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M7, M9 u M26 B MUKPOa3dpOOHBIX YCIOBHSAX CIIOCOOCTBYET (POPMHPOBAHHIO IIOTHOTO M KOMIAKTHOTO XJIONIKA aKTHBHO-
TO WJIa, €CIM MHTEHCUBHOCTH MEPEMEIINBaHIs JOCTaTOYHA U 00ECIICUeHUsT PACTBOPEHHBIM KHCIIOPOIOM T'eTepoTpO(HON
MHKPOOHMOTHI HJj1a, HO HE MPUBOJUT K Pa3pyIICHUIO XJIONKOB. [IpH Ky IbTHBHPOBAHHHU B a9POOHBIX YCIOBHSIX CMECH aKTHBHOTO
wia ¢ 6akrepusimu M42 ormeueHo GpopMupoBaHne HanOOJIee KOMITAKTHOTO XJIONKa, YTO MOYKET OBITH CBSI3aHO C JISSITEIILHO-
CTBIO OaKTEpHii 5TOT0 M30IISITa, KOTOPhIE MACCOBO BCTPAMBAIUCH B XJIOIOK, OJJHAKO HE HApyIIalM €ro CTpykTypy. bakrepnn
n3omsATa A33 He OKa3bIBAIM BIMSHHS HA CTPYKTYPY XJIOMKA ITPHU JIFOOBIX COOTHOIICHUSIX 1 YCIOBHAX adpaliy, HO OOHApYKH-
BAJIMCh B CMEIIAHHOM KYJIBType B OOJNBIIIOM KoTM4UecTBe. B aHa’pOOHBIX YCIOBUAX B PUCYTCTBUH OakTepuii M26 n A12 npu
COOTHOIIICHHSX aKTUBHBIN WIT : HUTUYAThIe OakTepuy, paBHbIX 1:1, 3:1, HapymaeTcs CTPyKTypa XJIONKa, YTO MOKET IPHBOIUTD
K CHIDKEHHIO €T0 CEAMMEHTAIMOHHOI criocoOHocTH. Kpome Toro, Ipu HalmM4Yuu B MII0BOM cMecu n3onsita Al2 B KyabTypaiib-
HOI1 )KHJIKOCTH HAOJIFOIaeTCsl OOJIBIIOE KOJIMYECTBO HE CBSI3aHHBIX C XJIONKOM OaKTepHaibHbIX HUTEH HEOONBIION JUTHHBI, 4TO
BJIEUET 3a COOOH 3HAYMTETBHOE YBEINUCHNE KOHIICHTPAIINK B3BEIIIEHHBIX BEIIECTB B OTCTOSTHHOM JKHJIKOCTH.
YcranoBneHHbIE (AKTHI CIEAYET YUUTHIBATh B POLIECCE HKCILTyaTallni OYUCTHBIX COOPYKEHHUH IIPH PHUCKE MacCOBOTO
Pa3BUTHA HUTUYATHIX OakTepuii m30maToB M26 u A12 u He mormycKaTh GOPMUPOBAHHS B OMOpEaKTOpax 3aCTOHHBIX 30H.

Kniouesnle cnosa: crounble BOJIbI; aKTHBHBIH 1T, OMOIIEHO3; HUTYAThIe OPMBI MUKPOOPTaHU3MOB; BCITyXaHHE.

Bnazooapnocms. PaboTa BEIITOTHEHA B paMKaX HAyYHO-HCCIIEIOBATENbCKOHM paboTh! «IloBbimenwe 3¢heKTHBHOCTH TIpO-
[IECCOB OMOJOTMYECKOI OYMCTKHM CTOYHBIX BOJ ITyTEM CTaOMIM3anuy OaKTEpHaIbHOIO COCTaBa OMOLEHO3a aKTHBHOTO WIIa»
I'b 23-042, peructpammonssiii Ne 20230575.

THE RATIO OF FILAMENTOUS
AND FLOCCUILATING MICROBIOTA OF ACTIVATED SLUDGE
FOR EFFECTIVE BIOLOGICAL WASTEWATER TREATMENT
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The ability of filamentous forms of microorganisms isolated from biocenoses of urban and industrial wastewater treatment
plants to form filamentous structures and interact with activated sludge flocs when co-cultivated with it at aecrobic, microaerobic
and anaerobic conditions and at different volume ratios of activated sludge: filamentous bacteria suspensions was studied. The
ratio of filamentous and flocculating microbiota for effective biological wastewater treatment has been established. It was
found that the joint cultivation of activated sludge and isolates M7, M9 and M26 in microaerobic conditions contributes to the
formation of dense and compact floc of activated sludge, the mixing intensity is sufficient to provide dissolved oxygen to the
heterotrophic microbiota of sludge, but does not lead to the destruction of floc. When cultivating a mixture of activated sludge
and M42 bacteria under aerobic conditions, the formation of the most compact floc was noted, which may be due to the activity
of bacteria of this isolate, which were massively embedded in floc, but did not violate its structure. Bacteria of isolate A33 did
not affect the structure of floc at any ratios and aeration conditions, but were found in large quantities in mixed culture. Under
anaerobic conditions, in the presence of M26 and A12 bacteria, at a ratios of activated sludge : filamentous bacteria equal to
1:1, 3:1, the structure of floc is disrupted, which can lead to a decrease in its sedimentation ability. In addition, in the presence
of isolate A12 in the sludge mixture, a large number of non-floc bacterial filaments of small length are observed in the culture
liquid, which leads to a significant increase in the concentration of suspended solids in the settled liquid.

The established facts should be taken into account when operating treatment facilities at the risk of mass development of
filamentous bacteria isolates M26 and A12 and prevent the formation of dead zones in bioreactors.

Keywords: wastewater; activated sludge; biocenosis; filamentous forms of microorganisms; bulking.
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BBenenne

B nHacrosiiee Bpemst HUT4ATOE BCITyXaHue akTuBHOTO uia (AN) sisisieTcst Haubosee pacipocTpaHeHHOH B MU-
POBOH TpakTHKE MPOOJIEeMON OMOJIOTHYECKOW OYUCTKHM CTOYHBIX BOJ [1]. BermyxaHue MpoMCXOAUT BCIEACTBUE
JIeTpaialliii BUJIOBOTO COCTaBA aKTHBHOTO HMJIa. DTO MOXKET IIPOU30UTH 1O MHOTHUM NIPUYUHAM: YBEIIMUCHNE 00b-
eMa CTOYHBIX BOJI, TOCTYMAONINX Ha OYHCTKY, I3MEHEHHE UX XUMHUYECKOTO COCTaBa, KOHIIEHTPAIUN OTACIHHBIX
3arpsA3HSIONIMX BEIIECTB, B TOM YMCIIe TOKCUYHBIX Ul aKTMBHOTO WIIa, KojiebaHue yIAeTbHON Harpy3Kd Ha Wi,
MOHMKEHHUE TeMITepaTypbl CTOYHBIX BOJ U T. 11. [2]. B pe3ynbTare koianyecTBeHHOE TpeoliiafaHne MoayvaroT HAT-
yarble 0aKTEepUH Kak HanOoJiee yCTOWYMBBIC K Pa3IMuHBIM HEeOIaronpusaTHeIM (aktopam [3].
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IIpu Bcrmyxanuu pazMepsl (prIoKys T aKTUBHOTO HJIa YBEIMYUBAIOTCS, HO MTPH ATOM 3HAUYNTEITFHO YMEHBINAIOTCS
WX TUIOTHOCTH M, COOTBETCTBEHHO, CITOCOOHOCTh K OCQKICHHIO, YTO TMPUBOANT K BBIHOCY AW M3 OTCTONHHMKOB
BMeCTE C OMOJIOTHYECKHA OYUIICHHBIMH CTOYHBIMH BomaMu [4]. DTO Takke NMPUBOIAUT K CHIDKCHHIO d(PPEeKTHB-
HOCTH OMOXMIMHUYECKOTO OKHCICHHS 3arpSA3HSIONINX BEIIECTB W TOTOIHUTEIHFHOMY YXYAIICHHIO KauecTBa OHo-
JIOTHYECKON OYMCTKH CTOYHBIX BO/I. B KOHEYHOM HTOTE BCITyXaHHE HJia B a9POTEHKAX BBI3BIBACT MPOOJIEMY IKOJIO-
TUYECKOTO XapaKTepa — 3arps3HEHIE MPUPOIHBIX BOIOEMOB [5].

B T0 7%e BpeMs HaTMuMe HUTYaThIX OaKTeprii B aKTHBHOM HMJIE HEJIb3sI paCCMaTPUBATh TOJBKO KaK OTPHIIATEIEHOE
sBieHue. [Ipn Manoi KOHIIEHTpaIlii OHM BHOCSAT 3HAYMMBIA BKJIJ] B MPOIECC OYMCTKH CTOYHBIX BOA Onaromaps
CBOEH BBICOKOW OKHCITUTEIIHHOM CTIOCOOHOCTH, a BCIICACTBUE UX apMHPYIOIIETO NEHCTBUS YBETNUNBAIOTCS Pa3MeEphI
1 TIOBBIIIAETCS POYHOCTD (hToKyIL. IIpy HATMYUKM HUTYATHIX MUKPOOPTAHU3MOB TTOBBIIIAETCS CTETIEHb OCBETICHHS
BOJIBI ITPY OTCTAWBaHWH CMECH CTOYHOM BOZBI M aKTHBHOTO MJIa. JTO CBA3aHO C TEM, YTO OHHU CIIOCOOHBI yITaBIUBATH
1 YIEPKHMBATh B3BEIICHHBIE BEIIECTBA, HAXO/AIINECS B BOJIE B KOJUTOWIHOM W MEJTKOAMCIIEPCHOM COCTOSTHHH [6)].

Taxkum 00pazoM, COBpeMEHHBIE TEXHOJIOTUH OMOJIOTHYECKOH OYMCTKH CTOYHBIX BOJ HE TPEILyCMaTPUBAIOT
MOJTHOTO MCKITFOYSHHS M3 OMOIIEHO3a aKTHBHOTO MJIa HUTYATHIX OaKTepHid. 3a/1aua COCTOUT B TOM, YTOOBI oOecrre-
YUTH ONITUMAIIEHOE COOTHOIIIEHNE HUTYATHIX M (PIOKYIHPYIONIINX MAUKPOOPTAaHU3MOB [7].

Lenp mccnenoBanms — yCTaHOBIICHHE COOTHOIICHNS HATYATON 1 (PIOKYIHPYIOMEH MUKPOOHOTHI aKTHBHOTO
mia st 9GO GEeKTHBHON OMOIOTHYECKOW OUNCTKHA CTOTHBIX BOJI.

MaTepI/IaJ'ILI U METOAbI HCCJICA0OBAHUSA

B skcniepuMenTe UCToNb30BalIM AKTUBHBIN MJ1 C MUHUMAIIBHBIM UCXOIHBIM COZICP’KaHUEM HUTYAThIX (POPM MUKPO-
OPraHNU3MOB U CyTOUHBIE KYJIBTYPbI OaKTepHAIbHBIX H30JIATOB, BBIICTICHHBIX 3 OMOLIEHO30B MHUHCKOM OYMCTHOM CTaH-
i Y11 «MunckBogokanam (MOC) u CIOHMMCKOTO KapTOHHO-OyMa)KHOTO 3aBoJia «AJIBOEPTHHY, BhIPALICHHBIX HA
cpene CCB, pazpaboTaHHON Ha OCHOBE CPEHETOI0BOTO COCTaBa PealbHBIX CTOUYHBIX BOJ, ocTynaronmx Ha MOC.

AdpoOHBIE YCIOBHS CO3AaBaIM IyTEM KYJIBTHBUPOBAHHUS HWJIOBOM CYCIIEH3MM C HHUTYATBIMH MHKPOOP-
raHU3MaMH B €MKOCTSIX C HEOOIBIIMM KOJMYECTBOM MHUTAaTelbHON cperbl (50 cM’) B mielikepe-MHKyOaTtope
Environmental Shaker — Incubator ES-20 npu uactore BerpsixuBanuii 160 Mun . i MOIETMPOBAHKS MHKPO-
a’pOOHBIX YCIIOBUH CYCIICH3HIO aKTHBHOIO WJIa C JOOABJICHUEM BBIJCICHHBIX OakTepUil KyJIBTUBHPOBAIU HPHU
TOH K€ YacTOTE BCTPSAXUBAHUN B EMKOCTSX C BBICOKHM CIJIOEM CPEIbl, JOMYCKasl JIUIIb HE3HAYUTENIbHOE IepeMe-
HIMBaHKE KYJIBTYPalbHOM KUIKOCTH. AHapOOHbIC YCIOBUS 00ECIEYNBAIN B IUNIOTHO 3aKPBITHIX MPOOHpKax 0e3
NepeMeIINBaHus, 3aMOIHSS UX IPAKTHYECKH MOIHOCTBIO (BBICOTA CJI0sI cpeibl okojo 10 cm).

JI1s OIIeHK Y BIUSTHUS KOJTM4YecTBa HUTYATHIX Oaktepuii (HB) Ha cTpykTypy Xionka aktuBHOTO mia (A1) Obumn
BBIOpAHBI CIEYIONINE COOTHOIIIEHH KomruecTBa cycnensuit AW : Hb — 1:1; 3:1; 10:1.

OKCIEepUMEHT MPOBOIWIN B TeueHHE 4 CyTOK 0e3 BHEeCeHHMsI NOANUTKHU. [leproguuecku oroupanu npoosl cy-
CHEH3UI 1 MUKPOCKOIIMPOBAJIN MOMTyYCHHBIE 00pa3Libl IPH MOMOLIM MUKpOcKona «buonornueckuin» (yBeanye-
uue x400). BusyanbHo oLieHMBaIM YMCICHHOCTh HUTYATHIX (hOpM OAaKTEpHid M MX BIUSHUE HA CTPYKTYPY XJIOIIKA
aKTHBHOTO Wia. {7t cpaBHEHUsI M3ydaind H3MEHEHHE MOP(OJIOTUH HUTEH MUKPOOPTaHU3MOB P KyJIBTHBUPOBA-
HHUM YUCTBIX KYJIBTYP B HICHTUYHBIX YCIOBHSIX.

Pe?.yJI])TaT])I HCCJICAOBAHUA U UX 06cy>1<,11enue

[l akcniepuMeHTa ObUTM OTOOpaHBI U30JIATHI ¢ HAKOOJIee Pa3BUTON HUTYATOW CTPYKTYPOM, CIOCOOHBIC CO-
XpaHsTh ¢ MPU CYISCTBCHHOM BapbUPOBAHUH 3HAUCHHI BHEIIHUX (haKTOpoB (puc. 1).

Puc. 1. Muxpogotorpadun HUTIATHIX HOPM MHUKPOOPTAaHU3MOB, BBIICTICHHBIX 13 OHOIIEHO30B aKTHBHOTO MJla MUHCKOW OYHMCTHOW CTaHIIUHI
VII «MunckBonokanam: @) M7, 6) M9, ¢) M26, 2) M42 1 ClioHIMCKOTO KapTOHHO-OyMakHOTO 3aBojia « Ans0epTun»: 0) Al12, e) A33

Fig. 1. Photomicrographs of filamentous forms of microorganisms isolated from activated sludge biocenoses of the Minsk wastewater
treatment plant UE «Minskvodokanal»: @) M7, b) M9, ¢) M26, d) M42 and Slonim cardboard and paper mill «Albertin»: e) A12, f) A33
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PesynbraThl 9KCriepEMeHTa TI0 BIUSIHUIO YCIOBHI adpaiuu Ha (GopMHUpOBaHKE XJIONKA aKTHBHOTO HJIa B TIPU-
CYTCTBUH HUTYATONH MUKPOOMOTHI MPEJICTABICHBI B TA0M. 1.

Tabnuna

Crioco9HOCTh HUTYATBIX ()OPM MHKPOOPIraHU3MOB BCTPAUBATHLCS B CTPYKTYPY XJIONKA B PA3JHYHBIX YCJIOBHAX a3paluu

Table

The ability of filamentous forms of microorganisms to integrate into the structure of floc under various aeration conditions

1

1

Muxkpodororpaduu Mukpodororpadun CyCrieH3uii Py COOTHOIICHHUH
VCoBHs KyJI5THBUPOBAHHUS YUCTBIX KYJIBTYD aKTHBHBIH HJT : HUTYATBIC GakTepry
HUTYATHIX OaKTepPHid 1:1 | 3:1 10:1
N3onst M7
e - - -
- l'h
MukpoaspoOHbIe
e - -
H3onst M9
- -
e -
AHaspobOHbIe 5 .
M3onsar M26
e -
e -
e -
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OkoHuyaHue Tabm. 1

Ending table 1

Mukpodororpapuu MuxkpodoTtorpaduu cycrneHnsuii Ipu COOTHOIECHHU
VYcioBus KyJIbTUBUPOBAHUS YHCTBIX KYJIBTYD AKTMBHBIA WJI : HUTYAThIE OaKTEpUH
HUTYATBIX OaKTepHid 1:1 | 31 10:1
W3zonar M42
- -
- -
o -
g
AspobHble
MukpoaspobHbIe -
AmnaspobHble '
o -
m— -
: - —
AHanpobOHbIe

YcTaHOBIIEHO, YTO JUTS BCEX UCCIIEAYEMbIX H30JISITOB MpH cooTHomeHnr konudectsa AN : Hb = 10:1 6akrepu-
aJbHBIE HUTH TN00 BU3yaJ bHO HE OOHAPYKMBAIHCH HU B CBOOOJHOM COCTOSIHUHM, HH B CTPYKTYPE XJIOTKA, JTHO0
00HapyKUBAJIMCh B MaJIOM KOJIMUECTBE, II03TOMY IIPU OOCYKACHUH PE3yJIbTaTOB IKCIIEPUMEHTA paccMaTpuBai
coorHomenus AW :Hb = 1:1 n 3:1.
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ITokazaHo, 4TO B YMCTON KYJIBTYpe OakTepuu n3oisiTa M7 o0pa3oBaii 6ojiee BBIPAXKCHHBIC HUTYAThIC CTPYKTY-
PBI B MHKPOa3pOOHBIX YCIOBHUIX B CPABHEHUH C a3POOHBIMHU M aHadpOOHBIMU. 1IpH KyIIETHBHPOBAHUK COBMECTHO
C aKTUBHBIM HJIOM HUTH M7 BU3yaJIbHO (PHIKCHPOBAITUCH B XJIOTKE YrKe TIOCIe 6 9 KyJIBTHBUPOBAHHUS TIPH JIFOOBIX CO-
otromennsx AU : Hb. O6pa3zoBanne HUTEH OBLTO HAMHOTO MEHEE BEIPAKEHO B adPOOHBIX U aHA3POOHBIX YCIIOBHSX,
B 3THUX CITydasx HUTH OBUTH KOpOUe, Xy’Ke BCTPAUBAJIFICH B XJIOTIOK, 9aCTO HAOIIONAINCH B CBOOOTHOM COCTOSTHHH.

IIpu coBmMectHOM KynbTuBUpOoBaHUU Al m Hb M7 Hambosnee KOMIAKTHBIA XJIOTIOK (DOPMHPOBAIICS MUKPO-
a’POOHBIX YCIOBHSIX, HECMOTPSI Ha OOJBINOE KOJMYCSCTBO ITMHHBIX HUTEH, OOHAPYKEHHBIX KaK B CBOOOTHOM
COCTOSIHMH, TaK ¥ B CTPYKTYpE XJIOMKA.

IIpu xynsTUBHpOBaHUU OakTepuit M9 B 4nCTON KyabType HanOoIee UIMHHBIE HUTH 00Pa30BLIBAIINCEH B aHA3-
poOHBIX ycrmoBusax. [Ipu coBmectHoM KyisruBupoBannu AW u Hb M9 B cootHomennn 1:1 BcTpanBanue B XJIo-
ITOK TTPOMCXOANIIO YiKe Tmociie 6 9 KyJbTUBUPOBAHUS TIPH JF000I WHTEHCUBHOCTH asparui. [Ipu cooTHOMIEHUN
AW :HB = 3:1 moce nmepBeIxX 6 9 KYJIETUBHPOBAHUS B CMECH HAOMIOMaIMCh CBOOOMHBIC HUTH OakTepuit. 1o mpo-
MECTBUH 24 1, He3aBUCUMO OT NcxoaHoro cootHomeHus AW : Hb u ycoBuit aspammm, Habmogamocs oopacTaHue
HUTEH TeTepoTpodhHON MUKPOOHOTON. [Tpr 3TOM B a3pOOHBIX B aHAIPOOHBIX YCIOBHSIX XJIOTIOK OBLIT O0JIEe PHIX-
JIBIH, 00NacTy ¢ OOJBIIEH TUIOTHOCTHIO OMOMACCHI TIEPEeMEKaINCh C MEHee TUIOTHBIMHU; B YCIIOBHSIX MHUKpOalspa-
n HOPMHUPOBAJICS XJIOTTOK BU3YAIBHO KOMIIAKTHEE, B HEM OBLIO OOJIbIIe KPYITHBIX 00pa30BaHUM.

bakrepranpable HUTH U30sATa M26 HaOMIOOAMUCh B CTPYKTYpE XJIOMKA HE3aBUCHMO OT YCJIOBHH a’pariuu
u cootHomeHuss AW : Hb yxe mociie 6 4 COBMECTHOTO KYJIETHUBHPOBAHUS:

— B adpOOHBIX YCIOBHX OakTepuu M26 00pa3oBhIBAIM HUTH HEOOJBITION IJTMHBI B MAJIOM KOJTMICCTBE, BCIICI-
CTBHE YeTO OHU HE MOIJIM BBICTYTIaTh KaK CBA3YIOIINH IeMEeHT MpH (POPMHUPOBAHUH XJIOTIKA;

— IIPU MUKPOAdPOOHKIX YCIIOBUAX OakTeprn M26 00pa3oBeIBaIN 00JIee IIIMHHBIC HUTH, KOTOPBIE YCIIEITHO CBSI-
3BIBAJTM QJIIEMEHTHI XJIOITKA, B pe3yibTare (popMUpoBajIcsa KPYMHBIN 1 00JIee KOMITAaKTHBIH XJIOTIOK aKTUBHOTO MITa;

— TIPA COBMECTHOM KYJIBTUBHUPOBAHNN OakTepuii n3omsiata M26 ¢ akTUBHBIM HJIOM B OTCYTCTBHE a’paru OT-
MEYEHBI pa3phIXJICHHE XJIOMKA, pa300IIeHNe OTAETHHBIX 00Jee TNIOTHBIX YYaCTKOB U B TO )K€ BpeMsl 00beMHEHNE
WX B KPYITHBIE IPOCTPAHCTBEHHBIE CTPYKTYPHI 32 CUET [UTMHHBIX OaKTepHAbHBIX HUTEH HCCIIEAyeMOro H30IIATa,
BBICTYTIAIONINX B POINA «MOCTHKOB». CeIyeT OTMETHUTh, YTO TIPY KYITBTHBHPOBAHUU M26 B YHCTOW KyJBType
HauOOIbIIAs JITHHA U KOJIMIECTBO HUTEH HAOIIONATNCh NMEHHO B aHADPOOHBIX YCIIOBHSIX.

Takum 00pa3oM, BHeceHUE OakTepwii n3omsaTa M26 B mioByto cMech B cootHomeHnn AW : Hb = 1:1 mu6o 3:1
HapyIago CTPYKTYpY XJIONKa aKTHBHOTO HMJa B aHAIPOOHBIX yCIOBHUsAX. COIIACHO TONyYeHHBIM pe3yibTaraM,
CYIIECTBYET BEpOATHOCTh, YTO Ha JACUCTBYIOIINX OYHCTHBIX COOPYKEHHUSIX PAa3BUTHIO AAHHBIX OakTepuil Oymer
CII0COOCTBOBAThH HAIMYHE B OMOPEAaKTOpax 30H C OTCYTCTBHEM a’3palii U TIepEMENTNBAHNS HIIOBOI CMECH, a 3Ha-
YUTEJBHBIN POCT MX KOHIIEHTPAIIMHU B MIIOBOM CMECH MOYKET IPUBOAMTH K JETPAAINY XJIOTKA WA U YXyAIICHHIO
€ro CeINMEHTAIIMOHHOM CITOCOOHOCTH.

IIpu KynBTHUBHPOBAHWN B YHCTOW KyIbType OakTepuii M42 3HAUNTEBHOE KOMMUYECTBO UTMHHBIX HUTEH Ha-
OJTIOMaIOCh B adPOOHBIX YCIOBUAX. [IpW COBMECTHOM KYJIBTHBHPOBAHHMH OaKTEepHi m30isaTa M42 ¢ aKTHBHBIM
WJIOM CYIIIECTBEHHOE BIIMSHNE OKa3bIBajla MHTEHCUBHOCTD adpallii: B aHAIPOOHBIX 1 MUKPOA3POOHBIX YCIOBHAX
(hopMHPOBATIOCH HEOOJIBIITIOE KOMMISCTBO HUTEH CpemHel INHBI, 00HAPYKEHHBIX KaK B CBOOOJHOM COCTOSTHUH,
TaK ¥ B CTPYKTYpe XJIOIKa, IPUYeM OHHU HE SIBIISUIMCH MIPHUYUHON €r0 Pa3phIXJICHHUs; B aDPOOHBIX YCIOBUAX OT-
MedeHo (popMHpoBaHKe HanOOoIee KOMITAKTHOTO XJIOTIKA, YTO MOXKET OBITh CBS3aHO C NEATEIBHOCTHIO OaKTepHit
n3onsata M42, KOoTopble MOCTETIEHHO MEMICHHO YIIHHSINCH Ha MPOTSHKEHUH BCETO SKCTIEPUMEHTA, TPU ITOM
MacCcOBO BCTPAaWBAJIMCh B XJIOMOK, HE HAPYIIasi €r0 CTPYKTYPY.

baxrepuu A12 B a3p0oOHBIX B MEKPOAdPOOHBIX YCIOBHSX Pa3BUBAINCH MEIJIEHHO, OIIEHUTH UX ydacThe B (hop-
MHPOBaHHUH XJIOTIKA CIIOXKHO. BH3yasbHO B MJIOBOM CyCTIEH3WH HUTEW MPAKTHYECKH He HAaOI0NaIoch, Py ITOM
IJIOTHASA Y AOCTAaTOYHO KOMIAKTHAS CTPYKTypa XJIOMKa 3aTPYAHSIIA BEISIBICHIE B HEM TPEICTaBUTENEH TaHHOTO
n3oJATa. JlaHHOE SIBJICHHE OTMEUEHO JIjIsl Beex cooTHomennit A:HB A12.

B 10 ke BpeMs B aHAIPOOHBIX YCIOBHIX HAOIFONATIOCh MAacCOBOE pa3BUTHE M30JATa Al2, B pe3yibraTe 4ero
B WJIOBOW CYCII€H3HWH TPHCYTCTBOBAIO OOJBIIIOE KOJMYECTBO CBOOOIHBIX HUTEH Pa3HOW JJIMHBI (Takas jKe CHUTya-
WS CKITAIBIBATIACH TIPH PA3BUTHH YHUCTON KyIBTYpHI OakTeprii A12 B oTcyTcTBHE adparwn). [IprvepHo uepes 24 1
COBMECTHOTO KYJIETHBHPOBAHHMS ITPH JTFOOBIX cooTHOMmeHus X AW : Hb autn 6akrepmii A12 B MaCCOBOM KOJTMUECTBE
OOHapyKEHBI B CTPYKTYpe XJIOMKa, YTO MPHBENO K €T0 ACrPaallii, CHIYKEHHIO TUIOTHOCTH M KOMITAKTHOCTH. JTOT
(haxT ciemyeT yUnUTHIBATH MPH IKCILTYaTAINA OYUCTHBIX COOPYXEHHI 1 TIPU PHUCKE MAacCOBOTO Pa3BUTHSI HUTYATHIX
Oaxrepuii m3ossTa A 12, He moryckast (GOpMHUPOBAHS 30H C OTCYTCTBHEM ad3palliyl ¥ TICPEMETITHBAHSI FTTOBOM CMECH.

B gucTtoit xyneType 6akrepun m3oiaTa A33 00pa3oBEIBAIN JTHHHBIE HUTH BO BCEX YCIIOBUSAX adpaIlid, OHA-
KO B @aHa9POOHBIX KOJMYECTBO HUTUYATHIX CTPYKTYpP 3HAYUTENHHO BHIIIE. [Ipn coBMecTHOM KynbTuBHpOoBaHuH Al
u Hb A33 B 1100BIX YCITOBHUSAX adpaliiil HE OTMEUCHO OaKTEpHALHBIX HUTEH B CBOOOTHOM COCTOSIHHH, B TO XKE
BpeMsi OHH 0OHApPYKEHBI B CTPYKTYPE XJIOMKa YKe uepe3 6 9 OT Hadajia SKCIIepPUMEHTA.

IIpu coornomenusx AW :Hb = 1:1, 3:1 B a3p0oOHBIX 1 MUKPOa3pOOHBIX YCIOBHSIX CTPYKTypa XJIOKa He ObLIa
HapyIeHa IpUCcyTCTBHEM u30iisaTa A33. B aHadpOOHBIX YCIIOBUAX KOJMYECTBO HUTEH B XJIOMKE TOPA3I0 BHIIIE,
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TIPUYEM HX JUTHHA 3HAYUTEIBHO OOJIBIIIE, UeM B a9POOHBIX M MUKPOA3POOHBIX, OTHAKO 3TO 00CTOATEIHCTBO TAKKE
HE CKa3bIBAJIOCh HA CTPYKTYpE XJIONKA, ero pasMepax M MmioTHOCcTH. ClieoBarenbHO, PH BO3HHUKHOBEHUH Ha
OYHCTHBIX COOPY)KEHHSX YCIIOBHH, COOTBETCTBYOIIMX CO3/IAHHBIM B DKCIIEpUMEHTe, OakTepun m3onsita A33 He
BBI30BYT 3HAYUTENILHBIX HAPYIIEHUH TEXHOIOTUYECKOTO Tpoliecca.

3aKjIouenue

AHanM3 MOMyYeHHBIX Pe3yIbTaTOB ITO3BOJISET CIEaTh PSl BEIBOIOB.

1. CoBMecTHOE KyIBTHBHPOBAHHE C AKTHBHBIM HIJIOM HM30JATOB M7, M9 1 M26 B MUKpPOa3pOOHBIX YCIIOBU-
X CHOCOOCTBYeT (OPMHUPOBAHHIO OOJIee TUIOTHOTO M KOMITAKTHOTO XJIONKA, WHTEHCHBHOCTh IE€PEMEIINBAHU
JlocTaTodHa A1l 00ecnedeHns pacTBOPEHHBIM KHCIOPOIOM TreTepoTpodHONH MUKPOOHOTHI MIla, HO HE TIPHBOAUT
K pa3pyIIeHHIO XJIOMKOB. D (HEeKTUBHOCTL BCTPAUBAHUS B XJIOTIOK aKTHBHOTO WJIAa JAHHBIX HUTYATHIX (hopM Oak-
TEpHH He 3aBUCHUT OT UcXoaHoro cooTHommeHust AW : Hb.

2. Hammame Gaktepuit M42 nipu KyJIETUBHPOBAHUH CMECH B adPOOHBIX YCIOBHAX CTUMYIHPOBAIO (HOpPMHU-
poBaHHe HanboIee KOMIAKTHOTO XJIOTKA, YTO MOJKET OBITh CBA3aHO C JMESATEIHHOCTHIO OAKTEPHUI ITOTO M30IIATA,
KOTOPBIE MacCOBO BCTPAMBAJIICh B XJIOMOK, OJTHAKO HE HAPYIIAIH €TO CTPYKTYPY.

3. bakrepwuii nzonara A33 oOHapyKHUBAINCHh B CMEIIAHHOH KyJIBTYpe B OOJBITOM KOJTHUECTBE, HO IIPH 3TOM HE
OKa3bIBAJIH BIIMSHUS HA CTPYKTYPY XJIOTIKA TP JIFOOBIX COOTHOIICHUSX U YCIOBHUSX adpalivy.

4. BaxHOE MPaKTHIECKOE 3HAUCHUE UMEIOT CIICIYIOIINE Pe3yIbTaThl: HATMIHe B cMecH OakTepwii M26 m A12
npu cootHormennn AM:HbB = 1:1, 3:1 B aHa3poOHBIX yCIOBUSAX MPUBOIUT K HAPYIICHUIO CTPYKTYPHI XJIOTKA
(B HEeM HabrOMArOTCS HEOOMBINME OOJIee TIOTHBIE pa3pPO3HEHHBIE YUACTKH, CBSI3aHHbIE JITHHHBIMH «MOCTHKAMI
HUTYATHIX OaKTEepHii), 9TO MOXKET MPUBOANTH K CHIKEHHUIO €T0 CEMMMEHTAIMOHHON crtocoOHOCTH. Kpome Toro,
B CITy4ae TIPUCYTCTBHS B IIIOBOU cMeCH M30JiaTa A12 B OTCYTCTBHE adpalliil B KyJIBTypaTbHOU JKUIKOCTH HAOIIO-
JTaeTcs OOIBIIOE KOIMIECTBO HE CBA3AHHBIX C XJIONKOM OaKTepHaTbHBIX HATEH HEOONBIION ITHHBI, a 9TO BIEYET
3a co00# 3HAYUTETHFHOE yBETMYEHNE KOHIICHTPAIIMN B3BEIICHHBIX BEIIECTB B OTCTOSHHOM KHIKOCTH. YCTaHOB-
JIeHHbIe (PaKThI CIeqyeT YUUTHIBATh B MPOIECCE DKCIUTyaTaIlldl OYMCTHBIX COOPYXEHHWH MPH PHUCKE MAaCCOBOTO
Pa3BHUTHS HUTUYATHIX OaKTepuit n301aToB M42 1 A12 1 He TOImycKaTh (OPMHUPOBAHUS B OMOPEAKTOPAX 3aCTONHBIX
30H C OTCYTCTBUEM a’paIliy 1 TIEPEeMENTNBAHNS MIIOBOH CMECH.
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