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Bo B3Becu, copepxallenca B WIIOBOM CMeCW, KOTopas BbIXOAUT U3
A3POTEHKOB BO BTOPWUYHbIE OTCTOMHWUKM, MOMMMO aKTMBHOIMO Mna MMEKTCS B
HanMuum MEenKOANCNEPCHbIE BKIIOYEHUS, npeacTaBneHHble
csobogHonnaesawwmmm 6akTepusamMm, OpraHMY4eckom U MUHEPAnbHOW MPUMECHIO
HepacTBOPUMbIX YacTuL, pa3nuyHoun npupoasl [2,21].

lMockonbKy MenkogucnepcHas B3BeCb MMeeT guameTtp vactuy 0,2-2 MKwm,
YTO Ha oOOvH-ABa MNopsiAka MeHblle 3KBUBANEHTHOrO AnamMeTpa Xonbes
aKTUBHOrO una, CKOpPOCTU UX OCaXOeHUs OTNNYalTCA B COTHU pas W ydaneHue
MENKoOANCNEPCHON B3BECU MPOUCXOAUT BCreACTBME aare3vm XornkoM akTUBHOIO
una, a He nyteMm cBobGoAaHOro ocaxgeHus. Takum obpasoM, 3PPEKTUBHOCTb
OCBETMEHUs onpefensieTca CTPYKTYpOM XIOMKa, €ero peoriormyeckumm wu
aaresvoHHbIMM  CBOMCTBAMW U, B  MeHblleW CTEMNEHW, KOSMYEeCTBOM
MenkoaucrnepcHon B3BECM.

Mo MmukpoburonornyeckoMy HanpasneHuto obpasoBaHne XJI0NbEB aKTUBHOIO
una v nx gesnHTerpauuio paccmMaTpuBaloT Kak pe3ynbTtaT BUOOBbIX UBMEHEHUN B

© C.M.EnosiH, H.B.CopokiHa,
N.0.%ecik, 2017



LeHo3e, npunucbiBas oKynupyloLwmne CBOWCTBa OTAeNbHbIM BuaaMm bGaktepui
(Hanpumep, Zooglea Ramigera), npoctenwnm, 06ycnoBnmBaloLWnM YTUNN3aLNIO
AE3VHTErpuMPOBaHHbIX  YacTUL, XMNomka W KNeToK, HuT4yatblM GakTtepusam,
co3aroLmM NPOCTPAHCTBEHHYIO peLueTKy, 1 T.M.

OpHako B nocnegHue roAbl MOMYYEHO 3HAYMTENbHOE YMUCIIO [AaHHbIX,
MOKa3blBaOLLMX, YTO CMNOCOBGHOCTLIO K OMOGnoKynsauMM npu onpeaeneHHbIX
YCNOBUSX KyNbTUBMPOBaHNA obnagaeT 60MbWMHCTBO rpynn MUKPOOPraHM3MOB.

MocnepoBatenn  OU3NKO-XMMUYECKOW  KOHUEeNUMn  BUodbnokynaumm
paccMaTpmBaroT MexaHusM OpPMUPOBAHUA XJIOMNKa akTMBHOMO una Kak aHanor
XuMuyeckon  koarynauum.  MHOroynmcneHHbIMM  UCCredoBaHUAMM  MOKasaHa
cnocobHocTb GonbluMHCTBA GakTepui K Koarynaumm aHanormvyHo rmapodobHbIM
Konnovgam npu BenuynHe noBepxXHOCTHOroO 3apsiga Hke 15 MB.

OTO AaeT OCHOBaHWe paccmaTpuBaTb BakTepum kak buokonnoungbl. Hapsay
C 3TUM YCTaHOBMEHO TaKXe, YTO BblaensiemMbl Knetkamu éuononumep obnagaer
CBOMCTBaMM MONManekTponuta. Ha aton ocHoBe caenaHo npeanofioXeHue, 4YTo
B1oNoKyNAUMS ABASETCA pe3ynbTaTtoM B3auMMoaeNCTBUSA BbICOKOMOSEKYSIIPHOIO
nonuanekTponuta ¢ OMOKONNOUAHBIMW YacTUuaMW, B KayecTBe KOTOpPbIX
BbICTynatoT  Oaktepun. B3ammocBssb  Mexgy  PUMKO-XUMUYECKUMU U
MUKPOBMONOrMyeckumm dakTopamu, onpegensaroLwmmm 3PPEKTUBHOCTb
dorokynaumm, MoxeT BbITb BbiSiBfieHa Ha OcHoBe 6onee obuero 6Guodranyeckoro
aHanusa siBfeHus.

CBs3b  3pPEeKTUBHOCTM OIIOKYNAUUMM CO  CTerneHbld obecnevyeHHOCTH
(BEMMYMHOM Harpyskn Ha akTUBHBLIA M) OTMeYanacb MHOMMMW UccrnegoBaTensiMu.
lMokasaHo, Hanpumep, 4YTo gobasreHne ceexero cybcTpaTta K (ornoKynmpoBaHHbIM
OakTepusim BbI3blBAaeT OUCMEPrMPOBaHWE XIOMbEB, K TOMY Xe pesynbTaTty
NPUBOOUT OTCYTCTBUE MNUTaHUA. ITO OObIMHOE $BfiEHME C aKTUBHbLIM WUIIOM
rOPOLCKNX CTOYHbIX BOA (HOYbKD Mano CTOKOB, Masio NUTaHWA; OHEM MHOrO
CTOKOB, MHOTO NMUTaHUS).

Takum obpas3omM, MOXHO BblAESNUTb TPU COCTOSIHUS BUOSOrMYECKUX CUCTEM
C TOYKM 3pEeHUs WX CKIMOHHOCTM K cpnokynaumm. B nepBom crnydae npwu
N30LITOYHOM KONMYECTBE YrNepoOAHOro NUTaHWd, YTO COOTBETCTBYET GonbLIOMY
KONn4ecTBy CBOOOAHON 3HEPrMM N BbICOKOW MOABMKHOCTU KITETOK, MHTEHCUBHOCTb
obpasoBaHna OMOMONUMEPHOrO  MOSIMANEKTPONMTA He  JoctaTtovHa  Angd
obecneveHuns dnokynauun. Bo BTOPOM MPOTMBOMOMOXKHO NpeaenbHOM crnyyae
npuv OCTPOM NIMMUTUPOBaHMKM NO CybCcTpaTy paBHOBecKe B BuoueHo3e caBuraeTcs
B CTOPOHY KYNnbTyp, CNOCOBHbLIX MeTabonuamposaTtb Grononumep, 4To NpUBOAUT K
pegucnepraumMm XxnonbeB. YCTOMYMBOE CTaUMOHApPHOE CyLLECTBOBAHWE XI1OMbEB
aKTMBHOIO uWna peanu3ylTcs B onpefeneHHoM Anana3oHe obecneyYeHHOCTU
NMTaHNWEM, COCTOAHNN XOPOLLO GONOKYNIMPYIOLLEro akTUBHOMO una.

MexaHn3am nepexoga OT CBOOOAHOMNMABAKOLWMX KNETOK K Cucteme C
aKTMBHbIM UNTOM MOXeT ObITb NpefcTaBneH cnegywowum obpasom. B ycnosusax
OrpaHMYEeHHOro  YrnepogHoOro  MNUTaHUA  KMEeTKM  CHMXaKT  KONMYECTBO
npoayuupyemon cBobOOHOW SHepruu, nNpu 3TOM ABuUraternibHas akTUBHOCTb



UUTONMasMbl CHUXaAETCS, YTO NPUBOAUT K YMEHbLUEHWUIO 3MEKTPOKUHETUYECKOro
noTeHuuana W, Kak creactBue, K CNUNaHUIO KIeTOK MpU UX CTONIKHOBEHUAX B
pesynbtate OpPOYHOBCKOro ABWXEHWA M nepemewmBaHus. B utore no aaHHbIM
Monukapa, HabnogaeTcs sBrieHne KOHTaKTHOro TOPMOXEHNHA
npuocTaHaBnMBaloLee He TONbKo OpPOyHOBCKOE AOBWXKEHWE, HO W ABMXEHWEe
yutonnasmbl. JTO, B CBOK oO4Yepedb, NPUBOOUT K AaribHenWweMy CHUXEHUIO
MOBEPXHOCTHOrO 3apsiga. B pesynbrate aTux sABMeHWA NOTOK cybcTpata K
afre3avpoBaHHbIM  KIeTKaM  YMeHbLUaeTCs,,  MOCKOSbKYy  yBerMymMBaeTcH
AndysmMoHHOEe  COMPOTUBMNEHWE U CHMXKAETCA  CKOpOCTb  OBHOBNEHus
noBepxHOCTU. M3meHeHMe ycnoBuA BHeLWHeW cpenbl BbI3blBAaeT MafeHune
CKOPOCTM MeTabonuyecknx peakumn un YyBenuMyYeHue Bo3pacTa KynbTypbl,
npuBogsiliee K MHTeHcudukauum BblgeneHnss duononumepa. B ntore Heckonbko
afAre3anpoBaHHbIX KIETOK MOKpbiBaeTCss eAuHbIM - BMOMONUMEPHBIM  CIIOEM,
dopMUpYOLLINM KITOH [2,53].

HanbHenwen @ason passutna npouecca QrOKynAUMM  ABsieTcH
obpasoBaHue xromnka akTMBHOIo una, coOpPMUPOBAHHOIO U3 HECKOSIbKMX KITOHOB.

Takum obpasom, cTauMoOHapHOe pacrpeferieHMe XJionbeB akTUBHOMO una
no pasmepaMm YyCTaHaBfMBaeTCA Kak pes3ynbTaT [ABYX OAHOBPEMEHHO
npoTeKatwLmnX N B3aMMHO YpaBHOBELLMBAOLLMXCS NPOLECCOB — ANCNEePrMpoBaHus
XJIONKOB Nog, AencTBMeM TypOyneHTHOCTU U UX CNUSHWE B pesynbraTte OeACTBUSA
cun, obycnaBnmnBaroLLmnX oroKynsaumio.

PaccMOTpeHHbIN xapakTep 3aBUCUMMOCTW YCROBUI XnonbeobpasoBaHust OT
cteneHn obecrneyeHHOCTM  MUKpopiopbl  cybcTpatoM  nNpu OTCYTCTBUM
NMMMUTUPOBAHNA KUCITIOPOAOM MO3BOSISIET OOBACHUTHL TaKkKe MNPUYUHBI Pa3BUTUS
HUTYaTbIX BGakTepun B akTMBHOM une. Hutyatble 6akTepum MOryT nosiBfSTLCS B
aKTMBHOM MWre Kak Mpyv HanmyMmM OOCTaTOYHO 60MbLIOro KonmnyecTBa KMcnopoaa,
TaK 1 Npu ero HexeaTke. ATO KaxyLleecs NPOTMBOpPEYME fnerko yCTpaHaeTcs, ecnv
y4yecCTb, YTO OCOBEHHOCTbI BGakTepun 3TOro BuAa SABNSAETCS MOBbIWEHHas, Mo
CpaBHEHUIO C APYrMMU BuAamu, yaeribHasi NOBEPXHOCTb, obecnedmBarowlas mx
npenMyLLEeCcTBEHHOE pa3BUTME B YCIMOBUSX HedocTaTka B MNEepBOM Chnyyae
Kncrnopoga. A BO BTOPOM crlydae — cyberparTa.

CnocobHocTb una K pasgeneHnio 06bl4HO OLEHUBAKT C MOMOLLLIO UTOBOTO
nngekca Ji, cm3/r [1,103; 3,291]. MHOrouMcneHHbIMM UccneqoBaHUAMM NoKasaHo,
YTO WMOBbIA MHOEKC HE MOXET CNYyXWUTb MOSHOLEHHbIM Moka3aTenem npolecca
OCaXOeHna W YNAoTHeHUs wuna. 3HavyeHue WMNOBOro MHAEKCa CyLEeCTBEHHO
3aBMCUT OT pasMepoB COCyda, B KOTOPOM MNPOU3BOAMTCA OCaXAeHue wuna, u
MHOXeCTBa OpYyrnx (pakTopoB — BbICOTbl COCyAa, KOHUEHTpauuu una, ycrioBumn
ocaxaeHunsa (KoHconuaupoBaHue NMbo aBTOHOMHOE OCaXOeHue), MHTEHCUBHOCTU
nepemMeLLmBaHus.

CegMMeHTaUMOHHbIE CBONCTBA WUISIOBbLIX CMECEN OLEHMBAKTCH MO KPUBOW
KuHwa (KkpvBasi KWHETUKN CHWXKEHUS rpaHuubl pasgena ¢as) [3,381].

Ha BenunuynHy MnoBoro nHAekca akTMBHONO uUna BAMSET CyTOYHasa Harpyaska
no BenuyuHe BINKnonH Ha rpamm cyxoro 6e33onbHoro Bewectsa mna [3,360]. C



POCTOM Harpysku OT MUHUManbHOW, XxapakTepHOM NS ura npoareHHON aspaumn,
100 mr BIK/(rxcyT), nnosbii MHAEKC BHavane ymeHbliaetcsa Ao Harpysku 300 mr
BrK/(rxcyT), a 3atem yBenuuyuBaetca npu Harpyske 600 mr BIK/(rxcyt). K
coxaneHuto, B Tabnumuy 10.14 [3,360] He nonann 3Ha4yeHns1 UITOBOro MHAEKCA npu
BonbLlMX 3HAYEHUsIX Harpy3ok. A mexay Tem, npu Harpyske 1000 mr BIK/(rxcyT)
ONS una ropoAckMx CTOYHbIX Bog [3,292] MMmeeTcs elwe OOMH 3KCTPEMYM C
BENnMYMHOW unosoro wuHaekca 80...85 cm3/r, T.e. aHanormyHblil Harpyskam
300...400 mr BI1K/(rxcyT). Takon BbICOKOHArpy>Xe€HHbIA U COBEPLUEHHO NULLIEH
NPOCTENLLMX W MESIKUX XMUBOTHbIX W WMEEeT BbICOKME CeAUMEHTAUNOHHbIEe
CBOWCTBA WCKNIOYUTENBbHO BCNEACTBME Cneumdukn CBOWCTB BakTepmanbHbIX
MUKPOOPraHu3MoB, ornpeaensitowmx 1 anekTpuyeckne CBONCTBa 4YacTuL, aKTUBHOMO
una, n p[obaBnAwWMX K rpaBUTALMOHHBIM - XapakKTepUCTUKaM B3BELLEHHbIX
BELLLECTB CTOYHbIX BOA HOBblE FPaHNYHble CBONCTBA.

BbiBOAbI

[na obecnedyeHnss XOpoLnX CeAMMEHTAUMOHHbLIX CBOMCTB aKTMBHOMO mna
npexae Bcero Heob6xoaMmo:

— co3faHve ONTUMarnbHOW Harpysku, COCTaBMSAOLWEN ANA adpPOTEHKOB Ha
nonHyto ounctky 250...350 mr BIK/(rxcyT);

— oobecrneyeHne KUCNOPOAOM Ha YPOBHE, WCKIIHYaLWEM MpoTeKaHue
aHaspOO6HbIX NPOLIECCOB;

— nnoggepxaHue CTauMOHapHOro COCTOSAHWS YCIOBUW nepemMeLlnBaHus
MNOBOW CMECU Npu aspaumn C UCKITIOYEHNEM YCNOBUI HapyLLaLWmnX aganTtaumio.
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