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Annomayus. Ilpusoosamces pesyromamul ucciedosanuii pumonnankmona ozepa Huoxcnui Kaban
(2. Kazanv) 6 paiione desmenvnocmu ¢pumo-cucmemsl N0 OYUCIKE NPUPOOHBLX BOO.
AHanuzupyemcs makCOHOMUYECKULl COCMAs, KOJIU4eCmsaeHHble nokazamenu QumoniaukKmona u
UX U3MEHEeHUsl NPU NPOXOHCOEHUU 03EPHOLL 800bl Yepe3 KACKAO OYUCTHBIX NPYO08 C 8biculel]
B00HOLL pACMUMENLHOCMbBIO.

Knrouesvie cnosa: pumonnankmon, pumo-ouucmrnoe coopyrcernue, ozepo Huocnuii Kaban.

O3epo Humxnuit Kaban pacrosioskeHo B IEHTPaIbHOM, uCTOprudeckoii yactu T. Kazanu u B
MEePHUOJ] MPOMBIIIJICHHOTO Pa3BUTHS U CTAHOBIEHHUS TOPOJICKOTO XO3AHCTBA MOABEPrasioCh
3HAYUTEIBLHOMY aHTPONOreHHOMY 3arpsisHeHut0. B 1981-1987 rr. Ha o3epe ObLI mpoBeneH psij
037I0POBHUTEIILHBIX MEPOIPHUATHI (M3BATHE JOHHBIX OTJIOXKEHHH, CO3JAaHHe BpEMEHHOU
MPOTOYHOCTH W  adpUpPOBAaHUE, CHU)KCHHE BHEIIHEW TOKCHUPHUIMPYIOUIEH  HArpy3KH,
65aroycTpoicTBO OEperoB), HAIIPABIEHHBIX HA BBIBEICHUE O3E€PHOM AKOCHCTEMBI U3 KPU3UCHOTO
COCTOSIHMSI, B KOTOPOM OHa OKa3zaiach K Hadany 1980-x romo. B mocne-o310poBUTENbHBIN
Nepruojl Ha 03epe MNPOBOJIWINCH THUAPOOHOJIOTMYECKHE HCCIEI0BAaHUS C IEJIBI0  OLEHKU
3¢ GEeKTUBHOCTU MPUHSITHIX MEP U TEMIIOB BOCCTAHOBIIEHUS DKOCHCTEMBI. B KauecTBe 0JHOTO U3
Hau0OoJee MoKa3aTeNbHBIX KPUTEPUEB IIPHU ATOM ObLila BBIOpaHa CTPYKTypa GpUTOMIaHKTOHA. Tak,
B nepuox 1995-2000 rr. OoCHOBY KOJHMYECTBEHHBIX IIOKa3zaresell (UTOIUIAHKTOHA B 03epe
dopmuposanu 3enenbie (Coelastrum microporum, Monoraphidium irregulare), muaromoBbie
(Stephanodiscus hantzschii) u cunesenensie (Aphanizomenon flos-aquae, Lyngbya limnetica)
Bogopociu [1]. Tpoduueckuii craTyc o3epa, OLEHUBAEMBIi M0 Cpe/IHe-BereTallMoHHON OnomMacce
¢utomnankrona (0.69-5.26 mr/m), xapakTepu3oBaics Kak Me30TpoQHO-IBTPO(DHEIN, a ypOBEHb
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OPraHMYECKOTO 3arps3HCHUsI YKa3bIBAI HA NMPHUHAICKHOCTh BOJOEMA K 0- U [-Me30canpoOHOn
30He. B mocnexyromux nccnenoBanusx (uonb 2011 r.), B 03epe OblM 3aUKCUPOBAaHBI BEICOKHE
KOJIMYECTBEHHBIE MOKa3aTeIN (PUTOIUIAHKTOHA, YUCIEHHOCTh — /10 287 MJIH. KJI./IT 1 Ouomacca —
n0 27 Mr/a; MOMUHAHTaMH JIETHUX KOMIUIEKCOB TIPU 3TOM BBICTYNAIW [HAHOMPOKAPHOTA
Planktothrix agardhii u nuaodurosas Bomopocis Ceratium hirundinella [2].

B coBpemennslii neproa Boabl 03. Hiwkuuit KaGan mo rugpoXuMUYecKuM MOKa3aTesim
OTHOCSTCS K «OKCTPEMAJIbHO 3arps3HeHHbIM» (5 Kiacc kaduectBa, YKM3B=6.5). K kputnueckum
MOKa3aTeNsIM 3arpsi3HEHHOCTH OTHOCATCS KOHIIGHTpPAIlMd B BOJIE HUTPUTOB, CyJIb(aToB, MEIH,
1uHKa 1 heHoJos [3].

B pamkxax Ilporpammbl pa3BuUTHsL OOIIECTBEHHBIX IPOCTPAHCTB, pEaAlU3yeMOW B
nocieanue roasl B PecnyOmmke Tarapcran, Ha o3. Hwxuuit KabGan ObUT0 BBITIOJIHEHO
00yCTpOHCTBO HAOEPEKHBIX C BO3BEACHUEM JIBYX KOMIUIEKCOB (PUTO-OYHCTHBIX COOPYXKEHHUU
(®OC) mo ouucTKE MPUPOIHBIX BOJA 03€pa, 3arpsA3HIEMBbIX JIMBHEBOW KaHalIM3alMed U
MOBEPXHOCTHBIM cTOKOM. IlepBblit u3 komiuiekcoB @OC BBeieH B AKCIUTyaTanuio B utoHe 2018
I., B €ro npyzaax OblIN BbICAXKEHBI PACTEHHUS, 3aPEKOMEHI0BABIINE ce0s KaK XOPOILINEe OUUCTUTENN
BOJibl. CHCTEMBI OYHMCTKH MOBEPXHOCTHBIX BOJ[ C MOMOIIBIO BBICIICH BOJHOM PacTHUTEIBHOCTH
HMEIOT IHPOKOE TPUMEHEHHE B MHUpOBOM mpaktuke [4, 5]. OmHON W3 BaXHBIX 3a7ad MPHU
BHEJIPEHUU (DPUTOTEXHOJIOTUHN SBISETCS OICHKA d(PPEKTUBHOCTH UX NEATEILHOCTH, B TOM YHUCIIE
10 THAPOXUMUYECKAM U THAPOOHOTIOTHYECKUM oKa3aTessiM [ 6].

Lens qaHHOM pabOTHI — aHATIN3 COCTaBa M KOJIMYECTBEHHBIX MOKa3aTeNe (PUTOTIIaHKTOHA
03. Hwxuuit Kaban B paiione neiicTBusi GpuUTO-cUCTEMBI U OCOOEHHOCTH €ro (GOpPMHUPOBAHUS B
Kackajzie OMornpyaoB B nepBblil roa sxcruryaranun @OC.

Marepuanom ajst paboThI TOCTYKUIU MPOOBI (PUTOTUTAHKTOHA, OTOOpaHHBIE C HIOJS TIO
ceHTs10ps 2018 1. Ha ABYX ydacTKax: y ceBepo-3amanHoro oepera o3. Hwxkuuit Kaban, B Mecte
3abopa Bop! st POC (o3epo, rimyouna 0.5—1 m) u B npymax @OC (mpyx 4 ¢ Typha angustifolia
u nipyn 7 ¢ Acorus calamus). Cxema pacroioskeHus Kackaia U3 CeMH IPYJI0B, UX XapaKTEePUCTHKA
MpEeACTaBIICHBI B paHee OImyOIuKkoBaHHOM paboTe [6]. MccaenoBaHust MpOBOIUINCH C YacTOTOH 1
pa3 B 7-14 pgmeit. Bcero oroOpana 21 mpoba, cOop m 00paboTKa KOTOPBIX MPOBEIACHA IO
obmenpunsaToi mMeromuke [7]. Jns uacHTH(UKAIMKM BHUIOBOW MPHHAIICKHOCTH BOIOPOCIEH
HCTOJIb30BAaHbl PYKOBOJCTBA cepun «Ompenenurtesib NpecHoBOIHbIX Bogopocieirdn CCCPy». K
JOMHUHUPYIOIIUM  BUJAM/OTJENIaM OTHECEHbl TAaKCOHBI, YHCIEHHOCTh/OMOMacca KOTOPBIX
cocraBisuia He mMeHee 10% ot oOmieid. [l omneHKM KadyecTBa BOJbBI HCIIOJB30BaId HHIACKCHI
canpobnoctu [8]. Tpoduyeckoe coCTOsIHHE BOJIbI OLEHUBAJIOCH MO cojaepx)aHuio (ocdopa,
coracHo kinaccuukanuu Vollenveider [9]. Tak, konmentpais oomero gocdopa, 5011 Mrr/in
(cpennee 3HaueHUE 3a MEepUOJl HAOIIOACHUI), YKa3bIBaeT HA MPUHAIIC)KHOCTh MCCIEIOBAHHOTO
ydacTKa CeBepo-3araHoi yacTu 03epa K 3BTPO(HOI 30HE.

Taxconomuueckuii cocmas. B npobax (uToraaHKToHa UASHTU(DUIIMPOBAHO 42 TaKCOHA
panrom Hmke poja u3 6 oraenos: Chlorophyta — 23, Cyanoprokaryota u Bacillariophyta — o 7,
Cryptophyta — 3, Dinophyta u Euglenophyta — mo 1. Bce oOHapyXeHHbIE BHJBI MIHPOKO
pacmpocTpaHeHbl B BojoeMax Bomxckoro GacceiiHa, sSBISIOTCS KocMomonutamu. Hanbomnbiee
BUIOBOE pa3HooOpasue otmedeno cpemu Chlorophyta, Ha BTOpOM H TpeThbeM MecTax —
Cyanoprokaryota u Bacillariophyta. Ha uccieoBaHHbIX ydacTKax 4MCIIO BHIOB BapbUPOBAJIO B
npenenax 27-33, TaAKCOHOMHYECKU COCTaB Ha HUX ObLIT CXOXKUM.

CoctaB n0OMUHAHTOB B (UTOIIAaHKTOHE (OpPMHUpOBANICS 3a CUET HpEeACTaBUTENCH
[IUAHOTIPOKAPUOT, 3EJEHBIX, KPUNTO(UTOBBIX, TUATOMOBBIX, IBTJICHOBBIX U JTUHO(PUTOBBIX
BOJIOPOCIEH, BeAylas poJib KOTOPBIX M3MEHATIACh BO BPEMEHHOM AMHAMHUKE WM IO y4acTKam.
Cpean 1MaHOMPOKAPHOT MpeoOiazaid TpU OCHOBHBIX BHaa — Merismopedia tenuissima,
Aphanizomenon flos-aquae u  Planktothrix agardhii, ¢ OKaJgbHBIM MPHCOCTHHEHHEM
Gomphosphaeria lacustris u Pseudanabaena limnetica. 113 3eneHbix Boiopociieit 0CHOBHOM BKITa/
B KOJIMYECTBEHHBIE MOKa3arenu BHocuimu Coelastrum microporum, Scenedesmus quadricauda,
Tetrastrum glabrum, Binuclearia lauterbornii, Crucigeniella rectangularis; u3 kpuntoduroBbIx —
Chroomonas acuta, u3 nnaromoBsix — Ulnaria ulna; u3 ssrienossix — Trachelomonas volvocina,
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u3 nuHoduroBeix — Ceratium hirundinella. CxoncTBo KOMIUIEKCOB JOMUHHMPYIOIIMX BHIOB Ha
HCCIIeTyeMbIX ydacTkax cocraBuio 70-85%.

Konuuecmeennoe pazeumue. Ha npoTsHKCHUM TIepHOJa MCCIENOBaHMA B 03. HwkHuii
Kaban, na ydactke 3a60pa Boap! a1t POC, unciaeHHOCTh (PUTOIUIAHKTOHA U3MEHSIIAch OT 7.3 10
292.4 mnH. ¥i1./1., 6uomacca — ot 0.88 mo 56.15 mr/n. (puc. 1). MakcumanbsHble TOKa3aTenu
YHUCIIEHHOCTH OTMEYCHBI B MTOCJICIHEH JICKaJIe OIS IPH OOMIBHOM Pa3BUTHH IIMAHOIIPOKAPHOT U
3eJlieHBIX Bojopocieil. V3 mepBbIX B JOMUHHPYIOLIIMI KOoMIUIeKC Bomwuia M. tenuissima,
MENKOKJIETOYHBIM JOHHO-TUTAHKTOHHBIA BHUJ, oOuTarenb oOpactanuii. Jlons sToro BuAa B
YHUCJIICHHOCTH BECh MIOJb HE OIycKajach Hike 58%, MpU MUKOBBIX 3HAYCHUSIX (PUTOIIAHKTOHA
nocturas 81%. HecmoTpss Ha BBICOKYIO umcieHHOCTH M. tenuissima, oOrmras Ouomacca
¢UTOIUIAHKTOHA TPH 3TOM OblIa HEBEJMKAa W Haxoawnack Ha ypoBHe 2.01-3.61 wr/m.
JloMuHaHTaMu M0 OMOMacce BBICTyHalu 3elieHblie Bojgopocau C. microporum (21-42%) u S.
quadricauda (10-68%), mpeamnoynTaronne MEJIKOBOAHBIC 30HbI.

B aBrycre HaOr01a€TCS MTOCTEIICHHOE CHUYKEHUE 00mIns uToruiankToHa, M. tenuissima
u S. quadricauda cHMXAIOT CBOE KOJUUYECTBEHHOE MPUCYTCTBUE. [IpH 3TOM, B YHCICHHOCTH H
Ouomacce yBEJIMYMBACTCs JIOJIS IPYrUX BHUIOB, nmaHonpokapuoT P. limnetica, Aph. flos-aquae,
3eneHbIx Bogopocieit C. rectangularis, T. glabrum u auatomossix Bogopocieit U. ulna. Buomacca
03epHOr0 (PUTOIUIAHKTOHA, KaK U B TPEANICCTBYIOIIUN MECSI], OCTAeTCs B Mpe/eaX HU3KUX
3HaueHuit 0.88—1.97 mr/m.
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Puc. 1. Jlunamuxa xonuuecmeenHvix nokazameeti QumoniaHKmona
Ha UCCIEO08AHHBIX YHACMKAX

[TosiBnieHre B MEPBO# JeKaae CEHTAOPS AMHOPUTOBBIX CITOCOOCTBYET 3HAYUTEILHOMY
YBEIMYEHUIO OMOMACChI (PHUTOMIIAHKTOHA JI0 CBOMX MAaKCHMaJIbHbIX 3HaueHu — 56.15 mr/n. Ha
93% sto mpoucxoaut 3a cuet C. hirundinella, o6namaromniero «rskea0BECHBIMY MAHIUPEM U3
KPEMHHUEBBIX MIACTHHOK. YHCIEHHOCTh (DPMTOIJIAHKTOHA MPU 3TOM OIMYCKAETCS 10 MUHUMYyMa.
B cocraB momuHHpyromiero komiuiekca B 3ToT nmepuos Bxoaat P. agardhii (43%), Aph. flos-
aquae (25%) u C. hirundinella (21%).

B kackane 6uonpymoB ®OC B mepBblii MeCsIl TOCIE WX 3alycKa (HI0Nb), CTPYKTypa
GuTOMIIAaHKTOHA  TPaHC(HOPMUPYETCST  HE3HAYUTEIBHO. TakCOHOMUYECKHI  COCTaB
JOMHHAHTHOTO KOMIUIEKCA BHJOB M IHMK KOJHYECTBEHHOTO Pa3BHTHS MOBTOPSIOT TaKOBBIE
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03EpPHOTO KOMIUIEKCA, MPHU COKpAIICHHH OOIIeHd YHCICHHOCTH W OHOMACCHI IJIAHKTOHHOTO
coobuiectBa. B mocienyrommii Mecsiy (aBrycT), Mo Mepe yBeTHUEHHs IPOSKTUBHOTO MTOKPHITUS
BBICIIUX BOJHBIX pacTeHHid B mpyaax g0 60% u OGonee [6], HabGmonmaercs ¢dopmupoBanue
OTJIMYHBIX OT O3CPHBIX COOOIIECTB (UTOIUIAHKTOHA C JOMHHHUPOBAaHUEM JIMHO(DUTOBBIX
Bojopocieit C. hirundinella (15.VI11-27.VII1) (puc. 2). OGyciioBlieHO 3TO, PEIIOI0KUTEIBHO,
YBEJIMYEHUEM IUIOM[AJM CYOCTpaTOB KYJIbTUBUPYEMBIX MaKpO(UTOB, CIOCOOCTBYIOIIHUX
3aKPETUICHUIO KPYITHOKJIETOYHBIX TUNIAHKTOHHBIX BOJIOPOCIICH M MX OCIEAYIOLIEMY JIOKATbHOMY
pocry.

Buounouxayusa yposus opeanuueckoeo sacpazmenus 600. Jlons BUIOB-WHAWKATOPOB
campoOHOCTH B M3YUEHHBIX Mpobax coctaBmia 6onee 80% otT 00IIero ynciia TakCOHOB, CPeIn
BUJIOB-MHMKATOPOB MPeoOiagaloT f-Me30canpoObl.  MHAMKATOPHBIMU  SIBISIIOTCS — BCE
YCTaHOBJICHHBIC BHUJIbI-IOMHHAHTBI, YTO MO3BOJIWIO MPOBECTH OICHKY CallpOOHMOJIOTHYECKOTO
COCTOSIHUSI HCCIIEyeMbIX y4acTKOB. [1o comeprkaHuio B BOJ€ OPraHNYECKUX BEIIECTB YCIOBHS
Ha 000MX y4aCTKOB COOTBETCTBOBAJIM [-Me30CanpoOHON 30HE (YMEPEHHO 3arpsi3HEHHbIE BOJIbI)
(Tabin.). CpaBHEHHE MOJYYCHHBIX HAMHU JAHHBIX C MPEIIICCTBYIOMIMMH HCCACIOBaHUIMU [2]
MOKa3aJi0, YTO YPOBEHb OPTaHWYECKOTO 3arpsi3HEHHs BOJBI B O3epe 3a MPOILISANINA MEeproT
OCTaJICs B TIpeJieliax Tex ke 3HadeHuit — 1.9-2.1.
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Puc. 2. Jlona makconomuueckux epynn om oowet buomaccyl pumoniaHKmMoHa Ha UCCIe008aAHHbIX
yuacmkax (no ocu abcyucc pacnonoxHceHvl yuacmyuy u 0amol UCCied08aHul)

Tabauya
Unoexcor canpobrnocmu u ypogens 3azpazuerusi 600vl 8 03. Huowcnuii Kaban
u npydax ®OC
Yyactku Ozepo Ipyn 4 Ipyn 7
Mecsu VIl VI IX VII VI IX | VI VI IX
Ha0I0ACHUH
Wnnexc 2.32 1.92 174 | 2.28 1.90 1.90 | 2.19 2.05 1.80
canpoOHOCTH
CpenHee 3HaYeHHE 1.99 2.02 2.01
YpoBeHs YMepeHHo YMepeHHO YmepeHHo
3arps3HEHMsI BOJbI 3arps3HEHHbIE 3arpsa3HEHHbIE 3arpsa3HEHHbIE
3oHa canpoOHOCTH [S-Me3ocanpoOHast [S-Me3ocanpoOHast [-Me3ocanpoOHas

3axnouenue. B ceBepo-zanannoil yactu o3. Hwxuuii KabGan (2018 r.) nomuHMpyromui
KOMIUIEKC BHUJOB (pUTOMIaHKTOHA (GOpPMHUPYETCs, B OCHOBHOM, 3a CYET IpeJCTaBUTENeH
[IUAHOIIPOKAPUOT, 3eJI€HbIX U JAUHO(UTOBBIX BoJopocieill. B nione-ceHTsOpe AMHAMUKA MUKOB
oOmiell YHCIEHHOCTH W Ouomacchl (UTOIUIAHKTOHA pas3fefieHa M0 BpeMeHH. MakcumMym
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YHCJICHHOCTH, 00YCIOBICHHBI MAaCCOBOM BCHBIIIKON MEIKOKIECTOYHBIX (POPM IIMAHOTIPOKAPHOT
Merismopedia tenuissima, oTMe4eH B TOCIEAHEH [eKaae HIONS, MAaKCHMyM OHOMAacchl — B
CeHTsI0pe, Korjaa HaOMIoNaiCs POCT MOMYJSIUN KPYMHOKIECTOYHOUW TUHO(MHUTOBOM BOJOPOCIH
Ceratium hirundinella.

B kackazme OuomnpynoB (uTO-CHCTEMBI B TEPBBIA TOJ €€ AKCIUTyaTallud, CTPYKTypa
¢uTOIUIAHKTOHa ~ TpaHC(HOPMHUPOBAIACh  HE3HAYUTENbHO.  TaKCOHOMHYECKHMH  COCTaB
JOMMHAHTHOTO KOMIUIEKCA BHJIOB U IHKH KOJIMYECTBEHHOI'O Pa3BUTHUS IOBTOPSIM TaKOBBIE
03epHOro Komiuiekca. KpaTkoBpeMeHHO HaOmoAanochk (GOPMHPOBAHUE OTIUYHBIX OT O3EPHBIX
cooOiectB ¢uroriankrona ¢ fomuaupoanuem C. hirundinella.

Cnucok JIUTepaTyphl:

1. bapueBa ®.®. N3meHeHue (UTONIAHKTOHA HpPU AHTPOIOTEHHOM BO3JACHCTBUM U
BOCCTaHOBJICHUH O3C€PHBIX dKOCcHCcTeM (Ha mpuMmepe o3ep T. Kazanm). ABroped. amce. ... KaHz.
ouoi. Hayk. Kazanp, 2003. — 24 c.

2. T'opoxoBa O.I". ®urorankToH o3epHoii cucteMbl Kabdan B 2011 roxy // ['eopecypchl.
—2012. -7 (49). — C. 24-28.

3. Mycradwuna JLK., MBanos /[.B., lllypmuna H.B., bornanosa O.A. Ouenka kadecTBa
BoJbI 03epa Hkuuii Kaban // Coopuuk Tpynos X Crnennaan3upoBaHHOM BBICTABKU U KOHIpecca
«Yucras Boaa. Kazaub», 17-19 oxtsa6ps 2019 r. Kazans: HIT PIIOK XXKKX PT, 2019. — C. 155—
157.

4. bpemmanu P. duroouncrka kak WHHOBAIMOHHBIA METOJI BOJOOYHCTKH // BecTHHK
MI'CVY. —-2019. - T. 4. — B 7. — C. 885-900.

5. Rice E.W., Baird R.B., Eaton A.D. Standard methods for the examination of water and
wastewater. American Water Works Association, Water Environment Federation. 2017. — P. 2—
66.

6. TokunoBa P.II., JlwoGapckuit J[.C., AbpamoBa K.W., HMBanoB JI.B. Ouenka
3¢ (HEeKTUBHOCTH OYUCTKH BOJIBI B huTO-cHcTeMe Ha o3epe Hmxknauit Kaban (r. Kazans) mo utoram
JBYX MEPBBIX JIET dKCIUTyaTanuu // Poccuiickuii sxypHas npukiaanoi skojorud. — 2021, — Ne. 4,
—C. 25-33.

7. Meronuka w3ydeHHsT OHMOTEOIIEHO30B BHYTpeHHUX BojoemoB. Ilom pen. D.J.
Mopayxaii-boatosckoro. M.: Hayka, 1975. — 240 c.

8. YHudumupoBaHHele METOAbl HCCICIOBAHMS KadecTBa BOJ. ATiiac campoOHBIX
opranu3moB. M., 1977. — 227 c.

9. HeBepoBa-/[3momak E., IlBetkoBa JL.U. Ouenka TpohUUECKOTO COCTOSHUS
noBepxHocTHBIX Boa. CII6: CII6GIACY, 2020. — 176 c.

PHYTOPLANKTON OF NIZHNY KABAN LAKE (KAZAN)
NEAR CONSTRUCTED WETLANDS

Ksenia I. Abramova, Dmitry S. Lyubarsky, Rimma P. Tokinova
Abstract. The results of studies of phytoplankton of Lake Nizhny Kaban (Kazan) in the area of
activity of the constructed wetlands are presented. The taxonomic composition, quantitative
indicators of phytoplankton and their changes during the passage of lake water through a
cascade of ponds with higher aquatic vegetation are analyzed.

Keywords: phytoplankton, constructed wetlands, Nizhniy Kaban lake.
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