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HASHAYEHHE A OBJIACTb IPUMEHEHUA

Hacrosimuii AOKYMEHT ycTaHaB/IHBaeT MeTOJHKY KOHTpPOJS CTOU-
HBIX BOJ TPH PasBUTHM BCIyXaHMS aKTHBHOro uia. BemyxaHue HapylaeT
0CaxIaeMoCTb HJa W TPHBOIMT K H3OBITOUHOMY BBEIHOCY B3BelIeHHBIX
BEIUECTB H3 BTOPHYHLIX OTCTOHHHKOB, 3HAUMTE/bHOMY YXYAUIEHHIO Kaye-
cTBa 6UOJIOrMYECKOH OYHCTKM. [MIpobrosorHuyecKH# KOHTPOJb COCTOf-
HHsi 6MOlIeHO3a aKTHBHOIO WJla B NEPHOJ BCIyXaHHs HMeeT CyLIeCTBEH-
HOe 3HaueHWe I MPABHJIBHOTO ONMpeleseHHs ero NPHYMH H paspaboTKH
OTepaTHBHLIX MEPOIPHATHH MO JHUKBHUAALUMM C LeJbl0 IpefOTBpalleHHs
3arpssHeHUs] BOZOEMa, IIPHHHUMAIOLIETO CTOYHBIE BOAHI.

1. IlpyHOMI METOXOB NMPSMOT0 MHKPOCKOTINYECKOr0o y4yera
HMTYATHIX OPraHU3MOB

HanGoslee yacto BCHyXaHHe BO3HMKAaeT 10 NPHYMHE Ype3MePHOTo
pasBUTHA HHTYaTHIX MHKPOOPTaHW3MOB, CHCTeMaTHyecKas NpPHHAIJIeX-
HOCTb KOTODbIX ONpefe/fAeTcsi ¢ MOMOIIbI0 DasiMYHEIX METOLOB OKpallH-
BaHHA.

HuTyaThle MHKpOOPraHM3MEl, NPHCYTCTBYIOLIHE B aKTHBHOM Hile,
ONPeNeAITCS NyTeM NPelBapUTENbHOIO OKPAIIMBaHHS H NPSAMOTO MHK-
POCKOIIMPOBaHHS METOAOM XKHMBOH KallJI¥ IOJ NMOKPOBHBIM CTEKJOM HJIM B
CUETHHIX KaMepax ¢ IIOMOILUbI CBETOBOH M (ha30BOKOHTPACTHOH MHKpO-
CKOIIHH.

MerToznl oKpailMBaHHSI OCHOBaHBl Ha CNOCOGHOCTH MHKPOOPraHH3-
MOB IIOIVIOIIATh OINpefe/ieHHHe KPacHTesNH, 4acTb M3 KOTOPBIX aKTHBHO
JIIOMHHeCLHpYeT, B pe3y/bTaTe Yero MMKpPOOPraHH3Mbl NPHOGPETAOT HeT-
KHe O4YepTaHHsl, BBIIBAAETCA HaluyMe W (opMa TPHXOM, CTpOeHHe 06o-
JIOUKH, MPHCYTCTBHE 3€peH BOJIOTHHA M yCTaHaBJHMBaeTCsd HX pojoBas
TIPHHA//IEXKHOCTb.

Ha ocHoBaHMHM (DM3HOJOTHYECKHX CBOHCTB OIpefeJieHHBX pPOLOB
YTOUHSIOTCS TIPHYHHH, BbI3BaBIIMe BCIIyXaHHe Hia, U pa3pabaThiBAIOTCH
MeTofbl GopbOLI, YYHTHIBAIOIHE SKOJOTHUECKHE YCJNOBHS DasBHTHS KOH-
KPETHBIX PONOB HHTYATHIX MHKPOOPraHH3MOB.

2. CpencTBa u3MepeHNil, BCIIOMOTaTedbHEIE YCTPOHCTBA,
MaTepualbl, PEAKTURBI IS OKPaNIMBAHMS HATYATBIX
MHKPOOPraHN3MOB

CpencTBa M3MepeHHH, BCIOMOTraTe/IbHEIE YCTPOHCTBA, MaTepHAJIB:
MHKpPOCKOIl JIIOMHHeCUEeHTHEIH cepun “Jliomam” TY 3-3-1320;



yCTpPOMCTBO (ha3oBo-KOHTpacTHoe (Ml MaOKOHTPAaCTHHIX OOBeK-
ToB) Tun K®-5, TY 3-3-1354;

BHHTOBOH OKYJIApHBIH Mukpomerp TY 3-3-1211;

o6bekT Mukpomerp ['OCT 7513;

Bechl JaGopaTopHbie o6uero Hasnayenus TOCT 24104;

XONOIMJIBHUK GuiToBOM jnsi xpanenus (+2+4 °C) u samopaxuBa-
Hus (—20 °C) npo6 una;

CYIIMJIBHBIH ILKad obuienabopatopHoro nasHayenus TOCT 13474;

yachl cHrHanbHble TY 25-07-547-77;

OKCHMeTp Jio6oro Tuma ¢ oOwWHGKOH H3MepeHHs He Goiee
0,5 Mr Oy / am3;

pH-metp Tuna pH 155 I'OCT 25.7416.0171 uau aHasory;

SLMKK LS TepeHockH npo6 (o6/ieryeHHoro TWna) ¢ THe3faMH H
YIUIOTHEHHEM [Isl TIepeBO3KH Npo6 B MaILMHE;

CIIUPTOBAst TOpeJKa;

IITATHBH AJIS OKPAIUIMBAHHUsS M CYLIKH IIpelapaToB;

muHueT no Koprery (aist oxpacku npenapatos);

npo6oor6opHuk J06oro THa o6beMoM 500—700 cm3;

vamky [Merpu F'OCT 25336;

TIpefIMeTHBIe CTeKJIa AT MuKponpenaparos [OCT 9284;

TIOKPOBHEIE cTeKsa pa3MepoM 18x18 mm, 24x24 mm I'OCT 6672;

Kamepa I/ c4yeTa (OPMEHHHX 3JIeMeHTOB KpoBH mo [opsesy,
0,1 mm riy6une TY 42-816 (MoxHO HCnob30BaTh APYTHe MOXM(HKALHU:
kameptt Konbutua, Toma);

IpyWH peauHoBhle (pasHkle);

HIVIHL )15 IpelapHpOBaHHus;

MHHUETH MATKHE H XKeCTKHe;

nabopatopubie cTakausl H-2-100, B-2-100 TOCT 25336;

Kon6h MepHee 2-25-2, 2-50-2, 2-100-2, 2-500-2, 2-1000-2 TOCT
1770;

MUIETKH CTeK/AsSHHble BMecTHMOcThIO 1, 2, 5 cM3 2 Kaacca TouHo-
ctu TOCT 20292;

mukponunertku 0,1 cm3, 0,2 emd TOCT 20292;

6ymaxHble HHABTPH 0Ge330/eHHble 1)1 KOJHYeCTBEHHOrO BeCOBO-
ro axanusa tuna ®OB TY 6-09-1678 (kpacuas, Genas JeHTH);

Boja puctuanuposanHas TOCT 6709;

LUHJMHIPH MepHble o6bemMom 100, 1000 emd I'OCT 1770;

CTaKaHYHKH Ans B3BemuBaHus (6roxes) TOCT 7148;



CK/ISIHKH M 62aHKH CTEKJISHHBIE C BHHTOBBIM IOPJIOM, ¢ HPOKJIAXKOH
M KPHILIKOH HJIA C NPHTePTOM MpoGKo# ANs or6opa M xpaHeHHs npob H
peaxTHBOB BMecTuMocThIo 250, 500 cm3 TY 6-19-6-70;

(iakoHb M GaHKH LHIHHAPHYECKHE IOJHITH/IEHOBble ¢ HABHHYH-
BAOWKXMHCS KPHUIKaMK A8 oT6opa U XPaHeHHS Npob ¥ peaKTHBOB BMe-
crumoctsio 250, 500 cm3 TY 6-19-45-74;

cnupt sTHAOBLIE 96° (sTanoa) x.u. TY 6-091710;

¢opmanun, 4%-ubif BogHm pacTsop TY 6-09-3011;

ykcycHas kucnota x.4. [OCT 61;

HOBOKaMH, 2 %-Hbifl BOAHHIH PACTBOP.

Kpacurenu:

HeATpaNbHBIA KpacHEH HHaMKaTop TY 6-09-4120;

fon u.ma, 0,3%-nupit u 1%-mmit cnHproBoit pactBopnl [OCT
4159;

aKPHIMHOBHI OpaHKEBHA THEPOXJOpHA (aKpUIMHOBHIM OpaHXe-
BBIH{) ~— BHTaJIbHbIH JIIOMHHECUEHTHBI Kpacutesb TY 6-09-2604;

METU/IEHOBbIH TONy60H (CHHOHMM MeTHAeHOBHH cuuumil) u.n.a. TY
6-09-29;

KpHcTa/Hyeckuil ¢uonerosnt u.g.a. TY 6-09-4119;

BesyBuH |[(CHHOHHMbI ocHOBHON KopuuHeBbli 4K, Bucmapk kopuu-
Hesuli P(R)] u.n.a. TY 6-09-4182;

XPUBOHIMH MHAMKaTop 4.f.a. TY 6-09-716;

Kap6o/0Basi KMCJOTA KpHCTaMIHdecKas (CHHOHHM ¢eHoa) “.A.a.
T'OCT 6417.

3. TpeGoBarus K KBannGUKAIHHA OIIEPATOPOB

IuapoSronoryyecKui aHaNu3 B COOTBETCTBUH C HacTosleH MeTo-
IOHKOH BHIOJIHSIETCS THAPOGHOJOrOM, MMEIOLUM Bhicillee obpasoBaHHe,
WIH XHMHKOM, MOJIYYHMBIUHM CIIENHa/bHYI0 KBalH(HUKALHUIO, OBJIafeBIIUM
TEXHHKOH MHKPOCKOIIMPOBAHHSI H METONUKOH OInpejesieHHsi OpPraHH3MOB
aKTHBHOTO HJIA.

4. Ycaosud BHIIOJHEHHS IHAPOOHONOrHIeCKOro aHajusa

T'unpoGronordueckuil aHajid3 POH3BOKMTCS B HOPMaJbHHX Jabo-
paTopHHIX ycaoBusax B coorBerctBuy ¢ TOCT 15150.

Temneparypa okpyxarowero Bosayxa or 18 go 25 °C.

OrHocuTenbHas BAaXHOCTL Boanyxa 80£5%.

ArmocdepHoe nasierne 84—106 xI1a (630—800 mm pr. cT.).

Tpu ucnosb30BaHUY OCBETHTENel MHKPOCKONOB YacToTa NepeMeH-
Horo Toka 50+1 I'i. Hanpsaxenue B cetn 220+10 B.



Ipu BHINMONHeHHH T'MAPOGHOJOTHYECKHX aHAIM30B HEOGXOAMMO CO-
6Ji10faTh TpeGOBaHHS TEXHUKH 6e30NaCHOCTH NMpH paboTe ¢ XUMHYECKHMH
peaktuBamu no I'OCT 12.4.021, a rakxe coGuiofiaTh aHTHCeNTHYeCKHe
Mepbl NPEJOCTOPOXKHOCTH NPH paGoTe ¢ aKTHBHBIM HJIOM, KOTOpHI cO-
JEPXXUT MOTeHIHANLHO NTaTOTeHHHe OpPraHU3MBI.

dnexTpobesonacHocTb NpH paboTe ¢ 3JeKTPOyCTaHOBKaMH obecre-
uppaetcss no [OCT 12.1.019, Gesonachocts Tpyna — no TOCT 12.0.004.
IMoMeuieHue rUApoGHOIOrHYECKOrO OTAENA AO/IKHO COOTBETCTBOBAThH Tpe-
GoBaHusaM noxapHoi 6esonacHocty no [OCT 12.1.004 u umeth cpefcTBa
noxapotyurenust no F'OCT 12.4.009.

Pa6ora ruppoGHoJoroB HMeer cJefylolide npodeccHoHalbHbIE
0c0GeHHOCTH:

CONPHKOCHOBEHHE C IIOTEHLHAJbHO 3arpsisHeHHBIMH MaTrepHalaMH
(cTounrle BOIBI, aKTHBHBIH HIL);

HalnpsDKeHHe 3peHUs NMPH MHKPOCKONHPOBAHUH;

BO3MOXKHOCTb OTPaBJIeHHs SNOBHUTHIMH BellleCTBaMU;

BO3MOXKHOCTb TNOBpeXIEeHHH NpPH paBoTax ¢ HEKOTOPHIMH amnmnapa-
tamu (eHTpHUPyramu).

MosToMy mpu 6GHOJOrHMYECKHX HCC/IELOBaHUAX CJeAyeT cobioAaTth
IOMOJHUTENbHEIE MeDPHl [PeJOCTOPOXKHOCTH:

paboTath B CIeHOIeXKE;

CJIeIUTb 38 COCTOSHHEM KOXH Ha JIHLUe H pyKaX, paHbl H CCalHHbI
CcMa3sIBaTh HOMIOM;

He JONYyCKaTb Ppa3OpLI3TMBaHHS WM NONafaHHs CTOYHHIX BOX Ha
PYKH, II0OBepXHOCTb CTOJa, 060pyLOBaHHe, OfleXKAY;

HOJIb30BATbCSl PE3MHOBEIMU IlepyaTKaMH, TILATeJbHO YOHpaTh H
BBITHpaTh pabouyee MecTo, Ne3HH(HLHPOBATbL PYKH CHHPTOM Ilocje pado-
THI;

CBOEBPEMEHHO MBHITh ropsiiel BOZOH ¢ MBLIOM OHIBILMe B yHOTpeO-
JIEHUH CTeKJSHHBIE IPefMETHI.

Mepe! IPOTHB NMepeyTOMJIEHHS] M IOPYM 3PEHHUS NPH MHKPOCKOMH-
POBaHUH:

MHMKPOCKONIMPOBATb JBYMS TIa3aMH MJIH TIONEPEMEHHO TO OIHHM,
TO APYrHM IV1a30M, He 3aKphIBas HepaGoTaloWMil 1vias.

Mepbl POTHB pacCeHBaHHs TOTEHIHANbHO 3apasHOro MaTepHana
13 J1a6opaToOpUH B OKPYXKAIIIYI CPely:

tuabTpoBaNbHAs Oymara M BaTa, ymoTpeGjsioliyecss B JadopaTo-
puy npy paboTe cO CTOYHBIMH BOLaMH, NOJKHBI Ilepej YTHAH3aUuel cre-
PHJIM30BaThCA B CYIIMJIBHOM IiKacdy B CleLHaNbHOM TepMeTHUECKOH o-
cyne npu temneparype 105 °C B teuyenue 1 uaca.



5. IToaroToBKa K BBHINMOJHEHHIO aHaJad3a

TpepBaputesibHast NOAroToBKa K oTGopy npo6 Ao/KHa obecrieun-
BaTb MOJHYI0 GesomacHOCTb paGoT, MOArOTOBKY HOCYXH, NMpoGoOTGOpHH-
KOB, MecTa XpaHeHHs OToOpaHHBIX Npo6, a Takke pabouero Mecta AJA
06pa6oTKH [OCTaBJEHHHIX B J1a6opaTOpHIo Npob.

5.1. IToaroToBKa MOCYAbI, NpPeIMETHLIX ¥ MOKPOBHBIX CTEKOJ

Tocyny, npemHasHayeHHYI0 AJAsi Npo6 M rHAPOGHOJOTHYECKOro
aHa/IM3a, TIATEJbHO MOIOT CHMHTETHUYECKHM MOIOUAM CPeJCTBOM, MPOMBEI-
BAIOT BOZONpPOBOAHON BOAOH, 06pabaTHBAalOT cMechlo GMXpoMaTta Kaaus H
CcepHOH KUCHOTH (XpOMOBOY CMeChio), IPOMEIBAIOT BOLONPOBONHON BOAOM,
3aTeM 3—4 pasa — AMCTHIIHPOBaHHOH BogoH. Ilocyny Aas orGopa npo6
CyLaT Ha BO3[yXe, & HCIO/b3yeMylo AJIS THAPOGHONOTHUECKOro aHa/IH3a,
32 HCKJIOYeHHeM MEpHOH, CTePHJIM3YIOT | Yac B CYIIHJIbHOM WIKady NpH
160 °C. ITocyma mosXHa ObITH HPOHYMepOBaHa HecMbIBaeMOH KpacKoH
WK KapaHAalloM I0 CTeKJy.

CueTHble KaMephl, CTaHJAPTHBE TNpeAMETHEIe U MOKPOBHEIE CTeKJa
nepef yrnorpeGyeHHeM HeoGXOAUMO OGE3XKUPUTb, AJS Hero KCHOJb3YIOT
OJ¥H M3 NpeaJiaraeMbX Croco6oB:

a). Crek/ia MOTPYXKalOT B KOHLEHTPUPOBAHHYIO CEPHYI0 KHCJIOTY U
BBIIEPKHBAIOT OJHH CYTKH, TOC/e Yero HX TILATEe/bHO NPOMbIBAIT BOAO-
TIPOBOAHOH BOLOM, OINOJIaCKHBAOT NHCTH/UIHPOBAHHOM, 3ajHBalT 96°
STUJIOBEIM CIIMPTOM M XPaHST B HEM WJIM B CYXOM BHJe [0 YNOTpeOJeHHS.

6). CTekna MOTPYXaloT B XPOMOBYI0 cMech Ha 2—3 CYTOK, 3aTeM
TIIATENBHO NMPOMBIBAIOT BOAONPOBOLHON BOJOM W ONOJNACKHBAIOT AUCTHJ-
JMpOBaHHOM, cymaT. XpaHAT B CyXoM BHIE HJIH B 5THJIOBOM CIHpTE.

B). Crekna mnociie HMMEPCHOHHOro Macia Ha 3—5 cYTOK morpy-
XKaloT B KOHIEHTPHPOBAHHBIA pacTBOP KaJlbUMHHPOBAHHOH CONBI, 3aTeM
TINATeJIbHO MPOMBIBAIOT BOAONPOBOAHOH BOLOH, ONOJIACKMBAIOT AUCTHIIH-
poBaHHOM H 96° CIHUPTOM.

IlokpoBHEIe CTeKJa, He ObBIIMEe B ynoTpeGieHu#d, o6pabaThIBAIOT
CMechio paBHLIX uacTell cnypTa ¥ a¢upa (cMecs Huxudoposa), Takoh xe
CMeChbI0 CJieflyeT peryjspHo o6pabaThiBaTb OTKPBHITbIE ONTHYECKHe YacTH
muKpockona. Ilepen ynorpeG/eHHeM NOKPOBHBIE H IpefAMeTHBHIE CTeKJa
BHITHPAIOT MSATKHM IIOJIOTEHLEM.

XuMHUeCKH 4MCTast NOCYAa AJsi THAPOGHOJOTHHECKOTO aHalH3a
HOJ/DKHA XPaHUTHCS C 3aKPHITBIMH CTEKASHHBIMH [POGKAMH WM 3aBHHYH-
BaIIUMHCH KPHLIKaMH B Tape, 3alMILEHHOR OT MBUIM: flIHKax Jabopa-
TODHOTO CTOJ2 WK 3aKPHITHIX MOJIKaX, CTe/UiaxKax ¥ T.I.



5.2. Or6op m xpanenue npo6

I'nppo6uonoruyeckoe HccJeOBaHHE AKTHBHOIO HJa THAPOGHOJOT
OUHCTHBIX COODYXKeHHH NpoBomMT 1 pas B Hekamy. B mepuon pasBuTHs
BCNYXaHHS HJIa HIH YTPO3bl €ro BOSHHKHOBEHHSI — eXKeJHeBHO.

[Ipo6a mnoBod cMecH B a3pOTEHKaX-BHITECHHTEJNSIX OTOHpaeTcs B
c6OpHHIX KaHaslaX adPOTEHKOB WJIH Ha BOJOCJHMBAX, T.e. Nepel MocTyile-
HHEM Ha OTCTaHBaHHMe BO BTOPHYHBE OTCTOHHHKH; B KOHIE aspOTeH-
koB — 0,5—1,5 M oT nepenuBa c NpPOTHBONOJIOXKHOHA CTOPOHH OT 30HHI
mopaun Bosayxa (Tosbko B cayyae GesomacHoro npoxopa). Ecum Geso-
nacHele ycsioBHsl JJsi 0oT60pa He obecredeHsl, Npo6h oTGHPAIOT €O CTO-
POHBI (QHJBTPOCHHIX MJIACTHH. B aspoTeHKax-cMecuTessiX mpoGhl oTGHpa-
10Tt B c6opHBIX KaHaslaX. IIpo6bl Heo6XOAMMO OTGHpPaTh U3 MECT HHTEH-
CHBHOTO MepeMeIUHBaHHUs HIOBOH CMeCH.

Jisi noJyyeHHs1 penpeseHTaTHBHBIX J2HHBIX O COCTOSTHHM (hJIOKY-
J1006pa3oBaHHsl aKTHBHOTO WJla, ero CefMMEHTALHOHHBIX CBOMCTB, MOJY-
YeHHS TOUHBIX KOJNHUECTBEHHBIX XapaKTepHCTHK HUTYATHIX OPraHH3MOB
Heo6XofuMo, uTOGbl TaKHe MOKasaTelJH, KaK KOHUEHTpalys aKTHBHOTO
Hia 0o oGbeMy H Becy, HJIOBOH MHIEKC, PO3PaYHOCTb HAAHJIOBOH BOMM,
NOACYET HHIMKATOPHEIX OpPraHUSMOB AKTHBHOTO WJla BBINOJNHSJIHMCB B Of:
Ho#t npo6e (cm. TTHJL @ CB 14.1.77-96 “MeToauyecKkoe pyKOBOACTBO IO
THAPOGHOJOTHYECKOMY W GaKTepHOJOTHUECKOMY KOHTpPOJIO Iipolecca
GHOIOrHYeCKO! OYHCTKH Ha COOPYKEHHSX C a9pOTeHKaMH”).

Ins or6opa mpo6 Henodb3yoT Kol ofbemom 500 cm3, KoTOpBIH
Tpe/(BapHTEJIbHO MOIPYXKAOT B BOLY Ha 3 MHH, 4ToGbl ero TeMmepaTypa
cpaBHsJIach C TeMnepaTypod Bofiul. IlpuroToBnenHyio mocyny mjsi or6éopa
npo6 BHauase ONOJACKHBAKT OTOGPAHHOM HMJIOBOH cMecbio, 3aTeM OTOH-
parnT npo6y ¢ ry6unsl 0,5 M. HioBylo cMech nepesiMBaiOT B CTEKJISTHHYIO
6yThlib 06beMoM 3 aM3 Tak, yToBH BCe COIEPXKMMOe KOBILIA GbUIO BBUIH-
To. OT6Op NMOBTOPSIIOT 1O TeX MOp, NMoKa He Habepercs 2,8—2,9 M8 mit0-
Bo¥ cMmec. OTo6panHas nmpo6a cHaGXKaeTcss STHKeTKOH, Ha KOTOPOH YKa-
3bIBaeTCs JaTa, MecTo oT6opa. ByTeuib He 3aKymoOpHBAalOT M HeMe[JIEHHO
LOCTaBJSIOT B J1aGopaTOpHIO, Ifie ee COAEPKUMOe TINATEJNbHO IepeMelly-
BaeTCsl M pas/jiMBaeTcsl cAefyIOIM o6pasoM:

a). 1 nM3 — B JMTPOBBIY MepHBIH LMAHHAP, KaTHGPOBaHHBIA OT
caMoro fiHa st onpefie/ieHHsl KO3bl HJia 110 0GbeMy;

6). 1,5 aM® — B CKASHKY AJisi OTCTaMBAHHMS M ONpefeNeHHs Ipo-
3PauyHOCTH HaJHNOBOH BOJHI;

B). 100 cM3 — B mwimuap o6bemom 100 cm? s onpesenenus mo-
3bl HJla M0 Becy;



r). 100 cm® — B crakan ans rUAPOGHONOTHYECKOTO aHAJH3a M
XpaHeHHS.

Ilpu B3aTHu mpo6 uaMepsoT TeMmeparypy Bomdl. Ilast 3Toro He-
NoJb3yloT TepMoMeTphl ¢ AejeHHeM 0,1 °C. Jlas onpenesieHus Temiepa-
Typbl Ha MecTe B3sTHs NpoOb | AM3 Bojbl HalMBAIOT B CKASHKY, HIXK-
HIOK YacTb TepMOMETpa NOIPYXKaloT B BOLY U Yepe3 5 MHH CHHMAIOT IO~
KasaHHs, IepKa ero BMecTe CO CKJSHKOH Ha ypoeHe rnas. TourocTb om-
penenenus +0,5 °C.

Bpems ot or6opa npo6ul 1o ee aHaiu3a HeOGXOZUMO COKPaTHTb O
MMHHAMYMa, K THAPOOHOJIOTMMECKOMY aHaJW3y CJefyeT TpPHUCTYNaTb He
nosnHee 30—40 MuH ¢ MoMeHTa B3fTHS NPOGH], TOCJHe TOro Kak TeMIe-
paTypa cMecH aKTHBHOIO WJa CPaBHSieTCH € TeMIlepaTypoH NOMeIeHus.
IIpy HeBO3MOXHOCTH IIPOBENEHHS] aHAJIH3a B YKasaHHBIH CDOK Npo6hl aK-
THBHOTO WJia OTGMpaKT B GyTelIM, 3anonHss ux Ha 2/3 ofvema, npu
TPaHCHOPTHPOBKE MOCTOSHHO BCTPSIXHBAWOT, oxJaxzawoT go +4 °C. Xpa-
HUTb MpOGHL cllefyeT He Goslee 24 yacoB mocisie orGopa NpU TeMIlepatype
3—4 °C. Koncepsauust npo6 He JjonmycKaeTcsl.

Best rpssHasi mocyna mocsie ot6opa mpo6 M NPOBefeHHS aHalHM30B
IOKHA TIOJBePraThCsl CTEPHIH3ALIMH KHUNAueHHeM B TeyeHHe 1 yaca.

6. TexaMKa MHKPOCKONMPOBaHUSA

['ugpo6Honoryyeckuit aHaJM3 aKTHBHOTO HJA BHIONHSAETCA MO-
STAllHO B COOTBETCTBHU ¢ TpeGoBaHuAMH, HanoxeuHumu B ITHI & Chb
14.1.1.77-96.

IIpyn creLy@HYecKOM HCC/IeIOBAHMH HAa PasBHTHE B AKTUBHOM UJle
HHUTYaTBIX MHKPOOPI'aHH3MOB [NOINOJIHUTEJBHO BHINMOJHSIOTCS CJERYIOLHe
9TaIBL:

a). OKpalXBaHye HUTYATHX MHKPOOPraHUSMOE;

6). onpeZesieHe X PasMEPOB;

B). ornpe/e/ieHHe POAOBOH NPHHALIEKHOCTH;

T). KOJMYECTBEHHBIH yUeT HUTYATHIX MHKPOOPTaHM3MOB.

Jlns BHISICHEHHS OCHOBHBIX NPHYMH, BHISBIBAIOIIMX BCIYXaHWE HJa,
H paspaboTKy MepOoNpUSTUHH, ero MONABJSIOUINX, HEOOXOLMMO TPABHILHO
OnpefesHTh X0TA Gbl POAOBYIO NMPHHANNEKHOCT YPE3MEPHO PASBHBIIMXCS
HHTYAThIX MHKPOOPTaHH3MOB.

Hcnonb3oBaHKWe TEXHHKH BbIPAIMBAHMS HUTUATHIX MHKPOOPraHH3-
MOB Ha CeJIeKTHBHBIX CpeflaX INIpeACTaBJSETCH HOCTATOYHO CJIOXKHOM H
LOJTOBpEMEHHON MpoLeNypoH.



HaHJ’ly‘-IIlIIfIM METOAOM HCCJIENOBaHUSA OCTaeTCd IPSAMOE MHKDPOCKO-
NHpoOBaHHe ¢ MpHUMeHeHHeM MeToaa cpaaosoro KOHTpacTa npH yBeJIHUYeHHH
He meHee 100X ¢ Hcmosb3aoBaHHEM pas/IM4HbIX METOAUK OKpallHBaHHS.

6.1. Pukcanud H OKpallHBaHHE AKPHMIMHOBLIM OpaHMKeBBIM HHTYATBHIX
MHKpPOOPraHM3MOB aKTHBHOIO HJa

Hurtuatsle MHKpPOOPraHU3Mbl CIIOCOGHB K CKOJB3SIIEMY ABHKEHHIO,
YTO MOXKET OKasblBaTb Mellaiollee BJMUFHHE Ha PE3YJbTATH KOJHYeCT-
BEHHOro cueta. B aroMm ciyyae mist dbHMKcalMH Jydlie UCTOJNb30BaTh 3Ta-
Hont (1—2 KamiM y NOKPOBHOTO cTekaa) wiau ¢opmanud 4—10%-Heli
BOIHBIH pacTBOp.

OxpauirdBarde NpenapaToB aKTUBHOrO HJa NPOU3BOAHTCH B mpobax
6e3 ¢ukcaTopoB U KOHcepBaHTOB. Jisi NpHKHM3HEHHOTO OKpalllMBaHUS
060/104eK HHUTYATHX MHKPOOPTaHHSMOB TPH BHISBJ€HHH HX TPHXOMHOrO
CTPOEHUS TNPHUMEHSIOT BUTa/bHBIM JIOMHMHECUEHTHBIM KpacHTesb aKpHAH-
HOBBII opaHxKeBht. Jlns uccleloBaHMS OKpallleHHBIX GaKTepHH HCIMOMb-
3yeTcsl JIIOMHUHECUEHTHEIH MUKpOcKoll. PacTBOp akpHAHHOBOIO OpaHXeBo-
IO TOTOBUTCS HENOCPELCTBEHHO Nepef, OKpallHBaHWeM (He XxpaHuTCs): K
CTepUIBLHOH JUCTHIIMPOBaHHON Bofe obwvemoMm 10 cM3 no6asasieTcs 3 Mr
aKpHMHOBOTO opaHXeBoro, sateM B 100 cm3 TiiaTesbHO mepeMellaHHOM
unoBoil cMecu BHocuTcst 1 cM3 npuroTossienHoro pactsopa. Caenyer o6-
pamaTth BHHMaHHe Ha ONAaCHOCTb INepeKpalllUBaHUS MpernapaToB NpPH H3-
ObITKE Kpacutessi, NOCKOJbKY HM3OHITOYHOE CBeueHHe Ipenapata B 3TOM
cilyyae 3aTpyAHsSleT cHeT HUTYATHIX MHKDPOOPraHH3MoB. TeXHHKa OKpaiH-
BaHus 3aHuMaeT 10—12 MuH.

AKpuivHOBBIH OpaHXeBbIHl XOpOWIO OKpalMBaeT 0GOJIOYKY HHTYa-
THIX MMKPOOPraHH3MOB M HeTKO BBHISBJSeT (HOPMY H PacrojoXKeHHe TpH-
XOM.

6.2. Texauka NPUroTOBJIEeHUS Ma3KOB aKTUBHOro Hja

[nst onpeneneHUst PoAOBOH, a B HEKOTOPHIX cJyyasix ¥ BHEOBOH
MIPHUHAIJMEXKHOCTH HHUTYATHIX MHKDOOPTaHH3MOB, KpoMe IIPHXKH3HEHHOTO
OKpalllHBaHHs aKPHAHHOBLIM OPAaHXXEBHIM, TIPUMEHSIOT CTaHAAPTHYIO TeX-
HUKY OKpamuBaHus 6akrepuil. Jlnst aToro gesmaloT Masox, BHICYLIHBZIOT,
(DUKCHDPYIOT ero M 3aTeM OKpaIlUBaloT.

Jlns mpHroTOBJNEHHS TOHKOTO Maska HeoGXOAMMO XOpoUIO o6esXu-
puth npeameTHuie crekaa (paspen 5.1). MioBast cMech TwiaresbHO mepe-
MelIHBaeTCH, MHKPOIIHIIETKON oT6HpaeTcst o6beM He Gosee 0,01 cm® u
HaHOCHTCH Ha NpeIMeTHOe cTekio. DakTepuosiornyecxol netiei Kpyro-
BBIMH [ABHXXEeHHSMH HJIOBAf CMeChb paclipefe/isieTc paBHOMEPHBIM CJoeM



B BHJe Kpyra nuameTpoM B 10-pyGieByio MoHeTy. IlpaBH/IBHO HMPHUrOTOB-
JIeHHBI Ma30K MMeeT OIMHAKOBYIO TOJILMHY Ha BCEM CBOEM IPOTSKe-
HuM. B ToM ciyyae, ecqiM upesMepHOe KOJHYECTBO HHTYAaTHIX MHKpOOpra-
HH3MOB MellaeT MpPHrOTOBJIEHHIO MasKa C MX DaBHOMEPHHIM pacripejelie-
HHeM H HeGOJBIIOH IJIOTHOCTBIO, HEOGXOAMMO INepel NPHTOTOBJIEHHEM
Ma3Ka pa3GaBHTbL HJIOBYIO cMech OT(HJBTPOBAHHOH HAJMJIOBOH BOJOH.

IMpurotoBneHHH TaKUM 06pa3oM Masok BeicyumuBaioT 30—40 MuH
Ha BO3flyxe M TIOCJe TOJHOTO BHICHIXaHHA GUKCHPYIOT. PHKCHpOBaHHe
HeoGXOAMMO IJIS 3aKpelieHHsl OpPraHM3MOB Ha CTeKse, yToGb OHH He
CMBIBAJIMCh TIPH MOC/IeAYIOLiell OKpacke M IPOMBIBaHMH IpenapaTta. s
GUKCalMH NpeJMeTHOe CcTekao GepyT nuHuetom (MaskoM Bepx) M 2—3
pasa NMpOBOAAT Hajl BePXHeH 4acThi0 MaMeHH ropeaxu. HemocpencrseH-
HOMY BO3[eHCTBHIO OTHSl Ma3oK MHojBepraetcs He Gosee 2 cekyHA. [locie
9TOro OH OKpalHBaeTCsl.

6.3. TexHUKa OKpamMBaHHA no meroay I'pama

Okpacka no I'paMy ocHOBHIBaeTcsl Ha HeOOWHAKOBOM OTHOIIEHHH
MHKPOOPTaHM3MOB K KPacHTessiM TPH(EHWIMEeTaHOBON TPYMIH: reHiHaH-
BHOJIETY, METHJBHOJETY, KpHcTanBHoseTy. HurtuaThle MHKpOOpraHH3MBI,
BXOffllMe B TPYyNIy MNOJOXHTeAbHBIX Ho [pamy, Hanpumep, Nocardia
sp., Microthrix parvicella, paioT npouHoe coefHHeHHe C YKa3aHHBIMH
KpacuTensMH M HomoM. OKpalieHHEle HHTYaThle He 06eCHBEYMBAIOTCS
TIpH BO3/leMCTBHMM Ha HHUX CIOMPTOM, BCJEACTBHE Yero IpY JONOJHHUTENb-
HOH OKpacKe ()YKCHHOM IOJIOXKHTeJbHble No ['paMy HUTYaThHle MHKDOOD-
raHH3MBl He HMSMEHAIOT INepBOHAYa/JbHO MPHUHATHH (HONETOBHH LBET.
Orpunatenshbie o [paMy Mukpooprauusmul (Sphaerotilus natans, tan
02IN u gp.) 06pasylOT C TeHUMAHBHOJETOM, KPHCTANBHOJNETOM HJH Me-
THJIBHOJIETOM M HONOM COeAHHeHUe, JIeTKO paspyluaiolleecss MOA JedcT-
BHEM CIIHDPTa, B pesyJbTaTe uero oHH obeclBeYHBAlOTCSI M 3aTeM OKpa-
wHBaTCA QYKCHHOM, MpHOOpeTast KPacHbIH LBET.

OTHolleHHe MHKPOOPraHH3MOB K OKpallWBaHHI0 1o [pamy uMmeer
OCHOBHOE AMATHOCTHYECKOe 3Ha4deHHe IIPH ONpefeJeHHH HHTYAThIX MHK-
POOPraHH3MOB.

6.3.1. lIpedsapumervnan nodzomosxa neob6xo0umvix pacmsopos

Pacmsop M I: xpuctanBuoseT - kap6osoBslil pacteop. CocTas:
KPHUCTAIRYeCKUH ¢uoeToBHH — 1 T;

KapGoJsioBast KUCJIOTa KpUCTalnyeckass — 2 T;

cnupT 3TWNIOBHIH 96° — 10 cmd;

Boja AMCTHAKMpoBaHHas — 100 cm3.
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IIpuroroBneHne: 2 r Kap6osOBOH KHUCJIOTH PacTHpaioT B dapdopo-
BOH CTYyNKe H NpHOaBAsIOT HeGOJNBIIMMYH NMOPLUHMSMH CIUPT BO BpeMs pac-
Tupanus. [locse Toro, kKak cocTaB XOpOMHIO pa3oTpeTcs, NPUIHBAIOT NpPH
nocrossHHOM momewBanuK 100 cM3 guctmannposanHo# Boas. PacTsop
Kpacky (UIBTPYIOT Yepes NpefBapUTEJbHO CMOUEHHBIH AHCTHIIHMPOBAH-
Hoil Bofo# GyMaKHbIM (uapTp “Gesnas nenta”. Ilocne duibTpammu mo-
6asnsioT 1 r Kpucranauyeckoro ¢rosieToBoro. PacTBop XpaHHTcs He Go-
Jnee 3 MmecsineB. Jlo6pokauecTBEHHOCTb OKPacKH HHTYaTHIX MHKpOOpra-
HHM3MOB YCTaHABJIMBAeTCS NPH MHKPOCKOMHMYECKOM HCCJIeIOBAHHH.

Pacmeop Ne 2 — (yKCHH-CIIHPTO-BOAHBIH PacTBOP FOTOBHTCH H3
¢yKcHH HacHIEHHOro cruproBoro pactsopa (8 r ocHoBHOro QykcuHa,
pactsopenHoro B 100 cm3 stunosore 96° cnupra), aas dero ! cm® Hach-
IIEHHOTO pacTBopa pas6as/sioT B 10 cM3 JUCTHANHMPOBAHHOM BOLBHL

Oxkpacky no I'paMy mpousBofsT CieRyIOIHM 06pa3oM:

a). Masok, (MKCHPOBAHHEI Ha OTHe, OKPAIIMBAIOT Yepe3 (HIbT-
poBaJibHY!0 6yMary OCHOBHHIM KpaCHTeJleM — DacTBOPOM OCHOBHOIO
kap6osioBoro kpucransuotera (pactsop Ne 1). Tlpokpawmsanue AJIHTCS
1—2 MHHYTHIL

6). CuumaioT 6ymary, CAMBalOT U3GHTOK KPAacKH H, He IPOMBIBast
npemapaTa BOfOH, HamMBaloT pactBop Jlioroas (cM. pasmen 2) ma 1—2
MHHYTH JO IOUepHEHUs Mpenapara.

B). Pactsop Jliorons causaior. [IpenmerHoe crekio Ans obecupe-
YHBaHUS MasKa MOTPYXKAT HECKOJbKO pa3 B CTaKaHYHK €O CIHPTOM.
[Ipouecc obeciBeuHBaHUS CUHTaeTCs 3aBepllleHHBIM, KOIZa OT Maska Ile-
pecTalT OTAeJATbCH CTPYHKH XXWIKOCTH, OKpallleHHhie B (DHOJIETOBHIH
LBeT.

r). TlpenapaT TlaTe/bHO [IPOMBIBAIOT BOLONPOBOAHON BOZOH.

1). JloKpallMBAIOT CHHPTO-BOXHbIM pacTBOpoM ¢ykcuHa (pactBop
Ne 2) 2 MUHYTHL

). [IpoMBIBalOT BOAOH, BHICYLIMBAIOT, MHKPOCKOIHPYIOT.

OueHKa pesysbTaTOB OKpacKu: nososcumenvrovie no I'pamy Hut-
yaThle MHKDOOPraHMSMbl OKpalIMBAIOTCH OCHOBHOH KPacKoW B TeMHO-
(uoNeTOBLIN LBET; ompuyamessvrsie no I'pamy, BOCIPUHUMAS NOTONHH-
TeJbHYI0 OKpacKy, IpHOGpeTaloT SpKO-MaJlHOBHIH LIBET.

6.4. Texauka okpamusanud no merony Heficcepa

OKpacKy HHMTYaTBIX MHKpOOpraHuaMoB no cmoco6y Heficcepa mpo-
U3BOMAT I/ OOHAapY)KeHHs BKMIOUeHHH rpauys nojudochaToB B Buze
3epeH BOJIOTHHA.
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ITpensaputesinHas noarotoBka cuHbku Heficcepa. otoBsT oTmess-
HO [IBa OCHOBHLIX pacTBOpa.

Pacmsop M 1. CocraB:

MeTHJIeHoBas cMHb — 0,1r;

sTHJIOBHI cupT 96° — 2 cmd;

JefsHas yKCycHas Kucaota — 5 cm3;

AMCTHANKpOBaHHasA Boga — 100 cMB.

Pacmsop Ne 2. Cocras:

KpucTansuoneT — 1 r;

sTUMOBLIH cnupT 96° — 10 cMd;

IMCTHIIMpOBaHHas Bofa — 300 cmd.

Jlnsi OKpacKH 3epeH BOJIOTHHA HeNOCDeNCTBEHHO INlepell OKpPacKow
CMeIUMBAIOT 2 YyacTH NIEPBOTO PacTBopa ¢ 1 4acThbi0 BTOpPOro.

Oxpacky no Heificcepy nposoasiT B cliefyiolies nocjefoBaTeJbHO-
CTH:

a). OHKCHUPOBaHHHI Ha MJIaMEHH TOPeJKH Ma3oK OKpamuBaioT 1—
2 MuHyTH cuHbKol Heificcepa.

6). CHHbKY CJTMBAIOT, Ha Mpenapar HaHOCAT Ha | MHHYTY HecKOJb-
KO KamneJsb pactBopa Jliorons.

B). Masok npoMbiBaioT BOJOM, MOACYIUMBAIOT GHILTPOBANbLHON 6Y-
Maro#.

r). JokpamusaioT 2—3 MUHYTH PacTBOPOM XPHU3OHIMHA UJIH Besy-
BHHa.

). TIpoMBIBAIOT BOAOH, NOACYUIHBAIOT U MHKPOCKOTIHPYIOT.

3epHa BOJIIOTHHA OKPAUIHBAIOTCS B TeMHO-CHHHH lBET, Tesa MHK-
POGHBIX KJIETOK — B CBETJIO-KOPHYHEBHIl O CBETJIO-XKeJTOro ILBera. Pe-
akuusi o Heficcepy nonoxuresnbHas, ecnd 3epHa oO6HAPY>KHBAIOTCSH, OT-
puLaTe/bHas -—— He 0GHapYXHBalOTCH.

6.5. OxpamuBaHKe HUTHATHIX MHKPOOPTaHH3MOB I OGHApPYKEHHUS
4€X0Jb4YaToro CTpoOCHHUS

PuKcHpOBaHHHY Masok oKpawmBaloT 1—2 wuayth 0,1%-HEM
CITUPTO-BOAHLIM PAaCTBOPOM KPUCTAJBHOJIETA, AJIS [IPUrOTOBJEHHS KOTOPO-
ro 1 cm® HachieHHOrO CMPTOBOTO pacTBopa pasbasasior B 10 em3 muc-
THJIHPOBaHHOH Bombl. CocTaB KPHCTa/BHOMETA HACHILIEHHOTO PacTBOpa:

KpHUCTA/IMYeCKHH duoneToBbl — 10 T,

cnupt 3TUA0BEE — 100 cmd,



6.6. MamepeHne pa3sMepoB HATYATBEIX MUKPOOPraHU3MOB

VMamepeHye pa3MepoB HHTHaTHIX MHKPOOPraHHM3MOB IPOUSBOASAT C
TIOMOILBI0  OKYJISIp-MHKpPOMeTpa MO MacluTaGHOH JiHHeHKe OObeKT-
mukpomerpa. [losbaysich OKyJsp MHKpOMETpPOM, NOMENIaloT Ha CTOJNHK
MHKPOCKONa O6beKT-MHKPOMETpP W, NOCTHIHYB pesKocTH (CHIBHO 3aTeM-
HSIIOT), CPaBHHUBAIOT YUCJIO JAEJEHHH OKYJAp MUKpOMeTpa ¢ TAKOBbHIMU Ha
JIMHeRKe O0GBEeKT-MHKPOMEeTPa MPH NaHHOM yBeJHYEHHH UM BBIUMCISIOT Lie-
HY feNleHUsl OKyJsp-MUKpoMeTpa (a6CcoMoTHOEe sHayeHHe OfHOro AeJieHUs
OKYJSIp-MUKpPOMETpa), 3aTeM H3MepsiloT HHTYaTHe opraHmambl (amamerp,
IJYHA KJIETOK) NpH HENOCPeACTBEHHOM HabG/IONeHHH TOJ MHKPOCKOIIOM.
IMpu usMeHeHHMH yBeJMYEHHS BHOBb BBIUMCASIOT LEHY JesleHHs OKYJsp-
MHKpOMeTpa.

7. MeToabl KOIMYECTBEHHOI'0 y4eTa HUTYATHIX MUKPOOPTAHU3IMOB

JIns ydeTa HHTYATHIX MHKDOOPraHH3MOB TPHMEHSeTCS MeTOX Ol
peZeseHHsi abCOJIOTHOrO KOJNMYECTBa MHKPOOPraHH3MOB B efHHHIE 06b-
eMa Wi0BOH cMecH (c mepecueToM Ha cyxoil Bec aKTMBHOTO WJa), B pe-
3yJbTaTe HaXOUAT a6COJIIOTHy10 YacTOTy BCTpe4YaeMOCTH HHUTYAThIX MHK-
pOOpraHU3MOB B aKTHBHOM HJIe.

ToyHBIX pe3yJbTaTOB MOXHO ROCTHYB, HCIIONb3Ysl CYeTHHIE KaMepHhl
T'opsieBa, Koabksuria, HaxoTTa u apyrux. Kamepy HakphBalOT NOKPOB-
HBIM CTeKJIOM U IIPHUTHPAIOT e€ro N0 oGpa3oBaHHsl pafdy’KHBIX KOJeL[ HH-
TepdepeHIHH, YTO SABASETCH MPH3HAKOM AOCTATOUHO IJIOTHO IPHTEPTOro
crekna. [IumeTkoft oT6HMpalOT MPOH3BOJILHOE KOJHYECTBO TIIATEJNBHO Ie-
peMellIaHHOH HJIOBOH CMeCH M HAHOCHT ee KalUlM Ha HUXHHUH U BepXHHI
KpaH NOKPOBHOTO CTeKJa, 3aloJIHAs KaMepy TaK, uToGbl He MonajalH B
Hee Iy3bIpbKH BO3JyXa; H3OLITOK HJOBOH CMeCH BEITECHSIeTCSl 110 KaHaB-
KaM Kamepbl. [IpocMarpuBaloTcsi Bce KBafpaThl IO JHArOHANH WJIH Kame-
pa uesuKoM (ec/M UHMC/IEHHOCTb OPraHM3MOB HesHauMTeJbHasi). Iloxcuer
HPOHU3BOAAT Mo MHKpockoriom MBU wimu MBP npu yBeanuennu B 100 u
200 pas.

B Kaxmo# mpoGe IMOACYMTHIBAIOTCS HUTYATHE KAK MUHHUMYM B 3-X
Kamepax C [OCHefyIOIIMM BHYMCICHHEM CpefHero apudMeTHYeCKOro.
[MepecyeT YHC/AEHHOCTH MHKPOOPTaHH3MOB MPOBOLUTCS 1O (pOpMYyJie:

N 1000 - n (1)
T Sh
rie N - umcrnennocts, sxa/ cm3;

n - YHC/IEHHOCTh MHKPOOPraHH3MOB, HafifIeHHHX B CEKTOpE CeTKH
KaMephl, 9K3;
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S - nomanb cekTopa ceTKH, MMZ;

h - rmy6uHa cyeTHOH KaMephl, MM;

1000 - koapduiment nepecuera mm3 B cm3.

IToc/sie yero YHC/IEHHOCTD MOACYMTAHHEIX OpPraHusMoB B 1 cM3 He-
06X0fMMO NepeCcYHTaTh Ha TPaMM CYXOro BellleCTBa aKTHBHOIO Hia.

[Ipy OTCYTCTBHH CUETHBIX KaMep MOXHO I10Jb30BaThCs METOAOM
“oTkanubpoBaHHON Kanmau”. JInig 3TOro MUKDONHIETKOH OTGUpAT
0,1 cM3 TuwaTesBHO NepeMelIaHHOM MJIOBOHM CMecH, HAaHOCAT Kaljllo Ha
npeIMeTHOe CTEKJO M MOKPHIBAIOT MOKPOBHHIM CTeKJOM pasmepoMm 24x24
mMM. HeobxomuMo npocMoTpeTh He MeHee 3-X TaKHMX Npemnaparos. B kax-
oM IpenapaTe 10 JAHaroHaJu mnpocMarpuBaioT 10 mosed 3peHus
(ysemuuenue 10x). ITocne mopcyeTa KoMMuecTBa HUTYATHIX B 30 MoJSX
spennst (10 nog TpeMms CTekJaMH) HaxoAAT cpelHee apUGMETHYECKOe AJIS
1 noast spenusi. KosmuecTBo B 1 cm3 onpepensiercs no gopmyie:

D= S 2d ’ 2)
n-re-V
rie D - KoJH4eCTBO MUKPOOPraHH3MOB, 3K3 / cm3;

d - KOIM4eCTBO MHKDPOODPraHMSMOB B OfHOM moJie 3peHHs (cpenuee
apudMeTHUYECKOE M3 YHCJA NPOCMOTPEHHEIX MoJiell 3peHHst), 3Ks;

nr? - miowanb nossi speHusi o6bekTHBa (r onpefesisieTcst MO JIH-
HeHiKe 06beKT-MUKPOMETpa), MMZ;

S - nyiomaab NOKPOBHOro cTekaa, Mm2 (24x24);

V - o6beM B3siTo¥t Kamau, cmd.

Ec/H NMOACYMTHIBaeTCS Kalljisi HJIOBOH cMecu LeaukoM (Bce mosisi
3PEHHs), TO PacCUUTHIBAETCH CrHelH(pHUecKasl MIOTHOCTb p© HaHIEeHHBIX
MHKPOOPraHH3MOB, ThiC. 9K3/T Wia, no dbopmyJe:

p=n:aV, 3)
rge 7 - YUC/JAEHHOCTb HUTYAThIX MHKPOOPIaHH3MOB, 9K3:

a - fosa wia 1o Becy, T/ am3;

V - o6beMm BasiToll Kamiu paeHbii 0,1 cm3.

[Ipn upesMepHOM HaKOIUIEHUM HMTYATBIX MHKPOOPTaHHW3MOB IOJK-
cuutath UX B Kare 0,1 cm3 goctatouno TpyaHO, MO3TOMY MOXHO NpH-
MeHUTb WiH pasbasiieHue una (mopcuer B xamse 0,1 cm3 u nepecuer c
yueToM pasbaBiieHHs Npo6hl), MM HCMO/b3OBATh I CYeTa KaIIo ofbe-
mom 0,01 cm3.

Ias sroro ucnosnpayercs yBeauuende 100x. Ha npeamerHoe crek-
JIO MHKDOIHIETKON HaHOCHTCS Kanu6posanHasi kamas (o6vem 0,01 cm3)
WIOBOH CMecH, MNpeJBapUTe/bHO XOpOIIO NepeMellaHHOH, H MOKpHIBAeTCs
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TNOKPOBHEIM CTeKJIOM pasmMepoM 9x9 MM (Takoil pasmep cTeKos moJdydaem
nyTeM paspe3saHHsi CTaHAapTHoro ctekaa 18x18 Mm Ha yeThipe wacTn).
Ipenapat ykpenJsiercs B npenapartoBoautene. HauuHas ot JieBoro Bepx-
Hero yrja MOKPOBHOTO CTeKJa NpPOCMaTPHBaeTCs BeCh MpeNapar, OCTO-
POXXHO NepeMelllaeMblil cjieBa HalpaBo 0 KOHLA, 3aTeM Ha OJHO IoJe
3peHHsl BHHU3 M clipaBa HajeBo. HeoGXxonuMo BHHMATENBHO CIIEfUTb 32
TeM, 4yToOb HH OHO I1oJie 3peHHs He Gblio nponyileHo. ITosnyueHHble pe-
3yJIbTaTH CJefyeT pa3fieJUTh Ha [03y Mna B r/AM3 M Ha MPOCYMTAHHBIA
o6beM B cM3.

Hanpumep, Ha 1 stame o6HapyxeHo 27 HHTUAaTBIX MHKPOOPraHH3-
MOB, J03a uaa — 2 r/mm3, npocuntana Karas 0,01 ¢M3, snaumt cormac-
Ho dopmyae (3):

27 : 2 : 0,01 = 1350 ThiC. 3K3/T.

Tak onpepensiercs cnemuduryeckass MIOTHOCThL MHKDOOPraHH3MOB,
BLIpaXKeHHasl B ThICS4aX K3eMIUIPOB Ha | I cyxoro BelllecTBa aKTHBHO-
ro uia.

Hopmbl morpeuisoctd uamepenuit (1Jisi Bcex mepedHCNeHHBX MeTo-
IOB):

IpY YHCJIEHHOCTH HMTYaTHIX MHKpoOprauusmoB fo 10 Thic. efHHHIL
BKJIOYHTEJBLHO B NepecyeTe Ha | T cyxoff Macchl aKTHBHOTO una 8§ =
+25%;

OpH YMCNEHHOCTH HHUTYATHIX MHKpoopranusmos or 10 THc. mo
30 Thic. eqVHHU, BKJIKYHTEJIBHO B repecyeTe Ha 1 ' cyXofl MacCH aKTHB-
Horo uaa & = +45%.

8. Cucremarnka HUTYATHIX MHKPOOPTaHM3MOB

Jlnsi npaBHJIBHOHM AUarHOCTHKY NPHUYHH BCIyXaHUA Ha1a HeoOXOmH-
MO OIpelesuTh CHCTEMaTHYECKYI0 IPHHALJIEXKHOCTh BHI3BABIUHMX €ro HUT-
yaTbix opraHusMoB. OmpefieleHMe 1O BHja HUTHaTBIX GakTepuH mpenro-
JlaraeT BhICeB AKTHBHOIO W/a Ha KyJbTypHble cpelbl W HCCle[loBaHHe
4yncTOH KynabTyphl. OnHaKo NpUMeHeHHe TaKOH CJOXKHOM MEeTOIMKH, Kak
[paBuio, He TpebyeTcsi — [LOCTATOYHO ONpPEAE/NMTb POJOBYIO IpHHAN-
JIEXKHOCTh OPTraHH3MOB.

[Tpy onpejefeHHH HHMTYaTbIX MHKDOOPTaHM3MOB JO pofia cjeiyeT
YUYUTHIBATh CJENYIOUHEe OCHOBHbIE NIPH3HAKH:

dopMy HUTYATHIX (NpsiMasi, M3OTHYTAS, 3aKpy4eHHas);

pasmep Hutedl (muamerp 1—60 MKkM, pauHa pasHoo6pasHa: or 30
MKM O HECKOJBbKHX MM);
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Cxema 1
KpaTkuil onpefieJiuTeslb HUTYATHIX MHKPOOPTaHH3MOB [ananTupoBaHo mo
Jenkins et al. (1984), Eikelboom (1975)]

TPaHyJIbl Cephl s tun 0914
“KBanpaTh’”

Hurtyatue ¢
rpaHyJlaMH CepHl
B YexJie Thiothrix 1, 11

—_
rpaHyibl CepHl
“ccpepuqecxue"__ﬁ Ges uexma — 5 THo 02IN

Beggiatoa spp.

HUCTHUHHOE s Nocardia spp.
BETBJIeHHE
CTPOTO II0JIOKH-
TenbHue no ['pamy KNeTKU CenTu- N. limicola 11, Il
HeT BeTBJEHHUS pOBaHH
Heficcep  N. limicola |
TIOJIOXKUT
HeT cenT
Heficcep
OTpHIL. Microthix
parvicella
Huruarwe 6es _____, mepemeHHHe no [pamy Hix —— 5 tunu 0041,
rpaHyJ cepu cnabo nosoxurenabiue o I'pamy 0675, 1851
~—3 TPHUXOMHl B Yexjie Sphaerotilus
JIMaMeTp KJIeTOK JIOXKHOE BeTBJEHHe  natans
1,0-2,2 MKM, — IHMXOTOMHYECKOE
/ HaMyHe CenT
—>  HeT yexsa tanu 0961,
OTpHUAT. 0914, 021N
mo I'paMmy -3 [HaMeTp KAETOK
menee 1,0 Mkm
I ' 1
Heficcep nosoxur. Heficcep oTpHuar.
Tun 0092
v y l
TPHXOME! HpSIMbIE, TPUXOMBl HEperyJasipHo TPUXOMEHI CBep-
cJlerka M3OTHYTHl HilK HaKJIOHEHb! HYTHl CNHpPAJIbIO
HaKJIOHeHh l tun 0581
v : v v v
HeT cenT CenTH eCTh  OBa/JbHBE KJIeTKH  BHITSHYTHE Na/lOYKOBHAHbIE
Haliscomenobacter  tun 1701, THn 1863 tun 0411

hydrossis 0803
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dopMy M pasmep KneTok BHYTpH HHTell (KBaxpaTHble, Kpyrisle,
pasHHe M0 JJIHHE);

BeTBJEHHe HHMTeH MCTHHHOe Yy TDHOOB H  aKTHHOMHLETOB
(Nocardia) u noxuoe y 6aktepuit (Sphaerotilus natans);

NOABHXKHOCTL HHUTeH, HMX CKoJbXenue (Beggiatoa nBuxetcs,
CKOJIb3Al TIePEHHM KOHLIOM WJIM NeTseobpasHo, ¢oTo 6);

HaJH4YHe YexJa;

HaJlHuHe KJIEeTOK reTepoTPoHOH MHKpPOQUIOpbl Ha HOBEPXHOCTH
HUTUATHIX MHKpoopraHuaMos (Sphaerotilus natans, goro 7);

npucyTcTBUe rpanya cepsl (Beggiatoa, Thiothrix, Tun 021N, do-
To 8, 9);

OTHOILLUEHHe K OKpalluWBaHHIO No ['pamy, YTo 3aBHCHT OT XHMHYe-
CKOTO COCTaBa CTEHOK KJIeTOK 6aKTepHH;

OTHOIIEHHe K OKpaiuuBaHWIO no Heficcepy, KoTopoe mnosBossieT
OGHapyXHTb I'PaHyJIEl NoJH(ochaTOB.

Ha cxeme 1 npencraBieH KpaTKMH onpefie/iHTe b HUTYaThIX opra-
HHMSMOB, COCTaBJIeHHbIi Ha OCHOBE MEepPeYHC]EHHBIX CHCTEMaTHYeCKHUX
MPH3HAKOB.

9. HapymeHue ceXHMEHTAaIlMOHHLIX CBOHCTB aKTMBHOTO HJa.
Buasl BcnyxaHus

B HopMaslbHO YHKUMOHHPYIOLEM aKTHBHOM HJIe XJIONbSl KOMMNAaKT-
Hole (poto 1), ynoBieTBopHTeNbHO ocepaouiye; nocae 30-MHHYTHOro OT-
crauBanusi B 1000 cM3 umvHApe HIOBasi cMech 3aHMMaeT MHHUMAJbHBIH
o6beM, KOTOPHIH He npeBblaeT Gosee yeM B 40 pa3 o6beM ero TBepAabIX
KoMroHeHTOB. COCTOfIHHe WJa M ero CeJUMEHTallHOHHble CBOWCTBA Xa-
PaKTepU3YIOTCSl WJIOBHIM MHAekcoM. MnoBolt MHIeKke — 3To 06beM, 3aHH-
MaeMblil OZHHM TpPaMMOM aKTHBHoro uja 3a 30 MHHYT OTCTaHBaHHS B
JUTPOBOM LMJHHApe. B aKTHBHOM H/le ¢ TOHH)KEHHLIMHM 3HAaYeHHSMH HH-
JeKca MOBbIIeHa JOJISi 30JbHBIX, 60Jiee TSKeNBIX SJEeMeHTOB H3-3a BBICO-
KOH MHHepaJH3aliMi KJeTOYHOro BellleCTBa WJIH M3-3a NPHCYTCTBHS TH-
XKeJbIX B3Beced. TaKOH MJ1 MOXKET [aBaTh HENOCTAaTOUHLIH MpupocT GHo-
Macchl, H3JHIIHe MepeymJIoTHSeTCs BO BTOPHUHBIX OTcTOMHHMKax. Hapy-
LieHHe [poliecca pasfefieHHs HJjia OT OYMLIEHHOH BOABI H ero H36hITOY-
HbIH BBIHOC M3 BTOPHHYHBIX OTCTOMHHKOB OOYCJIOBJEHB! BO3pacTaHHEM Be-
JMYHMHB HJIOBOTO MHJEKca.

B 3aBHCHMOCTH OT TeXHUYECKHX BO3MOXHOCTeH obecrneyeHus
YAOBJIETBOPHTENIBHOIO OCaX[EeHHS M CBOEBPEMEHHOH BHIIPY3KH OCEBILEro
HJ1a U3 BTOPHYHBIX OTCTOMHHKOB ISl KaXXIOTO KOHKPETHOTO COODYXEHHS
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GHOJIOTHYECKOH OYHCTKH ONTHMAJbHBIMU OyHyT CBOM, Olpele/ieHHbe 3Ha-
YeHHS] HJIOBOTO HHMeKca. Jlnst ynoBneTBOPUTENbHOH SKCITyaTallMH OYH-
CTHBIX COOPYXEHHH NpPHHATHIE 3HAYEHHS HJIOBOIO WHIEKCA COCTAaBJSIOT
or 80 no 120 cM3/r, AManasoH NOMYCTHMBIX OTKJIOHeHHH — oT 60 1o
150 cm3/r. YBesMueHHe MIOBOrO HHAEKCA BHIE NOMYCTHMBIX 3HaYeHHH,
T.e. 60aee 150 cm3 /T, HasbiBaeTCs BCIYXaHHEeM aKTHBHOI'O HJia.

BcnyxaHume ~— 3TO H3MeHEHHE COCTOSHHA OHOleHo3a ak-
THBHOIO MJjia B HeGJaronpUATHHIX KOJOrMYECKHX YyCHOBHIX 0o6u-
TaHHdA, XapaKTepHsyioumeecd ypejuueHnumeM oGbema Hia M Hapy-
LIEHHEM ero CeIMMEeHTAllMOHHBIX CBOMCTBE.

[To xapaxTepy M3MeHeHHH, IPOHCXOISAIIHX B AKTHBHOM HJe, BCIy-
XaHue TofpasfiesisieTcsi Ha ABa OCHOBHKIX THIA:

a). Tenepoe (HeHHTYaTOE) — pasBHBaeTCs BCJEACTBHE YPE3MepHO-
ro (136HITOYHOr0) MPOAYLUHUPOBAHUS SK3ONOJUMEPHOIO TeJisi eTepoTPOod-
HBIMH canpoUTHBIMK GaKTEPHAMH aKTHBHOTO MJ1a B OTBET Ha NPHCYTCT-
BHe B CTOYHHLIX BOJAaX TPYAHOOKHC/JSIEMBIX MJH GHONOTHYECKH HEOKHC-
JISEMBIX BEUIECTB [TPOMBIIIICHHOTO POMCXOXKICHHS.

6). Hutuatoe (doto 2) — pasBuBaeTcs BCJeACTBHE Pe3KOro YBe-
NYYeHHs YMCJEHHOCTH HMTYaTHIX $HOPM OpraHusMos (xiaMunoGakTepuii,
canpodUTHHX I'PHGOB, LMAHOBaKTepHil). YBe/HYeHHe BhIHOCA B3BEIlEH-
HBIX BeLIeCTB M3 BTODHUHLIX OTCTOHMHMKOB, B pes3yJbTaTe HaKOIJIEHHS
HUTYATHIX MUKPOOPTaHH3MOB B aKTHBHOM HuJje, coctaBiaser ot 30 go
400% ot Hopmbl. CTeleHb BHIHOCA 3aBHCHT OT MHTEHCHBHOCTH BCIlyXa-
HHSl 4 KOHCTPYKTHUBHBIX OCOGEHHOCTeH BTOPHYHBIX OTCTOHHHKOB.

9.1. I'esreBoe BcnyxaHHMe uja

Knetkn canpoguTHbX GaKTepHH aKTHBHOTO HJa NPH KOHTaKTe ¢
3arps3HAIOLIUME BellleCTBAMH CTOYHBIX BOJ OKPYXaloT cebs cioeM ciH-
3HCTO-TATyYero MOJHUMepHOTo resisi (BS3KOrO KOJUIOHZHOTO pacTBOpa).
O6beM BbieJISIEMOro MOJMMEPHOTO TeJisi paclpejiessieTcsl BOKPYT KJIeTOK
M XJIOTMbeB aKTHBHOrO WJa, 3alllMILasl HX OT Heb6JaronpHATHOro BO3feHCT-
BHSI CTOYHBIX BOJ, y4acTBYs B GuIOKyasudH (C/HIaHMH) XJIOMBEB MEXLY
co6oH, U UrpaeT NOMHHHUDYIOLIYI0 pPosib B Hpolecce cOpOUHH 3arpssHsio-
IIMX BEIIECTB W MX TpaHcdOpMauUyH BHYTPb MUKPOOHHIX KieTox. Buono-
JNMMepHHIH Treslb aKTHBHOTO HJla HMeeT BBICOKHH MOJIEKYJISIDHBIH Bec
(6onee 10000), no cBoeMy XMMHYECKOMY COCTaBY uallle BCEro MpejcTaB-
JleH aMHMHOKHCJIOTaM{ M MOJIHCaXapHIAaMH, BKJIOUAIOUMMH IJIOKO3Yy, ra-
JIaKTO3y, aMHHOCaxXap. B cocTaB MOJHMepHOro resisi KpoMe IVIMKONPOTEH-
HOB (C/IOXKHBIX KOMILIEKCOB CaxapoB H 6eJIKOB) BXOLST TaKxke 3K3odep-
MEHTHl KJETOK WJia, MOJHNENTHAbl, KaAeTyaTKa M Ap. K moaucaxapuamnpo-
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IyUHpPYIOIMM OaKTepPHsIM aKTHBHOTO MJa OTHocsTcs poxbl Zoogloea,
Pseudomonas, Aeromonas, Acinetobacter, Micrococcus, Paracoccus.

VabsiTve aKTHBHBIM HJ/IOM JIETKOOKHCJ/ISIEMBIX OpPraHHYeCKHX Be-
IIECTB U3 CTOYHBIX BOJ MPOHUCXOAUT C BRICOKOH CKOPOCTBIO IyTeM OGBIY-
HO¥ nu(pdy3UH 3THX BEIUECTB Yepes IIONYNPOHHIaeMble MeMOpaHbl Kie-
TOX MMKpoopraHuaMoB. ClIOXKHBle TPYJHOOKHCJ/sieMble OpraHH4YecKHe Be-
ILeCTBa CNOCOGHH TPOHUKHYTh BHYTPb GaKTepHaNbHOH KJIETKH TOJBKO
Toc/ie UX NpefBapHTe/bHOTO THAPOJIH3A HJIM NPHUCOeHHEHHS BellecTsa K
cnemuduyeckomy 6esKy (sK3odepMeHTY), BHIe/NsIeMOMY KeTKaMH HJa B
COCTaBe HK3OMOJHMMEDHOTO Teds. YeM cJoXKHee COCTaB 3arpASHSAIOIIMX
BELIeCTB, IPHCYTCTBYIOIIMX B CTOYHOH BoAe, TeM GoJbllee KOJHYECTBO
pasHOOBpasHEIX ()ePMEHTOB BHIfeNIfAeTCS KJAETKAMH HJIa, CeeKTHBHO BO3-
HeHCTBYIOIIMX Ha pas/HYHble BUIbl OPraHHYECKHX 3arps3HSAIOMX Be-
IEeCTB, TeM WHTEHCHBHee NPOMCXONHUT resie06pasoBaHHe XJIONBSMH HJA.

B rex ciay4asx, Korga TPYAHOOKHMC/ISIEMBIX OPraHMYeCKHX BelllecTB
B OYMILAEMBIX CTOYHBIX BOJAX IPHCYTCTBYeT CJMIIKOM MHOTO HJH OHH
Boo6uie He MOryT GbiTb (pepMEHTAaTHBHO OKMCJEHb, aKTHBHBIH HJ BBHIIE-
JIfieT W3GHITOYHOE KOJMYECTBO 3K30(hepMEHTOB [ HallaXXUBaHHS Mexa-
HH3Ma pa3JIOXKeHHS THX BellecTB. B pesysnraTe MexXIy GaKTepHasbHbI-
MH KJeTKaM{ HJia HaKalulHBaeTcs H3GBITOUHOE KOJHYECTBO KOJJIOMAHOTO
PHIXJIOTO BellleCTBa, KOTOPOe 3HAYHTEJbHO YBeJHUYHBaeT OOWMH o6beM
xJonbeB Kia. [Ipu s3ToM ofumi 06beM HJIOBOH MacChl TpeBhilIaeT oGbeM
TBepAbiX KoMmmoHeHToB B 40-—200 u Gosee pas. PasBuBaercs resieBoe
BCIIyXaHue Hia.

Ilpu HopMasJbHO MpoTeKalollleM INpoliecce GUONOIHYECKOH OYHCTKU
BbleleHHe TOJIMMepHOro ressi GakTepusMu uia mnosbiwaercss (Ho He
YpesMepHO) NPH YBEJHYEHHH BpPEMEHH a’palliM 3a CYeT IPOAJIEHHS
TpeTbeH CTafMM GHOJIOFHYeCKOH OYHCTKM, CTAfHH SHIOreHHOTO IHTaHHA
H CHHTe3a GaKTepHaJIbHOM MacCHl, a TakKXKe Ha CTaJHH pereHepalyH HJa.
Eciu 3arpasusionive BelllecTBa MPOMBIIJIEHHOTO IIPOHCXOXIEHHS, MNpH-
CYTCTBYIOILE B CTOYHBIX BOLAX, HE TOJBKO TPYZHOOKMCHsieMble, HO ellie
M TOKCHYHBEIE, IpoLlecC re/ie0Gpa3oBaHUsl HapPYLIAETCS], XJIOMbsl WA HHC-
TMIepPTUPYIOTCH, YXyAIIaeTcd HX OCaXKAAeMOCTb, KOMIAKTHOCTb M (UIOKYJIs-
LIHSI.

leneBoe BcmyXaHHe JIETKO AHarHOCTHPYETCS MPH MHKPOCKOIKPO-
BaHWUM aKTHBHOTO HJIa, €CJH ero BHI3HIBAalOT Gakrepuu pona Zoogloea.
PassuTHe BcnyxaHHs, Bh3biBaeMoe Zoogloea ramigera, 6uulo saperucrt-
pupobano eme B 1958 r. H.A. BassixuHol, KoTOpasi CBsisaJia €ro BOSHUK-
HOBEHHe C HeJloCTaTKOM PacTBOPEHHOro KHMCJIOpPOAa B MJIOBOH cMecH. [Tpu
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npeobsnanaHuK APYrHX POLOB reseobpasylomux GakTepHi YCTaHOBHUTb
BCIIYXaHHE MOXHO TOJBKO MO YXYAIUEHHIO CEeIHMEHTaUHH Wsia IIpH OT-
crauBanuM B uuiaHHApe. Cneuuduyeckolt oco6eHHOCTBIO TAKOrO HJla fB-
JIAeTCH!: 6EIIHO€ BHOBOE pa3Hoo6pa3ue; TIOHH2KEHHbIE OKHCJ/IHUTEJbHbIE
CBOMCTBA H BBHICOKAas CTeleHb KHCJOPONOMOIVIOIEHHS; IIpO3PavyHOCTh
xJombeB. Huruathle 6akTepuH B TakoM HJe NPUCYTCTBYIOT B He3Hauu-
TEJIbHOM KOJIMYEeCTBE WM OTCYTCTBYIOT MOJNHOCTBIO.

Bricokast KMC/IOPOAOTNIOIIONIaeMOCTb aKTHBHOIO MJla TIPH Pa3BHUTHH
resieBOro BCIYXaHHSl CONPOBOXHAeTCS NOHHWXKEHHBIMH 3HAa4eHHAMH CO-
LepXXaHUsl PaCTBOPEHHOTO KMCJIOPOZa B WJOBOH cMecu (MHOTA2 Ha ¢oHe
YIOBJIETBOPHTE/IbHOM MOAAYH BO3AYXa B a9pOTeHKH). DTo 0GYCJOBAEHO
TeM, YTO SHAUUTEJbHAs YacThb I10AaBaeMOro KHCJOpOJa BO3AyXa PacXomy-
eTcsl Ha XeMOOKHC/IeHHe TDYAHOOKMCJISEMBIX 3arpsisHSIOIMX BELeCTB,
KOTOPHE, B CBOIO o4epelb, OJIOKHPYIOT [IbIXaTesbHble (epMeHTH Opra-
HH3MOB aKTHBHOTO HJIa, TOBbIILAS UX MOTPEGHOCTH B CONEepXKAaHUH KHCJIO-
pona.

Jedbunur Kucsoposa fB/ISETCS He NEPBONPHYHMHON resieBOro BCITy-
XaHHA W4, a TOJbKO CleJCTBHEM MeXaHH3Ma NeHCTBHS TOKCHKAHTOB Ha
aKTHBHBIN WJL.

9.2. HuTtuatoe BCIIyXaHue nia

HutyaToe BenyXaHHe W/a BO3HHKaeT IpPH UpPe3MEpHOM PasBHTHH H
HaKOIJIeHHH OPraHHu3MOoB ¢ HHTYAaTOH CTPYKTYpOH.

CrnemyeT OTMeTHTb, YTO BCHYXIIMH HJI, XOTS H IUVIOXO ocaxiaertcs,
HO YHCTUT ouyeHb 3¢ ¢ekTHBHO. HuTuaThie 06pasoBaHUs CO3HAIOT PBHIXJIEE
(doto 3, 4) OTKpHITHIE XJIOMbH € PasBUTOH IOBEPXHOCTHLIO M BHICOKOH
OKUCJIHTEJIbHON crocoOHocThio. [1pu ucciienoBaHuy Bemyxilero HWia B Ja-
60paTOPHOM LMJIHHADE JIeTKO 3aMeTHTb, YTO HAJMJIOBAas BOJA, KaK IpaBU-
JIo, OYeHb YHcTasl U npospauHas. OnHako, OTCYTCTBHe HalleXHBIX KOHCT-
PYKUHI BTOPHYHBIX OTCTOHHHKOB, O0G€CHeyHBalOIUX OTAeJeHHe BChyXile-
ro WJia OT OUHUIEHHOH BO/bl, He NMO3BOJIET BOCHOJNb30BATbCA CBOMCTBOM
HUTYATHIX OPTAHHU3MOB XOPOLLO OYHIIATH CTOYHEIE BOABI.

Benyxanve uia BHI3BIBalOT 0Kosio 30 BHIOB HHUTYATHIX OpPraHHW3MOB.
Hau6onee pacnpocTpaHeHHble H3 HHX NpeACTaBJeHHl B Tabd. 1. OTu op-
FaHU3MEl, B OCHOBHOM, SIBJISIIOTCSI MpPENCTABUTENSIMH TpeX TaKCOHOMHUe-
CKHMX rpynn: 6akTepHii, Bojopocsel, rpu6oB. Benyxanue BbISBIBAIOT XJia-
munoGakrepun poma Sphaerotilus, Thiothrix, Beggiatoa, HuTYaTHe CH-
HeseJleHble BOAOPOCHH H canpouTHbIE TPUOHL.

Yamie Bcero BcTpedaeTcsi BCHyXaHHe Hia, OGYCJIOBJEHHOE pa3BH-
THeM  xJamupoGaxtepuit  (npencraBwtenu  pomos  Sphaerotilus,
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Beggiatoa, Thiothrix, Tan 021N Hu 1.4.). D10 Haubosiee pacmpocTpaHeH-
Hble HMTYaThle MUKPOOPTaHM3MH, KOTOpble 3aHMMAIOT MHIIEBYI0 HMIIY re-
Jeobpasyome#t canpodUTHOH MHKpodIopsl B 6HOleHO3e aKTHBHOTO Hia,
KOTZia OHa THOHET WJIH TOBpexxjaeTcs MOJ BO3JAeHCTBHEM HeGaaronpusr-
HEX ¢akTopoB (HEZOCTaTOK KUCJOpPOJA, HajlHuMe TOKCHYECKHX BELIecTB,
BBICOKME KOHUEHTPALMH JIeTKOOKHC/IsIeMBIX OPTraHHYeCKHX 3arpsisHAIOLIMX
BellleCTB).

Tabauya I

HuryaTtble MHKpOOpraHu3Mbl, Hai6oslee YacTo BhI3bIBAIOIME BCIOyXaHHe
una (B nopsigke y6HBaHHSA PacpOCTPaHEHHOCTH)

HanMeHoBanHe TaKCOHOB
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Sphaerotilus natans (¢oto 7)

tun 021N (doto 5)

Thiothrix sp. (¢oto 8)

Beggiatoa

Microthrix parvicella

Ttun 1701

Ttin 0041

Nocardia sp.

Fungi (¢oTto 10)
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Cyanophyta

XnaMunoGakTepHH XapaKTepU3yloTCs TPUXOMHBIM CTPOEHHEM OT-
IeJbHBIX ocobedl. TpHUXOMBI NpelcTaBAAOT cO60H HHUTh, COCTABJIEHHYIO H3
OTHe/IbHEIX K/IETOK, HaXOAAIWMKCSA B TAKOM TECHOM KOHTaKTe APYT ¢ ApY-
roM, YTO OTAEJBHBIE KJIETKH TPUXOMOB PeliKO HHAMBHMAYAJHSHPYIOTCH Kak
caMocTosTeNibHble opraHuaMul  (doro 5). Crosbssilue, NOABHKHblE
Thiothrix u Beggiatoa pasanyaioTcsi TONMHON HHTEH, cerMeHTauuel M
PAaCHOJIOXKeHNEM B HUX I'paHys cephl. Cepo6GaKTepHH CHOCOOHBI OKHCISTD
MUHepaJIbHble COe[HHEHHS Cephl, 06JIafaloT YCTOHYHBOCTBIO K BO3AEHCT-
BHMIO TOKCHYHBIX BeIeCTB M HeJOCTaTKy Kucjopoza. Ilpu mBHXKeHMH Ha-
GofaeTcsl XapakTepHHIH H3THG KjeTKH B (OpMe AYIH M JBHXKEHHe BIle-
pen usorHytol yacthio (doto 6).

Huruatele 6akTepuu poma Sphaerotilus Haubosee 4acTo, HO B He-
3HAUUTEJLHOM KOJIMHecTBe BCTpeyaloTesi B OObIMHOM aKTHBHOM Hie. He-
TIONBYXKHEIE TpUXOMbl Sphaerotilus natans obpasyioT MOABUKHBIE ONHO-
K/JeTOUHble TOHHINH, cHabXeHHble MyykoM XryTukoB. Hutu Sphaerotilus
natans ofeTh cAM3MCTHIM uexsoM (doTo 7), UMEIOT JIOXKHOe BeTBJEHHe
(Gosee penkoe B yc/IOBUSIX OBHJIHMS JIETKO YCBOSI€MBHIX OpraHHYeCKHX Be-
utecTB U Gosee yacToe NpPH MX HHU3KOH KoHueHTpauuu) (Pasymos, 1957).
[To Bce#t pnvHe HuTH KieTKa Sphaerotilus natans paBHOro nuameTpa.
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CuHeseseHbie Bofopocin Cyanophyta, BcnelcTBHe CIOCOGHOCTH
nepexofuTh XK (OTOCHHTE3y, CXOOHOMY C GakTepHalbHbIM, BHICOKOH yc-
TOMYHBOCTH K BO3JEHCTBHIO HeGNaronpHATHHIX (akTopoB (Temmepatypa,
IEJIOYHOCTb CPelbl, TOKCHKAHTH M T.A.) MOTYT JOCTHraTh 3HAUMTENbHOM
YYCACHHOCTH B aKTMBHOM MW/ aspoTEHKOB ¥ BHI3HBATb BCIyXaHHe; OHH
&e, Kak MpaBHUJIO, BHIBHBAIOT “liBeTeHHe” BojoeMoB. HuTuaToe TpHXOM-
HOE CTPOeHHe Tella, CNIOCOBHOCTb K CKOMb3SAIIEMY ABHKEHHIO, OTCYTCTBHE
HACTOSILMX siflep, XJOPOMJACTOB H BaKyosleH, 3allO/HeHHBIX KJETOYHBIM
coxoM, y Cyanophyta HacTOJbKO MOpQOJOrMYecKH OOBeNHHSET HX C
HUTYATBIMM XJIaMHIO6aKTepHAMH, UTO NMPH MHKPOCKOIHYECKOM HCCJeNo-
BaHHM HMX 3a4acTylo TpyAHO pasgenutb. O6ocobaser Cyanophyta ot
6axTepHil TOJBKO HaJHYMe OKCHIeHHOro (OTOCHHTe3a M 3HAYHTesbHaf
YCTOHUHMBOCTb K TOKCHKaHTaM, YTO NMO3BOJISET UM PasBHUBATbCH B YCJIOBH-
fX HeTpHrofHblXx Aaf GakrepHi. [IpM MHKXpOCKONHYECKOM HCC/IeAOBAHUH
MOXHO OGHADYKHTb Y BOZODOCJEH rasoBhle BaKyoJd H BpacTaHHe BHYT-
PEHHHX CJIOEB MHOFOCJIOHHOM O6OJIOUKM BHYTPb KJETKH IIPH ee JeJeHHH.
TpyaHo oOTHeJHTb OT poda Sphaerotilus ropMOroHHeBEe BOLOPOCIH
Tolypothrix. Haubosee yacTo BEI3BIBAIOT BCIYXaHHe CHHe3esleHble BOJO-
pocau ponoB Anabaena, Aphanizomenon, Microcystis.

Canpo(uTHEe TIPHObl CNOCOGHB! BHI3HIBATb BCIyXaHHe AKTHBHOTO
Wia M8-3a HHTHATOro CTpoeHHs Taiioma (goro 11), ogHako Takoe Bemy-
XaHHe BCTpedaeTcsi JOCTATOYHO PefKO, NMOCKOMBKY OBYC/IOBJAEHO CriellH-
(GUYECKUMH TNIPHYMHAMH, DENKO MPHCYTCTBYIOUIMMH Ha COOPYXEHHSX
Guosntornueckoil ounctku (cM. paspen 10).

10. IpuuyuHbI, BHI3LIBAIOMAE BCIyXaANe aKTHBHOTO WA,
¥ OCHOBHEI® (p)aKTOPBI, CHIOCOGCTBYIONME €I0 PA3BUTHIO

Ipeobiagaomuii pocT HHTYAaTHIX OPTraHH3MOB B aKTHBHOM HJe
MPOUCXOAUT B COOTBETCTBHM C INPHHUMIAMH KOHKYDEHLHMH BHIOBE CMe-
IaHHOK NOMYJsLMH C BLICOKOH IUIOTHOCTBIO HacejeHusi. KouueHTpauus
MHKpoopraHusMoB B 1 cM3 uioBoit cmecu gocruraer 1010—10!! xpetok,
YTO 3HAYHTE/LHO IpeBhllaeT GHOMAacCy OpraHH3MOB B NPUPOIHBIX Cpe-
nax. X/ombsi aKTMBHOTO WJja TPENCTaBASIOT cobol CIOXKHEIE MHUKPOGHBIE
accoUHalliy, BHYTPH KOTODHIX CK/aNblBalOTCS Pa3HOOGpasHble BI3AUMOOT-
HOLUIEHWsl, BKJOYas KOHKyDEHTHBle M aHTaroHHCTHYecKHe, XapakTep
KOHKYPEHTHEIX OTHOIUEHHH Y 6aKTepHi Hlla PasiHYHLIX CHCTEMATHYECKHUX
TPYNN Ha (oHe H306M/US NMMILM U MOAABAEMOT0 KHUC/IOpOAa ONpenenseTcs
GHONOTHYECKHMH OCOGEHHOCTAMY MMKDOOPraHHSMOB MpPH MOCTOSIHHON
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TaQHOBJIEHHS IIPUYHH, BBHISLIBAIOIMX BCIyXaHHe, YTO obecneynBaeTcs Ipa-
BHJBHOH [HAarHOCTHKOH pOJOBOH IMpPHHANJIEXKHOCTH BHSHIBAIOIIUX €ro
HUTYATHIX OPraHU3MOB MPH THAPOGHOJIOTHUECKOM aHAJH3e HJa.

Ilpu BOSHHKHOBEHHH TIeJIeBOTO BCMYXaHHS cJleflyeT BEIIBUTb MC-
TOYHHMKH MOCTYIVIEHHS B CTOYHbIE BOAB TPYAHOOKHCJSEMBIX HJIH HEOKHC-
JsieMBX OGHOJOTHYECKHM CIIOCOGOM MPOMBIIIEHHHX 3arpsAsHAMMX Be-
IIeCTB ¥ paspaboTaThb MepONPHATHA MO JIOKAJbHOMY HMX YAaJIEHHIO Hero-
CPEeNCTBEHHO M3 CTOYHHIX BOJ INpPOMBILIIEHHOro INpPeRNpHATHS Hepexn
c6pocoM B cucTeMBl KaHadH3auuH. JlAs npodunakTHKH BOSHHKHOBEHHS
reJleBOro BCMYXaHHs Ha CTallMH NPOEKTHPOBAHHS COOpYXKeHMH GHoJory-
YecKoH OYHCTKH C a3pOTeHKaMH JO/KHO OuiThb cobaiofeHo TpeGoBaHue
CHull 2.04.03-85: “otnowenue XIIK k BITK5 B nocrynatome# Ha oyHcT-
Ky Bofle JoJoKHO 6biTh He Goslee 1,5”. Ecan 3to Tpe6oBaHue He co6urio-
IaeTcsl, HeOGXOMMO TIPEeLyCMOTDEThb JIOKaJbHbIE OYHCTHHE COOPYXKEHHS
Ha NpeflIPUSITHSAX CO CJOXKHHIM IPOMbIIIJIEHHBIM COCTABOM CTOYHBIX BOJ.

Haubosee TpynHo JNHMKBHAMPOBAaTH XPOHHYECKOe BCIyXaHHe, IIO-
CKOJIbKY TpeGyeTcsl MJH TeXHHUecKas PEKOHCTPYKIHMS OYHUCTHBIX COOpY-
XeHUH, WIH npefiBapHUTe/IbHAsA OUHCTKA CTOYHHIX BOJ JI0 MX NMOCTYMJIEHHS
Ha COOpYyXeHHst GHOJIOTHYeCKOH OYHMCTKH WM ABYXCTyNeHYaTas OUMCTKa
¢ pereHepauveit He MeHee 50% una.

lupoko pacrnpocTpaHeHHOe MPHMeHeHHe A/ GOpbOH ¢ HHTYATHIM
BCIyXaHKeM y6uBaromux Mukpodsopy cpencts (Chudoba, 1985) xnopHofi
¥3BECTH, Kap6oJIOBOH KMCJIOTH He JaeT HAfleXXHOTO IOJIOXHTEJIbHOro 9¢-
(pekTa, MOCKOJNBLKY MpPH STOM HEBO3MOXHO H36GHpaTeJbHO YHHUYTOXHTD
HHTYaTHX GakTepHi, CTpalgaeT Bechb GHOlCHO3 aKTHBHOIO MJa, YTO Hapy-
II2eT ero OKHCAHTENLHYIO MOIIHOCTb M TOJaBJsgeT Bech NPOLECC OYHCTKH
Ha 2—4 Hegmemu. KpoMe Toro, B pesysbTaTe XJIOpHPOBAHHS aKTHBHOIO
M2 Pesko BO3pacTaeT TOKCHYHOCTb OuMlleHHOH Bofpl. OnHako, B Ha-
crosiillee BpeMsi B cTpaHax Espomeiickoro coofmecrsa u CIUA sto Hau-
Goslee pacHpocTpPaHeHHBIH croco6 ©GoppOhl ¢ HHTYATHIM BCIyXaHHEM
(Switzebaum, 1992). XnopupoBaHHe He MOXeT AaTb 3(HEKTHBHOTO pe-
3yJIbTaTa, NOCKOJBKY He YCTpaHSeT OCHOBHHIE MPHYHHBI, BbI3bIBAIOIIHE
BcryxaHue uaa. Ilom BosmeficTBHEM XJopa HUTuaThle GakTepuH moruta-
10T, OJHAKO IVIaBHafl IIPHYMHA, BHI3LIBAIOINAs BCIYXaHHe, COXPaHTeTCs
WM MOXKET MepHOAMYeCKH BO3OOHOBJIATH AEHCTBHE, BCIyXaHHE peryJsp-
HO MOBTOpPSETCS WM nocTosHHO mpHcyTcTByeT Ha BOC. Takum o6pasom,
6opn6a ¢ TOC/IEACTBHEM, 2 He ¢ NMPHYMHAMH, BH3HIBAIIUMH BCIyXaHHE,
He MOXeT NMPHHECTH MOJIOXKHTE/bHBIX Pesy/lbLTaToB.

[MocKosIbKy BClyXaHHe aKTHBHOTO MJa SIBJsETCS OTKJIHKOM GHole-
HO3a Ha He6/aronpHATHbE 3KOJOTMUYECKHEe YCJIOBHS IS CanpoQHTHOMH
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CMeHe 9KOJIOTHYECKUX YCJOBHHM oOuTanusi (HarpySsKH Ha aKTHBHHIH HJ,
Ha/lMgHe TOKCHKAHTOB M T.I.).

B ynoBneTBOPHTEJLHHX 3KOJOTMYECKMX YCJOBHAX, a TaKXKe IpU
HEe3HAYUTEJILHOM BO3AEHCTBHH He6JIarompHATHHIX (aKTOpOB B GHOLEHO3e
aKTMBHOI'O MJa NpPeHUMYIUECTBEHHOE pasBUTHE MOJYYAIOT TeTepOTPOdHbIE
canpodutHble 6aktepuu. Ilpucymas um Gosee BhicOoKasi CKOPOCTb pas-
MHOX€eHHsI M TloTpe6iieHusi cy6erpata (Tabn. 2) mosBosieT KOHKYPEHTHO
BHITECHSITh M HHTHOMPOBaTb PasBHTHE HUTYATHIX OPraHM3MOB, IVIOTHOCTb
KOTOpHIX TOHHUXKAeTcsi A0 MHHHMAJbHHX 3HaueHHHA. B HopMasnbHO ¢YHK-
HMOHHPYIOLUEM HJIe HHTYaTHe He HMel0T npeo6iafaiollero pocTa, XOTsd
noctosHHO npucytctByoT B HeM (Eikelboom, 1982; Eikelboom, Buijsen,
1981; Sezgin et al., 1978). Takas GakrepuocTaTHYecKasi ¢opMa NaccHs-
HOTO 2aHTaroOHHW3Ma MeXAYy CcanpobHTHHMH H HHTYaTBIMH OpraHM3MaMH
aKTHBHOrO WJa sIBJIIeTCS BYCTOPOHHEH, JIOCKOJIbKY OHH NMOOUYepeNHO Bhl-
TECHSIIOT OPYT ApYra NpH CMeHe YCNOBHIH OOGHTaHHA. YCJIOBHMS, yrHeTalo-
e POCT FreTepoTPOMHHBIX (PJIOKYN006pasYIOIKX canpodHTHHIX GakTepui,
IPHUBOAAT K MX BEITECHEHHIO M NOMUHMPOBAHMIO HHTYAThIX GaKTepHil, Go-
Jiee YCTOHYMBBIX K BO3EHCTBHIO HeGnaronpuatHelx ¢akropos. K ycnosu-
SIM, CIOCOGCTBYIOIMM PasBHTHIO HHTYAaTOrO BCIYXaHHA clefyeT, B Tep-
BYI0O oyepejlb, OTHECTH BHICOKHE HarpyskKH Ha aKTHBHBIH HWJI, HalHuHe
TOKCHKZHTOB B OYHINAeMHIX CTOUHBIX BOaX, HX MOAKHUCJIeHHe M AHcOa-
JIaHC TIHTaTeJIbHBIX BeILEeCTB.

PasBurne BCNyXaHH#, 3akjoyaiolieecss B Ype3MepHOM HaKOIVIEHUH
HHUTYaTBIX OPrdHH3MOB, — 9TO ajanTalus GHOLEHO3a aKTMBHOTO HJa K
HebJIaronpusiTHEIM YCJIOBHSM. TakuM o6pasoM, B GHOpeakTopax Hellpe-
PHIBHO TPOMCXONHT CaMOINIPOM3BOJIbHAS CeNEKIHs OpPraHH3MOB HJa, dop-
MHUpYIOLIASl POCT, HAKOMJIEHHe OTHEJbHHIX TPYNH, HauGoJee NpHCIOCOG-
JIEHHBIX K KOHKDPeTHBIM 3KOJIOTMYeCKHM YcloBHAM. HHTeHCHBHOCTH ce-
JIEKLUK 3aBUCHT OT (DM3HOJOTHUECKHX XapaKTePHCTHK OTHENBHBIX TPYIII
opraHusMoB. K OCHOBHBIM TaKMM XapaKTEDHCTHKAM MOXHO OTHecTH: 1)
CelM(UIECKYI0 CKOPOCTh PasMHOXKEHHs, 2) CKOpPOCTb MOIVIOWEHHs Cy6-
cTpara, 3) crnoco6HOCTb K HAaKOIJIEHHIO M COXpaHeHHI0 cy6cTpaTa M Mpo-
LyKTOB MeTaGonuaMa, 4) YCTORYHUBOCTb K HEHOCTATKY PacTBOPEHHOTO KH-
cJI0pofia U ToKcHKaHTaM (tabi. 2).

XapakTepHBIMH (DH3HOJIOTHYECKHMH OCOGEHHOCTAMHU XJ1aMHIOGaK-
Tepu#l ABJSIOTCH: Me/lIeHHoe MoTpeGJjeHHe cyGcTpata M MO3TOMY TOJIE-
PaHTHOCTb K BBICOKHM CONEPXXaHHSIM PACTBOPEHHLIX OpraHHYeCKHX 3a-
IPSISHSAIONIMX BelIeCTB B OKpyXKamolleH cpefie; Gojiee BBICOKHIH YpOBeHb
MeTa6oJH3Ma H YCTOMYMBOCTH K BO3JENCTBHUI0 TOKCHKaHToB (cmoco6-
HOCTb GBICTPO BHIBOAWTb TOKCHHHI) B CDaBHEHHH € reTepoTpodHON MUK-
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podiopoii. YcTofiuHBOCTD K TOKCHKaHTaM OCOGeHHO BHIpa)keHa y cepo-
6akrepuii. [Ipu BoO3AEHCTBMM TOKCHKAHTOB HapylIaeTcsl (JIOKYJIALHSA
XJIOTIbeB HJa M TOBPeXKAaeTcsi CHCTeMa OGPasOBaHHS NOJNHCaXapHAHOTO
resist KJeTKaMH reTepoTPoHbIX GaKTepHH, 4TO ycyrybJsieT AMCIeprupo-
BaHHe XJOIBEB M TOBHILAET BO3MOXHOCTb HOCTYNa TOKCHKAHTOB HeEIO-
CpeICTBEHHO K GaKTepHaslbHBIM KJeTKaM. B cBolo ouepenp, pasBuTHe
HHUTYATHIX 6aKTepHil TaKXe NPHBONUT K HApyIIEHHI0O KOMIAKTHOCTH
XJIONbeB MJa, YTO OGYCJIOBJIEHO CHOCOGHOCTBIO TeTepPOTPO(GHON MHKPO-
¢opsl  GJIOKYIMPOBaTL BOKPYr HUTeH xsamupo6akrepuit (doro 3, 4).
Kpome Toro, s HUTYaTHIX GakTepiit XapaKTepHbl TOHKHe HHTH HHaMeT-
pom 1—60 MKM, MO3TOMY OHH CHa6XKalOTCSI PacTBOPEHHBIM KHCJIODOLOM
ayuite, yeM 6aktepuu B ¢uiokynax Hia puamerpom ot 100 mo 400 mkm
(Chudoba, 1985). DTa 0co6eHHOCTb MO3BOJsIET XJAMHAOGAKTEPHSIM yc-
TMeLIHO KOHKYPHPOBaTb C reTepoTpOodHOH MHKpPO(JIOPOH B YCJIOBUAX He-
¢ULUTa PacTBOPEHHOro KHCJIOpPOLa.

Tabauya 2
OcHoBHble pa3aHuKs B (PH3HOJOTHUECKHX XapaKTePHCTHKaX CanpodHTHOH

refieo6pasyomieil MEKPOdIOPH U XJ1aMHAOGaKTepHil aKTUBHOTO Ha®

XapakTepHCTHKH Canpodurnute | Xnamupmo-
GakTepuH 6aKTepHH
Ckopoctb notpebienuns cyberpara BBICOKast HH3Kas
Crneupnduyeckas CKOpocTb Pa3MHOXKEHHS BLICOKasl HH3Kasi
DujoreHHas CKOPOCTb pasiioxenus cy6erpara (Ha BhICOKast HH3Kas
CTa¥H SHAOTEHHOI0 MMTAaHHS C MOMOUIBIO dep-

MEHTOB

CHuxeHMe cnelHdHYeCKOH CKOPOCTH pasMHOXe-| 3HaYHTeJNbHOe | yMepeHHoe
HHSl B HHSKOKOHLGHTPHPOBAHHBIX cy6cTpaTax

YCTOAYHBOCTb K TOJNOJAHHIO HH3Kas BbICOKas

CHHXeHHe CleUH(pHYecKod CKOPOCTH PasMHOKe-| sHauMTeNbHOE | yMepeHHOe
HHMS TPH HM3KMX KOHLEHTPAUMSIX PaCTBOPEHHOrO

KHCJI0POJa

Cnoco6HOCTh HHTEHCHBHO COPGHPOBATb OpraHH- BhICOKast HHB3Kast
YyecKHe BeIllecTBAa B Cpefie C U3OBITOUHBIM MX CO-

JlepKaHHeM

Crioco6HOCTb MCIOJIb30BaTh HHUTPAThl KaK akKllen- na HeT
TOp 3J1eKTPOHOB

O6unbHoe motpebaeHue goctopa, noTpeGHOCTL B Ja HeT

€ro NO0CTATOYHOM COJAEpXaHUH

HecMoTpst Ha cxoxue (USHONOTHYECKHMe XapAKTEPHCTHKM BCeX PO-
IOB XJaMHAOGaKTepHUH, yKasaHHble B Tabs. 2, KaXHBH pOX HMMeeT CBOH

* Ta6nuua p H 110 Hec. > Sykes J.C. The use of biological selector t y to
minimize sludge bulkmg In: Biological nitrogen and phosphorus Removal: The “Florida Expenence 1989
TREEO Center, University of Florida.
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cnennduyeckde 0COGEHHOCTH U ONpeJieJIeHHYK YCTOHYMBOCTH K BO3ieii-
CTBHIO pasHo0OpasHBIX dakTopoB. [loaToMy NMpH NOMUHHMPOBAHHH KaKoro-
160 (akTopa BOSHHKaeT BCITyXaHHe, BHI3kIBaeMoe OIlpefiesleHHBIM POAOM
XJaMHupo6aKTepui, Haubonee MPUCHOCOGAEHHBIX K KOHKPETHBIM 3KOJIOTH-
YeCKHUM YCJIOBUSIM, UTO I[103BOJISIET NPH OMpeleNeHHH DOJa AOMHHHpYIO-
INMX HMTYATBIX OPraHM3MOB YTOYHMTb IIPHYMHH BCIyXaHHs H paspabo-
TaThb MEPONPHATHA [0 €ro NofaBJ/IeHHIO.

CniocobHocTb GHOLEHO3a aKTHBHOTO H/la OCBOGOXKIATBCS OT BHICO-
KHX KOHUEHTPALHH JIerKOOKHC/AseMBIX OPTraHUYeCKHX BEIeCTB B CTOYHBIX
Bofax  oOycJoBJeHa  aKTHBHOCTBIO  HHMTHaThiX  GaxTepud  poja
Sphaerotilus, ux 6ypHbiM pocToM. OCHOBHas NPHYHHA YPE3MEPHOro pas-
BUTHA X/JaMupo6GakTepuil popa Sphaerotilus B aKTHUBHOM HJe — 3TO IO-
CTyNaiollde Ha OYHCTKY CTOYHBIE BOXBI, COAEpXKaulHe BHICOKOKOHLEHTPH-
poBaHHBle CMeCH OpPraHH4YeCKHX 3arpA3HAIOILHX BEIUeCTB NPH KOPOTKOM
BpeMeHH KOHTaKTa HX C aKTHBHEIM MJIOM, MOC/eLyloWui Auc6anaHc Me-
XKy cop6uuell 3arpssHSIOIMX BeLIeCTB U HX OKHCJeHHeM GHOTOH Hila
(Houtmeyers, 1978; Chudoba et al., 1982; Jenkins, 1984).

STOT BUJ HUTHATOTO BCIYXaHHS, nepablii N0 PacnpoCcTPaHeHHOCTH,
BhI3bIBaeMblil xJaMupo6akTepusiMu pona Sphaerotilus 1 BosHHKaOWMH NoO
[IpHYHHE IIOBHILIEHHOTO CONEePKAHHSA JETKOOKHC/AEMBIX 3arpASHAMILIMX
BEILECTB B CTOYHBIX BOJaX, KOTOphle aKTHBHHIM HJ aacopOupyeT, Ho
OKHUCJHTb He YcIleBaeT, HauboJee pacHpOCTPaHeH Ha COODYXKEHHSX,
OYHIIAIOIIMX CTOYHHIE BOJNBI ITHHIEBOH, KOHCEPBHOH NPOMMILJIEHHOCTH,
NMBOBapeHHBIX ¥ CaXapHBIX 3aBOJOB.

OpraHuuecKkHe BellecTBa, IOCTYNaloLlde B a3POTeHKH, MepBOHa-
YaJIbHO afCcOpPGHUPYIOTCA Ha TIOBEPXHOCTH HJIOBHIX YacTHI, NpeobpasyloTcs
3K3o(hepMeHTaMH, Mocjie Yero TpaHchoOpMHPYIOTCs B KieTky (Busby,
Andrews, 1975; Dold et al., 1980). Ancop6uus 3arpssHSIOIHX BeLIECTB,
Kak NpaBHJIO, 3aHHMaeT MeHbille BpeMeHH, YeM HX OKHcJeHHe. B Teuenue
nepsbix 0,5—2 yacoB KOHTaKTa GOMBIIMHCTBA PAcTBOPeHHBIX OpraHHYe-
CKHX 3arpsi3HSIIOIIMX BelJeCTB C aKTHBHBIM HJOM IIPOMCXOAHMT COpOUHMS
npuMecell akTHBHOH OuoMaccoil. OmHako Ha HMX OKucJeHHe Tpebyercs
3HAYHTeNIbHOe BpeMs, KOTOPOro 4acTO HeAOCTATOYHO, IOCKONBKY M/ Ha-
XOIUTCS B a9poTeHKaxX Tosibko 3—8 uacoB. B cucteMax c pereHeparopa-
MM BCIyXaHHe HJa BCTpeyaeTcsl pexke K3-3a YJYULIEHHUS YCJAOBHUH IJisi
OKHCJIEHHs! 3arpsisHAIIMX BelllecTB. Ha ¢oHe mNeperpysku akTHBHOTO
HJla 70 JIETKOOKHC/SIeMBbIM 3arpsISHSIOIMM BelleCTBaM M HapylueHusi Ga-
JIaHCa MeXAy HX coplLHed H OKHMCJIEHHeM B HJIOBOH CMeCH BO3HHMKaeT
JedbHUUT KUCAOPOAA.
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IMoTpeGnenne Kuciopoia HEET €O CKOPOCTbIO, COOTBETCTBYIOMIEH
BBHICOKOJI CTelleHH H3bATHA cyOcTpaTa B HauasibHbIM NepHoA copOuuu 3a-
TPASHAOIMX BeliecTB. 3aTeM yCTaHaBJMBAeTCS PaBHOBECHE MEXKKY CKo-
pOCTBIO MOTpeGIeHHs KMCIOPOAa U CKOPOCTBIO OKHC/EHUsI cy6eTpaTa, 4To
COOTBETCTBYET 3aBepIIeHUI0 GHOPa3oXKeHHs GHoMaccoil copGUpOBaHHOTO
cyberpara. Eciu Takoro paBHOBeCHS He HacTyIaeT, YrHeTAalTCs reTepo-
TpopHblE MHKPOOPTAaHH3MBI M HX 3KOJIOTHYECKYI0 HHINY 3aHHMAlOT XJa-
MHI0GaKTepHH a3po6hl, KOTOPbIM CBOHCTBEHHA HH3Kasi CKOPOCTb COpOLMH
u notpebieHHs cyGcTpara, a Takxke YCTOHYHBOCTb K HENOCTAaTKY KHCJO-
pona (Sezgin et al., 1978).

Bmopoii no pacnpocTpaHeHHOCTH BHJ HHTUaTOrO BCIyXaHHS, Tax-
JKe BHI3hIBaeMBIH XJaMUIOGaKTepUsMH, HO Y)Ke cepoGaKTepHUsMH POIOB
Thiothrix, Beggiatoa, Tunom O2IN W np., BOSHHKaeT NPH BO3AEHCTBHH
TOKCHYHBIX BeIlecTB, HeHCTBHe KOTOPBIX He OrpaHHYHBaeTCA TOJBKO
CHHXKeHHEM (epMeHTATHBHOH aKTHBHOCTH WJa, HapylleHHeM IIpOLEecCOoB
TIPOXYLHPOBAHHSA SK30MONHMEPHOTO reJist H (VIOKY/SLHH XJIONbeB Hja, HO
H CONpPOBOXKIAeTCS HAKOIJIeHHeM B HJe YCTOMYMBBIX K TOKCHKaHTaM
XJIaMHI06aKTepUH WJH, ellle 6osiee TOJEepPaHTHBIX, CHHe3eJNeHBIX BOLOPOC-
neit (Cyanophyta).

Tpermudi BUA BCNyXaHHS TMPOBOLMPYETCS COCTABOM CTOYHBIX BOJ,
Juc6aaHCUPOBAHHBIX 110 3JIeMeHTaM NUTaHHS A/ aKTHBHOIO HJa.

Hepocratok asora u Qocdopa 3aMenseT pocT canpopHTHHIX Gak-
TepHH H CrocoO6CTBYET MacCOBOMY Pa3BHTHIO HHTYATHIX OPraHH3MOB ¢
HH3KHMH TOTPe6HOCTAMH K COJlepXKaHHI0 OGHOreHHBIX BeILEeCTB B MHTa-
TeJbHOM cyfcTparte. Takoe BcIyXaHHMe Hia CONPOBOXIAETCS CHIDKeHHEM
€ro OKHCJIHTEJBHOM CIHOCOOHOCTH M COKpallleHHeM INpHpocTa HJa, CJefo-
BaTeJbHO, YBeJHYEHHeM YAeJbHBHIX Harpysok Ha Hero. Jisd nmpepynpex-
JleHHs TOJIONIaHUA WJjla IO NPHYMHe HelocTaTKa OMOTeHHBIX BEIeCTB CJle-
Jyer obpalllaTh BHHMaHHe Ha paboTy IepBHYHBIX OTCTOMHHKOB, COLepXKa-
HYe B3BeIlleHHBIX BEIIECTB B BLIXOAslel M3 HUX BOZE He AOKHO OHTBH
menee 100 mr/amM3. A Takke He JOMKHB 3HAYKTENBHO M3HIMATHCS Jer-
KOOKHMC/IieMbie BellleCTBa B Npeaspatopax, GUOKOAry/nsTopax ¥ T.L., T.e.
B COOPYXEHHSX, YCTAHABAUBAeMbIX A0 A3POTEHKOB.

B Tex cayuasx, Korja HM3GHITOUHBIA W/ mofaetcs B “rosiosy” co-
OPYXeHHH, [1c6aNaHc NMUTaHUS [JIs aKTUBHOTO HJla BHISHIBAETCH TeM, 4TO
HJI, HampaBjsieMbli B IepBHUHBIE OTCTOMHHKH, TOTpebasieT Haubouee
JIETKO OKHC/ISIeMYI0 OpraHHMKY Ha CTalMH NepBHYHOIo OTCTaHBaHUf, B pe-
3ynbTaTe CTOYHAas BoAa MOCTYNaeT B asPOTeHKH C M3bATOH Haubolee
LeHHOH JJIf MHTAHHUS YaCTbI0 OPraHHYECKHX 3arpssHeHHUH, YTO TaKXe BHI-
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3biBaeT G6YpHOE Pa3BHTHE B HJle a3pOTEHKOB HUTUATHIX XJaMHAoGakTepuH,
YCTOMYMBHIX K HeLOCTAaTKy JierkopasjiaraeMofi OPraHUKM B CTOYHBIX BO-
Zax. [Tonaya M3GBHITOYHOrO aKTHBHOTO HMJa B NMEPBHYHEIE OTCTOHHUKH —
AOCTaTOYHO pacnpocTpaHeHHas CXeMa SKCIUTyaTalHH COOpYKeHHH 6uo-
Joruueckoit ouncTkM. Ee HcnosbsoBaHue 06yc/IOBJIEHO TeM, YTO aKTHB-
HBI# W — XOPOIUHY KOAaryJIsiHT W CYIiecTBeHHO yayuiiaeT sddekT mep-
BHYHOTO OCBeTJIEHHS CTOYHHIX Boj. Kpome TOro, coBMecTHOe YINIOTHeHHe
CBIPOTO OCafika W M3GBITOYHOIO MJa HaeT BOSMOXKHOCTb COKPaTHTh OOIIMi
06beM OCafKOB 3a CYET YMeHblIEHHs BJaXKHOCTH cMecH ocankoB. OnHa-
KO, TIPH TIPaKTHYECKOM HCIONb30BAHUH STOTO MeTOfla B IOAABJSIOLIEM
GoJIbIIMHCTBE cJy4aeB HabjiofaeTcsl HapylleHUe NpoLecca OYHCTKH IO
BCEM 3BEHBSM COODYXKEHHH, ITOCKOJNbKY H3GHITOYHOrO MJa NofaeTcs B
TIepBUYHBIE OTCTOMHHKH 3HAauUTeJbHO Gosibiue (B Hopme He GoJiee 20%
OT OBIUEro KOJMYECTBa), 2 B pesy/bTaTe OCAlOK 3aTHHBAeT, yBeJHUHBA-
eTcs BHIHOC B3BELIEHHBIX BEUeCTB H3 NePBHYHBIX OTCTOMHHMKOB, B a3po-
TeHKaX Da3BHBaeTcsl BCIlyXaHHe HJa M, CJef0BaTesibHO, HapylliaeTcs pa-
60Ta BTOPUUHBEIX OTCTOHHHKOB.

IMpu nomaye H3GHITOYHOrO AKTHBHOIO Hila B MePBHYHLIE OTCTOHHH-
KM cjiefyeT YYHTBIBAaTh, YTO 9Ta cXeMa NPHMeHHMa TOJbKO B clyyae Ha-
JIMYHS BBICOKOKOHIEHTPHPOBAHHKIX CTOYHBIX BOJ, MOCTYNAIOIMX Ha OYH-
CTKY M WX HeYZOBJIETBOpHTeNnHOro ocBersieHHs. Heobxopgumellt o6wveM
H36EITOYHOTO HJIA, HANMpaBAseMOro B HepBHUHbIE OTCTOHHHKH, NOJXKEH
GbiTh OMpelle/ieH Ha OCHOBaHMH SKClepHMeHTaJbHBIX AaHHBIX. s co-
KpalileHHs1 o6uero oGbeMa ocankoB Gosee a(ptheKTHBHO MCIOJb30BaTh OT-
IeJIbHO CTOSIILHe YIUIOTHUTENH CMECH CHIPOro ocaika M M36LITOYHOro Hia.

IIpn xpoHHYecKOM BCIyXaHHH aKTHBHOTO HJa CJellyeT 0TKasarbCs
OT nogayd U3GEITOYHOIO WJa B MEePBUYHBIE OTCTOMHHKH AJs1 obecriedeHHs
YIOBJETBOPUTEJLHON PaGOTHl OUMUCTHBIX COOPYIKEHHI.

Yemsepmuotli BUX HHTYATOTO BCIYXaHHs CBSI3aH CO CIIOCOGHOCTBIO
cepo6aKTepHil OKHCIATh COeJHHEHHs cepbl U HAaKaIIMBaTb HX B BHJIE Ka-
neJiek BHYTpU KieToK. HuruaThie copMbl GecuseTHHX cepobakTepuil po-
noB Beggiatoa, Thiothrix yacTo Ype3aMepHO Pa3BHBAIOTCH B CTOYHBHIX BO-
lax, cofilepXKallliX BOCCTaHOBJIEHHble COEJMHEHHs cephl H Cepocojepxa-
II{ie OpraHHYecKHe BelllecTBa.

ITameii BAE HWTYATOTO BCHYXaHMs, CamnpodHTHO-rPHGKOBOE
(doro 11), passuBaercs B KucJbIX cTouHbX Bogax (npu pH menbue 5,0),
BO3MOXKHO TaKXKe pa3BHTHE IPHOKOBOro BCIyXaHUf HPH HEJOCTAaTKe aso0-
Ta KaK 3/1€MeHTa NUTAaHUS aKTHBHOTO Wia. OCHOBHBE IPHYMHBI HHTYATO-
ro BCIyXaHHS NpHUBeAeHH B Tabu. 3.
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Tabauya 3
ITpyuuHE, BHSHIBalONMEe HUTYaTOe BCHyXaHHe aKTHBHOIO Mia
OcHoBHBE (HaKTOPHI ConyTerByolye GakTophl
1. Beicokue Harpyskd Ha akTuBHbM Wi | 1. HegocraTok aspo6roctH B aspoTek-
Kax
2. HepmocTaTOK MHTaTeNbHHEIX BemlecTB B | 2. OTCYTCTBHe WJM HeJOCTaTOYHasi pe-
CTOUHBIX Bofax (asor, docdop) redepanus uia
3. TokcuuHbIe CTOYHHE BOJBI 3. HepocraTounsii BO3pacT aKTHBHOIO
Hia
4. Crounrte Bogul ¢ pH Meree 5,0 4. OrcyTcTBHe peXXHMa BHTeCHeHHS
CTOYHBIX BOJ B 29DOTeHKaX-CMECHUTEJISIX
5. CepocoziepxKalliye CTOYHbIE BOIBI

11. MuauraTopHAd OULeHKa Ipolecca GHOJMOTrNYeCKOoH OYHCTKH
B YCIOBHAX BCIyXaHUS aKTHBHOIO HJa

BenyxaHWe akTHBHOrO M/1a MOXeT ObIThb OCTPHIM ¥ XPOHHYECKHM.
Ecnn npuuuHb, BHI3HIBAlONIME BCIyXaHWe, AeHCTBYIOT HENMpPOAOIKHTENb-
HO, 3TO NPHBOOUT K OCTPOMY BCITYXaHHIO, KOTOpOe XapakTepHayeTcsl BHe-
3aMHBIM HayajoM, GbICTPHIM NOXBEMOM, HHTEHCHBHBIM, HO KOPOTKHM pas-
BHUTHEM.

XpoHHYecKoe BCIIyXaHHe NPOTEKaeT NpH HeBLICOKOH HHTEHCHBHO-
CTH [JelicTBHS BBHI3HIBAIOMIMX ero HeGJaronpusTHHIX ¢akTopoB, HOJTr0
LNUTCA WM YacTO TOBTOPSieTCS, YTO NPHBOIMT K BHIPOXKJAEHHIO GHOLEHO-
3a, MOCTENeHHOMY YXYAUIEHHIO H TOCTOSIHHO HeYHOBJIETBODHTEJBHOMY
KauecTBY OYHMCTKH. IIpH pa3BUTHM BCIyXaHHA B aKTHBHOM HJIe MOXHO
OGHapyXHTb OfHOBPEMEHHOe MpPHCYTCTBHE DPa3JHMYHHX DONOB HHTYATHIX
xJlaMuo6GaTepuil ¢ 00653aTeJIbHHIM KOJHYECTBEHHHIM NpeofJajjlaHHeM Of-
HOro poja, HauGoJiee XapaKTepHOTO JIs JAHHHIX SKOJIOTHYECKMX YCJIO-
BHUH.

Benyxanne akTHBHOrO Wia He TOJIBKO CONPOBOXKIAeTCS uype3Mep-
HbIM HaKOIJIEHHEM HHUTYATHX MHKPOOPraHHSMOB, HO W 3aTparHBaeT Bechb
6HOLIEHO3.

Jns Gonee ray6okoro NMOHHMaHHS Tpolecca NepecTpoMKH GHole-
HO3a IO BJHSHHEM pa3JUYHBIX HeGJaronpusTHHX (aKTOPOB CJenyeT
o6parutbes K pasgeay 1.9 [THI & CB 14.1.77-96.

Tlpu pa3BuTHH XNaMHUIOGAKTePHANLHOTO BCIYXaHHS peakuMs co
CTOPOHHI 6HOLIEHO33, B OCHOBHOM, MpHCHOCOOHTE/NbHAs K TaKHM (hakTo-
paM, KaK: yBeJIMYeHWe YMNeJbHOH HArpyskd, AucGasaHCHPOBaHHOe NHTa-
HHe, BO3JEHCTBHE TOKCHYECKHX BEIECTB, CHHM)KeH¥e PacTBOPEHHOTO KH-
cJlopofia B HMJIOBOH CMecCH, COKpallleHHe BPeMeHH KOHTAaKTa 3arpssHsio-
UMX BEWECTB C ONTHMAJLHBIM KOJHYECTBOM aKTHBHOTO Hia (BpeMs KoH-
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TaKTa MpefonpesesieH0 06beMOM apOTEHKOB IPH NPOEKTHPOBAHHH), OT-
CYTCTBHe peXHMa “BHITECHEHHs” B aspoTeHKax-cMecHTedsix (mopliHeBoro
NOTOKa), T.e. OTCYTCTBHE CTaj(MHl TOCJIENOBATEJbHOr0 OKMCJEHHs 3arpsis-
HSIOLIMX BEINeCTB IO Mepe NPOTEKaHUs CTOYHBIX BOJ, OT Hadaja K KOHITY
KOPHIOPOB a3pOTEeHKOB.

B Tta6an. 4 mpeactaBieHsl GHOMHIHKATOPbl, YHCAEHHOCTb KOTOPHIX
3HAYMUTEJIbHO BO3pacTaeT NpPH BO3JEHCTBHH Pa3IMYHBIX ReGJaronpHATHBIX
(axTopoB, BH3LIBAIOIIMX BCIyXaHUe.

Tabruya 4

HHI[HKaTopHaﬂ OLIEHKa Tpouecca 61OJOTHYECKOH OYHUCTKH B yCJa0BHUAX
HHTYATOro BCIIYXaHHS WJa

OcHosHas (noMuHHpYIOmAs)
TpHYMHA, BH3HIBAIOWIAS BCITY-
XaHHe

BuonnnuxaTops!

ToxkcHuHble CTOYHBIE BOHBI

Bospacranue 4HCIEHHOCTH:
HUTYATHIX cepoGakrepuit
Thiothrix, Beggiatoa, Tun O21N;
OMCTeprHpoBaHHLIX OaKTepHH, He CBs3aH-
HHIX C XJIONbSIMH HJa;
300r/IEHHEIX (OPM;
MeJIKHX PaKOBHMHHBIX IJIAHKTOHHEIX aMe6;
BO3MOXHO, HHTYATHIX BOAOPOCeH;
HHUHCTHPOBAHHHIX (JOPM NIPOCTEHUINX.

ponosn

Beicokne Harpysku Ha HJI 10
JIETKOOKHUCJISIEMBIM  OpraHHue-
CKUM 3arps3HAIOIIHM BelllecT-
BaM

BospacraHHe YHCIEHHOCTH!

HHMTYaTBIX Gaktepuit poxa Sphaerotilus
natans;

BCeX BHAOB GEHTOCHHIX PaKOBHHHBHIX aMme0.

CHMxXeHHe a9pOGHOCTH

Bospacranie 4HcieHHOCTH:

HHUTYATHIX cepobaxTepmii;

MeJIKHX ToJIbX aMeb;

MEJIKHX GecClBETHBIX XT'yTHKOBBHIX;

KPYMHBIX CBOGORHOMJIABAIOILHX HHOY30pHH
GakTepHodaros.

JucGanaHcupoBaHHOe NHTaHHE
ISt aKTHBHOTO Hia
(sapyienye NpoONOPLHOHANBHO-
rO COOTHOLIEHMS B COAEPKAHUM
OMOreHHHIX BEIUeCTB B OUH-
naeMoll Bofe)

BospacTanue 4HC/I€HHOCTH:
HHTYATBIX cepobaKTepnii;
300rJIefiHbIX opM GaKkTepHi.

MepyieHHEIH pHpOCT HJA.

Kucanle cTouHble BOAL

BospacraHue UHMCJAECHHOCTH CanpoO(PHUTHHX TrpHU-
6oB

12. CriocoGbr Gops6BI C BCIyXaHMeM aKTMBHOTO MJa

Komnyiekec meponpHsaTHii, HanpaBleHHBHX Ha TOAABJIEHHE BCIyXa-
HHS aKTHBHOTO HJIa, IOJKeH paspabaThiBaTbCS TOJbKO MOCJE TOYHOTO yc-
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reneoBpasyomei Mukpodropn (kotopas samemaercs Gosee yCTOHUMBH-
MH HHUTYAaTHIMH OpraHU3MaMH), KOMIUIEKC Mep, pa3spabaTHIBaeMHIX IO
Gopube ¢ HHMM, JOJKeH NpefnojaraTh, ¢ OJHOH CTOPOHbI, CTaGHIbLHOe
yJay4lieHHe SKOJIOTHYECKHX YCJOBHH B a’poTeHKax, a, ¢ APYroi, — ak-
THBHPOBaHHe (pepMEHTAaTHBHBLIX CBOHCTB canpoHTHOH MUKPOQIOpPH, YTO
TIO3BOJINT €H aHTAarOHHCTHYECKH BHITECHHTb HHUTYAThle OPraHH3Mhl U3
GHoleHO3a aKTUBHOrO HJa. TaK KaK 3TH Mephl HampaBJieHHl Kak Ha JIHK-
BUIALMIO OCHOBHBIX NpPHYHH BCMyXaHHsi (SKOJMOTHYECKHMe YC/IOBHA a3po-
TeHKa), TaK M Ha [OCNeNCTBHs, Bhi3BaHHble MX BO3feHCTBHeM
(4peamMepHEI POCT HHTYATHIX OPFraHUSMOB), NoJydaeMblil d(hdeKT cTa-
GHJIbHO NOAAEPKHBAETCSH, YTO obecleyHBaeT CYLIECTBEHHOE YIydIleHHe
KayecTBa OYHCTKH CTOYHBIX BOJ M TNpefOTBpalllaeT 3arpsisHeHHe IpUpoL-
HBIX BOJIOEMOB.

Ilpn xnamMunoGakTepHaJbHOM BCIIyXaHHH, BHIBBAHHOM IleperpyskoH
HJ1a JIErKOOKMCJ/ISIEMBIMH OpPraHHYeCKMMH BellleCTBaMM, HeoGXOIHMO, 4TO-
6bl BesHyMHa c6poca 3arpA3HSIONIMX BellecTB He NpeBhllIajla BO3MOXHO-
CTH aKTHBHOTO HWJIa HX Mepepa6oTaTh, a 3TO MoXeT OHTb obecrneyeHO
yBeJiHYeHHeM KOHIEHTPAlMK aKTMBHOrO MJia ¥ TOBHIIEHHEM ero crocof-
HOCTH K (pepMEHTaTHBHOMY OKHCJIEHHIO, YTO B CBOIO Oyepeflb [OJ/IKHO
6bITH JOCTHUTHYTO JOCTAaTOYHOH aspoGHOCTHIO cHCTeMHl. BhiflomHeHHe Beex
STHMX YCJIOBHH mpeanosaraet (MpH pasBUTHM B aKTHBHOM HIIe BCIyXaHHUst)
npoBefileHHe MepPOIpPHATHH, BKIOUAIIMX TPH OCHOBHElE yacTH: 1) moBwl-
meHHe a3pOoOGHOCTH CHCTEMHI, 2) cHUXXeHHe HATPY30K Ha aKTHBHHI WJ, 3)
HOBHIIEHHe (epMEeHTAaTHBHOH aKTHBHOCTH MHKPOMJOPH CTHMYJSUHeH
Wra aTKHAMPYIOUMME areHTaMHM ¢ ocieRylomell ero cenekuuei (Meron
XUMHYeCKOTO MyTareHesa).

WneansHble yclioBHSI MaccollepeHOCa PacTBOPEHHOTO KHCJIOPOZA M3
XKUAKOCTH B GaKTepPHAJbHYIO KJETKY JOCTHIAlOTCH YCTaHOBKOH CHCTeMbl
NHEBMaTHYECKOH aspauMH C MeJKHM pa3MepoM myships Boaxyxa (500—
800 mxM). Mesikonyssipuatas aspauus (doro 12) nossonsier ofecrneunts
BBICOKOIIPOU3BOIUTENLHYIO paGoTy a3poTeHKOB, NMOCKOJNLKY a3pobHble yc-
JIOBUS CO3JAIOTCS HAa BCEX YYacTKaxX GHOJIOTHYeCKON OYMCTKH, UTO CIIO-
co6CTBYeT OJIarONPHUATHOMY PeXHMY (YHKIMOHHPOBAHHS JbIXaTeJbHBIX
thepMeHTOB CanpPOPHUTHOH MHKPODJIOpH, MOBHILAETCH ee YCTOHYHBOCTb K
BLICOKHM HarpyskamM [0 OpraHHYecKMM 3arpsisHsiOI¥M BelUecTBaM,
yAyqIIalTCs CeAMMEHTallHOHHble CBOMCTBAa aKTHBHOro Mja. Meskony-
sblpyartas aspalus 06s3aTesIbHO NOJ/KHA COYeTAaThCs C KPYNMHOMy3hlpya-
TOH, YTO yBe/MUHMBaeT KaK NepeMelldBaHUe, TaK U CTeNeHb HaCHILIEHHS
KHCJIOPOJOM HJIOBOH CMecH.
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Jinsl CHHXKeHHA yAe/IbHHX HarpysoK Ha aKTHBHHIA WJ NpPOBOASTCSA
MEpONPHUATHS, yaydllaloide paGoTy MeXaHHUYeCKOW YacTH OYHCTHHIX CO-
opyxenuil (6omee uyactas OTTpyska OcalKa, Npeaspalys CTOMHEIX BO[I,
NOIK/IOUEHHe PesepBOB H T.A.). PaGouas [08a aKTHBHOTO WJia NMOBHIIAET-
csl TyTeM COKpallleHHsi o6beMa HJla, HallpaBJsieMoro Ha yTuJausauuo. Jus
cTaGUAbHOTO MOBHILEHHS [103bl Hla B a3POTeHKH YCTaHaBJIMBAIOTCH HOCH-
TeJH GuoOMacchl ¢ GOJIbILOH MOBEPXHOCTbIO AJst oGpacTaHus GHOMJIEHKOH
(doto 13, 14), uro nosBosisieT MOBHCHTL 3ddPeKT GHONOTMYECKOH OUHCT-
KH 33 CYeT BO3MOXXHOCTH yBeJIHUeHHS paboyell KOHIEHTPALHH aKTHBHOTO
Wia B asporeHKe. OYHCTKA OCYLIECTBJISETCH HECKOJbKHMH DasiHYHLIMH
LIeHO3aMH HJla, TOApasfelislONMMUCH Ha [Be€ OCHOBHHE TPYMMNH: LieHO3
aKTHBHOrO HJla, HAXOASIIErocsl BO B3BEIIEHHOM COCTOSIHHH H B (HKCHpO-
BaHHOU Ha HocHTeNAX GHoneHKe. Bo3pacT aKTHBHOrO HJla Ha HOCHTeNAX
Gosbire, YeM y HUJ1a BO B3BEIIEHHOM COCTOSTHHH, HeNpephiBHO YHa/iseMOM
4 obHoBasieMoM. Takoe coyeTaHHe pPasHBIX BO3PacTOB IO3BOJISIET MOQ-
IepXHUBaTh B DEaKTOpe BHICOKHE CKOPOCTH OKHcieHusi (Mosofolt i),
YAYYUIATh HATPUPUIUPYIOLIME M CelMMEeHTallHOHHbE CBOACTBA AKTHBHO-
ro wia (ospact uaa Gosee 10—12 cytok). KpoMe Toro, npukpemiieHHast
6HoMacca yBesquuUBaeT ofllee BpeMs NMpeGbIBaHHS aKTHBHOTO HMJla B CHC-
TeMe, UTO OCOGEHHO BaXKHO JJIS COOPYXeHUH, OYMUIAIOIMX TPYHHOOKHC-
JiseMylo opraHuky. BoapacTanue KOHUEHTpauuy Hia ¥ ofmel GHoMaccht
NPHBOAUT K CHHXKEHHIO HarpysoK Ha WJI, a, C/IeJ0BaTeJbHO, K MoOJaBJe-
HHIO HHTYaTOro GaKTepUaNbHOrC BCIYXaHHS M YJy4IIeHHIO KayecTBa
OUYHCTKH.

D¢ddexTUBHBIM MaTepHasoM LIS HOCHTeNed GHOMacchl, pasMemae-
MBIX B 23POTEHKaX, MO 3KOJOro-Ppu3anuyuecKUM XapaKTepHUCTHKaM SBJsieTCs
eplIOBasi HUTh U3 KallpOHOBOTO BOJIOKHa, KOTOpasi obecredyHBaeT yAepxa-
HHE 3HAYHTEJBHOTO KOJIMYecTBAa GHONJIEHKH Ha eNUHHULY BbICOKOH YHeJsb-
HOH MOBEPXHOCTH. YHeJsIbHasl MOBEPXHOCTb afcopOLYH Ha epliax cocTaB-
aser 500 M2/ m3 (Kysukos, 1982). MmoGuIM3alMs KAETOK Wia Ha HO-
CUTeNSiX OOBYHO NMPOXOAMT MO THIYy eCTeCTBeHHOH ajre3nH, T.e. caMo-
IIPOM3BOJILHOIO MPHJIHIAHUSA KJIETOK OPraHH3MOB K IOBEPXHOCTH HOCHTe-
JIs.

Jnst mopaB/eHHsi HHTHATOrO BCIyXaHHS CYMMapHbI o6beM HOCH-
Teqlell HOJXKeH COCTaBATh oT D fo 15% ot obuiero o6beMa aspoTeHKOB
¢ yyeToM ofecnedyeHMs KaK MAKCHMasbHON OKHCJMTENbHOH MOLIHOCTH
cucreMsl M HuTpuduKauun (Wanner et al., 1988), Tak u npemynpexie-
HHSAl TaJleHHsi yAeJbHHX CKODOCTeil OKHCJ/IeHHS, YrHeTeHHst MeTaGoJiM3Ma
OpraHH3MOB aKTHBHOTI'O WJIa, HAXOASNIErocs BO B3BEIUIEHHOM COCTOSHHH.
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Hrak, ucrnosb3oBaHHe HocHTeJiell 6uoMacch NosBoJsieT: 1) moz-
JIEPXKHBATh KOHUEHTPAUMIO aKTHBHOIO Wja B 3—4 pasa GoJbluyio, YeM B
TPagUUMOHHEX CHCTEMaX ¢ aKTHBHBIM HJIOM H He CO3[aeT HOMOJHHTEJb-
HOH Harpy3KH Ha PeXXHM BO3BpaTa M yNalleHHS] aKTHBHOTO MJjia H3 BTO-
PHYHBIX OTCTOHHHKOB, TIOCKOJILKY OPraHH3MEl, NpPHKpeNJieHHHe Ha 6uo-
ILIeHKe, TOCTOSIHHO HaXOJATCH B a9pOTeHKax, He TpeGyeTcss HX Helpe-
phiBHOE OTHEJIeHHe OT OuMIIEHHOH BOIH M BO3BpaT B CHCTeMy; 2) Hapa-
MMBaTh HONMOJHUTENBHYI0 Maccy HMJa Ha HOCHTE/AX, YTO MPHBOAUT K Mo-
BBILIEHHIO BO3pacTa WJia H, KaK CJIe€ACTBHE, CHHXKEHHIO B O'-IPIH.leHHOI:I BO-
Le HPOLYKTOB MeTaGosHsMa, YJAYy4IUeHHI0 CeIHMEHTAlMOHHBIX BJaroot-
LAloIUX CBOHCTB HJa, OGecneynBaeT BHICOKYID OKHCJHTENbHYIO MOILI-
HocTh, Gojiee TIy6OKYI0 HUTPH(HKAUMIO H IOBBIIIAET afaNTalHMOHHYIO
CHOCOGHOCTD  OPTaHH3MOB  WJjla K  BO3HEHCTBHUI0O  TOKCHKAHTOB
(npukpenifisick K TNOBEPXHOCTH HOCHTE/s, OPraHHUSMBEI BHZENSIOT 6OJb-
uiee, yeM OBGBIYHO KOJMYECTBO 3aUIMTHOLO MONMCAXAPHAHOIO TeJisl).

JINsi TOBBEIUEHHS AKTHBHOCTH ()ePMEHTOB H H30GHpaTesIbHOCTH
(epMEHTATHBHOrO OKHCJIEHHUS] ¥ MUKPOQJIOPH HCIOJb3yeTcs] MeTOf XHMH-
YeCKOro MyTareHe3a akTHBHOIO HJla, NPH KOTOPOM HJs 06pabaThiBaeTcsi
ANKWIHMPYIOIMMH areHTaMH, CIelHabHO CHHTe3HPYEMEIMH BeleCTBaMH
(Pamnonopt, Bacunbesa, 1980; CunantneBa, 3amenun, Penocosa, 1981;
Kwmyp, Jlanmun, 1994). O6pabotke nogsepraercs Majas A0Js aKTHBHOTO
uJa, UMeloulerocss Ha OUMCTHHIX COOPYXeHUAX. B peayabpraTe akTHBHpO-
BaHUS (QOPMHPYIOTCS NONYJNAUHU TeneoGpasylommx canpodUTHeX GakTe-
pHil, XOPOILIO afanTHPOBAHHEIX K ITOBBILIEHHBM COREPKAHHUAM CYGCTpaToB
¥ CNOCOGHBIX KOHKYPEHTHO NOZABASNTh pasBUTHE AJVIOXTOHHEIX, IaTOreH-
HHIX, 4 TaKXe HUTYaThiX OakTepuil. CMeHa 1leHO3a aKTHBHOIO HJa MAET B
HalpaB/leHHd afalTHBHOM K 3alaHHOMY CTOKY H IpeicTaBisieT co6oH
MHKpOQJIOpY, COAEpXalllyld BCe (epMeHTHBe CHCTeMHl, HeoOxoauMbie
LUt ferpafalliil TPHCYTCTBYIOIUMX 3arpssHAIOIMX BellecTB. AKTHBHBIH
Ul nocsie 06paGoTKH yiyyllaeT CBOH CefMMeHTAlHOHHEIE cBoicTBa. MH-
IyLMpOBaHHAas aKTHBalMs MJa obecreunBaeT YCTONYHBHI 3(dekT yse-
JMYeHHs] CKOPOCTH M IVIyOHMHBI H3bSITHS 3arPASHAIUIMX BELIeCTB H YiIyd-
IIEHHs] BJIarOOTRAIOUIMX CBOMCTB Wna. [Ipuuem 06paGoTKYy H/a aNKHJIH-
PYIOLIMMY areHTaMH JOJIKeH [IPOBOJMTb OGYUeHHBIH STOMY CIelHalHCT.

[Ipn BO3HUKHOBEHMM BCIyXaHMs, BBI3BAHHOTO BO3/IEHCTBHEM TOK-
CHKAHTOB, NPOBOAATCS Te e MepONPHSATHS ¢ BKIIOYEHHEM JOMONHUTEb-
HBIX:

1. BuisiBaIsieTCs U yCTPaHSIeTC TOKCHKAHT.

2. Ecaiu nocTymiieHre TOKCHYHEIX CTOYHBIX BOJL 3apeTMCTPHPOBAHO,
M YCTaHOBJIEHO, UTO TOKCHKaHThH GHOJOTMYeCKH He OKHCJ/SIOTCS aKTHB-
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Tabauya 5

HPH‘IHHH, BhHI3BABIIHE BClIyXaHHe AKTHBHOI'O Wija, 1 peKOMeHIyeMble Me-
PONpUSATHS ero nNoaaeBJieHHs

OcHoBHasi IpHuHHa Benyxa- | OpraHH3ME, MeponpusTHs N0 NOAABJIEHHIO
HHSA BBI3bIBAIOLIHE
BCIIyXaHHue
1 2 3
Crounble BOIH, cofepxxamue |FetepoTpodHule | BHABHTD H JIOKaNbHO YAaMHTh
TPYZHOOKHC/SIeMbie HJH | canpopuTHble | GHOJIOTHYECKH  HeoKHCJ/iseMble
6HOJIOTHYECKH  HeOKHcJse- | GakTepHH, Ipo-|HJIH TPYERHOOKHCASieMble IIpo-
Mble COeJHHEeHHH. AyuMpyoue MEILIVIEHHbIE 3arpsisHAIOIHEe Be-
H36HITOYHOE KO- |11eCTBa, BHI3HIBAIOMME TreJjieBoe
AuyecTBO  BHe- | (HeHHTUaTOE) BCHyXaHHE aKTHB-
KJIETOYHOTO I10- | HOTO MJla.
JIMMepHOTO  Tre-
Jsi, BO3MOXHO
pasBuTHe Gak-
TepHH pona
Zoogloea.
BhicokHe HarpyskM Ha ak- | XmamupoGakre- |Ilepefitn Ha pexxum nosHoro
THBHBII HJ IO JIETKOOKHC- | pHH pofia|BbHITECHEHHT B a’pOTeHKaX ¢
JISeMBIM OpraHHYecKHM 3a- | Sphaerotilus. | paccpelloTOUeHHOH noflaueH

TPS3HAIOIIAM BeUIeCTBaM H
HapyiueHHe GalaHCa MEXIY
HX copOuMell H OKMCIeHHEM
AKTUBHBIM HJIOM.

O6LIYHO HMMEeT MecTOo B
CTOUHBIX BOAAX IHIIEBOH
TNIPOMBILIJIEHHOCTH:  CKOTO0G0-
eH U MSACOKOMGUHATOB,
NpeANIpUSITHH  TNepepaboOTKH
MKHBOTHBIX GeJIKOB, KOHCEpB-
HBIX, MOJIOYHEIX, NHBOBapeH-
HHX, CaxapHHX, BHHOIepe-
paGaTHIBAIOUMX 32aBOJIOB.

CTOYHHX BoA. [IpuMeHMTHL pere-
HEpALI0 WIH YBelH4YHTb 06DbeM,
BbllIeJIﬂeMHI:l nop pereHepaumo
(e menee 50% oT Bcex aspu-
pyeMEIX coopyxenHii). IloBhi-
caTh aspobHocTh (MpH XpoHHUe-
CKOM BCITyXaHHMHM YCTaHOBKa CHC-
TeMbl MeJIKOMy3hIpuaToil aspa-
LHH). YBEJIHUATH KOHIEHTPaUUIo
AaKTHBHOIO HJIa B a3pOTeHKax
(npu  XpoHHYEeCKOM BCIYXaHHH
yCTaHOBKa HOCHTesel GHOMaccH

B o0b6beme, 06eCNeyHBaOIEM
yBesM4eHHe HO3bl Mia B 2—3,5
pasa  OT  CylIeCTBYIOLIEro).

TpexkpatHo 06paboTaTh aKTHB-
HE HJ MyTareHoM M0 MeTOdy
H.A. Pamnonopra (1975), monu-
¢ukanus H.C. Kmyp, O.M.
Jlanmue (1994) B na6opatop-
HBIX YCJOBHAX C MOC/IERYIOUUM
TMONHLIM paspylIeHHeM MyTare-
HOB M NOJpalUMBaHHEM Ha MHTa-
Te/bHOM GyJIbOHE C BHTAMHHHHI-
MM po6GaBKamMH rpyome B
(aHTHCTpPECCOBHI (aKkTOp).
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IIpodoascernue mabar. 5

1 2 3
HucbanancuposanHoe nuTa- | Xnamugo6akre- |IlogxopMuTh HJ NP HelOCTaTKe
HHe akTuBHOro mia (B oc-|pHu pozia|asoTa XJOPHCTHIM aMMOHHEM,
HOBHOM, HENOCTAaTOK a30Ta H|Sphaerotilus, |MOYEBHHOH, cyabdaToM amMo-

q)ougopa B TocTynamimen
Boae). CHcTeMa mnogaud Ma-
OLITOYHOrO MJla B NEpBHYHLIE
OTCTOHHMKHM, NPHBOAAILAA K
yBeJIMYEHHI0 HAarpysok Ha
aKTHBHHIH W1 B gucGajnaHcH-
POBAHHIO €ro MATaHHA.

WA cepoGaKTe-
puu.

HM$, HHTPaTOM aMMOHMs; IIpH
HefjocTaTke ¢ochopa — cymnep-
docparom nmpocTeiM, 0,1% pac-
TBOpOM oOpTOdocopHOH KHCJO-
Thl. [IoBBICHTE aspo6HOCTH aspo-
TeHKOB. MckmounTh nomauy us-
GHITOYHOrO HJa “B rojoBy” co-
OpYXeHHH WM NojaBaTh He 6o-
aee 20% oT ofnema MaGHITOMHO-
ro_uja.

Toxcuunble CTOYHBIE BOABI
(Menb, IMHK, HUKelNb) WJIH
SHauMTeJbHOE [IPEeBHIUEeHHe
ob6neMa IPOMBILIEHHBIX
CTOYHHX BOJA Haj 00beMOM
GLITOBHIX.

Huruateie ¢op-
Mbl GecLBeTHBIX
cepo6akTepHi
Thiothrix,
Beggiatoa Tun
021N, Micro-
thrix
parvicella,
Nocardia sp.

YcTpaHuTh NOCTYIVIEHHE TOKCH-
kaHTa (UHCTIEKTOpCKas AesiTeNlb-
HOCTB). VYJyYlIMTh NepBHYHOE
oTcraMBaHMe (yallle OTIpyXarth
0CaloK W3 TNepBHYHBIX OTCTOM-
HHKOB, peareHTHOe OCaXKIeHHe
TOKCHKaHTOB B MepHOJ Bo3JeH-
cTBEs). YCHINTD a3paliiio.

Ha nepuop nocTymjeHHs TOKCH-
KaHTOB HCKJIOYHTL HX KOHTaKT C
aKTKBHHIM HJIOM pereHepaTopoB.
YBenHyHTL 06beM DereHepalHy.
CokpaTHTh 006BEM HJA, yAadse-
MO0 Ha YTHJH3alMI0 B BOCCTa-
HOBHTEJLHOM ITlepHoJe.

3apasuTb aspoTeHKH 3/{0POBEIM
(He HCTBITaBUIMM KOHTaKTa €
TOKCHKAaHTOM) HJIOM, OTOGpaH-
HBIM M3 JADYTHX OYHCTHHIX CO-
opyxennii (1 am® na 1 M3 aspo-
TeHKa).

Tlpu xpoHHyeckoM BcMyXaHMH
BHIIOJHHTb AOTIOJNHHTEJBHYIO yc-
TaHOBKY MeNKomy3plpuaTol
aspanMu M HocuTeJel OHoMac-
CHL
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Oxonuanue mabnr. 5

1

2

3

CrouHnle BOZH, CcOAEpKallHe
BOCCTaHOBJIEHHbBIE coejinHe-
HHSA cepHl, Cybbumnt
(MeTuacynbhun,  AMMETHI-
cyabbun,  MepKanTaH H
Ip.), — UeAII0N03HO-6yMax-
HBEIX KOMGHHaTOB, (abpHK 1o
06paboTKe KOXKH.

Crounble Bofibl, BKJHOYAIOMHeE
cepocojiepXKalllie  OpraHHye-
ckHe BeulecTBa (HalpHMep,
Genxu). CTOUHHE BOHBl XKH-
BOTHOBOJYECKHX  KOMILIEK-
COB, KOHCEpPBHOE MPOH3BOA-
cteo. Hegmocrarounas aspa-
LIHs,

Hurtyateie ¢op-
Mbl 6ecLBeTHHIX
cepobaKkTepu
Thiothrix,
Beggiatoa, tan
O21N.

TToBLICHTD 29pOGHOCTD CHCTEMEL.
Ynamith cepocofiepxalliye Be-
uiecTBa MNpeaspalleli WJIM pea-
T€HTHBIM OCaXXIeHHEM.

Huskas pH, Hegocrarok aso-
Ta B OYUIIaeMO# Bofe.

CanpoduTHuie
rpubHL.

TonumenaunBaHue CTOYHBIX BOJA
RosuposanHoi noxaueii Ca(OH)g
nepen  aspoTeHkamu  (aywue
HOLUIEe/IaYHBATE Ha JIOKAJbHOM
HCTOYHMKE). YIYUILIHTD a9PaLHIo
unosoit cMecu. CGasaHCHPOBaTh
INHTaHHe HJIa NPH HAJIMYHH Je-
¢uunTa 6HOreHHbIX 3/71€MeHTOB.
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HNPHUJIOKEHHE 1. ®OTOTPA®HUHN AKTHBHOIO HJIA
M TEXHHYECKHX CPEJICTB NOJABJIEHHUA HUTYATOIO
BCIIYXAHHUA



®oro 1. KoMmnakTHble XJIOIMbS aKTHBHOTO Wja, HE BKIIOYAKIOWEC HUTYATBIX

MUKpPOOPTaHU3MOB. YBenaudyeHue 1350x

®oto 2. HurgyaToe BcmyxaHHe aKTHBHOIO WHia.
dmopamMmom

YBenunuenue 100X, oKpamrmBaHuUe



Dorto 3, 4. Hednoxynauus XJIONIbeB HOX BJIMSIHUEM HHUTYATHIX OPraHU3MOB IIDH
BCITyXaHUM aKTHBHOI'O Wiia



®oro 5. TpuxomHoe crtpoenue xiamupobaktepuit (tunm 021N), KoHTpacTHpyemoe
AKPUIMHOBLIM OpaHX)eBbIM. YBenmdaeHue 1350x

®oro 6. BcnyxaHye akTUBHOTO WJjia, BRI3BAHHOE THOHOBBIMU OaKTepUsIMU



®oro 7. JloxHoe IUXOTOMHUYecKoe Bersienue Sphaerotilus natans.
Crenududeckast 0COOeHHOCTD: KJIETKH caNpOMUTHEIX GaKTepUii TIPUKPEILISIOTCI K
YeXJTy HUTYATHIX MUKPOOPTaHU3MOB



®oro 8, 9. HuryaTeic GaKTepHy ¢ BKIIOYSHUsIMU cepbl. YBeauderue 400x



®oro 10, 11. CanpodutHble TPUObBl aKTHBHOTO Wia B HopMajbHoM wie (10) u mpu
passurun seryxanus (11)



DoTo 12. Menkomy3bIpuaThlii a3paTop

®oto 13. YeraHOBKA SPIIOBBIX HOCHTENEH 6HOMACCH B a3POTEHKHU



®oto 14. Hocuteny 6MOMAcchl B OIOPOXHEHHOM a3POTEHKE



Hononxenns k ITH @ CBb 14.1.92-96 “MeTtonuueckoe pyKOBOACTBO MO THAPOOHONOrHYECKO-
MY KOHTPOJIIO HUTYAaTEIX MUKPOOPraHU3MOB aKTHBHOrO wia”, M., 1996.

K pasnemy 6.3. Texnnka okpamusanus no meroay I'pama

Oxpawnpanne no I'paMy MOXET 1aTh HEMPaBUIILHBIC WIIH HEOKHAAHHbIE PE3yJBTATH,
4TO CBSA3AHO C°
a) UCMO/1b30BAHHEM HEAODPOKAYECTBEHHbIX KPaCHTENEH;
0) NPUroTORIEHUEM CAHIIKOM TONCTOrO Maska  3aTpyaneHneM obecuBeunBanms.

K paspeny 6.3.1. Ilpedsapumensuan nodzomosxa neodxodumsix pacmeopos

Pacmsop Jliozona (Lugol). Cocras:

KpucTayuyeckuH on — 1,0 r;

HOAHCTHIIM Kanuil — 2,0 r;

TMCTHWLIHpOBaHHaA Bosa — 300 cv’.

IpuroTornenne pacteopa Jliorons. Homuctsiit kamuit pacteopsioT B 5-10 cM® xomon-
HOW OUCTWLUIMPOBAHHOH BOBI, 3aTeM NPHOABAIOT KPHCTA/UTMYECKHMI HOJ, OCTABMAIOT HA CY-
TKH O [OMHOTO PACTBOPEHHA HOAA H MOC/IE 3TOrO NPHIMBAIOT OCTA/IBHOE KONMHYECTBO BOBL.

Ecan ne ynaerca no6uTECA XOpPOLIHX PE3YNHTATOB OKPALIHBAHHA, MOXKHO HCNONB30-
BaTh Oojiee KOHLIEHTPUPOBAHHEIA pacTBOp Hoxa no Bypke Bmecto pacteopa Jhioroas (TexHuka
OKpAIIHBaHHA HCIIONB3YETCS Ta XKE).

Pacmeop itooa no Bypxe. Cocras:

HoaueTeit kanuit — 2,0 r;

Hoi—1,0r;

AMCTHANHpOBaHHas Boma — 100 cum’.

[MpuroToBnenye pactBopa Hona no bypke. B crynke pactepeTh nectukom 2.0 r fioau-
croro kaus u 1,0 r fiona. [Mpu pacTupanuy 106aBIATL AUCTHILTUPOBAHHYIO BOLY MO 25 cM’.
[Mocie TWaTeabHOro pacTUpPaHHs NPOMBITh MECTHK U CTYNKY, BBLIMTh B CKISHKY M OOBECTH
o6beM kpacutens 10 100 cM® 0CTATKAMY AHCTUATHPOBAHHOM BOMIBI.

K pasneny 6.4. Texuuxa oxpamnBanust no merony Heficcepa

Boonwtti pacmeop xpacumens xpuszouduna. CocTas:

XpH30UAUH (Cyxo# nopowiok) — 1.0 r;

IMCTWITHpOBaHHAS Boja — 150 car’.

ITprroToBeHHe BOOHOrO pacTBOpa XpU3oHAWHA. B BOpoHKY Ha OymakHelH QUILTp
(kpacHas. Benas NeHTh) HaChMaloT 1,0 I XpU3OMAHHA H BBUIHBAIOT Ha Hero 130 cM’ kumsaued
IHCTHUTHPOBAHHOM BOZBI, IOJHOCTBIO PacTBOPsis MOPOWOK. [Tocie OXNaKIeHHs KPacHTEb
TOTOB K YMOTPEONSHHUIO.

Cnupmosoii pacmeop kpacumensi Be3ysuna. Coctas:

BesyuH (cyxo#t noportox) — 2,0 r;

CIHPT 3THAOBBIH 96° — 60 cm’;

aMCTHANMpOBaHHAs Boma — 40 cn”

[IpuroroBaeHHe CNMPTOBOro pacTBopa KpacHTens Besyeuna. 2,0 r BedyBHHa BbIChINa-
0T BO (.1aKOH, 3aMBAIOT CIUPTOM W CTaBAT Ha 24 4 B TepMmocTat npu 37 °C, nepuoaunuecku
B36anTeiBai. K monyueHHOMy CIMPTOBOMY pacTBopy Ao6asnsrorT 40 cM’® kHnsmedR AHCTWILTH-
POBAaHHOH BOMBI, MEpPEeMELUMBAIOT H QUILTPYIOT uepe3 Oymakubiii ¢unstp (6enas, xpacHas
JIEHTBI).
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