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Pedepar:

1. JifinpHICTL IPOMUCIIOBYX MiAIIPUEMCTB, 30KPEMA COJIOLOBUX 3aBOiB, BKJII0YA€ TEXHOJIOTIYHI IPOLIeCH IPOMUBKHU
i 06pOOKYM CUPOBMHHU, B PE3YJbTATi SKUX YTBOPIOIOTHCS CTiYHI BOJIH, IO MiCTSITh 3aBUCJIi PEYOBMHU, PO3UMHEHI
OpraHiyHi CIIOJIyKHY, iOHM BaXXKUX MeTaliB, 30kpema Oepymy, cionyku Hitporeny it @ocdopy, comi Ta iH. y
KOHILIEHTPALlisIX, SIKi IEPEBUIIYIOTb HOPMH, i TOMY IIOTPEOYIOTh HAJIEXKHOTO OUUIIEHHS [1epef, BilBEJEHHSIM Y
IpUPOAHY BOAOWMY. [lepCieKTUBHMMU 6i07I0TiTYHUMU 00'€KTaMu [171s1 OYUIIEHHS CTiYHUX BOJ, Bifl iOHIB BasKKUX
MeTaiB, 30kpeMa Pepymy, HiTpatiB Ta PocdariB BBAXKAIOTHCS BOLHI MAaKpoQiTH, yepes iX BUCOKY 31aTHICTb J0
BUJIyYE€HHS LIMX 3a6pygHEeHb. MeTO poOOTH € YAOCKOHAJIEHHS 6i0TEXHOJIOTIi OUMIeHHS CTiYHUX BOZ, 3
BMKOPHMCTaHHSIM Lemna minor 11 NifBuieHHs e(eKTUBHOCTI BuganeHHs ioHiB @epymy. B nuceprauii Bnepiuie
OTpPMMaHi TaKi HOBi HayKOBi pe3ysbTaTu: 1. Briepiie BCTaHOB/IEHO e(PEKTUBHICTb BUKOPUCTAHHS PSCKU L. minor ajis

OYUIIEHHS CTIYHUX BOJ, IPOMUCJIOBUX ITiTIIPUEMCTB Bif ioHIB Fe3+ 1o 90 % 3 onepskaHHIM KOHLeHTpawii Pepymy B



ouulileHin Boai meHie 0,3 Mr/am3 , 10 BifiNOBilae HOpMATUBHUM BUMOTaM JO CKUZY CTiYHUX BOJ Y IPUPOJHI
BOomo¥MM. 5 2. Briepiiie BuU3Ha4eHO paljioHasIbHi mapaMeTpu BugaieHHs ioHiB Fe3+ 3i cTivHMX BO, 3a JOTIOMOTOIO L.
minor: TpuBanicts 8+0,2 ron; nuToma 6iomaca psicku 25+11/10M3 ; MUTOMEe HaBaHTaKEHHSI HA PSICKY 32 ioHaMu
®epymy gF 0,24+0,05 mr/(r-po6a); muToma MBUIKICTb BuganeHHs ionis Pepymy psckosumu o 0,20+0,05
mr/(r-moba); moTyXHICTb 6iopeakTopa oo BuganeHHs ionis @epymy I1Fe 5,0+0,3 mr/(nm3 -1o6a). 32 TemrepaTypu
Bou 18-20 °C, ITY4HOTrO OCBiTJIEHHs IPOTIroM 12 roz Ha 100y inTeHcuBHicTI0 3000 JIK i T04aTKOBOI KOHLIEHTpallii
®epymy 2,0 mr/am3. 3. Briepie BCTaHOBJIEHO paljioOHaJIbHI IapaMeTpy JOOYUIIEHHS CTIiYHUX BOJ, COJIOJ0BOTO
3aBOJly 3 BUKOPUCTAHHSM 6iolieH03y iMMO06i1i30BaHMX MiKpOOPraHi3MiB Ta PsICKOBUX Bif| i0HiB @epymy Ta HiTpaTiB
3a [109aTKOBOI KOHIEHTpallii, BifnosigHo, 1o 1,3 mr/om3 ta no 53 mr/nm3 : TpuBaicts — 8+0,2 ron; nuroma
BeJIMYMHA 6iomMacu psicku — 25+1 Mr/nm3, 6iomacu iMMobinizoBaHuX MikpoopraHiamis — 2,0+0,1 Mr/nm3; minbHICTh
BOJIOKHUCTOTO HOCIsl B 6iopeakropi - 2,4+0,1 r/nmM3; cTyniHb BuaaneHHs ioHiB @epyMy Ta HITpaTiB CTAaHOBUIIA,
BianoBinHO, 1o 40 % Ta 1o 53 % 3a Temnepatypu Bogu 18-24 °C. 4. Briepuie 117151 6i0710TiYHOTO OYUIIEHHS CTIYHUX
BOJI, BCTAHOBJIEHO PalliOHaJIbHUY peKUM POOOTU CTPYMUHHOTO aepaTopa pOTOPHOTO TUITY, OCHAIIEHOTO KiJIbLI€BOIO
HaCaJIKOIo 3 NepudepiiHuMy OTBOpaMH JiiaMmeTpoM 12 MM 3 KyTOBOIO IIBUIKICTIO 38 c-1, mo 3abe3neydye
30i7IbIIE€HHS CTyIEHs ounleHHs CcTiyHuX Bog, 32 XCK 1o 40 %, arperaTuBHy CTilKiCTb NJIACTiBLiB i JKUTTE€3aTHICTb
MiKpOOPTraHi3MiB aKTUBHOT'O MYJly, MyJIOBUM iHTeKC 1o 90 cM3 /T Ta 3HMKEHHS eHepreTUYHUX BUTpaT. MeTonu Ta
METOJIMKU OCifKeHb. JlociiKeHHs 3MiHM TOKa3HUKIB XiMiYHOTO CKJIany (KOHUeHTpallii ioHiB ®epyMmy, HIiTpaTiB,
HITPUTIB, aMOHIMHOTrO a30Ty, pocdaris, XCK, po3unHEHOro KUCHIO) Ta (i3uKO-XiMiYHMX ITapaMeTpiB (BOJHEBUI
NIOKA3HUK, TEMIIEPATypPa) CTIYHMX BOJ, BU3HAYAIM METOLAMU CIIEKTPOCKOIii, MOTeHLioMeTpii, TUTpyBaHHS. biomacy
psicku, iIMMOOGiTI30BaHUX MIKpOOPraHi3MiB, IOKa3HUKU aKTUBHOT'O MYJly BU3HAYaJIU 32 JOIIOMOTOI0 IPaBiMeTPUYHOTO
METO[ly, CKJIaJi MIKpOOPraHi3MiB — 3a JOIIOMOT0I0 MiKpOCKOITyBaHHS. [IpakTUYHA L[iHHICTb JUcepTaLifiHOi po6OTH
[oJIAra€e y HaCTynmHoMy: Po3po6sieHO KOHCTPYKIIilo 6iopeakTopa (mateHT YKpaiHu Ha KOpUCcHY Mofiesib N2 136188),
SKUH 3a0e3revye epeKTUBHE OYMIIEHHS CTIYHUX BOZ, Bif, ioHiB ®epymy. Po3pobiieHa i BripoBakeHa 6i0T€XHOIOTis
IOOUMIIIEHHS CTIYHUX BOJ, COJIOAOBOrO 3aBOJy Y 6iopeakTopi 3 psICKOBUMY, 1110 3abe3Ieuye BUIAIEHHS CIIOJYK
depyMy i HITpaTiB 10 HOpMAaTUBHUX BUMOT. PO3po6JieHa TexHOJIOrYHa Ta anapaTypHa CXeMU JOOYUILEHHS CTiYHUX
Boz, CJ1aBYyTChKOT'O COJIOZIOBOTO 3aBOAY B 6i0OpeakTopi 3 psICKOBUMHU (aKT BpoBaskeHHs). Co6iBapTiCTh OOYNIIEHHS
1 M3 cTiynux BoA, - 1,34 rpH. PO3p06i1eHO TEeXHOJIOT{I0 KyJIbTUBYBaHHS PSICKOBUX, ii annapaTypHY Ta TEXHOJIOTIYHY
cxeMu. Psicka BUKOPUCTOBYETBCS IJ1s1 OUMILEHHS! CTiYHUX BOJ. KyJIbTUBYBaHHS 37ilICHIOETBCS HA CEpefOBUIIi
lllTeiin6epra 3a TaKUX apaMeTpiB: TeMnepaTypa cepegosuia 18-25°C; KOHLLEHTpallisl pO3YMHEHOTr0 KUCHIO 1,5-2,0
mr/nm3. BcTaHOBJIEHO paljioHasibHe MUTOME HaBaHTaKeHHS Ha PsCKy 3a ioHamu Qepymy 0,24+0,05 mr/(r-106a),
IMTOMa WBUAKICTh BUAaieHHs ioHiB Pepymy - 0,20+0,05 mr/(r-1ob6a), NOTyKHICTh 6iopeakTopa WoA0 BUIATIEHHS
5,0+0,3 mr/(am3 -106a), sIKi O3BOJISIIOTh PO3paxyBaTH TEXHOJIOTIYHI i KOHCTPYKTUBHI TapaMmeTpu Giopeakropa AJis
pi3HMX BUTPAT CTiYHUX BOJ, i BUXiJHUX KOHLEHTPaLill ioHiB Pepymy. Pe3ynbTaT JOCIiIPKeHb BIPOBAIPKEHO B
HaBYaJIbHUH Npolec IJ1s CTYHEeHTIB creljanbHoCTi 162 «BioTexHosorii Ta 6ioiHXeHepis» B AUCUUIITIHAX
«bioTexHosorii ounineHHs Boau» Ta «EK06i0TEXHOJIOTIs». 32 TEMOIO AUCepTallii ony6J1ikoBaHO 28 HayKOBHUX Ipallpb,
B TOMY uuCJIi: 13 HayKOBUX cTaTel, 3 sIKux 11 ony6s1ikoBaHi B yKpaiHCbKMX HAYKOBUX BUJAHHSIX YKPAiHU 3 TEXHIYHUX
HayK, 1 CTaTTs y [1epioguyHOMYy HayKOBOMY (paXxOBOMY BUIAHHI lepsKaBy, sIKa BXOAUTb 1o OpraHizauii
€KOHOMIYHOTO CIIiBPOOITHUITBA Ta PO3BUTKY Ta €Bporelicbkoro Cotosy (YropmuHa), 1 - B iHIINMX BUJAHHIX; 1

IIaTeHT YKpaiHu Ha KOPHCHY MOJIeJib; 14 Te3 JONOoBifell Ha BCeyKPaiHChKUX Ta Mi>XKHAPOAHUX KOH(pEPEHIIiSX.

2. The activities of industrial enterprises, in particular malt plants, cardboard and paper mills, include technological
processes of washing and processing of raw materials, which result in wastewater containing suspended solids,
dissolved organic compounds, heavy metal ions, in particular ferum, compounds of nitrogen and phosphorus, et
cetera, above concentrations and therefore need to be properly cleaned before being discharged into the natural
waterbodies. Water macrophytes are considered the promising biological objects for the treatment of wastewater
from heavy metal ions, in particular ferum, nitrates and phosphates, because of their high ability to remove these
contaminants. Scientific novelty. 1. For the first time, the efficiency of using L. minor duckweed for industrial
wastewater treatment from Fe3+ ions up to 90% as obtained with iron concentrations in treated water less than
0.3 mg/dm3 , which meets the regulatory requirements for wastewater discharge into natural reservoirs. 2. For



the first time, the rational parameters for the removal of Fe3+ ions from wastewater using L. minor were
determined: duration 8+0.2 h; specific duckweed biomass 25+1 g/dm3 ; load on duckweed for iron ions 0.30 + 0.05
mg/(g - day); specific rate of extraction of iron ions by duckweed 0.25 + 0.05 mg/(g - day); at a water temperature
of 18-20 ° C, artificial lighting for 12 hours a day with an intensity of 3000 lux and an initial iron concentration of
2.0 mg/dm3 . 3. For the first time rational parameters of malt plant wastewater treatment was established using
biocenosis of immobilized microorganisms and duckweed from iron ions and nitrates at the initial concentration,
respectively, up to 1.3 mg/dm3 and up to 53 mg/dm3 : duration - 8 + 0.2 hour; the specific value of duckweed
biomass - 25+1 mg/dm3 , biomass of immobilized microorganisms - 2.0 + 0.1 mg/dm3 ; the density of the fibrous
carrier in the bioreactor is 2.4 + 0.1 g/dm3 ; the degree of removal of iron ions and nitrates was, respectively, up to
40% and up to 53% at a water temperature of 18-24 ° C. 4. For the first time for biological wastewater treatment a
rational mode of operation of a jet aerator of rotor type equipped with a ring nozzle with peripheral holes with a
diameter of 12 mm with an angular velocity of 38 s-1, aeration intensity of 12- 14 m2 /(m3 - h) is established.
Degree of wastewater treatment by COD up to 40%, aggregative resistance of flakes and viability of activated
sludge microorganisms, sludge index up to 90 cm3 /g and reduction of energy costs. Research methods and
techniques. The study of the chemical composition (concentration of ferric ions, nitrates, nitrites, ammonium
nitrogen, phosphates, HCC, dissolved oxygen) and physicochemical parameters (hydrogen index, temperature) of
wastewater was determined by spectroscopy, potentiometry, titration. The study of 11 duckweed growth was
determined by gravimetric method, microscopy. Changes in the parameters of activated sludge (activated sludge
index, mixed liquor suspended solids, qualitative evaluation) were investigated by gravimetric method and
microscopy. The practical value of a thesus is as follows: The design of the bioreactor has been developed (patent
of Ukraine for utility model No. 136188), which ensures efficient sewage treatment of ferric ions. The wastewater
treatment plant biotechnology in the bioreactor with the duckweed was developed and implemented, which
ensures the removal of iron and nitrate compounds as per the regulatory requirements. The technological and
instrumental schemes of sewage treatment of Slavuta Malt House in the bioreactor with duckweed have been
developed (the act of introduction). Cost of wastewater treatment - 0,96 UAH/m3 . The duckweed cultivation
technology, its equipment and technological scheme are developed. The technology is used for wastewater
treatment. Cultivation parameters were established: medium temperature 18-25 ° C, Steinberg medium, dissolved
oxygen concentration 1.5-2.0 mg/dm3 . Testing showed that when the load on the duckweed in the bioreactor for
ferric ions 0.30 mg/(g-dm3 ) the concentration of ferum in treated wastewater reached 0.8 mg/dm3 , which meets
the regulatory requirements. The developed biotechnology is implemented at the treatment plants of the Slavuta
Malt House, which is confirmed by the act of introduction. Publications. 28 scientific papers have been published
on the topic of the dissertation, including 13 scientific articles, 11 of which have been published in Ukrainian
scientific publications of Ukraine on technical sciences, 1 article in scientific journal registered in country-member
of Organisation for Economic Co-operation and Development (Hungary); 1 - in other publications; 1 patent of
Ukraine for a utility model; 14 abstracts of reports at national and international conferences
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