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NIABUWEHHA E®OEKTUBHOCTI POBOTU AEPOTEHKIB-BUTUCKYBAYIB 3A
PAXYHOK 3ABUCJIOIO TA 3AKPIMNEHOIO BIOLIEHO3Y

3a doromozoo maTeMaTU4YHOro MOAENOBaHHA 0brpyHMoe8aHo Mid8UUEHHS
egpekmusHocmi pobomu aepomeHka-eumucKkysaya 3a 00romozoro
po3mauuyeaHHs 1o 8cill Uio2o O08XUHI efleMeHmIe 3a8aHmMaXXeHHs1 3 3aKpirneHum
bioyeHo30M.
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rnosbiuweHue aghghekmusHocmu pabomel aspomeHKa-8bImecHUMerssi C rMoMouwbo
pacrosioxeHusi rno ecel e2o0 OfIUHE 3NIEMEHMO8 3az2py3KU C [PUKPEernIeHHbIM
buouyeHo30M.

KnioueBble cnoBa: mMatematuyeckoe MoaenuMpoBaHue, Guonornveckas
O4YUCTKA, a3POTEHK, NPUKPENSEHHbI BMOLIEHO3, aKTUBHbIN UI.

By means of mathematical modelling improving the efficiency of the plug
flow aeration tank by means of an arrangement on all to its length of elements of
loading with fixed biocenose is substantiated.

Keywords: mathematical modeling, biological sewage treatment, aeration
tank, fixed biocenosis, activated sludge.

Ha cborogHi BaxxnmBow npobnemoro € nigBuweHHs edpekTUBHOCTI poboTun
pitounx cnopyd 6GionoriyHoro ouumweHHst cTidyHmx Bog. [lpouec 6ionorivyHoro
OYULLEHHS, SIK NPaBuno, 34INCHIOETLCSA Y cropydax 3a TUNOM aepoTeHKiB, poboTa
SIKMX OCHOBaHa Ha 30aTHOCTI MIKpOOpraHiamiB BunyyYaTn 3abpyaHEHHS 3i CTiYHUX
BO B NPOLECi CBOET XUTTEQIANLHOCTI [1, 46; 2, 39; 3, 250; 4, 245].

Ona nigBuweHHs edekTMBHOCTI pobOTN aepoTeHKIB OCTaHHIM Yacom npu
OYULLIEHHI CTIYHUX BOA OAEpXanu MOLUMPEHHSA NpoLecu CyMiCHOro (04HOYacHOro)
BUIYyYEHHS OpraHiyHMX 3abpyaHeHb i @30Ty 3aBUCNUM i 3akpinneHum BioLeHo30Mm,
LLIO MatoTb NeBHI nepearn. [1ns OesiKUX TEXHOMOMYHUX CUCTEM AaHO OMUC NPOLECIB,
WO npu upoMmy BiOOyBalOTbCH, i Ha iX OCHOBI PO3POOMEHO MeToan PO3pPaxyHKy
napameTpiB O4YUCTKM B aepOTEHKaX Pi3HMX KOHCTPYKLUIN [5, 55; 6, 230; 7, 214].
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Tak, B pesynbraTti aHanidy icHyrumx po3pobok ans 6inbll rpyHTOBHOrO
pocnigpkeHHa nepebiry aepobHOro npouecy OYUCTKM | BUBYEHHA OCOBNMBOCTEN
CYMICHOrO  BUITyYE€HHSI OpraHiyHMx 3abpygHeHb  3akpinneHnm  GioueHo3oM
(GionniBkoto), O YTBOPIOETECA Ha MOBEPXHI A0AATKOBOrO 3aBaHTaXEHHA Ta
3aBucnuMm BioueHo30M (akTMBHUM Mynom) B o6’eMi aepoTeHka Gyna nobynoBaHa
3arafnibHa MatemaTuyHa Mofenb Yy BUrMSAai piBHSAHb MaTepianbHOro 6anaHcy, wo
OMUCYITb 3MiHY KOHUEHTpaUil opraHiyHuMx 3abpyaHeHb B 0O6G’€Mi aepOTEHKY.
CTOCOBHO aepoTeHKa-3MillyBaya pilleHHs L€l 3afadi po3rnsHyToO HaMu 30Kpema
B poboTtax [7, 214; 8, 106].

B pgaHin ctaTTi po3rnsagarTbCa Npouecu CyMICHOrO BUITYYEHHST OpraHivyHUX
3abpyaHeHb 3aBUCIMM i 3aKpinneHnm BioLeHO30M B aepoTeHKax-BUTUCKyBayax.

[na BMBYEHHA BMNMBY HaBeOEHUX MeEXaHi3MiB BUITyYEHHSI OpraHivyHUX
3abpyaHeHb, HeobXiQHO TaKOX PO3rMAHYTU MOXNMBI BMNagku poboTn aepoTeHka-
BUTUCKyBaya 3 poO3TallyBaHHAM CWUCTEMW 3aBaHTaXeHHs B o0’emi (nnowyi)
aepoTeHKa- BUTUCKyBaya.

Bin xapaktepy po3TallyBaHHS €fleMEHTIB 3aBaHTaXXeHHA — MO BCbOMY
o6’emy (OOBXMWHI) aepOTEHKa YM TiNbKM Ha OKPEMUX MOro AinsgHKax — 3anexatb
edeKkT O4YNCTKN Ta AesKi 0COBNMBOCTI TEXHIYHOMO i eKcnnyaTauiiHOro xapakrepy
poboTM aepoTeHka. B aaHin cTtaTTi po3rnagaetbcsi cxema poboTn aepoTeHka-
BUTUCKYBa4Ya 3 3akpinfeHum i  3aBucnmm  BGiOLEHO30M, KON  eflEMEHTU
3aBaHTaXeHHS (Hacagkw, CiTKW i T.M.) piBHOMIPHO pO3TallOBaHi MO BCi AOBXWUHI |
aepoTeHka (puc. 1).

aepomenK
A L 8IOCMILIHUK
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Puc. 1. bBanaHcoBa cxema aepOTeHKa-BUTUCKyBaya 3 3aKpinieHum
GioLeHo30M, po3TalloBaHNM MO BCIN LOBXUHI

B ubomy BuMnagky BunyydyeHHsi opraHiyHux 3abpygHeHb (O3) BinbyBaeTbcs
3akpinneHum 6ioleHo3oM 3aranbHol nnouwleto nosepxHi Fy =F; i 3aBucnum

BGioueHo30M (aKTMBHMM MyrioMm) B 06’eMi piguHu Wp =eW_, W, =F,| — 3aranbHuit

W,
o6’em aepoTteHka, € =1— VTO W, — 06’em 3aBaHTaxeHHs.

a
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Ons Bu3HaveHHs 3MiHWM koHueHTpauii O3 L, B3goBx noToky X 3rigHO

[5, 58] maemo ons ineanbHOro aepoTeHKa-BUTUCKYBaYa PiBHSAHHSA Y BUrNA4i

- v% -R=0, V= %

OX F,
B AKOMY LUBUAKICTb 3aranbHOl peakuil ytunisauii O3 3akpinneHum 6ioueHo3oMm y
BUrNsai 6ionniBkm, yTBOPEHOI Ha 3aBaHTaXEHHI, i 3aBucnnm 6ioLeHO30M y BUrNSai

aKTMBHOrO Myrly B piauHi aepoTeHKka Mae BUrnsA;

(1)

R=4(L,—L|,,,)+R,—¢R, )
F W
Fa a
F;, - nnowa noBepxHi 3aBaHTaxeHHs (6ionniBkM) Ha OAMHWULIO [OBXUHK

aepoteHka |, K, — koedilieHT Maco nepeHocy B piaWHHINA NNiBLj.

[nsa BupilWweHHA piBHAHHSA (1) HEOBXIAHO 3HAWTU KOHUEHTpaLUito Ha NOBEPXHi
Gionnisku L‘z:o: L, B 3anexHocTi Big NPUAHATOrO piBHAHHA peakuii R,
BunyyeHHs O3 B Gionniui i B aepoTeHKy R, a Takox BiAMMpaHHA (CaMOOYUCTKM)
myny R..

3HayeHHs1 KOHUEHTpauii Ha noBepxHi Gionnisku L‘z:O: L5 3Haxogumo B

pe3ynbTaTi pilleHHss HaCTYyMHUX PiBHAHb, SKi ONUCYKOTb 3MiHY KOHUEeHTpauin L B
Mexax GionniBky TOBLWMHOKW O Npu BunydYeHHi O3 3akpinneHnm GioLeHo30oM:
a) B 3aranibHOMY BUNaaKy

o°L
DL ? - RL = 0, (4)
0) B yMOBax enemMeHTIiB 3aBaHTaXXeHHS UMAiHOPUYHOI hopMu
o’L 1oL
D|—+-—|-R =0. 5
L(arz ror) * ®)

OcobnuBicTb  UMX pilWeHb nonsrae B TOMYy, WO MPU  BU3HAYEHHI
KOHLEHTpauil L5 Ha noBepxHi 6GionniBKM 3a4a€eTbCA  3HAYEHHA MOTOKY
N =K, (L, —L,), skuit nocTynae i3 o6'eMy aepoTeHKa KOHLeHTpaujelo L, yepes
PiAVHHY NNiBKY (NOrpaHn4HMI Wwap) B Gionnisky.

PosrnaHemo Bunagok, konu BunydyeHHa O3 B GionniBui i B aepoTeHKy
(o6’emi W) BinOyBa€eTLCA 3a peakLieto NepLIoro nopsaky

R =KL, R, =k,L,. (6)

Topi, 3okpema B pe3ynbTaTi pileHHs PpiBHAHHA (6), nicna  gesikux
nepeTBOpeHb AN BU3HAYeHHs koHUeHTpauii L; oaepxumo [9, 68]

L, =AL,, (7)
Ae Ans BU3HayYeHHsa napameTpa A MaeMO PiBHSHHSA
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K kD
A 71+e . (0:2\/5’ 1= L
L+e”)+all-e”) Ki' g
a:k_é’ = M X
DL KmLY

Ana BuaHaueHHA napameTpa A MOXHa CKOPUCTATUCh PO3pPaxyHKOBUM
rpachikom A= f(go,/l), HaBedeHVUM Ha puc. 2 [9, 72].

L

A==210
La 0.2
0.8 I—
- Q.‘_‘_‘_—_— 0.4 ;
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Puc. 2. N'padik 3anexHocTi A = f(@, A)

[ns Bunagky enemMeHTiB 3aBaHTaXeHHS LUMMIHOPWUYHOT POPMU 3HAYEHHS
napameTtpa A B hopmyni (7) 6yno ogepxaHo B pe3ynbTaTi pilleHHs PiBHAHHSA (5),
sike HaBegeHo B poboTi [10, 85].

Takum YnHOM, Nicnsa AesKnX NepeTBOPEHb 3 BpaxyBaHHAM peakuin (6) i (7),

a Takox npunmatoum R. =0, ans BusHayeHHs koHueHTpauii L, no poexwuHi

aepoTEHKa OAEPXMMO HACTYMHE PiBHAHHSA (9), sike 3anuMwemo y BUrnsai:

oL
- —axa — Ly (A + Kk, )=0, 9)
geA:ﬁ(l—A), ka*:ﬁ, AO:EKL.
v L F.

B pesynbTati piweHHs piBHAHHSA (9) Npu rpaHW4YHiA yMOBI Ha BXxogi B
aepoteHk x=0, L, =L, opepkxumo 3anexHictb AnNS BU3HAYEHHS 3MiHW

KOHLeHTpaUil La Nno JOBXWHI aepoTeHKa
L. (X)=Le" =™, (10)
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ge X =(A.+kg)x =B, >—<=|5, B=I(A +ky).

Ha Buxogi i3 aepotenka npu X =1, x =1 maemo
L(N=Le' =Le® T=B (11)

Haragaemo, WO opepXaHi pilleHHs BUKOHaHI npu poboTi aepoTeHka B

. . &X
CTauloHapHuUX yMmoBax, 4Kl HaCcTynaroTb JOCUTb LWWBUOKO, a CaMe OeCb MNMpu t>—.
1y

PoarnsHemMo MOXNMBO HamOiNbL MOLWMPEHUA HA MPaAKTULi BMMNAAOK, KOMn
Buny4yeHHss O3 B GionniBui i B 06’emi piguHN B aepoTeHKy Wp BinOyBaeTbCa 3a
BinbLL TOYHOI peakuieto 3rigHo Bi4OMOro piBHAHHA MOHO, a caMe 3a PIBHSAHHSAMMU
B 6ionnisui R, i B 06’emi pianHn aepoTteHka R,

_ ML X R. = Hmala X
L — ! a a-
Y(KmL + L) Ya(Kma + La)

B ubomy Bunagky obmexumocb po3pobko MeToda  po3paxyHKy

KOHLEeHTpaUil La(l) Ha BMXOJi i3 aepoTeHka. [nsa uboro 6yaemo BUKOPUCTOBYBaTU

(12)

TaKOX 3anexHictb (12), 3pobuBLLN B Hill NOCTYMHI 3MiHM | NEPETBOPEHHS.
Tak B piBHAHHI (6) ona Gionnisku 3amicTb koediuieHTa K 6yaemo npuitmaty
koediLieHT K, , skui BU3HaYaeTbCs 3a hopmyroto

=Ll g Ka o, X (13)
S, +L/L, L, Y
T06TO 3aranbHa peakuis R, mae Burnsg;
R =p, =KL (14)
K, +L

[ani B ogepxaHux pilleHHAX NpUnMaeMo ckoperoBaHuin 3a oopmyrnoto (14)
koediuieHT K_ 3 BUKopucTaHMMK po3poBreHoi iTepaLiiHoi cxemn po3paxyHky, sika
HaBegeHa B poborTi [10, 85].

lMocnigoBHICTL  BUMKOHAHHA  3a3HA4YeHOro  pPO3paxyHKy nondrae B
HaCTyNHOMYy.

1) B sKOCTi no4aTkoBOro (HynboBoro) HabmwkenHs maemo Lo =0, wo
tbakTnyHo Bignosiaae 3HaveHHo K =K npwu peakuii nepiioro nopsiaky.

2) BignosigHo 3anexHocTi (13) paxyeMo 3Ha4YeHHs KoedilieHTa

k(o) — ﬁm ﬁ _ P UO) _Q (15)

Cael L T

3) Anst opepxaworo k'

no coopmynam ogepXxaHux Ond peakuil nepLuoro
nopsaaKy BM3HAYaEMO MOLUYKOBI 3HAYEHHS L(;) [ L(al)(l). Mpy ubOMYy KOHUEHTpaLiga

L(l)(l) BM3Ha4yaeTbCca 3a opmynoto (11), To6To 3 BpaxyBaHHAM BunydeHHs O3

a

TaKOX 3aBUCINUM BiOLIEHO30M.
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4) BignosigHo 3anexHocTi (13) paxyemo 3HauveHHsi koediuieHta K, B
nepLIoOMy HabBMKEHHI
kY :A_@). (16)
B+ Ls
5) ina opepxaHoro 3HaveHHs K, mo copmynam (14) i (11) sHaxoanmo
snavenns L, i L (1) B apyromy na6rmxenni, To6to L i LP(1).

6) TakMm YmMHOM, iTepauiiH1n Npouec NPOAOBXKYETLCA 4O TUX Nip, MOKM He
Oyne JocarHyTa OCTaTHA TOYHICTb PO3PaxyHKy.

3anponoHoBaHy MeTOAMKY pO3paxyHKy MOXHa BUKOPUCTaTWU i Yy BUNaAKy,
kKonu BunydeHHs O3 B 06’eMi pianHN aepoTeHKa BiabyBaeTbCA TakoX 3a peakuieto

R, 3rigHo piBHAHHS MoHo. B uboMy BMNagky piBHSHHA (12) npeacTtaBumo Y

BUrNAAi
L
R = —=a =k L, 17
a pma Kma + La a a ( )
ne
ka: pma/LO ’ ﬂa:&’ pma::umaxa' (18)
B.+L,/L L, Y,

AKWOo OBMEXUTUCH PIlLEHHAM 3adadi No 3HaXOMKEHHI KOHUEeHTpauil Ha
Buxogi is aepoterka L, (1), To B sanexHocTax npuiimaemo x =0, L, =L (I).

[MoCnigoBHICTE BMKOHAHHS PO3pPaxyHKy 3anuvaeTbCs nornepeaHbolo, npu
LUbOMY 3Ha4YeHHS La(l) 3HaxoguMMo 3a 3aranbHuMM piBHAHHAM (11), To6TO 3

BpaxyBaHHsAM BunydeHHa O3 3akpinneHum 6GioueHo3oMm. 3asHayumo, LWo
pO3paxyHKM 3a 3anponoHOBaHOLO iTepaLiiHO cxeMoto Nno KoxHin peakuii R i R,

NPUNUHADTLCA NPU AOCATHEHHI 3a4aHOl TOYHOCTI po3paxyHKy. BukoHaHi npuknagu
pO3paxyHKy MO 3anpomnoHOBaHIN iTepauiHin cxemi NnpoBeaeHi npu BunydeHHi O3
OionniBkolO B 3aTonneHux i KpannuHHuMx OGiodhinbTpax nokasanu, Wo B
po3paxyHkax, ik NpaBuIio, MOXXHa 0OMEXNTUCL BUKOHAHHAM 2-3 HabnuxeHb.

B TexHonoriyHin cxemi, sika posrnagaeTbcs (pyuc. 1), MOXNUBUN TaKoX
BMNAQoK, Konun Buny4deHHa O3 3akpinneHnm i 3aBucnmm 6ioueHo30Mm BigbyBatoTbCSA
Ha OCHOBI Pi3HUX KiHETUYHMX peakuin R, Hanpuknag 3asBucnum 6GioLeHo3oM
(aKTMBHMM MYNOM) 3a peakuito 3rigHo piBHAHHA MOHO, i 3akpinneHum GioueHo30M
(GionniBkOK) 3a peakuietd NepLioro nopsaky 4M  HaBnakn. PoapaxyHok

KOHLeHTpaUil La (I) Ha BUXOJj i3 aepOTEHKa B LiIbOMY BMMNAaAKy TakoX BigbyBaeTbCs

3a 3aranbHUM piBHAHHAM (11), B AKOMY iTepauiiHiiA Npouec BUKOPUCTOBYETLCS
npu po3paxyHKy peakuii 3a piBHAHHAM MoHO B o6’emi pianHu aepoTteHka. [Npu
pPO3paxyHKy peakuin nepworo nopsaaky HeobxigHO nicnsi KOXHOI  iTepauii
BpaxoByBaTW YTOYHEHE 3HWKEHHS La(l). B nopanbwomy nepenbavaetbes
NpoBeOEeHHSA NPUKIaaiB po3paxyHKy 3a 3a3Ha4eHO MEeTOAUKOH0.
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MpoBeaenun B poboTi [10, 85] aHani3 nokasas, WO B NPaKTUYHMUX 3agadax

K
Mpu BiOHOLWEHHi 77 = —" > 2 MOXHa NpuiMaTh B po3paxyHkax KiIHETUKY MepLIoro
p

nopagky, a npu 7<0.25 KiHETUKY HYNbOBOro nopsiaky, ae Lp— po3paxoBaHa
KOHUEHTpaUis, sika HabnmkeHo npunmMaeTbesa ansa Gionniskm Lp = L5, Ans peakuil

B aepoTEHKY Lp = L,. Takum YnmHOM, NpU po3paxyHkax KIHETUKW peakLiii B Mexax
0.25<7 <2 HeobxigHO BUKOPUCTOBYBATU PiBHAHHS OKMCHEHHS MoHo.
PoarnsHemo npuknag po3paxyHKy KOHLUeHTpauil La (I) Ha Buxoai i3

aepoTeHKa-BUTUCKYyBa4ya 3 3akpinneHuMm BioueHo3oM, B sikoMy BuiydeHHs O3 y
BinbHOMY 06’eMi Ta Gionnisui BiaOyBalOTbCA 3a peakuismu nepLuoro nopsaaky. Ans
LbOro 3anexHictb (11) nepenuwemo y Burnagi

La(l):e—(BLJrBa)’ (19)
Lo
ae B =I-As, Bo=lKas.
Ha ocHoBi 3anexHocTi (19) nobyaoBaHo po3paxyHKoBun rpadoik (puc. 3).

Lo L./L, e Ba=0
’ \ = Ba=0,2
0.8 I§
e e e Ba=06
N\
0,6 S - = «B3=10

PesynbTatn pospaxyHkiB, SAKi npeactaBneHi Ha puc.3, MoKasywTb, LO
3aBaHTaXeEHHA 3 3akpinneHum OioueHO30M [03BOMSIE CYTTEBO MiABULLMTMK

edeKTUBHICTb po6OTN aepoTeHKa-BUTUCKyBava ocobnmeo npu B, <1.

B uinomy Ha nigctaBi aHanidy npuBegeHuX BuLle pesynbTaTtiB JOCNIAKEHb
MOXHa 3poOMTM BUCHOBOK MpPO [AOUIMBbHICTE BNPOBaXEHHA B aepOTEHKM
A00AaTKOBUX CUCTEM OYUCTKM 3 3aKpinneHnM GioLleHO30M.
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