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POPMHUPOBAHUE CTPYKTYPUPOBAHHbIX BMOLIEHO30B
BbICLLIMX BOAHbIX PACTEHUM U
®OTOTPO®HbLIX MMKPOOPTAHU3MOB
AAS TIPUMEHEHUS B OMMCTKE CTOUHbIX BOA,

OAHMM M3 COBpEMEHHBIX METOAOB, UCTNOABb3YEMbIX MPKM  Pa3paboTKe IKOAOIMUECKM YUCTBIX
TEXHOAOTMIA  3alMTbI OKPYXKAIOILEH CPeAbl M BOCCTAHOBAEHMS NPUPOAHBLIX PECYpPCOB, SIBASETCS
Gropemeamalmsi, 510 HanboAee LWAASILMIA METOA coxpaneHusi GropasHoo6pasus M obecneyenus
YCTORUMBOCTH OUMILIAIOLINX BUOLIEHO308B, Dopmuposanme 310i 06AaCTH HAYUHbIX 3HAHWIA COCTOSAAOCH
B 1990-x roaax v B HaCTOSILLEE BPEMSI IPOMCXOANT MHTEHCUBHOE pasBUTHE 3KO-GUOTEXHOAOTMIA.

Ipumenenne yCToinumBbIX K 3arpsi3HEHHbIM BOAAM LUMAHOOAKTEPUI U MUKPOBOAOPOCAEH, BBEACHME
B OYMLIAIOUIMIA KOHCOPUMYM BBICIUMX BOAHBIX PACTEHMIA MO3BOASIET CO3AATH HOBYIO KOMIMAEKCHYIO
OMOTEXHOAOIMIO OUNCTKM M BOCCTAHOBACHMS) 3arps3HEeHHbIX BOAOEMOB.

LleAblo nccaeaoBanni sBAsAOCh hopmmposanme CTPYKTYPUPOBaHHbLIX HUOLIEHO308, BKAIOYAIOLLIMX
OPraHn3Mbl PaSAMUHBIX TAKCOHOMUYECKMX IPYNIT, AASI TOABOPA ONTUMAALHBIX NapameTpoB YIpaBAeHUs
Gropeme AMaLIMOHHBIMU MPOLECCAMM.

OrnpeaeaeHo, 4to Goaee MOAOKUTEAbHDIN AppexT mexay opraHusmamm HaOAIOAAACH B
koHcopumymax: Ankistrodesmus sp. Bl-1 + Anabaena variabilis RI-5 + Pistia stratiotes n Scenedesmus
quadricauda B-1 + Anabaena variabilis RI-5 + Pistia stratiotes. OnpeaeAeHo, YTo Ha NPOTSXKEeHUKU BCero
BPEMEHM COBMECTHOTO CyIeCTBOBAHUSI BCE KOMMOHEHTbI KOHCOPLMyMa CTUMYAMPOBAAM pasBuThe
APYF" Apyrd, AMHamuKka poCTa BCEX UAEHOB KOHCOPLIMYMA 3HaYMTEAbHO MPEeBbilaAa POCT AAHHbIX
OpraHu3mOB B MOHOKYALTYPaX. [ToAyUeHHbIe pesyAbTaTh CBUAETEALCTBYIOT O TOM, YTO MCIOAb30BAHUE
KoHcopuuyma BBP, MMKPOBOAOPOCAM M LIMAHOGAKTEPHI B OUMCTKE CTOUHOR BOAbI B AaB0paTopHbIx
YCAOBUMSX BeCbMa 3(P(IEKTMBHO MO CPaBHEHMIO C MCNOAL3OBAHMEM PacTeHnit, MUKPOBOAOPOCAEH M
unaHobakTepuii B OTAGALHOCTH.

KAtoueBbie cAOBa: MUKPOBOAOPOCAM, unaHobakrepun, Gropemeauaums, KOHCOPLIMYM, BbICILIAS
BOAHAS PaCTUTEAbHOCTb.

Akmukhanova N.R.", Zayadan B K., Bauyenova M.O., Sadvakasova A K.,
Bolatkhan K., Seilbek S.

Al-Farabi Kazakh National University,
Kazakhstan, Almaty, ‘e-mail: nurziya.akmuhanova@kaznu_kz

Formation of structured biocenoses of higher aquatic plants and
phototrophic microorganisms for application in wastewater treatment

One of the modern methods used in the development of environmentally friendly technologies
for protecting the environment and restoring natural resources is bioremediation, which is the most
sparing method for preserving biodiversity and ensuring the sustainability of cleansing biocenoses. The
formation of this area of scientific knowledge was held in the 1990s and intensive development of eco-
biotechnologies is currently taking place. The use of cyanobacteria and microalgae resistant to polluted
waters, introduction of higher aquatic plants into the purifying consortium, allows the creation of a new
integrated biotechnology for the purification and restoration of polluted water bodies.

©2017 Al-Farabi Kazakh National University




DOpMHPOBAHKE CTPYKTYPHPOBAHHBIX GHOLEHO30B BLICIINX BOJHBIX pactenuii n hoToTpodusix .

The aim of the research was the formation of structured biocenoses, including organisms of different
taxonomic groups, for selecting optimal parameters for controlling bioremediation processes.

It was determined that a more positive effect between organisms was observed in consortia: Ankis-
trodesmus sp. Bl-1 + Anabaena variabilis RI-5 + Pistia stratiotes and Schenedemus quadricauda B-1 +
Anabaena variabilis RI-5 + Pistia stratiotes. It was determined that during all the time of joint existence
all the components of the consortium stimulated the development of each other, the dynamics of growth
of all members of the consortium significantly exceeded the growth of these organisms in monocultures.
The obtained results indicate that the use of the HAP consortium, microalgae and cyanobacteria in
wastewater treatment in laboratory conditions is very effective in comparison with the use of plants,
microalgae and cyanobacteria separately.

Key words: microalgae, cyanobacteria, bioremediation, consortium, higher aquatic plants.
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On-Mapaby atbiiaarbl Kasak yATTbIK, YHUBEPCHUTETI,
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AFbIHADBI CyA@PADI Ta3anay YLUiH JKOFapbl CaTbiAbl CY 6CIMAIKTEPIHIH, XoaHe
horoTpodThl MHKPOOPraHU3IMAEPAIH, KYPbIABIMABIK, 6HOLLEHO3bIH KYpacTbIpy

KopiuaraH opTaHbl KOpray XaHe Tabuii pecypcrapAbl KanTa KaAmNblHA KEATIPYAE NalnAaAaHbIAATbIH
3amaHaym sAicTepaiH Bipi — Guopemearaums. Bya BAIC aAyaHTYPAIAIKTI CaKTam OTbIpbIn, KopluaraH
OpTaHbl KalTa KAAMbIHA KeATIpyLli BGMOLEHO3ABIH TO3IMAIAITH apTTbipaabl. OCbl 6aFbITTLIH FhIAbIMK
JKaHaAbIKTapbl 90-KbIAAAPbl KAABINTACTbI XKoHE Kazipri TaHAa KOOMOTEXHOAOrMS KAPKbIHABI Aamy
yCTiHAE.

AactaHraH cyAapra Te3iMAI LMaHoOakTepusiAap MeH MUKPOBAAABbIPAAPABI NaiAAAaHy, Ta3aAaylibl
KOHCOPLMYMFa JKOFapbl CaTbiAbl CY ©CIMAIKTEPIH EHridy, AacTaHFaH Cy KOMMaAapbiH Ta3aAay >oHe
KAATa KAAMbIHA KEATIPeTIH XKaHa KellleHAl OMOTEeXHOAOTMAABIK, YPAICTI Kacayra MyMKIHAIK Gepeai.

3epTTey KYMbICbIHBIH MaKcaTbl, GMOPEMEAMAUMSABIK YPAICTEPAI 6GackapyAblH ONTUMAAAbI
KOPCETKILTepPiH KAPacTbipy YLUiH, 8P TYPAI TAKCOHOMMSIALIK, TOMTapAbIH OPraHM3MAEpiHeH TYpaTbiH
KYPbIAbIMABIK, OMOLIEHO3ABI KYPaCTbipy.

OpraHM3MAep apacbiHAAFbl OHTalAbl 9CEep MblHa KOHCOPLUMYMAApP apachiHAa OaitkaAraHbi
aHbIkTaAAbl: Ankistrodesmus sp. BI-1 + Anabaena variabilis RI-5 + Pistia stratiotes n Scenedesmus
quadricauda B-1 + Anabaena variabilis RI-5 + Pistia stratiotes. bipaecin eckeH yakpbiT apaAblfbiHAA
KOHCOPUMYMHBIH ~ OapAblk, KOMroHeHTTepi  Gip-6ipiHiH  AaMmyblH  bIHTAAGHABIPATbIHBI,  GaAPABIK
KOHCOPLMYMAPAbIH 8CY AMHAMMKAChI OCbl OPTaHU3MAEPAIH MOHOAAKbIABIMEH CAALICTBIPFAHAA KOFapbl
eKeHi aHbIKTaAAbl. 3epTxaHaabik, xaranaa XKCCO, mukpobasabipaap keHe LmaHoOakTepusAapAbiH
KOHCOPUMYMbIH afblHAbI CYAApAbl Ta3aAay YpAICIHAE nalAaAaHy, MOHOAAKbLIAALI NManAaAaHYMEH
CaAbICTbIPFAHAQ THIMAI EKEHI KOPCeTIAALL

Tyiin cesaep: mukpobaaabipaap, umaHobakrepusaap, Guopemeavauns, KOHCOPUMYM, KOFapbl
CaTblAbl CYy BCIMAIKTEPI.

Beenenune cpenbl, TaK Kak Bceraa BrioualT B cebsa doro-
CHHTETHKH: BbICUIME PACTEHHs, JYKAPHOTHYECKHE

Jlns  ycKOpeHMs MpOLECCOB OYMCTKH M Bojopocan u umanobakrepun (Lloyd 2001:20;
BOCCTAHOB/ICHMS, HapylIEHHbIX 3arpsa3Henusamu  Syeda 2015: 25-32). [lposenenusie 'oroToBbimM

BOJHBIX 9KOCHCTEM HeoOX0JMMO HCOIb30BATh
Ouonoruyeckue pe3epBbiOMOLIEHO30B, BKITIOHAIOLIMX
OpraHu3Mbl C pa3HbIMH OMOXHMHUYECKHMH BO3MOK-
HOCTAMH. DTH OUYMILAIOLINE KOHCOPUHYMbI M03BO-
NS0T MHTEHCU(ULIMPOBATL TPOLIECCHl OYHILEHHS
3arpA3HEHHBIX BOJ B YC/IOBMAX aAHTPONOrEHHOMH
HArPY3KH, a Takke JaloT BO3MOMKHOCTb MONY-
YeHHs T[OJIe3HbIX TNOOOYHBIX MPOAYKTOB Juis
MCMOIBL30BaHMs B CelibCKoM Xo3saicTee (Oyedeji
2012:118; Protopopov 2015: 725-731).
[IpupoaHble accoUMALMH HMEIOT 3HAYUTEllb-
HO Oonee Gorarelit HAGOP QYHKIMI MO OUUIIEHHIO

MCC/IEIOBAHMS  10KA3allM, 4YTO Kak CBODOIHOMKH-
Byline (oToTpodHbIe MHKPOOPraHU3Mbl, TAK U MX
KOHCOPUHYMBI C BOJHBIMH PACTCHUAMH (23010,
31XOpHHEH, PACKOH), CMOCOOHbI K POCTY Ha CTOY-
HbIX BOJIaX CEJIbCKOXO03SHCTBEHHbIX, 5KWBOTHOBO/1-
YECKMX M MPOMBIIICHHBIX MPEANPUATHH, OuHLLas
MX OT YIJIEBOZOPOJOB, ‘APOMATHUYECKHX COEIMHE-
uuit, Gocdaros, aMmuaka, HUTPATOB, CYJb(UI0B,
(hekanni, OpraHMYECKHX COCAMHEHUH W TAMKEbIX
merauios (Forotos 1988:95; Bolatkhan K. 2015:
10). KoHcopunymsl N0AaBASIOT pa3sBUTHE BPEHbIX
OakTepuii, He Hapyluas OHolleHo3a. Mcenenosanus,
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NIPOBE/ICHHBIE C DMXOPHHEH, A30JL10H U PICKOIA, 10-
Kasajlu TaKkKe, YTO OHM, NPOSBIIAS BLICOKYIO YCTOM-
YUBOCTb K MOHAM TSKENbIX METAJIOB, CIOCOOHBI K
MOTJIOUIEHHI0 W HAKOTLIEHHIO OTHOCHTENLHO 60/5-
WHX MX KOJWYECTB M3 BOJHBIX CPEl M CTOYHbIX
Boa (Teo 2014: 2663). CroGoano kuByIHE dhoto-
TPODHBIE MHKPOOPraHH3MbI M HX KOHCOPLMYMBI C
BOJHBIMH PACTEHUSAMH MPHUBJIEKAIOT 3HAYUTEILHOE
BHMMaHHEe JUIS 3allHTbl OKPYKAlOWEH Cpeibl OT
3arpsA3HeHUH, MOJyYeHHs BO30OHOBIAEMBIX Mare-
PHaJIOB ¥ TOIUIMB, MPEACTABIAIOT HHTEPEC KAK IS
OYHCTKH CTOYHBIX BOJA OT PasHbIX MOJIIOTAHTOB,
TaK U JUIA NOJYYEHHs BO30OHOBAAEMbIX HCTOYHH-
KOB 3HEprHu W Ouomartepuanos (Zimmels 2004:
220; Matorin 2016: 606-613).

B nocnennee romsi Bce Gosbluee BHUMaHWe
NPHBJICKAIOT NPOGIEMbl IMHAMHUKM M COXPAHEHHS
Gronoruueckoro pasnoobpasusi B CBA3H C ycH-
JIMBAIOLIMMCSl AHTPONOTEHHBIM BO3/EHCTBHEM Ha
pasnnyHble YKOCHCTEMBI. B ycnoBusx kpaiine Ha-
MPSKEHHOH DKOJIOTHYECKON CHTYalluW, CKJIajibi-
BAIOILIEHCA BO MHOPMX PermoHax MHpa, reoXHMH-
HECKHME LMKIbI TSKENbIX MeTanioB B Guocdepe
ONPENEAIOTCSH HE CTOJIBKO €CTECTBEHHbBIM Mepepac-
NpeeieHHeM, CKONbKO aHTPOMOreHHOH NesTellb-
HOCTBIO (Arunakumara 2009: 383; Sadvakasova
2016: 443-450). HeonHoKpaTHO OTMEYANOCh, YTO
MPOMBIIIJICHHAs JeSTeNbHOCTh Ye0OBeKa Mo Mac-
Taby nepeMelieHust XHMHYECKHX EMEHTOB CO-
M3MepHMa ¢ (JaKTOpPaMH TeoIOrHYecKOro U reoXH-
MHYecKoro nopsaka (3asaan 2015: 252). Mpobaema
3arpsA3HeHHsl MPUPOAHON Cpeibl Pa3IHYHBIMU KO-
TOKCHKaHTamHu ycyrybasercs no mepe ypbanusa-
UHH M HHJyCTpHaiu3auuu crpanbl. HanbGonee se-
POATHBIMHM 3arpA3HUTENAMN OKPYKAIOUIEH Cpejibl
ABJAIOTCA  TAKEIbIE METaIbl, HEDTENnpOmYKThI,
HUTPHTbI, HUTPATbI W pPa3iU4HbIE MOJULMKIIHYE-
CKHe apomMaTuyeckue yriesoopossl (3asaan 2011:
368). B cBaA3M ¢ 9TUM M3ydeHHe 3arps3HeHus GHO-
chepbl 1aHHBIMH TOKCHKAHTAMM OJIHA M3 BAXKHBIX
npob/ieM COBpeMEHHOMH IKONOTHH.

OnHUM M3 MPHOPUTETHBIX HaNpaBieHUH CO-
BPEMEHHBIX JKOJIOrHYECKHX HCCIIelOBAHUN BJIg-
ercsa pa3paboTKa TEOPETHYECKHX M NPaKTHYECKHX
acnekToB OMopemenMalMu BOJOEMOB, OCHOBaHHAS
Ha HCMOJIb30BAHWU MIPHPOJIHBIX MEXAHU3MOB CAMO-
OYMILEHHS U CAMOBOCCTAHOBJIEHHS BOJIOEMOB, J1eii-
CTBHE KOTOPBIX CBA3AHO C ACATE/ILHOCTHIO BHICILIHX
BOJHBIX PACTEHHHi W MHKPOOPraHW3MOB, NMpHHAJL-
JIeKALNX K pasiHYHbIM BHJaM LHaHobakTepuii u
Mukposozaopociei (Mennes 2008: 199). [1pakTuue-
CKasl 3HaYMMOCTb ITHX 00BEKTOB M1si GHOpemeIn-
Al ¥ JI00YHCTKH BOJOEMOB ONpPEEIseTcs YHH-
KaJIbHOCTBK) WX MeTabonuueckux cnocobHocTedl
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(tborocuures, apixanue, pasHooOpasue HCTOUHHKOB
yriepoaa, cnocobHOCTh ycBauBaTh arMocepHbiii
a30T M T.J.), BBICOKOH KyMYNISITHBHOW M 1€CTpYK-
THBHOH CMOCOOHOCTBIO B OTHOWIEHHH TSIKEIBIX
METa/IOB M B OTHOIIEHHWH TAKHX OPraHHYECKUX 3a-
IPA3HUTENICH, KaK HeQThb, HehTenpoAYKTHI, PeHObI
u T. n. (Ajayan 2011: 805).

M3sectHo, uTO a5 noBbieHUs dPHeKTHB-
HOCTH OMOpeMeIualMi MCNOJB3YIOTCS HE MOHO-,
a4 CMEIIaHHBIE KYJIbTYPbl MHKPOOPraHW3MOB, LIS
MOJy4eHHs KOTOPBIX HEOOXOIUMO YYHTBIBATH OCO-
GeHHOCTH BHYTPUBHIOBBIX B3aHMOOTHOLICHHH 1M~
aHoOaKTepHii 1 MHKPOBONOpPOC/EH W B3aMMOBIIHS-
HUE (POTO- U reTepoTPOGHBIX MUKPOOpraHU3MOB. B
JMTepaType UMEIOTCS JIMIb €AMHHYHBIC CBEICHUA
O BHJIOBbIX B3aMMOOTHOLIEHUAX MHKPOBOAOpOCIE
U MX JeiicTBuM Ha Gaktepuu (Artiola 2004: 410).

B nactosmiee Bpems mnpobiema 3arps3He-
HUSL OKPY/KalolIeH cpejibl TSHKEJbIMU MEeTalliaMH
(TM) cranoBuTcs Bce Gonee akTyanbHO. Merai-
JIbl TIPEJICTABJISAIOT CEphe3HYI0 yrpo3y s GHOTHI
BCJICJICTBUE OCTPOH TOKCHYHOCTH M TMOCTENEHHOro
HaKOIJICHHs: B OKpYXalollei cpejie [0 OnacHoro
3navenns (Gelagutashvili 2013: 84; Ibragimova
2016: 420-424).

B nocnennue rosb skonorn Hapsiay ¢ oneHkoid
YPOBHSI 3arpsA3HEHUH M ONpe/ieNleH|sl HX HCTOYHH-
KOB BCE Ooubilie 00pamialoT BHHUMAHHE HA BbISAB-
JieHue «CyabOBI» MONABUIMX B NPUPOJHYIO CPEJy
BELECTB, MX MNpPEBPALICHWH U B3aHMOJIEHCTBHHN C
HKHBBIMH OpraHusMamu. Yao0HeiM o6bekToM [is
TaKUX HCCIEN0BAHWI CIYKAT BBICIIME BOJHBIC
pacTenue, UHaHOOAKTEPUH W  MHKPOBOJIOPOCIH,
KOTOpbI€ CrOCOOHbI HaKaMIMBaTh B BbICOKMX KOH-
LEHTPALMUAX MHOTHE YJIEMEHThl U NEPEBOJINTL UX B
HETOKCHYHY10 (OPMY, YTO B HACTOSILIIEE BPEMS LiH-
POKO MpUMEHSAETCs B Lensx Ouopememaumm — s
OYHCTKH BOJHbBIX CTOKOB.

MarepHaabl B METObI

OO6beKTbl HCCEN0BAHMS — BBICIIHE BOJHBIE
pacrenunn: Pistia stratiotes, NpUpoiHbIE U KOJLIEK-
UHOHHbIE WTAMMbI GOTOTPODHBIX MUKPOOPraHM3-
MOB: Scenedesmus quadricauda B-1, Ankistrodes-
mus sp. Bl-1, Phormidium autumnale 1-5, Anabaena
variabilis R1-5 (3asinan 2017:135).

HucneHHOCTs  KeToK (OTOTPOHBIX MHKpO-
OpraHu3MOB B JKMAKHMX KyJbTYpax ONpeaessin Me-
TOZIOM NPAMOTO CYETa 101 MHKPOCKONOM B Kamepe
["opsieBa, npuHsATLIM B rHAPOGHONIOrHYECKO# NpaK-
ke (Baccep 1989:608). Ckopocts pocta onpese-
J41ach MO MOKAa3aTeNsM ONTHYECKOHW IJIOTHOCTH,
PErHCTPUPYEMBIX C MOMOILBIO CHEKTPOPOTOMETpA
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DOpPMUPOBAHHE CTPYKTYPHPOBAHHBIX GHOUECHO30B BLICLIHX BOHBIX PACTEHMH H thororpoHeIx ... ¢

(Danquah 2010:1037). Bbicuiue BOAHbIE pacTeHHs
KyJbTHBHPOBAIH HA OTCTOSHHOH BOJONPOBOAHOM
Bone ¢ nobasnennem cpensi Iliteiindepra (2 macc.
%) NpH eCTECTBEHHOM OCBEUICHWH W KOMHaTHOH
temneparype (I'uresnu 2000:186).

Jins  MOJeAMpOBaHMS 3arps3HEHHs BOJHOH
cpeabl TM ncnosib3oBan BOJAHbIC PacTBOPbI CyJib-
dara memu (CuSO,xSH,0), cynbdara kobanbra
(CoSO,x7TH,0), cyabpara unnka (ZnSO,xTH O),
cynbgara wukens (NiSO,x7H,0). Conepxanue -
JKEbIX METAIIOB B PACTEHHAX W KyJbTYpax LIHAHO-
GakTepuii 1 MHKPOBOJIOPOC/IEH ONpeesisin MeTo-
JIOM aTOMHO-3MHCCHOHHOI criektpockonuu (Toumi
2007:19).

BITK — fionoMeTpH4ecKMM METO/I0M, XJIOPH/IbI 1
cynbdaTsl — THTpUMETpHYeckum metoaom. Conep-
’KaHWe HUTPATOB W HUTPHTOB onpeiensanu Gorome-
tpuueckum metogom ('OCT 31859-2012; MMTHIAD
14. 1:2:3:4. 123-97; Kanpakosa 2015:146). Onpe-
nenenue pochar-noHOB K pocdopcoaepKalmX Co-
e/IMHEeHHH MPOBOAMIOCH (POTOKOIOPHMETPHUECKHM
metonom (3omoros 202: 304).

PesyabTaThi B HX 00CYyXK/1eHHEe

Llensio npeacraBneHHoi pabotel Gbiio dop-
MHPOBaHME CTPYKTYPHUPOBaHHBIX  OMOLEHO30B,
pmoyatommx BBP u dotorpodHeIXx MHKpoOpra-
HM3MOB, JUIs 10ADOpa ONTHMAJILHBIX MapamMeTpoB
yrpasieHuss GHOpeMeMallMOHHBIMK TIPOLIECCAMH.
[peapiayupe MCCNEN0BAHUA OKa3alH, 4TO W3-
yueHHble BHJIbI MUKPOBOJIOpOCIer Ankistrodesmus
sp. Bl-1, Scenedesmus quadricauda B-1 wmoryt
ObITh KOHCOpPTAMM pacteHwii Pistia stratiotes
(Akmyxanosa 2017:155).

Ucenenosanue B3aMMOOTHOLIEHUH KYJIBTYP LK~
anobakrepun u Elodea canadensis nokasano, 4to
BCE MCCJIEIOBAHHBIE KYJIbTYPhbl 1IMaHOOAKTEpHH 3a-
MeTHO orpanuuusaioT poct Elodea canadensis, Tor-
Jla KaK pacTeHusi HE BIMAIOT HA POCT LMaHOOaKTe-
puii. ITO 03HAYAET, YTO B3AUMOOTHOLICHUS MEH1y
TUMM OPraHW3MaMH MOXKHO ONPEAETHTD KaK aMeH-
cajibHble, YEMY COOTBETCTBYIOT KOIMYECTBEHHBIE
COOTHOIIEHHUS MOKa3aTeNeid MaKCHMalIbHOrO YHCia
uMaHobaKkTepuii M OTMHpaHue pacteHui. W3 u3-
YYEHHBIX BBICIIMX BOJIHbIX PAcTEHHH COBMECTHOE
cyuiecTBoBanue ¢ uuaHobakTepusimu Habnona-
nocsk y Pistia stratiotes ¢ kyabrypamu Phormidium
autumnale 1-5 v Anabaena variabilis R1-5. Kyabry-
pbi Oscillatoria tenuis R1-4 n Nostoc calcicola R1-3
HE OKa3blBAJIM BbIPAXKEHHOTO OTPULIATENBHOIO JIeH-
crBus Ha Pistia stratiotes. Kynsrypa Synechococcus
elongatus 1-4 oxa3piBana TOKCHYECKOE ICHCTBHE
HA BCE M3yYeHHbIE BbICIIHE BOAHBIC pacteHus. C

pacrenuem Lemna minor NONOKHTENbHOE COCY-
niecTBoBaHMe Haboaanocs y KynsTyp Anabaena
variabilis R1-5 u Nostoc calcicola R1-3. OctanbHbie
1HAHODAKTEPUH OKa3biBAIM OTPULIATE/ILHOE BJINSA-
uue Ha poct Lemna minor (Akmyxanosa 2017:155).

CosmecTuMocTs ¢ Pistia stratiotes w Phormidium
autumnale 1-5 w Anabaena variabilis RI-5, Tak-
ke MuKposojopocieit Ankistrodesmus sp. Bl-1,
Scenedesmus quadricauda B-1 B accOUHATHBHBIX
KynbTypax — obierdana 3ajady  COCTaB/ICHMS
KOHCOPLMYMOB. MCKYCCTBEHHBIE  KOHCOPUMYMbI
ObLIM COCTaBJIEHBI MO CIE/YIONIEH CXeMe:

Pistia stratiotes+ Ankistrodesmus sp. Bl-1+
Phormidium autumnale 1-5;

Pistia stratiotes+ Scenedesmus quadricauda
B-1 + Phormidium autumnale 1-5;

Pistia stratiotes+ Ankistrodesmus sp. Bl-1+
Anabaena variabilis R1-5;

Pistia stratiotes+ Scenedesmus quadricauda
B-1 +Anabaena variabilis R1-5.

OnbIThl TPOBONIHCH € MCNOJIL30BAHHEM Cpe-
bl LlTeiinGepra B8 momunoctare npu 24-27 C° u
KpyriiocyTodHoM ocBetienun (2000 ak). B kak-
JIOM OTBITE W3YYaJHCh B3aUMOOTHOILEHHA MEWKAY
Ompe/IeieHHbIMK  KyJIbTYPaMH MHKPOBOJIOPOCIICH,
1HaHOGAKTepHil M BHICIUMX BOJHBIX PaCTEHMH.
Jlns 5TOro B cTepuiibHbIE eMKOCTH B oObeme 10 11
HAJIMBAIM 1O 6 1 CTEPUILHOW MUTATENbHOH Cpe-
fibl, 3aT€M B HMX BHOCHJH KYJIbTYPY MHKpPOBOJO-
pocnel ¢ MCXOIHBIM KOJHYECTBOM 1 maH. Ki/ma,
B 9TOM e oObeMe KJIETOK LuaHobakTepui u mo-
Melanock 1o jecsth pacteHuil. OJHOBPEMEHHO
C ONBITHBIMH BapHaHTAMHM CTaBWJIM KOHTPOJIbHbIC
BAapUaHThl MO BBIPAUIMBAHMIO B TEX JXKE YCIOBHAX
OT/Ie/IbHO MHKPOBOJIOPOCIIEH, OT/ENbHO LIMaHODaK-
TepHil U OTENBHO BBICHIMX BOJHBIX pacTeHnid. Bee
BAPMAHTBI OMbITA CTABWJIM B TPEX MOBTOPHOCTAX.
Yepes 15 cyTok npoBoauics ananus mopdonorute-
CKMX M3MEHEHHH pacTeHWil M KOJIMYEeCTBO MUKPO-
BOJIOpOCJIEi, UIHAHODAKTEPHIA.

Pe3yibTaThl ONbITOB MOKA3alH COBMECTHMOCTh
NapTHEPOB B HCKYCCTBEHHO CO3/IaHHbLIX KOHCOp-
uMyMax LMaHOOAKTEpUH M MHKPOBOLOPOCIEH ¢
BbICIIMMHM pacTeHusMu. Bo Bcex BapuaHTax B3a-
MMOJIEHCTBHE HOCHIJIO NMO3MTHBHBIA Man OIM3KHIA
K HeiTpansHoMy Xapaktep. B Bapuante Pistia
stratiotes + Ankistrodesmus sp. Bl-14+ Phormidium
autumnale 1-5 akcennunas kyabtypa Phormidium
autumnale 1-5 pocna XyKe, 4eM B accOLMalMH
¢ Pistia stratiotes+ Ankistrodesmus sp. Bl-1. B
KoHcopuuyme Ouomacca Phormidium autumnale
[-5 yBenuumMnach MO CPABHEHMIO C aKCEHH4HOH
KynbTypol Ha 45% uepes 15 aueit, Ho Ha 30 aenb
KyJIbTHBUPOBaHUs KOHCOpuMyma Habionanocs 3a-
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MEJUICHHE pOCTa BCEX YIEHOB KOHCOpUMyMa (pH-
cyHok ). Vmenbluenue nosurusnoro sddekra,
110-BHIMMOMY, CBsi3aHO ¢ Oonee GwicTphIM aBTO-
MHIUOMPOBAHHEM YJIEHOB KOHCOPCOPIIHYMa npu
JUTMTC/ILHOM BbIPALIMBAHMK B OIPaHMYEHHOM 00b-
€ME Cpe/ibl, 4TO OTMEYACTCS MCCIIe0BATENAMM TIPH

OcHOBHON
OcHOBHOMH

COcHOBHOW

=
=
%
=]
w
T
(=]
=«

OcHOBHOM

CHETMYCCKaR TUIOTHOCTL, 750 1

COcHoBHOW

BBIPALIMBAHHH OPraHU3MOB B SKCTEHCHBHBIX KyJlb-
Typax (Toumi 2007:19). Xapaxrep B3aumoorHOIIe-
HHWH NapTHEPOB B ACCOLMALIHN 3aBHCHT OT COOTHO-
WIEHHUS YUCICHHOCTH MX KJIETOK KaK B HAYaibHbIH
TIEPOUJL COCTABNICHHS KOHCOPLMYMA, TaK M NPH JUTH-
TCJbHOM KyJIbTUBHpOBaHuu (Jais 2017:37).

01—0-4.___.]

ctool"'...‘]}.-.."""i

....I'

15 20 25 30
CyTen

Anldstrodesmus sp. BI-1+ Phormidium autumnale I-5+Pistia stratiotes

== Phomidium autumnale I-5+Ankistrodesmus sp. BI-1+ Pistia stratiotes

s Ankistrodesmus sp. Bl-1

s+ s ee e Phormidiom autumnale -5

Pucynox 1 — Jlunamuka uuciennocru Ankistrodesmus sp. Bl-1 u Phormidium autumnale 1-5
IPH COBMCCTHOM M KYJILTHBHPOBaHMH ¢ Pistia stratiotes

B Bapuaure Phormidium autumnale 1-5 +
Scenedesmus quadricauda B-1 + Pistia stratio-
fes  BHYTPHUIOMYISILIMOHHBIE  B3aUMOOTHOLICHUS
4JICHOB KOHCOpLHMYMa OJIHKE BCEro NpUMbIKaOT
K HEHTPalIbHOMY, HO B JMHAMHKE BCeX nomy-
JALMOHHBIX KPWBBIX Habniojaercs Ha onpese-
JIEHHBIX OJTanax KOHKYPEHIMs 3a Kakoi-1u6o
dakrop B koHcopumnyme. Ha 20 CYTKH COKYJIbTHBH-
POBaHHA HaOMOAANOCh PACXOkKIEHHE MOMYISILH-
OHHHBIX KPHBbBIX C npeobjagaHHeM YHCISHHOCTH
Scenedesmus quadricauda B-1 wan + Phormidium
autumnale 1-5 (pucynok 2). K kouuy Hab110 1 Hus nx
B3aHMOJICHCTBHS B KOHCOPLIMYME CTAGHITH3UPYIOTCS
M CMClIaHHas acColMauMs BBICIIMX  BOAHBIX
pacTeHud W umaHobakTepuu, MHUKPOBO/IOpOCeH
JIOCTUTaeT, OYEBUIHO, TOMEOCTATHYECKOTO COCTOS-
Hus. Bmecte ¢ Tem, pe3oHHo npeanonoxuts Jpy-
ro¥ CueHapuil pasBUTHs NOJHKYALTYpPbI.  J{uHa-
MHKA  YHMCICHHOCTH  OTpakaeT KOHKYPEHLHIO
UnaHoOaKkTepuii M MHMKpOBOfOpOCHeH 3a omuH
WM HECKOJIbKO (DaKTOpOB pocTa, KOTOpas u

ISSN 1563-034X

Oyner mponomkatbes B ganbHeHweM. Ilpu stom
MONYJISALKHH OJAHOTO U3 BUIOB IMHAMHYECKH MEHSIIOT
CBOIO YHCIICHHOCTb M IOMHHUPYIOT HA TEX WITH HHBIX
Tanax KusHu KoHcopuuyma. [losromy BHyTpm
TaKOro KOHCOPLIMYMa MOXKET eCTBOBATH NPaBHIIO
'ayse, Tonbko oM BHA MOXKET 1OMHHMpOBaTH B
onpeaeneHHbIX ycnosusx (Kox 2003:90).
Hccnenosannbie coueranus Ankistrodesmus sp.
Bl-1+ Anabaena variabilis R1-5+ Pistia stratiotes n
Pistia stratiotes+ Scenedesmus quadricauda B-1 +
Anabaenavariabilis R1-5 okazanuck coBMecTUMBbIMHU
MEALY KaXKAbIMH KOMIIOHEHTAMH KOHCOPLMYMA.
Ha 15 cyrkn Bce wuccnenoBanmbie MOIYJAALHHA
JAOCTHIalOT ONPEeCICHHOTO «ITyJay KIeTOK, nocjie
HEro HACTynatT (asa HKCNOHEHLHANLHOrO POCTa.
Ha 30 cyrku kynstuBupoBanus KOHCOPLUHYMOB
HHCIICHHOCTh  KNIeTOK LnaHobakTepwii u MHKpo-
BOZOPOC/ICH NPOAOIKACT BO3PACTATh, BONPEKH
TOMY, 4TO K O9TOMY BPEMEHH B aKCEHHYHbIX
Ky/lIbTypax 4jIeHOB KOHCOpLIMyMa HauMHaercs
npouecc  ayrouHrubuposanus. CpaBHUTeNIbHOE
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MOpPMHPOBAHHE CTPYKTYPHPOBAHHEIX GHOLIEHO30B BBICHINX BOJIHLIX pacTenuii u GoToTpoHbIX ..c

MUKPOCKONIMPOBaHWE, MpPOBEICHHOE HAMH Yy B KOHCOPUMYME C BBICULIHMH PAacTeHHSAMH H
AKCEHWYHBIX KY/ILTYP W KyJIbTYp B COCTaBe  MHKpOBOJpocisMu Habmoaatores nocie 40 cyTok,
KOHCOpUMYMa,  [OKa3ajlo, 4TO 0Opa3soBaHHe  KOTOpbIE B YHCTOM KyabType HabioaloTes yke Ha
aKMHET W paspylieHue Kietok y umanobakrepuii 30 cyTkwu pocta umanoGakrepuit (pucynku 3, 4).

OCHOBHOMK
OcHOBHOR
OCHOBHOR
CCHOBHON
OcHosHoR
OcHoBHOW

OcHoBHOR

OcHoBHOH

OnTuIecKan nIoTHoCTL, 750 Hv

OcHosHoM
0 5 10 15 20 25 30
CyTrM

- « Scenedesmusquadricauda B-1+ Phormidium autumnale |-5+Pistia stratiotes
e Phormidium autumnale I-5+5cenedesmus quadricauda B-1+ Pistia stratiotes
= = == Scenedesmus quadricauda B-1

m— P ormidium autumnale -5

Pucynoxk 2 — Jlunamuka unciennoctd Phormidium autumnale I-5 n Scenedesmus quadricauda B-1
1PH COBMECTHOM M Ky/IbTHBHpOBaHuH ¢ Pistia stratiotes

-

OcHoBHOM
OcHOBHOW
OCHOBHOM
OCHOBHOM

OcHosHOM

OnTHYECKAA MAOTHOCT, 750HMm

OCHOBHOR

0 5 10 15 20 25 30
CyTHM

=+ s s Apkistrodesmus sp. Bl-1+Anabaena RI-5+Pistia stratiotes
= Anabaena RI-5+Ankistrodesmus sp. BI-1+Pistia stratiotes
— ki strodesmus sp. BI-1

== =« AnabaenaRI-5

Pucynok 3 — /lunamuka uucaennocty Ankistrodesmus sp. BI-1 i Anabaena variabilis R1-5
11PY COBMECTHOM M KyakTuBHposanuu ¢ Pistia stratiotes
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sessse Ankistrodesmus sp. Bl-1+Anabaena RI-5+Pistia stratiotes

== = Anabaena RI-5+Ankistrodesmus sp. Bl-1+Pistia stratiotes

—— Ankistrodesmus sp. Bl-1

== « eAnabaenaRI-5

Pucynok 4 — /lunamuka unciennoctu Scenedesmus quadricauda B-1 u Anabaena variabilis RI-5
TP COBMECTHOM M KYJILTHBHpOBaHuH ¢ Pistia stratiotes

Llnanobakrepus Anabaena variabilis RI-5
M MHKpoBopopocib Ankistrodesmus sp. Bl-1
CTUMYAMpPOBaIK poct Pistia stratiotes. Jluctbs pac-
TeHui oOpenu Oonee HachbilIEHHbIH LBET M0 CpaB-
HEHMIO C OCTA/IbHBIMH BAPHAHTAMM KCIIEPUMEHTA,
9TO MOJKET OBbITh CBSI3aHO C BLICOKOH a30T(HKCH-
pytouiei cnocobHoctbio Anabaena variabilis R1-5
no cpaBHenuto ¢ Phormidium autumnale 1-5 (pucy-
HOK 5).

Pucynok 5 — Pocr Pistia stratiotes nps coBMecTHOM H
KyJILTHBHpOBaHKuH ¢ Anabaena variabilis RI-5 u
Ankistrodesmus sp. Bl-1

Takum 06pa3om, pe3yabTaThl ONbITA NOKA3AIH,
4TO HCCIIEI0BAHHbIE OPraHHW3MBbl Pa3IMYHBIX TAKCO-

ISSN 1563-034X

HOMHYECKHX MOTYT ObITb KOHCOPTAMH APYT APYTY.
Bo Bcex mceneoBaHHbIX BapMaHTax B3aHMOOTHO-
weHui cneunUIHOCTb B3aMMOICHCTBUH MENKIY
ujleHaMM KOHcoplyuMa He Obuia obnapyxkena. Bo-
nee nonoxuTensHbii d(dext nabnroaancs Mexay
opranusmamu Ankistrodesmus sp. Bl-1 + Anabaena
variabilis R1-5 + Pistia stratiotes w Scenedesmus
quadricauda B-1 + Anabaena variabilis RI-5 +
Pistia stratiotes. Ha npotsskeHuu Bcero BpeMeHH
COBMECTHOIO CYIIECTBOBAHMS BCE KOMMOHEHTHI
KOHCOPLMYMA CTHMYJIHPOBali pa3BUTHE Jpyr
Jipyra, IMHAMHKa POCTa BCeX YJICHOB KOHCOPLHyMa
3HAYHUTEILHO MPEBbILLANA POCT AAHHBIX OPraHM3MOB
B MOHOKYJIbTYpax.

ITockoabky ocHoBHOW 3anaved paGorer Obiio
cozaanne koHcopumyma BBP u mukpoBomopoc-
Jed 115 TMPUMEHEHHS B OYMCTKE CTOYHBIX BOJ,
Mbl M3YUWJIM BO3MOXKHOCTL NPHUMEHEHHs aCCOLIW-
aunu Pistia stratiotes+ Ankistrodesmus sp. Bl-1+
Anabaena variabilis R1-5 (Nel); Pistia stratiotes+
Scenedesmus quadricauda B-1+ Anabaena variabi-
lis RI-5 (Ne2) ¥ MOHOKYIBTYP MHKPOBOJIOPOCJIEH,
uMaHoOakTepuii M BBICHIMX BOJHBIX pPacTEHHi
B OUYMCTKE 3arpsisHeHHOM Boabl. Jlis M3ydeHwus
OYMCTKH CTOYHBIX BOJ OT TSIKENbIX METAIOB
Obl1 nocraBieH KCNEPUMEHT HAa HMCCKYCTBEHHO
3arpsi3HeHHOH cpelie ¢ BHECEHHEM MOHOKYJIbTYpP H
KOHCOPLHYMOB (hpuTO-anbrounaHodakrepui.

JInsi O4MCTKM MbI HCTIONIB30BAH OBITOBBIE CTOY-
Hble BO/bl. DKCIEPUMEHTA/IbHAA «CTOYHAs BOJIA»
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PopMHPOBaHHE CTPYKTYPHPOBAHHLIX GHONCHO30B BLICIIHX BOIMHBIX PACTCHHIT H POTOTPODHBIX ..

XapakTepu30Bajlach MNokasartejieM OHOXUMHYECKO-
ro norpebnenns kucnopoaa (BIK,) 62,2 mr O, mrl,
cojiep:kaHHe amMmuaka coctasuio 13,7 mr o', uu-
TpuToB — 0,12 mMr o', nutparos — 1,8 mr ™' u doc-

¢atoB — 4,46 mr o', pH — 7,55, B3BelieHHble Belle-
cTBa — 6,4 M/, JONOJHUTENLHO BHOCHIIH THIKEIbIE
meramis: Cd*, Cu*', Pb?', Zn? B KOHUEHTpalUK 1o
200 mr/n (tabnuua 1).

Tabauua 1 - Jluuamuka Gpusnko-xuMHueckux nokasareneil BB IPH OUHCTKE ¢ TOMOLLBIO (HTO-AILTO-1IHAHOBAKTE PHAIBLHBIX

KOHCOPLHYMOB H HX MOHOKYJILTYD

IMokaszarens Ioxkazarens Bapuantii (uepes 7 cyTok)

Ka4ecTBa A0 KYJITHBH- Nol No2 Pistia Ankistrodes- Scenedesmus Anabaena
BOJB! poBaHHS : stratiotes | mus sp. Bl-1 | quadricauda B-1 | variabilis R1-5
BITK 62,2 mr O, "', 10+0,16 11£0,12 17+0,27 20+0,27 18+0,2 21+0,25

AMMHaK 13,7mr ! 2.3+0,21 2,5+0,20 3.9+0,02 4,5+0,01 4,7+0,01 4,9+0,01

Hutpursi 0,12 mr 1! 0,02+0,1 0,03+0,02 0,05+0,02 0,06+0,01 0,05+0,01 0,10+0,01

Hurtparsi 1,8 mra?! 0,3+0,04 0,3+0,06 0,04+0,01 0,6+0,1 0,5+0,1 0,8+0,1

Dochar 4,46 mr r! 0,7+0,06 0,8+0,05 0,840,014 1,5+0,01 1,2+0,01 1,6+0,01

pH 7.55 7,1£1,2 7,0£1,12 7,340,002 7,5+0,1 7,4+0,1 7,7+0,1
Bisewennnie 6,4 mr/n 1,80+0,1 1,6+0,16 1.9+0,001 2,1+0,1 2,040,1 2,6+0,1

BELIECTBA

Kanmuii no 200 mr/n | 33,60+0,001 | 32,70+0,0014 | 112+0,2 120+0,02 118+0,02 117+0,02
Liunk no 200 mr/n | 28,510,002 | 26,250,001 96+0,3 100:0,01 99+0,01 101+0,01
Mes no 200 mr/n | 31,23+0,001 | 32.66+0,01 100+0,1 123+0,02 120+0,02 115+0,02

Cauneny no 200 mr/n | 32,12+0,01 | 31,062+0,003 | 110+0,2 130+0,01 128+0,01 11540,01

[lonyueHubie pe3yibTaThl CBHAETENbCTBY-
IOT O CHHIKEHHWH KOHUEHTPAllMi HOHOB TSKEJIbIX
METaJIJIOB B cpeje Ha 7 cyTKd B 6 pa3 B obeux
BAPUAHTAX C MCMOJAb30BaHMEM (HUTO-ajibrolua-
HoGaKTepHanbHbIX KOHCOpPUHYMOB. [Ipu 3TOM B
OMBITHBIX BAPUAHTAX C HCMOIb30BAHHEM MOHO-
KyJbTYP MHKPOBOJOpOCICH M uLHaHOOaKTepuii
KOHLEHTPALHA BCEX TAKE/IbIX METANJIOB YMEHb-
IMIach B 3 pasa OT HAYalbHOH KOHLEHTPALWH.
U3yueHne OUMCTKM MOAEIHPOBAHHBLIX CTOUHBIX
BOJ OT THXKEJIbIX METAUIOB M0Ka3ajlo, 4TO Mo
CPaBHEHMIO ¢ MMKPOBOJOPOCIISIMH M LIHaHOOaKTe-
pHSAMH BBICIINWE BOJIHBIE pacTeHus 001a1aoT Hau-
Gonee BbICOKOH COPOLIMOHHOM AKTHBHOCTbIO — CO-
JAPIKAHHE TAKEIIbIX METAIIOB CHU3KIIOCH Ha 56%.
[lornoTurensHas cnocoGHOCTH ABYX BapHaHTOB
KOHCOPUMYMOB (uTO-anbrouuaHobakTepuii  no
OTHOLIECHUIO K HOHAM THXKeJbIX METalJIoB MokKa-
3aj1a NOJIOJKUTEIbHBIE PE3YJIbTAThI 10 CPABHEHHIO
MOHOKYJIbTYPaMH, K KOHIlY ONbiTa COAEpPKaHHE

60

TAKEJbIX METalJOB B BAPHAHTAX C KOHCOPLHY-
MaMHi yMeHblMI0ch Ha 85-95%. Koucopuuymsl
Ha OCHOBE (uTO-anbrouuaHobakTepuii MOKHO
PEKOMEH/10BaTh /Ul (PUTOpEeMeAHalHOHHBIX Me-
PONPHATHH CTOYHBIX BOJI, 3arPA3HEHHBIX HOHAMH
TAKEIbIX METAJIIOB.

Takum oOpazom, mokazaHa BO3MOKHOCTH HC-
110/J1b30BaHKs MOJy4EHHbIX KOHCOPIIMYMOB Ha OC-
HOBe (HTO-anbrouHaHoOaKTepuil I OYHCTKH
CTOYHOHM BOAbI OT TsKeNbIX MeTamnos. [lonyyen-
HbIE Pe3yJIbTaThl CBHAETENBCTBYIOT O TOM, YTO MC-
nosb3oBaHue KoHcopunyma BBP, mukpoBoaopoc-
Jei ¥ uMaHOOaKTEepHid B OUMCTKE CTOYHOH BOJIbI B
n1abopaTopHbIX yCloBUSIX BecbMa 3hdekTuBHO Mo
CPaBHEHHMIO C MCMOIL30BAHHEM PACTEHHH, MHKPO-
BOJOpOCIeH W uMaHoOakTepui B OTHEILHOCTH.
[Tonyuennble JaHHbIe MOTYT CIYKHTb OCHOBOA
Ans pa3paboTku Ouonoruyeckoro crocoba o4McT-
KH CTOYHBIX BOJl Pa3/IMYHbIX MPOH3BOJACTBEHHBIX
NpeANpUATHIA.
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