I'maBa 1.
NPUHIUIIBI ®YHKIIMOHUPOBAHUS O3EP U O3EPHBIX OKOCUCTEM

1.1. HexoTophble (pusnyeckue npoueccol, popMupyIolie CTPYKTYPY BOA B 03epax

MHorue coBpeMeHHbIE METObl UCCIIEIOBAHUS U MOJEIMPOBAHUS PACCMAaTPUBAIOT 03€PO KaK IPOCTOM “‘UepHbIi AUK”
WIH ““XOPOIIIO TepPEeMEINBAEMbIi peakTop”, TIe B MpoIecce UCCIIE0BAHNS yUCHBIC H3y4YaroT 3aBUCUMOCTH MEXLy OHOXH-
MHYECKHMH TIpolieccaMu 1 pusndeckoit crparudukanieii (CoucTsiM crpoenneM) B HuX (Xenuepcon-Ceiutepc, MapkieHn,
1990).

[Tpecnas Bosa — yHHKanbHOE BeniecTBo. Hanbospryro mioTHoCTs OHa uMeeT npH 4 °C, 4To IpeoXpaHseT OT IpoMep3a-
HUS JaykKe OTHOCHUTEIILHO HENITyOOKHE BOIOEMBI, TaK Kak 0oJiee XOJI0/Has BOjia M 00pa3yIOIIUIICs 3aTeM JIeJ MMEIOT MEHBIIYIO
IUTOTHOCTH M “TITIaBalOT” HA MOBEPXHOCTH. Takas CBSI3b MJIOTHOCTH U TEMIIEPATyphl BOJBI 00YCIOBIEHA OCOOCHHOCTSMHE €€
MOJIEKYISIPHOTO CTpoeHUs. B pesynbrare (hopMupyeTcsi TepMUUECKH CTPaTH(GUIMPOBAHHBIA BOJOEM Kak JICTOM (IpsiMast
cTparuduKanys), Tak U, THOIa, 3MMOH (0OparHas cTparuduKkanus).

Crparudukanus o3ep UMeeT Ce30HHBII ITUKII. BeCHOM 1 1eTOM, C TOBBIIIIEHHEM TEMIIEPaTyphl BO3AYXa, IPOUCXOIHUT IIPO-
rpesaHue o3ep. [Ipu 3ToM OBEPXHOCTHBIE CJION TTOIYYaIOT OOJIbIIE TEIUIA, YeM ITyOnHHbIe. Tak Kak B UTOTE JaHHOTO MPO-
1iecca BOAIbI IIOBEPXHOCTHOTO CJI0SI CTAHOBATCS MEHEE INIOTHBIMH M MEHEe CTa0MIIbHBIMU, BOSHUKACT CTPATU(HUKALMS TOJIIN
BoJbI. [TocKONBKY BECHOI 1 JIETOM YKa3aHHBIH IPOIECC Pa3BUBACTCS, TITyOMHA IPOTPETOro CIIOS YBEITHUUBACTCS; ITOMY CIIO-
COOCTBYeT KOHBEKTHBHOE TypOyIIEHTHOE ITEpEeMEIINBaHNe W MOJEKY/ISIpHAs TETUIOMPOBOIHOCTE, BETPOBOE NIEpEMEIINBaHIE
1 YBEIMYMBAIOLIMECS TEMIIEpaTyphl Bo3ayxa. OOpa3oBaHHBIH TaKMM 00pa3oM CIIOi Ha3bIBAeTCs IMUJINMHHOHOM, IITyOHHA
€ro pesKo MpeBbIaeT 25 M. B mpeaenax sMUIMMHIOHA BETPOBOE M KOHBEKTUBHOE MIEPEMEIINBAHIE paclIpe/esseT TEeIo N0
Bceil myOuHe, co3/1aBasi OTHOCUTEIBHO H30TepMUYEcKre yCIoBHsL. [10 3THM MpUYIHAM STIMIMMHUOH YaCTO HAa3bIBAIOT CIIOEM
nepemenmBanms (Uebortapes, 1955; 3enun, benoycona, 1988; Xenaepcon-Cemnepc, Mapxirern, 1990).

Hioxe snunuMHIOHA TeMIepaTrypa BOAbl OBICTPO CHIUXKAETCS, OTOMY YTO HMXKHUE CJIOU MOTYYatOT 3HAUUTEIbHO MEHbBIE
COJTHEYHOTO TeIUIa ¥ HE MOABEPKEHBI BETPOBOMY TEPEMEIINBAHNIO. DTa 00IaCTh PE3KOTO CHIDKCHUS TEMIepaTyphl, pacio-
JIO’)KEHHAsl HaJl THIIOJIMMHUOHOM, Ha3bIBACTCSI METATMMHHOHOM (TEPMOKIINH — IIPUYPOYEH K ITyOMHE, Ha KOTOPO OTMeva-
10TCsl HANOOJIBIINE U3MEHEHHSI TEMIIEPaTypPhl).

I'MnoJMMHUOH — BKJIFOYAaeT CaMbIC XOJIOAHBIC BOJBI M SBISACTCA OTHOCHTEIBHO M30TEPMUYHBIM. B 3T0i 06macTH TeM-
nepaTypHble U3MEHEHHS B TEUCHHE BCETrO T0fla MUHUMAJBHBI, TEIEHHUS OTCYTCTBYIOT. TepMOKJIMH (€ro ToimmHa 00BIYHO
2-5 M) siBisiercst 3 HeKTUBHBIM OapbepoM JUIsl IEPEeMEIIUBAHMS BOJ MEK/Ly SITH- U THIIOJIMMHUOHOM HM3-32 PE3KHX TPaJneH-
TOB TeMIIEpaTypsl. B ntore o3epo B I1e/10M NpeacTaBiIseT co00H TMHAMUYECKH YCTOHUNBYIO CHCTEMY.

OceHblo, KOTJIa TEMIIEpaTypa BO3yXa CHHKAETCs, 03¢pO HAUMHACT OTAaBaTh TEII0 B arMocdepy. [Ipu BbIXonaxxuBaHUH
IJIOTHOCTh BEPXHHUX CIOEB BO3PACTAET, M OHU MEpPEeMEINaoTCs Yepe3 dMUIMMHUOH 10 NIyOuHbI paBHOBecus. Heycroiun-
BOCTb TaKOTO THIIA SIBISIETCS MPHUYNHOI BO3SHUKHOBEHUS TEUEHHH, KOTOPBIC B KOHIIE KOHIIOB Pa3pyIIAIOT TEPMOKIINH U PH-
BOISIT K U30TEPMUUYECKUM YCIOBUSIM B 03epe. ClieCTBUEM 3TOr0 “TiepeBOpOTa’ SBISIETCS UPE3MEPHOE TIOMYTHEHHUE BOABDI,
BBI3BAaHHOE B3MYUYHBAaHHEM JOHHBIX OTIOKCHHH, @ TAKXKE YBEIMUYCHHE JOCTYITHOCTH OMOTCHHBIX BEIIECTB B IBPOTHUECKOIT
30He (B HEil MHTEHCUBHOCTH (DOTOCHHTE3a MPEBOCXOAUT UHTEHCUBHOCTD JBIXaHUSI paCTeHUN); IITyOUHa JaHHOM 30HBI (TOJ-
IIMHA CJI0sT) B pa3HBIX THITAX BOZOEMOB HMEET CBOM CIENM(HIECKUE TapaMeTpHI.

B HEKOTOpBIX MENKHX 03epax SIMIIMMHHOH MOXET OBITH ITOJHOCTBIO 3aMEIICH TMITOMMHUOHOM (MM HA000pOT), Tak
YTO 03€pO CTAHOBUTCSI OTHOCUTEIBHO OJHOPOJHBIM B TEUEHHE BCETO rojia — HabIrogaeTcst roMoTepMus. B Takux o3epax
MIPOJIOJDKACTCS] HETIPEPBIBHOE NTEPEMEIINBAHNE, BEI3BIBAEMOE KOHBEKIIMEH U TypOYJICHTHOCTHIO, HHAYIIMPYEMOH BETPOBBIM
BO3IICHICTBHEM, YTO CIIOCOOCTBYET IPOMOIDKHUTENBFHOM 3aMyTHeHHOCTH Bonbl (UeboTapes, 1955; 3enun, bemoycosa, 1988;
Xennepcon-Cennepe, Mapxienn, 1990).

ITocne TOro KaKk JOCTHUTAETCSI OXHOPOAHBIN MPOQIIIH TEMIICPATyPhl, 03€PO MPOIODKACT OXJIAXKIATHCSI M KOHBEKTHBHBIC
TEUCHUsI JOCTUTAIOT 1Ha. OHOPOTHOCTh, TAKMM 00pa30M, yCTaHABIMBACTCS M TIOJICP)KUBACTCA /10 TEX MO, TTOKa He OyaeT
JIOCTUTHYTa TeMIlepaTypa MaKCUMaJbHOH MIOTHOCTH BOABI (OTMEUEHHOE SIBIICHHE HUKOIZIa HE MIPOMCXOAUT B 03€pax, pac-
MOJIOKCHHBIX B TEIUTBIX KJIMMATHYSCKUX 30HaX). Ecim TeMneparypa Boa moBepXHOCTHOTO ciiost Huxke 4 °C, To aHOMaJIbHbIE
BapHaIMX IIOTHOCTH BOJBI OT TEMIIEPATyphbl NPENONPEEIsIET, YTO 3TH O0Jee XOIOIHbIE BO/BI CTAHYT MEHEE IIIOTHBIMH,
MIPUBOJIS K YBEIMYCHHUIO CTAOMIIBHOCTH, TIPH KOTOPOH TeMIepaTypHbIil Npo(HIb MOKa3bIBAET OOPATHYIO CTPATH(HUKALHIO.
Bosp! TOBEpXHOCTHOTO CJI0S1 B KOHIIE KOHI[OB 3aMep3HyT. OJHAKO BCJIEACTBHE TOT0, YTO ATOT OoJIee XOJIOAHBIH CIIOH pacto-
JIO’KEH Ha MTOBEPXHOCTH, HIDKEIEXKAIIUE CIION OylyT HMETh TeMIepaTypy okoio 4 °C u He 3amep3HyT. Takum oOpazom 03epo
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nprobOpeTaet JeasHol TokpoB. OH 00pa3yeTrcst TOIBKO TOTIIA, KOTIa Boja 03epa, POMEP3aloIIero 10 ONpeaeIeHHON TITyOun-
HBI, IOTEPSICT JOCTaToYHO Teruia. Jlex 3 dexkTHBHO 3anmiaeT BOIHBIC MACChI OT BETPOBOTO IIEPEMCIITUBAHUS.

BecHoii, korja KOJIMYeCTBO TeIUla yBEINYUBACTC, Je TaeT (ecian oH ObLI, KOHeYHO). [TocKombKy MOBEpXHOCTH 03epa
HarpeBaeTcs, BHOBb BO3HHMKACT HEYCTOHYMBBIN MPO(HIH TEMIEPaTyphl, OHAKO ITOCIEIYIONINEe BECEHHIE KOHBEKTHBHBIC
JIBIDKCHUSI TIPOHUKAIOT Ha MCHBIIYIO 10 CPAaBHEHHIO C OCCHBIO TTyOHHY. CITyCTsI HEKOTOPOE BpeMs, B TIEPHOI, IPUMEPHO
COOTBETCTBYIOIIUN BECCHHEMY PAaBHOAECHCTBUIO, BOAHBIC MACCHl BHOBb CTAHOBATCS OIHOPOAHBIMU 110 TeMIeparype. JToMy
MOMEHTY COOTBETCTBYET TOCIIESTHHIM dTall IMOJIHOTO TOI0BOTo Mukia crparudukanuu (Ueborapes, 1955; 3enun, benoycosa,
1988; Xennepcon-Cemrepc, Mapkiera, 1990).

O3sepa, 171¢ HaOMIONAIOTCSI OCCHHUE M BECEHHHE KOHBEKTHBHBIC MEPEMEIIMBAHUS BOJI, HA3bIBAIOTCS AHMHKTHYHBIMH.
O3sepa, re 0TMeuaeTcs TOIBKO BECEHHEE IepeMEeIINBAHNE BO M TEMIIepaTypa BOAbI HUKOTA He peBhImacT 4 °C, Ha3bIBAIOT
XOJIOTHBIMH MOHOMUKTHYHBIMH (B TEIUIBIX KIMMATHICCKUX 30HAX, T7JIe BOJa Beeraa npessimaeT 4 °C, — TenJIbIMH MOHO-
MHUKTHYHBIMH).

[TepememmBanue BoJ B 03€pax SIBISIETCS, TAKMM 00pa3oM, QyHKIMEH (ClIeACTBHEM) MecTa UX pacloiiokeHus. B Tpo-
MTUYECKOHM M 9KBaTOPHAIIFHOM 00JIacTsX, /i€ MOCTYIUICHHE COJTHEYHOTO TeTlIa IMOYTH HEe M3MEHSIEeTCs B TeUCHHE To/a, THITO-
JMMHHOH PEIKO HAMHOTO XOJIOJHEE SITMIMMHHOHA; OATOMY JjaXke HeOOJIbIIOE BBIXONAKMBAHUE BBI3BIBACT KOHBEKTHBHBIC
JIBIDKCHHS BOJIBI M3-32 CTIA00BBIPAYKCHHOTO TEPMOKIIMHA. Takue o3epa Ha3bIBAIOT MOJTUMHKTUYHBIMH (TIEPEMEIINBAHIE BOJ
3[IECh YaCTO SIBISICTCS PE3yIBTaTOM CHJIBHBIX BETPOB M HEOOJBIINX CE30HHBIX M3MEHEHHUH TeMmmeparypbl Bo3myxa). EcTe
u npyrue tunsl o3ep (Xenaepcon-Cemnepe, Mapknens, 1990), koropble He IPUBOJUM U HE paCCMaTPHUBAEM.

1.2. OcHOBHbIE HCTOYHHMKH MOCTYIVIeHUsI OMOTeHOB B 03epa

[Ipecusie o3epa (Bomoxpanmnmiia) coxepxkar 0,009 % MupoBBIX 3amacoB Bofw! U 1,4 % 3amacoB mpecHoi Boasl. B moc-
JICTHUE CTOJICTHS IPECHOBOAHBIC 03epa W BOJOXPAHWIMINA JETPAIUPYIOT M MCYE3al0T CO BCE OoJiee YBEIMYHBAIOIICHCS
CKOPOCTBI0. J{esTeIbHOCTh YeIOBEKa M €ro MacCUBHOCTh — IVIABHBIC MPHYMHBI OBICTPON JMerpaganuy BogoeMoB. Hauunas
¢ 1960-x ro0B B3MIAABI YEIOBEKA HAa OTHOIICHHE K OKPYXKAOUIeH MPUPOTHOHN Cpesie MOCTENeHHO MeHsroTes. Ceifuac yxe
MIPU3HACTCS BCEMH, YTO MIPUPOTHBIC PECYpPCHl HCTOIMIAEMBI H MX HEOOXOIUMO 00eperaTsh 0T Ype3MEpHON IKCIUTyaTallnH.

Bce o3epa 1o ux cocTOsIHUIO BOABL, (JI0pBI U (ayHbl OAPa3ICISIOTCS Ha HECKOJIBKO IPYIIL: OJIUTOTPO(HBIE, ME30TPOd-
HbIe, 3BTpOodHBIC U apyrue (Oaym, 1975; Ipé, 1976; Puknedce, 1979; Buonoruueckuii cioaps, 1986; Xenaepcon-Cemiepc,
Mapxiena, 1990; Xpucrodoposa, 1999). Ho cienyer uMeTh B BHIY, UTO 3Ta KJIACCU(PHUKAIMS SBISIETCS OITHOBPEMEHHO
U CyObEKTHBHOM, U OTHOCHUTEIBHOM, MOCKOJIBKY KaTeropus “Tpo(HOCTH” BKIIFOYACT JIOKAIBHBIC TPSOOBAHUS U OTPaXKaeT
pasnuuue o3ep B OTHOCUTENBHO Hebonmpimx peruonax (Xenaepcon-Cemnepe, Mapkienn, 1990).

Puc. 10. Xsow peunoii Equisetum fluviatile ¢ menxoeoonoii wacmu 03. Azabauvezo

I'maBHast mpoGnieMa o3ep — IBTpo¢upoBaHue. DTO MOBLIIICHHE YPOBHS MEPBUYHON MPOAYKIUH 33 CUET yBEJIUUCHUS
MOCTYIIJICHHsI OMOTEeHHBIX BEIIECTB, INIABHBIM 00pa3oM azorta u (ocdopa. [lepexon BogoeMoB 0T 0lIUroTpohHOTO COCTOSTHUS
4yepe3 Me30TpoHOE B 3BTPO(DHOE CBSI3aH C HAKOIUICHUEM B HUX JOHHBIX OTJIOKCHUH M yMEHBIICHUEM BOIHOI TOJIIH, B KO-
TOPOM TPH MpEXKHEH CKOPOCTH MOCTYIIICHHUS OMOTCHOB YBEIMUMBACTCS X KOHIIEHTpalys. Pazmmyaror ectecTBeHHOE (JUIUT-
Cs1 THICSTYCNICTHUSIMH 1 JJaXKe Fe0J0TMUECKUMU TIEPHOIaMK) ¥ aHTPOIIOT€HHOE IBTPOGHPOBAHUE, KOTOPOE MOKET ITPOUCXOUTH
04€eHb OBICTPO, OCOOEHHO B BOJOEMaX C 3aMEAJICHHBIM CTOKOM.

[To cymiecTBy, 3BTpoHpOBaHHE — 3TO TEPMHH, O3HAYAIONINN CTapeHne o3epa. “Moromoe” 03epo — 0IUroTpodHoe, CO-
JICP’)KUT HEOOJBIIOE KOJIMYECTBO OMOTEHHBIX BEIIECTB, KOTOPOE CHOCOOHO IMOAEPKMBATh TOJIBKO HU3KUH ypOBEHH OMO-
Macchel. [IpuposHbIe MpoIecchl, Takue Kak BETPOBasi HPO3Hs MM BBEIMBIBAHHE JOXKAECBBIMH BOJJAMHU, 00ECIIEUNBAIOT BHIHOC
OMOTECHHBIX BEIIECTB B BOAHYIO CPEIY, UTO MOAJCPKUBACT PA3BUTHE PACTECHUI U JKUBOTHBIX.

[MocTynienre OMOTeHHBIX BEIIECTB B BOJOEM BCET/Ia IPEBBIIIACT MX IIOTEPH U3 HETO, YTO MPUBOJIHT K “UHCTOMY’~ HAKOII-



Haezyneno-nepecmosuie ozepa azuamckoii nepku (6K1104as HeKomopble opyaue 6000eMbl apeand)

Puc. 11. 13 03. A3abauvezo vimexaem pexa-npomoxa Azadbauvs, Puc. 12. Hebonvuioe 3apacmaioujee nenpomounoe
coedunsiowas ozepo ¢ p. Kamuamxoii. B npomoke 03epro-cmapuya 6 patione p. KynmywHrou 6 6acceiine
6 aszycme—cenmsiope CUibHO paspacmaiomcst pasiuyHble 03. A3abauvezo — om 03epa omoeneHo 8anoM WUPUHOL
6U0bI BoOopociell (uons 2006 2.) 6ce2o Heckonbko mempos (uionw 2006 2.)

JISHWIO OTHX BEIIECTB B BojoeMe. B HeM HaunHaeTcst 00pa3oBaHUe 0CAIKOB, OOBIYHO CO cpenHeit ckopocThio 0,2—2,0 MM/Ton
u 6onee. [To Mepe pa3BUTHSI OCaIKOHAKOIIICHHS ITyOMHA 03epa YMEHBIIAETCS X KOPHEBas (JIMTOpaJIbHAsI) PACTHUTEIBHOCTh
HAYMHAET BTOPraThCs HA paHee OTKPHIThIE yUaCTKU BOAHON MoBepXHOCTH. O3epo MPOXOAUT Yepe3 CPETHIO CTaAUI0 — CTa-
HOBHTCSI Me30TPO(HBIM 1 B KOHIIC KOHIIOB CTAHOBHUTCS “‘CTapbIM”’ BOJOEMOM, KOTOPHII Ha3bIBAIOT 3BTPOGHBIM. B reomoru-
YECKOM CMBICTIE TI0JJOOHOE 036pO BCKOPE HCUC3HET.

B nipoTouHbIxX (pekax, pydbsix) U c1abOMpOTOYHBIX BOJOEMAX C 3aMEIJICHHBIM CTOKOM (03epa, BOJOXPAaHHIIMILA, ITPYIIb,
BHYTPEHHHE MOPS) CKOPOCTH MOCTYIUICHHSI OMOTEHHBIX BEIIECTB MOXET IPEBHIMIATh CKOPOCTh UX PA3TIOKCHUS B pe3yIbTaTe
JIOTOJTHUTEIIBHOTO aHTPOIIOTEHHOTO TTIOCTYIUICHHUS, IPUBO/S K 3BTPO(HUPOBAHNIO U YBEIHMYCHHIO OMOMACCHI.

bonpbmras yacTh OMOTEHHBIX BEILIECTB MOCTYIAECT B 03€PO C MOBEPXHOCTHBIMH U MOA3EMHBIMU CTOKaMHU (PEKH, PyUbH,
KJIFOYM M T. JI.), @ OCTaJIbHasl 4acTh — HEMOCPEACTBEHHO C OCaJKaMM U BBINAJACHUEM Pa3IMYHBIX YaCTHI U3 aTMOCdepsl.
[TosToMy Ba’KHO HMOHSATH B3aMMOAEHCTBHE MEXKITy BOJOH M OMOTCHHBIMM BEIECTBAMU Ha BOJOCOOPHBIX TeppHTOpHsX. Jlo-
CTYNHOCTb OMOT@HHBIX BEIIECTB B 03€pax M UX IOTPEOICHHE PETyINPYeTCsl HEKOTOPBIMHU THPOIOTHYECKUMH MPOLIECCAMH,
a taroke onosornyeckumu paxropamu (Oxym, 1975; JIpé, 1976; Puxnede, 1979; buonornueckuii ciosaps, 1986; Xennep-
con-Cemepc, Mapkienn, 1990; Xpucrodoposa, 1999).

B skocucTeme, TMMUTHPOBAHHOI 110 ochOpy, CHIKEHNE eT0 KOHIICHTPALIMU IPUBOJUT K OTPAaHNYEHHIO POCTa PACTEHHUI
1 BoJiopociei. B Takux ycnoBusix mporece 3BTpo(UKALIK 3aMeUISETCS M IaKe CTAHOBUTCSI 00PaTHMBIM.

Cucrembl, TUMATHPOBAHHBIE TT0 30Ty, YaCTO MPEACTABISIOT CO00i Oolee cepbe3Hylo MpoliieMy B CpaBHEHHH C BOJO-
eMaMH, JIMMUTUPYEMBIMH 110 ocdopy, MOCKOIBKY HCTOYHUKH 3TOTO OMOTEHHOTO 3JIEMEHTA TPYJAHEE KOHTPOIHPOBATD.

[TpucyrcTBHe B BoAe 03€p KPEMHUS BBI3BIBAET 0COOBIN MHTEPEC, TAK KAK OH HEOOXOIMM JUIsl PA3BUTHUSI JUaTOMOBBIX BO-
JIOPOCIIeH, MOMYIAINHA KOTOPBIX JOCTHTAIOT, KaK MPaBIIIO, MAKCUMyMa BecHOW. Korma konmndaecTBO KpeMHHS HCTOIIAeTCs,
HACTyMaeT OBICTPOE CHIDKCHHE WM “THOEIh” MOMYJISIIUK JHaTOMOBBIX. JIMOKCH] KPEMHUSI CYIIECTBEHEH ISl TIOCTPOCHUS
MaHIUpel IMaTOMOBBIX Bojopociei. Jletom, mocie oTMUpaHust ANaTOMOBBIX, KPEMHHUH MEIEHHO TIEPEXOIUT 0OpaTHO B BO-
Ty, XOTA OIIPEAETICHHAs €r0 YacTh 3aXOPOHACTCA B IOHHBIX MIIaX.

OKHCINTETbHO-BOCCTAHOBUTEIBHBIN MK XKeJIe3a SBISETCS BAKHEHIINM KOMIIOHEHTOM OMOXHMHUH 03€p, TaK KaK OH
CBSI3aH C OKUCIIMTEILHO-BOCCTAHOBUTEIILHBIM ITOTCHIIHAIOM (pEROKC-TIOTeHIIanoM) 1 pH BoxHO# cpersl.

Maprasen — 3T0 OYeHb BaXKHBIH OMOTCHHBIN IEMEHT, OTHAKO PEIKUH, TaKe SCIIU OH U SABIACTCA TUMUTHpYIOmuM. Pa-
60TbI 10 U3y4eHNIO (POPM HAXOXKACHHS MapraHNa HACHTU(PUIMPYIOT 1Ba OCHOBHBIX HCTOYHHKA €r0 IOCTYIUICHHS: C BOJAMH
IIPUTOKOB B 03€Pa M BBIJCICHUEM U3 JOHHBIX OTJIOKCHUH.

JloHHBIE OTIOKEHHS B BOl0eMax (pOPMUPYIOTCS U3 IBYX OCHOBHBIX HCTOYHHMKOB: | — BHOC QJIJIOXTOHHOTO BelllecTBa (BHE-
IIHETO MO OTHOIIEHHUIO K 03EPHOM CHCTeMe) 00ecHednBacT MOCTYIUICHHE B BOZOEM HEOPraHUIECKUX JAaCTUI] M HEKOTOPBIX
OPraHMYECKHX BELICCTB (JOXKIUIMBAS MOTO/Ia YBEIMUMBACT IEPEHOC HAHOCOB U 3PO3HI0); 2 — “HOXK/b~ OTMEPIIETO OpraHu-
YECKOTO BELIECTBA U3 BOAHBIX Macc 03epa (3T0 BTOPOi MO 3HAYEHUIO BKJIAJ B JIOHHBIC OTIOKCHHUS).

B o3epax nMeeT MeCTO NOCTOSIHHBIH 0OMEH OMOT€HHBIMH BELIECTBAMH MEXK/Y JOHHBIMH OTIOKECHUSIMU U IIPUIICTAIOLICH
K HUM BOJIOH, KOTOPBIi B CBOEH OCHOBE SABISETCS TP (Y3HBIM IPOLECCOM. DTOT IPOIIECC MOXKET OBITh YCHIICH MIIH JJOTIOJTHEH
npyrumu ¢paxropamu (Xennepcon-Cemnepce, Mapkienn, 1990): TypOymneHTHOCTbIO ((pu3HUYeckre HapyIIeHNs ¥ BBIMbIBAaHHE
JIOHHBIX OTJIIOXKEHHUH ), OMOTYpOYIIEHTHOCTHIO (BBI3BIBACTCSI OMOIOTHYECKUMH CHIIAMH — BO3ACHCTBHEM POFOIIIX OPTAaHU3MOB,
YepBeif, ppI0, ITHII U 1. ), OMOTHYECKNM yIaieHHeM (pOCT pacTeHHI N3 JOHHBIX OTIOKCHHUI), yIUIOTHEHHEM (OMOTeHHBIC Be-
IIECTBA BBIIABIMBAIOTCS YEPE3 MOPBI C BOIOW), OKHCIUTEILHO-BOCCTAHOBUTEIBHBIM ITOTCHIMAIOM (Harpumep, 00oraiieH-
HBIE ’KeJIe30M OTIIOKEHHS UMEIOT CBOMCTBO aficopOoupoBath ocdop B a3pOOHBIX U BBIACIAT €T0 B aHAYPOOHBIX YCIOBHAX) U
OMOJIOTMYECKUM OKHCIICHHEM (pa3ioKeHHe OPraHMUeCKOro BellecTBa OaKTepHSIMHU, KOTOPbIE TPAaHCPOPMUPYIOT ONOTEHHBIE
BEILIECTBA B HEOPTaHUUECKYIO OMOJIOTHUECKH JOCTYIHYIO (GOpMY).

17



B. @. byeaes, B. E. Kupuuenko

1.3. ®yHKIMOHUPOBaHUE IKOCHCTEMBI 03epa, PACHO0JIOKEHHOT'0 B YMePEeHHOM Mosice

®duzndeckas cpena, Ui OHOTOIT BMECTE C HACEISIONIMMHU €T0 BHIIAMH, COCTABIISIONIMMHE OHOIEHO03, 00pa3yeT IKOCHUCTeE-
My (OmoreoreH03). BomHbIe cucTeMBI (pEKH, 03epa, MOPS U T. JI.) IPEACTABIIIOT COOON XOPOIIUE TPUMEPBI IKOCHCTEM, T. K.
OHM MMEIOT COBEPILIEHHO YETKUE TPAHULIBI U HACEIECHbI BOAHBIMU OOUTATENsIMU, HE CIIOCOOHBIMU JKUTh HA COCEHEH cylle.
BonHbie cucTemMbl 04eHb YI0OHBI IS U3YYEHUS U TIOTOMY, YTO MEXy HUMU U CyIIeH, Kak IMPaBUIIO, HAOIIONASTCS CIa0bIi
oomer (Omym, 1975; dpé, 1976; Puknedce, 1979; buomormueckuii cioaps, 1986; 3enun, bemoycora, 1988; Xennepcon-
Cennepc, Mapxiiena, 1990; Xpucrodoposa, 1999).

Puc. 13. Hexomopuie npedcmagumenu vicuteil 60010 pacmumenvrocmu pek u osep Kavuamxu: Kyswunka uemvipexyzonvhas
Nymphaea tetragona

Hpe)}(;{e 4eM HCpeﬁTPI K U3JIOKCHUIO MATCPHUAJIOB O HAaryJbHO-HECPECTOBLIX BOAOCMAX TUXOOKCAHCKUX HOCOC@f/i, paccMoT-
PHM IpUMEp SKOCUCTEMBI — 03€pa, PACIIOIOKEHHOT0 B ymepeHHoM nosice ([pé, 1976), Kk KakoBbIM OTHOCUTCSI OOJIBIIMHCTBO
03¢p B pacCMaTpUBacMbIX HAMH PETHOHAX.

B cocTas (bﬂOpLI O3CPHBIX CUCTECM BXOIAT psAd BOAHBIX paCTCHHﬁ, MNPpUHAMJIC)KAIINX K Pa3HbIM I'pyIIiaM OIBETKOBLIX, OAHU
M3 KOTOPBIX PACTyT Ha 6epery, Apyrue — B BOJEC. Ho ocHoBHas yacth paCTHTCHBHOﬁ MacCChl B 03€pax MpecTaBjIicHa MUKPO-
CKOITMYCCKUMHU BozopociisiMu — nuaromoBbiMu (Bacilariophyta), cunesenensiMu (Cyanophyta), 3enensiMu (Chlorophyta),
3omotucteiMu (Chrysophyta), muroduroBeiMu (Dinophyta) i np. Bee ot pactenus 6iaromapsi SHEPIHH COIHEYHOTO CBETA,
JICTKO NPOHMKAIOIIETO Ha OMPEACICHHYIO FJ'IY6I/IHy (B Ppa3HbIX 03€pax OHA MOXKET paSJ'II/I‘IaTBCH), MOTIIOIAT MHUHEPAJIbHBIC
COJIM M YIJICKHCIIBIN ra3, PaCTBOPEHHBIE B BOJE, U CUHTE3UPYIOT U3 HUX COOCTBEHHOE BEILIECTBO, PACTYT M PA3MHOXKAIOTCS.

Puc. 14. Hexomopvie npeocmasgumenu gvicuieti 600HOU pacmumenbHocmu pek u ozep Kavuamxu:
Baxma mpexnucmuas Menyanthes trifoliata

Bce pactenust: TpaBbl M KpyNHbIE BOAOPOCIN MPUOPEIKHOM 30HBI, @ TAK)KE MHUKPOCKOIINYECKHE BOIOPOCIH, Napsiine
B TOJIIIIE BOJBI ((PUTOTUTAHKTOH) M PACTyIIHE HAa OCBEIIEHHBIX YUacTKax JHa (MHKPO(PHUTOOCHTOC) — B COBOKYITHOCTH Ha3bI-
BAIOTCS MEPBUYHBIMH MPOAYyHeHTaMH. VMU MPOM3BOANTCS MOAABIAONIAS YaCTh OPraHMYSCKOTO BEIIECTBa B BOJOCMAX.
Tonbko pacTeHHsI U3 BCETO COAEP KAIErocst MK OOUTAIOIIEro B BOJHBIX CHCTEMAX CO3/al0T OPraHNUECKOE BEIIECTBO 3a CUET
HEOPraHW9IeCKOTo TPH yYaCTUH COTHEYHOH YHEPruu. B 11emomM Macca B3BEIICHHBIX B BOJIE MUKPOCKOIIMYECKIX BOIXOPOCTEH
MPUOTH3UTENIFHO COOTBETCTBYET OOIICH KOHIIEHTPAIMU PACTBOPSHHBIX B BOJIE COJICH, JOCTHTArONMICH MaKCHMyMa BECHOU
u ocenbro (Omym, 1975; [pé, 1976; Puxiedce, 1979; Buonoruueckuii ciopapp, 1986; Xennepcon-Cemrepe, MapkieH,
1990; Xpuctopopona, 1999).

18



Haezyneno-nepecmosuie ozepa azuamckoii nepku (6K1104as HeKomopble opyaue 6000eMbl apeand)

BroreHHbIC BElIECTBAa — 3TO KOMITOHEHTHI, KOTOPBIC TIEPBHYHBIC MPOAYIICHTH YTHIH3UPYIOT ISl )KU3HEMCSTEILHOCTH
U pasMHOKeHHs1. POCT BOZOpOCIIel 0CHOBAaH Ha MOTPEOICHUH 110 Kpaiinel Mepe 19 GHOreHHBIX JIEMEHTOB, XOTS OOJIbIIas X
4acTb Tpe6yeTC$[ B CJICJOBBIX KOJIMYECCTBAX.

B JOIIOJTHEHUE K TPEM OCHOBHBIM XU3HCHHO Ba)XHBIM KOMIIOHECHTaM (yrnepozl, BOIOpPOI 1 KI/ICJ'IOI)OZI) TICPBUYHBIM ITPO-
JyIleHTaM TpeOyIOTCs U IpyTrie GHOTeHHBIE BENIECTBA B CPABHUTEIBLHO OOJBINNX KomdecTBax. Cpesn HUX MaKpOIIEMEHThI
(Hatpuii, kKanbiwii, pochop, MarHuii, KpeMHuU, a30t, pochop u cepa).

OcTanbHbIC SIIEMEHTHI TPEOYIOTCSI B MEHBIIHX KOJUYCCTBAX M HA3BIBAIOTCS MHKPOIJIEMEHTAMH (MEIb, KeJe30, IUHK,
xJ1op, 6op, MonuOIeH, KoOallbT, BaHaIUii, MapraHeir). HegocTaTtok Jr000ro U3 3THX JIEMEHTOB JTUMUTHPYET Pa3BUTHUE TIEp-
BUYHBIX IIPOIYLICHTOB. B OOJbIICH YacTH BOAHBIX CUCTEM TaKUMH JHUMUTHPYIOIIUMH OUOTCHHBIMHU JJIEMCHTAMH SIBIISIOT-
cs1 pocdop mubdo, B MeHbIeH ctenenu, — a3oT (Omym, 1975; [dpé, 1976; Puknedc, 1979; buonorndeckuii ciosaps, 1986;
Xennepcon-Cemrepe, Mapkienn, 1990; Xpucrodoposa, 1999).

OUTOIUIAHKTOHOM MMUTAKOTCS OYCHb MHOTHE JKHBOTHBIC, Yallle BCEr0 MEJKHE, HECIIOCOOHBIC K OOJBIINM U OBICTPBIM
nepensmwkeHussM. OHHU, Tak ke, KaK M OPraHu3Mbl (DUTOIIAHKTOHA, HE CIIOCOOHBI MPOTHBOCTOSTH MEPCHOCY TCUCHUSIMH.
B COBOKYIHOCTH MeJIKHE KHBOTHBIE B 03epax 00pa3yroT 300MJIAHKTOH. DT0 B 0ocHOBHOM BecioHorue (Copepoda) u BeT-
Bucroycele (Cladocera) padku, IepBUYHONONOCTHEIE YepBH-KoI0BpaTKH (Rotatoria); croma xe BXOAAT MeJKHe TMINHKH psiia
BUJIOB HACCKOMBIX, HAIIPHUMEP KOMapOB.

Cremyet 3aMETHTb, YTO OT/CIBHBIC BUABI PBIO TAKKe MCIONB3YIOT B MUTAHUH (PUTOTUIAaHKTOH. JKUBOTHBIC, TUTAIOIIIHECS
(DPUTOTIIAHKTOHOM, 3TO MEPBHYHBbIE KOHCYMEHTHI, T. K. OHH HCIOJIB3YIOT YK€ TOTOBOE OPTaHWYECKOE BEIICCTBO, OTPAaHIYH-
BasiCh €r0 MpeoOpa3oBaHUEM; HO CO3/aTh 3aHOBO OPraHMYECKOe BEIECTBO OHHU HE CITOCOOHBI.

Cawmplie Meiikue u3 nepBudHbix KoncymenToB (Copepoda, Cladocera, Rotatoria u Jip.) mosiBISIOTCS B OFPOMHBIX KOJTHYEC-
TBaX 0OBIYHO TOT/A, KOTJ]a MHOTO ITUIIH; CJICA0BATEIIFHO, B CBOEM Pa3BUTUH OHHU BCEIIEIIO CIECAYIOT 32 Pa3BUTHEM (PUTOILIAH-
kToHa. Harpotus, ppiObl, uTaroiuecs (GPUTOIIAHKTOHOM, HO 00J1a-
JTAIONIHNE 3HAYUTEIHHON MPOIOIDKUTEIHLHOCTHIO JKU3HU, CIIOCOOHBI
TIOOJITY TOJIOJATH WA MCHATh OOBEKTHI IIUTAHHS.

300IIaHKTOH, B CBOK OYepellb, CIY)KUT MUILECH Ooiee Kpyri-
HBIM JKMBOTHBIM (JIMYMHKH HACEKOMBIX, MHOTHE BHIBI PbIO, He-
KOTOpBIC BUABI MTHI). Bcex TakuX IUIOTOSIHBIX )KHBOTHEIX, T. €.
MUTAIOIIUXCS JPYTUMH JKHBOTHBIMH, HA3bIBAIOT BTOPHYHBIMHU
KoHcyMeHTamMu. OTCrofa BUIHO, YTO JKHBBIC CYIIECTBA, OTHO-
cAmmecs K PaslUYHBIM CHCTEMaTHYeCKHUM TPYIaM, MOTYT WT-
path B 9KOCHCTEMaX OIWHAKOBYIO POJb — BCE OHH IIPUHAJICIKAT
K OIHOMY IHUIICBOMY, HJIM, KaK Yalle TOBOPST, TPO(UUIECKOMY
ypoBHIO. Tpodudeckue ypoBHH CBSI3aHBI MEXKIy COOOH 3aBUCH-
MOCTSIMH, CKIIQJBIBAIOIIUMUCS U3 DJICMCHTAPHBIX CBs3Ci B BUJE
L[EMIOYKH — BCE OHU BMECTE 00Pa3yIOT TaK Ha3bIBAEMYO MUIIEBYIO

Yenobex

HeNb, 3BeHbs] KOTOPOH 3aBHUCAT JIPYT OT JIpyra: Ucue3HoBeHue (hu- .

TOIUIAHKTOHA IIPUBOIUT K HCUS3HOBEHHIO 300INIAHKTOHA, a 3HAYHT, ﬂ B ‘

U BTOPUYHBIX KOHCYMEHTOB (puc. 16). i |\ |
OnucanHast BbILIE MHILEBas LEMb UTPAET B 03¢pax IOMUHUDPYIO- |  Lpadeqnad HuHepansHbie

mryro pors. Ho moMnMo Hee B 03epax CYIIECTBYET HEMAJO JPYTHX anepzug conu
MUIIEeBBIX Ienedl. Hampumep, Ha TpUOPEkKHBIX PACTCHHSX, HAIO-
JIOBUHY HAXOAAIIMXCS TOJ BOAOH, Ha WX HAJBOIHBIX YACTIX XKH-

3 oe: CniowHbLe TUHUU CO cmpeiikamu Hanpaesjlenvl om nuwju
BYT HaceKoMble-puroQary, MUTAIOMKUECs TUCThAMAU. 3a CYeT OTHX CYMERMAN; TyRITUDHbIC UKL CO CADETKAME OMpPa-
HAaCEKOMbIX, B CBOKO 04€PE/ib, KOPMATCS NTHLbL. [I0ABOMHBIE YaCTH  yearom desmenviocms decmpykmopos (no: Jlpé, 1976)

Puc. 16. ITuwesas yenwv 6 03epe 6 CUIbHO YNPOUEHHOM BU-
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pacTeHni O00TIIaABIBAIOT BOIHBIC HACEKOMBIE M UX JTUMUMHKHU (HAIIpUMeEp KYKH-BOIOIIO0BI), & TAKKe OPIOXOHOTHE MOJLTIOCKU
THIIA MPYJIOBUKOB U KATYIICK.

Puc. 17. Hexomopuie npedcmagumenu gvicuieti 600HOU pacmumenbHocmu pex u osep Kavuamxu: Topey 3emMH0600mHbL1
Persicaria amphibia

PacturenpHas muIna qajaeko He TOJHO IepeBapuBacTCs IEPBUYHBIMA KOHCYMEHTaMU. B 3KCKpeMeHTax IOCIeJHuX Co-
JICPIKUTCS eIlle MHOTO PacTHTEIbHBIX OPraHMYeCKUX BELIECTB, OCOOCHHO JIETKO YCBOSIEMBIX 0Jarofaps TOMy, YTO OHH pa3-
MEJIBUCHBI B HUIIEBAPUTEIBLHOM KaHaue. ViMu nmuTaeTcst 60JIbIIoe YUCII0 BUIOB, CPEIN KOTOPEIX B OCHOBHOM IIPE00IagatoT
paBHOHOTHE pakooOpasHble (Ha3bIBaeMble B 0Omxoze uepBsimMu). [Ipoiias depes UX NMUIIEBAPUTEIBHBIN KaHAJ, OCTaTKH Op-
TaHUYECKOU IUILM CTAHOBSTCS J00bIYel OaKTEpHii, KOTOpble OKOHYATEJIbHO Pa3siaratoT MX 10 MHUHEPAIBHBIX COJEH M yrI-
JICKHCIIOTO Ta3a, BHOBB HCIIOIB3YEMbIX pacTeHHAMH. OTCIOAAa BUAHO, YTO B MPHPOJE CYIIECTBYIOT TaKKe MHIIEBHIC IETH
JAeCTPYKTOPOB, KOTOPBIC MTOJTHOCTHIO PA3JaraloT OpraHMYEeCcKoe BEIECTBO (pHc. 16).
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Puc. 18. Hexomopule npeocmasumenu evlcuteti pacmumensbHocmu notiM, pek u ozep Kamuamku: Pocauxa anenuiickas Drosera anglica

Ecnu mpoaomKuTh aHaIu3, peCTaBICHHBIH 371eCh B CHIIBHO YIPOINEHHOM BHUJIE, TO MOYKHO OOHAPy>KHUTh, YTO MTUIICBBIC
LIETTH HE M30JIMPOBAHBI JIPyT OT Apyra. MHOTrHMe NX YpOBHH OoJiee MM MEHEE COBIAA0T, U OIIPE/ICNICHHBIC BU/IBI TOIH(aroB
MOT'YT Y4acTBOBAaTh B HECKOJIBKUX LEISIX U YPOBH:X. TakuM 00pa3oM IoydaeTcsi O4eHb CI0KHAs KapTHHA.

[ToHsATHE MUIEBOH IeTH yIOOHO IS U3JI0KEHHUS, OHO COOTBETCTBYET B OT/JCIBHBIX CIIydasX U PearsbHO HAOTIOAAEMBIM
SIBIICHHSIM, HO B I[EJIOM HOCHUT HECKOJBKO YIPOIIEHHBIN XapakTep. TouHee ObUIO OBl TOBOPUTH 00 OYECHB CIIOXKHOW TPodu-
YecKoii ceTH, 0ObeIMHSIONICH BCE BUJIbI, OOUTAIOIINE B 03€PaX M OXBATHIBAIONIME BCE COBEPIIAIOIINECS B HUX OOMEHHBIC
MPOLIECCHI.

Takum 00pa3om, HEMPEPHIBHBIA MOTOK MaT€pPUH M SHEPTHM MOCTOSHHO IMPOHHU3BIBAET KocucTeMy. Ecim sxocucrema
CTabMIIbHA, TO €€ MOKHO CPAaBHHUTH C OOJIBIIOI TPYOOH, B OJMH KOHEIl KOTOPOH MOCTYIAI0T MHHEPAIBbHBIC COJIU U COITHEYHAs
9HEprys, a U3 JPYroro BBIXOAUT XKHUBOE BellecTBo. [locieiHee MOXeT ObITh MCIIOIb30BAHO BHEIIHMMH XUIIIHUKAMH, HATIPH-
Mep 4eJI0BEKOM, KOTOPBIH, BbUIABIHBAs U3 03€pa peIOy U MOenas €e, COCTAaBIsIeT OCIEAHEE 3BEHO MUIIEBOH ceTH. YemoBek
B JIaHHOM CIIy4ae UTPaeT Pojib TPETHYHOTO WIIM YETBEPTUYHOTO KOHCYMEHTA, HO He OyJieM YIycKaTh U3 BUAA, YTO, coOnpast
Kpecc-caiar Ha Oeperax o3epa I10 IpHMepy MHOTUX JIPYTHX OPraHM3MOB, OH MOXKET OBITh M IEPBUYHBIM KOHCYMEeHTOM (/Ipé,
1976).

B HEpKOBBEIX 03epaX OCHOBHBIM HCTOYHHKOM “‘HOBOTO’ OpPTaHMYECKOTO BEHIECTBA sBIseTCs (puTormTankToH. Ha puc. 20—
23 npuBefieH psA ero npeacTasureneil u3 o3ep n-sa Kamuarka u o-a bepunra.
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Puc. 19. Hexomopuie npedcmasumenu cunesenenvlx 6000pociell pek u ozep Kavuamru: xononuansmas 8000pocib —

Cgheporocmok cnusosuonwiii Sphaeronostoc priniforme. Ha Kamyamxke uzeecmen u3 03. Hanvluye6ckozo u Menko8OOHbIX 03ep
6 baccetine p. Ilpasviii Kuxuux (pomo J[. E. I'umenvopanma)

V' T & |
Puc. 20. I[Inankmonnas ouamomes Aulacoseira subarctica us 03. Xanaxmuipckozo (cresa)
u nnankmonnas ouamomes: Tabellaria flocculosa uz 03. Jlucmsennuunozo (cnpasa)
(¢pomo E. B. Jlenckoit)
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Puc. 21. ITnanxmounnas ouamomes Stephanodiscus alpinus uz 03. Kypunbckozo (crneea — 6HeuHsisi CmopoHa CmeopKu,
cnpasa — eHympenHsis) (pomo noo anekmponnvim mukpockonom E. B. Jlenckoii)
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Puc. 22. Hexomopvie npedcmagumenu ¢gumonnankmona: Asterionella formosa — nnankmonnas ouamomes us 03. Ilananckozo (cneea);
Juamomosvie (Aulacoseira subarctica u Stephanodiscus sp.) u cunesenenas Anabaena lemmermanii 600opocau u3 NIAHKMOHA
03. Capannozo, pacnonosicennozo Ha o-ée bepunea (cnpasa) (pomo E. B. Jlenckor)
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Puc. 23. [Inankmonnas cunesenenas 600opociv Anabaena lemmermanii uz 03. Capaunrozo (cneea) u 3enenasn Dictyochaerium sp.
u3 03. Omkpeimozo (cnpasa) (pomo E. B. Jlenckoii)

B npyrux pasnenax xkHuru Ha puc. 83—85, 87, 147, 175, 254 u 299 nokazaHbl HEKOTOPBIC BU/BI 300MIJIAHKTOHA U3 03€p
Kamuarku.
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