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Jemew Maxcum Bikmoposuu «YIOCKOHAJICHHS METOMIB PO3PaxXyHKY CHOPY
OiomoriuHoi ouncTkm» — KBami(ikariiiina HaykoBa Iparis Ha TpaBax pPyKOTMHCY.

Hucepraitiss Ha 3700yTTS HAyKOBOTO CTymHeHs JoKkTtopa ¢utocodii 3a
cretiayipHicTIO 192 — ByniBHUITBO Ta IMBUIBHA 1HXKEHepid. — JIHITPOBCHKUMN
HAI[IOHAJIbHUN  YHIBEPCUTET 3ali3HUYHOTO TPAHCIOPTY IMEHI akaJemika
B. Jlazapssna — JIHINpOBCHKUIM HaIllOHAJBHUN  YHIBEPCUTET 3aJI3HUYHOTO
TpaHCTIOPTY iMeHI akaaemika B. Jlazapsua, uimpo, 2020.

JlucepTallisi mpucBsiueHa po3poOlill METOJIIB OIIHKUA €PEKTUBHOCTI OUUCTKHU
BOAM B OlopeakTopax — aepoTeHKax. bionoriyHa OYMCTKAa CTIYHHUX BOJ IIMPOKO
BUKOPUCTOBYETHCS B YCIX KpaiHax CBITY, TOMY ILIO SIBJIsI€ COO0I0 e(PEeKTUBHMUIA 3aC10
JiKBiAaIii opraniyHux 3a0pyaHeHb. Ha erami mpoekTyBaHHsS criopys 010J0T14HOT
OUYMCTKH, PEKOHCTPYKIIi ICHYIOUHMX OIOpeakTOpiB BHHUKAE TMOTpeda MIBUIKO
OLIIHUTH €()EeKTUBHICTh pOOOTH CHOPYH AJII HOBUX YMOB €KCIUTyaTtarlii. 3 4acowm,
KOHCTPYKIIi 010peakTopiB, PEKUMH IX pOOOTH CYTTEBO YCKIAAHIOIOTHCS. Jlyxke
4acTO YMOBHU €KCIUTyaTalli cydyacHUX 010peakTopiB BIAPIZHAIOTHCA Bl K TUIIOBHX),
KOJM JUIsl PO3paxyHKy Ol0peakTopiB JOCTaTHbO BHUKOPHUCTAHHS 1CHYIOUUX
IHKEHEPHUX METOJIIB PO3paxyHKy. [HKEHEpHI METOAM HE BPAXOBYIOTh PsiJ
BOXKJIMBUX MapaMmeTpiB, IO BIUIMBAIOTh Ha MpPOIEC O10JOTIYHOTO OYMIICHHS
CTIYHMX BOJ, HaNpUKIaJ], IHKEHEPHI METOJUKH HE BPaxoOBYIOTh (QopMy
OlopeakTopa, MPUCYTHICTh PYXOMHUX HOCIIB O10II€HO3Y, HAsBHICTh J0JAaTKOBUX
KOHCTPYKTHUBHUX €JEMEHTIB B CHOpPYyAl, Tomo. ToMmy, 1HXKEHEpHI METOAH He
BIJINOBIJIal0Th, B PSAJIl BUMAJIKIB, Cy9aCHUM BUMOTaM. Y 3B’SI3Ky 3 ITUM, pO3poOKa
Cy4acHMX METOJIB KOMII FOTEPHOTO MOJICIIOBAHHS 0aratopakToOpHOTO MPOIECy
OYHCTKH CTIYHMX BOJI B OIOJOTIYHUX PEAKTOpax, 3 METOK BU3HAYCHHS
e(eKTHUBHOCTI X POOOTH, — € BAXKJIMBOIO HAYKOBOIO 33]1a4€CTO.

HaykoBa HOBH3Ha OTpUMaHUX pe3yJIbTaTiB:

BIIEpLIE:



- po3p0o0JIEHO METO OIIHKK €()EKTUBHOCTI poOOTH O10JIOTITYHOTO peakTopa
JUTSI OYMCTKH CTIYHHUX BOJI, 110 0a3y€ThCs HA BUKOPUCTAHHI TBOBUMIPHUX MOJIEINICH
TAPOJMHAMIKHA, MAcOIEepeHOCy Ta O10JI0T1YHOI OYUCTKH, SIKMM JO3BOJISE IIBUIKO
po3paxyBath €(QEKTUBHICTh OYHCTKH BOJU B CIOpPYAl 3 YypaxyBaHHSAM i
KOHCTPYKTHUBHUX OCOOJIMBOCTEH, pEKUMY POOOTH;

- pO3pO0JICHO METOJT OIIHKH €()EKTUBHOCTI pOOOTH O10JIOTTYHOTO peaKTopa
JUTSI OYMCTKH CTIYHHUX BOJI, III0 0a3y€ThCs HA BUKOPUCTAHHI TPUBUMIPHUX MOJIENICH
TApOJMHAMIKHA, MacOIepEeHOCY Ta O10JIOT1YHOI OYMUCTKHU, SIKMH JO3BOJISE IIBUIKO
po3paxyBaTh €(EKTHUBHICTb OYMCTKM BOJM B CIOPYyAl 3 YpaxyBaHHSAM Ii
KOHCTPYKTHBHUX OCOOJIMBOCTEH, PEKUMY POOOTH;

- po3po0JIEHO METOJT OIIHKK €()EeKTUBHOCTI POOOTH OI10JIOTIYHOTO peakTopa
JUUIS. OYMCTKH CTIYHUX BOJI, IO 0a3y€ThCA HA BUKOPUCTAHHI JIBOBUMIPHUX MOJIENEH
TApOJMHAMIKH, MACcOIIEPEHOCY Ta O10JIOTTYHOI OYMCTKU, KM JO3BOJISE IIBUIKO
po3paxyBaTu e(pEKTUBHICTh OUUCTKH BOAM B CIIOPY/Il 3 pyXOMUM O101I€HO30M;

yIIOCKOHAJICHO:

- METOJI pO3paxyHKy OlopeakTopa JJIsl OUMCTKH CTIYHUX BOJI, 10 0a3yeThcs Ha
BUKOPUCTAHHI HYJb—BUMIPHUX MOJEJCH O10JI0OTTYHOI OUYUCTKU CTIYHMX BOJI, SIKUN
JI03BOJISIE, HA BIAMIHY BiJI ICHYIOUMX, BpaxOBYBaTH 3MiHY 3 4acOM BHUTpaTH Ta
KOHIIEHTpAIlii aKTUBHOTO MYJy, CyOCTpary, 110 HAAXOASITh B 610peakTop.

[IpakTuHe 3HA4YEHHS OTPUMAHMX peE3yJbTaTiB. Po3pobsieHi B auceprauii
METOM JO3BOJISIFOTH MIBUIKO OIIHIOBAaTH €(EKTHBHICTH POOOTH SK KIACHYHHX
010peakTopiB, Tak 1 peaKTOPiB 3 JOJATKOBUMHM KOHCTPYKTUBHUMH €JI€MEHTaMH, a
TaKOX PEaKTOPiB 3 pyXOMHUM O1011eHO30M. Hac po3paxyHKy e(heKTUBHOCTI poOOTH
010JIOTIYHOTO PEAKTOPY 3a JIOMOMOTOI0 PO3POOJICHHX METOJIB CKJIAJa€ JCKUIbKa
CEKyHJ, IO € Iy)K€ BAKIUBUM [UIS 1X MPAKTHYHOTO BUKOPUCTAHHS IIPH
MPOBENICHHI TPOEKTYBaIbHUX POOIT. P0o3pobiieHi MeToaum po3paxyHKy OyIayTh
KOPUCHUMH JIJIi ONTUMI3allli poOOTH ICHYIOYHX OIl0JIOTIYHUX PEaKTOpIB TpH
3MIHHHUX peXKUMax poOOTH.

Pesynbratu aucepramiitnoi po6otu BopoBamkeni Ha TOB «Eneprocepsic-

KP», a TakoXX BHKOPHUCTOBYIOTHCS B HaBuYajJbHOMY Ipoiieci JIHIMPOBCHKOTO
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HAI[IOHAJIFHOTO ~ YHIBEPCUTETY 3alli3HUYHOTO TPAHCHOPTY IMEHI akaJemika
B. JlazapssHa Tpw MIATOTOBIN CTYACHTIB, SIKIi HABYAlOThCS 32 OCBITHBOIO
nporpamoro «Bomonocrauanss Ta BOAOBIABEACHHS.

CucremMHuil aHami3 HayKOBHX IMyOJiKaliid MOKa3aB, IO B CBITI HaOUIbII
aAKTUBHO BUKOPHCTOBYIOTHCS HYJIb-BUMIPHI MaTEMaTU4YHI MOJIENI JJI1 PO3PAXYHKY
peakTopiB 010JIOTIYHOT OYHMCTKH CTIYHUX BOJA. AJie Il MOJIeNli HE BPaxOBYIOTh
3MIHHY 3 4aCcOM BHUTpAaTH CTIYHUX BOJ, a TaKOX 3MiHY 3 4aCOM KOHIICHTpaIlii
cyOcTpaTy, L0 HAJIXOOUTh B PEAKTOp. AHAI3 JITEPATypHUX JKEpENl TaKOX
MOKa3aB, L0 ICHY€E Je(IiIUT METOAIB pPO3paxyHKy OlOpeaKkTOpiB AJII OYHUCTKH
CTIYHMX BOJ, IO J03BOJISIIOTh PO3PAaXOBYBATH TIIPOJMHAMIKY Ta OaraTOBHUMIpHI
mpoliecu mMacorepeHocy B OiopeakTopi. Po3paxyHok Ha 0a3i iCHyIOUMX MOJENeH,
10 peani3oBaHl B KOMEpUIMHUX KOAaX, TpUBa€e KiUIbko A10. B YkpaiHi BiacyTHi
MOJIeJII PO3paxyHKy O10peKTOpiB, 110 JO03BOJISIIA O BPaxOBYBATH iX T€OMETPUUHY
dbopmy Ta dhopMyBaHHS HEPIBHOMIPHOTO IMOJIs KOHIICHTpAIlli aKTUBHOTO MYy Ta
cyocTpaty B peakTopi. ToMy, aKTyanbHOIO 33[a4€i0 € CTBOPEHHS MaTEeMaTHUYHUX
MoJIeIe ISl pO3paxyHKy 010peaKkTOpiB 3 3aBUCITUM a00 PyXOMHUM O1011€HO30M.

Jlns  exkcrpec  po3paxyHKy — OlOpEeakTOpiB  OYMCTKH  CTIYHUX  BOJI
3aIpONOHOBAHO /Bl OallaHCOBI MOJIENI, IO JAaI0Th MOKJIUBICTH PO3PAXOBYBATH
mpoiiec O10JOTIYHOTO OYHMIICHHS CTIYHUX BOJI 3 YpaxyBaHHSIM 3MIHM 3 4YacoMm
BUTPATU CTIYHUX BOJ, IO MOTPAIUIAIOTH B PEAKTOpP, Ta BXIJHOI KOHLEHTpAIi
cyOcTpaTy, a TaKOX 3 ypaxXyBaHHSM 3MiHU 3 4aCOM BUTPATH aKTUBHOTO MYITY, IO
NOTPAILIsiE€ B PEAKTOP Ta HOTO KOHIEHTpALII].

3 MeTOI BpaxyBaHHS BIUIMBY TIAPOAMHAMIKM IOTOKY CTIYHHUX BOJ B
peakTopi, a TaKOXX MacolepeHoCy CcyOcTpary Ha e(EeKTUBHICTh poOOTH
OlopeakTopa po3poOJieHa JIBOBUMIpHA 4YHCENbHA MojeNb. JlJIsi po3paxyHKy
MPOIIECY OKHUCJIEHHS CyOCTpaTy B JaHiii MOJeldl BUKOPUCTOBYETHCS PIBHSIHHS
nepmoro nopsanky. Lls mMozens moxke OyTH BHKOPUCTOBaHA Ui MPOBEICHHS
«IJIOTHUX» PO3PAXyHKIB PEAKTOPY 3 METOI0 BU3HAYEHHA oro epexkTuBHOCTI. s
MOJIETIOBaHHSI pOOOTH O10JOTIYHOTO peakTopa 3 ypaxyBaHHAM TiIpOJWHAMIKU

MOTOKY CTIYHHMX BOJI B PEAKTOPI, a TAKOX MACOINEPEHOCY CyOCTpaTy Ta aKTUBHOTO
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Mylly, ToOyJoBaHa IHIIA 4YWCETbHA MOJAENb, B SIKIH PO3PaXyHOK IIPOIECY
010JI0T1YHOTO OYMIIEHHS CTIYHHUX BOJI 3[1HCHIOETHCS Ha 0a3i piBHsAHb Monod. Kpim
JAaHOT MOJIeNll TaKoXX po3poOJieHa TpUBUMIpHA MaTeMaThyHa MOJENb pPOoOOTU
010JIOTIYHOTO peakTopy, Mo 0Oa3yeTbcss Ha piBHAHHAX Monod, piBHSIHHSIX
MacoNepeHocy sl cyOcTpaTy Ta akTUBHOro Myiy. Mojenb Ja€e MOXIJIHUBICTh
pO3paxoByBaTU poOOTY OI0JOTIYHOTO pPEaKTOpa 3 ypaxyBaHHS HEPIBHOMIPHOTO
MoJISL Te€4li B CIIOPY/Ii.

B nmwucepramii Takoxx po3poOiieHa JgUMHAMIYHA YHCEJIbHA MOJEIb IS
pPO3paxyHKy Ipolecy OI0JIOTIYHOI OYKMCTKU BOJUM B PEAKTOpaX 3 PYXOMUM
0101IEHO30M.

B nucepranii npuBeaeHo onuc no0yn0BaHUX YHCENbHUX Mojeneld. OCHOBY
pPO3pOOJICHNX YHCEIbHUX MOJIETEH CKIaAaloTh KIHIEBO—PI3HUIIEBI cxeMu. Jlis
YHCEJILHOTO 1HTErPYBAaHHA ABOBUMIPHUX Ta TPUBUMIPHUX PIBHIHB T1POIUHAMIKH
(piBHsiHHSA Jlammaca aJis MOTEHINay IMIBHAKOCTI) BUKOPUCTOBYIOTHCS PI3HHUIIEBI
cxemMH posiervieHHs. Ha K0XHOMy KpoIll pO3ILEIJIEHHS PO3PAXyHOK HEBIIOMOL
BEJIMYMHKM TIOTCHIIAJY IBHJIKOCTI 3JIHCHIOETBCA 3a siBHOWO Gdopmynow. lLle
JI03BOJISIE€ TTOOYTyBAaTH MPOCTY MPOrPaMHy peatizailito YuceabHoi Mojaeni. OCHOBY
noOyZJOBaHUX YHUCEIbHUX MOJENEeH [UIsi PO3paxyHKy IIONIB KOHIEHTpaIlii
cyOcTpaTy, akTHUBHOIO MyJy B OlOopeakTopi, a TaKOX KOHIICHTpallli PyXOMHX
HOCIiB 01011€HO3Yy CKJIAJal0Th PI3HULIEBI CXeMU po3uierieHHs. OCoOIUBICTIO UX
PI3HHUIIEBHX CXEM € Te, IO BHU3HAYCHHS HEBIJOMOIO 3HAYCHHS KOHIICHTpAIli
cyOcTpaTy, aKTHBHOTO MYyJly, KOHIEHTpalii pyXOMHX HOCIiB O10LEHO3Y
peami3yeThCcsl 3a SBHOIO CXeMoOr. B muceprariii HaBOAUTHCS OMUC PO3POOJICHUX
MakeTiB TporpaMm, IO peali3yloTh KOMIT'IOTEpHUNM pO3paxyHOK Ha 0asi
pO3po0JeHUX YHCENbHUX Mojeneil. BukonaHo Bepudikailito mno0ya0BaHUX
YUCEJNBbHUX MOJICIICH.

Jlist  imrocTpariii  MOKJIMBOCTEH Ta poOOYOTo iama3oHy MoOyJ0BaHUX
YUCEJNbHUX MOJENe, B JUCEpTallii MPEACTAaBICHO PIINIEHHS KOMILIEKCY
MPUKIAAHUX 3a7a4. Y Ci 3a7a9l BITHOCATHCS IO OJTHOTO 3 HAWCKIIQTHIIINX KJIaciB —

KJIaC HECTalllOHApHUX 3a7a4 O10JIOTYHOI OYMCTKU CTIYHUX BOA. PO3risHyTi B
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Jaucepranii 3a1avi, yMOBHO, MOXHa TMOAUIMTA Ha yotupu rpynu. [lepma rpyma
3aJa4 — 11€ BU3HAYCHHs €()eKTUBHOCTI pOOOTH 010peaKTOPIB Il OYUCTKH CTIYHUX
BOJ, Ha 0a3l MoOyJoBaHUX KaMEPHHMX 4YHCENbHHX Mojened. Ilpu mnporeaeHi
OOYHCITIOBAIbHUX EKCIEPUMEHTIB BU3HAYA€THCA JUHAMIKa MpoIecy O10J0T14HOI
OUYMCTKH CTIYHHMX BOJI IPHU PI3HUX pEXKUMaxX €KCIUTyaTalii o4ucHuX cnopyna. Apyra
rpymna 3ajad — Ie JOCTHKEHHA e(PeKTUBHOCTI poOoTu OiopeakTopiB Ha 0asi
pO3pOOICHNX JTBOBUMIPHUX YHUCEITBHUX MOCNeH. Po3rismaroThes 3amadi, B SKHX
BU3HAYAETHCS €PEKTUBHICTH POOOTH PEAKTOPIB MPHU HASIBHOCTI B HUX JOJATKOBUX
CJIEMCHTIB, a TaKOX JTOJAaTKOBOTO, JOTHUYHOTO BIPHUCKYBAaHHS aKTHBHOTO MYIY B
pobounii 06’eM peakTopy. Tpers rpyma 3agad — 1e JAOCHIKEHHS €(EeKTUBHOCTI
poboTu OlopeakTopiB, B SKHUX BUKOPUCTOBYIOTHCS PYXOMi HOCIT O010II€HO3Y.
JlocnipkeHHsT IPOBEIEH] Uil 010pEaKTOPIB 3 PI3SHUMH BapiaHTaMU PO3TALIyBaHHS
OJIOKIB 3 PYXOMHMHU HOCIsIMH O101I€HO3Y BcepeauHi cropyau. YUeTrBepTa rpyma
3alay  — 1€ JOCHi/DKeHHS edeKTUBHOCTI poOoTu OiopeakTopiB Ha 0asi
PO3pOOJICHUX TPUBUMIPHUX UUCEIBHUX Mojened. JloCmiPKeHHs] MPOBEACH] s
OlopeakTopiB 3 pI3HUMU BapiaHTaMW pPO3TAllyBaHHS JOJATKOBUX IIJIACTHUH B
criopyai. Pe3ynbTaTu TpoBEAEHUX JOCHIKEHb MOKa3ylHTh, IO PO3pOOJICHI
METOJM PO3pPaxyHKy O10peakTopiB [O3BOJSIOTH Ha HOBOMY SIKICHOMY Ta
KUIBKICHOMY PiBHI MPOBOAUTH PO3PaXyHKH PEAKTOPIB NJisi O10JIOTIYHOT OYHUCTKH
CTIYHUX BOJI.

KitodoBi crmoBa: O4YMINEHHS BOJMU, BOJOKOPUCTYBAaHHS, O10JOTIYHHIMA

peakTop, YnceIbHe MOeIoBaHHs, Mojaeas Monod, pyxomi Hocii Oio1ieH03Yy.
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ABSTRACT
Lemesh Maksym Viktorovych. Improvement of methods for calculation of
biological treatment facilities. — Qualifying scientific work on the rights of
manuscript.
Thesis for PhD degree in specialty 192 — Building and Civil Engineering. —
Dnipro National University of Railway Transport named after Academician
V. Lazaryan. — Dnipro National University of Railway Transport named after

Academician V. Lazaryan, Dnipro, 2020.

The dissertation is devoted to the development of methods to evaluate the
efficiency of wastewater treatment in bioreactor — aeration tank.

Biological wastewater treatment is widely used in all countries of the world,
because it is an effective mean of eliminating organic pollutants. At the stage of
designing or reconstruction of existing biological treatment facilities (bioreactors),
there is a need to quickly assess the efficiency of the facilities for new operating
conditions. Over time, the design of bioreactors, their modes of operation have
become significantly more complicated. Very often the operating conditions of
modern bioreactors differ from the "typical”, when, for calculation of bioreactors,
the existing engineering methods of calculation cannot be used. Engineering
methods do not take into account a number of important parameters that affect the
process of biological wastewater treatment in aeration tanks, for example,
engineering methods do not take into account the shape of the bioreactor, the
presence of mobile carriers with sludge, the presence of additional structural
elements in the structure. Therefore, engineering methods do not meet, in some

cases, modern requirements. Therefore, the development of modern methods of
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computer modeling of the multifactor process of wastewater treatment in
biological reactors, in order to determine the efficiency of their work — is an
important scientific task.

Scientific novelty of the obtained results:

For the first time:

- developed a method for evaluating the efficiency of a biological reactor for
wastewater treatment, based on two-dimensional models of fluid dynamics, mass
transfer and biological treatment, which allows quickly to calculate the efficiency
of waste water treatment in bioreactor taking into account its design features;

- developed a method for assessing the efficiency of a biological reactor for
wastewater treatment, based on three-dimensional models of fluid dynamics, mass
transfer and biological treatment, which allows quickly to calculate the efficiency
of waste water treatment in bioreactor taking into account its design features;

- developed a method for evaluating the efficiency of a biological reactor for
wastewater treatment, based on two-dimensional models of fluid dynamics, mass
transfer and biological treatment, which allows quickly to calculate the efficiency
of wastewater treatment in a bioreactor with a mobile biocenosis.

Improved:

- method of calculating the bioreactor for wastewater treatment, based on
balance models of biological wastewater treatment, which, in contrast to existing
ones, takes into account changes over time flow rate and concentration of activated
sludge, substrate entering the bioreactor.

The practical significance of the results. The methods developed in the
dissertation allow quickly to evaluate the efficiency of both classical bioreactors
and reactors with additional structural elements, as well as reactors with mobile
biocenosis. The time of calculation of the efficiency of the biological reactor, using
the developed methods, is a few seconds, which is very important for their
practical use in design work. The developed calculation methods will be useful for
optimizing the operation of existing biological reactors under variable operating

modes.



The results of the dissertation are implemented at company Energoservice-
KR, and are also used in the educational process of the Dnipro National University
of Railway Transport named after Academician V. Lazaryan for students majoring
in "Water Supply and Wastewater Treatment".

System analysis of scientific publications has shown that, in the world, the
most actively zero-dimensional mathematical models are used for calculation of
reactors for biological wastewater treatment. However, these models do not take
into account time-varying wastewater flow rates, as well as time-varying
concentrations of substrate entering the reactor. Analysis of the literature also
showed that there is a shortage of methods for calculating bioreactors for
wastewater treatment, which allow to calculate the fluid dynamics and
multidimensional mass transfer processes in the bioreactor. The calculation based
on existing models implemented in commercial codes takes several days. In
Ukraine, there are no models for calculating bioreactors that would take into
account their geometric shape and the formation of a non-uniform field of
concentration of activated sludge and substrate in the reactor. Therefore, the urgent
task is to create mathematical models for the calculation of bioreactors with
suspended or mobile biocenosis.

For quick calculation of bioreactors for wastewater treatment, two balance
models were developed, which allow to calculate the process of biological
wastewater treatment taking into account changes over time flow rate of
wastewater entering the reactor and the input concentration of the substrate, as well
as changes over time sludge entering the reactor and its concentration.

In order to take into account the influence of fluid dynamics of wastewater
flow in the reactor, as well as the mass transfer of the substrate on the efficiency of
the bioreactor, two-dimensional numerical model was developed. The first-order
equation is used to calculate the oxidation process of the substrate in this model.
This model can be used to conduct "pilot" calculations of the reactor to determine
its efficiency. To model the operation of the biological reactor taking into account

the fluid dynamics of wastewater flow in the reactor, as well as mass transfer of
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substrate and activated sludge, another numerical model was built, in which the
calculation of biological wastewater treatment is based on Monod equations. In
addition to this model, a three-dimensional mathematical model of the biological
reactor operation based on Monod equations, mass transfer equations for substrate
and activated sludge has been developed. The model allows to calculate the
operation of a biological reactor taking into account the nonuniform flow field in
the structure.

In dissertation dynamic numerical models for calculating the process of
biological water treatment in reactors with moving carriers were developed.

The basis of the developed numerical models are finite-difference schemes.
Difference splitting schemes are used for numerical integration of two-dimensional
and three-dimensional equations of hydrodynamics (Laplace equation for velocity
potential). At each step of splitting, the calculation of the unknown value of the
velocity potential is carried out by the method of explicit formula. This allows to
build a simple program for implementing a numerical model. The basis of the
developed numerical models for  calculation of the fields of substrate
concentration, activated sludge concentration in bioreactor, as well as the
concentration of mobile carriers of the biocenosis difference schemes of splitting
were used. The peculiarity of these difference schemes is that the determination of
the unknown value of the concentration of the substrate, activated sludge, the
concentration of mobile carriers of the biocenosis is realized according to an
explicit scheme. The dissertation describes the developed software packages that
implement computer calculation on the basis of developed numerical models.
Verification of constructed numerical models was performed.

To illustrate the possibilities and working range of developed numerical
models, solution of different applied problems is presented. All tasks belong to the
most complex class of non-stationary tasks of biological wastewater treatment. The
problems considered in the dissertation, can be divided into four groups. The first
group of tasks is devoted to determination of the efficiency of bioreactors for

wastewater treatment based on the basis of balance numerical models. When
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conducting computational experiments, the dynamics of the process of biological
wastewater treatment at different modes of operation of treatment facilities has
been determined. The second group of tasks is devoted to determination of
efficiency of bioreactors on the basis of developed two-dimensional numerical
models. Problems which were solved were devoted to determination of efficiency
of the reactors with additional elements, and for injection of activated sludge into
the working volume of the reactor. The third group of tasks is devoted to
determination of the efficiency of bioreactors with mobile carriers with sludge .
Studies have been conducted for bioreactors with different options for the location
of units with movable carriers of the biocenosis inside reactor. The fourth group of
problems is devoted to determination of efficiency of bioreactors based on the
basis of developed three-dimensional numerical models. The research was
conducted for bioreactors with different options for the location of additional plates
in the structure. The results of the conducted researches show that the developed
methods of calculation of bioreactors allow to carry out calculations at a new
qualitative and quantitative level.

Keywords: water treatment, water use, biological reactor, numerical

modeling, Monod model, moving bed biofilm reactor
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