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HPWIOKEHHE 1. ®POTOIPAOHN AKTUBHOI'O WA Y TEXHUYECKUX
CPEJICTB ITIOJABJEHUS HUTYATOI'O BCITYXAHMSA



HASHAYEHHWUE U ODBJIACTD IIPUMEHEHHSA

HacTodlMKM HOKYMEHT YyCTaHaBJ/UBaeT METOAHKY KOHTpPOJISI CTOU-
HbIX BOJ NPH PAa3BUTHH BCNYXaHUA aKTHBHOro Uja. BcryxaHue Hapyluaer
OCaXxJaeMoCTb HJia H TPHUBOAUT K U3OLITOUHOMY BBIHOCY B3BellleHHbIX
BEILIECTB H3 BTOPUYHBLIX OTCTOMHUKOB, 3HAUUTEJHbHOMY YXYIALIEHHUIO Kaue-
cTBa OHOJIOTHYECKOH OUYMCTKH. [HapobHo/sorHUecKUH KOHTPOJb COCTOS-
HHSI GHMoLleHO3a aKTHBHOIO WJja B MEpPHOJ BCNYXaHHSl HMeeT CYIIeCTBEH-
HOe 3HauyeHHe MJIS MPAaBUJBHOIO olpedeseHUs ero NpUYUH U pa3paboTKH
ONepaTHBHBLIX MEPONPHATHH MO JIUKBUAALHK C LeJbl [pefoTBpalleHHs
3arps3HeHMsl BogoeMa, NPUHUMAIOUIEro CTOYHBIE BOMBI.

1. llpyianun MeTON0B NPAMOro MUKPOCKONIHYECKOIO yyera
HUTYATHIX OPraHU3MOB

Haubosnee yacTo BCcllyXaHWe BO3HUKAET IO MNPHYHHE YPEe3MEPHOro
Pa3BUTHSA HHUTYATBIX MHKPOOPraHHM3MOB, cHCTeMaTHyecKas MNpHUHaIJIek-
HOCTb KOTOPBIX ompelesifeTcsl C MOMOILUBK pas3jH4YHbBIX MeTOHLOB OKpalllH-
BAHHA.

HuTtyaTbele MUKpPOOPraHMW3MEl, IIPUCYTCTBYIOLLME B aKTHBHOM HIIe,
OlpelesIAIOTCA MYyTeM NPEABAPUTENBLHOIO OKpAallMBaHHUS U MPAMOro MHK-
POCKOIUPOBAHUA METONOM XXHUBOW KaIlJId IOJ [TOKPOBHBIM CTEKJIOM WJIH B
CUeTHBIX KaMepax C INOMOWIbI0 CBETOBOH M (Da30BOKOHTPACTHOH MHKPO-
CKOIHH.

MeTonbl OKpalUWMBaHUSI OCHOBAHBl Ha CMOCOOHOCTH MHUKPOOPraHMU3-
MOB IIOIJIOLIATE OIlpeneJIeHHble KpacHTeJH, YacTbh H3 KOTOPHIX aKTHBHO
JIOMHHECLHpYeT, B pe3y/JbTaTe Yero MUKPOOPTaHKH3MEl IpHOOpETaIT YeT-
KHe o4yepTaHHs, BBHIABJAAETCH Hanuuyue M ¢dopMa TPHUXOM, CTpoeHHe 0060-
JIOUKH, MPUCYTCTBHE 3€peH BOJIIOTUHA M yCTAHaBJHUBaeTCHd HX PoAOBas
IPUHAAJIEXKHOCTD.

Ha ocHoBaHuM (PH3UOJOTHUECKUX CBOUCTB OINpe/ieJIeHHBIX PpOIOB
YTOUHSIIOTCS TIPUYMHBI, BbI3BaBlIMe BCIYXaHHe U3, U pa3pabaThiBAOTCH
MeTOHbl OOpbOBl, YUHUTHIBAIOLIME 3KOJOTHUECKHE YCJOBHUS Pa3BUTHS KOH-
KPETHBIX POAOB HUTYATBIX MUKPOOPraHH3MOB.

2. Cpencrea uamMepeHUN, BCIOMOraTeJIbHbie YCTPOHCTBA,

MaTepHuaJbl, peaKTUBHI JJF OKpAlINBAHUSA HUTYATHIX
MHUKPOOPTaHU3MOB

CpezcTBa H3MEpEHHH, BCIIOMOTaTe/ibHble YCTPOHCTBA, MaTepPHAJBI:
MHKPOCKOII JIIOMUHEeCLeHTHLIH cepud “Jlromam” TY 3-3-1320;



yCTPOHCTBO (ha30BO-KOHTpAacTHOe (/i MasIOKOHTPACTHHIX OOBbex-
toB) tvn K®-5, TY 3-3-1354;

BUHTOBOM OKYJSIPHBIU MUKpoMeTp TY 3-3-1211;

o6bekT Mukpomerp ['OCT 7513;

Bechl JabopaTopHbie obiuero HazHaueHus [OCT 24104;

XOJIONMJbHUK 6rToBOM Anst xpaHeHus (+2+4 °C) u 3amopakuBa-
Hus (—20 °C) npob6 uaa;

CYLIMJ/bHBIM WKad obwenabopatopHoro HadHaueHus [OCT 13474,

yachl CUrHaJibHble 1Y 25-07-547-77:

OKCHMeTp Jawboro THNa ¢ OWHOKOH H3MepeHUsT He OoJee
0,5 mr Oy / nm3;

pH-metp tTuna pH 155 TOCT 25.7416.0171 unu anasory;

AIIMKH IJs NepeHockH npob (o6seryeHHOro THma) ¢ rHesjaMu H
YIJIOTHEHUEM /ISl TIepeBO3KH Npod B MalliuHe;

CIIUPTOBAs ropedka;

[LITATUBBl AJISI OKPALIUBAaHHS U CYUIKHU INpenapaTos;

nuHieT no KopHery (o151 okpacky npenapaTos);

npo6ooT6opHUK J06oro Tuna o6beMoM 500—700 cm3d;

yaikH [lerpu 'OCT 25336;

npenMeTHble cTekaa A9 MuKpornpenaparos [OCT 9284;

NMOKPOBHBIE cTeKJJa pasMepoM 18x18 mm, 24x24 mm [OCT 6672;

KaMepa [nas cueta (GOPMEHHBIX 3JileMeHTOB KpoBH Imo [opseny,
0,1 MM ray6unsl TY 42-816 (M0XHO HCIIOMB30BATh APYrue MOAMMHKALMH:
KaMephl KoabBuTia, Toma);

rpyiuu peauHosble (pasHbie);

MIJIbl IJIS1 TIpEeNiapHPOBaHHS;

MUHUETHl MSTKHE H XKEeCTKHE;

nabopatopHbele ctakaHbl H-2-100, B-2-100 'OCT 25336;

KoJObbl MepHBle 2-20-2, 2-50-2, 2-100-2, 2-500-2, 2-1000-2 I'OCT
1770;

[MUIIETKH CTEeKJSHHbBIe BMECTHUMOCTBIO 1, 2, 5 cM? 2 ksacca TouHoO-

ctu TOCT 20292:
mukponumnetku 0,1 em3, 0,2 em3 TOCT 20292;

OyMaxKHble (GUALTPE 006e330JIeHHBIE /I KOJHUECTBEHHOrO BECOBO-
ro asaausa tuna ®ODb TY 6-09-1678 (KpaCHaH, GeJiasl JIEHTHI):
Bofa auctunanuposanHas ['OCT 6709;

HAJTHHADPH MepHble o6beMomM 100, 1000 em3 'OCT 1770;
cTaKaHYMKM 144 B3BewuBaHus (6ioxen) TOCT 7148:



CKJISIHKH M OaHKU cTeKJsiHHble C BUHTOBBIM I'ODPJIOM, C TNPOKJAZKOH
H KPBILIKOH HJIH C IMPUTepPTOH NpOoGKOH AJis oTbopa M XpaHeHHs Ipob H
peakTUBOB BMecTuMocThio 250, 500 cm3 TY 6-19-6-70;

QJiakoHbl M OaHKM LWJIMHAPHYECKHE NOJHITHJ/IEHOBblE C HABHHUYH-

BAIOUIUMHCH KPHIUKAMU sl oTOopa U XpaHeHHA Npod ¥ peakTUBOB BMe-
ctuMmocThio 250, 500 cm3 TY 6-19-45-74;

criupT 3THAOBLIH 96° (3Tanoa) x.4. TY 6-091710;

¢dopmMasivH, 4 %-Hbll BogHbIH pacTBop TV 6-09-3011;

ykcycHas kuenota x.4. [OCT 61;

HoBOKaMH, 2%-HbIH BOAHHIN PacTBOP.

Kpacureau:

HeHTpaJibHbIM KpacHblM HHaUKatop 1Y 6-09-4120;

pon u.g.a., 0,3%-unil U 1%-uul couptoBoi pactBopel ['OCT
4159;

AKPUIKHOBLIH OpaHKeBhIH THAPOXJOPHA (aKpHUAHHOBBIH OpaHXKe-
BEIH) ~— BHTaJIbHBIH JIIOMHHECLEHTHBIH KpacuTens TY 6-09-2604;

MeTHJ/IeHOBbIH Tony60H (CHHOHMM MeTHJEeHOBBIM cHHMH) y.g.a. TVY
6-09-29;

KpUCTalAHYecKUH ¢uoseToBbil u.g.a. TY 6-09-4119;

BesyBUH |(CHHOHMMBbI OCHOBHOM KopuyHeBm¥ 4K, BHcMmapk kopuu-
HeBoiH P(R)] u.n.a. TY 6-09-4182:

XPU3OHIUH UHAUKATOP Y.&.a. 1Y 6-09-716;

Kap6osioBas KHCJOTA KpHCTaJuHuyecKass (CHHOHMM ¢eHoJ) U.A.a.
[OCT 6417.

3. TpeboBaHHMSA K KBaau(dHUKAIMHU OIIEPATOPOB

['Mapobuonoryueckun aHanu3 B COOTBETCTBUM € HACTOSUIEH METO-
IUKOH BbINIOJNIHSETCST THApOoOHOJOroM, HUMEWIIHUM Bhicllee obpasoBaHHe,
WIH XUMHKOM, MMOJIYUHUBILUUM ClIelHaJbHYI0 KBaAuUKALMIO, OBJIaZleBIUUM

TeXHHKOH MUKPOCKONHMPOBAHHS U METONUKOHM oOrlpefeieHHSI OPraHU3MOB
aKTHBHOTO HJIA.

4. YcioBUd BBINOJHEHUS TUAPOOHOIOTrHYIECKOr0 aHaJAN3a

['unpobuosioryuecKMi aHalu3 IIPOU3BOAUTCH B HOPMAJbHHX Ja6o-
paTopHHIX ycjoBusx B coorBeTcTBHH ¢ TOCT 15150,

Temneparypa oxpyxatomero Bosnyxa ot 18 go 25 °C.
OTHocHTesIbHAS BAaXKHOCTb Bosxyxa 80+5%.

AtmocgepHoe naBnenue 84—106 xlla (630—800 mm pT. cT.).
[Ipn ucnonb3oBaHUU OCBETUTEJIE MHUKPOCKOIOB YacToTa NepeMeH-
Horo Toka 50+1 I'i. HanpsixeHue B cetn 220+10 B.



[Ipy BbIONHEHUH THAPOOHOJIOTHYECKHX aHAJU30B HeoOXOAHMO CO-
6aionaTh TpeGOBaHUSI TeXHUKH Oe30MacHOCTH NpH paboTe ¢ XUMHYECKUMHU
peakTHBaMH o [OCT 12.4.021, a takxe cobaiogatb aHTHCeNTHYECKHe
Mephl NPEJOCTOPOXMHOCTH NpH paboTe ¢ aKTHBHBIM HJIOM, KOTOPBIH CO-
NIEPXKUT MOTeHLHa/JbHO MATOTeHHEe OPraHU3MBl.

dyekTpobe3onacHoCcTb NpU paboTe ¢ JIeKTPOYCTAaHOBKAMH obecre-
yuBaetcs no [OCT 12.1.019, 6e3onacHocts Tpyna — no ['OCT 12.0.004.
[lomenieHne ruapoOHOJIOTHYECKOTO OTAEJa AO/KHO COOTBETCTBOBAThL Tpe-
6oBanusiM noxapHoH 6e3onacHocTd no ['OCT 12.1.004 u umetb cpencTsa
noxaporyuwenust no F'OCT 12.4.009.

Pa6ora rupgpobuosioroB uMeeT cJaenyouMe IpogecCHOHaNbHbIE
0COOEeHHOCTH:

CONPHKOCHOBEHUE C MOTeHUHAJbHO 3arpsisHeHHLIMH MaTepualaMH
(cTouHble BOABl, AKTUBHBIN HJ1);

Halpsi>KeHUe 3pEeHUS NPH MUKPOCKONHPOBAHUH;

BO3MOXKHOCTb OTpPaBJleHUsl SIIOBUTHIMHU BellleCTBaMU;

BO3MOXHOCTb IMMOBpeXIEeHUHU MNMpU paboTax ¢ HEKOTOPHIMU arnrapa-
taMH (LeHTpudyramu).

[TosToMy npu O6HOJIOrHMUYECKUX HCCJIe[JOBAaHUAX cledyeT cob/ioaath
IOTIOJIHUTEJIbHbIE Mephl IIPeA0CTOPOXKHOCTH:

paboTaTh B CleLOoAeXKE;

CJIEIUTb 32 COCTOSIHMEM KOXXH Ha JiMlie M pyKaX, PaHbl U CCaAHHBI
CMa3bIBaTh HOIOM;

He JIOTNyCKaTbh pPa3OpbI3rUBaHUs WJIM IIONajaHUsl CTOYHLIX BOX Ha
DYKH, TIOBEPXHOCTb CTOJa, 060pyLOBaHHe, ONEXKAY;

MOJIb30BAaTbCS pPE3MHOBBIMU IlepyaTKaMH, TILATeJbHO YyOUpaTh MU
BEITUpaTh pabouee MeCTO, Ae3UH(MULUPOBATL PYKHU CIIUPTOM ImocJje pabo-
Thl;

CBO€BPEMEHHO MBITh ropsyed BOJOM C MbIJIOM OLIBIIHE B ynorpeb-
J€HWH CTeKJSIHHble IpeIMeThl.

Mepsl POTUB NepeyTOMJEHUS U TOPYM 3peHUs] NMPH MHKPOCKOMU-
POBaHUU:

MUKPOCKONUPOBATb ABYMS IJla3aMHU WJIM ITONEPEMEHHO TO OAHHM,
TO APYTHM TIJla3oM, He 3aKphiBasi HepaboTawIlluH IJyas.

Mepsl NPOTHB paccerBaHUsA TOTEHIHANbHO 3apa3HOro MaTepuasa
M3 JabopaTOpUH B OKPYKAWILYI Cpeny:

¢uIbTpOBaJIibHAast OGyMmara ¥ BaTa, ynorpebasiolivecs B JabopaTo-
PHHU Ipu paboTe CO CTOYHBLIMM BOJAMH, HNOJIXKHBI Nepel, YTHAU3ALHEH CTe-

PHJIM30BaThCsl B CYUIHJbHOM HIKay B creudajJbHOH repMeTHUECKOH I10-
cyne npu temneparype 105 °C B teyenne 1 yaca.



5. IToaroToBKa K BBIIIOJHEHHIO aHAJHU3A

IlpepBaputesibHasg noAroToska K otrbopy npob posmxHa obecrneyw-
BaTb MOJIHYI0 6e30MacHOCTb paboT, MOATOTOBKY NOCYAB!, Npo6ooTOOpHHU-
KOB, MeCTa XpaHeHHUsi oToOpaHHBIX Mpob, a Takxke pabouero mecra MIJs
06paboTKH JOCTaBJ/IeHHHX B JlabopaTopuio npob.

5.1. [ToanroroBKka nOCyasl, IpeIMETHbIX U IMMOKPOBHBIX CTEKOJI

[Tocyny, npenHasHayeHHYW M1 Npob6 W TI'UAPOOHOJOTHYECKOro
aHaJ/IH3a, TIIaTeJbHO MOKT CUHTETHYECKHM MOIOIIUM CpeICcTBOM, IPOMBI-
BAIOT BOMONPOBOAHOH BOAOH, 06pabaThiBaloT cMechblo 6HXpoMara Kajus H
CepHOH KHUCJAOTH (XpOMOBOW CMeChK0), IPOMBIBAIOT BOAOIIPOBOLHON BOLOH,
3aTeM 3—4 pasa — AUCTU/IUPOBaHHOH BoaoH. Ilocyny nnst orbopa npob
CyHWlaT Ha BO3AyXe, a HCIOJb3yeMyIo AJIi IHApOOHOJIOTHYECKOro aHa/lHu3a,
3a HCKJIOUeHHEM MEepHOH, CTepHJIH3YIOT | Yyac B cyliWsbHOM MIKady npu
160 °C. Ilocyma posikHa OBITH IIPOHYMepOBaHa HeCMBIBAEMOH KpPacCKOH
WU KapaHIalloM 10 CTEKAY.

CyeTHble KaMephl, CTaHJAPTHBIE MpeJMeTHBle U IMOKPOBHbLIE CTEKJa
nepen yrnorpebneHHeM HeOOXOOUMO O00€3XUPHUTH, AJS Uero MUCHOJNb3YIOT
OHUH U3 IpejaJjiaraeMbiX CocoOOB:

a). CTeks1a MOTPYKalOT B KOHUEHTPHPOBAHHYIO CEPHYIO KHCJOTY M
BbIAE€PKHUBAIOT OAHU CYTKH, TOCJE€ Yero UX TILIATeJbHO IIPOMBIBAIOT BOJO-
IPOBOZHOH BOJOM, OINOJIAaCKUBAIOT IUCTU/JIHDOBAHHOM, 3aJHBalT 96°
3TUJIOBBIM CIIHPTOM M XPAHSAT B HEM WJH B CYXOM BUZe 0 yroTpebieHus.

6). CTeksna MOrPYKalOT B XPOMOBYIO cMech Ha 2—3 CYTOK, 3aTeM
TIIATEJbHO ITPOMBIBAIOT BOAONPOBONHOW BOMOM W ONOJACKHUBAIOT AUCTHI-
JUPOBaHHOM, cywIaT. XPaHAT B CYXOM BHAE HJM B 3THJIOBOM CIIHPTE.

B). Crexna mnocje MMMEPCHOHHOro Macjia Ha 3—5 CYTOK morpy-
XKAlOT B KOHLEHTPUPOBAHHBIKM pPacTBOP KaJbUMHHPOBAHHOH COJbl, 3aTeM
TIIATeJbHO NMPOMBIBAIOT BOJLOIPOBOJHOH BOLOM, OIOJIACKHBAIOT JHMCTHJIJIH-
poBaHHOH M 96° criupTOM.

[TokpoBHBIE CcTeKJ/a, He OblBUIMe B ynorpeb/jieHHH, 06pabaThiBAIOT
CMEeChI0 PaBHBIX yacTel cnuprta U sdupa (cmecs Huxudoposa), Tako xe
CMECBIO cJieflyeT perysspHo obpabaThiBaTb OTKPBLIThHIE ONTHYECKHE YAacCTH
MHKpocKkona. llepen ynorpebieHHeM NMOKpOBHBIE U MpeAMEeTHHIE CTeKJia
BHITHPAIOT MSIFKUM I1OJIOTEHLEM.

XHMHYECKH YHCTasg Mocyda [IJisi THapoOHOJIOTHYeCKOTro aHaJH3a
JOJ/XKHA XPaHHUTBLCS C 3aKPBLITBIMU CTEKJAHHBIMU NPOOKaMHU WU 3aBHHYH-

BalIIMMHCS KpHIMIKAMH B Tape, 3allHIUEHHOH OT NBLIM: AIIMKax Jabopa-
TOPHOTO CTOJIAa WJIU 3aKPHITHIX NMOJKaX, CTe/JlaxKax U T.I.



5.2. Or6op M xpaHenue npood

[uppobuonornyeckoe HccJeloBaHUE AaKTUBHOrO HJa ruapoduoJior
OUHCTHBIX COODYXeHUHM MNpOBOAMT 1 pas B Hekany. B nepuon pasBUTUSA
BCIYXaHHUSA HUJa WM Yyrpo3bl ero BOSHUKHOBEHUS — exKeLHEeBHO.

[Ipo6a nnoBoH cMecH B a3poTeHKaX-BhHITECHHUTEJNSAX OTOUpaeTcs B
cO0pHBIX KaHaJlaXx a3pOTEHKOB WJIM Ha BOAOCJUBAX, T.e. Iepel IoCTyIe-
HUEM Ha OTCTaHBaHHE BO BTOPHUYHBIE OTCTOMHHKH; B KOHIE a3pOTEH-
KoB — 0,5—1,5 M oT nepesnBa ¢ NPOTHUBOINOJIOXHOH CTOPOHBl OT 30HBI
mogaud Bo3iyxa (Tosbko B cjayyae 6GesomacHoro mpoxoga). Ecam Geso-
MacHbule yCJOBHUS I8 oTOOpa He obecneyeHbl, nNpobun oTOUPAIOT CO CTO-
POHB (PHJIBTPOCHBIX IJIaCTHH. B aspoTeHKax-cMecHTensiX NMpobul oTOHpa-
I0oTcss B cOopHBIX KaHanaX. [Ipo6ul Heob6xoauMo oTOUpaTh U3 MECT HHTEH-
CHBHOro repeMeliMBaHUs UJIOBOH CMECH.

Jlnsi noJiyyeHUsl perpe3eHTATHBHBIX JAaHHBIX O COCTOSSHUHU (PJIOKY-
1006pa30oBaHUs] aKTUBHOIO WJa, ero celUMeHTalUMOHHBIX CBOWCTB, MOJIY-
YeHHUS TOYHBIX KOJIMUECTBEHHBIX XapaKTePUCTUK HHUTUATHIX OPraHHU3MOB
HeoO0XoAuMO, 4TOOBI TaKHWe IOKasaTeJd, KaK KOHIEHTpaluus aKTUBHOTO
Hjaa 1no o6beMy U BecCy, WIOBOHM HHAEKC, NMPO3PayHOCTb HAAHUJIOBOU BOJHI,
IoficyeT WHAUKATOPHBLIX OPTaHU3MOB AKTHBHOTO WJa BHIIOJHSJHMCH B Of-
Hoit mpoGe (cm. [THJ & CB 14.1.77-96 “Metoauueckoe PYKOBOACTBO IO
ruapo6roJiorTHdecKoMy U 6aKTepUOJOTHUECKOMY KOHTPOJIIO IIpolecca
6GHOJIOrHYECKOH OYMCTKH Ha COOPYKEHHSX C a3pOTeHKaMH”).

Jlns or6opa npo6 ucroab3ywT koBil obbeMoM 500 cM3, KoTopbii
[IpelBapUTeJIbHO MOrpyxamwT B BOAY Ha 3 MHH, 4ToObl ero Temiieparypa
CpaBHslJIaCb C TeMIepaTypod Bojkl. [IpuroToBneHnyw nocymy ajas otbopa
npo6 BHayaje OINOJACKUBAXT OTOOpaHHOM HJOBOH CcMecblo, 3aTeM OTOU-
patoT npob6y ¢ rayouns 0,0 M. MJioByo cMech nepesMBalOT B CTEKJASHHYIO
6yThlb 06beMOM 3 AMS Tak, yTOOb BCe COAEPXKHMMOe KOBILUA ObLIO BhIJIH-
to. OT6Op MOBTOPSIOT 4O TEX Mop, NMoka He Habepercs 2,8—2,9 nqm3 wmito-
Box cMecHd. OtobpanHasa npoba cHaGxKaeTcss 3THKETKOH, Ha KOTOPOH YyKa-
3pIBaeTCA Hara, Mecto orbopa. byTolib He 3aKynopHBaIOT U HeMelJIeHHO

JIOCTABJSAIOT B JlabopaTOpUIO, Tie ee COLepPKHUMOe TUHIATeJbHO MepeMelly-
BaeTCA U pasjiUBaeTcs CJelyILUUM o0pasoM:

a). 1 gM3 — B JIMTPOBBI MEpPHBIH LMJIMHAP, KAJHOPOBAHHBIA OT
caMoro JHa [Jisl onpefeJieHHs 403bl WJa no 00beMy;
6). 1,5 oM3 — B CKASIHKY [J/Is1 OTCTaUBAHHA M ONpejeseHHs INpo-

3PAYHOCTH HAJUNOBOU BOJHI;

B). 100 cM® — B muimnap o6vemom 100 cM3 pas onpeneneHHs Ao-
3bl MJ1a 10 Becy;
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r). 100 cM3 — B cTakaH AAas ruApo6HONOrMYECKOTO aHajlH3a |
XpaHeHHS.

[Ipu B3sATHH Npob6 H3MepsAT TemiepaTypy Boabl. [las sToro uc-
MoJb3yrT TepMoMeTphl ¢ genedueM 0,1 °C. Ias onpenesieHHs TemIlepa-
Typel Ha MecTe B3sTHsS Npo6bl 1 aM3 Bojpl HaNMBAIOT B CKJSHKY, HUX-
HIOI0 4acThb TEPMOMETpA MOrPyKawT B BOAY H yepe3 5 MHH CHHMAKT MO-
Ka3aHHsl, Aep¥a ero BMecTe CO CKJSHKOM Ha YpOBHe rjas. 10YHOCTHL oIl-
penenenust £0,0 °C.

Bpemsa ot orbopa npobnl 1o ee aHaaM3a HeoOXOAUMO COKPaTHUTh A0
MHWHHMYyMa, K THAPOOHOJIOTHUECKOMY aHaJW3y CcJiefyeT NPUCTYIaTbh He
rno3ngHee 30—40 MHH ¢ MOMeHTa B3ATUSA NMPOOKI, MOCTEe TOro Kak TeMIle-
paTypa CMecH aKTHUBHOIO WJja CpPaBHSETCH C TeMIlepaTypoH NOMeLIeHUs.
[Ipy HeBO3MOXKHOCTH IIPOBENEHUS] aHAJ/M3a B YKA3aHHBIM CPOK IPOOH! ak-
THBHOTO W/a OTOMPAT B GYTHUIM, 3amojHAsA MX Ha 2/3 ob6bema, npH
TPaHCIOPTHPOBKE TOCTOSHHO BCTPSIXMBAIOT, oxJaxnaawT go +4 °C. Xpa-
HUTb NpoOBl cienyeT He Gosee 24 yacoB nocse or6opa NpU TeMiepaType
3—4 °C. Konceppauus npob He JomnycKaeTcs.

Bcst rpsisHas nocyna nocsie orbopa npod U NpoBefeHUs] aHAJHU3OB
NIOJIXKHA NMOJBEPraTbCs CTEPUAM3ALUH KUNITUeHHeM B TeueHHe | yaca.

6. TexHHKa MUKPOCKONHUPOBAHUSHA

['Mopo6Ho/IoOrdUeCKUH aHaJ M3 aKTUBHOTO HJIa BHIIOJHSETCH [I0-
9TAlHO B COOTBETCTBHHU ¢ TpebGoBaHUAMH, U3JoxxeHHbIMH B ITHJ @ Cb
14.1.1.77-96.

[Ipu creun@uyeckoM HCCJeJOBAHUM HA pa3BUTHE B aKTUBHOM HJeE
HHUTYATbiX MHKPOOPTaHM3MOB [OINOJIHHUTEJNbHO BBINIOJHATCA CleAyloliye
STAIlbL:

a). OKpalIMBaHWe HUTYATHIX MHKPOOPTraHH3MOB;

6). onpenesieHue UX Pa3MeEpOB;

B). onpeleJieHHe POJOBOH NMPHHANNEXKHOCTH;

r). KOJIMYECTBEHHBIH yUyeT HUTYATHIX MUKPOOPTraHHU3MOB.

7151 BEISICHEHHSI OCHOBHBIX NPHUYUH, BBHI3BIBAKUIUX BCIYXaHHE HJIA,
K paspaboTK¥ MepOIpPUATHH, ero MOAABAAIOUMX, HEOOXOAUMO TPaBUJILHO
ONpefesIHTh X0TH Obl POAOBYIO MPHHAL/NIEXKHOCTb Ype3MEPHO Pa3BHBIIHXCH
HUTUYATHIX MUKPOOPraHU3MOB.

Mcrnionp3oBaHHe TeXHUKH BBIpalllUBaHHUSI HHUTYATHIX MHKDPOOpPraHH3-
MOB Ha CeJIeKTHBHBIX cpellaX IIpeAcTaBJseTCs [JO0CTATOYHO CJOXKHOH H
JOJITOBPEMEHHOM IPOLIeyPOH.



11

HaunayylmiuM MeTONOM HCCJIeIOBAaHUS OCTaeTCs MpAMoe MHKDPOCKO-
nyMpoBaHHe ¢ pHMeHeHHeM MeTolla ()a30BOro KOHTpacTa IpH yBeJHYeHHUH
He mMeHee 100X ¢ ucnoJib3oBaHUEM Pa3/UYHBIX METOAHWK OKpalUMBaHUS.

6.1. Pukcanusa U OKpallHBaHME aKPHUIHHOBLIM OpaHMKEBbIM HUTYATHIX
MHKpPOOPraHu3MOB aKTHBHOI'O HJIA

HutyaTble MUKPOOPraHU3Mbl CIIOCOOHB! K CKOJIb3AIIEMY ABHKEHHIO,
YTO MOXKET OKas3blBaTb Mellalolliee BJIWSHHE Ha pe3yJbTaThl KOJHYecT-
BeHHOro cueta. B aToM ciayuae gid ¢puUKcalud jaydluie HUCIoNb30BaTh 3Ta-
Hoa (1—2 kamau y mokpoBHoro creknaa) wiau dopMmaaud 4—10%-Hbiix
BOOHBIM PacTBOpP.

OkKpallliBaHHe IIpernapaToB aKTHBHOrO HJa NPOU3BOAUTCA B npobax
6e3 (uUKcaTOpoB U KOHCepBAHTOB. s IPHUXKHU3HEHHOTO OKpallMBaHUS
000/104eK HUTYATBHIX MUKPOOPraHW3MOB IPH BHIABJEHUHM HX TPHUXOMHOIO
CTDOEHHUSI NPHUMEHSIOT BUTAJbHBIM JIIOMUHECUEHTHbIM KpacuTeJib aKpuiu-
HOBBIM OpaHxKeBblM. s HcclenoBaHHs oKpalleHHbIX GaKTepUM HCIIOJb-
3yeTcsl JIIOMUHECLUEHTHHIH MUKPOCKOI. PacTBOp akpHUAUHOBOI'O OpaHXKEBO-
[O TOTOBUTCSH HENOCPENCTBEHHO Iepejl OKpaliMBaHHeM (He XpaHHUTCS): K
CTEPUNbHOH JHUCTHIIMPOBAHHOH Bofie o6beMom 10 cm3 nobGasasiercss 3 Mr
aKpPUAMHOBOTO opaHxeBoro, 3ateMm B 100 ¢Mm3 TmiaTesbHO nepeMellaHHOH
HJI0BOK cMecH BHocuTcst 1 cm? npurotosneHHoro pactsopa. Caenyer o6-
pallaTb BHHUMaHUe Ha OIaCHOCTb MepeKpallluBaHUS [penapaToB IPU H3-
ObITKe KpacuTessi, MOCKOJIbKY U30bITOYHOE CBeuyeHHE Tpenapara B 3TOM
cJlydyae 3aTpyAHseT cUeT HUTYATHIX MUKDPOOPraHU3MOB. TeXHHKa OKpallu-
BaHuS 3aHUMaeT [0—12 MuH.

AKpHANHOBBIH OpPaHXEBbIM XOPOIUO OKpallMBaeT OOOJIOUKY HHTYa-

ThIX MUKPOOPraHU3MOB U UETKO BHIfABJASET (HOpMYy H pacroioKeHHe TpHu-
XOM.

6.2. TexHUKa NMPUTrOTOBJIEHUS MAa3KOB aKTHBHOI'O HJja

Jlns omnpeneseHUst pONOBOK, a B HEKOTOPHX CJydyasX W BUAOBOU
MPUHAJEeXKHOCTH HHUTYAThIX MHKDPOOPTraHM3MOB, KPOMe IPHXKH3HEHHOTO
OKpalllMBaHUS 2KPHUAWHOBLIM OPaHXEBbIM, NPUMEHSIOT CTAHAAPTHYIO TeX-
HUKY OKpalMBaHHA Gaktepuid. sl 3Toro AenaloT MasoK, BBICYILLUHBAIOT,
(PUKCUPYIOT €ro U 3aTeéM OKPalllHUBaoT.

JIJ1 NIpUroTOBNIEHUS TOHKOTO Ma3Ka HeOoOGXOAHMO XOpOIIO 06e3XKu-
PUTb NpeAMeTHHle cTekaa (pasmen 5.1). MioBas cMech TuiaTesbHO mHepe-
MelUMBaeTCsl, MUKPONHUIETKOH oT6upaeTca obbeM He 6Gosaee 0,01 cm3 u
HAaHOCUTCHl Ha NpeaMeTHOe CTekJo. bakrepuosiornyeckou netaed Kpyro-
BBIMH [BHXXEHHSIMH HWJIOBasi CMeChb paclipejesisieTcd PaBHOMEPHBIM CJI0eM
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B BHAe Kpyra auametrpoM B 10-py6seByio MoHeTy. IIpaBH/IbHO NPHUroTOB-
JeHHBIK Ma30K HMMeeT OLHHAKOBYK TOJIIMHY Ha BCEM CBOeM MpPOTsKe-
HUH. B ToM caydae, ecsiM UpeaMepHOe KOJHYECTBO HUTYATBIX MHKpPOOpra-
HHM3MOB MellaeT NPUIOTOBJEHUIO Ma3ka C MX PaBHOMEPHBIM paclipeneJie-
HHEM H HeOOJbIIOM IJIOTHOCTbIO, HEOOXOAMMO repell INPUTOTOBJEHHEM
Ma3Ka pa30aBUTb UJIOBYIO CMeChb OT(PHJIbTPOBAHHOU HaJAWJIOBOU BOJOH.

[TpurotoBneHHBIM TakuM o6pa3zoMm MazoK BhCYWIMBAKT 30—40 mMuH
Ha BO3JyXe M II0CJe TOJHOrO BBICHIXaHUA (HKCHPYIOT. DUKCHpOBaHHE
HeoOXOOUMO [Jis 3aKpellJieHU OpPraHU3MOB Ha CTekJe, YyToObl OHU He
CMbIBAJIUCh TpH MOCJAEAYIOLIEN OKpacKe U IMPOMBIBAHMHU Ilpemnapata. s
hUKCalMH NpeaMeTHoe cTekao GepyT nuHuetom (Maskom Bepx) U 2—3
pasa NMPOBOAST HAaJ BepXHEH 4YacThiO [JlaMeHH ropesiku. Hemnocpencrtsen-
HOMY BO3[JeHCTBHIO OTHfl Ma3oK IoaBepraetcs He 6onee 2 cexkyHnu. [locne
3TOro OH OKpallHBaeTCH.

6.3. TexHuKa OKpamIMBaHug no meroAy I'pama

Okpacka no [pamy ocHOBhIBaeTcsi Ha HEOAWHAaKOBOM OTHOIIEHHH
MHKPOOPTraHM3MOB K KpacHTeJ M TPUPEHUIMETaHOBOM TPYIIBL reHLHaH-
BHOJIETY, METHUJIBHOJIETY, KpUcTanBUosieTy. HuTuaThle MUKPOOPraHHU3MHI,

BXOASILIME B TPYIIY MOJOXKHTENbHHX 10 ['pamy, Hanpumep, Nocardia

sp., Microthrix parvicella, paloT NpoYHOe coeAUHeHHe C YKa3aHHBIMH
KpacutensiMH M HomoMm. OkpauieHHble HUTYaThle He 00eCLBEYHMBAKOTCS
PY BO3LEUCTBUM Ha HUX CNUPTOM, BCJICACTBHE 4YEro NpU HOTNOJHUTEJb-
HOH OKpacke (YKCHHOM IIOJIOXKHTeJIbHble Mo ['paMy HUTUaTble MHUKPOOP-
aHU3Mbl He H3MEHSIT I1epBOHA4yaJbHO NPUHATHIM (HOJIETOBBIH LIBET.

Orpuuarensysie mo [pamy Mukpooprauusmb (Sphaerotilus natans, tun
021N u g1p.) o6pasyloT ¢ FeHUHaHBHOJIETOM, KPHUCTAJBHOJNIETOM HJIH Me-
THJABUOJETOM U HOAOM COe[UHeHUe, JIerKO paspyluarolieecs NOAL HEHUCT-
BHEM CIIUpTa, B pesyJibTaTe uero oHU obeclBe4yMBAIOTCI KU 3aTeM OKpa-
IIMBAIOTCA (QYKCUHOM, NpHobOpeTasi KPaCcHBbIH LBeT.

OTHouleHHe MHUKPOOPraHU3MOB K OKpalUMBAHUIO 10 ['pamy uMeer
OCHOBHO€ [OUATrHOCTHYECKOe 3HadyeHHe IIpU OMNpefesleHHH HUTYATBIX MHK-
POOPraHHU3MOB.

6.3.1. [Ipedsapumesrvrnas nodeomosKa HEo6X00UMbIX PACMBOPOB

Pacmeop Ne I: kpucrtaaBuogeT - kap6osioBblH pacTBop. CocTas:
KpUCTANIHYeCKUH dUOoJeTOBHIM — 1 T;

KapboJsioBasi KMCJ0TA KpUcTa/iiMueckas — 2 T;

CIUPT 3TUMOBBIH 96° — 10 cm3;

Bofia AMCTH/NKUpoBaHHas — 100 cm3.
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[IpurorossieHue: 2 r Kap6oJiOBOU KHUCJOTH PacTHpPaioT B (apdopo-
BOU CTYINKe M NpHOaBJAIOT HeOONbIIUMY MOPLMSAMH CIKPT BO BpeMs pac-
Tupanus. [locse Toro, Kak cocTaB XOpOLIO pa3oTpercs, NPUIHBAIOT IpH
nocrosgHHoM nomelnuBaHud 100 cm3 gucTunnHpoBaHHOH BoAH. PacTsop
Kpacku OUJLTPYIOT Yepe3 MNpelBapuUTeJbHO CMOUEHHBIM AHUCTHJJIMPOBAH-
HOU BojgoH OyMaXHBIM uabTp “Oesasg JjeHta . [locne duiabTpauuu no-
6baBadA0T 1 r KpHcTaannueckoro ¢groseToBoro. PacTBop XpaHuUTcs He 6o-
nee 3 MecsiueB. lobpokauyeCTBEHHOCTh OKpacKH HHUTYATBHIX MHUKpoOopra-
HH3MOB YCTaHaBJUBaeTCs NMPU MUKPOCKOIHYECKOM MCCJIeNOBaHHH.

Pacmseop Ne 2 — (DYKCUH-CIUPTO-BOAHBIM pacTBOP TOTOBHUTCS U3
GYKCUH HaCHIIIEHHOro CIIMPTOBOro pacTBopa (8 ' OCHOBHOro ¢yKCHHa,
pactBopeHHoro B 100 cm3 stusoBoro 96° cnupra), nis dero 1 cm3 Hach-
[IIeHHOro pacTBopa pa3basasioT B 10 cM3 [UCTUNANHMPOBAHHOHN BOJIHI.

Okpacky no I'pamy npousBogsT ciaefyIOIUHM 00pasoM:

a). Masok, PUKCHpPOBaHHKIH Ha OTHe, OKPAIIMBAIOT yepe3 (QHUJIbT-
poBa/ibHY0 OyMary OCHOBHBIM KpacHTe/leM — pacTBOPOM OCHOBHOIO
kKap6oJsioBoro Kpuctansuosera (pactBop Ne 1). IlpokpaminBaHHe AJIHTCS
] —2 MHUHYTHL

6). Caumalor 6ymary, CJAMBAOT M3BBLITOK KPACKHM H, He IPOMbIBas
npernapara BOAOH, HaiauBalT pactBop Jlorons (cMm. pasmen 2) Ha 1—2
MUHYTHl O TIOYepHEHMSs Tpenapara.

B). PactBop Jloroas causaior. IIpenmeTHoe creksao ajas obeciBe-
YHBAHUS Mas3Ka TOTPYXKAlOT HECKOJbKO pas3 B CTaKaHYHK CO CIIHPTOM.
[Ipouecc obecuBeyrBaHUSl CUUTAETCH 3aBepllieHHBIM, KOrga OT MasKa Ile-
PECTalOT OTHAEJATHCH CTPYHMKH XUIKOCTH, OKpallieHHble B (PHOJIETOBLIM
LBET.

r). Ilpenapar TuiaTe/JbHO NPOMBIBAIOT BOAOIPOBOAHOH BOJOH.

n). JlokpaluuMBalT CIIMPTO-BOAHBIM pacTBOpoM (yKcHHa (pacTBop
Ne 2) 2 MUHYTHI.

). [IpoMBIBaIOT BOJOH, BHICYLIMBAIOT, MHKPOCKOITUPYIOT.

OueHKa pe3yJIbTaTOB OKPACKU: n0AoxH uUmeAabHble no [ pamy HUT-
yaThle MHKPOOPraHH3Mbl OKpPaLIUBAIOTCSI OCHOBHOM KpackKoM B TEMHO-

¢UONeTOBLIM UBET; ompuyamervrvie no I pamy, BocnpuHUMAs AOTOJHH-
TeJIbHYI0 OKpPAacKy, IIpHOOpeTaoT APKO-MaJMHOBLIH LBET.

6.4. Texuuka oxpamusaHud 1o metoay Heiliccepa

OKpacKky HUTYaTBIX MHKpPOOpraHuamoB 1o cnoco6y Herficcepa npo-

U3BOAAT IJi1 OOHapyKeHHs BKJIOYEHHH TrpaHya noaudocdaTtoB B BHIE
3epeH BOJIIOTHHA.
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[IpenBapuTtesibHast NMoAroToBKa cHHbKH HemHccepa. 'oToBAT oTHeb-
HO JiBa OCHOBHBIX pacTBOpa.

Pacmesop N 1. Cocras:

MeTHJieHoBasaA cuHb — O, 1r;

STHJOBHIH ciupT 96° — 2 cm3;

nelsiHasi YKCYCHasi KUCJIOTa — D cMS;

JUCTHANHPOBaHHasd Bofa — 100 cm3.

Pacmseop Ne 2. CocTas:

KpucTajaBuosieT — 1 r;

STHJIOBLIH cnupT 96° — 10 cm3d;

NTUCTHIIMpOBaHHas Boxa — 300 cm3.

JInsi OKpacKHU 3epeH BOJIIOTHHA HENOCpPelNCTBEHHO Mepefl OKPAaCKOH
CMEIIHWBAlOT 2 YyacTH NEepPBOro pacTBopa ¢ 1 4acTbio BTOPOroO.

Oxpacky no Helccepy npoBofsiT B cjaeAylOlleyd I0C/Jef0BaTeJbHO-

CTH:
a). ®HKCHPOBaHHBIM Ha IJIAMEHH TOPeJIKH Ma30K OKpallUBaloT 1—

2 MHHYTH cuHbKOX Henccepa.

6). CMHBKY CJIMBAIOT, Ha IIpernapaT HaHOCAT Ha | MHHYTY HECKOJIb-
KO KareJsb pacTBopa Jlworoas.

B). Ma3ok NMpoOMBIBalOT BOJMOH, MOACYIUMBAIOT (DHJILTPOBAJLHOM 6Y-

Marow.
r). JokpaimuBawT 2—3 MHHYTH PacTBOPOM XPH3OHAWHA MM Be3y-

BHUHA.
1). [IpoMbIBalOT BOJOH, NOACYIIMBAIOT H MHKPOCKOIHPYIOT.
3epHa BOJIIOTUHA OKpAalUBAKTCH B TEMHO-CHHHHM LBET, TeJa MHK-
POOHBIX KJIETOK — B CBETJIO-KOPUYHEBHIH A0 CBETJO-3)KeJToro Lperta. Pe-
akuns 1o Heunccepy noJsioxurtenbHasi, ecad 3epHa oOHApy>XHUBaKTCH, OT-
pUIlaTeJbHaA — He OOHapyKHBAIOTCH.

6.5. OkpamiyBaHHe HUTYATLIX MUHKPOOPraHN3MOB I OOHapyKeHusd
YeX0Jb4YaTOro CTPOEHUS

DUKCUPOBAaHHKHH Ma3ok okKpamuBalT 1—2 wmunytsl 0,1%-HbM
CIIUPTO-BOLHBIM PACTBOPOM KPUCTAJIBHOJIETA, AJIS IPUIOTOBJIEHHS KOTOPO-
ro 1 ¢cm3 HachllleHHOro CMUPTOBOrO pacTBopa pasbasisior B 10 cm® guc-
THIHPOBaHHOM BoJbl. CocTaB KpUCTaJBHOJIETa HACHILIEHHOIO pPacTBOpa:

KpHCTAJJIMUEeCKUH (puosieToBBIH — 10 r;

cniupT 3THI0BHH — 100 cM3.
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6.6. UamepeHne paaMepoB HUTYATHIX MUKPOOPraHM3MOB

VismepeHHe pa3MepOB HUTYATHIX MUKPOOPraHU3MOB IIPOH3BOAAT C
[IOMOLIBIO  OKYJSp-MHKpOMeTpa MO MacluTabHOH JIHHEeHKe OObeKT-
MuKkpoMmeTpa. llosb3ysch OKyJasip MHUKpOMeTpoM, INOMeUlaloT Ha CTOJIMK
MHUKPOCKONa O6beKT-MUKPOMETpP M, NOCTHTHYB pesKocTH (CHJIbHO 3aTeM-
HAIOT), CPABHUBAIOT YHMCJO HeJeHUH OKYJSp MUKPOMETpa ¢ TAKOBLIMU Ha
JIHHeHKe OOBbeKT-MUKpOMeTpa IMPH NaHHOM YyBeJUUEHUU U BHIYHCJAIOT Lie-
HY JeJIeHHSI OKyJasip-MHKpoMmeTpa (abconroTHoe 3HayeHHe ONHOTrO NesleHUS
OKYJ/AP-MHKpPOMeTpa), 3aTeM H3MepsIOT HHUTYaThle OpraHuaMbl (ouamertp,
JUIMHA KJETOK) NPH HEeMOoCPeNCTBEHHOM HabMIONeHHH I10J MHKPOCKOTIOM.
[Ipy H3MeHeHHWH YBeJIMUEHHSI BHOBb BBHIUMCASIIOT LEHY HeJIeHHUHA OKYJAp-
MHUKPOMeETDa.

7. MeToaAbl KOJHMYECTBEHHOTO yyeTa HUTYATHIX MHKPOOPraHNU3MOB

Jlnst yyeTra HHUTYATBIX MHKDPOOPraHH3MOB TpPHMeHseTCsl MeTOX OIll-
pefeneHUsi abCOJIOTHOrO KoJiM4yeCcTBa MHUKPOOPraHM3MOB B efUHUIE 00b-
eMa HJOBOM cMecH (c mepecueToM Ha CyXol Bec aKTMBHOTO HJa), B pe-
3yJibTaTe HaxoUsT abGCOJIOTHYI0 YACTOTY BCTPeYaeMOCTH HUTUYATHIX MHK-
pPOOPTraHH3MOB B aKTHUBHOM HJIe.

TouHBIX pe3ysbTaTOB MOXHO NOCTHUb, HMCIIOAb3YSH CYETHBIE KaMepHl
['opsieBa, Koabksutua, Haxorta ¥ apyrux. Kamepy HaxkpbiBalOT OKPOB-
HBIM CTEKJIOM U TPUTHPAIT ero A0 006pa3oBaHUA PaLyKHBIX KOJell HH-
TeppepeHLHH, UTO SBJASETCH [PHU3HAKOM JOCTATOYHO MJIOTHO NPUTEPTOTrO
cteksa. IlnuneTkon oT6HpPalT NPOH3BOJBHOE KOJHUECTBO TIUATEJBHO Ile-
peMelllaHHOM HJIOBOH CMeCH M HAHOCST ee KallJid Ha HUXXHHUU U BePXHUH
Kpal TMOKPOBHOIO CTeKJ/a, 3alOoJIHAS KaMepy TakK, YyToObl He MONafajd B
Hee MY3bIpbKU BO31yXa; U30bLITOK WJIOBOH CMECH BLITECHSIETCSl 10 KaHaB-
KaM KaMephl. [IpocMaTprBaloTcs Bce KBagpaThl IO JHAroHajd WJIH KaMme-
pa LeaukoM (ecJd YHC/IEHHOCTh OPraHM3MOB He3HauMTesbHas). [loacuer
Ipou3BOAAT oA MUKpockoriom MBH unu MDBP npu ysesunuenuu B 100 u
200 pas.

B kaxnon npobe MOACUMTHIBAIOTCS HHTYAThle KaK MHUHHMYM B 3-X
KaMepax ¢ MOCJeAVIOIUMM BBbIYHCJIEHHEM CpelHero apudMeTHUeCKOro.
[lepecuyeT ynC/IEHHOCTH MHUKPOOPTraHU3MOB MPOBOAMTCS MO opMyJe:

1000 .- n
N - _:g ‘ h ’ (1)
rne N - yUCJAeHHOCTb, 9K3/ cMm3:

1 - YUCJEHHOCTb MHKPOOPraHHM3MOB, HaHAEHHbIX B CEKTOpE CeTKH
KaMephbl, 9K3;
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S - noIAaAb CEKTOPa CETKH, MMZ;

h - ryiy6HMHa CUEeTHOM KaMephl, MM;

1000 - xo3dduiHeHT mepecyeta MMS B cMS,

[Tocsle yero YHC/AEHHOCTb IOJCYMTAHHBIX OpraHusmoB B 1 cM3 He-
06X0gHMO TlepeCcyruTaTh Ha I'paMM CYXOro BellecTBa aKTHBHOIO HJa.

[Ipy OTCYTCTBHM CUETHBIX KaMep MOXKHO II0/Ib30BaTbCS METONOM
“oTkanubpoBaHHOM Kamiu' . JiAs 3TOro MHUKpPOMNUINETKOH OTOHpaloT
0,1 cM3 TiiaTesbHO NepeMellaHHON HJIOBOHM CMeCH, HAHOCAT KallJlo Ha
IpeIMETHOE CTEKJIO U IOKPHIBAIOT MOKPOBHLIM CTEKJIOM pasMepoMm 24x24
MM. HeobXxoguMo MpOCMOTpeTh He MeHee 3-X TaKUX INpenapatos. B kax-
JOM IIpenapare 10 AHaroHajud npocMmarpuBawoT 10 rmosen 3peHus
(yBenmyenue 10x). ITocse mopcuera KosinuecTBa HUTYaThiX B 30 mossix

speHust (10 nox TpeMst cTeK/aMH) HaxXOmAT cpelHee apHOMETHYECKOE [JIS
| nmons 3penus. KosuuectBo B 1 cM3 onpegensiercss no gopmyJe:

S-d
= 9
ner.V )

rie D - KoJMYeCTBO MHKPOOPraHH3MOB, 9K3/ cMS;

d - KOJIMUeCTBO MHKDOOPTraHU3MOB B ONHOM noJje 3peHHs (cpenHee
apUPMeTHUECKOE M3 UMCJa NMPOCMOTPEHHBIX [OJIeH 3peHUs), 3K3;

nr? - nuowaab noJsi 3peHHs obbekTHBa (r ompejessiercss IO JIH-
HellKe 06beKT-MHKpOMeTpa), MM2;

S - njowaab NOKPOBHOro creksa, MM2 (24x24);

V - 06beM B3SITOH KalJaH, cMS.

Ecsqu moAcuuThIBaeTCsl Kaljisi HJIOBOH cMecH UeJHKoMm (Bce mousi
3PEHHs), TO PACCUMTHIBAETCS Ccrelu@HUecKas MAOTHOCTb p HalIeHHbIX

MHKPOOPraHU3MOB, THIC. 9K3 /T usia, o dopmyJe:
p=n:a:V, (3)
[Ie 7 - YUCJEHHOCTb HUTYATHIX MHKPOOPraHH3MOB, 5K3:

a - 703a Wia 1o secy, r/ am3;

V - o6beM B3siTOM Kamiu pasubid 0,1 cm3.

[Ipy uypesMepHOM HAaKONJEHUHM HUTYATBIX MHKPOOPraHU3MOB IIOK-
cuutaTh ux B Kamie 0,1 cm3 pocraTouHo TpymHO, MO3TOMY MOXKHO IIpH-
MeHHTb WJIHM pasbaBneHue wna (moxcuer B kamie 0,1 cm3 u nepecuer ¢
yyeToM pasbaBJ/ieHHs1 Npo6bl), MM UCIIOAL30BATh MJISl CUeTa KAl obbe-
mom 0,01 cm3.

Ins atoro ucnonabsyercs yeaudenue 100x. Ha npeametrHoe crek-
JIO MUKPOITMNETKOH HaHOCHTCH KanubposaHHast kamis (o6bem 0,01 cm3)
HJIOBOH CMECH, NpeABAPUTENbHO XOPOLIO NepeMellaHHOH, H MOKpPhIBaeTCs
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MOKPOBHLIM CTEKJOM pa3MepoM 9x9 MM (Takoii pasmep CTeKoJs IoJyyaeMm
NyTeM paspe3aHHsl cTaHAApTHOro ctekaa 18x18 MM Ha yeThipe uyacT).
[Ipenapat ykpenssiercd B npemnaparoBofutese. Hauunasg ot jseBoro Bepx-
Hero yrJia IMOKPOBHOI'O CTeKJa IpOoCMaTpUBaeTCs Bechb Ipernapar, OCTO-
POXKHO MNepeMellaeMbld cJjieBa HalpaBo A0 KOHUA, 3aTeM Ha ONHO IIoJie
3peHHs] BHHU3 M clpaBa HajeBo. Heo6Xxonumo BHUMAaTeJbHO CJIEUTb 32
TeM, YTOOB HH OJHO IoJie 3peHHs He Oblio nponyileHo. IlonyyeHHbie pe-
3yJbTaThl CJefyeT PasflesiuTh Ha 03y Haa B r/aM3 M Ha NPOCUMTAHHbLIM
06beM B cMS.

Hanpumep, Ha 1 stane oOHapyxeHO 27 HUTYATBIX MHUKPOOPraHH3-
MOB, [03a HJaa — 2 r/am3, npocuntada Kanasg 0,01 cm3, sHauuT corac-
Ho dopmyJe (3):

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

Tak onpepensiercs cneuuduyeckass MJIOTHOCTb MUKPOOPraHHU3MOB,
BhIpaXKeHHasl B ThiCSiYax 3K3eMIJIAPOB Ha 1 r cyxoro BeuecTBa aKTHUBHO-
ro Unia.

HopMmbl morpeniHocTy uaMepeHu (115 Bcex IepedyHc/eHHBIX METO-
JIOB):

[MpU YHUCJIEHHOCTH HUTYATBIX MUKpoopraHusmoB fo0 10 Teic. eqrHUL
BKJIIOUHTEJbHO B IlepecyeTe Ha | I CyXOM Macchl aKTHBHOIO MWJja O =

+25%:

MpA YHUCJAEHHOCTH HUTYATBHIX MHKpoopraHusmoB oT 10 Twic. 1o
30 ThIC. eIUHUL, BKJIUYNATEJBHO B llepecyeTe Ha | I' CyXOM MacChl aKTHB-

Horo uJja & = +45%.

8. CucteMaTuka HUTYATHIX MUKPOOPTraHN3MOB

Jlns1 npaBUJNBHOW JUATHOCTHKU INMPUUMH BCOYyXaHUA Ha HeoOXonu-
MO OIIpefeJIMTh CUCTEMATUYECKYI0 NPHUHALJIEXKHOCTb BHI3BABIUIMX €r0 HUT-
yaTelX opraHusMoB. OrnpeneneHde A0 BHUAA HUTYATHIX OakTepUH MNpeario-
JaraeT BbICEB aKTUBHOI'O HUJa Ha KYJbTYpHble cpelbl M HCCAeNOBaHUe
YUCTOH KYJAbTYypbl. OfHaKO NpHMeHEHHE TaKOH CJO0XHOM METOOHKH, Kak
[paBuJio, He TpebyeTcss — [NOCTATOYHO OIpeAeNHUTb POJOBYIO IPHHAL-
JIEXKHOCTb OPraHU3MOB.

[Ipy omnpeneneHUH HUTYATBIX MHUKPOOPTAHH3MOB A0 pojia CJAENYeT
YYUTBEIBATh CJAENYIOUIHE OCHOBHbIE NMPHU3HAKH:

dopMy HUTUaThX (MpsiMasi, U3OTHYTAasl, 3aKpY4eHHas);

paamep Huteld (muamerp 1—60 MKM, AsuHa pasHoo6pasHa: oT 30
MKM [0 HECKOJIbKHX MM):
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Cxema I
KpaTkuil onpefe/iMTeNb HUTYATHIX MHKPOOPTAaHU3MOB |aqanTHPOBaHO I10

Jenkins et al. (1984), Eikelboom (1975)]

rpaHyJu ceppl o o Tun 0914
“KBagpaTsl

HuTtuatule ¢
IpaHyJlaMH Cephl
B yexJje Thiothrix 1, 11

—
L—> rpaHyJ/ibl Cephl
“cepuyeckue” 6e3 yexna ..y THn 021N

Beggiatoa spp.

HCTHHHOC
BETBJIEHHE

Nocardia spp.

CTPOTO ITOJIOXKHU-

TeJbHBE Mo [ 'pamy KJAETKU CeITH- N. limicola 1I, I
HeT BeTBJeHUS l pPOBaHLI

Hewccep  N. limicola |

[TOJIOXHT
HeT CelnT
Henccep
Microthix

OTPHLL
parvicella
Huruate 6es ______, mepeMeHHHe no | pamy uiau 3 Tunu 0041,
I'PaHYJ cephl cjiabo nosoXuTteabHue 1o ['pamy 0675, 1851
TPHUXOMBI B YeXJie Sphaerotilus
AHaMeTp KJIeTOK JOXKHOE BeTBJIeHHMe  natans
1,0-2,2 MKM, IHUXOTOMHUYECKOE
/ HaJiuyye CerlT
HeT YexJia tunel 0961,
OTPHLAT. 0914, 021N
mo ['paMy 3 [OHaMeTp KAETOK
MeHee 1,0 MKM
Hericcep mosoxwur. Heficcep oTpuuar.
trn 0092 I
TPUXOMBEI IIPSIMBIE, TPUXOMBI HeperyisipHo TPUXOMEI CBEep-
cJlerka HM30THYThI HJIH HaKJIOHEeHbI HYTBl CIHPAJIbIO
HaKJIOHEeHb | tun 0581
HeT CeMNT CelThl eCTh  OBa/JbHblEe KJTKH  BBITSHYTble NaJOYKOBHAHKE
Haliscomenobacter  tun 1701, TUI 1863 Tun 0411

hydrossis 0803
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dopMy H pasMep KJIETOK BHYTPH HHTeH (KBajpaTHble, KpYIJbie,
pasHble MO JJIHHE);
BeTBJEHHE HHTeH MCTHHHOe Yy TPHOGOB M aKTHHOMHIETOB

(Nocardia) u noxHoe y 6akrepuit (Sphaerotilus natans);

MOABHMXKHOCTh HHTeH, HX cKoJbXenue (Beggiatoa pBuxertcs,
CKOJIb35 MepelHHM KOHIIOM HJIM NetseobpasHo, dorto 6);

HaJIHUHe 4eXJa;

HaJHuHhe KJEeTOK reTepoTpodHOH MHKpo(dJOpbl Ha IIOBEPXHOCTHU
HUTYATBIX MUKpoopraHusMoB (Sphaerotilus natans, ¢oro 7);

npucyTcTBHe rpaHya cepsl (Beggiatoa, Thiothrix, Tun 021N, do-
T0 8, 9):

OTHOILUEHHe K OKpallMBaHHI No ['paMy, 4UTO 3aBHCUT OT XHMHYe-
CKOr0O COCTaBa CTEHOK K/eToK OakTepui;

OTHOLIIEHHe K OKpallluBaHUIO Mo Hedccepy, KoTopoe mnosBoJsierT
O0OHapYyXXHUTb I'PaHyJibl MMOJUPOCPATOB.

Ha cxeme 1 npencraBjieH KpaTKUM ollpefe/iuTesib HUTYATBIX Opra-
HHU3MOB, COCTaBJIEHHBIM Ha OCHOBE [epeYHCJIEHHbIX CHUCTEMaTHYeCKUX
[MPU3HAKOB.

9. HapyumeHue cefMMEeHTallMOHHbIX CBOMCTB aKTHUBHOTIO HJIA.
Buabl BcnyxaHug

B HopMma/nbHO DYHKUUOHUPYIOLIEM aKTHBHOM HJle XJIONbSl KOMIIAKT-
Hhle (poTo 1), ymoBaeTBopHTEebHO ocenapouye; rocjae 30-MHHYTHOroO OT-
cravBanusi B 1000 cM3 umiuHape HI0Bas cMech 3aHMMaeT MMHHMMAJIbHBIN
o6beM, KOTOPHIM He MpeBbiliaeT 6osee yeM B 40 pa3 o6beM ero TBephbiX
KoMmoHeHTOB. CocCTOfHME WJla U ero cefUMeHTallMOHHble CBOMCTBA Xa-
paKTEPU3YIOTCSH HJOBHIM HHAeKcOM. MoBol uHpekc — 3To o0beM, 3aHH-
MaeMblH OZHUM rpaMMOM aKTHBHoOro uja 3a 30 MMHYT OTCTauBaHHSl B
JTUTPOBOM LUHUJHHApPe. B aKTHUBHOM WJ/ie ¢ NMOHUXE€HHLIMH 3HaYeHHUSIMH HH-
JleKca IOBbILLIeHA J0JS 30JIbHbIX, 60Jiee TSKeJbiX 3JeMeHTOB H3-3a BhICO-
KO MHHepaJMU3allMMd KJEeTOUHOro BelllecTBa WM HU3-3a2 IPHUCYTCTBHA TH-
XKeJibiIX B3BeceW. 1akKou W/l MOXKeT [laBaTb HeNOCTAaTOUHBIH MPUPOCT OHo-
MaccChl, HU3JIMLIHEe [IepeyJoTHSeTCS BO BTOPHYHBIX OTCTOMHHKax. Hapy-
[IeHHe TpolLiecca pasiesieHus HJia OT OUMIIEHHOHM BOABI H ero H36nITOY-
HblH BBIHOC M3 BTOPHUHBIX OTCTOMHUKOB OOYCJIOBJIEHb BO3pacTaHHEM Be-
JUUYUHBl HJIOBOI'0 HHAEKCA.

B 3aBHCHMOCTH OT TeXHHWYECKHX BO3MOXHOCTEH ofecleueHus
YAOBJIETBOPHTEJIBHOI'O OCAXKAEHUS U CBOSBPEMEHHOM BLIMPY3KH OCEBUIETrO
HJla H3 BTOPHYHBIX OTCTOMHHKOB MIJISl KaXXAOTO KOHKPETHOTO COOPYKEHHS
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OHOJNIOTHYECKOW OYHUCTKH ONTHUMAaJIbHBIMU OYAYT CBOH, olpelesieHHble 3Ha-
YeHHS] MJIOBOTO HHAeKca. [l yHoBJIeTBOPHTEJNBHOH 3KCIJIyaTalLMH OYH-
CTHBEIX COOPYXKEHHH TNPUHATBHIE 3HAYEHUS HUJAOBOIO HHAEKCA COCTaBJSIOT
oT 80 mo 120 cM3/r, mManasoH HONYCTHUMBIX OTKJOHeHHH — oT 60 1o
150 cm3/r. YBesnuyeHHe HIOBOTO HHAEKCA BhilIe JOMYCTHMBIX 3HayeHHH,
T.e. 6osnee 150 cM3/r, HasbIBaeTCcs BCIyXaHHEM aKTHBHOIO MJa.

BcnyxaHue -— 3TO M3MEeHEHHEe COCTOSHHUS OMOIeHOo3a akK-
THBHOIO MJia B HeOJAroNPUATHLIX KOJOTUUYECKHX YCIHOBHAX OOU-

TaHMS, XapakKrepusymolueecd yBeJuueHHMeM oO0beMa HJIa M Hapy-

IIeHHEeM e€ro CeJMMEHTAIMOHHBIX CBOUCTB.

[To XxapakTepy H3MeHeHHWH, IIPOUCXOAAIIMX B aKTHBHOM HJle, BCIY-
XaHHe MopasjenseTcss Ha IBa OCHOBHEIX THIA:

a). Tenepoe (HeHHTUaTOe) — pa3sBHBaAETCS BCJEACTBHE YPe3MepHO-
ro (M36BITOYHOr0) NMPOAYLHPOBAHHS SK30IOJMMEPHOTO TeJisi reTepoTpod-
HBIMH canpoduTHBIMH OaKTEPHUAMH aKTHBHOIO HJja B OTBET Ha MNMPHUCYTCT-
Be B CTOYHBIX BOJAX TPYAHOOKHUC/SEMBbIX HJAH OHOJOTHUYECKH HEOKHC-
JsieMBIX BelIeCTB MPOMBIIJIEHHOIO NPOUCXOXKACHMS.

6). Huruatoe (¢orto 2) — pasBuBaeTcs BCJAEACTBHE PE3KOro yBe-
JMYeHHs YUCJEeHHOCTH HMTUaTHIX (OopM opraHuaMos (xJamupobakTtepui,
canipoUTHBIX I'pUGOB, ULMaHOGaKTepHi). YBeJHYeHHE BbIHOCA B3BeIleH-
HbIX BelIeCTB K3 BTOPHUHBIX OTCTOMHUKOB, B pe3yJbTaTe HAaKOIJIEHUS
HUTYAThIX MHWKPOOPraHU3MOB B aKTHBHOM HJe, cocTaBjigeT oT 30 10
400% ot Hopmbl. CTeneHb BBIHOCA 3aBUCHT OT MHTEHCHBHOCTH BCIyXa-
HHUSl ¥ KOHCTPYKTHUBHBIX 0COOeHHOCTEN BTOPHUHBIX OTCTOMHHKOB.

9.1. FeseBOoe BcnyXxaHHe HJa

Knetku canpo@uTHbIX GaKTepuHd aKTHUBHOTO HJia NPU KOHTaKTe C
3aTPSA3HSIOIMMY BellleCTBAMU CTOYHBIX BOJ OKPYXalOT cebsi cjioeM CJIH-
SHCTO-TSTy4Yero TMOJUMepHOro resisi (BSI3KOro KOJUIOMIHOIO pacTBOpa).
O6beM BbIAEJISIEMOIO MOJUMEPHOrO TeJis paclipelieisieTcss BOKPYT KJETOK
U XJIONIbeB aKTUBHOIO MJa, 3alllMllasi UX OT HeOJaronpusiTHOro BO3AEUCT-
BUSI CTOYHBIX BOH, Y4acTBYs B QUIOKYJALMH (C/IMMaHWM) XJIOTNBEB MEXILY
cobo, U urpaeT HOMHHHDPYIOUYIO poJib B Ipolecce COpOLHMA 3arpsi3HsIO-
[MX BELIeCTB U HX TpaHCPOpMaUMHU BHYTPb MUKPOOHBIX KJeToK. Duono-
JMMEPHBIH TeJib AKTHBHOIO HJla HMeeT BBLICOKMM MOJIEKYJISPHLIH Bec
(6onee 10000), mo cBoEMy XMMHYECKOMY COCTABY uallle BCEro MpejCTaB-
JleH aMHHOKHCJIOTaMH M MoJIHcaxapUlaMH, BK/IKOYAOLWHKMMH TIJIIOKO3Y, ra-
JIaKTO3Y, aMHHOCaxap. B cocTaB mosHMepHOro refsi KpoMe TVIHKOIIPOTEH-
HOB (CJIOXKHBIX KOMIIJIEKCOB €axapoB M GeJsIKOB) BXOLSAT TaKXKe 3K30dep-
MEHTBI KJIETOK HJia, MOJMNENTHABl, KjeTyaTka M Ap. K nosucaxapuamnpo-
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IYUMPYIOIIMM OaKTepHsIM aKTHBHOTO HJia OTHocATcs poibl Zoogloea,

Pseudomonas, Aeromonas, Acinetobacter, Micrococcus, Paracoccus.

F3bsaTHe AKTUBHBIM HJIOM JIETKOOKHCJSIEMBIX OpPraHHYECKUX Be-
IIECTB M3 CTOUHBIX BOJ TPOUCXOAUT C BBHICOKOH CKOPOCTBIO NYyTeM OObIu-
HOU IUdPy3UHM 3TUX BEILUECTB yepes IMOJyNpOHHULAaeMble MeMOpaHbl KJe-
TOK MHKpoopraHuamoB. CJIoKHble TPYAHOOKHCJIsSieMble OpPraHHYecKHe Be-
[lecTBa CNOCOOHBI IMPOHUKHYTH BHYTPb OaKTepHUaJbHOU KJETKHU TOJIBKO
nocje UX NpeaBapUTEJbLHOIO FHAPOJM3a UM NPUCOENHMHEHHS BelllecTBa K
cniendguyeckoMy 6esiky (3k3odepMeHTy), BhIIENSIEMOMY KIETKAMH HJa B
COCTaBe 3K30MoJUMepHOro rens. Yem cJioKHee COCTaB 3arpAsHAKLIMX
BellleCTB, MNPUCYTCTBYIOUMX B CTOYHOHU Boje, TeM OoJbllee KOJHYECTBO
pa3HOOOpa3sHbIX (DePMEHTOB BLIAENAETCS KAETKAMH HJa, CeJeKTHBHO BO3-
JEUCTBYIOIMX HA pas/MyHble BHIbBl OpPraHUUYEeCKUX 3arpa3HAIOIHUX Be-
[eCTB, TeM UHTEeHCUBHEe NPOUCXOAUT resieobpa3oBaHHe XJIONbAMU HJA.

B Tex cayyasx, Korga TpyJHOOKHC/ISIEMBIX OPraHMYECKHX BellleCTB
B OYHIIAEMBIX CTOUHBIX BOJAAX MPUCYTCTBYET CJAHIUKOM MHOTO WM OHH
BooOille He MOTYT OblTb (pepMEHTATHBHO OKHCJIEHBI, AKTUBHBLIK HMJI BhlJE-
JsieT HW30bITOYHOE KOJHUYECTBO 3K30(hepMeHTOB HAJY HalJlaXXUBaHUS MeXa-
HM3Ma pas3JjloXKeHHsI 3TUX BellecTB. B peaynpTate Mexny 6akTepualibHbI-
MU KJeTKaMM HJla HaKaljiiBaeTcsl U3ObITOYHOE KOJHYECTBO KOJJIOUAHOIO
PBIXJIOrO BelleCcTBa, KOTOPOe 3HadyUTeJIbHO YBeJaWuHBaeT OOIHMH o6beM
xnonbeB Hsa. [Ipu 3ToM oOuiui o6beM HAOBOH Macchl IpeBbilliaeT o06beM

TBepabiXx KoMmmoHeHTOB B 40—200 u 6osee pas. PasBuBaeTcsl resesoe
BCIIyXaHUe HJa.

[Tpu HopMasBbHO mMpoTekawuleM npouecce GHOJOrMYECKOH OUHCTKU
Bhijle/IeHHe TIOJMMEpPHOro rejis OGakTepusiMH MJa NoBuiiaercss (Ho He
ype3MepHO) INpH YBeJHYEHUH BpeMeHH aspaluM 3a CcueT IPOAJIEHHS
TpeTbeH CTaguu OHUOJIOTHUECKOM OYUCTKH, CTAAWH SHAOreHHOTro MHTaHUf
H CHHTe3a OaKTepHaJbHOM MacCCHl, a TakKXKe Ha CTalMH pereHepalyH HJa.
Ecau sarpsisusiloiiie BellecTBa MNPOMBIIJIEHHOIO NPOUCXOMKAEHMS, IpPH-
CYTCTBYIOLLIHE B CTOYHBIX BOZAX, HE TOJbKO TPYAHOOKHC/sSieMble, HO ellie
U TOKCHUYHBIE, Mpolecc rejeoOpasoBaHUsA HapyllaeTcs, XJOMbs HJa JHUC-
IeprupyroTcs, yXyAllaeTcsl HX 0CaXXAaeMOCTb, KOMIAKTHOCTb U (JIOKYJIS-
LY.

['eneBoe BcnyxaHHe JIerKO AUArHOCTHPYETCSl TIPH MHKPOCKOIIMPO-
BaHMH aKTHBHOIO HJa, €CJH ero Bbi3blBaloT OakTepuu poja Zoogloea.

PasBuTtHe BcnyxaHus, Bui3niBaeMoe Zoogloea ramigera, 6GbIIO 3aperuct-
puposaHo eille B 1998 r. H.A. bassikuHol, KoTopasi cBsi3ajla €ro BO3HHK-
HOBEHHE C HEJOCTAaTKOM PacTBOPEHHOI'O KHCJOpPOAa B HJIOBOH cMecH. [Tpu
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npeobnanaHuu APYrHX poaoB rejeobpasyomux OGakTepud YCTaHOBUTH
BCIIyXaHHE MOXHO TOJBKO MO YXYAIIEHUIO CeIMMEHTAalUHd Wia NPU OT-
ctaHBaHHH B LMyMHApe. CrielnduyecKol 0coOEHHOCTBIO TAKOro HJa fB-
JsieTcs: OepHoe BHAOBOE pasHooOpasue; TOHUXKEHHbIE OKHUCAUTEJbHbIE
CBOHCTBA H BBLICOKAs CTeNEHb KHCJIOPOAOIOIVIOWIEHUS; I1pO3Pa4YHOCTD
xjomnbeB. HutyaTele 6akTepuH B TAKOM HJe NPUCYTCTBYIOT B He3Hayu-
TeJIbHOM KOJIMYeCTBE UJHM OTCYTCTBYIOT NOJHOCTLIO.

Boicokast KUCJIOPOAONOT/IOUIa€MOCTb AKTUBHOIO WJia IPH PAa3BUTHH
reJIeBOTO BCIYXaHUSl CONPOBOXHAeTCH IOHHXeHHBIMU 3HaUYeHHUSMH CO-
Jlep’KaHysi PaCTBOPEHHOTD KHCJIOPOZ2 B WJOBOHM cMmecu (MHOrZa Ha (oxe
yIOBJETBOPHTE/IbHOM IOfAYH BO3AyXa B a3pOTEHKH). DTO 06YCJIOBIEHO
TeM, YTO 3HauHTe/IbHas 4acTh II0JaBaeMOro KHCJ0poaa Bo3yXa pacXony-
eTCsl Ha XeMOOKHUC/IEHHWe TPYIHOOKUCJISIEMBIX 3arpsisHslolldX BelllecTs,
KOTOphle, B CBOI0O oudepellb, OJIOKHPYIOT [blxaTesibHble (hepMeHTBl Opra-
HU3MOB aKTHUBHOTO HJIa, MOBHINAA UX NOTPeOHOCTHU B COLepPXKAHUHU KHCJIO-
poza.

Heduuur Kucjoposa fABJASETCS He IepBONPUYHMHOU TreJieBOro BCIY-
XaHUS UJIa, a4 TOJAbKO CJeJCTBUEM MeXaHH3Ma HAEHCTBUSI TOKCUKAHTOB Ha
aKTHWBHBIN HJI.

9.2. HutuaToe BCIyXaHue Mia

HuTyaTtoe BcriyxaHHe HJla BO3HHKaeT NpPH UPe3MEPHOM Pa3BUTHH H
HaKOIJIEHUH OPraHHU3MOB C HUTYATOU CTPYKTYPOH.

CrnenyeT OTMETHUTb, YTO BCIYXIUIHH WJ, XOTH M IJIOXO ocaxiaeTcs,
HO YHCTUT o4yeHb 3¢ deKTUBHO. HUTUaTble 06pa3oBaHUsA CO3[AOT PBIXJILIE
(boto 3, 4) OTKpHITBIE XJIOMbS ¢ PAasBUTOH ITOBEPXHOCTbIO H BHICOKOM
OKHCJIHTEJBbHOU cNocoOHOCThIO. [IpH uccienoBaHUM Benyxilero HJja B Jia-
60paTOPHOM UMJIMHIApE JIeTKO 3aMeTUTb, UTO HaAUJIOBas BOAA, KaK INPaBH-
JIO, 0OYeHb YyHcTas U 1npospayHas. OgHako, OTCYTCTBHE HaleXXHBIX KOHCT-
PYKIIHH BTOPHYHBIX OTCTOMHUKOB, 00eCneyHUBaIOUIMX OTAeJIeHHe BCIyXIIe-
ro Wjaa OT OYHUIEHHOH BOJbI, HE MO3BOJIIET BOCIMOJbL30BaTbCHA CBOHCTBOM
HUTYATBIX OPTaHU3MOB XOPOIUO OYHIIATb CTOYHBIE BOJHI.

Benyxanye usa BHI3BIBAIOT 0K0JIO 30 BUAOB HUTYATHIX OPraHU3MOB.
Haubosnee pacrnpocTpaHeHHble H3 HUX NpejcTaBJieHBl B Tabu. 1. d1tu op-
raHU3Mbl, B OCHOBHOM, SBJIAIOTCSl IPeACTABUTEJSIMH TpeX TaKCOHOMHYe-
CKMX rpynmn: 6akTepuH, BofopocseH, rpuboB. BenyxaHve BbISHIBAIOT XJa-
munobakTepun popa Sphaerotilus, Thiothrix, Beggiatoa, HHTYaTHeE CH-
He3eJIeHble BOLOPOCJH H canpodUTHLIe IpHOBI.

Yaime Bcero BcTpeyaeTcsl BecnyxaHHe HJa, 00Yyc/IOBJIEHHOE pa3BH-

THeM  xsamunoGakrtepu#t  (mpencraButesu  ponos  Sphaerotilus,
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Beggiatoa, Thiothrix, Tun 021N u T.1.). D10 Haubosee pacnpocTpaHeH-
Hble HATUYATbhle MUKPOOPTraHU3MBl, KOTOpble 3aHUMAIOT MHUIIEBYI0 HHUIIY re-
neobpasywlled canpo@UTHOU MHUKPOQJOpsl B OHOLIeHO3e aKTHBHOIO Ma,
KOorga oHa rufHeT WM TOBpexAaeTcs IOoJ BO3JeUCTBHeM Hebjaronpusr-
HBIX (akTopoB (HemOCTaTOK KHCJOpOAa, HajJH4YHe TOKCHYECKHX BellecTs,
BLICOKHE KOHLEHTPAUUH JIETKOOKUC/SEeMbIX OPraHHYeCKHUX 3arpsi3HSILIMX
BeILleCTB).

Tabauya I
HuryaTele MUKpoopraHuaMel, HauboJiee 4acTO BHI3bIBAKOIIHE BCIYXaHUe

uia (B nopsiake y6bBaHUs PaclpOCTPAHEHHOCTH)

Nen/m HanMeHopaHHe TaKCOHOB

Sohaerotilus natans (dboto 7)
Tun 021N (doto 5)

Thiothrix sp. (dboTo 8)
Beggiatoa
Microthrix parvicella

tun 1701
tun 0041

Nocardia sp.
Fungi (¢boto 10)
Cyanophyta

|

— e -

Ol OO Ot W} COBD] =

frmtacd

XnaMUao06aKTepUHd XapaKTepPU3YIOTCH TPUXOMHBIM CTPOEHHEM OT-
neabHBIX ocofer. TpUXOMBI NpeAcTaBAAT cOOOH HUTb, COCTABJIEHHYIO U3
OTHAEJbHBIX KJIETOK, HaXOASIIMXCH B TaKOM TECHOM KOHTaKTe APYr C ApPY-
['OM, UTO OTHEeJIbHbiE KJEeTKH TPUXOMOB PeIKO HHIUBHUAYAJHU3UPYIOTCS Kak
caMmocTosiTeJibHBle opraHuaMel  (doro 5). CkoJbssipe, TMOABUXKHbBIE

Thiothrix u Beggiatoa pasavuyalTCs TOJILMHOW HUTEH, CerMeHTauHeld H
pacrnoJioxKeHrueM B HHUX rpanyJ cephl. CepobakTepuu CrocOOHB OKUCJSATH
MHHepaJibHble COeIUHEeHHUs cepbl, 00JIaflaloT YCTOMUYUBOCTBIO K BO3JEHCT-
BUIO TOKCHYHBIX BelECTB M HefOoCTaTKy KucJsopona. Ilpu ABUXKeHHUH Ha-
G/rofaeTcs XapaKTepHbIM U3ru6 KaeTKH B (opMe AYTH M ABHXKEHHE BIIe-
pell H30THYTOH YacThio (doto 6).

HuTyatele 6akrepuu pona Sphaerotilus Haunbosee 4acToO, HO B He-
3HaYHUTEJbHOM KOJIHYeCTBe BCTpeyawTcsd B OOLIUHOM aKTHBHOM HJie. He-
IIONBUXKHBIE TPUXOMBI Sphaerotilus natans obpasyioT MOABHXKHBIE OLHO-

KJIeTOYHbl€ TOHMAUH, CHaOXeHHble NMy4KOM XI'YTHKOB. Hutu Sphaerotilus

natans ofeThl CAH3HCTHIM YexJioM (doTo 7), UMEIT JIOKHOE BeTBJEHHE

(6osee penkoe B ycJOBUSX OGMJHS JIETKO YCBOSEMBIX OPTaHHYECKUX Be-
ecTB U 6oJiee yacToe IPH MX HH3KOM KoHleHTpauuH) (Pasymos, 1957).

[lo Bcelt anMHe HUTH KJeTKa Sphaerotilus natans paBHOro auaMerpa.
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Cunesenenbie Bopopocsiu Cyanophyta, BciaelcTBHe CIOCOOHOCTH
nepexoJuTb K (POTOCHHTE3y, CXOAHOMY C OakTepHaJbHbIM, BBICOKOH Yyc-
TOMYMBOCTH K BO3IEHCTBHIO HeGsaronpusitHeix axkropos (Temmepartypa,
[11eJJOYHOCTb Cpellbl, TOKCHUKAaHTh M T.K.) MOTYT JOCTHMraTh 3HAYUTEJbHOM
YYUCJECHHOCTH B aKTHMBHOM HJIe a3pPOTEHKOB ¥ BHI3LIBAThH BCIYXaHWeE; OHU
e, Kak [PaBHJIO, BBI3BIBAIOT ' LiBeTeHHe BOHoeMOB. HHUTWYaToe TpUXOM-
HOEe CTPOEHHE TeJa, CIIOCOOHOCTD K CKOJb3SALEMY ABHKEHHIO, OTCYTCTBHE
HACTOAILIMX SiIep, XJOPOIJIACTOB U BaKyoJieH, 3alOoJHEeHHBIX KJEeTOYHBLIM

cokoMm, vy Cyanophyta HacTOJbKO MOpQoJord4ecku oObeaUHSIET HX C
HUTYATBIMHM XJaMUI00aKTepUAMH, UTO NIPU MHUKPOCKOIIMYECKOM HCCJIeNO-

BaHMKM HX 3ayacTyio TpyaHo paspeautb. Obocobasier Cyanophyta ot
6aKTepHH TOJbKO HaJHYHe OKCHUIeHHOro (OoTOCHHTE3a U 3HAUHUTeJbHas
YyCTOHYHBOCTb K TOKCHKaHTaM, YTO I[IO3BOJISIET UM pPa3BUBATLCH B YCJIOBH-
X HempHrogHelx ajst 6aktepud. [Ipy MHUKpocKonmHyeckoM HccJeAOBaHHH
MOKHO OOHAapYXHTh Y BOHOPOCJ/IeH rasoBble BaKyoJd W BpacTaHHE BHYT-
PEHHHX CJI0EB MHOTOCJOHHOH 0OOJIOUKHM BHYTpPb KJETKH IIPH ee JeJIeHUH.

TpynHo otTpenuTh OT poma Sphaerotilus TopMOroHHeBble BOAOPOC/U
Tolypothrix. HanboJsiee yacTo BHI3BIBAIOT BCIyXaHUe CHHe3eJsIeHble BOJO-

pocau ponoB Anabaena, Aphanizomenon, Microcystis.

CanpoduTHbie TpHObl CIIOCOOHB! BHI3BIBATH BCIYXaHHe AKTHBHOIO
Hjla M3-3a HHTYATOrO CTpoeHHs TajoMa (¢oto 11), ogHako Takoe Bcmy-
XaHHe BCTpedaeTcs JOCTAaTOYHO pefKO, IMOCKOJBKY OOYCJIOBJIEHO CIIelH-

(DUYECKUMH MPHUYHHAMH, PEeIKO IMPHCYTCTBYIOIIMMH Ha COODPYXEHHSX
6uosiorudeckoil ouncTku (cM. paspea 10).

10. IlpuyuHEl, BhI3bIBAIONIYE BCIIYXaHNe aKTHBHOIO HJjia,
M OCHOBHBIE (PAKTOPLI, CHOCOOCTBYIONIVIE €r0 PA3BHUTHIO

[Tpeobnagamiu¥ pPOCT HUTYATHIX OPraHU3MOB B aKTHBHOM HJle
IPOMCXOLUT B COOTBETCTBUM C IIPHUHUMIIAMH KOHKYPEHUHH BHAOB CMe-
[IaHHOW IONYJSAUMH C BLICOKOM MJIOTHOCTbIO HacesieHWSl. KoHlUeHTpauus
MHKpoopraHusMoB B 1 cm3 usoBo# cmecu pgocturaer 1010—1011 xnerok,
4YTO 3HAUUTENbHO IpeBHIIaeT OMOMAacCy OpPraHU3MOB B TPUPOAHBIX Cpe-
fax. XJofbsfi aKTHBHOIO WJjia TPEeACTaBJSAI0T COOOH CHOXKHbBIE MHUKPOOHbBIE
accolMaly, BHYTPH KOTOPHIX CKJ/IafBIBAlOTCH pPasHOOOpasHble B3aHMOOT-
HOILIEHHWs], BKJIIOYasl KOHKYDEHTHble M aHTaroHHUcTH4yeckHe. XapakTrep
KOHKYPEHTHBIX OTHOLUEHHH Yy OaKTepuH Hia pasUUHBbIX CHCTEMaTHUECKUX
rpynn Ha ¢oHe H300MJIHSA NHUUIM H [TOLABAEMOro KUCJOpOJAa ONpelessieTcs
O6HOJIOTHYEeCKUMH OCOGEHHOCTAMHM MHUKPOOPraHH3MOB IIPH TIOCTOSHHOM
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TAHOBJIEHHUS IPUYHMH, BBHI3LIBAIOLIMX BCIIyXaHUe, YTO obecrneynBaeTcs Inpa-
BUJIbHOH JHAarHOCTUKOW pPOJOBOM [IPHHANJMEXHOCTH BHI3bIBAIOIIHUX €ro
HUTYATbIX OPraHU3MOB IIPU THAPOOHOJIOTHYECKOM aHajH3e HJa.

[Ipy BO3HMKHOBEHUM TeJIeBOTO BCIYXaHHUSI cJieyeT BBHIIBUTb HC-
TOYHHMKH MOCTYIJIEHHSI B CTOYHBlE BOJABl TPYAHOOKHCJSAEMBX HJIH HEOKHC-
JsieMbhX OHOJIOrHYeCKHM CcIocoO0OM IPOMBILJIEHHBIX 3arps3HAIOIHX Be-
LIeCTB U paspaboTaTb MepOIPHUATUS IO JIOKAJbHOMY HUX YIaJIEHHK) Herio-
CPEACTBEHHO H3 CTOYHBIX BOJ TPOMBILIJIEHHOrO TMpeANnpHsATHS mepen
cOpocoM B cucTeMbl KaHa/u3auyu. s npoduiakTHKK BO3HUKHOBEHHS
reJIeBOro BCIYXaHHS Ha CTaAUM IPOEKTUPOBAHMUSI COOPYXKEeHUM OHOJIOTHU-
YeCKOM OYMCTKU ¢ a3POTEHKAMHU JOJXKHO OblThb cobuiofeHo TpeboBaHuUe
CHuIT 2.04.03-85: “orHomienue XIIK x BIIKs B nmocTtynawmend Ha O4YHCT-
Ky Bofle HOXKHO ObiTh He Gosee 1,5”. Ecnu 3To Tpe6oBaHHe He cobiiio-
naetTcsi, HeoOXOAYMO IpeAyCMOTDPETh JIOKANbHbIE OUYUCTHBLIE COOPYIKEHHS
Ha NIPeANPUSITUSX CO CJOXHBIM NPOMBILIJIEHHBIM COCTABOM CTOYHBIX BOJ,.

Haubonee TpynHO JHUKBHAMPOBATb XPOHHYECKOE BCIyXaHue, TI0-
CKOJIbKY TpebyeTcs WM TeXHUUecKas PeKOHCTPYKLHUHA OUUCTHBIX COOPY-
XKEHHUH, WM NnpelBapUTesibHasi OYHUCTKA CTOYHHIX BOJ JO MX IOCTYIJIEHUS
Ha COOpYXeHusi OMOJIOrMYeCKOM OYMCTKU WM ABYXCTYNeHYaTas OUYMCTKA
c pereHepauueii He MeHee 50% una.

[[Iupoko pacrnpocTpaHeHHoe NpUMeHeHHe sl 60pbOLl ¢ HHUTYATHIM
BCITyXaHHeM y6uBanoux Mukpoduopy cpencts (Chudoba, 1985) xnopHoi
H3BeCTH, KapOoJOBOU KHUCJIOTH He JaeT HaleXHOTro IOJOXUTEJNbHOro 3d-
¢eKTa, MOCKOJBKY I[IpU 3TOM HEBO3MOXHO H306MpaTeJIbHO YHHUTOXHUTH
HUTYaThIX OaKTepHH, CTpajaeT Becb OHOLEHOS aKTUBHOIO HJa, YTO Hapy-
Ia€T €ro OKUCJHTEJNbHYIO MOIIHOCTb Y IOAABJISieT BeCh NpOLECC OYHUCTKH
Ha 2—4 Hegeau. Kpome Toro, B pesyJabTaTe XJOPHUPOBAHHS AKTHBHOIO
HJla Pe3KO BO3pacTaeT TOKCHUHOCTb OYMllleHHOM Boasl. OgHaKo, B Ha-
cTodilee BpeMmsi B cTpaHax EBpomneiickoro coobuiectBa u CIUA ato Hawu-
OoJiee pacrpocTpaHeHHbIM crnoco® OopbpObl ¢ HUTYATHIM BCIYXaHHEM
(Switzebaum, 1992). XnopHpoBaHHe He MOXKET AaThb 3(P(PEeKTHBHOIO pe-
3yJIbTaTa, MOCKOJIbKY He YCTpaHseT OCHOBHBEIE IPHYHMHBI, BbI3bIBAKOIIHE
BciyxaHue Wia. [lom BospmedcTBHeM XJjopa HUTyaThle GakTepuu Moruba-
I0T, OJHAKO IVIaBHasl I[pUYHHA, BLI3bIBAIOIIAs BCIYXaHHE, COXpaHseTcCH
HJIH MOXKET IMepHOJHYEeCKH BO30OHOBJIATL AEUCTBHE, BCIYXaHHE peryJisip-
HO MOBTOPsieTCA HJIH rocTostHHO npHcyreTByeT Ha BOC. Takum o6pasom,
Oopnba ¢ nocJsieficTBHEM, a He C NPHUYMHAMH, BHI3HLIBAIOLIMMH BCIIyXaHHe,
He MOXKeT IIPHHECTH I10JIOXKHUTEeNbHbIX pe3yJbTaToB.

[TockosbKy BCIlyXaHue aKTHBHOTO HJa SIBJIAETCH OTKJHKOM 6Holle-
HO3a Ha HeOJarolpHATHbIE 3KOJOTHUECKHe YCJIOBUSA IJs1 CalpodUTHOH
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CMeHe 3KOJIOTHUECKMX YCJOBHH oburaHus (Harpyskd Ha aKTHBHBIH HJI,
HaJIMude TOKCHKAHTOB M T.I.).

B ynoBsieTBOpUTENbBHHX 3KOJIOFHYECKUX YCJOBHUSAX, a TaKxKe IIpH
He3HAUYUTeJbHOM BO3[eUCTBUH HeOJlaronpUATHHIX (DaKTOpoB B OHOLIEHO3€
AKTUBHOTO MJia NPEeUMYILEeCTBEHHOE Pa3BUTHE MOJY4YalOT reTepoTpodHbIe
canpoduTHole Oaktepuu. [lpucymias UM 6osee BbICOKass CKOPOCTb pas-
MHOXeHHUS M norpebyenus cyberpata (rabs. 2) mosBossieT KOHKYPEHTHO
BLITECHSITh U MHMHOUPOBATL PAa3BUTHE HUTYATHIX OPraHM3MOB, MJIOTHOCTH
KOTOPBIX TOHUXKAeTCS A0 MUHHMMAJbHHIX 3HaueHWH. B HopMmasbHO (YHK-
UMOHHPYIOLIEM HJe HUTYaThie He UMeloT npeobsajaiollero pocra, XOTS
nocTostHHO npucyretByoT B HeM (Eikelboom, 1982; Eikelboom, Buijsen,
1981; Sezgin et al., 1978). Takas GakrepuocTtaTHuyeckass ¢opMa NacCHB-
HOro aHTaroHW3aMa MeXIY CanpoPUTHBIMH H HUTYaTbiIMH OpPraHU3MaMU
aKTUBHOI'O HJia fIBJISETCS ABYCTOPOHHEHM, ITOCKOJbKY OHH NOOUEPEIHO BhI-
TeCHSII0T APYT JApyra rnpyv cMeHe YCJOBUM OOMTaHMUS. Y CJIOBUS, YrHETalo-
lIIHe POCT reTepOTPOPHHIX PaOKY/1000pa3yOWHKX capoDUTHEIX GaKTepUH,
MPUBOAAT K MX BBHITECHEHHUI0 M NOMUHHPOBAHUI0 HHUTYaThiX OakTepuu, 0o-
Jlee YCTOWYMBHIX K BO3NEUCTBUIO HebJaronpUsTHeIX hakTopoB. K ycioBu-
M, CIOCOOCTBYIOIIMM pPa3BUTUIO HUTUATOrO BCIYXaHUSA CJefyeT, B Mep-
BYI0 oyepelb, OTHECTH BBICOKHE Harpy3KM Ha AaKTHBHbIH WJ, Hajluuyue
TOKCUKAHTOB B OYHUIAaeMbIX CTOUHBIX BOZAX, WX MOJKUCJeHHe K AuchHa-
JaHC NMUTaTeJbHLIX BellecTB.

PaspuTHe BcnyxXaHUs, 3ak/royarlleecs B Ype3MEepPHOM HAKOIJIEHUH
HUTYATBIX OPraHU3MOB, — 3TO ajantauusi OHoLleHO3a aKTHBHOrO HJa K
HeOJIaronpUATHLEIM YCJIOBUSAM. TakuM o6pasoM, B OHOpeakTopax Helpe-
DBIBHO TPOUCXOAUT CaMOIIPOM3BOJIbHAS CeJIeKLHUS OpPraHu3MOB HJa, (op-
MUDYIONIAs POCT, HaKOIJIeHWe OTHEeNbHBIX TpyIn, Haubosiee npUCIOCob-
JEHHBIX K KOHKPEeTHbIM 3KOJIOTHYeCKHMM YycJoBHUsM. VIHTeHCHUBHOCTbL ce-
JEeKIHK 3aBHCHT OT (PHU3HOJIOTHUECKHUX XAPAKTEPHCTHK OTHAEJbHBIX I'DYIII
opradiu3MoB. K OCHOBHBIM TakKHM XapaKT€PHCTHKaM MOXHO OTHeCTH: 1)
crielindUYeCcKyI0 CKOPOCTh PasMHOXKEHHS, 2) CKOpPOCTb IOTJIOUIeHHs CYO-
cTpara, 3) croco6HOCTh K HAKOIJIEHMIO M COXPaHeHMI0 cybeTpaTa M IIpo-
IYKTOB MeTaGoJsnaMa, 4) yCTORUUBOCTb K HENOCTATKY PACTBOPEHHOIO KH-
cJIOpOfia U TOKCHKaHTaM (tabu. 2).

XapaKkTepHLIMH (U3HOJIOTHYECKHUMH OCOOEHHOCTAMH XJaMHA06aK-
TEpHUH SABJAIOTCS: MeJJieHHoe MNoTpebyieHHe cyOcTpaTa U IO3TOMY TOJe-
PAHTHOCTb K BBHICOKMM COAEPXKAHHUSM pPACTBOPEHHbIX OpPraHUYECKHX 3a-
FPSIBHSAIOLIMX BeLIeCTB B OKpyKawliled cpefie; 6ojiee BBICOKHH YPOBEHb
MeTabo/IH3Ma W YCTOMUMBOCTH K BO3IEeHCTBHI0O TOKCHKaHTOB (crocob-
HOCTb OBICTPO BBIBOAUTb TOKCHHBI) B CPaBHEHHH C TreTepOTPO(HOH MHUK-
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podJopoH. ¥ CTOMUUBOCTL K TOKCHKAaHTaM OCOOEHHO BHIpaXKeHa y Cepo-
G6aktepuH. lIpH BO3AEeHMCTBHUM TOKCHKAHTOB HapyluaeTcsi GAOKYJIALHS
XJIOTib€B MJIa 4 NOBpexKiaaeTcs cHcTeMa 00pa3oBaHHSI MOJHCAXapHIHOTO
rejisi KJeTKaMH reTepoTpodHbX OakTepul, YyTo ycyrybJssieT AUCIEPrupo-
BaHHWE XJIONbeB M TMOBLILIAET BO3MOXHOCTb AOCTyNa TOKCHKAHTOB HEIO-
CpelCTBEHHO K OakTepHa/IbHbIM KJeTKaM. B cBol ouepeiab, pasBuTHE
HUTUYATBIX OaKTepuM TakKKe I[PUBOJUT K HApPYIIEHHUI0 KOMINAKTHOCTH
XJI0nbeB HJa, YTO OOYCJOBJEHO CIHOCOOHOCTBIO reTepOTPOHOU MHKPO-
dyiopsl  GIOKYJIMPOBATh BOKPYr HUTeN xyamupobakrepuit (doto 3, 4).
Kpome Toro, misg HUTYATBIX OakTepUH XapaKTepHbl TOHKHE HHUTH JUaMeT-
poM 1—60 MKM, no3TOMy OHH CHabKarOTCS PaCTBOPEHHBIM KUCJIOPOIOM
nydile, yeM 6aktepuu B ¢uokynax uaa auamerpoM ot 100 mo 400 mxm
(Chudoba, 1985). dta ocobeHHOCTb MO3BOJSIET XJAMHLOOAKTEPHAM yc-
[MelIHO KOHKYPUPOBaAThb C reTepoTpPodHOH MHKPOJIOPOH B YCJAOBUAX Je-
duLUTa pacCTBOPEHHOI0O KHCJIOpOAA.

Tabauya 2
OcHOBHbIE PasJUUKs B (PU3HOJOTHUECKUX XapPaKTePUCTHUKAX calnpodHTHOH
resieo6Gpasyioiied MUKpoJIopsl U XJ1aMHA0GaKTepHii aKTHBHOIO HJa™

XapakTepUCTUKH Canpodutnsle | Xiaamupo-
GaKTepUM 6aKTepuH
CxopocTb notpebyieHus cyberpara BBICOKafl HHU3Kas

CrneiichHueckass CKOPOCTh DA3MHOXKEHHUA BEICOKAS

DHNOreHHas" CKOPOCTh pasjioXeHnus cyberpata (Ha|  Bricokas
CTafUH SHOOTeHHOro MHUTAHHA C IOMOUILI0 ¢ep-
MEHTOB)

HUA B HHU3KOKOHUEHTPHPOBAHHBIX cyHCTpaTax

HU3Kas
CHuXeHHe cneuHdHyeCKOM CKOPOCTH pa3MHOXKe- | 3HaUHTENbHOE
HUS NPH HH3KUX KOHLUEHTPAUUSAX paCTBOPEHHOIO
KUcaopoaa

CrnocoOHOCTL HMHTEHCHBHO cOopOUpPOBATH OpPraHM-

YeCKHE BellecTBa B cpefe C H3OLITOYHBIM HX CO-
NKaHUEM

HHU3Kas

yMepeHHOoe

BLICOKAS
yMepeHHoe

BhICOKAas HHU3Kad

CriocoOHOCTb MCMOJIL30BaTh HHUTPaThl KakK akler- HeT
TOP 3JIEKTPOHOB
O6unbHoe norpebiieHue ¢ocdopa, noTpeOGHOCTD B | HeT

€ro 10CTATOYHOM COoJepxXaHHH

HecMoTps Ha cxoxue ¢duaMoNOTHYeCKHe XapaKTePUCTHKH BCEX PO-
OB XJaMHI0OaKTepUi, yKasaHHble B Tabus. 2, KaXObIH poJ HMMEEeT CBOH

" Tabnuua puBejieHa ¢ H3MEHEHUSMH Mo uccheposaHuio Sykes J.C. The use of biological selector technology to

minimize sludge bulking. In: Biological nitrogen and phosphorus Removal: The Florida Experience. 1989.
TREEO Center, University of Florida.
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criemupuyeckue OCOOEHHOCTH U olNpe/ie/JeHHYIO YCTOMYUBOCTbL K BO3JAEH-
CTBUIO pa3HooOpa3HbIX (PakTopoB. [loaTOMYy NpU AOMHMHHPOBAHHUU KaKOro-
ar00 ¢akTopa BO3HUKAaeT BCIyXaHUe, Bbl3blBaeMoe ornpefesieHHbIM POJOM
xynaMmunobakrepuit, HauboJsiee MPUCIIOCOONEHHBX K KOHKPETHHIM 3KOJIOTH-
YeCKUM YCJOBHUSAM, YTO I1103BOJIIET NpPU ONpeleseHHH poAa AOMHUHHHPYIO-
IUKMX HHTYATHIX OPraHU3MOB YTOYHMUTb MPHUYMUHBI BCNyXaHHUs U pa3pabo-
TaTb MePOINPHUATUA 10 €ro NnoaaBJIeHHUIO.

Cnoco6HocTh 6HOLIEHO3a AKTHBHOTI'O HMJa OCBOOOXKIATBHCS OT BHICO-
KX KOHLUEHTPAalUH JIEFKOOKHC/IIEMbIX OPraHU4YeCKHX BelleCTB B CTOUHBIX
Bogax  ob6ycjoBJjieHa  aKTHBHOCTbIO  HUTYaThiX  OGakTepun  pona

Sphaerotilus, ux 6ypHbiM poctoM. OCHOBHas NPHUYHMHA YPE3MEPHOIO pas-

BUTHS XJamMujpobakTepuu pona Sphaerotilus B aKkTUBHOM HJjie — 3TO IIO-
CTyMaIlfe Ha OYHCTKY CTOYHBIE BOMABl, COIEepKallhe BbICOKOKOHIIEHTPH-
POBaHHBIE CMECH OpraHWYeCcKHX 3arps3HAIMX BelLIeCTB NPH KOPOTKOM
BPEMEHH KOHTAKTa HX C aKTHBHBIM WJIOM, MOCJeAyIOWMU AucbanaHc Me-
KOy CcopOLHed 3arps3HSIONIMX BelIeCTB M HX OKHUCJeHHeM OHOTOM HJia

(Houtmeyers, 1978; Chudoba et al., 1982; Jenkins, 1984).

DTOT BUJ HUTYATOrO BCINYXaHHSH, nep8oiii 10 paclpoCTPaHEHHOCTH,
BhI3bIBaeMbIH XJaMupobakTepHsMu poxa Sphaerotilus u BosHMKawIWMHU 1O
[IPUYMHE TIIOBBLILIEHHOTO COAEPXKAHUA JIETKOOKUC/SEeMbIX 3arps3HAKIINX
BEIIECTB B CTOYHBIX BOJAaX, KOTOpble AKTUBHBIM HJ aacopOUpyeT, HO
OKUCJHTbL He YycneBaeT, HauboJjiee pacnpoCcTpaHeH Ha COODPYXeHHSX,
OYMUILJAKOLIMX CTOYHBIE BOJABI IIHMUIEBOH, KOHCEPBHOM IPOMBILIJIEHHOCTH,
[IMBOBapeHHBIX U CaxXapHbIX 3aBOJOB.

OpraHydyeckyde BellecTBa, MOCTYNAIOLIMe B a3POTEHKH, [epBOHa-
YaJibHO aficOpPOHPYIOTCA Ha MOBEPXHOCTH WJIOBHIX YacTHL, NpeobpasyroTcs
sK3opepMeHTaMH, Mocje udero TpaHchopmupyioTess B Kiaetky (Busby,
Andrews, 1975; Dold et al., 1980). Ancop6uus 3arpsisHAOIUKMX BELIECTB,
KaK [paBuJo, 3aHHMaeT MeHbilie BpeMeHH, UeM UX OKHcJeHUe. B TeueHHe
nepBulXx 0,50—2 yacoB KoHTakTa O0JBLUHHCTBA pacTBOPEHHBIX OpraHH4ye-
CKHUX 3arpsi3HSIIOLIMX BeIUECTB C aKTHBHBLIM HJOM IPOUCXOAUT copbuus
puMeced akTHUBHoOU Ouomaccou. OpHako Ha UX OKHCJeHHe Tpebyetcs
3Ha4YUTeJIbHOE BpeMsi, KOTOPOro 4acTO HeJOCTAaTOYHO, MOCKOJbKY HJ Ha-
XOJHUTCA B a’poTeHKax ToJIbKo 3—38 4YacoB. B cucTeMax ¢ pereHeparopa-
MM BCIIyXaHHe HJla BCTpedaeTcs pexe HK3-3a YIYUILEHUS YCJAOBUU MIJis
OKHCJIEHHS] 3arpaAsHAIMX BellecTB. Ha QoHe mneperpyskd akTUBHOI'O
KJla 110 JIETKOOKHCJIIEMBIM 3arpsA3HSIOIUMM BelleCTBaM W HapylueHHs Oa-

JJaHCA MeXAY HX copbuHed U OKUCJeHHEM B HJOBOH CMECH BO3HHKAaeT
He(PULUHUT KUCJIOPOAA.
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[Torpebnenye Kucjopoia HAET CO CKOPOCTbIO, COOTBETCTBYIOLIEH
BLICOKOM CTeNeHU H3bsTHA cyOcTpaTa B HayajbHbLIM Nepuoin copbuuu 3a-
TPASHAIOIIMX BellfecTB. 3aTeM yCTaHaBJWBaeTCH paBHOBecHe MEXAY CKO-
POCTBIO NMOTpeb/ieHUsI KUCAOPOAa U CKOPOCTHIO OKHUCJAEHUSA cyOcTpaTa, 4To
COOTBETCTBYET 3aBeplIeHUI0 OHopasiioxXeHUs 6uomMaccor copOUpPOBaHHOrO
cybctpata. Ecau Takoro paBHOBeCHsl He HACTyNaeT, YIHETAKTCS CeTepo-
TpohHble MHKPOOPTaHH3Mbl U HX 3KOJIOTHUYECKYIO HHINY 3aHUMANOT XJia-
MHAOOAKTEPHUH a3poObl, KOTOPbIM CBOMCTBEHHA HH3Kas CKOPOCTb copObuuu
U norpebsenusa cybcTparta, a TakxKe YCTOMYHUBOCTb K HENOCTAaTKY KHCJIO-
pona (Sezgin et al., 1978).

Bmopoii no pacnpoCTpaHEHHOCTH BHJ HHUTYATOIO BCIyXaHUS, Tak-
’Ke BBI3BIBAEMBIM XJIaMHUA00aKTepUSIMH, HO YyKe cepobaKTepUsIMH POIOB

Thiothrix, Beggiatoa, Tunom O2IN H gp., BO3HHKaeT NpPH BO3NEHCTBUHU
TOKCHYHBIX BellleCTB, HAeHCTBHe KOTOPBIX He OrpaHUYHBAETCH TOJBKO
CHHXKeHHEM ¢epMEHTATHBHON AKTUBHOCTH HJa, HapylUleHUEM IIPOLIECCOB
IPOAYUHPOBAHUS 9K30IMOJUMEPHOro resiss ¥ QJIOKYJNALMH XJOMbEB HJa, HO
A CONPOBOXKIAeTCS HaKOIIEHHeM B HJie YCTOMYHUBHIX K TOKCHKAaHTaM
XnaMugo6aKkTepUH WIH, ellle Gojiee ToJePaHTHBIX, CUHE3€JIEHBIX BOLOPOC-
neit (Cyanophyta).

Tpemuil BUE BCNYXaHUS IIPOBOLUPYETCS COCTABOM CTOYHBIX BOJ,
nucbalaHCHPOBAHHBIX IO 3JIEMEHTaM MUTaHUA AJS aKTHBHOTO HJa.

HenocraTok asora u ¢ocdopa 3amennsieT pocT canpodUTHEIX Gak-
TEPUH U CHOCOOCTBYET MACCOBOMY pPA3BHUTHI0 HHUTHYATHIX OPraHH3MOB C
HU3KUMH MOTPeOHOCTAMH K colepKaHHUI0O OUOreHHLIX BellecTB B IIHTa-
TeJbHOM cybctpaTte. Takoe BcnyXxaHue HJjia CONPOBOXKAAETCSH CHHXKEHHEM
ero OKHCJIUTEJIbHOM CIIOCOOHOCTH M COKpallleHHeM IpHpOoCTa Hia, CJejio-
BaTeJIbHO, YBeJIHUEHUEM YIeJbHBIX Harpy3ok Ha Hero. [lias mpemynpexx-
NEeHUS TOJOJaHHUs WJia IO INpHYMHe HelocTaTKa OHOreHHbIX BellleCTB cJie-
ayeT obpalliaTh BHHMaHHe Ha pabOTy NepBUUHBLIX OTCTOMHHKOB, COAEPKa-
Hye B3BellleHHBIX BelIeCTB B BLIXOASILEM W3 HHUX BOJIe He JOJXKHO OHITb
menee 100 mMr/am3. A TakKe He JOJMKHB 3HAYMUTEJbHO M3BIMATBHCS Jier-
KOOKHCJISieMble BellecTBa B NpeaspaTopax, OUokoaryastopax 4 T.4., T.e.
B COOPYXKEHHUSIX, YCTaHABIUBaeMbIX 10 a3POTEHKOB.

B Tex cusyyasix, Korja HM30OLITOUHBIA HJ MOJAaeTCs B “TOJIOBY~ CO-
OpYKeHHUH, aucbaniaHC MUTAHUA AJI aKTHBHOIO HJla BHI3LIBAETCH TEM, YTO
HJI, HanpabJsieMbid B IIepBHUHblE OTCTOHMHHKH, TOTpebiseT HauGoJee
JIETKO OKHCJIIEMYI0 OPraHMKY Ha CTaluH NepBHYHOI'O OTCTauBaHHSf, B pe-
3yJbTaTe CTOYHass BOJA IIOCTYyIlaeT B a’POTEHKH C H3bSTOH HauboJee
[IeHHOH AJIA NMUTaHHS YaCTbI0 OPraHUYeCKHX 3arpsisHeHHH, YTO TaKXXe Bbi-
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3blBaeT OYpHOE pa3sBHUTUE B HJIe a3POTEHKOB HUTUATHIX XJaMHAo00aKTepHH,
YCTOMYHUBBLIX K HEJOCTAaTKY JerkopassjaraeMou OpPraHMKH B CTOYHBIX BO-
nax. Ilomaya KW36LITOUYHOrO aKTHBHOIO HJia B NEePBHYHbLIE OTCTOHHUKH —-
IOCTAaTOYHO paclpocTpaHeHHasi cXxeMa 3KCIIyaTalWH COOPYXeHHH 6Ho-
JIOTHUECKOH OYHUCTKH. ke ucnosb3oBaHhe o0ycCJ/OBJEHO TeM, UYTO aKTHB-
HBIM W/l — XOPOIIUU KOATYJSHT U CYUeCTBEHHO yiydyuiaeT 3ddekT nep-
BUYHOI'O OCBETJIEHHS CTOYHLIX BOL. KpoMe TOro, COBMecTHOe YIJIOTHEHHE
ChIDOTO OCajika ¥ HM30BITOYHOI'O MNa AaeT BO3MOXKHOCTb COKPaTUTh OOILIMH
06beM OCaIKOB 3a CcYET YMeHblLIEHUs BJIaXKHOCTH cMecd ocainkoB. OpHa-
KO, TIPH MPaKTHYECKOM HCIIOJIb30BAHUM 3TOTO MeTOHa B [IOAABJSIOIIEM
OOJBIIMHCTBE CJydyaeB HabJiofaeTcsl HapylleHHe Ipouecca OYHMCTKH 10
BCEM 3BEHbSIM COOPYXEHHH, II0CKOJIbKY H30BITOYHOIO HJa MOAAaeTCH B
[IepBUYHBIE OTCTOMHHMKHM 3HauMTesJbHO Gosbuie (B Hopme He Gosee 20%
OT O6LUEro KOJIMYecTBa), a B pe3y/bTaTe OCalOK 3arHHBAeT, YBeJHUHBa-
eTCS1 BBIHOC B3BelUeHHBLIX BellleCTB M3 MEePBUYHLIX OTCTOMHHUKOB, B a3po-
TeHKaX pas3BHBaeTCs BCIyXaHHe HJla M, cJelloBaTesJbHO, HapyllaeTcs pa-
60Ta BTOPUYHBIX OTCTOWHHUKOB.

[Ipy nomaye H36LITOYHOrO AKTHBHOI'O HJa B IepBUYHLIE OTCTOMHH-
KM CJiefyeT YYHUTbIBaTb, YTO 3Ta CXeMa IIpUMEHHMa TOJbKO B CJyyae Ha-
JUYHS BBICOKOKOHLIEHTPHPOBAHHKIX CTOYHHIX BOJ, IOCTYNAOUIHX HA OYU-
CTKY U UX HeYIOBJIETBOPUTEJLHOIO OcBeT/ieHHSI. Heobxopumbll obbeM
U3OBITOYHOIO HJd, HaNpaBasfeMOro B IepBHUHLIE OTCTOMHHMKM, HOJIXKEH
ObIThb onpeje/ieH Ha OCHOBAaHHMM 3KCIIepUMeHTa/bHBIX AaHHbIX. [l co-
KpailleHus1 obuiero ob6beMa ocaikoB Oojiee 3(h(HeKTHBHO HCIIOJb30BaTbh OT-
IEeJIbHO CTOSIIUMe YIJIOTHUTEJH CMEeCH ChIPOro ocajgka M M30OLITOYHOTO WJa.

[Ipy XxpoHHMUYeCKOM BCIIYXaHHHM aKTHUBHOTO HJa CJIeAYET OTKa3aThCH
OT Nojayd H30LITOYHOI'O MJa B IEepPBHYHBIE OTCTOMHHUKHU JJIs1 obeclieueHUS
YyIOBJIETBOPUTEJBLHON pabOThli OUMCTHBIX COOPYKEHUM.

HYemsepmeotti BUA HUTUATOrO BCIYXAaHUSA CBSI3aH CO CIIOCOOHOCTHIO
cepobaKTepUHU OKHCJIATH COEIUHEHUS cepbl U HaKaIlJIMBaTb UX B BHUJE Ka-
reJjieK BHYTPU KJeToK. Hurt4yaToie dopMel GecLBeTHBEIX cepobakTepHH po-

nos Beggiatoa, Thiothrix 4acTo upe3MepHO Pa3BUBAIOTCH B CTOYHBLIX BO-

laX, COJAeprKallluX BOCCTAHOBJIEHHbIE COENMHEHHS CEPBl U CEepoCojepKa-
l[e OpraHuYecKHe BelllecTBa.

[Iametdi BUO HUTYATOTO BCHYXaHWsI, Ccanpod@UTHO-TPHOKOBOE
(doro 11), pasBuBaercs B KuCABX cTouHbX Bogax (mpu pH Mensue 5,0),
BO3MOYKHO TaKXe pa3BHUTHE IPUGKOBOrO BCIYXaHWUSA NPH HefoCTaTKe a3o-

Ta Kak 3JleMeHTa NMUTaHUs akKTUBHOro ujaa. OCHOBHble NMPUYHHBI HHTYATO-
ro BCIyXaHUS IpHUBeleHbl B TabJ. 3.
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Tabruua 3
[TpyyuHEl, BLI3BIBAOLIME HUTYATOE BCIYXaHHE aKTHBHOrO HJa
OcHoBHble $haKTOpH!

|. BHICOKHe Harpy3Kd Ha aKTHBHBIH HJI
Kax
2. HenocTaTOK NMHTATEJLHBIX BeLECTB B
cTOuHHX Bomax (asot, docdop) reHepalHs HJa
uia

4. Crounnie Bogul ¢ pH Menee 5,0 4. OTtcyTCcTBHE peXHMa BHTECHEHHS
CTOYHBIX BOJ B a3POTEHKAaX-CMECHTEeJISIX

5. Cepocofiepaiuse crounble Botl |

11. AuaunkaTopHas OLleHKa Iponecca OHOJOrM4eCKOU OMUCTKH
B YCJIOBMSX BCIIyXaHUA aKTHBHOIO HJa

BcnyxaHvue akTHUBHOIO HJa MOXeT ObLITb OCTPbIM M XPOHHUYECKHM.
Ecay npuuvHbl, Bbi3biBaKllve BCIYXaHWE, NEUCTBYIOT HENPOAOJKUTENb-
HO, 3TO NMPHUBOAMUT K OCTPOMY BCIIYXaHHIO, KOTOpOe XapaKTepu3yeTcs BHe-
3allHBIM HayajoM, OLICTPHIM NOABEMOM, MHTEHCHBHBIM, HO KOPOTKUM pas-
BUTHEM.

XpOHHYeCKOe BCIyXaHHe TPOTeKaeT [P HEeBBLICOKOW HHTEHCUBHO-
CTH JEeHCTBHSl BBHI3BIBAIOILMX e€ro HeOJaronpusiTHbIX (akToOpOB, HOJIIO
IJIUTCA UM 4acTO NMOBTOPSETCS, YTO IPUBOAUT K BHIPOXAEHHIO OGHOLEHO-
33, TMOCTEIIEHHOMY YXYAUIEHHI0O M IOCTOAHHO HEYAOBJIETBOPHTENbHOMY
KayecTBY OYHCTKH. [Ipy pasBUTHMM BCNyXaHUS B AKTUBHOM HJIeé MOXKHO
060HapY>XUTb OJHOBPEMEHHOEe MPUCYTCTBUE pAa3JIMYHBEIX POJOB HHUTYATHIX
xJnamMuaobaTepu ¢ obsi3aTeJbHBIM KOJHUYECTBEHHBIM IpeobJsiaflaHueM Ofi-
HOro poja, HauboJsiee XapaKTepHOro M/ HJAHHBIX 3KOJOTHMYECKUX VYCJIO-
BUH.

BenyxaHve akKTHMBHOTO MJla He TOJIbBKO COIPOBOXKAAETCA 4pe3Mep-
HbIM HaKOIUJIEHUEeM HUTYATHIX MUKPOOPraHU3MOB, HO U 3aTparuBaeT Bech
6HOLEeHO3.

Ilnst 6onee rayb6okoro NMoHUMaHHS Mpolecca NepecTPOHKH OHoue-
HO3a MOJ BJIUSTHUEM pas3jM4YHBIX HeOJaronpHUsiTHBIX ()aKTOPOB CJleAyeT
o6patuthes K pasgeny 1.9 IIHI & Cb 14.1.77-96.

Ilpp pasBuTuH XJamMupo6aKTepHasbHOTO BCIYXaHHSA peakUHs Co
CTOpPOHBI OHOLIeHO3a, B OCHOBHOM, IpHCIIOCcOOHTE/IbHAS K TaKUM (haKTo-
paM, Kak: yBeJIM4YeHUE YJeJIbHOW Harpyskd, aucbasaHCUpPOBaHHOE ITHTa-
HHe, BO3NEUCTBHE TOKCHYECKUX BelleCTB, CHUXKEHUE PACTBOPEHHOrO KH-

cjopola B HUJOBOM CMECH, COKpallleHHe BpeMeHU KOHTaKTa 3arpsi3Hsio-
[LIMX BEILIeCTB C ONTHMAaJbHBIM KOJUYECTBOM AKTHBHOTO HJa (BpeMs KoOH-
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Takra MpefornpeneseHo o6beMOM adpPOTEHKOB NMPH NPOEKTHPOBAHWH), OT-
CYTCTBHME peXHMa “BBHITeCHeHUs” B aspoTeHKax-cMecuTessix (mopliHeBoro
IOTOKa), T.€. OTCYTCTBHE CTaiHH IMOCJeNOBaTeJbHOTO OKHUCJEHHS 3arpsi3-
HSIOIIMX BellleCTB I10 Mepe NMPOTeKaHUs CTOYHBIX BOJA OT Hauajia K KOHILY
KOPUJOPOB a3pPOTEHKOB.

B 1ab6a. 4 npeacraBiieHbl OHOUHAHKATOPbI, YUCJAEHHOCTH KOTOPhIX
3HAYUTEeJbHO BO3pacTaeT IPH BO3AEHUCTBHUHU Pa3JUUYHBLIX HeOBJaronpUsSTHBIX
dakTopoB, BHIZLIBAIOIIMX BCIyXaHUe.

Tabauua 4

MunukaTopHas oueHKa Ipouecca OHOJOTHUECKOH OYHUCTKH B YCJIOBUAX
HUTYATOr'0 BCIYXaHUSs HJa

OcnoBras (qoMHHHpYIOILA) BHOHHIHKATOPH!
MpMYMHA, BHI3bIBAIOLIAs BCITY-
XaHHe

ToxcHyHble CTOYHBIE BOAbI Bospacranue YUCJ/IeHHOCTH!
HUTYATHIX cepobakTepun ponos
Thiothrix, Beggiatoa, Tun O21N;

JVCIeprupoBaHHblX OakTepuH, He CBS3aH-
HBIX C XJIONBAMH HJA;

300TJIEUHBIX POPM;

MEeJKHX PaKOBHUHHBIX MJIAHKTOHHEIX aMeo;

BO3MOXHO, HUTUYATHLIX BOAQOPOC/EH;

HHUMCTUDPOBAHHBIX HOCTEHIIHX.

Bricoxue Harpyskn Ha M 110 | BospacTaHHe YHCAEHHOCTH:

JIETKOOKHCJ/ISIEMbIM ~ OpraHHue- HUTYaThIX Oaktepuu poxa Sphaerotilus
CKHM 3arpda3sfdioliiM BEUIECT- | nqgfans:

BaM BCceX BUAOB OEHTOCHBIX PaKOBHUHHBIX aMmed.
CHuxXenue a3poOHOCTH BospacTaHue YHCJIEHBHOCTH:

HHATYATBIX cepobaKTepuu,;

MeJIKUX roqblX aMmeo;

MEeJKUX OeclBETHBIX XKIYTHKOBHIX;

KPYIHBIX CBOOOAHOILIABAIOIIUX HHPY30pHHU
OakTepHodaros.

Bo3pacTtanue YHCJAEBHOCTH:

HUTYATBIX cepobaKTepuu;
300IVIeHHbIX (opM OaKkTepUH.

JdyucbanaHCcupoBaHHoe IUTaHHeE
LIS aKTHBHOTO Wna
(HapylueHHe MPONOPILHOHANBHO-
0 COOTHOLUGHMS B COAEPXKaHHU
OMOreHHBIX BelleCTB B OUM-
L[aeMOM BOJE)

Kucsabie cTOUHBIE BOAHI BospacraHnne 4HCJeHHOCTH CalpodUTHHIX TpH-
60B

12. Crioco6n1 60pb0OBI ¢ BCIIYyXaHAEM aKTHBHOTO HJa

MepsieHHBIH TIPUPOCT HJA.

KoMmyiekc MeponpUsiTUH, HanpaBJieHHBIX Ha IMOAaBJieHHEe BCIyXa-
HHA aKTUBHOI'O HJia, NOJXKeH paspabaTolBaThCsl TOJBKO IMOCJE TOYHOIo yc-
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resieobpasyouiesi Mukpodaopsl (KoTopasi saMeliaetcss 6osjiee YCTOHYMBBI-
MH HHTYaTHIMH OpraHM3MaMH), KOMIUIEKC Mep, pa3pabaThiBaeMbIX IIO
Oopnbe ¢ HUM, AOJXKeH IpeidroJaraTh, ¢ OOHOH CTOPOHBI, CTabHJIbLHOE
yJaydlieHUue 3KOJIOTHYEeCKHX YCJIOBUHW B a’poTeHKaxX, a, ¢ APYroud, — ak-
TUBHPOBaHUEe (pepMeHTAaTUBHLIX CBOMCTB Canpo(hUTHOH MHKPOMJIOPHl, YTO
[MO3BOJIUT €M aHTaroOHUCTUYECKH BHITECHUTb HUTYaTble OPraHU3Mbl H3
OMoleHO03a aKTUBHOrO WJa. 1aK KaK 3TH Mepbl HampaBJeHbl KaK Ha JHK-
BUIALMIO OCHOBHHIX NPHUYHH BCIyXaHHMS (9KoJoruyeckve yCJOBHS a3po-
TeHKa), TaK M Ha TII0CJe[CTBUS, BbI3BaHHBlE MHX BO3JeHCTBUEM
(upeaMepHBI POCT HHUTYATHIX OPraHM3MOB), nosydaeMmbld 5¢deKT cra-
OHJIbHO NoAfepxKHUBaeTcs, yto obecrneyuBaeT CYLIECTBEHHOE YJy4dlleHUe
KayecTBa OUMCTKHA CTOYHRIX BOJA W NpEeLOTBpalllaeT 3arpssHeHUe MPUPOJ-
HbIX BOJOEMOB.

[Ipu xnamupgo6akTepyuabHOM BCIYXaHUH, BEI3BAHHOM Ileperpy3Kou
HJa JIeTKOOKHCJISEMbIMH OpPraHHYeCKUMH BellleCTBaMM, HeoOXOOHWMO, YTO-
Obl BesiMYMHa cOpoca 3arpA3HSIIOLIMX BelLUEecTB He IpeBhilliajla BO3MOXKHO-
CTH aKTHBHOro MHJia HX ImepepaboTaTh, a 3TO MoxeT ObITb obecrneyeHO
yBeJUUeHHeM KOHLUEeHTpAaLUUU aKTUBHOIO WJja ¥ MNOBHILLIEHWEM ero crocob-
HOCTH K (pepMEHTaTHBHOMY OKHMCJEHHIO, YTO B CBOI0 oyepelb HOJIXKHO
ObITb JOCTUTHYTO JOCTAaTOYHOW a3poOHOCTBIO CHCTeMbl. BhillosITHEHHEe Beex
STHX YCJOBHH mnpenarnosaraeT (Ip¥ pasBUTHM B aKTUBHOM WJe BCITYXaHHS)
[IpoBefieHUE MepONPHUSITHH, BK/JIKOYAIOIMX TPH OCHOBHBbE YacTH: 1) MOBHI-
leHWe a3pOBHOCTH CHCTEMEI, 2) CHMXKEHHE Harpy3oK Ha aKTUBHHIH Wi, 3)
MoBbIIIeHHe (epMeHTaTUBHOM aKTHBHOCTH MUKPOQJIOPH CTUMYJISLHEH
Wila aJKHJIMPYIOLIMMH areHTaMH ¢ NocJefyiolled ero cesekuued (Merofn
XUMHYECKOI'0 MyTareHesa).

HNneanbHble ycaoBUS MaccollepeHOCa PAaCcTBOPEHHOIO KHCJ0pona U3
XKHUIKOCTH B OaKTepHaJIbHYI0 KJETKY AOCTHUraloTCH YCTAHOBKOW CHCTEMBI
NHEeBMAaTHYECKOH a’palldd ¢ MeJKHM pa3MepoM Nyseipsi Bosmyxa (500—
800 mkM). Menkonyssipuarast aspauus (doro 12) nossossieT obecneunTh
BLICOKOIIPOU3BOAUTEJLHYIO pabOTy aspOTEHKOB, MOCKOJLKY a’dpo6Hble yc-
JIOBUS CO3JAKTCS Ha BCeX ydyacTkax OHOJIOTMYEeCKOW OYMCTKH, 4YTO CIIO-
co6cTByeT OJ/1aronpUATHOMY pexXuUMy GYHKUMOHHPOBAHHUSA JblXaTeJbHBIX
depMeHTOB canpoPUTHOU MUKPOGJIOpPH!, MOBHIIAETCH e€e YCTOUYUBOCThL K
BLICOKMM Harpys3kamM II0 OpraHuyeckuM 3arpsi3HsilOliM BellecTBaM,
YIy4IIaTCA CeJHUMeHTalUOHHble CBOMCTBa aKTHBHOro u/sa. Menkony-
sbipyaTasi aspauusi o0s3aTeJIbHO HOJI2KHA coyeTaThCsA C KPYIMHOIY3blpya-

TOH, UYTO yBeJIMUHUBaeT KakK IepeMellMBaHHe, TaK U CTENeHb HAaChILIeHHS
KHCJIOPOAOM HJIOBOH CMeCH.
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J11 cHUXXeHUs yAeJbHBIX Harpys3oK Ha aKTHUBHWIM HJ NPOBOMASITCSH
MEPOIIPUATHSA, yJydllalolide paboTy MeXaHHYeCKOM YacTH OUYMCTHHIX CO-
opyxeHHH (6osee yacTas OTrpysKa OcCajKa, Ipeaspalldsi CTOYHBIX BOZ,
NOAKJIIOYEHHEe pe3epBOB H T.1.). Pabouas [03a akKTHBHOrO MJa NOBHIIAeT-
cfl MyTeM COKpallleHHsI o0beMa Huia, HanpasJjsieMoro Ha yTuiusauuw. s
cTaOHJIbHOTO TOBbLIILIEHHS [03bl WJa B a3POTEHKH YCTaHaBJUBAIOTCH HOCH-
TeJH O6uomacchl ¢ OOJIbLION [OBEPXHOCTBIO AN obpacTaHUsl OGHOIIEHKOH
(doto 13, 14), uTo MO3BOJSIET MOBHICHTb 3P(HEKT OUOJOTHMUECKOH OYHCT-
KH 32 CYET BO3MOXHOCTHM yBeJIHueHUs paboueld KOHUEHTpalUHH aKTHBHOIO
uiaa B asporeHKe. OUHCTKA OCYUIECTBJSIETCS HECKOJBKHUMH DPasiMUHbIMU
IleHO3aMH HJa, NoApasfessiiollMMHCH Ha JBEe OCHOBHLIE TPYIbI: 1€HO3
aKTHBHOrO HJa, HaXO[sLIerocss BO B3BEILUEHHOM COCTOSIHUHU U B (PUKCHUPO-
BAHHOHM Ha HocHTeJsaX OHorieHKe. Bo3pacT akKTHBHOrO Ujla Ha HOCHTEJISIX
6oJiblle, YEM Y HMJia BO B3BEIUEHHOM COCTOSIHHH, HellpepPhIBHO YAaJseMOM
H OOHOBJISIEMOM. [akKoe coudeTaHUe pPasHbIX BO3PACTOB I[103BOJISIET IO[-
IepXyBaTh B pEaKTOpe BLICOKHE CKOPOCTH OKuchenus (Mosomoét mi),
YJAVYIINTE HUTPUDUUMPYIOLIME U CeJUMeHTalMOHHble CBOHWCTBA AKTHBHO-
ro uia (Bospact uaa 6osee 10—12 cyrtok). Kpome Toro, mpuxkpenieHHasi
6uomacca yBeJuuuBaeT obilee BpeMs MpeObIBAHHUSA aKTUBHOIO HJla B CUC-
TeMe, UTO OCOOEHHO BaXXHO IJISl COOPYKEHHH, OYHILAIWUX TPYHLHOOKHUC-
JISEMYI0 opra’ukKy. BospacTanue KoHIeHTpauuM Wjia ¥ obuied OGHoMacchl
MPUBOAUT K CHHXKEHWIO Harpy3ok Ha WJ, a, CJefoBaTesbHO, K MojaBJie-
HHUI0O HHUT4YaToro OaKTepHa/JIbHOTO BCINYXAaHUA M YJAYUYIIEHHI0O KayecTBa
OYUCTKH.

DddeKTUBHEIM MaTepHaljioM A/l HOocUTesNerd OHOMacchl, pasMellae-
MBIX B a3pOTEHKAaX, MO 3KOJOro-GusUUeCKUM XapaKTE€PUCTHKaM SIBJSETCH
eplloBas HUTb U3 KallPOHOBOIO BOJIOKHA, KOoTOpas obecrieyuBaeT yhaepxKa-
HHe 3HauHUTeJ/JIbHOTO KOJIMYeCTBa OHMOIVIEHKM Ha €IHWHUILY BBICOKOH YAeJib-
HOM TIOBEPXHOCTH. ¥ HeJsIbHAs MOBEPXHOCTh ajcopbuuM Ha epllax COCTaB-
nget 500 M2/ M3 (Kynukos, 1982). MMo6unusanus K1IeTOK Haa Ha Ho-
CUTEJIX OOBIYHO NMPOXOAUT MO THIY €CTEeCTBEHHOM ajresuy, T.e. CaMo-
[IPOU3BOJIbHOIO IPUJUNAHUSA KJIETOK OPraHU3MOB K TOBEPXHOCTH HOCHTeE-
JIs1.

st nonaBs/eHUsT HUTYATOTO BCIyXaHHS CYMMapHbIH 00bEM HOCH-
TeJled HOJKeH COCTaBasATh OT D o 15% oT obumiero o6beMa a3poTeHKOR
C ydeToM ofecrneyeHHss KakK MaKCHMaJbHOM OKUCJAUTEJbHONM MOLIHOCTH
cucteMbl U HUTpUUKaumu (Wanner et al., 1988), Tak u npenpynpexpe-
HHUSl NaleHHA YAeJbHBIX CKOPOCTeH OKHCJIEHHS, YrHeTeHUss MeTaboJIH3Ma
OpraHM3MOB aKTHBHOIO HJla, HaXOAfIIEroCs BO B3BELIEHHOM COCTOSIHHH.
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HTak, ucrionb3oBaHHe HocHTeJlell 6uomacchl Mo3BodsieT: 1) mon-
AEPXKUBATh KOHUEHTpPaUUIO aKTUBHOrO Wjaa B 3—4 pasa 60Jbillyi0, YEM B
TPAAULIMOHHEIX CUCTEeMAaX C aKTUBHLIM HJIOM M He C03laeT AOMNOJHHTEJDb-
HOM Harpy3ku Ha peXHM BO3BpaTa M yHaJeHHUs1 aKTUBHOTO WJjia M3 BTO-
PUYHLIX OTCTOMHHUKOB, TIOCKOJIbKY OpraHW3Mbl, NpUKpenJeHHble Ha Ouo-
[JIeHKe, TOCTOSHHO HaXOAATCH B a’pOoTeHKaX, He TpebyeTcsd HUX Helpe-
PLIBHOE OTJeJIeHHEe OT OYHILEHHOH BOAL U BO3BpaT B CHCTEMY; 2) Hapa-
[IIUBaTh JONOJHHTEJbHYI0O Maccy HJja Ha HOCHUTeJSIX, UTO MPUBOAUT K II0-
BHIIIEHHIO BO3pacTa HJa M, KaK CJAeACTBHE, CHHXXEHHUI B OYHIIIEHHOH BO-
e NpoAYKTOB MeTabojH3Ma, YJAYYIUeHUI0 CeNUMEHTAallMOHHBIX BJIaroor-
JAOIIMX CBOHCTB HJa, obecrnieydBaeT BLICOKYI0 OKHUCJHUTENbHYIO MOIII-
HOCTb, OoJsiee rAyOOKYIH0 HUTPUPHUKALMIO H MNOBHILIAET afalTalMOHHYIO
ClIOCOOHOCTb  OPraHH3MOB  HJa K  BO3JEHCTBUI0O  TOKCUKaHTOB
(mpuKkpenssiick K NOBEPXHOCTH HOCHTEJS, OPraHU3Mbl BHIIEJSIOT 6OJIb-
niee, yeM O6LIYHO KOJIMYECTBO 3aUIMTHOIO NOJHMCAXaPHIHOTO TeJs).

Jlnsi TOBBILIEHUS AaKTHUBHOCTHM ()epMeHTOB H H30HpaTesIbHOCTH
(hbepMEHTATUBHOI'0O OKUCJEHUS ¥ MUKPOQJIOPH HCNOJb3yeTCs MeTOH XUMHU-
YeCKOTro MyTareHesa akKTUBHOIO HJ1a, NMPH KOTOPOM HUJ oOpabaTniBaeTcs
ANKWJIUPYIOUIMMH areHTaMH, CllelHal/lbHO CHHTEe3HPYEeMBIMH BellleCTBaMHU
(Panmonopt, Bacuabesa, 1980; CunauteeBa, 3amenud, Pegocona, 1981;
Kwmyp, Jlammuy, 1994). O6paborke noxpepraetcss Manas J0Js aKTHBHOTO
HJa, UMelolLlerocss Ha OUUCTHRIX COOpYKeHUufiX. B pesyjbTaTe aKTHBHPO-
BaHUSI (DOPMHUPYIOTCH MONYJSUHHU TesieoOpasymIudX canpoPUTHHIX 6akTe-
pHH, XOPOLIO afanTHPOBAHHBIX K ITIOBBIIEHHBIM COHAEPXKAHHUAM CyOCTpPaTOB
M CIIOCOOHBIX KOHKYPEHTHO TMOAaBJAATbL pa3BUTHE aJJIOXTOHHBIX, MATOTeH-
HBIX, a TakKXe HUTYaThiX OakTepud. CMeHa 11eH03a aKTHUBHOI'O UJla KUIET B
HanpaBJeHUH ajalTHBHOM K 3aJaHHOMY CTOKy M IMpeicTaBisieT coboH
MHUKpPO(JIOpPY, COlepKallyld BCe (pepMeHTHhle CHCTEMEl, HeoOXOAMMEIe
I/l Aerpajaudyd NPUCYTCTBYIOILUMX 3arpsI3HAKIIMX BeluecTB. AKTHUBHBIH
A 1ocsae oO6paboOTKU yJyyllaeT CBOM CeJUMeHTallMOHHble cBOoMCTBA. MH-
AyUHpOBaHHAsl aKTHUBaUUA HUJa obecrneuyuBaeT YCTOMYHMBHIM 3(PdeKT yBe-
JUUEHUS] CKOPOCTH MU IJIyOUHBI H3BSATHS 3aTPA3HAIOLUMX BELIECTB H YJYyu-
[IIEHUs] BJArooTAAlUMX CBOHCTB una. [IpuueM 006paboTKy Ha aJKHJIH-
PYIOLUUMH areHTaMH JOJI3KeH NPOBOAUTb 0OYUeHHBIH 3TOMY CIIeLHa/UCT.

[Ipy BO3HHMKHOBEHWH BCNYXaHHUS, BLI3BAHHOI'O BO3JEHCTBHEM TOK-

CHKAHTOB, IIPOBOAATCH T€ K€ MEpPOIIPDHATHA C BKJIIOUYECHHEM JOINOJHHUTEJIb-
HbIX.

1. BusiBnsieTcs ¥ ycTpaHsieTCs TOKCHKAHT.

2. Ecnm noctynjieHMe TOKCHYHBIX CTOYHBIX BOJl 3aperMCTPUPOBAHO,
H YCTAHOBJEHO, YTO TOKCHKAHThl OHOJOrHYeCKH He€ OKHCJSIOTCS aKTHB-
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Tabauya 5
[IpHyrHLI, BEI3BaBIIKe BCIyXaHHe aKTHBHOIO WJa, U peKOMeHIyeMble Me-

POIPUSITHSI €ro MoJaBJeHUS

OcHoBHasl NpHYKHA BCOyXa-
HUS

CTouHble BOABI, coepxaiuue | I'erepoTpodHble | BeisBHTL M JNOKaJbHO YAANUTH

TPYAHOOKHCASIEMbIE
OHOJOTrHUYECKH
| Mble COeIHUHeHHS.

HJIK
HEOKHCJ/IAC-

OpraHu3smeli,
BHI3bIBAIOIIHE

BCIIYXdHHE

canpouTHbIE
OakTepHUH, Ipo-
AyLMpYyIoume
U30bITOYHOE KO-
JAYECTBO BHe-
KJIeTOUYHOr'o I10-
re-
BO3MOXXHO
pasButHe Oak-
TepHHU pona
Zoogloea.

JIKIMEPHOT0
JISl,

MepornpusiTis O NMOAABJEHHIO

6HOJIOTHYECKH  HeOKHCJsieMble
HAH  TPYHAHOOKMCHSEMble IIpO-
MBILJIEHHBIE 3arpsisHAIIHE Be-
lecTBa, BHISLIBAIOIYE TreJieBoe
(HeHHTUAaTOE) BCIYXaHHE aKTHB-
HOTrO HJIa.

Bricokve Harpysku Ha ak-|XnamupoOakre- |IlepedTH Ha peXxum IMOJHOro
THUBHBIH HJ M0 JIETKOOKHC- | pUH pojia | BITECHEHHS] B a3pOTE€HKaX C
JIIeMbIM OpraHHYecKUM 3a- | Sphaerotilus. |paccpelOTOYEHHOH [ojayen

PASHAKLIMM BellecTBaM H
HapyilieHHe OajaHca Mexay
UX copbuued U OKUCJIeHUEeM
AKTUBHBLIM HJIOM.

cTOYHLIX BoA. [IpuMeHUTHL pere-
HepalHI0 UM YBEJHUUTb 00beM,
Bbile/ISeMbId IOl pereHepauuio
(ne menee 50% oT Bcex aspu-

O6bIYHO HMeeT MeCcTO B PYeMBbIX COOpYyXeHHit), I[loBH-
CTOYHBIX BOJAAX IHIUEBOH CHTb aspobuocTb (IpH XpoHHYe-
MPOMBILIJIEHHOCTH: CKOTOG0- CKOM BCITYXaHHH YCTaHOBKa CHC-
€H U  MSACOKOMOUHATOB, TeMbl MeJIKONY3hIpYaTOH a3pa-
| IPENIIpUSITHH  TepepaboTKH UMH). YBeJHUYHTh KOHIEHTPALHMIO
| XKUBOTHBIX 6eJIKOB, KOHCEpB- aKTMBHOTO MJ/Jla B a3pOTeHKax

HblX, MOJOYHLIX, IHBOBAPECH-

(npy  XpOHHYECKOM BCIYXaHHH

HHIX, CaxapHblX, BUHOIIepe- YCTAaHOBKA HOCHUTeJIeHd OMOMacCCHl
pabaThiBaIOUIUX 3aBOJIOB. B o6beMe, obecreynBamIEem
yBeJIHUeHHe J03bl haa B 2—3,5
pasa  OT  CYHIECTBYIOLLEro).

TpexkpatHo o06paboTaTh aKTUB-
HBIM HJ MYyTareHoM M0 MeTOAYy
H.A. Pannonopra (1975), Monu-
¢ukamua H.C. Kmyp, O.M.
Jlanmuu (1994) B naGoparop-
HbIX VCJAOBUSIX C HOCAeLYIOLIUM
[MOJHLIM paspyileHueM MyTare-
HOB H NOApalUHBaHMEM Ha MUTa-
TeJIbHOM OYJ/IbOHEe C BHTAaMHHHBI-
MU  po6aBKamMH rpymnel B
(aHTHCTPECCOBBIH haKToD).
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[Ipodoarxcenue maba. b
HucbanancupoBaHHoe nuta-|Xnamuaobakre- |IlogkopMuTh UM IIpH HeloCTaTKe
HHe aKTHBHoro uaa (B oc-|puu pofla | a30Ta  XJIODHCTHIM aMMOHHEM,
HOBHOM, HEJOCTAaTOK a30Ta H|Sphaerotilus, MOYEBHHOH, CYyJb(aToM aMMo-
¢ocopa B mocTynamolled | uan cepobakTe- | HHS, HHTPAaTOM aMMOHHS; IpH
Boge). CHcTemMa mofauH H3- | puu. HenocTaTke ¢ochopa — cymep-
GLITOYHOTO MJia B [ePBHYHLIE docthatom mpocThiM, 0,1% pac-
OTCTOMHHMKH, I[IPUBOASALLAA K TBOPOM OpTO(HOCHOPHOH KHCJIO-
yBeJIMYEHHI0 Harpysok Ha Tol. [loBBICHTE a9pobHOCTL a3po-
aKTUBHBIH MJ U JucGalaHCH- TeHKOB. MckmounTth nopauy us-
POBAHHIO €ro IMHTaHH4. OLITOYHOr'O HJa “B roJioBYy” CO-
OPYXEeHHH HJH MoaaBaTh He 60-
aee 20% oT ofbeMa H36LITOYHO-
ro HJja.
YCcTpaHuTh NOCTYIVIEHHE TOKCH-
KaHTa (HHCIEKTOpCKas [esiTellb-

TokcudyHble CTOYHBIE BOJHI
(Mengb, LMHK, HHUKeNAb) WJH

HutuaTteie ¢op-
Mbl OecliBeTHRIX

3HayHTeJbHOE IIpeBHIIeHHe | cepo6akTepHi |HOCTb). VYAYYLIHTH NepBHYHOE
o6 beMa NpOMBILIVIEHHHIX | Thiothrix, oTCTauBaHHe (yallle OTIpyKaTh
CTOYHBIX BOA Hall OOBEMOM | Beggigtoa tun |O0CaAOK H3 NEPBHYHBIX OTCTOH-
OLITOBRIX. O2IN, Micro- |HHKOB, PpeareHTHOe OCaX/eHHe
: TOKCHKAHTOB B IMepHOJ BO3IeH-
thrix
.. CTBH). YCHIHTD a3palHIo.
parvicella,

Ha nepuon noctynjeHHUs TOKCH-
KAHTOB HCKJ/IOUHUTL UX KOHTAKT C
aKTHBHLIM HJIOM pereHepaTopoOB.
YBeJUUUTh 00beM pereHepalHi.
CokpaTHTh 00beM HJa, yaanse-
MOro Ha YTHJIH3aLH¥I0 B BOCCTa-
HOBHTEJIbHOM IepHOJE.

3apasiTb a3pOTeHKH 3[0POBHIM
(He MCNHITAaBIIMM KOHTaKTa C
TOKCHKAaHTOM) HJIOM, OTOGpaH-
HBIM M3 JAPYTHX OYHCTHRIX CO-
opyxkenn#i (1 am® na 1 M3 aspo-
TEHKa).

[Ipy XpoHHUeCKOM BCIyXaHHH
BLIIOJHHUTb JONOJHHUTEJLHYIO YC-
TaHOBKY MeJIKOMY3bIPYaTON
aspallid ¥ HocMmTesied OHomac-
Chl.

Nocardia sp.



39

Okxoruanue maba. 5
Crounble BoAbl, copepxauiue | Hutuatoie dop-|IloBbCHTL a9po6HOCTD CHCTEMB.
BOCCTaHOBJIEHHEIE  coeflMHe- MBI OeclBeTHBHIX | YAAMUTh CcepocoepXkalliie Be-
HUA cephl, cynbduAnl [ cepobakTepUd | UlecTBa MNpeaspallied MJM pea-
(MeTHICYNBOUA,  AMMETHA- | Thiothrix, FeHTHBIM OCaXKIEeHHUEM.
Cyib(Hl,  MepKanTaR  H| Beggiatoa, THIH
Ip.), — LeJII0A03H0-6yMax- | 021N
HbIX KOMOMHaTOB, (habpHK M0
06paboTKe KOXKH.
CTtouyHble BOAB!I, BKIOUAOye
cepocofepXkailyde opraHuue-
cKMe BeulecTBa (HanpuMmep,
Genkd). CTouHble BOABI KH-
BOTHOBOAYECKHX  KOMILJEK-
COB, KOHCepBHOE ITPOH3BO/-
ctro. Hepocratounass aspa-
LLH S,
Huskasi pH, HegocTaTok a3o-
Ta B OYUIIlaeMOH BOJe.

IlopuenaunBadie CTOUYHBIX BOJ
nosuposanHoi nogadeir Ca(OH)q
nmepen  asporeHkKamH  (Jryyime
nojlleaydBaTk Ha JIOKAJIbHOM
HCTOYHHKE). YIYUIIMTh aspalHio
niaopod cMmecH. COanaHCHPOBATH
MUTaHUEe HJa NPH HAJUYUH Je-
pHuunuTa 6HOreHHBIX 3J1eMeHTOB.

CanpoduTtHbie
rpubH.
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INPAJO2KEHHE 1. POTOTPAPHUN AKTHUBHOI'O HJIA
U TEXHUYECKHX CPEACTB INIOJABJEHHUI HATYATOIO

BCIIYXAHHUA



Doto 1. KommakTHble XJIOIbS AaKTUBHOIO WA, HE BKIKOYAKONIUE HUTYATHIX
MUKPOOPraHU3MoOB. YBeauueHue 1350x

®ot1o 2. Hutyatroe BCIiyXaHMe aKTUBHOro wuiaa. Yseauuesue 100X, oKpalllnBaHUE
(DIIIOpaMOM
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Poro 3, 4. Jdedaoxyisuysa XJIonpeB HOJ BIMIHUEM HMTYATBHIX OPraHU3MOB IIpU
BCTIYXaHUU aKTHBHOI'O UJia



®oto 5. TpuxomHoe cTtpoeHMe xinamupoodaktepui (tumn 021N), KoHTpactupyemoe
AKPUIVHOBLIM OpaHXEeBbIM. YBeInueHue 1350x

®oto 6. BcnyxaHue akTUBHOIO WJjia, BbI3BAHHOE THOHOBBIMM OaKTEpUSIMHU



®oto 7. JloxHoe auxoToMHMyecKoe BerBleHHe Sphaerotilus natans.

Crenuduyeckass OCOOEHHOCTE: KJIETKU CcallpOMUTHBIX OaKTEPUN ITPUKPEIUIIIOTCS K
qexJTy HUTYAThIX MUKPOOPTaHU3MOB



doTo &, 9. HuTuarhie 6aKTEpUM € BKIIIOYEHUSIMU cepbl. YBeanyeHue 400x
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CanpoduTHble TpuUOBl AKTUBHOIO MJa B HOPMAJIbHOM

11.
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®oto 10

PasBUTUU BerryxaHus (11)
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MDoto 13. YecraHoBKa eplIOBBIX HOCHUTENEH OMOMACCHI B A3POTEHKH
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®ot1o 14. Hocurenm 6MoMacchl B OIIOPOXKHEHHOM a3pPOTEHKE



Honoaxenns k [THH @ Cb 14.1.92-96 “Meroanueckoe pyKOBOACTBO N0 rHAPOOHONIOrHYECKO-
MY KOHTPOJIIO HHTUYATBIX MHKPOOPIraHU3MOB aKTHBHOro una’, M., 1996.

K paznemy 6.3. TexHnka okpamHBaHHds no Meroay I pama

Okpawmvpanue o ['paMy MOXET 1aTh HEIpaBHIIbHBIE WK HEOXUAAHHBIE PE3yNbTaThl,

YTO CBA3AHO C
a) UCIOb30BaHHEM HEAOOPOKAYECTBEHHbIX KpaCHUTENEH;
0) NpUroToB.ieHUEM CAHULIKOM TOACTOrO Ma3ka ¥ 3aTtpyaHeHuem obeclBeyrMBaHUA.

K pazneny 6.3.1. IlpeosapumensHas no02omoexka Heo0xooumsix pacmeopos

Pacmeop JIiozonsn (Lugol). Cocras:

KpUCTaIM4YeckKui non — 1,0 r;

HOAUCTHIN KTk — 2,0 13

NHCTHWUIHpOBaHHas Boga — 300 cm”.

[Tpurorosnenue pacteopa Jlrorons. MoamcTslit kamuit pacTeopsioT B 5—10 cM® xonox-
HOH OMUCTHWIUIHPOBAHHOM BOJIbI, 3aTEM NPUOABNAIOT KPUCTAUIMYECKHM HOMA, OCTABJISIOT Ha CY-
TKU J0 [OJHOTO PaCTBOPEHHUA MOAA M OC/IE 3TOr0 NPHIUBAIOT OCTATBHOE KOJTHYECTBO BOJBL.

Ecau He ynaercd HoOUTBCA XOPOLUHX pE3YJIbTATOB OKPAalIHMBAHHUA, MOXXHO HCOOJB30-
BaTh O0/ee KOHLIEHTPUPOBAHHBIM PAaCcTBOp HOAa Mo bypke BMecTO pactBopa Jlroross (TexHuxa
OKpalIHBAHHS HUCIIONB3YETCS Ta XKE).

Pacmeop tniooa no Bypxe. Cocras:

HOJIHUCTHIN Kamud — 2,0 r;

Hox— 1,0r;

aMcTuiMpoBaHHas soga — 100 cM”.

[IpuroToBneHyue pacTBopa nona no bypke. B crynke pactepers nectukoM 2.0 r Hoau-
ctoro kanus u 1,0 r fona. [Ipu pacTupaHuy 106aBAATL AUCTHITMPOBAHHYIO BOAY MO 2—5 CM”.
[locie TwaTtebHOro pacTHUpaHHsA [POMBITL MECTHK U CTYIKY, BBLIMTb B CKJISHKY U JOBECTH
o6beM kpacutens 10 100 cM’ ocTaTKAMM JUCTUTMPOBAHHOMN BOMEI.

K pazmeny 6.4. Texnuka okpamuBanus no meroay Heiliccepa

Boonwiti pacmeop xpacumens xpuzouduna. CocTasb:

XPH3OHIHH {CyX0H nopouoK) — 1.0 r;

TMCTWILTHpoBaHHas Boga — 150 car’.

[IpuroToBsieHHe BOOHOrO pacTBOpa Xpu3OMAMHA. B BOpPOHKY Ha OVMaKHBIH QHUIBTP
(kpacHas. 6efast neHThl) HaceimaroT 1,0 © XpU30MAMHA H BBUIMBAIOT Ha Hero 150 cM’ kunsuled
NUCTHLIHPOBAHHOM BOZBI, NMOJHOCTBIO pacTBOpsAd nopoiuok. Ifoc:ie oxnakieHus KpaCHTEND
FOTOB K YIIOTPEOIEHUIO.

Cnupmosoti pacmseop xpacumens Be3ysuna. CocTas:

Be3yvBuH (cyxoH nopotuok) — 2.0 r;

CITHPT 3THAOBbIH 96° — 60 cM’;

IMCTHANMpOBaHHAs Boaa — 40 ¢’

[IpdrotroBieHHe CKMpPTOBOro pacTBopa Kpacutens BelysuHa. 2,0 r BelyBHHA BbIChINa-
10T BO (.1aKOH, 3aAMBaIOT CIIUPTOM M CTaBAT Ha 24 4 B TepmocTat npu 37 °C, nepuoarYecKH
B30anThiBai. K nmonyyeHHOMY CIHPTOBOMY pacTBOpPY A06aBAfroT 40 cM’ KHMSILEH AHCTHIUTH-
DOBAHHOH BOABI, MEpeMELUHBAIOT U QUILTPYIOT uYepe3 OyMakHbIH duUneTp (Oenasi, kpacHas
JIEHTBI).



