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Ceimeavcokull M. M.

KaHdudam cifbCbko20cnodapcbKux HAYK, doyeHm,
3asidysauy kagedpu Giopecypcis, aksaky1bmypu ma npupooHU4UX HAYK
Iosaicbkuli HayioHa bHUll yHi8epcumem
M. 2Kumomup

JOCTIAXEHHA BIIJIMBY PI3BHUX THIIIB HAIIOBHIOBAYIB
PEAKTOPA BIO®I/IbTPA HA TPOLLEC ®OPMYBAHHA
HITPUPIKYIOYOI MIKPO®JIOPU B YCTAHOBKAX 3AMKHYTOI'O
BOJOIIOCTAYAHHA B IHAYCTPIAJIbHUX AKBA®EPMAX

Anomayis. JlocaidixceHo enaue pi3HUX munieé HaNOBHI8AYI8 peakmopa
6iogpinbmpa Ha npoyec popmysaHHs MIKpodp10pU 8 yCMAHOBKAX 3AMKHYIMO20
8000N0CMAYAHHS 3 8UPOWYBAHHS palidyxcHoi ¢popesi. MoHimopuHz emicmy
MikpoopzaHizmige-Himpugikamopie y 6odi peakmopa 6iogirempa Y3B
8npodosi 0CHOBHO20 nepiody 3anycky (25 0i6) nokasas, ujo 3a BUKOPUCMAHHS
pIi3HUX HanosHw8auie npoyecu Ko/1oHizayii Gioginbmpa MikpoopzaHizmamu-
Himpugikamopamu Moxcyms nepebizamu 3 pi3HOKW [HMEHCUBHIiCMIO.
HatlinmeHcugHiiue KosoHi3ayis 6ioginbmpa 8id6ysasacs 3a 8UKOPUCMAHHS
HanosHiosava Kar-sib (Ykpaina), dewo noginbHiwe - 3a BUKOPUCMAHHA
HanosHwea4ie i3 nosainponineHy eAQ-15 AQ-15 (/[auia) ma Aquamag
(Ykpaina), nponinenogozo RK PLASTodHak susieHi 8i0MIHHOCMI HE3HAYHI.

3azasom kinbkicms 6akmepiti Himpudbikayii y eodi peakmopa 6iogpinempa
3 pi3HUMU nponisieHo8UMU HANOBHIBAYAMU HA 25-y 006y BUKOPUCMAHHSA
cmaHnosuaa 8,1-85 log KYO/cm?. Ompumani pesyssmamu 00800s5my, Wo
HanosHiosaui 6ioginbmpa eimuusHsIHO20 8UPOOGHUYMEA He NOCMynamucs
3a €80iMU BUPOGHUYUMU XApAKMepucmukamu 3apyOidCHUM aHAA02aM,
MOXHCYMb  YCNIWHO — BUKOPUCMOBY8AMUCL 8 YCMAHOBKAX 3AMKHYMO20
sodonocmavaHHs i 6ymu 83a€EMO3AMIHHUMU.

Beryn

0co06/1MBiCcTIO BUPOLYBaHHS PUOH B PELUPKYJIALIHHUX aKBACUCTEMAX €
BUKOpPUCTAaHHA MiHIMaJbHOI KinbkocTi Boau. OpHak y mpoueci
KUTTEAISIIBHOCTI pUbU Y BOAI CUCTEM 3aMKHYTOro BoZonocradyanHs (Y3B]
HAKOMUUYYETHCSI aMOHIH, HITPUTH, HITpaTH i 3aBUCJIi pe4OBUHY, AKi Ti€0 4K
iHIIO0 Mipol0 BIJIMBAIOTh HA 3/I0POB’S pUOU. 3HAUHY Hebe3neKy AJisd pub
CTAaHOBUTb HiTporeH y ¢opmi aMoHiaKy, IKMH TOKCUYHHUH i Ma€ OyTH
MepeTBOPEHUH Y HELIKIAIMBUHM HITpaAT y 6iosioriuHoMy ¢inbTpi. BiodiabTp
CKJIaZa€ThCA 3 LUJIIHAPUYHOTO
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peaxkTopa, Jie po3MillyeTbCsl HANOBHIOBAY, IPU3HAYEHUH /i1 36iJbIIEHHS
KOHTAaKTHOI MOBepxXHi i1 3abe3nme4yeHHs pocTy OakTepid. Y 6GiodinbTpi
nepe6iraloTh aepo6Hi Ta aHaepoOHi mpouecy, sKi 3a6e3Me4y0Th BUAATEHHS
3a06pyZiHeHb Yy BUTJIsIA]I aMOHII0, 10 NPOAYKYETbCS PUOOI0, i BYIJIEKUCIOTO
rasy, fIKMH YTBOPIOETbCS i3 HECHOXUTHUX KOpMiB i ¢ekasniil. I[Ipouec
nepeTBOPeHHs HITPUTIB B HITPATH BiZOYBAETHCA 32 YYACTi HITPUPIKYIOUUX
MiKpOOpraHi3MiB, fKi 3acesifl0Th HANOBHIOBAY peakTopa 6iodinbTpy. dasi
JeHiTpuoikylodi 6akTepii HepeTBOPIOIOTDH HITPATH 0 aTMOCHEPHOr0 a30Ty.
BingTrak, Big HamoBHIOBaya 6ioginbTpa 3a/eXUTh WIBUAKICTb mHepebiry
npoueciB HiTpudikauii Ta i fgeHiTpudikanii B peakropi Y3B. CTBOpeHHs ¥
6ioinbTpax CIPUATIMBUX YMOB /I iCHyBaHHsA 6ioneHO03iB y6e3neyye Y3B
Bif, Tokcu4HOI Aii HITPUTIB. 3 Or/IAAY Ha Lie JOCJiJKeHHSs BIUIMBY Pi3HUX
BU/IB HaNOBHIOBAYiB peakTopa 60iodinbTpa Ha KiJIbKICHMH BMICT
HITpU]iKyOYHUX MIKpOOpraHiaMiB Ma€ BaK/JMBe MpPaKTUYHE 3HAYEHHS.
Oco6/uBicTIO BUpOLLyBaHHA pubu B Y3B € BukopucTaHHa MiHiMaJbHOI
KisbKkocTi Bogu. IlpoTe B mpoueci KUTTeAisAbHOCTI pubu y Boai Y3B
HAKOMUYYETHCS aMOHIM, HITPUTH, HITpATH i 3aBUCJII PEYOBUHHY, 5IKi Ti€0 YU
iHIIOI0 MipOI0 BIJIMBAIOTb HAa 3J0POB'sl pubU. 3HA4Hy HebOe3NeKy y BOAl
YUHUTB HITpOreH y GopMi BiJIbHOTO aMOHiaKy, AKUH € TOKCUYHUU A1 pUb i
Mae 6yTH NnepeTBOPeHUH y 6iosiorivHoMy QinbTpi B HeIIKiAJIMBUHN HITpaT.
[Iponiec mepeTBOpeHHsS HITPUTIB B HIiTpaTH BiJ0YBaeTbCcs 3a yyacTi
HITpUdiKyUYHUX MiKpoOpraHiamiB, sKi 3aCHUJISIOTH HANlOBHIOBAY peaKTopa
6iodinbTpy. Hagani geHiTpudikyroui 6akTepil nepeTBOPIOIOTb HITpAaTH [0
atrMmocdepHoro a3oTy. Bij HanmoBHIOBaYa 6iodinbTpa 3a/MeXUTh IBUJKICTh
HiTpUQikyouux i AeHiTpudikyouux npouecis B peaktopi Y3B. Hamu 6ys0
JIOCJIi/PKeHO BIJIMB Pi3HUX BH/iB HANOBHIOBAuiB peakTopa 6GiodismbTpa Ha
KiJIbKiCHUH BMicT HiTpU®iKy04uX i AeHITpUdiKyIHUX MiKpoopraHiaMiB 3a
BBe/IEHHS HAlOBHIOBaYya B TEXHOJIOTIUHUN mporec i TpuBasocti focaiay 35
IHIB.

Kopa, mo norpansise B Y3B migfaeTrbcss MexaHiuHOMy i 6GiosioriuHoMy
ouMIleHHI. MexaHiuHe ouuIleHHs i Ae3iHdekia BifOyBaeTbcsa iinmgsku
BIJIUBY KHMCHIO, TeMIlepaTypH, 030Hy, Y@, pH Ta iH. Biosoriune ouuieHHs
34iMCcHIOITL MikpoopraHismy, siki B Y3B 6epyTb y4yacTb y OoJioriyuHoMy
OKHCHEHHI Ta OKMCHO-BiZJHOBHUX peakiisix. 06pob6sieHa Bo/ia MakCUJibHille
BIUIMBA€ Ha MpUpicT 6ioMacu i aKTUBHICTb pUbH, @ TAaKOXK Ha CHOKUBAHHS
KHUCHIO CUCTeMO0. fIKIo mpoliecaMyd MexaHIYHOr'o OYHIEeHHsS KepyBaTH
JIETKO, TO GioJsioriyHi cucTteMy, siki 6a3yr0ThCs Ha B3aEMOJAIl Mixk cob6om i 3
JIOBKIJIJISIM, BaXKKO IiJAal0ThCsl KOHTpoJt0. CaMe TOMY, pO60TH YMCIEHHUX
JOCTiIHUKIB HamnpaBJieHi Ha BUBUEHHS MeXaHi3MiB 6i0JIOriYHOTO OUUIIEHHS
BO/IM, 30KpeMa QyHKI[ioHyBaHHA 6iodinbTpiB Y3B [1-5].
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OrJisij JTiTepaTypHUX JKepeJ, 040 BUPOILYBaHHS 06'€KTIB

dKBaKyJIbTYpHU B peul/IpKyJIﬂ].liﬁHPIX cucremax

BiodinbTp ck/i1afaeTbCcAd 3 LUIIHAPUYHOTO PeaKTOpa, [ie PO3MilyeEThCs
HaNOBHIOBAY, IMpHU3HAYEeHUH /s 36i/JblIeHHS KOHTAKTHOI TMOBEpPXHi i
3abe3nedyeHHsI pocTy OakTepil. Y 6iodinbTpi BigbyBaTbcsa aepobHi Ta
aHaepoGHi mpouecy, fAKi 3a6e3Me4Yyl0Tb BUJAJEHHSI 3a0pyAHEHb y BUIJALI
aMOHilo, 1110 NPOAYKY€EThCSA pU6O10, | BYyrJIEKUCIOr0 rasy, SIKUi yTBOPIOETLCA i3
HeCII0)KUTHUX KOPMIB 1 ¢pekaii [6-8].

Bopa B penupkyisniiHii cucTeMi He € CTepuibHOW. BoHa MicTUTh 3Ha4YHY
KiZbKiCTb MiKpoOpraHiaMiB, HAaUIIPOCTILIKX, BOAOPOCTeH Ta iH. [9]. [lesKi 3 HUX
3a/Iy4eHi [10 IpoLeciB po3KJIaJaHHs TBepUX OpraHiyHux pe4yoBuH [10], iHwi -
[0 pO3KJaJaHHs pO3YMHEHUX Yy BOJI PpEeYOBHUH, BKJIOYA4YM PpO3YMHEHI
OpraHiuHi pe4OBUHHY, aMOHIH, HITpUTHU i HiTpaTu [11-15].

MikpoopraHi3amMu y UMPKYJIALiAHIN BoAi mepebyBalOTh y MJIAHKTOHHIN ¢asi,
Jle BOHY BIJIbHO IJIaBalOTh i/a60 YTBOPIOIOTD arperaTu i3 3aXxuCHUM MaTPUKCOM
- BJIacHe 6iomiBKy [16-19; 20; 21]. 3 orsiaay Ha Te, L0 aKTUBHICTb 6aKTepiil
peasi3yeThCsl MepeBaXKHO Y MPUKPINJIEeHOMY CTaHi [22-24], 6iibIIicTh 3 HUX Y
BOJIHOMY CepeJiOBHILI 3HAXOAUThCA Y ckJaji 6iomniBok. Ili 6ionsiBKU serko
NPUJIMIAIOTh [0 OPraHiYHOIro YU HeOpraHi4YHOro cy6CTpaTy i KOHTAKTYIOTh 3
Bojlolo [25; 26-28; 29; 30]. HeopraniyHum cy6cTpaToM /s 6GiomJIiBKU B
6iodinpTpi BUCTymae HamoBHIOBaY. biomsiBka 06BoJIiKaE HaMOBHIOBAY
C/IM30BUM LIAPOM, TOBIIMHA SIKOI'0 3a3BUYaii He nepeBuInye 3 MM [31].

BuBueHHI0O CckJaJy O6iOMJIIBKM TPUCBAYEHO YHCJIEHHI [JOCIiPKEHHS
3apy6ixkHuX HaykoBIiB [32; 33; 34]. 3'acoBaHo, 10 el CKJIaAHUKN GioleHO3
npeJCcTaBJeHUuH MIKpoOpraHisMaMu pisHUX CUCTEMAaTUYHUX IPYII - 6aKTepiiMy,
HalnpocTiliuMmy, rpub6aMy, BOJOPOCTSIMH, JeKUMH 06araTOKJiTUHHUMH
(uepBH, TUYUHKHK KOMaX, BOASHI KJIilli, HUK4i pakonoAi6Hi Ta iH.).

BcTraHoB/IEHO, 1O CTPYKTypa 6GakTepiasbHOI GiOMJIIBKU CKJIAAAETHCA i3
KOMILJIEKCY KJITHHHUX arperariB, 3aHypeHUX Yy 3aXWUCHUM CaMOBiATBO-
PIOBaHUM MaTPHUKC, IKUHU MOOY/J0BAHUH i3 M03aKJIITUHHUX MOJiIMEPHUX CIOJYK,
NepeuKo/PKkae NPUKPINJIEHHIO IHIIUX OpraHi3MiB, BiATaK BiJirpae BaKJIHUBY
pOJIb ¥ KOHKYpeHTHii 60poTb6i 3a pecypcu [35-37]. Kpim Toro, yactkoBa
HEO/IHOPiAHICTh MO3HAYAETHCS Ha MOBeAiHLI i 3arasbHid QyHKIiOHANBHOCTI
6ionsiBku [38].
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HesBaxkarouu Ha Te, [0 6i0PiAbTP BU3HAHO FOJIOBHUM MOCTa4aJIbHUKOM
6akTepiit B Y3B [40-42], HanoBHIOBaY 6io¢isbTpa i Boja i3 6aceiiHiB 3 pu6oto
3HAYHO Pi3HATHCA 3a CKJIaJoM Mikpodiopu [42]. KoxxHui koMniekc Y3B Mae
yHIiKaJ/IbHE i CKJIaZiHe MiKpOCepe/IOBUIIE, i€ TiCHO MOB'si3aHi 6akTepii, BipycH,
Haunpocriui [43-45]. 3okpeMa, 6ioniiBKH PisbTpa PO3BUBAKTHCA LLISIXOM
cerperaljii OKpeMHUX 4YJIeHIB KOMIJIEKCY B PIi3HUX LIapax HAIlOBHIOBAua,
BiAMOBiZHO /10 1X Xap4yoBUX yno06aHb [46].

BionieHo3 OGiomiBKM QoOpMyeTbcAd MiJ BIJIMBOM Pi3HUX YHUHHUKIB:
XiMIiYHOTO CKJIafly i KOHLEHTpalii opraHiyHuUX 3a0py/HeHb CTiYHUX BOJ, iX
TeMIepaTypH, aKTUBHOI peaklii, pO3YMHEHOr0 KMUCHIO, YMOB eKCILIyaTaLil
6iodinbTpa [47; 48]. BupinawTb Tpu eranu ¢$opMyBaHHA OiomiaiBku: 1)
MOTJIMHAHHS MOJIEKYJI, HEOOXiJHUX [IJIsT KOHTAKTy GakTepid, 2] KoJioHi3alito
cy6CTpaTy MepBUHHOI0 rpynot 6akTepid, 3] po3MHOXEHHS i BTOpPUHHE
npukpimiieHHs.  ®akThyHo, 6GakTepiasbHi  KJITUHU  (iTOMJAHKTOHY
NPUKPIMIIOITLCA A0 CybCcTpaTy micjas 06po6KM HOro NoBepXHi OpraHiYyHUMU
MOJIeKyJIaMH | MiHepaJIbHUMHU pe4yoBHMHaMU. Ha niboMy eTami crocrepiraerbcs
iHribyBaHHS CUHTe3y i MoJaJjblla BTpaTa KICYTHKIB, fKi MNOpYIIYIOTh
CTPYKTypy 6iomiiBku. HeBIMHHO 3pocTaEe NPOAYyKyBaHHs eK3oIoJlicaxapu/is,
sKi BiZlirpaloTh BaXKJIMBY 3axXUCHY (MiABULIYIOTb CTIHKICTb J0 /il aHTHGIOTHKIB,
Je3iHdiKyrouMx 3aco6iB i geTepreHTiB] i MexaHi4Hy poJsb (IPUKpiNJIEeHHA [0
cyocrparty] [49; 50]. [lani BifgOyBaeTbcs MmoAin KJITHH, 36iabLIeHHS 06'€My
6iomacu i yTBOpeHHs1 3pisiol 6GiomJiBKH, sika Mae epeKTHBHI MO3aKJITHHHI
KoMyHikanii. /Jlayi, yacTuHa GiOIJIIBKU JIYIIUTBCS, | BUBIJIBHAOTHCA BiJbHI
MJIAHKTOHHI 6aKTepil, siKi 3aX0M/II0Th HOBUH BiJIbHUU cy6cTpaT [51].

Sharrcret al. (2005) Ta Sugita et al. (2005] [52; 53], BUBYawOUMU CKJIAJ
MiKkpodJiopy 6GiOIJIIBKM y CcHUCTeMax 3 pelUpKYJALi€ BOJU, BiJHOCATb
GakTepill /10 o/iHIET 3 IBOX OCHOBHUX IpyIl: 1] reTepoTpodu - sKi y ¢inbTpi iy
BOJHOMY IOTOLi MiHepaJIi3yl0Th Mal»e BCi OpraHiuHi pe4OBHUHHU, Ipe/cTaB/eH]
BYIJIEBOJIaMH, aMiHOKMCJIOTAaMHM, OUIKaMu 1 Jiinmigamy, 1o HaAXoAsATb 3
HECHOXXHUTUM KOpPMOM, €eKCKpeMeHTaMu pubu Towo '| aBTOTpodU sKi
BUKOPHUCTOBYIOTb BYTJIEKUC/INH I'a3 fK JpKepesio ByTJIelio i J06yBalOTh eHeprito
yepe3 OKMCHEHHS neopl auiylux a ITOBMICHUX CIOJNYK. Y X0A4i MiHepaJiizauil
asoTy B i B Ha i mpoTeiniB BUAinsgeTbcs amoniil (NH4+]. el nponec iHiLitoeEThCS
[ iiepeHii.B ia mocepegHUIITBA MpoTeas i Ae3aMinal 6aktepiid. Kpim i Hi 0. amiBini
BU/IISIETBCS 6e3nocepeiHbO pu60oto [54-56].
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¢diJloreHeTUYHO He MOB'I3aHUX XEMOJIITITUTOIPOIiHX CyTO aepoOGHUX GaKTepin
[57; 58; 59]. Bonu sgilicHOlOTh nrcpii<|>ikinili<>, To6To mnepeTBOPOITH
aMOHiH y HITpUT i moTiM y Mi nin Tokcuunuit HiTpat [59; 60]. Lleit MexaHi3M
NPUBOAUTH /10 OYMINEHHS BOJU, iKa HaAXOAUTh y 6iodinbTp. HiTpudikanis
3/IIACHIOETBLCSA JABOMa 6akTepialbHUMU ¢pakuisMmu: ¢ikcoBaHOw dpakijieto
(mpukpinyieHa 0 HaMoOBHIOBaYa] i MIaHKTOHHOIO (MJaBar4oi). OCHOBHUMU
JiMiTYyI0OUMMHU paKTOpaMHu JJis HITpUdiKyro4doi 6i0MIiBKH CAYTyOTh 3araJbHUN
aMOHIWHUH a30T i KOHIEHTpalisi po3yuHeHoro KucHio. Michaud L. (2007) [61]
3a3Hayae, Lo Leld npouec nepebirae MakCMMaJbHO aKTUBHO 33 KOHLleHTpaLii
kucHIo 80 %, a 32 KOHLleHTpaLil KHCHIO HUXK4e 2 MI'/J1 BiH NpUNIMHAETbCs. Kpim
Toro, piBeHb HiTpudikanil B 6iomiBui MoXKHa BUpasUTH K 6GajlaHC MiX
notpe6oto B cyocTpaTti (HamoBHIOBAaYi) BHACJIIOK pocTy 6ioMacH i HasiBHiCTIO
BiJIbHOT'0 IPOCTOPY, 3yMOBJIEHOTO NpoLecaMu Audysii [62-65].

BakTepii BifjirpaloTh TOJIOBHY pOJib y BUJIYYEHHI i OKUCHEHHI OpTraHiYHUX
JoMilok 3 BoAU. OCHOBHA YacTHMHA 6GakTepid 3HAXOJUTBHCS y BEpPXHiM 30HI
6iodinbTpa Ha rambuHI g0 0,5 M. TaM ke iHTEHCUBHO PO3BUBAIOThCA IpUbH,
HUTYacTi OakTepii, 6e36apBHiI /PKTYTUKOBI, BOAOPOCTi, BiZAOYBa€ThCA
IHTEHCMBHUH npupicT 6ioMacM 3a BIJHOCHO HEBEJMKOro BHJOBOTO
pi3HOMaHITTs. Y cepe/iHiH 30Hi 6iodinbTpa y 3B'I3KY 3i 3MeHIIEHHAM KiJIbKOCTI
NOXKMBHUX pPEYOBUH 3MEHIIYETbCS 4YHUCEJbHICTb reTepoTpodiB (rpubis i
6akTepili, 0COGJMBO HHUTYACTHUX). 3a MEHLIOTO MPUPOCTYy OGioMacu
crioctepiraeTbcs 6Gisibllle pi3HOMaHITTA MikpoopraHi3miB. HuxHs 30Ha
6iodinpTpa xapakTepu3y€eThCs GiJNbIIMM BHJIOBUM Pi3HOMAHITTSAM OpraHi3MiB
3a MaJioi iX YMceJIbHOCTI i HeBeJIMKOI KiJibKocTi 6ioMacu. MaioThb Miclie ce30HHi
KOJIMBaHHS BU/I0BOTO CKJaAy 6ionuiBku. [IpecTaBHUKY 6io1ieHO3iB 6i0M/IiBKU
6iodinbTpa noB'A3aHi Mixk c06010 XapyOBUMHU BijHOCMHAaMU. Hrx4y JlaHKY YU
nepinil TpodiyHUN piBeHb y JIAHLIOTY KUBJIEHHS CTAaHOBJATb reTepoTpodHi
6akTepil, rpuby, cailpo3oiiHi HalIpocCTiwi; Jpyrui - roso3oMHi Halunpocriui,
SIKi )KUBJISITbCA GaKTepisiMU; TPeTid - 6araToOK/IITUHHI opraHiamu [66]. Yepes
map GiomniBku 6iodinbTpa 3AIMCHIOETBCA 1yJbCyloya HecTallioHapHa
¢inbTpania crivHoi Bogu. Ha moBepxHi i B 06’emi 6iomniBku 6iodisbTpa
napajieJlbHo IepebiraloTb TakKi MNpoLecH: BUJIy4YeHHsI PEYOBUH, AKi
nepebyBalOTb y HEPO3YMHEHOMY Ta PO3YMHEHOMY BUIJIAAL; Giojerpajauis
OpraHiyHUX 3a6pyJHEeHb; eHepPreTUYHUH | KOHCTPYKTUBHUH MeTaboJi3M.
HopmasibHu# niepe6ir 6i0XiMivHUX MPOILECiB OKMCHEHHS 3a0€31e4Yy€EThCs 3a
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paxyHok audysii KucHIo i3 ra3oBoi ¢asu (nositps] y piaky ¢asy, a motim y
KJIITHHY. 3a TOBLIMHOIO LIapy 6GiOMJIIBKK PO3Pi3HAIOTH 30HU CHPUSITIUBOTO
(BepxHil wap] i HECIPUATAUBOTrO (HWKHIH 1ap] KUCHEBOT'O PEXUMIB, Y IKUX
MepeBa’kKHO PO3BUBAIOTHCS BiANIOBIHO aepoOHi Ta aHaepoOHi MiKpoopraHizMu
[67; 68].

CtBOpeHH# y 6i0disbTpax CHPUSTIMBUX YMOB ZJIs1 iCHYBaHHS 6ioleHO3iB
y6esneuye Y3B Bix ToxcuuHOi fii HITPUTIB, AKUM [0 HeJABHbLOrO 4acy $IK
TOKCHKaHTaM [/l BOJHHUX OpraHisMiB He HaJaBa/d BeJMKOTO 3HAa4YeHHS.
OfHaK BCTAHOBJIEHO, 110 BOHMU JyXe TOKCHUYHI [y pubu i BOJHUX
6e3xpebeTHUX [69; 70].

HakonvyeHHs1 HITPUTIB 3AiACHIOETbCA EHJOTEHHO $K MNPOMDKHUHI
NpoAyKT y npoueci HiTpudikauii. BiosioriyHe oKMCHEHHS aMOHiaKy 10 HITPUTIB
34ificHIOETBCA OGakTepiiMu pony Nitrosomonas. Ilozgasbliie nepeTBOpeHHs
HITPUTIB y HITpaTH 3AiHMcHIOITL 6akTepii poay Nitrobacter. EHepris, mo
BUHUKAE BHAC/IIJJOK OKHWCHEHHH aMOHIaKy I HITPUTIB BUKOPUCTOBYETbCH
6aKTepifAMU HITPOreHHOIO LMKy Ha 3aJ0BOJIEHHsI CBOIX NMOTpeb y ByrJeli
HIAXOM ¢ikcalii ByrjIeKUCJ0TH. 3a HOpMaJbHUX YMOB Ileplile lepeTBOPeHHs
(amoHiaky B HIiTpUTH] - da3sa, JiMiTyrO4a WBUJKICTh BCbOTO MPOLECY; APYre
nepeTBOPeHHs (HITPUTIB B HITpaTH] Bifj0yBa€TbCS JOCUTH WBUAKO [70].

3a koHUeHTpanii Buuie 2 mMr/a HiTputh (NO2 | € TOKCHYHUMU IS PUOH.
O3HaKOW OTPYEHHSI HUMHU pUOH, 110 3HAXOAUTLCA Y 3aMKHYTIH CUCTeMi, €
XBaTaHHS NOBITPA (Taka KJiHIYHA KapTHHA XapaKTepHa B OCHOBHOMY AJIS
JIOCOCEBUX|, He3BaXKalOUM Ha JOCTATHIO KOHILIEHTpALil0 KUCHIO. 32 BUCOKHUX
KOHIIeHTpaLill HITpUTH Yepe3 346pa NOTPAIJIATb ¥ KPOB, L0 NTePeLIKOKAE
MOTVIMHAHHIO KHCHIO [71-73].

Yepxkecosa /I.Y. (2009] [74] noBizomiisi€, 1110 HITpUTH A1 pubu € B 10 pasis
TOKCUYHIIIKMMU HDX HiTpaTu. [Iponec HiTpudikauil Moxe NpUrHivYyBaTHUCS B
npucyTHocTi a3oTHoi kucinotu (HNO2] i HeioHi30- BaHoro amoniaky (NH3], a
akmo pH cepemoBuIa MiABUINYETBHCS, TO KOHIEHTpaliss HeEiOHI30BaHOIO
aMoHiaky 36isiblyeTbcs [75-77].

HeionizoBanuii amoniak mnpurhiuye 6aktepii pony Nitrobacter 3a
KOHI[eHTpalill 3Ha4HO HWK4MX, HXXK 10-150 Mr/J1, 1m0 npurHivyyoTh 6akTepii
pozny Nitrosomonas. lle ynoBiJIbHIOE INepeTBOPEHHA HITPUTIB y HIiTpaTH,
CIPUYMHAKOYMA HakonuyeHHA HITpUTiB. Kosn pH 3MeHuyeTbcs, aMOHIN |
HITPUTH OKHUCHIOIOTBCS, BiJJOYBA€TbhCs 36iJblIeHHS KOHIEHTpalii a30THOI
kucnotu (HNO2), ska npurniuye 6aktepii pogy Nitrobacter i Nitrosomonas B
Jiano3oHi koHueHTtpanin 0,22-2,8 mr/a [78]. [IpurHiueHHs 1ILOTO MpoLECy
MO>Ke 3yMOBJIOBATH 30i/blIIeHHS KiJIbKOCTI HiTpUTiB 179; 80).
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HiTpuTH HeraTUBHO BIJIMBAKTh Ha XiMi4Hi i ri/jpo6iosioriyHi moKa3HUKU
BOAM, 110, B KiHLEBOMY MiZiCyMKy, Mo iH.i4a€Tbca Ha rigpobioHTax. Tak,
HITPUT HATPit0, NOUMHAIOYH i KOHIIeHTpaLii 0,25 Mr/J1, 3BHUKY€E BMiCT KUCHIO
y BoZi [81-84 |.

3a B3aeMOii HITPUTIB 3 HU3BKOMOJIEKY/IIPHUMU aMiHaMHU YTBOPIOIOTHCA
HiTpO3aMiH{, 100 MaloTb BUCOKY TOKCUYHICTb, TepaTOreHHICTb |
KaHIlepoTeHHicThb [85; 86|.

[HTOKCHKaLifl HITpUTaMU COPUYHMHSE FeMIYHY i FICTOTOKCUYHY TiNOKCito,
sIKa CYNpPOBOJ/PKYETbCH JIAHIIIOIOM BaXKKUX MOpyLIeHb MeTaboJji3My, 3
HaCcTyIHUMU JeCTPYKTHBHHUMU IpoliecaMd Ha piBHI ¢epMeHTaTHUBHUX
CUCTEM, TYMOpaJIbHUX GAKTOPIB perysuii i KIiTHHHUX MeM6paH [87]. YacTo
NOBTOPIOBaHA 1 TpuBaJla IHTOKCHKalifd OpraHiaMy HaBiTb HeBEeJHMKHMH
J103aMH TOKCUKAHTIB CylPOBOKYEThCS cTpecamu [88; 89].

TokCUYHICTB HITPUTIB 06YMOBJIEHA MeTIeMOTJI06iHOYTBOPIO- BaJIbHOIO
niero. BizoMo, 1110 MeTreMors06iHeMis € OJHUM i3 MexXaHi3MiB TOKCUYHOCTI
po3uMHeHUX y BoAi HiTputiB gusa pu6 [90]. ¥V kpoBi pub KuceHb
IIEPpEHOCUTbCSl  JUXaJbHUM [IrMEHTOM - TIeMOrJIoO6iHOM. 3ajizo B
remoryio6ini gBoBasieHTHe: Fe (II). T' emorsio6iH HeMilHO 3’€AHYETbCS 3
KHCHEM, YTBOPIOIOYHU CIIOJIYKY, sIKa JIETKO PYWHYETHCS, - OKCUT'e€MOTIJI00iH, B
SIKOMY 3aJ1i30 3HaXOAUThLCS BCe Ile B ZIBOXBajleHTHIN ¢opmi. [lepenecenHs
KUCHIO KPOB'I0 3aJIeXKUTh BiJ| JIETKOCTI, 3 SIKOIO reMOrJ/I06iH 3'€JHY€EThCA 3
KUCHEM i 3 $KOK OKCHUTreMOIJIOOiH BiAJla€ KHCeHb. SKIo 3ami3o B
reMorsiobiHi OKHCHIOETbCS [0 TpboxBasieHTHOI ¢opmu Fe (III), ToO
YTBOPIOETbCSI MeTreMor/io6iH. OcTaHHIM He 3JaTHUH 3’€JHYBaTHUCA 3
KHCHeM, i 10T0 JOCUTb BUCOKI KOHIIeHTpaLil MOXyTbh BUKJMKATH TiMOKCIIO i
cMepTh [91-94].

YuM BUIle KOHLEHTpalifd HITPUTIB, TUM 6ijbllle YTBOPHETHCSH
MeTreMoryio6iny. [IpucCyTHICTP BHUCOKMX KOHIIEHTpAL[ii MeTreMOrJo6iHy
CTa€ Bi3yaJIbHO OYeBUJHHUM, OCKIJIBKM KPOB CTAa€ KOPUYHEBO. Bizomo, mo
HaBiTh He3HAaYHi KOHIEHTpalii HITPUTy, NPOHUKAIOYU Yepe3 3516pOBUH
amnapart, COPUYMUHSAITb MeTreMorsno6iHcMiio i QyHkIioHanbHY aHeMil. €
NPUIYLIEHHS, 10 ePpUTPOLUTH panayxHoi ¢opesi MarTh 3JaTHICTb 10
JeTOKCUKalil HITpUTIB 1IsiIXOM OKMUCIIYiHA ix Ao HiTpaTiB. [Iponec ueit
3aJIeXKUTh BiJj OKUCHOI'0 HaBaHTaXKEHHS IeMOTJIO6iHy i BMiCTy HITpHUTIB y
cepenoBuii [95].

BMicT MeTreMorJio6iHy B KpoBi py0 3a/IeXKUTh He TIIbKHU i/
KOHIeHTpaLii HITPUTIB y BOAi, asie ¥ BiA TpuBasoCTi iX KOHTAKTY i
puboro. YuM Gisibliie 32 4acoM pU6GU 3HAXOAATHCSA Y BO/JII, IKa MiCTUTh
HITPUTH, TUM BUIIIUH Y HUX PiBEHb METreMOTrJI06iHY B KpPOBi. Y TBOpPEHHS
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MeTreMOrJIO6iHy CIOCTEPIraeThCs 4epr i TOAMHY MiC/as BIJIMBY HITPUTIB B
KoHUeHTpauii 30 Mr/J. 3a Takol KOHLleHTpaLii HITPUTIB pUGH MOXKYThb MOYATH
TUHYTH IPOTArOM TPbOX ToAUH. PiBeHb MeTreMmor/io6iHy 3a IbOro
36ibLIyETHCS 10 80 % [96].

Psn BueHux [97-99] Big3Havanu 32 HITPUTHUX IHTOKCUKALiH y pub M's130Bi
CyZ0OMHM, po3JaJ, piBHOBary, rinepeMitoo 3s6ep, NediHKH, [0JIOBHOTO MO3KY,
BaKyoJIi3allilo UTONJIa3MU, HUPKOBOI'O eNiTeJlilo, Ji3UC Aep, BOJIOKHUCTICTb
1 3epPHUCTICTb PeYOBUHHU MO3KY, ileTeHepaTUBHI 3MiHU B HEPBOBUX KJITUHAX.

TOKCHUYHICTb HITPUTIB AJ/Is1 pU6 GIBLIO MipOI0 3aJIEXKUTh BiJ XiMiYHOTO
CKJIaZly BoJu. Y pasi miiBUILeHHS KOHIIEHTpaLii 0JHOBaJIEHTHUX HOHIB BMICT
MeTreMorjio6iHy B KpoBi pu6 3MeHWYETbCS. 3MEHIUEeHHS piBHA
MeTreMor/io6iHy y pub 6ijibll iHTEHCUBHO BifOyBaeThcs mij Aieto HoHiB K,
Hixk MoHiB Na* i Car*. OfHOBa/IeHTHI iOHM KOHKYpYIOTb 3 HiTpaTaMH Ta
IHriOYyI0Th IPOHHWKHEHHS HITPUTIB B OpraHisM pu6 4yepes 316pOBUM anapar
[101].

Jns ouiHoBaHHA siKocTi Bogu B Y3B okpeMi BueHi peKOMeHAYIOTb
BUKOPHUCTOBYBATU CTaH 3516poBoro emnireJito. [lokasaHo, mo B 316pax pub
3yCcTpivyalThCcsd BiAXWJIeHHS y BUIJIAAI rinepmsasii i aaresii ¢inameHTiB i
JlaMeJl, HaGPSAKJIOCTI pecnipaTOpPHUX JiaMeJl, 3pOLIeHHs JaMeJ i ¢islaMeHTiB
[102; 103].

Jis nmpodisiaKTUKU HITPUTHOTO OTPYEHHS MOTPIOHO NiATPpUMYBATH
riipoximiuHi napamMeTpy BOJHOIO cepeJl0OBULIA B ONTUMaJbHUX Mexax [104-
107].

MatoTh Miclle ce30HHI KOJIMBaHHS BHJOBOTO CKJIaJy 6iomJiBKU.
[IpeacraBHUKM OiolleHO3iB 6iomuiBKM 6GiodinbTpa mos's3ani Mk co6o0ro
XapyoOBUMHU BigHOCHMHaMU. Huxdy saHKy yM nepmuid TpodiuHUH piBeHb y
JIQHILIIOTY >KUBJIEHHSI CTAaHOBJIATh reTepoTpoHi 6aKTepii, rpuby, callpo3oiiHi
HaUMpOCTilli;ApyTUi - rOJI030MHI HAWNPOCTIlli, SIKi XKUBJATbCS GAKTEPIAMU;
TpeTil - 6araTokJiTUHHI opraHismMu [108]. Yepe3s map 6ioniBku 6iodpinbTpa
3/JIINCHIOETBHCS TYJibCylOYa HecTaljioHapHa o¢inbTpanis criuHoi Bogu. Ha
noBepxHi i B 06'eMi 6iomziBku 6iodinbTpa napasesbHO NepebiraloTh Taki
IpoLlecd: BHUJYYEHHS PEYOBUH, sIKi NepebyBalOTby””"pO3UMHEHOMY Ta
pO3YMHEHOMY  BUIJIALL; 6iomerpajaris OpraHiYHUX  3a0py/HEHb;
eHepreTUYHUN 1 KOHCTPYKTUBHUH MeTab6osisM. HopMasbHuUM nepe6ir
GioxiMiYHUX MpOoLIECiB OKMCHEHHS 3a6€e3MeUyeThCs 32 paXyHOK AUQY3il KUCHIO
i3 razoBoi ¢as3u (noBiTpsa) y piaky dasy, a noTiM y KaiTHHY. 3a TOBIHMHOIO
mapy 6iOMJiBKM pO3pI3HAIOTH 30HM CIPUATAUBOrO (BepxHid mmap) i
HECHpPUATJIMBOro (HIKHIM IIap) KUCHEBOTO PEXHUMIB, y SKHUX HNEpeBaXKHO
PO3BUBAIOThCS BiINMOBI/IHO aepoOHi Ta aHaepoOHi MikpoopraHizmu |4; 8|.

486



dopmyBaHHS HOBOI Iapa UMy PO3BUTKY arporpomit MuriHi i mipy H XXI cromiTri

Oco6siMBOCTi mepebiry 3a3HauyeHUX NpPOLECiB BaXJIMBO BPAaxOBYBAaTH Mif yac
BUPOIIyBaHHA palJy»kHoi ¢opesi B ycTaHOBKaxX 3aMKHYTOTO BOJONOCTaYaHHS.
IcHye HU3Ka HeBUpilIenHUX NPO6JIeM Y Ll raaysi, MoB’si3aHUX 3 YCNILIHUM 3aMlyCKOM
i noganpmuM PyHKIioHyBaHHAM Y3B. Y HaykoBilt siTepaTypi AOCTaTHBOIO Mipoio
IpeJCTaB/JIeHO BeTepUHAPHO- CaHiTapHI 3ax0/41, BUMOTHU TirieHU Ta caHiTapii, AKUX
cnif fjoTpuMmyBaTHcs y dopesiBHULTBI. BojHOYac HeJOCTaTHbO BUBYEHO BILJIMB
pi3HMX TUINIB HaNOBHIOBauiB peakTopa O6iodinbTpa Ha mnpouec ¢opMyBaHHS
HiTpudikyrouoi i feHiTpudikyrouoi Mikpodsiopu niz yac 3amycky ¥Y3B, ocobanBocTi
npouecy ¢opMyBaHHSI MiKpOOHHX OioMJIIBOK Ha pi3HMX THUMax HANOBHIOBAYiB
peakTopa, He JAeTasi30BaHO OCOGJIMBOCTEH caHiTapil i ririeHn 3a BUKOpHUCTaHHS
MiKpo6ioJIoTiYHUX CcTapTepiB HamoOBHIOBa4Ya peakTopa 6iodisbTpa A/ WBHAKOTO
¢dopMyBaHHSA HiTpUPiKyrOUOro MiKpo6ioeHo3y, BiICYTHSI TOKCUKOJIOTIYHA OLiHKA
Mikpo6ioJsiorivHOr0 cTapTepa HanoBHIOBava 6iodisbTpara iH.

MeToro po6GoTu 6yJI0 JOC/AIKEHHSI BIUIMBY pi3HUX THUIIB HAIOBHIOBayiB
peakTopa 6iodinbTpa Ha mnporec ¢opmyBaHHA HiTpudikyroudoi Mikpodsopu B
yCTaHOBKaX 3aMKHYTOI'0 BOZOIIOCTAYaHHs 32 BUPOILyBaHHs panayxHoi ¢popeJi.

1. XapakTepucTuka pisHMX BH/IiB HallOBHIOBa4a 6io¢isbTpa Ta
JAWHaMiKa KiJIbKOCTi HiTpuikyrouux MikpoopraHiamiB y Boai
peakTopa 6iodinbTpa 3a iXx BUKOpHCTaHHS

JlocaipkeHHSI MPOBOAMIIM B YMOBAX iHJyCcTpiaJbHUX akBadepM 3 BUPOLIYBaHHS
paiiayxxHoi dopei. [lifnmpreMcTBO Npanioe 3a BUKOPHUCTAHHS CUCTEMHU 3aMKHYTOTO
BoJlonocTayaHHs. /[/ist HOpiBHSAJIBHUX JJOC/i/P)KEHb 6YJI0 BUKOPUCTAHO KiJbKa BU/IiB
HamnoBHIOBA4iB  6iodinbTpa, fAKi IMHUPOKO BHUKOPUCTOBYIOTb Yy  CYYacHUX
inayctpianbHux ¢opeseBux rocmogapcrBax (puc. 1). ixHi xXapaKTepUCTUKH
HaBeJieHo y Ta6suni 1.

Puc. 1. Bio3aBaHTa)keHHA peaKTopa 6io¢iibTpa i3 nosinponiiexHy:
1- AQ-15 (Janis); 2 - Kar-sib (Ykpaina), 3 - Aquamag (Ykpaina)
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Ta6aung 1
XapakTepucTHKa pi3HMX BH/i» HanoBHIOBayYa 6iodinbTpa
Marepias, Kopucna Bara,
XapakTepucTHKa 3 AKoro (po6o"{a Kr/m3
BUTOTOBJIeHO | moBepXxiaT
HaMOBHIOBaY m2/m3 | AlameTp, Mm
CTATHAHIH ruHa 400 2,0/40 | 350
(kepaM3UT
RK PLAST nponiJieH 635 15/15 175
NoJIIponijieH
AQ-25 BUCOKOI 226 25/25 71
misabHocTi HDPE
MoJInponiJieH
KALDNER KIIT BUCOKOI 450 16/10 60
IIiJIbHOCTI
NoJiinponijieH
AQ-15 BHCOKOI 480 15/15 74
IIiJIbHOCTI
Kar-sib nponijeH 635 15/15 60
Aguamag nosiinponisien  [600 25/12 ~"701

Boay A/ gocuipkeHb Ha BMicT MikpodJiopu Bigbupasu 6e3nocepeHbO i3
6iodinbTpa, e HAOBHIOBAY BiJIHO IJIaBa€. BusHavyanu BMicT HiTpudikyrounx
MiKpoopraHi3MiB BiZimOBiIHO /10 MeTOAUKH, onkcaHoi Spiecketal. [16].

BusHaueHHs KiJIBKOCTI HITpUQiKy0UYMX MIKpOOpraHiaMiB y BoJi peakTopa
6iodinpTpa nmpoBoguau yepe3 5,15 Ta 25 Ai6 BUKOPUCTAHHS HANOBHIOBAYa y
TPbOXKpaTHiIN NOBTOPHOCTI.

JunamMika yncesibHOCTI HiTpUiKyIOUKMX MIKpOOpPraHisMiB y BoJi peakTopa
6iodinpTpa 3 mosinponiJIeHOBUMHU eJieMEHTaMH sIK HallOBHIOBAYeM CBiJTYUTh,
110 Hal6inbll iHTEeHCUBHO MIKPOOPraHi3MM 3acessIl0Tb HAllOBHIOBAY y Hepuui
n'aTh AHIB micis BBeZileHHs GiodinbTpa B ekcmiyarauiro. Ha pucyHky 2
NpeACTaBJEHO  pe3yJbTaTH  JOCIi/PKeHb  KIJIBKOCTI  HiTpudikyrwunx
MikpoopraHismiB y BoAi peakTopa 6iodisbTpa 3a BUKOPUCTaHHS HAallOBHIOBaYa
AQ-15  pmaHcekoro  BupoGHUUTBa. [lepiog  pocty  HiTpudikyrwdux
MikpoopraHismiB Ha mnoJjinponiseni AQ-15, akuil TpuBaB nepui n'ATb Ai6
JIOCJIiy, XapaKTepU3yBaBCsl IOCUTb BUCOKOIO KiJIbKICTIO HiTpUiKaTOpiB y BoAi
peakTtopa 6iodinbTpa - 3,2 lg KYO/cm3. HactynmHuil mepios; iHTEHCHBHOTO
PO3MHOXKeHHS 6aKTepiii- HiTpudikaTopis - 3 15 mo 25 700y, Kosu iX
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KiJIbKiCTh Y BOJIi MOPIBHAHO3 NepiogoM GopMyH.IIA MOiuillIKII (iiepiiii 15 71i0)
pi3ko 3pocia i 3Haxoaumack y Mexax '>,H H,5 log, KYO/cM'. B octanHi n’sTh 2116
Jocaify KinbkicTh HiTpudikylounx wMikpoopranismiB y Bogi 6iodinbTpa
3pocTaJia [I0CTYNO0BO, i110 i BiZJMMUJIO IPO 3aBeplieHHd KOJIOHI3allil HalloOBHIOBaYya
AQ-15 iiiTpiidikaTopamu.

8,5 i ) 3,2

58

05 aié 15 gi6 W 25 pi6
Puc. 2. luHamika KisibKocTi HiTpudiKyrounx MmikpoopraHiamis

y BoJi peakTopa 6iodi/ibTpa 3a BUKOPUCTAHHS
HanoBH0Baya AQ-15 (log KY0/cm?3)

Y BuUNaAKy BHUKODUCTAaHHS HamnoBHIOBaua Kar-sib Takox Bif6yBanuch
JUHaMiuHi 3MiHU KiJIbKOCTI MiKpoopraHi3MiB y BoJii peakTopa 6iodinbTpa (puc.
3). Ha 5-y 106y micsis1 3anycKy peakTopa KiJibKicTb MiKpo6iB y BO/ii CTaHOBHJIA
3,1 lg KYO/cm3, nHa 15-y - 4,7 lg KYO/cm3. MakcumasbHO KiJIbKiCTh
MiKpopraHi3MiB 3pocTasna y nepiog 3 15 no 25 go6y i HanmpukiHLi Jocaigy
craHoBusa 8,4 lIg KYO/cm3. KinbkicHe 36isblIeHHSI MiKpoopraHismiB y Boji
peakTopa npu 3amnycky 6io¢isbTpa 3a BUKOPUCTAHHAM HamnoBHIOBaya Kar-sib
BKa3ye Ha 3aBepllieHHs KoJioHi3anil 6GiodinbTpa HiTpUiKyrOUUMU
MiKpoopraHisMaMHu.

05 ai6 @15 ai6 W25 pib

Puc. 3. luHamika KisibKocTi HiTpuPiKyrounx MikpoopraHiamis
y BoJi peakTopa 6iodi/bTpa 3a BUKOPUCTAHHS
HanoBH0Ba4a Kar-sib (log KY0/cm3)
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AHnanizywoun po60oTy peakTopa 6iodisbTpa 32 BUKOPUCTAHHS MOJIINPO-
niJIeHOBOI0 HalloOBHIOBaya Aquamag, BiiMiueHo, 1110 K i 328 BUKOPUCTaHHS
HanoBHioBauiB AQ-15 ta Kar-sib, MikpoopraHismu-HiTpudikatopu
PO3MHOXKYBaIUCA y BoJi 6i0dinbTpa focuTh fuHaMiyHO (puc. 4). OgHaK TeMI
HapoCTaHHA KiJbKocTi HiTpudikaTopiB y Boai 6iodinbTpa y pisni nepioaun
Jocsigy 6yB MOBUBHIIINM, Hi?K Y BUNIAJIKY 3 IBOMA NONepeSHIMU
HanoBHIOBayaMu. MaKkcHMasibHa KiJIbKiCTb 6akTepil HiTpudikanii, aky
BJasiocs 3adikcyBaTH y BoAi Ha 25-y 106y BUKOPHUCTaHHS HallOBHIOBaya
Aquamag, craHoBuJa B cepeiaboMy 8,1 1g KYO/cm3.

4,6

05 pi6 15 gi6 W 25 gib

Puc. 4. lunamMika KizibKocTi HiTpUiKyrouux MikpoopraHiamis
y BoJi peakTopa 6i0¢i/ibTpa 3a BUKOPHCTAaHHS HallOBHIOBa4ya
Aquamag (log KYO/cm3)

MoHITOpHHT cepeIHbOI KiJIbKOCTI HITpUDiKyYHX MiKpoopraHi3mis 3a
BUKOPHUCTAHHS Pi3HUX HAllOBHIOBAYiB 6i0¢iibTpa BIpoJoBx 25 Ai6 nokasas,
1110 HaMIIBU/IlIe BOHU KOJIOHI3yBaiu 610QiabTp, y AKOMY HAallOBHIOBa4YeM GYB
Kar-sib, neuo nosinbHiue - 3 HanoBHwBaYamMu AQ-15 i Aquamag (puc. 5).
JluHaMika 3ace/ileHHSl MiKpoOpraHi3aMaMy OCTaHHIX /IBOX HAallOBHIOBaYiB 6yJia
Ha OZJHAKOBOMY piBHI.

10,4

11,8
OAQ-15 £ Kar-sib B Aquamag
Puc. 5 3miHu KisibkocTi HiTpU}iKkywuux MikpoopraHiamis
y BoAi peakTopa 6iodisnbTpa 3a BUKOPUCTaHHSA
HanoBH0OBa4iB AQ-15, Kar-sib, Aquamag (log KY0/cm3)

490



dopmyBaHHS HOBOT NapaanrMmy po3BUTKY ar POUPOMIH HMIVH 1 <« H Mipy 1 XXI i iwiilTi

MouiTopuHTr BMicTy 6akTepiil HiTpudikanii y kozi peakTopa 6iodinbTpa
YCTAaHOBKH 3aMKHYTOTO BOJIONOCTAYaHHA [1/id BUpOIIYBaHHA palfyHoOI
¢dopesi BIpoJIoBK OCHOBHOIO mnepioay 3anycky (25 xi6], nokasas, 1o 3a
BUKOPUCTAHHS pi3HUX HAIOBHIOBAYiB NpOLECH KOoJIOHI3anil 6iodinbTpa
MikpoopraHiaMamMu HiTpndikaTopaMu MOXyTb IHepebdiraTu 3 pisHOIO
inTeHcuBHicTIO. [laliiHTeiicuBuinie KosloHi3aLis 6iodinbTpa BifgbyBasack 3a
BUKOPHUCTAaHHs HanoBHIOBava Kar-sib, e1o noBisibHille - 32 BAKOPUCTAHHS
HanoBHIOBauiB AQ-15 Ta Aquamag, ojHaK BUsIBJIeH] BiMIHHOCTi HE3HAYHI.

Y pocniai 2 6yJ10 BAKOPHUCTAaHO YOTUPU BU/IM HAIOBHIOBAYiB 6iodinbTpa
XapaKTepUCTUKA AKUX NIpe/icTaB/ieHa y Tabauni 1.

Ha pucyHky 6 300pakeHHsI HaloOBHIOBa4yiB 6io¢isbTpa, 10
BUKOPHUCTOBYIOTbCS B iHJyCTpialbHUX pHUOHUX (B T. 4. ¢opeseBUX]
¢dopeseBux rocnojgapcrBax. 1 - craTuuHui kepamsuT; 2 - RK PLAST, akuii
BUTOTOBJIEHO i3 HpomijieHy, KOpucHa po6oya MOBEPXHs CTAHOBUTbL 635
MZ%/m3, piametp 15/15, Bara 175 kr/m3; 3 - AQ-25 - noJinponizeH BUCOKOI
winbHocTi HDPE, KopucHa po6oya noBepxHs - 226 m%2/m3, giameTtp 25/25,
Bara 71 kr/m3; 4 - KALDNER KIII - noninpomniseH BHCOKOI MIiJIbHOCTI
KopucHa pob6oya mnoBepxHda - 450 m?/m3, piamerp 16/10,60 «r/m3.
MarepiasioMm jss gocaipkeHHS Ccayxkuia Boga Y3B, aky Bigbupasnu
6e3nocepejHbO 3 6iodiabTpa.

Pe3ysibTaTh JOCHiIXKeHb KiJTbKOCTI HITpUQiKyIOUNX MiKpOOPraHi3MiB y
BOJi peakTopa 6i0inbTpa, B IKOMY HallOBHIOBaueM € KepaM3UT, I0Ka3aJly,
10 HAWGI/NbII I{HTEHCHMBHO MIiKpOOPTraHi3MHM 3acesiIloTh J0C/iKyBaHUN
HaloOBHIOBAY y MNepuwi nI'ATh JHIB micasA BBeJeHHA 6iodisbTpa B
eKcIllyaTauito (puc. 7].

Y 3a3HavyeHUH nepioj KiJIbKiCTh HITPpUDiIKyOYUX GaKTepil cTaHOBUJIA B
cepenubomy 2,85 log KYO/cm? Boau. Y HacTynHi n'ATHaAUATH Ai6 KiJbKICTb
HITpUiKy0YHUX MiKpoopraHi3MiB y Bo/ii MpoJ0BKyBaJia 3pocTaTH i Ha 20-i
JleHb ekcityaTanii 3pocia y 105 pasiB (p < 0,05], mopiBHSAHO i3 moyaTKOM
pocainy, Ta craHoBusa 4,87 log KYO/cm3.

Brnpomorx  21-25 aHA  gociigy  KiIBKICTB  AOCIIKYBaHUX
MikpoopraHi3miB y Bojii 6iodinbTpa 3pocaa y 69 pasis (p < 0,05] nopiBHsIHO
3 20-M gHEeM JocCaiKeHHd i focarya HalBUIOro nokasHuka Ha 30-35 JeHb
pocaigy - 7,611 7,65 log KYO/cMm® Boau BignoBigHo. Came neid pakT Moxe
CBiJUMTH TMpO TOBHE 3acejeHHS KepaM3uTy  HITpuiKylounMHU
MiKpoopraHizMaMH i 3anyckom 6ioginbTpa.
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e - AQ-25 2—- KALDNER K111
Puc. 6 (a, 6, B, r). 30BHilIHii1 BUT/IA/ HAaNIOBHIOBAyYiB 6iodinbTpa,
SAAKi BUKOPHUCTaHI B JoCaigax
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& 34
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g 9

Tl qocnyiaeHAR

| B5pems ®l0germs Ol ‘,'xem,_a'.:() Juenn 2SS eRs B30 nens @3S gewn
Puc. 7. KinbkicHi 3MiHu HiTpudikyrwuux mikpoopraHiamis
y BoAi peakTopa 6iodinbTpa 3 KepaM3UTOBUM HallOBHIOBa4YeM
3a BBeleHHH 1i0ro B eKCIIyaTalilo
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PesysbraTu  pociipkeHb  KinbkocTi  HiTpudikylouumx — HiTpudikyrouux
MiKpoopraHiamiB y Boai peakrtopa 6iodinbTpa, B sikomy HamoBHIOBadeM € RK
PLAST, nokasasuy, o JuHaMika 3acesieHHsI HAMOBHIOBa4ya 6yJia TaKoI caMo1o, IK i B
pasi 3acesieHHs MiKpoopraHiaMaMu KepaM3uTy (puc. 8).

[lepiog aganTanii HiTpUiKyOYHUX MikpoopraHiamiB /1o HanmoBHIOBaYa RK PLAST,
SIKUH PUNAZA€E Ha Meplli 'ATh JHIB A0CAiAy, He BiApi3HsABCs Bij nepiogy ajanTtanil
J10 KepaM3HUTYy, Ha 110 BKa3ye MaiKe OJ/HAKOBa KiJbKiCcTh HiTpudikaTopiB y Bozi
peakTtopa 6iodinbTpa 2,9 log KYO/cM3. Y HacTynHi Tpu nepioau Aocaifly KiJbKiCTbh
HiTpudikaTopiB y BoAi 6iodinbTpa moctynoso 3pocrasna - BianosigHo y 10 i 36 pasis
(p < 0,05) - Ta Ha 20-# feHb Aocaify cTaHoBUIA 5,28 log KYO/cM3 Boau. Ocob.1uBoi
yBaru 3acjayroBye nepios 21-25-# feHb, y AKUH KiIbKiCTb HiTpUdikaTOpiB y BoAi
pisko 3pocsia y 310 pasiB nopiBHsAHO 3 nonepesAHiM nepiosoM i cranosuia 7,77 log
KYO/cm3 Bomu. B ocraHHi WATb AHIB J0CHIAY KUIBKICTE HITPUGIKYHOUMX
MikpoopraHismiB y Bogi 6iodiabTpa 3pocTana He cyTTeBo - B 1,8 pasa (p < 0,05)
NOpiBHAHO 3 25 J{HeM, 1110 CBi[YUTH PO 3aBeplLIeHHs KoJIOHi3alil HanoBHIOBaYa RK
PLAST HiTpudikaTopamu.

AHanoriyHo 6io¢inbTpy 3 HamoBHoBayeM RK PLAST smiHroBasacsi KiJbKicTb
HiTpudikyrouux MikpoopraHiaMiB y Boai peakTropa 6iodinbTpa, B AKOMY
HanoBHIOBayeM € AQ-25 (puc. 9). Ilpu 1nboMy MaKCHUMaJbHa KiJIBKIiCTb
HiTpudikaTopiB 6yJsa y ocTaHHI TpHU nepioau fgociify i craHoBUIa HA 25-1 JleHb -
7,61, Ha 30-i neub - 7,84 i Ha 35-7,86 log KYO/cMm3. lle Bka3sye Ha 3aBepLIeHHS
KOJIOHI3allii HanoBHIOBaYa 6i0pibTpa HITPUDIKYIOYUMH MiKpOOpraHiaMaMu.

ks

L7 Y T -

[

Kinsiicrs Gaxrepin. log KYOlend

=1

A JOCTUReHEA

!—nmsua—n_ E!UA‘Tb :z_SAeuo 030 ens  E35 genn
Puc. 8. KisibkicHi 3MiHu HiTpudikywuux mikpoopraHiamis
y BoAi peakTopa 6iodinbTpa 3 HanoBHIOBayeM RK PLAST,
3a BBeJleHHs 10ro B eKCIIyaTaniio
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[Toni6HO [10 BOX MONepeAHiX mponisieHoBUX HanoBHIoBa4yiB RK PLASTY i
AQ-25, HiTpudikaTopu po3aMHOKyBanucs i y Bofi 6iodinbTpa 3
HanoBHiOBaueM KALDNER K111 (puc. 10). Oco6/1MBicTIO I1bOr0 HalIOBHIOBa4a
€ Te, o 0 21 JHSA JOCTiLy HApOCTAaHHA KiJIbKOCTI HiTpudikaTopiB y BoAi
6iodisnbTpa Bif6yBasocs MOBibHilIEe MOPIBHAHO 3 IHIIUMU A0CJiPKYBaHUMU
MOJIiNPOoMiJIeHOBUMU HallOBHIOBaYaMH i Ha 20-1 JeHb iX KiJIbKICTb

craHoBuJa juute 5,04 log KYO/cm3.

Odwuamm\,m

R

A xocmukeHHs

Kommens Gaxzeniit. log KVO ot BOan

™10 geus ois nens 020 neﬁ;- _i_‘.'riineﬁsw @30 He_m. “m3s NeHE

I =] i_;lﬂ-lb

Puc. 9. KinbkicHi 3Minu HiTpudikywuux mikpoopraHiamis
y BoJi peakTopa 6iodinbTpa 3 HanoBHIOBayeM AQ-25,
3a BBe/ieHH HOro B eKCIIyaTalilo

A0 0 N ®

Now

Kinsxicrs Gakrepii, log KYQ/ewa BoaM

-

JHi nocr gmeH s

[ B ®i0gon OISgem 02070 W25 00 B30 00 B35 gem |
Puc 10. KisibKicHi 3MiHM HiTpUQiKyI0OUMX MiIKpOOpraHisMmiB
Y nopi peakTopa 6iodisnbTpa 3 HanoBHIOBaYyeM KALDNER K111,

3a BBeJleHHH 10ro B eKCIJIyaTaliio
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Ananiz cepeHbOI KiJIbKOCTI HITpUPiKyOUHUX MIKpoOpi aimmin y BOJI
peakTopa 6io¢isibTpa 3 pi3HMMM BHJAMH HaINOBHIOBaya ia ipuBa/mHTI
pocniny 35 pHiB (puc. 10) mokasaB, mo HiTpudikaTopn iiaiimiBmpmm
KOJIOHi3yBa/iM 6ioQinbTp y sikoMy HanoBHIoBayeM 6yB RK PLAST, gmemio
noBisibHilLIe - 3 HanmoBHIOBaYyaMu AQ-25 i KALDNER KIII i HaiHioBiJ/b- Hillle -
Jle HalmoBHIOBa4YeM OyB KepaM3HT. [Ipu 1bOMY KiJbKiCTh HITpUQiKyrOUnX
MiKpoopraHiaMiB y Boji peakTopa 6iodinbTpa 3 HanoBHI0OBayeM RK PLAST
6yna B 2,2 pasa (p < 0,05) 6inbumioo mNOpiBHAHO 3 KEPaM3UTOBUM
HanoBHIOBadyeM Ta B 1,2 pasa (p < 0,05) i 1,7 pasa BiamoBigHo 3a
BUKOpHUCTaHHA HanoBHIOBa4iB AQ-25 i KALDNER K1II.

KEPAM3HT AQ-25

Kinpriers Saxrapuit, log KVO/ea3 soant

[ Buanormosan Giodimtpa |
Puc. 11. CepeHs KiibKicTh HITpUQiKyr4YUX MikpoopraHiamis
y BoJi peakTopa 6iodisibTpa 3 pisHMMHU BUJaMU HallOBHIOBaya
3a TpuBaJocTi gocaiay 30 aHiB

OTKe, BCTAaHOBJIEHO, L0 KiJIBKICTb HITPUQIKyHOUUX MiKpOOpraHi3MiB y
BOJli peakTopa 6iodisbTpa BHUSABWUJACAd HAWBHLIOK 3a BHUKOPUCTAHHS
NpoNiJIeHOBMX HallOBHIOBAUiB NOPIBHAHO i3 KEpaM3UTOBUM HallOBHIOBaYeM
3a BBeJIeHHS MOT0 B TEXHOJIOTIYHUHN mpolec i TpuBasocti gocaigy 30 AHiB.
MikpoopraHiamu-HiTpudikaTopy HaHIlIBUAlE KOJIOHI3YyIOTb 6i0dinbTp 3
HanoBHioBaueM RK PLAST, gewio moBisibHille - 3 HanoBHI0BayaMu AQ-25 i
KALDNER K111 i HalinoBi/IbHille - 3 KepaM3UTOBUM HAallOBHIOBaYeM.

Jlpyry rpyny wMikpoopraHi3miB, fiKi 6epyThb y4yacTb y IHpoliecax
HITPOreHHOTr0 LMKJYy, CTaHOBJATb JAeHiTpudikyroui 6OakTepii, ki
BiZJHOBJIIOIOTh HITPaTH [0 MOJIEKYJSAPHOrO a3oTy. /JlMHaMiKy KiJbKOCTi
JeniTpuoikyounx MikpoopraHiamiB y BoJi peakTopa 6iodinpTpa 3
KepaM3UTOBUM HallOBHIOBAa4YeM IIPeJICTaBJIEHO Ha PUCYHKY 12.
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& W

Kimxicete Saxrepiit. Ig KVO/cne
BOZII
SO - 19 W

e qocimpaeHHs

[ B5nems MiOgemn OlSgems 020 7enr W23xenn B30 genr W35 e
Puc. 12. KinbkicHi 3MiHM AeHITPpUPiKyr0unx MikpoopraHi3mis
y BoAi peakTopa 6iodisibTpa 3 KepaM3UTOBUM HallOBHIOBa4YeM
3a BBe/IeHHA HOro B eKCIJIyaTaLilo

Sk BUHO 3 pUCYHKY 12 B npoueci ekcriyaTtanii ¥Y3B geHiTpudikyroui
MiKpOOpTaHi3MU MOCTYNOBO 3aCeJSII0Th HAaOBHIOBaY 6ioginbTpa. Temnu ix
PO3MHOXEHHA MpPaKTUYHO 30irajucb 3 pPO3BUTKOM HITpUPiKyrOUHNX
6akTepid. Ha paBasudaTuil JeHb JOCHiAy KiIbKICTb JAeHITpUdikyrounx
6akTepiii cranoBu/1a 4,94 log KYO/cm3, a HiTpudikatopis - 4,87 log KY0/cm3.
YOposoBK HACTymHUX JEeCATH JHIB KiJbKiCTb JAeHiTpudikaTopiB, gk i
HITpU}ikaTOPIiB 3pocsia Ha ABa NOPAJAKH i KiJIbKiCTb NepIINX cTaHOBUJIA 7,23
log KYO/cm3. Tlponec kosioHi3auii geHiTpUikyr0UMMU MiKpoopraHisMaMu
KepaM3UTOBOI'0 HAlOBHIOBaua 3aBeplluBcs Npu6au3Ho Ha 30-y [o6y,
OCKIJIbKY Ha 35-y 106y iX KiJIbKICTb IPAKTUYHO He 36i/1bI1KIacs NOPiBHAHO
3 30 po6oto gocaigy.

3a BUKOpHUCTaHHA noJsinpomnizieHoBux HanoBHoBa4iB RK PLAST i AQ-25
(puc. 13114] auHaMika koJsioHi3auil AeHITpUiKYyIOUUMU MiKpoopraHisMaMu
Bii6yBaJsiacs WBU/LLE TOPIBHAHO 3 KEPaM3UTOBHUM HAallOBHIOBAYEM.

Tak, Ha ABaAUATHH JileHb JOCAiy KIJIbKICTb JeHITpUikyouux 6aKkTepii
3a BUKopucTaHHs HanoBHoBauiB RK PLAST i AQ-25 6ysa B 2,4 i1 1,4 pa3za
6isbworo (p < 0,05], HiXk 3a KEpaM3UTOBOr0 HanoBHIOBava. Ha TpuausaTun
JleHb JI0CJ/Ii/PKeHHS BOJAM 3 peakTopa 6iodinbTpa, y AKUX K HAallOBHIOBAul
BukopucroByBaid RK PLAST i AQ-25, kinbkicTh jgeHiTpudikyrounx
MIKpOOPTraHi3MiB cTaHOBUWJIA 7,74 |
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7,59 log KYO/cm3, To6TO B 3,2 i 2,3 pasa 6iabuLi(p (),().»), mopiBHsAHO 3
BO/IOIO0 3 KEPaM3UTOBUM HAllOBHIOBAYEM.

A qocm g KeHHs

Kimsxicrs Gaxrepuft, Ig KVO ox socn

| OSmem ®l0zes Oi5zes D0207ems W25 gems @30 jers M35 qemn
Puc. 13. KinbkicHi 3MiHM AeHITpUPiKyrounx MikpoopraHiamis
y BoAi peakTopa 6io¢isibTpa 3 No1inponiJieHOBUM HalOBHIOBa4YeM
RK PLAST, 3a BBeJeHHS1 MOTr0 B eKCIIyaTaLilo

s JoomyKeH T

Kimexicrs Gaktepiii, Iz KVO/em pozr

| BSmem Wl0new O15zem O207em W25 jenn @30 gems |35 em,
Puc. 15. KinbkicHi 3MiHM AeHiTpUpiKyrounx MikpoopraHiamis
y BoAi peakTopa 6iodisibTpa 3 no1inponiJieHOBUM HalOBHIOBa4YeM
KALDNER KIII 3a BBeieHHs Hi0T0 B eKCILJIyaTaliio

3'sicoBaHo, 110, K i 32 BUKOPHUCTAHHSKEPaM3UTOBOTO HANOBHIOBAYa,
npoliec 3acejieHHs JleHiTpupikaTopaMu MoJiNnponiJieHoBUX HallOBHIOBayviB
NpaKTUYHO 3aBeplIMBCcs Ha 30-y A06Yy Big moyaTKy 3amycky Y3Bi
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Ha pucyHky 15 npeacTaB/ieHo [JUHAMIKy KoJIOHi3alil AeHITpUPiKy- ounMu

6akTepisiMu noJiinponisieHoBoro HanoBHoBavya KALDNER KITI.

3 pucyHka 15 BUJHO, 110 PO3BUTOK AeHiTpudikyrounx OGakTepid Bifoy-
BaBCA aHaJIOTIYHO NpOoLecy 3a BUKOPUCTAaHHA KepaM3WTOBOTO HAalOBHIOBaya.
Pi3HuLA MiXK KiZIBKiCTIO AieHITpUiKy0OUMX MiKpoOpraHi3MiB y BoJi peakTopa 3a
BUKopUcTaHHA HanoBHIOBa4iB KALDNER KIII Ta kepamM3uTOBOro HanoBHOBava
He OyJia CTaTUCTUYHO 3Hauy1omw (p > 0,05].

BucHOBKU

OTxxe, y HAyKOBii JiTepaTypi [JOCTaTHbOIO Mipol MpeACTaBJIeHO
BeTEepUHApPHO-CAaHITapHI 3axXxoAW, BUMOTU TirieHM Ta caHiTapil, AKUX CJIiJ
JoTpuMyBaTuca y ¢opesiBHULTBL. TakMM 4MHOM, Yy pe3y/ibTaTi NpOBeJeHUX
JIOCJTi/PKeHb BCTAHOBUJIY, 10 KIJIBKICTh JeHITpUPiKyIOUUX MiKpOOpraHi3MiB y
BOJZli peakTopa 6iodinbTpa 6ysia BUILOI 32 BUKOPHUCTAHHS NPOMiJeHOBUX
HallOBHIOBA4iB NOPIBHAHO i3 KepaM3UTOBUM HallOBHIOBa4eM 33 BBeJIeHHA MOT0
B TeXHOJIOTIYHMIM mnpouec i TpuBasnocTi jocaigy 35 gi6. MikpoopraHizmu-
JeHiTpudikaTopy HalwBU/LIe IMMOOIII3YI0Th 6i0)iAbTP 3 HanoBHIOBayeM RK
PLAST, pemo mnoBinbHime - 3 HamoBHioBadyamMu AQ-25 i KALDNER KIIT i
HaHUIOBi/Nb- Hillle - 3 KepaM3UTOBUM HaloBHIOBayeM. Ha Tpuauaty go6y
Jlocaiay KinbKicTb JeHiTpudikaTopiB y BoAi peakTopa 6io¢isbTpa cTaHOBUIA
3a BUKOPUCTAHHS HAallOBHIOBa4ya KepaM3ury - 7,23 log KYO/cm3, RKPLAST - 7,74
log KYO/cm3, AQ-25-7,59 log KYO/cm3 i KALDNER KIII - 7,32 log KYO /cMm3.

Jlo» nipkeHi npomnisieHoBi HanoBH0OBaYi 6io¢inbTpa AQ-15, Aquamag T.i K.ir
sib nmpakTu4yHO pPiBHOLIHHI 3a CHPOMOXHICTIO KOJIOHI3yBaTH HITpUQIKy4y
MikpodJiopy. 3arajioM KiJbKicTb OakTepidl HiTpudikauii y Boai peakTopa
6iodisbTpa 3 pI3HMMH [pONiJIEHOBMMU HANOBHIOBAYaMu Ha 25-y [J00y
BUKOpHUCTaHHA cTaHoBuia 8,1-8,5 log KVYO/cm3. OtpumaHi pesynbTaTu
JIOBOJISITh, 110 HaNOBHIOBadi 6iodinbTpa BITYM3HSHOrO BHUPOGHUIITBA He
NOCTYNATbCA 3a CBOIMM BHUPOOHHMYMMM XapaKTePUCTHUKAMM 3apy6iKHUM
aHaJioraM, MOXYTb YCHIIIHO BUKOPHUCTOBYBAaTHUCh B YCTAHOBKAax 3aMKHYTOrO
BOJIONIOCTA4YaHHA | 6yTH B3aeMo3aMiHHUMU. HaykoBUi | IpakTUYHUH iHTepec
CTAaHOBUTb TAaKOX BHUBYEHHs IHTEHCUBHOCTI KoJsioHi3auii 6iodinpTpa
NeHiTpuiKyr4ow  MiKpodJsopoww 3a BUKOPUCTAHHS  pi3HUX  BUJAIB
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