BbUOJIOTHA BHYTPEHHHUX BOJ, 2022, Ne 6, c. 664—676

VK 574.52

OCOBEHHOCTHU CE30HHOW TUHAMWKA ®UTOIIJIAHKTOHA
p. KAMA (KYVBBIIIIEBCKOE BOJTOXPAHWINIIIE) B 2017 .

© 2022 r.

JI. 10. Xamynmna® *, . U. Xamyamn“

Y Kaszanckuii (Ilpusonscckuil) gpedepanvhsiii ynusepcumem, Mncmumym yHoamenmanbHou Meouyutsl u buoso2uu,
Ka3zans, Poccus
*e-mail: liliya-kh@yandex.ru
IMocrynuna B pegakuuio 06.06.2022 r.

IMocne nopa6otku 07.07.2022 r.
IMpunsra k myonukamum 15.07.2022 1.
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BBEAEHWE

Pexa Kama — neBblii U caMblii KPYNHBIIA OPUTOK
p. Bonra, mMmeeT BaxkHOE PBIOOXO3SIICTBEHHOE 3HAa-
yenue (Bomnsbie..., 2006; KyiiGbimesckoe..., 2008).
Taxoke Ha peke OCyIIEeCTBIISIETCS CYyIOXOICTBO 1 aK-
TUBHO JOOBIBAIOTCSI IMecyaHO-TpaBUitHBIE cMecu. B
HacTosIIIee BpeMsl peKa CUJIbHO 3arps3HsSIETCS IpPO-
MBIIUIEHHBIMY CTOYHBIMU BOIaMU. 3HAYMTEIbHBIA
BKJIAJ B 3arpsI3HEHUE PEeKU IIPUBHOCST TaKXKe KPYyII-
HBIE TIPUTOKM, PEYHOI TPAaHCIIOPT, JIOKAJIbHbBIEC ITPO-
MBIIIUICHHBIE, CEIbCKOXO3SIMCTBEHHBIE U KOMMY-
HaJIbHO-OBITOBbIE CTOKU U T.M. Bce 3TO cBUIETEb-
CTBYET O HEOOXOIMMOCTHU MPOBENCHUS ITOCTOSSHHOTO
MOHMTOPUHTA 3KOJIOTUYECKOIO COCTOSIHUS BOM, PEKU.

OIIMH 13 OCHOBHBIX MOKa3aTeJeit, Oonpeae/sioImx
Tporyeckoe cOoCTOsiHWEe W MOTEeHLUal OuoJoruye-
CKOI1 MPOJYKTUBHOCTU BOJOEMOB, — CTPYKTYpPHAsi Op-
raHu3alus TNIAaHKTOHHBIX Bogopocieit. CocTostTHUe co-
0011IECTB (PUTOTIAHKTOHA BOJOXPAHWIMILL OTIpenessi-
ercst MHOrMMU pakTopamu (Jamenko, 2007; KopHesa,
2015; Hxasuau, 2020). K HacrosiieMy BpeMeHU
OOJIBIIIMHCTBO BbBISIBJIEHHbBIX 3aKOHOMEPHOCTEN MO-
JIy4eHbl B pe3yJibTaTe HETPOJIOKUTEIbHbIX IKCIIe-
JULIMOHHBIX HaOmoaeHu . OqHaKO, XOPOIIIO U3BECT-
HO, YTO KOJIMYECTBEHHbIE U KaUECTBEHHbBIE XapaKTe-

Coxkpamenusi: BC — bantuiickas cucteMa BbicoT; I'TS — nHmekc
TpodHOCTH; Sg — MHAEKC CcalpoOHOCTH Mo 6romacce (HUTO-
ninankTtoHa; W — Kpurepuii Lllanupo-Yunka.

PUCTUKH (PUTOTUTAHKTOHA KPYITHBIX BOTOXPaHVITUIIL
Ype3BbIYATHO JIAOWJIBHBI 1 HEOMHOPOIHBI HE TOJBKO
B MPOCTPAHCTBEHHOM OTHOIIIEHUM, a 1 BO BpeMEHU
(lauenko u np., 2017).

Iens paboTBl — McCAEmOBaTh CTPYKTYPY COOO-
IIECTB U OCOOCHHOCTEM (DOpMHpPOBAHUS CE30HHOM
IWHAMUKY (DUTOIJIAHKTOHA ITOJ, NefiCTBEeM aOMOTH -
YyecKnX (PakTOpPOB, AATh OLIEHKY TPOMUIECKOIO CO-
crostHus p. Kama.

MATEPUAJ U METOIbI UCCIIEAOBAHUA

Peka Kama GepeT cBoe Hayaio B LIeHTpaJbHOI Yya-
ctu BepxHekaMCKOIi BO3BBILLIEHHOCTH, MPOTEKAaeT
MEXIYy BO3BBIIIEHHOCTSIMU BbICOKOTO 3aBOJIKbSI U
BriagaeT B Kamckuii 3anuB KyiiObIlIeBCKOro BOgO-
xpanunuia. B mMecre cnmusHust pex Bonru n Kama
KyiiopImeBckoe BOOOXpaHMINIIE OOpa3yeT 03epo-
BUAHOE paciiupeHue — Boikcko-Kamckuii miec
(Kyitopmuesckoe..., 2008). JIauHa peku DOCTUTAET
1805 kM. B pexy Bmamaer 73718 TipuTOKOB, M3 HUX
94.5% — menkue pexu ummHoi <10 kM. TTpaBble 1 ya-
CTUYHO JieBble TIpUTOKU p. Kama mpencrapieHbl paB-
HUHHBIMU PEKaMU, TEKYIIIMMMU C CEBEPa, CJIEBA BIAIAIOT
XOJIOHbIE TOPHBIE PEKU C YpalbcKuX Top. ITocKoibKy
ypoBeHb Bombl B KyiObIIIIEBCKOM BOIOXpPaHWJIUILIE
MMEET TOJI0OBOE, CE30HHOE M CYyTOUYHOE peryjaMpoBa-
Hue rioTuHoi I'DC, KosebaHUsT ypOBHS BOJbI CKa-
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CraHnus HaOJIoaeHUIA

Yucrormnonb

Puc. 1. Kapra-cxeMa pacrnosioxeHust paiioHa ucciienoBanuii Ha p. Kama B 2017 1.

3bIBAIOTCSI U Ha TUIAPOJOTMYECKUX OCOOEHHOCTSIX
p. Kama, monBepskeHHOI TTOAITOPY B HIDKHE JacTH.

IMutanve pexu MNPEUMYIIECTBEHHO CHETOBOE,
TaKXKe MOJA3EMHOE U JOXIEBOE; 3a BECEHHEE IMOJIOBO-
Ibe (MapT—UIOHbB) MPOXOIUT >62.6% romoBOro CTo-
Ka, JIETOM U oCceHblo — 28.3%, 3umoii — 9.1%. Pasmax
KoJIeOaHWI YPOBHS BOIBI 10 8 M B BEPXOBBSIX M1 7 M B
HU30BbsX. JlemocTaB ¢ Hayajia HOSIOPST B BEPXOBBSIX U
KOHIIa HOSIOPSI B HU30BbSIX 10 arpeist. B moHHoM co-
CcTaBe KaMCKHUX BOJ 4acTO TpeobanaloT Cyiabdarhl,
MUHepaimu3auust Kojebnercss or 168 mo 674 wmr/n
(Bomnsie..., 2006; Kyii6pImesckoe..., 2008).

HccnenoBaHust TJIAaHKTOHHBIX BOJOPOCIIE MTPOBO-
I ¢ Mait 1o oktsopb 2017 1. Ha p. Kama (Kamckuit
3anuB KyiiObilieBckoro BomoxpaHuiuiia). CraHuus
MOCTOSIHHBIX HAOJIOACHUI pacroiarajiach y MpaBoro
Oepera Ha pycie (dapBaTep) y HACEJIEHHOTO ITyHKTa
Prionas Cnobona (puc. 1). B otmnune ot ieBoro, 6eper
Ha 3TOM yJacTKe KpPyT, U PyCIO PEKU TIPYKUMAETCS K
KopeHHOMY Gepery. beper m3pezan oBparamm, 3apoc-
MU XBOMHBIMU U JIMCTBEHHBIMU Jiecamu. Ha mecte
oTbopa npob nryonHa 6suta 15—20 M.

ITpoGbI oTOMpanu oauH pas B Henleto ¢ bopTa Ma-
JIOMEPHOTO Cy[IHA ¢ TOMOIIbI0 6aToMeTpa MomyaHo-
Ba I'P-18 (c oobemom 4 i1). UccienoBaau mpooObl ¢
MOBEPXHOCTH Y UHTETPUPOBaHHBIE (CMelIeHUe MTPOO
BOIBI C MOBEPXHOCTU M 10 0.5 M, ¢ TpaHUILBI 30HBI
¢doTocuHTe3a, OIpeNeJIeHHOM C TIOMOIIbIO AUCKA
Cexkku, u 0.5 M ot gHa). OT60p U 06PAOOTKY ITPOO
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MPOBOJIWIN B COOTBETCTBUM C OOILLECITPUHSATHIMM THJI-
pobuonornuyeckumu Metoaukamu (Fomnep6ax u ap.,
1953; Meronuxa..., 1975; Bonopocinu..., 1989; Algae-
Base, 2000; Caguukos, 2003). 1151 KOJIMYECTBEHHOTO
M KA4eCTBEHHOTO y4yeTa MOHAIHBIX U aMeOOUIHBIX
¢dopM, paspylIalomMUXCs WU J1e(POPMUPYIOIIUXCS
npu pukKcauuu, Mpooksl B IeHb 0TOOpa (pUIbTPOBaAIU
yepe3 MeMOpaHHBIN (DUIIETP U TPOCMATPUBAJIU B 3KH -
BOM cocTossHUU. IIpu 3TOM, IS CrylieHus (UTO-
TUIAHKTOHA MPUMEHSUIU TIPUOOP BaKyyMHOTO (DUJIb-
TPOBaHUS JJIs1 TUAPOOHOIOTUYECKUX UCCIIeT0BaAHMIA
B Boje [1B®D-35/Hb. g KoHeHTpUpoBaHUS DU~
TOIUIAHKTOHA MCITOJIb30BaJIM MeMOpaHHBIE (PUIBTPBI
Biagumop tnmma MOAC — OC-2 u MDPAC — OC-3 ¢
pa3smepom riop 0.45 u 0.8 mxMm. Takke mapaiieabHO
otoupanu npodsl oobemMom 0.5 1, KOTopble (PUKCH-
poBain 4%-HbIM pacTBOpoM hopmanHa. DUKCUpo-
BaHHBIC TTPOOLI KOHIEHTPUPOBAIN OCAIOUYHBIM Me-
TOmOM 10 7—10 MJI IS KaYECTBEHHOTO M KOJIUYE-
CTBEHHOTO ydeTa (UTOIUIAHKTOHA. [JIg M3ydeHus
BOJIOPOCJIE TIPUMEHSIJIM MUKPOCKON Axio imager 2
(Carl Zeiss). luatoMoBbIX Bogopocieit uaeHTuu-
LUPOBAJIM B IIOCTOSIHHBIX IIperaparax, HMCIIOJIb3Ys
aBTOOMMCCUOHHBIN MuKpockon COM MERLIN
(Carl Zeiss). IloacueT opraHM3MOB MPOBOAUIU T10
OOILIETIpUHSATON MeTonuke B Kamepe lopsieBa. s
orpejiesieHUsT OGUOMACChl KCIIOJIb30BAJIM  CYETHO-
00beMHbIIT MeTon. K HOMUHMPYIOIIUM OTHOCWJIU
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BUJIBI C YMCIEHHOCTHIO WM O0nomMaccoii >10% oommx
TMoKa3aTejei.

[ Kaxkmoit TpoOBI BEIMUCIISITN MHIEKC TPODHO-
ctu (ITS) o 6i1oky Munuyca 1o popmye (AHIPOH-
HUKOBa, 1993).

Ib =44.87 + 23.221ogB

st ompeneneHUs CTETIEHU CarpoOHOCTU pac-
CUUTBHIBAIM WHAeKC campobHoctu (Sp) IlanTine u
bykka B mogndukannu Cragedeka (Sladecek, 1973).
3a Bechb MEpUOJ HCCICAOBAHUN €XEIHEBHO pPEru-
CTPUPOBAJIN METEOYCIIOBUS I TUAPOJIOTMIECKIE OCO-
OeHHOCTHU paitoHa oTOopa 1mpob. TakKe B Xome exe-
HeleIbHBIX HAOIIOAeHUM (hUKCUPOBAIM U aHATIU3U-
poBaid XUMHMYECKUIA COCTaB BOIbl (aHAJIU3BI
BBITIOJTHEHBI COTPYNHUKAMU TUIPOXUMHUYECKOUN J1a-
o6opatopun DenepaabHOTO roCcyIapCTBEHHOTO OO~
XKeTHoro yupexaeHus “CpemnBoyraBoaxo3”), u3Me-
pSUIM YPOBEHb OCBEILIEHHOCTU U COJIHEUHOI panua-
Uy (JaHHbBIE TIOJAY4YEeHbl B METEOPOJOTMYSCKOM
obcepBaropun KazaHckoro denaepaibHOro yHUBEP-
cuTeTa), TeMIepaTypy U Mpo3pavyHOCThb BOIBbI.

B xone paGoThl MpOBOAWIIM CTATUCTUYECKUIT aHAa-
JIU3 TMEePBUYHBIX JaHHBIX. IS MpOBEPKU HOPMaJIb-
HOCTU TMOJIyYEHHbIX JAHHBIX UCTIOJIb30BaH KPUTEPHUiA
[anupo—Yunka (W). Ilpu 3ToM OBLIO BBISIBICHO,
YTO B UHTETPUPOBAHHBIX TPOOAX HEKOTOPbIE MOKa3a-
TeJIM (DUTOIUIAHKTOHA, TaKuhe KakK OOIlast YMCJIeH-
HocTh (W= 0.94, p = 0.32), uucneHHocts (W =0.95,
p = 0.46) 1 6uomacca (W= 0.98, p = 0.93) nmaromo-
BBIX BOJOPOCJIC UMEIOT HOPMaJIbHOE pacrpeese-
Hue. Takke HOpMaJIbHOE paclipeaeseHue ObLUIo Y
CIeYIOIIMX XMMUYECKUX U (PU3MUYECKUX TToKa3aTe-
Jieid Bonibl: ypoBeHb Boabl (W= 0.91, p = 0.07), nipo-
3payHocTh (W= 0.98, p = 0.87) u TemriepaTypa BOIbl
(W= 0.94, p = 0.28), B3BelIeHHbIE BeliecTBa (W =
=0.94, p = 0.28), BomopoaHbIii Mmokazareiab (W =
=0.91, p = 0.09), pacTtBopeHHbIi1 Kuciaopon (W =
=0.95, p = 0.36), azor amMmoHuitubIit (W= 0.93, p =
=0.16), XIIK (W = 0.97, p = 0.84) u o01ias XecT-
kocth (W= 0.91, p = 0.08). [TockosbKy OcCTajJibHbIE
KOJIMYECTBEHHBIE MTPU3HAKN HE UMEIU HOPMAJIbHOTO
pacnpenenaeHusi, TTpU UCCIeNOBaHUN B3aUMOCBSI3U
HCCeayeMbIX TPU3HAKOB B OOJIBIIIMHCTBE CIy4yaeB
HCITOJIb30BAJIM HeMapaMeTpUIeCcKue METOIbl U KpU-
TepUU JJIs1 CTAaTUCTUYECKOU 00pabOTKU pe3yIbTaToOB.
Pacuetnsl npoBOAMIM C MOMOIIBIO MAaKeTa aHaIU3a B
Microsoft Excel u 12 Bepcuu cuctembl STATISTICA.

PE3VJIBTATBI NCCIIEAOBAHMWA

Paccmarpusaemsprii 2017 1. BBIOAJICS XOJOIHBIM U
MHOTOBOAHBIM. O030p MOrOAHBIX YCIOBUI TPUBEIACH
o maHHBIM MeTeopoJIornYeckKoili o0cepBaTOpUU
Kazanckoro denepanbHoro ynusepcurera (O630p...,
2018). XoTs mepexo K BeCHe ObLJT pAHHUM U CTPEMU-
TeJIbHBIM, M CHJIbHO OIlepeXXall KIIMMaTU4eCKUi rpa-
¢uK, BeceHHUE MPOLECChl B ampesie 3aMeiInINCh.
Maii TakKe oKa3ajicsli XOJAOAHBIM U JOXIIUBBLIM. [To-

XAJIINVIINIMHA, XAJINYIIJIMH

cJie aHOMAaJIbHO XOJIOMHOTO Masl HaOJomaacs aHo-
MaJIbHO XOJIOIHBIII WIOHBb, KOTOPBIA CO CpeIHeMe-
cayHoi Temnepatypoii 16.4°C ¢ camoro Havyajia ObLI
XOJIONHBIA M AOXWIMBBIK. WMiojb (uHUIIMPOBA
OYeHb KapKOI MOromoii, CpeaHssT MeCsIHas TeMIIe-
patypa Bo3ayxa gocturaia 20.4°C 1 cooTBETCTBOBa-
JJa MHOTOJIESTHUM 3HauyeHusIM. Mecsl BbIIaICs
JOXKIJIMBBIM, BbINajio 63 MM ocagkoB (92% MHOro-
JIETHE MeCSIYHOI CyMMBbI). B 1epBoii mexame mionst
JOXIW Pa3HON MHTEHCUBHOCTU HAOIIOJAIUCh €Xe-
JTHEBHO, CyMMa OCAaJIKOB MpPEeBbICHIA TOJIOBUHY Me-
csauHoit cymMBbl (55%). Bropast nekaga 3a UCKIIo4e-
HueM 18 uross Belganach Cyxoii. TpeTbs gekama Ha-
Jajach U 3aBePIIIACh IIPOXOXKICHUEM Yepe3 PernoH
XOJIOMHOTO (PpOHTA, CONPOBOKIAEMOIO JUBHSIMU U
rpo3amu. ABIYCT ObLIT CyXUM U TETLIBIM, CPEIHSISI Me-
csyHast TeMIiepaTypa Bosmyxa mocturaina 20.4°C (Ha
2.6° BBIIIIE KIIMMAaTUYECKOM HOpMBI). OcaaKoB BhITIa-
70 29.5 MM (49% MHOTOJIETHEl MECSTYHON CYMMBI),
OCHOBHOI1 BKJIaJl BHECJIM JIMBEHb IIEPBOTO aBrycTa 1
MPOIOJLKUTENIbHBIN HoXab 29 aBrycra. HaumHas co
BTOPOIi AeKaabl aBTyCcTa U IIOYTU OO KOHILIAa Mecslia,
COXpaHsJIach yCTOMUYMBasI XapKasl 1 cyxas 1morozaa. B
CEeHTsIOpe MmepBble THU TakKe ObLIM TEIIbIMU, a C
YEeTBEPTOTO CEHTSIOps HaCcTynwia KiIMMaTUdecKast
OCEeHBb. B permoHe nmpoun3soiiesa yCTOMUYMBBII ITepexon,
cpenHeii Temrnepatypsl yepe3 15°C B cTtopoHy Oosiee
HU3KUX 3HAYEHU 1 YCTAHOBMJIACH OCEHHSISI ITOrofa.
OKTS0ph BBITAJCS HECKOJBKO Terjiee OOBIYHOTO,
cpenHsisl TeMIleparypa Bo3ayxa Obuia 5.3°C (Ha 1°
BBIIIIE KIUMAaTUIECKOIT HOPMBI).

T'unponoruyeckast ooctanoBka B KyiiobiieBckom
BOIOXPAaHWINIIE CIOXMIACh TaKUM OOpa3oM, UTO
BECEHHEe IMOJIOBObE TIEpellIo B 1oxkaAeBOI. [TogbeMm
YPOBHSI BOABI IIpU BECEHHEM HAITOJJHCHUM Havayics
23 mapta c otMeTKu 48.92 M BC. Y:ke B KoHIIe artpeist
ypOBeHb BOABI OB ~52.5 M, majiee, mocjiae HeOOJIb-
IIOT0 CHIDKEHUSI B TeUeHMe Masl 10 52 M, YypOBEHb
cTaj TIOAHUMATBCS 1 C HEOOJIBIIUMU KOJIEOaHUSIMU
rpoaepKajacss Ha oTMeTKe 53.5 M ¢ cepeIMHbI UIOHS
10 KOHIIA uioisl. B manbHeiilieM ypoBeHb BOIbI Ha-
YyaJl TIOCTENEeHHO CHMXKATbCsI, U K KOHILY CEHTSIOpPS
Joctur 52.1 M. 3aTeM, OnsITh MOAHUMASICh BIUIOTh 10
3UMHUX MecsieB 1 Hadana 2018 1., ocTaBaics BbICO-
KuM. Takoil TMAPOJIOTMYECKUN peKUM B TeUEHUE
OoJiblet yacTu JieTa ObLT 00YCJIOBIIEH (PaKTUYECKUM
OOKOBBIM MPUTOKOM, IIPMYMHON KOTOPOIO CTaIHn
oOunbHBIE Oocaaku B OacceilHe Bepxueit Boaru u
p. Kama. XomocToii coOpoc BOJBI OCYIIECTBISIIN B TE-
YeHMe YeThIpeX MecdaneB — ¢ 21 ampend 1mo 24 aBrycra
2017 1., B pe3yJibTaTe 4ero pacxoibl BOMbI B JIETHIOO
MeXeHb 3HAYUTEILHO BBIPOCIM MPEBBICUIM MHOTO-
JIeTHI0I0 HOpMY Ha >50%. Takux BBICOKUX JIETHUX
pacxodoB He HaOJodalu 3a BCe BpeMs BKCILUIyaTa-
nuu KyiObIIIeBCKOro BOOJOXpaHWINIIA.

CTOoJIb CYyLLIECTBEHHOE U3MEHEHME BOJHOTO PEeXU-
Ma B COUYETAaHMU C OTOIHBIMU YCIOBUSIMU HE MOTJIO
HE MOBJIUSITH HA Pa3BUTHUE (DUTOIUIAHKTOHA. YBEJIU-
yeHUe 6oMacchl BOIOPOCEH TUMUTUPYETCSI TUIPO-

BUOJIOTUA BHYTPEHHUX BOA  Ne 6 2022
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Taomuna 1. Pus3uko-XxuMUUecKre mapaMmeTpbl HOBEpXHOCTHBIX Box p. Kama B 2017 .

ITokasarenp M = SE min—max m
KOMITOHEHTHBII COCTAB IJTABHBIX MOHOB
TuapokapGoOHaThI, MT/J1 126.57 £ 3.18 91.50—314.90 27.76
OO011ast )KeCTKOCTh, MT-3KB/JT 2.94+0.19 1.92—16.50 1.69
Dusunyeckue nmokaszaTeau
LIBeTHOCTD, Tpamyc 68.09 £ 4.55 17.60—206.67 39.66
B3BeleHHbIe BelllecTBa, MI/J 12.76 £ 0.73 5.00—36.00 6.33
[Tpo3payHOCTh, CM 130.00 = 2.96 85.00—185.00 25.82
Temmeparypa Bo3ayxa, °C 16.68 = 1.07 1.00—28.00 9.31
Temnepatypa Boabl, °C 17.93 £ 0.46 8.90—24.00 4.01
BonmoponHbrii mokasaTeiab 7.85+0.03 7.00—8.42 0.25
I'azoBbIii pexxum
PacTBOpeHHBII KUCIOPOI, MT/J 8.55+0.21 5.40—12.49 1.79
BuoreHHble 1 opraHMYecKue BelllecTBa
A30T aMMOHUMHBIIA, MT/71 0.58 £0.02 0.26—0.92 0.15
BIIK 5, mr/n 1.94 +0.12 1.00—6.46 1.05
XTIK, mr/n 36.83 + 1.41 5.30—61.00 12.26
Mapranerr, Mr/J 0.03 £ 0.01 0.00—0.31 0.07
A30T HUTpPATHBIN, MT/1 1.60 £ 0.27 0.20—11.16 2.32
A30T HUTPUTHBIN, MT/7 0.03 £ 0.00 0.02—0.07 0.02
Dochop obwMit, Mr/n 0.03 +0.00 0.02—0.09 0.01

ITpumeuanue. 3nech u B Tabi. 2: M — cpenHee 3HaYeHUE 3a TIEpUoI 0TOOpa Ipos, SE — cTaHgapTHas OIINOKa CPEeaHETo; 71 — CPeaHe-

KBaapaTU4YCCKOEC OTKIIOHCHHUEC nokasareJsieid.

IMHAMUYECKIM (PaKTOpOM B TOM CJIydae, €CJIM CKO-
POCTh yIBOEHUsI OMOMACChl OKa3bIBAETCSI MEHbIIIE
cKopoctu BomooOMeHa B Bogoeme (Jlamenko, 2007;
Paxy06a, 2020). Takum oOpa3om, B JETHUII MEpPUOL
2017 1. B pe3yabTaTe BBICOKOTO IMPOMYyCcKa BOAbI Ha
KuryneBCcKOM Truapoysjie YCIOBHUS IS Pa3BUTUS
¢uTOMIAHKTOHA CIOXWINCH Oojiee ueM HeOjaro-
MPUSITHBIE.

CpenHue 3Ha4YeHUST Pe3yJbTaTOB TMAPOXMMUYE-
CKOTO aHajiM3a U abMOTUYECKUX MapaMeTpoB 3a ce-
30H NpUBEACHBI B Ta0. 1.

B coctaBe dopnl p. Kama 3a mepuon uccnenona-
HUI BBIIBICHO 224 BUAa, pa3HOBUIHOCTEH N HOpM
Bonopocheit: Cyanophyta — 23, Chrysophyta — 8,
Bacillariophyta — 75, Xanthophyta — 5, Cryptophyta —
4, Dinophyta — 9, Euglenophyta — 14, Chlorophyta — 86
(puc. 2). ®ropuctuyecku Haubosiee GoraTo Tpe-
CTaBJICHBI OTACIIBI TMATOMOBBIX (38% ob1iero crmc-
Ka) u 3e1eHbIX (34%) Bomopocieii. Takoe cooTHOIIIe-
HUE B 1IEJIOM XapakTepHo (tope mraHkToHa Kyitobi-
meBckoro BomoxpaHwiauina (Kopnesa, 2015),
omHako p. KamMa BbIAessieTCs HECKOJIBKO OOJIBIINM
pazHooOpa3ueM U OOMJIMEM MMEHHO JAUAaTOMOBBIX
BOJIOPOCIEH.

VienbHOe BHIOBOE OOrarcTBO (PUTOIJIAHKTOHA
BapbUPOBAJIO 3a MEPUOI HAOIIOAeHUIT OT 6 10 28 BU-
JIOBBIX M1 BHYTPUBUIOBBIX TAKCOHOB B IIpo6e (puc. 3).
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C noBbIIIeHNEM TeMIIEpaTyphl BOIBI U Bo3ayXa (po-
pUcCTHYEeCcKOe 00raTcTBO (PUTOIUIAHKTOHA YBEJINUM-
BaJioch. [TockobKy B X0/ Uccief0BaHU aHATU31-
poBajii, IJIAaBHBIM O0Opa30M, IUIAHKTOHHBIE MPOOBI
BOJIBI B PYCJIOBOI TTTyOOKOBOTHOM YaCTU PEKM, BBI-
SIBJICHHBIC BUIbI BOAOPOCJIEN OTHOCSTCS B OOJIbLICH
YacTU K (PUTOILUIAHKTOHY.

Bospacranue BuaoBoro pazHoo0pasusi Ipoucxo-
IWJIO KaXXIObIA pa3 TpW 3HAYMTEIBHBIX KOJICOAHMIX
YPOBHSI BOJIbI, @ TAKXKE ITOC/IE OOMIIbHBIX JIMBHEM 1 TPO3.
B 3T mepuonrl B Bome MOXHO ObUIO HaOMOdATh HE
CBOMCTBEHHBIX UIST PYCJIOBOM YacT PeKN OEHTOCHBIX
JIMaTOMOBBIX BOJIOPOCJC B OOJBIIOM KOJMYECTBE, a
TaKxKe IIPeICTaBUTEIICH pa3HbIX TPYIIIT, KOTOPhIE OObIY-
HO OOUTAIOT B MEJIKOBOIHBIX 1 3apOCIIMX MaKpopuTa-
MU 3aJIMBaxX BogoxpaHuinia (XamuymHa, SIKOBJeB,
2015; Khaliullina, Demina, 2015). B Takue MOMEHTHI B
BOIIE CTAHOBWJIOCHh MHOIO BHIOB KTYTUKOBBIX BOIO-
pocIeii OTIEIOB 3BITICHOBBIX, TUHO(MUTOBBIX, 30JIOTH -
CTbIX W 3eJeHbIX. I1o-BUOAMMOMY, MX BBIMbBIBAJIO U
MIPUHOCUJIO B PYCJIOBBIC YYaCTKU PEKM TeYCHUEM IIPU
CHIKEHUWH YPOBHS BOABI M OOMJIIBHBIX Oocankax. B 00-
Jiee CTaOMJIbHBIE TIEPUOAbLI YPOBHS BOALI B BOJE, B OC-
HOBHOM, COACPXKaINUCh peodMIbHBIC TUIAHKTOHHEIS
BUOBI IEHTPUICCKUX TMATOMOBBIX 1 c(pepOoTIIeeBBIX
3eJIeHBIX Bojopocieii. X MoCTOSTHHOE MPUCYTCTBUE
B TOJIILE BOJIbI HE MIPEPHIBAJIOCH TaxKe ITPU CAMBIX MH-
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Puc. 3. Ce3oHHas1 nMHaMMKa KOJIMYECTBA TAKCOHOB (DUTOIIaHKTOHA Ha pody p. Kama (Kamckuii 3anus KyiiObilieBCKOro Bo-

noxpanwiauia) B 2017 T.

TEHCUBHBIX TIPOSIBICHUSIX “IIBETCHUSI” BOIBI IIM-
aHoOakTepUusIMU. MHOT1Ee BOOZOPOCIN U3 BCErO CITUC-
Ka BCTpeYaarCh eIMHUYHO U ObLUIN BBISIBJICHBI JIUIIb
B KAUECTBEHHBIX ITPOOax.

Jnsa ucciienoBaHUsI KAdyeCTBEHHBIX M KOJIUYeE-
CTBEHHbBIX XapaKTEPUCTUK INIAHKTOHHBIX BOJIOPOC-
JIeii 6os1ee MHMOPMATUBHBLI UHTEIPUPOBAHHEIE TIPO-
Ob1. OHAKO, €CJIU pacCMaTPUBATh JIUILIb UHTETPUPO-
BaHHBIE NPOOBLI, TO MOXHO YIIYCTUTb W3 BUIY
reproanl “IBeTeHUsT” BoAbI IMaHOoOakTepusMu. Korna
LMaHOOAKTEpMU 00pa3yIOT MacCCOBbIE CKOIJIEHMS Ha
MMOBEPXHOCTH BOJIbI, B MHTETPUPOBAHHBIX TPO0aX UX
KOJIMUYECTBEHHBIE MMOKAa3aTeJ MOIYT OKa3aThCs He-
BBICOKMMM (TabJI. 2).

CpenHsist 00111as1 YMCIIEHHOCTh (DUTOIIAHKTOHA B
WHTErpHUPOBaHHBIX ITPO0AxX 3a Mepuo UCCAeI0OBaHU
mocturana 1.89 + 2.65 MJIH KJ1./IT M BapbHpoOBajia B

npenenax 0.22—4.41 maH xi./a. CpenHsist oO1ast
6uomacca 6b11a 1.49 = 0.20 Mr/n, MUHUMAaJbHbIE U
MaKCHUMaJIbHbIe 3HAUYEHMsI KoJeOaluch B mpeaesiax
0.32—4.25 mr/71 (puc. 4). Bech nepuon ucciaenoBaHmin
B KOJMUYECTBEHHOM OTHOIIEHUU TAKXKe TOMUHUPO-
BaJIi IMATOMOBBIC BOJIOPOC/IU, YCTYIIast HUaHOOAKTe-
PUSIM JINIIb B IEPUOIbI MHTEHCUBHOTO LIBETEHUSI BO-
Ibl. B TIpOILIEHTHOM COOTHOIIIEHUU AUATOMOBBIE CO-
craBistin 32.79—98.70% oOIeil YMCICHHOCTH W
51.18—97.64% oOuieii 6uomacchl. JIuaupoBaiu TH-
nuuHble 1j1s1 KyiobIeBCKOro BOIOXpaHUIUILA LIEH-
Tpuyeckue nuatomeu Aulacoseira italica (Ehrenb.) Si-
monsen, A. granulata (Ehrenb.) Simonsen, A. islandi-
ca (O. Mill.) Simonsen, A. distans (Ehrenb.)
Simonsen, A. ambigua (Grunow) Simonsen, A. sub-
arctica (0. Miill.) E.Y. Haw, Cyclotella meneghiniana
Kiitzing., C. atomus Hust., Stephanodiscus astraea
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Ta0mua 2. Cpennue noxkasaTes, GUTONIAHKTOHA

ITokazarenn M=+ SE min—max m
HHTerpupoBaHHbie MpoobI
Nogu> MITH KJ1. /1T 1.88 £0.27 | 0.22—4.41 1.16
Cyanophyta 0.41 £0.13 0.00—1.70 0.55
Euglenophyta 0.01 £0.00 0.00—0.03 0.01
Dinophyta 0.02 +£0.01 0.00—0.10 0.03
Bacillariophyta 1.07 £ 0.12 0.07—1.77 0.51
Cryptophyta 0.00 = 0.00 0.00—0.03 0.01
Chrysophyta 0.03 +£0.02 0.00—0.34 0.08
Chlorophyta 0.34 +0.07 0.02—1.06 0.30
B> ML/ 1.49 £0.20 0.32—4.25 0.87
Cyanophyta 0.04 +0.01 0.00—0.16 0.05
Euglenophyta 0.05£0.02 0.00—0.26 0.09
Dinophyta 0.17 £ 0.07 0.00—1.11 0.29
Bacillariophyta 1.04 £ 0.10 0.22—1.81 0.43
Cryptophyta 0.00 £ 0.00 0.00—0.03 0.01
Chrysophyta 0.01 £ 0.01 0.00—0.14 0.03
Chlorophyta 0.18 £0.07 0.00—1.32 0.30
Sg 1.68 £ 0.06 1.21-1.97 0.24
ITS 47.28 + 1.40 [33.50—59.47 | 6.11
IToBepxHOCTHBIE POOBI
N> MITH KIL. /I 12.56 £10.80 | 0.19—206.77|47.07
Cyanophyta 11.42 £ 10.73 | 0.00—204.53|46.79
Euglenophyta 0.02 £ 0.01 0.00—0.18 0.04
Dinophyta 0.02 £0.01 0.00—0.16 0.04
Bacillariophyta 0.76 £ 0.15 0.07—2.93 0.65
Cryptophyta 0.00 £ 0.00 0.00—0.00 0.00
Chrysophyta 0.03 +£0.01 0.00—-0.13 0.04
Chlorophyta 0.32 +£0.07 0.00—0.99 0.29
B, ML/ 2.07 £0.85 0.31-16.50 | 3.71
Cyanophyta 0.76 £ 0.71 0.00—13.45 | 3.08
Euglenophyta 0.13+£0.08 0.00—1.35 0.33
Dinophyta 0.21 £ 0.10 0.00—1.72 0.45
Bacillariophyta 0.83 £0.15 0.22—-2.65 0.67
Cryptophyta 0.00 = 0.00 — 0.00
Chrysophyta 0.01 £ 0.00 0.00—0.06 0.02
Chlorophyta 0.14 £ 0.04 | 0.00—0.74 0.18
Sg 1.60 £ 0.09 0.55-2.02 0.40
ITS 45.30 £2.38 |33.18—73.14 |10.36

INpumevanue. S — MHAEKC canmpobGHOCTU MO Ouomacce GuTo-
wiankToHa; I'TS — nHaeke TpodHOCTH 10 OMoMacce (PUTOIIAHKTO-
Ha; Ny, — OOLIAst YUCIEHHOCTD; By, — 0OLIast Guomacca.

(Kitzing) Grunow, S. hantzschii Grunow, Diatoma te-
nuis C. Agardh., Asterionella formosa Hassal, Synedra
acus Kiitzing, S. ulna (Nitzsch) Ehrenberg, Achnan-
thes sp. sp., Nitzschia acicularis (Kiitzing) W. Smith,
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N. palea (Kiitzing) W. Smith. YacTo B puToruiaHkTo-
HE B Macce HaxoOwiIud BuIbl oOpactaHuii Melosira
varians C. Agardh., Diatoma vulgaris Bory, Fragilaria
construens (Ehrenberg) Grunow.

TTocTosTHHO TIPMCYTCTBOBAIM B BOJIE 3eJIeHbIe cde-
poruieeBble TIaHKTOHHBIE Bomopocau Coelastrum mi-
croporum Nageli, Dictyosphaerium pulchellum Wood,
Monoraphidium arcuatum (Korschikov) Hindak,
Scenedesmus acuminatus (Lagerheim) Chodat, S. den-
ticulatus Lagerheim, S. disciformis (Chodat) Fott et
Komarek, S. quadricauda (Turpin) Brébisson,
S. brasiliensis Bohlin, Crucigeniella rectangularis
(Nageli) Komaérek, Crucigenia tetrapedia (Kirchner)
W. et G.S. West, Ankistrodesmus falcatus (Corda)
Ralfs, Lagerheimia genevensis (Chodat) Chodat,
L. ciliata (Lagerheim) Chodat, Pediastrum boryanum
(Turpin) Meneghini, P. duplex Meyen, P. simplex
Meyen, Sphaerocystis planctonica (Korschikov) Bour-
relly, Actinastrum hantzschii Lagerheim. Taxke B mo-
MUHUPYIOIIUN KOMIUIEKC BXOAWJIU 3eJIeHble BOJIO-
pociu pona Chlamydomonas.

[lnaHnoGakTepuu B TIOBEPXHOCTHBIX ITPOOaxX HAUM -
HaJIi TIOSIBJISIThCSL YK€ CO BTOPOW JIeKaibl UIOHS, OJl-
HAKO 4YacToO He JOCTUTaIu 3HAaYCHUId TOMUHUPOBA-
Hus. B iepuonsl ux nosiBiieHUs npeobiaananu Apha-
nizomenon flos-aquae (Linnaeus) Ralfs ex Bornet et
Flahault, Microcystis aeruginosa (Kutzing) Kitzing,
Anabaena flos-aquae (Lyngbye) Brebisson, A. affinis
Lemmermann, A. planctonica Brunnthaler, Oscillato-
ria planctonica Wotoszynska, Gomphosphaeria lacus-
tris Chodat. Takke HOBOJBHO YacTO BCTpPEUAINCH
Gloeocapsa turgida (Kiitzing) Hollerbach, G. limnetica
(Lemmermann) Hollerbach, Merismopedia elegans
A. Braun in Kiitzing, M. glauca (Ehrenberg) Kiitzing.

B ce3onHoOiT nmHaMuKe (DUTOIIAHKTOHA MaKCH-
MaJIbHbI€ ITOKa3aTeJIM YUCICHHOCTU 1 OMOMacChl Ha-
OII0maIn CO BTOPOM ITOJIOBUHBI UIOJISI O CEHTSIOPS.
IToka ypoBeHb BOAbI B T€UEHME UIOHS 1 UIOJIS OCTa-
BaJICSI BBICOKUM U CTAOMJILHBIM, OJIM3KUM K OTMETKE
53.5 M, coaepkaHue BOOOPOCeil B Boae ObLIIO yMe-
peHHBIM. BoJIbIIIas 4yacTh CYyTOK 3TUX MECSIEeB ObLIN
C JOXISIMU U Tpo3aMu. B puToruiaHkToHe mpeobia-
JaJy BHILIEIIEPEUYMCICHHbBIE LIEHTPUYECKUE IUAaTO-
MOBBIE M KOKKOUIHBIE 3eJIeHble BOOOpociau. B ator
repuoa B BOAEC TaKXKe COAEepXajloCch OYEeHb MHOTO
TPYAHO MASHTU(MULUPYEMBIX MEJKUX O€CLBETHBIX
Pa3HOXTYTUKOBBIX BOJIOPOCJIEIi, BEPOSITHO, TIPECTa-
BUTeJIeH XKeNTo3eeHbIX Bogopocieii. Takke MHOTO-
YUCJIEHHBI ObUIM KpuUIlITOMOHamoBbie Cryptomonas
ovata Ehrenb., Cryptomonas spp. u meakue Chlamydo-
monas spp., yobIBalolle K cepenrmHe uwoHs. Berpe-
YyeHa 30J0THUCTas Bomopocnb Mallomonas sp. Tlpu-
CYTCTBOBAJIM HEMHOTOUYMCJIEHHBIE IITMAaHOOAKTEPUH
Microcystis aeruginosa, Gomphosphaeria lacustris,
Gloeocapsa turgida, Merismopedia elegans.

K xoHI11y BTOpOIi IeKaabl MIOHS BO3pacTaayd YKC-
JIECHHOCTh M OMOMAacChl IUaTOMOBBIX. B 3TOT mepuon
OTMEYEeHa BCIMBIIIKA PAa3MHOXKEHUSI 300IUIAaHKTOHHBIX
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Puc. 4. Ce30HHas IuHaAMKKa YUCIeHHOCTH (a, 6) 1 6uomaccsl (B, r) uroriankToHa p. Kama (Kamckuii 3anuB KyiiObliieB-
ckoro Bonoxpanwiuiia) B 2017 r.: a, B — MUHTErpUpoOBaHHbIE MPOOKI, O, I — MPOOBI C MOBEPXHOCTU. | — 1lIMaHOOAKTEpUH, 2 —
3BIJIEHOBBIE, 3 — NUMHOMUTOBBIE, 4 — IUATOMOBBIE, 5 — memo%eneume, 6 — KpUINTO(UTOBBIEC, 7 — 30JI0TUCThIC, & — 3eJICHbIC
BOJOPOCJIH.
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opraHu3moB. K KOHILy MIOHS cofepskaHue KPpUITOMO-
HAIOBBIX U 3KEJITO3EJICHBIX BOAOPOCIIE PE3KO CHU3U-
JIOCh, Aajiee VX MOXHO ObIJIO OOHAPYKUTH JIUIIb €IV~
HUYHO U PEIKO.

C cepenuHbl 11051 Ha4aJloChb UHTEHCUBHOE pa3-
MHOXEHHE [TUaHOOAKTepUii, XOTSI BU3YaJIbHO B TOJI-
1€ BOABbI OHU ellle ObLIM Majio 3aMeTHbl. Crosina
JKapkasl moroja, IITUIb, OMHAKO “IIBETEHMsI” BOOBI
Ha p. Kama He Habmomamu. B aTo ke Bpems Ha
p. Bonra yxxe mHTeHCcHMBHO “1Besia” Boma. B Bomax
p. Kama nmano6akrepuii, B OCHOBHOM, TIPEACTaBIISI-
m Anabaena flos-aquae, A. affinis, Aphanizomenon
flos-aquae. Dnmzonuyecku mnosBisiack Microcystis
aeruginosa, XoTsl ee 10Jis1 OblJ1a HeBbICOKOIA. M3 3e1eHbIX
npeobanany 3ejieHble cheporieeBble, TakKKe ObLIv
MHOTOYMCJIEHHbl ~ BOJIbBOKCOBbBIE ~ KPYITHbIE  BUIIbI
Chlamydomonas spp., Pandorina morum (O. Miiller) Bo-
ry. IlosgBuimcs 3ootucteie Dinobryon divergens Jm-
hof, cTa;mo MHOTO KpUTITOMOHAS.

B TeyeHnue nmocnaeqHe Heneau U0 YPOBEHD BO-
JIbl B BOAOXPaHWIMIIIE CTaJl Pe3KO MafaTh U K HaYay
asrycrta goctur 53 M bC (cHmxenue 0.5 M 3a Hexe-
mo), Ha p. Kama HabGmoganu cujibHOE TeYeHue. DTa
CUTyalluss MTHOBEHHO cKa3ajach Ha pa3BUTUU
IUIAaHKTOHHBIX Bomopocieil (ObLUI OOYCIIOBIEH Mep-
BBIIf MAKCUMYM B C€30HHOM AMHAMUKE (DUTOILIaHK-
TOHA) U MIpUBEJIa K CYIIECTBEHHBIM U PE3KUM U3Me-
HEHMSIM BHIOBOIO COCTaBa (PUTOILIAHKTOHHOTO CO-
ob1ecTBa (puc. 5). B Boge yBennuuniaoch conepkaHue
1aHob6akrtepuii Microcystis aeruginosa, Anabaena
flos-aquae n A. planctonica, KoTopble 00pa30BBIBATIN
no 54.31% o6uieit yuciaeHHocTH U 25.75% o6uei
ouomacchel. Ha Bone ObUTY BUIHBI [TATHA “LIBETEHU
B BHUJE MOJOC, HO He MmoBceMecTHO. [lo-Bunumomy,
CKOIUIEHUS IMAaHOOAKTEePUil MPUHOCUJIO TEUECHUEM B
PYCJIOBYIO YacTh PEKHM M3 MEJIKOBOAWII W 3aJIMBOB,
MMOCKOJIBKY B BOJIE TIJIaBaJI0 MHOTO MHOTOKOPEHHMKA
00bIKHOBeHHOTO (Spirodela polyrhiza (L.) Schleid.) u
¢parMeHTHI IPYrUX BHICIINX pacTeHUii. Takxke cTajo
MHOTO IMHO(PUTOBBIX BOTOPOCIIeH ponoB Peridinium,
Gymnodinium, Glenodinium W 3eJI€eHbIX BOJIbBOKCO-
BBIX Bogopociieit Eudorina cylindrica Korschikov, E.
elegans Ehrenberg, E. illinoisensis (Kofoid) Pascher,
Pandorina morum, Chlamydomonas spp., KOTOpble He
XapaKTepHbI IJIsI TJTyOOKOBOMHBIX OTKPHITHIX y4acT-
koB p. Kama ¢ ObicTphiM TeueHueM (XanuyJIMHa,
Sxosnes, 2015). Takxke yBeJIUMYWIIOCh coaepKaHUe
JIMaTOMOBBIX M BO3POCIIO CofepXaHne OEHTOCHO-JTH -
TopajibHBIX (hOopM, ocobeHHO Melosira varians. B Bone
HaOII0JaJIM 3HAUYUTEIbHOE KOJIMYECTBO IBIJIEHOBBIX
Bonopociaeit Euglena acus Ehrenberg, E. viridis Eh-
renberg, Trachelomonas spp.

B TeueHme cienyiolieii HeaesM ypOBE€Hb BOIbI
crana mogHuMathbes (0o 53.2 M BC), BcaeacTBue 4yero
colep:KaHME BOIOPOCIe BceX TPYINT TONIIa Ha
yOBbLJIb.

OuepenHasi BCIIbIIIKA pa3MHOXeEHUS (uUTo-
TUIAaHKTOHA BCEX MPEICTaBIEHHBIX TPYIIIT MPOU3O0IIIa
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B 20-x ynciax aBrycta. K aToMy BpeMeHHU YpOBEHb
BOJIbl HEYKJIOHHO CHMXKaJICs, a Takxke repen 3Toi
BCHBILIKOU BOJOXpaHUJIUIIE MPETEPIEO JTOBOJbHO
3HaYUTE/bHbIE KOJeOaHUs ypOBHSI BoAbl. B Bome
OMSITh TTOSIBUIIMCH BOJIOPOC/IN 0OpacTaHUit U B 00JIb-
11I0M KOJIMYECTBE OOPBIBKM BBICIIUX BOAHBIX pacTe-
Huii. Cyast Mo U3MEHEHUSsIM, TIPOUCXOISIIUM B CO-
craBe (PUTOIJIAHKTOHA, TEYEHUEM TIPUHECIIO COlIep-
JKMMO€ MEJIKOBOJIHBIX 3aJIMBOB € MaKpoUTaMU.
Hanee Ha aToli Heaesne (B MTOCIEIHIO HEIEI0 aBry-
cTa) HaOII01a]IM BO3pacTaHUE KOJIMUYECTBEHHBIX TTO-
KazaTeJseil Bojopocieil Bcex oTaenoB. beuin MHOTO-
YUCJEHHBI TMHO(MUTOBBIE U 3BIJIEHOBBIE BOJOPOCIIH.
3aMeTHO BO3POCJIO pa3HOOOpa3ue 1 dmomacca 3eje-
HBIX BOJOPOCJE, OTMEYEHO MHOIO BOJbBOKCOBBIX
KTYTUKOBBIX 3eJIeHbIX. M3 ImaHoOakTepuit mpeobia-
namu Anabaena flos-aquae, A. planctonica u Aphani-
zomenon flos-aquae.

Camble MHTEHCHUBHBIC TIPOSIBJIEHUSI Pa3MHOXKE-
HUSI IMAaHOOAKTepUii, KOTOpble TIPUBEIN K “lLIBETE-
HUIO” BOABI, Ha p. Kama mpons3onumm Ha mocneaHen
Hejesie aBrycra (He oXBauyeHHbIX TPOOOTOOOPOM) U B
epBoil Hemene ceHTsI0ps. [lepen aTum “uBeTeHUEM”
29 aBrycra B peruoHe MpoIuIv CUJIbHbIE TUBHU, TaK-
JKe TTPOUCXOJIMIIN 3HAYUTEbHbIe KOJIeOaHUs YPOBHSI
Boabl. Boga B BomoxpaHuiMie Tocjie HEKOTOPOro
noabeMa pe3ko yrnaja Ha 30 ¢M, 9To 1 IPMBEJIO K TAKO-
MY UHTEHCUBHOMY Pa3MHOXEHMUIO 1IMaHOOaKTepuii. B
3TO BpeMsl HabJ1101aiu MaKCMMaJTbHbI€ YMCIIEHHOCTDb U
onomMaccy 1MaHoOaKTepuii, 00yCIOBICHHBIE pa3MHO-
xeHnueM Microcystis aeruginosa, CyOmOMUHAHTaMU ObI-
1m Anabaena flos-aquae u A. planctonica. YncieHHOCTh
1 6roMacca IMaHO0aKTepUid B TIOBEPXHOCTHBIX CJIO-
sax gocturain 1o 204.53 muH ki1./1 (98.9% o6uieit
yucieHHocTn) u 13.45 mr/n (81.56% o061eit bnomac-
cbl). Takke B BOJI€ TTOSIBWIMCH B OOJIBIIIOM KOJIMYe-
CTBE 3eJieHble BOJIbBOKCOBbIe Pandorina morum,
Chlamydomonas spp., Phacotus lenticularis Ehrenberg,
nuHodutoBble Peridinium sp. sp., Gymnodinium spp.,
9BIJIEHOBBIE Bogopochau Trachelomonas spp. OTmeue-
HO BBICOKOE COJEpKaHWE 300IUIAHKTOHHBIX Opra-
HU3MOB.

Crenymoliee MOBBIIIEHUE YMCIEHHOCTU U OUO-
Macchl (PUTOTIIIAHKTOHA, OOYC/IOBJIEHHOE Pa3MHOXe-
HUEM JIMaTOMOBBIX, TMHOMUTOBBIX U 3eJICHBIX BOJIb-
BOKCOBBIX BOIOpOCJIei, HabJI01aI0Ch B TPEThel Jie-
Kane ceHTs0ps. llmanoOakrepuii B Bome yxKe OBLIO
HEMHOTO, U B OCHOBHOM 3TO ObLIU BUIbI Microcystis
aeruginosa.

[ajiee yMepeHHOE KOJIMYECTBO 1IMaHOOaKTEpUil B
BOJIe HAOJIOAJIM BILJIOTH O KOHIIA OKTSIOPS, XOTS
3HAYUTEbHBIX MPOSIBJICHUI “IIBETeHUS” OOJIbIIE HE
npoucxoausio. HecMoTpst Ha To, 4TO ¢ caMOTO Havasa
CEHTSOpPsI HACTyNuJia TOBOJIBbHO XOJIOIHAs KJIUMaTH -
yeckasi OCEHb, YTO MPUBEJIO K CHUXKEHUIO TeMIepa-
TYpbI BObI, €111e I0Jroe BpeMsl B TOJIIIE BOAbI Bere-
TupoBanu Microcystis aeruginosa u Aphanizomenon flos-
aquae. Taxke B TIEpBOIi ieKa/ie OKTSIOPST B BOJOXpPaHU-
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— YpoBeHb BOObI

Puc. 5. IameHeHune 6uomacchl (Mr/i1) GUTONIAHKTOHA B 3aBUCMMOCTHM OT IMHAMUKHU ypoBHs Boabl (M) p. Kama B 2017 r.: a —

MHTETPUPOBAHHbBIE TTPOOBI, 6 — MPOOHI ¢ TOBEPXHOCTH.

JIMIIE pe3Ko noBhICKIcs Ha 40 cM ypOBEHB BOIBI, KOTO-
PpBIii 3aTeM pe3Ko yitall. HecMoTpst Ha HU3KMeE TeMIiepa-
TYpPHBIE YCIIOBUSI, 3TO COOBITE MTHOBEHHO MPUBEJIO K
BCIIBIIIIKE pa3sMHOXeHUus1 Aphanizomenon flos-aquae.
Takcke 1o caMoii IyOOKOM OCEHU B BOIE MPOIOJIKATINA
BEreTUpOBaTh U OBLJIM MHOTOUMCIICHHBI BUabl Chlam-
ydomonas.

OBCYXIEHMUWE PE3VIIbTATOB

ITo naHHBIM HacTOSIIEro UCCAEeOBAHMS, UCTUH-
HO KaMCKMe BOJOPOCIIU — 3TO IEHTPUYECKUE TUATO-
MOBBI€, 3eJIeHble cheporlieeBble, a TAKXKe [IMaHOOaK-
TepUuU, KOTOPbIE MAcCOBO DPa3BUBAsICh, BbI3bIBAIOT
“uBeTeHue” BOAbI ITPU OTIPEACIEHHBIX YCIOBUSIX, Ta-
KMX KakK MOBbIIIIEHNE TeMIIepaTypbl BOJbI U BO3/1yXa,
WHTEHCUBHOCTb COJIHEYHOM paaualun, KojaedaHus u
HEYKJIOHHOE CHUWXXEeHHE ypOBHS BOAbI. JIMHOGUTO-
BbI€, 9BIJIEHOBbIE U XT'YTUKOBbIE KOJIOHUATbHBIE 3€-
JIEHbIE BOJIOPOCJIM MTPUBHOCSTCSI TEYEHUEM B PYCJIO-
BbI€ YYACTKM TPU CHUKEHUU U KOJICOAHUSIX YPOBHSI

BOIIBI, @ TAKKE B pe3yJbTaTe JUBHEUN U TPO3 U3 MeEJ-
KOBOJIHBIX 3aJIMBOB, KOTOPbIE BHOCSIT 3HAYUTEIbHBII
BKJIaZl B pa3HOOOpa3re CTPYKTYPHI aTbIOIIEHO30B.

B nHabmogaeMslit Ton B Ce30HHOI TUHaAMHUKe pu-
ToIUIaHKTOHA p. KaMa BBISIBJICHO IBa MMUKa YMCJIEH-
HOCTHU 1 OMOMAacCChl — B JICTHUI 1 JIeTHE-OCEHHUIA ITe-
puonsl. Kak ripasniio, “riBeTeHne” BOIBI OOYCIIOBIIC-
HO MAacCCOBBIM pa3BUTHEM LIMAaHOOAKTEpUIl POJOB
Microcystis, Aphanizomenon W Anabaena, npuuem
MPEACTABUTENIM 3TUX TPEX POJOB OOBIUHO HE BCTpe-
YaloTCs OMHOBPEMEHHO.

B xone pabGoThbl McciienoBaH U MpoaHaIU3MPOBaH
PSIo OCHOBHBIX THAPOXUMUYECKUX U THAPODU3NYE-
CKMX TIOKazaTeJiell peKu, JMHAMMKA HEKOTOPBIX U3
HUX MpUBeIeHa Ha puc. 6. Takke paccuyuTaHbl KO-
(uumeHTH Koppensinun CrupMeHa MeXAy IToKasa-
TeJISIMA  (DUTOIUIAHKTOHA, TUIPOXMUMUYECKUMU U
ruapodU3NIECKUMU MOKa3aTeJIsIMA BOIIbI, U TIOJY-
YeHbl HEKOTOpbIE 3aBUCUMOCTU. B OOJBIIUHCTBE
clyyaeB 3TU 3aBUCUMOCTH TTOATBEPXKICHbBI U pacye-
TamMmu KoadpduuueHta koppenasiuun Ilupcona. C

BUOJIOTUA BHYTPEHHUX BOA  Ne 6 2022
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Puc. 6. [IlnHaMuKa OCHOBHBIX TMAPOXMMHUYECKUX U TApodU3ndecKx mokasaresneii p. Kama B 2017 r.: a — TeMnieparypbl BO3-
nmyxa 1 Bobl (°C), TTpo3pavyHOCTH BOMIBI (CM); 6 — paCTBOPEHHOTO KUCJIOPOJa B BOJIe M OMOMACChI (PUTOTUTAHKTOHA B MHTETPH -

poBaHHBIX ITpodax p. Kama.

YPOBHEM BOJIbI OTPUILIATEIbHO B3aUMOCBSI3aHbI MPO-
3padyHOCTh Boabl (# = —0.6), BOOOPOAHBII TTOKa3a-
tesb (r = —0.8), obiias xectkocth (¥ = —0.9), azor
HutpatHseiil (= —0.6) u XI1K (r= —0.5). Takke ypo-
BEHB BOJIBI KOPPEJIMPYET C B3BEIIEHHBIMU BEIIIeCTBA-
Mu (r = 0.7) 1 amMOHUITHBIM a3oToM (r = (.8).

YucneHHOCTh U OroMacca Bogopociieil Bcex oTae-
JIOB pacTyT OJJHO3HAYHO C TTOBBILIEHUEM TeMIIePaTy-
pbl Boabl (r = 0.6) u HUTPUTHBIM a3oToM (r = 0.7),
npuueM, U3MEHEHUS TeMIIEpaTyphl BO3IyXa U colep-
XaHue BOJOpOCJeil B J€THE-OCEHHUI Tepuon Ha-
MpsIMYIO He cBsI3aHbl. [IporpeBanue Bosayxa (r= 0.6)
¥ Boabl (= 0.7) 0cOOEHHO MOJOXUTEIHLHO KOPPEIU-
poOBaJIu Ha Pa3sBUTUU KOKKOMIHBIX 3€JICHBIX BOJIO-
pocieii. OTpuuarteabHylo Koppeisuuio (r = —0.5)

BUOJIOTMA BHYTPEHHUX BOJ  Ne 6 2022

HaOo1aIu MeXAYy KOJUMYECTBEHHBIMM MOKa3aTessi-
MU KPUINTOMUTOBBIX BOIOPOCIEN U TUAPOKApOOHA-
Tamu. [1pn yBeanyeHun 0MomMacchl IMaTOMOBBIX BO-
Jlopociieii B BOJIe pacTeT XMMUUYECKOoe TMoTpebieHue
kucinopona (r = 0.5). Mexny nokazatexsiMu (pUTO-
TUIAHKTOHA 1 ob111ero hocdopa nmpsiMbie KOppEsILm-
OHHBIE CBSI3U HE BbISIBJICHBI.

Bansgane rmagpodu3nyecKux u THAPOXUMUIECKIX
¢akTOpOB Ha pa3BUTHUE BOJIOPOCJIEH B HACTOSIIEE
BpeMsI TOBOJILHO XOPOIIIO U3YYEHO U BBISIBJICHBI OC-
HOBHbIE 3aKOHOMEPHOCTH, OTHAKO, CYILECTBYET PsI
MHEHUIA, YTO KJIIOUYeBBIM MOMEHTOM Hayaja pa3BHU-
TUSI (UTOIUIAHKTOHA SIBJISIETCS CBETOBOII (haKToOp
(YpOBEHb COJIHEUHOM panualiiu, IMoIagaronieii B TOJ-
1y Bomoema) (Kopcak u np., 2009). B nanHoii padote
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Puc. 7. lunHaMukKa cyMMapHOU COJIHEUHOM paaraluuu (Mﬂ,)K/Mz), 0011Ie#l YMNCIEHHOCTU (PUTOTIAHKTOHA U YUCJIEHHOCTH LI~
aHoOakTepuii (MJIH KJI./JI) B MHTErpUpOBaHHBIX pobax p. Kama B 2017 .

MpoaHaIM3MpPOBaHa TUHAMUKA TTOCYTOUHBIX U3MeEpe-
HUI CyMMapHOI COJIHEYHOM paguaiuu (puc. 7). XoTs
rpad K, ONMCHIBAIOIINI TMHAMUKY COTHEUHOM pammra-
IIMH, B 1IEJIOM TTOBTOPSIET TAKOBOI TMHAMUKN YUCIICH-
HOCTHU (PUTOTUTAHKTOHA, KOPPEIAIMOHHBIN aHaTN3 pe-
3yJIBTaTOB MIOCYTOYHBIX M3MEPEHUI COTHETHOI panmra-
MU, TIOKa3zaTejeil (PUTOIUIAHKTOHA W OCHOBHBIX
OMOTeHHBIX 2JIEMEHTOB HE OOHAPYXKWJI CTATUCTUYECKU
3HauyMMOI cBs13U (mpu p <0.05) Mexay ucciienyemMbl-
MU TTapaMeTpaMu.

IIpoueccyl popMupoBaHUs YCIOBUI, Oiaronpu-
SITHBIX JIJISI MACCOBOTO Pa3MHOXKXEHUST OTACIbHBIX BU-
JIOB TUIAHKTOHHBIX BOAOPOCJEi, HOCSAT KOMILUIEKC-
HBI XapakTep U CBSI3aHbI U ¢ OMOJIOTUYECKUMU, U C
GUBUKO-TUAPOXUMHUUIECKUMU (paKTOpaMu, TP 3TOM
3HAYMMOCTh 3TUX (pakTopoB pasnuyHa (Caxaposa,
Kopuesa, 2018). IloaydeHHbIE B XOl€ HACTOSIIINUX
WCCJIeTOBAaHUI pe3y/IbTaThl IIOKA3bIBAIOT, YTO OCHOB-
HOE€ peryiupylollee BIMsSHUE Ha pa3BUTHE (PUTO-
minaHkToHa Kamckoro 3anuBa KyiOBIIIIEBCKOro BO-
JIOXpaHWJIMILA OKAa3bIBAIOT YPOBCHHBIII pPEXUM U
cosHevyHas paguauus. Cyns 1o ruaporpady U rpa-
dukaM TMHAMUKU BOJIOPOCIIEi, KaxKIblif 2MTU30/1 KO-
JiIebaHU YpPOBHS BOJIbI C MOCJEAYIOIIUM CHUXKEHMU-
€M, TIPUBOJIUT K BCITBIIIIKE PAa3MHOXKEHUS TNIAHKTOH -
HBIX BojopocJiieii. Yaile Bcero 3To IPOUCXOIUT 3a
CUET BEIMBIBaHMSI U3 MEJIKOBOTHBIX 3aJIMBOB OpraHu-
YeCKMX COeAUHEHUI 1 BUAOB BOAOPOCIE, KOTOPHIE
MacCOBO Pa3BMBAIOTCS HA MEJIKOBOIHBIX y4JacTKaxX.
I1pu 3TOM, KaK MOKAa3bIBAIOT HAOJIOACHUSI, CAMHU I10
cebe BeTpa U LITOpMa HE CHJIBHO BJIMSIOT HA COIEp-
>KaHWE BOJIOPOCIIeii B BoAe. B mTHIeByIO COTHEUHYIO
MOroay IMaHoOaKTepUU MacCOBO CKAIUIMBAIOTCSI HA
MOBEPXHOCTU, 00pasys IsATHA “uBeTeHUs1”. OgHaKo

MocCJje BIU30/I0B KOJeOaHUST YPOBHS BOAbI, €CJIU Ja-
Ke OyIyT MPOAOJIKUTEIbHbIC BETpa U IPO3bl, CONEP-
KaHue IMaHOOAKTepUil He CHUXKAETCs, OHU JIUIIb
pacIpeaesiioTcesl B TOJIIIE BOABI, YTO HANISIAHO T10-
Ka3bIBalOT MHTETPUPOBAHHBIE TPOOHI.

XOTs1 B HALLIMX UCCIeAOBAHUSIX aHAJI3 TToKa3aTe-
Jieit (puTOTIaHKTOHA U 3HAYEeHU T OCHOBHbBIX (pakToO-
POB CpeJibl, OKa3bIBalOIIMX BIUSIHWE HAa AWHAMUKY
¢duTornaHkToHa (YpOBEHHBIN pPEXUM, WHTEHCUB-
HOCTb Najamwlileil COTHEYHO! paaualiuu U coaepxka-
HMe OMOTeHHBIX 2JIEMEHTOB — a3oTa 1 pocdopa), 1mo-
Kazajl OTCYTCTBUE CTATUCTUYECKM 3HAUYMMOI CBSI3U
MEXIy BeJUYMHAMU 3TUX TapaMeTpoB, rpaduKu,
MOCTPOEHHBIE MO0 IMIUPUUYECKUM JaHHBIM, CBUJE-
TEJIbCTBYIOT, YTO 3TO B3aMMOCBSI3aHHBIE MPOLIECCHI.
B npupone Takoro poaa mpuUYUMHHO-CJIEACTBEHHbBIE
CBsI3U OBIBAE€T TPYAHO OTCIACAUTH HAa TaKMX MaIbIX
BBIOOpKax C IIUPOKOW BapuabebHOCThIO KaK Ha-
OmojeHus1 ogHoro ceszoHa (BbipyyasikuHa u ap.,
2016). Peakiius GUTOILUIAHKTOHA, KAK U IPYTUX THI-
POOMOHTOB, Ha U3MEHSIIOLLIMECS YCIOBUS CPEABI TTPO-
SIBJISIETCSI HE cpasy, a Mo MpOoLIeCTBUN JOBOJIBHO MPO-
JoskuTebHOro mepuona Bpemenu (Kopcak u ap.,
2009), u KpaliHe CJI0)KHO YCTAaHOBUTb CTATUCTUYECKU
JIOCTOBEPHbIE 3aBUCUMOCTU MEXIY U3yYaeMbIMU Ta-
paMeTpaMu TaKoro poja.

I1o pe3ynbraTam uccienoBaHUii, BOABI UCCIIEIye-
Moro yJyacTtka p. Kama B TeueHue 00JbllIeii YacTH Be-
reTallMOHHOIO Ce30Ha COOTBETCTBOBAJIM Me30ca-
NpoOHOMY THMITY M YMEPEHHO-3arpsi3HeHHOU 30HeE
(puc. 8). Tpoduueckuii craTyc BoAd, OINpeacIeHHbIM
o buomacce (PUTOILUIAaHKTOHA, IPO3PaYHOCTH BOIBI
M TI0 colepKaHWIo o01ero pocdopa, 0oabIIei ya-
CTbIO COOTBETCTBOBAJ Me30TPO(MHOMY, a B IEPUOIbI
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Puc. 8. Iunamuka unnexca tpodnoctu (ITS) u canpo6Hoctu (Sp) no buomacce (B) GUTOILIAHKTOHA B UHTEIPUPOBAHHBIX

npobax p. Kama.

MaKCUMaJILHOTO Pa3BUTHUS TIJIAHKTOHHBIX BOAOPOC-
JIeid 4acTo U 93BTPOMHOMY THUITY.

Ha ceronns xpaiiHe akTyaJabHO BBISIBJIEHHE Hau-
OoJiee 3HAUYNMBIX (haKTOPOB, BIMSIOIIMX Ha IIPOIIEC-
Chl 3BTpodUKaLMKU U pa3BuTUe Bogopocieil Kyitoni-
IIeBCKOro BomoxpaHmmnina. CaMblil XXe 3HaYMMBbII
¢dakTOp, KOTOPHIM MOXKHO YIIPaBJISITh U KOTOPBIA
ornpeaessieT BHyTPUBOJIOEMHbBIE MPOLIECChl BOJIOXPa-
HUINIIA, — BOOAHBIN peXXUM (peXXrM BOITHOTO IIPUTO-
Ka M peryjupoBaHHE CTOKA THUAPOY3JIOM, IPOTOU-
HOCTb, a TakKxXe MOp(GOMETpHYECKHEe OCOOEHHOCTU
BomoeMa). YToObI yripaBiadaTh STUMU (paKTOpaMH, He-
00XOAMMBbI TIPOTHOCTUYECKUE PacyeThl TIPU Pa3HbIX
BapuaHTax peryJmpoBaHUs pedHoro crtoka KyiiObi-
IIIEBCKOTO BOJOXPAaHWJIMINIA U CHCTEM YPaBHEHMIA,
CBS3BIBAIOIINX KAYECTBEHHBI M KOJIWYECTBEHHbIN
COCTaB TUIPOOMOHTOB C TUAPOXUMUYECKUMHU, MOP-
doMeTPUISCKUMU U TUIPOPU3INISCCKIMHA TTapaMeT-
paMu BOJIOXpaHWUJIMIIA, KOTOPBIE OTpaxkaJii Obl TTO-
BeleHUEe IOMUHUPYIOIIUX BUIOB TMAPOOMOHTOB U
JIMHAMUKY BOMTHOI 3KOCHUCTeMBbI B 1iejaoM. Ilpu wmc-
CJIEIOBAHUSIX TaKUX CJIOXKHBIX BOIHBIX KOCHUCTEM,
Kak KyiiObIeBcKOoe BOOOXpaHWINIIE, IS TIOIyde-
HUSI JOCTOBEPHBIX U PETIPE3EHTATUBHBIX JAHHbBIX, UX
Heo0XoanMo coObupaTh B X0/Ie HEMPEPHIBHOTO MOHU-
TOPUHTa MHOTOJIETHe nuHaMuku. [Toatomy MoHM-
TOPUHTOBBIC HMcclieqoBaHusT (uTorurankToHa Kyii-
OBIIIEBCKOTO BOAOXpaHWIMIIA Ha 3TOM XK€ CTaHIUU
p. Kama, a takke Ha pekax Bonra n Kazanka Oymoyt
MPOIOJIKEHBI.

BoiBoapl. B durtonnankrone p. Kama (Kamckuii
3aiuB KyHObIIIIEBCKOTO BOIOXPAHUJIMIIA) TOMUHM-
PYIOT LIECHTPUYECKUE TUATOMOBBIE, 3eJIeHbIe chepo-
IUIeeBhIC, a TAKXKe IMaHOOaKTepU, KOTOPBIE MacCo-
BO pa3BUBAasICh, BEI3BIBAIOT “lIBeTeHUEe” BoAbl. B ce-
30HHOM AMHAMUKE (DUTOIUIAHKTOHA BBISIBJICHO JIBa
MMMKa YMCJICHHOCTU 1 OMOMAacChl — B JICTHUM U JIET-
He-oceHHUit iepuoanl. “LIBeTeHne” Boabl 00yCIOB-
JIEHO MAacCOBBIM Pa3BUTUEM LIMAHOOAKTEPUIl POIOB
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Microcystis, Aphanizomenon n Anabaena. Haubonee
3HAYMMBIMU (paKTOpaMM, KOTOPbIE BIUSIIOT HAa MH-
TEHCHBHOCTb Pa3BUTHUST (PUTOIUIAHKTOHA, SIBJISTIOTCSI
TTOBBITIIEHHE TEMITEPaTyphl BOIBI M BO3IyXa, MTHTCHCHUB-
HOCTb COJIHEUHOI paauanvu, KojaeOaH!sl U HEYKJIOH-
HOe CHIDKeHWEe YpPOBHsI BOIBI. Bombl mcciiemyemoro
y4JacTKa peKr COOTBETCTBYIOT ME30CAITPOOHOMY THITY 1
yMEpPEeHHO-3arpsi3HeHHOI 30He. Tpoduueckuii cratyc
BOJI COOTBETCTBYET Me30TPOMHOMY, B TIEPUOIbI MaK-
CUMAaJIbHOTO Pa3BUTHS TUTAHKTOHHBIX BOTOPOCTEH —
3BTPOMHOMY THUITY.

BJIATOOAPHOCTHU

ABTOpBI BBIPAXKAIOT HCKPEHHIOI MPU3HATEIbHOCTh
COTPYAHMKAM THUApOXUMHYecKoil sabopatopun PI'BY
“CpenponraBonxo3” (1. Kazanp) 3a moMois B 00paboTKe
TUAPOXUMUYECKUX MTPOO, a TaKXkKe COTPYAHUKAM METEOPO-
Jlornyeckoit obcepBaropuu KazaHckoro denepaibHOTo
YHUBEPCUTETA 32 MPEACTABICHHbIC TaHHbIC.

ONHAHCHUPOBAHUME

Pa6ora BeITTOTHEHA 3a cueT cpeacTB [IporpaMMmel cTpa-
TeTMYECKOTO aKaaeMHYecKoro JjuaepctBa KazaHcKoro
(IMpuBomxkckoro) denepaibHoro yuusepcurera (IMPHUO-
PUTET-2030).
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Features of the Seasonal Dynamics of Phytoplankton in the River Kama
(Kuibyshev Reservoir) in 2017

L. Y. Khaliullina®> * and I. I. Khaliullin!
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The influence of abiotic factors on the seasonal dynamics of phytoplankton has been studied. An assessment
of the trophic state of the river is given. Kama (Kama Bay of the Kuibyshev Reservoir). The seasonal values
of the main environmental factors influencing the dynamics of phytoplankton (level regime, intensity of in-
cident solar radiation, a number of basic hydrochemical and hydrophysical indicators) are analyzed. The wa-
ters of the study area of the river. Kama during most of the growing season corresponded to the mesosaprobic

type and moderately polluted zone.

Keywords: phytoplankton, structure, biomass, abundance, algae, seasonal and interannual changes, Kama

River, Kuibyshev reservoir, water level
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