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BOAOMOCTAYAHHA TA BOAOBIABEAEHHSA
YOK 628.316:004.942

PocciHcbkuin B. M., noktopanT, Cabnin J1. A., a.1.H., npo¢decop
(HauioHanbHW TeXHIYHMI YHiBepcuTeT YKpaiHu «KuiBCbKkun
NONITEeXHIYHUN IHCTUTYT iMeHi Irops CikopcbKkoro», M. Kuis)

BMJIUB HITPATHOIO PELIUKJTY TA CUHTETUYHUX
AETEPFEHTIB HA E®EKTUBHICTb BI10J1IOMNYHOIro O4YMULLEHHA
CTIHHUX BOA

NMpuBepeHo pe3ynbTaT¥ KOMMIEKCHOIO YACE/IbHOIO €KCNEePUMEHTY 3
OLHKM KiNbKiCHUX napameTpiB npoueciB 6i0N0riYHOro o4MULLLEHHSA CTiv-
HUX BOA, L0 MICTATb CUHTETUYHI AieTepreHTH, Bif opraHiuyHux 3abpya-
HIOYUX PEHOBUH B aHOKCMAHMX i aepobHuX BiopeakTopax i3 Bpaxy-
BaHHAM CTYNeHsA HiTpaTHoro peuukny. llokasaHo, Wo AN AOCATHEHHA
noBHOro 6ioNoriYyHOro OYMLLLEHHA CTIYHUX BOA, 3MEHLIEHHA KoedilieH-
Ta BHYTPilWHbOI peunpKynsauii notpedye 36inbweHHa TpuBanocTi o6po-
6KM cTiuHMX Boa B GiopeaKkTopax, a 36inbleHHs KoedilieHTa BHYTpill-
HbOI PEeLMPKYNALil CNOCTepPiracTbCcs Npu 3poCTaHHi KOHLEHTPaLil CUH-
TETUYHUX AETEPreHTiB i PO3UMHEHUX OPraHiYHMX 3a0pyAHIOIOYMX peyo-
BMH.

KnioyoBi cnoBa: LUBUAKICTb, OKUCHEHHS, TEXHOJOTisl, OYMLLLEHHS, CTiYHI
BOAMW, CUHTETUYHI AeTepPreHTH, HITPaTHUIA peuunKn.

BcTtyn. MicbKi CTiYHi BOOM MICTATb OpraHiyHi 3abpygHi4Yi pevyoBu-
HW, KOHLEHTpaUilo AKMX BM3HavyaTb NokasHUKoM BCKs (BCKpogy), Wo B
cepeaHboMy cTaHoBuUTb 100-300 MrO,/am® [1].

AKTMBHE BUKOPUCTAHHSA abOHeHTaMM LEeHTpani3oBaHOro BOAOBIL-
BEAEHHA CMHTETUYHUX OETEPreHTiB Y BUPOOHNYMX 4n NoBYTOBUX Linax
NpM3BOANTbL 00 TX HAOXOOXEHHS Y CTiYHI BOAW, WO TPAHCMOPTYTbCS
KaHani3auinHow Mepexek TpybonpoBOAIB HA OYUCHI CNOPYAWN KaHanila-
LiT HaceneHnx NyHKTIB. B cepegHbOMYy KOHUEHTPALiS CUHTETUYHUX feTe-
preHTiB cknapae 8-25 Mr/,u,M3 npu nNMTOMOMY BOLOBiOBEAEHHI
270-67 ,u,M3/,u,o6y Ha 1 »xwuTtens [2].

CVHTETUYHI OeTepreHTn, Kk amoidinbHi KCEHOBIOTUKN, YNHATL He-
raTUBHWUIM BNJIMB HA NPOLLECU OKUCHEHHS OpraHidyHMX 3abpyaHoow4nx pe-
YOBWH B cnopyAax 6ioNoriyHOro OUYULLEHHSA CTIYHMX BOA 3@ PaxyHOK Jl0-
Kanisauil cybcTpaTty, AucnepryBaHHs aKTUBHOIO MYyJly, MNOPYLUEHHS KUC-
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HEBOr0 PEXWUMY Ta NPUTrHIYEHHS XUTTEQIANBHOCTI MIKPOOPraHi3MiB ak-

TUBHOro myny [3].

MocTaHoBKa 3apavi aocnipkeHb. [1ns epeKTUBHON0 OYMLLEHHS Mi-
CbKUX CTiYHUX BOJ Bif, OPraHiyHUX 3abpyaHIOYMX PEYOBUH i BioreHHnx
efieMeHTIB IX 06pobKy NPoBOAATL B CUCTEMi aHOKCMAHUX (aHaepobHMX)
Ta aepobHUX GiopeaKTopiB i3 aKTMBHUM MysnioM [4]. 3 MeTolo 3abesne-
YeHHS MiKpoopraHi3MmiB-geHiTpudikaTopiB He0bXigHUM cyb6CTpaTOM, HiT-
paTtaMu Ta HiTpUTaMu, 06pobKy CTiYHMX BOA NMPOBaAsATb B aHOKCUMAHMX
biopeakTopax, OpraHi3oBYyOYM HITPAaTHUIN peuuKn Big 6iopeakTopa 3 ae-
po6HMMM yMoBaMu [5]. CTyniHb HiTpaTHOrO peuunksly B 3afeXXHOCTi Big
MOYaTKOBOI KOHLUEHTPALil OpraHiyHux 3abpygHO4YNX PpeYoBUH Ta MpuU-
MHATOI TEXHONOrIT OYULEHHS CTiYHUX BoA B biopeakTopax cknapae 50-
500% [6].

OuiHKY 3MiHM LWBWMAOKOCTIi OKUCHEHHS OPraHidyHMX 3abpypHYnX
pPeyvYoBMH B aepobHMX Ta aHOKCUAHMX BiopeaKTopax i3 aKTUBHUM MYJIOM B
3aNIeXKHOCTI Bi NOYATKOBUX KOHLEHTPAUIi/ OpraHiyHMx 3abpypHoo4ymnx
PeYOoBMH MPOBOAATL 33 AOMNOMOrO BUKOPUCTAHHA PiBHAHHA MoHo [7, 8].
3MiHa CTyneHs BHYTPIWHbOI pPeunpKynsauil MynoBol CyMiwi MixX aepob-
HUMW Ta QHOKCMOHMMU GiopeakTopamMu MpPuU3BOAUTbL OO0 MEPepo3noginy
KOHLUEHTPALIiT PO3YMHEHNX OPraHiYHMX 3a6PYyQHIOYMX PEYOBUH, WO MiC-
TATbCSA B CTiYHIW BOA,.

OuiHKa BNAMBY MOKa3HWKA BHYTPILWHbOI PELUNPKYASLIil MynoBol Cy-
MilWi Ha edEKTUBHICTb BIONOFYHOro OYMLLLEHHSA CTIYHMX BOA Bif OpraHiy-
HUX 3a6pyOHIOYMX PEYOBUH 3 BPaxyBaHHAM KOHLEHTPaLil CUHTETUYHUX
OETEPreHTIB € aKTyaNbHOK BiAKPWUTOK HayKOBO-NMpUKAagHOK npobne-
MOI0.

OCHOBHi 3aNeXXHOCTi 1A BMPiLLEeHHA NOCTaBNeHO! NpobneMu.

Hexan ons epeKTMBHOIO OKMCHEHHS OpPraHiYHUX 3abpyaHoO4YNX peyo-
BWH Ta BUpaneHHs BioreHHMX eneMeHTIiB 6yae 3aCTOCOBAHO MOCAILOBHY
06po6KY MiCbKUX CTiYHUX BOpA, (AKi NpoMWAM MexaHiyHe O4YULLEeHHA) B
aHOKCUAHMX Ta aepobHMX BiopeaKTopax i3 HiTpaTHUM peuunknom (puc. 1).
B uin 3apavi peunpKynauis akTMBHOIO Mysny 3 BTOPUHHUX BIACTIMHUKIB
He BpaxoBaHa.

1 2
Q K—‘/ Q K Q
in___ Qé |77 | 1
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Puc. 1. Po3paxyHKkoBa cxeMa 6iosioriyHOro 04YMLLEHHS MiCbKUX CTIYHMX BOA, B
AHOKCMOHUX Ta aepobHUx biopeakTopax: 1 — aHOKcMOHMM BiopeakTop; 2 — ae-
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po6HUI BiopeakTop; 3 — peuMpKynsaUinHKMA Hacoc; Q;, — BUTpaTa CTiYHUX BOA,
LLLO HagXxoOAaTb Ha 06pobKy B aHOKCUAHMN BiopeakTop; Q, — BUTpaTa CTiYHMX BOL,
nicns aHokcupHoro 6iopeakTopa; Q) — BUTpaTa CTi4YHMX BOA Bif aepobHoro 6io-
peakTopa A0 BTOPUHHOIO BiACTINHWUKA; Qp — BHYTPiLIHBO-PELMPKYNALINHA BU-
TpaTa Myn0BOT CYMillli MiXK aHOKCUAHUM Ta aepobHUM BiopaeKkTopaMum (HiTpaT-
HUIN peunkn)

Toni KOHUEHTpaLio OpraHiyHMX 3abpyaHIOYNX PEYOBUH B CTIYHUX
BOAAX, AKi HAAX0OATb B aHOKCUMAHMM BiopeakKTop, MoXHa 6anaHcoBoO BU-
pasuTu:

Qin 'Cin +Qp 'Cp
0, +0,

ne Cip — KOHUEeHTpaUisa opraHiYHuUX 3abpyaHIOlYNX PEYOBUH B CTIYHUX
BOOAX Ha BMXOAi 3 NEPBUHHUX BiOCTINHUKIB, MFECKHOBH/D.M3: Q, - BHYTpI-
WHbO-PEeUNpKyNALUinHa BUTPATa My0BOI CyMiLui, M/rog.; Cp — KOHLEHT-
pauis opraHiyHMX 3abpyaHIOYMX PEYOBMH B MYJIOBIN CYMilli HITPAaTHOrO
peuukny, MFECKHOBH/D,M3.

BHYTpilWHbO-peunpKynauinHy  BuUTpaty  (HiTpaTHUA  peuwnkn)
(Qp, M3/rog) MOXKHa BU3HAUUTK:

ci = (1)

Qp =n,- Qin ’ (2)
Ae n, — KoediluieHT BHYTPIWHbOT PeUMPKYNALil My/10BOI CyMilli, 4acT. oA,

BpaxoBytoumn Te, WO OKMCHEHHS OPraHiYHMX 3abpyaHIOYMX peyo-
BWUH B aHOKCMOHWUX GiopeaKTopax 34iNCHI0TL GpaKynbTaTUBHI MiKpoop-
raHi3mMu i3 BUKopucTaHHAM OKCUIeHy HITPUTIB Ta HITPATIB, KOHLEHTPaLito
OpraHiYHMX 3abpyOHIOIYMX PEYOBWH B MYJIOBIN CyMilli NiCNs aHOKCUA-
HOro biopeakTopa MOXHa BU3HAYUTHU:
dac,

dt

ae C; — KOHUEHTpauis opraHiyHmMx 3abpypHlO4YNX PeYoBMH B MYJIOBIN
CyMiWi B aHOKCMOHOMY GiopeaKTopi, MFECKHOBH/D,M3; t, — TpuBanicTb 06-
pPOBOKM CTiIYHUX BOA, B aHOKCUMAHOMY BiopeaKTopi, roA.

OyeBMAOHO, WO KOHLEHTPAaLia OpraHiyHMX 3abpygHOYNX PEYOBUH B MY-
I0Bii CyMiLli Ha BUXO4i 3 aHOKcuAHoro 6iopeaktopa (CF, MrBCKnoss/AM’)
piBHa KOHUEHTPaLil OpraHiyHMx 3abpyaHIOUYMX PEYOBUH B MYJOBIN Cy-
MilLi Ha BXoAi B aepobHuM BiopeakTop (€)™ MrBCKooen/aM® ) (puc. 1).

B aepobHux 6iopeakTopax OKUCHEHHS OPraHidyHMX 3abpyAHIOYMX
PEYOBUH 34INCHIETLCS aepO6HUMM MIKPOOPraHiaMamMu akTUBHOIO MyJly,
TOMY KOHLIEHTPaLit0 OpraHiyHMX 3abpyaHIOYNX PEYOBMH B MYJIOBIN Cy-
MiLlwi nicns aepobHoro 6iopeakTopa MOXHa BUPA3UTU:
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dCH 't11 (O’till) , (4)

ex __ in
CH - CII -

ne Cy — KOHUeHTpauis opraHiyHMx 3abpyOHOlYNX PEYOBMH B MYJIOBIN
cyMiLi B aepo6HoMy BiopeakTopi, MrBCKnosw/aM>; t — TpMBanicTs 06po6-
KW CTiYHUX BOA, B aepobHOMyY BiopeaKTopi, roa.

Mpn peHoBaUil Ail0YMX AEPOTEHKIB LWIISAXOM BUBISIbBHEHHS NMEBHOIO
KOpUCHOro 06'eMy aepoTeHKiB Nig aHOKCUMAHUM BiopeakTop, TPUBANICTb
06pobKuM cTiuHMx Bop, (t, roa) B aHOKCMAHOMY BiopeakTopi 6e3 BpaxyBaH-
HS HITPATHOrO peunkny 6anaHCOBO MOXHA BU3HAUUTK:

t[ :Q7. (5)
i
ne W, - kopucHuin 06'eM aHokcuaHoro biopeakTopa, M.

BpaxoBytoun BUTpPaTy MynoBOI CYMili HITPATHOro peuukny, TpmsBa-
nicTb 06pobKmM cTiuHMx Bop (t°, ron) B aHoKcHAHOMY BiopeaKTopi MOXHa
BUPA3UTK:

tlp =QV:/_IQ. (6)
in p
ne W, - kopucHuin 06'eM aHoKcuaHoro biopeakTopa, M.

LLIBMAKiCTb NPOXOAXKEHHSA eNeMeHTapHoro 06’eMy MysioBOI CyMilli B

aHOKCMAHOMY GiopeaKTopi, BPaxoByrU4M 3MiHy BUTPATWU HiTpaTHOro pe-

LMKy, MOXXHa NPeacTaBUTK AK
i 1

t, (+n)
Bpaxosytoum Bupasu (1), (2), (3), (4) Ta (7), 6anaHcoBy cuctemy 3Mi-

HWU OpPraHiYHUX 3ab6pyaHIOYMX PEYOBMH NPK NOCNIAO0BHIN 06pobui cTiy-
HUX BOA B aHOKCMAHMX Ta aepobHux GiopeakTopax i3 HITPaTHUM peLuK-
oM i 6e3 BpaxyBaHHA peuupKynaLil akTUBHOMO Mysly 3 BTOPUHHOIO BifC-

TIMHWKA MOXHa NpencTaBUTHU:

=

(7)

in C, +n, 'Cp

e (1+n,)

pocr - L 0

(1+n,) dt : (8)
Cy =Cy
A 1 dC

Cex:Cm - . 1 l’ 0,t~u

)i 11 (1+nH) dt 11( i )

Cnig 3ayBakutu, WO NUTOMY LUBUAKICTb OKUCHEHHS OPraHiYHUX 3a-
OpyoHIOUYMX PevYoBUH B BiopeakTopax 3 aHOKCMOHUMWU Ta aepobHUMM
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YMOBaMMN MOXHa BM3HA4yaTu 3a PiBHAHHSAM MOHO, sike BPaxoBYE iHFiby-
BaHHA npoueciB 6ioNOrYHOro OKWCHEHHS OpPraHidYHMX 3a0pPyAHIOYMX
PEeYOBMH CUHTETMUYHUMM OeTepreHTamu [9]:

dC L Cn Ksur ’
7”=pmax1-1 'ﬂH .bH . S . . f
a - dt K; + LS Kn + CH Ksmf + Cﬂ"’f (9)
dC Lr L 0, Kn Ksur ’ '
I = Prvss ‘ﬂH .bH . : . N . . f
a - dt KS + Ls KN03 + LNO; Kn + Cn Kﬂ"f + C‘“’f

L€ Pmax — MAaKCUMarnbHa WBUOKICTb OKUCHEHHS CyBCTpaTy aKTUBHUM My-
noM, MrbCKosu/(r-roa.); C, — KOHUEHTPaLiA PO3YNHEHOIO KUCHIO B MYJO-
Bil CyMiLui, mrO,/am%; a; — no3a akTMBHOrMO MYy, r/am>; by — KoedilieHT,
O BPAaxoOBYE Ni3MC MIiKPOOPraHi3aMiB aKTMBHOro Myny, 4acT.on.; K, —
KOHCTaHTa HaniBHacuueHHs 3a Okcurenom, mrO./am’; Ls— KOHLUEeHTpauis
OpraHiyHMXx 3abpyOHIOKYMX  PEYOBUH, MFECKHOBH/D,M3; By B, -
BiANOBIAHO, YacTKa reTepoTpodHMX, AaBTOTPODHMUX MIKPOOPraHiaMmis B
aKTMBHOMY MY/, YacT. og,; LN03 — KOHLEHTpauis HiTparTi., MFN-N0-3/,D,M3;

KNOB— KOHCTaHTa HaniBHacu4yeHHsA 3a HiTpaTaMM,MrN-NO'g/,u,M3; Ks —

KOHCTaHTa HaniBHACU4YeHHS 3a cybCcTpaTom, MIBCKnosn/OM>; Ksurf — KOHC-
TaHTa iHribyBaHHA 33 CUHTETUYHUMUN OETEpPreHTaMu, MF/,D,M3; Csurf — KOH-
LEeHTpaUis CUHTETUYHUX OEeTEePreHTIB, MF/,D,M3.

Pe3ynbTtaT npoBeaeHOro eKCnepuMeHTy. [151s CTiYHUX BOA, WO Mi-
CTATb PO3YMHEHI OpPraHivyHi 3abpyaHIoOYi pe4YoBMHU B KOHUeHTpauil Cj,=
300 MrBCKnosn/aM® Ta HagXoAATb Ha MOCAILOBHY 06PO6GKY B aHOKCUAHO-
My 1 aepobHoMy GiopeaKTopax, BUKOHAHO KOMMEKCHUN YNCENTbHUN eK-
CMEePUMEHT 3 OLIHKWN 3aNeXHOCTi KOHUEHTpauil opraHiyHux 3abpypHtoto-
YMX PEYOBMH Bif TpMBanocTi 06pobkn B aepobHMX yMOBax Ta KoedilieH-
Ta BHYTPILLIHbLOT PeLMPKYNALLIT Myn0BOI CyMilli Npu fo3i Myny a,=2 r/om’,
P.. = 85 MIBCKoew/aM®; K = 0,625 mMr0,/am’, B, =0,4, b,,=0,62, KoHue-
HTpauil po3ynMHeHoro OKcUreHy B MyJlI0BiM CyMilli aHOKCUAHOro H6iopeak-
Topa 0,1 MrO,/am°, KoHLeHTpaLi po3unHeHoro OKCUIeHy B MYJOBIN Cy-
MiLui aepo6Horo Giopeaktopa 2 MrO,/aM°, KOHLEHTpaLi HiITpaTie B MyJio-
BiM cyMiwi b mMrN-NO5 ™'/ gm? (puc. 2).

B pe3ynbTaTti NpoBEeAEHOro YNCENTbHOrO eKCNEePMMEHTY BCTaHOBJE-
HO, Wo 36inbweHHA TpuBanocTi 06pobku CTiYHUX BOA B aepobHuMx Biope-
AKTOpax [03BOJISE 3aCTOCYBATU MEHLWI KOediliEHTN BHYTPIWHbBOI peuunp-
Kynsuil MynoBol CyMiwi ansg epeKTUBHOro BUAANEHHS 3i CTIYHMX BOA Op-
raHiYHMX 3a6PYyQHIOYNX PEYOBUH.
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KoHLeHTpaLlis po34YnHEHNX OpraHiuHNnX

3abpyaHIciounx pevoBuH, MrbC

50

15
0

KoediljieHT BHYTPIlHEOT peLWpKynALi MynoBoT cymMilli, yacT. of.

Puc. 2. 3ane»HoCTi KOHLEHTpaLii pO3YMHEHUX OpPraHiYHMX 3abpyQHIOOUYMX pe-
yoBUH 3a BCK, oz, Bifl KoedilieHTa BHYTPILLHbOT peLuMpKynsaLil MyoBoi cyMmilwi Ta
TpueanocTti 06pobku B aHokcuaHux (0,5 rog.) Ta aepobHMX
biopeakTopax: 1 -0,5ron; 2-1rop; 3-1,5ron; 4-2ropm; 5 - 2,5 rog;
6-3rom; 7-3,5ron; 8- 4rop,

CTyniHb BMBANeHHs OpPraHidyHMX 3abpyAHIOKYMX PEYOBUH TAKOX
3aNeXMuTb i Big TPUBANOCTi 06poOKM CTIYHUX BOA, B aHOKCMAHMX YMOBaX
(puc. 3).

B pe3ynbTaTti YNCENbHOr0 eKCNePUMEHTY BCTAaHOBMEHO, WO 36iNb-
LWEeHHS TPMBANOCTi 06POOKMN CTIYHMX BOA B aHOKCMOHMX YMOBAX, Hanpu-
Knag, B ABa pa3u, A03BONSE ePeKTUBHO BUOANATU OpPraHiyHi 3abpyaHio-
I04i PEYOBUHMU 3i CTIYHMX BOA NPU 3HMKEHHI 3HAYeHHS KoediuieHTa pe-
umMpkynauii no 48% (puc. 3).

Ha cTyniHb BUAaneHHs opraHiyHMXx 3abpyaHIOYNX PEYOBMH TaKOX
BMJIMBAE KOHLEHTPALiA HITPATiB B MYJIOBIN CyMiwWi, WO HagxoauTb A0
aHOKCcMAHoOro 6iopeakTopa Bif aepobHOro 3a paxyHOK HIiTPAaTHOro peunk-
ny (puc. 4).
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KoechiLeHT BHYTPILLIHLCT peLMpKyNALT MYNOBGT cyMilLi, YacT. of,
Puc. 3. 3anexHoCTi KOHLEHTpaLii pO3YMHEHUX OpPraHiYHMX 3abpyQHIOUYMX pe-
yoBUH 3a BCK, oz, Bifl KoedilieHTa BHYTPILLHbOT peLuMpKynsaLil My10Boi cyMmilwi Ta
TpuBanocTti 06po6KM B aepobHuUX (2 roa) Ta aHOKCUAHMUX
biopeakTtopax (rom): 1-0,5;2-1;3-1,5;4-2
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3a pe3ynbTaTaMn NPOBEOEHOr0 €KCMNEePUMEHTY YCTAaHOBJIEHO, LU0
36iNblUIEHHS KOHLEHTpaLIl HiITpaTiB B aHOKCMAQHOMY peaKTopi, Hanpuknag
B 10 pasiB (3 1 Mr/,cl,M3 no 10 MF/,D,M3), NPU3BOANTL OO0 3POCTAHHSA CTyNeHs
BUOANEHHS OPraHiYHMX 3a0pyAHIOYMX PEYOBUH 3i CTIYHMX BOL, MpwU
3MeHLEHHI 3Ha4yeHHs KoediuieHTa BHYTPIWHbOI peumpkynauii go 16%
(puc. 4).
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KoedilieHT BHYTPIlLHBOT peLpkynai Mynosol cymili, yacT. o,
Puc. 4. 3aneXKHOCTi KOHUEHTPaLIl PO3YMHEHNX OPraHiYHNX 3abpyaHIoUmMX pe-
yoBuH 3a BCK, s Npu TpuBanocti 06pobku B aepobHUx (2 roa) Ta aHOKCUAOHUX
(0,5 ron) 6iopeakTopax Bia KoediuieHTa BHYTPIWHbOT peunpKynaLii MysoBoi cy-
Millli Ta KOHLEeHTpaLii HiTpaTiB B MyJI0Bil CyMilli (MrN-NO;3 '/ aMm?):
1-0,1;2-1;3-10

OuiHKY CTyneHs BWAaneHHs OpraHiyHMX 3abpyaHIOYMX PEeYOBWH
NPOBEAEHO LWIAXOM YMCENbHOro eKCnepuMeHTy, BignoeigHo go (8) Ta (9),
NpPM KOHLEHTPaUil HiTpaTiB B My/I0BiN CyMiwi 5 MrN-NO;'/am® Ta 3MiHi
KOHLEHTpaLUil CUHTEeTMYHUX [OeTepreHTiB B CTiYHiM Boai Big 0 po
20 mr/am3 (puc. 5).
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KoedpilieHT BHyTRILIHBOT peLipkynsLlii MynoBoT cymilui, uacT. o,
Puc. 5. 3anexHoCTi KOHLEHTpaLii pO3YMHEHUX OpPraHiYHMX 3abpyQHIOOUYMX pe-
yoBuH 3a BCK, s Npu TpuBanocti 06pobku B aepobHUx (2 roa) Ta aHOKCUAOHUX
(0,5 ron) 6iopeakTopax Bia KoediuieHTa BHYTPIWHbOT peunpKynaLii MysioBoi cy-
Millli Ta KOHLEHTpaLil CUHTETUYHNX OETEPreHTIB B MyJI0Bil CyMilli (MF/,D,M3)Z
1-0;2-5;3-10;4-15;5-20
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3a pe3ynbTaTaMu MNPOBEAEHOr0 EKCNEPUMEHTY BCTAHOBJIEHO, LUO
3POCTaHHSA KOHUEHTpaUil CUHTETUYHNX OEeTepreHTiB NPU3BOAUTL OO He-
0b6xigHOCTi 36inbweHHa KoedilieHTa BHYTPIWHBbOI peunpKynsauil ons go-
CAFHEHHS MOBHOro 6ioNOriYHOro0 OYMLLEHHA CTiYHMX Bopg (puc. 5). Tak,
3POCTaHHSA KOHUEHTpaUil cuHTeTn4HMx getepreHTtie 30 go 10 mr/om® no-
Tpebye 30iNblIeHHS 3HaYeHHS KoediuieHTa BHYTPIWHbLOI peunprynauil
0o 45%.

06roBopeHHs pe3ynbTaTiB. 32 pe3ynbTaTaMu KOMMJIEKCHOMO Yuce-
JIbHOTO eKCMEePUMEHTY 3 OYULLEHHS CTIYHMX BOA, WO MICTATb CUHTETUYHI
OEeTepreHTH, Bid opraHiYHMX 3abpyaHIOYNX PeYoBUH B BiopeakTopax i3
AHOKCMAHMMW 1 aepOBHMMN YMOBAMWN BCTAHOBMEHO, WO JOCATHEHHS MNo-
BHOro 6ionoriYyHOro OYMLEeHHS CTiYHUX Bopg 3abe3nedvyeTbcsa 36inblIeH-
HAM KoediuieHTa BHYTPIWHbBOI pPeunpKynsauil, 3poCTaHHAM TPUBANOCTI
06pobkK cTiyHMX BOoA B BGiopeakTopax. 3pOCTaHHS KOHUEHTpaLil CUHTe-
TUYHUX OETEPreHTIiB HEraTMBHO Bigo6pa)KaeTbcs Ha npouecax bionoriy-
HOr0 OYMLLEHHS CTIYHMX BOQA, Bif, OPraHiYHMX 3abpyaHIOYNX PEYOBUH i
NpM3BOANTbL A0 HeobXxigHOCTI 36iNnbleHHSA KoedilieHTa BHYTPILWHbLOI pe-
LMpKynauil.

BucHoBKU. 3pocTaHHA ePeKTUBHOCTI BIONOriYHOrO OYMLLEHHS CTid-
HUX BOA Bif OpraHiyHMX 3abpyOHOYNX PEYOBUH OOCATAETLCS 33 paxy-
HOK 36inblleHHs KoediluieHTa BHYTPIWHbOI peuupKynsuil, BPaxoByl4n
iHFiOyBaHHA CMHTETUYHUMM OeTepreHTaMu npoueciB 6ionoriyHoro oym-
LWeHHsA B GiopeakTopax i3 pPi3sHUMU KUCHEeBMMKU yMoBaMu. OgHak, noBHa
OLiHKA CTYMNeHS OYULLEHHS CTIYHMX BOQA Bif OpraHiyHUX 3abpypHo4Ymnx
pe4vyoBMH B BiopeaKTopax i3 pi3HUMM KUCHEBMMU YMOBAMM NOPYY i3 Bpa-
XyBaHHSM NMOKAa3HMKa HITPATHOro peuunkny notpebye BpaxyBaHHS Koedi-
LiEHTA pPeuMpKYyNaUil aKTUBHOIO Myny 3 BTOPMHHOIO BiACTINHUKA.
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EFFECT OF NITRATE RECYCLE AND SYNTHETIC DETERGENTS ON THE
EFFICIENCY OF BIOLOGICAL WASTEWATER TREATMENT

The results of complex numerical experiment on quantitative
parameters of the processes of biological treatment of wastewater
containing synthetic detergents from organic compounds in anoxic
and aerobic bioreactors are presented, taking into account the rate of
nitrate recycle. The decrease the internal recycle rate increase the
time of wastewater treatment in the bioreactors for achieve complete
biological wastewater treatment, but increase the rate of internal
recirculation in increase concentrations of synthetic detergents and
dissolved organic pollutants is showed.

Keywords: velocity, oxidation, technology, treatment, wastewater,
surfactants, nitrate recycle.
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BJINMAHUE HUTPATHOIO PELWIMKJTIA U CUHTETUYECKUX
OETEPTEHTOB HA 3®®EKTUBHOCTb EMOJIOTMYECKOW OYUCTKHU
CTO4YHbIX BOA

MpuBepeHbl pe3ynbTaTbl KOMMJIEKCHOIO YACIEHHOr0 3KCNEepPUMEHTa no
OLleHKe KOJIM4EeCTBEHHbIX NapaMeTpPoB NpoLeccoB 6M0N0rM4ecKomn oumn-
CTKM CTOYHbIX BOA, COAEPXALUMX CUHTETUYECKNE AeTepreHThbl, OT opra-
HUYECKUX 3arpsA3HALLMX BellecTB B aHOKCUAHbIX U a3po6HbIX Guope-
aKTopax € y4eToM CTeNeHn HUTpaTHoro peuunkna. NokasaHo, yto Ans
AOCTUXKEHUA NOTHOM GMONOrM4ecKom OHMCTKMU CTOYHbIX BOA, YMEHblLUe-
Hue Ko3pPpuumeHTa BHYTPEHHEN peunpKynsaumm TpebyeTt yBennyeHus
NPOAOIKUTENIbHOCTU 06paboTKM CTOUYHbIX BoA, B 6MopeaKTopax, a yBe-
nuyeHue KoappuumneHTa BHYTPEHHEN peuMpKynsunm Habnopaercsa
NP1 poCcTe KOHLEHTPaAUUU CUHTETUYECKUX AETEPreHTOB U PacCTBOPEH-
HbIX OPraHUYeCKUX 3arpA3HSAOLWMNX BELLeCTB.

KniouyeBble cs10Ba: CKOPOCTb, OKUC/IEHUE, TEXHONOTUA, O4UCTKA, CTOYHAA
BOAA, CAHTETUYECKMNE AieTepPreHTbl, HUTPATHbIA PeLUK.
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