—| D, — |+ Sy,

ot ox dz  Ox ox ) oz 0z
rae ¥ — koHIeHTpalusi GHOIOTHYECKOT0 KOMIIOHEeHTa (HyTpueHTa, (hu-
TOTUIAHKTOHA, 300IIJIAHKTOHA); Sv, — MCTOYHHUKOBBLIM WICH i1 COOTBET-
CTBYIOILICH COCTaBISIOIIEH, KOTOpasi MPEICTaBISIeT PEe3yabTaT B3aHMO-
JIEHCTBUS C OCTAIbHBIMU KOMIIOHEHTAMH OMOJIOrH4YecKor moaenu. Jlis
YHCIIEHHOTO UCCIIeIOBAHUS JUHAMUKY IUTAHKTOHHBIX TIOMYJISIMIA B 1aH-
HOH paboTe HCIOIb3YyeTCss MOJENb «HYTPHEHT (V) — puToriankToH (P) —
30011aHKTOH (Z)» [Franks et al., 1986]. PacuetHbie hopMyIbl, ompee-
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JSTFOLIME 3HAUYCHUSI HICTOYHUKOBBIX YWICHOB B N—P—Z MoJenu, npeacTaB-
nieHsl B Ta0. 1.

VIHTEHCHBHOCTD TMHTAHUS 300IUIAHKTOHA / B MOJEIH OCHOBaHa Ha
tdhopmynuposke Meiizo u [lyne [Mayzaud, Poulet, 1978] ¢ mogudukaru-
eit ®pankca u ap. [Franks et al., 1986]:

Taoauna 1. BzaumoneiicTBue ¢u- I=R AP(]-e'")
TomaankToHa (P), 300I1aHKTOHA "
(Z) u nytpuenta (N) [Tepemennas G mpenacTaBIseT
CKOpPOCTh TIEPBHUYHOTO TIPOMYITHPO-
0O0603Ha-
- PacueTHas dhopmyna BaHMS (DUTOTUTAHKTOHA M PACCUUTHI-
S (G-m)P_1Z BaeTcs 1Mo popmyie
S [ =pl-—m]Z G=V e [N/(N+k)].
Sy G+ m)PHy I+ m)Z ITapameTpsl, CBSI3aHHBIE C BbI-

YUCJICHUEM 6I/IOJ'IOFI/ILIGCKI/IX KOMIIOHCHTOB B MOJCJ/IH ITIJIAaHKTOHA, HpI/IBe-
nenbl B Ta0m. 2 [Holland et al., 2003].

Tabauna 2. 3HaYeHHs] MapaMeTPOB «HYTPHEHT — (PMTOILUIAHKTOH — 300-
MJIAHKTOH» MOJeJIH

[Tapamerp Haumenosanue 3HaueHue
v, MakcumanbHasi CKOpOCTh pocTa (PUTOIUIAHKTOHA 2,0 cyrku’!
n KoadpunumenT ocnadbnenus ceera 0,1 m!
KoHcTaHTa noNTyHaChIIEHNs JUIsl TOMVIONIEHHsS TTHTa- 5
k 0,2 mMoitbp N M
s TENIbHBIX BENECTB
m, CMepTHOCTH (PUTOTIIIAHKTOHA 0,1 cyrku’
MakcumainbHasi ”HTCHCUBHOCTD ITUTAHHUS 300I1IaH- 0
R 0,5 cyTku
" KTOHA
A KoncranTa MBieBa 1/ NUTaHUs 300IUIAHKTOHA 0,5 mmonb N M
y Jlomst HEyCBOGHHOTO TIMUTAHUS 300TUIAHKTOHA 0,3
m, CMepTHOCTH 300TUIaHKTOHA 0,2 cytku’!

Crienyer 3aMeTHTh, YTO Pa3MEPHOCTH HEKOTOPBIX MAapamMeTpoB (k , A)
B Ta0J. 2 yka3aHa B IUHHUIAX a30Ta, T. €. CMMBOJI N B [MMonb N m~]
0003HaYaeT XMMUYECKHUI 3JIEMEHT «a30T».

MaremaTnueckoe MOJEINPOBaHUE HECTALIMOHAPHOTO TEUEHHUS B TIIy-
OOKOBOJHOM 03€pe MPOBOAUTCS MYTEM YHCIEHHOTO PELICHUS] CUCTEMBI
ypaBHEHUH (ypaBHEHMH HEpPa3pbIBHOCTH, KOJMYECTBA JIBUKEHUS, SHEP-
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UM, TypOYJICHTHBIX XapaKTEPUCTHK) TEPMOTUAPOUHAMUYECKON MOJIe-
mu [Tsydenov et al., 2015], 3aMbIkaHHEe KOTOPOH OCYIIECTBISAETCS C TO-
MOUIBIO AByXTapaMeTpudeckoi k—m Monenn Yunkokca wim xe anreopa-
WYECKUX COOTHOIICHU i1 KO3 (UIIMEHTOB TypOyneHTHOM nuddy3un
[proenos, Crapuenko, 2014]. IlpocTpaHCTBEHHO-BPEMEHHOE pacIipe-
JIeJIeHNE TJIAHKTOHA PAaCcCUUTBHIBAETCS MOCPENCTBOM COMPSIKEHUS Tep-
MOTHJIPOJUHAMUYECKON MOJIENIN ¢ OMOJIOTHYECKON MOAEIBIO, TIPEICTaB-
JIeHHOMW BhILIe. Pelienne 3agaqn OCHOBaHO HA METO/IE KOHEYHOTO 00b-
eMa, COTIACHO KOTOPOMY CKAaJISPHBIC BEJIUYMHBI (KOHIEHTpAIUs (PUTO-
TUTAHKTOHA, 300IUIAHKTOHA, HYTPUEHTA, TEIUIO(U3NICCKUE XapaKTepH-
CTHKH BOJBI H T. [I.) ONPEAEIIAIOTCS B IEHTPE CETOYHOH SUEHKH, B TO Bpe-
Msl KaK KOMIIOHEHTBI BEKTOpa CKOPOCTH — B CPETHUX TOYKaX Ha IpaHU-
1ax si'ueeK. YNCIIeHHBIN aNropuTM HaXOXKISHUS TIOJIsl TCUCHHS U TeMIIe-
paTypsl onupaeTcst Ha pa3HOCTHYI0 cxemy Kpanka — Hukoncona. Kon-
BEKTUBHBIC CJIaracMble B YPAaBHCHHSX AIMPOKCUMHUPYIOTCS 110 POTHUBO-
notokoBoii cxeme QUICK [Leonard, 1979] Broporo nopsiaka. Cucremsl
Pa3HOCTHBIX YPaBHEHHIA HA KaXKJIOM IIIare 10 BPEMEHU PEIIaroTCsi METO-
JIOM peJaKcaryy.

B kagectBe uccnemyemoi o0nactu BEIOpaHO BEPTUKAIBHOE CEUEHHUE
03. Kamuynic [John et al., 1976], cooTBeTCTBYIOIIEE HAIPABICHHUIO BIIa-
neHust p. ToMIICOH, Ha4yajao CHCTEMBbl KOOPJMHAT COBIAAAET C YCThEM
peku (puc. 1, a). O3. Kamurynic HaxonuTcs Ha roro-3anaae Kanamast (mpo-
BuHIUs bpuranckas KomymoOus) B 340 kM ceBepo-BocTouHee BaHkyse-
pa u pacnonoxeHo Mexay 50°26°—50°45’ ¢. m1. m 120°03° - 120°32° 3. 1.
Pacuernas oOmacte mMmeeT HpOTsHKEHHOCTh 10 kM u miyOuHy 138 M
(puc. 1, 0).

HauansHoe pacnpenenenue reMmneparypsl B 03. Kamync umeer no-
CTOSIHHOE 3HadeHue, paBHoe 2,4 °C, B To BpeMs Kak TeMIeparypa BOJbI
B peke cootBeTcTByeT 3,6 °C n HarpeBaercs Ha 0,2 °C B cytku [Holland
et al., 2003]. Pexa Tomricon BmamaeT B 03epo co ckopocthio 0,01 m/c,
MUHEpalu3alus BoAbl B o3epe U B peke coctasisieT 0,1 r/kr. Havanbuas
KOHIICHTpalsl (PUTOIJIAHKTOHA, 300TUIAHKTOHA W HyTPUEHTA COCTAaBIIs-
et 1,0, 1,0 u 4,0 mmoas N m> coorBerctBenno [Holland et al., 2003].
Pacuetnas o6nacts (puc. 1, 6) MOKpbIBaeTCsl pABHOMEPHOM OPTOTOHAIIB-
HOM ceTKo# ¢ maramu 2 =25 m u h_=3 m. lllar no Bpemenu — 60 c.
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Puc. 1. Mopdomerpus o3. Kamayne:
a — Oarumerpust 03. Kamiyric; 6 — BRIYUCIUTETbHAS 00TaCTh (TIPOIOIBLHOE CEUCHHE)

Paspaborannas MmaremaTHyeckasi MOZEIb MMO3BOJISAET YUUTHIBATH CYy-
TOYHYIO M3MEHYHMBOCTH METEOPOJIOTHYECKUX (DAaKTOPOB, BO3IACHCTBYIO-
IIMX Ha BOIHYIO MOBEPXHOCTH 03epa. B kauecTBe aTMOC(epHBIX JaH-
HBIX BBICTyHaeT MH(GOpMAaLUs O TeMIlepaType BO3/AyXa, OTHOCHUTEIb-
HOU BJIQYKHOCTH, aTMOC(EpPHOM IaBJICHWH, OONauHOCTH M3 apXuBa I0-
TOAHBIX ycioBul meteoctannuu I. Kammync B mepuon ¢ 01.04.2015 mo
30.04.2015 . (http://climate.weather.gc.ca). Ha ocHOBE 3THX CBeIeHHIA
paccuMTaHbl 3HAUCHHsT KOPOTKOBOJIHOBOW W JUIMHHOBOJHOBOH pajua-
IIUH, TIOTOKOB CKPBITOTO U YyBCTBUTEIBHOTO TeIUIa (pHC. 2) IO MOJAEIH
Ne 3 u3 [Tsydenov, Starchenko, 2015].
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Puc. 4. lIpopnian konuenTpauun Hyrpuenrta (N), puronnankrona (P) u
300IIAHKTOHA (Z) U Ha riy0ouHe 4,5 M, moJiyueHHble Ha 16-e cyTkHM MoJe-
JIMPOBAHMS

Mzomuans Temmeparypsl Bomsl 4 °C (puc. 3, a) 1 BEKTOPHOE TI0JIE CKO-
poctu TeueHus (puc. 3, 0) CBHIETEILCTBYIOT O TOM, YTO Ha 16-¢ CyTKH
OT Havaja BEIYUCIUTEIBHOTO SKCIIEPUMEHTa TepMo0ap pacroiaraeTcs Ha
PaCCTOSTHUY IPUOIM3UTENHHO 1,7 KM OT ycThs p. TommicoH. BumHo, 9T Ha
MECTe CYIIeCTBOBaHUS TepMoOapa MPOUCXOANT MOTPYKEHHE BOJBI MaK-
CHUMaJIbHOM IIOTHOCTH, KOTOPOE WHHUIMUPYET HUPKYISIMOHHOE JIBHKE-
HUE B TETUTOMHEPTHOH oOmacTw (cmpaBa (poHTa Tepmobapa). CormacHO
N—P—Z mopnenu akTHUBHBIN pocT (UTOIUIaHKTOHA (puc. 3, B, puc. 4) Ha-
OmromaeTcst B TOBEPXHOCTHOM CJIO€ BOTHOM TOJIIM B OKPECTHOCTH TeMITe-
parypsl MaKCUMAaJIbHOHN TIOTHOCTH. Ba)XHO 3aMeTHTh, YTO HAMOOJbINIAs
KOHIIEHTpalusl (PUTOIIIAHKTOHA COCPEAOTOUCHA HE Ha MECTE PacIioioKe-
HUS TepMoOapa, a Ha paccTosSHUA 1,4 KM OT yCThSl pEKH B TETTIOAKTHBHOM
obmactu ¢ OoJiee BBICOKOHM Temrreparypoid Bomsl. [Ipodwmmm pacmpenene-
HUSI OMOJIOTHIECKUX KOMITOHEHTOB Ha TIOBEPXHOCTH 03epa (puc. 4) yka-
3BIBAIOT HA UCTOIIEHNE HYTPHEHTA (MUTATEIbHBIX BEUIECTB) BCIEIACTBUE
YBETMYCHHS TIOTYJISIIH (GUTOTUTaHKTOHA. OOMITbHAS paCTUTEBHAS Cpeia
TIOJIOXKUTEITFHO BIIMSICT Ha YMUCICHHOCTh 300TUTAHKTOHA (pHC. 4).

Hccnedosanue svinonnerno npu gunancosoti noddepacke POOU ¢ pamkax
nayunoco npoexma Ne 16-31-60041 mon_a_ok.
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MODELLING OF PLANKTON BIOMASS DYNAMICS
DURING SPRING HEATING OF A WATERBODY

B. O. Tsydenov
Tomsk State University

The work presents the results of numerical modelling of plankton biomass dy-
namics during the evolution of the spring riverine thermal bar in Kamloops
Lake, British Columbia, Canada. The investigation of hydrobiological processes
was carried out using the nutrient—phytoplankton—zooplankton model of Franks
et al. The developed mathematical model takes into account the diurnal variabil-
ity of the heat fluxes on the surface of the water body.
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CPABHUTEJIBHBIN AHAJIN3 MEXKT'OJJOBOI
NU3MEHUYMBOCTH 3HAUEHUI pH U ITPO3PAYHOCTH BOJBI
B MAJIBIX IECHBIX O3EPAX BOCTOYHOTI'O MTOBEPEXKbS
OCTPOBA BAJIAAM C 3ABOJIOYEHHBIM BOJOCBOPOM

M. C. llIaban, A. b. Crenanona

Poccutickuii cocydapcmeennulii 2u0pomemeopoiocudeckull yuusepcumen

B pabote nmpuBeieH aHaIu3 3HaYE€HUH PO3pavHOCTH BoAbI M pH B Tpex
JIECHBIX 03epax ¢ Majiol ruromasio 3epkana (0,6-2,8 ra). O3epa xapak-
TCPUYIOTCA KpaﬁHe HU3KUMU 3HAYCHUAMU MPO3PAYHOCTU BOABI U MCIK-
TOJIOBOH CTaOMIIBHOCTBIO ATOTO Mokaszaress. Ilpu 3ToM Bomoembl Cy-
IIECTBEHHO pa3IMYalOTCs 10 3HAUEHHUSM AaKTHBHON peakldu Cpeabl.
Ee mexkronoas U3MEHUMBOCTb AJISL BCEX 03€P OLPEAEISIETCs KOIUue-
CTBOM OCaJIKOB M XapakTepoM HX BblmajaeHus. [lnomans BogocOopa u
€T0 CTPYKTYpa OKa3bIBAIOT BJIWAHUC Ha 3HAYCHHA HUCCICIOBAaHHBLIX I1ad-
paMeTpoOB, B 3HAYUTEIBHOM CTETICHU orpeaecsasd MacimTad uX U3MEHYHU-
Boctu. CdarnoBoe 6010TO Ha BogocOope BBIMOTHSIET Oy(hepHyo QpyHK-
[0, OJTHAKO TPY 3HAYMTEIHHOMN IUIONIAJN CIIOCOOCTBYET BOSHUKHOBE-
HUIO KpaliHe HUu3KkuX 3HadeHni pH (<5) B rofisl ¢ BBICOKUM KOJTMYECTBOM
0CaJIKOB.

XUMHUYECKUI COCTaB BOJBI 03€p B 3HAYMTEIBHOW CTENEHH Ompere-
JsIeTCsl XapakTepoM BozrocOopa, ero reoMopoIorn4ecKuM CTPOCHUEM,
MHTEHCUBHOCTBIO BOZOOOMEHA M aHTPOIOIreHHbIM Bo3aeicTBUeM. Kak
noguepkusai JI. JI. Pocconmmo, akkyMyImsLusi BEIIECTB B BOIHBIX JKO-
cucremMax — GpyHKuus BogocbopHoro 6acceiiHa 1 MOp(HOIOruU KOTIOBH-
HbI [Pocconumo, 1964]. UccnenoBanust MeXro10BoH H3MEHYMBOCTH T10-
3BOJISIIOT JIaTh OLICHKY IHAra30HOB 3HAYCHHUH JMMHOJIOTMYECKUX Mapa-
MeTpoB. McciienoBanue B3auMOACHCTBUN B CHCTEME 03€pO — BOZOCOOD
MO3BOJISICT MOIYYUTh KOJTMUYECTBEHHBIC OLICHKU BIMSHUS Pa3IMYHbIX Xa-
PaKTEpPUCTHK JIaHAma(Ta Ha MpeBpalleHHs BELIECTBA U SHEPIHH B 03€-
pax. B mepByio ouepernb, 5T0 OTHOCUTCS UMEHHO K MaJIbIM O3€paM, BIIU-
SIHUE BOJOCOOPHBIX IIOINAAEH KOTOPBIX HAa XapaKTep U CKOPOCTh MpoTe-
KaHHsI BHYTPHBOJIOEMHBIX ITPOLIECCOB HAaUO0JIee OLYyTUMO.
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OsepHoctb Kapenuu gocruraer 12,5 %, 31ech HacuuThIBaeTCs Oojee
60 ThIC. 03ep, IPEUMYIIECTBEHHO MaJbIX, U3 HUX OKOJIO 1,3 ThIC. 03€p C
wiomaaeio ot 1 1o 10 km? [['puropser u ap., 1965]. B nanHoMm uccie-
JIOBAaHUU YAETSETCS BHUMAHUE MPO3PAYHOCTH BOABI, KOTOpPAsi B MaJIbIX
JIECHBIX 03epax TYMUAHOU 30HBI OTPAXKAET COACPIKAHUE OPTaHUUYECKOrO
BEIIECTBA AJIOXTOHHOTO mpoucxoxkaeHus [Kuraes, 1984], a taxxe mo-
kazarento pH, KOTOpHIil B CBOIO Ouepenb UYBCTBUTEIEH K PSIAY CTPYK-
TYpPHBIX XapaKTEPUCTUK BOAOCOOpa, TAaKUX KaK HaIW4Me C(HarHOBBIX
BEPXOBBIX U MEPEXOAHbIX 000T. [locTyrieHne opraHMuecKux U HEop-
TaHUYECKUX BEIIECTB B BOJAOEMBI B OCHOBHOM OMNPEIEISIETCS BOAOIPO-
HUIIAEMOCTBIO ¥ BOJIOYACPKUBAOIIEH CITOCOOHOCTBIO MTOYB, OT KOTOPBIX
3aBUCAT pa3Mephl MOBEPXHOCTHOTO CTOKA U HcnapeHus. Mzyuenue o3ep,
PaCIOJNIOKEHHBIX B Tpe/esiaX OJHOro JaHAamadTa, JaeT BO3MOXXHOCTh
YICIUTh BHUMAaHUE M3MEHYMBOCTU MApaMETPOB B HEOOJBIIIOM reorpa-
¢uueckom Macmrade.

OCHOBHBIC 3a/1a41 PAOOTHI:

1. JlaTh CpaBHUTENBHBIN aHAIN3 3HAYCHUH 1 0COOCHHOCTEH pactpe-
JIeJICHUS IPO3PauyHOCTH BOJbI U pH B MCClieIOBaHHBIX 03€pax;

2. IlpoBectu aHanM3 MEXTOJOBOM U3MEHYUBOCTH ITUX MMAPAMETPOB;

3. BbIsBUTH BIIMsSHUE BaKHEHIIMX XapaKTePUCTHUK BOpOCOOpa Ha
3HAUEHUS UCCIIEIOBAHHBIX TAPAMETPOB B 03€pax.

Banaamckuii apxunenar, pacrnosjoK€HHbII B CEBEpHON yacTu Jlamox-
CKOTO 03epa, XapaKTepH3yeTcsl OOJBIINM Pa3HOOOpa3ueM MUKPOJIAH/I-
madtoB (3neck BoiAeneHo 400 Tunos manamadTHeIx (anuii). Jlecamn
nokpbITo 80 % TeppuTopuH apxurienara, IpeoOaaroine MopoIbl — Eilb
U COCHA, 3/IeCh BBIIeTICHO Oosiee 25 Tumos sieca, 14 tunos nmous [Kyuko,
1983; CrenanoBa, 2013]. EcrecTBeHHBIE TIOUBBI MPEACTABIEHBI CIEAY-
IOIIUMH OCHOBHBIMU THUIIAMU: IPUMHUTUBHBIMH, ITO0ypaMu, Oypo3ema-
MHU, MTOJI30JIUCTHIMU, OOJOTHO-TIOA30UCTHIMH, ICPHOBO-TTICEBBIMU U 00-
JIOTHBIMHU, OHU XapaKTEPHU3YIOTCS MaJIOH MOIIHOCTHIO (OCOOCHHO Tep-
BbIE TPU Pa3HOBUAHOCTH) M KUCIION peakuuei cpeasl [MarunsH, 1999].

Ha o. Banaam, mromnass KOTOporo 27,8 kM2, pacmoio:KeHo 9 Mabix
necHbix 03ep. C 1999 1. Banaamckuit apxunenar umeet ctaryc [ [pupoaHo-
ro napka peruoHayibHoro nomurHenus (Pecnyonuka Kapenus). s uc-
CJIEJIOBAaHUs BRIOPAHO TPU MAJIBIX 03€Pa, PACIIOJI0KESHHBIX HA BOCTOYHOM
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nobepexne 0. Bamaam. [1o npoBeneHHoOlM paHee kiiaccu(UKauy JaHHbIC
03epa OTHOCSTCS K CICAYIOIIUM TUIlaM: 03. [ epMaHOBCKOE — K aIllUAHBIM
MOJIUTYMO3HBIM ME30II0JINKEIE3UCThIM; 03. AHTOHHEBCKOE — K cl1abo-
KHUCIIBIM ME30TOJIUTYMO3HBIM ME30KEIe3UCThIM, a 03. ButanaseBckoe —
HEUTpaNbHBIM ME30IMOJUTYMO3HBIM MOJMKENE3UCThIM Bogoemam [Cre-
naHoBa u fp., 2009]. OcHOBHEIE MOP(HOMETPHUECKHE TTAPAMETPBI 03€p U
PSI CTPYKTYPHBIX XapaKTePUCTHK UX BOJOCOOPOB MPUBEICHBI B Ta0I. 1.

Taonauuna 1. OcHoBHBIe MopdoMeTpHUYecKHe MOKA3aTeNH, P CTPYKTYp-
HBIX XapaKTepPUCTHK HcCIeT0BaHHBIX 03ep [CtemanoBa u ap., 2009, ¢ u3-
MeHeHUSAMH |

Os3epo Fora |h . wm|OGeem V, M| F . ra| AF F=% igGJf;ICquHHO_
AHTOHHUEBCKOE 2.8 3,5 42 300 58 21 4%
Buransesckoe 0,6 1,5 19 057 50,24 | 105 <1
T'epmanoBckoe 1,0 3,6 3500 27,8 28 9*

Ipumeuanue. F — mnowans BoAHOTO 3epkana, h  — makcumanbHas nybuna, F | — ruto-
maape Bogocoopa, AF — ynenbHbIi BogocOop; * — JaHHBIE MOIy4eHHI B Ipoliecce reobo-
TAQHWYECKOTO ONMCAaHUs BOgocOopa.

PacTurensHbIil MOKPOB Ha BotocOope 03. AHTOHHEBCKOTO, OTINYAI0-
HIerocsi caMmoil OOJBIION MIIOMIAAbI0 BOAOCOOPa, XapaKTepU3yeTcsl 3Ha-
YUTENBHOW MO3aUYHOCTBIO. 371€Ch OMMCAHO 6 OCHOBHBIX THIIOB Jieca,
npeo0IaialoT COCHIKU M COCHO-EIbHUKN YepHUYHO-c(harHoBbie. Bomo-
c6op 03. BuranbeBckoro, HeCMOTps Ha CXOIHYIO IO a0COMIOTHBIM 3Ha-
YEHUSM ITUIOLIa]b, XapaKTepu3yeTcs OosblIeld OAHOPOIHOCTBIO pacTu-
TEJILHOCTH, C MPeo0ialaHueM eIIbHUKOB M COCHO-CJIbHUKOB YEPHUYHO-
c¢arnosbix. [locaequuii TN Jieca TaKke JOMHUHUPYET U Ha BogocOope
03. ['epmaHoOBCKOTrO, TZIE ONMHUCAaHO elle ABa THMa jeca. O3epo OKpPYKEHO
MEPEXOIHBIM BEPXOBBIM C(parHOBBIM OOJIOTOM, MEPEXOASIINM B 3200J10-
YeHHbIE y4acTkH jeca [Komonosa u ap., 2015]. Kak BugHO 13 Tadm. 1,
JBa APYIMX O3epa OTIMYAIOTCS CYHIECTBEHHO MEHBIIUMH 3HA4YCHUS-
MU 3a00JI04€HHOCTH BopocOopa. HeGonbiine 3a00704eHHbIE yYaCTKH
€JI0BO-COCHOBOTO JIECa PacroiaraloTcs MO3audHO B CEBEPHON M IOXKHON
YacTsaX BogocOopa 03. AHTOHHEBCKOTO, TOTa Kak s 03. ButanbeBcko-
ro — MO3aW4HO 10 Bcemy BopocOopy. [louBeHHBIH MOKPOB BOJO0COOPOB
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UCCIIEyEMBIX 03€p MPEACTABIEH MOYTH BCEMH THIAMU €CTECTBEHHBIX
MoYB, 0OHAPYKEHHBIX Ha Banaame. @opmupyroiuecs Ha BOTOCOOPHBIX
TEPPUTOPUSIX TTOYBBI OTHOTO U TOTO KE TUIIA PA3IUYAIOTCS TOIBKO MOIII-
HOCTBIO MPOQUIS U MHTEHCHBHOCTBIO MOYBOOOPA3yIOIIUX MPOLECCOB,
3aBUCALIUX OT COOTHOLICHUS MOCTYIUICHUS PACTUTEIBHBIX U YKUBOTHBIX
OCTaTKOB B [TOYBY U HX MpeoOpa3oBaHusl.

Pabora BeimonHeHa Ha 0aze YueOHo-HayuHOU craniuu PITMY Ha
0. Banaam, B ee 0CHOBY MOJI0KEHBI PSABI JAHHBIX IO MOKA3aTEIsAM MIPO-
3pauHOCTH BOJbI U pH B MOBEPXHOCTHBIX TOPM30HTAX 34 MIOHB M CEH-
T16pb ¢ 2004 1o 2015 . (6a3a nannbIx «Mansle o3epa Bamaamckoro ap-
Xurenara»). B aHaiu3 BKIIFOYECHBI JJaHHBIC TI0 MOHUTOPUHIOBBIM CTaH-
[USIM, PACIIOJIOKEHHBIM B TOYKaX C MAaKCUMAaJIbHBIMH TIIyOMHaMU 03€p,
WHTEpBal 0TOOpa Mpob — ofuH pa3 B Mecsl. [ aHanu3a ucmoiib30Ba-
HBI METeopoJoruueckue naHHele, npenoctanieHHble C3 YI'MC 3a Te-
TUTBIA Tiepuoy rofa (Mail — CeHTIOPh), — CPETHEMECIYHbBIC 3HAYCHHUSI KO-
JNYECTBA OCAJKOB U TEMIIEPATYPHI BO3AYXA.

IIpu cpaBHEHNH CpEeAHEMHOTOJICTHUX 3HAYCHHM MapaMeTPOB B UIOHE
U CEHTSIOpe XOPOIIIO BUHO, YTO 3TH MEPUOJIbI MPAKTUUECKHA HE OTIHYa-
10TCst 1o pH 1 cylecTBEHHO OTIAMYAIOTCA 110 TPO3PAYHOCTH BOIBI (TA0I.
2). D10 cBs3aHO ¢ pa30aBICHUEM BOTHOM MAacChl 03€p BCIEACTBHUE IO-
CTYIUICHUSI 3HAYMTEIBHOTO O0bEMa TaJIbIX BOJl B KOHIIC ampess — Mae.
HauGornee cyiiecTBeHHbIC pa3inyus MEX1y 3HAYCHUSIMU TIPO3PAYHOCTH
BOJIBI TOKa3aHbl A 03. BUTanbeBCKOTO, XapaKTEPHU3YIOIIETOC CaMbIM
0OJBIIMM 3HAUEHUEM YJICJIBHOTO BOpocOOpa. HammeHbinne paznnywus
MEXIYy HayajaoM M KOHIIOM «TEIUIOro» MepHoja roaa MoKa3aHbl sl 03.
AHTOHHEBCKOTr0. DTO, BUJIUMO, CBSI3aHO C TEM, YTO BOJAHAs Macca 3TO-
ro 03epa NpeCTaBIseT co00i OoJiee YCTONYUBEIN K BO3IEHCTBUIO CTO-
Ka 00BEM BOJIBI, IJIOLIAIh BOJOEMA OTIMYAETCS OT 03. | €pMaHOBCKOTO B
2,7 pa3a, ot 03. BuranseBckoro — B 5 pas, a ero oobem —B 2 u 12 pa3 co-
OTBETCTBEHHO.

Amnanu3 3HaueHu#t pH nokasain, uto mns o3ep ['epmanoBckoro u Bu-
TaJbEBCKOTO XapaKTEPHBI OTHOCUTEIILHO HEOOJIBIIUE TUAITa30HbI 3HAYC-
HU 3TOoro mapamerpa (puc. 1). s 03. AHTOHHEBCKOTO OHHM HECKOJIb-
KO IIupe, MUHUMalbHOe 3HaueHune pH 5,4 (utonp 2004 1.) 1 MakCUMalb-
Hoe 3HaueHue 6,8 (uroHb 2011 r). B menom xopoimo BUIHO, YTO IS
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BOJI0EMa MEPEXOJHOTo 0010Ta 03. ['epMaHOBCKOTO MpeobnagaroT 3Hade-
Hust pH mHke 5,5 (Moga — 5,2). DkcTpeManbHO HU3Koe 3HaueHue — 4,5
(cents16pb, 2004 1.). Ins 03. BuTtanseBcKoro B LElIOM XapakTepHbl 60-
nee BbIcokue 3HaueHus pH — MuHMManbHOE 3HaueHne 6,3 B CeHTsOpe
2004 r., makcuManbHOE 3HadeHue 7,2 B uioHe 2005 .

Taoauna 2. CpexHeMHOro/1eTHHE 3HaYeHHs MPo3payHocTu Boabl (SD) u pH
B NOBEPXHOCTHOM CJI0€ M CpeJHMe 0 MOAYJII0 3HAYEHHUs] OTKJIOHEHUN mo
JAHHBIM CheMOK 32 HIOHB U ceHTA0ps 2004-2015 rr.

pH SD, M
Osepo X, 06 | X, 00 | A | X, 06 | X_ 09 A
I'epmanoBCcKOE 5,1 5,2 0,1 0,87 0,64 0,23
BuranseBckoe 6,6 6,6 0 0,82 0,54 0,28
AHTOHHEBCKOE 6,3 6,3 0 1,20 1,08 0,12
Hoas
0.5
0.45 S
0.4
0.35
0,3
0,25 0O AHTOHHEBCKOE
BI'epMaHOBCKOE
mBuTtatseBckoe
Knacesrmo pH

Puc. 1. Panrosoe pacnpenenenue 3HadeHuii napamerpa pH B mosepx-
HOCTHOM I'OPH30HTE MO CheMKaM 3a ceHTAa0psb, 2004-2015 rr.

Kak BugHO Ha puc. 2 u B Ta0N. 2, Bce 03epa MOMAJarT B KIAcc C
OYEeHb HU3KOH MpOo3pavyHOCThIO Boabl [Kurtaes, 1984]. Haubonee mupo-
KHe JAMana3oHbl ¥ HanOOJIbIINE CpeHUe 3HAYCHUS TPO3PAYHOCTH BOJIBI
XapaKTepHbI Ui 03. AHTOHHEBCKOTO; MaKCHMMaJbHOE 3HAuU€HHUE 3TOTr0
rokasareJsi JocTuraer 3uech 1,5 M (centsops, 2008 r.). st o3ep ['epma-
HOBCKOTO M BuTanseBcKoro xapakTepHsl Oojiee y3Kue quarna3oHbl H3Me-
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HEHHS MPO3PAYHOCTH, €€ MAKCHMAIbHOE 3HAYCHUE ISl STHX BOJOEMOB
1 M. MuHMManbpHOE 3HAYEHHE OTMEUYEHO B 03. BuramneBckom — 0,4 M B
ceHTs0pe 2012 1.

Hoas

0,60

0,50

0.40 - D?ﬂronncscxoc
) =

0,30 + €pPMaHOBCKOE
EBuransesckoe

0,20

(ST — N S—

0,00 I ? ! Kaaccesimo SD

<04 0.4-0,7 0,8-1.1 1,2-16 >1,6

Puc. 2. Pacnipenesienne 3Ha4eHuii napaMeTpa npo3pavyHocTu BoAbl (M) IO
cbeMKaM 3a ceHTs0psb, 20042015 rr.

AHanu3 MeXrojoBol M3MEHUYMBOCTH 3HaueHW pH mokaszan, 4To
0Ca/IKM B 3HAYUTEIILHON CTETIEHHU OIPEIENIAIOT N3MEHYHBOCTh 3TOTO Ta-
pameTpa BO Bcex 03epax. B Tofpl ¢ KOJIHMYECTBOM OCaIKOB B «TETUTBII
nepuop (Maif — CEHTAOpb) OOJbINe KIMMaTHdecko HOpMBI Ha 100 MM
n 0Oonee HAOMIOMAIOTCS CYMIECTBEHHBIE OTPHIIATENbHBIE OTKIOHEHHS
(6ompmre 0,2). BT IpOBECH KOPPEIAIMOHHBIN aHAIA3 MEXKTY TTOKa3a-
TesisiMU pH B MOBEPXHOCTHOM CIIOE 33 CEHTAOPh M CyMMapHBIM KOJIUYe-
CTBOM OCAJIKOB 32 «TEeIUTBII Teproz roja. J{ist Bcex o3ep moayyeHbl BhI-
COKHe OCTOBepHBIe KodpumueHTs! Koppemsuu (He meree 0,58), mpu
9TOM MakcuMaibHOE ero 3HadeHwe 0,78 orMedeHO mis 03. ['epmaHOB-
ckoro. C Hameil TOUKH 3peHHs, 5TO CBA3aHO C MPUCYTCTBHEM Ha €T0 BO-
JIocOope OOIHUPHOTO TIO TUIOIIAIN TTepeXxoaHoro 0oora. Kak BumaHO Ha
puc. 3, muaUMaiIbHOE 3HaueHue pH oTrmeueno B 2004 1., HECMOTpS Ha
T0 9TO B 2012 1. 00111ee konmmaecTBo ocankoB Obwto BoITIE (180 1 201 %
OT KJIMMAaTHYeCKOW HOPMBI COOTBETCTBEHHO). BeposSTHO, 3TO CBSI3aHO C
TEM, 4TO CYIIECTBEHHOE BIIMSHUE OKAa3bIBAET HE TOJIBKO OOIIee KOIrude-
CTBO OCAaJIKOB, HO M HHTEHCUBHOCTH WX BhINaAeHUs. [IpeBbIienns kiu-
MaTHYEeCKOW HOPMBI B TeIUIBINA mepuon B 2012 T. cBsA3aHBI ¢ TpeMs OT-
JIEbHBIMH CITy9assM{ BBITIAJICHHS TUBHEBBIX OCA/IKOB B HIOJIE U aBTYyCTE,
B KOKIBIH U3 KOTOPBIX BBIMAI0 00Jiee TIOJIOBUHBI MECSIIHOW HOPMBI OCa/I-
koB. IlouBbl mepexomHoTOo OONOTA ONMarofaps BHICOKOW BIArOEMKOCTH
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BBITIOJHSIIOT poJib Oydepa, ofHaKo MpH HOCTOSHHOM PaBHOMEPHOM I10-
CTYIUICHUN OCcaaKoB (Kak 3To 0buto B 2004 1.) 00J0TO HamoMHsETCsl BO-
JOW M BOZOOOMEH MEXIy OONOTHBIMH BOJAMU M 03€POM yCHIIMBAETCS;
9TO MPUBOAUT K BOZHUKHOBEHHIO IKCTPEMAIbHO HU3KUX 3HaueHui pH.
OTKIOHEHHE
0.6
0.4
0.2

0.0
0.2
_054 L.

Ton

2005 2006 2007 2008 2 2013 2014 2015

0.6
0.8

Puc. 3. OTknonenus 3navenuii pH or cpeqHeMHOro/ieTHUX 3HAYeHUH B
03. 'epMaHOBCKOM 110 JTaHHBIM ChEMOK 32 CeHTAOpSb, 20042015 rr.

IIpo3pagHOCTh BOABI B 03¢paX AHTOHHEBCKOM M | epMaHOBCKOM Xa-
paKTepu3yeTcs 3HAYUTEIHbHOUW CTaOMIBHOCTHIO. Tonmbko st 03. Bura-
JBEBCKOTO TIONIYYEH JOCTOBEpHBIH Koddduiment koppemsmuu (0,71)
MEX]Ty ITOKa3aTeIIMU IPO3PAaYHOCTH BOJIBI U CYMMapHBIM KOJTMYE€CTBOM
ocankoB. Kak BugHO Ha puc. 4, MaKCUMallbHOE OTPHUIIATEIHEHOE OTKIIO-
Henue ObU10 oT™MeueHO B 2012 r. Bo3M0OKHO, 9TO CBA3aHO C TEM, YTO
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Puc. 4. OTkJIOHeHUs 3HAYeHUI NPO3PaYHOCTH BOABI (M) OT CpeIHEMHO-
TOJIeTHUX 3HAaYeHHil B 03. BUTa/IbeBCKOM MO JaHHBIM ChEMOK 32 CEH-
TA0pPSB, 20042015 1.
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BOJIOEM XapaKTEePU3YETCsl CAMBIM BBICOKUM 3HAYEHUEM YIIEJIbHOTO BO-
nocbopa, 60I0TO BOKpPYT 03epa OTCYTCTBYET, YTO CIOCOOCTBYET aK-
TUBHOMY IOBEPXHOCTHOMY CTOKY IOCJ€ HMHTCHCHBHBIX JIMBHEBBIX
OCAJIKOB.

Takum 00pa3oMm, TMOKa3aTelw YIelIbHOro BojgocOopa, ero JaHf-
madTHas CTPYKTYypa OKa3bIBalOT CYLIECTBEHHOE BIMSHUE HA 3HAYCHHUS
pH 1 mpo3padHOCTH BOABI, ONpenesist MacTabbl X MEXTOAOBOM H3-
MEHYHBOCTH, OOYCIIOBJICHHBIEC BIUSHUEM METEOPOIOTHUECKHX (DaKToO-
POB, BKHEUITMMH U3 KOTOPBIX SBIAIOTCA Ocaaku. OnucaHHbIE pa3iu-
4yrst B 00beMe BOIHOM MacChl TaK)KE OKa3bIBAIOT BIMSHUE Ha Juara-
30HBI 3HAUEHUI N3yUYeHHBIX apaMeTpoB. [IpoBeneHHOE UccienoBaHue
JaeT IpeAcTaBieHre 0 MacITabax M3MEHYHMBOCTH JTUMHOIOTHYECKUX
napaMeTpoB B €CTECTBEHHBIX YCIOBHUSX AJISl 03€P CO CTOJIb HEOOIbIION
TUIOMIAIBI0 3epKaa.
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COMPARATIVE ANALYSIS OF THE INTERANNUAL pH
VALUE VARIABILITY AND WATER TRANSPARENCY
IN THE FOREST LAKELETS WITH SLUMPY WATER COLLECTION
ON THE EASTERN SHORE OF VALAAM ISLAND

M. S. Shaban, A. B. Stepanova
Russian State Hydrometeorological University

The paper presents the analysis of pH value and water transparency in three for-
est lakes with a small water surface area (0.6-2.8 ha.). The lakes are character-
ized by extremely low values of water transparency and essential inter-annual
stability of this parameter. At the same time, the lakes are differentiated by pH
values. The inter-annual variability of pH value is defined by the amount of
precipitation and its regime for all the lakes. The structure and size of water col-
lection area exert an impact on values of the parameters, substantially determin-
ing the scale of their variability. The sphagnous swamp on the water collection
land performs the buffer function; however, if it has a really significant area, it
promotes the emergence of extremely low pH values (<5) in the years with a
high amount of precipitation.
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