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ABTOpaMu paccMOTPeHbI COBPEMEHHbIE NOAXO0AbI K 6M0NOrMYECKON 0YMCTKe BOAbI B yCTaHOBKAxX 3aMKHYTOro BoAoCHa6Xe-
Hust (Y3B) € aKLleHTOM Ha MOoBbILEHNN 3PEKTUBHOCT I BrUOUNbTpauum 3a cyeT onTUMMU3aLM MUKPOBHOro cocTaga M ynyy-
LLEHWS YCNOBUIA €ro paboTbl.

Llenb cTaTby — aHanM3 nNpo6neM CyLLecTBYHOLLMX NOAXOA0B K GMONOrMYECKOl ouncTKe BOAbl B PbIGOBOAHbIX YCTaHOBKaxX
3aMKHYTOro BOOCHABKEHUs, & TaKXe NMOUCK BO3MOXXHbIX UX PELLIEHUA.

MaTepvan u meToabl. O6LEKTOM WCCNef0BaHWA B [aHHOM cryyae Ccay>Xuna MUKpogiopa ¢ 3/eMeHTOoB 6Mo3arpysku
cucTeMbl 6uonoruyeckoid unbTpauum B Y3B. O4HOBPEMEHHO WCCNEA0BaIY MUKPOOPraHU3Mbl ApYroit MOAEeNbHOW cMCTeMbl s
onpezeneHns BANSHNSA 3N1EKT PONN3HON 06paboT Ky BOAbI Ha 06LLee MUKPOGHOe uncio (OMY). nsa 3Toro ncnons3oBanu MeT 0auKy
noceBa >XUAKOro o6pasua Ha N0 THble MUKPOBUONOTrMYeCcKMe MU TaTeNbHble Cpefbl ¢ JaNbHENLLMM NOACYETOM BbIPOCLUMX KOMO-
HUWIA MUKPOOPraHn3moB. 15 NpUroTOoBNEHUS UCCNeAYEMBIX PACTBOPOB NPUMeHsCS 6e3MeMBpaHHbIi 31eKTPOTEXHONOrMYECKUiA
MOAYMb C rpaduTOBbIMMY 3N1EKT POAAMMU.

PesynbTaThl 1 Ux 06Cy>KAeHVe. B xofe uccnefoBaHWs onpefeneHbl KlUeBble AelicTBYyOLWMe Fpynnbl MAKPOOPraHM3MoB
B cUCTEMe 6MONornyeckoil hunbTpauum B pol6OBOAHON yCTaHOBKe. [oKa3aHO CTUMYMpYtoLLee BAUSIHUE 3N1eKT PONMTNUYECKM
06paboTaHHbIX BOAHbLIX paCTBOPOB HA MUKPOOPraH3Mbl MOAE/bHO CUCTEMBI.

3ak/ntoueHne. Ha oCHOBaHWM MONYYEHHbIX Pe3ybTaTOoB NPeSI0XKeH KOMMIEKCHbI NOAX0A, BKKYatOLLMi BbIAENEHNE N MAEH-
TUhMKaLMIO MUKPOOPTraHn3MoB 13 6rotunbTpa ¥3B, pa3paboTKy 0TeuecTBEHHbIX MUKPOGHBIX NpenapaToB U BHELPEHNE 3/1eK-
TPOTEXHOMOTMYECKNX MOAYNel A1 CTabunmnsaumm rUanKo-XxMMMUYecKUX napamMmeTpoB soasl. BHeapeHWe Takoro noaxosa no3so-
NUT MOBLICUTb 3PPEKTUBHOCTb PABOTbI CUCTEMbI 6IONOTMYECKONA OUNCT KM B ¥3B, a TakXKe CHA3UT b KONMYecTBO NoTpebnse-
MO BOAb! /151 pa60T bl PbIGOBOAHBIX YCTAHOBOK U Y/IyYLWIMTb COCTOSiHWE BblpalliMBaeMbIX rMapob1MoHTOB.

KntoueBble CcnoBa: ycTaHOBKA 3aMKHYTOro BOAOCHAGeHUs, 6uounbTpaumns, HUTPUULMPYIOLLME MUKPOOPraHU3MbI,
MUKPOGHbIE NpenapaThbl, 31eKTPOTEXHONOMMYECKUIA MOLY b, MHAYCT puanbHas akBakynbTypa.
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The authors considered contemporary approaches to biological water treatment in closed water supply facilities (CWSF)
concentrating on the increase of the efficiency of bio filtration due to microbe composition optimization and improvement of the
conditions ofits operation.

The purpose of the paper is an analysis of the problems of the existing approaches to biological water treatment infishing closed
water supplyfacilities as well as search for their possible solutions.
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Material and methods. The research object in this case was micro flora from bio load elements of the system of biological
filtration in CWSF. Microorganisms of another model system for the identification of the impact of electrolysis water treatment on
the general microbe number (GMN) were simultaneously studied. The method of seeding of a liquid sample in dense
microbiological substratum with further calculation of the grown colonies of microorganisms was used for it. To prepare the
studied solutions a membraneless electro technological module with graphite electrodes was used.

Findings and their discussion. In the course of the research key operating groups of microorganisms in the system of biological
filtration in thefish facilities were identified. The stimulating impact of electrolytically treated water solutions on the microorganisms
of the model system was shown.

Conclusion. Based on the obtained results an approach is suggested which includes the extraction and identification of
microorganisms from the CWSF bio filter, development of domestic microbe preparations and introduction of electro technological
modules for the stabilization of water physical and chemical parameters. The introduction of this approach will make it possible to
increase the efficiency of the work of the system of biological treatment in CWSF as well as reduce the consumption of waterfor the
operation offishing facilities and improve the grown hydrobionts.

Key words: closed water supply facilities, bio filtration, nitrifying microorganisms, microbe preparations, electro technological
module, industrial aquaculture.

Benapycu ypoBeHb CO6CTBEHHOr0 NMPOM3BOACTBA PblObl U pPbIGHONM NpoAyKuun ans obecneyeHns no-
* "Tpe6GHOCTEN HaceneHus 3a nocnefHue 7 neT B CPELHEM COCTaBASiET He Bbiwe 15%. OcTanbHYH YacTb
notpe6nsemoli B pecny6imke pbibbl (OKoNo 85%) coctaBnseT MMNOPT, TeM CambliM CO34aeTCA yrpo3a npogo-
BO/IbCTBEHHOI 6€30MacHOCTM cTpaHbl. Mo pekoMeHJaunam MuHucTepcTBa 34paBooxpaHeHus Pb, rogosoe
notpebneHve pbibbl 4ONXKHO COCTaBAATb 21,3 Kr/uen, npu gakTuyeckux 3HayeHusax 14-15 kr/uen B rog [1].
[ns 6onee nosHoro obecneyeHns HaceneHus Pecnybnmkn benapyck pbiboil 1 peibonpogykTaMu Gbina pas-
pabotaHa MUWHWCTEPCTBOM CEMIbCKOTO XO3ACTBA M NPOAOBOMLCTBUS U yTBepxaeHa CoBeToM MWHMCTPOB
Pecny6nvkn benapycb MocyfapcTBeHHast nporpamma «ArpapHbiii 6usHec» Ha 202.1-2025 rogbl, BKAKOYalo-
Waa psg nognporpamm, B TOM yucae nognporpammy 5 «Pa3suTne pblO0OX03ACTBEHHOW AeSTeNbHOCTUY.
B LOKyMeHTe npefycMOTpeH pocT 06beMOB Npon3BoAacTBa pbib B benapycn k 2025 r. go 17,68 TbiC. T, B TOM
umcne 16,55 Tbic. T 3a cYET akBaKybTypbl 1 1,13 ThIC. T 3a CYET BbISIOBA B PbIGOMOBHLIX YrOAbAX. B OCHOBHOM
B CTpaHe npeBanupyeT NpyLoBoe pbI6OBOACTBO, OHO AaeT 0kKono 96% oT o6uwero Konnyectsa BbipaliuBae-
MO pbibbl, 04HAKO 3TOT CNOCO6 MMEET psif HELOCTATKOB:

- BbICOKME KanuTanbHble 3aTpatbl Npy CO34aHNN HOBbIX NPeANnpUATUIA;

-3aBMCUMOCTb OT KIMMATUYECKUX (PAKTOPOB U HAMUYKUA BOAHBIX PECYPCOB;

-MPOAO/MKNTENbHbIA NPON3BOACTBEHHbIA LMK U HU3KME NIOTHOCTU NOCALKM.

/icnonb3oBaHve e MHAYCTPUANbHOW TEXHONOrMU BblpalMBaHUS TMAPOOGMOHTOB MO3BOMAET rapaHTUpo-
BaHHO, KPYrnorognmyHo, 6e3 BANAHNSA NPUPOAHbIX (PaKTOPOB, NOJyYaTb KAYeCTBEHHYIO PblGY NMPY BbICOKMX NIOT-
HOCTSIX Mocagku. BolpalwBaHue, K npumepy, knapuesoro coma (Clarias gariepinus) BO3MOXHO npu NAOTHOCTAX
nocagku ao 600 kr/mM3 npy NpoM3BOACTBEHHOM LMK/e 0T 50-rpaMMOBOro nNocafioyHoOro Matepuana Ao Toeap-
Hoi ocobu maccoii 900-1000 rpammoB 3a 6 mecsues [2]. OgHaKo ycTaHOBKa 3aMKHYTOT0 BOA0CHAGXEHNS SiB-
NETCA CMOXHON arpobMOTEXHONOTMYECKO CMCTEMOIA, COBMELLAOLLE TEXHMYECKME arperatbl U buonoruye-
CKve npovecchl. TeXHOM0rna BbipallnBaHna nogpasymMmesaeT MHOrOKpaTtHoe NMoBTOPHOE UCMOJIb30BaHUe BOAbI,
MOCKOJIbKY B NpoLiecce BblpallMBaHUA M KOPMIEHUA NOCNEAHAA HaCblLaeTca 60nbWMM KOIMYeCTBOM MeTabo-
NUTOB. HakonneHune AaHHbIX BELLECTB B BOAE NPUBOAUT K CHXXEHUIO TEMMOB Habopa Macchl Um rnéenu poibbl.
CucteMy 61MONOTMYECKO (UNbTpaLuK Ha3biBaOT «cepaLemM» Y3B. /IMeHHO oHa No3BONseT NPpon3BOAUTL Mpe-
o6pa3oBaHMe a30TUCTbIX COEAUHEHMWIA NyTEM HUTPUPUKALMMN, CHUXAA TOKCUYHOCTb MeTabonutoB. 3TO BO3-
MOXHO 61arofapsi KOMOHWAM MUKPOOPraHM3MOoB, KOTOpble afcopbupytoTes Ha afemeHTax 61Monormyeckoii 3a-
rpysku. Hambonee CNOXHbIM TEXHONOTMYECKUM MNPOLECCOM SBMASETCA MNepBOHAuYasbHbIA 3anyCcK W BbIBOJ,
Ha NMPOEKTHY MOLLHOCTb CUCTEMbI 6UONOrMYecKoi GuabTpaLmMmn. Ha aHHbI MOMEHT OLLYLLAaeTCs Hef0CTaToK
Hay4yHO 0OOCHOBAHHbIX METOAWK CTapTa, a Takke 0TeYeCcTBeHHbIX MUKPOGHbIX npenapaTos, 06ecneynsaroLLmnx
MHTEHCU(MKALMIO NpoLecca 3anycka u (yHKLMOHMPOBaHUS buodunbTpa B cructeme Y3B.

PaHee 6blnnM npeAacTas/ieHbl pesynbTaTbl (YHKLWOHUPOBAHUSA CUCTEMbI GMOMNOrMYECKOW (QUbTpaLUm
B YCTaHOBKE 3aMKHYTOr0 BOAOCHAOXEHMWA, CneLmann3vpoBaHHol A1 BbipaliMBaHnsa adpuKaHCKOro Knapu-
esoro coma (Clarias gariepinus). Tak, B [3] 6bl onpegeneHbl HEO6GXOAMMbIE YCNOBUS ANs CTabUbHOIO
(hYHKLMOHUPOBaHUS cO06LEeCcTBA HUTPUDNLMPYIOLW KX BaKTepWiA:

- PH (6,5-8);

-Temnepartypa (20-25°C);
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- KOHUEHTpaLmsa pacTBoOpeHHoro kucnopoga (3-4 mr/n);

- KOHUEHTpaLmsa B3BeLEHHbIX Yactuy, (<25 mr/n).

B ganbHeiwmx nccnefoBaHmsx aToro xe astopa [4] 66110 nokasaHo, 4To 419 cTabuibHOW paboTbl 6Mogub-
Tpa TpebytoTca cnedytowme napameTpbl: TeMnepatypa ot 13 go 28°C, TAN (06wwmii aMMOHUIAHBIA a30T) OKOMO
3-4 wr/n, pH 8,0-8,2. MpoBoas aHanu3 JaHHbIX MTEepaTypsl, UccefoBaTenb NOAYEPKUBAET, YTO BakTepum
pozos Nitrosomonas v Nitrobacter moryT ahpeKTBHO hyHKLMOHMPOBATH NPY 3HAYEHUSIX JaHHOTO NoKasaTens
ot 7,3 go 8,1. Kpome TOr0, B uncne HeobXo0AMMbIX YCNOBWIA YKa3blBAIOTCA HU3KAasA OCBELLEHHOCTb, OTCYTCTBME
MPAMBbIX CO/IHEYHbIX flyyeil, CobNoAeHNe NPOTOUHOCTY Y HU3KME KOHLLEHTpauuy B3BeLUeHHbIX BELLECTB.

OpHako B paboTe TaKKe OTMeyvaeTcs, YTO NpuW IKCnayaTaumm cuctema 6nonormyeckor GuabTpauun cran-
KnBaeTca ¢ pALoOM Mpobiem: KOHKYPeHUMed HUTPUHULUPYIOLLMX MUKPOOPTaHU3MOB C aHTaroHMcTamm 3a
cy6eTpar (6ro3sarpysky), nepenagamMm 3Ha4eHWn OKUCAUTENBHO-BOCCTAHOBUTENBHOIO NOTEHLUManNa, HeJocTa-
TOYHOW CTeneHb0 MeXxaHWMYecKol OYMCTKU U T.4.

Kpome T0ro, B 0Te4ecTBEHHbIX paboTax He MPOBOAWINCH UCCNef0BaHNSA BUAOBOM CTPYKTYpbl coobLLecTBa
H6akTepuii GropunbTPa, a Takke BAUSHNUA OTAE/bHbIX BUAOB MUKPOOPTraHM3MOB Ha CTaAunn 0YUCTKM 060pOoT-
HbIX BOJ, YCTAHOBKM 3aMKHYTOIO0 BOOCHAGXEHNA OT 3arpA3HALLNX KOMIMOHEHTOB.

Jta npobniema 4acTMYHO OCBELLEHA B HayyHbIX NMy6nnKaLmsax 3apyb6exxHblx aBTopoBs. Mpu aToM Habnto-
JalTcA pacxoXaeHus B pesynbratax. Tak, B [5] nmpuBedeHbl faHHble O TOM, YTO OCHOBHbIMW AECTBYIO-
WMMU MWKpPOOpPraHM3mMamu B MNpouecce HUTpuduKaumm asnstoTcad bGaktepum poga Nitrosomonas wu
Nitrobacter. B 1o xe Bpems apyrue uccnegosatenu [6] ykasblBatoT, UTO OCHOBHOI BKNag, B MPOLLECC HUTPU-
thmkaymm B 6UODMNLTPE MNPECHOBOLHON YCTAHOBKM 3aMKHYTOrO BOAOCHAGXEHMS BHOCAT apxeil poga
Nitrosospira, ogHoBpemeHHO 6akTepumn poga Nitrosomonas npucyTCTBYHOT B pacTBOpPe B He3HaUUTE/IbHbIX
KonnuecTtBax, a 6aktepum poga Nitrobacter otcyTcTBYIOT. 3TV pe3ynbTaThl HAX0AAT NOATBEPXAEHNE B UCCNe-
[0BaHMAX MUKPOBHOTo coobLecTBa CONOHOBOAHbLIX YCTAHOBOK 3aMKHYTOr0 BOAOCHa6XeHus [7; 8; 9]. B atux
paboTax AOKa3biBAETCA [NaBEHCTBYOLLEee BAMSAHME apxeil poga Nitrospira, a Takke 0TMeuyaeTcs UX BbiCOKast
mMeTabonmnyeckas akTMBHOCTb M CMOCOOHOCTb OCYLLECTBAATL MOMHbIA LUK HUTpUdMKauum. Kpome Toro, B cu-
cTemMe 6MON0OrMYeckoi gunbTpauun o6HapyxeHbl 6aktepun pogos Nitrotoga v Nitrosococcus.

CnefyeT NOAYEPKHYTb, YTO AaHHble 06 ONTUMAbHBIX MOKa3aTensx cpedbl ANA XNU3HW U3ydaeMOoi rpynnbl
MWUKPOOPraHN3MOB B MPUBEAEHHbBIX Bbllle 3apyBexxHbIX UCCNefoBaHNAX 3HAYUTENbHO OT/INYAOTCA.

MocKosbKY B ITepaType HeT e4MHOr0 MHEHWS MO U3y4YaeMOMy BOMpocy, Hamu 6biNo NPoBeLeHO UccneoBa-
HMe MUKPOBHOro coobLLecTBa MOAENbHOW CUCTEMbI BMONOTMYECKON (UNbTPaLUM 1 NPeasioXeH cnocob nosbl-
WEHNA KOMNYECTBa HUTpUpMUMpPYOLWMX 6akTepuid. C Lenblo Xe ctabunmsaumn rmapoxMMUYecKoro pexvma
B 6GrodmnbTpe 6bina NpescTasB/ieHa TEXHOOTUS BHeAPEHUSA 3/IEKTPOTEXHOIOTMYECKOTO MOAYNA.

MaTepuan n metoAbl. BoipawsaHme HUTpUGMLMpYOLWKMX 6akTepuii Nponssoauamn B 1abopaTopHoi Mo-
[JenbHON ycTaHOBKE, MMUTUPYIOLLEl paboTy cucTtemMbl 6uosiornueckoin gunstpaunu B Y3B (puc. 1).

Ans nmutaumm pabotsl 6uodunbTpa Y3B ncnonb3osanu Ase eMKOCTU, B O4HOW U3 KOTOPbIX BOAHbIWA pac-
TBOp nepeg nojadveli B eMKOCTb 0bpabarbiBain NOCPeACTBOM MPOTOYHOTO 3/1EKTPOTEXHONOTMYECKOTO MO-
4ynsa, a B Apyroii o6paboTka OTCYTCTBOBaNa M nojasanacb BOAONPOBOAHAA BOAa. B KaXAoi U3 emkocTei
6blna opraHnM3oBaHa aspauus npyu NOMOLLM NOPLIHEBLIX KOMNpeccopos (BOYU, Kutail) nponssoguTenbHO-
cTbio 110 n/MuH. TakxKe B CUCTeMYy MoJasasics pacTBOp HalLaTbIPHOro cnuprta u3 pe3epsyapoB 06bLeMOM
20 n, pacnosioXeHHbIX Hag 6uopuabTpom. PacTBop BHOCUMAW B 3kBMBaneHTe 2,0 T amMMuaka B CyTKW, YTO CO-
OTBETCTBOBA/I0O NPOU3BOAUTENLHOCTU 6uo3arpy3kn Hel-X ¢ nonesHoli nnowansio 644 m2Zm3 [ns nepepa-
60TKM 33,aHHOT0 06beMa a30TUCTbIX COEAVHEHNI B K&XKAYI0 €MKOCTb-PEKTOP Obln0 nomeleHo 15 n Bbiwe-
yKkasaHHoro cybcrpara. Pacuet Tpebyemoro o6bema 6MouibTpa Npon3BoANIICA UCXOAA U3 KONIMYECTBA Bbl-
pawmBaeMbIX B CUCTEME TMAPOOGUOHTOB (pblib).

C uenbto (hopmMMpoBaHMS COOOLLECTBA HUTPUPULMPYIOWUX MUKPOOPTraHU3MOB NPOU3BOAUIN KX Bblpa-
WwnBaHwe B GuopunbTpe B TeueHMe OAHOr0 Mecsila, nocne uyero 6ol oTO6paHbl MPo6bl BMo3arpysku,
a TaKxe ocagka, obpasyoulerocs Ha gHe emkocTeid. [lanee 6bin npoBefeH MUKPOOGMONOrMYECKMIA aHann3.

[ns onpegeneHns HUTPUOULMPYIOWUX MUKPOOPTaHU3MOB B CUCTEME UCMOMb30Banu MUKpobuonormye-
CKvie nuTaTtenbHble cpefbl CneyoLwero cocTasa:

- cpefa BuHorpaackoro | gna nepsoro atana Hutpudumkaumu: (NHH2B04 — 2,0 r; KHPO4 — 10 T
MgSC>4x7H20 — 0,5 r; NaCl 2,0 r; FeS04x7H2 — 0,05 r; CaCO3 — 5,0 r; Boga BogonposogHas 4o 1000,0 mn;
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- cpefa BuHorpagckoro Il gna BToporo atana Hutpudmkaumu: IMBEIMOr — 1,0 r; K2HPO4 — 05 T;
MgS04x7H20 — 0,5 r; NaCl — 0,5 r; FeSO4>7H20 — 0,4 r; Na#C0O3 — 1,0 r; Boga BOAOMPOBOAHAS
4o 1000,0 mn.

B cpeny BMHOrpagcKkoro Ans Kaxkaoro atana HUTpugukaymm obbemom 500 M BHOCUIM NO 4 MNACTUKOBLIX
anemeHTa 6ro3arpy3ku 13 2 nabopaTtopHbIX PEAKTOPOB, a TakXKe 0caoK No 0TAeNbHOCTU. KynbTuBupoBaHue
npoBOAMAN Ha opbutanbHOM Weiikepe-nHky6atope (VS 60 01, NepmaHus), o6ecneunsatowem 180 06./MuH
npu Temnepatype 28°C B TeyeHune 21 gHA. Mo ncTeyeHun BpeMeHn KynbTUBUPOBaHUA 06pasubl Oblin Bbice-
SHbl Ha aHANOrMYHblE arapu30BaHHbIE cpeabl.

Ans noateepxpeHnsa adekta BO3AEACTBUS 3/1EKTPOSIN3HON 06paboTKM BOAbl HA MUKpOGiopy 6biia
npoBefeHa cepus OnbITOB, B KOTOPbIX onpegensan OMY (obwero MMkpobHOro yucna) B obpasuax, 06pabdo-
TaHHbIX XXUAKOCTAMM U3 Pa3NINYHbIX 30H 3/IEKTPOTEXHOIOTMYECKOTo MOAY A,

BoipawmBaHve HUTPUGMLMPYOLWNX HbakTepuii TpebyeT AANTENbHOTO BPEMEHU U Cneuuduyeckoro co-
cTaBa nuTaTteslbHbIX Cped, NO3TOMY B KauyecTBe MOAE/NbHON CUCTEMbl MUKPOOPraHW3MOB MCMO/b30BanUCh
CMbIBbI C 06pa3L,0B CBUMHOIO Msca, ABAsAWeroca 61aronpuaTHON cpefolt Ana pocta MUKpodaopbl. JaHHble
H6aKTepuy JarT XOPOLIMiA pocT B TedeHne 3 AHel Ha NAO0THbIX NUTaTebHbIX cpefax, NnpegHasHaueHHbIX 4ns
onpefeneHns 06CEMEHEHHOCTH, 4TO Aenaet ux yao6HbIMW MOAENAMU AN UCCNeLOBaHUS BAUSHUA 3MekK-
Tponn3HoW 06paboTkm Ha OMY. [1nsa NpUroToBAeHWSA PacTBOPOB, B KOTOPbIX NPOMCXOAMUNO0 WX 3aMaymBaHme,
MPUMEHSNN CTEPUNBbHYIO BOAY, KATONUT M @HOMWT, a TaKXe KX CMecb, MOy4YeHHble B pe3ynbrate paboTbl
3/1eKTPOTEXHONOrMYECKOTO MOAYAS, NPUHLMNKANbHAA CXeEMa KOTOPOro MpeacTaBneHa Hmke (puc. 2).

Puc. 1. NabopatopHas mogenb Puc. 2. MpuHumMnuanbHas cxema 3/1eKTPOTEXHONOMMYECKOro MOAYNS:
cmcTeMbl 61ONOrNYeckol (unbTpaLum 1 — MCrOYHMK NUTaHUs, 2 — OTBepCTUE ANA 0TBOAA BOfbI,
3 — KpaH A4n1s nofsoja BoAbl, 4 — MmembpaHa, 5 — KatofHas 30Ha,
6 — aHofHas 30Ha, 7 — 3MIEKTPOS,

BbllleyKa3aHHble XXWUAKOCTU UCNOMb3YITCA AN NONYYEHUS CMbIBOB C 06pa3L0oB MAca C Lenbio MMUTaumm
paboTbl y6oliHOro uexa macokoMmbuHata B cootBetctBum ¢ FOCTom 54354 — 2011.

[ns KONMYecTBEHHOro onpefeneHns MUKPOOPraHN3MOB B 3TUX CMbIBaX MPUMEHANN MeTOLMKY rnocesa
XUAKoro obpasua Ha NAoTHble nuTatenbHble cpefbl. MNepes sTMM NPOW3BOAUAM CEPUIO MOC/ef0BaTeNbHbIX
pasBefeHuli NOMyYeHHbIX PACTBOPOB CTEPUIbHON AUCTUNMPOBAHHOW BOAONM, YTO HEob6XoAMMO AN Nony-
YEHMWS KOHLEHTpaLuUmM MUKPOOPraHM3mMOoB, KOTOPYHO MOXHO TOYHO ONpeAennTb nocfe UHKybauuy B TeyeHue
Tpex AHei B TepmocTtaTte npu temnepatype 37-38°C. [1na 3T0ro MCNonb3oBanu nutatenbHy cpegy KMA-
®AHM, npefHa3HauYeHHY0 A1 YyCTaHOBNEHUS 06Lero MUKPO6HOro uncna.

dukcuposanca pag PU3MKO-XMMUYECKNUX nokasatenei Boabl.

3mepeHune 3Ha4eHWNIA OKUCANTENIbHO-BOCCTAHOBUTEbHOTO noTeHumana (OBI) pacTBOPOB NPOU3BOANIN MPW
nomolum nopratnsHoro OBI-meTpa (Thermo Scientific Elite ORP, CLLUA). KucnoTHoCTb cpefibl BbiSBAAAN pH-MeT-
pomTolii e dmpwmsl. MNMokasatens TDS (Total Dissolved Solids) dmkcmpoBann nocpegctsom TDS-meTpa/conemepa
mapku (TDS-3, KnTali), KOnM4ecTBO a30TUCThIX COEAMHEHNI M3MEPAIOCh NMPX nomowy hoTtomeTpa (eXact Micro
20, CLUA). Bce nsmepeHusi Nnpov3BOAUINCH B TPEXKPATHOW MOBTOPHOCTM.

Cratnctnyeckass obpaboTka pesynbTaToB OCYLLECTBASANN MOCPEACTBOM NporpaMMHOro obecrneyeHus
Microsoft Excel.
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BIANTOTIA
Pe3ynbTatbl U UX 06CYXAeHMe. B pe3ynbTate MUKPOGUOIOrMYECKOr0 UCCel0BaHUS G103arpy3ku 1 ocaska
CUCTEMBI BMO0TMYECKOl uIbTPaLKMKM 6bII0 NOKAa3aHOo, YTO B 06EMX EMKOCTSAX MPUCYTCTBYIOT GaKTepun NepBoi

1 BTOPOIA (ha3 HUTPUGMKALMK, YTO B COBOKYMHOCTW CO CTabUbHOW KOHBEpCUEl aMMMaka Y HUTPUTOB CBUe-
TeNbCTBYET O HAIMUMM aKTUBHOTO MUKPOBUONOTMYECKOro HATpUGUUMpytoLLero npotecca (tabn. 1).

Tabnuua 1

Pe3yanaTb| MI/IKpO6I/IOI'IOFI/I‘-IeCKOFO aHanmMsa CMCTeMbl BMONOTMYECKOA CpVII'IpraLI,VII/I

Cpepa Cucrema 1 Cucrema 2 Ocafok Poabl 6akTepuii,
BuHorpagckoro (6e3 06paboTKM B anekK- (c 06paboTKOi B anekTpo-  6uoduUNbTPa, OnNpeAeneHHbie B pe-
TPOTEXHONOTUYECKOM TEXHONOTNYECKOM MO- KOE/mn 3ynbTaTte aHanusa
moayne), KOE/mn ayne), KOE/mn
MepBblii atan Nitrosomonas
1,76x105 4,5x10 6 1,84x105 .
HUTpUUKaLnum n Nitrosococcus
BTopoii aTtan )
2,7x104 7,6x104 5,12x105 Nitrobacter
HUTpUpUKaLumn

Vcxops n3 npuBefeHHbIX AaHHbIX, MOXHO cenaTb BblBOZ, YTO 3/1IEKTPO/IM3HAA 06paboTka BoAbl, noja-
BaeMoWi B cucteMy 6MOMIOTMYECKON (UNbTpaLmMmn, NO3BONSET 3HAUUTEIbHO YBENNYNTD KOIMYECTBO HUTPUGU-
LMPYIOLLMX MUKPOOPraHM3MoB 06eunx (a3 HUTpUdUKaLumM, 4to, B CBOK ouvepenb, B NepCrnekTuBe MOBbICUT
3(h(heKTUBHOCTb OYUCTKM 060POTHLIX BOZ B Y3B.

[Jlanee npoBoannn nccnefoBaHMe BAUAHMA XUAKOCTEA, NONYYEHHbIX B pe3ynbTaTe paboTbl 3N1eKTpOTEX-
HOJIOTMYECKOTo MOAYNA, Ha obLiee MUKPOBHOEe Ymncno.

Mepes nonyyeHVem CMbIBOB OblIN M3MEPEHbI (PU3NKO-XMMUYECKUE MOKA3aTeNN WCXOLHbIX PacTBOPOB.
Pe3ynbTartbl OTpaXeHbl B Tab/. 2.

Tabnuua 2
MNMoka3aTenu pacTBOPOB nepej 3amaynBaHnemM obpasyoB msca

Pactsop/lMoka3atenu NH4, mr/n NO2", mr/n w3, mr/n OBI, mB TDS, ppm pH T,°C

KoHTponb (cTepunbHas 0,0 0,0 9,0+0,5 -25,5+0,4 270,011,5 7,210,2 23,1
BOAONPOBOAHAA BOAA)

AHONnT 0,0 0,0 8,0£0,5 41,5+0,3 321,011,7 6,110,1 22,7

Katonut 0,0 0,0 9,0+0,4 -68,2+0,4 279,0+1,4 8,210,1 22,9

AHONUT+KATONUT 0,0 0,0 8,0+0,5 -8,3+0,2 291,0+1,5 7,110,2 22,5

Mocne 3amMaumBaHus 06pPa3LOB Msica CMbIBbl OCTAB/SIN HA CYTKWU. MOBTOPHO GbIIN M3MEPEHbI T€ Xe No-
KasaTenu, KOTopble onpeaensnncs nepes 06paboTkoil. Pesynbtathl NpeacTaB/ieHsbl B Ta6/. 3.

Tabnuua 3
[Mokasatenu CNycTa CYyTKW nocse 3aMmavynBaHUsA O6pa3L|,OB MACa
Pactsop/lMoka3atenu NH4+, mr/n NO2', mr/n IMO3', mr/n OBI, mB TDS, ppm pH T =
KoHTponb(Bogonpo- 1,410,08 0,210,01 12,510,4 -12,9+0,2 262,0+0,7 7,410,1 19,7
BOAHas BOAa)

AHONMNT 0,4+0,05 0,1+0,01 10,0+0,5 3,810,4 327,0+0,4 6,910,2 19,7
Katonut 0,8+0,02 0,1+0,01 8,010,3 -19,9+0,4 284,010,5 7,710,1 19,6
AHONUT+KATONUT 0,4+0,04 0,0 12,5+0,5 -8,110,3 285,0+0,5 7,310,1 19,7
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Kak BUAHO M3 NpMBEAEHHbIX AaHHbIX, CAYCTA CYTKM MOCMe 3amMaynMBaHna Msca BO BCEX CMblBax Habto-
[aeTca NoBblleHNe KOHLEHTpaunuy aMMOHUAHOTO asoTa, HUTPUTOB M HUTpaT-noHa. Mpu 3ToM nokasaTenu
KMCNOTHOCTU M OKUCNUTENbHO-BOCCTAHOBUTENIbHOIO MOTEHLMana CTPEMATCS K HEWTpasibHbIM 3HAaYeHUAM.
OfHako cnefyet OTMETUTb, YTO CMbIB HA OCHOBE CMeCK KaTo/MTa M aHOMMUTa Nokasas caMble HU3KME KOH-
LeHTpauMmM aMMuaka M HUTPUTOB. ITM coeAuHeHUs Haubonee TOKCUYHbLI AN OOBLEKTOB aKBaKy/lbTypbl.
O KOHBEpCUMN AaHHbIX COeAUHEHNA CBUMAETENbCTBYET Ha/IMUME HUTPAT-MOHA, ABASAIOLLErocs nokasarenem
KOHEYHOI CTaumn pasfioKeHns aMMuaka.

Mocne npoBeeHNs U3MEPEHUIA M3 BCEX YeTbIpex CMbIBOB Oblfi 0TO6paHbl 06pasLbl € Lebio onpegene-
HWA KO/IMYecTBa MUKPOOPraHM3MOB. Pe3ynbTarthl Mocne noceBa Kaxhoro u3 aTux 06pasuoB Ha nuTaTtenbHyto
cpesy KMA®AHM npriBefeHbl B 1abn. 4.

Tabnuua 4
O6cenneHeHHOCTb 06pa3L0B pacTBOPOB, 06paboTaHHbIX NOCPEACTBOM 3/1EKTPO/IM3a
Obpasey O6cemeHeHHOCTb, KOE/Mn
KoHTponb (BogonposoaHas Bofja) 1,2*100
AHonut 20*104
Katonut CnNoOWHOW pPOCT NO NOBEPXHOCTU NUTATENbHOW cpefbl
CmelaHHbI pacTBOp aHonuTa u katonuta (1:1) 3,1*100

AHanM3npys NonyyYeHHbIe AaHHble, MOXHO CAenartb BbiBOA, YTO KaTOAMUT U ero CMecb C aHOMTOM Cnoco6-
CTBYIOT YBE/IMYEHUIO KOMMYECTBA MUKPOOPraHW3MOB B pacTtBope. Tak, MOKa3aHO, YTO CMeLUaHHbI pacTBop
MOBbLILLAET KOIMYECTBO MUKPOOPraHN3MOB Ha NMOBEPXHOCTM NUTATE/IbHOW Cpeabl CNycTa 72 Yaca nocne nocesa
B 2,6 pa3a. B 10 xe BpeMs aHOMWNT 3HAUYUTESIbHO CHM3WA 06lee MUKPOGHOE YMCno. 3TO MOXHO 06BACHUTD
TeM, 4TO B YCNOBUSX CabOKUCNOW cpelbl W BbICOKMX 3HaueHuin OBl (OKMCANTENbHO-BOCCTAHOBUTENBHOIO
noTeHumnana) B Knetkax XWBbIX OPraHM3mMoB MPOUCXOAUT OKCUMAATMBHbBINM CTpecc, NPUBOAALLMIA 3a4acTyio
K rmbenu 6aktepuii. B T0 )ke Bpems NPOTMBOMOMOXHbIVA 3(deKT Habnoganca npyu BO3LENCTBMU KaTonmTa.
B atom cnyyae onpefenvTb KONNMYECTBO MUKPOOPraHN3MOB He MpeLcTaBNseTcs BO3MOXHbIM M3-3a CMN/oLW-
HOro 3apactaHus cpefbl (puc. 3).

Vicxoas n3 nonyyveHHbIX AaHHbIX, B paMKax Oyayliero nccnefoBaHus naaHUpyeTcs NPOBECTU AeTasbHbll
aHanu3 BMA0BOro cocTaBa HUTPUMULUPYIOLLUX MUKPOOPraHN3MOB B bromnbTpax ¥3B, ¢ npuMeHeHeM Kak
Knaccmyeckux 6aktepmanbHbIX MOCEBOB M Pa3/IMYHbIX METOAMK OKPALLMBaHNSA, TaK Y COBPEMEHHbIX MeTO40B
MeTareHOMHOro cekseHuposaHus [10]. Ha cnepgyiowem atane npegnonaraercs noayynTb HaKOMUTESNbHble
KyNbTypbl UAEHTUPULNPOBAHHBIX MUKPOOPTaHNU3MOB U 3KCNEPUMEHTaNbHO ONpeAenuTb ONTUManbHble na-
pameTpbl KX XWU3HegeaTenbHocTn (pH, TeMnepartypa, KOHUEeHTpaumsa K1cnopoaa, ypoBeHb B3BELUEHHbIX Ya-
CTUL), C yyeToM cneundmkn Y3B Halei cTpaHbl. 1na 3T0ro nnaHvMpyetcs NOArOTOBUTL PAf MOAeNbHbIX pac-
TBOPOB a30TUCTbIX COeAUHEHNIA, B KOTOpble 6yaeT nomelleHa 6uosarpy3ka ¢ agcopbrpoBaHHbIMU Ha HeM
MUWUKpPOOPraHn3MaMu 13 HaKoMUTeNbHbIX KynbTyp. CnefosatenbHO, 6y4eT BO3MOXHO 60n1ee TOYHO onpege-
NUTb BAWSIHWE NOKa3aTtenei OKpyxatoLei cpefbl Ha BbDKMBAEMOCTb M aKTUBHOCTb COOOLECTBA HUTPUGUL M-
pylowmnx 6aktepuii. BnocneactBMM MOXHO BblAENUTb KYNbTYpPbl TAKUX MUKPOOPraHu3MoB, KOTOpble OyayT
MPOABNATL YCTOWUMBOCTb K CTPECCOBLIM BO3AENCTBUAM BHelHel cpefpbl. MonyyeHHble AaHHble B nepcnek-
TMBE MOTYT CTaTb OCHOBOM AnA pa3paboTku 0TeyecTBEHHOro MMKPOGHOro npenapara, cogepxallero cbanaH-
CUPOBaHHbIA KOHCOpLUUYM 6akTepuii, afanTMpoBaHHbIX K yCN0BUAM XU3HeaeATeibHOCTM B Y3B. Moao6HbIi
npenapart No3BoMT 061erunTb MYCKOPUTL NPOLLecC 3anycka 6uodunbTpa 1, Npyu NepMogNYECKOM BHECEHNMN,
MOBbICUTb YCTONYMBOCTb CUCTEMbI K (DaKTOPaM BHELLHEN cpeabl.

JononHuTenbHbIM pelleHneM BO Bpemsi paboTbl 6MOMIbTPA MOXET CTaTb BHeApeHwe OnucaHHoro
BblLLE 3/1EKTPOTEXHONOIMYECKOro Moayns. Kak 66110 NOka3aHO HaMuK B X0Ae uccnefoBaHns, JaHHOe yCTpoii-
CTBO CMOCOGHO perynupoBatbh HEKOTOpbIe NapameTpbl BOAbl (HanpumMep, ctabunnsmposaTb pH 1 KoOAnYecTso
coeAMHEHMI a30Ta), co3hasBas ONTUMabHble YCNOBUA ANA HATPUGMLMPYOLLEero coobwecTsa, a Takke npu
onpefeneHHbIX pexumax 06paboTkn nosbiwaer OMUY.
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Kpowme T0Or0, anekTponntuyeckas 06paboTka nonoXnTesIbHO BAUAET Ha XN3HeAesATelbHOCTb MUKPOOpra-
HW3MOB, 4TO noaTeepXxaaetcs u B [11]. Bbino nokasaHo, 4To nepuognyeckas obpaboTka aHa3IpOBHOro ak-
TUBHOTO Wna W NPOAYKTbl 3NEKTPOSIM3HbIX Peakuuii NONOXUTENbHO BAWSAMM Ha YPOBEHb METaHOreHesa.
B atom cnyyae Habnoganocb NoBblileHWe Bbixoda 6morasa 1 pocT 06LLero KoamyecTsa MMKPOOPraHU3MOB.
K Tomy >xe pacTBopbl, 06paboTaHHble MpW MOMOLLM 3/1eKTPOTEXHONOTMYECKOTO MOAYNSA, MOTYT 0Ka3blBaTb
CTUMYNMpPYIOLLEE BMUSHUE He TOMbKO Ha GakTepuu, HO U Ha MpoYMe BUAbl XUBbIX OPraHN3MOB, YTO CBUAE-
TeNbCTBYET 06 WX ABHOM Guonornyeckom addekte [12]. Hanprumep, Takne pacTBOpbl UCNOMAb3YOTCA ANS NPo-
(hUNaKTUKN 1 NeveHns gucnencun, aboMasosHTEPUTOB 1 GPOHXONHEBMOHWIA Y TENAT, TACTPOIHTEPUTOB, TOKCH-
uecKoi renatoAMCcTPOdUM y NOPOCAT, raCTPOIHTEPUTOB M MOYEKAMEHHOIN 60/1e3HU y CO6aK U KOLLEeK.

B ycnoBusx paboTbl yCTaHOBKM 3aMKHYTOTO BOJOCHAGXeHUS BO3MOXHA peanu3auus nub NPOTOYHOIO
BapuaHTa 31eKTPOTEXHOIOTMYECKOr0 MOy s, KOTOPbIA 6yAeT BCTPOEH B KOHTYP LUPKYAUPYIOLLEN XNAKOCTM
(puc. 4).

Puc. 3. BnusHue katonura Ha obliee MUKPOGHOE Y1cio Puc. 4. MpUHUMNUanbHas cxemMa BHEAPEHUS 3eKTPOTEXHOMOrMYe-
Mpy nocese Ha nuTatenbHyto cpedy KMAPAHM CKOTO MOAynst B Y3B: 1 — 31eKTPOTEXHOMIOTMYECKUI MOAY b,
2 — UCTOYHMK TOKa, 3 — 61odmnbTp, 4 — pbi6OBOAHAA EMKOCTb

Mpn 3TOM AaHHasa KoHGUrypauus sensetcs Hambonee 61aronNpuSATHON, T.K. MPOUCXOAUT PaBHOMEpPHOe
CMeLLEeHne pacTBOPOB M3 aHOAHOM U KaTOA4HOM 30H, YTO, UCXOASA U3 BbILEONUCAHHbIX Pe3ynbTaTtoB, KOHTPO-
NNPYeMO MOBbIWAET KOMNYECTBO HUTPUDULMPYIOLLUX MUKPOOPraHM3MOB B BMO(QUALTPE NpWU YCNOBUMK CO-
61104eHNA HEOBXOANMBIX A8 WX XMN3He4eATeNbHOCTM NokasaTeneii cpegpl.

Tak, KOM6UHaUMa MMKPOBHOro npenapara U NPYMeHeHNa 31eKTPOTEXHONOrMYEeCKOro MoAynsa B nepcnex-
TBE MOXET CHU3WUTb 3aBUCUMOCTb BMOPUALTPA OT BHELLHUX (PAKTOPOB M MOBbICUTL 3PHEKTUBHOCTb OUMCTKM
0060pOTHbIX BOA Y3B, UTO KPUTUUYECKMN BAXHO A1 YBENNYEHUS MAOTHOCTM NOCAAKN U COKPALLEHUA NPOM3BO4-
CTBEHHOTO LMK/IA B YCNOBUSAX UHAYCTPUANbHON aKBaKy/bTypbl.

3akntoueHue. MNpoBefeHHbI aHann3 akTyanusupyet pa3paboTkm HayyHO OHOCHOBaHHbIX NOAXOA0B
K 610N0rMYecKoli 0YNCTKe BOAbl B YCTAHOBKaxX 3aMKHYTOTO BOAOCHAGXeHWUA. M3ydeHue nutepatypHbixX
[JaHHbIX BbIBU/IO KOYeBble NPO6AeMbl, CBA3aHHbIe C HEA0CTATOYHbIM UCCNeA0BaHMEM MUKPOBGHbIX CO-
obuwecTs 6MOPUNLTPOB, UX BUAOBOWN CTPYKTYPbI, a Takke agantaunmn Kycnosnsam Y3B. YcTaHOBNEHO, UTO
6e3 BHeceHUs AOMOJIHUTENbHbIX 6aKTepuanbHbIX Ky/lbTyp B 6MOGMALTP Npouecc HUTpUMKaLmm ocy-
wecTBnsoT b6aktepun pogos Nitrosomonas u Nitrobacter. MpeanoXeHHbIi KOMMAEKCHBIA MoAX0A,
BK/IOYAKLIWNIA NAEHTU(HUKALNIO N BblAeNeHNe OTAEeNbHbIX POAOB HUTPUPULMPYIOLWKUX MUKPOOPTaHu3-
MOB, 3KCMepuMeHTanbHOe onpejefieHne ONTUMalbHbIX NapamMeTpoB cpedbl ¥ pa3paboTKy OTevecTBEH-
HbIX MWKPOOHbLIX NpenapaToB, HamnpaB/ieH Ha MOBblWeEHWE 3PHEKTUBHOCTU 6GUOPUNbTPaLUnN. BaXHbIM
[OMONHEHVEM SBNAETCS BHEAPEHWE B KOHTYP YCTAHOBKM 3aMKHYTOrO BOAOCHA6XEHMUSA 3N1EKTPOTEXHOMO-
rMyeckmx moayneii, cnocobHbIx cTabunmnsnpoBaTb KpUTUYECKME nokasatenu BoAbl (pH, ypoBeHb Kuco-
poAa), Y4To YCUANT YCTOMUYNBOCTb CUCTEMbBI K BHEWHUM (hakTopam. Peann3auuns faHHbIX peleHnid no3so-
NINT YCKOPUTb 3anyck 6MopnAbTPOB W, COOTBETCTBEHHO, MOBLICUTb KOMMYECTBO BblpalLMBAEMON PbiObI,
aTaKKe COKpPaTtUTb NMPOU3BOACTBEHHbIA LMK, 4TO COOTBETCTBYET Lensam [ocyaapCTBEHHOW nporpammbl
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«ArpapHblii 6usHec». [lanbHeiwmne wuccnefoBaHUs LenecoobpasHo HanpaBuTb Ha M3y4YeHUe BWLOBOrO
cocTaBa MUKPOOHbLIX KOHCOPLMYMOB B Y3B, ONTUMU3aUUI0 PEXMMOB paboTbl 31E€KTPOTEXHOMNOMMYECKUX
MoZynei n peanusaunio pa3paboTaHHbIX METOANK B MPOMbILIEHHbIX YCNOBUSX.

Pa6oTa BbIMO/IHEHA B paMKax 0T IeflbHOr0 NPOeKTa HayyHO-UCCNeA0BaT eNbCKMX PAbOT, (hMHAHCUPY-

emMoro MuHucTepcTBOM 06pasoBaHus Pecny6nvku benapyce.
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