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Opecbka gepxaBHa akagemis OyaiBHMUTBA Ta apxiTekTypu, kadeapa BO4OBIABEAEHHS
Ta rigpasniku

IAEHTUDIKALIA XBUITbOBUX ABULL Y BIOXIMIYHUX NMPOLEECAX OYULLEHHA
CTIHHUX BOA

AHoOTaUil

B pobGoTi 3a3HayeHi OCHOBHI HampsiMKM OOCRIAKEHHS MeToAdiB iaeHTudikauii
XBUMNbOBUX ABML, BIiOXIMIYHMX peakuin (epMEHTHOro KaTtaniTUYHOro POo3LLEneHHSs
BMCOKOMOSEKYIIAPHUX OpraHiyHMX cnomnyk y 6iopeakTopax OYMLEHHSA CTiYHUX BOf.
MOo>XXNMBOCTI BUKOPUCTAHHA TEMMOTEXHIYHMX Ta YynNbTPa3BYKOBUX METOAIB OOCTEXEeHHSA
o6’emy BiopeakTopa Ans igeHTUdikauil XBUNbOBUX SABULL.

B pabote ykasaHbl OCHOBHble HarnpaBfeHWa WuccnegoBaHUs MeToaoB
NOEHTUMKALUUM  BOSHOBbIX  SABMIEHUA  BUOXMMUYECKUX  peakumin  (pepMeHTHOro
KaTanuMTMYecKoro pacluensieHns1 BbICOKOMOMEKYNSAPHbLIX OpraHUYecKknx COeAVHEHUN B
BropeakTopax O4YUCTKN CTOYHbIX BOA. Bo3moxHocTH NCNonb30BaHUS
TennoTeXHUYECKNX N YyNbTpas3ByKOBbIX MeToAoB obcreaoBaHna obbema Guopeaktopa
Anst noOeHTUMUKaLUnMmn BOIHOBbLIX SIBNIEHUN.

The work identifies the main trends in the study of methods for the identification
of wave phenomena biochemical reactions enzyme catalytic cleavage of high molecular
weight organic compounds in bioreactors for wastewater treatment. The possibility of
using thermal and ultrasonic methods of examination of the volume of the bioreactor to
identify wave phenomena.

KnioueBi cnoBa

loeHTUdikaUis XBUNbOBUX SBULL, peakuin epMeHTHO-KaTaniTM4HOro pPo3LLEnSIeHHs
BUCOKOMOSEKYMSPHUX OPraHiyHMX Cnonyk, TEnNOTeXHiYHi Ta ynbTpasBYKOBI mMeToam
obcTexeHHs.  MpoeHTudukaumsa  BOSHOBbLIX — SIBMIEHUMW,  peakuuni  pepMEHTHO-
KaTanuMTMYecKoro pacLlenfieHns BbICOKOMOSEKYNSPHbIX OpraHUYeckux CoeuHEHUN,
TennoTexHuyeckne n yrnbTpasBykoBble MeToabl obcnenosaHus. Identification of wave
phenomena, reactions of enzyme-catalytic cleavage of high molecular weight organic
compounds, thermal and ultrasonic methods of inspection.

MeTa [pocnigXeHHs HagaHoro y poboTi  BU3HAYEHHS MeToAiB iaeHTudikaui
XBUNbOBMKX ABULL Y 06’eMi BiopeakTopa OYMLLEHHS CTIYHUX BOL, peakuin hepMeHTHOro
KaTaniTM4HOro po3sLLenneHHss BACOKOMOMEKYNAPHUX OpraHiYHUX Cronyk.

HasBHICTb XBUNbOBMX 30YymMKeHb Yy BIOXIMIYHMX NpoLecax OYULEHHS CTiIYHUX BOA
IDEHTUMIKYETLCHA CyMapHUM e(PEeKTOM €eK30- Ta eHOOTEPMIYHUX peakuin pepMeHTHOro
KaTtaniTM4YHOro posLensieHHs BMCOKOMOSEKYIISIPHMUX OpraHiyHMxX cnosyk. dopmyBaHHS
KonoigHoi cuctemn 3 cneumdiyHMMKM BNacTUBOCTAMM: KiHEMATUYHOI B’SA3KOCTI, &-



noTeHuiany KomnolgHUX 4acToK Ta iHWOro, A03BONdA€  iOeHTU(IKyBaTU BUHUKHEHHSA
XBUIbOBOrO 30yMKeHHs BIOHOCHO BignoBigHOro 6GioxiMiYHOro npouecy. Y npakTuku
MOAYNIOBaHHS  MikpoGionoriyHMx npouecieB  y  apmaueBTMYHOI Ta  Xap4yoBOi
NPOMWUCAOBOCTI iAeHTUdiKaLis npoueciB He NoTpibHa TOMy, WO BiAOMi KOMMOHEHTU
cuctemmn i BignoeBigHO TOoMy  Ginbwe nNOTPIGHO 3HATUM  KIHETMKY  npouecy,
obymoBntotoYi  BUXIA Ta SAKICTb NpoaykTy. laeHTudikauia npoueciB Ta ix cragin vy
GiOXiMIYHOMY OYMLLIEHHI CTIYHUX BOA HABMakn Mae OyXe BaXnnBe 3Ha4YeHHs, Wwob BinbLu
edeKTUBHO npoBOANTU npodLec. laeHTUdikauia KifTbKOCTI Ta AKOCTI
BUCOKOMONEKYNSAPHUX CMONYK Y CTIYHIN BOAI BU3HAYaETbCA iHTEerpanbHMMU MeTogamu
3a XiMiyHMM cnoxueBaHHAM  KucHio (XCK) BignosigHa knacudikauia Ta AvHamika
TpaHCOpPMyBaHHS OpraHiYHOI PEYOBUHWM Yy CTiYHUX Bodax po3rnsHyTa y [1,61]. Ane
LUbOro HeAocTaTHbO ANnA BiOTBOPEHHs Oinbl  edeKTUBHOroO Mnpouecy peakuin
PepPMEHTHOro KaTaniTUYHOrO PO3LLEnieHHA BUCOKOMONEKYNAPHUX OpraHidYHUX CNosiyK Yy
BioxiMiyHMX peakTopax pi3HOro poay. laeHTudgikauia npoueciB peakuii pepmMeHTHO-
KaTtaniTM4Horo poswensieHHs: BUCOKOMOSEKYNSPHUX OpraHidYHNX CromyK 3a XBUIbOBUMM
XapakTepucTMkamn O03BOSISE PO3Mi3HATU MpoLuecu, Wo BiadbyBalTbCa i Ha AKol ctagii
BOHW NPOXOAsATb Ha AaHun Yac. OTpuUMaHi XBUIbOBI XapakTEPUCTUKN CTIYHOT BOAM, siKa
3HaxoauTbCs y npouecu depMeHTHO-KaTaniTM4Horo po3LensieHHs
BUCOKOMOSEKYNSPHUX OPraHiYHMX CMOSTyK MOPIBHIOKTL 3 MOAESIbHUMU cUCTeMaMu y
CMOKINHOMY Ta  30ympKeHOMY CTaHi. BuMmip enekTpuyHux, TepMoauHaMIYHUX
XapakTepuUCTUK Ta MIKPOCKOMIYHE [OOCHIAKEHHS NPOCTOPOBUX CTPYKTYP OTPUMaHOI
KONOIQHOI MIKpOCUCTEMM | AUHAMIKK TT 3MiH @€ MOXITMBICTb CKOpPEeKTyBaTu npoLec.

|aeHTUdIKaUia XBUNBbOBUX ABULL Y peakTopax pi3HOI reoMeTpu4HOI KOHdirypauii
3anexuTb BiA rigpaBniyHMX YMOB NPOXogKeHHs npouecy. O6’eKTUBHO Cnig BBaXaTtu y
peakTopax KOPUAOPHOro TUMY BOHW BiAPI3HAKTLCS Bid XBUITbOBUX XapaKTepUCTUK Yy
peakTopax KOSIOHHOrO TUMY Ha OCHOBI KIHETUKM MPOXOLKEHHA reTeporeHHMx Ta
FOMOTEeHHUX XiMiYHUX peakuin epMeHTHO-KaTaniTM4HOro po3LUensieHHs
BUCOKOMOSEKYNSPHUX OpraHiyHmnx crnonyk. Cnig 3asHayatu, wo 6yab skur BioxiMivHMi
Ta XiMiYHUA abo i3MKO-XIMIYHUIA NpoLeC Mae CBOI XBUIbOBI xapaktepuctuku. OuiHka
XBUNBOBUX XapakKTEPUCTUK Ta 3iCTaBNEHHS X 3 ONTUManbHUMKM YyMOBaAMU OTPUMAaHHS
NO3NUTUBHOIO pe3ynbTaTy Ha BUXOAI 3 peakTopa [[03BoNUTb 6Binbll MNpPOAYKTUBHO
ekcnnyaTtyBaTtu bGiopeakTtopu.

XBUMNbOBI XapakTepUCTUKM MaloTb | rigpoanHaMivyHi napamMeTpu pyxy pPiguHu.
MapaneneHi TypboanHaMIYHI WBMAKICHI, LMPKYNSALUiIAHI, BUHTOBI Ta KOMOGIHOBaHi pyxm
PiOWHM MalTb BRACHI XBUMbOBI XapakTepuCcTukM. HeraTtmBHi Hacnigkn Kasitauil,
rigpaBnivyHUX yaapiB Ta iX XBUMbOBI XapaKTEpUCTMKM OMUCaHi y cyyacHol nitepaTtypi,
ane MeHLW BMBYEHi Ta [AocnigXeHi HU3bKOYaCTOTHI KONMMBAHHA Ta I1X XBWUIbOBI
xapaktepuctuku[2,46]. Mo3nMTUBHI Hacnigkn KasiTauil HWU3bKOI IHTEHCUMBHOCTI  Ha
GioximiyHi npouecn Ta Ti BNACTUBOCTI Ha NPOLLECU PO3LLENSIEHHS BUCOKOMOSEKYNSPHUX
OpraHiyHMX Cnosiyk [alwTb NpaBO BBaXaTu, LWO igeHTUiKauia HM3bKOYaCTOTHUX
XBUNbOBMX SIBULL, Y PEKTopax pPi3HOro pody Ta MOLYNHBaHHA ONTMMasibHUX YMOB
NPOXOMKEHHS NMPOoLEeCiB ONTUMI3YHOTb ynpaBfieHHs BioOXiMIYHUMM XiMIYHUMKU Ta (i3nKo-



XiMiYHUMM npoLecaMn B OYULLEHI CTIHHUX Ta MpUPOOHMX BOA Ta BMNSIMBOM Ha
CaMOOUMLLEHHS BOOHMX OB’EKTIB.

MogynioBaHHA Ta OpPMyBaHHA TrigpaBniYHUX MNOTOKIB 3  BiANOBIAHUMU
HU3bKOYACTOTHUMU XBUMBbOBUMW XapaKTepUCTUKaMn ANs MO3UTUBHOMO BMSIMBY Ha
rigpoBioHTM, akTMBHMI Myn Ta iMMoGinizoBaHy Giomacy, Ha NPOXOAXEHHsT BiOXiMIYHMX
XiMIYHUX peakuin, di3nMKo-xiMiYHUX npoueciB 6a3yloTbCa Ha X XBUNbOBOMY BiAryKy Y
crokinHoMy Ta 36ymkeHoMy cTaHi BianosiaHo[3,2]. Baxnueoto ymoBoo ansa peanisadii
LbOro €, Hacamnepen, po3pobka Ta anpobauia meToaiB ineHTUdiKkauil HU3bKOYACTOTHMX
XBUMNbOBUX ABULY Yy BiopeakTopax pi3HOT reoMeTpUYHOI KoOHirypadii.

MeTtoou pocnigxeHHA cTaHy 6ioXiMi4HMX npoueciB Yy peakTopi MOXYTb
G6asyBaTuca Ha ynbTpa3BykoBOMYy obcTexeHi BignosigHoro o6’eMy peakTopy,
TennoTexHiyHoMy obcTexeHHo o6’emy 6GiopeakTtopa, Bidyanisauii MIKpOCTPYKTYp
KOIOHIN GakTepin, Ta IX NPOCTOPOBOI KOH(irypaLito B CNOKINHOMY Ta 30ya)KeHOMY CTaHi,
Ta iHwe . besnocepeaHbO AocnimkeHHA cTaHy poboTu OiopeakTopiB gae OinbLu
00’eKTUBHY OLHKY BiOXiMIYHMX NPOLIECIB Ta MOXIMBICTb 1X KOpEeryBaHHs.

[ito  enekTpu4Horo, MarHiTHOro  efieKTPoOMarHiTHOro, pagioakTUBHOIO,
ynbTpa4yacToTHOro, iH(Pa4YepBOHOrO BUMNPOMIHIOBAHHA Ans  iHTeHcudikauii  abo
iHribyBaHHA po3BUTKY bGioueHO3y B BGiopeakTopi Ha OCHOBI |geHTUIKaUIT XBUNBOBUX
aBuUL, BiOXiMIYHMX NpoLECIB MOXIMBO TOYHILLE J03yBaTW BigNOBIAHO 3MiH MPOCTOPOBOI
CTPYKTYPU KOJOI4HOI Ta MIKPOKOMOIAHOI cuctemMu y 36yopKeHOMyY CTaHi.

[locnigpKeHHs1 eK30reHHUX Ta eHaoreHHNX 30H B 06’eMi BiopeakTopa 3 40NOMOror
TennoTexHiYHOro obcTexeHHs 3abesneyye AaHUMKM O Micui, MOWMPEHHI Ta AWHaMIKM
€K30TEPMIYHMX Ta eHOOTEePMIYHMX OIOXiMIYHMX MpoueciB, a TaKoX IHTEHCUBHICTb
npouecis  Any3il Ta BUPIBHIOBaAHHA  TemnepaTypwu. Baxnueo oTpumatn
TepMOAMHAMIYHI XapaKTepucTuku poboTn pPi3HUX TUMIB 3arpy3oK, BCTABOK Ta iHLIMX
BMUAiB andepeHuiadii 06’emy BiopekTopiB ANst OYMLLEHHS CTIY4HUX BOA.

Baxnuee 3HayeHHs TakoX Mae€ agantauis MeToguK  YrbTpasBYKOBOro
obcTexeHHss o6’emy GiopeakTpoiB N BUSABY SIKICHUX Ta KifIbKICHUX XapaKTepuUCTUK
XBUITbOBUX ABULL, peakuin epMeHTHO-KaTaniTM4HOro po3LUensieHHs
BUCOKOMOSEKYNSIPHUX OpPraHiYHMX CroflyK B CMOKIMHOMY Ta 30yQKEeHOMY CTaHi
KONOIQHOI Ta MiKPOKOMOIAHOT CUCTEMM.

PesynbTatn ynbTpasByKOBOro OBCTEXEHHS XapaKTepUCTUKU rigpoavHamivyHOro
TOKY PiAVHU Ta XBUMbOBUX iMMYNbCIB SKi 36inblwyoTb, abo 3MEHLWYTb €eK30reHHi Ta
€HOOreHHi  30HM  npoueciB  BiOXiMIYHMX  peakuin  (bepMeHTHO-KaTaniTM4HoOro
pO3LLEnneHHs BUCOKOMOSEKYIAPHUX OPraHiYHMX Cnosyk, SKi OQHOYACHO BUSIBIIEHI
TEennoTexHiYHMM obCcTexxeHHAM o6’eMy BiopeakTopa, 3iCTaBNATLCH 3 iHTErpanbHUMM
NOKa3HMKaMn BMICTYy OpraHiYHOl pe4OBMHWN BiOHOLIEHHAM MOKa3HUKIB nepMaHraHaTHol
okucHioBaHocTi Ta XCK, 3aranbHomy asoty Ta XCK, 3aranbHomy ¢ocdopy Ta XCK,
a30Ty aMOHIVHOIo Ta HITPUT-, HITpaT-iOHIB. IHTerpanbHi NOKa3HMKN OKpeMux BigHOLLEHb
Ta X 3anexHOCTi, SKi XxapakTepusylTb BignoBiaHi BioxiMivyHi npouecn y GiopeakTopax
OYMLLEHHA CTIYHMX BOL4 Ta XBWIbOBI XapakKTEpPUCTUKN peakuin depMeHTHO-



KaTtaniTM4Horo po3LEensieHHss BUCOKOMOMEKYNAPHUX  OpraHidyHMX Cnosiyk  AawTb
06’eKTMBHY OUiHKY po60TM peakTopy 3adaHux rigpoauHamiyHux ymoBax. CTIiRKICTb
BIONOBIAHMX 30H Y PIi3HUX TiApOAMHAMIYHUX YMOBax OOYMOBMIOETLCHA LUBUAKICTHO
npoueciB MmeTaboniamy Ta poCcTy YMCENbHOCTI KOMNOHIN GakTepin, X cTabinbHOCTI B TOKY
PiAVHW, MPUCTOCYBaHHI MiKpOOPraHiamiB 4O BiAMOBIAHOrO 06’eMy peakTopy Yy BiflbHOMY
Ta nNpukpinneHoMmy ctaHi. Yum Ginbwe andepeHuiauis o6’emy peaktopa, TMMm GinbLu
CpUSATAMBI  YMOBW AN NPOXOMKEHHS  peakuin  pepMeHTHO-KaTaniTM4HOro
PO3LLENeHHs  BUCOKOMOMEKYNSAPHUX  OPraHidyHMX  Cromnyk, TUM  OOHOpIiAHile
TENNOTEXHIYHI XapaKTepPUCTUKM NOBHOro 06’eMy BiOpEKTOPY OYULLIEHHS CTIYHUX BOA.

TakMm YMHOM MaemMo 3p06I/ITI/I CJ'Ii,D,le‘-II/I BUCHOBKMW.

Cy4vacHi meToam OiarHOCTUKM Pi3HUX BUAIB BUNPOMIHIOBAHHA Al0Tb MOXITMBICTb
BMKOPUCTOBYBaTU iX NS igeHTudikauil XBuUnboBuMX sBuL BGioxiMiYHMX npouecis
OYULLEHHSA CTIYHUX BOL,

laeHTUdIkaUia XBUNbOBUX XapaKTEpPUCTUK peakuin epMeHTHO-KaTaniTMyHoro
po3LensieHHs] BUCOKOMOJSIEKYNAPHUX OpraHiyHMX CMosfyK MOPIBHAHO 3 iHTerpanbHUMMn
MeTodamMu igdeHTudikauil galTb MOXMAMBICTb OTPUMAaHHA METOAMK, AK SKICHOI, TakK i
KifTbKICHOT XapakTepuCTuKkn cepegosulla biopeaktopa

laeHTUdikauia XBUNbOBUX SBULL, TAPOAMHAMIYHOIO TOKY PigVWHM [03BOSIUTb
BYaCHO pearysBaTu Ha BUMPOMIHIOBAHHS sike iHribye 6ioxiMidHi npouecu y peakTopi

Ha paHum 4yac uikaBUM € 3icTaBfneHHA TEennoTEeXHIYHUX, YNbTpas3ByKOBUX Ta
MiKpoCKoniYHUX obCcTexeHb o6’eMmy bGiopekTopa Ta BUSABY €K30- Ta €HOOreHHUX 30H
iAMHaMuKM andysinHnx npouecis y 6ionoriyHoMmy cybcTtpati BiopekTopa OYULLEHHS
CTi4HMX BOJ,

laeHTUikauis  XxapakTepucTuk XBUNbOBUX 4aBuULY  BioXiMiYHMX npouecis
OYMLLEHHST CTIYHMX NMpU HapOBITKM BIAMNOBIAHMX METOAMK [OaCTb MOXNUBICTb OinbLu
edeKTMBHILLE ynpaBnsaTM npouecamu Npu ekcnnyaTauil GiopeakTopiB: cTBOprOBATU
NO3UTUBHI  XBWSTbOBI  XapaKTEPUCTUKN  PIi3HOrO0  BWOY BUMNPOMIHIOBAHb  HU3bLKOI
IHTEHCUBHOCTI.

laeHTUdikauia  XBUNbOBUX  SBULW,  peakuin  bepMeHTHO-KaTaniTM4HOro
po3LensieHHs1 BUCOKOMOSEKYNSAPHUX OpPraHiYHUX CMOSYK Y NOEAHAHHI 3 iIHTerpanbHUMmn
aHaniTM4HUMN MeTo4aMK OOCHIAKEHHS 4AaCTb MOXITMBICTb PO3LUNPUTU HOMEHKNATYPHY
XapakTepuUCTUKY OpraHidHOT pe4yoBMHM MICTKMX CTIYHUX BO Ta CKOpile agantoByBaTth
BignoBigHMN 6ioueHo3.

KopucHum € igeHTuikauis xapakTepucTuk  XBUITbOBUX SBULL, SKi iHFiBYOTb
npouecn MeTtaboniamy BIiANOBIOHMX ©OakTepin AnNa perynioBaHHSA X PO3BUTKY Y
BGiopeakTopu Ha pi3HMX eTanax 6ionoriYHOT O4NCTKU. B LIbOMY acnekTi LikaBuMn MOXYTb
Oyt  Ginbl  AeTanbHile  BMBYEHHA  XBUMBbOBMX  XapakKTEpUCTUK  Mpouecis
HWU3bKOYACTOTHOI KaBiTauil Ta Ail pi3HMX TuniB aepauinHnx cuctemy 6iopekTopi
OYULLEHHS CTIYHUX BOS,.



laeHTUdikauia XBUNMbOBUX ABULY,  FigpOAMHAMIMHOI B3aeMOAil TOKY PiavHWU 3i
BCTaBKaMuM Ta pi3HOro poAy 3arpy3ok [JO03BOSMUTb BU3HAYUTU IX  CNpUATIMBY
KOH(pirypauito Ta NpocTopoBe po3TallyBaHHS.

B 3arani pocnigpkeHHs XBWUNbOBUX XapakTepUCTMK BioxiMiyHMX npouecis
OYMLLUEHHS CTiYHMX BOA BiKpMBAE MepCnekTUBM KOMMIIEKCHOrO MOAYSHOBaHHS
€deKTMBHOro BioNOriYHOro OYMLLIEHHS CTIYHMX BOA 3 BUKOPUCTAHHAM HAHOTEXHOSOTIN.
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