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Teopernunmii aHa i3 MPOIECIB CyMICHOTO OUHINEHHS
CTIYHMX BO/I BiJl OpraHiYHHX 3a0Py/AHEHD i CIIOJIYK a30TY
B 0iopeakTopax 3 BHKOPHUCTAHHSIM OiOILIIBKOBUX MOJeJIei

IIpedcmasneno unenom-rxopecnondenmom HAH Ypainu O.4. Onitinuxom

3anpononosano mamemamuuni mMoOei ma Po3PaAxXYHKU NAPAMEMPIE CYMICHO20 GIOL02IUH020 OUUUECHIS CIIUHUX 600
610 opzanivnux 3a6pyonens i aMoHilHO20 azomy é 6iopeaKxmopax-aepomenkax 3 000amxKoeuUM 0OIAUMYEAHHIAM 8
ix 00’emi 3axpinaenozo Gioyenosy y euzisdi Gionrieku. Posznsuymo numanms, noé’sasani 3 popmysannsim zemepo-
2ennoi cmpykmypu Gioniexu i3 pisnux 6axmepiil i 00TPYHMOBAHO OAs NOOAILULOT peanizayii 6aIancosi PieHsHHS.
3 KIHeMUuuHUMU PeaKUisMU, W0 ONUCYIOMb CYMICHE GUNYUCHHS OP2AHIUHUX 3a0pYyOHens 1 asomy 6 6ioniieui 3 epa-
XYBAHHSM KUCHEB020 pedcuMy. B pesyrvmami peanizauii pospobienux mooenei is 6paxyeanisam Pisnux Gaxmopie
BNAUBY HA NPOUECU CYMICHOZ0 OUUUEHHS. OPLAHIUHUX 3a0PYOHEeHD | A30MYy 3anponoHO8ai pexomenoauii no pospa-
XYHKY NAPAMEMPIE CYMICHO20 OUULCHHS, 30KPEMA, BCMAHOBNEHT ZPAHUYHI YMOBU ICHYB8ANHA nompibHux 6axmepiil,
npu AKUX 8106YBAEMBCSL OOHOUACHE BUNYUCHIS OP2ANIUHUX 3a0PYOnens | a30my, 1 AKull i3 cyOCmpPamio op2aniuHux
3a6pyonen, azom uu Kucenv 6yoe JMIMyeamu nPouec OUUUEeHHSL.

Kniouosi caoea: cymicre ouuyenis, Cnoayku Op2aniviux 3aopyonenn, asom, Kucers, Mo0ei, GlonieKa, Konyem-
mpauii, baxmepii, 6iopeaxmop-aepomenx.

B cydacHMX yMOBax B MPAKTHIl OUUIIEHHS CTITHUX BOJI Bi opraHiuyamnx 3a6pyaaens (O3) ta cro-
ayk azory (N) 3acTOCOBYIOThCS niepeBaskHO Oiosoriuni metoau [1—3]. OcobiuBicTh TAKOTO OUH-
IIEHHS B iICHYIOUNX GiopeakTopax ImoJsirae B Tomy, 1o Buaydenns O3 i N BizOyBaeThCs sIK OKpe-
muii miportec. Y 1boMy Bunaaky BusrydeHast O3 i N 3BaskeHUM 6io11eHO30M (aKTHUBHUM MYJIOM )
MIPOXOJINTH B aePOTEHKAX-3MIlllyBayax i aepoOTeHKax-BUTHCKyBadax. AHaJIi3 IX poOOTH MOKa3as,
1110 e(DEeKTUBHICTH OUUIIIEHHS B HUX MOKHA 3HAYHO 301JIBIIATH 0ATKOBUM OOJIAIITYBAHHIM B iX
00’eMi 3aBaHTaKEHHSI Y BUTJISII PI3HUX CITOK, HACA/KIB TOIIO, HA TIOBEPXHI SIKUX YTBOPIOIOTHCS
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610TLTIBKY 3 BUCOKOIO KOHIIEHTPAITIEI0 MiKpOOpraHiamiB (3akpirenuii 6iorenos). /lesiki pe3yib-
TaTU JIOCTIIZKEHHST OKPEMOTO OYHUIIEHHsT CTiYHUX BoJ Bij 3a6pyaHens O3 i N, siki IpoBOMINCH
OKPEMO B aepoTeHKaX-3MilllyBavyax i3 3akpirieHuM 6iolieHo30M, HaBezieHi B poboTax [4—6]. B Hux
TOKa3aHe 3HaYHe MiBUIIeHHsT e(eKTUBHOCTI IX POOOTH [IJIsT TAHUX YMOB.

JleranbHuit aHAITI3 POOOTH aePOTEHKIB 3 I0IATKOBUM 3aKPITJIEHNM GiOI[eHO30M, a TaKOXK Pi3-
HUX GIOPeaKTopiB 1 IX TEXHIYHUX MOKJIUBOCTEN TTIOKa3aB JOIIIbHICTh CTBOPEHHST IHINX TEXHIUHUX
YMOB, 30KpeMa, B HalOiIbII HOIMUPEHUX Ha IPAKTUIN OiopeakTopax-aepoTeHKaX — MOKJIUBICTh
cymicHoro Busrydertst O3 1 N 3BasKeHUM i, TOJIOBHE, 3aKpilIeHIM 6iolleH030M. B 11boMy BUIIA/IKY,
HAIPUKJIAJI, APOTEHKU-3MIIITyBavi HEOOXITHO TEXHIYHO OOJIAIITOBYBATH Y BUTJISI/I TPHOX CEKIIii, B
KOJKHIl i3 sikux BinOyBaeThest ountiendst O3 i N 3a 06rpyHTOBaHUMYU TPhOMA CTaistMu. [1pu 1ipomy
TOJIOBHUM TEXHIYHUM ITPOIECOM OUYMIIIEHHSI € Te, 1110 cyMicHe BustydenHst O3 i N BiOyBaeThest B O/1-
HOMY PeaKTOpi MPH 3HAXO/KEHHI B HOro 00’eMi Takok 3BakeHOT0 6io1ieH03y (aKTUBHOTO MyJ1y). Y
BUTMA/IKY, KOJIH Ha Gi0JI0TiYHe OUMIIEeHHST HAIXOISTh B Oi0peakTop CTiuHi BOHU, 3a0pPY/IHEH] OpraHiv-
HUMHK PEYOBUHAMU 1 CIIOJTyKaMK aMOHIITHOTO a30TY, TO, sIK IpaBuJio, koHmenTpaiis O3 L Oye 3Ha-
4HO OisbIoT0, Hisk KoHIeHTpattist N. ToMy 3 pisHUX NpUYWH, sIKi Oy/IyTh 3a3HaY€Hi s, B MepIiii
cekitii GiopeakTopa-amirryBada ipu L >> N susrydennst N (HiTpudikariiisi) ve BigdyBaerbest. Hee-
Jimka yactuHa HeBuiydeHoro O3 pasom 3 N HaZIXOSATh Y IPYTY CEKINiIO, B SKiif OJHOYACHO BUJTyYa-
1otbest N i O3. B Tperiii cekitii peaktopa O3 MPakTUUHO MOBHICTIO BUJTYYEHO 1 BUJTYYAEThCS TITBKU
N (sitpudikaitis). IIpu 1pomy npoiecu 6iosoridnoro ouninerss Big O3 i N Maiike y BCix BUIA-
Kax noBunHi 6yTH 3a6esnedeni O, B ocTaTHiil KimbKkocti. JlocuThb IpyHTOBHI HayKOBi pe3y/IbTaTh 3
PO3POOKH METO/IIB PO3PaXyHKY TEXHOJIOTTYHUX TTapaMeTPiB OKPeMOro ouutieHHs iz croayk O3 1N
B aepOTeHKax-3MilllyBayax, sika BiOyBaeTbcs B cekiligx 11 3, HaBeseni, 30kpema, B poborax [4—6].

B ymoBax cymicaoro suydertst O3 i N sakpirieHnm GiolleHO30M Ha PI3HOMY 3aBaHTasKeHHI
(hopMy€EThCST CKITajiHA TeTepOreHHa CTPYKTypa GiOTUIiBKH, 1110 MicTHTH pi3Hi GakTepil. Tak, 6iskde 10
HOBEPXHi GIOTUIBKHM, a came, py Busty4derHi O3 BOHA CKIIAIAEThC 13 reTepoTpodHIX OaKTepiii, a 1pu
Butyderti N — i3 aBrorpopHux Gakrepiil. BuB4eHHS TeMITiB IX 3pOCTaHHST, PO3TAIIlyBaHHS Ta B3aEMO-
Jii B yMOBax aepOOHUX IPOIIECIB OYMIIEHHS TOIIO MOTPEOYIOTh OKPEMUX JOC/IKEHb, 3a3HaAYMO, IO
KOHIIeHTpaIlist aBToTpodHIx OakTepiit X  Oy/ie 3HAUHO MEHIIION0, Hi’k KOHIIEHTPAILisl TeTepoTpOodhHUX
Gaxrepiit Xy i 3 pisHUX IPUYKMH aBTOTPOGU PO3TAIIOBYIOTBCS B HYIDKHII YacTHHI GiOILIiBKUL

Ha Biaminy Big okpemoro susydenast O3 i N, posriistHyToro, HalpukJiaz, B poborax [5, 6], B
TIepITiil i TpeTiil cekiisx mpoiecu cyMicHoro Buirydenast O3 i N B yMoBax reTeporeHHoi cTpyk-
TypH OiOIUTIBKY i3 Pi3HUX OaKTepiil XapaKTepu3yIThCsT ICTOTHUMU 0COOJIMBOCTSIMU TI0/I0 3a6€3-
neyenns ounmenus O,. Tomy 1e morpebye 01aTKOBOrO BUBYEHHS B OOTPYHTYBaHHI Ha/iiiHIX
OIIIHOK 1 HeoOXiHUX KpuTepiiB. OMHUM i3 Ba)KJIUBUX IUTaHb B I[bOMY BHUIAKY Oy/ie BU3HAYEH-
nsa xommnonentis O3, N, un O, i ymMoB, 3a axux Gyze ximitTyBaTn 11eii npoiec ounntenns. To6-
TO, TOTPIOHO OIIHWTH i BpaXyBaTH B3aEMOJIi0 TPhOX CyOCTpariB, a came: PO3YMHEHUIT KUCEHb,
posumHeHi opraniusi peyoBunu i amoniit N. [Ipu mpomy, stk Gy/te mokaszaHo gaiti, 6Lkl aKTUBHI
rereporpodHi OakTepil MOKYTh 3pOCTAaTH 3a ABOX PI3HMX YMOB B CEKI[l 2, a came, B aepOOHUX
i aHokcHYHMX yMoBax. IIpu 1boMy zjist GiabIIOCTI reTepoTpodHUX GaKkTepiil IS X 3pOCTAHHS
npu BusrydeHHi O3 KMCeHb € OCHOBHUM i 32 OTO HAsIBHOCTI B JIOCTATHIN KiJTbKOCTI aHOKCUTHOTO
npotecy (meHitpudikaiii) npu Buaydenni O3 maiixke He BinOyBaeTbes. Tak, BCTAaHOBJIEHO, 110
CIIOYATKY Y BepXHiil AisHIl OiommiBky BuaydaoThes O3 3a paxyHOK KMCHIO, a B HUSKHIN [iJISTHIT
6iJ1s1 T OCHOBH, SIK TIPABUJIO, 4ACTO MAEMO GE3KMCHEBY 30HY, B sIKiil crioyku O3 BUIIyYalOThCsT 32
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paxyHok HitpaTiB NO,. 3a3Haunmo, 1o /711 yTBOPEHHS HITPaTiB KMCEHb, K TOHOD, 3a3/la/lerilb
3abesreuye mpoiiec AeHiTpudikaiii B peakTopi.

Ha mizcrasi mpoBeeHoro aHasiisy MOKHa 3pOOUTH HACTYITHUI BasKJIMBHIT BECHOBOK: ITPOIIECH,
sIKi BiZIOyBarOThCsl B GIOILIIBII TIPM CYMICHOMY OYMINEHHI, TIOB’s13aHi 31 3pOCTaHHIM KOHKYPEHIIii
Mizk GakTepisimu reTepoTpodami i aBToTpohamu B 60poTh0i 3a KrceHb. ToMmy retepoTpodu, siki po3-
TAIIOBYIOTHCS Y BEPXHiil YacThHi GIOMIIiBKH, 3HAYHO GiibIie moTpeOyITh KUCHIO, HiK aBTOTpodH,
SIKI BUKOPMCTOBYIOTh HE3HAYHY YACTUHY KUCHIO, 10 TIPOMIIOB Yepes miap retepoTpoGHux bakTepiii
i, stk Gy/1e MoKas3aHo JaJIi, Ba BUAM OaKTepiii MOJKYTh iCHYBaTH TIPU HE3HAYHUX KOHIeHTpallisx O3.

Taknm uiHOM, MOKHA CTBEP/KYBATH, IO METO/IN PO3PAXyHKY MapaMeTPiB CyMiCHOTO OUMIIeH-
HSI CTIYHKX BOJI 3aKPirieHrM 6iorieHO30M (6i0TIIBKO0 ) HAMOLIBII TPEIMETHO 1 TPYHTOBHO MOKYTh
GyTr po3pobJieHi Ha IiICTaBi JIMIIe 3araJibHUX MaTeMaTHYHUX Mozesieil. [Ipy ckiazaHHi Takux Mo-
JIeJieid, B TIepIity uepry, HeoOXiIHO 3BEePHYTH yBary Ha OOTPYHTYBAHHS CKJIA/[HOI F€TePOTeHHOI CTPYK-
Typu OIOTLTIBKY i3 Pi3HUX GAKTepiii, IX TeOMETPUIHUX PO3MIpIB i po3TalntyBaHHs B 06'eMi OiOTUTIBKH.
ITeBHi pexoMeHallii 3 BUSHAYEHH 3a3HaYeHNX (DaKTOPIB MOKHA 3HaiTH B poboTax [5—7].

Maremarnyna ominka eeKTUBHOCTI poOOTH TaKKX GIOIIIBOK IOJISATAE y peastizailii banaHco-
BUX PIBHSIHbB 3 KIHETHUHUMHK PEAKIIisSIMHU, SIKi OTHCy0Th cyMicHe BusrydeHHss O3 i N B 6iomuriBiii 3
BpaxyBaHHSIM KHCHEBOTO PesKUMY. B 11X piBHSHHSIX MOBUHEH OYTHU Bi0OpaskeHMiT i BpaxoBaHUI
macoBuii 6ananc aminn pedosun O3, N i O, B 6iomriBii.

B zarambrOMy Bumajiky KiHeTrnKa (IMTBUJIKICTh) peaKIliii TpU CyMiCHOMY BUJIYYeHHI TE€TEPO-
TeHHOIO Oi0TLTIBKOIO 3 pisHnM GioteHo3oM 3a6pyanerb O3 i N mpu 3abe3nedeHHi mporecy KuCHeM
B CEKIIii 2 Ma€ HACTYTHUI BUTJIS]T

1. AepobGue 3pocTanHs reTepoTpodHUX Mikpoopratismis (Bumyuerts O3)

L C N

Ry =V : :
Vi Tl e T K¢, +C Ky+N

Jie 3HaueHHS BIIIOBIIHNX cTeXioMeTpruuHuX KoedilieHTis V)  1pu BU3HAUYEHHI PO3paXyHKOBUX
1

konuenrpauiit L,C, N, X npuiimaersca Tak: npu R; =L maemo V =—Y—; npu R, =C maemo

Y, -1
VC —__C ; IIpn RN =N Maemo VN :_iN;HpH RXL =XL MaeMo VXL =1.

C . .
2. AHOKCcHU/IHE 3poCcTaHHs reTepoTpodHUX MiKpoopraHiamis (Buydentst O3)

K Nyo
R, =p,—~—2—1,Vyo., 2
a = DPL C Ko, +No, Nz VNo, (2)

e NN03 — KOHIEHTPpalllA HITPaTy, [IPY BU3HAYE€HHI SAKO1 BUKOPHUCTOBYETbHCSA PIBHAHHSA

Vi =—& = 3

Ny = 0,5 — aHokcuaHMi (3MeHIIy04nit) paxTop.
3. AepobHe 3pocTaHHs aBTOTPOGHUX MiKpoOpraHiaMiB (HiTpubikailis BUIyYeHHs] aMOHIiTHO-
ro azory N—NH} aBrorpodHiME MiKpoOpraHi3aMamMu KoHIeHTpalien X y )
N C
=Wk, Xy-
MKy+N K. +C
N

Ry, (4)
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AK 1 B monepesiHbOMY BUTIA/IKY, TPY BU3HAYEHHI Bi/[ITOBIIHUX PO3PAXyHKOBUX KOHIIEHTPAITiid
Yy —3,43 1
_ . _ INT9Ho, _
npu Ry Maemo Vy =—iy v upu R maemo Vo =—————;1upu Ryo, Maemo Vyo, =——

Y.
N | N . . N
mpu Ry, TOOTO TIPU BU3HAYEHHI KOHIIEHTPAIlii aBTOTPO(HUX MIKPOOPraHi3MiB KOHIIEHTPAIIi€10

X\, IpuiiMaeMo VXN =1.

[TpoBenieHnii aHasli3 HaBe/leHUX PIBHSIHDb KiHETUYHUX PeakKiliil Mmokasas, 110 1pU BUKOHAHHI
IH)KEHEePHUX PO3PAXYHKIB 1X MOKHA JIENIO CIIPOCTUTH 1 I TOAAJBIITNX PO3PaXyHKIB 1 aHai3y
3aCTOCOBYBATH y TAKOMY BUTJISI/LI:

L C

i

R, =V . X,
Vi XumaXL KL +L KC+C L (5)
ooy vy (Vi) |
ne Vy =V =7 npu BusHavenHi L; Vy =V =—————— Npy BUSHAYEHH] KICHIO,
L LO,
L Nyo K¢
R =Vl e T K N Ko sC L
L NO; No; ¢ (6)
neV, =V ——in v BusHauenui L, V. =V ——“_—YI‘)
Y ar YL p v Ty NO; 2,86-YL :

[Tpu BUKOpPHCTAHHI 3a3HAYE€HUX BHIIEe KIHETUYHUX PIBHSIHD Oe3ocepeHbo HeOOXiTHO Bpa-
XOBYBaTH 3MeHIIEHHsT 6ioMacu B GIiOIUIIBII 3a paXyHOK ii posmaay (iHaKTHBAIli i eHJ0reHHOI
pecripariii auxanss). Tak, B poborax [8—10] 1jist BU3HAUEHHS 1IbOTO TIPOIECY MTPH CYMiCHOMY
BusydeHHi L i N B IpakTUUHUX po3paxyHKaxX MPOIOHYIOThCS HACTYITHI 3aJI€5KHOCTI O3y reTe-
porpodis R; Bix X

posnazy aBToTpodiB Ry Bin Xy,

(3HaueHHs KOHCTAHT by i by HaBeneHo, 30kpema, B pobdoTtax [1, 2]).

B po6orti [1] B sikocTi npuKkIaay HaBeieHi pedyabratu cymicHoro ouninerss Big O3 i N B
CEKINisIX peakTopa 3 KpynHuME auckamu (tabm. 1). B mepuriii cekii HiTpudikaiist Maiixke He
BiZOYBA€ETHCS Yepes HassBHICTh 3HAYHOI KoHTeHTpartii O3 1 3a gac 11 BUIyYeHHs 3aTUITAETHCST Ha-
CTUIBKU 3HAYHOTO, IO TPOIeCH HiTpubiKailii e He MOXKYTh BifOyBaTuch. B ipyriii cexiiii Bury-
gennst O3 i N mpoxoauts napanesbho. TyT st 3abe3nedeHus mporeciB Buirydenns sk O3, tak
i N, motpiben kucHeBuii peskuM. B Tperiii cekii peaktopa O3 MpakKTUYHO TOBHICTIO BUJIYYEHO,
MPOXOANTH TIIBKY Mpoliec HiTpudikarii, skuii Moske 6yTr 0OMeKEHIiT KIMCHEM 1 TOMY OBUHEH
OyTu 3abe3neyeHuil HUM TTOBHICTIO. MOK/IMBe iCHYBaHHS J0JaTKOBOI YeTBEPTOI CEKIlil, B SKiil
koHuenTpaiis amonito NH; —N 6y/e HACTI/IbKU HE3HAYHOO, 110 HIBU/KICTD mpoIiecy Bike Oye
JIIMITYBaTHUCh He KMCHEM, a aMOHIEM.

Taknm ynHOM, B 3a3HAYeHNX yMOBax cymicHoro ountienns Bif O3 i N KOHIIeHTparlisl aMOHi0
amenumach 3 25,0 no 0,6 rNH; —N /MS, a xouienrpais mirpary NOj 36iabmmacs 3 1,0 1o
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LBHK LBHK >5

>5, aB 2-1 cexuil
Oy 0,
<0,4 . I1ji BigHOIEHHST YTy Th BUKO-

19,8rNO; —=N /MS. Kpim Toro, B 1-i1 cek1iii MaeMo BiHOIIEHHS

Ny, N\, H,

>(0,4,aB4-11 cekl

>0,4 , B 3-11 cekiii
0O, . . 0, .. 0,
pHCTaHi Py BU3HAYEHHI KOMITOHEHTY, 1110 JiimMiTye mpoitec okncHerHs (BIIK = 0,80 XIIK).

B 3arajbHOMY BUIIAJIKy Ha IIPOIIECH i MeXaHi3MU OUHMIINEHHS CTIYHIX BOJI 3aKpiljieHnuM Giolle-
HO30M 3HAYHO BIIMBAIOTh pH (JIysKHICTB), TeMIlepaTypa i HasIBHICTb B CTIUHIHN BO/II TOKCUIHUX
i IHIIUX PEYOBUH, sIKi iHTIOYIOTH (TaIbMYIOTD) TIPOIleC OunIeHHs. /lestKi muTaHHs, MOB’sI3aHi i3
BpaxyBaHHSM 3a3HaueHUX (DaKTOPIB IIPU peasti3allil piBHIHb KIHETUYHNX PEaKIliil TPU CyMiCHOMY
ountierni crivaux Boj Bix O3 1 N HaBeseni, Hanpukiaz, B poborax [1, 7, 10].

B okpemux Bumnazikax KOMyHaJbHi CTI4HI BOAM MOXKYTb MICTUTH PEUYOBHUHHU, 30KpeMa, opra-
HIYHOTO MOXOJIKEHHSI, SIKi 32 CBOIMU po3MipamMy He MOXKYTh AudyHIyBaTn (Toctymarn) B 6io-
iiBky. ToMy yMOBHi BHJIy4eHHs HeIU(YHIOBAHUX PEYOBUH MOTPIGHO TIPOBECTH PO3KJIAIAHHIM
iX /10 peYyoBMH, SIKi MOXKYTh AUMYHAYBATH BCepeArHy GIOMIIBKM, e BOHU OYAyTh BUIYYEHI i
yac OKMCHeHHs. Take BHYTPIIIHbOKJIITUHHE PO3KJIQIaHHS HA3UBAIOTh 3araJIbHUM TePMiHOM “Tiji-
pouiz” [1]. Cirix 3a3HaYUTH, IO ICHYIOTH OCOOJNBOCTI BpaxXyBaHHSI IIPOIIECY TiIPOJTi3y 3BaKEHNM
6io11eH030M (aKTHUBHKMM MYJIOM) i 3aKpirienum 6ioreHozoM (biomtiskoio) (aus. pobotu [9, 10]).
3a HeoOXiHOCTI MPOIECH TiIPOJIi3y MOKYTh Oy TH BpaXOBaHi IPU CyMiCHOMY OYMIIEHHI CTIYHUX
BoJ1 Bijt crionyk O3 i N nipu okpemomy ountierHi Biff criosyk O3 i N B cexmigx 113 [1, 10].

3a pesyJisTaTaMu IIPOBE/ICHOTO aHaJIi3y MOXKHA KOHCTATyBaTH, 1110 B CEKIIil 2 TP CyMiCHOMY BU-
ayderti O3 i N BigOyBalOThCst 3HAUHO CKJIALHIIT KOHBEPCIITHI ITPOIecH Y MOPIBHSHHI 3 TIpoliecaMiu
IIpH iX OKpeMoMy BHUJIyueHHIO B cekiisix 11 3. Tak, npu cymicHomy ountnierni O3 i N 7151 3pocTan-
st rereporpoduux (X, ) i aBrorpoduux (X,) 6akrepiii B 3aralbHOMY BHITAJIKY HOTPIOHO OIiHUTH
i BpaxyBaTH B3a€MOIiI0 TPHOX cyOcTpartiB, a came: pozuntennii O,, po3unHeHi opraHiyHi peqyoBHHI
KOHIleHTpalti€to L i amoHiil koHteHTpaitieio N. JK yske 3a3Ha4anioch, B 1IbOMY BUIIQJIKY [TPOIIECH, SIKi
BizOyBaroThCsI B GiOILIIBII, 3yMOBJIEH] IIePeBaKHO 3POCTAHHSAM KOHKYPEHIIIl MizK GaKTepisMI reTepo-

i

Tabnuys 1
Q BI/ITpaTa,' NE /106a 40000 Cexaniiz
PELUPKYJIALLA 1 2 3 4

O6’eMm M CriuHa Boja 100 100 100 100
IL101ma moBepxHi M 30000 30000 30000 30000
Kya 1/n06a 600 600 600 600
0, /M 2,0 63 74 7,7 93
XIIK posunsene /™’ 150 34,7 7.9 2,1 1,5
NH, - N v/’ 25,0 20,1 11,8 2,7 0,6
NO, - N /M 0,5 0,5 0,5 0,3 0,2
NO, - N r/m’ 1,0 0,6 7.9 17,2 19.8
HCO, Moith,/ M 6,0 5,7 4,6 33 29
XIIK ineprie /v’ 30,0 32,9 34,2 35,3 30,1
Tereporpodua Giomaca r/M3 120 107 1751 170,6 163,0
Hitpocomonac r/M3 0,0 0,1 0,1 0,1 0,1
HirpoGaxrep /™ 0,1 0,0 0,0 0,0 0,0
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tpoamu i aBroTpodamu B 60poThOi 32 KHceHb. ToMy iCTOTHUM TIUTAHHSIM, TIOB'SI3aHUM 3 MITPAITi€io
KHCHIO BCEPEIMHI CKJIAIHOI CTPYKTYPH GIOTTIBKY, € BUBYECHHST TEMIIB 3DOCTAHHS i PO3TAIIlyBaHHST
rerepoTpoHIX i aBTOTpodHUX OakTepiii B 06’'emi GiomriBk. Tak, 1K 3a3HAYAI0CH BUIIIE, TeTEPOTPOd-
Hi GakTepii 3i 3HAYHOIO KOHIIEHTpaIli€lo X | PO3TAIIOBYIOThCS y BEPXHiil yacTiHi Oi0IIiBKY, TO BOHN
BUKOPUCTOBYIOTH OlJIbIlle KHCHIO, HiK aBTOTPO(MM 31 BHAYHO MEHIIO0 KOHIIEHTpatlieo X, ki OyayTh
BUTPAYATH HE3HAYHY YACTHHY KUCHIO, IO TIPOHIIIOB Yepe3 miap reteporpoduux daxrepiit. Ockinbku
KHCEHb BUTPAYAEThCS MEPEBAKHO HA OKUCHEHHS O3, TO iCHYBaHHS TeTepOTPOGHUX i aBTOTPOHUX
GakTepiil MOJKJIMBE TIIBKK TO, KoJi BustydeHHst O3 Gy/ie 00MeKyBaTHCh MepeBaskKHO KOHI[EHTPAITi-
ero O3, a ve kucuem. Takuii BB O3 npu cymicaomy Butyderni O3 i N B 6iopeaktopi 3 6i0ILTBKOIO
B OCHOBHOMY MO;KHA TIOSICHUTH THM (DaKTOPOM, IO KiJIBKICTb KUCHIO, SIKUH TTPOXOUTDH Yepes Tap
rerepoTpodiB, 3MEHIIYEThCst 31 30iabieHHsIM O3 B peakTopi i Bce MeHIIe KMCHIO 3aJIMIIAEThCsT ISk
aBroTpodHux 6akrepiit. Ha mizcTasi mpoBeieHOro aHaisy MoyKHa 3pOOUTH BayKIMBHIT BUCHOBOK: ITPU
cymicrnomy ounttenni O3 i N nporec Burydenns N Oyze gimitysatics O, i O3, To6TO, IPH BICOKHX
KoHtteHTpaitisix O3 BUIydeHHst aMOHIHHOTO a30Ty N BizOyBaruch He Oyze. Tak, BCTaHOBJIEHO, 110 3a
YMOB JIOCTaTHBOTO 3abe3nederts mpoiiecy okucHernst O3 rpaHnyHi 3HaueHHst KoHrenTpaitit O3 Ha

10BepXHi GiONIIBKI HAGIHKEHO Bi/IMOBIAIOTH BiHoleHHI0 —> > 5 . TIpn konnentpartii B 6iormibii

MeHIIIe TPAHUYHUX 3HAYeHb MOXKYTh iICHYBaTH reTepoTpodHi iSaBTOTpO(bHi GakTepil i BinOyBaeTbCs
onnouvacte Busrydenast O3 i N. Tak, B po6orax [ 1, 2] rpasnyHi 3HaY€HHST KOHI[EHTpaITii L IpriiMaInch
BinosiaHo pisanmu 30, 33, 35 MrXITK /i1 IIpu cymicHomy Bustydenni O3 i N notoku 3abpyiHens I
i Iy, AIKi HAIXO/ATD B O10ILIIBKY, y 3araJIbHOMY BHIIQJIKY 3aJIeKaTh Bijt iX KoHIeHTpartii L, To6T0, 3Ha-
uenHst TOTOKy I} B GiotutiBky Oy/ie 3aseskaTy Bijf sHaYeHHsI HOTOKY [ B GiOILIBKY, IIPO 1110 CBi/T4aTh
pe3yJIBTaTH eKCIIePUMEHTATBHIX JA0CIIiIKeHb, HaBeneHux y Tabir. 2 [10].

Hagezeni B Tabu1. 2 pe3ysibraTi 10CJIi/KeHb TOTOKIB [} 1 [y oaep:kaHi B yMOBaX 3MiHU KOH-
uenrtpanii Ly B Mexax Ly =4 — 20 mrN /. Crig BigsHauWTH, IO 3Ha4Y€HHA TMOTOKIB [y i Iy
O/lep’KaHo 32 YMOB BUKOPUCTAHHS KIHETUKHU Peakilii HyJbOBOTO MOPSIKY 32 BIICYTHOCTI JIMITY-
BaHHsI KUCHEM i HeBpaXyBaHHsI TPU BU3HAYEHHI TOTOKIB 30BHIIIIHLOTO MACOIIEPEHOCY CYyOCTPaTiB
yepes MOTpaHuYHUH 1map (PiIIMHHY TIJTiBKY ).

AJte i B 1IbOMY BUTIQJIKY Ha OCHOBI JaHUX Ta0JI. 2 MOKHA 3pOOUTH BUCHOBOK, 1[0 TIOTIK aMOHIO
B 6IOIUIIBKY 3HAYHOIO MipOIO OisbIle KOHTPOIOETHCS KoHIteHTpaitieio O3, Hixk moTik amoHio [y
0c00JIMBO ITPK KOHIIEHTpPallii aMOHito monazx 5 MrN / Jr.

3a JIaHUMU TPOBEJICHUX eKCIIePUMEHTATbHUX JIOCTI/KeHb ITPU KOHHeHTpaI_Ill kucHio C
= 6 MrO, /1 i Ipy 3HAYEHHI IOTOKY y BI/II‘JISII[I arterata I, = (7,5 + 8,0) rXIIK/m ?106a moTiK ano-
Hit0 B 610HJIlBKy Iy=(1,5+17)2N/m 211064, a ipu 3HaquH1 notoky I, = 15+ 8,0) rXIIK /m *106a
BUJIYYEHHS a30Ty Mailyke mpunmHAioch [1, 2].

3riJIHO 3 HaBe/IECHNMU KiHeTUYHNMHY PiBHSHHSMMY, B 3aTaJIbHOMY BUIIQ/IKY 3POCTaHHS TeTepo-
TpoiB MOKe OYTH 0OOMEKEHE KHCHEM i TOMY MTPOIIECH BUITYYEHHS a30Ty TPU CYMICHOMY OUYHIIIEHHI

Tabuys 2
L 2,5 5,0 10 15 20 28
I 3,5 3,0 5,5 8,0 10,5 13,6
I 2,4 1,8 11 0,6 0,3 <0,1
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031N, aki sHauro ooMeskeni O3, OyayTh Takok oOMeskeHi kucHeM. Haragaemo, 1o oOMesKeHHs
KUCHEM Ha 3pOCTaHHsI reTepoTpodHux OakTepiii MOsKHA BU3HaYnUTH 3a (hopmyioro [10, 11]:
D, L
L )
Yro,= (1 -VYHETTO 0)) ]y Dy,
2

)

Co,s ’
7€ YypTT0 0, — a€POOHMIl retepoTpoduuit npupict Giomtisku; Dy i Do, — koedinientn audysii
anst O3 1O, B GiomniBi; Lg i Ly, — konnentpauii O3 i O, na nosepxui 6iomisky. Tak, sHauens
Yo, > 1 ¢BirunTh PO OOMEKEHHS TI0 KUCHIO JIJIsI TeTepoTPOoMHNX GaKTepiil i BiZICYy THICTh KOHKYPEH-
1ii it witpudikaropis. [Ipu snauennsx O3 Bignosiauo 10 i 35 MrXIIK /s 3Hauenns Yo, BiAIO-
BizHo OyzayTh 0,31 1,1, BOHM BiJIIOBiJaI0Th 3HAYEHHSIM, OJleP/KAHKM eKCIiepuMeHTanbHo [ 1, 2].

B 3arasibHOMY BUIIaIKy TIOTOKHM B GIOIIIBKY 3aJIesKaTh Bl KOHIIEHTpaIlii cyOcTparTiB, SIKi Hal-
XOZISITh B OIOILTIBKY, TOMY 3HA4Y€HHsI IIOTOKY aMOHIii0 B OiomiiBKy [y Takox Oyje 3ajeskat Bif
3Ha4YeHHs NOTOKY [ B GiomuiiBky, a Tomy, i Bij KonIenTpaiii O,, Ipo 10 CBiAYaTh Pe3ysbraTi
eKCIIepUMEHTAIbHUX JOCIKeHb (Tabir. 3).

Pesyisratu TeopeTHuHUX A0CTiKeHb cymicHoro Buiydenns O3 (XIIK) i amonio N 6io-
IUTIBKOIO B OiopeakTopi-amilyBadi B yMOBaxX HECTAI[lOHAPHOTO PEKUMY OYMINEHHS HaBele-
Hi B pobotax [6, 7]. 3a3Haunmo, M0 BUJIYYEHHS TIPOBEIEHO NMPH BXiAHUX KoHIeHTparisx O3
Ly = 30 rXIIK /3, Ny = 30 1N /n”, 8, = 10 aar, X, = 8700 rXIIK /n”, Xy =400 rXIIK /ar’.

B ymoBax craiioHapHOTo pekuMYy, skl HacTyTae Habimxkeno micsst 10 1i6, Mmaemo:
X, = 13000 rXIIK /", Xy =7000 rXIIK/n"

B tabu. 4 HaBemeHO pe3ysbTaTi PO3PaxyHKIB CyMICHOTO OYHINeHHs cTidHux Box Bix O3 i
CIIOJTYK aMOHIHOTO a30Ty 3 BUKOPUCTaHHAM KineTnunoi peakuii Mono npu Cy =8 mrO, / M

3rigHo 3 gaHuMu TabJr. 4, CTalioHapHUIA PeKUM B GIOTLIBII (POPMYy€EThCS HpI/I BuryderHi O3
micsist 5 116, a ipu Bustydenni N — Habuvskeno micis 10 1i6 pobotu peakropa. B nboMy Bumajgky
3HAUEHHSI JIJIS [TOTOKIB OYIyTh TAKUMU:

ILXHK = 2,7 IXIIK /M*n06a, INNH ~8,30 IN / M*1006a,
I ~8,30 N / M*106a, IL02—12 rO,/m 106a.

NMO
Tabruys 3
Iw,/ ur_ 1,0 | 095 | 085 | 070 | 055 | 045 | 030 | 0,25 | 0,15 0
D, L
(I-70,) ) ch’ 0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,9 1,0
0,% 0,
Tabnuys 4
S, MKM 10 30 50 70 85 100 120 150 200
¢, no6a 0 1,0 2,0 3,0 4,0 5,0 6,0 8,0 >10
Ly 30 27 20 75 55 4,0 3,2 3,12 3,10
Ny, 30 29,5 23,0 23,0 20,0 18,0 13,0 8,0 55
Nyo, 0 0,05 2,0 7,0 10,0 12,0 18,0 17,0 225
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OTke, 32 pe3yJIbTaTaMy TEOPETUIHUX 1 EKCIIEPUMEHTABHUX JTOCTIKEHD CyMiCHOTO 6i0s10-
riuHoro ounmienns crivnux oz Big O3 (XIIK) i crioyk amowiiinoro azory N (NHJ) moskHa 3po-
OUTH HACTYITHI BUCHOBKU.

[Tpu 3Hauenni amoniitHoro azory N < 40 mrN /i1 i ipu octaTHbOMY 3abe3TeveHHi mporie-
Cy BUJIyYEHHS] KUCHEM, KOJIU MPOIEC OUUIIIEHHST He JIMITYEThCS KUCHEM, TOOTO, TIepeBasKHO 32
ymoB Cy, > 6+8 MrO, /1, iporiec ounmmenns azoty Oyze mimiTysatuch O3. B rpomy Bumanky
BHﬂyquHﬂ a3oTy B 610HJ11BH1 POBIIOYHETHCS TIPH BXifHUX KOoHIeHTpallisix O3 B 6iomwIiBKy i ix
3HauYeHHAX Ha ii moBepxHi B Mexkax Ly > 30+35 mrXIIK /.

Baxksmsicts nmpu cymiciomy Buirydenti O3 i N nossirae B Tomy, 1110 3TiZTHO 3 KIHETHKOIO pe-
aKI[iil B 3araJIbHOMY BUIA/KY TIPH OPTaHIYHOMY CyOCTpaTi B yMOBaX reTeporeHHoi GiorriBKY BU-
COKOI KOHIIEHTpallii, el mpoIiec MoKe BigOyBaTHCh 32 PaXyHOK JBOX €J€KTPOHHMX aKIENTOPIiB
KUCHIO i HiTpaToM (HiTpuToM). B 11istomy /17151 6isibimocTi rereporpodamux 6akTepii, sk 1e 6yJI10 mo-
Ka3aHOo BUIIE, KNCEHb € OCHOBHUM aKIIETITOPOM i 32 0oro nmpucyTHOCTI BUaydeHHsT O3 3a paxyHOK
criosryk N, To6T0, eHiTpudikaiiis, MoKe He Bi0yBaTUCh.

B naniii po6ori nurtanHs, mos’s3ani i3 BuaydeHHsM O3 11 yMOB aHOKCHIHOTO PEKIMY OUH-
HIEHHS 3TiJTHO 3 KiHeTUYHOIO peakilieo (1) 3a paxyHOK HiTpaTiB (HITPUTIB), a came, BUZHAUEHHS
HEeOOXiTHIX YMOB i KpuTepiiB ii BuKopucTanHs npu BuirydeHHi O3 He pO3T/ISiaINCh, BOHU 1M0-
TPeOYIOTh IPOBECHHS OKPEMUX JOCIIPKEHb, B TOMY YHCJIi TIPOIECiB AeHiTprdiKartii.

SIk BizoMo, 3arasibHe PiBHSAHHS MaTepiaabHoro Oanmancy 3abpyarens O3 i N B cexiiii 2 aepo-
TeHKa-3MilllyBaya Ma€ HACTYITHUI BUTJIS/L

Vacji_S:Qa(SO _Sa)_ASIS _PaOVa' (10)

Taxk K BUJIydeHHs CyOCTpaTiB B I[bOMY BUIIAIKY II€PEBAaKHO BiZ0OYBAEThCS 3aKpilieHuM 0io-
11eH030M, TO piBHAHHA (10) MOKHA CITPOCTUTH 1 JIJIS TTOAQJIBIIIOTO BUKOPUCTAHHS 1 aHAJII3Y IIPHU-
WHSATH Y TAKOMY BUTJIS/I:

QS —IsAr =QS,, (11)
ne S, — KOHIeHTpallis cybcTpary y BXiaHill pinuni; S, — KOHIeHTpalis cyOcTpary Ha BUXO-
mi; Ap — 3arajbHa IUTOMIA TTOBEPXHi GIOIUIIBKY B CeKIll 2 aepoTenka;  — MOTiK cydcTpaTa B
610 BKY.

Jluist BUSHaY€EHHS TOTOKIB cyOCTpaTa Ha MOBEPXHi Oi0ITIBKY i3 06’€MY pifiHU, 110 TIPOXOANUTH
Yyepe3 piAnHHY TUIBKY (TIOTPaHUYHUN TIap ), JJIsT OAAJIBINOI 1X peasrisaliii 3akpirieHnM 6io1ieHo-
30M (6i0ILIIBKOIO ) BAKOPUCTOBYEMO HACTYIIHE PiBHAHHS [4,5,7]:

a5
dz
Tak, 1711 yMOB IPUNHATOI KIHETUYHOI Peakilil HyJJbOBOTO MOPSKY /IJId BU3HAYEHHS TTOTOKIB
I i1 npu cymicHOMy ounleHHi 3a0py/IHEHb, KON JTiMiTy104iM (hakTOpoM Oy/ie KOHI[EHTPAIList
opraHiuHoro cybcrpary, HaBejeHi B Ta0u. 2. Jlani pospaxyHkiB motokis st O3 i N, a Takosk ma-

pamerpu OiotriBKY S 7St iHIIMX KiHETHK peakIiil B3sTi i3 pauinie omy6rikoBannX HaMu poOiT
[4-7,12].

I __DS KC(SLI 7S|Z=0)7 S|Z=0258 HpI/I Z=0.
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BucuoBku. B po6oti 06rpyHTOBaHA MOKIMBICTD i TEXHOJIOITYHA AOLIIBHICTh CYMICHOTO BU-
aydertst O3 i N nuigxom 61010ri4HOTO ouMIeHHs B GiopeakTopi-3MinTyBadi 3akpimieHum 6io-
1ero3oM (6iomiBkoio). IIpu nboMy GiopeakTop-3MillyBay MOBUHEH OYTH KOHCTPYKTHBHO 00J1a-
IITOBAHUM y BUTJISI/I KIJIBKOX CEKIIiif, B IKMX BiOyBaeThest ounternst O3 i N, 3a 06rpyHTOBaHM-
MU TPbOMA CTA/TIIMU.

3aIponoHOBAHO KpUTEPiaJIbHi MapaMeTpu Ta iHKeHepHi MeTOIN PO3PaxyHKY 3 BUZHAUEHHS
xouentpaiii O3, N i ix norokiB I i I1, 3a sxux BigbdyBaerbest cymicHe Buirydents O3 i N B
APyTiit cekiiii 6iopeakTopa GIOTIIBKOIO CKJIAJIHOI reTepPOTEeHHOI CTPYKTYPH 13 PI3HUX MiKpoopra-
Hi3MiB, a TaKOK IPOBe/IeHa OIliHKA Pi3HUX (PaKTOpPIiB Ta Mpolecis, y ToMmy uncii, cyberparis O3,
N, O,, gKi BIZIMBAIOTH Ha IIPOIECH IX CyMICHOTO OUNIIIEHHS.
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THEORETICAL ANALYSIS OF THE PROCESSES OF THE SIMULTANEOUS
WASTEWATER TREATMENT FROM THE ORGANIC CONTAMINANTS
AND NITROGEN COMPOUNDS USING OF THE BIOFILM MODELS

The mathematical models and the parameter calculations of the simultaneous wastewater treatment from the
organic contaminants and ammonium nitrogen compounds in the bioreactors-aerotanks with additional fixed
biocenosis as a biofilm in their volume are proposed. The questions connected with the heterogeneous structure
of biofilm from different bacteria and the substantiation of the balance equations system with kinetic reactions
for following their realization which is describing the simultaneous removal OC and N in biofilm taking into
account the oxygen regime O, are considered. As a result of the realization of the created models taking into
account the influence of the different factors on the simultaneous wastewater treatment from OC and N processes
the recommendations for parameter calculations are proposed. Besides the boundary conditions of necessary
bacteria presence at which the simultaneous removing of the OC and N have occurred and at which conditions
some of the substrates will limit the wastewater treatment processes are determined.

Keywords: simultaneous wastewater treatment, OC, N, O, compounds, model, biofilm, concentration, bacteria,
bioreactor-aerotank.
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