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BBEJIEHHE

CTouHbIC BOJBI 00Pa3yHTCSI B pPe3yjbTaTe XO3SHCTBEHHO-
OBITOBOY M MPOU3BOJICTBEHHON AEATENHHOCTH denoBeka. OHU TeM
WU WHBIM IyTEM IIOIAaal0T B BOJBI 3aKPBITHIX BOJOEMOB, PEK, MOpEil
M OKEaHOB, I'Jle U COCPENOTaYMBaAETCs BCE MHOT000pasue BpPEIHBIX
BEIIECTB, MIPOU3BOJIUTEIIEM KOTOPHIX BOJHHO WU HEBOJLHO SIBISCT-
Csl 4eJIOBEK.

Yrunuzanusa U 00€3BpeKUBAHUE CTOYHBIX BOJ[ COCTaBIISIET OIHY

M3 CaMbIX Ba)XXHBIX JKOJOTHYECKHX MPOOJEM HACTOSIIET0 BPEMEHU
U B 3TOM HalpaBJICHUH HApaOOTAaHO MHOXECTBO Pa3HOOOpa3HBIX
TEXHOJIOTHYECKUX MPUEMOB, B OCHOBE KOTOPBIX JIEXKAT (DU3UKO-XH-
MHUYECKHUE WJIM OMOXMMHUUYECKHE MPOIECCHl Aerpalalii BPeIHBIX
KOMIIOHEHTOB CTOYHBIX BOJ.
HNHTeHCHBHOE CTPOUTENBCTBO KaHAIM3AIIMOHHBIX CETEH HAYaloCh B
EBpone B XIX Beke, 0AHAaKO, LIEHTPAIU30BaHHOE OTBEAEHHUE CTOU-
HBIX BOJ MPHUBEJO K JOKAIBHOMY POCTY 3arps3HEHHUS BOJOEMOB.
IToatomy B Aurnuu emie B 1861 r. ObLT U3MaH 3aKOH 00 OYHCTKE
CTOYHBIX BOJ OT (DEKaJbHBIX U THHUIONIMX BEIISCTB MEpPE] BHIMYC-
KoM uX B pexu. CaMple paHHHE Pa3pabOTKH MO JAETOKCHUKAIUUA CTOY-
HBIX BOJ - METOJbI MOYBEHHOIN OYMCTKU, B Poccum OTHOCITCSA K Cce-
penuae XIX B. DTOT METOJ OCHOBAaH Ha CIMOCOOHOCTH CaMOOYHIIE-
HUS MOYBBI. OCYIIECTBISETCS Takas OYHCTKA HA MOJISX OPOIICHUS
unu nonsx ¢unprpanuu. Ha cenbCKOX03SWCTBEHHBIX TOJSIX OpOIIe-
HUS UCHOJb30BaHME CTOYHBLIX BOJ JJIS CEJILCKOIO XO3SMCTBAa M HX
OYHCTKa COCTABISAIOT OAWH mpounecc. OMHAKO JJIA OYUCTKH CTOY-
HBIX BOJI B €CTECTBEHHBIX YCJIOBHAX TpeOyeTCs OTUYyXKJCHHE 3Ha-
YUTEIBHBIX TUIOMaAel muomoponHoi 3emiau. CTeneHb OYHUCTKH CTOY-
HBIX BOJI CHHUXKAeTCS B 3UMHEE BpEMS B CHIIY 3aMeJJICHUsS OUOJIOTH-
YeCKHX IMPOIECCOB MPU HU3KUX TeMmIepaTypax. BHITOBEIE CTOUYHBIE
BOJBI COAEpkKAT OOIBIIOE KOJMYECTBO MATOTCHHBIX OaKTEpUM U SHIT
renpMUHTOB, Oonee 50% KOTOpHIX, TIOMaaas B MOYBY W Ha OBOIIH,
COXPAHSIOT XU3HECIMOCOOHOCTh JUTUTENbHOE BpeMmsa. IlosTomy wuc-
MOJIb30BaHUE COOPYKEHUM €CTECTBEHHOW OHMONOTHYECKON OYHMCTKHU
COKpamaeTcss Kak B Hallled cTpaHe, TaK W B PsAle UHAYCTPHATBHO
Pa3BUTHIX CTpPaH 3apyOexkKbsl.

buonorudeckas odyncTka MHTCHCHUBHO MPOTEKAECT B UCKYCCT-
BEHHO CO3JaHHBIX YCIOBUSIX. DTOT OPOLECC MOXHO KOHTPOJIUPO-
BaTh M PEryJHpPOBaTh, a, CICAOBATEIbHO, HHTCHCUPHUIUPOBATH.
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VIMEeHHO BO3MOXXHOCTBH PEryJIMPOBAaHUS CTEICHU OUYMCTKU NPHUBENA K
CO3JIaHHI0 MHOT00Opa3HBIX TEXHOJOTHUYECKUX MPUEMOB, KPHTEPHEM
3()$EeKTUBHOCTH KOTOPBIX SBIAIOTCS HOCTHUraeMasi CTENeHb OYHCT-
KM, T.€. DKOJOTHUYECKUU (PAKTOp U CTOMMOCTh OUYHCTKH — IKOHOMHU-
yeckuil ¢akrop. B oOmem cirydae, 3Hast NpUHOUI MeTaboOIM3Ma MHUK-
POOPTaHU3MOB, MOXKHO JOOUTHCS JTIOOOW CTENEHW OYHCTKH, HO Orpa-
HAYEHHEM 10 OPTraHU3alud TOH WM MHOH TEXHOJIOTMU MOXKET SB-
JATHCS €€ CTOMMOCTbh, KOTOpas, Mpek/e BCEro B MEpHOJ dKCIUIyaTa-
LUU OYMCTHBIX COOPY>KEHUH 3aBHCUT OT 3HEPro3arpaT M YUCICHHOCTH
00CcTy)KMBAIOIIEr0 MEePCOHAA.

Ho 70-x romos 20 Beka B MPAKTUKE CTPOUTEIHCTBA OUHUCTHBIX
COOpPYKEHHH MpeBalupoBaiu Ouosiornuyeckue QpuiIbTphl, 00Iagar0-
LIMe HaAS)KHBIM TEXHOJOTHYECKHM PEXHMOM pabOThl M HU3KOH IHEp-
roemkocTbio. OHaKO, Kak IOKa3aja MpaKkTHUKa, Haubosee cTaOuib-
HO OHH paboTaioT ¢ 3PPEeKTOM OKHUCICHUS OPTaHMYECKHX BEIIECTB
50 — 70%.

B 80-x romax 20 B. B OrocnaBuu, bonrapum usroraBiauBa-
JUCh YCTAHOBKHU C OMO(UIBTpaMu U cTaOMIM3aTOpPaMK JAJS OUYHUCTKH
CTOYHBIX BOJ HEOONBIINX HACENEeHHbIX MYHKTOB. OpHAKO H3-3a He-
JIO0CTAaTOYHOTO KauyecTBa OYUCTKH, «BCIyXaHUsA» OMOMACCHl U BBIHO-
ca ee U3 30HBI OTCTAaMBaHMUA, 3TH COOPYKEHHUS HE MOJYyUHMIU LIUPOKO-
ro pacmnpoctpanenusa. OIHOW W3 Pa3HOBUIHOCTEH OMOJTOTHUECKUX
(GUNBTPOB SBISAIOTCA TMOTPYXKHBIE OMO(DUIBTPHI, COCTOSLINE U3 pe3ep-
BYapoB C FOPHU3OHTAJbHBIMH BajlaMH, Ha KOTOPBIX 3aKPEIUISIOTCS pas-
JUYHBIE yCTpOHcTBA 1 (OPMHUPOBAHUS NMPHUKPEIICHHON MHKpOQIIOo-
pBl. OTH COOpYKEHHs TaKKe HE 00ECIeYMBAIOT KaueCTBa OYUCTKH, OT-
BEYAIOLIETO COBPEMEHHBIM TPeOOBAaHUSAM, B TOM YHCIE U IO OHOTEH-
HBIM BelecTBaM. [Ipu pe3kux MOBBILICHUAX HArpy30K IO OpraHudec-
KHM BELIECTBAM M THIPABIMYECKUX HArPy30K MPOHCXOIUT MPOCKOK HEO-
YUIICHHBIX CTOYHBIX BOJ.

Bricokoe u cTabuiibHOE KA4eCTBO OYMCTKHM CTOYHBIX BOJ MO-
ryT o0ecleunTh aspaluoHHBIE COOPYKEHHs, B KOTOPBIX COpPOLHIO U
JECTPYKIHUIO OCYLIECTBJISIIOT MUKPOOPTaHU3MBI (aKTUBHBIH WI) Ha-
XOJIAIIMEeCs BO B3BEUICHHOM COCTOSHHMM B OUYMIIAae€MOil CTOYHON BoOJeE.
BmecTe ¢ TemM a’pOTEHKH, OKHCIHTENbHBIE KaHaJbl, adpUpyeMbIe
NpYyJbl UMEIOT CIEAYIOUINe HEeTOCTAaTKHU: 3HAYMTENbHBINH pacxoJ 3JeK-
tposuepruu (0,4 — 0,6 kBr.u Ha 1 M® TOPOACKHX CTOYHBIX BOI);
HEHAJEeXHOCTh PabOThl BO3AYXOAYBOK, BEHTHJISATOPOB BBICOKOTO [aB-
JeHUs, MEXaHUUYECKHUX a’paToOpOB B AJUTEIbHOW 3KCIIyaTaluH;



yXyAIIEHHEe KauyecTBa OYMCTKH B 3MUMHEE BpeMs H3-3a OXJIAXKJICHUS
00pabaTpiBaeMOl KHAKOCTH TP a’pamuy XOJOJHBIM BO31yXoM. B
MOCJIETHHE TOABI IIUPOKOE PACIPOCTpPaHEHHE B MHUPE MOJYyUHIN MHO-
TOCEKIIMOHHBIE CXEMBI C aKTUBHBIM MJIOM IPOU3BOJSIINE OJHOBpE-
MEHHO OYHCTKY CTOYHBIX BOJ| OT OPTaHUYECKUX 3arpsA3HSIONIUX Be-
IIECTB U TpaHcpopmaIluio coequHeHnit azora. Coueranue a3poOHBIX
¥ aHa’pOOHBIX 30H MO3BOJISIET OCYIIECTBISATH MPOLECCH HUTPUPU-
Kaluu U acHuTpudukanuu. Ho ais OOJbIIMHCTBA MOCEIKOB U TOPO-
JIOB cpelHell u ceBepHOUW yacTu Poccuu 3TH cX€Mbl HEJOCTATOUYHO
palMoOHANBHBI, TAK KaK HU3KHE TEMIIEPATypbl HCXOIHBIX CTOYHBIX
BOA B xosiogHoe Bpems roga (12 — 17°C), koTopsie B TE€UeHHE TIPO-
1ecca UMEIOT TEHICHIIMIO K MOHWKEHHI0 (B cpeaneM Ha 2 — 5°C)
OKa3bIBAIOT HEOJArONPHUATHOE BIMSIHUE Ha aKTUBHOCTH OaKTepHid HUT-
pudukaropoB. Hegoctatouno 3 PEeKTHBHBI 3TH CXEMBI TaKKE IS
psna roponoB toxHo# wyactu Poccum (rr. CraBpomonb, Yepkecck,
Kpacuonmap u T. 1.) Tak KaKk CTOYHBIC BOJBl UMEIOT OTHOCHUTEIHHO
HU3Koe cojepkanne opranunyeckux BemecTB (BIIKnm konebnercs B
npenenax 100 — 130 MFOZ/,Z[M3) U COOTBETCTBEHHO CJIO0KHO MOJYUYHUTh
B noctatouyHoM kommdectBe JIXKK (sreTydmx >KMpHBIX KHCIIOT), He-
00XOIUMBIX JJIsI MHTEHCH(PUKALUHA MPOLECCOB JACHUTPpUPUKAUU U
ouonoruueckoit aedochoruszaunu. B nocnennee Bpems 3a pybexom
BO3pOC HHTEpec K OMopeakTopaM NEPHOJHUYECKOTO IEHCTBUS
(BAY-peakTopsl), KOTOpEIE MO3BOJSIOT MOJYYHUTHh BBEICOKOE Kade-
CTBO OYHCTKH B PEXHME IOJHOTO OKucieHus. OgHako paboTa coopy-
JKEHUH HETPOTOYHOTO THIA TPEOYeT IOMOJHUTEIbHBIX YHEPTeTHUECKUX
3aTpaT Ha MEepeKayky CTOYHBIX BOJ M YACThIX MEPEKIIOUYEHHH CHUCTEM
aspanuu. B 1 M® Bo3ayxa mpolmeaiiero yepe3 a’3poTeHK BCISACTBUE
KaIrelbHOTO YHOCa MOXKET COJEPIKAaThCs A0 THICSYM MATOTCHHBIX MUK-
poopranusmoB. B armMocdepe MoOBBIIEHHOTO pHCKa HAaXOJUTCS TeEp-
COHAl OYHMCTHBIX COOpYXKeHUH KaHanuzauuu. Ilpu ompeneneHHBIX
COUYeTaHMAX BIaru B aTMocdepe, TeMIEepaTypbl BO3AyXa U Hampas-
JIEHHOCTH BeTpa OONEe3HETBOPHAS MHKpPOQIopa IIUTEIbHOE BpeMd
COXpaHsAeT CBOIO KM3HEAEATEIbHOCTh M IOIAanaeT B HAacEJICHHbIE
NYHKTB! (30HBI CAaHUTAPHOW OXPaHbl HE SBISIOTCS JOCTATOYHBIM IIpe-
MSITCTBHEM).

B uHmycTpuanbHO pa3BUTHIX CTpaHaX UMEIOTCS HEOOXOAMMEBIE yC-
nosust 1 3PPeKTUBHON pabOTHl OUMCTHBIX COOpYKeHUU. BonpiimH-
CTBO €BPONEHCKHUX CTpaH PacHoJOKEHO B OJIATOMPUATHBIX KIUMATH-
YECKHX YCIOBHAX, CITOCOOCTBYIOIIUX MPOTEKAHHIO OMOXMMHYECKHUX IPO-
[[ECCOB B OYHCTHBIX COOPYXEHHSIX B ONTHMAaIbHOM pexume. B Ooree
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CJIOKHOM cUTyauuu Haxoautcs Poccus, rae B OTAENbHBIX palloHaX TeM-
nepatypa BO3lyXa B XOJOIHOE BpeMs rojga Moxer gocturath - 50°C.
B cucteme sHeprocHaOxeHuss Hepeaku nepedbou u aBapuu. Kpome
Toro, B Poccun kK kKadecTBY OYMIIEHHON BOXBI MPENBABISIOT Oolee
BBICOKHE TpeOoBaHus, yeM B crpanax EDC.

Poct roponoB nmpuBOAUT K HOBBIM IMpobiieMaM: HEOOX0IUMOC-
TH NPOKJIAJKH HOBBIX KOJUIEKTOPOB, IOBBIIMICHUIO YHEPro3arpar Ha
[ojavy CTOYHBIX BOA HA OYUCTHBIE coopyxeHus. OZHUM U3 cOBpe-
MEHHBIX METOJIOB pEIIeHHUs 3aJad OYHUCTKU CTOYHBIX BOJ OT OOJb-
IIUX HACEJEHHBIX MYHKTOB, IO HAllleMy MHEHHIO, SBJISETCS YaCTHU-
Hasl WM HOJIHAs AELEHTpalu3alus cucTeM BogooTBeneHus. OmgHa-
KO B psje clyyaeB peaau3alus 3TOT METOHa 3aTpyAdHEHa, U3-3a
CJIOXKHOCTH OTYYXJACHUS 3HAUYMTENbHBIX IUIOMIAEH MOJ CTPOUTENb-
CTBO TPOMO3JKHX OUYHUCTHBIX COOPY>KEHHMH U HEBO3MOXKHOCTH BBIIEp-
XKUBaTh TpeOyemble pa3Mepbl CAHUTAPHO-3AILUTHBIX 30H. O4YHCTHBIE
COOpYyKeHHusl Oyaylero N0/KHbI MMeTh MHHHMAaJIbHble pa3Mephl,
OBITh 3K0JIOrMYecKH 0e30MacCHBIMU NMPH WX pa3MelleHHH B TOPOJcC-
KO YepTe, a KA4eCTBO OYUIIEHHBIX CTOYHBIX BOJ I0JKHO MO3BO-
JISITh UCI0JIB30BAaTh X HA TeXHHYECKHe HY:KIbI ropoaa.

HenoctaTok 4MCTBIX NPUPOAHBIX BOJ U BBICOKAas MoTpeO-
HOCTH NMPOMBIIIIEHHOCTH B BOJIE ONpPEIEIA0T HE0OX0AUMOCTh IpPO-
JIOoJKeHuss paboT mo nanbHEHIIEeMy COBEPIICHCTBOBAHUIO CHCTEM
OYHCTKH.

B stux ycnoBusx pa3paboTKka HOBBIX TEXHOJOTHYECKUX pe-
HmIeHUH, 00eCcleuynBaloNINX BHICOKOE H CTA0MILHOE KayecTBO OYHUC-
TKH CTOYHBIX BOJ, SIBIsAETCA aKTyalbHOW U BocTpeboBaHHON. B
JAHHOW KHUTE€ PacKpBITHl TEOPETHUECKHE IOJIOKEHHS, JaH aHalnu3
CYLECTBYIOINX METOJOB OMOJOTHYECKOH OYMCTKH, PE3YJIbTAaThI
na00paTOPHBIX U MPOU3BOJACTBEHHBIX HCCIENOBAaHHN KOMOMHHPO-
BaHHBIX COOpYXEHHUH, pa3paboTanHbix B PoctroBckom HUU AKX
uM. K. /JI. Ilamdunosa, KkoTopble Mo-HAIEMy MHEHHIO OTBEYAIOT CO-
BPEMEHHBIM TPeOOBaHMUSAM K OYHMCTKE CTOYHBIX BOA. B 3T0il kHuUTe
TaK e W3JI0KECHBI Pe3ybTaThl HCCIEJOBAaHUH MO TIIyOOKOW OYUCTKE
CTOYHBIX BOJ.

Pa3paboranHble KOMOMHUPOBAHHBIE OYNUCTHBIE COOPYXKEHHUS 00-
JaAa0T HOBU3HOHM IO LIEIOMY PSAY TEXHMUYECKUX PELICHWH, YTO MOA-
TBEPKJAEHO MaTeHTaMM, moinyuyeHHsIMU B Poccun, Amepuke n Kana-
ne. B 1996 r. KC ynoctoensl 3om0Toil Mmenanu MexaIyHapoaHOTO
calmoHa m300peTeHuil B. T. bproccerne.



Pazgen 1. OBIIUE IMOHATHUSA O ITIPUMECHX
CTOYHbLIX BOJ

1.1. THIBI CTOYHBIX BOJ

B oOmewm cirydae TEpMHH «CTOYHBIE BOJBI» MOXKET OBITh HC-
MOJIb30BaH JUIS 0003HAYCHUS BOJ, 00pa30BaBUIMXCS B IPOIECCE XO-
3CTBEHHO-OBITOBON HMJIM MPOM3BOJCTBEHHOHN JEATEIHHOCTH YENO-
Beka. [1o JOMHHUPYIOUUM TpyNIaM MOJUTIOTAHTOB CTOYHBIE BOJIBI
JIeJIAT Ha TATh BUJOB: XO35AWCTBEHHO-OBITOBBIC, IIPOM3BOJICTBEHHbIC,
CEIbCKOXO03AMCTBEHHBIE (CTOK C MOJEH M CTOYHBIE BOJBI OT >KHBOT-
HOBOJUECKUX KOMIUJICKCOB), MAXTHBIC M PYJHUYHBIC, IIOBEPXHOCTHBIN
CTOK.

Xossiicmeenno-o6vimogvie cmounvlie 800bl

DTOT THUN CTOYHBIX BOJ 00Opa3yloTcs B pe3ysbTaTe OBITOBOU
JIeATEeNIbHOCTH YEeJIOBEKA. Y CTAHOBJIEHO, YTO OT KaXXJOT'0 YelIOBeKa
B CYTKH IOCTYMAeT CIEAYIONee KOJIUYSCTBO 3arpsI3HCHUMN: B3BEIICH-
HBIX BEIIECTB — 65 I'; OpraHWYecKUX BEIIECTB, OMPEACIEHHBIX 0 3Ha-
uyennto BIIK,) — 75 r; asora ammonmiinoro (NH,") — 8 r; docdaros
(P,O,) — 3,3 r; xmopunos — 9 1; [IAB — 2,5 v /17/. Jlna onpenenenus
KOHIICHTPAIUK 3arpsA3HEHUS B XO3SHCTBEHHO-OBITOBBIX CTOYHBIX
BOJIaX CJICIYET HOPMY 3arpsi3HCHUS Ha OJHOIO 4YeJIOBeKa — a, [I/CyT.]
OTHECTU K 3HAYCHUIO HOPMBI BOJOOTBEACHHS — (, [AM>/CYT.]:

C = (a 1000)/q, (mr/mom3).
Ilpouszeoocmeennvie cmounvie 800bl

IIpou3BOACTBEHHBIC CTOYHBIC BOJbI 00Pa3yIOTCS Ha MPOMBIII-
JICHHBIX MPEINPHUATHSIX, WX COCTaB Pa3HOOOpa3eH W 3aBUCUT OT IPO-
¢uns mpousBoacTBa. [Ipou3BoJCcTBEeHHBIE CTOYHBIE BOJIBI pa3eisi-
I0T Ha YCJIOBHO-YHUCTBIC, UMEIONUE TOJILKO TEIJIOBOE 3arps3HCHUC
W 3arpsA3HEHHBIE MPOAYKTaMHU Mpou3BozcTBa. [locmeanne MOKHO Kiac-
CcUGUIMPOBATh 10 XapaKTepy 3arps3HCHHU, KOTOPBIHA CBs3aH ¢ mpodu-
JIeM TIPEJIPHUATHS, COCTABOM IepepadaThiBA€MbIX MaTE€pPHUAJIOB, CHIPHS
¥ BHJOM BBIITycKaeMol npoaykuuu (1adin. 1.1). Bee MHOrooGpasue crou-
HBIX BOJ| JCJIAT Ha TPHU TPYIMIbI: COACPXKAIINE MUHEPAIbHBIC TPUMECH,
OpraHWYeCKHe WM OpraHoMHHepalibHble. CTOYHBIE BOJBI, COJEpIKAIINe
B OCHOBHOM MHHEPAJIbHBIC NMPUMECU MOCTYIAIOT OT MAIIMHOCTPOUTEIIb-
HBIX, CTAHKOCTPOUTENHHBIX MPEANPUITHH, TPEANPUIATANA TPOU3BOJICTBA
MUHEPAJIbHBIX YIOOPEHUH, MTPOU3BOJICTBA CTPOUTEIBHBIX MATEPHUAJIOB.
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OpraHudeckue 3arps3HeHUs] QOPMUPYIOTCS Ha MPEANPUITUIX
MUIIEBOM MPOMBIIUICHHOCTH (MSCHAas, MOJIOYHAsl, PHIOHAs, KOHCEPB-
Has, caxapHas U T.I.), IPEINPHUITUSIX KOKEBEHHOTO MPOU3BOJICTBA.
OpranoMuHepalbHbIE 3arps3HEHHUS CTOYHBIX BOJA (popMHpYIOTCS Ha
NPEeANPUATUSIX TEKCTUIHHON MPOMBIILIEHHOCTH, (papManeBTHYEC-
KOH, Ha HedTenepepadaTHBAIOMINX 3aBOJIAX.

IlosepxnocmHublii CMOK HACENEHHBIX NYHKMOS

OTOT THII cTOKa POPMHUpPYETCS 32 CUET JOXKIEBBIX, TANBIX U TOJH-
BOYHBIX BOJ. K OCHOBHBIM (pakTOpam, ompenenstonmM 00bEM CTOKa U
COCTaB 3arpA3HSIOIINX BEIIECTB, OTHOCSTCS: HMHTCHCUBHOCTH BBITIaJe-
HUSI aTMOC(EPHBIX OCAJIKOB U WX IMPOJOIKUTENFHOCTh, 00IIas IIIomanb
TEPPUTOPHUH BOAOCOOpPHOTO OacceiiHa, KITUMATHYECKUE YCIOBUS, PEib-
e MecTHOCTH, BHJ MOKPBITHA. Cpenn 3arpsA3HAIOIINX BEIIECTB Mpeod-
JAJal0T B3BEUICHHBIC BEIIECTBA OPraHUYECKOTO U MUHEPAIBHOI'O MPO-
HCXO0XIeHUS, He(DTepO yKThl, OMOTeHHBIE BEUIECTBA, TSDKEJIbIe MeTall-
nbl (Taba.1.2).

Cenbcrkoxossticmeentvle cmoynbie 600bl

CenbCKOX03SHCTBEHHBIE CTOYHBIE BOJBI MOJPa3esSIOTCS Ha
CTOYHBIE BOJIBI OT KHBOTHOBOJYECKHX KOMILICKCOB W IMOBEPXHOCT-
HBI cTOK ¢ monei. [lepBbie comepxkar OOJBIIOE KOTUYECTBO Opra-
HHYCCKHX 3arpssHeHuid 10 10 Teicsy Mr/mam’. OcOOEHHOCTh 3THX CTOY-
HBIX BOJ - cojiepykanue asora a0 1,5 r/mm® u docdopa 0,06 - 0,10 r/mv?,
(B X035 CTBEHHO OBITOBBIX CTOYHBIX BOJAX COJIEpI)KaHUE a30Ta CO-
craBisiet 25-30 mr/om®, a docdopa - 6-8 mr/am?). Bropeie - comep-
JKaT BEIIECTBa, MCIOJB3yeMble B KauecTBe yINOoOpeHUil U CpPEeICTB 3a-
IIUTHl pacTeHUW OT Bpenurtenedl (coenmmHeHus azora, ¢pocdopa, Ka-
nust, nectunuabl). KoHnmeHTpanus OMOTeHOB W MECTHIIU0B 3aBUCHT
OT KOJIMYeCTBAa BHOCUMBIX YIOOpEHUUN M MECTULIHIOB, a TaKXKe OT
MPaBUIBHOCTH CKJIAIUPOBAHUS U XpaHEHHS YIOOpPEHHH W MEeCTHUIU-
noB (tadm.1.3; 1.4).

YcnoBHble 0003HaueHus g taom. 1.1. [penmpustus: A - 1BeT-
HOU MeTtamnypruu; B - uepHoit metamnypruu; C - KOKCOXUMHYECKHUE;
D- mamuHOCcTpouTensHbie; E - HedTenepepabaTrBaromue; F- cuH-
TeTndyeckodl xumuu; G- TekcTtunbHble; H- K0keBeHHEIC; - Msco-
nepepabarsiBarOIue; J- MoToYHbIe. 3HAUCHUS KOHIEHTpPAIUl WHT-
peareHToB, Mr/am’ : 1 - emuHUIBI; 2 - AECATKH; 3 - COTHH; 4 - THICSAYH;
5 - mecATKH THICAY; 6 - COTHHU ThICAY; + — BO3MOXHOCTH MPUCYTCTBU.

10



Tabmuma 1.1

OcHOBHBIE BHUBI 32Fpﬂ3HeHHﬁ NMPOU3BOACTBEHHBIX CTOYHBLIX B0

3arps;3HEeHs Tpempusus
A[B| C|D|E| F| G| H]|I J

1 213 51617 89 |10]11
Bassecu:
MuHepamsHble | 5-6(34 | 34| + [ 2| - - - -] -
OpraHNYEeCKHe - - - - - |+ 3145 41 3
PactBOpeHHbIE
HEOpPTaHUIECKE]
XIOPHUTIpI -{02(34] - 311323 4| 34| -
CyIb(aThI - 24| - -1 23 3 - 134 - -
dhocdatsl -] - - - - - | 1312 02 12
[UaHK]IBI 4103103 + | -] - - - - -
Mezme 20 - - {13 -] -]+ -1 -]-
MapraHert + | - -+ - -+ - .
Xpom -] - - 230 -] - 1 2 -] -
CBHHEII 05] 1 - 1 -l - - - S
0171513 04] - - + - - - - - -
Kamvmit + | - - 03] - - - - - _
PactBOpeHHbIE
OpraHHYECKe:
1IAB - - - - =102 2102 - -
(heHOIBI - 101 34| - =102 - 102 - | -
HepTenpoayKTeI| - - - + [ 35| - - 3 -] -
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Ta6umma 1.2
Ioka3aTesi cOCTABA MOBEPXHOCTHOIO CTOKA C TEPPUTOPHH KPYIHBIX FOPOI0OB

CocTaB NOBEPXHOCTHOTO CopneprxaHue 3arps3HEHUN B

CTOKa ¢unbTpOBaHHOM (HE PUIBTPOB.)
pode, MI/aMm

1 2
B3BeleHHble BelecTBa (750)
BIIKn 25 (60)
Asot o0 s
A30T OpraHu4ecKui 1,2
Dochop o6 1,0
®Dochop opraHndecKui 0,45
HedrenpoaykTsl 15
X1opuabl 75 (90)
Cynbhatsl 110
CIIAB 0,5
Menpb 0,15(0,23)
CauHel 0,2 (0,5)
Iuuk 1,2 (3,0)
Keneso 3,0
Huxkenb 0,09 (0,14)

XHMHYECKHI COCTAB CTOYHBIX BOJ JKHNBOTHOBOIYeCKHX KOMILIEKCOB

Tabmuma 1.3

Copepxanue 3arpsi3HEHUH, mr/am’

CocTaB CTOYHBIX BOJ CBHHOBO/TYCCKUE KPYIHBIH
(10 TBIC. TOIN.) porarslii ckot (10

TBIC. TOJ1.)
B3BelieHHbIC BEllIECTBA 12400 8600
A30T 001 1000 1300
TTomudocdatsr 400 300
Cynbhatsl 400 400
Kanbrmit 200 300

Tabnuna 1.4

BbiHoc a30T1a, hocdopa, NECTHIHMIOB € CeJILCKOX03AHCTBEHHBIX YIOAMii

®dwusuko-reorpaduueckas A3or, Kkr/ra dochop, [TecTrmpl,

30Ha Kr/ra Kr/ra

CremnHasi:

OpOlLLIaeMbI€ 3eMJIU 22-225 0,17-1,1 0,145

HEOPOIIAeMbIE 3eMJIU 2,0 0,03 -

CMellIaHHkbIe jieca:

OpoIIaeMble 3eMITH - - 0,035

HEOpOIIaeMbIC 3eMIIN 3,98 0,09 -
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Hlaxmuvie u pyoHuuHslie 800bl

laxTHBIE W pyJHUYHBIE BOJBI 00pa3yroTCs B Ipolecce Jo-
Oblun M mepepadoTKe MOJIE3HBIX MCKOomaeMbiX. OHH 4acTO MMEIOT
BBICOKYI0O MUHEPAJU3ALUI0, KUCITYI0 PEaKIUI0 Cpelbl, 0O0JIbIIOE KO-
JUYECTBO PYAHUYHBIX JJIEMEHTOB, HaXOJSANIUXCS B PACTBOPEHHOH U
B3BelIieHHOW (popmax (Tadi.1.5).

Just onpeaesieHUsl cOCTaBa CTOYHBIX BOJ TpeOyeTcs MpoBeje-
Hue OOJBIIOTO KOJIMYECTBA Pa3HOOOpa3HBIX aHAJIU30B - XMMHYEC-
KX, PU3NKO-XMMHYECKUX, CAaHUTApHO-0akTeproaorndeckux. OCcHOB-
HBIMH 33Jla4aMHM, pelIaeMbIMH Ha OCHOBE aHAJM30B, SBJISIOTCS: OILICH-
Ka CaHHUTAapHO-TOKCHKOJIOTHYECKOT'0 COCTOSHUS BOJIBI; OTpPEICICHHE
OPUTOAHOCTH BOJABI JIJIi KOHKPETHOTO BHJa MOTPEOJICHUS, CTEIICHH
U XapakTepa 3arpsA3HEHHOCTH BOJBI, CII0CO0a OYUCTKU BOJBI, a TakK-
e ONpeleJeHUEe METOJO0B yIPAaBICHHUS NPOLECCAMH OYUCTKH BOJIBI
U KOHTPOIIb pabOTHl COOpPYXKEHUH; oleHKa dP(PEeKTHBHOCTH pabOTHI
OT/ICNIBHBIX COOPYKCHUH U TEXHOJOTHYECKOW CXEMBbI OYHUCTKH B Iie-
JIOM; KOHTPOJIb COCTOSIHHSI BOJIOEMA.

Tabmma 1.5
Conep:kanne XHMHYECKHX JIEMEHTOB B HEKOTOPBIX
PYAHUYHBIX BoAAX (MI/aM )

Mectopoxaenne | Mn | Fe Co Ni | Ca | Cd | Pb | Zn
CynbduaHoe
(3amaz, Aurait) 15 30 1 03 [005| 16 | 05 | 02 [ 125
3on0TOpPY II.
(IOAP) 4 3 35 1159 54 [ 005] 029 | 26

1.2. Oprannyeckue NMPUMeCH CTOYHBIX BOJ

Opranndeckoe BEMmECTBO OBITOBBIX CTOYHBIX BOJ MPEJNCTaB-
JICHO B OCHOBHOM MOYCBHHOM, OCJIKaMH, )KHpaMH, yrieBOJaMU U IPO-
IYKTaMH UX PAa3JIOKEHHS, Pa3IMYHBIMU OPTAaHHYECKHUMH KHCIOTa-
MH, CHUHTETUYCCKUMH IOBEPXHOCTHO AaKTUBHBIMU BEIICCTBAMU
(CIIAB). OTanuutenbHONH O0COOCHHOCTHIO OBITOBBIX CTOYHBIX BOJ
SIBJISIETCS OTHOCHUTEIILHOE MOCTOSHCTBO MX COCTaBa, TaK KaK OT KaX-
JIOTO JKUTENSI B CUCTEMY BOJOOTBEIEHHS MOCTYyNaeT B CPEIHEM OII-
pellelICHHOE KOJUYECTBO 3arps3HSIOMMUX BellecTB (I/CyT.), KOTOpOE
MoxeT ObITh omnpeneneHo mo CHwull 2.04.03-85.
[Ipou3BOACTBEHHBIC CTOYHBIE BOJBI MOTYT OBITH 3arpS3HCHBI CIICIIH-
(huuecKkuMHU OpPraHMYECKMMHU BEIIECTBAMHU, 3aBUCAINIMMHU OT BHIA
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MPOM3BOJCTBA, HampuMep He)ThIO U HepTenpoayKTamu, (HeHoIaMHu,
JIUTHUHOM, Pa3iWyHbIMU opranudeckumu kuciortamu, CITAB. Hau-
oonbiiee xkoandectBO CITAB HaxoauTcs B CTOYHBIX BOJAX TEKCTUIIb-
HOH, KOXXKEBEHHOW W HE(PTAHOW MPOMBINIJIEHHOCTH.

CopepxaHue B BOJE OPraHMYECKUX IpHUMeceid, KOTOpble MO-
ryT OBITH OKHCIEHBI MUKPOOPTaHHW3MaMHU B IpoLecce UX MeTabo-
JMU3Ma, OMpPEAeNSIOT KaK OMOXMMHYECKYI0 OKHCIIeMOCTh. [Ipu aToM
4acTh HCIOJb30BAHHBIX OPTaHMYECKHUX BELIECTB PacxodyeTcs Ha
JHEpPreTUYeCKue HYKJbl MUKPOOPTaHM3MOB, a Apyras 4acTh Ha CHH-
Te3 KJIETOYHOTO BemecTBa. YacTh MOJUIIOTAHTOB, pacxoayemas Ha
SHEpreTUYecKue MOTPEeOHOCTH, OKUCIAETCS MUKPOOPTaHM3MaMH J10
KOHEUYHBIX NMPOAYKTOB Pa3j0OKEHUs, COCTAB KOTOPBHIX 3aBUCHUT OT
BUJa OKHCIAEMOTO KOMIIOHEHTA, OKHCIUTEIbHO-BOCCTAHOBUTEIb-
HBIX W KHCJIOTHO-LIEJTOYHBIX YCJIOBHH cpenbl, B o0mem Buae: CO,,
H,O, NH," (NH,), S0/, (H,S), HP0,* (B ckoOkax yka3aHbl CO€/H-
HEHHUs, peaylupyeMble MUKPOOPraHU3MaMHi B aHa3pOOHBIX YCIIOBHU-
sx). [IpOdyKTbl OKHCIIEHHS - METaOOJIUTHl BBIBOJSATCS U3 KIETKU BO
BHEIIHIOW cpexny. Jist ocymiecTBICHHUS MeTaboan3Ma MHOTHE MHK-
pOOpPraHu3Mbl B Ka4eCTBE aKIENTOpa 3JIEKTPOHOB M NMPOTOHOB HC-
noib3yT Kuciuopoa. KoauuecTtBo kucimopona, HeoOXOAMMOTO MHK-
poopranu3MaM Ha BeCh LUKJ PEakLUUl MMOIYYEHHUS SHEPTUU U CHHTE-
3a HocutT HazBanue BIIK - Ouonorudueckas moTpeOHOCTh B KHUCIOPO-
ne. BIIK onpexnensioT aHaJIMTHYECKH, IO Pa3HULE KOHLEHTPALHUU
KHUCJIOPOJia B MCXOJHOW, aHAIM3UPYEeMOH mpobe BOABI U IMOCIe IPo-
necca Merabosm3Ma MUKPOOPTraHU3MOB, yepe3 5 unu 20 cyTok (B
nocienuem ciaydae 3HadeHue BIIK mazpiBaroT monHbiM). Ompenene-
Hue BIIK cuuTaoT nmpaBUIBHBIM, €CIM K KOHIY MHKyOaluu B CKIISH-
ke ocTtaercs oT 3 g0 5 mr O /am’. PacTBOpuMOCTh KHCIOpOAa B
BOJe IpU aTMOC(HEpPHOM JABJICHUM OIpPEAeIsieTcsl TeMIepaTypoil,
npu 20°C B pucTUIIMpOBaHHON Boje pacTBopserca 9,17 mr O,/nm’.
CnenoBatenbHo, MakcumaiabHoe 3HaueHue BIIK, ompenensemoe mpu
>Toi Temneparype coctaBuT 6,17 mMrO,/am’. Ecau opranudeckux
BCIIECTB B aHAJIM3UPYEMOW IpoOe HaXOAMTCS MHOIO, © MUKPOOpra-
HHU3MaM TpeOyeTrcs OoJblliee KOJTUYECTBO KHCIOPOAA JJsi OKHCIe-
HUSl OPTaHUKHU, OIPUOEralT K METONy pa30aBiIeHUs] HCXOAHOH MPOOHI.
CyTp MeTOona 3aKjII04aeTcs B TOM, YTO Ha OJHY 4YacTh HcCIenye-
MOW BOABI O€pyT HECKOJBKO 4acTedl pa3daBiisiiomieil BOIgbl, CMeCh
J0 Tpejesia HACBIAal0T KUCIOPOJOM, pa3IMBAalOT B HMHKYOAllMOH-
Hbl€ CKJISIHKM W BblIepkuBalT B Tepmoctate npu 20 °C. Ilpu pac-
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yete BIIK cremens pasBeneHHs yUUTHIBAIOT U YKa3bIBAaIOT B BUJIE
OTHOIICHUs, HanpuMep 3anuch pazbasrnenus 1: 100 o3nauaer, 4yTO
Ha 1 wacTh mcciaenyemoil BoAbl mouuio 99 yacteil pazOasistomeit
Boabl. Ecm ompenenennoe 3HadeHue BIIK mpu pazbasnennn 60 pa3
cocraBut 4 MFOZ/Z[M3 TO, cnegoBarenpHo, BIIK mccieqyemoit Bombl
cocraBaser 240 MFOz/,Z[M3.

1.3. MuHepaJjibHble IPUMECH CTOYHBIX BOJ
U pPacTBOpPEHHBIE Ta3bl

B cTo4HBIX BOJaxX HEOPTaHWYECKYIO YaCTh 3arpsA3HEHUH CO-
CTaBIISIIOT COJIM, MPUCYLIUE BOJOMPOBOJHON BoAEe U oOpasyrommuecs
B Tpoliecce OOMEHHBIX peaKIiii B OpraHU3Me 4YelloBeKa, B YaCTHO-
ctu docharsl ¥ aMMOHHUIHBIE COJIM. B MPOU3BOACTBEHHBIX CTOYHBIX
BOJAaX B BBICOKHX KOHI[EHTPAIHSIX MOTYT HaXOJUThCS crenudu-
YECKUE MUHCpAJIBbHBIC BCIICCTBA: OJIOBO, MEJb, CBUHCI], IMHK, Kal-
MHH, pa3IUYHbIe KUCIOTH U TIp. MUHEpaIbHbIE 3arpsi3HEHUS, B OC-
HOBHOH COCTaB KOTOPEBIX BXOAAT B3BCUHICHHBLIC BCIICCTBA, MPCACTaB-
JIEHBI MTECKOM W TJIIMHHUCTBHIMH YaCTHIIAMH, MOMaJaloIIUMHA B OBITO-
Bble BOJIBI NMPH MBIThe OBOIIECH u QpyKTOB, YOOpPKH MOMEIICHUN U
T.1. XapakTep U KOJIMYECTBO MHUHEPAIbHBIX IMOJUTIOTAHTOB MPOH3-
BOJCTBEHHBIX CTOYHBIX BOJ[ OMpEAEIsIeTCS BUIOM JEATECIbHOCTHU
nNpeaAnpusaATUsd. 9t10 MOTYyT 6I>ITB MUHCpAJbHBIC BC€UIECCTBAa aHAJIOTU4-
HBIE T XO3HCTBEHHO-OBITOBBIX CTOYHBIX BOJ HJIM CIleNA(UUec-
KHE€ - OKaJIMHa, OUEMCHTHAA IbLJIb WU IIP.

Hanudame pacTBOpeHHBIX Ta30B B CTOYHBIX BOJAaX CBUIETEIb-
CTBYET 0 OMOXMMHUYECKUX Mpolieccax B HUX. PacTBOpEHHBIH KHUCIO-
PO CBUAETEIHCTBYET O JTOBOJBHO BBHICOKOW CTENEHH OYUCTKH, IPH-
CYTCTBHE MOHOB aMMOHHS (MJIM aMMHaKa), COEJUHEHUN Cephl - O
MPOTEKAIIEeM Ipollecce aMMOHU(PUKAIIUN OENKOB, MPUYeM B a’dpo0-
HBIX YCJIOBHSX cepa MPUCYTCTBYET B BHJE Cynb(par-HOHA, a B aHa-
5pOOHBIX YCIOBHUAX Ce€pa BOCCTAHABIMBAETCS JIO CEPOBOIOPOJaA WIU
cyiab(ua-nOHA, MOSBICHUE METAaHA MOXET OBbITh 00YCIIOBJIICHO MPO-
[[ECCOM METaHOTeHe3a, MPOTEKAIIEM B aHAPPOOHBIX yCIOBUSX.

1.4. BuoJsiornyeckue MPUMeCH CTOYHBIX BOJ

Mukpodopa OBITOBBEIX CTOYHBIX BOJ IPEICTaBIIeHA B OC-
HOBHOM MHUKPOOpraHu3MaMH, BBIACIACMBIMU U3 KHIICYHHUKA YCJIO-
BeKa, CMBIBAEMBIMHU C Tella U OKpyxaromux npeameroB. C gusmno-
JIOTUYCCKUMM BBIACICHUAMU YCJIOBCKaA MOCTYNMAa€T HECKOJBKO TPHIJI-
JMOHOB MHUKPOOOB B cyTKu. Cpeau HUX KHUIIEYHBIC MATOYKH, JIaK-
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TOOAIUJIIIBI, SHTEPOKOKKH, TPpUOBI, IpOCTEHIINe, silla TeJbMHUHTOB.
B mpou3BOACTBEHHBIX CTOYHBIX BOJAX MOTYT COJEPKAThCS CIIEIU-
¢uyeckue OMONIOTHYECKHUE 3arpsI3HEHUS - JAPOXKIKH, TPHOBI, aKTHHO-
MuIeTH ((apmaneBTHYECKHe, MHUIIEBbIe U Ap. Mpou3BoacTsa). UH-
(eKIMoHHbIe 0O0JIC3HU, BHI3BIBAEMBIC NMATOI'CHHBIMU OAKTEPHUSIMU, BHU-
pycaMu, MPOCTEUIIUM WIIM Tapa3uTapHBIMU areHTaMH, MOTaJaroIIH-
MH B BOJIOEMBI BMECTE C HEOYHUIICHHON MU HEIOCTATOYHO OYMIICH-
HOW CTOYHO# BOJOH, MpENCTaBISAIOT co00 TUNMHUYHBIN u Hambojee
pacnpocTpaHeHHBIH BpeAHbIA (aKTOpP JJIS 3I0POBbS, CBSI3AHHBIN C
MUTHEBON BOJNOW. Ecu B HaceleHHOM IyHKTE €CTh OOJIbHBIE C aK-
THUBHO NMPOTEKAIIIMMHU 3a00JICBAHUSIMHU HJIM HOCUTENIH 0OO0JIE3HHU, TO
(hexanpHOE 3arpsi3HEHHE BOJOWCTOYHHKA IMPUBOIUT K MOSBIEHUIO 00-
JIC3HETBOPHBIX MHKPOOPTAaHU3MOB B BojJe. Mcnonp3oBaHue TakKoi
BOJIBI TIEpOpalibHO (B KaueCTBE MUTHEBOW) WM KOHTAKT C HEW MpH
MBIThE WM KyNaHWUW M Ja)ke BABIXAHHE BOJSHBIX MapPOB MOTYT BbI3-
BaTh nHpeknuw. K 001e3HeTBOPHBIM MUKPOOPTaHU3MaM OTHOCST-
csa: Salmonella spp., Shigella spp., natorennsie Escherishia Coli,
Vibrio cholerae, Uersinia enterolitika, Salmonella tichi u ap. C ue-
JIBIO OTPENENICHUS 3MUIEMHUOJOTHYEeCKON OMacHOCTH Wiau Oe3omac-
HOCTH [IJI YeJIOBEKa MPUPOIHBIX W OYHIIEHHBIX CTOYHBIX BOJ OCY-
MECTBIAIOT CAaHUTApPHO-0aKTEPHOJNOTUUYECKUI aHallu3 BOJBHI.
MHoOTHE NMaTOTEHHbIE MUKPOOPTaHU3MbI MOXXHO ONPEIACIHUTh C IO-
MOINIBI0 COOTBETCTBYIOIHX METOJOB, OJHAKO, TOPa3Ja0 MpOIle U
s ¢exTrBHEEC MPOBOAUTH TECTUPOBAHUE HA HadW4yue OaKTEpU, KO-
TOpBIE SABISIOTCS WHANUKATOPAMH MPHUCYTCTBUS (PEeKaTbHOTO 3arps3-
HEHHMsI WU HEIOCTATOYHOW OUYMUCTKH M 00e33apakuBaHUs BOJBI. bak-
TEePUU-UHIUKATOPHI JOJDKHBI YIOBIETBOPSTH CIENYIOMUM Tpebo-
BaHUSIM: IPUCYTCTBOBATh B OOJBIIMX KOJMYECTBAX B (pekanusax
NIOJIe W TEIMIOKPOBHBIX XUBOTHBIX; OBICTPO OOHApPYXKUBATHCA C
MOMOIIIBIO MPOCTBIX METOJIOB; HE JOJKHBI Pa3BUBATHCS B MPUPOJI-
HOUW BOJle; CTEMEHb OYHUCTKU U METONBl yJaleHUS HWHINKATOPOB
JOJDKHBI OBITh AHAJOTHYHBI MOKA3aTeNsAM JJ MaTOreHOB BOJHO-
ro mpoucxoxaeHus. Jlo HeTaBHETO BpEeMEHU CaHUTApHO-OAaKTEepHO-
JIOTUYECKasl OIlCHKa KauyecTBa BOJBI OblIa OCHOBaHa Ha ompejelie-
HUH ABYX TNOKa3zarenel - obmero MukpobHoro yucia (OMUY) u ywnc-
na Gaktepuit rpynmnbel Coli. IlepBbIii mokazaTens NaeT MpelcTaBIie-
Hue 00 oOmeit 00CeMEHEHHOCTH BOJBI a’dpOOHBIMU campoduTaMu,
M0 BTOPOMY IMOKa3aTel0 OI[CHUBAIOT BO3MOXHOE NMPHUCYTCTBHUE B
BOJI€ NMAaTOTE€HHBIX MUKPOOPTaHU3MOB. Pe3ynbTaThl aHalwm3a BOJIBI
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BBIPAXXaIOT B BUJE KOJU HMHJIEKCA - yucia 0akTepud B OJHOM JIUTpE
BOJIBI WJIM KOJIHU-THTpa - HaUMEHbIIEro oobeMa Boabl (cM?), comep-
JKalero oAHy KuiieyHyro nanodky. Komu-tutp = 1000/ xonu-uH-
nekc. Ha ceronHsamHuii geHb KOJIMYECTBO MUKPOOPTaHU3MOB-UH]IU-
KaTOPOB PacIIUpPEeHO, K OCHOBHBIM OpraHU3MaM-HHIHKATOpaMm OT-
HocsT: Escherishia Coli, TepMoTonepanTHsie u Apyrue Koaudpopm-
Hble OaKTepHuH, QeKaJbHble CTPENTOKOKKH, CIIOPHI CyJbdaTpenyu-
PYIOLIIUX KIOCTPUAMA U KoJHu]ary.

Pazgen 2. TEOPETUYECKHUE OCHOBBI
BUOJAECTPYKIIMUU U TPAHCOPOPMAIINHU
SATPABHAIOIUX BEHIECTB

2.1. OcHoOBBI OMOJECTPYKIMHU

Cpenyn UCNONB3YyEMBIX METOJOB OYHCTKH INPOU3BOJACTBEHHBIX
1 OBITOBBIX CTOYHBIX BOJ, OMOJIOTHYECKAss OYUCTKA SIBJISIETCS Hau-
0oJiee SKOHOMHYECKH BBITOJHOW, @ MHOTJA M €IUHCTBEHHO BO3MOXK-
HOH. B ocHOBe TeXHOJOrHM OMOJOTHYECKOW OYMCTKU JIEKHUT HC-
MOJb30BaHNWE AKTUBHOTO MJIa MWJIM OMOIJICHKHU, NPEICTAaBISIOMINX
co00#l CKOmIeHUE KUBBIX U MEPTBBIX MUKPOOPTaHU3MOB, OHU SIB-
JISA0TCA JEUCTBYIOUIMM HA4daJlOM, NEPBONPUYMHOU NECTPYKTHUB-
HbIX OMOXMMHYECKUX npoueccoB. OOmuUNA nTpU3HAK MUKPOOPraHU3-
MOB - Majlas BEJIWYHHA, UX pa3Mepbl U3MEHAITCA OT JOJEH MHUK-
poMeTpa 10 HECKOJIbKHX MHKPOMETpPOB. B ogHOM rpamme OakTe-
puanbHOW Macchl coaepxutrcs 102 GakTepuanbHbIX KiIeTOK. On-
HAaKo, HECMOTpPS Ha Majible pa3Mepbl, OHU MUMEIOT OOJBIION yAelb-
HbIM Bec B kMBOHU npupone. OHU BBLACIAIOT 00 95% Bcero auok-
cuJa yriepoja, KOTOpeIH oOpa3yeTrcs B mpupojae. Mukpoopra-
HHU3MBbI HaXOJAsTCA MOBCEMECTHO B MOYBE, BojAe, Bo3Ayxe. OCHOB-
HBIM MECTOM OOWTaHHUs SBJISIETCS IOYBAa M BOJA, a TAKXKE Teja pac-
TEHHUH, )KUBOTHBIX, 4einoBeka. OHU I'yCTO HACENAIOT NMUILEBAPUTEIb-
HBIN TPaKT, ciu3ucTeie 000s0uku. [lepBoe HayuyHOE OMHCAaHHE MHK-
poopranu3mMoB mpeaioxkeHo ArTtoHoMm JleBenrykom (1632-1723), B
1683 rogy uMm ObBUTO OOHApyKEHO TPEThe LAPCTBO XHUBOW MPUPOJIBL,
KOTOpO€ B MOCIEACTBHM NOJY4YHIO HazBaHHe NpoTucToB. K map-
CTBY NPOTHUCTOB OTHOCSAT OPTraHHU3MBI, B OTIHWYHE OT KUBOTHBIX U
pactenuit Mmopgonorunuecku cnabo nupdepeHIpoBaHHbBIe, OOJIBITHH-
CTBO M3 HHUX OAHOKJIeTouyHble. Ha ocHOBaHMM ocoOeHHOCTEH opra-
HU3aLHUHM KJIETOK MPOTUCTHI Pa3leNdoT Ha JBE TPYIIbI - BBICIIHE U
Husmue. K HU3MIMM NpOTHUCTAaM OTHOCAT OakTEepUHl M CHUHE-3eJIeHbIe
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Bojiopociu. [lo ¢opme OakTepuu NENATCS HA MIAPOBHJIHBIC — KOKKH,
MaJIOYKOBUIHBIE WIH MUIWHApUYECKUe (OaKTepuu, OamiuIbl) U H3-
BUTHIC (BUOPHUOHBI M CIUPUILIBI). BeTpedaloTcss moABUXKHBIE U HE-
noaBuxHbIe QpopMbl OakTepuii. [lepeaBHKEHUE OCYUIECTBISETCS
C MoMOIIbI0 XTI'yTHUKOB. [lo XapakTepy pacrmoyioKeHUs KTYTHKOB
OTHOCHUTEJIBHO KJIETKH, UX JEJSAT Ha MOHOTPUXHU — OJUH JXTYTHK Ha
MOJIFOCE KIJIETKH, JO(OTPUXU — IYUYOK KXI'YTUKOB Ha IOJIOCE U Iepe-
TPUXU — KTYTHKH PacrojaraloTcs Mo BCeH MOBEPXHOCTH KIETKHU.
MukpoOHas kietka cojaepxut 10 80-85% Boasl u 15-20% cy-
XOr0 OCTaTKa, MPEeACTABIISIOIEro cO00l cMech OpPraHM4YEeCKUX U MHU-
HepaJbHBIX coenuHeHUH. COOTHOLIEHHE XUMHYECKUX COEIUHECHUN
pa3HooOpa3HO M 3aBUCUT OT BHJa MHUKPOOPTaHU3Ma M €ro Bo3pac-
Ta. YacTh BOJBI HAXOAUTCS B KJIETKE B CBOOOJHOM COCTOSIHUH, 4acTb
B CBSI3aHHOM M BXOJHUT B COCTaB MOJIEKYJl OCJIKOB, KHPOB, YIJI€BO-
nos. CBoOoHasA BOJa CIY>XHUT PAaCTBOPHUTENIEM OPraHMYECKUX U
MUHEpPaJbHBIX BellecTB. Bce mUTaTenbHbIC BEIIECTBA MOCTYMAIOT B
KJIETKY TOJBKO C BOJOH, MPOAYKTH OoOMeHa BemecTB (MeTabonus-
Ma) TakKe BBIBOISTCS M3 opranu3Ma ¢ Bomoi. KommdectBo OenkoB
3aBHCHT OT BO3pacTa KJICTKH, B CPEIHEM OEJIKM cOCTaBIAOT 50-
80% cyxoro BemecTBa KJIETKH. beakn — 3TO BBHICOKOMOJIEKYISpHbIE
MOJIMMEPHBIE COSAMHEHUSI, MOHOMEPOM KOTOPBIX CIyKaT aMHUHOKHC-
JOTBl. AMHUHOKHCIJIOTHI CIOCOOHBI K mosmMmepu3anuu. K 6enkam ot-
HOCSITCSl TIOJUIENTHABI ¢ JUTHHOW mernw 6onee 50 amuHOKHCHOT. DyH-
KIuK OEJNKOB: — CTpOWTENbHAs, OEKM y4acTBYIOT B 00pa30BaHHH BCEX
KJIETOYHBIX MEMOpaH U OPTraHOWJOB KJIETKH, a TaKKe BHEKJIETOYHBIX
CTPYKTYp (PK30(p€pMEHTOB); KaTaIUTHYECKas] POIb, — BCE (EPMEHTHI
(BemrecTBa, YCKOPSIOLUIME CaMONPOU3BOJIbHBIE XMMUYECKUE MPEBpa-
LICHUS) SIBJSIOTCS BEUIECTBAaMHU OCJIKOBOW MPHUPOJbI; ABUTATEIbHAS
¢GyHKUHS, 5Ty QYHKIUIO BBHIMOJIHSIOT ClieNH(PUYECKUE COKPATUTEb-
Hble O€JKM, y4acTBYIOLIME BO BCEX BUIAX IBMKEHHs (OMEHHUS XKIy-
TUKOB); TpaHCIOPTHAas (GyHKIHUS OENKOB 3aKJIIOYAEeTCs B MPHUCOCIH-
HEHUU XUMHYECKUX DJICMEHTOB WU OMOJOTHYECKH aKTUBHBIX BeE-
HIECTB U MEpeHOoce HX uepe3 MeMOpaHy K pa3jWYHBIM TKaHAM H
opraHaM KJIETKH; dHepreruueckass QGyHKIUs, OCJIKU SBISIOTCS AJS
KJIETKH MOCTaBIIMKOM JHEPTUH, NIPHU MOJTHOM PACIICHIECHUH OJHO-
ro rpamma 6enka Beigensiercs 17,6 xJlx suepruun. Coaepxxkanue
yrIeBOAOB B KieTke 10 5% cyxoro BemecTtBa. OyHKOUU yrie-
BOJOB: — CTPOUTENbHAsI, dHEPreTUYecKas; yIIeBOABl SIBIASIOTCS
CTPYKTYPHBIM KOMIIOHEHTOM MeMOpaH, YyTieBOAbl - OCHOBHOH HcC-
TOYHHK DHEPTUH B KJIETKe. B mpolecce OKUCIEHHsS] OJHOTO TpaMMa
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yriaeBoJ0B ocBoOokmaercs 17,6 kJ[>k SHEpPruM; yrieBoabl 3TO OC-
HOBHBIC 3allaCHBIC NUTATEJIbHBIC BEIISCTBA, TO €CTh PE3CPB MUIIH U
sHepruu. Jlunuael coctaBisoT 3-7% CyXoro BEIIECTBa KIETKH, 3TO
JKHPBI, Maclla, BOCKa — HepacTBOPUMBIE B BOJIE OpPTaHHYECKHE Be-
ecTBa, KOTOPhIE MOXKHO HM3BJICYb M3 KJIETOK OPraHUYECKHMHU pa-
ctBopurensiMu (3¢upom, xiopopopmom, denzonom). Kommnonenra-
MH JIUTIUJOB SIBIISIIOTCS JKUPHBIE KHUCIOTHI.

B k7ieTke BBITIONHSIOT CTPOUTENBHYK (QYHKIIMIO - BXOJAT B COCTaB
MeMOpaH; 3HepreTuueckas (pyHKIHs XKUPOB 3aKIOYACTCS B TOM, YTO
IpU MOJTHOM PacUIeIyICHHH OJHOTO rpaMMa ocBoOoxkiaetcs 38,9 xJk.
MuHepanbHble COJMH COCTABISAIOT 2-14% cyxoro BellecTBa KJIETKH.
Bonbmas 4acTh HEOPraHMYECKUX BEHIECTB HAXOJUTCSA B ITHOO B MOH-
HOM COCTOSIHWMH, JINOO B BHJIE HEpAacCTBOPUMBIX cosieii. Cpeau mep-
BBIX 0OOJIBIIIOC 3HAYCHHE MMECIOT Kalluil, HATPUM, Kainblui. B kieTke
Mo AepKUBAETCS clabomieoyHas cpeja B pe3yiabTaTe HAIUYUs He-
KOoTOpo# OydepHON eMKOoCcTH, o0ecrieynBaeMoi TJIaBHBIM 00pa3oM
aHHOHaMu GochHOpHON KHCIOTHI M ee KHUCIBIMHU COJIsIMU. B cocras
KJIETKH BXOJST TAaK:KE€ MHUKPOIJIECMEHTHI: MOJUOJCH, KOOAIbT, HUKEIb,
MaprasHei u T. 1.

2.2. Knaccuukanusi MUKPOOPraHU3MOB MO CHOCO0Y
CyHIeCTBOBAHHA

BakTepun, kak Bo BpeMsl pocTa, TaK U B COCTOSHUHU IOKOS IO-
CTOSSHHO HYXJAIOTCS B NMUTATEJIbHBIX BEIIECTBAaX, KOTOPbIE OHU
TpaHCQOPMHUPYIOT B IMpolecce MeTadoau3Ma U MOJYydalT CTPOU-
TEJIbHbIE KOMIIOHEHTHI JIJIsI CHHTE3a CBOETO KJIETOYHOTO BEIIECTBA
U DHEPTHUIO0 IJI OCYIIECTBICHHUSA NMPOIECCOB CHHTE3a KJIETOYHOTO
BEILECTBA, IBI)KCHUS, BO3MOXHOTO cBedeHHUs u T.O. [as pacrymei
KJIETKHA YHEPTHH TpeOyeTcss MHOTO, OHa PacXoAyeTcsl Ha CHHTE3 OHo-
Macchl, Ha BOCTIpOU3BOJACTBO OeyikoB JIHK u KIETOYHBIX CTEHOK, U
Ipyrue 3Hepro3aBHCHMBbIE mpouecchl. s B3pocioil KIeTKH moTped-
HOCTHb B DHEPIMM B 7 pa3 MEHbIIE. DHEPrusi B OCHOBHOM 3aTpadyuBa-
ercs Ha oOHoBienune Oenka JJHK u apyrux coctaBisionmx KiIeTKH.
B coctosHum anabuo3a Takke OCYIIECTBIsIeTCS OOMEH BEIIECTB,
XOThb M OY€Hb MEIUICHHO. B 3TOM COCTOSIHMM KJIETKH 3HEprus Tpedy-
€TCsl B OCHOBHOM JUIsl BBIBOJA MPOAYKTOB pacmajga M CHHTe3a Oel-
koB IHK.  Muxpoopranu3zMbsl MOTYT HCIOJIb30BaTh 3HEPTHUIO TOJb-
KO XMMHYECKUX peakluil (OKHCIUTEIbHO-BOCCTAHOBUTEIbHEIE pe-
aKIMU) U 3JICKTPOMArHUTHYIO (CBET ONpEIENICHHON AJIMHBI BOJIHBI),
OCTallbHble BUIbBl SHEPTHHM HE NOCTYNHBEI. B 3aBucHMOCTH OT BHIA
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HCTI0JIb3YEMON 3HEPruu OaKTEpUM IEJAT Ha JBe OOJIBIIHME TPYIIIbI,
COOTBETCTBEHHO XeMOTPO(bl U GoTOTpodbl. JoMHuHUpYIOLIEE 3HA-
YeHWE B TEXHOJOTHH OMOJECTPYKIMU 3arpsA3HSIOMHUX BEMIECTB CTOY-
HBIX BOJ MMEIOT B OCHOBHOM XE€MOTPO(QHI, MOITOMY B JajbHEHIIEM
Oyner paccMOTpeHa KiacCU(UKAlMs UMEHHO 3TUX OpPraHU3MOB. Xe-
MOTPOQBI B 3aBUCUMOCTH OT IPHUPOJBI OKUCISEMOTO BEIIECTBA Je-
JNAT Ha JB€ OONbBIIHE TPYMNIBI: TUTOTPOMBI — HCIONB3YIOT IHEPTHUIO
MPU OKUCJIEHUH HEOPTaHMYECKHX BEMECTB (T.e. JOHOPOM IPOTOHOB,
JJICKTPOHOB  SIBJISIIOTCS ~ HEOpraHMYEeCKHe BeEIlecTBa); OPraHoTPO-
(GBI - TONYYalOT PHEPTUI0 MPU OKUCICHUU OPTaHMYECKUX BEHICCTB
(TOHOPOM TPOTOHOB, BIEKTPOHOB SIBISIOTCS OPTaHHUYECKHE BEIle-
cTBa). B 3aBucuMocTH OT BHJa yriepoaa, TpeOyeMoro Iis mporiec-
ca CHHTE3a KJIETOYHOTO BEUIECTBAa XeMOTPOQBI ACIATCSI Ha TeTEPOT-
POPB — MEKPOOPTAaHU3MBI, CHHTE3UPYIOIIUE CBOE KJICTOYHOE Belle-
CTBO W3 yriepoja, BXOIAIIEr0 B COCTAB OPraHMYECKUX COEJUHE-
HU; aBTOPaTpo(PBl — CHHTE3UPYIOT KIETOYHOE BEMIECTBO U3 yTJie-
pona, ucnonb3ys CO,. Ecin MUKPOOpPraHM3Mbl UCIOJIB3YKOT MEPT-
BO€ OpraHMYEeCKOe BEHIECTBO, TO MX Ha3bIBAIOT campoduTamu, €Cciin
HCTOJB3YIOT OPTaHUYECKOE BEIIECTBO, BXOJSIIEE B COCTAaB KIETOK
X035iMHa, TO UX HA3bIBAIOT Mapa3uTamMu (MaTOTeHHBIE, T.e. Ooyes-
HETBOpHBIC). Ecnu aknmenTopoM MpPOTOHOB (IJIEKTPOHOB) SBISETCS
CBOOOJHBIN KHUCIOPOJ, PACTBOPEHHBIH B BOJE, XeMOTPO(Hl Ha3bIBa-
I0TCA a’pobaMu, eci B KadeCTBE aKIENTOpa MPOTOHOB, DJIEKTPO-
HOB JICHCTBYET CBSI3aHHBIH KUCIOPOJ (BXOJHUT B COCTaB XMMHYEC-
KHX COCIWHEHUU, HalpUMep HHUTPATOB, CYJIb(aTOB) MIU OpraHHYec-
KO€ BEIIECTBO — IMPOJYKT HEIMOJHOW OMOAECTPYKIMU cyOcTpaTa (Iu-
TaTENbHBIX UCXOJHBIX BEMECTB, META0OIUTOB), XeMOTPO(DBI ABIS-
oTca aHadpobamu. CrocoO cymiecTBOBaHMS MPOKAPUOT OIPEaes-
€TCSl C YUETOM YKa3aHHBIX OCOOSHHOCTEW M mpezcTaBiieH B Tabm.2.1 /18/.

Tabmuna 2.1
Cnocod cymecTBOBaHUS NPOKAPHOT
Wcrounuk [ JloHop anektpoHoB |Uctounuk| Cnoco0 cy- [IpencraBurenn
SHEpTUU (BOCCTaHOBUTENb) | yriepoJa | IeCTBOBAHUSA
Oxkucnu- |Heopranunueckue Be- |CO, Xemonutoas- |Hutpudukatopsl,
TENbHO-  |IIecTBa ToTpodus THOHOBBIE, BOAOPO-
Boccrano-|(H,; H,S; NH;; Fe2+) HbIE, JKeJIe300aKTepUl
BUTEIIb- C - opra- |Xemonurore- |MeranoOpasytoiue,
HBIE peak- HUYECKUH | TepoTpodust  |BomopoxHble GakTepu
ouu Oprannueckue Bemecrsa| CO, Xemooprano- |DakyabTaTUBHBIE
(6enku, yrieBos! U T.A.) aBTOTPOGHUS  |METUIOTPOdBI
C - opra- |XemoopraHo- |boibmnHCTBO IIpO-
HUYECKHH | TeTepoTpodus | KapHOT
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2.3. O0mue MOHATHA 00 00MeHe BelecTB

Bce MUKpOOpTaHU3MBI MONYYaAIOT SHEPTHIO U MUTATEIbHBIC BeE-
ecTBa B pe3yibTare oOMeHa BemecTB (MeTabomm3ma). Merabo-
JU3M - 3TO HOCJENOBaTEIbHOCTh Pa3JIMYHBIX NMPEBPAIICHUN, KOTO-
PBIM TIOJBEPTAIOTCS BEIIECTBA BHYTPHU KIETKH. V3 BHEUIHEW cpejbl
KJIETKa MOTJIOIIAaeT MUTATEIbHbIC BEIIECTBA BCEH MOBEPXHOCTHIO.
[MuTaresnbHbIe BelIECTBA MPH 3TOM 0053aTEIbHO JOJDKHBI HaXOJUT-
Csl B PACTBOPCHHOM BHJIC U pa3Mepbl MOJCKYJ MUTATEIbHBIX Be-
I[ECTB JOJKHBEI OBITH 3HAYMTEIHLHO MEHBIINE CAMOM KJIETKH, MOHBEI U
HeOONBIIOTO pa3Mepa MOJEKYJIbl OSCNPEeNATCTBEHHO MOCTYHAOT B
KIETKY. MaKkpoMOJIeKyJibl HHOTJa UMEIOT pa3mep OOmbllie, YeM cama
KJIETKa W JJIs MOCTYIUICHUSI B KIETKY OHHU JOJDKHBI MOJBEPTraThCs
pacuiemieHuo, THAPOIU3Y, 3TO CaMONPOU3BOJILHBIN mpotecc. On-
HAKO €CIIH BEIEeCTBO SIBISCTCS TPYAHO PACTBOPUMBIM, TO MPOIECC
TUAPOIN3a MOXKET OBITh JIUTEIBHBIM. Y CKOpPEHHUE MpoIecca JOCTH-
raeTcs ¢ NOMOIIbI KaTanu3atopa. KiieTka CHHTE3UpyeT 3TH Ka-
TaJIM3aTOPHI - PK30(DEPMEHTHI U OHH MOCTYMAIOT BO BHEIIHIOK Cpe-
ny. CxeMaTU4HO JeiicTBHEe (PEpPMEHTOB MOKa3aHo Ha puc. 2.1.
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Puc.2.1. Cxema neiicTBus 5K30()epMEHTOB:
1 — GakTepuanbHas KieTKa; 2 — pepMEHT I[eJUII0Ia3a, KaTaaTu3upyro-
HIWI THAPOJIU3 MEJUTI0N03bI — 3 B EUT00K03y 5, 4 — 3K30(hepMeHT Ie/I001a-
3a, KaTaJU3UPYIOUMH THAPOIU3 LELUIO0H03bl B TIIIOKO3Y 6, MOCTYHAMOLIYIO B
KJIETKY TOJ JeHCTBHEM MeXaHH3Ma MAcCHBHOIO IEPeHOCa WU
TpaHCTIOPTHpPYeMas 3K30(epMEHTOM TpaHchepa3oit — 7
I'moponus Genka mox AelcTBHEM 3K30(E€pPMEHTOB 0 OpPTaHHU-
YECKUX KHUCJIOT U AMHHOKHMCIOT MOHO INPEACTABUTH CIEAYIOLIAM
oOpa3om:
RCO - NHR + H, O — R - COOH + H,N R
B OakTepuanbHBIX KJIETKaxX MPOAYKTHl (PEPMEHTATUBHOTO TH]I-
poim3a MOABEPTAIOTCS NMPEBPALICHUAM Yepe3 PsI MOCIEI0BATEIb-

HbIX (EpMEHTATUBHBIX pEaKHUi. DTU peaKIUH BHYTPHKICTOYHOU
TpaHc(oOpManry BEHIECTB IOJYYHUIIHM Ha3BaHWUE NMyTel oOMEHa Wiu
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MeTabonuveckux myTed. B 1enax ynpouieHus mMeTabonuyecKkue myTH
JesAT Ha ABE BETBU — JHEpreTuueckas (AecTpykuus cyOcTpara) u
CUHTETHYecKas (KOHCTPYHUPOBAaHHE KJIETOUHOIro BemiecTBa). IIporec-
CBbl IECTPYKLHHU MAYT C BBIAEJICHHEM SHEPTUH, a MPOLECChl CHHTE3a -
c ee moTtpebneHneM. B kieTke muTaTenbHbIE BENIECTBA paclleris-
10TCSl HAa HeOoJsipline (parMeHThbl, 3TOT MPOLECC Ha3bIBAETCS AECT-
pyKLHsI, pacnaj Win KataboJau3M, 3aTeM OHU MPEBPAILAIOTCSA B Pl
OpraHUYeCcKUuX KUCJIOT U GocOopHBIX 3PUPOB — 3TO HPOMEKYTOU-
HbII 00MeH, ampubOonu3M. DTH JaBa 3Tana UAYT C BBIIACICHHEM JHEP-
ruu. M3 mosydeHHBIX B Ipouecce aMpubonu3zMa pa3HOOOpa3HBIX
HU3KOMOJIEKYJISIPHBIX COSAMHEHUIH CHHTE3UPYIOTCA CTPYKTYpHBIE OC-
HOBHBIE KOMIIOHEHTBI, Ha3bIBA€MbI€ CTPOUTEJILHBIMU OJIOKaMH KJIET-
KU, 3TO aMHUHOKHCIOTHI, pocdarsl caxapoB, OpraHUYEeCKHE KHUCIIO-
THl U Ipoure MeTabonuThl. M3 3TUX CTpouTeabHBIX 0J0KOB (GopMH-
PYIOTCS TOJIMMEpPHBIE MAaKPOMOJEKYIbl — HYKJICHHOBBIE KUCIOTHI,
OenkH, 3amacHble BEIECTBA, KOMIIOHEHTHI KJIETOYHOW CTEHKH U T. 1.,
TO €CTh T€ MOJIEKYJIbl, KOTOPhIE M COCTAaBJISIIOT BEIIECTBO KIETKH,
3Tall CHHTE3a UIET C MOTpeOJeHHeM SHEPruM U Ha3bIBaeTcsl aHabo-
JTU3MOM.

Bce mponeccsl TpaHchopManuu MeTabOJUTOB BHYTPHU KIETKH
KaTaJIU3UPYIOTCSl BHYTPHUKIETOYHBIMH (hepMeHTaMU — 3HAO(PEpMeEH-
TaMH.

HaszBanue «depMeHTB» MPOUCXOAMT OT JIATHHCKOTO «fermentumy —
3akBacka. @epMeHTHI MpeACTaBIAIOT co0oii Oenku. Karanuzupye-
Masi (pepMEHTOM peaklus HAaYWHAETCS CO CBI3BIBAHUS MeTaboIuTa,
(T.e. cyOcTpara) ¢ hepMeHTHBIM OenkoM. B CBS3bIBaHUM W TMOCIENY-
IOLel nmepenadyn OTACNbHBIX (parMeHTOB cyOcTpaTa — METHJIBHBIX
IPyII, aMHHOTPYII, BOJOPOJAA U T.II. — YYaCTBYIOT Hapsany c ¢ep-
MEHTOB HEKOTOpBIE HHU3KOMOJICKYJISIPHBIE OpraHMYeCKHe COEIUHEHUS,
TaK Ha3blBaeMble KOPEPMEHTH M MPOCTETHUECKUE Tpymnnbl. Betre-
CTBa, KOTOpble Ha Oelke MpUCOEOUHAIOT (pparmMeHT cyOcTpara, a
3aTeM OTAENAIOTCS, YTOOBI MepeaaTs 3TOT (parMeHT Ha ApyroM dep-
MEHTHOM OeJIKke BTOPOMY COEIMHEHHIO, Ha3bIBAIOTCSI KoepMeHTa-
MH (mepeHocuukaMu). HU3KkoMoNeKynapHble COSTUHEHHST TPOYHO
CBsI3aHHBIE C ()EPMEHTOM M HE OTAEJSIOIIMECS OT HETO BO BpeMs IpH-
COeIMHEHUsT W mepenaun (pparMeHTOB cyOcTpaTa, Ha3bIBalOTCS IMPO-
CTETUYECKUMH I'pynnamMu pepMeHToB. DepMeHTH 00JaaloT Crenu-
¢uueckumMu (OTHOCUTEIBHO HEOPraHWYECKHX KaTadu3aTOPOB) CBOM-
CTBAMU: - YCKOPSIOT XMMUYECKUE PEaKUHH, NeHCTBYS B IACCATKH U
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COTHHU THICSY pa3 ObIcTpee, UueM HEOpraHWUYEeCKHEe KaTajlu3aTopHI.
Hanpumep, KoHCTaHTa CKOPOCTH Pa3j0KEHHE MEepOKCHAa BOJOPOJa
(H,0,) xatanusupyemas MOHaMHM JBYXBAJICHTHOIO JK€Jl€3a, PaBHa
56, KOHCTaHTa CKOPOCTH JTOH XK€ peaklnu KaTalu3upyemou dep-
MeHTOM cocTtaBiser 3,5%¥107; KOHCTaHTa CKOPOCTH Pa3j0KEHUS MO-
YEeBUHBI 110J] JAeHCTBHEM KMCIOTHI cocTasiser 7,6%10°, a xoHcraHTa
CKOpPOCTH (hepMEHTATHBHOTO pasyioxeHus — 5*107. IleiictBue ¢ep-
MEHTOB CBSI3aHO C MHTEHCHBHBIM NOHM)XEHHEM >HEPrUH aKTHUBALMH.
Tak mpu paslioKEeHHHM MEPOKCHIa BOJOPOJAa MOHAMH >Kelie3a dHep-
rUsl akTUBamuu coctasisieT 46 x/x/Moib, a mpu pepMEHTATHBHOM
pasnoxenuu — 7 k/k/MoJp; — XuMHUECKOE IpeBpalieHre MeTrado-
auTa Ha GepMeHTEe MPOUCXOIUT MPpU OOBIYHOHN TemmepaType. Takum
o0pa3oM, (epMeHTHl 00ECIICUMBAIOT MPOTCKAHUE TE€X PEaKlMil, KO-
TOpble 0€3 HUX MOTJHU Obl TIPOUCXOIAUTH TOJBKO MPHU OYCHHb BBICOKHX
TeMIlepaTypax, HEBO3MOXHBIX AJIsS XKHUBBIX opranu3MoB. Hampuwmep,
XUMUYECKOE OKHMCICHHE a30Ta aMMHaka OO0 CBOOOIHOTO a30Ta Mpo-
TekaeT mpu Temmepatype 600 — 700 °C; — GepMeHTBI XapaKTEePU3yIOTCs
OTpeAeIeHHONW CyOCTpaTHON Clenu(UIHOCTHIO (B3aUMOACHCTBYIOT
TOJIBKO C OJHUM METaOOJUTOM M HPOAYKTOM €ro HpEBpalleHHs) U OIl-
peIeNeHHON cneun(pUIHOCTBIO NeHCTBUS (KaTaJM3UPYIOT JIMIIb OTHO U3
MHOTHX pa3IMYHBIX MPEBpaIleHUH, KOTOPHIM MOXKET TOABEPraThCs daH-
HBId MeTabonuTt). PacnoznaBanue cybcrpara epMEHTOM MPOUCXOIUT
B IIpolecce CBs3bIBaHUsA. CBS3bIBAHUE OCYILECTBIISETCS B COBEPLICHHO
ONpEeACICHHOM Y4acTKe MOJIEKYJbl ()epMEHTa, TaK Ha3bIBA€MOM Kara-
nutudeckoM reHTpe. Ctepuyeckue cBolicTBa cyOcTpara (KoHpurypa-
¥sl) U pachpe/esicHHe 3apsioB B €ro MOJIEKYJE CIIy)KaT TeMU MpU3Ha-
KaMH, [0 KOTOPBIM cyOcTpaT pacno3Haércs (pepMeHTOM.

CybcTpar 1 hepMEHT MOAXOIAT APYT K APYry Kak KIIOY K 3aM-
Ky (puc 2.2.) /18/.

KatanuTtuyeckuii ueHTp
N > depmeHT +
? . + NpoAyKT peakuuu
-
Cy6cTpar

depmeHT depmeHT-cybeTpaTHbIi
KOMNneKe

Puc. 2.2. Ces3piBanue cydcTpara hepMEHTOM (THUIOTE3a «KII0Ya U 3aMKay)
KpaiiHe BaXHBIM CBOHCTBOM HEKOTOPHIX (DEPMEHTOB SIBJIS-
€TCS M3MEHUYHNBOCTL X KaTAJIHUTHYCCKOM AKTHUBHOCTH, crocoOHas
MNOAYUHATHCA PEryIdlnu. OTa peryjaanusa - OAHO M3 BO3MOKHBIX
00BSAICHEHUH IMOJHOW COrJIaCOBAHHOCTH BCEX META0OJIUYECKUX IIpe-
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BpamieHuii. Takue epMEeHTH paclO3HAIT HE TOJBKO CyOCTpaTHBIN
MeTa0oJUT (MPU MOMOIIM KaTaJUTUYECKOTO IEHTPa), HO U (IpHU I0-
MOIIY JPYroro IeHTpa) KOHEYHbIH NPOAYKT JAAHHOTO MyTH OMOCHH-
Te3a. Y 3TUX (EPMEHTOB MMEETCS BTOPOW LIEHTP CBS3BIBAHUS - pe-
TYJSTOPHBIA LeHTp. KaTtanutudeckass akTUBHOCTh ()epMEHTa pery-
nupyercs 3pdexropamu. [loBbiaeTcss — MOJOKUTEIbHBIMU P PeK-
TOpaMH, TOHIKAETCS — OTPUIATEIEHBIMU. K ITOJIOKUTEIBHBIM — MOX-
HO OTHECTH META0OJHTHI, C KOTOPBIMH BCTYIIST BO B3aMMOJCIHCTBHE
KOHEUHbIE MPOAYKTHl NaHHOW peakiuu, K OTPULATEIbHBIM — KOHEU-
HbIEe TPOAYKTH (EepMEHTATUBHOTO MpeBpameHus. Takum oOpazowm,
KOHIICHTpalus MeTaboJIUTOB, ACHCTBYIOMHUX KakK 3P(HEeKTOpHI, OI-
penensieT akTUBHOCTH (PEPMEHTOB, a TEM CaMBIM M CKOPOCTH Ipe-
BpamieHuii. DhdexTopsl M0 CBOEH CyTH HE UMEIOT HHYEro OOMIEro C
cyoctparamu ¢pepmeHToB. OHU CTEpUUECKH OTIMWYHBI OT cyOcTpa-
ToB. [ToaToMy roBOpsT 00 amrocrepudeckux 3¢ dexkropax, u LEHTP,
OTBETCTBEHHBII 3a PEryJsIUi0, HA3BIBAIOT AJNIOCTEPUUYECKUM IICH-
TpoM depmenta (puc.2.3.) /18/.

I

AdpekTop AnnocTtepuyeckuii
(oTpuuaTenbHbIN) hepmeHT

Puc. 2.3. CeaspiBanue 3¢ dexTopa amiocTepuIecKuM GepMEeHTOM

2.4. Poct nony/isiiMy B MUTATEJIbHOM CTATHYECKOM cpe/ie
PocT MUKpOOPraHMU3MOB B CTaTUYECKOH Cpejlie BBIPAXKaeTcsl KH-
HETUYECKUMH KpUBBIMH pocTa (puc.2.4) /11/. B obmem ciyuae Ha-
ONMIOAIOT MOMYJSLUI0 — HE OTACIbHBIA BHJ, a COOOIIECTBO MUKPO-
OpraHU3MOB.

A 4 5 6

Ne knetok 3 \

A Bpewms, t _

Puc.2.4. Kunernueckast KpuBas pocTa MHKPOOPTaHM3MOB B CTaTHUYECKOH cpene
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1.— HavanbHas ¢a3za (Jiar-asa) oXBaThIBAE€T IPOMEKYTOK Bpe-
MEHH MEXIy WHOKYISIUEH M JOCTHKEHHEM MaKCHUMaJIbHOH CKOpoOC-
Ta pocta. [IpogoKUTENBHOCTh 3TOH ()a3bl 3aBHCUT OT TOTO, Ha-
CKOJIbKO TIPUTOJHA MUTATENbHAs Cpelna I JaHHOW MOIMYJSIUA MHUK-
pPOOPraHu3MOB, a TaKXKe OT BO3pacTa WMHOKYJATA. 2.— DKCIIOHEHIIU-
anpHas ¢daza pocTa — XapaKTEePU3yeTCs JOCTATOUYHOCTHIO MUTATEIb-
HBIX BEIHISCTB B CPeJe M Majoil KOHIEHTpauued MpoayKTOB MeTabo-
mu3Ma. Ota (asza xapakTepu3yeTcsi IOCTOSIHHOW MaKCHMAallbHOW CKOPO-
CThIO AeneHus kietok. 3. — Jlorapupmuueckas ¢asza pocra, B 3aMKHY-
TOH cUCTEMe DKCIIOHEHIMaIbHAs (a3a HE MOXET pPa3BUBAThCS HEOTrpa-
HUYEHHO, ¥ OHA MepPexXOJuT B (a3y JMHEHHOTro pocTa Win Jorapudmu-
yecKylo ¢a3y, XapaKTepU3YIOIIYIOCS JTUHEWHBIM — PABHOMEPHBIM BO
BPEMEHHU POCTOM KYJbTYphl. B nmorapudmudeckoit gase npoucxoaur
MOCTENEHHOE HAKOIUIEHHEe MPONYKTOB MeTaboiau3ma (UimakoB). 4.
@®a3a JIMHEHHOTO POCTAa CMEHSETCS HENPOJOJIKUTEIBHBIM IIEPUOIOM,
B T€UEHHE KOTOPOT'0 CKOPOCTh POCTa KYJNBTYPHI CHIDKaeTCA. JTO daza
3aMeIJIeHUs] pOCcTa, B 3TOW (a3ze CKa3bIBAIOTCS BIHUSHHE HAKOTUICHUS
[IUTIAaKOB, KOTOPBhIe HHTUOUPYIOT POCT KiIeToK. 5. — CranmoHapHas
($aza, pocT KyJIbTYpHl IEPEXOIUT B MPOAODKUTEIBHYIO YCTOWYUBYIO,
TaK Ha3bplBaeMyl0 cTanuoHapHyr ¢a3y. CyObcTpaT MOCTENeHHO HC-
TOIIaeTCsl, MPOAYKTH MeTa0OoJM3Ma HaKaIlJIMBAIOTCS, YTO €le OOJb-
me yCuJInuBacT I/IHFI/I6I/Ip0BaHI/Ie pocTa KJICTOK U KOJIHMYECTBO BHOBb
MOSBUBIINXCS KJIETOK CTAHOBUTCS PaBHBIM KOJMYECTBY OTMHUpPAIO-
mmx. B mepuon 9Toil ¢a3pl HauMHAETCS JTU3UC KIETOK (JIM3HC - 3TO
(hepMeHTATHBHBIA THAPOIN3 OTMHUPAIOIIUX KJIETOK). 6. — ¢asa moi-
HOTO Jn3uca. Eciin cucteMa MOJHOCTBIO MCTOMIAeTCsl Mo cybcTpary
WM HaKOTJICHHE IMIJIAKOB CTAHOBHUTCS 3HAYUTENIHHBIM U JIUMUTHPY-
IOIUM POCT KJIETOK, TO POCT MpeKpamiaeTcs 1 HauyWHAeT npeooda-
JIaTh MPOIECC OTMHUPAHUS, CONMPOBOXKAAIOMUINICS, KaK MIPaBUIO, TOJ-
HBIM JH3UCOM. OTy a3y HaszbiBaroT (a3oit ormupanus. [Ipu nuszuce
KIIETOK B CHCTEME IOSBISETCS HEKOTOPOE KOJIHMYECTBO MUTATENHHBIX
BEIIECTB M 0oJiee yCTOMYHMBBIE OPTaHU3MBI X UCIOIB3YIOT, MOITO-
My naxe B ¢a3ze oTMHUpaHHUS OaKTepHalNbHOW KYJIbTYpPHl BO3MOXKET
HEKOTOPBIH POCT KJIETOK, YTO BO3MOXHO, TaK KaK 3K30(pepMEHTHI
MOTUOIMINX KIIETOK, SIBISSICh XHMHUYECKUMHU BEIECTBAMH, MPOIOJIKA-
I0T CBOE€ JielcTBUE (B HEKOTOPO# 3apyOekHOU jauTeparype 3ToT 3¢-
(hekT moNyduna Ha3BaHHE MOCMEPTHOW aKTUBHOCTH KIIETOK), JIajee
HAKOIUICHHE MPOJIYKTOB MeTaboyn3Ma OKOHYATENIBHO MOJABISET POCT
KJIIETOK W HACTyMaeT MOJHBIA JIN3HUC.
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2.5. IlapaMeTpbl KPUBO POCTa KYJbTYPbI B CTATHYECKHX
YCJIOBHSAX
TexHOJIOTOB HpU BHIOOpPE CXEMBI OYMCTKH CTOYHBIX BOJ,
Mmpexae BCero, HHTepecyroT 4 mokazareinsi; — CKOPOCTh pOCTa MHK-
pOOpPraHu3MOB, T.¢. yBeaudeHHe (yABOCHHE) KIETOK 3a OIpele-
JICHHBI TPOMEXKYTOK BpeMmenH, [ (1/t); - IIpupoct 6Guomacchl wimn
dKOHOMHYECKHH K03(phunueHT (KOIMUECTBO OMOMACCHl MOJNYYeH-
HO# ¢ onmHOro rpamma cyOcTtpara) — y, (r 6momaccel/T cybecTpa-
ta); — CKopocTh OkHcIeHus (Ouomerpanaiuu) cyocrpara — p, (Mrcyo-
cTpara /T mia B 4ac); — [IpogomKUTEeNbHOCTh HHAYKIIMOHHOTO MEpH-
0Jla WJIM TPOJOJKUTENBHOCTD Jar-gassl /12/.
PaccmorpuMm mogpoOHee KaKIblii MOKa3aTelb.
Ckopocmb pocma MUKpOOpeaHu3mMos

Ha ocHOBaHMM 3KCIEpPUMEHTAJIbHBIX JaHHBIX YCTaHOBJICHO,
YTO M3MEHEHHE YHcia KJIeTOK N BO BPEMEHHU CBSI3aHO C MCXOJHBIM
KOJIMYECTBOM 3TUX KieTok, — dN/dt = uN,
rae: U- kodpUIHEHT MponopHUOHATLHOCTH, Ha3BaHHBIA yIIEIBHOW CKO-
poCThIO pocTa MHKpoopraHusMoB, W = dN/Ndt, ecin BMecTo uncna

KJIETOK KCITOJIb30BaTh BEJIIMUYMHY KOHIICHTpAIUW Ouomacchl (Ouomac-
ca Mo CyXOMy BEHIECTBY, B I' HA OJMH JIUTP OAKTepUATbHOU KYJIbTY-
X, —X
_ X 0
phl), TO MOXHO 3amucath H = Xt —t )> 1/t, X, n X, — KOHLEHTpa-
1\"1 0

o MUKPOOPraHM3MOB B HaydaJIC SKCOCPHUMCHTA U B KOHIEC COOTBCT-

CTBCHHO, I‘/,[[MS; tO n tl — BpEMs Haydajla U OKOHYAHHS DKCIICPHUMCHTA.

Bennuuna 06paTHa;1 y,Z[eJ'ILHOﬁ CKOpOCTHU pOCTAa, HOCUT HA3BAHUC
BO3pacTa Oromacchel — 9, 0 = I/H U UMECT pasMCPHOCTb BPCMCHHU,
Hanpumep CyT., 4aC U T.[.

CKOpOCTL pocTa MUKPOOPTAaHU3MOB B PCAJIbHBIX YCJIOBHUAX MpPaAK-
TUYECKU HE OBIBAEeT MaKCI/IMaHLHOfl, 3aBUCUT OT KOHUCHTpAaUUU JIU-
MUTHUPYHOLICTO cy6CTpaTa B CUCTEMC U CpOACTBA cy6CTpaTa MHUKDPO-
OpraHusmy, OmnpeaciasacTCAa COrjlaCHO YpaBHCHHIO Mouso:

:umaxSl

'u_Slsz > 1,
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rae: |
1/t S,
KyJIbTHBUPOBAaHUS MHUKPOOPraHM3MoB), Mr/am’; K — koHcTanTa cpoj-
CTBa K cyOCTpaTy, MpHHUMAaeTcsi paBHOH KOHILEHTpaluu cyocTpa-
(ompenensieTcs 3KCHEPHU-

— MaKCHuMalJibHasi CKOpPOCTh pOCTa MHUKPOOPTraHU3MOB,

max

— KOHIIeHTpauus cyOcTpara B ¢epMmeHTepe (ammaparte Ijs

Ta, P KOTOPOW CKOpOCTh pocta U=0,5u
MEHTaJIbHO HWJIM TIO0 AaHHBIM CHPAaBOYHOU JUTEPATYPHI).

ITockonbKky Ha TpOLIECC U CKOPOCTh pPocTa OaKTepHUaTbHBIX
KJIETOK OKa3bIBalOT BIWSHUE M YCIOBUS BHEIIHEH Cpelbl: TeMIie-
parypa, pH, KoHmeHTpanus pacTBOPEHHOro KHUCIOpoOjaa U T.I.,
ypaBHeHHEe MOHO HOmoNHsIeTCsS Ko3hpuMenTaMu, yIUThIBAIOIUMH
BIMAHNE a0MOTHYECKUX (HAKTOPOB U ONpeNeNsieMbIMH DKCIIEPHMEH-
TalbHBIM IYT€M WIH MO JUTEPATYPHBIM IaHHBIM.

Dkonomuueckull Kod3gpuyuenm evixoda duomaccvl no cybcmpamy

OKOHOMHUYECKUH KO3(POULHEHT, «y» OIpEAesseT Kakoe KOJIUIECTBO

Ouomaccel 00pa3oBajoCh MPHU CHUIKEHHHM KOHIICHTpALUH cyOcTpaTa

(mo BIIK) oT HayanbHOW BEIWYHHBI JO KOHCYHOM:
Ax
y:A_S: (x; =) /(8o = S)), v/r

BBIPKACTCS B T OMOMACChl OTHECEHHBIX K T' OKHCJICHHOIO CyOcTpaTa, I/T.

Cropocms nompebnenus cybcmpama
CkopocTh moTpebsieHus: cybcTpara p - 3TO U3MEHEHHE KOH-
LEHTpalMu cyOcTpaTa B €UHHUIY BPEMECHH, OTHECEHHOE K KOHIICH-
Tpanuu OHUOMAaCCHI:

LSS _AS A4

x, At x At yx Aty
IlpooonsicumenvHocms UHOYKYUOHHO20 nepuooa

Jlar-daza mo3BoONsE€T CyAHTh O CBOWCTBAX MHUKPOOPTaHH3MOB
(ckopocTH CUHTE3a HOBBIX (PEPMEHTOB M IIp.), WIH O NPUTOJHOCTH
JAHHOM NHUTATeNIbHON Cpelbl JaHHOMY COOOIIECTBY (MIM BUAY) MUK-
poopranu3MoB. Ompenensercs Kak MPOMEXYTOK MEXIY MOMEHTOM
BPEMEHH, B KOTOPBIH IMOMYJSALUS JOCTHTACT ONPEACIIEHHOW IUIOTHO-
cti N ¥ MOMEHTOM BPEMEHH B KOTOPBIH OHa MOrya OBl JOCTHTHYTbH
TOW K€ TUIOTHOCTH, €CJIM OBl cpa3y I0ocCiie BHECEHHs KyJIbTYpHI B IH-
TaTEJIbHYI0 Cpely Hadaycs Obl SKCHOHEHUIMAJIbHBIM WIN JOTapud-
MHUYECKUN POCT KYJIBTYPHI.
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2.6. IIpoToyHOe KyJIbTHBUPOBAHNE MHKPOOPTaHM3MOB
B cranmoHapHBIX yCIOBHUAX, KaK OBLIO OTMEYEHO, POCT Oak-
TEPUAIBHBIX KJIETOK CO BPEMEHEM MOHUXKAETCS B PE3yJbTaTe €ro
MO/IaBJIEHUS MPOAYKTaMH OOMEHa BEIIeCTB M HCTOIIEHUEM IHTa-
TENBHOr0 cyOcTpara, MO3TOMY 3TOT METOJ HE pPallMOHAJIbHO MpH-
MEHATHh B MPAKTUKE BOJOOUYHMCTKH. Ero mcmonp3yioT B mpeaBapu-
TEJIbHBIX JIA0OPATOPHBIX HCCIEJOBAHUAX JJISI ONpEIEIICHHUsI CKO-
pocTu okmcieHHs cyOcTpara B pa3HBIX (azax pocTa MOMYJISIHH,
YTO MO3BOJUT M0A00paTh ONTHMAIBHBIH PEXKHM OYUCTKH CTOUYHBIX
BoJ. B mpakTuke BOJOOYUCTKH MPUMEHSIETCS MPOTOYHOE KYJIbTHUBU-
pOBaHHE MUKPOOPTaHU3MOB, IPU KOTOPOM MOCTOSHHO BBOJST B CO-
OpyXKeHHe cyOCTpaT W MOCTOSHHO OTBOJST TMPOIYKTH MeTabonu3-
Ma. B oOmem crmydae mpoTOYHOE KYJIbTHBHPOBAHHE MOXKET OCYIIE-
CTBJISITBCSL B TPOIECCE MOJTHOTO BHITECHEHHS (OMOpPEaKTOpPHI — BBITEC-
HUTEIN) ¥ B MPOIECCe MOJHOTO CMEIIeHHs (OMOpPEeaKTOphl — CMECUTENH
WA X€MOCTATHI).
WneanbHblid BRITECHUTEIb — 3TO OMOPEAKTOp, B KOTOPBIA CyOCTpar
U 0aKTepHaJbHYI0 Maccy MOJA0T COCPEIOTOUYCHHO B HAYAll0 COOPYKe-
Hus. [Ipyu o4MCTKE CTOYHBIX BOJ CyOCTpaTOM JUIsi MUKPOOPTaHH3MOB
CIIy’>KaT MCXOJHBbIE€ CTOYHBIE BOJBI, COBOKYITHOCTh MUKPOOPTaHU3MOB,
dbopMupyOImKUX OaKTepHAIbHYI0 MacCy, B JaHHOM clly4ae MPHHSITO
Ha3bIBaTh aKTUBHBIM WJIOM. B BBITECHHUTENE MPOUCXOIUT paclpene-
JIeHUEe aKTUBHOTO WJIa B 00bE€ME CTOYHBIX BOJ, 00pasyeTrcs HIoBas
CMECh, KOTOpasi OTBOJUTCS TaK)K€ LEHTPAIU30BAaHHO B KOHIIE COOPY-
JKeHus. J[BU)KEHHE HIOBOM CMECHU BIOJb COOPYXKEHHSI OCYUIECTBIIS-
€TCA 3a CUET BBITECHEHUS MPEIbIAYLIUX MOPUUNA WIOBOW CMECH BHOBb
noctynuBiiei. B BrITeCHUTENIX KOHLEHTpALUs HNUTATEIbHBIX BeE-
LIECTB CHUIKAETCS IO JJIMHE COOPYKEHHUs, B pe3yibTaTe motpedie-
HUS UX OaKTepUaJbHBIMHU KJIETKaMHM, IIPU 3TOM KOHIEHTpauus Ouo-
Macchl MOBBIIMIAETCS 3a CUET MpUPOCTa OaKTEPUATbHBIX KIETOK.
CkopocTh noTpebiieHust cyocTpara (CKOPOCTh OKHUCIICHUS 3arpsi3Hsi-
IOIIMX BEIECTB) TaKKe M3MEHSETCS — OHa MOHMXKAeTCs MO0 JUIMHE CO-
Opy’XeHHd, TaKk KaK B €ro Haudaje MpeBaJIUPYIOT BellecTBa, JErko
OKHCIIsIeMble 0aKTEepUSIMH, 10 Mepe IBUKEHUS WUIOBOH CMECH BIIOJIH
COOPY’KEHUSI JOMUHUPYIOIIEH KOMIIOHEHTOM 3arpsi3HSAIOIINX BEIIECTB
CTAHOBSITCS TPYIHOOKHUCISIEMble OpTaHUYECKHUE BELIECTBA. Xapak-
Tep U3MEHEHHsS KOHIEHTpaIluu cyOcTpaTa, OaKTepHalbHONW MacChl U
CKOPOCTH OKHUCIIEHHS B OMOpeaKkTOope-BHITECHUTENE MPECTaBIeH Ha
puc.2.5.
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Puc. 2.5. Xapakrep uameHeHusi KOHIIEHTpaluu cyocrpara S (kpusas 1),
KOHIICHTpAIMK aKTUBHOTO wia a (kpusas 2), CKOPOCTH OKUCJICHHUs CcyOcTpara
p (xpusas 3)

B xemocrtaTe — peakTope HAEalIbHOIO CMEUICHUS BBOJ U BbI-
mycK cyOcTpara u OakTepHanbHOH MacChl MPOU3BOJUTCS paBHOMEp-
HO MO JJIMHE coopykeHus. IlonHoe cMmelieHne B HUX CTOYHBIX BOJ C
AKTHBHBIM HJIOM 00€CIEUYMBACT BhIPABHHUBAHHME KOHI[CHTPAIUU aK-
TUBHOTO WJa M CKOPOCTH Ipollecca OMOXMMHUYECKOTO OKHUCJICHHS BO
BCeM 00BbEeMe COOpyX)eHHs. XapaKTep M3MCHEHHS IIapaMeTpPOB IMPO-
1ecca OMOOKHUCICHUS MPUBENECH Ha puc.2.6.

p = const; Sey; 3;

Puc. 2.6. Xapakrep n3MeHEeHHUsI TapaMeTPOB OMOOKHCIICHUS
B PEAKTOPE CMECHTEIe

Pacxon Boasl Q (M*/cyT), OTHECEHHBIH K 00beMy OHMOpEaKTo-
pa V(M’) Ha3bIBAIOT CKOPOCTHIO pa3daBlieHHS WU KO3 PHUIIUESHTOM
pazo6asnenus [: JI = Q/V, (1/t). Ecau Obl akTUBHBIN WJT HE BO3Bpa-
manu B OMOpeakTop, Mocie BBIXOAa MIOBOM CMECH U3 HEro, TO  Be-
JU4YrHA oOpaTHasi CKOpPOCTH pa30aBlieHHs MpeJcTaBisyia Obl coOoi
BO3pacT mwia — O, (t).

Cxopoctp paszbasnenus [ onpenenser CHUKEHHE KOHLEHTpA-
MM UiIa B OMOPEAKTOpe 3a CYeT ero ynaanenus, T. €. — da/dt = ]I a,
yBeJIWYEHWE KOHLEHTPAUHUKM Wja BO BPEMEHM 3a CYET €ro MpUpocTa
ONpeJIENAETCA CKOPOCThIO ero pocta: da/dt =pa, Jlna coxpaHenus
KOHIICHTpAauu OMOMAacChl B COOPY)XKCHHU Ha OJHOM ypOBHE HE00XO-
JUMO BBINOJIHATH YCJIOBHE PaBEHCTBA KOJIMYECTBA WJla, YAAJICHHOTO U3
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COOpPY>KEHHUSI KOJIMYECTBY Wia npupactatomero, [ = . Ecou [ > W npo-
HCXOAMT BBIHOC OMomaccsl, ecnu [l < |, MPOUCXOAUT HaKOIUIeHHe Ono-
Macchl, IpUYeM KOJIMWYECTBO MPHUPACTAIOIIeil OMOMAacCHI :
da/dt =(u-)a. U,. B ycranosuBmmxcs ycnosusx (W = JI), 3anaBasich
CKOpPOCTBIO MPOTOKa OMOMACCHI, MOYKHO OIPENCIUTh KOHIIEHTPAIHIO CYO-
cTpara (KOHIICHTPAI[MIO OCTATOYHBIX 3arps3HECHUil) B OHOpeakTope:
— Sl“max = Sl — HRS
Ks+ Sl Himax — I[

B mponecce skcmiiyaTaiid OYHCTHBIX COOPYXEHHI He00Xo-
JTUMBII BO3pacT wiIa MOAAEpKUBAIOT B pe3yJbTaTe yJajeHUs He BCel
OuoMacchl, a TOJIBKO €e M30BITOYHON YacCTH.

ot

Paznea 3. POJIb MUKPOOPI'AHU3MOB
B MPOIIECCE TPAHC®OPMALINA ITOJJIIOTAHTOB

3.1.Tpanchopmanus yriesoaoB

VYriueBoasl SBISIOTCS YHEPTETUYECKUM M MUTATEIBHBIM CYO-
CTPaTOM IJisi MUKPOOPTaHH3MOB U B adpOOHBIX M B aHa’pOOHBIX yC-
JT0BUAX. B a3poOHBIX yCIOBHSAX CIOKHBIE yIJIeBOIbI (IOJIMCcaxapu-
Ibl) BHE KJICTKH HOJBEPTAIOTCS THIPOJIN3Y, ITOT MPOIECC KaTau-
3upyerca cnennduueckuMu sk3odepmeHTamu. B mpomecce ruapo-
JM3a MOJUCaXapyuIbl PACIICIUISIIOTCS 0 TIIIOKO3bI, KOTOpas MO Aei-
cTBUeM (pepMeHTOB - TpaHcdepas (WK B pe3ylibTaTe IMacCUBHOU Tud-
¢by3un) mocrynaer B KIETKY, IJie TOJBEpraeTcs AajbHEHIIeMy OKHC-
JIEHUIO, B pe3yJIbTaTe ITOTO MpoIecca BhIAENCTCS dHEPTHsS U 3ara-
caetcst B Gpopme ATD /21/. IlponyKkraMu OKUCIEHHUS SIBISIOTCS YT-
JIEKHUCIBIA Ta3 U BOJIAa, KOTOPBIE BBIBOASTCS M3 KIETKH BO BHELIHIOIO
cpeny. Kpome aToro GakTepuanbHas KieTKa HCIOJIb3YET MOJEKY-
JBI TJIIOKO3Bl B KaYECTBE «CTPOHUTEIBHBIX OJIOKOB» MOJIEKYJ IOJIH-
caxapunoB kieTku. [Ipomecc Guonerpananuu yriieBogoB B adpoo-
HBIX YCJIIOBHAX MOXXHO NPEACTaBUTH B BUAE CXEMBI:

yriieBoa— CGHIZOGl ———> MoJHucaxapuibl KJIETKHU +COZ+H20
3 monn. ATD Bo BHemHI010 cpeny
K 6poxenuto (6MOOKHUCIICHHE YTIEBOJAOB B aHAYPOOHBIX yC-

JIOBUSIX) B CTPOIOM CMBICJIE CJI0BAa OTHOCAT T€ IIPOILECCHl MOJyye-
HHSl DHEPTHHU, MPU KOTOPBIX OTHICILISIEMBIH OT cyOcTpara BOJO-
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pPOA, B KOHEUYHOM CUETe, MEPEHOCUTCS Ha OPraHMYEeCKUEe aKIEeNTO-
pol. Kucnopox B mpoueccax OpoXKeHHs HE y4acTBYET, IO CIIOBaM
[Macrepa, OpoxeHne 3TO XH3HB 0e3 Kuciaopoaa. COpaKMBaHHUIO TOJ-
BEpralTcs B OCHOBHOM YIJICBOJABI, HO MHOTHE O0aKTepuUH CHOCOOHBI
cOpaXuBaTh pa3iWyHbIC OPraHUYECKUE KUCIOTHI, AMUHOKUCIOTHl U
ap. I'maponns nonucaxapuaoB 10 MOHOCAXOPOB OCYILECTBISETCS BHE
KJIETKHU, KaTallu3upyeMblil 3k30pepMeHTaM, MOHOCaxapa B KIET-
Ke MMOJBEpTaroTcsi TpaHchopMaluu, ONOXUMUYECKHE PEaKIUU YCKO-
psIOTCS moJA AeiicTBUEeM 3HAO(GEPMEHTOB. bposkeHue ocylnecTBiseT-
€ MHKPOOPTaHM3MaMH{ B aHa3pOOHBIX YCIOBHUSX, IIPH 3TOM Ouoxer-
panamnus yrieBOJIOB MPOHMCXOJHUT HE J0 MPOIYKTOB MOJIHOTO OHO-
OKHCJICHUSI — YTJIEKHUCIIOr0 ra3a W BOJBI (Kak B adpOOHBIX YCIOBU-
1X), a A0 OPraHUYECKUX COEIUHEHUU, KOTOpPbIE U BBHIACISAIOTCA BO
BHEIIHIOIO Cpely, HaKaluMBasch B Hed. [IpuueM Kaxabld BUI MHK-
POOPTaHHU3MOB, COTJIACHO CBOEMY (DEpMEHTAaTHBHOMY COCTaBY, OKHC-
JseT YTIeBOABI 10 KOHKPETHBIX OpPTraHMYeCKUX BellecTB. B 3aBucu-
MOCTH OT NpeoOjaaroliuX WU OCOOCHHO XapaKTEPHBIX BhIEIse-
MBIX IPOAYKTOB Pa3IMYalOT: CHUPTOBOE, MOJIOYHOKHUCIIOE, MPOIMHUO-
HOBOKHCIJIOE, MyPaBbUHOKHUCIIOE, MACISHOKHCIOE U YKCYCHOKHUCIIOE
OpoxeHus, a Takke OpoKeHHe, MPUBOAsAIICe K 00pa3oBaHUIO MeTa-
Ha. Hanmpumep, B pe3ynbrare OKHUCIEHUS YIIEBOIOB OPOXKXKaMU 00-
pasyeTrcsl CInupT, MO3TOMY 3TOT BHUJ OPOKEHHUS NOJYYMJ Ha3BaHUE
CIIUPTOBOTO:
9K30(EepPMEHTHI sHII0(EepMEHTHI

ITonucaxapuagpl ——— C6H1206——> 2CH3CH20H+2COZ.

CnupTtoBoe OpoXeHHE OCYIIECTBIsAETCAS B KHCIOH cpene
(pH = 6), IpoX>XkH yCTONYUBHI MPHU BBHICOKOM KOHIIEHTpALMHM caxapa
(oxono 76 %), HO KOHIEHTpaUHs CHUPTa NOJKHA OBITH He Ooiiee
17%. CnuproBoe OpoXEeHUE HMEET MECTO IPH OYHUCTKE BBHICOKOKOH-
LEHTPUPOBAHHBIX CTOYHBIX BOJA (CTOUYHBIC BOJIbI CaxapHBIX 3aBOOB,
JIPOXKIKEBBIX, TUAPOIU3HBIX, U T.1.). [Ipy OKHUCICHUU TIIOKO3BI, JaK-
TO3BI, SI0JIOYHOHM KHUCIOTH MPONMUOHOBOKHUCIBIMU OakTepusiMu obpa-
3yeTcs MPONUOHOBAas KHUCIOTA.

[Ipu macnsHOKHCIOM OpPOXKEHHUM KOHEYHBIH MPOAYKT Ouonerpa-
Jald{ YTJIeBOAOB - MacigHas KHCJIOTa. bakTepuu, ocymiecTBISIOMHNE
9TOT BUJ OpOXEHHs, OOMTAIOT B CTOYHBIX BOJaX, BoJOeMax, HaBO3eE,
nouyBe. Bo30yauTenan MaciasHOKUCIOTO OPOKEHHS — CTPOTHE aHad-
poObl. MacisiHokHcioe OpokeHHe MOAPa3AessIioT Ha UCTUHHO Mac-
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JSTHOKHUCJIOE, aneTOHOOYTHUII0OBOE, OpOXEHNE NEKTUHOBBIX BEILECTB.
MacnsHOKHCI0€ OPOKEHHE OCYILECTBISETCS 110 YPAaBHEHHIO:
nojucaxapuasl — 4C6H1206 — 3CH3CH2CH2COOH +
CH,COOH+8CO,+8H,0.

[Ipu MCTUHHO MACISTHOKHCIOM OpOKEHHH KPOME MACIISIHOM Kuc-
0T o0pasyerca ykcycHas, npu 3HaueHuu pH menee 5,5 BmecTo
YKCYCHOUM KHCIIOTHI 00pa3yloTcsi OYyTHIIOBBIM CIHPT W alETOH.

[TexkTnHOBBIEC BemiecTBa (MEXKIETOYHBIE, COJIEPKATHCS B JIIO-
O0M pacTUTEIIbHOM MaTepHaie, HE pacTBOPUMBIC B BOJE, CIOCO0-
Hble K Ha0yXaHWI0) cOpaXMUBaIOTCS MO YPaBHEHUIO:

[Tektun —  monocaxapa — CH,CH,CH,COOH+CO,+ H,O.
MetaHoBoe OpoKeHHE, OCYIIECTBISAIOT METaHOOpasyoolue
O0akTepuu, oOMUTaTHBIE aHAdPOOBl. DTOT BUJI OPOXKEHHS OTKPHIT B
1776 r. BonbToli. MeTtanoOpa3ywomue O0akrepuu oOUTAIOT B OCal-
Kax, o0pa3yomuxcs B Mpouecce OYMCTKH CTOYHBIX BoA. buoras,
BBIJICIIAIONICHCS B MPOLECCe aHAdPOOHOTr0 OpOXKEHHS, MPEACTABIIA-
et coboit cmech 50 — 80 % metana, 20 — 50 % yriaekucioro rasa,
HE3HAYUTEIbHBIX KOJHYECTB CEPOBOAOPOAA, a30Ta, KUCIOPOAa, BO-
JIopoja, aMMHaKa M 3aKMcH yrieponaa. He mmes nocTyma HU K KHC-
JOpOAY, HU K APYTHM MPEANOYTUTEIHHBIM B HEPIeTHYCCKOM OTHO-
LICHUH aKIEeNTOpaM JJIEKTPOHOB (HUTpAT, Ccyib(haT, cepa U Ip.), MUK-
POOPTaHu3Mbl BBIHYXAEHBl HCIOJb30BATh IJIA 3TOH LENU yIJIEeponX
OB, 4T0, ¥ NIPHUBOAUT B KOHEYHOM WUTOre K Haubojee CHIBHO BOCCTa-
HOBJICHHOMY M3 CYLIECTBYIOIIMX B HPHUPOJE YTJIEPOAHBIX COEAMHE-
HUH — MeTaHy. B To ke Bpems mpyras yacTh yrieponaa opraHuyec-
KMX COCIMHEHHH BBICTYHAeT B Ka4eCTBE JJOHOPA 3JIEKTPOHOB, OKHUC-
JSASACH 10 YIJIEKUCIOTO Ta3a (BTOPOro OCHOBHOI'O KOMIIOHEHTa OHO-
raza) /8/. B kauecTBe HCTOYHHMKA yTIEpoJia METaHOOPA3yIolINe MHUK-
POOPraHU3Mbl MCHOJIB3YIOT YKCYCHYIO KHCIIOTY, a Takxke H,, pasna-
raTh CIOXHBIC OPTaHUYECKHE COCIMHEHUs OHU HE MOTYT, TO €CTh
METaHOBOE OPOYKEHHE SIBISETCS 3aKIIOYUTEIBHBIM JTaoM Mpeare-
CTBYIOIIMX BHJIOB OpOKCHHUS: CHayalla Jpyrue Opojasiiue opraHu3-
Mbl COPaXMBAKT YIJIEBOJBI J0 XHUPHBIX KUCIOT, ciupToB, CO, u
MOJIEKYJISIPHOTO BoJopoa (3Ta ¢aza OpoKEHUs OCYLIECTBISICTCS NpU
pH<6, ee Ha3piBaroT ¢a3oil kucaoro OpoKeHUsA), a yXe 3aTeM 3TH
HNPOAYKTHl OpoO’KeHUs nepepadaThBAIOTCS METAaHOOPa3yOIIUMU
Oaktepusimu. MetaHoBoe OpoxeHHe ocymecTBiasercs npu pH>7
W Ha3bIBaeTcs IesouHoil dazoii. Takum oOpa3om, nerpagauus opra-
HUYECKHX BELIECTB IPH METAHOI'CHE3€ OCYIIECTBJISIETCS KaK MHOIO-
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CTYNEHYATBId MPOILECC, B KOTOPOM YTIEPOAHBIC CBSI3M MOCTEIEHHO
pa3pylmarmTcs MojA ACHCTBHEM Pa3iIUYHBIX TPYHI MUKPOOPTaHU3MOB.
CornacHo COBpeMEHHBIM BO33PCHHSIM, aHadpOOHOE MpeBpalie-
HUCE MPAKTUYECKH JIOOOTO CIOKHOTO OPTaHMYECKOTO BEIIECTBA B
O6uoras MpoXoAUT uepe3 MHATHh MOcleNoBaTeNbHBIX cTanuil (Batstone
et al., 2002): — craaust Ae3UHTETPALMU, KOTJIa CIOXKHBIE KICTOUYHBIE
00pa3oBaHuUs paclafaroTcs Ha OTAeJbHbIE OMOTOJUMEPHl — OENKH,
JUIHBI, TOJIUCAXapUIbl U Jp.; — CTAAus TUApOJIH3a; cTagus dep-
MEHTAIlNH; - alleToreHHast cTaaus (MPOAOJKUTEIBLHOCTh TeHEPAIUU
MIaHHOW cTamuu — 5-12 9acoB); — METAHOTCHHAsI CTaAus, KOTOpasi Be-
JeT K KOHEYHOMY MPOJYKTY Jierpajganuu ciokHeix OB — merany (mpo-
JOJKUTENLHOCTh TeHepaly MeTaHOOpa3yoleld — MIeT0YHON cTaann
o6poxenus 7-10 cyTok).
Cmaous cudponuza MPEACTABISIET COOON paCIICIIIICHUE CIIOXK-
HBIX OMOMOJUMEPHBIX MOJIEKYJ (OENKOB, JIUMHUAOB, MOJTUCAXAPUIOB
U 1p.) Ha Ooyiee TPOCTHIE OJUTO - U MOHOMEPHI: aMUHOKUCIIOTHI, yT-
JIEBOJIbI, JKUPHBIE KUCIOTHI U Ap. [MIpONHU3 OCYMIECTBISETCS IK30-
FeHHBIMH (PEPMEHTAMH, BBIICISIEMBIMU B MEXKKICTOUYHYIO CpPely pas-
JUYHBIMU THAPOIUTHUYCCKUMHU MUKpoopraHusmamu. JleiicTBue 3Tux
(epMEHTOB MPUBOJUT K 00pa30BaHUI0 OTHOCUTEIHHO MPOCTHIX MPO-
IYKTOB, KOTOpbIE 3Q(EKTUBHO HCIOIB3YIOTCS CAMUMHU THAPOIUTHU-
KaMd M JPYTHMH TpylnnaMu OakTepuil Ha MOCISAYIOUIUX CTaaHIX
MeTaHoTeHe3a /8/. da3a ruaposusa Npu METAHOBOM OpPOKCHUU TeC-
HO cBsizaHa ¢ (a3oil GepMeHTanuu (KUCIOTOTEHHOW), IPUYEM THJ-
ponuTHYecKue OaKTEepHH OCYIIECTBISAIOT 00e (a3pl, U UX UHOTIA
00beIMHAIOT ¢ pepMEHTATUBHBIMU OakTepusimMu /15/.

Ha cmaouu gpepmenmayuu obpazoBaBuInecss MOHOMepHl cOpa-
JKUBAIOTCS 10 eme 0ojiee MPOCTHIX BEIIECTB — HU3KOMOJEKYISIPHBIX
KHCJIOT M CIUPTOB, MPH I3TOM O0pa3yloTCs TaKKe YIJIEKHUCIOTa U BO-
nopona. depMeHTaTUBHBIE OAKTEpPHH, TaK Ha3bIBaeMble OakTepuu-Opo-
JWIBLINKH, TPEJCTABISIOT COO0H CIOXKHYIO CMECh MHOTHUX BHJIOB
MHUKPOOPTaHU3MOB, OOJbIIAs YaCTh KOTOPHIX SIBJSIETCS CTPOTUMH aHa-
3pobaMu ¥ Jydlie Bcero QpyHKIuMoHupyet B auanazone pH 4,0 — 6,5 /13/.
JomMuHupywmumu GopmMaMu SBISIOTCS aHAdPOOHBIE OaKTEpHUH
ponos Bacteroides, Clostridium, Butyrivibrio, Eubacterium,
Bifidobacterium, Lactobacillus m nexotopsie npyrue /4/. OcHoB-
HOH O0COOCHHOCTHIO OPOJMIIBIIUKOB SIBISETCSA CIIOCOOHOCTH HCIOJIb-
30BaTh T€ *e CyOCTpaThl, UTO U THAPOJIUTHKU, TO €CTh MPOAYKTHI
TUJIPOJIU3a TMOJHMEPHBIX COCAUHEHUH M MOCTYyNaIINEe CO CTOKOM
MOHOMEDBI, HO B 00Jiee HU3KUX KOHIICHTPAIHSIX.
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B o0miem ke atam, ompenensieMblil NesATeIbHOCTBIO (epMeH-
TaTUBHBIX OaKTepHil, paccMaTPUBAEMbI MPUMEHUTENHHO K MEPHO-
JUYECKOMY MpOIecCy, COMPOBOXKIACTCS PE3KUM YMEHBIIEHHEM CO-
Jep>KaHusl YTIEBOAOB B Cpelle, CHUKEeHHeM BelnudnHbl pH cpensl, Bo3-
pacTaHHeM OOIETOo coaepX)aHus JeTydux kupHbX kuciaot (JIKK).
KavecTBeHHBI W KOTUYECTBEHHBIN COCTaB MPOAYKTOB OPOXKEHHS HA
3TOW CTaAUW MOXKET CHUIBHO MEHATHCS B 3aBUCHMOCTH OT BHJA CTO-
ka, temreparypsl, pH, Eh u npyrux ycnosumii. Tak, Hanpumep, mnpu
pe3KOM YBENHWUYEHUHU TMOJaud cyOcTpaTa B peakTope MOTYT oOpaso-
BbIBaThCs M30bITOuHble KonnuecTBa JIDKK u Bomoponda, cHukas 3Ha-
yenus pH u Eh. Hakonnenue JOKK u cniupToB kpaiiHe HeXellaTelb-
HO, TaK KaK WX Pa3JIOKEHHUE MOXKET SBISTHCA JTUMUTUPYIOUIEH CTy-
MeHbto mponecca /8/. depMeHTaTUBHBIE OaKTEpUU Hapsaay ¢ Oeyka-
MU, YTIEBOAAMH, )KHPAMU MeTa0OIM3UPYIOT (DEHOJBHBIE, a30T- U Ce-
pocojepkainue coenuHeHus /8/.

Ha ayemoeennoti cmaouu o0pa3yroTcss OCHOBHBIE HEMOCPE-
CTBEHHBIE MPEANISCTBEHHUKH MeTaHa: aleTaT, BOJOPOJ, yTIIEKUCIIO-
Ta. Pa3noxkeHne mpoayKTOB KUCIOTOTE€HHOW CTaJWH OCYIIECTBISIOT
oOnuraTHBRIe TPOTOH-BOCCTAHABIHMBAIOIINE WU OOJIUTaTHO-CUHTPOd-
Hble 0aKTepuH, KaK MPaBHIIO, HYXKIAOIINECS B BOJOPOIUCIONB3YIO-
mux napTHepax. COOTBETCTBYIONINE PEaKIHUU ISl ITUX OaKTepuil MpH-
BeleHbl B Ta0i. 3.1. B Hacrosinee BpeMs ONMMCaHO HECKOJbKO OOJMraT-
HBIX TPOTOH-BOCCTaHABIMBAIONINX OaKTEPUH, MCIIONB3YIONINX KUPHBIE
kuciotel (Boone and Bryant 1980; Mclnerney et al, 1979).

Tabimma 3.1.
AHa3poOHOe OKMC/IeHHe BOCCTAHOBJIEHHBIX BellleCTB

00JIMTaTHBIMHU POTOH-BOCCTAHABIMBAIOIIUMH 0aKTePUsIMH M U3MEHEeHHe
cBoOoaHol sHeprun I'uddca

Tune! peakiuii | AGy' x]JIx/MoIb
be3 H, —ucnonp3yromux MeTaHOr€HOB
CH,CH,CH,COO + 2H,0 — 2CH,COO +H" +2H, +48.1
CH ;CH ,COO + 3H,0 — CH ;COO +H" + 3H, + HCO;] +76.1
C,H¢O, +7H ,0 — 3CH ;COO + HCO; + 3H, +54.0
C H, —ucnosp3yonuMu METaHOTeHAMH
CH;CH,CH,COO™ +HCO; +H,0 -4CH,COO” +CH, +H" -39.4
CH;CH ,COO +3H,0 —4CH;COO +3CH,+ H" +HCO; -102.4
4C;H0,+19H,0 —12CH;COO +3CH,+HCO; +13H" -190.8
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CnoxHbiii niporece pacrnaga OB B aHa3pOOHBIX YCIOBUAX 3d-
eepuiaiom memanobpasyiowue apxeu uiu memarozenvl. IX paccmar-
pUBaIOT Kak 0co0yI0 BETBb IBOJIONMH OPraHU3MOB U paHee Ha3bl-
Banu apxebakrtepusimu (Balch et al., 1979). Onu sBasrorcs o6nu-
raTHBIMU aHa3p0o0aMu U OKUCIUTEIbHO-BOCCTAHOBUTEIbHBINH MOTEH-
nuan cpenpl ux pocrta cocrapiseT - 330 mB u mHuxe (Pavuter &
Hungate, 1968). Cpeaun MeTaHOOpa3yoIIUX OPraHU3MOB BCTpeYa-
I0TCSI ICUXpOoduIbHbIe, Me30(IbHbIE U TepMOGUIbHbIE BUABL. [l
METaHOTCHOB Haubosiee ONArOMpUITHBIMH YCIOBHSIMHU SBISIETCS
pH 6.6-7.6, a Tak)e NOCTOSHCTBO TeMHOEpaTyphl U AABJIECHUS, OT-
CYTCTBHE CBETa.

MeTtaHOT€HBl MOT'YT MCIOJB30BaTh B Ka4eCTBE MCTOYHUKOB
SHEpPruu | yTIepoaa OrpaHMYCHHOE KOJIHWYECTBO CyOCTPaTOB - BCe-
ro BOCEMb: YIJIEKUCIbIH ra3 B CyMMe C BOAOpPOIOM, ¢popMuar, 3a-
KUCh yriepoja, METaHoJ, aneTar, MOHO-, M- U TPUMETHUIaMUHBI
(tabn. 3.2). B Tabnuue 3.2 mpHUBOAATCS OCHOBHBIE PEaKIMu 00pa3o-
BaHMS METaHAa M M3MEHEHHUs CBOOOHOU sHepruu ['mOO6ca. OueBUAHO,
4TO MMEHHO BCIEACTBHE Majoro 3Hadenus A G HabmromaeTcs OTHOCH-
TEJBHO MEJIUICHHBI POCT METaHOTEHOB Ha JaHHOM cyOctparte. Cpenn
HUX HamOoJiee Ba)KHBIM SIBJISIETCS alleTaT, U3 KOTOPOro NpHU pasiio-
xeHuu cioxubix OB ob6pasyercs 6osee 70% meraHa. 3a aneratom
clenyeT yriekucioTa + Bogopoa, GpopMuar, MeTaHO], METHIAMU-
HBI, METHUIIKapOOJIaMuH, OKHCh yriepona /8, 20/.

Tak xak MeTaHoreHHble apxeu 90-95% wucnonp3zyemoro yr-
Jepoja MpeBpamarmT B MeTaH, To aumb 5-10% yriepona uaetr Ha
poct O6uomaccel. biiaronaps yka3zanHoit ocodennoctu 10 80-90% OB,
pasiararouierocsi B mpouecce pa3BUTUS METAHOTE€HHOTO KOHCOPIHU-
yMa, MpeBpamamTcs B ras.

Ilo Tuny ucnonb3yeMbIX CyOCTpaTOB BCE BHABI METAaHOOpa-
3YIOIMX OPraHU3MOB MOTYT OBITH YCJIOBHO pa3JelieHbl Ha 3 MO/I-
rpynnsl /4/. Opranu3msl nepBOd moArpynnsl ucnoisdywor H, + CO,,
K HAUM OTHOCHUTCS OONBIIMHCTBO METAHOBBIX apXxeil, HEKOTOPhIC U3
HUX CHOCOOHBI Tak)Xe HMCIOoJIb30BaTh (¢opmuar. Bropas moarpynna
npejcTaBieHa METAaHOTE€HAMHU, HUCIOJb3yomMuMH anerar. Ocyie-
CTBIATH peaknuio 3 (Tabn. 3.2) crocOOHBI MPEACTABUTENN TOIBKO
IBYX poaoB Methanosarcina wu Methanosaete (paHee
Methanothrix), npudeM UIs NOCIEAHUX aleTaT SBISETCS €IMHCTBEH-
HBIM CyOCTpaToM pocTa, K KOTOPOMY OHH 00JaJlaroT OYeHb BBHICO-
KM cponcTBoM. buomacca Oakrepuit pona Methanosarcina yna-
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uBaetcs 3a 20-30 4, poga Methanosaete- 3a 200-300 u. B Hacrtos-
1ee BpeMsi ONMUCAaHO TPU BUJA METaHOCAeT: JBa Me30(QUIbHBIX M.
soehngenii (Huser et al., 1980) u M. concilii (Patel, 1984), u onun
Tepmodunbubit M. thermoacetophila (HoxeBHukoBa u Yynuna,
1984). MetaHocaeThl ABISAIOTCS ONpeAeNsAIoNleld TPyNIoi MeTa-
HOTCHOB IMPHU OYHMCTKE JKUJIKHX OTXOJOB, OHU CIHOCOOHBI HCIIOJIb-
30BaTh aleTaT B OYCHb HU3KHX KOHLECHTPAIHUIX U TEM CaMBbIM
obecreynBalOT TIy0OKYI OYHUCTKY cToka. K Tperbedl moarpymn-
me MOTYT OBITh OTHECEHBI METAHOCAPIUHBI, CIOCOOHBIC yTHUIIH-
3UPOBATh BCE M3BECTHBIC K HACTOSIIEMY BPEMEHHM METaHOTCHHBIC
cyOcTpatsl, 3a uckirueHueM Gopmuara. Haubonee npenmodru-
TEJNbHBIM CyOCTPaTOM JJIsi HUX SIBJSETCS METAaHOJ, HAUMEHEe -
aneTar, CPOJACTBO K KOTOPOMY y HHUX Ha MOPSIJOK HHUXKE, YeM Y
METaHOCaeT.
Tabmuma 3.2.
OcHOBHbBIE pe€axkuuu 06pa30Bamm MeE€TaHa M U3BMECHEHUu e
cB00O/HOI IHeprum.

OCHOBHBIE PeaKIK 00pa30BaHKs MEeTaHa U AGy' Ne
W3MEHEHHE CBOOOIHON SHEPTHUU kJx/MoJIb

4H, + CO, — CH,+H,0 -130,4 1
4CHCOO +4H" — CH, + 2H,0 + 3CO, -119 2
CH;COO +H — CH, + CO, -32,5 3
4CH;0H — 3CH, + CO, + 2H,0 -103 4
4CH;NH;" + 2H,0 — 3CH, + CO, + 2NH," -74 5
2(CH3)2NH3+ + 2H20 —> 3CH4 + COZ + 2NH4+ -74 6
4(CH;3);NH;" + 6H,0 — 9CH, + 3CO, + 4NH,," -74 7
4CO, + 2H,0 —» CH, + 3CO, -185,5 8

3.2. TpanchopMmanusi OpraHu4ecKUX U HEOPraHUYECKHUX
CoeIMHEHHU# a30Ta

K opranmyeckuM COCAWHEHHSM a30Ta OTHOCAT OEJIKHU, aMU-
HOKHCJIOTHI, MOYEBUHY. B CTOUYHBIX BOJax OENKH cOAEpKaThCs B
3HAYUTENBHBIX KOHIEHTpamusx. benku pa3mararoTcsa XeMOoOOpTraHo-
rerepoTpodaMu M CIYXKAT IS ITHX MUKPOOPTaHU3MOB HCTOYHU-
KOM a30oTa W yrjepoja Ajs OMOCHHTE3a KJIESTOYHOIr'O BEIIESCTBA, a
Tak)kKe MCTOYHHKOM dHepruu. Pacuiennenue 0eIKOB MOXKET MPOHUC-
XOJHUTH B a’pOOHBIX U B aHAadpOOHBIX YCJIOBUAX. Paszmokenue Oen-
KOB HauyWHAETCS BHE KJETKH, C TUApoH3a Oenka (MPOAYKT THAPO-
JM3a — TEeNTOH).
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Iporecc ruaponusa yckopsieTcs Moja JaeiictBueM 3k3opepmetos. Ilemn-
TOH TPOHHMKAET B KJIETKY, I/Ie OKUCISIETCS 10 (PparMEHTOB aMUHOKHC-
70T (MCHOJB3YyEMBIX KJIETKOH B KaueCTBE «CTPOUTENBHBIX OJIOKOBY), 10
aMMHaKa, YrieKucJIoro ra3a M BOJABI, BHYTPUKIIETOUHBIE MPOILECCH
KaTalu3upyroTcs dHI0pepMeHTaMu. bruopaszinoxeHnne aMUHOKUCIOT 0
aMMHaKa, BBIBOJAMMOIO BO BHEIIHIOI, CpeAy Ha3bIBaeTCs aMMOHHU(U-
Kalueil (Ioje3Ho MOMHUTh, YTO MpH 3HaueHnH pH menee 9 B Bozge mpe-
obnamaer azor B Gopme amMmoHust). Takum oOpa3zoM, MpHU pasioxe-
HUM OENKOB B CHCTEMe HalOIoaeTcs MOBBIIICHHNE KOHIECHTPALNU
a30Ta aMMOHUKWHOTO. A30T aMMOHHUHUHBIN HAKAaIIMBAETCS TaK Ke
B OYHMIaeMOW BOJE B pe3yJibTaTe pas3joXeHHUS MUKpPOOpPTaHH3Ma-
mu moueBuHbl: CO(NH,), (npoaykTa pasnoxenus Oenka B OpraHus-
Me yenoseka u kuBOTHbIX) CO(NH,), NH," A30T aMMOHUWHbBIH, B
CBOIO OYepellb SIBISETCS CyOCTpaTHBIM KOMIIOHEHTOM ISl a’po0-
HBIX MHKpPOOPTaHU3MOB - XEMOJIHUTOABTOTPO(OB, KOTOpPHIE B Kaue-
CTBE JIOHOpPA IIPOTOHOB HUCIOJB3YIOT a30T AMMOHHMIHBIX conei. IIpo-
necc TpaHchopMalHH a30Ta aMMOHUWHOTO — HUTpUUKANHUS, OCY-
IIECTBISAETCS MHKPOOPTaHU3MaMHU HUTpUPHUKATOPAMHU -
Nitrosomonas u Nitrobacter, mnepBsie TpaHCPOPMHUPYIOT a30T
aMMOHMIiHBIA B a30oT HuTpuTHb: NH,” — NO,’, a BTOpHIE B NIpO-
1[ecce CBOETO MeTabosim3Ma MEPEeBOASIT a30T HUTPUTOB B a30T HUT-
paroB: NO, — NO-,. Jlna ocyuecTBieHus mpouecca HUTpUPpUKa-
MU HEOOXOIHMMBI CIEAYyIONINEe YCIOBHS: Haluyue a30Ta aMMOHHU-
HOTO; HaJINYME PacTBOPEHHOI'0 KHCIOpoAa (KelaTeIbHO HE MeHee 2
mr/am’); nannuue CO,. HuTpudukanus ocymecTsiaseTcs mocie npo-
necca aMMOHH(UKAIUU, KOTOPHIA MPUBOJAUT K HAKOTUICHUIO B CHC-
TeMe yTJeKHcioro raza. OnTuManbHbIe YCIOBUS Il HUTpHPHUKA-
nun: 3HaueHue pH B mnaTepBane 7,5 — §,5; TemmepaTypsl B HHTEpBa-
ne - 20-25 °C; marpy3ka Ha WJI B CHCTEME IO OPraHWYEeCKOMY BeIle-
cTBY He nospkHa mnpeBbimarh 0,05-0,2 xr BIIKn/kr wna (mpu nepBom
3HAYEHUU MPOTEKAeT MOJHAsg HUTpU]UKAIUSA, TP BTOPOM HacTHY-
Has).

A30T HUTpATOB B MpOIECCE CBOEr0 MeTaboIM3Ma MCIOJNb3Y-
10T (aKyJIbTaTUBHBIC aHA’POOBI XEMOOPTraHOTETEPOTPOPHI - JICHUT-
pudukatopsl. [Ipouecc Tpanchopmanuu a3oTa HUTPATOB B ra3o-
o0pa3Hbie GOpPMBI a30Ta Ha3biBaeTCs AcHUTpUUKAUCH. [JeHuTpu-
(uKanus OCyHIECTBISETCS COTIACHO  YPaBHEGHHIO DPCaKLHHU:
NO,” - NO,;, - NO - NO - N,

JdeHuTpudukatopsl B KauecTBE JOHOPOB JJIEKTPOHOB, MPOTO-
HOB HCIOJB3YIOT OPTaHMYECKHE BEIIECTBA, a B KAYECTBE aKIENTOPOB
CBSI3aHHBIM KHCIIOPOA, TO €CTh KHUCIIOPOJ, BXOJAIINI B COCTaB HUTpa-
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TOB, P 3TOM KHUCJIOPOA CBSI3bIBa€TCsl BOJOPOAOM € 0Opa3oBaHUEM
BOJIBI, & a30T MEPEXOAUT B ra3000pa3Hble (OPMBI U Mepepacipenensier-
csl MEXIY BOAOH M arMocdepoil B COOTBETCTBHU C MAPLUAIBHBIM J1aB-
neHueM a3oTa B Bozayxe. OcyliecTBieHHE Mpolecca AeHUTpuduka-
UMW BO3MOXHO TOJIBKO NpH AeQHUIKTE KUCIOPOAa, TaK KaK JEHUTPHU-
¢duKaTopsl, SBISSACH PaKyJIbTaATHBHBIMUA aHadpoOaMu, B MPUCYTCTBUH
JOCTATOYHOTO KOJIMYECTBA PACTBOPEHHOTO KUCIOPOJAA, UCIOJIbB3Y-
I0T €T0 B KaueCTBE AKIENTOpa NMPOTOHOB, TO €CTh NMEPEKII0YAIOTC
Ha apixaHwe. [{s ocyiecTBieHHUs Mpolecca NeHUTpHPUKAUNA He-
00XOAMMBI CIEAYIOIINE yCIOBHUS: KOHLEHTpalus Kuciopona He 0o-
jgee 2 Mr/aM®; B CHCTeME JOJDKHBI MPUCYTCTBOBATh HUTPAThI; HAJIH-
YHe JIEFKO pa3jlaraéMoil OpTraHMUKH.

3.3. TpanchopMmaums KHPOB M APYTUX
yriieBOAOPOI0B
I'upponu3 KUPOB MPOTEKAaeT B adpOOHBIX YCIOBHUSAX JO TIIHIIC-
PHUHA U KUPHBIX KHUCIOT, OCYIIECTBISAECTCS BHE KIETKU M YCKOpPSET-
csl IOA AEWCTBHEM CHELM(PUUIECKHX 3K30(epMEHTOB. MUKpPOOpPraHus-
MBI MCIIOJB3YIOT XXUPHI B Kau€CTBE YIJIIEPOJAHOTO U DHEPreTHYECKO-
ro cyocrpara.
9K30(hepMEHTHI SHAO(EPMEHTHI
Kupsl — raunepun + xupHbie kucioret —CO,+H, O+kierou-
HO€ BEILECTBO

B a3po0HBIX YCIOBHSAX OKHCJICHUE XUPOB MUKPOOPraHU3Ma-
MH BO3MOXHO Ha 98%. B anaspoOubix ycnosusx kpome CO, nu H,O
BO BHEIIHIOIO CPEJy MOCTYMAalT NMEPEerHOWHBIE KHCIOTH. Kpome
0aKTepHUil >XUPbl aKTUBHO pa3jiaratoTCs aKTHHOMEI[ETaMHU U IIeC-
HEBbIMH rpubamMu. MUKPOOPTaHU3MBI OKHCJISIOT U TaKUE CIIOXKHBIC
BellecTBa Kak napaduH, Kayuyyk, HepTenpoAyKTH u mp. buomect-
pyKuuu HePTEIPOAYKTHl MOJBEPTalOTCI B adpOOHBIX yCIOBUMX,
pa3noxeHue UIeT 0 CO2 u HZO, TaKX€ B Cpele HAKaIJHBAaIOTCS
OpPTaHWYECKHE KHUCIOTHI — MPOJIYKTHI HEMOJIHOTO Pa3JIOXKEHHS - Ba-
NepbsHOBas, YKCYyCHas, JUMOHHass U np. CHHTETUYECKUE YTIIEBOJO-
pPOABI OYEHB TPYIHO MOIJAOTCA OMOJECTPYKIHH W HAKAIUTUBAIOTCH,
3arpsA3HssS OKPYKAIOMYIO Cpenay.

PocT nmpoayiieHTOB U UX OHMOJOTHYECKas aKTUBHOCTh BO MHO-
rom ompeneisiercs pakropamu cpeabl. Pojab OCHOBHBIX (aKTOPOB U
METO/ABl yIpaBJIeHUS UMM NpHUBENEHBI B Tabs.3.3.
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Tabmauma 3.3

OcHoBHBbIE (paKTOPBI CpeAbl, ONpeae sIIoIe HHTEHCHBHOCTh
MeTa00J1M3Ma MUKPOOPTraHU3MOB

®axrop |Ponp mpu kynpTHBHpOBaHUN | MeTOAB! yrpaBieHUS GaKTOPOM
CocrtaB 1 O6ecnieunBator Metadbosu3M [ CoctaBieHHe ONTHMAaIBHON
KOHIICH- XUMHUYECKHUX pPeaKIui KOMITO3UIIMY; HEPEPHIBHOCTh
Tparys M- Iporiecca, MHOTOCTaJUHHOCTD €
TaTEIbHBIX y4eTOM NOTPEeOHOCTH MPOyLIEeH-
BEIECTB Ta 1o azam
Konrentpa- |3amennenne bnoxummde- BrrBox mpomykra MeTabomm3Ma.
IIUH TIPOJYK- |CKHUX MPOIECCOB PazbaBnenue ¢ 1eIpi0 CHIDKEHUS
TOB M MHTH- KOHIIEHTPaLMX HHTUOUTOpa U IIp.
OUTOpOB
pH OnTuMm3upyeT ckopocTs  |PerymupoBanue myrem modasie-
OMOXMMHYECKIX PEaKIUil  |HUS KHCIOTHI MM [IET0YN
Temmepary- |OnTHMH3HPYET CKOPOCTH OxyaXKIeHNe WU TIOJOTPEB Cy0-
pa OMOXMMHYECKUX peakuuii  |cTpaToB
Ocmotuge- |Omnpenpensier rpaHubl )ku3- |CocTaBieHne cpell ¢ ONTHMAalb-
CKOE€ NlaBJie- |HU HOM KOHUEHTpaLUEH IUTaTENIb-
HUE WIN HBIX BEIIECTB, IOJICP)KUBAHNE
aKTHBHOCTh Ha TOCTOSIHHOM YPOBHE IIyTEM
cpensl pa30aBieHUs WM KOHILEHTPAIH-
ell cpenpl
Copeprxanue |l adpo6oB - oOecriednBa- |PeryaupyroT HHTEHCHBHOCTh
pac- €T METaboJIN3M, SIBIISIETCSL  |adpanuu, aHa’ poOHbIE MTPOIIECCH
TBOPEHHOTO |aKIENTOPOM NMPOTOHOB, HH- |PEATn3yIOT B OECKHCIOPOJHON
KUCIIOpOJia |THOMpYET pa3BUTHE aHAdPO- |CPEle, UTO JOCTUTACTCS MPOTyB-
60B KO YTJICKHCIIOTO Ta3a WK J00aB-
KOIl BOCCTaHOBHTEINEH
Copeprxanne|lcTounuk yriepoaa s IIponyBanue razoBoi cpenoi,
JMoKcuna  |aBTOTpodoB, rerepoTpodsl 0OOTaIEHHOH TMOKCHIOM YTJe-
yriiepona HEKOTOPBIE HYXKIAIOTCS, 2 | POJa, BBIICIEHUIO CIOCOOCTBYET
HEKOTOPBIE 3aMeUISIOT Me- |MepeMenInBaHne
TabOoJIHM3M B IIPUCYTCTBUU
JIMOKCHJIA yriiepoJia
[lepemewmn- |PaBHOMEpHOE pactipenene- |MexaHnueckoe nepeMeluBaHue,
BaHME CpeJibl | HUe MUTATENIbHBIX BelecTB | 0apOoTax, MPKYISIIHS, adparys
Bsizkocth Omnpenensier nuddepennua- | Peryaupyercst coctaB nuTareib-
cpensl LU0 MNTATENLHBIX BEIIECTB |HBIX BEIIECTB U KOHIEHTPALHS

U TIepeMellInBaHie KJIETOK
MIPOAYLICHTA

6uomacchl. BS3kocTh BIHsET Ha
TIepeMeIIBaHHE H adPalUIo
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Pazgea 4. OBIIIME ACIIEKTBI
HCIIOJB30BAHUA MUKPOOPI'AHU3MOB
B IMPOIIECCE ADPOBHOM U AHABPOBHOH OYMCTKH
CTOYHBIX BO/J

4.1. OcHoBBI Ipouecca Ouoaerpagauuu MOJJIIOTAHTOB
B OuoduabTpax

Ha ceronHamHuil AeHb CyHICCTBYIOT Pa3IMYHBIE COOPYKEHHS,
B KOTOPBIX OCYIUECTBIseTCA Ouonerpagauus U TpaHchopMmanus
OpraHWYeCKNX M MHUHEpaJbHBIX BELIECTB B a’pOOHBIX HIU aHA’poO-
HbIX ycioBuax. [lo crmocoOy KOHTakTa O4YMIIAEMOM BOABI U KOJO-
HUWA MHKPOOPTaHU3MOB Pa3jUvaloT COOPYXEHHUS C UMMOOMIM30BAH-
HOU (TpUKpemiIeHHo#) Mukpodiropoid 1 cBobogHOMNIaBatomed. B
HacToslIee BpeMs M3BECTHO MHOTO MOAM(PUKALHKA, COBMENIAIOIINX
B OJHOM COODPYXEHHMH 00a MexaHu3Ma. ba3oBBHIMU BapuaHTaMH CO-
BPEMEHHBIX COOPYXXEHHH SIBIAIOTCS KilaccHUecKkue OMOPUIBTPHI,
Aa9POTEHKU M aHa’poOHbBIE OMOPEAKTOPHI.

AspobHasi OHOIeCTPYKIHS OPraHMYECKUX 3arps3HSIONINX Be-
mecTB B OMO(UIBTpax OCYIIECTBISIETCS MyTeM (UIBTPOBAHMS CTOY-
HBIX BOJ Yepe3 3arpy304YHbIii MaTepHal, Ha HEM IOCTENEHHO aJcop-
OUpYIOTCSl OpraHWYEeCKHEe BellecTBa (MOJUIIOTaHTH) U MUKpOOpTa-
HU3MBI HaxXOoJsAIIUECs B CTOUYHOU Bome. OOpa3yeTcsa Tak Ha3bIBae-
MBIl OMOOPraHOMHHEPAJIbHBIA KOMIIJIEKC, B TEXHOJIOTUH OMOOYHUCT-
KU MOJYyYUBIINNA Ha3BaHue - OuoruieHka. OIUH KT OMOMAacChl MMEeT
noBepxHOCTh 0k0J0 4000 M2, IMMoOUIM30BaHHBIC (MIPUKPETLICHHBIC)
MHKpPOOPTaHMU3MBI aJcOpOUpyIOT cyOcTpar (MUTaTeNbHBIE Bellle-
CTBa) M3 CTOYHOU BOJBI, OMBIBAIOIIEH 3arpy304HBId MaTepuan. B
npoiecce oOMeHa BEIIECTB OHH C MOMOIIBI0 YK30()EPMEHTOB yCKO-
PAIOT IMpoLEecC THAPOJIM3a CIOXHBIX BEIIECTB A0 0ojee MPOCTHIX,
MOJIEKYJIBI KOTOPBIX MMEIOT pa3Mepbl MEHBbIINE, YeM pa3Mephl Oak-
tepuil. [IponykTel runponusza nuddyHIUPYIOT B KIETKY, e MOJ
NeicTBHEM SHI0PEPMEHTOB MPOUCXOJUT WX AaJbHEWIIee OKHCIIEHUE
C LIEJIBIO TOJIyYEHUS! SHEPIHH U 0oJiee MPOCTHIX COENUHEHHH, HCIIOIb-
3yeMbIX B Ka4e€CTBE CTPOUTENIHHBIX OJIOKOB KIETOYHOI'O BEIIECTBA.
CocTaB NpPOAYKTOB OKHCIJIEHHS 3aBUCAT OT cocTaBa cyOcTpara M
BUJ0BOT0 pa3HooOpa3usi OakTepuii, 00pa3yomux OUOIICHKY, 00s-
3aTeJbHO NPHUCYTCTBYIOT YIJIEKHCIBIA ra3 ¥ BOAa, B Pa3IMYHOM
KOJIMYECTBE MOTYT NMPUCYTCTBOBaTh cyiabdaTel, pocdarsl, a3or
aMMOHUWHBIA M HUTPATHBIN, a TaKXe MPOAYKTHI HEMOJHOTO pa3io-
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XKEHUS - pa3lnyHble opranudeckue KuciaoTel /21/. [lpoaykTel meTa-
0osM3Ma, HE MCHOJb30BAaHHBIC B KaUECTBE CTPOUTEIBHOTO MaTepH-
aja, IOCTYHAaOT B ouMInaemMylo Boay. B mpomecce merabonusma
MHKPOOPTaHU3MOB TOJLIMHA OMOOPraHOMHMHEPAJIBHOTO KOMILIEKCA
yBennuuBaeTca. YacTh MUKPOOPTaHU3MOB OHOIIEHKH C TEYCHHEM
BpEMEHH OTMHpAaeT U yTpauuBaeT ajcopOuHOHHBIE cBolicTBa. OT-
MepIIre MUKPOOPTAaHU3MBI, a TAaKXKe XUBBIE, BHIMBIBAEMBIE MOTO-
KOM XHUJKOCTH U3 Tesla OMOQUIbTpa, IPU MPEBBIIICHUN KPUTUYEC-
KOHM TOJIIUHBI OMOIIEHKH - 3 - 7 MM, BBIHOCATCS BMECTE C OYHIIae-
Moii BoJoH u3 3arpysku. [Ipu tonmuue mieHku Oonee 2-3 MM, B Ouo-
(¢bubTpe CymecTBYIOT a’poOHbIe W aHa’poOHBIe 30HBI (puc. 4.1.).

A

| |A| A

—7/7
I\
|V|

o:?)o

1 2 3 4 5

Puc. 4.1. Cxema 6HomecTpyKINH 3arps3HSAIONINX BEUIIECTB OHOTLIEHKOM:
1 — 3arpy3ka; 2 — aHadpOOHBIH ol OnoruieHKH; 3 — adpOOHBIH CII0i
OWMOIUICHKH; 4 — CTOYHAS JKUIKOCTD; 5 — BO3AYIIHEIHN CIIO; 6 — 3arps3HSIONIHe
BemecTBa (cybcTpar); 7— MPOAYKTH MeTa0OIM3Ma MHKPOOPTaHH3MOB
a’poOHOTO CcJI0sT; § — MPOAYKTH MeTaboIM3Ma MHKPOOPTaHU3MOB
aHa’POOHOTO €0 OMOIUICHKH
BunoBoit coctaB 6akTepualbHONW OWOIMIICHKH BKIIOYaeT Oak-
TEepHU, aKTHHOMHUIETH W mpocteiimue. ['pubbl, yepBu, HU3MUE
pakooOpa3Hble MPUCYTCTBYIOT B HE3HAYHTEIbHOM KOJIHYECTBE.
CTpykTypa OWOILUIEHKH U3MEHSIETCS B 3aBHCUMOCTH OT €€ TOJIIU-
HBI, (KOTOpas B CBOIO OUepenb OMpenessercs U JUMHUTHPYETCS THJ-
paBIMYECKOl HArpy3Koi Ha OMOGUIBTP U COCTABOM CTOYHBIX BOJK),
a TakKe OT BBICOTHl OMOQUIBTPOB. BiusiHUE TONIIMHBI OHOMIEHKU
1 BBICOTHI OMO(DIIBTPAa HAa BUAOBOE MHOTOOOpa3ne MHKPOOPTaHH3-
MOB CBSI3aHO, BO-TIEPBBIX, ¢ IpoueccoM auddy3uu KUciopoaa, a BoO-
BTOPBIX, C TE€M, YTO IO BBICOTE OMOGUIBTPAa MEHsSETCS KOHIIEHTpa-
1y opraHudeckoro cyocrpara. Kak mpaBuiio, B BEpXHHX CIIOSX OHO-
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¢unabTpa (10 CPaBHEHHUIO C HMKHUMU), Harpy3Ka IO OpPraHUYECKOMY
YIJIepOay BBILIE M KUCJIOPOJ B OCHOBHOM PacXoAyeTcsl Ha OKHCIIe-
HUE OPraHMYEeCKUX 3arpA3HSAIOIIMUX BellecTB. B HUXKHUX cl0sX OHO-
¢unbTpa Harpy3ka Ha OMOIUIEHKY MO OPTraHUYECKUM BEIIECTBaM
CHMJ)KAeTCs, B CUCTEME HaKaIlJINBAaeTCs YTJIEKUCHBIH ra3 M a3oT aM-
MOHUMHBIA — MPONYKTBHI OKUCJIEHUS a30TCOJEPKAILEH OPraHUKH.
Takum 00pa3oM, 00eCIICUHUBAIOTCS ONTUMAJIBHBIC YCIOBHUS I IPO-
necca murpudukanuu. [Ipu tonmuue OuoruieHku Oonee 2-3 MM, B ee
riayouHe HaOmronaeTcss oOpa3oBaHue aHa’dpoOHBIX 30H. [Ipu Hamu-
9uu B 00pabaTbhiBaeMOll BOJE HUTPATOB — IHEPreTHUECKOro cyOcTpa-
Ta ISl JeHUTPU(UKATOPOB, CO3AAI0TCS OJNArONpHUsTHBIEC YCIOBUS IS
npouecca ISHUTPUPUKALNH.

4.2. OcHOBBI npouecca Onoaerpajgauy NOLUIKOTAHTOB

B 23POTEHKAX

B asporeHkax COBOKYMHOCTb MUKPOOPTaHM3MOB - AKTHUBHBIH
WJI, HAXOJHUTCS BO B3BEUICHHOM COCTOSSHMHM B OOBEME OYHUIIAeMOHN
CTOYHOM XUJKOCTH. B mpouecce 04MCTKH B OCHOBHOM NPUHUMAIOT
ydacthe OaKkTepuu, aKTHHOMHULETH M MpOCTeHIIne, BOAOPOCIN U Ha-
CEeKOMBbI€, KaK MPaBUJIO0, HE BCTpPEYAIOTCs, a TPUObI, U HU3IIHE PaKO-
oOpa3Hble TPHUCYTCTBYIOT B HE3HAUMTEIHHOM KOJU4ecTBe. Bemymas
poJib B IpoIeccax ASCTPYKLUHU OPTaHUYECKHX BEIIECTB CTOUYHBIX
BOJ NMpUHaANEKUT Oaktepusm. [loBbllIeHHBIE 03Bl WA B a3pOTEH-
Ke 10 CPaBHEHMIO C €CTECTBEHHBIM IPUPOCTOM NPHUBOIUT K TOMY,
41O OaKTepuaabHble KJIETKH aKTUBHOTO WJIa HCHBITHIBAIOT, KAaK Ipa-
BUJIO, TOJIOaHKE, YTO B CBOIO OYepelb CIOCOOCTBYeT 0oJjiee MOIHO-
MY YCBOCHHIO IOCTYNAIOIIMX MHUTATENbHBIX BemecTB. 1lo maHHbIM
JLU. T'roaTep mnotpebieHne 3arpsS3HEHUN aKTHUBHBIM HIIOM COOTBET-
CTBYeT (opmyJe:

p = 795 u + 20,2 mr BIIK, r/4.

Ecnu ckopocTs pocTa paBHa HyJI0, TO HOTpeOIeHHUE 3arps3HEHUR
COOTBETCTBYET OCHOBHOMY OOMEHY BelECTB (MOAAepKaHHE KU3HEH-
HbIX (YHKLIHI), 4eM BBILIE YIeJIbHAas CKOPOCTh POCTa, YeM OOoJbIIe
MPUPOCT WiIa, TEM HMHTEHCUBHEE NECTPYKLHS OPraHUYECKHX 3arpss-
HSIOMIMX BemlecTB /2/. OHAKO, MPH MOBBIIICHUH J103bl WA BBINIE KPH-
THYECKOM, YCIOBHS €r0 CYIIECTBOBAHMS PE3KO YXYyAIIAIOTCS: CHH-
XKaeTCsd KOJIMYECTBO NMUTATENbHBIX BELIECTB, YXYAIIAIOTCA yCIOBUSA
Macconepeaayyd MUTAaTeNbHbIX BEIIECTB W KUCIOpOJa, HaKalIuBa-
I0TCSI IPOAYKTHl MeTaboau3Ma, NPUPOCT HiIa Bce Oojee CoKpamaer-
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s, YBEIMYMBAETCA BpeMsl IpeObIBaHUs MiIa B CUCTEME — WIJI CTapeer,
B HEM PacTeT YUCJIO MEPTBBIX KIJIETOK, OH T€PSIET AaKTUBHOCTD.

B mporouHbIx cucremax, paboTalOMMX Ha €CTECTBEHHOM MpPH-
pocte OGMoMacchl, CHIDKEHUE MpHUpocTa OyAeT MIATH IO TeX Mop, MoKa
yIenbHass CKOPOCTh POCTa KYJbTYpbl HE CTaHET PaBHOW CKOPOCTH
NPUTOKA MUTATEIbHON Cpenbl, TaK OCYLIECTBISETCA CaMOpeTryJis-
ousi cUCTeMBbl. B aspoTeHke, caMoperyisinusl Takke HMEeT MecTo,
OHA MPOSBISIETCS B U3MEHEHUH (DepMEHTATHUBHON aKTHBHOCTH KJe-
TOK. B mpolecce OYHCTKH CTOYHBIX BOJ MPOTEKAIONIEM B a3pOTEH-
Ke MOJXXHO YCJIOBHO BbIAENUTH deThipe (a3bl. IlepBas ¢asza - dasa
agcopOIMM OpraHUYECcKHUX 3arps3HAIONINX BEIIECTB Ha MOBEPXHOC-
TH XJIOIIKOB aKTHBHOro uia. OTa (ha3a sBIsSETCS HauMEHee IPOJ0JI-
JKUTEIbHOW U JumuTcs okono 30 munyT. BTopas ¢asa — ¢asa Oouoner-
pajaluy JErKOOKHCIISIEMbIX OPraHMYEeCKUX COCAMHEHUN, HalpuMep
yIJIEBOJIOB, Ha 3TOU (aze MUKPOOPTAHU3MBI ITOJYYarOT AOCTATOY-
HO€ KOJIMYECTBO SHEPIHH, UCIIONb3YEMOH B MOCIEICTBUHM B PEaKLHU-
aX OMOCHHTE3a KJIETOYHOro Matepuansl. [Ipomecc OHMOOKHCICHUS
OpraHUYEeCKUX BELIECTB B MEPHOJI BTOPOH (ha3bl MOXKET OBITH CXxema-
TH4HO mpencTasieH ypasaennem: C H O +0, — CO,+H,0+ AH

(AH - BbIpa)xxeHHE 3HEpPruM, BHLACIAEMON B IPOLECCE OKUCIE-
HUSl opraHndeckux semecTs). IIpogomkurensHocTs BTOpOH (asel co-
CTaBJIsIeT OpUEHTUPOBOYHO | yac. B mepuon Bropoi ¢azel HUTpUDHU-
Kalus, Kak npasuio, He HaOmonmaercs. Ha Tperbeit dase mpoucxo-
IUT Ouojerpafanus TPYIHO OKHCISIEMON OpraHukKH (OeiKu, KUpPHI U
np.). Ha 3Toll ctaguu nmpoTekaer aKTUBHO OMOCHHTE3 KJIETOYHOTO
BEIIECTBA, MPUBOISIINN K yBEIHUYCHUIO O0IIEro KoJIu4YecTBa OUO-
Macchl (B TEXHOJOTHHM BOJOOYUCTKU ATOT MPOLECC HA3BIBAIOT TaK-
e MPOILEecCcOM MPUPOCTa aKTUBHOTO wia). BHOBE cuHTE3Mpyemoe
BEWIECTBO ompenensercs smnupudeckoi popmynon C.H O,N. Ilpo-
necc OMOCHHTE3a CXEMaTHYHO MOJYXHO OMHUCATh CICAYIOUINM YpaB-
HEHUEM:

CHO, + NH,+ O, - C,HO,N + CO, + HO.

KonuyecTBo oprannyeckoro cy0crpara, HepexoIsmero B
HOBBIE KJICTKH COCTaBJISIET OKOJI0 65 %. Drta (haza sBiseTcs mpoaoJi-
KUTEJIbHOW U B 3aBUCHMOCTH OT CTCHEHHM OMOOKHCISIEMOCTU Opra-
HUYECKHX 3arps3HSIONIMX BEHIECTB MOXET MPOJ0JDKAThCs OT 3 10
20 gacoB. Bo Bpems mpoTekaHHS 3TOi (a3bl aKTHBHO Pa3BHUBAETCS
u npoiiecc Hutpudukanuu. Yersepras dasza — 3aBepmarorias, ¢asza
SHJOTCHHOT'0 JbIXaHus Wia. OTy (a3y Ha3bBalOT Takxke (a3oil ca-
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MOOKHCJIEHHS KJIETOYHOro BemecTBa mira. OHa HactymaeT depe3 20
4acoB a’paluy aKTUBHOTO HWJa M 3aKaH4YMWBaeTcs 4yepe3 2-3 CYyTOK.
CxeMaTU4YHO MPOIECC IHAOTCHHOIO JIbIXaHUS MOXXHO BBIPA3UTh Clie-
JNYIOUIUM YpaBHECHHUEM:

CHON+ 0O,—» CO,+ H,0+ NH,+ AH.

Paznenenne mporeccoB, MPOTEKAIONINX B a3pOTEHKE, Ha (assl
HOCHUT JIOCTATOYHO YCIOBHBIM XapaKTep, OJHAKO Ha UX OCHOBE CO-
37aI0TCS Pa3JIMYHbIE CUCTEMbI M CXEMbl OYMCTKHU. Peanu3saius mnep-
BBIX ABYX (pa3 xapakTepHa [JIs HEMOJIHOW OMOIOTHYECKOH OYHCTKH
(BITIKmr oynmeHHOW BOABI cocTaBiseT 15 — 20 mr Oz/L[M3). [TepBbIe
Tpu (a3sl MO3BOJSIIOT OCYLUIECTBUTH MOJHYI OMOJIOTHYECKYIO OYHM-
ctky (BIIKm ounnieHHOW BOJBI COCTABISET 5 MT Oz/ M), Bee uersi-
pe ¢da3bl XxapaKTepHBI JUIS MPOJJICHHOW a’paluy C MOJHBIM OKHCIIe-
HHEM 3arps3HSIONINX BEIIECTB U YaCTUYHBIM CAMOOKHCIICHHEM Kile-
TOYHOT'O BEIIECTBA aKTUBHOTO HJIA.

4.3. OcHoBBI nponecca Ouoaerpagaliu B aHA3POOHBIX

OuopeakTopax

OuncTka CTOYHBIX BOJ B aHad3pOOHBIX OMOpEaKTOpax OcyImie-

CTBJISIETCS CHEHU(PUYESCKUM COOOIIECTBOM MHUKPOOPTaHU3MOB — aHa-
3poOHBIM WiIOM. 0 HEJaBHEro BPEMEHH LeJIeCOO0pa3HbIM SIBIISIIOCH
WCIIOJIb30BaHUE METAHOBOTO OPOXKEHUS TOJIBKO Uil 00pabOTKH ocaj-
KOB CTOYHBIX BOJ, TaK KaK JUIMTEIBHOCTH Mpolecca (HEeCKOIbKO
CYTOK) TpeJrnoliaraja Hajluyue 3HAYUTENIbHBIX 00bEMOB peakTo-
poB. B 80-x rogax 20 B. ObLIM IpOBEAEHB MHOTOYHCICHHBIE HCCIIE-
JIOBaHMS W TIOKa3aHO, YTO INPHU OINpEJEIeHHBIX yCIOBUSAX B OHMOpeak-
TOpax BO3MOXHO (OpPMHpPOBaHHE TPAHYJIHPOBAHHOTO WA, W IMPO-
1ecc OMONECTPYKIIMM TaKUM HMJIOM 00ECIIeYMBACTCS B TCUCHUE He-
CKOJIBKUX 4acoB (6-14), 4TO MO3BOJISIET WCIOIB30BaTh 3TOT METON
st ounctku ctouHbIx Boj (Lettinga et al., 1980; Hulshof Pol, 1989;
Alphenaar, 1994). Tem He MeHee, BpSI I 3TOT METOA MOXHO CUH-
TaTh ajJbTEPHATHBHBIM a’poOOHOMY mpolleccy Ouojerpamaiuu opra-
HUYECKUX BEIIECTB, TaK KaK €ro IeJIeC000pa3HO MPUMEHITh NpHU
WCXOJHOW KOHIEHTPAIUHM 3arpA3HSIOMUX BEIIECTB CBBIIIE
2000 mrO,/am* (mo BIIKm).
Anas’pobHOe OpoKeHHE MOXKHO HCIIOJB30BaTh B Kaue€CTBE MEPBOI
CTYyIEHU OMOJOTHYECKONW OYUCTKH BBICOKOKOHI[CHTPHPOBAHHBIX
CTOYHBIX BOJ, C MOCIEAYIOMEeH OYUCTKOW U JOOYUCTKON CTOYHBIX
BOJI B a3pOOHBIX YCIOBHUSX.
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dopmupoBaHue arperatoB OMOMAcCHl SBISIETCS PE3yJIbTaTOM
MUKPOOHOJIOTUYECKUX, XUMUIECKUX U (PU3NYECKHUX MPOIECCOB, MPO-
UCXOIINX Ha T'PaHMIE pa3zena XHIKoW u TBepaou ¢a3 (Lettinga
et al., 1980; Hulshof Pol, 1989; Alphenaar, 1994).

OOpa3oBanue rpanynupoBaHHoid 6uomaccel B UASB-peakTope u B
JPYTUX peaKkTopax cO B3BEIIEHHO-CEIMMEHTHpYIoIIeld OGnomaccoi
(rubpunnsiii, ABR, AF, AFB aBnsgercs yHUKanbHBIM (EeHOMEHOM
CaMOOpTaHU3alMU METAHOTEHHOTO0 MHUKPOOHOTO cooliecTBa
Lettinga et al., 1980; Guiot et al., 1988; Yoda et al., 1989). 1 numen-
HO aleTaTUCIOJIb3YIOUIMe MEeTaHOTeHbl 00JiafgaoT Mopdosoruyuec-
KHMH OCOOEHHOCTSIMH, TO3BOJISIONINE UM 00pa3oBbIBaTh 0(opmileH-
HbIE CTPYKTYPHI C JAPYTHMH OaKTepUSIMH WIM CMEIIaHHbIE KOJOHHH.

Touno# Mop¢ororudyeckoi Kiaccuukamuu TpaHyJIUpOBaH-
HOW MeTaHOTeHHOW Oumomacchl nmoka He cymecTByeTr. C yueTom
HaJWYMs ITIPOMEKYTOUHBIX (POPM BBIICNSIOT TPU OCHOBHBIX THIIA
rpanyn (de Zeeuw, 1988): — Tun A: KOMImakTHbBIE cepudecKkue
WIM JUCKOBUIHBIC IJIOTHBIE T'PAaHYJbI, COCTOSANIME B OCHOBHOM W3
HuTeil MetanocaeT. OObBIYHO 00pa3ylOTCS NPHU HAJUYUU CyOCTpa-
ta ¢ BeicokuM conepxkanuem JIXKK, B Tom uncne Ha mpeanuaudu-
NUPOBAHHBIX CTOYHBIX BOJax MPHU JBYXCTYIEHYATOH aHa’poOHOU
oopaborke (Hulshof Pol, 1989; Kalyuzhnyi et al., 1996; —Tun B:
KpYIHBIE ¥ MEHee TUIOTHBIE ChepUYecKHe TPaHyJbl, COJepKallne
pa3IWYHBIE TUIBI MHKPOOPTaHU3MOB, OCHOBY COCTABISIOT HHUTH
MeTaHOcaeTa, 4YacTO MPHUKPEIUIEHHbIe K UHEPTHBIM YacTHIAM).
Ob6pasyroTcest npu 00padoTKe CTOYHBIX BOJ MOJIOYHON MPOMBIIIICH-
Hoctu (Kalyuzhnyi et al., 1997a) u nuBoBapeHHOTO MU Oe3ayKo-
rospHOTO mpoussonctea (Kalyuzhnyi et al., 1997b); — tun C: men-
KHE M PBIXJIOBAThie OKPYTJIbIE TPaHYJbl, OCHOBY KOTOPBIX COCTaB-
AT MeTaHocapiuHbl. OOpa3yloTcss B BHICOKOHATPY)KaeMBbIX CHC-
TeMax, B YaCTHOCTH MO almeTary, HallpuMep HaBO3HBIE CTOKHU
(Kalyuzhnyi et al., 1998) wim BHHHBIE CTOKHM NpPU HUZKHUX TeMIlepa-
typax (I'maguenxo, 2001).

Ha noBepXxHOCTH BCEX THIIOB IpaHyJ HaOJIOJAIOTCS MOPHI pas-
JUYHON BENWYHMHBI, CIy’Kallue JJisi TpAaHCIOpTa cyOcTpaTa W BBIXOJA
Ouoraza. KonudecTBeHHBII yuyeT MUKPOOPTaHH3MOB B IpaHyjax Io-
KazaJl, YTO MX KOHIICHTpaIMs BapbHpyeT B mpenenax 1 — 4*10' kmerok
Ha | T cyxoro BemectBa (CB) rpanyn (Duborguier et al., 1988), B Tom
yrcie meraHoreHoB — 10 10'° xkietok Ha 1  CB rpanyn (Kalyuzhnyi et
al., 1996).
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DIEKTPOHHO-MHKPOCKOIMYECKHE MCCIIEIOBAaHUS BHYTPEHHETO
CTPOCHHUS TpaHyJ MOKa3ajdd, YTO 3HAYUTENIbHAas 4acTh UX MHKPOO-
HOW Omomacchl mpejacTaBlieHa apxeaMmMu pona Methanosaete
(Duborguier et al., 1988; Kalyuzhnyi et al., 1996). BuranT npeaio-
KWJI TEOPUIO «CHAreTTH» OOBICHAIOIIYI0 0o0pa3oBaHME T'paHyJ] Ha
ocHoBe Methanosaete (Wiegant, 1988). CoriacHo 3TOi TeOpUH HUTH
MeTaHOocaeT 00pa3ylT MHUKPOCKOTHWYECKHEe MYyYKH (y3JbI, KIIYOKH).
BHyTpu rpaHyn MexIy HUTSAMH METaHOCAEThl pacrojaraercs 00Jb-
oe KOJINYeCTBO MOP(OIOTHYECKH Pa3HOOOpa3HbIX (popM OaxTepuid,
4acTO B BUJE MHUKPOKOJOHHUM. Ilyuknm HUTEH MeTaHOCAEeT 4acTo
BBIXOJAT 32 IMpeaeisl yKe COPMUPOBAHHBIX I'PaHyJ M MOTYT 0o0ia-
MBIBAThCSl C 00pa30BaHMEM HOBBIX KOMMAKTHBIX MAJIOYKOMOI00HBIX
TpaHyJ, KOTOpbIe NP JaJbHEWIIEeM Pa3BUTUU YKPYIHSIOTCS U NPH-
oOpeTalT cHepUUCCKY0 HIH JUCKOBHAHYIO (opMy. MHUKPOKOJIO-
HUU METAaHOCAPLIHMH 3a CYET MOIIHOTO CJOS IIMKOKalekca oOpasy-
10T JIOKHYIO MApEHXHMY, B MEXKJIETHUKAX KOTOPOH KUBYT APYyTHE
Oaktepun. [pyrue aBTOpPHI TakXe CYHUTAIOT, YTO arperaTtsl Me-
TAaHOCAET MOTYT CIYXXHTh BTOPHYHBIM SIIPOM JJsi 00pa3oBaHUs
rpanyn (Yoda et al., 1989). I'onnanackuii uccienoBarensb Xalc-
xopd-ITon mpumen x BeIBOAY, uTo, Tak kak B UASB-peakTopsl He
BHOCST 3arpy3oK, HEHTPaMH, WJIH SIpaMU Ui WHHUOHAOUU (op-
MUPOBaHHS TPaHyJ CIYKaT MHKPOYACTHULBI WHEPTHBIX
OPraHMYEeCKUX M HEOPTraHMYECKUX MATEpPHUANIOB, a TaKKe XOPOIIO
ocelaroniue Mejkue OaKkTepuallbHbIE arperatsl, NPUCYTCTBYIOIIHE
B IIOCEBHOM HJ€, a JOMHHHPYIOIIEM OPraHW3MOM B TIpaHyiax Oblia
Meranocaeta (Hulshof Pol, 1989).

['maBHBIM NPEUMYIIECTBOM TpPaHyJ SBISETCS IOCTaTOYHO
BBICOKAsl MIOTHOCTh U CIOCOOHOCTh K cenumeHTanuu. C yBenuye-
HUEM pa3Mepa TrpaHyJ]l HX IUIOTHOCTh yMEHbBIIAETCs, U OHU pacha-
narTcs Ha Oosee menkue dactuiel (Beefting, 1987). B ctpykrype
TPaHyJ IPH JIEKTPOHHO-MUKPOCKOTTMYECKOM aHajdn3e 0OHapYKEHO
MPUCYTCTBHE BHEKJIETOYHBIX MOJUMEPOB B BHJIC OOOJOYKH, MOKPHI-
BalOIICi MOBEPXHOCTHh TPAaHyJ, a TaKXKe BOJOKOH. DTH IMOJUMEPHI
MOTYT OBITH NpEJCTABICHBI OEIKaMH, ITUIIOCaXaphuJaMH, BEllecTBa-
MU KJIETOYHBIX CTEHOK M KallCyJl JIM3MPOBAHHBIX KJIETOK. MHUHEpaib-
HBI COCTaB I'paHyJl BapbUPYeT B O4YeHb IMHUpOkux npexaenax (Hulshof
Pol, 1989).

OnHoli 3 Hanboee BaAXXHBIX XaPaKTEPUCTUK aHA’POOHOTO Hiia
SBIIIETCS. METaHOTEHHAs aKTHMBHOCTH, 3HAsl BEJIMYMHY KOTOPOH MOX-
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HO pacCUYUTaTh TEOPETUUYECKYI0 HArpy3Ky IO OPraHHYECKOMY BeIle-
ctBy (HOB) na peakTop (Mim Ha M3BECTHYIO MacCy Hjia) B CyTKU U
TEM CaMbIM ONTHUMHU3UPOBATH €ro pabdOTy W MPEJOTBPATHTH €ro Iie-
perpy3ky, ocoOeHHO B MEpPUOJ ero 3amycka. MeTaHOTeHHasl aKTHB-
HOCTh 3aBUCHUT OT COCTaBa CTOYHBIX BOJ, 4YeM OOJbIle B UCXOIHOM
cyoctpare comepxutcs JIXKK, Tem BbIIIe METaHOTEHHAsT aKTUBHOCT.
Yem cioxkHEe cocTaB 00pabaThIBaeMOTO CTOKA, TeM OOJbIIe KUCIIO-
TOTEHHBIX MHUKPOOPTAHU3MOB COJEPKHUTCS B T'PaHyJlaX M TEM HHXKE
YMAMU (ynenbHass MeTaHOTEHHas aKTMBHOCTH HJIa) aHa3pPOOHOTO
una. [To nanueiMm Xancxoga-IToma (Hulshof Pol, 1989) B me30-
¢bunpubiXx ycrnoBusx (30 °C) YMAU wuna mocturana 1 krXITK/kr
bBb/cyT ans HenpeanuauduuupoBaHHeix cyocTpatoB u 2,5 kr XIIK/
kr bBb/cyT nnsa crounwsix Bon, comepxkamux cmechk JOKK. st tep-
MO(MHMIBHBIX T'paHys, BeIpamieHHbX npu 55°C Ha cMmecu arerata u
OyTupatra W COCTOSIIIUX B OCHOBHOM W3 Methanosaete, akTHUBHOCTb
nocturana 7,3 kr XIIK/kr BBb B cytku (Wiegant and de Man, 1987).
MetaHoTeHHas aKTUBHOCTh TPaHYJ MOXET yMEHbBIIAThCS JaXke MpH
OYCHB MIAIAIIEM PEXKUME PA3PyIICHUS UX CTPYKTYPBHL.

Ha mpomecc aHa’poOHONW OYHUCTKH CTOYHBIX BOJ BIHUAKIOT ¢a-
30BBId M XMMHUYECKHH cocTaB cyOcTpara, 3HadueHue pH cpenbl, Ha-
JMUYUe TOKCUYHBIX BEIIECTB, THAPOIUHAMUYCCKUI U TEMIIEPATypPHBIN
PEKHUMBL.

CrouHble BOABI KIAaCCHPUIUPYIOTCS Ha HU3KOKOHIIEHTPHUPO-
Banuble (XIIK 1-5 xr/m?*), konrnentpupoBanubie (XIIK 5-20 kr/m*) u
BbICOKOKOHIIeHTpUpoBanHbie (XIIK Oonee 20 kr/m?). 3HaueHue KOH-
[EeHTpamun cyo0cTpaTa OINpeaesseT BeJIHYHHY MPUPOCTa OMOMAacCCHI
B IpOIIECCE OYHMCTKH €IMHHUIBI 00beMa cToka. Mcmonb3ys 3HaueHue
ouonornueckn pasnaraemoirt yactu XIIK cTtoka, MOXHO ompenenuTh
OXHMJIaeMBblli BBIXOJ] MeTaHa W, HaoOopoT, Mo 00beMy MeTaHa IOJy-
yuTh oxugaemyro BenuunHy XIIK ouumennoro croka. YmMmensblie-
Hue XIIK Ha 64 T TeopeTHYeCKH COOTBETCTBYeT 0Opa3oBaHHIO |
mouis Metana (1 r XITIK = 0,35 nM® MeTaHa mpu HOPMAJBHBIX YCJIO-
Busax) (Kamroxusiit u ap., 1988). 3HaunTenbHOe conep)kaHUE B3Be-
[IEHHBIX BEMIECTB OTPUNATEIbHO BIUAET HAa pabOTy aHaA’pOOHBIX
peaktopoB. Tak, HampuMep, CYIIECTBYET OMACHOCTb BHITECHEHUS
u3 peaktopa (IOKYJ aKTUBHOW OMOMACCHI, YTO yBEIWYHUBAET HEOO-
X0AMMOE BpeMs 00pabOTKH CTOKa M YCJIOXKHSIET KOHCTPYKIHIO yC-
taHoBKH. s mpenoTBpaineHus pa30yxaHUS W pacmnaja aKTHBHBIX
rpanyJs, GJIOTalUW W BCIUIBITUS WA, JJIsi CTOKOB, COIEpKALIUX He-
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pacTBOpUMBIE BEIIECTBa M TBEPJbIE YACTULBI, PEKOMEHIyeTCs MpH-
MEHATHh UX NpenoopaboTKy (OTCTaMBaHHE WIM THAPOJIH3 C KHUCIOTO-
reHHol Qazol mpouecca). Ha MukpoOHBIN cocTaB TpaHyd 0OJbIIOE
BnusHUe okasbpiBaeT koHueHtpauus JIXKK. Ilpu conmepxaHuu B Mo-
nenbHOM cTOoKe | r/am’ amerata HaOMIOIal0OCh pa3BUTHE I'PAHYJ B
TepMOQUIBHBIX YCIOBUAX, B KOTOPBIX Mpeobsananu OakTepuu pona
Methanosarcina (Kantoxusiid, 1990). [Ipu konuentpanuu JIDKK
menee 200 mr/am® 006pa3yroTcs IUIOTHBIE I'PaHyJibl MPaBUIBHON (Bop-
Mbl (Hulshof Pol, 1989). OtrMeueHo, uTo Ha cpeaax colepxalux B
KadyecTBE OCHOBHOTO cyOcTpaTa caxapa, I'paHylibl 00pa3yroTcs
ObicTpee u Ooyiee KpYHHBIX pa3MepoB (10 5 MM B aMaMeTpe), 4eM Ha
JOKK. IlpuumnHoii 3TOTO siBIsieTcss Ooliee BBICOKAsi CKOPOCTh POCTa
Oouomaccel Ha yriaeBonax, ueM Ha JIXKK (Hulshof Pol, 1989).
Jly4mum moCeBHBIM MaTepHajoM sl aHA3pOOHBIX PEaKTOPOB SIB-
NnseTCS TPaHYJIUPOBAHHBIM WJI U3 pEaKTOPOB, paboTarmMUX Ha
TakoM Xe cToke. YacTo B KadecTBE IIOCEBHOTO MaTepHalla MpH 3a-
MyCKE PEaKTOPOB MPHUMEHSIOT COPOKEHHBIA M1 KOMMYHAaJIbHBIX METaH-
TeHKoB. CTabunbHOCTh pabOTHl aHA’POOHBIX PEAKTOPOB CHILHO
3aBHCHUT OT 3HaueHHsI pH M ero mocTosHCTBA, ONTHMAaJbHBIMH SIBIISI-
otcst pH 7.0-8.0.
Bonbmoe 3HaueHne nMeeT Takxke OydepHas eMKOCTb, KOTOPOH 00-
JanaeTr xuukas ¢asza peakropa. Uem ona Ooubiie, TeM 3PHEKTUB-
Hee peakTOpHas cpella MPOTUBOAEHCTBYET BHE3AaIHBIM H3MEHEHU-
sm pH B cucrteme. [lpu crabunbHoii padore peaktopa pH cpens
CaMONPOU3BOJIBHO NOAAEPKUBACTCS 3a CUET B3aMMHOU cbanaHcH-
POBAaHHOCTH MPOILIECCOB MOAKUCICHUS U moauieradyuBanus. [logkuc-
JIeHUE NMPOMCXOOUT B HEPBYIO ouyepedb BCIEICTBUE 00pa3oBaHUs
JIKK, cepoBomopona, a Tak ke 0o0pa3oBaHUs YTOJbHON KHUCIOTHI
npu ruapatanuu CO,. Ilonmenauynsanue Cpeabl MPOUCXOIUT IIy-
tem notTpebnenus JIDKK u ne3amMuHUpOBaHUSA a30TCOAEPXKALIUX CO-
equHeHun /8/.

Pocrt knetok MeraHoBOTO cooOmecTBa 3aBUCUT OT MOCTYILIE-
HUS NIUTaTeNbHBIX BellecTB, BKIoHaomux OB u mMuHepanabHbIE COMU.
Ouenp BaxkHo cooTHolneHrue C/N, ero onruManbHble 3HAYEHUS Ba-
peupyroT oT 20/1 mo 100/1. DT0 cBSI3aHO C aKTUBHOCTBIO H >KH3HEJe-
SITEILHOCTHIO MUKPOOPTAHH3MOB METAHOTE€HHOTO KOHCOpIHUYMa
(Lettinga and Hulshof Pol, 1992). Kpome Toro, 0buIO MOKa3aHO, 4TO
HOHBI Kanbius B KoHieHTpanuu 100-200 Mr/aM® CTUMYITHPYIOT Me-
TaHOTEHHYIO aKTUBHOCTH aHA3pOOHOTO Mja M MHTHOMDPYIOT €€ NpH
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koHieHTpanuu 6oxee 250 mr/am® (McCarty, 1964). Hatpuii sBis-
eTcsl HeoOXOIUMBIM MHHEPaJbHBIM KOMIOHEHTOM [JII POCTa MHUK-
poopraHu3MoB U pa3BuTHS rpanyi. [lokazaHo, 4TO CHIBHBIN MOJO-
KUTENbHBIH 3P ¢dexT Ha mpouecc GOPMUPOBAHUS T'PaHYJ OKa3bIBa-
€T MPHUCYTCTBHE B Cpe/ie MHUKPOIIEMEHTOB, OCOOCHHO TaKHX KakK >Ke-
ne30, KoOanbT, HUKENIb, Mapranen (Guiot et al., 1988).

Nuruduropamu MoryT ObITh HHTEpPMEIMATHl Mpoliecca MeTa-
HoreHe3a (Boxopon, JIDKK) u comyTcTByrOmux npoaykToB (aMMH-
ak, cepoBogopoa). CaMbIMU MPOCTHIMH CIIOCOOOM CHSATUSA TOKCHY-
HOT'O BO3JEHCTBHUS BEIIECTB SABJISIOTCSA 3aMEHAa TOKCUYHOHU >KUIKOH
(a3pl B peakTope uiu ee pasdaBieHue /8/.

Hns popmupoBaHHs I'paHyd U Pa3BUTHS FPaHyJIUPOBAHHO-
ro Wjia UMeeT 3HAaYCHHE THAPOJMHAMHYECCKUN PEXUM B peakTope,
KOTOPBIH ompeensieTcss CKOPOCThIO MPOTOKa 0O0padaTsiBaeMoro
CTOKa.

Oco00 BaXxHA peryJsius peXuMa MPOTOKa IPHU 3amyCcKe pe-
akTopa U GOPMHPOBAaHHWH W HAKOIUICHUHM B HEM TPAaHYJIUPOBAHHOU
Ouomaccel. B pesynbraTe MHOTOYHMCICHHBIX HaOJIOJeHUN 3a 3a-
NyCKOM JIabOpaTOpHBIX PEaKTOPOB, HHOKYJIHMPOBAHHBIX AUCIEpC-
HBIM HJIOM, OTMEYeHa 00mas 3aKOHOMEPHOCTh B U3MEHEHHUH Mac-
cbl Mia. BrHauane macca ymeHbmaerca Ha 25-75% B pesyiabTaTe
BBIMBIBAHUS MeNKHX dacTull U kieTok (Alphenaar, 1994; Hulshof
Pol, 1989), mostomy B 3TOH (haze 3amycka HeNb3i CUIBHO YBEIU-
YUBATh CKOPOCTH NpOTOKa. OOBIYHO B MEPBBIH MecslL Bpems Ipe-
OBIBaHUS XUAKOCTU B peakTope cocTarisieT okoio 24 4. Ilo mepe
pocTa KOHIIEHTpalluu OMoMacchl B peakTope, CKOPOCTh MPOTOKA
U Harpy3kKa 1o OpraHM4YecKOMY BEIIECTBY MOCTENEHHO YBEIHUYH-
BalTcs. YelbHass MeTaHOTeHHAas aKTHBHOCTH HJa MOCTEINEHHO
BO3pacTaeT, JOCTUTasi MOCTOSHHOTO YPOBHS NMpPHU CTAaOMIM3alHU
METaHOTEHHOTO coolIecTBa.

O0s13aTeNbHBIM YCIOBHEM MHTCHCHUBHOTO NMPOTEKAHMS MpOLEC-
ca aHadpOOHOW KOHBEPCHHM SIBISIECTCS aJCKBATHBIA MaccOOOMEH BHYT-
pu peakTopa, KOTOPBIM HeoOxoaum 11 3¢ (HEeKTUBHOTO TpaHCIOp-
Ta cyOCcTpaToOB K MHUKPOOPTaHMW3MaM, JIMKBUIALMH JIOKAJbHBIX Ha-
KOIJIEHUH MHTEPMEAHATOB, OBICTPOIrO PacHpenesieHUus] CBEXKEro CTo-
Ka BHYTPH peakTopa.

[Iponeccrl MeTaHOOOpa30BaHUS MOTYT NMPOTEKATh B AMANaso-
HE TeMIepaTyp, MJIsl HUX BBIJCISIOT TPU OCHOBHBIX TEMIIEPaTyPHBIX
pexuMa - CUXpOPUITBbHBINA, HAYHHMA pu Temneparype Hmwke 20 °C, me-
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30QuibHbIN - Temmeparypa — 20 - 45 °C u TepModuIbHBII — Temiepary-
pa 45 — 70 °C. TemnepaTypHblii pexHuM BIHsIET Ha CKOPOCTh Ipoliecca,
He 3aTparuBasi KOHEUHBIH COCTaB 00pa3yloUIUXcs NPOAYKTOB. Uem
BBIILIE TEMIIEPATypa, TEM BBILIE CKOPOCTU OMOXMMHUYECKHX MPOLECCOB,
MO3TOMY TepMO(QUIIbHBIE MPOIECCHI, KaK MpaBuio, B 2-3 pa3a MHTCH-
cuBHee Me30mibHEIX (MkuHepHr U bpaitant, 1990; Tanala et al., 1984).
U Bce e, HECMOTpPS Ha BBICOKHE CKOPOCTH IMPOLIECCOB B TEPMOQUIIb-
HBIX peaKkTopax, 4acTo IoJydyaeMas IpU 3TOM BBII0OJa HEJOCTaTOYHO
BENUKa, YTOObI BO3MECTUTh CTOMMOCTH JIOMOJTHUTENIBHBIX YHEPTETHU-
YEeCKHX 3aTpar, HeOOXOOUMBIX AT MOINAEP)KAHUS ONTUMAIbHBIX TEM-
meparyp 3TOTO IIpoliecca.

JpyruM HemzocTaTKoM sIBISIETCS OOCTaTOYHO OEIHBIN BHAO-
BOW cocTaB MUKPOQIIOPHI, YeM OOBICHACTCS MEHbIIAs CTaOUIIb-
HOCTh TePMO(HUIBHOTO pEXHMa IO CPAaBHEHHUIO C ME30(HILHBIM.
Mexay TeM KOHBEpCHS B ME30(QWIBHBIX YCIOBHUSX COYETaeT B cebe
KakK IpueMJeMble CKOPOCTH Ipoliecca 3a c4yeT Oosee pazHooOpas-
HOTO BHJOBOTO COCTaBa MHUKPOQIOpPHI, TaK U MEHBIINE dHEpTre-
THYECKHEe 3aTparhl (TemmepaTrypa OOJbIIMHCTBA CTOYHBIX BOJ 15-
25 °C). B mocnenHee BpeMs ONMpeACICHHBIH WHTEPEC MPHUBIEKAIOT
pouecchl aHAdPOOHON OYHMCTKU B HNCUXPO(HUIBHOM pEXHUME, KOT-
na o0paboTKy MPOBOJAT MPH TeMIlepaType CTOKa, KoTopas, 3a-
4acTyl0, MaJlo OTJIMYAETCs OT TeMIepaTyphl OKpyXKawouel cpe-
npl. OZHAKO HU3KHE CKOPOCTH COpaXMBaHUS BBI3BIBAIOT OIpeie-
JIEHHBIE TPYAHOCTH IPH 3alyCKe PEaKTOPOB, KOTOPbIE PEIIAIOT-
Csl, €ClIH 3allyCK peakTopa MPOBOJIHUTH B Me30(pUIBHOM pEKHME, a
3aTeM MEPexXOoNUTh Ha Oojiee HU3KUE TeMmIiepaTypsl /8/.

Kunernueckue mapaMeTpsl ISl psiia OCHOBHBIX cyOCTpaToB,
a TaKXe ISl OCHOBHBIX I'DYII MUKPOOPTaHHW3MOB M aHa’pPOOHOIO
Wia B IeJIOM npuBezeHbl B Ta0u. 4.1 u 4.2 /8/. U3 3HaueHUN KUHETH-
YECKHUX MapaMeTPOB POCTa HEHMOCPEICTBEHHO BBITEKAIOT M OCHOB-
HbIE€ TEXHOJOTHYECKHE MPUHIHUIIBI aHa3POOHON OYUCTKH.

Huskue ynenbHble MeTaboan4yecKue aKTUBHOCTH METaHOBOTO
OuoreHo3a, eciu Opath ero B 1enoM (Tadu. 4.2), TpeOyIoT nis WH-
TEHCHUBHOT'O IPOBEACHHS NMPOLECCa OYUCTKU HAIWYUS BHYTPH peak-
TOpa BBICOKOW KOHIEHTpauu Onomacchl. YacTo KpUTHYECKUM TaK-
K€ OKa3blBAaeTCs CYIECTBEHHOE pa3jindue B CKOPOCTAX poOCTa U
MeTaboNn3Ma KHCIOTOIEHHBIX U METAHOTEHHBIX MHUKPOOPTaHU3MOB
(Tabn. 4.2), uro npu aucbanmaHce pa3BUTHI 00€UX MOMYJSIIIUNA HHOT-
Jla IPUBOJHUT K TaK HA3bIBAEMOMY «3aKHMCJIECHHIO» IpoOIlecca aHad-
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pobHoro Opokenus. Huzkme ckopocTH OTMUpaHHUS OMOMACCHI SIBIISI-
IOTCSl Ba)KHBIM TE€XHOJIOTHYECKHM IMPEUMYIECTBOM aHa3poOHOro uia
[0 CPaBHEHUIO a’3pOOHBIM, T.K. MO3BOJISIOT XPAaHUTh aHA3POOHBINA W
(ocobeHHO T'paHyJNIMPOBAHHBIN) JOCTATOYHO JJIUTEIbHOE BpeMs Oe3
M0Ja4YM CTOYHOM BOJBI, YTO MMEET MPUHIUNHUAIBHOE 3HAUEHUS s
ce3oHHOU mpombineHHocTr (Kamtoxubpiit u ap., 1991).

Tabnuia 4.1

YucjieHHbIe 3HAYeHUS] KHHeTHYeCKMX MapaMeTpoB 1JIsl psja
cy0cTpaToB aHAPOOHOI0 OpOKEHUS

CybcTpar Temnepa- [Y, kr BBB/kr | pp, cyr” K,, kT b,
Typa, °C XIIK XK/ | cyr’!
I'mroko03a 37 0,173 5,19 0,023 0,8
Auerar 25 0,05 0,235 0,869 0,011
Auerar 30 0,054 0,259 0,333 0,037
Auerar 35 0,04 0,365 0,154 0,019
IMponmonar 25 0,051 0,5 0,613 0,04
[Tponmonat 35 0,042 0,403 0,032 0,01
Byrupar 35 0,047 0,733 0,005 0,027
Beicrine 20 0,12 0,462 1,58 0,015
JDKK
Beicrine 25 0,12 0,558 1,27 0,015
JDKK
Beicrine 35 0,12 0,8 0,68 0,015
JDKK
Tabnuna 4.2

YucjieHHbIE 3HAYEHUS KHHETHYECKHX mapaMeTpoB
AJISL PA3JIMYHBIX TPyl MUKPOOPTraHU3MOB

Cybctpar Temn., | Y, xr BBB/kr Lms K, kr b,
°C XIIK eyt XK | cyr!
KucnororeHsr 35 0,15 2,0 0,2 0,4
MeTaHOTreHbI 35 0,03 0,1-0,4 0,05 0,02
AwnaspoOHOE
COO0OIIECTBO B 35 0,04-0,08 0,1-0,4 0,1 0,03
LIETIOM

Huskuit mpupoct 6uomaccsl Ipu aHadpOOHOW OYHMCTKE OTXO-
OB OOBSACHIETCS MajJblM PHEPIETHUYECKUM BBIXOJIOM PEaKLUU, OCy-
IIECTBISEMBIX METAHOBHIM OuoneHo3oM. IIpu MeTaHorenese rimo-
K03bl 110 cymmapno# peakuuu: CH O, — 3 CH, + 3 CO, + 6uo-
Macca + TeIIo
Jlums 8% »Heprum pacxoayeTcs Ha mpupoct 6uomaccsl, 3% co-
CTaBJISIOT TEIJIOBbIe moTepu M 89% mepexonut B MeraH /8/. B anas-

51



pobHBIX mporeccax obpasyercst Bcero aumib 0.1 — 0.2 Kr mia Ha Kax-
it ynanenneiid kwiorpamm  BIIK. Takum oOpaszom, B aHa’poOHBIX
Ipoleccax 3HAaYUTEIbHO 0oJiee HU3KMHM MPUPOCT OMOMAacChl MUKDO-
OpraHu3MoOB, 00nazarmmeil K TOMy € XOPOIIMMH BOJOOTAAIOIINMHU
CBOWCTBaMH, CBOAUT NMPAaKTHUYECKH Ha HET mpobiiemy oOpabOTKH M
YTUIHU3AIUN UJa.

OOpaboTka M30BITOYHOTO aHAIPOOHOrO WIla HE MPEACTABISIET HU-
Kakux mnpobieM. Beicokoe ncxonHoe coiep:kaHHe CyXOro BEIIEeCcTBa
(mo 100 r/am?®), BBICOKAs 30JBHOCTH M CTaOMIBHOCTH, XOPOIIHE BO-
J0OTHAl0IINEe CBOWCTBA M, KaK MPaBUJIO, €ro Majble KOJUYECTBa
MO3BOJISIIOT 00€3BOKMBATh W 0€3 MPUMEHEHUS PEareHTOB C IOMO-
LIbI0 LHEHTPUQYT, JIGHTOUHBIX (UIBTP-IIPECCOB U IPYTUX YCTPOMCTB,
nub0 Ha MIOBBIX IUIOMAAKaX (IIPpHU BBICOKMX HArpyskax). AHa’poO-
HBII WJ, 00pa3yroMMiics MPU OYUCTKE CTOYHBIX BOJ MUIIEBBIX IPO-
W3BOJACTB, NPEACTaBIsAET COOONH BHICOKOKaYeCTBEHHOE OPraHOMH-
HepajbHOE ynoOpeHue, KOTOPOe MOXHO HCIOJb30BaTh 0€3 0COOBIX
orpanndyeHuii. Cam mo cebe aHa’pOOHBIA HIJI HE COACPKHUT MATOTCH-
HBIX MUKPOOPTaHU3MOB, a TEPMODMILHBIA W1 OoraT BUTaMHHOM B,
MO3TOMY €ro MOXXHO TaKXe HCIIOIb30BaTh KaK MHIIEBYIO N00aBKYy B
KOpPM KPYITHOT'O pOraToro ckora /6/.

BrICOKOKaYECTBEHHBIN I'PaHYJUPOBAHHBINA U1 MHOTHX yCTaHOBOK yC-
MENIHO peaNn3yeTcs B KauecTBE MHOKYJSIHTA JJIsl 3aIlyCcKa HOBBIX YC-
TaHOBOK HAa AHAJIOTMYHBIX CTOKax. HHM3KuUM BBIXOAOM 3HEPruu B MPO-
Lecce METaHOBOIO OPOKEHHMS, B YACTHOCTH, OOBSICHAETCA BaKHOE CBOM-
CTBO MHUKPOOPTaHM3MOB METAaHOBOTO OMOIIEHO3a: BO3MOXKHOCTh IJIHU-
TeJIbHOE BpeMst (Mecslbl) 00XoauThest 6e3 cydcTpara ¢ ObICTPBIM BOC-
CTaHOBJICHHEM AKTHBHOCTH I10CJIE BO3OOHOBJICHUS NMUTAHUS /8/.

Paspen 5. AHAJIN3 CYIECTBYIOIIUAX
COOPYXEHHUU BUOJOIMNYECKOU OYUCTKHU

5.1. buosiornueckue GpuiabTpshl (a3podHBIE YCI0BUS)

Buonoruueckuit GUIbTp — OYMCTHOE COOpPYKEHUE, 3aIOJIHEH-
HOE 3arpy304YHBIM MaTepuajoM, 4epe3 KOTOpbIH QHUIbTpyeTCcs CTOU-
Hasi BOJa M Ha NOBEPXHOCTH KOTOPOTO pa3BUBaeTcs Ouoyioruyec-
Kas IuIeHKa. PasHuma TteMmepaTyp MeXAy CTOYHBIMHM BOJAaMH U BO3-
IyXOM TapaHTUPYET HENpPEPHIBHYIO BEHTUIAILUIO aTMOC(EpHOTO
BO3AyXa 4epe3 3arpy3ky (uibTpa, obecrneunBasi MOCTOSIHHO JOCTa-
TOYHYIO JJI KU3HCACATCIBbHOCTU MUKPOOPraHM3MOB KOHICHTpA-
OHUI0 KHUCIOPOAA.
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BaxHelimas coctaBHas 4acThb OMOQHIbTpPa — 3aTpy30UYHBIN
Marepuali. [Io Tuny 3arpy304Horo marepuaja Bce OMOGUIBTPHI
JeJIST Ha JIBE KaTeropuu: ¢ 0ObEMHOM 3arpy3Koil M ¢ IUIOCKOCTHOH.
B OGuonornueckux ¢puabrpax ¢ 00beMHOH 3arpy3koil HCHOIB3YIOT
me0eHb MPOYHBIX TOPHBIX MOPOJ, TaNbKy, IUIAK, KEPaM3UT, a B (QHIIb-
Tpax ¢ IUIOCKOCTHOHM 3arpy3Koi — IJIacTMacchl, CHOCOOHBIE BBIAEP-
xuBath Temmeparypy 6 — 30 °C 6e3 morepu MpPOYHOCTH.

[IponyckHas cnocoOHOCTh OMOGUIBTpPa ompenenseTcs, Ipex-
JIe BCETO, CIEAYIOIUM: IUIOIIAbl0 TOBEPXHOCTH, 3aHATONH OWOTUICH-
KOH, U BO3MOXHOCTBIO CBOOOJIHOTO JIOCTyIMa KHCIOpoda K OHOIJIeH-
ke. Uem Gosplie miaowmwaab MOBEPXHOCTH OHOIUIEHKH U 4YeM Jierde K
HEH AOCTYN KHCIOpPOAa, TEM BBILIE NMPONYCKHas CIOCOOHOCTH OHoO-
¢unprpa. CornacHo oOUIEMPUHATON KiaccuDUKALUU Pa3InvaoOT
O0uouIbTPH ¢ 00BEMHON 3arpy3Koil — KamelbHbIE, BBICOKOHArpY-
KaeMmble W OalleHHbIE M C IUIOCKOCTHOM 3arpy3KOoM — C XKECTKOH 3a-
CBHITTHOM, JKECTKOW OJIOYHOW M MSTKOW 3arpy3KOH.

CoryiacHo TUTEpaTypHbIM JaHHBIM HWHTEHCHBHOCTH JIECTPYKIHMU TPY-
HOOKHUCIISIEMBIX OPraHUYeCKHX BEHIECTB B OMOQMIBTpax HE TOJIBKO HE
HUXKE, HO B OTHEJNBbHBIX CIydyasix Aa)ke BBIIIE, YEM B a’dpPOTEHKaX
(Tabn. 5.1) /19/. buopunbTpbl TPUMEHSIOTCS IS OYUCTKH XO3SHCTBEH-
HO-OBITOBBIX U MPOU3BOACTBEHHBIX CTOYHBIX BoA. Hampumep, Ha Ka-
NeNnbHBIX OMOUIABTpPax ¢ BBICOTOW ciosi 3arpy3ku 1,5 M u ecre-
CTBEHHOW a’paluell OYMINANNCh CTOYHBIE BOJBl KaHU(OIBHO-IK-
CTPAaKIMOHHOTO 3aBOJA, TEPMUYECKOHN mepepaboTKu CilaHIEB, NMPoO-
M3BOJICTB AMMETHITEpedTanaTa, OKMUCH ITUIICHA, XJIOPOIPEHOBOTO
Kayuyyka.

KoHneHTpamnus 3arps3HeHU B MCXOAHBIX CTOYHBIX BOJAX COCTaBIIsIA
ot 320 no 580 Mr/mm>, a B OYHMIIEHHBIX CTOYHBIX BOJAX HE MPEBbIIIANIA
25 mr/nM?. OxkucnuTeNbHAsS MONIHOCTh KamelbHbIX OHO(HIBTPOB
kosnebanace ot 400 no 580 r BIIKn Ha 1Mm® coopykeHHs B CYyTKH.
ITpu BbIcOTE OHOGMIBTPAa 4 M ¥ CTENCHU OYUCTKH ¢ 250 10 25 mr/am?
no BIIKno okucaurenpHass MOMHOCTE cocTaBisiia 7 — 9 r BIIKo Ha
1 M/cyT /22/.

Uccnenosanust JIMCU (Cankt-IleTepOyprekuii apXuTeKTypHO-
CTPOUTEIbHBIN YHUBEPCUTET) IOKA3ald, YTO Ha CTOYHBIX BOAAX MsICO-
KOMOHMHATa W MOJIOYHOTO 3aBofia pabora OMO(UILTPOB OoJee CTaOMIIb-
Ha, yeM paboTa a’3pOTEHKOB. YKa3aHHbIE CTOYHBIE BOJBI COAEPXKaT
BBICOKHE KOHIEHTPALMU JIETKOPA3/IaraéMoil OpraHuKu, HapuUMep Jak-
TO3bl, KOTOpPasi MPUBOIUT K Pa3BUTUIO HUTUYATHIX OaKTEpUH, BBHI3BIBA-
IOLINX «BCIIyXaHUE» WA, U MPENATCTBYIOMNX cTabuinbHONW paboTe BTO-
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pUYHOTO OTCTOWHUKA. B OmoduibTpax pazBuTHE HUTUATHIX OaKkTepHid
W KOJIOHWH HH3IIUX I'PUOOB B BEpPXHEW YacCTH 3arpy3KH MOXKET IpHBEC-
TH K 3aWJIMBaHUIO 3arpy3KH, OJHAKO 3TOr0 MOXXHO M30eXaTh MpH Io-
BBIIICHUH THIPABIMYECKON HArpy3ku (3a cu4eT yBenuueHus Koddp¢u-
nuenTta penupkyisanun) U cHmwkennn BIIK cmecu (B aToM ciydae, Kak
MOKa3al ONBIT paboThl, pa3BUTHE KOJIOHWH HHU3MIMX TPUOOB IMpeKpa-
mainock) /19/. WuTepecHBI Tak e UCcleIoBaHUs B 00JacTH ompeaee-
Hus BiausHUS pH CcTOYHBIX BOJ Ha CTaOWMIBHOCTH PaOOTHI OMOPUIBT-
poB. C.M. ludpun c corpynuukamu (1981 r.) mokasaj, 4TO CTOYHBIC
BO/bI MoJKoMmOuHara umeror pH 4,6 — 9,4, yto 00ycnOBIEHO MOCTYT-
JICHUEM CBIBOPOTKM U OTPa0OTaBLIMX MOIOIIMX PAcTBOPOB, IMOCTYILIE-
HHUE KHUCIBIX M LIEJOYHBIX CTOYHBIX BOJ BIMSJIO HA COCTaB OMOIUICHKH,
B YAaCTHOCTH MPHUBOJIWIO K UHTEHCHBHOMY POCTY HHTYATHIX OaKTepui.
Opnako yxynuieHus: paboTsl OMONOTHYECKUX (DUIBTPOB MPHU STOM HE
HaOmonanoce. [lpenBaputenbHas HeWTpaln3auus UCXOIHBIX CTOYHBIX
Box 1o pH 7 ne nosbimana 3¢gdexra ounctku. Takxe He HaOMIOOATOCH
yXyAlueHus paboTel OHoMOrnYecknx (QUIBTPOB MpPH MOAaue HEOCBET-
JIEHHBIX CTOYHBIX BOJ C KOHIIEHTpamueld B3BEIICHHBIX BEIIECTB IO
450 mr/mv®. TIpu 5TOM BBIHOC H30BITOYHOW OHOIUICHKH yBEIHYUBAIICS
Ha 2 — 3% 1O CpaBHEHUIO C OYUCTKOW OCBETIICHHBIX CTOYHBIX BOA /19/.
B oObiuHOM OMODUIABTPE MOTYT OCYWIECTBISATHCS Hapsay ¢ Ouo-
nerpajganueil OpraHMYecKUX BEIIECTB MPOIECcCh HUTPHPHKALNHU
n neautpudurkanuu. Ha OGuomeHo3 BepxHed yacTu OmoduibTpa
NPUXOASATCS BBICOKME HAarpy3Kd IO OPraHMYECKHUM BEILIECTBaM,
MO3TOMY B 3ToH 4acTu ¢popmupyercs OHONICHKA, COCTOsAIAas U3
reTepoTpo(oB, HHTEHCUBHO OKHCISIOMINX OpPraHUYECcKHEe Belle-
ctBa. [lo Mepe mpoABUIKEHHSI CTOYHBIX BOJ IO 3arpy3Ke, Ha KOTO-
poil copbupyloTCsl OpraHM4YecKHe BEllecTBa, Harpy3ka Ha OMOILICH-
Ky 1O OpPTaHWYECKHM BEUIECTBAM  MOHIKAETCS, M MOSBISIOTCS yC-
noBus 1y popmupoBaHus aBTOTPO(HOB — HUTPUDHUKATOPOB, TPaHC-
dbopMUpYIOIINX a30T aMMOHUMHBIN B a30T HUTPUTOB M HUTPATOB.
Ecnm TommmHa OuoruieHKHM mpeBbimaeT 4-5 MM, TO BHYTPEHHHH CIOU
OUOIIEHKH OOCTHEH KHCIOPOJOM M B aHadpPOOHBIX YCIOBHSX pa3BH-
BalOTCSl aHAdpPOOHBIE TeTEPOTPOPHI, B TOM YHUCIE ACHUTPHPUKATO-
pBI, ocymecTBIsAIONIME TpaHCHOPMALHUIO a30Ta HUTPATOB B a30T
MOJICKYJAPHBIA WIN Ipyrue jneryuune GopMbl a3oTa.

Kanenvnvie 6uogurompsl 00bIYHO TPOSKTUPYIOTCS MPAMOY-
TONBHBIMH B TUIaHE, CTOYHAS BOJAA MOJAETCS CBEPXY Ha IMOBEPXHOCTH
3arpy3KH, OpU MOMOLIM paclHpeleNUTENbHBIX YCTPONUCTB Pa3IMUHO-
ro tuma (puc. 5.1).
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Puc. 5.1. Kanenpnsiit Onoduiastp
a — TIoTIepeYHbIN pa3pes; 6 — IIaH; / — Jo3upYoIINe OaKu CTOYHON BOJEI;
2 — crpuHKIEpHl; 3 — 3arpy304HBI MaTepuar;, 4 — CTeHbl OHOPHUIBTPA;
5 — momaya CTOYHBIX BOJ B OMOMMIBTP.

OuUIbTPYOIIUNA CJIOH MOXKET OBITh BBIIIOJIHECH U3 IICOHS WU
rpaBus (pasmep 25 — 80 MM) MM OTHAEIBHBIX KOHCTPYKIHH, CO-
CTOSIIMX M3 NPOCTPAHCTBEHHBIX IMJIaCTMACCOBBIX dJIEMEHTOB /23/.
CpaBHuTenbHO HeOONbIINE JUHEHHBIE pa3Mephl 3arpy3ku odyc-
JaBJIMBAIOT 3HAYUTEIBHYIO YICIbHYIO MOBEepXHOCTh (150-250 m?/m?),
YTO MpedonpeneisieT BBICOKHE CKOPOCTU U3BATHS 3arpsi3HEHUH, B
TO BpeMs KakK NpPU HCHOJb30BAHUU KPYMHOW 3arpy3Kd yMeHbIIa-
€TCs BEpPOSATHOCTh KajbMaTaluu coopyxeHus. [logoOuble Quinb-
TpHl HE TPeOYIOT MPUHYAUTENbHOW a’dpaluu, MOCTYNJIECHHE BO3-
AyXa INPOUCXOOHUT Yepe3 OTBEPCTHS MOAACPKHUBAIOLIEH 3arpysKy
pelIeTKH, pacIoJOKECHHOW Ha jaHe (uibTpa. s yBenuuenus s¢-
(exTa OUNCTKH, OCOOCHHO NPHU 3HAYMTENbHBIX KOJIeOaHUAX pacxona,
JKEJaTEIbHO 00ECIEeUUTh PEUUPKYIISIIUI0 OUUIIEHHOW CTOYHOMW BOJIBI
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4yepe3 coopykeHue. B mporecce paboThl OMopUIbTpPa MTPOUCXOIUT
BbIMbIBaHUE OMOIUIEHKU. KonmnmuecTBo M30OBITOYHON OWMOIIIEHKH Clie-
IyeT IpUHUMATh & T/(4ell CyT) 1o CyXOMy BellecTBy. BmaxHocTh O10-
IUICHKH, BBIHOCHMOW M3 Ouodmibtpa — 96%. g 3anepxanus 6uo-
IUIEHKH ycTpauBaroT BTOopuuHble oTcToiHUKH. Ilpu BIIKn cTtou-
HBIX BOA Oonee 220 mrO,/aM’ HalUIEKHUT NPeTyCMaTPUBaTh PELMPKY-
JSIMI0 CTOYHBIX BoA. KodpduuumeHT  perupKyJsiiuu:
R T T )
L,—L, > e bf ex® bt en’ ex.

Jannpie OMOQHUIBTPHI MOTYT OBITH MCIIONIL30BAaHBI KaK ISl U3bs-
THS OPTaHUYECKHUX 3arpsi3HEHUN, TaK W I pealn3aluu IMpolecca
HUTpU(DUKALMHU, B MOCIEIHEM Cly4ae 4acTo TpeOyeTcs yCTaHOBKa
OouoduabTpa MepBoil U BTOPOM cTyneHei. CIpaBOYHHKOM IO COBpe-
MEHHBIM TE€XHOJIOTHSM OUYHUCTKH NPUPOIHBIX U CTOYHBIX BOX M 000-
pynosanuw (Otmen no JJarckomy CoTpynaudectBy B O6nacTtu
Oxkpyxaromieit Cpenst B Bocrounoit Espone, 2002 1) pekoMeHIyeT-
Csl MCHOJIb30BAaTh OMOQUIBTPHl ISl IPEABAPUTEIBHON OYUCTKU BBI-
COKOKOHLIEHTPUPOBAHHBIX CTOYHBIX BoxA /16/. B 3TOM cinyudae mpu
HCIIOJIb30BAaHUU MJIACTMACCOBBIX 3arPy30K MOXHO 3KCILTyaTHPOBAaTh
coopyxeHue ¢ Harpyskoit 2 kr BIIK/M® cyT.

Kanenbnbie 6noduibTpel MOryT obecrieunBath cHibKeHHe BITK
1o 80%, conepsxanue BITK mosxer 6bith Menee 30 MrO,/am’ B oumieH-
HbIX cTouHBIX Bogax (B CHull 2.04.03-85, m. 6.129, yka3eiBaercs, 4To
ocTaTouyHas KOHIleHTpalus 3arps3Henuit mo BIIKm moxer ObITh mpu-
Hara 15 MFOz/I[M3), a a30Ta aMMOHHITHOTO MeHee 2 MTI/aM°.
Henocratku kxamensHOro OnouiabTpa, KOTOPbIE MOTYT HPOSBISTHCS
B MEPHUOJ IKCIUTyaTallMi: BO3MOKHOCTh 3aWJICHUS 3arpy3KH; 4yBCTBHU-
TEJIBHOCTh K KOJEOAHUSIM TeMIIepaTypbl; HEBO3MOXKHOCTh JOCTHXKECHUS
Hu3kux 3HaueHui! BIIK B ouniieHHON CTOYHON BOJE Aaxe B cilydae
HU3KOH HArpys3Ku 0 OPTaHUKE; CPAaBHUTEIHHO BBICOKHE KalHUTaJbHBIE
3aTpaThl.

Buvicokonazpyscaemoie buogunvmpul (aspogunrbmpsi) OTIu-
YalTcsl OT KameldbHbIX OOJbIIEH OKUCIUTEIbHONH MOLIHOCTBIO, PaB-
Ho#t 0,75 — 2,25 xrBIIK/(M? cyT), 00yca0BICHHON JNydIIuM OoOMe-
HOM BO3/1yXa U HE3aWIAEMOCTHIO 3arpy3KH, UTO JOCTHIaeTcs MpH-
MEHEHHEM 3arpy304HOro mMarepuana kpynHoctbio 40-70 mMm, yBe-
JTUYeHUEM pabodeil BBICOTHI 3arpy3Kd 10 2 — 4 M ¥ THAPABIHYECKOM
Harpy3ku jgo 10 — 30 m3/(mcyt) /16/ (puc. 5.2).
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Puc. 5.2. BeicokoHarpyxaemblii 6MODHIBTP
1 — xopnyc; 2 — 3arpy3ka; 3 — peakTUBHBIA OpPOCUTEND; 4 — NpeHa)KHasl PELIETKa;
5 — ruApaBIMYECKHi 3aTBOP; 6 — CIUIOIIHOE AHMIIE; 7 — BEHTWIALMOHHAA KaMepa

Bricokonarpyskaemsie QHIBTPH MOTYT OBITh C €CTECTBEHHOMU
U MCKYCCTBEHHOH a’panueil, nmociejHue IOJy4UIM Ha3BaHUE a’3po-
¢unbTpoB. KonruecTBO M30BITOYHON OMOIICHKH, BEIHOCHMOW M3 BbI-
COKOHArpy>kaeMbIX OMO(QHUILTPOB, HAIUICKHUT MPUHUMATE 28 r/(4en cyT)
[0 CyXOMY BEILIECTBY, BIAXXHOCTb IUIEHKH 96% /17, 23/.

PacueT BbICOKOHArpy>kaeMbelx OHO(GUIBTPOB MPOBOIUTCS B Clle-
OyIolield mocieaoBaTeNbHOCTH:

— ompenensercs kodppuuuent K = L /L_; — mo cpeanesuMHeH
TeMmieparype ctouHoil Boasl T u HalineHHoMY 3HaueHuro K ompene-
JAIOT BBICOTY OmodunbTpa H, rugpaBinndeckyio Harpysky Hu pac-
xoa Bo3ayxa (tabn. 38 CHull 2.04.03 —85);

— JUIL OYUCTKHU 0€3 pelUpKYISIUN 3T HapaMeTpsl ClieqyeT Ipu-
HUMaTh N0 Onmxkaiimemy OonbpimieMy 3HaueHHIO K, O OYMCTKH C
peuupkynsinueit — mo menpmemy 3HadeHuto K. Ilpu ouncrtke 6e3
PELUPKYIALNHN IIomanb OnoQmIBTPOB onmpeneisoT no Gopmyse:
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[Ipu ouMCTKE CTOYHBIX BOJ C PEHHPKYISIUEH ONMpenemsioT I0-
nyctumyto BIIKm cmecu moctynaromeil U pernupKyIupyeMor cTod-
HOH BOJIbI, MTOJaBaeMol Ha GuoduneTp — L_; B sTOM ciyvae mio-
manap omoduiabTpa ompenenseTca mo Gopmyie:

f= %(n +1),m2,

Peuupkynsuuto npumensioT npu BIIK crouneix Box Gonee
300 mMrO,/am’.

[Ipu pacuere BBICOKOHATrpy)XaeMblX OHMOGHIBTPOB IS CTOY-
HBIX BOJ C TeMnepaTyépoﬁ menee 8 u 6onee 14°C, K = 104+~.

Ine: F = HB" K, /q0,4_ KPUTEPUAIBHBI KOMILIEKC;
K = 0,2%1,047"?° — xoHcTaHTa mOTpebIeHHs KuCIOpoaa; o u P-
K03($UIUEeHTH, MPUHAMAaeMble B 3aBHCHMOCTH OT YAEIBHOTO
pacxoma BO3AyXa M BEJIWYHWHBI KPUTEPHATBHOTO KOMIIJIEKCA.

Marepuanom 3arpy3Kd MOXeT OBITh aHTpAalUT, MECOK, cia-
Hell, mem3a, oObIYHBIA nquameTp dactun 4 — 8§ mMm. HanpasieHnue
MOTOKAa BOABI MOXET OBITh KaK HUCXOMSIINM, TaK U BOCXOISAIIUM.

Ecnu a’podunbTp paccUUTBIBAeTCS ¢ y4ETOM IMpOoIecca HUT-
puduKanuu, TO ONpeAclIeMbIMU IMapaMeTpaMu B 3TOM Cilydae SB-
JAI0TCS HArpyska IO a30Ty aMMOHMHHOMY, BhIpaxkeHHas B Kr NH,-
N/m? 3arpysku B cyTku (0,3-2,0 kr NH -N/M* 3arpysku B cyTku) u
THApaBIndYecKas Harpyska — 3 — 15 m*/m? B wac. IIpu mpaBuiabHOM
IPOEKTUPOBAHUM a3pOPuIbTpa u3baTUe 3arpsasHenui no BIIK, moxer
nocturars 90 % u Ooiee (EHK5 OUHILEHHON BOABI MeHee 20 MFOZ/,Z[M3;
KOHIIEHTpAIUs B3BENIEHHBIX BemecTB — 25 mr/am® u menee). Ipu
OCYIIECTBICHUHU Tpolecca HUTPUPUKAINN, CONEpKaHUE a30Ta aM-
MOHHMIHOTO B OYMIICHHON BOJE — MEHee 2 MI/IM®; B3BCIICHHBIX Be-
mecTB MeHee 15 mr/am®. 3atparel sHEprud A QyHKIHMOHUPOBAHUS
a’pUPYEMBIX (UIBTPOB COMOCTABUMBI C 3aTpaTaMH JIJIsi CUCTEM C aK-
TUBHBIM HJIOM. M30BITOUHYI0O OMOMaccy HEOOXOAUMO MOJABEpPTaTh
nanpHelmeil o0paboTke, Bo n30eKaHUE BO3HUKHOBEHHS HETNPHUATHBIX
3amaxos.

AdPpodUIBTPEI UMEIOT HE3HAYUTENBbHYI0 YYBCTBUTEIBHOCTh K
KOJeOaHHUSIM TeMIIepaTypbl, CTA0MIBHOE Ka4eCTBO OYMINEHHOW BOJBI.

Quavmpsl ¢ NIOCKOCMHOU 3a2py3KoU

Jnst moBbIIeHHs] MPOMYCKHOH crocobHOoCcTH OMODHUIBTPOB HC-
MOJIB3YIOT MJIOCKOCTHYIO 3arpy3Ky, MOPUCTOCTh KOTOPOIl COCTaB-
nsiet 70 — 90% . PabGouas moBepXHOCTh Il 00pa3oBaHUs OHUOIUICH-
ku coctarisieT oT 60 mo 250 m?/m® 3arpysku. B 3ToMm 3akmrouaeTcs
OCHOBHOE NMPUHIMIHUAIBLHOE OTINYUE OHMODHIBTPOB C IIOCKOCTHOM
3arpy3koii  OT OMOQUIBTPOB C 00OBEMHON 3arpys3koi (puc. 5.3).
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Puc. 5.3. Buo¢uibTp ¢ MIOCKOCTHOH (IU1ACTMAcCOBOW) 3arpy3Koit
OPOIYCKHO# cmocobHocThI0 200 M/cyT
1 — xoprmyc U3 acOECTOIIEMEHTHBIX JINCTOB M0 METAJUINYECKOMY KapKacy;
2 — macTMaccoBas 3arpyska; 3 — pemierka; 4 — OSTOHHBIE CTOJIOOBBIE OIIOPHL;
5 — mopBoAAIIMNA TPYOOIPOBOX; 6 — PEAKTHBHBIA OPOCHTEIND; 7 — OTBOJSIIINE
JOTKH

Meton pacuera OMOPHIBTPOB C IJIOCKOCTHOW 3arpy3Koi

npemioxed npod. FO.B. BopoHOBEIM, KOTOPHIN BBEJI TMOHSITHE KPU-
TepuanbHoro kommiekca N=PHK /F.
I'me: P — mopucrocTs 3arpy3ounoro martepuaina, %; H — Bbicota 6mo-
¢unpTpa, M, IPUHUMAETCS B 3aBUCHMOCTH OT TpeOyeMOH CTeneHHU
OYHMCTKHM, HO He MeHee 3 — 4 m; K — TemmeparypHas KOHCTaHTa
notpebnenus kucnopoxa, K = 0,2-1,047™°; T — cpenHesumMHss TeM-
neparypa CTOYHBIX BoJ; F — Macca opraHumuecKkux 3arps3HEHHUH 110
BIIK,, mocTynaromux B CyTKH Ha €IMHUIlY IUIOIAAX MOBEPXHOCTH
3arpy304HOro Marepuana ouoduiabtpa, r/(M? cyr),

Lenqn 5
S

F =
yo
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2 3.
S,, — YACIbHAs NOBEPXHOCTb 3arPy304YHOr0 Marepuaina, M*/m’;
q, — T'MApaBiIMYECcKas Harpyska, M’/M’ 3aTpy3KH B CYTKH.
3HaueHUs KPUTEPHAIBHOTO KOMIIJIEKCa B 3aBUCHMOCTH OT OC-

TaTOYHOU KOHIEHTpauuu 3arpssuenuii L npusenenst B tadmn. 5.1.
Tabmuua 5.1
3HayeHUS KPUTePHATIBLHOI 0 KOMIUIEKCA B 3aBHCHMOCTH OT Lex

Lex, MrO2/ 1M 7 n Lex, MTO2/ 1M n
10 3,30 35 1,60
15 2,60 40 1,45
20 2,25 45 1,30
25 2,00 50 1,20
30 1,75

BricoTy OnoduiIbTpa MOXHO ONPEACIUTh B 3aBUCUMOCTH OT
L. Hpu L =11 mr/aM’, H = 3F/PK..

[Ipu pacuere OMOPUIBTPa ONMPEACISIOT 3HaYCHUE KPUTEPHUAIb-
HOro KoMmmjekca mo Tabn. 5.1, 3aTeM ompenensioT 3HaueHUE
F = PHK,/m; mo ucxonnoi Bennunne L ¥ KOHCTPYKTHBHOMY pas-
Mepy S, ONpEAeNsAIT JOIYCTHMYO THAPABINYCCKYIO HArPy3Ky

gn=FS,/L,; mo 3agaHHOMYy CyTO4YHOMY pacxoxy Qm’/cyT, u

TOJICYUNTAHHON BEJIMYMHE ( ONPEAENAOT 00BEM 3arpy304HOrO Ma-
Tepuana 6MopuILTpa, a 3aTeM YHUCIO OHMOPUIBTPOB U MX KOHCTPYK-
THUBHBIE Pa3MEpHI.

B tabn. 5.2 u 5.3 npuBeneHbl mapaMmeTphl I pacuera OWO-
(GUIBTPOB C MJIOCKOCTHOH 3arpy3Koi Ajisi 0J0KOB € HMOPHUCTOCTHIO
93 — 96%; SyZl =90 — 110 m*m*; L = 200 — 250 mr/mm’.

Tabmna 5.2
JlonmycTumast ruipaBjn4ecKas Harpy3ka Ha OHO(QUILTPbI
¢ IUIOCKOCTHO¥ 3ar py3Koii

3,3
Heo6xom- T'unpaBimuueckast HarpysKa, M /(M~ 3arpy3Ky, M CYT),
MBIN 3 hexT TIPY BBICOTE CIIOSI, M
OYHCTKH, % 3 | 4

N N 0
W cpennesumHuelt TeMnepaTtype cTouHOM Bosbl, C

8 10 12 14 8 10 12 14
90 6,3 6,8 7,5 8,2 8,3 9,1 10 10,9
85 8,4 9,2 10 1,0 | 11,2 | 123 | 13,5 | 147
80 10,2 11,2 123 | 133 | 13,7 | 164 | 164 | 17,9
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buoduneTp ¢ MIOCKOCTHON 3arpy3koil, Kak NMpaBUIIO, pa3Me-
IAI0T B 3aKPBITOM NOMEIEHNH, nonyctumoe 3HadeHue BIIKm mo-
CTYNAIOIIUX CTOYHBIX BOJ IPH IOJIHON OHMOJIOTHMYECKOH OUYMCTKE -
250 mr/m*, Ipu HEMOJIHOW OYHUCTKE — HE OTPAaHHYHUBAETCS.
Tabnuna 5.3
JonycTimasi oprannyeckasi Harpy3ka Ha onopuiabTp
¢ IVIOCKOCTHOI 3arpy3Koi

BIIKs Harpy3sxka no BIIKs r/ (M3cyT), IIPY BBICOTE CJIOSI 3aTPy3KH, M
OYHILEHHOH 3 | 4
BOJIbI, Mr/llM3 U cpeHe3uMHell TeMnepaType CTOUHOI BOJbI, ’c

10-12 13-15 16-20 10-12 13-15 16-20
15 1150 1300 1550 1500 1750 2100
20 1350 1550 1850 1800 2100 2500
25 1650 1850 2200 2100 2450 2900
30 1850 2100 2500 2450 2850 3400
40 2150 2500 3000 2900 3200 4000

Onnako, pexomenmoBanublii CHull 2. 04.03. — 85 nguama-
30H THAPABIMYECKONW HArpy3ku Ha OMOQUIBTPHI C MJIOCKOCTHOH
3arpy3koii, obecrneynBamUi CTaOUIBHBINA 3G HEKT OYUCTKH,
MOXeT OBITh HECKOJbKO pacmupeH. CorjiacCHO UCCIICIOBAHUAM,
npoBoauMbIM enie B KoHle 70-x, Havyane 80-x ronoB 20 croie-
THS, TOKa3ajlu, 4TO IPHU M3MEHEHUH TUJAPABINYECKOUW HArpy3KHU
oT 5 mo 120 M3/(M? cyT) Ha TOBEPXHOCTH 3arpy3KH JErko o0pasy-
eTcs OMOIMJIeHKa, UMEHIas CTaOUIbHBIA COCTaB, MPHU OOJNBIIUX
3HaYEHUSIX [0 THAPABINYECKON Harpyske, 3Q(EeKT OUYHCTKH CO-
craBusin 60% (Porcalowa Petra, 1978 r.) DT naHHBIE MOATBEPXK-
Jal0T MCCIEAOBAaHMsS, BHINOJIHEHHBIE SIMOHCKUMHU YYEHBIMH IIpHU
M3YUYCHHHU CBEPXBBICOKOHArpyXKaeMbIX OMOPHUIBTPOB ¢ K03 du-
uueHToM Hupkyisuuun 10-40 u rugpaBiudeckoi Harpys3kou 150 —
250 m*/(m?* cyt) (Endo/ I, Tamura T, 1980).

ITo namneiM fxoBneBa C.B. m BoponoBa 0.B. (buomoruueckue
¢buneTpel, 1982 1.) U3BMEHEeHHE THIPABINYECKOW HArpy3KH B Ipeje-
max 10 — 32 (M*/M? cyT) CyIIECTBEHHO HE BIHUSAECT HA MUKpPOIOpY
ouoruieHku. [Ipu Harpyskax oOonee 32 M*/(M? cyT) B OMOIUICHKE Ha-
PSRy ¢ YMEHBIICHHEM YHCJIa KPYIHBIX U MOSIBICHHEM MEIKUX (HopMm
PECHUTHYATHIX, OTMEUEHO YMEHBIICHUE KOJIUYECTBAa KOJOBPATOK U

yepBei.
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O030p JAUTEpaTypHI MO3BOJHJI YCTAHOBHUTH, YTO 3a pyOexoM
OblTu mpoBeneHkl eme B 70-x romax 20 CTOJNIETHsS] OUBITHI IO OYUCT-
Ke Ha OmomIbTpax ¢ MIAcCTMAacCCOBOM 3arpy3Kodl HEOCBETJIECHHBIX
CTOYHBIX BOJ, KOTOPHIE MOKa3alu BO3MOXHOCTH IMOJYyUYCHHUS Kade-
CTBa OYHUINCHHOW BOJBI OJM3KON K Ka4e€CTBY OYHUIIECHHOW CTOYHOM
BOJBI MOCJIE YCTAHOBOK IOJHOT'O OMOJOTHYECKOTO OKHCICHHUS C aK-
TUBHBIM WJIoM (10 JaHHBIM MaTepuanoB Kapenmwna SI.A. u gp. «Oun-
CTHBIE KaHalIM3allMOHHBIE YCTAaHOBKM B CTpaHax 3amagHoi EBpo-
mel, 1977 1.). HemocrarkoM mMeTona SBISETCS HEOOXOIHMOCTH 0OJIb-
mo#, 20-TH KpaTHOW PEHUPKYJSIHUU CTOYHBIX BOJ, YTO IO3BOJISET
OCYIIECTBJIATH MOJHYI OHWOJIOTHYECKYK OYUCTKY, TaK KakK CHa0-
JKEHHE KHCIOPOJOM IMPOUCXOIUT 3a CUET HACHIICHHS KUIKOCTU KHUC-
JIOPOJOM BO3JyXa B MEPUOJ OPOUICHUS 3arpy3Ku OMoQuiIbTpa.

I BBICOKOHArpy»X)aeMblX OMO(IIBTPOB PEUHUPKYISAMUS MO-
XKeT ObITh HeoOXomuMol u mone3Hou st poctkenus 50 — 70% s¢-
(eKTa OYUCTKH W HEBBITOJHOHM MPHU NOCTHXKEHUU Oodbpmiero 3¢¢ek-
Ta, TaK KaK yBeJIHYCHUE KOIP(DUIIMCHTA PEHUPKYJISAILUN CBBILIE OIl-
pEAENECHHBIX MPEEIOB BHI3BIBACT JUIIL HE3HAUUTEIHLHOE IOBBIIIE-
Hue 3P (deKTa OYHCTKH.

CpaBHUTENbHAS OIEHKA MOKAa3BIBAET, YTO OMOQPHUIBTPHI C MIOCKO-
CTHOH 3arpy3koil oOmamaroT 0o0JbIIedl MPOU3BOAUTENFHOCTHIO U
3¢ dexTuBHOCTBIO, YeM OMOQHUIBTPHI ¢ 00BeMHOM 3arpy3koit. Ecmmn
OKHCIIUTEIbHAS MOIIHOCTh KameibHoro ouoduiubrpa cocrapiser 0,15
— 0,25 kr/(m* cyr), a BeicOKOHarpyxkaembix — 0,6 — 0,7 kr/mM® cyT, TO
OKHCIIUTENbHAs MOUIHOCTh (PMIBTpPa C TUIOCKOCTHOM 3arpy3Koi Mo-
KeT ObITh noBeaeHa a0 1,9 kr/m® cyt. Hanbonbuimii 3kOHOMUYECKUN
s dexT HabmOMaeTCA MpU MPUMEHEHNH OMOPUIBTPOB C TUIOCKOCTHOU
3arpy3Koil JUIsl HEMOJIHOW OMOJIOrMYeCKON o4uCcTKH. Tak, Mo JaHHBIM
aMEpHUKaHCKHX HCclieloBaTeNeld, MpH OYMCTKE CTOYHBIX BoJ (ald-
PUK 10 3aMOPa)KHBAaHHIO MPOJYKTOB, a TAaKXKe IEJUIIOJI03HO-0yMaxK-
HOTO 3aBoJia B quana3oHe Harpy3ok mo BIIK ot 3 mo 14 xr/m® cyr,
camxenue BIIK B cpeanem cocrtaBisiino 53%, TO €CTh OKUCIUTENb-
Hass MomHOCTh 1o cHATON BIIK mocturama 7 kr/(m® cyt). Anaio-
ruuHbie nanHeie nonydeHbl C.B. SIkoBieBbIM Npu 00paboOTKE MHO-
FOYHMCJICHHBIX HCCIen0BaHui 1o OnoduiabtpaMm. CoriacHo juTepa-
TypHbIM naHHbIM (C.B. fAxosnes, T.A. Kaproxuna, 1980 r.) mpu =e-
noiaHoM Omonmorudeckoit ouuctku (50 — 80%) okucaUTENbHAS MOII-
HOCTb MOKeT gocturath 3 — 16 xr BIIK,/(m* cyT). Takum oGpasom,
MOXHO CKa3aTh, YTO MaKCHUMallbHasl OKHUCIHUTEIbHAS MOIIHOCTbH 3ar-
PY3KHU JOCTUTaeTcs npu mnonydenuu spdekra ounctku no BIK, —
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50 — 70%. Ilonyuenue >¢dexra ounctku Oonee 70% cBs3aHO CO 3HA-
YUTENBHBIM yBEIUYEHHEM pa3MepoB OMOPUIBTPAa U MOBBILICHHEM
JHEPreTHYEeCKUX 3aTpart.

buoduneTpel — crabunuzatopsl, pa3paboTaHHble Kadeapoi
kaHanuzanuu JIMCU (B Hacrosmee Bpemsi Cankt-IleTepOyprekuit
APXUTEKTYPHO-CTPOUTENbHBIA YHUBEPCUTET) MPEICTABISIOT COOOH
MOAU(DUKAIIUIO OUOJIOrHYECKUX (QUIBTPOB C MJIOCKOCTHOH 3arpy3Koi

(puc. 5.4).

12 1/ 2

Puc. 5.4. Cxema OuoduibTpa-cTadminzaTopa
a — cxeMa paboThl; 6 — paspe3; I — TpyOOIPOBOA MOJAYN KUIAKOCTH
Ha OuoQuibTp; 2 — OHOJNOTMYECKUH (GMIBTP C IJIACTMACCOBOI 3arpysKoi;
3 — cucreMa pacrpesielieHns CTOYHBIX BOJI; 4 — BEHTWISIIUOHHBIE OKHA,

5 — crabunuzarop; 6 — OTCTOMHAs 30Ha; 7 — COOPHBIH JIOTOK; § — TpyOOIpO-
BOJI OTBOJIa OYHMIIEHHOH JKUJIKOCTH; 9 — TpyOOIPOBOJ OTBOJA PELUPKYJIHpYe-
MoH cMecH; /() — rmogadya UCXOIHBIX CTOYHBIX BOJ; // — HACOCHAs CTaHIIUS;
12 — tpyOonpoBox 0TBojIa CTaOMIIM3UPOBAHHONW M30BITOYHOI OMOMACCHI

OcHOBaHHEM I pa3pabOTKHU ITUX COOPYXKEHHH sBUICT d(h-
(eKT BBICOKOW KOHIIEHTpAlMu Kuciopoaa B guibTpare. OnHOBpe-
MEHHO OBIJIO YCTaHOBJICHO, YTO OMOIIEHKAa MPOJOJIKAET MOTPEOIATH
PACTBOPEHHBIM KUCIOPOX BO BTOPUYHOM OTCTONHUKE.

CyurHocTts paboThl OHOGUIBTPOB-CTAOUIN3ATOPOB B TOM, YTO
nyTeM HEOJHOKPATHOI'O BO3BpaTa OWOIJIEHKH Ha (QHIBTP BMECTE C
HUPKYJIUPYIOIIEH XUIKOCTBbIO, MOKHO NOOUThCs Ooiiee riyOoKoi
OYHCTKH CTOYHBIX BOJ C OJHOBPEMEHHOH crabunu3anueid u30bITOY-
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HOoW Omomacchl. Takast paboTa ¢uiabTpa BO3MOXKHA JHUIIb TPH J10C-
TaTOYHOW MOPHUCTOCTH 3arpy304HOr0 Marepuasia, ¢ TeM YTOOBI H3-
0exaTh €ro 3arJIMBaHHUS.

BuodunbTp-cTabUIN3aTOpP COCTOUT W3 OMOJIOTHYECKOTO (PHIIb-
Tpa W PacIoJIOKEHHOTO MoJ HUM crtabuiuzatopa. Ctabunuszarop
HMEeT OTCTOMHYIO 30HY, Pa3MCEIICHHYIO Mo ero nepudepun. 3arpy-
304HBIA MaTepuai O0unopuibTpa — nephopupoBaHHAS BUHHUILIACTO-
Bad pYJOHHAa:A IIJICHKA, HaBCUIMBacMasd BCPTHUKAJIbHBIMH I1OJIOCAMU
gepe3 50 mM. 3arpy3ka UMEET CICHYIONIME XapaKTECPUCTUKU: MOPHU-
ctocTh — 98%, ymenbHYI0 MOBEpXHOCTH 66 M2/m3. IlomobHas 3ar-
py3Ka crmocoOHa BbICPkKATh NPAKTHYCCKH JHOOYI HArpy3Ky Mo
OpPraHU4YCCKHUM 3arpsA3HCHUAM 663 OIIaCHOCTH 3aWJIMBAHUA U IIO3BO-
JISET OCYLIECTBIATh PaboTy OMOGUIbTPA C €CTECTBEHHOU aj’palruei.

buoxuMuueckas O4MCTKAa B JaHHOM COOPYKEHHH OCYIIECTB-
JseTcs KaK Ha 3aKpeIUICHHOW Ha 3arpy3ke OMOIUICHKOH, Tak W IUp-
KyJIUpyIomeld U306 TOYHO OHOIIEHKO.

YcraHoBka paboTtaeT cieaymouuM oopa3oMm. McxomHeie ¢TOU-
HbIC BOJBI MOCTYHAKT B MPUEMHBIH pe3epByap HACOCHOW CTaHIUH,
KyJla HalpaBigeTCd TAKXKE U PECLHUPKYIHUPyEMas KUAKOCTb U3 HUXK-
Hell yacTu crabunuszaTopa BMecTe ¢ M30bITOUHON OmoreHkoit. Ha-
COCOM 3Ta CMECh IOJIaeTCsl Ha paclpeiesIuTeIbHOE YCTPOMCTBO OHO-
noruueckoro ¢unbrpa. [Ipu MpOX0KJEHUU CTOYHBIX BOJ 4Yepe3 3ar-
PY3KYy OYHIICHHAS XUAKOCTh HACHIIIACTCS KUCIOPOAOM. DTOT KHC-
JOPOJ pacxoayercs B CTaOMIM3aTOpe Ha OKHCIeHHE (MUHepaTu3a-
IMI0) U30BITOUHONW OMOIUICHKHM M JOOYUCTKY CTOYHBIX BOJ. [loTpeo-
HOE KOJUYECTBO PACTBOPEHHOTO KHUCIOPOJAA PETYIHPYIOT, U3MEHSIS
CTCIICHb PCUUPKYIANNU U MHTCHCHUBHOCTH OPOUICHUA 3arpy3Ku. Oun-
IEHHAas. CTOYHAs BOJAa OCBETISIETCA B OTCTOMHOHN 30HE cTrabuiin3a-
TOpa ¥ OTBOJAMUTCS U3 cOOpyXeHusa. B OuodunbTpe-crabunmzarope
MMpONU3BOAUTCA OKHCIICHUEC 3an§I3HeHHﬁ, HaxoasgImunuxcsa BO B3BCIICH-
HOM, KOJUIOMJHOM M PAaCTBOPEHHOM COCTOSIHHSX, a TaK)Ke MHUHEpa-
nu3anus npupacraroniein ouomaccel.  TakuM 00pa3oM, MPH HCIONb-
30BaHHH 3THX COOPYXEHUW He TpeOyeTcs YCTPOWCTBO MEPBHYHBIX
¥ BTOPUYHBIX OTCTOMHUKOB, a TaKXKe COOPYXCHHUS IS cTaduin3a-
uuu U30BITOUHOM Omomaccel. buoQuiabTp-cTabUIN3aTOpP OO0CIYKHU-
BaeTcs OJHUM HAcCOCOM, pabOTy COOPYKCHHUS JIETKO aBTOMAaTHU3U-
poBath (C.M. udpun u ap. 1981) .

PaGoTa 0uodunbsTpa-cTabunmszaTopa Oblia MCIBITAHA B TEYe-
HHUEC HCCKOJIbKUX JIET Ha CTOYHBIX BOJaX MOJIOYHBIX 3aBOJOB B pas-

JUYHBIX pexxuMax. OKUCIUTENbHAsS MOIIHOCTh OMO(PMIBTPa COCTaBIISI-
ma 1000 — 3300 r BIIKm/(m® cyt), addext ounctku — 97 — 98,5%, BIIKn
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OYMIIEHHON )uakoctu — 13 — 28 mr/am®. YcranoBka paborana B
peXrMe IMOJHOTO OKHCIEHUS M30BITOYHOW OMOMAacChl MPH KOHIGHT-
pauuu OuomnieHku B ctabunuzatope 1 — 1,5 r/nm®. Konnenrpanus
PacTBOPEHHOTO KHCIOPOJa B KHUIKOCTH, CTEKAIoIed ¢ 3arpys3ku, 5,5
— 7,2 mr/am?. TIpoAOKATEIBHOCTh CTAOMIN3aMl OMOMAcChl — 6 —
15 cyr. Pe3ynbTaThl HCUBITAHUN YCTAaHOBKU MOKAa3aJM, YTO OKHUCIIH-
TeJIbHAs MOIIHOCTh OUOGUIbTpa-cTaOUIN3aTOPa 3HAYUTEIBHO
BBINIE, Ye€M OKHUCIHTEJIbHAs MOUIHOCTh BBICOKOHArpy»KaeMbIX OHO-
JOTHYECKUX (QUIBTPOB OOBIYHONW KOHCTPYKIIHMH.

ABtopel yctanoBkum (C.M. Hludpun, I'.B. HNBaHoB,
b.I'. Mumyxkos, l0.A. ®eodanos, 1981) Ha OCHOBaAaHUU pPE3YyJib-
TaTOB HCIBITAHWN B MPOU3BOJCTBEHHBIX yCIOBHUAX OMOPUIBTpa-
cTabunu3aTopa peKOMEHAYIT NPUHUMATH CIEINYIOIHUEe pacdeT-
HbIE MapaMeTphl: okucautenbHas moimuocTh 1000 rBITKn/(M? cyT),
BBICOTA 3arpy3ku 2 — 4 M. 3arpy3ka OmomibTpa BBHIMIONHAETCS B
BUJIE BEPTUKAJIBbHBIX PSAJIOB BUHUIIIACTOBOW meppopupoBaHHOU
MIIEHKU, paccTossHue Mexay psagamu 50 mMm. Kospdunuenr pe-
HUPKYJISAIMUU ONMpPENesioT U3 YCIOBUNW oOecrneyeHUus: KUCIOPOAOM
npolecca MUHEpaIU3alMi U30bITOYHOW OMoMacchl B CTaOMIIM3aTO-
pe B 3aBHCHUMOCTH OT ee mpupocta. KonuuecTBo Kucioponaa, CHU-
MaemMoro ¢ | M CTOYHBIX BOJ MPH OJHOKPATHOM IMPOMyCKE dYepes
oumonornyeckuit GunbTp, 4 — 6 T/M° . IIpOIOIKUTENBHOCTD CTAOMIIH-
3anuu Ouomaccel — 10 CyTOK, €€ KOHIEHTpAIUs B CTa0UIH3aTOPE
1 — 2 r/m®. OrtcroliHas 30Ha cTabHJIM3aTOpa pPacCUYMTHIBACTCS Ha
1,5 gacoBoe mpeOBIBAaHHE OYWIIEHHBIX CTOYHBIX BOJ.

5.2. AsporeHku

[TonHBIH MpoIIECC OYUCTKH CTOYHBIX BOJI OT OPTaHUYECKHUX OHO-
pasiaracMbIX BEIIECCTB B adPOTEHKE CKIAJBIBACTCS M3 HECKOJIBKHX
craauii. [lepBas ctamus — agcopOIUs 3arpsA3HSAIONIMX BEIIECTB aK-
TUBHBIM MJIOM — 3Ta camasi ObICTpas CTaJus, OHa JJIUThCS 0Kojo 30
MHHYT, CIACIYIOIIUE JBE CTaauu — Ouojerpamanus Jerko W TPYy.I-
HOOKHUCJISIEMBIX aJICOPOMPOBAHHBIX BEIIECTB — MOCICIHUE OKHUCIS-
I0TCSI B TedeHHe 8 — 24 4acoB; 3aKIIOYMTEIbHAS CTagus — BOCCTa-
HOBJIEHHE Ha4yalbHOU akTHBHOCTH uia. [locine okoHuYaHHs mporec-
ca ajgcopOIMy CTOYHAS BOJIa B OCHOBHOM OYHCTHJIACH OT 3arps3Hsi-
IOIIUX BENIECTB, HO MHKPOOPTaHMU3Mbl AKTHBHOTO HWJa MPOIOKa-
0T OMOXMMHYECKOE OKHCICHHE alCOpOMpPOBaHHBIX BEIIECTB, TO €CTh
MPOUCXOJIUT BOCCTAaHOBJIEHWE OMOXMMHUUYECKOW aKTUBHOCTU HJIa —
mporecc pereHepamuu. llpomecc perenepauu MOKHO TPOBOJUTEH He-
MOCPEICTBEHHO B a’pPOTECHKE WM B OTICIHLHOM COOPYKEHHH — pe-
reHepaTope, KOTOPbIH KOHCTPYKTHBHO, KaK IPaBUIIO, HE OTJIMYa-
eTCs OT a’pOTeHKa.
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Kiaccudukanus apoTeHKOB 110 OCHOBHBIM IpPH3HAKaM ClIeIy-
[oIasi: 0 TUAPOAMHAMUYECKOMY PEXKHUMY — a3pOTEHKH—BBITECHUTE-
JIW, a’3POTEHKU-CMECUTENN U a3pOTEHKU C PacCpeOTOYEHHBIM BIyC-
KOM CTOYHOM XHUIKOCTH; 110 CHOCOOY pEereHepupOBaHUS aKTUBHOTO
nia — a3pOTEHKU C OTACJIBHOM pereHepalnieil akTUBHOTO Wia U a3po-
TEHKHU 0€3 OTACNbHON pereHepaluy aKTUBHOIO WJa; IO Harpy3kKam
Ha aKTUBHBII MJI — BBICOKOHArpy>kaeMble (a9pOTEHKH Ha HEMOIHYIO
OUYHCTKY), OOBIYHBIE M HU3KOHATpykaeMmble (a3pOTEHKH MPOJIJICHHOM
a’palym); 1Mo KOJWYECTBY CTYIEHEH OYMCTKH - OJHO, ABYX — U MHO-
rocryneHdarsie a’poTeHKd. [lox TepMHHOM «CTYNEHb OYHCTKH» Clie-
IyeT MOHMMAaTh YacThb O0Ime OMOXMMHUYECKON CHUCTEMBI, B KOTOPOH
noAxepKUBaeTca cuenupuyeckas KyJIbTypa aKTHUBHOTO Mia; IO pe-
KUMY BBOJa CTOYHOW XUJAKOCTH — NPOTOUYHBIE, MOJYNPOTOUYHBIE, C
MepeMeHHBIM paboYuM ypPOBHEM U KOHTAKTHBIE.

CornacHO TUTEPATYpPHBIM JaHHBIM, TE€XHOJIOTUYECKHIl MpoIiecc
B OOBIYHBIX a’POTEHKAX-BBHITECHUTENSIX HE MO3BOJSAET C JOCTATOY-
HOW TOJHOTOW HCIOJIb30BaTh pabodnii 00beM COOPYKEHUH, KpoMme
TOTO, XOJ] OYUCTKH, a, CIEAOBATEIbHO, U KAa4eCTBO OYMILICHHON BOIBI
MOJABEPKEHBI CHIBHBIM KOJIECOAHUSIM.

IInpoko M3BECTHBIE B MPAKTUKE BOJOOUYHCTKH KOPHUIOpPHBIE
AIPOTEHKU ¢ (QUIBTPOCHBIMH KaHANaMH (pHUC. 5.5) CIOXHBI B JKCILTya-
TallM¥, OTIUYAIOTCS TPOMO3JAKOCTBIO, a CTPOUTEILCTBO UX Tpelyer
3HAaYUTEJbHBIX KalUTAJIbHBIX BIOXEHHH M BpeMeHU. Kpome Toro,
YyBCTBHUTEJIIBHOCTh 3TOTO COOPYXXEHHSI K IEeperpy3kaM pe3KO CHHU-
KaeT ero MPUMEHHUMOCTh JJISI OYHUCTKHU NMPOU3BOJACTBEHHBIX CTOY-
HeIX BoX (S.A. Kapenun, J.J1. )KykoB u np., 1973). A3poTeHKH-BBI-
TECHHUTENH MPUMEHSIOT ISl OYMCTKU XO3IHCTBEHHO-OBITOBBIX U TIPOH3-
BOJICTBEHHBIX CTOYHBIX BOJ C KOHLEHTpalMEH 3arpsA3HSIOLINX BEIIECTB
no BIIKm we 6onee 500 mr/mm?.

ABPOTEHKHU-BBITECHUTENIN MPEANOYTUTENbHEE TPUMEHSITh IPH
OTCYTCTBHHM PE3KHUX KoJIeOaHMI pacxoJa CTOYHBIX BOJ M COJAEpKa-
HHSI TOKCHYECKHX BEILECTB.

B asporeHkax-cMecUTENAX NMOPUHUU MOCTyNawlieil cTOYHOMI
XKHUIKOCTH MOYTH MIHOBEHHO IEPEMEIIMBAIOTCS CO BCEH Maccoil ouu-
1aeMol CTOYHOW BOJBI M aKTUBHOI'O MJIa, YTO IMO3BOJISIET PaBHOMEP-
HO pacIpeneisiTh PacTBOPEHHBIH KHCIOPOJ M HArpy3Ky IO OpraHu-
YECKUM BEIIECTBAM Ha aKTUBHBIA W (puC. 5.6).
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Puc. 5.5. UeTbIpeXKOPUAOPHBIA a3pOTEHK TIIyOWHOH 4 M
1 — BepXHHUH pacHpeleNnUTeNbHbIN KaHal OCBETJIEHHBIX B MEPBUYHBIX
OTCTOMHHMKAX CTOYHBIX BOJ; 2 — CTOSIKU K puibTpocaM; 3 — MarucTpajibHbINA
TpyOOIIPOBOA BO3MyXa; 4 — QIIBTPOCHBIC IIACTHHEI, 5 — TPYOOIPOBOX
OIOPOXKHEHUS; 6 — KaHAJ JUIS NepeIrycka OCBETJICHHBIX CTOYHBIX BOJ H3

BEPXHETO PaCIpeeNUTeIIEHOTO KaHala B HIKHHH.
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Puc. 5.6. A’poTeHK-CMECUTENH

1 — pacnpeenuTeNbHbIN JI0TOK; 2 — TPYOOIPOBO/] OIIOPOXKHEHHS a3POTEH-

KOB M BTOPUYHBIX OTCTOIHHKOB; 3 — KaMepa 3aJBIKEK OIOPOXKHEHUS; 4 — JIOTOK
AKTUBHOI'O WJIa; 5 — PETeHEPATOphl; 6 — a3POTEHKH; 7 — ILIUTOBBIE 3aTBOPHI.

. N
K BTOPM4HbLIM OTCTOMHUKAM E.TI
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[Ipu nanHOM peXuMe MOXHO obecrneduTsh paboTy coopyxe-
HUH B yCIIOBHSAX BBICOKMX Harpy3ok. TeXHOJOru4eckoi ocoOeH-
HOCTBIO KJIACCHYECKOTO COOPYKEHHUs SABISIETCS paccpeioTOUYEH-
HBIM BNYCK CMECH CTOYHOM XMJAKOCTH M aKTHUBHOTO HJIa BIOJb
MPOJOJIBHOW CTEHKH a’pOTEHKAa M TaKOH ke BBITYCK €€ C MPOTHUBOIIO-
JIOKHON CTOPOHBI. BhicoKkast cTeneHb pa30aBlieHHUs MOCTYHAIOIINX
CTOYHBIX BOJ OYMIIEHHOM BOJOH, COAEprKallelcsi B adpOTEHKE, I03BO-
JSeT MOoJaBaTh B HETO CTOYHYIO BOAY C BBICOKOM KOHLIEHTpauuel 3ar-
PS3HEHMH, 4TO JAejaeT 1esieco00pa3sHbIM HCIOJIb30BaHUE JAaHHOTO THIIA
COOPYXEHHUH 11 OYMCTKH KOHLEHTPHUPOBAHHBIX MPOU3BOJACTBEHHBIX
crounbix Box ¢ BIIKm no 1000 mr/mm®. K HemocTatkaMm a’spOTEHKOB-
CMECHUTENEH ClelyeT OTHECTH BO3MOXKHOCTBH «IIPOCKOKa» 3arpsa3HEHUi
B OYMILEHHYIO BOAY.
O0beM a3pOTEHKOB OINPENessioT M0 CPEeJHEMY NMPUTOKY CTOU-
HOH BOJBI B TEUEHHE CYTOK, €clid oOmHHA K03h(OUIMEHT HEepaBHO-
MEPHOCTH MOCTYIJIEHUS CTOYHBIX BOJ B a3pOTEHK HE MPEBBIIIAET
1,25; mpu GonbuieM ko3¢ dunHeHTe HEPaBHOMEPHOCTH — 1O CpeJHe-
4acCOBOMY IOCTYILICHHIO CTOYHBIX BOJ B a’pOTEHK 3a BpeMs aspa-
UMM B Yackl MaKCUMAaJbHOIO IpuToka. KosnuecTBOo HUPKYIALHUOH-
HOT'O aKTMBHOTO MWJIa IPH ONpEAeICeHMH 00beMa a’poTeHKa HE YuH-
ThIBaeTcs. [IpooomKUTEAbHOCTh a3palliu B a’dpOTEHKax ONpeness-
ercst corimacHo CHull 2.04.03-85 mo dopmynam 48 u 50. Jlo3y una
ClielyeT ONpeNeNsATh B Mpolecce MyCKO-HaJaJoYHbIX padoT WIH MO
ONBITY pabOTHl aHANOTUYHBIX COOPYKEHUU MPU OUYMCTKE CTOYHBIX
BOJ OJHM3KOTO COCTaBa C y4eTOM PabOThl BTOPUYHBIX OTCTOHHUKOB.
OpuEeHTHPOBOYHO 1032 WJIa MOXKET OBITh MPHUHATA COIJIACHO JNaH-
HBIM Tabn.5.4.
Tabnuna 5.4
Opl/IeHTI/lPOBO'leIe 3HAYCHUHA 10361 1J1A B 3ABUCUMOCTH OT THIIA
23POTEHKA U KOHIEHTPAaLuM 3arpsi3Hsiommx Bewects (mo BIIKm).

BITKn Jlo3a wia B /M’ B 3aBUCHMOCTH OT THIIA a’pOTeHKa
CTOIHON Absporerku 6e3 AspoTeHKH- AdpOTeHKH ¢
BOJBI, M pereneparopa OTCTOMHHUKHU pereHeparopamu
0,/nm°

Jo 100 1,2 3 -

100 — 150 1,5 34 -

150 — 200 1,8 3,7 a4~ 1,51/1
Cspie 200 1,8-3 4-5 ap x4 1/n

OcCHOBHBIM (haKTOPOM, Pa3ACISIONUM adPOTCHKH HA BBICOKO-
U HU3KOHArpy’>KaeMble, SIBJISIETCSI OKUCIUTENbHAsI MOIIHOCTD, T.€. KO-
auuecTBo BIIKm cTouHBIX BOJ, CHUMaeMbIX | M? a’poTeHKa B CyT-

ku. OKUCIHUTENbHAsT MOUIHOCTh 3aBUCHUT OT Harpy3ku no BIIKmua 1 r
CyXoro 0e330JbHOr0 BENIeCTBAa aKTUBHOTO MJIa M KOJIHMYECTBA €ro B
r/am3.
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OObIYHO Harpys3ka Ha WJI IPU HENOJHOW OMOJOTHYECKOH OYUCTKU CO-
craBisetr oT 500 mo 2000 Mr/r cyt, npu MOJHOW OMOJIOTHYECKOU
OYHMCTKE CTOYHBIX BOJ Harpy3ka Ha un Kojebmercs ot 200 mo 500
MI/T CyT, IPU MEHbIIEM 3HAYEHHHM BO3MOXEH NPOLecC HUTpU(DUKa-
nuu (1)1 peanu3aluy Ipolecca MOJHONW HUTpU(DHUKAIUU HArpys3ka
Ha w1 goJpkHa cocTaBiaTh 50 — 100 mr/r cyt). B BeicOkOHarpyxae-
MBIX a’pOTeHKax Mpolecc OYMUCTKH mpoucxoautT 3a 0,5 — 2 4, Bcnen-
CTBHE Y€ro I'MAPABIMYECKHE HArPY3KH cOCTaBISIIOT Oonee 20 m/cyT
Ha |1 M® coopykeHHsI W CyTOuHbIe Harpy3ku Ha wi mo BITKm — Oonee
0,8 kr/kr npu 3pdpexre ounctku 70 — 95%. BricokoHarpykaeMbii
un cocrout Ha 80 — 85% W3 OpraHUYECKUX BEIIESCTB, a MUHEPAIHU30-
BaHHBIK — Ha 60 - 65%. YBenuueHue OTHOUIEHHSI KOJWYECTBA IMHUTA-
TEJIbHBIX BELIECTB K KOJIMUYECTBY AKTUBHBIX MHUKPOOPraHHU3MOB B
BBICOKOHATrPy’KaeMBIX a’pOTEHKaX BBI3BIBAET 00jiee MHTEHCHBHOE
MpOTEeKaHHUEe IMpollecca OKUCICHHS, YeM B a’pOTEHKaX ¢ HU3KOU Ha-
Tpy3KOW Ha aKTUBHBIN W WJIM MUHEpaidu3anueil uia (BHICOKHIA BO3-
pacT uia), rie NpoLecc YrHEeTeH HEJOCTATKOM MUTAHUS IJIsi MHUKPO-
opranu3moB. Pe3ynpTraToM mogaunm M30BITOYHOTO MHUTAHUSA B adpo-
TEHKH sIBIIsIeTCS Ipeodiananue Jiorapupmuueckoi Gaspl pocta MUK-
POOPraHU3MOB, IIPU 3TOM HAOJIOJAETCSl 3HAYUTENBHBIM NpUPOCT OMO-
Macchl, a B OUHIIEHHOW CTOYHOH BOJE COAEPKATCS BBICOKHE KOH-
HEeHTpaluu a30Ta aMMOHHUITHOTO.

[TonydyeHue BBICOKMX Harpy3ok Ha €IMHHIly 00beMa CoopyKe-
HUS C LEJbI0 COKpALICHUS €ro pa3MepoB, BO3MOXKHO, BO-NEPBHIX, 32
CYeT yBEJIMYEHMsI Harpy30K Ha aKTHUBHBIM WJI, IPU COXPaHEHHUU IIpe-
)kHe#l paboueit mo3pl mia. HemocTaTkoM 3TOro mMeToja SBISETCS
HermojHas Ouoaerpanamusi OpraHUYEeCKUX BEHIECTB CTOYHBIX BOJ, B
pe3ynbTaTe 4ero HeBO3MOJXKHO MOJYyYHTh OYHMIIEHHYIO BOAY BBICO-
xoro kauectBa (BIIK ne 6onee 10 — 15 MrO,/ am’) npu Harpyskax Ha
wi ceeime 1rbIIK Ha Ir una B cytku. Kpome Toro, npu o4nctke MHO-
TUX BUAOB MPOU3BOJCTBEHHBIX CTOUYHBIX BOJ MOBBIIICHUE HArpy-
30K 3aMETHO yXYZIIaeT CBOIICTBa aKTHMBHOTO HJja, B pe3ylbTaTe
Yero OH HOCTENEHHO yTpaduBaeT CHOCOOHOCTh K OCaXICHHUIO U
COOpYXKEHHUE BBIXOJHUT U3 CTPOsA. BO-BTOpHIX, — MpU COXpaHECHHUU
NpEeXHUX HArpy30K Ha MJI MOBBIIIAIOT KOHLUECHTPAUHIO aKTHBHO-
ro wjia B CHUCTEME, YTO HPUBOAUT K CO3JAHUIO adPallUOHHBIX CO-
OpYXEHHUI, KOTOPHIE B OTIAMYUE OT BHICOKOHArPY’>KaeMBbIX SBIS-
I0TCS BBICOKONMPOU3BOAHUTEIbHBIMU. OOBIUHO JJIUTENIbHOE YIIIOT-
HEHHE aKTUBHOTO HMJIa BO BTOPUYHBIX OTCTOMHUKAaX BHI3BIBAET YBe-
au4yeHue AeduIuTa KUCIOpoAa M NaJeHHe aKTUBHOCTU miua. M306e-
XKaTh AeQUIUTA KUCIOPOJa MOXHO IyTEM MHOTOKPATHON LIUPKYJIS-
IIMM UJIOBOW CMECH U HACHIIIEHWM €€ TaKuM 00pa3oM KHCIOPOJIOM
BO3/JyXa, OJHAKO 3TOT MpHUEM BlieueT 3a co0oil BhICOKHE 3HEpro3ar-

paTsl.
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JloCcTaTOYHO BBICOKHE J03bI 710 6 - 8 I/AM® MOXHO MOAIEPIKHU-
BaTh B a3pOTEHKax-0TCTOMHUKAaX. KOHCTPYKTHUBHOW OCOOCHHOCTHIO
3TOTO COOPYXKEHUS SIBISETCS TO, YTO a3POTEHK OJOKHPOBAaH C BTO-
PUYHBIM OTCTOWHHUKOM (puc. 5.7).
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Puc. 5.7. A3pOTE€HK-OTCTONHUK pajAuaIbHBIN
1 — TpyOOIIpOBOA AJIS TTOIaYH CTOYHBIX BOJ; 2 — 30HA a’parui; 3 -
JIOTOK OCBETJIEHHOI BOJIBI; 4 — BO3JIyXOIPOBOJ; 5 — KOJBLEBOH nepdopupo-
BaHHBIA a’parop; 6 — AHMCIEpraTop-Meanka; 7/ — 30Ha OTCTauBaHUS

Puc. 5.8. Cxema kommakTHON ycTaHoBku Ha 1500 — 3500 uen.

1 — 30Ha a»dparum; 2 — adparop; 3 — mogbeMHast TpyOa; 4 — OTBOIIIAS
TpyOa; 5 — 30Ha OTCTaMBaHUs; 6 — OTBOJ IUIABAIOIINX BEIIECTB; 7, 8§ —
OTBOJSIIMH U MOJAAIOIINHI KeJl00 COOTBETCTBEHHO; 9 — BBIITYCK U30BITOYHOI'O
AKTUBHOTO wia; /() — MOCTHK OOCIYKHBAHHS.

HacsllieHHass KACIOPOJOM HIIOBAsI CMECHh IOCTYIAET U3 30HBI
a’paluM a’3pOTEHKA-OTCTOMHUKA B OTCTOWHYIO 30HY, B KOTOPOWU
MPOUCXOJUT pa3jielicHHe AUCIIEPCHOHHON Cpelbl U IUCIEpCHON (has3bl
(axtuBHBIA un). IlomoxurenbHBIM (hakTOpPOM pabOTHI adpOTEHKa-
OTCTOWHUKA, SABIseTCS (OPMHUPOBAHHE B OTCTOWHON 30HE CIOSA aK-
THBHOTO WJIa B BHJE B3BEHMIEHHOTO (UIBTPa, KOTOPHIA CIIOCOOCTBY-
eT 3¢ PekTuBHOMY pazjaencHuio ¢a3 3a CUET yIACepKUBAHUS MEIKHUX
xjonbkeB uina. Hambonee MiIOTHBIE XJIOMbBS HJIa OCAXKIAIOTCS B HHX-
HEH 4acTU OTCTOMHUKA, MOMAJal0T B UUPKYJISLUUOHHBIA MOTOK UJIO-
BOM cMecH M BO3BpaIlaloTCAd B 30HY a’paluu, TaKUM oOpa3om, ak-
TUBHBIM HMJI NUPKYJIUPYET U3 OJHOW 30HBI B APYTYIO U IO BCEH TIIIy-
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OMHE OTCTOWHOW 30HBI OTMEYAETCSd KOHLIEHTPAIHS PAacTBOPEHHOTO
KHCITopoaa He MeHee | mr/mam’.

HenocTaTkoM MHOTHX CYIIECTBYIONHMX KOHCTPYKLIHI a’po-
TEHKOB-OTCTOMHHUKOB ABJISAETCS HECTAOMIBHOCTH B3BEIICHHOTO
GUIBTPYIOIWIETO CIOS HMJIa B OTCTOWHOW 30HE, 3aBUCSLIETO OT KO-
nebaHMil pacxoga M cocTaBa CTOYHBIX BoA. OTKIOHEHHE CKOpOC-
TH HUPKYJIATUOHHOTI'O IOTOKaAa OT OIITUMAJILHOM IIpUBOOUT J'II/I6O K
W3JIUIIHEMY YIUIOTHEHHIO QUIBTPYIOUIEro cios, 1100 K ero pas-
MBIBY, COIIPOBOXKJAIOMIEMYyCsi BBIHOCOM aKTHBHOTIO HJa C OYH-
nieHHod Bogoi. Kpome TOro, Ha COCTOSHHUE B3BEHICHHOI'O ()HIIb-
TPYIOUIET0 CJIOS, BIHUSIIOT HUKINYECKHE M3MEHEHHS XapaKTepuc-
TUK uia. Hampumep, Ha NMpeANpPUATHAX MSCOMOJIOYHON NMPOMBIII-
JIEHHOCTH TOCJIe HOYHOW CMEHBI C MajbIM MOCTYIUJICHUEM 3arpss-
HEHHUU WMJIOBBIM MHACKC NMOHUXKACTCS, UJ 0OJiee IJIOTHO «yMaKo-
BaH» B XJIONbS, a IOCJE YTPEHHEH CMEHBI, KOT/a MPOU3BOJAUTCS
MoliKka o0opymoBaHus U cOpoc 0OJNBIIOr0 KOJWYECTBA 3arps3He-
Huit, un «scnyxaer» (C.H. ludpun, I'.B. UBanos b. ['. Mumykos,
10.A. ®eodanos, 1981 r.).

B Tabn. 5.5 mpexncraBiieHbl Mana3oHBl HArpy30K JUIsl HEKOTO-

PBIX BHJIOB a’pallMOHHBIX COOPYKEHUU.
Tabuuna 5.5
Jlnana3oHbl HATPY30K HA AKTUBHBII HJI JJI aPALHOHHBIX COOPY KeH Uil
(1Mo JaHHBIM OTe4YeCTBEHHBIX H 3apy0e:KHBIX Hccaea0BaTeJIeil)

CoopyxeHus u Iponomxku- | O6wvemuas | [Josa | Harpyska na Bospact
TEXHOJIOTMYECKUE TENbHOCTD Harpyska, una un, xr BIIKs una, cyr./
NpoLEeCcChl aspanuu, 4 BIKn/m® r/Mj Ha 1 Kr una HUIIOBBIH
cyT B CYTKH HHJIEKC,
cM’/T
1 2 3 4 5 6
Huskue Harpy3KkH 1o 3arpsi3HEHUSIM
A3pOTeHKH 10-30 0,3-1,2 3-12 0,05-0,12 25-30
MPOJIICHHOM
asparuu
HupkynasunoHHbIE 48-60 0,1 1-2 0,04-0,08 25-50/40-
OKHUCITUTEIbHBIC 80
KaHaJIbl
Aopupyemrie 180-250 0,025 0,5 0,05 -/
IpyIb!
CpeliHHe HArpY3KHU 10 3arpsi3HEHUSIM
A3pOTEeHKH 6-8 2-4 0,12-0,3 2-5/-
0OBIYHBIC
ADBpOTEHKH ¢ 5-6 1,5 2-4 0,5
pereHepanuei
A3pOTCHKH 3-5 2,5 3,5-8 0,3-0,5 -/-
BBICOKO-
MIPOM3BOAUTEIbHEIC
BhIcOKHE HArpy3KH 110 3arpsi3HEHUSIM
CxopocTHas 3,2-4 1,5 1,5- 2-5 -/-
aspanus 3,5
MoauduuupoBaH- 3,4-4 1,5 1,5- 2-5 0,5-2/80-
Hasi adpamus 3,5 200
Cymnep-akTuBanus 0,8-1 6 1,5-2 3,5-5 -/-
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Pacdet a3pOTEHKOB-OTCTOHHUKOB PEKOMEH TyeTCs BBITIOIHSATH I10 Me-
toauke HUW KBOB, npenycmaTpuBaroeii onpeaeieHue OnTUMalIbHON
JTO3BI WJIA, TIPU KOTOPOH CyMMapHBI 00BEM 30H a’pallii U OTCTaBAHUS
OyzmeT MUHUMAIBHBIM. [[poomKUTEIHLHOCT adpanni t ONpenesieTcs mo
(1) Len - LEX

opmyine t = , 4,
a,(1-S)p

B 3aBucumocta ot BHK5 HCXOJHOW CTOYHOM BOJBI MPUHHUMA-
IOT CIEIYIOMYI0 CKOPOCTh OKHCIICHUS:
BHKS HCXOJTHOW CTOYHOH BOJEI,

MFOZ/,Z[M3: 100 150 200 300 400 500
CKOpOCTh OKHUCIICHUS,
MrBHKS/r WJa B 4. 16 18 20 22 23 24

OnTuMmanbHas KOHIEHTPaLUs aKTUBHOTO WJIA B 30HE adPAllUX 3aBH-
cut ot ucxoaHo# BIIK,, nyOuHbI a3pOTEHKA-OTCTONHMKA U MOXKET OBITh
OIpefieNIeHa C yU4ETOM pe3yJIbTaToB dKCIITyaTanun aeiictByromux KC wim
orpezesneHa 1no Gpopmyse:

_ —taf+\ta’hp
T
Ine: oo v P - smnupuueckue kodhdurments, o = 2; = 0,2; h — mrybuna
a’paIHOHHOMN 30HBI.

, /o3

301bHOCTD WIJIa TPUHUMAaETCs B faHHOM cirydae 0,3. KoHcTpyKTHBHO D1y-
OWHa 30HBI OTCTaWBaHHS COOTBETCTBYET INTyOMHE 30HBI adpanuu. [ panuna
B3BEILICHHOTO CJI0Sl aKTHBHOTO MJIa Ha3HAuaeTcs Ha ypPOBHE HE MEHee T0-
JIOBUHBI BBICOTHI coopyxkeHus. Ilnomanp monepedyHoro cedeHus OTCTOM-
HOU 30HBI W, M?, Ha 3TOM YPOBHE OIIPECIIAETCs Mo (hopMyIie:

w=KQ/3,6v,m*
I'me: K — xoaunmenT yacoBoii HepaBHOMEpHOCTH; Q- CpeHEYacOBOM
PacXojl CTOYHBIX BOJ, M*/4; V — MOMYCTHMasi CKOPOCTh BOCXOJISIIETO MO~
TOKa XHJKOCTH HAa YPOBHE MOBEPXHOCTHU pazjiesia MEKIY KUAKOCTBIO U
B3BCIIICHHBIM CJIOEM, OTIpeienseMas o Gpopmyle:

a-fa, , MM/C.
3,6

v =
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CkopocTh moabemMa HIOBOH cMmecu (06e3 ydera pacxoja
OUPKYJSIITAOHHOTO WJIa) B HIKHEH M BXOJHON YacTAX 30HBI OTCTaH-
BaHUsA mpuHUMaetcsa 3 - 4 Mm/c. PacxoJ NUPKYIUPYIOIMEro aKkTHB-
HOro Mia, M*/4 COCTaBJISET:

a
q=0 ﬁ | M/,
b 0
rie: a, — KOHIEHTpAlHs Hjia BO B3BEIICHHOM Clloe, T/ AM’, IPUHH-
MaeMas B 3aBUCHMOCTH OT a:

ay, r/a....2 3 4 5 6 7 8

a,r/n...3 42 55 64 72 79 87
[Tnomans uaoBoro Oynkepa B miane F, Mm%, ompenensiercs Gpopmyiie:

_ (@+9)a,
ua, '

F

r7e: U — JOIyCTUMasi CKOPOCTh OCaXKIEHUS Wja B UIOBOM OyH-
Kepe, IpuHUMaemasi paBHoil He Oonee 10 mm/c.

5.3. A3poTeHkH ¢ nepeMeHHbIM palo4uM ypOBHEM
KHIKOCTH

AspoTeHKH, paboTaplue B KOHTAKTHOM PEXHME H3BECTHBI C
koHIa 60 — x ronoB 20 B. Mx paboTa cOCTOUT M3 CIEAYIOIIUX OIe-
paumii: 1 — mpekpamieHue moJgadyu CTOYHBIX BOJ; 2 — OTKJIIOYCHHUE
CHUCTEMBI a’paluy; 3 — OTCTauBaHHE WIOBOHM cMecH; 4 — OTBOJ OYH-
IIEHHOU BOJBI; 5 — ymaneHue M30BITOYHOTO Mia; 6 — BKIIOUYCHHUE CH-
CTeMBI a’pauuu; 7 — 3apsAaKa CUCTEMBl CTOYHOM XKHIKOCTBIO; 8 —
aspanus CMECH CTOYHBIX BOJ M aKTUBHOTO uina. IlepBoHadanbHO
KOHTAKTHbIE a’pPOTEHKH MOJYUYHUIHU IHPOKOE paclHpoCTpaHEHHUE B
NpaKkTHKE MPOBEJCHHS Ja0OpaTOPHBIX HAayYHO-HCCIEJOBATEIbCKUX
pabot. IlpuunHa 3TOrO 3aKinIodaercs B MPeAeibHOW MPOCTOTE UX 00-
CIIY’KUBaHHUS, TIOCTOSTHCTBE TEXHOJIOTMYECKOI0 PeKUMa U CPaBHHUTEIb-
HOM JIETKOCTH HMHTEPHpPETALUU MONTYYSeHHBIX JaHHBIX. PeXuM MOHIKE-
HUA 3arpsi3HEHUN B KOHTAaKTHBIX a’pOTEHKaxX BO MHOI'OM aHaJOTHYEH
PEXUMYy NPOTOYHBIX a3POTEHKOB—BBITECHUTEINICH, C TON JIUIIb pa3HU-
e, YTO MpU MOCTOSHHBIX J03aX HJa B a3POTEHKaX-BBITECHUTEIAX
3¢ dexT ouncTKU ABNsSeTCS QYHKIHEH PAacCTOSHUS, NPOMAEHHOTO NaH-
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HOW Mmopuuerl CTOYHOM KUJKOCTH OT TOYKHM BIIyCKa, a B KOHTAaKTHBIX
a’poTeHKax d(PQPeKT OYNCTKH 3aBUCUT OT IMEPHOJIa BPEMEHH, IPOIIE]I-
[Iero ¢ Havajxa a’dpupOBaHMUS.

B HacTosmee BpeMs KOHTaKTHBIE a’pPOTEHKH HANIIX 3a pyOexoM
IIUPOKOE MPUMEHEHHNE, UX COBPEMEHHOE HA3BaHHE — PEAKTOPHI Iie-
puoauyeckoro aeiicteus (SBR).

B CmpaBoyHHKe 1O COBPEMEHHBIM TEXHOJOTHSM OYHUCTKH MPHPOJI-
HBIX U CTOYHBIX BOA U obopynoBanuio (2001 r, co3naH COBMECTHBIM
KOJUIEKTUBOM POCCHUUCKUX M JATCKUX CHEIHUANNCTOB), yYKa3bIBaET-
ci, uto (SBR) — mpornecc nepuoanueckoro AeWCTBUA, B KOTOPOM IOC-
JIeT0BATEIBPHO OCYIIECTBIISIOTCS ONEpaluil a’pUpPOBaHUS M OTCTa-
WBaHUA, MPU 3TOM HEOOXOAMMO M30eraTh HEPAaBHOMEPHOCTHU IPHUTO-
Ka CTOYHOM BOJIbI, €CJIM 3TO HEBO3MOXKHO, TO IS CTAOWILHOM pado-
THl 3TOW TEXHOJIOTHH CJIEAyeT YBEIWYUBATh KOJIHYECTBO pabdoTaro-
IUX PEAKTOPOB JJIsi 00CCIEUYCHHUS HENPEPHIBHOCTH MOCTYIICHUS
CTOYHBIX BOJ Ha OYHCTHBIE COOPYKEHUS.

XapakTepHblii pabouHii UK PEaKTOPOB MEPHOINIECKOTO JeH-
CTBHUSI COCTOUT M3 CICAYIONIMX OINEpamuii: 3amojHeHue — 2,5 Jaca;
aspauus — 0,5 yaca; orcrauBanue 0,5 — 1,5 yaca; onopoxxHeHHEe —
0,5 — 1,5 gaca; mpocroit — 0,5 gyaca. B «CnpaBodyHuke...» yKa3bIBa-
ercs, 4to st peaktopa SBR xapakrtepHO mpoTekaHue mporecca
YaCTUYHOW NEHUTpUPUKAIMH, B TO BPEeMs, KOrja COOPYKECHHUE pa-
0oTaeT B peXxWMe OTCTaWBaHW W onopokHeHws. J[aHHBIH (pakT 00yc-
NaBIUBAaEeT CPaBHUTENHHO 3(PPEKTUBHOE CHUKEHUE KOHIEHTPAIUU
a3oTa HUTpaToB (MeHee 8 mr/am’). Tunuuuble 3navenus BIIK, na
BBIXOJ¢ (B OYHINEHHOHW Bozae) — 15 MrOz/z[M3. Konuentpanus B3Be-
IICHHBIX BEIIECTB B OUYUINECHHBIX CTOYHBIX BOJaX MEHSETCS IO MeEpe
ONIOpOXHEHUs pe3epByapa. JlaHHBIN PakT HEOOXOIUMO YUYHTHIBATH
IpH OMNpENeICHUN BO3pacTa Mijla — OCHOBHOTO JKCILIyaTallMOHHOTO
mapamerpa cucteme. IIpu BEICOKOM BO3pacTe Wila U HU3KHUX HATrpy3-
KaxX Ha WJI 10 OPTaHMYECKOMY BEIIECTBY B PEaKTOpe BO3MOXHO IPO-
TeKaHue npoiecca HUTpuukanuu. IIpeUMyIIeCTBOM CHCTEMbI 5B-
NsIeTCA OTCYTCTBUE HEOOXOIMMOCTH BO BTOPUYHOM OTCTOWHUKE,
OTCYTCTBUE HAaCOCOB BO3BPATHOTO WJa, BRICOKAS CTEMEHb YCTOU-
YUBOCTH K KOJEOaHUsAM pacxoja CTOYHBIX Boja. OCHOBHBIMH HEJNO-
CTaTKaMH CUCTEMBI SIBISETCA TO, YTO CHCTEMa a’pallid JOJDKHA OBITh
paccuuTaHa Ha MEPUOIMYCCKYI0 paboTy.

OrmnpeneneHHBI HHTEPEC MPEACTABISIOT OMOpPEaKTOPHl MEePHO-
nuueckoro geiicteus — OPb (ogHopesepByapHBIll OHMOpeakTop),
MpegHa3HAYeHHbBIE I OMOJIOTHYECKOW OYHMCTKH CTOYHBIX BOJ C IIO-
MOIIBI0 CBOOOJHO IIABAIOIIETO aKTUBHOTO mia (puc. 5.9, 5.10).
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Puc. 5.10. Pe3epByap una

OTH coopyKeHHs pa3paboTaHbl COBMECTHOW TepMaHo-0onirap-
ckorr pupmoit «Tectex». DTa KOMIMaHUS WUMEET ABAAUATHICTHUN
ONBIT PabOTHI, MOATBEPIKICHHBIA 00Jiee YeM MATHIOCTAMHU JICHCTBY-
IOIUMU CTaHIusMH. briaromaps cnenuanbHO pa3paboOTaHHOMY IOp-
[MMOHHOMY TMPUHIHITY CUCTEMa CIIOCOOHA paboTaTh C MOOBIMH CTOY-
HBIMU BOJaMH, C JIFO0OOH HEPaBHOMEPHOCTBIO MOJAa4Yd BOJIBIL.
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Kaxnapiit OPb peanusyerca kak ycpeaHHUTENb, a3POTEHK U BTO-
PUYHBIH OTCTOWHMK, T.€. HOPMaJIbHBIA mpolecc paboThl, BKIIOYAET
MOCIE0BAaTEIbHOCTh HAIIOJHEHHUS, a3pallii, OTCTABaHUS U JEKaH-
tanuu. [{ukn nmponecca ounctku cTouHbiXx Boa B OPB cienyromumii:
l-HamoMHEHNWE U TepeMelInBaHue, CTOYHbIe BOJAbI nocTynaioT B OPb
U TEePEeMENINBAIOTCA C aKTHBHBIM HJIOM (MpH HEOONBIIOW CKOPOCTH
TypOHMHBI) B aHA’POOHBIX YCIOBUX; 2 — HAIOJHEHHE U MEPEeMEIlH-
BaHUE, NOCTYIJICHHE CTOYHBIX BOJ MPOAOJIKACTCS B YCIOBHUAX IIe-
peMemuBaHusA U a’panuu (Ipu OONBIION CKOPOCTU TypOWHBI); 3 —
aspanus, mojada CTOYHBIX BOJ MpeKpamiaercs, HO MepeMelnBaHne
M aspanus mpoaoiKarTcs (ImpepbiBUCTas paboTa TYpOMHBI MOXET
MPOJOJIKATHCS [IJIsl 3aBEpUICHUS Mpolecca HUTPUPUKALINK WIH KO-
HOMHHM 3HEpPrum); 4 — oTCTauBaHHUe, IepEeMELINBAaHUE U adpauus Ipe-
KpamamTces (OTCTauBaHUE NMPOMCXOAUT B HACAIBHBIX YCIOBUSAX);
5 — mexkaHTanus U OTOOP M3OBITOYHOTO Wja, NEPEMEIIUBAHUE OTCYT-
ctByeT, okosio 30 % oO0bema OPB pexanTupyeTcs uepe3 crenuaib-
HYIO IPEHa)XHYIO CHUCTEMY, U30BITOYHBIN aKTHUBHBIH HJI BBIBOJIHUTCS
W3 CUCTEMBI B WIOYIIOTHUTENh, OPb roTtoB x mpuemy ciemyiomeit
MOPLUU CTOYHOH BOJBI.

Konctpykuust 6uopeakropa MOXeT OBITH NMPUCIOCOOJIEHA K pe-
3epByapy 000l ¢GhopMbl, OTHAKO BO M30exaHWe oOpa3oBaHUS 3ac-
TOWHBIX 30H IeJleco00pa3Ho HCMOJb30BaTh OMOPEaKTOPHl KPYTJIOH
dopMBI. Adpanus OCymecTBISETCS MOBEPXHOCTHBIM TYpOMHHBIM
a’paTopoOM, KOTOPBIH COCTOMT W3 a’patopa (LeHTPOOEKHOTO POTO-
pa), snexTponaBurareis U peaykropa. llpu Bpamenun portopa Jyo-
nacTd oTOpackiBalOT BOAY K Nepudepuun, co3maeTcs TuIpaBiIniec-
KHH TOPBIKOK U MPOUCXOAUT MHTEHCHBHBIM IEPEHOC KUCIOPOAa BO3-
nyxa B Boay. CHHU3Y K poTOpy IoJicacklBaeTcs >XKHIKOCTh, B pe-
3yJibpTaTe 4ero MHTEHCHUBHO HaChIIaeTCs KUCIOPOJIOM Bech 00bEM
o6uopeaktopa. [I[puMeHeHHe MTOBEPXHOCTHOTO a’paTopa, yCTaHOB-
JIEHHOTO Ha MOHTOHAX, TapaHTUPYET JETKOCTh OOCIYXUBAaHUS U HC-
MOJIB30BAHMS JINIIb OZHOTO YCTPOMCTBA.

5.4. AHaspoOHbIe OMOpeaKTOPHI
HaubGonee obuienpunsaTas KiacCU(pUKAIUI aHAIPOOHBIX pe-
aKTOPOB OCHOBaHa Ha (OpMe MaKpPOCTPYKTYp METaHOTEHHOU Ouo-
Macchl B HUX. [10 3TOMy MpUHIMITY BCe KOHCTPYKIMU MOXHO pasjie-
JUTHh HA PEaKTOPBI CO B3BENICHHO-CEJUMEHTHPYIONICH OuomMaccoi
(woMm) m mpuKperieHHON O6momaccoit (Omommenkoit) (KamroxHbri
u ap., 1991).
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[Ipumepom mepBOro THUIA PEaKTOPOB SBISIOTCA: aHAPPOOHBIE Jary-
Hbl, KOHTaKTHBIH PEakTop, PEaKTOp ¢ BOCXOASLIUM MOTOKOM KHUJ-
KocTH 4epe3 cioi aHaspooHoro mia (UASB), peakTop ¢ pacumupeH-
HBIM ¥ B3BelleHHBIM cioeM rpanyi (EGSB), meperopomodHslii pe-
aktop (ABR). Ko BTOpoMy THmy oTHOCSTCSA: OMOQUIBTP C BOCXO-
JamuM moTokoM (AF), OMoQuIBTp ¢ HUCXOZSIIEM MOTOKOM >KHIIKO-
CTH W HEMOIBWXHO 3akpermneHHoi Ouomnenkou (DSFF), peakTop c
MCEBJI00XKMKEHHBIM cI0eM HocuTens: ouomnenku (AFB), Bpamarto-
muiicss 6MOKOHTAKTOp, THOPUIHBIE PEaKTOPHI, codyeTaromue B cebe
KOHCTPYKIIMH OBYX peakTopoB (Hampumep: AF u UASB).

Peaxmop ¢ socxooawum nomokom scuokocmu uepe3 ciou ana-
apobrnoeco ura (UASB)

B 70-x romax, mcciueays MpoIEcChl, NPOTEKAOINE B aHad-
POOHBIX peakTopax BTOPOTO MOKOJEHHUS C BOCXOASIIMM MOTOKOM
(AF), Jlertunra ¢ corpyaHUKaMu oOHApy>XUJI, 4TO MHKpoOOpra-
HU3MBbI, BXOJSAIINE B COCTaB METAaHOBOI'O COOOINECTBA, CIIOCOOHEI
npu pocTte 00pa30BHIBATH arperaTsl — MJIOTHBIE JIETKO OCearo-
mue rpanyiasl pazmepom 1-3 mm (Lettinga et al., 1980) (puc. 5.11).
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Puc. 5.11. UASB-peakTop
a — TpocTeHIIas KOHCTPYKIUS; 6 — KOHCTPYKIws ¢pupmel “Biothane”;
1 — pacripenenurenbHas cucteMa; 2 — 30Ha COpaXuBaHMs1; 3 — Ta30HAIPABIIIIO-
ias neperopojka; 4 — aedaextop; 5 — menb (BXOA B OTCTOWHYIO 30HY);
6 — 1a30c00pHBIIT KOPOO; 7 — OTCTOMHAs 30Ha; 8§ — BOJOCOOPHBIN JOTOK; 9 —
OTJENBHBIN BXOJ B OTCTOWHYIO 30HY; /() — OTAEIbHBIN BBIXOJ U3 OTCTOMHON 30HBI;
A — ncxomHasi CTOYHas Boza; b — Ouoras; B — O4MIIEHHAs] CTOYHAs BOJa

B OCHOBHOM, 3TH I'paHyJBI COCTOST U3 METAHOTCHOB, MPEXKIE
Bcero poxa Methanosaete, 00pa3ylIINX IUIOTHBIE XBOPOCTO - H
KIyOK0OOpa3zHble CTPYKTYpHl. Mcnonb3ys OTKpBITEI UM 3 dexT,
JleTTUHTa NMPEI0KUI HOBYIO KOHCTPYKIHIO peakTopa ¢ BOCXO-
JOSIIUM MOTOKOM CTOYHOW BOABI Yepe3 CIOH aHa’»poOHOro wuia.
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B 3To#i KOHCTPYKIIMU TpaHYJIUPOBAaHHE WIIa M €r0 yaepxkaHue olyc-
JIOBJICHO NMPHMECHEHHUEM CIEIHAJILHOTO BCTPOCHHOTO ra30MJIOOT-
NEeIUTEIbHOTO YCTPOMCTBA, PACIOJOKEHHOTO B BepXHEH yacTh
peakrTopa.

YaepxaHue uia B 3TOM PEaKTOpe MPOU3BOAUTCS 3a CUYET JIBYX
(haKTOpPOB: BBICOKOW CEeIMMEHTAIIMOHHOW CIOCOOHOCTU T'paHyJ
Wjla 1 IPUMEHEHUS CIIeIHaIbHO BCTPOCHHOT'O Ta30MIIOOTACIHTENb-
HOI'O YCTpPOMCTBA, PACIOJIOKEHHOTO B BEPXHEW 4aCTH peakTopa
(OTIOTHUTENBHOTO OTIENBHO CTOSIIET0 OTCTOMHUKA He Tpely-
eTcs). SIBJeHUE TpaHyn000pa30BaHMs NPOUCXOJIUT CAMOIPOH3-
BOJILHO B aHA’pPOOHBIX peakTopax C BOCXOISIIIUM HMOTOKOM CTOY-
HBIX BOJI, COJEpIKAIIUX JIErKopa3jaraeMple OpraHUYeCKUe Bellle-
crBa (JIKK, caxapa), mpu OTCYyTCTBUM TOKCHYHBIX KOMIIOHEH-
TOB U NOAACPKAHHWU ONTHUMAJIIbHBIX YCJ]OBPIP'I KHU3HCACATCIBHOCTHU
OakTepuid — MeTaHOTEeHOB. lIpW HamUYWU B CTOYHBIX BOJaxX 0OJb-
IIOT'0 KOJHMYECTBA OCIKOBBIX 3arpsA3HeHHN TpeOyeTcs MHOKYIUPO-
BaHHE PEaKTopa TPaHYJIUPOBAHHBIM HJIOM, YTO MHTEHCUPUIHUPYET
oOpaszoBaHue rpanyiy. B 3oHe cOpaxuBanus paboraromero UASB-
peakTopa BBIASISIOT JBE€ 00JIACTH, pa3iInYyaroliuecss CBOMCTBAMHU U
KOHHCHTpa].[PIefI nja, a TakxXe r'MJApOoAMHAMHUYCCKUMHU YCIOBUAMU.
[lepBas — nexxamui Ha JHE IUIOTHBIA CION YacTHULl WA ¢ KOHUEHT-
parmeii cyxoro BemectBa 50 — 100 r/am®. B 3TOM clioe MPOUCXOIUT
OYHMCTKa CTOYHOW BOJBI, IOCTYNAMOIIEH MO paclpeneluTeTbHONl CU-
creMme co nHa peaktopa. OOpasyromuecs my3bplpbku OMOrasa mpo-
XOJAT Yepe3 CJoil mita, o0ecrednBas TEM CaMbIM €T0 IepeMelInBa-
Hue. Hajm HIKHUM clioeM pacrojaraercs 00j1acTh HHTEHCUBHOTO TYp-
OyJIEHTHOTO NBIKEHHS TpeX(]a3HO# CHCTEMBI: KUJIKOCTH, Wia U OHO-
rasa. Konneurpanus wia B Heil coctaBistetr 3 — 10 r/am®. Mexay
BEpPXHHM W HWXHUM CJOSIMH CYIIECTBYeT WHTCHCUBHBIA OOMeH dac-
tuuamu wia. [lepexoa yacTul wia U3 HUKHETO CJIOS B BEPXHHM Mpo-
HCXOJIHUT B OCHOBHOM B pe3yipTare raznmudraoro 3ddexra, BbI3-
BaHHOTO BOCXOJSIIMMHU IOTOKaMH Ouorasa, a TakXe B pe3yjbTaTe
¢noranmu wia. Bocxopsmmii TOTOK 3 GEeKTHBHO pa3jensercs B ra-
300TACIUTEIILHOM yCTPOHCTBE, KOTOPOE COCTOUT M3 KOHUYECKHX
KOJITTAKOB Ta30COOPHUKOB W HAIMPABIAIONUX MEPEeTropoaoK-aedIiek-
TOPOB, OTACJISAIONIUX 30HY COpaXMBaHUS OT 30HBI OCBETJICHUS.

Ha moBepxHoctn pazmena ¢as mozg razocOOpHBIM KOJITAKOM TIPO-
HCXOJUT OTJAEJIeHUEe My3bIPphKOB OHMOra3za oOT BOCXOJSIIET0 MOTOKA
nIoBOM cMecHu. [lerazmpoBaHHBIA W B OCHOBHOM BO3BpalllaeTcs B
30HY cOpaxuBanus. CToYHas BOJA MPOXOJUT B LICIU MEKIY razo-
cOOpHBIMHU KOJMaKaMu H Ne(dIeKTOpaMu U TOoIMajaeT BO BCTPOCH-
HbIe OTCTOWHHMKHU, 00pa30BaHHbIE HAPYKHBIMU MOBEPXHOCTSIMH Ta-
30COOPHBIX KOJIAKOB.

78



Peaxkmop ¢ pacwupennvim u 836euieHHbIM CLOEM 2PAHYAUPO-
eannozo ura (EGSB)

OnHO W3 HampaBJIeHUHW COBEPLIEHCTBOBAHUS KOHCTPYKLIUH
UASB-peakTopa ObUI0 CBSI3aHO ¢ MHTEHcHUKanueil MaccooOMeHa
MEXy TpaHyJlaMu ujia U oOpabaTsiBaeMbIM CTOKOM. JIeTTUHTOU
BO BTOpO# mosioBuHe 80-x rojoB ObLIa MpeIoKeHa KOHIEHIHS pe-
aKTOpa C PacIIMPEHHBIM CIIO€M TPaHyJIMPOBAHHOTO HIA.
OcuHoBHbIM oTinuuneM EGSB-peaktopa or UASB-peakTopa aBis-
ercsi 0ojee BHICOKAs CKOPOCTb BOCXOAAIIEro moToka (5-12 m/4),
KOoTOpas oOecmeunBaeTcsa penupkysanueit croka. EGSB-peakTopsl
IIOJIYYMJIM LIMPOKOE pacnpoctpaHeHue B I'oiutanauu. [IpuMeHenne
TaKOM BBICOKOW CKOPOCTH BOCXOJSIIETO MOTOKa CAeJalo BO3MOXK-
HBIM 00pabOTKy HH3KOKOHIIEHTPUPOBAHHBIX OTXOJOB Pa3IUYHBIX
oTpaciieil MPOMBIIIJIEHHOCTH B IIMPOKOM JHAaMa3oHe TeMIEepaTyp
(Lettinga & Hulshof Pol, 1992) (puc. 5.12).

Puc. 5.12. PeakTop ¢ 1CEeBIOOKUKEHHBIM CIIOEM YaCTHUL HOCUTEIS
1 — pacnpenenuTenbHas cucTema; 2 — CJIOM 4acTHIl HOCUTEJIS;
3 — yCTpOMCTBO IS yAajdeHus U30BITOYHON MJICHKH; A — UCXO/HAs CTOYHAsS
Boxa; b — Omoras; B — ounieHHas cTodHas Bofa; [  — PeHUPKYIAIUS CTOYHON
BOJBI; /[ — BO3BPAT YacTHUI] HOCUTEIIS.

Ilepecopooounsii peaxmop (ABR)

B 80-x romax baxmanom u Makkaptu Obl1 pa3paboTaH Tie-
PEropoOYHbIA PEAKTOP € LENbIO0 yhpolleHus KoHcTpykuuu UASB-
peaktopa (Bachman et al., 1985). [IpeumymecTBamMu meperopogod-
HOr0 peakTopa, no cpaBHeHuio ¢ UASB-peakTopom, SBISIIOTCS IpoO-
CTOTa KOHCTPYKIUH, U OTCYTCTBHE MOTPEOHOCTH B ra30MIIOOT]E-
JUTEIbHBIX yCTpoicTBax. PeakTop mpeacTaBisieT co00M MpsIMOy-
TOJBHYIO €MKOCTb, pa3[elICeHHYIO MapayieIbHBIMH BEPTUKAIbHBIMU
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neperopoikaMu Ha psg oraeneHuil. CTOK MOOYEpeHO ABHUIAETCS

CHHU3Y-BBEPX M CBEPXY-BHHU3, IPOXOJA B KaKIOM OTHACICHHH 4Yepe3s

dbopMupyrouiics TaMm cJioi rpanyi ((pJokyn) OHOMacChl.
buoguromp ¢ socxooswum nomokom (AF)

Buodwmnbtp sBIsIeTCS MEPBBIM aHAPOOHBIM PEAKTOPOM C IpH-
KpenjeHHol O6uomaccoil. buomacca B 6uodunbsTpe yaepxupaercs
HE TOJILKO B BUIe (IOKYN M I'paHyJ, PACIOI0KEHHBIX B MyCTOTax
3arpy304HOTO MaTepuaia, HO TakXe U B BUJEC OMOIICHKH, MPUKPEII-
JNIeHHOW K moBepxHocTH Hocutens (Young & McCarty, 1977). Ilo-
CKOJIbKY IBMI)KEHHME IOTOKOB XHIKOCTH M OMOrasa COHampaBJICHHO,
3HAYHUTEIHLHOTO MEPEMEIINBaHNs B PEaKTOpE HE MPOUCXOJIUT, a THI-
PaBIMYECKUN PEXHUM MPHUOJIHMIKACTCS K PEKUMY HJIIEaIbHOTO BBITEC-
HeHHUs. B cOBpeMEHHBIX yCTAaHOBKAaX B KadeCTBE 3arpy3KH NpHUMe-
HAIOTCS B OCHOBHOM IUIOCKOCTHBIE IJIACTMAacCOBBIE M3JAeNus (paHee
HCIOJIB30BAIMCH TaKHe O0OBEMHBIE MaTepHallbl, KaK TpaBHii, 1eOCHB,
mutak u ap.) (Young & McCarty, 1977).

T'ubpuonvie peaxmopwi

MHOro4rcIeHHBIMU HCCIEAOBAHUAMHM, NPOBEACHHBIMU B 80-¢
roJibl, OBUIO yOENIUTENHHO MOKa3aHo, YTO M dPPEKTUBHOTO yIAepKaHUS
ouomaccel B AF-peaktope He 00s3aTeNIbHO 3aIloNHATh BECh €ro 00beM
3arpy3049HbIM MaTEpUAIOM: JOCTATOYHO CJI0s ToNmuHON 25-40 % ot pa-
0ouell BBICOTBI PEaKTOpa, PAaCIOIOKEHHOrO B BepxHel ero wactu. llpu
ATOM HE€ TOJBKO »KoHOMUTCH 60-75 % HOPOroCTOAIMETO 3arpy30d-
HOTO MaTepualia, HO U MOJHOCTBIO YCTPAHAIOTCS BCE HEJOCTAaTKH
KJIACCUYECKUX aHadpOOHBIX OMOMUIBTPOB (3aWIMBAaHHE HUXHUX CIO-
€B, MPOCKOK 3arpsizHeHui). [loq00Hy0 KOHCTpYKIHIO (aHAdpOOHBIH
Ouo(MIBTP ¢ HEMOJHOM 3arpy3Koi) MoaApoOHO U3ydald KaHaJCKUe
uccienoparenu (Kennnedy & Guiot, 1986). B Heii 6uomacca ¢op-
MHpOBajach Kak B HHXXHEH 4acTH peakTopa, U IpaHyIUPOBAHHBIN
WII TOJTHOCThIO cooTBeTcTBOBan O6uomacce UASB-peakTopoB, Tak
W Ha MOBEPXHOCTU U MYCTOTaX HOCUTENS. DTH MPOLECCH MPUBOMIT K
BO3pacTaHuio dQPEKTUBHOCTH yAepkaHus (PIOKYIHPOBAHHOTO WIIa.
B kauecTBe 3arpy304HOro mMarepuajiga MOXXHO NPHUMEHSITh aKTUBU-
POBaHHBIA Yrosb W Apyrue IiaBaiouye Hocurenu. Ilpumepom yco-
BEPIICHCTBOBAHHOTO THOPUIIHOTO PeakTopa MOXKET OBITh TaK Ha3bl-
BaeMbIi rHOpuAHBINA meperoponounsii peaktop (HABR - Hybridized
Anaerobic Baffled reactor) nuccnemoBanusiii B paborax (Tilche &
Young, 1987; Boopathy & Tilche, 1991).
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Buogunemp ¢ nHucxodsiwum nOMOKOM HCUOKOCU U HENOO-
8UdNCHO 3akpeniennoll ouonieuxou (DSFF)

CucrteMa ucclieloBaHa KaKk ¢ TEOPETUYECKOH, TaK U TEXHO-
JIOTUYECKOW TOoYeK 3peHus B paborax Ban nen bepra m Kennenm (Van
den Berg & Kennedy, 1982; 1983). Umu yOenuTeapHO mOKa3aHo,
YTO B YCIOBHSIX HHUCXOJAIMIETO IMOTOKA pelIaroliee 3HaYeHUE UMEIOT
MOBEPXHOCTHBIE CBOWCTBA 3arpy304YHOTO MaTepHaja, OIpeJesio-
mue pa3Butue OuorsieHku. C 3TOW TOUKHM 3pEHHs, HAUITYYIIUMH 3ar-
PY30YHBIMU MaTepHajaMH ABJISIOTCS 000X IKEHHAs TJIMHA U MATKHE
3arpy3Kd C BHYTPEHHEHW MOpUCTOCThIO. OCOOEHHOCThIO JaHHOW KOH-
CTPYKIIUH SBISIETCA TO, YTO METAaHOT€HHas OMomacca B YCIOBHAX
HUCXOJSIET0 MOTOKAa MOXET JJIUTEIbHO yAEPKUBATHCS TOIBKO B
BHUJE OMOIJICHKH, OHA XK€ 00yciaBmuBaeT A0 95% axTuBHOCTH OMO-
peakTopa (Van den Berg & Kennedy, 1983).

Peaxmop ¢ ncesoooorcusxcennvim cioem (AFB)

N3 Bcex KOHCTPYKIHUN PEaAKTOPOB C MPUKPENIEHHON Ouo-
NJeHKOW HauboJiee BHICOKOTIPOU3BOJUTENBHBIM SIBISETCS PEAKTOP
C TMCeBIOOXMIKEHHBIM CJI0eM Hocutens OuomneHku. llceBmocxku-
JKeHUEe — MPOIEecC, MPU KOTOPOM MEJKHE TBEPAble YaCTHIBI HOCH-
TeJsl IPUBOASATCS B COCTOSHUE MONOOHOE KMIKOCTH, BCIEJCTBUE
MPOXOXKJAEHUS Yepe3 HeTo MCEeBIOCKIIKAIIIEro areHTa — XUJKO-
cTH UM raza. B cucremax aHa’poOHON OYMCTKH, KaK MPaBUIIO,
NPUMEHSIOT OXXWIKEHUE BOCXOJISIUM IMOTOKOM oOpabaThiBaeMOu
KUIKOCTU. Bocxoasimui moTrok oOpasyroinerocss 6uoraza BHOCUT
JOTIONHUTENBHBIN BKJIaJ B IICEBIOCKIKEHHE. [Ipr 3TOM 3HAYMUTENb-
HO yBEJIWYHMBAETCA ILIOIIAJbh KOHTAKTA MEXAY aKTUBHOW Omomac-
coii u HeoOpaboTaHHBIMHM oTXoaaMu (Switzebaum, 1982; Van den
Berg, 1984). C nmoMompi0 TakuX peakTOpoB oOpabaTweIBalOTCs pa-
CTBOPHMBIE U MEJKOJUCIIEPCHBIE XUJKUE 0TX01bl. OHAKO COOpY-
JKEHHE TaKUX PEaKTOPOB TpeOyeT 3HAaYMTEIbHBIX 3aTpaT Ha MOJI-
JiepKaHue rceBaocxkmkeHHoro cios (Van den Berg, 1984).

CpagHenue KOHCMPYKYUU AHAIPOOHLIX PeaKmopos

Pa3HooOpasue coctaBa M CBOWCTB CTOYHBIX BOJ HE MO3BO-
JSeT OJHO3HAYHO KaYECTBEHHO M KOJUYECCTBEHHO CPaBHUTH Pa3JIH4-
Hble aHadpOOHBIE pPEeaKTOpHbIE KOHCTPYKIHHU. B 3aBUCUMOCTH OT
XapaKTePUCTUK CTOKAa U MECTHBIX KIMMAaTHYECKHUX M COLMAIbHO-IKO-
HOMHUYECKUX YCJIOBUH ONTHUMaJbHOW MOXET OKa3aThbCsl MpaKTHYeC-
KM Mt00asi U3 BBIIIEONUCAHHBIX CHCTEM.
Baxwueiimue napaMeTpsl OCHOBHBIX KOHCTPYKIIMH aHa’pOOHBIX pe-
aKTOPOB MpHUBEAEHHl B Taba. 5.6. IlpumenutenpHOo Kk 0O0paboTke
CTOYHBIX BOJI, COJIEPKAIIUX PACTBOPEHHBIE JETKOpa3jiaraeMble opra-
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HUYECKHE 3arps3HCHHsI, ONpPEACICHHOE MPEBAIMPOBAHUE B MUPE IO-
JIYYHUJIM PEAKTOPHl C TPaHyJUMPOBAHHBIM UiOM. Ilpu ouyucTke npowus-
BOACTBCHHBIX CTOYHBIX BOJ, KAa4Y€CTBO OYHCTKH B aH33p06HOM pe-
aKTope, Kak MpaBUIJIO, YAOBIETBOPSET CTAaHAAPTHBIM HOPMaM IpH-
eMa B KaHAJIW3aluio. B OTJeNbHBIX ClydasX, KOrja ropojacKue Odu-
CTHBIE COOPYIKEHHS IEepEerpyKEeHbI, MOXKET MOTpeOoBaThCs a’pobHast
JOOYMCTKA aHa’poOHO 00paboTaHHBIX 3P (DIIOEHTOB.

Tabnuna 5.6
Baxueiimme napaMeTpbl 0OCHOBHBIX KOHCTPYKUMIA aHAPOOHBIX
peakTopoB (Me30(pUIbHBIA pesKuM)

Tun peakropa |Cpennsis | YaensHas | Hwwxnawii| IIpousso | Munumans
KOHII-51 TUIOIAAb mnpenen | IUTelb- HOE BpeMs
Ormacchl | TIOBEpXHOCTH| KOH-IIMH | HOCTh, KT | 00paboTKH,
B p-pe, 3arpy3Ku, B cToke, | XITK/MY/ |
Kr/M MM KT CyT
XIOK/™
Tpamuumonnsnii | 0,5-3 - 10 0,5-5 192-240
METaHTCHK
KonraktHblit 5-10 - 2-3 3-8 24
peaktop
UASB- 20-40 - 0,3 10-25 2-3
peakTop
EGSB- 25-40 - 0,3 30-40 1-2
peaxTop
AHa3poOHBII 5-20 70-300 0,3 10-15 8-12
onoduisTp
DSFF- 3-15 60-200 1-2 10-12 24
pEaxTop
T'uGpu bt 20-30 70-300 0,3 15-25 2-3
peaxTop
Peaxrop ¢ 10-40 | 1000-3000 0,3 30-40 0,5
TICEBIO0KIDKEH
HBIM CJIOEM

5.5. CoBpeMeHHOe COCTOSIHHE AHAIPOOHOI
OYHMCTKH CTOYHBIX BOJ
[TepBast KOHCTPYKIHS aHA’POOHOIO0 PEaKTOpPa, UCIOJIB3YIO-
Lmiero MPUHOUN yIep>KaHus OMomacchl, a MMEHHO KOHTAKTHBIA pe-
akTop, Oblna mpennoxxkeHa kak B CCCP, tak u 3a pyOexoMm mpumep-
HO B 0/1HO U TO e BpeMs (50-e roasl). Ho, ecmu B8 CCCP oH mpaxTu-
YeCKU He MPHUMEHsUICS, TO B cTpaHax 3amagHoil EBpomel oH cpa3sy
e IOJIyYMJI OIpPEJIeIEHHOE PACIHpPOCTPAHEHUE JUUIL OYUCTKU CTOU-
HBIX BOJ MHILEBBIX MPOU3BOJICTB M MPOJOJKAI COBEPIIEHCTBOBATHCS.
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W3 coBpeMeHHBIX KOHCTPYKIMNA aHAa’dpPOOHBIX PEaKTOpPOB MEPBBIM Ha-
Yaj MCIOJIb30BAThCA aHA3POOHBIH (QUIBTP - MPOMBINUICHHBIC yCTa-
HOBKHU mosBuiHCh B 1972 r. IlepBorit mpombiminenusii UASB-peak-
TOp OBLI coopyxeH B 1977 r. Ha caxapHoM 3aBoje I. bpena (Hunep-
JaHABl) ¥ dKcImyatupyercs no cux nop. ITo ouenkam (Totzki, 1998)
B MHUpPE B HACTOsIIee BpeMs dKCILTyaTupyetrcs cBoime 1700 anan-
POOHBIX peakToOpoB, HO MOApOOHas 0a3a JaHHBIX, COCTABJICHHAS IO
ompocy 16 KpymHEeHIIMX MHPOBBIX pa3pabOTYMKOB aHa’dPOOHBIX TEX-
HOJIOTU, HacyuThIBajla Ha KoHell XX Beka 1215 mpoMBINIIEHHBIX
peakTopoB B 65 crpanax mupa (Frankin, 2001). HauGonpmuii poct
CTpPOUTENHbCTBA Habmogancs B TeueHue 1992-1997 rr., korga crpo-
wiock npumepHo no 100 peakTopoB B roa B Mupe. B Hacrosiee Bpe-
Ms CTpoHuTCs mpuMepHo 60 peakTOpoB B TOJ, YTO CBSA3AHO C T€M, YTO
OonpInas YacTh KPYHMHOW NMPOMBIIUIEHHOCTH B PAa3BUTBHIX CTpaHaX yKe
UMeEeT aHa’pOOHBIE OYHCTHBIE COOPYKEHHS, a OCHOBHON MPHUPOCT
UJET 3a CYeT Pa3sBUBAKOIIUXCS CTpaH U cTpaH Boctounoii EBponsl.
W3 tabnuupl 5.7 BUIHO, YTO B MEPBOM AECITKE CTPaH-IHIEPOB TOCT-
poeno ceeime 70% Bcex aHa’poOHBIX peakTopoB. OTpagHO TO, YTO
nepBble MHTCHCUBHBIE aHAdPOOHBIE peakTOphl 1 00paboTKH Mmpo-
MCTOKOB TaK)€ Hadajau CTpoutbcs U B cTpanax CHI'.

Tabauna 5.7

PacnpenesieHne moCTPOEHHBIX AHAIPOOHBIX PEAKTOPOB MO CTPAaHAM
(Bcero — 1215, na 6a3e (Frankin, 2001) ¢ 100aBj1eHeM HOBBIX TaHHbBIX)

Wnons 150| T'epmanus| 94 | Mekcuka 27 | Hpyrue | 376
Snonus 122| bpaswmus | 82 | Kanana 26 | BT 4.

CIIIA 108 | ®pannus | 49 | TaiiBanp 25 | Poccus 5
Tlonnangus | 98 | Kurait 36 | ®unmunnueel | 22 |VkpaunHa| 1

B Tabaune 5.8 maHo pacnpeielieHUE BCEX MOCTPOSHHBIX peak-
TOPOB MO THIAM WX KOHCTPYKIHWH. BuaHo, uTo Habmromaercs 3a-
METHOE MPEeBAJUPOBAHUE PEAKTOPOB C TPAHYIHPOBAHHBIM HIIOM.
Oco0eHHO MOAABIIAOIUM OHO cTalio 3a nocienuue 10 ner. Uute-
PECHO, YTO MPOMCXOJIHUT «KaHHMOau3auus» OBIBIIETO JIHICpa
(UASB-peakTopa) ero 6onee coBepimeHHoi moaudukanneir EGSB-
peaktopoM - 50% BcexX MOCTPOCHHBIX 3a MOCIEIHHE 3 TOJla PEaKTO-
pPOB TPUHAMIEKAIN UMEHHO K 3TOMY THIY.

[To OTHOIIEHHIO K THIIAM CTOYHBIX BOJ aHa’poOHas TEXHOJO-
rus HauOoJIblllee PacpoCTpaHEHUE MOJyYIiia B THBOBAPEHHOU MpO-
MBIIIICHHOCTHA M MPOMBIIIJICHHOCTH 10 MPOU3BOJICTBY MPOXJIATUTEIIb-
HBIX HamUTKOB (Taldim. 5.9).
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Tabauna 5.8

PacnipenesieHne NOCTPOEHHBIX PEAKTOPOB M0 TUNAM UX KOHCTPYKIMIA.

Pacnpenenenue Yucno | % ot | % ot mo- % ot mo-
MOCTPOECHHBIX aHAYPOOHBIX [IOCTPO- | BCEX | CTPOSHHEIX | CTPOEHHBIX
PEaKTOpOB MO TUIIAM HX €HHBIX B 1990- B 1997-
koucTpykuuit (Frankin, 1996 rr. 2000 rr.
2001)
EGSB 198 16 8 50
HuskockopocTtHbie (aryHst/ 187 15 12 8
KOHTAKTHBIN)
UASB 682 56 68 34
BuoduisTpe 54 4 4 3
C 11CeB/I00KIMKEHHBIM CJIOEM 16 1 2 1
I'ubpuaneie 12 1 1 2
JApyroi KOHCTPYKIHUK 66 5 6 3
Tabnuua 5.9

PacnpesiesieHue NOCTPOEHHBIX AaHAIPOOHBIX PEAKTOPOB MO OTPACIISIM
NMPOMBIILIEHHOCTH, MPOU3BO/sIeii cTounble Boabl (Frankin, 2001)

Otpaciib TPOMBIILICHHOCTH Uucno peakTopoB %
TTuBOBapeHHas U MPOXIATUTENBHBIX 329 27
HAIIUTKOB
bpoamipHas ¥ AUCTUIISAIIMOHHAS 208 17
Xumuyeckas 63 5
Ilennron0300ymMakHas 130 11
Hpyras numesas 389 32
®dunpTparel THO 20 2
Hpyras 76 6
Bcero B 6a3e maHHBIX 1215 100

Paznea 6. AHAJIN3 METOJOB
YIAJEHUS AB0TA ®OCDPOPA

6.1. Yaanenue coegquHeHuii azora u ¢ochopa

B HEOYHIEHHBIX CTOYHBIX BOJAX MPOMIPEINPHUITHIA a30T MO-
KCT BXOOUTH B COCTAB KaK OPraHUYCCKHUX, TaK U MHUHCPAJIbHBIX BC-
mecTB. Hanpumep, B CTOUHBIX BOJAxX MUILEBBIX MPOU3BOJACTB OCHOB-
Hast macca azota (60 — 70%) HaxoauTCsA B BUJE a30Ta aMMOHHUITHO-
ro. Jlonyctumoe coaepikaHue a30Ta B OYMINEHHBIX CTOYHBIX BOJAX
periiaMeHTUPYETCSI U 3aBUCUT OT BHJa COCIMHEHHUS, BKIIOYAIOMIETO
a3oT. JlomycTUMasi KOHIEHTpPalHsi a30Ta aMMOHUUHOT'O B CTOYHBIX
BOaax, HAaIpaBJIACMbIX B IMOBCPXHOCTHBIC IMPECHBIC BOJOCMbI Poc-
cuu, cocrasimsger 0,5 mr/am3, azora autputoB — 0,08 wmr/am3, aszora
uutpatoB — 9,1 mr/am3. Tloctymienne a3oTa B BOJAOEMBI B KOHIEH-
TpaIKsIX BBIIIC YKA3aHHBIX CIIOCOOCTBYET 3BTPOGHUKANKUUA BOJOEMOB.




B mporuecce OMOIECTPYKIMHA OPraHUYECKHX BEIISCTB HA OYUCTHBIX CO-
OPYXKEHUAX MPOUCXOIUT TpaHchopMaius (GopM a3oTa, a TAKKE €ro ac-
CUMWISILIAS MHUKPOOPraHU3MaMHM, OJHAKO, €CIM He MpUOerath K CICIH-
aJbHBIM METOJIaM yJajeHus (opM a30Ta, TO B OYHUIICHHOW CTOYHOU
BOJIE MOXKET HaxomuTbes 10 20 — 25 wr/mv® azora obuiero u 15 — 20 mr/ov?
a30Ta aMMOHUMHOIO.

VYianenue coeAMHEHUN a30Ta MOXET OBITh OCYIIECTBICHO Kak
(DU3UKO-XUMUYECKUMHU WM OMOJOTHYECKUMHU MeToxamu. B Tadim. 6.1
NPHUBEIACHBI METOJBI BO3JCHCTBUS HAa TC MJIM UHBIC (POPMBI a30Ta,
HalpaBJCHHBIC HAa CHMXCHUE KOHIICHTPAIMU a30Ta B OYHUIICHHBIX

BOJAX.

Tabauma 6.1
Metoas! ynaiaenus popm azora
HaumenoBanue me- VY nanenue popm azora, %
Tona Opranngeckoro | AMMOHHI- Hurtparnoro | O6mero
HOTO
1 2 3 4 5
Anspanus He ynanserca | 60-98 He ynanserca | 50-90
(OToyBKA BO3TYXOM). (pH >11)
XaopupoBaHue He ypanserca | 80-100 He ypansiercs | 80-95
Ancop6buus aktuBu- | 50-90 He ynansercs| He ynansercs 80-95
POBaHHBIM YIJIeM
To e ¢ mpemaputens-| 5 g 80-100 He yransercs | 80-95
HBIM XJIOPUPOBAHHEM
Honnelit 00MeH
C IIOMOIIBIO:
- CHHTETHYECKUX 80-95 85-98 75-90% 70-95
cMOI
- [[EOJINTOB He 3nayurensHo | 85-98 He ynansiercst 80-95
DIIeKTpoau3 He 3naunTensHo | 70-95 He ynansiercst | 80-95
O30HHpOBaHKE He 3naunTensHo | 80-95 He ynansiercst | 80-95
Xumuyeckoe He 3nauntensHo | - 50-90 80-95
BOCCTAHOBJICHHE
Koarymnsiius 30-70 5-15 (u3Becthio)| He ymansercst | 20-30
DIeKTpoauanu3 100 40 40 35-40
OO0patHBblii 0cMOC 60-100 60-85 50-85 80-90
ACCUMUIISALUS BOLO- YacTuuHas YactuuHoe 50-80
pocisaMu aMMOHHU(HKaA- | yCBOCHHE
st KJICTKaMHU
AccuMunsIus To xe 40-70% Jlumurupyrouuii| 30-70
OaKTepHsAMU ¢ dexr
Hurpudukanus Jlumutupyro- Oxkucnenue | - - 10 70
i a3 ekt JI0 HUTPATOB
Jlenutpudukanuys - - 80-98% 70-95
[MouBeHHast GUIBLT- Oxkucnenne Oxucnenue | Jenurpudu- 40-90
pauus JI0 aMMOHHIHO-| 0 HUTPATOB | Kalus
ro a30Ta
OKHCIuTeNbHbIE AmMOHUpH- Yactuunas | Jenurpudu- 20-40%
pYIbI Kalus HUTPHUUKALYS | KaIHsI
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Du3uKo-XuMUyecKue Memoovl OYUCHKU CTMOYHBIX 600
om coeduneHuli asoma
Omoysxka ammuaxa 8030yxXom
OTOT METOJ TMpeAcTaBisieT co00l Moau(UKALMIO Mpollecca
a’panuy, UCHOJIB3yeMOro sl yAalleHus u3 BOAbl ra3oB. VoHBEI am-
MOHHSI B CTOYHOH BOJE HAXOJATCS B PAaBHOBECHOM COCTOSTHHH C aM-
MuakoMm (JieTydee coelMHEeHHUe) MpHU NoBblieHnn 3HadeHus pH mo 11,5
paBHOBECHE CMEIIAaeTcsi B CTOPOHY 00pa3oBaHMs aMMHUAaKa:
NH, + H,O - NH,OH— NH," + OH-, xoTtopbiii Ha CTaH-
LIAH OYHMCTKH BOJBI OTAYBaeTCS BO3AYXOM IpH TeMmieparype Oojee
15°C. TexHOJOTHYECKH 3TOT CIOCOO peanusyercst CIAeAyIOUUM 00-
pa3oM: B CTOYHYIO BOAY NOOaBIAIOT U3BECThb, B KOJIHYECTBE, MPH
koTtopoMm pH crounsix Box cocrasut 10,5 — 11,5, nanee Bony moxna-
10T B OamieHHbIe TPaJUpPHH, KOJA HAMPaBISIOT U BO3AyX. AMMHUAK
MEepPexXoIuT B BO3AYX U mHocrymnaer B atMocdepy. DddexT ynaneHus
a30Ta MOXET COCTaBUTh 95%. DTOT cmocod MpoCT M HaAEKEH, OJ-
HAaKO OH MMEET BBICOKYIO CTOMMOCTH, 3()(EeKT MOHMKAETCS IpU HU3-
KUX TeMIlepaTypax, BO3MOXXHBI OTJIOKEHHUs KapOoHaTa KaibLHs B
TpybonpoBoaax, HeoOXoaumMo mociuenymouee cumxenue pH, ectsb
ONAaCHOCTh 3arps3HEeHUus aTMocdepsrl.
Xnopupoeanue
IIpu XnOpuUpOBaHUH BOJBI, COAEPIKAILEH aMMOHUKHBIN a30T, B
3aBUCUMOCTH OT 3HaueHus pH cucremsl, konuenrpauun Cl, u azora
aMMOHHUIHOT0, 00pa3yeTcss cMech MOHOXJIOpaMHHA, AUXJIOpaMUHA,
TPEXXJOPUCTOr0 U MOJEKyJIspHOro a3ora. Hanbonee monHoe yna-
JIeHWEe a30Ta aMMOHHUMHOTO JOCTHraeTcs IpPU COOTHONIEHUH
CILNH, " = 7,6:1 1 10:1 npu pH 5 — 8 (mpozxyKTsl peakiun — cBoGO-
HBIM a30T U auxjopamuH). Ilpu Cl:NH4(N)+ = (4-5):1 u BricoKOM pH
00pa3yroTcsi B OCHOBHOM MOHOXJIOpaMuHbI, 1pu pH Menee 4 u 60ib-
KX A03aX XJopa o0pa3yeTcss TOKCHYHBIH TPEXXJOPHUCTHIH a30T.
Opnnako, Tak Kak BCE COEIMHEHHMs XJIOpa C a30TOM B TOW WJIM HMHOM
CTENEHU TOKCHYHBI, TO MPOLECC XJIOPUPOBAHUS TOBOIIT A0 00pa3o-
BaHusA MoyeKyad N,. M30bITOYHBIA XJIOp yNalsOT 4€pe3 rPaHyIupo-
BaHHBI aKTUBUPOBAHHBIN YTOJb.
AO0copbyus akmueupoeanHviM yeiem ¢ npedsapumeibHblm
XJA0pupoeanuem
AKTUBHUPOBAHHBIN yroJib UCIOJB3YIOT AJI yAaleHUs OpraHH-
YECKUX BELIECTB, B TOM YHCIIE U COJCPKAIUX a30T. AKTUBUPOBAH-
HBIH Yrojib HE COpOMpYET aMMHAaK M COJM aMMOHHS, OAHAKO OH IIPO-
SIBJIIET JIOCTATOYHO BBICOKYI COPOIMOHHYIO CIIOCOOHOCTH IO OT-
HOUICHHIO K XJIOpaMHHaM (cJenyeT OTMETHTh, YTO B JAHHOM CIy-
yae peub UJET O XeMOCOPOIUHU):
2NHCI, + C* + H,0 —»N,T+4HCI+CO*
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2NH,CI + CO* —N,T+H,0 + 2HCI+C*

C* + Cl, + HO — + 2HCI+CO*.

I'me C* - akTuBUpoBaHHBINH yroyib, CO* - MOBEpXHOCTHBIEC OK-
CHUIIBI Ha YTIIE.

XIop cienyeT BBOAUTH B BOJY HEMOCPEICTBEHHO NEpea IO-
CTYIUICHHEM Ha 3arpy3Ky, 4To crnocoOcTByeT obpa3oBanuro CO* u
ancopbuuu xiaopamMuHOB. COTJIACHO MPUBEACHHBIM YPaBHEHUSM pe-
aKIWu, BUJHO, YTO B Cpeay MocTymaeT kuciaora, pH obOpabartriBae-
MO BOJbI MOHMXAETCS, CIeA0BATEIbHO, Iepe] BEIITYCKOM BOJBI €€
HEeOO0XO0JUMO TOJIIe]IaYuBaTh | JOBOJAMTH 3HaYeHue pH g0 MuHU-
MaJbHO JOMYyCTUMOTO — 6,5.

B npouecce ximopupoBaHHUA-aIcOPOMU YIAISIETCS B CpeIHEM
85 — 91% amMMOHMITHOrO a30Ta CO CHHXKEHHUEM €Tr0 KOHUECHTPAlUHUU B
Boge ¢ 12 mo 0,7 — 1,8 mr/am>. TIpu 3TOM ymanseTcs CBOOOIHBIN
XJOp W BCE XJIOpaMHUHBI. MakcuMalbHasi CKOPOCTh (QUIBTPOBAHUST —
15 m/4. Heobxoaumoe BpeMsi KOHTaKTa ¢ XJOpoM — 25 muHyT. Opu-
EHTHPOBOYHAs 1032 xyopa — 110 — 150 mr/am?.

[IpeuMynIecTBOM 3TOTO METOJIAa SBJSCTCS IMOJHOE MpEBpaIie-
HUE aMMHUaKa B jeTydue (OpPMbI a30Ta, JOBOJbHO HU3KHE KalUTaJb-
HBIC 3aTpaThl, ONHOBpEMEHHOe o0Oe33apakuBaHue Boabl. OTHAKO B
OUMIIICHHOW BOJIc HAOJIOJACTCS MOBBIIICHUE KOHIICHTPAIMKU XJIOPHOB.

Hounvrii obmen

Hcnonp30BaHre HOHUTOB MO3BOJISET OCYHIECTBISITH HEMOCPE/I-
CTBEHHYIO OYKMCTKY CTOYHBIX BOJ OT COCIUHCHMIA a3ora. HutpaTsl yua-
JIAIOTCS C TMIOMOIIBI0 CUHTETHYCCKUX aHUOHOOOMEHHBIX CMOJI, HaIpH-
Mmep nyanuta AJIO2-J1, amGepnura MP-45, AB-17, Om»-1011 8 OH un
Cl- -¢popmax. [IpucyTcTBUE B CTOYHBIX BOJAX XJOPHA M CyJbdar-
WOHOB CHHUXAaeT M30MPaTeIbHOCTh HOHUTOB B OTHOIICHHHM K HUTPAT-
noHaM. Jlis yka3zaHHbIX aHHOHHTOB B Cl° -dopme mpu copObuuu u3
HEUTpaJbHBIX PACTBOPOB PAJ CCJICKTUBHOCTH HMMEET CICAYIOIIUN
Bua: ClI'< NO,< < NO,; < = SO*. Takum 00pa3oM, CEJIEKTUBHOE
W3BIICUCHHE HHUTPAT-MOHOB BO3MOXKHO Ha Cynb(haTHOW (hopMe aHHO-
HUTOB. [Ipy HAIMYUK OPraHMYECKUX BEILISCTB B CTOYHBIX BOJAX IPO-
UCXOIUT UX copOuus, U koHueHrpauus (mo XIIK) cuuxaercs ¢ 33 —
40 MFOz/ oM o 18 — 25 MrOz/z[M3. Paboyasgs eMKOCTH, aHHOHHUTA,
JocturaeMasi nmpu npomnyckanuu 360 m3/m* (10 mpockoka HUTpaT-
noHa B ¢uibTpaT B KoHueHTpauuu [1/1) cocrasiser 580 sxB/M?, co-
Jep)KaHue HUTPAT-UOHOB B OYMINEHHO# Boae 5 — 10 mr/am®. B pe-
aJIbHBIX YCJIOBHSAX, BO3MOXKHO, MOJABEPraTh OYUCTKE OT HUTPATOB
HE BCE CTOYHBIC BOJbI, a TOJBKO MX 4acTh. B 3TOM ciydae mpomoJi-
KUTEIBHOCTh (PUIBTpONHKIA Bo3pacTtaeT. CKOpOoCTh PHIBTPOBAHUA
MOJET OBITh JJOCTATOYHO BBICOKOHW M cocTaBiath 50 — 70 m/4 npu
MPOIOJKUTENBPHOCTH (UIBTPOIMKIA 12 yacoB. AHHOHHTHI JIETKO pe-
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TeHEepUPYIOTCS pacTBOpaMU Cyib(dara HATpHs, KaJdus WIX aMMOHHA.
PerenepannoHHbIii pacTBOP, HACHIICHHBIA TPU PECUHUPKYISIIUA HUT-
paToM Kajus WJIH aMMOHUS SIBJISIETCS IIEHHBIM yaoOpeHuem. Dddek-
TUBHOCTh METOJa JOCTATOYHO BBICOKA, HAIPUMEP HOHHBIH O0OMEH
MO3BOJISICT CHU3UTh KOHIIEHTpaIuio HUTpaTtoB ¢ 30 — 70 mr/am* mo
0,1 — 0,5 mr/am®. JInst u3BJIeUEHUS HUTPAaTa aMMOHHUS M3 CTOYHBIX
BOJI MCTIOJIB3YIOT MOCIIEeNOBATENbHOE (QHUIBTPOBAHUE Yepe3 CUIBHO-
KHACJIOTHBIM KaTHOHUT U aHHUOHUT. J[JI9 OYUCTKH CTOYHBIX BOJ OT
AaMMOHHMHHOTO a30Ta MPUMEHSIOT CHHTETHYECKHE OpraHWYeCcKHe Ka-
THOHOOOMEHHBIE CMOJIbI. MHOTOYKMCIICHHBIC MCCICIOBaHUsI B 00Jia-
cTH oOoTrameHus MUIIEBHIX J00aBOK ISl )KUBOTHBIX OMOTEHHBIMHU
dJIEMEHTaMH, MOKa3ajlu, YTO a30T aMMOHHUUHBINH XOpOIIO copOupy-
eTCA IEeONIMTaMM, KpUCTaIndecKas peneTka MaTpHUIbl o0iagaeT
OCTAaTOYHBIM OTPHULATEIHLHBIM 3apSI0M, KOTOPHIA KOMIEHCUPYETCS
KaTHOHaMH ¢ OOJIBIIMM HOHHBIM PaJUyCOM M HH3KUM 3apsioM (Ha-
TpUU, KauW, Kalblui, Oapuil, pyouauii, 1e3uii). DTH KaTUOHBI pac-
M0JIATaI0TCAd BHYTPU KPUCTAJUIMYECKOW pEIIeTKH M 00yCllaBIUBa-
0T MOHOOOMEHHBIC CBOMCTBA LeONUTOB. JlJisi yjaneHus a3ora aMm-
MOHHITHOTO TEpPCIEeKTUBHO HCIIOJIBb30BaHUE I[€OIUTA, COAEPIKAIIETO
no 80% kpemHe3eMa, HapUMEP KIMHONTHJIOIUTA, B 3TOM Clydae
ontuManbHoe 3HaueHue pH ctounbix Boa cocrtaBuser 4 — 8. Hanu-
Y€ OpPraHuYeCcKUX COCIMHEHUM B CTOYHBIX BOJAX CHIDKAIOT afcop-
OIMOHHYIO €MKOCTh LEOJUTOB Ha 25%, MO3TOMY MOHHBIH OOMeEH
MPOMU3BOJIUTCS MOCJE MPEABAPUTEIBHOTO OCBETJICHHS, (DUILTPOBA-
HUs, OMOJIOTUYECKOW OUHCTKH. VOHHBIII OOMEH OCYIIECTBISIETCS
nyTeM QUIBTPOBAaHUS 4Yepe3 HOHOOOMEHHBIH wMmatepuan. CKOpocTh
(unpTpOBaHUS MOAOHWPAETCS M3 pacdeTa B3aUMOJIEHCTBHUS 3arpy30d-
HOTO MaTepuaia co CTOYHBIMU BoJaMHu B TeueHue 6 — 10 MuH, 0OBIYHO
CKOpOCTh GuiIbTpoBaHUs cocTaBisieT 5 — 10 M/4. Perenepanuro kiu-
HOTNITUJIOJNUTA OCYIIECTBISIOT 8% pacTBOpPOM MOBAPEHHOU COJU B
COYETaHUU C M3BECTHIO.
Onexmpoaus

Jng ynaneHus a30Ta aMMOHHHHOTO 3JIEKTPOJU30M CTOYHAS
BOJa, MPOIIEAIIas MPeABAPUTEIbHYIO OYNCTKY OT B3BEIICHHBIX BE-
IIEeCTB, CMEMIUBAETCS C MOPCKOM M MOJIBepraeTcs IJIEKTPOJU3Y B
s4yeiike ¢ rpadMTOBBIMU 3JIEKTpoaaMu. B pe3ynbTaTe Ha KaTone
obpasyercs H, u B pactesope Mg(OH),, koTophiii ucmonb3yercs
JUISL KOaryJIMpOBaHUs MpUMecel U cBs3bIBaHHs a3oTa u docdopa B
nsoinyo conr MgNH,PO,6H,0, obpasyromeiica na anone Cl,
o0e33apaxuBaeT BOIY.

OcaxeHre aMMOHUHHOTO a30Ta B BUJE MeTallllaMMOHHI(OC-
(ata MOXKET OBITh OCYIIECTBJICHO U MPH BBEICHUU B oOpabaThiBae-
MYIO BOJy COJICA MarHusl, KalbIlus, MEIH, JKejie3a, Mapradia. ITOT
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METO/I 1IeJIeCO00Pa3HO MCIIONIb30BaTh NPH HAJIHMYHH B Bojxe (ocda-
ToB. [IpH HCMONB30BaHUM COJICH MarHUs MOJIE3HO MOMHHTbH, YTO HaW-
Menbmas pacrBopumocts MgNH PO, 6H,0 npu pH 10,7.

O30HUpPOBAaHHE WCIONB3YIOT AN yAAJICHUS a30Ta aMMOHHUIA-
HOTO, IPOILIECC OCYLIECTBIISIOT B IICIOYHOU cpee.

XWMHYECKOE BOCCTAHOBIICHUE TMPUMEHSIOT JUIsl yAaleHUs HUT-
PUTOB M HHUTPATOB, B KaU4eCTBE BOCCTAHOBUTEJS HCIIOJIB3YIOT XKe-
JIE3HBIN KyIOpocC:

NO, + 2Fe** + HO — NO, + 2Fe’" + 2 OH

NO, + 6Fe¢* + 5H O — NH,+ 6Fe’" + 7 OH,

B KaueCTBE KaTaJlM3aTopa UCIOJB3YIOT MEIb.
Buonoeuueckue memoovi o4ucmky cmouyHvlx 600 Om
coeOuHeHull azoma

AHaJM3 MHOTOYHUCIICHHBIX JINTEPATYPHBIX JaHHBIX U COOCTBEH-
HBIE MCCJIEJOBAHUS aBTOPOB CBUIETEIHCTBYIOT O TOM, YTO OJHO-
BPEMEHHO B OJHOM COOPYXEHUH B OJHOWMIIOBOI CHUCTEME HEBO3MOXK-
HO TIOJTHOCTBIO OCYLIECTBIIATH IMPOLECCHl yaaieHus azora u ¢ocdo-
pa, Tak Kak jisi Ouojormueckoro yaaineHus ¢pocdopa HEoOXoaUMO
coOmonaTe 4epeaoBaHue a’poOHOW M aHa’pOOHOU 30HBI, NPU YEM
BpeMsi npeObIBaHUs B aHadpOOHBIX YCIOBHUIX JTOJKHO COCTaBIATH
He MeHee 3-4 4acoB, YTO NPHUBOAMT K YTHETEHHUIO OOJIHMTaTHBIX adpo-
00B. Kpome Toro, B aHa’poOHBIX YCIOBUSX B NMPUCYTCTBUU HUTpa-
TOB, MOAABIISIETCS META0O0JIN3M MUKPOOPTaHH3MOB, C IIOMOINBIO KO-
TOPBIX OCYIIECTBIISIETCS Mpollecc Ouonorudeckon aedochoTusaiuu.

JInst Bcex OMOJOTMYECKUX IMPOIECCOB TpeOyeTcsi a30T B TOW WIIU
WHOW QopMe s CHHTE3a KIETOYHBIX MPOTEHHOB M HYKIEHHOBBIX
KHACIOT. IIpy 0YnCTKE CTOYHBIX BOJ OT a30Ta HMCIOJB3YETCS aCCHMU-
s OaKTEpUSIMU U BOJOPOCISIMH HEOPTaHMYECKUX COCIUHEHUU
azora, OakTepuanpHas HATpUHUKAIUA U JeHuTpudukanus (puc. 6.1).
[lepBriit mpouecc B TpanchopMamuu COCAMHEHHH a3oTa — 00pa3o-
BaHHE a30Ta aMMOHHUIHOTO M3 OPTaHUYECKUX COCTMHEHHUH. DTOT mpo-
necc Ha3plBaeTcsi aMMOHU(UKaMed 1 ocyliecTBIsIeTcs pepMeHTa-
MH, TPOIYLIUPYEMBIMA MUKPOOPTaHU3MaMH. A30T UCIIOJIB3YeTCS UL
pocTa MHKpPOOPTaHW3MOB, H TaKMM 00pa3oM YacTh HEOPTaHUYECKO-
ro a3oTa MEPEeXOAUT BO BHOBb OOpa3ylomiuecs OakTepHalbHbIE KIET-
KU. MUKpPOOHOJIOTHYECKUMH HUCCIEAOBAHUSIMH YCTAHOBIECHO, YTO
colepKaHue a3oTa B OakTepuanbHOU kieTke coctaBuser 11 — 13%
no cyxoMmy BeliecTBY. [Ipu BHICOKOM BO3pacTe Wia U JOCTATOYHO
BBICOKOH TeMmIepaTrype MPOHCXOIHT YCTOWYMBOE HAKOIICHHE HUT-
pudunupyronmux OakTepuil, © aMMOHHUIHBIN a30T OKUCISETCS CHa-
yaja A0 HUTPUTHOTO, a 3aTeM N0 HuTpaTHoro. [Ipouecc Ha3bIBaeTcs
HUTpU(DHUKAaIHEH M NPOTEKAeT TOJIBKO B NMPUCYTCTBUU KHCIOPOJ]A.
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OO0pazoBaBIuiicss a30T HUTPATHBII MOXKET MCIOJIB30BAThCS ISl OKHC-
JIEHUsI OpPraHWYECKUX COCNMHEHHWH, BOCCTAHABIMBAACH O CBOOOJ-
HOTO a30Ta, KOTOPBbIA OTAYBAaeTCs MPH a’3pUPOBAHUU B aTMoc(epy.
OTOT Mpouecc MHOTOCTaAUUHBIN. A30T HUTPATHBIA CHadana BOCCTa-
HABJIMBAETCA JI0 HUTPUTHOTO, & 3aTeM B 3akuCh aszora (N,0O), u, Ha-
KOHEIl, B MOJICKYJIIPHBIA a30T, dTOT MPOIECC Ha3bIBACTCS JACHUTPHU-
¢ukanued ¥ NpoTekaeT B OTCYTCTBUU KUCIOPOAA, HO NPU HATUIUHU
JIETKO OKUCIIEMBIX OPTaHWYECKHX COETUHEHUM.

AMMOHN(UKAIHS Hurpudukammst  enurpuduxanms
Asor opranmueckux —®  Asor —» Hurparsr — MoJeKyIspHbIi
COEeIMHEHNI <4— aMMOHUHHBIT a30T

Puc. 6.1. Tpancdopmarus a30TCOnEPKAIIUX COSTUHCHUN

Humpugurayus
Hutpudpukanus ocymecTBisieTcss MUKPOOPTaHU3MAaMH - HUT-
pudHuKaTopaMu NPEeMMYIIECTBEHHO ABYX ponoB Nitrosomonas u
Nitrobacter. MeTabonu3mM 3THX MHUKPOOPTAaHH3MOB a’3poOOB XeMo-
JINTOABTOJTPO(POB OYEHb UYBCTBUTEJICH K (pakTOpaM OKpYKAIOMICH
cpensl. Ilpexae Bcero, ONTUMAaNbHBIN PeXUM HUTPUDUKAIUN 3aBU-
CUT OT KOHUEHTpaluu PacTBOPEHHOrO KHCJIOpojaa, 3HaueHus pH,
TEMIIEpaTypbl OYMIIAeMOW BOJBI, KOHIIEHTPAIMK CyOcTpara - HOHOB
aMMoHUA. J[aHHBIE MUKPOOPTaHU3MBI HCIOJB3YIOT HEOPTraHUYECKHH
yIJIepoJa, KaKk eIMHCTBEHHBIH MCTOYHHUK yriepoJa. AKTUBHBIH HII
colepXuT Toinbko 1 — 2% HUTpupUUUpyOMHUX OaKTEpHil.
PacTBOpeHHBIIT KUCIOPOA B PEaKIUsIX OMOXUMHYECKOTO OKHC-
JIEHUS a30Ta aMMOHHUHHOTO SIBJISIETCS aKIEITOPOM 3JIEKTPOHOB, MPH
NepeHoce KOTOPBIX W BBIIENSAETCS YHEPTHs, 3aTpadynBaeMas Ha IO-
CTpOEHHE KJIETOYHOTO BedlecTBa (AMmupuueckas ¢opmyna -
C,H.NO,) u moxnepxanne pyHkuuid Mukpoopranusmon. Heobxo-
JUMOE KOJIMYECTBO KUCIOPOAA MOKHO ONPENETUTh, HCIONb3Ys CTe-
XHOMETPHYECKHE COOTHOLICHUS B OKHUCIUTEIbHO-BOCCTAHOBHUTEIb-
HBIX ypaBHEHHSX TpaHcopmanuu a30Ta aMMOHHHHOTO B HHUTPUT-
HBI a30T M HUTPUTHOTO a30Ta B HUTPATHBIH:
55NH,” +760, + 109HCO, = C.;HNO, + 54NO, + 57H,0 +
+ 104 H,CO,
400NO,+ NH," + 4H,CO, + HCO, + 1950, = CH,NO, + 3H,0 +
+ 400NO,
OOmiee ypaBHEHHE MOTPEOHOCTH KUCIOPOJA JUIsi OKUCICHHS a30-
Ta aMMOHUHHOTO B a30T HUTPATOB M yBEIWYCHUS KIETOYHOTO Be-
mecTBa OyIeT MMETh BHI:
NH,+1,830,+1,98HCO, = 0,021C,H NO,+1,041H,0 + 0,98NO
+ 1,88H,CO,.
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Takum 00pa3zoM, NOTPEOHOCTh B KHUCJIOPOJE IS OKHCIACHHUS 1 MT
a30Ta aMMOHHUA B a30T HUTPATOB COCTaBisAeT 4,2 MTI, IpH 3TOM IpHU-
poct 6uomaccel coctaBuT 0,2 Mr. 3aBUCUMOCTh yIEIbHON CKOpOC-
TH pocTa HUTPU(PUKATOPOB OT KOHLEHTPALUU PACTBOPEHHOTO KHUC-
J0pOJia OMPEAENSIIOT COOTBETCTBYIOIIHM KO3(P(OHUIIMEHTOM

KOC: KOC = CO/(KO+CO), rue: CO— KOHIIEHTpalUsl pacTBOPEHHOTO
KHCJIopoAa B ouuinaeMoi Boae; Ko- koHCcTaHTa mojyHachlIeHUs,
paBHas 2 mrO,/nm’. MUHUMaNbHOE KOHLEHTPALUs KUCIOpOaa s
HpoTeKaHus mpouecca HuTpubukauuu 1,5 mr/am®, onHako, yBenu-
YeHUEe KOHICHTpAIMu Kuciopoaa Oosee 4eM 2 Mr/AM’ TEXHOJOTH-
yeckoro dddexra He MaeT, HO YBEJIMYUBACT JKCILTyaTallHOHHBIC pac-
XOJBI.

VHTEeHCUBHOCTD peanu3aluy npolecca HUTPU(PUKALUHU, CKO-
POCTH POCTa MMKPOOPraHM3MOB - W , 3aBUCUT OT 3HauyeHus pH. Tax
kak BeiauuynHa pH B cBolo ouepenp cBsi3aHa C THAPOKApOOHATHOH
IIEJI0YHOCTHIO, N0 YPAaBHEHHUIO PEAKIMH MOXKHO BUJETH, YTO B IPO-
necce HUTpU(PUKALMU IIETOYHOCTh MOHUXKAETCs, HEUTpanu3ys a3oT-
HYI0 KHCJIOTY, SBJISIOLIYIOCS MPOAYKTOM IIpoliecca U 00pa3youryo-
Cs B KOJUYECTBE 2 AKBUBaJCHTAa Ha 14 T a30Ta — WM NPUOJIU3UTEIIb-
HO 0,14 skBuBanenTa/r N. YMenbieHue pH nmpuBoauT K mHrHOUPO-
BAHHUIO Ipolecca HUTPUPUKALNH, TaK KaK HUTPUPUKATOPHI XOTb U
MNPOAYUHUPYIOT KHCIOTHI, HO HE MPOSBISIOT K HUM TOJIEPAHTHOCTH.
Jlyumue pe3ynbTaThl 110 HATpUHUKANUK monydaroT npu pH 7 — 9,
ontuMaiabHbIM cuuTaercs 3HaueHue pH 8,4. Cesa3p 3Hauenus pH c
KOHI[CHTpAaLMEd T'uIpOKapOOHATHON IIETOYHOCTH MOXKET OBITH OII-
peneneHa BBIpaXKEHHUEM:
pH = pK - 1g[H,CO,]/[HCO,].

HccnenoBanus, MpoBEACHHbBIE aMEPUKAHCKUMH YYEHBIMH, T10-
3BOJIMJIM ONPENEIUTh BUJ 3aBUCHUMOCTH YIEIbHON CKOPOCTH poOCTa
Hutpupukatopos or pH npu 3Hauennu pH menee 7,2 /56/:

W =M, (1-0,833(7,2-pH), npu pH Gonbuie 7,2, BoIpakeHue B
CkoOkax paBHO I; L - MakCMMajbHas CKOPOCTb POCTa HUTPU(DHKa-
topoB. B cnpaBounom mocodun k CHull 2.03.04 - 85, xosddunment
KpH, npu pasznuunbix BennunHax pH mmeer 3HaueHue:
pH 6 65 7 75 8 &4 9
KpH 0,15 031 0,5 0,6 087 1 1,23

CKopoCTh pocTa HUTPUDHUKATOPOB 3aBUCUT TaKKE OT TEMIIe-
paTyphl cpensl, HampuMmep B moHorpaduu «Nitrogen Control and
Phosphorus Removal in Sewage Treatmenty, (1987r) npuBogutcs
TabauIa 3aBUCUMOCTH MaKCHMaJbHOW CKOPOCTH POCTa MUKPOOP-
FaHU3MOB OT TEMIEpPaTypbl, U3 KOTOPOH MOXKHO YCTaHOBHUTH, UTO
TS nitrosomonas, OOMTAIOIUX B aKTHUBHOM uiae npu T= 12°C,
0,4 cyr', mpu 16 °C, u = 0,57 cyr”; mpu 20°C, u = 0,71;

“’ Nmax =
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nns Nitrobacter: npu 8°C, u = 0,25 cyr’, npu 21°C, p =
0,34 cyr .

B cnpaBounom nmocobun xk CHull 2.04.03 — 85 mpencraBieHs
3HaueHus: Kt- koaddunueHTa, yduTHIBAIONIET0 BIUSHUE TEMIIEpa-
TYpPBI KHIAKOCTH:
°C 10 15 20 25 30
Kr 0,32 0,56 1,0 1,79 3,2

VYaenpHasi CKOPOCTh POCTa 3aBUCUT TaKXe OT KOHIIEHTPALHH
JAMUTHPYIOIIETO CyOCTpaTa, 3Ta 3aBUCUMOCTh MMEET BUI:

M N = “’ Nmax N/(N+KS)’

I'ne: N - KOHIEHTpanus JUMHUTHpYOIIero cybcrpara, mr/nm’; Ks -
KOHCTaHTa MOHO, Ha3blBaeMas TakXe€ KOHCTAaHTOW CPOACTBa K cyO-
CTpaTy MM KOHCTAaHTOM HACBHIIMICHHUS, ONMpeAessiionas KOHIEeHTpa-
nuio cydcTpara, mpu KOTOPOH CKOPOCTh pOCTa MHUKPOOPTaHU3MOB
paBHa MOJOBWHE MaKcuMaibHOW. KOHCTaHTa HACHIIIEHUS 3aBUCHT
OT TEeMIIEPaTyphl, aMepUKAHCKUMH YYEHBIMU OIpEJeeHa 3Ta 3a-
BHCHUMOCTh JKCIEPUMEHTAIBHO W MpEJCTaBIeHa B BHJIC YpAaBHCHUS
/56/: Ks = 100,051T- 1,158 mr/am>.

Takum 00pa3oM, ¢ y4eToM BceX 3HAUE€HWH KOHCTAHT, Y/eNb-
Hasi CKOPOCTh POCTa HUTPHU(PHUKATOPOB B 3aBUCHMOCTHU OT JaHHBIX
YCJIOBUH MPOBEACHUS Mpoliecca MOXET OBITh ONpelelieHa o ypaB-
HEHHUIO:
u = 0,47[e0,098 (T-15)][(1-0,833 (7,2-pH)][N/(N+100,051T-
1,158)][Co/Co+Ko], cyT'.
Hanpumep, npu T= 20°C, pH = 7,0; N= 2.5 mr/n; Co = 2,0 mr/m;
Ko = 1,3 mr/m: u = 0,3 cyr.

YnenpHas CKOPOCTh POCTAa MHUKPOOPTAHU3MOB OIPEENSIeT Mpo-
JNOJDKUTENBHOCTh MpEeOBIBAHUS UJla B CUCTeMe - Bo3pacT uina (0),
© = 1/u , cyT. DHepreTuueckui Ko>)HUUMEHT NMPU HUTPUDUKALUH
HE BEIHWK, YTO B CBOI ouepelb O0ycllaBIWBaeT HU3KUE YJEIbHBIC
CKOPOCTH POCTa aBTOTPO(PHBIX MHKpoopraHu3MoB. llostomy mis
OCYIIECTBJIEHUS] YCTOMYMBOTO IIpoIecca HUTPUDHUKAIIUA HEOOXOau-
MO MOJJEpP>KMBATh MOCTOSHHO BBICOKMM BO3pacT wia. Bo3pact una
ompejeNnsieTcsl OTHOUIEHHEeM 00Ied Macchl uila B CHCTEME K CKOpOC-
TH €ro yJIalleHHsl U3 CHCTEMBI, OJIHAKO IMPU pacuere Ipolecca HHT-
puduKanuu HeOOXOOUMO YUYHUTBHIBATH TOJBKO Maccy WJia, HaXOJs-
merocsi B adpoOHBIX YCIOBUAX. YAeIbHas CKOPOCTh POCTa HUTPHU-
($UKaTOpPOB, YpE3BHIUAHHO UYBCTBUTEIbHA K TEMIIEpPAaTypHOMY pe-
xumy. Ha puc. 6.2. mpencraBieHa 3aBUCHMOCTb JOCTATOYHOTO IS
HUTpU(UKAIIUE BO3pacTa Uila OT TeMIEpaTypbl o0padarsiBaeMoi
CTOYHOU BOJBI.
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Puc. 6.2. Bo3pacT una HeoOXOAMMBIN ISl IpoLiecca HUTPUGDUKAIIIMH

(10 TaHHBIM CIIPABOYHHUKA 11O COBPEMEHHBIM TEXHOJOTHSIM OYUCTKU

NPHUPOJHBIX M CTOYHBIX BOJ M obGopynoBanuio 2002 r)

VpaBHeHue OanmaHca a30Ta B Ipoliecce ero TpaHCHOpMAlUU B
OMOpeakTopax MOXKET OBITh MPEACTABICHO YPaBHCHHUEM:

= u + ) + _ a + o + 3
CN-N03 Nmg T C N-NH4 C N-NH4 C N-NH4 ° mr/am’,

rae: C° ;> MI/IM’® - KOHIIEHTpAlUs a30Ta HUTPATOB, 00pa3oBaBlle-
rocs B mpouecce Hurpudukanuu; C* - OO1as KOHIEHTpauus a3o-
Ta (OpraHM4ecKOro U aMMOHHIHOTO) B MCXOJHBIX CTOYHBIX BOJaX,
Mr/am>; C3N_NH4+ - KOHUEHTpalusa a3oTa aMMOHUMHOIO, MOCTyHaroue-
ro B OYHINAEMBbIE CTOYHBIC BOJBI B MPOIECCE DHIIOTEHHOTO JIbIXaHUS,
Mr/am3.

B asporeHke—HHUTpUPUKATOPE KOHUEHTpPALHS TeTepOTPOPHBIX MHK-
POOPTaHMU3MOB 3HAYUTEIBHO MPEBBIIIAET KOHLUEHTPALHUIO aBTOTPO-
(0B, MO3TOMY OCHOBHOE KOJIMYECTBO a30Ta aMMOHUHWHOIO, MOCTY-
HAIOIIEr0 B CHCTEMY B IPOLIECCE 3HAOTEHHOTO IBIXaHHUS CBA3AHO B
OCHOBHOM C CaMOOKHCJICHHEM HMEHHO IeTepOoTPO(HBIX MUKPOOpTa-
HH3MOB, CKOPOCTh OTMHUpaHUs KOTOpbix coctasiser 0,08 cyt!,

C e = (@ VK K K.)/Q, mr/am?,

riae: a. — 103a uina no 6e3301bHOMY BElecTBY, I/am’; V — o0beM
a’pallMOHHON 30HBI a3POTEHKA-OTCTOMHMKA, M’; K - KOHCTaHTa CKO-
pocTH OTMHUpaHus rereporpodHoro una, cyr'; K, — crenens pacmna-
na 0e330JbHOT0 BEIIECTBA WJa, IPUHUMAETCS B 3aBUCHMOCTHU OT
BEJIMYHMHBI TPOU3BEACHUS TEMIIEPAaTyphl )KHIKOCTH M BO3pacra uia
(TO®), nanpumep npu TO = 200, pacnan 6e3301bHOM YacTH uja co-
cragut 0,32, npu TO = 600 — 0,42, mpu TO = 1000 — 0,46; K, = 0,09
r/r, . — KOJMYECTBO a30Ta aMMOHUHHOTO IOCTYIAIOIIErO B CUCTE-
My IpHU CaMOOKHUCIeHuH Oaktepuit; C* .., MI/IM’ - KOHLEHTpa-
nus a30Ta, aCCUMMJIMPOBAHHOI'O B Ipolecce MeTaboIM3Ma MHUKpPO-
OPTaHHU3MOB,

ce © = 14/113(Y,) (Len — Lex) mr/am’; ¥, — ynenbHbIH IpUpoCT

N-NH4
uia, ¥ = 0,4/(1+0,060), mr,_/mr. . C° °
Ta aMMOHHMHHOTO B OYMIIEHHOM BOJE, MI/IM>.
VYaneHue a30Ta HUTPATOB OCYLUECTBIISIIOT B MPOLIECCE TUC-
CHUMIJISAIIHOHHOTO BOCCTAHOBIIEHHS — JNeHUTpudUKanuu. MHorune

- KOHLOCHTpaluus a3o-
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OakTepun - (aKyIbTaTUBHBIE aHA’POOBI B aKTax JBIXaHUS HCIOJb-
3YIOT CBSI3aHHBIA KHCJIOPOJ HUTPATOB U BOCCTAHABJIMBAIOT HUTPAT C
BBIJICIEHMEM MOJIEKYJIAPHOro azoTa miM 3akucu asora N,O. I'azo-
oOpasHble GOpMBI a30Ta B MpoLecce al’paluy NEepexXoAsT U3 OUHMIIa-
eMmoit Boasl B atmMochepy. JeHuTpuduraTopsl SABIAIOTCI XeMOOP-
raHorerepoTpodamMu u i mpolecca Meradou3mMa UM HEOOXOqUM
opraHu4eckuil yriepon. [Ipu ucmoirb30BaHUM B Ka4eCcTBE OpPraHU-
YECKOIr'0 MUTAaHMUS MCXOJHBIX CTOYHBIX BOJ, KOHIICHTpAI[US OPraHU-
YECKHMX BEIIECTB B JeHuTpudukarope no BIIK, nomkna ObiTh HE MeHee
yeMm Ha 20% BbIlIe KOHIIEHTPAIMM XUMUYECKH CBA3AHHOTO KHCIIOPOAA,
WM WHAYe, JOJKHO OBITH COONIOJEHO YCIIOBHUE: BHK5 :4CN-N03‘
OO6miee KOIMYECTBO OPraHUYECKHX BEIIECTB, MOJAaBAaE€MbIX B JIEHUT-
pudukaTop nomkHo cocrapuate: QC + qC, = 4C . Q,,

rae: Q, m¥/cyr; C, mr/ aM® — 00bEéM M KOHIIEHTpAIMs OPTaHMYECKHX
BEIECTB CTOYHBIX BOJ, MOCTYMAIOIMMUX M3 adPOTEHKA-OTCTOWHUKA
B seHuTpuduKaTop; ¢, m’/cyr; C mr/ am’ - 00bEM U KOHLEHTpALUs
OPTaHMYECKUX BEIIECTB B OCBETJICHHBIX CTOYHBIX BOJAaX, HCIIOJb-
3yeMBIX B Ka4eCTBE NOJNUTKH OPraHMYeCKMM yriepoaom; Q,,
M*/CyT — o0muii 00bEM CTOYHBIX BOJ B JECHUTPUPHUKATOPE,

Q, = Q + q, M/cyT, Torna

q = Q(4C, ,; “O)/(4C-C)), m’/cyT.

Ecnu B xadecTBe HOCHTEINs YriepoJHOTO cyOcTpaTa HCHOJB3YIOT
HMCXOJHBIE HJIM OCBETJIICHHBIE CTOYHBIE BOJBI, TO CIEIYET y4ecTh B
HHUX HaJIM4yhe a30Ta aMMOHUHHOTO. PacueT ocTaTouyHO!l KOHIIEHT-
pauuu KOToporo, mocie mnpouecca geHurpudukanuu (C* ) MOKHO
MPOU3BOJAUTH COTJIACHO YPAaBHEHHUIO:

= (QCON-NH4 9 C'\ )/Ql = C e /M,

rae: C* — KOHIEHTpalMs a30Ta aMMOHUHHOTO IIOCIE AEHUTPUPHU-
xatopa, mr/am’; C° . —KOHIEHTpalus a30Ta aMMOHHHHOTO B
OYHIIEHHBIX CTOYHBIX BOJax, moctymatonux u3 KC, mr/am?; C" s
— KOHIIEHTpalus a30Ta aMMOHHIHOTO B MCXOJHBIX CTOYHBIX BOJAX,
mr/am’; C* .. — KOHIIEHTpAlus a30Ta aMMOHHMHHOIO, acCHMUIIU-
pPOBaHHOIO B mpolecce AcHUTpUbHUKanuu, Mr/am’. O6beM coopyxe-
HHUS, TIPU UCIOJB30BAHUU JUIA JCHUTPU(PUKALMK CBOOOIHOILIABAIO-
LIeTO WJia, ONpeJeNsieTcs Npou3BegeHneM o0beMa 00pabaThiBaeMbIX
CTOYHBIX BOJ W HPOJOJIKUTEIHHOCTHIO UX NMPEOBIBAHUS B JCHUTPHU-
¢dukaTope, KOTOpasi, B CBOIO OuUepe/b 3aBHCUT OT CKOPOCTH BOCCTa-
HOBJICHUS HUTPATOB. B mporecce OMOXUMHYECKOW IBONIOIUH y Je-
HUTPUPHUKATOPOB COXPAHUJIICS M Pa3BUICI TAaKOW THI OOMeHa Be-
IeCTB, IPH KOTOPOM BOJOPOJ, OTIIENJICHHBIH OT OPraHHYECKOTO
cyOcTpara, MepeHOCUTCS Ha CBS3aHHBIA KHCIOPOJ HUTpaToB. HuT-
paTel B DTOM cllydyae SIBJSIOTCS aKIENTOPOM DJIEKTPOHOB, U a30T

HUTpAaTa BOCCTAHABJIMUBACTCA AO MOJICKYJAPHOIO a3oTa U ApPYy-
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rux razoo0Opa3aeix Gopm. [JeHutpudukaropsl mo Tumy merado-
nru3Ma SBISIOTCS XeMOOopraHorerepoTpodamMu, OHU W IS TONyde-
HHUSA DHEPruu (B pe3ysbTaTe OKUCIUTEIbHO-BOCCTAHOBUTEIBHOMN
peakuuu, COMpPOBOKIAIOUIEHCS MEPEHOCOM MPOTOHOB U BJIEKTPO-
HOB) W IS CHHTE3a KJIETOYHOTO BEIIEeCTBa MCIOJB3YIOT OpPTaHU-
YeCcKHe BemecTBa. TeopeTHyeckn MOTPEeOHOCTh B OPraHUYECKOM
BEIIECTBE MOXET OBITH OmNpeaesieHa MO CTEXUOMETPUYECKUM KO-
s dunMeHTaM COOTBETCTBYIOUIUX ypaBHEHHM peakuuii. Hanmpumep,
€CJIM B KaueCTBE DHEPreTHYECKOTO YTJIEpPOJHOro cyOcTpaTa pac-
CMOTPETb METAHOJ M YYeCTh, UTO JACHUTPHU(DUKAIUS MPOTEKAET B
JIBE CTaJHH, TO MOKHO COCTaBUTBH CJIEIYIOUINE YPaBHEHUS pEaKINH:
1 cranusa: NO,+ 0,33CH,OH = NO, + 0,67H,0
2 cragua: NO,+ 0,5CH,OH = 0,5N, + 0,5CO,+ 0,5H,0+ OH", 06-
mas TpaHcopManus azoTa HUTPATHOTO JOCTUTAETCS B pe3yibTa-
TE mpolecca, KOTOPBIH MOXeT OBITh MpPEACTaBICH KaK pe3yibTaT
CJIOKEHMs yKa3aHHbIX ypaBHeHu# peakuui: NO,+0,833CH,OH =
0,5N, + 0,833CO,+ 1,167H,0+OH" B 5TOM ypaBHEHHH METaHOI
CIY)KHT IOHOPOM JJIEKTPOHOB, @ HUTPATHI SBISIOTCS aKIEITOPOM.
OTO MOXKeT OBITh MMOKa3aHO MPH pa3JciicHUH YpaBHEHUsS Ha cliely-
IOIAE€ OKUCIUTEIbHO-BOCCTAHOBUTEIBHBIE MOJYPEaKINU:
NO,+ 6H" + 5¢ — 0,5N, + 3HO u
0, 833CH OH™ + 0,833H, O - 0, 833CO + 5H" + Se.
HI/ITpaTI)I MOJy4aroT 3neKTp0Hm, u anre6panquKaﬁ cyMMa 3apsija
azoTra yMeHbIIaeTcs, CIEeNOBATEIbHO, 3TO aKIENTOp JIEKTPOHOB,
MCTOYHHK YIJIEPOJa METAHOJ TEPAET DJIEKTPOHBI, OKuCsaack 1o CO,,
CJIe0BaTENbHO, OH SIBJISIETCSl IOHOPOM 3JIEKTpOHOB. TeopeTrnyeckas
NOTpeOHOCTh B METAHOJE AJsl YJIOBIECTBOPECHHS JHEPTETHUYECKUX
HYXI MeTabonu3ma cocTtaBiseT 1,9 mr/mr N—NOS. Heobxomnumoe
KOJIMYECTBO METAaHOJa JUIsi CHHTEe3a KJIETOYHOT'O BEIIECTBA MOXKET
OBITH TEOPETUUYECKH OMpEJIeSICHO 10 ypaBHEHHIO:
NO,+1,08CH,OH +0,24H,CO, = 0,056C,H.NO, + 0,47N, +
1,68H,0 + HCO;

[ToTpebienne MeTaHoONa C YUYETOM CHHTE3a OMOMACCHl yBe-
nuauBaeTcs A0 2,47. YCTaHOBJIEHO, YTO IMOJHOE MPOTEKaHUE IIPO-
necca NeHUTpU(PHUKAIUN BO3MOXKHO NMPH COOTHONMIEHWH METaHOJa
K a30Ty HUTpaTHOMY — 3 Mr/mr. HecMoTps Ha TO, 4TO MeETaHOI
MOJXET OBITh NMPH3HAH UJ€ANBHBIM YTJIEPOIHBIM CyOCTpaToOM, Tak
KaK HE COJEPKUT a30Ta M SABISETCH JETKOOKHUCIIEMBIM Belle-
CTBOM, OJIHAKO CTOMMOCTH NPOAYKTa M OpraHU3alHWu Mpolecca
MOCTATOYHO BEJNHUKH, YTO 3aCTaBISET UCKATh aJIbTEPHATUBHEIC
UCTOYHUKH YTJIepoaHOTO mutaHus. llenmecooOpa3HOCTH TOTO WU
UHOTO cyOcTpaTta MOXKET OBITH ONpelieeHa KpoMe dKOHOMHYEC-
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KOH cocTaBismomEeld OLEHKH MPOLEcca U TEXHOJOTHYECKUM IMOKa-
3aTelleM — CKOpOcThio neHuTpudukanuu. CKOpocTh AEHUTPUPHUKA-
WU B CBOIO OYEpeab ONMpEeisieT KOHCTPYKTUBHBIE pa3Mephl COOpYy-
XKEHUS, 4TO TAKXKE BIHUSIET HA CTOMMOCTbH Iporecca. EcrecTBeHHO, Hau-
0oJiee 3(ppekTUBHO MpoIlecC MPOTEKAET MPH HMCIOJIb30BAHUU JIETKO-
pasjiaraeMoro opraHM4eckoro cy0crpaTta, HapUMep MeTaHoJIa, 3Ta-
HOJIa, OpraHnvecKux KuciotT. B cnpaBounom nocooun k CHull 2.03.04-
85, mpuBOAATCS 3HAYCHHS] MaKCUMAaJbHOW CKOPOCTH ACHUTPH(PHUKALNH
MIPU HCTOJIB30BAHMHM METAaHOJa WM 3TAaHOJIa, KOTOPbIE COOTBETCTBEH-
Ho paBHbl 58,8 u 44,9 MrN-NO,/(r4). Tak Kak MakKCHMaJbHBIE CKOPO-
CTH JCHUTPpU(HUKAIMHA OTHOCATCS K ONTUMAIBHOMY PEXHMY Ipolecca
(temmeparypa okoso 30°C, pH = 7,0 — 7,5), KOTOpbIil B pealbHbBIX
YCIIOBUSIX, KaK MPaBHIO, HE BOCIPOU3BOIAUTCSA, TO CKOPOCTh JCHUTPHU-
(¢uKaLMy MOHIKAETCS U M3MEHseTCs A yKa3aHHBIX BHAOB cyOcTpa-
TOB B OCHOBHOM B auana3zone 6,0 — 11 MrN-NO,/(r4). Ilpu uccuemo-
BAaHHHU NPOLIECCOB ACHUTPU(UKALUN Ha IEHCTBYIOLUIMX OYHCTHBIX CO-
opyxeHusx Bo dnopuae Zemaitis mokasajia, YTO CTOYHBIC BOMIBI MTHUB-
3aBOJIOB MOTYT 3aMEHUTh METAHOJI, KOTJa MCIOJb3YIOTCS B CUCTEMax
C B3BEIICHHBIM HJIOM.
YcTaHOBIEHO, YTO CKOPOCTh NEHUTPUPUKAHUU cocTaBuia 9,16 —
10,4 MrN-NO,/r,_ 4, 0pu MCHOJNL30BAHUH B Ka4€CTBE YTJIEPOJHOTO
cyOcTpara CcTO4HBIX BOJ nuB3asojga u 7,5 MrN-NO,/r, 4, npu uc-
nons3oBanuu MetaHona. Christensen (mrar KamudopHus) ycraHo-
BHUJI, YTO B Ka4ECTBE aJbTEPHATUBHOI'O METAHOJYy YTJIEPOIHOTO
NUTAaHUS MOTYT OBITH MCIOJB30BaHBI OpPTAaHHUYECKUE KHCIOTHI, B
YAaCTHOCTH O4Ye€Hb 3P ()EKTUBHBIM IJIs JCHUTPUPUKALUU SBISIETCS
CMECh JIETYYHX KHCIOT B CTOYHBIX BOAax (HaOpHKH HMPOMEXKYTOUYHBIX
HeinoHOoB. CKOPOCTh NEHUTpHPUKAIIUN TocTUraia 15 MrN—NO3/rmq
npu 20°C u 4,17 MmrN-NO,/r, u mpu 10 °C. DTu cKOpOCTH Takike
CpPaBHUMBI C TE€MH, YTO OBLIN MOJY4YEHBI NPU HCIOJb30BAHUU METa-
Hona. Central Cjntra Costa Sanitary Districf s Advanced Treatment
Test Obl1a MPOTECTUPOBAHA MAaTOKa B Ka4eCTBE 3aMEHUTEISI METa-
HOJIa, MaKcHUMallbHasg CKOPOCTh JEeHUTpUUKaUHUKM Oblja MOIydeHa
npu 16 °C B peakTope cO B3BEIICHHBIM CIIOEM Hiia M coctaBuia 1,5
MrN-NO3/rmq. [Ipu Mcnonb30BaHUM OCBETJIEHHBIX CTOYHBIX BOJ B
Ka4yeCTBE YIJIEPOJHOIO HMUTAHUS CKOPOCTh NEHUTPUPHUKALMH COCTA-
Buna 2,9 MrN-NO,/r, 4 1o naHHbIM uccienosareneid Hero-/xepeu
YCTaHOBJIEHO, YTO MaKCHMajlbHasi CKOPOCTb yJAJEHHS a30Ta HUT-
patoB (p,MrN-NO,/(r, 4)) B 3aBHCHMOCTH OT TEMIIEPAaTyphl H3Me-
usercst U cocrasiser npu 10°C — 2,08; 15°C — 3,33; 20°C — 6,25 u
npu 25°C — 8,3 MrN-NO,/(, 4).

Haunbonee mpuMmeHsieMOil cXeMOW COOPYXEHHUH C aKTHBHBIM
WUJIOM, MPOU3BOJSINEH OJHOBPEMEHHYIO OYHUCTKY COCIUHEHUH yTiie-
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pona m azora, siBiseTcs 4 cexmuoHHas cxema bapnenmo (puc.6.3.).
Ut0086I 3¢ (peKTUBHO OCYIIECTBIATh ACHUTPUPUKAIINIO, UCTIOIH3YET-
Csl YriepoJ NMOCTYNaloIMX CTOYHBIX BOJ, a Takke oOpasylouieics B
pe3yibTaTe dHIOTEHHOTO pacmnana OuomMacchl. AMMOHHH MPOXOJHUT
yepe3 HepBYI0 OECKHUCIOPOIHYIO 30HY, a Jlajee NPEeBpallaeTcsi B HUT-
PUTHI U HUTPAThl B mepBOi adspoOHOH 30He. [locienHue 4acTUYHO
BO3BpalIalOTCS Ha3aJ B MEPBYI0 OECKHCIOPOAHYIO 30HY, a TaKXkKe
UAYT BO BTOPYIO OECKHUCIOPOIHYIO 30HY AJIA IPOBEACHMS JOIOJIHU-
TEJIbHON ACHUTPU(DPUKALUU C MCIOJIB30BAHUEM HHAOTCHHOTO YTJIEpo-
na. Bo BTopoit anpoOHOI 30HE MPOUCXOMUT BHIICICHUE MOJCKYISP-
HOTO a30Ta B aTMoc(epy. YIpoIlleHHbIH pacueT 4-CEeKIMOHHOW cXe-
Mbl bapnenno cormacao (Metcalf & Eddy, 1994) npuBonutcs Huxe.

[Ipu ycrnoBuuM MoaHOW NEHUTPpHPUKAUKA HUTPATOB, BO3Bpa-
HICHHBIX B aHOKCHYHYIO 30HY M NpeHeOperas yCBOCHHEM a30Ta, KO-
s dunueHT peuupkyasnur R (CTOYHOHW KUAKOCTH M BO3BpAIlaeMO-
0 Wja) 3alUCHIBAETCS B BHJIC

R= (NH; -=N),—(NH; —N), 1
(NO; —N),

rne (NH, —N),, (NH; —N), - BXojsasi ¥ BBIXOIsIlas KOHLCHT-
panuu aMMOHMIHOTO a30Ta (Mr/aM’), coorBeTcTBeHHO; (NO; — N),
- BBIXOJAMIAss KOHIEHTPAIIUA HUTPATHOTO a30Ta, (Mr/mam?).
ITockonbKy GakTepUU-HUTPU(DUKATOPHI MOTYT PacTH TOJBKO B a’po0-
HO 30HE, BpeMmsi MpeObIBaHHs WiIa, TpeOyeMoe sl HUTPUDHKAIHH,
MOJKET OBITh 3aIIMCAHO KaK

rue Hc' u6. - Bpems npebbiBaHHs Wia B cucteme bapieHno u tpanu-
[MUOHHOW CHUCTEME C aKTUBHBIM HIIOM, TpeOyemoe M HUTpUQUKa-
107078 Vm— Ionst ad3poOHOH ¢pakuuu B cucteMe bapieHro.

W3 ypaBHeHH# MarepuaibHOro OanaHca B TPaAHIIMOHHON cucteMme
C aKTHBHBIM WJIOM KOHIICHTPAIlUs WJIa OMPEACIISIETCS B COOTBETCTBHE
C ypaBHEHHEM:

0. Y(S,~5)
6 (1+k,6.)

OTCIO,Z[a MMOJIHOC BpEMA Hpe6BIBaHI/I$I B 33p06HI>IX 30HaX CHUCTECMBEI
Bapz[eHno MOET OBITh BBIUMCIICHO COTJACHO YPaBHCHHUIO!
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_ 9; Yh(SO_S)
X, (It k, frs6.)

rae 6, - monHoe BpeMs NPeObIBaHHS CTOYHON >KMAKOCTH B adPOOHBIX
30Hax (cyT), Y, -sxoHomuueckuit koddpduuunent (Y,=0,55 mrvVSS/mr
BIIK,), S, —S§ = §,- xomuuectso BIIK norpedasemoe B cucreme,
k,- xoabdunuent sngorenHoro pacnaga 6uomaccer (cyr'), X, -
KOHIICHTpALUs aKkTHBHOro wmma (mr/am®), f, -pasmaraemas
¢dpaknus X, B mpouecce adpanui.

[Mockonpky pasznaraemasi ppakius U3MEHSIETCS C U3MEHEHUEM 9; u
k, Gonee KOPPEKTHO OHa 3aNUCHIBACTCS B BHJE:

_ fV'SS
Jiss = L+ (1= f56 )k, 6, ]

rae f,o - KOHCTaHTa, 00bluHO mpuHuMaemas mexay 0,75 u 0,8.
Bpemst mpeObiBaHMsI B aHOKCUYHOW 30HE 3alUCHIBACTCS B BHJIE:

6DN =(1-7 )Ha

aer

rae V. - 1oms a’3poOHBIX 30H.
Bpewms npeObiBaHus B aHOKCHYHOW 30HE, HEOOXOIUMOE JJIs JCHUT-

pudHKaUU, B CBOIO OYepellb, 3alHCHIBACTCS B BHJE:

, N

DN

— Denit
UDN Xa

rae N, - KOINYECTBO HUTPATOB Jid AeHUTpHUuKanuu (Mr/ am’),
Upy - XapaKTepHas CKOPOCTb neuutpupukanuu (cyr'). Ecau
0,y # 0, , BIUACICHNS TIPOJOIDKAIOTCS JUIS PA3TMYHBIX BETHUMH V. .

Cornacuo cupaBounuky (Metcalf & Eddy 1994), uncnennsiit
pacdeT Ay CIeAyIOIUX BHIOPAHHBIX MapaMeTPOB WMEET BUJ:
Bxoasmas kouueHtpanus BITIK 200 mr/am®, BXxoasmas KOHIEHTpa-
s aMMOHUWHOTO a3oTa 25 Mr/ aAm®, BBIXOASAMAs KOHIICHTPALMs
aMMOHUUHOTO a30Ta 1,5 Mr/aM®, BBIXOAAMAsE KOHICHTPAIUS HHT-
paTHoro aszora 5 mr/am?,

temneparypa 15°C:
Y,=0,55 mr VSS/mr BIIK,, k, =0,04cym™ (15°C),

U,y =0,0421eNO; — N / meVSS cym, conepxanue pacTBOPEHHOIO
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KHCJI0pOJa B a’poOHBIX 30HaX 2 1/ am>,
X, = 2500M2/0M3, 6. =89cym s nenutpuduKanyu,
Ve =071, f, =08.

B urore B cooTBeTCTBUHM C MNPUBCACHHBIMU YPABHCHUSMU I10JIyHacM

R B5y
.89
0. = =12,5cym s = 0.8 » = 0,73
0,71 1+(1-0,8)0,04cym™" 12,5¢cym ’

(0,55m2VSSMeBITKY200m2/ 0a ) (12,5 cym)
) = 3 = =04 cym=9,6uac
250012V’SS oa [1+(0.04cyni™)(0.73)(1 25 cym]

0,y =(1-0,71)(0,40) =0,12cym = 2,9 uac,

_ (25-15-5)me/om’
(0,042 cym™") (2500 mz / om>)

=0,18cym = 4,3uac

DN

6.2. Metons!l aedochorusanun

TpanuiuoHHBIM crioco00M ynaneHus ¢pocdopa U3 CTOUHBIX
BOJ SIBISETCS XHUMHYECKUU, IpU KOoTopoM (ocdaTsel ocaxmamTcs
myTeM J00aBJIeHUs COJIEW KaibIug, MarHus U xene3a. CyTbp OmoIo-
THYECKOro Meroja ynaineHus ¢pocdopa cOCTOUT B TOM, YTO MHUKDPO-
OPTaHU3MBI AaKTHBHOTO HJIa aCCUMHIHPYIOT (pochop U BMecTe C H3-
OBITOYHBIM WJIOM (OC(HOpP BBEIBOAUTCS M3 CHCTEMBI. VI3OBITOYHBIN HIT
MocJie ero yJaleHHs MOXKET OBbITh MCIOJIb30BaH B KauecTBE OpraHU-
YECKOTO YIOOpEeHUs, €CIM OH He CONEPKUT TOKCHYHBIX COETMHEHUH
M TIaTOTEHHBIX MUKPOOPTaHU3MOB. [l TPagULIHOHHBIX OYHUCTHBIX
COOPYKEHUH, TPOU3BOJAIINX OYHCTKY XO3SHCTBEHHO-OBITOBBIX CTOY-
HBIX BOJ, 00Illeée OTHOCHTEILHOE COICpIKaHUe coequHEeHUU docdopa
B macce una (mr PO,-P/mr cyxoro Bemectsa) cocrasuser ot 0,01
no 0,02 mr-P/mr (Sxosnes, Kaproxuna, 1980). OnHako BKIIOYCHUE
aHa’pOOHOI cTaaWM B TPAAUIIMOHHYIO CXEMY OYHUCTKH CTOYHBIX BOJ
MPUBOAUT K TOMY, 9TO KOJHYeCTBO (pocdopa, morionaeMoro ak-
TUBHBIM HJIOM, YBEJIMYMBAETCS B HECKOJbKO pa3. Ilpu uepenoBaHum
aHa’pOOHBIX W adPOOHBIX yCIOBUH OakTepuu pona Acinetobacter, 00-
JAJAI0NINE TIOBBIICHHOW CIIOCOOHOCTRIO K aKKyMYJIHPOBaHUIO ¢ocda-
toB (Matsuo, Mino, 1984), 3akpemsitorcss B COOOIIECTBE MUKPOOPTa-
HU3MOB aKTHBHOTO WIIA.
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Cpenun Hanboiiee U3BECTHBIX CXEM COOPYKEHUH C aKTHUBHBIM
WUJIOM, YHAJISIOLIMX OJHOBPEMEHHO COCIMHEHHS Yriepoiaa, a3oTa u
dochopa, MokHO BEIAETUTE A%/O mporecc, 5-CEKIMOHHBIN MPoIece
bapaenno,UCT mpouecc (puc. 6.3, 6.4).

TunuuHsle XapaKTEePUCTUKU M CPaBHEHHE 3THX MPOLECCOB TaHbl B
Tabn. 6.2.

[IpeumyriecTBa ¥ HEAOCTATKH COOPYKCHUH OMOJOTMYECKOW OYUCT-
KH C OJTHOBPEMEHHBIM yJalieHuEeM COEIWHEHHH yTiepoja, a3oTa U
¢docdopa mpuseneHsl B Tabm. 6.3.

A?/O npoyecc. KinwoueBbiM HakTOpoM st OHOIOTHYECKOTO
yaanenus ¢ocdopa sBIsETCS MooUepeHOEe MPEObIBAHUE MHKPOOP-
TaHU3MOB B aHa’pOOHBIX M a3pOOHBIX yCHOBHUAX. AHOKCHYHAs 30HA,
BpeMsl mpeObIBaHUsS B KOTOPOW okosio 1 vaca, HeoOXonuma Iuisl 1e-
HUTpUPUKALUHT, TP KOTOPOH XMMHYECKH CBSI3aHHBIA KHCIOPOI B
dbopMe HUTPATOB WJIH HUTPUTOB MOCTyNAET IPH BO3BpaTe CTOYHOM
BOJBI M Wja U3 adpoOHOU cexuuu. Beixopsimas koHueHTpauus doc-
dbopa mocruraer 2 mr/am3.

Ilpoyecc bapoenno (Bardenpho). 5-cexnmoHHas cxema
BKJIIOYAET aHa’pOoOHYI0, 2 aHOKCHUYHBbIC U 2 a’3poOHbIe cTamuu. Bro-
pas aHOKCHYHas 30Ha oOeclednBaeT NOMOJHUTENbHYIO NEHUTPUDH-
Kal{io ¢ MoTpeOJeHneM HUTpaTa B KaueCTBE aKLENTOpa 3JIEKTPO-
HOB, MPOAYLUPOBAHHOTO B a’3pPOOHON CEKLUHH U OPraHMYEeCKUH YT-
JIepoJl B KayecTBE JOHOpaA JJIs 3JEKTPOHOB B XOJI€ OKHCIHUTEIbHO-
BOCCTaHOBUTEIBHON peakuuu. B KoHeuHOH a’poOHOI cramum razo-
0o0pas3HBI a30T yXoguT B armocdepy. JTa xe craaus odeclieunBa-
€T MUHHMAIJIbHBIH BBIXOX (ocdopa BO BTOPHUHBIH OTCTOWHHUK. CMeCh
Wja U CTOYHOW BOJBI PEIUPKYIUpYyeT u3 1-il a9poOHOM 30HBI B aHOK-
CUYHYIO 30HY.

UCT npoyecc. Ota cxema noxoxa Ha A?/O mporiecc, oaHa-
KO, BO3BPAaTHBIM MJI BO3BpAINaeTCs B aHOKCHYHYIO 30HY, U BHYT-
PESHHHUH pEUUKI peaau3yeTcs W3 aHOKCHYHOW 30HBI B aHA3pOOHYIO
30Hy. TeM caMbIM, HE OCYIIECTBIsSETCS MOJada HUTPATOB B aHad-
poOHYyIO 30HY, yiy4luas BelneneHue gochopa B aHAdpOOHOH 30HE.
BuyTpeHHUMIl peuuka ynydymaeT YTUIW3aLUI0 OPTaHUKU B aHa’poO-
HOW cTaauu. BrIXxoasimiuil MOTOK M3 aHOKCUYHOMW 30HBI CONEPKUT
3HauuTenbHoe KonudecTBo BIIK, HO mMano HutpatoB. Pemukia u3
AHOKCUYHOH 30HBI 00ecIleunBaeT ONTUMAJIbHBIE YCIOBUA s Qep-
MEHTAaIHU.
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Tabnuma 6.2.

XapakTepHble MapaMeTpbI cXeM KOMOMHHPOBAHHOTO YaJIeHUs COeTHHeH it
yriepoaa, a3ora u ¢gochopa u3s crounsix Boa (Metcalf & Eddy, 1994).

2 IIpouecc
XapakTepuctuka Enqunaunie AO Ba]P; JICHIIO UCT
OTHoIIeHHE 3arpsI3HEHUH K kr BITK/kr 0,15- 0,1-0,2 0,1-
Macce aktuBHOro mia, (F/M) CyT 0,25 0,2
Bpewms npeGriBanus CyT 4-27 10-40 10-30
aKTHBHOTO HJIa, 0,
AKTHUBHBIN UJI r/ o 3-5 2-4 2-4
Bpems npeObIBaHUs CTOUHOM q
JKHJIKOCTH, O
AHaspoOHas 30Ha 0,5-1,5 1-2 1-2
AnHoKkcHu4YHas 30Ha 1 0,5-1,0 2-4 2-4
AspobHast 30Ha 1 3,5-6,0 4-12 4-12
AHOKcHYHAs 30Ha 2 2-4 2-4
AspobHast 30Ha 1 0,5-1,0
Bo3sBpat akTuBHOTO MIIa % ot
BXO/ISIIIEH 20-50 | 50-100 [50-100
KUJKOCTH
Buyrpennuii penukn % ot
BXOIAILICH 100-300| 400 |100-600
JKHJIKOCTH
Tabanma 6.3

IIpeumMylecTBa U HETOCTATKHI COOPYKEHMI OM0JOTHYECKON OUUCTKH
€ OIHOBPEMEHHBIM yIaJleHUEeM coeTMHEeHuil yriiepoaa, a3ota u pocdopa

(Metcalf & Eddy, 1994).
IIpouece IIpeumymecrBa HepocraTku

A%0O M30bITOUHBIN U UMEET IIpu HU3KHX
BBICOKOE COJIepKaHNE TeMIIepaTypax O4UCTKa
¢docdopa (3-5 %) u Mmoxer UJET MI0X0
UCIIOJIb30BAThCS KaK
yaoOpeHue

bapnenno KonunvectBo n30pITOUHOTO Tpebyer Oomabiine
nia MUHEMaJibHO. Vi umeer 00BEMBI COOPYKEHHH U
BBICOKOE COJIepKaHNE 3aTpaThl ANEKTPOIHEPTHH
dhocdopa u moxer gem AY/O. TlepBuuHBIiA
UCIIOJIb30BAThCS KaK OTCTOMHUK
ynobpenue. O0muii a3ot COKpAIlaeT yaleHne
CHIDKAEeTCs 10 MUHUMANbHOrO | a3ota u ¢ocdopa. Maer
YPOBHSL. npu Beicokux BITK/P.

UCT Mmeer HeckonbKO MEHbLINE Mpet npu BeIcOKHX
00bEMBI COOpPYXKEHHH, UeM BIIK/P.
bapnenno. Tpebyer Gonbuiux 3aTpaT

JJIEKTPOIHEPTUH HA
BHYTPECHHHE PELUKIIbL.
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Bosspam cmecu

A 4

PqF

BeckucnopoaHble

q,
F—> ycnosus

A3pobHble

»| A3pobHbie

ycnosus

»| Beckucniop
ycnosus

ycnosus

3

%

Rq,

F

}

Puc.6.3. Cxema bapnenno mis yaaneHust COeIMHEHUI a30Ta.

a
Boaepaln cMmecu
PqF
y
A
qF » AHa3pobHble BeckucnopoaHsie | AspoGHbie .
ycnosusa ycnoeus ycnosusa
y
RqF
6 Bosgpam cmecu
PqF
Y
q, AHaspoGHble A B A3pobHeie
F— ycnoeus ycnosus ycnosus ycnosus — ycroeus A\(L
RqF l
B Bosspam cmecu Bosspam cmecu
Pag Pag
h r S
A4 y
qF AHaspobHble BeckucnopoaHbie 1B X | Aspo6heie \
yenosus yenosus ycrnosusi ycnosus
RqF

Puc. 6.4 (a, 0, B). Tpu HauboJice U3BECTHBIC CXEMBI I OJTHOBPEMEHHOTO
OHMOJIOrMYECKOT0 yIajeHus COSAMHECHUN a3oTa, ¢ochopa u yriepoaa
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Kak mokazanu ucciaenoBanus, nposenenasie MI'TI «MocBo-
JOKaHaJIOM» Ha ONBITHO-NPOMBILUIEHHON JIMHUU a3pOTEHKOB, MPHU-
BEICHHBIE CXEMbl U MX CPaBHUTEIIbHBIE XapaKTEPUCTHKHU, IOJTyUCH-
HbIC 332 py0eXoM, HE MOTYT OBITh MCIOJB30BaHbl 0€3 ajanTanuu Ha
OYHUCTHBIX COOPYKEeHUsIXx roponoB Poccuu. OCHOBHON NMPUUYUHOU 5B-
JseTCsl HEAOCTATOYHOE KOJIMYECTBO OMOpa3iaraeMblX BELIECTB IJIs
peanu3alnuyu OJHOBPEMEHHO M Ipoliecca JeHUTpUPUKAUU U Jaedoc-
dbornzanuu. Crnenuanucram MI'TI «MocBogokaHamn» ynaisoch Ho-
Ka3aTb, YTO [0Ja4ya HEOCBETJICHHBIX CTOYHBIX BOJ B aHa’3pOOHYIO
30HY a’pOTEHKa MO3BOJISIET MOJYYHTh 00Jice BHICOKOE KayeCTBO
o4uCTKU 1o docdopy, 0JHAKO OTMEUallach HEYCTOMYMBOCTH MpPO-
necca. B xone uccienoBaHuil OBIJIO YCTaHOBJIEHO, YTO BO3MOXKHO
COBMEIIlEHHE MPOIECCOB JACHUTPUPUKAUU U AePocPoTH3aUN B
Pa3HBIX 30HAaX OJHOTO COOPYXXEHHS HPU HU3KHX KOHIIEHTpaLHIX
OPraHMYEeCKUX BEIIECTB, B ATOM cilydae sl peain3alui cTabuib-
HO IpoTeKarIlero mnpoiecca AepochoTu3anuu 1eaecooopasHo B
aHa’pOoOHYIO 30HY a’pOTEHKa MOJaBaTh aKTHBHBIM MJI U3 AHOKCHUI-
HOH 30HBI, IOCJE MIpolecca NeHUTPU(DHUKALUU, B ITOM CiIydae HC-
KJII0YaeTcs KOHKYPEHIUS Mexay AceHutpupukaropamu u PAO -
Oakrepusimu 3a cybcTtpar. Takum o0pa3oM, cienyeT OTMETHTh, UYTO
OCYIIECTBJICHHUE OMOJIOTHYECKOW AeHuTpudukanuu u nedocdornsa-
MU MOXET OBITh peajn30BaHO Ha COOPYXKEHHUsX roponoB Poccum,
UMEIOIUX clleNn(PUUEecCKn HU3KHE KOHLEHTPALUHU OPraHU4YEeCKUX CO-
€IMHEHNI B CTOYHBIX BOJAaX IPU BBICOKMX 3HAYCHMSX COOTHOLICHUH
N/BIIK u P/BIIK, omHako BBHIOOp palMOHAJbHON CXEMBI JOJKEH
OBITH NPOU3BEAEH ONBITHBIM IIYTEM, CIELUAIUCTAMHU, UMEIOMIUMHU
HaBBIKM HaJlaKH COOpYyKeHHil momoOnoro tuma. Ilo-Bunumomy,
HauOoJiee IeNecoo0pa3HO BBOJUTH CXEMY OHMOJIOTHYECKOU aedoc-
¢boTH3anMM Ha OYMCTHBIX COOPYXECHHUSAX OOJBIION MPOU3BOAUTENb-
HOCTH. B ciyyae O4MCTHBIX cOOpyXeHUH, oOecrnednBaomux 06ciy-
KUBaHHE HEOOJNBIINX HACEJEHHBIX MYHKTOB, IMO-TIPEKHEMY MOXKET
OBITH aKTyallbHOW cXeMa (QU3UKO-XuMH4eckol aedocdoruzanuu.

6.3. /Ilnajorosble KOMNBbIOTEPHbIE MPOrPAMMbI
AJIsl pacyeTra OHOJOTHMYECKUX COOPYKeHUil

Paboueii rpynmoii moa ATUI0N MeXAYHApOIHOW BOAHOUM acco-
nuanuu [WA Oplna pa3paboTrana MateMaTHiecKas MOJENb CUCTe-
MBI ¢ akTHBHBIM mioM (Activated..., 1986), B xoTopoit moapoOHO
ONMCHIBANNCH, KaK MPOLECCh OKHUCICHUS OPraHWYECKHUX 3arpszHe-
HUH, TaKk W Ipolecchl TpaHchopMmanuu coelnHeHui azora. B mone-
JU TakXe YUYHUTHIBAJIOCH, YTO COEJUHEHHS a30Ta M yIjepoga MOTYT

HAaXOJMUTHCS B PACTBOPEHHOM M B3BEIICHHOM COCTOSIHHH.
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CyMmMapHasi KOHLICHTpaLUs 3arps3HEHUN Moapasjensuiach Ha
WHEPTHYIO, TPYIHOOKHCIAEMYIO M JIETKOOKHCIAEMYIO (GpaKuuu.
B unciao mepeMeHHBIX MOJENH BXOJWJIHM Takke KOHIEHTpauus pa-
CTBOPEHHOTO KHCJIOPOJA M LIEIOYHOCTh. 3a 15 mocienymomux JieT
HNOMYJISIPHOCTh 3TOH MOJENHU NMPEB30LLIA BCE OXHIAHUA, U K HACTOS-
IIeMYy BpPEMEHH CYIIECTBYET yXe€ HECKOJbKO BEPCHUH €€, B YaCTHO-
CTH YYUTBIBAETCS HAKOIUJIEHHE OPTaHWYECKOTO BEllecTBa KJETKa-
mu MukpoopranusmoB (Modelling and Microbiology..., 1999).

s mHXeHepHBIX pacueToB BacwmibeBoiM u Bapununbim (Ba-
cunpeB, BaBunuH, 1990; BaBunun u ap., 1993) Osuta npemioxeHa
OoJyiee ympoIlieHHas AUaloropas mporpamMmma “A30T”, pacCUUTHIBa-
[0I1as OCHOBHBIE MapaMeTPhl CUCTEMBI C aKTUBHBIM HJIOM, JOMYC-
Kasi CTalMOHapHbIE YCIOBHUS CUCTEeMBl. B Hell paccmaTpuBanuchk
pa3IryYHBIE CXEMbl MHOT'OCEKIIMOHHOTO a’pOTEHKAa, ONMpPeIesINCh
ONTUMAJIbHBIE 3HAYEHUS TaKUX MapaMeTPOB KaK OTHOCHUTENIbHBIE
00BEMBI CEKLUI M paclpeleneHne MoToKoB Mexay Humu. [lo 3aman-
HOH BBIXOJHON KOHIEHTPALUMU COCJUHEHUN a30Ta ONpEeAesuICsS MU-
HUMAaJILHBIN 00beM peakTopa. [IpoBegeHHOE ¢ MOMOIIBIO IpOrpam-
MBI “A30T” CpaBHEHHE PA3IUYHBIX CXEM MHOTOCEKIIMOHHBIX a’3po-
TEHKOB II0Ka3ajio, 4To cucteMa bapnenno okasanace HauOonee 3¢-
¢extuBHOU. OnHako 3a 3Ty 3 (PEKTUBHOCTh HEOOXOIUMO IIATUTH
JHEepruel, 3aTpaunBaeMoll Ha paboOTy HAcCOCOB, NMEPEKAYMBAIOLINX
nuioByo cMmechk. C yBennueHueM Kod3hPUIHMEHTa peUuUpKyISIIUN UII0-
BOHM cMecHu P moka3aTeiad OYHUCTKH MO a30Ty yiaydmarTcs. bois-
noe BIUSHUE Ha 3()PEKTUBHOCTH yJaleHUs a30Ta OKa3bIBaeT BbI-
00p OTHOCUTEIBHBIX BEJIUYUH MOTOKOB U 00BEMOB Pa3IMYHBIX CEK-
uui. J{mg Bcex cXeM ONTHMalbHble 3HAYEHHS dTHUX BEIMYMH 3aBUCAT
OT pabOThl OYUCTHBIX COOPYXEHHH. MOXHO OTMETUTH, YTO C YBe-
JUYEHUEM OPTaHMYECKOM Harpy3Ku A0Js a’poOHON 30HBI a3pOTEH-
KOB JIOJDKHA YBEJIMYUBATHCS, @ J0Js1 OECKUCIOPOJHON 30HBI — YMEHb-
martbcs. YBenuueHue Kod(pPuuueHTa peUupKyISILUN BO3BPATHOTO
una R oKa3blBaeT MOJOXKHUTEIbHOE BIMSIHHUE Ha MPOLECC yAaJleHHS
a3oTa, MPUYEM 3TO BIHMSHHE TEM CHJIbHEE, ueM OoJjblie BEIHYHHA
opraHuyeckoid Harpysku. IIpu oumeHke OMOJIOTHYECKOTO yAaleHHUs
coenquHeHn docdopa HEOOXOAUMO paccMaTpUBaTH KJIETOYHBIE MeXa-
HU3MBI 3anacanus monudochaToB MHKpOOPTaHU3MaMU aKTUBHOTO HIIa
(Vasiliev et al., 1994).
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Paznea 7. COOPYKEHUS BUOJOTUYECKOU
OUYHUCTKHM CTOYHBIX BOJ PHUU AKX

7.1. YcTpoHcTBO M NPUHIMI PA00ThI KOMOMHHPOBAHHBIX
COOpYKEeHU

C 1982 r. B PocTOBCKOM HaydHO-UCCIICIOBATEILCKOM HHCTHU-
TyTe AKaJeMHu KOMMYHalbHOro xo3siictBa no mianam HUP u OKP
Munxunkomxos3a, Muncenbpxo3a, ['occtposs Poccun paspabarwiBa-
Jack CHUCTEMa HOBBIX TUIIOB COOPY>KCHUM OUYHMCTKH CTOYHBIX BOJ
MOCEJIKOB, TOPOJIOB U MPEANPUITHIA MO MPOU3BOACTBY U IepepaboT-
K€ CEJIbCKOXO035HCTBEHHON MpoayKuuu. LleHTpanbHBIM 3BEHOM CHC-
TEMBI ABJIAIOTCS KoMOuHMpoBaHHble coopyxeHus (KC), umeromue
NpU3HAKKH OMOQUIBTPOB U adpOTEHKOB-OTCTOHHUKOB. B oTnnuume ot
onodunpTpoB-cTadbMIN3aTOpoB, B KC OHMOGHUIBTPHI PENCTaBISIOT
co0oli HE OCHOBHOM, a COCTaBHOH 3eMeHT. EMKOCTh, pacmoyioxeH-
Has 10 OMOPUIBTPOM BEITIOTHSAECT (PYHKIHIO adpOOHOTO OYHCTHO-
ro coopyxenus ¢ aktuBHbBIM WioM. B KC peanuzoBana cucrema Bo-
JOCTpYWHOHN a’panuu, MO3BOJSIONIAS CAeNaTh paboTy COOpPYKEHUS
OoJee HallEKHOM M SKOHOMHYECKU BBITOJHOHN 110 CPAaBHEHMIO C IIPH-
MEHEHHEM KOMIIPECCOPHOTO O0OPYIOBaHUS WIM MEXaHUYECKUX alpa-
TOPOB.

OpurunansHoe TexHosornyeckoe pemenne KC mo3pomnser obec-
NEYUTh OYUCTKY XO3SHCTBEHHO-OBITOBBIX M IPOHM3BOJICTBEHHBIX CTOY-
HbIX BoA. KoHcrpyktuBHble ocobennoctu KC ompeneneHsl ux npous-
BOJUTEIBHOCTHIO.

JUIs OYUCTKH KOHLEHTPHUPOBAHHBIX U BBICOKOKOHIICHTPHUPOBAH-
HBIX CTOYHBIX BOJ U MpPH HEOOXOAMMOCTH yAajeHHs OMOTCHHBIX dJie-
MEHTOB, TEXHOJIOIMYECKasi CXEMa MOXKET OBbITh ONOJIHEHAa OHOKoary-
JSATOpaMH, aHadPOOHBIMU U a3POOHBIMH PEAKTOpPaMH, C MPUMEHCHHEM
crnenupuUIecKnX KOHCTPYKTHBHBIX PELICHHUH, COOPYKEHUSIMHU IS Qu-
3UKO-XUMHYECKOH 00pabOTKH CTOYHBIX BOJ.

KomO6uHHpOBaHHBIE COOPYXKEHHUS COCTOST U3 JIBYX OCHOB-
HBIX TEXHOJOTHYECKHX Y3J0B — OMOQUIBTPOB U PACIOJOKEHHBIX
MoJ HUMH a3pPOTCHKOB-OTCTOWHMKOB /25, 26, 27, 28, 29/. Ins
obecnedeHuss OMOJOTHYECKOTO IpolLecca Ouoxerpajanuu opra-
HUYECKUX U OmoTpanHcopmanuy HEOPraHMUYECKUX MOJIIIOTAHTOB
KUCIIOPOJOM W MOJJCpKaHUs HiIa B adpallMOHHON 30HE a’pOTEH-
Ka-OTCTOMHHUKA BO B3BEIIEHHOM COCTOSHHMH IpHUMEHEHa BOJIO-
CcTpyi#iHas aspanus. B cocTaB coopykeHHI BXOISAT TakKe Kamepa
CMELICHUs W LUPKYJSIIHOHHbIe Hacocskl. Ha puc. 7.1. mpencraBinena
cxema KC.
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Puc. 7.1. Cxema KC

CrouHbIe BOJBI TOCIE NMPEIBAPUTEIHHON MEXaHHYECKOW OYH-
CTKH (OTAeNIeHHe TPpyOOaUCIIEPCHBIX B3BECEH M Iecka) HalpaBiisi-
I0TCsl B Kamepy cmemeHus (1), B KOTOpO#l MPOMCXOJUT CMEIICHHE
CTOYHBIX BOJ C MIIOBOH JXKHMJIKOCTHIO, MOCTYNAOIIEH U3 adpOTeH-
ka-oTcToiiHuka (2). M3 kamMephsl cCMEIIeHUsI CMeCh CTOYHBIX BOJ C
UIOM TOJAeTcs LHUPKYJISIUOHHBIM HacocoM (3) B cuctemy opo-
meHust OnopuIbTpa, KOTOPas COCTOUT M3 BOAOPACIPENCITUTEINb-
HBIX JOTKOB CO CJIMBHBIMU maTpyOkaMu (4) m OoTpakaTeIbHBIX
nuckoB (5). [Magarommue cTpyW KHUIKOCTH IpOOSATCA HAa AMCKAX U
OpOIIAT IIOCKOCTHYIO 3arpy3ky oumodunstpa (6). KugkocTs,
npomenas yepe3 0nopuibTp, codupaercs noanoHoMm (7) U mo aspa-
[IUOHHBIM KOJIOHHaM (8) HampaBiiseTcs B adpalMOHHYIO 30HY a’po-
TEHKa-0TCTOHHUKA (9).

[Tpn IBYKEHUU KUIKOCTH O adPAllMOHHOW KOJOHHE B HEeW (op-
MHUpYETCsl 30Ha MOHWKCHHOTO IaBJICHUS, U B BEPXHEH YacTH KOJIOH-
HBI 00pa3yeTcsi BHXpeBas BOPOHKA, B KOTOPYIO BOBJIEKAETCS BO3-
nyx. Cneuuduueckoe pacnoyioKeHHE KOJOHH B adpallHOHHOW 30HE
(pa3nu4HBIC yTJIBI HaKJIOHA TPYO, PACCTOSHHS OT HMKHUX KOHIIOB

106



kooHH Jo nHuma 0,2 — 0,4 M) popMupyeT IBHKCHHE Ta30KHIKOCT-
HBIX TTOTOKOB, KOTOPOE, HAPSAy C BCIUIBIBAIOIIMMH MY3bIPbKaMHU
BO31yxa obecrieunBaeT 3G (QeKTUBHOE IEepeMEIINBAHUE WUIIOBOU CMe-
CH B a’pallMOHHOW 30He. M3 30HBI a’paliuu WioBas CMeECh MOCTyIa-
eT B 30HBI oTcTauBaHus (10), B KOTOpPHIX MPOUCXOAUT €€ pasjaeie-
Hue. OCHOBHAsI YacTh WJa YIUIOTHSETCS W 4epe3 IeTH MeEeXAy 30Ha-
MU a’pallil U OTCTaWBaHUs, BO3BpAaIlaeTCs B 30HY ad’palHu, JIpy-
ras 4acTh Wja yBJIEKAaeTCS BOCXOASIIMM MOTOKOM OYHWIICHHBIX BOJ
1 o0pa3yeT B 30HE OTCTAWBAaHUsS CJIOW B3BEHICHHOTO HJIA, 3allepXKH-
BAIOMIEr0 MEJIKHE YaCTHUIBl 3arpsS3HCHUN M WIla, TEM CaMbIM IIpe-
JOTBpamias BEBIHOC B3BEIICHHBIX BEHIECTB W MOBBIMAs dP(EKT ouun-
CTKU CTOYHBIX BOJ.

Takum 00pa3oM, KOHCTPYKTUBHAs OCOOCHHOCTH a’pPOTEHKa-
orcroiiauka KC mo3BoisieT moaaepKuBaTh KOHIEHTPAIMIO WJIa B
30He aspanuu G6osee 4 — 6 T/AM> TIpU €ro BBHICOKOM BO3pAacCTe, 4TO HE
XapaKTepHO IJs a’pPOTEHKOB OOBIYHBIX KJIACCHUECKUX KOHCTPYK-
nuit. B KC BO3MOXHO HpOU3BOAUTH TIyOOKYI0 OYHMCTKY CTOYHBIX
BOJ MPH JOCTATOYHO BBICOKOW Harpy3ke Ha WJI 10 OPraHHYEeCKOMY
cyoctpaty. OunnieHHas BoJa OTBOJIHTCS 4epe3 COOpHBIE JIOTKU U
HaIpaBsieTcsl P HEOOXOAMMOCTH Ha JNajbHEHIIyto o0paboTKy WU
cOpachiBaeTCsS B BOJOEM.

Haceinienue o0pabaTeiBaeMON CTOYHOW KUAKOCTU KHCIOPO-
JIOM OCYLIECTBIISIETCSI: — IPU PACTBOPEHUHU KHCIOPOJa BO3AyXa B
BOJIC B MEPUOJ[ OPOIICHHUSI CMEChI0O CTOYHBIX BOJ M HJIa 3arpy3KHu
O0uoduiabTpa; — B pe3yibTaTe MacCOOOMEHHOT0 MepeHoca MpH IJie-
HOYHOM HMCTEUYCHHH >KHUJIKOCTH MO MOBEPXHOCTH IIOCKOCTHOH 3ar-
py3ku O0MopuUIBTpa; — HACBHIMEHHH 00pabaThiBaeMOW BOJBI B adpo-
TEHKE KHCIIOPOJOM BO3JyXa 3a CYET JOMOJHUTEIbHOTO pacTBOpe-
HUSL KACIOpPOJia B adPallMOHHBIX KOJOHHAX W MPHU MOJAbEME My3bIPh-
KOB BO3JyXa.

[Ipunnun BogocTpyiHo#l aspamuu B KC ocymiecTisiercs npu
OTpe/ieJICHHOM YPOBHE JKMIKOCTH HaJl BEpXHUMHU 00pe3aMu KOJIOHH,
PACIIONIOKEHHBIX B MPUSIMKE COOPHOTO MoAAoHa OuoduibTpa, U Ol-
PeAeNIeHHBIX COOTHOUICHUSAX BBICOT KOJIOHH HaJ MOBEPXHOCTBIO JKUJ-
KOCTH K 3ariyOJICHHOHW 4YacTH; B 3TOM cllydyae BO3HHUKAIOT BUXpe-
Bble BOPOHKHU C BO3JYUIHBIMH SApaMH, TPOHUKAIONIUMH B OTBEP-
ctus Tpyo.

B aspaTopax BoAOCTpYHHOr0O TUIA UCIOJb3YyETCS TOT K€ MPUH-
UM, YTO W B THUApPOKoMIpeccopax. [lpu uccieqoBanuu paboThl THI-
POKOMIIpECCOPOB, B JaHHOM cllydae HauOONbIINN HMHTEpEeC Mpej-
CTaBJIIET BEJIMYMHA [1OJCOCA BO3JyXa IPU MUHHMMAJIbHBIX HAalopax
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B OMNBITaX C FHAPOKOMPECCOPAMH CTPYHHOrO THIA, OrOJOBOK KOTO-
PBIX SBIAETCA BOAOCTPYHHBIM 3kekTopom /30/. B cooTBeTcTBHU C
JaHHBIMH HCCJIEIOBAaHUH O0O0BEMHBIM KO3()GUUHEHT 3KEKLUHUU
q/Q, = 1,7 - 0,9 (q, — pacxon Bozayxa, Q — pacxoj JKHIKOCTH) NPH
makcumanbaoMm KIIJ[ BogocTpyitHoTO 2%%ekTOopa — 0,68-0,76. IloTepu
Hamopa B 3KeKTope u3MeHsroTcs npu 3tom ot 0,35 1o 1,5 M Boa. cT.

OcCHOBHBIM ()aKTOPOM, BIMSIOIIUM HA BO3AYyXOBOBJICUCHHE KakK
B TMIPOKOMIIPECCOPHBIX YCTAaHOBKAaX, TaK U B BOJOCTPYHWHBIX IIKEK-
TOpax, SIBISETCA BBICOTAa M AMAMETpP KOJOHHBI, 110 KOTOPOW ABHXKET-
Cs BOJOBO3AYIIHBIA MOTOK. B 3TOM OTHOIIEHUM HMHTEpec MpeacTaB-
NS0T UccieqoBaHus, npoBeaeHubie AnekceeBbiM M.U. /31/. [lpu
aHaNIM3e pe3ysIbTaTOB TEOPETHUUYECKUX HCCIETOBAHUU MO OIpPENeICHUIO
KOJMYECTBAa BO31yXa (q, ), NOCTYNAUEro B BEPTHKAIBbHBIE BOJIOBO-
Ibl Ipy OE3HAIIOPHOM JIBM)KEHHM YCTAHOBJICHO CIIENyIOLIee: - AJIS Kax-
J0TO AMAaMETpa CTOSIKAa CYLIECTBYET PacXo]l XHUAKOCTH, IPU KOTOPOM
q, Oyner HauOONBIIMM, TaK KaK C YBEJIHYEHHEM PACXojia KHUAKOCTH
BO3pacTaeT CKOPOCTh €€ JBI)KEHHS, HO OJJHOBPEMEHHO YMEHbIIAETCs
IJIOMIa/Ib CEUEHHUsl BO3IYIIHOTO MOTOKA M, HAYWHAs C HEKOTOPOTO pac-
X0Ja )KMIKOCTH IUIOIIAAb CEUYEHHUS! BO3AYIIHOI'O IOTOKA, HAYHET YObI-
BaTh; — C YBEJIMYEHHEM BBICOTBI CTOSKA (, BO3PACTAET, TAaK KaK yBEIIH-
YMBAETCSI CPEHSSI CKOPOCTh BO3IYIIHOTO MOTOKA, CTPEMSINAsACS B Ipe-
pene k V5 — CTa0MIM3AIMA KEKTUPYIOIIEH CIIOCOOHOCTH JKHUJIKO-
ctu (cTabunm3anus q,) HaCTYNAET NPHU BHICOTE CTOsKa paBHOH 90
nuametrpam ctosika (L=90 JI). I[Ipu manpHelimeM yBEIWUYEHHUU BHI-
COTBI CTOsKA ( OyJIeT M3MEHATHCA HE3HAYMTENbHO. Brepsbie max-
THBIA anmnapat (BOOOCTPYWHBIM a’paTop) ObLI MPUMEHEH B MPaKTUKE
OYHMCTKU CTOYHBIX BoJ Ha npennpustuu «llBapue ITymne» (I'epmanns)
B 1966 rony /32/.

7.2. Teopusi u pacyeT KOMOMHUPOBAHHBIX COOPY:KEHUI

B ocHOBY co3gaHus KOMOMHUPOBAHHBIX COOPYXEHUN ObLia mo-
J0XeHa uaesi 00beIUHEHHS MOJOXKUTENbHBIX CBOHCTB OHOIOTHYEC-
KUX (QUIBTPOB (BBHICOKHE OKHCIHTEIbHBIE U MAacCCOOOMEHHBIE CBOM-
CTBa HNPUKPEIUVICHHON MHUKPO(MIOPHI, KU3HECTOUKOCTh U HU3KHE 3HEp-
reTUYEeCKre 3aTpaThl Ha OKHCIIEHUE 3arpsA3HSAIOIMINX BEIIEeCTB) U a3po-
TEHKOB-OTCTOMHHUKOB (BBICOKHH 3Q(HEKT OYHUCTKH, BOSMOKHOCTH TIIy-
O0KOi MUHEpalIn3auu H30BITOYHOI'O0 WJId U BO3MOXKHOCTBH CO3/IaHHMS
BBICOKOW KOHLEHTpAaLUMU HiIa B PEaKIMOHHOM o0Bbeme).

KC npencraBiasioT coO00i peakTOpsl HIAEaJbHOTO CMELICHHS:
CTOYHAas BOJa BHAyaje CMEIIMBAETCS C aKTHUBHBIM HJIOM B KaMmepe
CMEIICHUS, 3aTeM KOHTAaKTHUpPYeT ¢ OMoueHo30M OmoduibTpa, mo-
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TOM PaBHOMEPHO BBOJMTCS U MEpPEMEIIUBAETCS CO BCEM 00BEMOM
a’pallOHHON 30HBI U MOJ KOHEl (WIBTPYETCS Yepe3 CIOoW B3BelleH-
HOTO Wia Haxojasgmerocs B oTcToiHo# 30He. KoncTpykius KC uc-
KJII0YaeT MPOCKOK HEOYHMIIEHHBIX CTOYHBIX BOJ U oOecledyuBaeT
BBICOKOE KauecTBO ouucTkH. OOmas opraHusanus mpoiecca Ovuc-
TKH CTOYHBIX BOJI, peailuszyeMmas B cucreMe OHOQUIbTP - adpOTEHK-
OTCTOMHHK MO3BOJISIET OCYIIECTBISATH NPOLUECC OYUCTKH CTOYHBIX
BOJI B peXHME IMPOJICHHON a’paliy, pAaCCUUTAHHOM Ha IOJIHOE OKHC-
JIEeHWE OPTaHWYeCKHX 3arpsA3HEHUH, YaCTUYHYI0 MUHEPaTU3aluio Ouo-
MacCchl U HUTPUDHUKALHIO.

OkucieHne OpraHNYecKUX 3arpsS3HEHUN CTOYHBIX BOJ B OHO-
¢buaBpTPax OCYyHmIECTBISIETCS UMMOOUIN30BAaHHONH MHUKpOQIOpOi.
Ycenosus pabotel ouodunbtpoB KC aBisitoTcss cienupuuecKuMu 1
OTJIMYAIOTCS OT YCIOBHI, B KOTOPBIX pabOTaIOT CyHIECTBYIOIIHE
Oouonorunyeckue GpUILTPHI: 3arpy3ka OuMouUIbTpa OpPOIIACTCS HE
OCBETJIEHHOM CTOYHOM BOJOM, a CMEChIO CTOYHBIX BOJ M aKTHBHOTO
Wia, KOHLIEHTpalusl B3BEIICHHBIX BEUIECTB, TAKUM 00pa3oM, COCTaB-
asier 3 — 6 r/am®; ruapaBiMYeckas Harpyska B 2 — 3 pasa BbIllIe, 4eM
B TPaJAMIHOHHBIX BBICOKOHATPYXaeMbIX OMOQUIBTpax U opolle-
HUE 3arpy3Kd MPOU3BOAUTCS HEMPEPBIBHO.

Tak Kak cyHIecTBYIOIINE CIPHHKIEPHBIE OpOCUTeNn He obec-
MEYMBAIOT PAaBHOMEPHOTO pacupeieieHus] >KUAKOCTH MO MOBEpX-
HOCTH 3arpy3KH IpHU MOCTOSTHHOM JaBJICHHH >KUJIKOCTH B MOABOMS-
mieil ceTw W YacTo 3acOpSIIOTCS, a BpallalollHecss peakTUBHBIE OpO-
CUTeNU He o0ecrneuynBaloT PaBHOMEpPHOE OpOLICHHUE 3arpy3KH U He-
HaJeXHBI B JIHUTEIBHON JKCIUTyaTanuu, OBLIO pa3paboTaHO HOBOE
CTallMOHApHOE YCTPOUCTBO ISl OpOLICHHS 3arpy3ku OnoduibTpa
OCHOBaHHOE Ha MaJeHUW M yJape CTPYH KHIKOCTH 00 TBEPIYIO IO-
BEepXHOCTh. [Ipu ymape cTpys paszuenseTcss Ha MHOXKECTBO Karelib,
UMEIOIINX Pa3lINuHbIe TPACKTOPUH MaJCHHS.

B 6uodunsrpax KC gomxHBI MpoTEeKaTh HE TOJBKO HMPOLECCH
copOLMH U NECTPYKIHH OPTaHUYECKUX 3arps3HEHUN, C JOCTHUKECHU-
eM 0OoJiee BBICOKOW CTENMEHW OYHMCTKH, HO U OCYIIECTBIATHCSA IMpPO-
necchl HUTPU U AeHUTpupuranuu. C 3TOH Lenblo I yCTaHOBOK
HEOOIBIION MPOU3BOAUTEIBHOCTH OB pa3paboTaH M HCIBITAH HO-
BB THUI >XECTKOHN 3achimHOM 3arpy3ku. CoueTaHue B 3arpys3ke
CBOMCTB 3acCHIIIHBIX MaTepHUanoB (pa3BUTas MOBEPXHOCTh KOHTaK-
Ta) M TapeabyaThiX 3arpy30K (MOBBIIIEHHOE BpeMs KOHTaKTa) IO-
3BOJISIET YBEIWYUTH yHAENbHBIH Bec OMOQMIBTpa B MpolLecce OYUCT-
KM ¥ PacTBOPUMOCTbH KHCJIOPOJa BO3AyXa B KHUAKOCTH IPH MPOXOXK-
JNIEHUH 4epe3 OnouibTp.
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Jng onTUMHU3aLMU TUAPOIMHAMUYECKOTO peXMMa ABHKEHUS

KUAKOCTH ¥ (OPMHPOBAHUS PA3BUTOW OHMOJIOTHYECKON MACCHI, JIMC-
THl IJIOCKOCTHOW 3arpy3Kd JOJDKHBI UMETh BOJHHUCTYIO GOpMYy C
pPacIoJIOKEHUEM BOJIH MEPIEHIUKYISIPHO MOTOKY CTEKaoIleH XKui-
KOCTH M IIEPOXOBATYIO MOBEPXHOCTH.
Pa3pabGoTan HOBBIM THIT IJIIOCKOCTHOMN 3arpy3KH, MO3BOJSAIOMINMN yBe-
JUYUTH Maccy UMMOOMIN30BAaHHOW HA MOBEPXHOCTH MaTepuaia
MUKPOQIIOPBl U HCKIIOYUTH 3aMJIMBAHUE 3arpy3KH. Y BEIUYCHHUE CIIOS
OuoMacchl CIIOCOOCTBYET Pa3BUTUIO B HEl HUTPUPUKATOPOB U Je-
HUTPUPUKATOPOB.

B xoncTpykunu KC aspoTeHKH-OTCTOWHUKHU NpeaHa3HaYeHBI

JUISL OCYIIECTBIIEHUS MPOIECCOB OMOaerpafaluid OpraHu4eckKux 3ar-
PsI3HEHHUI, HE 3alepKaHHBIX OMopuUIbTpaMu, rTyOOKYI0 MHHEpPaIH-
3anui0 OmoMacchl M OTHAEJICHUE Uja OT OYHIICHHOW BOIBI. B mepuon
MOBBINICHHBIX Oprannyeckux Harpy3ok Ha OCK, mukpodmnopa Ouo-
¢unbTpa, UMes OrpaHUYCHHYIO COPOLMOHHYIO CIOCOOHOCTH MO Opra-
HHUYECKHUM BEIIeCTBaM, MOXKET HE CIPABIATHCS C U3BATHEM OpPraHU-
YEeCKUX BEIIeCTB M aKTUBHBIH WJI a3pOTEHKOB-OTCTOWHHKOB paboTa-
€T Ha MOBBIIIEHHBIX HArpy3kax MO OPraHUYEeCKOMY BEIIECTBY.
B naneueitmem, npu Beixoge KC Ha HOpManbHBIA peXuM paboTHI,
MPOUCXOIUT MepepacupeneseHne 3arpA3HII0IINX BEUIECTB MEXIY
OouoreHo3oM OnoduiabTpa W aKTUBHBIM HUIoM. Harpyska mo opra-
HUYECKUM BeIleCTBaM Ha aKTHUBHBIM WMJI MOHUXKAETCS.

OcHOBHBIMU (aKTOpaMH, OKa3bIBAIOIMMU BIUsSHHE Ha OMOJO-
THYECKYI0 OYHUCTKY CTOYHBIX BOJ, SIBISIIOTCS TeMIIEpPaTypbl UCXO.-
HBIX CTOYHBIX BOJ M Hapy>XHOTo Bo3ayxa. CpenHss TeMmmepaTrypa
CTOYHBIX BOJA B ropoaax Poccum B XojomHOE BpeMs rojga Koijebier-
cs B mpexaenax 15 — 17 °C, temneparypa BOJ B HEOOJBIIMX U CPEII-
Hux mnocenkax 9 — 14 °C. B asporeHkax ¢ OOBIUHBIM PEKHUMOM a’pa-
MM TIpu Temmeparype Bo3ayxa — 10, —20 °C, TemnepaTypa *KUIKO-
CTH 3a Bpemsi 00paboTku magaetr Ha 1 — 3 °C, B a9pOTEHKaX ¢ IMpo-
JUICHHBIM PEXHMOM a3palliy, ¢ MepeKphITHEeM M3 LIUTOB, Ha 4 — 9 °C,
YTO MPHUBOJIUT K 3aMEJJICHUIO WJIU TOJHOMY IpPEKpalleHHUI0 Mpolec-
ca OMOXMMHUYECKOW OUMCTKU. B cTpaHax ¢ jkKapKuM KIMMaTOM BBICO-
KHE€ TeMIlepaTypbl CTOYHBIX BOJ M BO3JyXa W MpSAMbIE COJHEYHBIE
Jy4YU CMOCOOCTBYIOT MOBBIIMICHUIO TeMIlepaTypbl 00padaThiBaeMoOi
XKUIKOCTH 10 35 °C | BBIIE, YTO TaKXKE OTPHUIIATEIBHO CKA3BIBACTCS
Ha pPacTBOPUMOCTH KHCIIOpPOJa BO3AYyXa M CKOPOCTH MpOIlEcca OuHcC-
TKHU. BBHINONIHEHHE OYUCTHBIX COOPYXKEHHH KaHaJIM3alUU B 3aKpBI-
TOM HMCHOJIHEHHMH YaCTUYHO pelIaeT MpoOJieMbl OXJIaXACHHUS MW Ha-
rpeBa >XUAKOCTH. HO OCHOBHBIM HalpaBlI€HHEM ONTUMH3ALUH TEM-
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NepaTypHOro pexkuMa pabOThl COOPYKEHHH, MO HalleMy MHEHUIO,
SIBIISIETCS] TIOBBIIICHUE KOA(QPUIIMEHTA UCTIOIb30BAHHUS KUCIOPOAa BO3-
nyxa. OcobeHHOCTH KOHCTpYKTHUBHOTro ycTpoiictBa KC mo3BoinsioT
JOBECTH KO3(p(QUIMEHT MUCMOJIb30BaHMs KHcIopoaa Bo3ayxa a0 20 %
(TeopeTndecku BO3MOXKHO Hcronb3oBanue A0 30 %) 3a cuer ero MHO-
TOKPaTHOW IUPKYJSIHA COBMECTHO C 00padaThiBaeMO#l KHUAKOCTBHIO.
OTo gocTUraercs cieayomum oopasom (puc. 7.1): HapyXHBIH BO3-
JIyX TOCTYHaeT €CTECTBEHHBIM IyTEeM B MOMelleHue OMoQuiIbTpa U
3a CUET BO3JYXOBJCUEHHS B adPallMOHHBIX KOJOHHAX ABHUKETCS
CBEpXy BHHU3 uepe3 OMO(UIBTP, KOJIOHHBI U BCIUIBIBAET B adpalHoH-
HOU 30He. [lanee UCIOIB30BAHHBIM BO31YX YACTUYHO YNalseTCs B
atMocepy WU Ha AanbHEHIIyr0 00pabOTKy, YaCTHYHO IMeperycKa-
eTcd B momenieHue OnoduinbTpa IS JadbHEHIIEro y4acTusi B Mpo-
mecce mMaccolepegayu.

Tak xak obOecrieyeHHe HJIa KUCIOPOJOM MPOUCXOIUT 3a CUET
€ro pacTBOPEHHUS B MJIOBOW KUAKOCTH, MPH OPOUICHUU OMOPUIBT-
pa, Ipu ee IBHKEHUH 10 MOBEPXHOCTH 3arpy3ku OModuibTpa, a Tak-
K€ B pe3yibTaTe BO3JyXOBOBJIECYCHUS U MAaccOOOMEHa B KOJIOHHAX
¥ BO BpeMsl MOJbeMa My3BIPbKOB BO3AyXa 4epe3 CIOW JKUIKOCTH, TO
HEO0XO0AMMOE KOJMYECTBO KHUCIOPOJia BO3AyXa ONpeJensieTcs pac-
YEeTOM M 00eCIeUMBAaETCsI COOTBETCTBYIOIIECH KPAaTHOCTHIO LHPKY-
JSUUAA CTOYHBIX BOJ B COOPYXKEHUHU.

I'unpaBnuueckuit KIIJI aspatopa cTpyiHOTO THUIa COCTaBISET
0,6 — 0,65, uyTto mpuOIMKAaEeTCs K MOKAa3aTessiM CpeIHENy3bIpYaTon
aspauun. Ho momonHuTeNbHOE pacTBOpPEHHE KHCIOpPOAa BO3JIyXa B
JKUJKOCTH MPHU OPOLICHWH M IUIEHOYHOM HCTEUYCHHUH 110 MOBEPXHOCTHU
3arpy3ku ouodpuiabtpa KC craBUT KOMOMHHPOBaHHBINH cocob aspa-
UUU B OJHMH PSJ C JYyYIIUMH YCTPOHUCTBAMU ITHEBMOMEXaHUUYECKOU
aspaunu. Tak kak sHepretudeckue 3atpatsl B KC omnpenenstorcs B
OCHOBHOM PacXOJIOM 3JIEKTPOIHEPTHH, HEOOXOIUMBIM ISl TIOTyUYEHUS
JacTHYHOTO 3((EeKTa OUUCTKU B a’poTeHKax-orcToiiHukax (30 — 40 %),
TO YIAENBHBIA PAacXoJ 3JIEKTPOIHEPTruu KBT.u4/Mm>, KBT/KFEHKH B
2 — 3 pa3a HUXKE, YeM B M3BECTHBIX ad3PalMOHHBIX COOPYKECHHUSIX.
Kpome Toro, CHIXKAIOTCS DJHEPTeTHYECKHE 3aTPaThl M0 KOMILUIEKCY OYH-
CTHBIX COOPY)KEHHUH 3a CUeT yMEHBIICHUS PacXoja dJIEKTPOIHEPrHU Ha
00paboOTKy HCIONB30BAHHOTO BO3AyXa.

CucremMbl OHOJOTHYECKONH OYMCTKH CTOYHBIX BOJ, TAK)KE Kak U
MaccooOMeHHOe o0opymaoBaHue (Ckpy0OOephl, ra3oBbie abCcoOpOEpHI,
peKTU(HUKANMOHHBIE KOJIOHHBI) B XUMHYECKONW MPOMBINLICHHOCTH U
a’poOHbIe (hepMEHTEPH B MHUKPOOHOJIOTHYECKOW MPOMBIIIIEHHOC-
TH, 0a3UPYIOTCS HA NMPUHIUIIE HACAIOYHBIX MJIM 0apOOTaXHBIX KO-
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nonH. [losiBnenne HoBoro npuHnuna (KC) obnagaroniero 3Ha4YNUTENb-
HO MEHBIIEH dHEPrOEMKOCTHIO U HOBOTO THUIA XECTKHUX 3aCHITHBIX
3arpy3ok ¢ 0oJjiee BBICOKUMH MacCOOOMEHHBIMHM XapaKTEPUCTHUKA-
MU, NpeNonpeneseT co3qaHue HOBBIX YCTPONCTB AN XMMHYECKOTO
U MHUKpPOOHOTO cHMHTe3a. Tak UCIONIb30BaHNE B XUMHUYECKOH MPOMBIII-
JICHHOCTHU TMO3BOJIUT CHHU3UTHh BBICOTY MacCOOOMEHHOTO 00OopyIoBa-
Hus ¢ 50 — 90 nmo 15 — 20 M, IpUMEHATh BMECTO BBICOKOHAMOPHBIX
KOMIIPECCOPHBIX U HAaCOCHBIX arperaToB BEHTUJATOPHI U HU3KOHA-
MOpHBIE HACOCHI.

IIpunyun pacuema 610xa 6UOPUILMPOE —

AdpPOMeEeHK08-0MCMOUHUKOB

Pacuer 6MoQUIBTPOB U a3POTEHKOB-OTCTOWHUKOB IPOMU3-
BOJUTCSl C yYE€TOM KOHCTPYKTHBHBIX O0COOCHHOCTEH KOMIOHOBKH
KC, a Ttakxe Ha OCHOBaHUMW JaHHBIX KMHETHUKH Ipollecca Ouoaerpa-
Jallud OPraHMYEeCKUX BEIIECTB, MPOTEKAIOUIUX B NAaHHBIX COOPY-
xeHusAx. Kuneruueckue xapakTepUCTUKH OBIIM IMOJYyYEHBI B pe-
3yabTaTte 00padOTKH MHOTOYHCIEHHBIX dKCIMEPUMECHTAIbHBIX HC-
cleIOBaHUM, MPOBEJAECHHBIX COTPYAHUKAMHU JTa0OpaTOPUH OYHUCT-
ku ctouHbix Bog PHUU AKX moa pykoBOACTBOM aBTOpa UAEH
B.II. KonecHukoga.

B mensx obecniedeHus] BHICOKOW TEXHOJOTHUYHOCTH TPOIIEcca OYH-
CTKH, 1eliecoo0pa3Ho paccuuThBaTh OnoduibTpel Ha 50 — 70% -
HBIA 3pdexT ouncTku. DPPeKT OYUCTKU B OMODIIBTPE B MOIIAX
SJUHHUIIBI OT MOJHOTO (dPekTa ompeaensiercs mo Gpopmye:

_ op;Fm
’ q(Len _Lex) ’

rae: - o, (r/cM?) - cpeaHee KOJIUYECTBO OMOMAcChl, oOpasyroleecs
1 cM’ NOBEPXHOCTH 3arpy3Ku IO CyXOMY BELIECTBY; P — CPEAHASA
CKOPOCTh OKHMCJIEHHsI opranudeckux BemecTs B I BIIK na 1 r Ouo-
Macchl (110 CyXOMY BEIIECTBY) B CYTKH ISl MPUHATONW PacUeTHOU TeM-
nepaTypbl HCXOAHBIX CTOYHBIX BOJ B 3UMHee Bpems; F — miomans
MOBEPXHOCTH JIUCTOB TUIOCKOCTHO# 3arpy3ku cM2. DTOT mapaMmeTrp Ofl-
penensieTcst Mo KOHCTPYKTHBHBIM COOOPaXEHHUSIM U B COOTBETCTBHE
C pa3MepaMu MPUHHUMAEMOW MIOCKOCTHOM 3arpy3ku; m — KoJuye-
ctBo cexuuii B KC; q — CyTOUYHBII 00beM OYHMIIAEMBIX CTOYHBIX BOJI,
nocrynaromux Ha KC, M’/cyr; L n L — KOHLEHTpauus opraHuyec-
KUX BEIIECTB B MCXOAHOW M OYHUIICHHOW CTOYHOW BOJE COOTBETCTBEH-
Ho, rBIIK /m’.
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PacueT a’poTeHKa-OTCTOWHHKA CBOJUTCS K OMpeEJeJIeHUI0 00bEeMOB
a’pallMOHHON M OTCTOMHOW 30H.

Onpedenenue HeobXo0uMo020 06veMa 0OHOU CeKyuu a’payui
8bINONIHAEMCS N0 hopmye:

W = qt/24m, m?,

rae: t- MPOJOJDKUTENBHOCTh NMPeObIBaHMS HIIOBOW XUAKOCTH B a’pa-
IIMOHHOM 30HE:

t=(1- 9L _-L )a p,, 9

a — J103a uia I/aM’; P, - CPEHsis CKOPOCTh MOJIHOTO OKHCIICHHUs Opra-
HUYECKUX 3arpsasHeHuidl B mMr BIIK Ha I r cyxoro BemiecTsa uia B
qac.

PacueT 30H oTcTaMBaHUSA MPOU3ZBOIUTCA IO THAPABIMYECKOU
Harpyske q., M*/(M>.4), ¢ y4eTOM KOHLEHTPAlMd aKTHBHOIO UIa B
a’pallMoOHHOW 30HE a, €ro mHjaekca u J, cM’/T.

IN'uapaBnuyeckyo Harpy3kKy Ha OTCTOMHYIO 30HY, 3aBHUCSIIYIO
OT MapameTpoB a .J. cieayer npuHumarh no tadu. 7.1.

Tabmanma 7.1.

a I, 100 200 300 400 500 600

Qus M/ (M*a) | 5,6 33 1,8 1,2 0,8 0,7

Pacuem xombunuposannoii cucmemol aspayuu KC

[Ipu mpOEKTUPOBAHUH CUCTEMBI adparluu CIEAYEeT yUUTHIBATH
WHTCHCUBHOCTh HACHIIMICHHUS WMJIAa KUCIOPOJIOM M MHTCHCHUBHOCTH TYp-
OyJICHTHOTO peXHMa B Cpelle, UCXOJs U3 dTHX YCIOBUU, OMperes-
0T KPaTHOCTh UHPKYJISIUHA CTOYHBIX BOJ (Nn) M MPOU3BOIUTEIb-
HOCTh IUPKYJISIHUOHHBIX HACOCOB. DMIUPUUYECKUM METOJOM YCTa-
HOBJIEHO, YTO NPU KPATHOCTH IUPKYJSAIUU WIOBOW cmecu Oomee 10,
YXYIIIa0TCS CeIUMEHTAIMOHHBIE CBOKWCTBA mia. Jias KOMOUMHHUPO-
BaHHBIX COOPYXEHHH MpeIHAa3HAUECHHBIX I OYMUCTKH X03-OBITOBBIX
CTOYHBIX BOJ C BHKrl 120 — 300 MFOz/,I[M3, KPaTHOCTh LUHUPKYJIALUU
WIoBOM cMmecu (n) kosebseTcs B mpeaenax 3 — 8. B 3aBucumoctu ot
KOHI[CHTPAIMU 3aTrpA3HIIOMUX BemecTB (1Mo EHKH), Ha3HavaeTcs
KPaTHOCTh HUPKYJSAIUU, ONMpPEIeNsieTCss KOJIUYECTBO a’pamrOHHBIX
KOJIOHH ¥ BBIMIOJHSCTCS MOBEPOUYHBIA pacyeT Mjs COMOCTaBICHUS
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KOJIMYECTBa PAaCTBOPEHHOI'O KHCIOPOJA B CUCTEME IO MPHUHATHIM KOH-
CTPYKTHBHBIM PELICHUSM M HEOOXOOUMOTO ISl OKHCIICHHS 3aaHHO-
ro KOJUYECTBA OPraHUYECKUX 3arps3HEHUH.

KonctpyupoBanue 31eMEeHTOB BOAOCTPYHHON a’paluy HadH-
HAETCsI C OIpElEeIeHNs] KOJIMYECTBA a’pallMOHHBIX KOJIOHH Z COTJIaCHO
YPaBHCHUIO:

qn
- q,m24°

rae: ¢, — HPOIyCKHOH pacxXos a’palMOHHBIX KOJOHH, M°/d.
[ToBepounslil pacuer OajaHca MO KUCIOPOAY BBIMOJHSETCS IO
¢dbopmyne:
b (1-9) q (L -L) < OC_(K-K) Zm24 - [(C q +C,q)(n-1)],
I'ne: b- ynenbHBIM pacxoa KUCIOpOAa B adpOTEHKaX, paboTaomuX 1Mo
METOJly MOJIHOTO OKHCJIeHHs, puHumaercs paBHbiM 1,1 1O /TBIIK ;
OC,_ - okucauTeNbHAsA CIOCOOHOCTH adpPALMOHHBIX KOJOHH, IO, /4;
K, — k09QpuuneHT, yuyuTHIBAIOIMN HACBIIIEHUE KUIKOCTH KUCIO-
poroM B OHOQUIBTPE; K, - KO3 (UIUEHT BIHAHHUS YTJIIOB HAKJIOH-
Ha kosoHH Ha OC ; C, u C, — KOHUEHTpalus KUCIOpOaa COOTBET-
CTBEHHO B OYMIICHHOW BOje (MpUHUMAIOT 2 T/M’) U B MJIOBOM CMecH,
MOCTYNaIoIed U3 a’poTeHKa B KaMepy cMeleHus (MPUHUMAIOT
1,5 o/m?).
JleByro 4acTh ypaBHeHus 0603Hauum Q,, a mpasyto - Q,, Toraa pac-
YETHYIO KPaTHOCTh MUPKYJISIIIUU HIOBOH cMecH (n) YTOYHSIOT B CO-
OTBETCTBHH C OTHOIICHUEM:
n = nQ /Q,.

[Ipon3BOIUTENBEHOCTD LUPKYISIIIHOHHBIX HACOCOB OMPEAEISIOT
10 ypaBHEHHUIO:

q, = qn/24, M/,

7.3. PacueTHble mapaMeTpbl KOMOMHHPOBAHHBIX COOPYKEHMIA

Cucmema KOMOUHUPOBAHHOU aAdpayuUU

UccnenoBanue mpolueccoB mMacconepenaun Mexay Qaszamu ras
— xunkoctb B KC mnpoBomunu B 1982 — 84 r.r. Ha KpymHOMacIITab-
HBIX MHUJIOTHBIX yCTaHOBKAaX.

B coorBercTBuM ¢ KOHCTpYKTUBHBIMU permeHussMu KC, yuutsl-
BAaOIMIMMHU PaLHOHAJIBHYIO BBICOTY COOPYKECHHS, HEOOXOAUMYIO
BBICOTY IIPOXOJIOB MEXAY adpOTEHKOM U MOAJOHOM OnoduibTpa u
JOCTaTOYHYIO TJIYOMHY a’paliMOHHBIX €MKOCTE#l, BBICOTY alspalu-
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OHHBIX KOJIOHH HaJ YPOBHEM >KHUIKOCTH B a3pOTEHKE CcJelyeT NPHHU-
Math 2 — 2,5 M, 3arnyOJeHue KOJIOHH NMOJ YyPOBEHBb BOJBI
2-37m

OKCHEepUMEHTAJIbHBIE UCCIEAOBAHMS 110 ONPENEICHUIO OKHCIIH-
TEJIbHON CIIOCOOHOCTH KOJOHH NMPOBOIMIN NPH UX BBICOTE HAlX YPOB-
HEM BOJBl — 2 M M IpH 3ariyOJeHUH KOJOHH IOJ ypPOBEHb BOIbI Ha
1; 1,5; 2 m 3 m.

Omnpenenenne kodddunuenra macconepenaun (Ks) u oxucnu-
TENbHOU crocoOHocTH KO0IoHH (OC ) NpOBOAMIM IO METOMY IIEpe-
MEHHOro neduuura Kuciopoja:

_ 138,181 C, -C,
= L1, gCn —C > u'; OC = KsC

Ks . aw’r/q,

rae: C — paBHOBECHas KOHIIEHTpALMs KMCJIOPOAA B XKUAKOCTH (3a-
BHCHUT OT TemimepaTypsl), r/m’; C_ = 11,25r/M° — paBHOBecHas KOH-
HEeHTpalus KUCIOPOoJaa B BOJOMPOBOJHON BOJE MPHU CTAHAAPTHBIX
yecnopusx; C;, C, KOHIEHTpalus KUCIOPOJa B CUCTEME B HAdale U B
KOHIE OmBbITa, I/M°; t,t — BpeMs Hadala W KOHIa ONbITA, MHH;
o - nonpaska [lacBepa Ha TemmepaTypy XKHIKOCTH; W — MPUHSATHINA
JUTSL KCClieJOBaHust 00beM BOJBI, M.

Hccnenoranusi MpOBOAMIM HAa MOJIETBHONH YCTaHOBKE, COCTOSI-
meil U3 pesepByapa (MMHTAIMsA adpoOTeHKa), eMKOCTBhIO 1500 am3,
MUPKYISIIUOHHOTO HACOCa, CMEHHBIX TpyO auamerpom 37, 50 u 70 Mmm
C MpueMHBIMH Kamepamu. Jlis HAONIOAEHUS 3a XapaKTEepOM ABUXKE-
HUS Ty3BIPHKOB BO3/AYyXa B pe3epByape ObLIM CMOHTHPOBAHBI OKHa
U3 OprcTeKyia. 3aMepbl KOJIUYECTBa BOBIEKAEMOTr0 BO3JyXa MPOU3-
BOJMJIM C MOMOUIBI0 KPBUIBYATOT'O aHeMoMeTpa. Boay B pesepBya-
pe mpenBapuTenbHo obpabaTteiBanu cynbdarom Hatpus (7,9 r/t
KHCIOpoJa) U xyopuctoro kobanpra (1 Mr/am*), 4To mo3BOJIAIO
CBsI3aTh PACTBOPCHHBIN KHCIOPOJ, 3aTEM BOJY MOJABAIIA B MPHEM-
HYI0 KaMepy U Jiajiee HampaBJsUTM B adpalMOHHYI0 KONOHHY. Pac-
XOJl BOJbI PETYJHUPOBAIHN, U3MCHSSI MPOU3BOIUTEIBHOCTh Hacoca.
I[IpoAOMKUTENLHOCTh IKCIIEPUMEHTA OMPEACIISIIM BPEMEHEM JTOCTHU-
JKEHUSI COCTOSIHUS PAaBHOBECHOTO HACBIIMEHHS KHCIOPOAOM BO3AyXa
BoJbl. 1o BeIIENpUBENEHHBIM (popMysiaM OBLIM paccUUTaHBl KO-
3¢ punmreHTH Macconepenayu, OKUCIUTENbHBIE CIOCOOHOCTH KOJOHH
dy 50 u 70 MM B cucTeMe a’pallMOHHas KOJOHHA — a’POTEHK U IO-
CTPOCHBI COOTBETCTBYIOIIHNE Tpaduku (puc. 7.2).
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- onTUMasbHas 06nacTb NPUMEHEHUs KOMOHH dy, 70 MM

Puc. 7.2. Tpagux onpenenenus OCk d, 50, d_ 70.



[To pe3ynbpraTamMm MaTeMaTU4eCKOW 00pabOTKH MPaKTHUYECKHUX
JIaHHBIX, TPEJCTABICHHBIX Ha rpaduke, OblIa mojydeHa Gopmyia,
BhIpaxxatoniasi 3aBucuMocTb OCK OT pacxoja CTOYHBIX BOJ, TOJaBae-
MBIX Ha OJIHY KOJIOHHY - (,, U YPOBHs 3ariyOJI€HHsI KOJIOHHBI MOJ| IO-
BEPXHOCTBIO BOJBI B a9POTEHKE - X. YKa3zaHHAasi 3aBUCUMOCTh UMEET BHJI:
OCk =q,(ax*+ax +a)+ax’+ax +a,
rae: a, (i=1..6)-k03()pUIMEHTBI, yIUTHIBAIOIIME TEXHUYECKUE TTapaMeT-
pHI.

[Ipu nuameTpe a’panlMOHHON KOJIOHHBI B mpenaenax 45-70 MM
u 3arny0iaeHuu KosioHusl ot 0,5 mo 1,5 M dopmyna umeer BUI:
OCk = q, (0,4x* - 0,6x + 14,2) + 36,4x* - 34,6x - 37,8;

[Ipu guameTpe aspamMoOHHON KOJOHHBI B mpenenax 45 -70 MM
U 3arny0jeHuu KoioHHb! oT 1,5 mo 3,0 M dopmysia umMeeT BUI:
OCk = q, (-3,7x*> + 18,8x -6)+9,7x> - 47,8x + 44;

[Ipn nuamerpe a’spallOHHON KOJOHHBI B mpenenax 37 - 45 MM
u 3arny0sieHun kosoHHb! oT 1,0 - 3,0 M dopMmyna umeeT BUI:

OCk = q, (- 1,7x* + 8,7x + 8,7) - 0,84x*> + 4,3x - 26,7.

[MpuBeneHHble pa3nnyHble BapuaHThl BhrurcieHuss OCK BenyTces
C MOMOIIBIO €IMHOW KOMIIBLIOTEPHOM MpOrpamMMmbl, KoTopas pa3pado-
TaHa C YY€TOM TPaHWYHBIX YCIOBHH MapaMeTpOB pacxoja CTOYHBIX
BOJ (M%/4), mOJaBaeMbIX Ha OJHY HUPKYJSLUUOHHYIO KOJOHHY.

I'panunel 3QGEeKTUBHOTO MPUMEHEHHUsT TaHHBIX (OpPMYJ BBIYHC-
JSIOTCA B MpOrpaMMe B 3aBHCHMOCTH OT JUaMeTpa KOJOHHH d, ciie-
IYIOIIUM 00pa3oMm:
q,,,= —3600d *+582,4d-14,1
q,,= —12200d >+ 1715d - 41,3

Omnpenenenrue pexxuMa TEUEHHS KUIKOCTH 1O 4yuciy PeitHomibaca
- Re, B aspannoHHBIX KOJOHHAX MOXKET OBITh OCYIECTBIEHO B CO-
OTBETCTBUU C (POpPMYyJIaMHU:
Re . = 4(- 3600d > +582,4d -14,1) / (ndv)
Re = 4(- 12200d * + 1715d - 41,3) / (zdv)
rae: v - Ko3pQPUUHEeHT KHHEeMaTH4eCKOH BSI3KOCTH.

[To maHHBIM TPEABLAYIINX IKCIIEPHUMEHTOB, YCTaHOBIEHO, YTO
3 PeKTUBHOCTH Mpoliecca HACHIIICHUS BOJbI KHUCIOPOJOM BO3IyXa
BO MHOTOM 3aBUCHUT OT KOJHMYECTBA KHCIOPOAA, PACTBOPUBIIETOCS
B JKUJKOCTH IIpU opomieHuu Oouodunstpa. s onpeneneHus Kodd-
(¢unMeHTa, yYUTHIBAIOMIETO HACHIIICHUE XKUJIKOCTH KHCIOPOJIOM B
onodunbrpe (K,), MOLEIbHYIO yCTAHOBKY NOTOJHSIM OUOPUIBTPOM.
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Hupkyasuus BOABI B ATOM ClIydae OCYHIECTBIAIACh HACOCOM
yepe3 OuoduiabTp — aspanuoHHyo kojoHHY (dy 37) — a’pOTeHK.
Benuuuna K, npeacrapiser co0o0ii 4aCTHOE OT JEJICHUS KOJIUYECTBA
pPacTBOPEHHOTO KHUCIOpoJa, OOHApYKEHHOTO B pe3epByape IIpu pa-
00Te cucteMbl OMOQUIBTP — a’palMOHHAs KOJIOHHA — adpPOTEHK Ha
€ro KOJWYECTBO B pe3epByape mpu padoTe CHCTEeMBI adpaluoHHAs
KOJIOHHa — a’poTeHk (puc. 7.3).

ITo KOHCTPYKTHUBHBIM COOOpPaXKEHUSAM BOJOCTPYHHBIA a’patop
BBHITIOJIHSIOT B BUJE IMy4YKa adpallMOHHBIX KOJOHH — HECKOJBKUX TPYO,
YCTaHOBJICHHBIX ITOJ Pa3HBIMU YTIaMH HaKJIOHa K BEePTHKAJIbHOMU
ocu. OHAKO TaKOE€ PACIIOJOKEHUE KOJOHH CHHXAaeT KOJIUYECTBO
BOBJIEKA€MOT'0 BO3/lyXa H COOTBETCTBEHHO OKHCIUTEIBbHYIO CIO-
cOOHOCTH KOJOHH. BiusiHue ykazaHHOTO (hakTOpa HCCIedOBald Ha
MOJIEJIbHON yCTaHOBKE, ONpeEJeisisi BEINYUHY OKHCIUTEIbHON CIIO-
cobHOCcTH CMEHHBIX KOJNOHH dy 50 mpu UX pacnoJIOKEHWUHU TMOJ Yr-
JoM HakjoHa: 15, 25 u 40 rpanycos.

Hannabie nns pacuera Ky mpuBenensl B Ttabnume 7.2.

HccnenoBaHusi OCYIIECTBISIIM MPH CIEAYIONIUX YCIOBHUAX:

o0beM BoIbI B pe3epByape — 1,8 m?;

BBICOTA KOJIOHHBI HaJ YPOBHEM XHUIKOCTH — 2 M;

3arnyOJieHne KOJIOHHBI — 2 M.

Tabmuma 7.2.
OKHCIMTETBHAS CIIOCOOHOCTH KOJIOHH B 3aBHCHMOCTH OT YIJIOB HAKJIOHA
VYron naknona | Temme- | Koad- | Pacxon Cpennuit | OkucauUTEb-
KOJIOHHBI K parypa | ¢umm- | umpkynu- | koappu- | Has  crocoOA
BEePTHKAIBHON | BOMFI, €HT pyromeit | mieHT HocTh OC,,
ocH, Tpaj. °c IlacBe- | >xumKo- maccorre- | 1Oy/4
pa CTH, Mg penaun, K
- 26,0 0,742 11,06 9,80 147,64
- 27,2 0,728 11,55 11,04 162,76
15 28,6 0,707 11,62 9,44 135,18
15 28,3 0,707 11,93 9,78 140,13
25 27,7 0,721 12,73 8,57 125,12
25 27,8 0,716 11,93 8,18 118,34
25 26,6 0,735 12,28 8,89 132,37
40 25,0 0,756 12,0 6,02 92,27
40 27,8 0,714 12,59 7,58 109,59
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- cucTemMa “GrnodmnsTp-aspaumoHHas KONOHHAa - a3poTeHK”
— — — -cucTema “adpaunoHHas KOfIOHHa - a3poTeHK”

1,4 - 3army6bneHue KOMoHHbI dysy NOA YpOBEHb BOAbI HA 1 M
2,5  -3arny6neHue KOMoHHbI dysz NoA YPOBEHb BOAbI Ha 2 M
3,6 - 3amybneHve KOMOHHbI dy37 MOA YPOBEHb BOAbI HA 3 M

Puc. 7.3. TI'paduk mns onpeaesieHuss OKUCIUTEIbHON CIIOCOOHOCTH
KOJIOHH, B TOM YHCJIE C YIeTOM OHMO(UIbTpa.



AHanu3 pe3ysibTaToB UCCIEAOBaHUM M HaOmroxenuit (puc. 7.4; 7.5)mo-
3BOJINJ BBISIBUTH CIIEIYyIONICE:

Puc. 7.4. Bua aspanioHHBIX KOJOHH Puc. 7.5. Bua aspanvoHHOH 30HBI

— OKHCJIHTEJIbHAsi CHOCOOHOCTh a’pallMOHHBIX KOJIOHH B Ipenesax
UX MPOMYCKHON CIOCOOHOCTH MU3MEHSAETCS HPSIMO NMPOMOPLUOHATb-
HO pacxojay >KHIKOCTH.
— HUKHUU Tpeaes MPONyCKHOW CIOCOOHOCTH KOJIOHHBI, TPH KOTO-
pOM HauuHaeTcsi 00pa3oBaHUWE BUXPEBOM BOPOHKHU, COCTABISET: JJIS
pr6 d, 37 mm — 2 M/; d, 50 MM — 6 M7/4; d) 70 MM — 9 mY/4. Bepx-
HUH pvaeTHLm npenen HpOHyCKaCMHX pacxoz[OB KHUAKOCTH (C yue-
TOM OMooOpacTaHus TpyO W CHHIKEHHUS 32 CYET 3TOTO BHYTPECHHETO
uX nuamerpa Ha 1 — 2 MM), HOJDKEH OBITh MPHHAT IS TPYO d 37 MM
— 6 M*/u; d 50 MM — 14 m/u4; d 70 mm — 19 M*/4. YpoBens BO)J;I)I HaJ
BEPXHUM o6pe30M KOJIOHHBI B 3aBHCHMOCTH OT HUPKYJISIUOHHOTO
pacxona XHAKOCTU cocTaBisieT 2 — 10 cm;
— IPH PaBHBIX pacxoJax MOCTyNAIled B KOJOHHBI XUIAKOCTH, Be-
nuauHa K03 puimeHTa Maccomnepenadn U OKUCIHUTEIbHAs CIOCO00-
HOCTh KOJIOHH YBEJIMYMBAIOTCS MPH M3MEHEHWU 3ariyOJeHHs] KOJIOHH
ot 0,5 10 2 M. DTO SIBJICHHE MOXXHO OOBSCHUTH TeM, 4TO 3PPeKTuB-
HOCTh OOMEHa MexAy (a3aMu ra3->KHAKOCTH MOBBIIIAETCS C YBEIHU-
YEeHUEM MapUHalbHOTO AAaBJIEHUS BHYTPH Iy3bIpbKa BO3AyXa U €T0
nyTd npoxoxaeHus. Ilpu GonpmeM 3arayOieHHH KOJIOHH MPOHUCXO-
AT CTaOMIN3alusi OKHUCIUTEIbHOW CIIOCOOHOCTH (BBICOTAa KOJIOHH
B ONBITaX (UKCHpPOBANACh HA PACCTOSHHU 2 M HaJ YPOBHEM BOIbI).
B T0 xe BpeMs KOJIHMYECTBO BO3/yXa BOBJIEKaeMoro Ha 1 m® mwmp-
KyJUPYIOIIEH KUIAKOCTU CHIDKAeTCs, Tak MpH 3arinybineHun 1 m co-
crasiser 0,8 — 0,9 M¥/m3; 2 M — 0,7-0,8 M¥/Mm*; 3 M — 0,5-0,6 m3/m?
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— BricoTra BogoBo3aymHOro (hakena BHIXOASIIErO M3 KOHLA a’pa-
UHUOHHOM KOJIOHHBI cocTaBusgeT 0,5 — 0,7 M, 1uaMeTp OCHOBHOM Mac-
Chl BCIUIBIBAIOIIMX IY3bIPHKOB BO3JyXa KoJeOJeTcs B mpenenax
3 — 5 mM. OgnHako mo Mepe 3arayOJaeHHs] KOJIOHHBI MO/ YPOBEHb BOIBI
OoTMedYaeTcs TEHACHIMS K TMOSBICHUIO B CUCTEME KPYIHBIX ITY3BIPh-
koB (1o 30 MM B nuamerpe). JTO sIBIICHHE, MMO-BUIUMOMY, 00YyCIOB-
JIEHO CIMSHUEM MEJKHX MY3BIPHKOB BCJIEACTBUE NOBBIIICHUS AaB-
JICHUS! B HIDKHEH 4acTH KOJIOHHBI.

- IIpu cnuBe )XMIKOCTH B KOJIOHHBI OBIJIO OTMEUEHO (GopMupoBaHUE
JBYX THIIOB BUXPEBBIX BOPOHOK, XOPOLIO Pa3BUTHIX U OechopMeH-
HeiXx. CO BpeMEHEM XapaKTep BOPOHKH MOXET U3MCHSIThCS, T.e. Oec-
(dhopMeHHasE BOPOHKA MOKET MPEBPATUTHCS B XOPOIIO PAa3BUTYIO HIU
Hao00poT. bechopMeHHble BOPOHKHU Hallle 00pa3yloTcs Npu Mpeaeib-
HBIX 3HAYEHMSX HPOMYCKHOM CIOCOOHOCTH KOJIOHH. OTMEUYEHO TaK-
e BIUSHUE Ha (HOpMYy BUXPEBOH BOPOHKM T'HIPOAMHAMHYECKOTO
pexuma paboThl APYrUX, OJIM3KO PACIMOJI0KECHHBIX a’pallMOHHBIX
KOJIOHH, YCTaHOBJIEHHBIX B NPHUEMHOHN Kamepe cOOpHOro mojijoHa
ouodunsrpa. Hamnbosiee BricOKHE MOKa3zaTedu 1Mo 00beMy BOBIIEKa-
€MOro BO3AyXa U OKHCJIHUTEIbHOM CIOCOOHOCTH XapaKTEepHBI AJIS
a’palMOHHBIX KOJIOHH, B KOTOPBIX 00pa3yloTCs XOPOLIO pa3BUTHIE
BUXPEBbIE BOPOHKH.

- Bennuuny kospduuuenta K, cnenyer npurumate pasnoit 1,33. Be-
JMYMHA TOHMKAIOIMETo KodhduuueHta Ky omnpenesiercs no ¢op-
MyJie: Ky =0,01160,

JanpHeliiee COBEPIICHCTBOBAHUE CUCTEMBI CTPYUHOHN a’pauuu
MOXET NMPOU3BOAUTHCA B COOTBETCTBUHU ¢ maTteHToM /31/, corimacHo
KOTOPOMY B BEPXHEH 4acTH a’pallMOHHBIX KOJOHH (B 30HE (opMu-
POBaHHS CXKATOTO CEYEHHUS CTPYH) CIEAyeT yCTpauBaTh HaIpaBisio-
II¥e BBICTYNBl B BUAE crupaneit (puc. 7.6) unu yriyOneHus B BUJE
3BOJIBBEHT. BBICTYIBI YCHIIMBAIOT MpoOLIeCC 3aKPYyYMBaHUS BO3AyXa IIO
4acoBOM CTpesike M 00ecrednBaoT CTa0MIIBHOCTD Ipolecca GOopMHPO-
BaHMS XOPOLIO PAa3BUTHIX BOPOHOK. [yl yMEHBILICHUS NABJICHUS BHYT-
PH BOZOBO3AYILIHOTO MOTOKA MPOMU3BOIAT Iepopaluio a’dpaldoHHbIX
KOJIOHH B HUXXHEW YacTH, IpUYEeM pa3Mepbl AUaMETPOB OTBEPCTHH
clieyeT yBeJIWYHMBaTh OT BepXa K KOHIY KOJOHHBI, a pPacCTOSHHUSA
MEXIY OTBEPCTHSIMHU YMEHBIIATH MO OKPYXKHOCTH U IO BBICOTE K HU3Y
KOJOHHBI (puc. 7.6). Takoe pemieHre MO3BOJISIET NPEAOTBPATUTE 00-
pazoBaHHE KPYIHBIX IY3bIPbKOB BO34yXa B a’paunoHHOH 30HE. Ko-
JOHHBI pa3MeELIal0T PaBHOMEPHO HAaJ NJIOCKMMHU YacTAMU OHHUIIA
a’paloHHOM 30HBI Ha paccTosiHud 200 — 300 MM OT Hero.
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BbicTynbl

I 1 \ AspauvoHHas
! | N KOMOHHa

OTBepcTust

©cco0ocoo o oo

Puc. 7.6. Pa3pe3 a’panioHHON KOJIOHHBI

buogpuromper KC

B cooTBeTcTBHE ¢ MaTEHTaMU CHCTEMa OpOLICHHS OMOQHIIb-
Tpa COCTOHUT M3 pACHPENEIUTEIbHBIX JIOTKOB C PETYIUPYIOIIUMHU
yCTpPOWCTBaMH, CIUBHBIX MaTpyOKOB M OTpa)kareliei, IpuueM
naTpyOKu CHaOXeHbl BHYTPEHHUMH BBINPABISIOMIMMH BBICTYIIA-
MH B BHUJE CHNHUpaJel U yCTaHOBJIEHB C Y4E€TOM BO3MOXXHOCTHU
W3MEHEHHUs BBICOTHl UX NEpPEeIWBHONW KPOMKH HajJ AHHUIIEM JOTKa
/26, 33/.

B mporecce 1a60paTOpPHBIX M MPOU3BOJICTBEHHBIX HCCIIEAOBaHUIN
ObUIH OTpeJielIeHbl TapaMeTpbl CHCTEMBI OPOILIEHHUS, 00ecIeYnBaro-
e JOCTaTOYHYI0 PaBHOMEPHOCTH OPOLICHUS 3arpy3Ku OHO(HIIb-
Tpa, MPOCTOTY M HAJEKHOCTh B dKcIuTyatauuu (puc. 7.7 a, 0).

PacnpegenutenbHbin
NOTOK

BbicTynbl
E g CnuBHow naTpybok

Otpaxarens

% 3arpyska 6rogunsTpa

Puc. 7.7. Cucrema oporieHus
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Cucrema OpOIICHHUS KOHCTPYHPYETCS IPH COONIONCHUU ClIEdy-

IOIUX YCIOBUM: pPACCTOSHUS MEXAY paclpeaeTuTeIbHbIMU JIOTKa-
MU OPUHHMAIOT C YYETOM IPOU3BOJUTEIIEHOCTH COOPY>KEHUSI U BeEJU-
YUHBI THUJPABINYECKONW HArpy3ku u cocrtapisior 700 — 1200 mwm;
JUIMHA CIMBHBIX MaTpyOkoB coctaBiser 4 — 10 ux guamerpos (mpu
3HAYEeHUH MeHee 4 XapakTep Hajalleil cTpyd HEeyCTOWYMBHIN, Mpu
3HayeHuu 6omee 10 cTpys MMeeT BHUJ CIUIOIIHOTO OJHOPOJHOTO IO-
TOKa, 4TO CHMXXAaeT pa3HooOpa3ue TPAeKTOPHUM OTpa’keHHUs Kaleib
JKUJIKOCTH); AMAMETPhl OTPaXKaTEJIbHBIX JHCKOB CIEAyeT MPUHUMATh
80 — 100 mM; paccTosiHHE OT BepxXHero oopesa marpyOka 0 oTpa-
)karenst npuaumaiotr 1000 — 1500 mwm.
BosmoxHOCTE hopMHPOBaHHS Pa3BUTOr0 OMOLIEHO3a HA MOBEPXHOCTHU
3arpy3ku OMoQUIbTpa OpOIIaeMO CMEChIO CTOYHBIX BOA W HJa IpHU
HOBBIIICHHBIX THAPaBINYECKUX Harpyskax — 60-100-150 m*/(m? cyr),
omnpeAessian B IPOLEecCe MOJYNPOU3BOICTBEHHBIX HCCIEJOBAHUN B
1982 r. /34, 35/. AHanu3 pe3yJbTaTOB UCCIEIOBAaHUM MOKa3al, YTO
Ha 3arpy3ke OumoduiabTpa, NpeACTaBICHHONW MJIaCTMACCOBBIMHU IIa-
paMHu, Ha MMOBEPXHOCTHh KOTOPBIX OBUI MPHUKIEEH MECOK, Pa3BUBAJCs
YCTOWYMBBIA pa3BUTHIA OuoleHo3. [Ipuuem TosmmuHa OMOTIJICHKH B
JAHHOM CJIydae 3Ha4yUTEJbHO IPEBOCXOAMJIA TONILHUHY OHOIICHKU
Ha rajieyHoi 3arpyske. B cpegnem Bec OuoruieHku (uepe3 10 MuUHYT
mocJie TmpeKpamieHus: opomenus 1mapos) cocrasisut 0,07 — 0,08 r Ha
lcM? akKTHBHOM MOBEPXHOCTH. TOJIIHHA OMOTIICHKH W €€ BHIOBOM
COCTaB 3aBHUCSIT B OCHOBHOM OT 3KBHUBAJICHTHOW LIEPOXOBATOCTH
MOBEPXHOCTHU 3arpy3KH, COCTaBa M KOHIEHTPAUHUH OPraHUYECKUX
sarpsaszHenui. CoryiacHO pel3ylbTaTaM HCCIEIOBAaHUN, JOCTATOY-
HOW LIEpOXOBATOCTHIO 00JanaloT BOJHHUCTBIE JHUCTH acOecTole-
MEHTHOTO mudepa. YCTaHOBKA JUCTOB B OMOGHIBTPE BEPTHKAIb-
HO C HalpaBJCHHUEM BOJH MEPHEHIMKYIIPHO MOTOKY CTEKaroIiel
JKUJIKOCTH obecrieunBaeT e€ MIEHOYHOE MCTEUEHHE I10 MOBEpPXHOC-
i mudepa.

Omnpenenenue yaenabHOr0 KoJiMdecTBa OMoMacchbl, o0pa3yromei-
Csl Ha TIOBEpPXHOCTH HiM(pepHOii 3arpy3ku OuoduibTpa (r/cM?) mpu pas-
JUYHBIX THIPABINYECKUX HArpy3kax M €€ OKHCIUTEIbHOW MOIIHOCTU
(cxopocTH OKHCIEHHUs) Mpou3BOaAMIN B 1984 T. Ha MONYIPOU3BOICTBEH-
HOW yCTaHOBKE, CMOHTUPOBAHHOM Ha OYHCTHBIX COOPYKEHHSIX KaHaJIU-
3auuu PocToBckoro Bonmokanama. B mepruox ¢popmupoBaHus 6HOLEHO-
3a 3arpy3Ky OMO(QHIbTpa OpOIIATN CMEChIO CTOYHBIX BOJ W WIIA, KOTO-
PYI0 moJaBainM U3 a’dpoTeHKa ycTaHoBkH. llocie dopmupoBanus 6mo-
LIEHO3a 3arpy3Ky OnoQuibTpa OpolIagy CTOYHBIMU Boxamu. M3meHe-
HHUE TUAPABINYECKON HAarpy3Kd NpU MOCTOSIHHOM Pacxoje CTOUYHBIX
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BOJ, IOJaBaeMbIX Ha OMO(UIBTP, OCYIIECTBISIM C HOMOIIBIO CIIe-
LHUaJbHBIX YCTPOHCTB — HUIMHAPOB, OTPAHUYMBAIOMMNX IJIOMAAb
opolraeMoi 3arpy3kd. B mpomecce nccnenoBaHuil OLEHUBAIN BIIMS-
HUE PACCTOSHMHA MEXIy JHcTaMu mudepa Ha CTaOMIBHOCTH IpoLec-
ca o4uCTKU. PaccTosiHue MexIy MOBEPXHOCTSMH JHUCTOB Hudepa
npuHumanu ot 19 go 24 — 29 mm. [laHHbBIE pe3ynbTaTOB HCCIEAOBA-
HUW TIpeJCTaBJIeHBl B Tabmumax 7.3 u 7.4.

Tabmyma 7.3
JlaHHBIE 0 MCCIIEIOBAHMIO KOJIMYECTBA IPHKPEIIeHHO
Onomacchl Ha JiucTax HMdgepHoii 3arpy3Ku

I'mppasmu- | [InotHOCTH Beicora KommuectBo | Cpemree [307BHOCTS,
YecKasl | OpOLLEHHS, orbopa |0Opa3yroIel- | KOIMMYecTBO %
HarpysKa, | aC/MC ¢ 00pa3roB | cst Gmomacchel | OHOMAacchl,
M /M? CyT umgepa ot | (o Cyx. Bell- r/em’
Bepxa BY), T/cM”
3arpysku, M
85,7 0,0124 0,2 0,0050 0,0058 34-41
0,5 0,0062
0,8 0,0064
127,3 0,0183 0,2 0,0047 0,0057 34-39
0,5 0,0059
0,8 0,0065
190,9 0,0271 0,2 0,0038 0,0051 37-40
0,5 0,0058
0,8 0,0059
Tabnuua 7.4

Pe3yabrarsl Hcciel0BaHUi 110 onpeae/ieHUI0
OKHMCJIUTEIBHOM MOIIHOCTH OHo(uIbTpa

Pacxon |TwnpaBmu-| Temme- | BIIKs crounoit Komuue- | Oxucnurens-
mocTy- | deckas | parypa | BOBI MI/IM CTBO Has
MaroInX | Harpyska | >KHAKO- |mocty- |BbITeka- OMOMAacChl|  MOIIHOCTh
CTOYHBIX Ha cTMB | maro- | romel | (mo cyx. | 11 Guomaccs]
BoL, M /4| GHOGIBTp | aspoTe- | meit B |u3 ycTa- | Bell-BY) B B CYT,
M eyt | mxe, °C ycra- | HoBkH | Ouoduib- | rBIIKs/r cyr
HOBKY Tpe, T
0.5 85,7 19,0 196-208 30-44| 5974 0,33
0.5 1273 19,5 185-208 61-88| 4021 0,36
0,5 190,9 19,2 193-204 80-124] 2858 0,39
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Ha ocHoBaHuu aHanu3a pe3yJbTaTOB HCCICIOBaHUN OBLIO yC-
TAaHOBJIEHO CJIEAYIoIlee: - Ha IIEePOXOBATON MOBEPXHOCTH JUCTOB
ummdepa popmupyetcsi Ooynee yCTOWYUBBIN cloil OMOLIEHO3a, YeM Ha
rIaJKOM NMOBEPXHOCTH, HA KOTOPOW NMpPHU THAPABINYECKOW Harpyske
190,9 M*/M? cyT ObuUIM OOHApy>KEHBI IPOMOUHBI C TOHKUM CIIOEM OHO-
wieHku (puc. 7.8., 7.9.); - pacueTHas ruApaBInyecKas Harpyska ajs
TaKOTo BWJA 3arpy3KH HE JOJDKHA mpesbimath 150 m*/M? cyT; - Tommu-
Ha cJiosi OMOMacchl Ha OTACNBHBIX ydYacTKaxX MOBEPXHOCTH 3arpy3Ku
nocrurana 7 — 10 mMm. B mpoiiecce uccienoBanuii HaOJr0ganu BO3-
HUKHOBEHHE 30H 3aUJICHMs, IPUYEM NPU YMEHBLUICHUHU PACCTOSHHS
MEXIy JIMCTaMH IIOCKOCTHOM 3arpy3ku oT 30 mo 15 MM ux komnude-
CTBO Bo3pactajio. TakuM o0pa3oM, pacCTOSIHUE MEXIY JTUCTAMHU
mmdepa ciaeayeT NpUHUMATh He MeHee 20 MM; - IPU KOHCTPYUpPOBa-
HUM OMOQHUIBTPOB, pabOTAIOMUX C BHICOKMMHU THIPAaBIHYECKUMU
Harpy3kaMH CJlielyeT IPOBOJUTH IIOBEPOYHBIN pacyeT IO IJIOTHOC-
TH OpOIICHHS B JIUTpax Ha 1 M cMadynBaeMoOl NMOBEPXHOCTH. Peko-
MEHAyeMas BEJIWYHHA IJIOTHOCTH opomieHus coctasiseTr 0,013 -
0,026 nom*/Mm c.

Puc. 7.8. Bua mepoxoBaToit Puc. 7.9. Xapakrep npoMOUH C TOHKUM
MOBEPXHOCTH 3arpy3Ku ClI0eM OHOIIEHKH

B 1986 r. B moc. CeBepuno KpacHogapckoro xpast ObLIM MOCT-
pOeHBl KOMOMHHPOBAHHBIE COOPYKEHHS IIJIl OUYUCTKU CTOYHBIX BOJ
OT IOceliKa M 3BEPOKYXHHU. Pe3ynpraThl uccienoBaHnii paboThl co-
OpYXXeHUH mpuBeacHbl B Taba. 7.5. u Tabn. 7.6.
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OnpezneneHre CKOPOCTH OKUCIEHUSI OPraHUYECKUX 3arps3HEHUH B
OonouIETpe MPOBOAMIIN TTOCIE YIAICHHS U3 a’poTeHKa oOpabarwiBae-
MOH XHUAKOCTU C aKTUBHBIM WJIOM M 3allOJIHEHUSI €r0 UCXOAHOM CTOY-
HOM JKHJKOCTBIO, YTOOBI MCKITIOYUTH BIMSIHHE aKTHBHOTO HJIA adPOTEH-
Ka.

Tabmnuma 7.5
YaenabHoe KOINYECTBO 0HOMACCHI, 00pa3yloleecs HA IOBEPXHOCTH
3arpy3ku 0MopuiIbTpa u ee 30JIbHOCTh

JlaTer OO01as momams Bec ot™MBI- KomuectBo 301b-
00pas3oB B3AThIX To¥ Ouomac- | GuomMacchl, 00- HOCTb,
IO BBICOTE JINCTA HAa | CBI (IO Cy- pasy}(%meﬁ(:ﬂ %
rny6142He 0,2; 0,6; 1 XOMY Bellle- | Ha CM TOBepX
M, CM CTBY),T HoCTy mmdepa,
r/cM
18.06.85 828 4,748 0,0057 36,1
22.11.85 694 6,315 0,0091 45,5
27.03.86 460 3,171 0,0068 33,25

3a 2 gyaca cpenHss KOHIICHTpAIUs 3arpsi3HCHUN B CTOYHOW BOIE
nocne 6uopunsTpa chHuxkaercs Ha 49 mr O,/am’ mo BIIK,, 3a 4 yaca
paborsl — Ha 85 mMrO,/ aM®, 3a 6 4acOB CHIMKEHHE KOHICHTPAIlUu
npoucxomur ¢ 126 no 17 mrO,/ am’.

Tabmnuma 7.6
OxucanTebHAss MOIIHOCTL OMOMACCHI
ITno- Kom-Bo [O6Bpem| Tem-| Cpemuss konnentpa- | Komaect- | Ckopocts
mane [6mo- |oOpabd mepa{ Mg OPraHMYECKUX | BO OpTaHH-| OKHCIIE-
MoBepX- | Macchl |ThIBae-| Typa | 3arpssuennii nmo BIIKs, | yeckux HUSA
HOCTH | (1O CyX.|MOH | KuI- M1/ M 3arpssHe- | IBIIKs Ha
nmdepal BenI-By) KHJKO; KO- | 110 ye- |uepestiepes| HUI It Owmo-
BOHO- |T CTU, M 8TI/I, Hayaq{ pe3 | 44a{ 6 ya-| yIaJICHHBIX] MACChI
(uby- C |[ma 24a-| ca | coB|BTedyeHue |Bcyrt (Mo
pe, M OIIbI-| ca CYTOK, CYXBeIl-
Ta rBITK5S BY)
1182 80376 | 42,1 | 10,5 126 | 77 | 41 | 17 18356 0,228

Ha ocHoBanuu mpoBeAeHHBIX HccliegoBanuil mis pacyeToB KC
OBIM YTOYHEHBI CJIENYIOUIME MapaMeTphl: yAeIbHOE KOJIUYECTBO
ouomaccel cienyer npuHumath 0,007 r/cM?; OKHCIHMTEIBHYIO MOII-
HOCTh 1 T OMOMacchl MM CKOPOCTh OKHMCJIEHHS IPHU TeMIepaType
10°C cnenyer npunumats 0,22 1 BIIK/(r cyt). Ilpu Gonee BbICOKHX
TeMIlepaTypax UCXOIHBIX CTOYHBIX BOJ HPOU3BOAUTCS KOPPEKTHU-
POBKa CKOPOCTH OKHCJIEHHS.
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B 6uopumnetpax KC wucmons3yrorcss IO CyIIECTBY BCE H3BECT-
Hble 0COOEHHOCTH MHKpoOopraHu3MoB. CyIIecTBYIOT 30HBI, B KOTO-
pPBIX OMOIICHO3BI Pa3BUBAIOTCSA B adpPOOHBIX HJIM aHA3POOHBIX yCIIO-
BHSX W TPEACTABICHBI TeTEPOTPOMHBIMH U aBTOTPOPHBIMU MHUKPO-
opraHuzMamH. J{is ompeneneHuss TOMUHUPYIOUUX KYJIbTYP MHKPO-
OpraHu3MOB B OMOQUIBTpE OBUIM MPOBEICHB MUKPOOHOIOTHUECKUE
uccienoBanus Ha 0aze kadeapsl MukpoOuosorun PocToBckoro ro-
CyJapCTBEHHOTO yHUBepcuTeTa. MccnenoBanus Ouomacchl OMOQUIIb-
TPOB MO3BOJWJIN HICHTH(GULIHUPOBATH II0 30HaM Hambojee Xapak-
TepHbIe OUOKYIBTYPHI.

MuKpoOHOIOTHYECKHE HCCIEOBAHMS MPOBOIMIN CIEIYIONUM
o0pa3zomM: u3 OMopuUILTpa OTOUpPaAIU OMOMACCy M BBIMOJHSIN MMOCEB
¢ pas6asienuem 102, 10%, 104, 10°, 10° B crepunbHbIX yamkax I[leTpu
Ha cpene MIIA, B TpexkpaTHON MOBTOPHOCTH JJIS KaXXJOH CTCICHHU
pa3baBnenus. Yamku [leTpu momemanu B TEpMOCTAaT M Yepe3 CeMb
JIHeW ompeaessuiu npeodanaroniue B OMoQMIbTPEe KYJIbTYPhl C IOC-
JeAYIOIHUM YTOYHEHHEM BHJIOBBIX NPHU3HAKOB. B pe3ynbraTe MHK-
POCKONMUPOBaHUs OBLJIO YCTAaHOBJCHO, YTO B OMOGHMILTpE B 00Jb-
IIOM KOJIMYECTBE HMPUCYTCTBYIOT MHUKPOOPTAaHH3MBI, MpEICTaBII-
omue co00i MOABUIKHBIE MAaJOYKH, adpoObl, cmopoobpasylomue,
IPaMIOJIOKHUTEIbHBIE, OHU MOTYT OBITh MISHTH(GHUINPOBAHBI KaK aM-
MoHHUUKaTopsl - Bacilus subtilus.

JIOCTaTOYHO MIMPOKO MPENCTABICHBI MHKPOOPTAaHU3MBI CIICIHU-
(ryeckoli HUTEBUAHOW (POPMBI, KOTOPBIE OJHO3HAYHO MOXKHO HJICHTU-
dbunupoath kak Bacilus mycoides - aapoOHBIE aMMOHH(BUKATOPHI,
Japllne XxapaKTepHble KOJOHUHW, HAIOMHUHAIONME MULCIHH rpubda,
KOTOpBIE OCYIIECTBIISIOT aMMOHH(HUKAIIUIO a30TCOACPIKALINX BEIECTB
caMoil pa3HOOOpa3HOU CTPYKTYpHI: OEJTKOB, aMHHOKHCIOT, aMHHOCA-
XapoB, HYKJIIEMHOBBIX KHCIJIOT, aMUI0B, (ochaTHI0B, MOUYEBOW KHCIO-
Tl U MOYEBHUHBI. [IepBBIM MPOAYKTOM MHUHEpaIH3alUH OpraHuYec-
KOTo a3oTa siBisgercs ammuak (npu pH menee 8, mpeoOmanaer a3oT
B ¢popme aMMOHUs1). B HIkHe# wacT OMOUIBTpa BCTpeuyalTcs B
JOCTATOYHO OOJIBIIOM KOJUYECTBE OBAJbHBIEC, IOJBIKHBIE OaKTe-
puu, He oOpa3zylomue Crop, TpaMOTpHIlaTEeNbHbIe OaKTEepUU, KOTO-
pble MOXHO uaeHTH(dUIUpoBaTh Kak Nitrobacter. B BepxHeil gactu
ouopunpTpa HACHTUPUIUPOBAHK NeHUTpUDHKATOPEl Micrococcus
denitrificans .

B macrtosmuit MoMeHT BenyTcs paboOThl IO PaCIIUPEHHUIO ac-
COPTHMEHTa MaTepHalioB, NMPEIHA3HAYCHHBIX IS BBITIOJHEHUS 3ar-
py3ku OnoduibpTpa (CTEKIOMIACTHK U Ap.). Ha HOBBIH THI 3arpy-
304YHOTO MaTepualia moinydeHsl nateHtsl /33, 36, 37/. 3arpyska
ouo(dmIbTpa COCTOUT U3 rOYPUPOBAHHBIX JIUCTOB C BOJIOKHHCTHIMU
sanementamu (puc. 7.10.).
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durkcaTopsbl

Puc. 7.10. 3arpy3ka ouodpuibTpa u3 rohprupOBaHHBIX JTHUCTOB
C BOJIOKHHCTBIMHU 3JIEMEHTAMH

DJIEeMEHTHI MPUKPEIUIIIOTCS K JUCTaM 3aIl[eIKUBAOIUMHU YCT-
poiictBamu. JIMCTBI cOOUpPAIOTCA B OTHAENbHBIE OJOKH C MOMOIIBIO
camoOyiokupywIuxcs Gukcaropos. Ha nucrax npemycmaTpuBarT-
CA BBICTYIBl U BIIQJAWHBI, SKBUBAJICHTHAsI MIEPOXOBATOCTh KOTOPBIX
MMEET MUHUMAJIbHOE 3HaueHue B nepBod HikHel 3one 0,02 — 0,1; BO
BTopoit 0,11 — 0,2; B Tpetbeit — 0,3 — 0,5; B uerBepTot 0,6 — 1,2; B
ngton — 1,3 — 1,5 MM, MakcuMalIbHOE 3HAUCHHE DKBUBAJICHTHOU
LIEPOXOBATOCTH, B LIeCTOM BepxHell 30He — 1,6 — 2 mMm. Hanuuue B
3arpy304HOM MaTepuaje 30H ¢ MaKCHUMalbHOW MIEPOXOBATOCTHIO
cnocobcTByeT (HOPMUPOBAHUIO PAa3BUTOrO0 OMOIIEHO3a, B TO K€ Bpe-
MsI CHMDKEHUE 3KBUBAJICHTHOM IIEPOXOBATOCTU B CpPeAHEH M HHMXKHEHN
YaCcTH JUCTOB YMEHBINACT CHIIBI CIEIUICHUS U CIOCOOCTBYET OTBO-
Iy U30BITOYHON OMOMACCHI.

CoOopka OJIOKOB M3 JIUCTOB 3arpy304HOro MaTepuajia ocCylie-

CTBJIIETCS HETOCPEACTBEHHO B mepuoa MoHTaxa KC.
TouHo ompenenuTh BKIag OMOPUIBTPa B MPOIECC OYUCTKU CTOU-
HbIX Boa Ha KC mpencraBnsieTcs 3aTpyJHHUTENIbHBIM, TaK KakK 3TO
3aBHUCHUT OT OOJIBIIOTO YHMCIIa B3aUMOCBSA3aHHBIX (akTopoB. OmHa-
KO, KaK mokasbiBaeT ombIT padoTel KC, pacueTHbli 3pdexT ounct-
KU XO03SHCTBEHHO-OBITOBBIX CTOYHBIX BOJ B OMOHUIBTpPax ¢ MIOC-
KOCTHOM 3arpy3koil cienyer npuHuMarth B npenenax 70%.
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OfHUM U3 OCHOBHBIX NMPHHIMWIOB pa3padOTKH KOHCTPYKLIUHU OHO-
¢unsTpoB KC sBisieTcss UX HaJeKHOCTh U SKOHOMHUYHOCTH, OCOOEH-
HO 9TO Ba)XHO NMPU OYHUCTKE CTOUYHBIX BOJA OT HEOOJBIIUX yJaJeH-
HBIX TIOCEJIKOB. BeposATHOCTH NEpephIBOB B MOJa4e IJIEKTPOIHEPTUU
B MaJIbIX HAaCeJeHHBIX MyHKTax BBINIE, YEM B TOPOJaxX, CIOXKHEE
pemarotcs npoOJaeMbl peMOHTa, 3aMeHbl 000pyloBaHHs W KBanudu-
UUPOBAHHOTO O0CIyXHBaHHSI. B 4acTHOCTH HalekKHOCTh PaboOTHI
Ouo(miIbTpa 3aBUCUT OT CBOMCTB 3arpy304HOr0 MaTepualia, Mo3TO-
My pa3paboTaH HOBBIM TUI 3arpy3KH, oOyiajaromIuii cBOMCTBaMU
JKECTKUX 3aCBITHBIX U €MKOCTHBIX 3arpy3ok mo marentam /38, 39/.
3arpy3ka OMOQUIbTPa BBINOJIHACTCS U3 KEPAaMUYECKUX IIaPOBUIHBIX
3JIEMEHTOB C PaBHOMEPHO PACIOJIOKEHHBIMH YTIyOJICHUSMH, OCU
KOTOPBIX CXOASITCS B LeHTpe mapa. JIroboi mopsaok yKIaaKu Ia-
POB MPHUBOJIUT K TOMY, YTO YacTh YIrIIyOJCHUH 3aloiHIETCS HIOBOU
cmechio (puc. 7.11.). Bug 3arpysku 6nodunsTpa ycTaHoBKH 50 M3/
cyT 0a3sl oTABIXa «DHEPTETUK» TOKa3aH Ha puc. 7.12. Bonee niu-
TeJIbHBI KOHTAKT ¢ HMMMOOWJIM30BaHHOW OMOMAccOil W HalU4He ak-
THBHOTO WJIa B 3arpy3Ke o0ecreyuBarOT JOCTHXeHHEe dddexra oun-
CTKU CTOYHBIX BoZ B Omoduubtpe 80 — 85%.

Ha nepuojn OTKIIOUYEHUS UUPKYISLMOHHOTO Hacoca BJIAXXHBIU
PEXUM BHYTPH 3arpy3KH MOAJCPKUBACTCA 3a cUeT MHOXKECTBA 3a-
MOJIHCHHBIX XHUJKOCThIO €MKOCTEH, a CHaO)KeHHE KHCIOpPOI0M Oak-
TepHANbHBIX KJIETOK B €MKOCTSX IIapOB OCYHIECTBIISIETCS 3a CYET
nuhdy3un KucIopoaa Bo3ayxa, YTO MO3BOJSET COXPAHUThH JKH3HE-
JNeATeIbHOCTh MHUKPOQIIOpHl NpU IepephiBax B padore 10 2-X cy-
TOK.

Puc. 7.11, 7.12. 3arpy3ka 0uoduiabTpa U3 NIAPOBUIHBIX KEPAMHYECKHX

DJICMCHTOB.
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JlaHHBIE Pe3yJNbTaTOB HMCCIECAOBAHUHN IO ONPENEICHUIO KOH-
LEHTPALUU PACTBOPEHHOTO KUCIOPOJa B CTOYHOM Boje mociie Ouo-
¢unpTpa B 3aBUCUMOCTH OT BHJAA 3arpy3Kd NpHUBEIEHbI B Tabua. 7.7.

Tabmuua 7.7
JlaHHBIE 110 KOHIIEHTPALUH PACTBOPEHHOI'0 KUCJI0poa
I'mppas- | Konuen- CpenHss KOHICHTPAIHs paCTBOPSHHOTO
JMYecKas | Tpauus KUCIIOpOJa, MI/IM
Harpys- pactBopeH- | [apsr, [Tapswl, [Tapwr, Konbna
Ka3, R HOT'O KU- d=50mMm | d = 50mm | d = 50mm | Pammra
M /M1 cropogaB | ¢ yrnyd- | ¢ yrny6- | ¢ yramy6- | 50x50 MM
Oaxe, JEHUAMH, | JICHUSIMH, | JCHHUAMH,
MI/oM d=20mm | d=25mmM | d=27 MM
2,2 1,04 8,32 8,48 8,76 8,16
6,2 1,04 8,28 8,40 8,48 8,16
7,5 1,12 8,04 8,15 8,24 7,78
8,5 2,16 7,04 7,75 7,96 7,47
AHanu3 JaHHBIX MMOKa3ajl, YTO MAacCOOOMEHHBIE XapaKTepu-

CTUKHU TpejyaraeMoi 3arpy3ku Ha 7% BBIIIE IO CPAaBHEHUIO C
KECTKMMH 3aCBHIMHBIMH 3arpy3kamMu u3 koijen Pamura. Konwnue-
CTBO JXKHUIKOCTH, 3ajaepxkuBacMoil B 1M® 3arpy3ku coctapisier 40
— 50 nm®. TToaTOMYy MCIONIB30BaHHWE HOBOTO THIA 3arpy3ku 3ddex-
TUBHO TaKX€ B XUMHUYECKOH M MUKPOOHOJIOTHYECKON MPOMBIIIICH-
HocTH. McnblTaHus 3arpy3kd B MPOU3BOJACTBEHHBIX YCIOBUAX Ha 0/
0 «OHepretuk» KpacHomapckoro kpas, NOATBEPAUIN BBICOKHH 3(-
(eKT OYMCTKH CTOYHBIX BOZ B Omodmibtpe (okono 80%). Ilpu mepe-
pBIBax B IOJade 3JIEKTPOIHEPIHH B XKapKOe BpeMs roja B TEUCHHE §
yacoB HaOmonanu rudeiab akTUBHOTO Wja B a9POTEHKAX, OJHAKO 32
cuet 3arpy3ku OunodunsTpa KC u3 mapoB ¢ yriyOieHussMH, BOCCTa-
HOBJICHME TEXHOJOIMYECKOro pexuma padborsl KC mpoucxoauio
Bcero 3a 1,5 — 2 cyToK.

AspomeHnKu-omcmouHuKY

Creuunguyeckue yclioBHs, B KOTOPBIX OCYIIECTBISICTCS MPOIIECC
Ouojerpagauu OpraHUYECKUX BEIIECTB B adPOTEHKE-OTCTOWHUKE,
0COOGHHO B IIEPUOJ BBICOKMX OPraHMYECKHX HAarpy30K Ha WJI U IO-
BBILICHHBIX THAPAaBINYECKUX HATPYy30K HAa COOPYKEHHs, ONpeleiu-
1 HEOOXOJUMOCTh MPOBEACHUS HCCIEJOBAaHUHN MO BBIABICHHUIO OCO-
OeHHOCTEH pacmpeneneHNs] KOHLIEGHTPpAluil aKTUBHOTO HMJIa U KHC-
JIopoJa B a’pallMOHHOW U OTCTOWHOW 30HE a3pPOTEHKOB-OTCTOWHU-
koB KC.
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UccnegoBanus npoBoawnd B 1985r. Ha CyLIECTBYIOIIUX COOPY-
JKEHHUAX, TOCTpOoeHHBIX B moc. CeBepuHo KpacHomapckoro kpas mo
3akazy MIXKKX PCOCP /40/. PesynpraTtel HCCIEIOBAHHUHA MPEICTAB-
neHsl Ha cxeme (puc. 7.13.).

= 1,2 - 1,6 mrO, /Om*
a =514 r/gm?

Il 0,= 0,28 - 0,48 MrO, /Am’
E, a (un oTcyTCTBYET)
= 4 /
& 3 ‘
T s
3 L}
Crioi YiMcTon Boasl o 0,= 0,52 MrO, /Om®
= = a=313 rifmw
(=] w
& B
=| 4 Heycroiumeein cnon una [ S e >
=< B -
g ] &= 0,=0,6 - 1 MrO, /Om®
T | Cnoit ¢ NoBLILLEHHON - A 2.
g KOHUEHTpauwreii una T a=55-6r0m
=
D
; Cnoli ¢ 0OMHAKOBOW
— KOHUEHTpaLweid una

Puc. 7.13. KoHueHTpaiuss paCTBOPEHHOI'0 KUCJIOPOJa U /103
aKTUBHOI'O MJIa B Pa3jIM4YHBIX 30HAX adpoTeHka-orcToiHuka KC

MukpockonupoBaHue OWOIEHO3a a3pPOTCHKOB-OTCTONHUKOB
KC, npoBeneHnHbie coBMeCTHO ¢ Kadeapoir Mukpobuosioruu Poctos-
CKOTO TOCYJapCTBEHHOTO YHUBEPCUTETa TO3BOJIUIIO YCTAHOBUTD,
YTO B a9POTEHKE B OOJBIIOM KOJIHMYECTBE MPUCYTCTBYIOT MHUKPOOP-
TaHU3MBI, IPECTABISAIONINE COO0W MOABIKHBIC MAJOYKH, adpoOBbI,
cropoo0Opa3yronue, rpaMIoI0KUTEIbHbBIE, OHH MOTYT OBITH UICH-
TH(UIUPOBAaHB Kak aMMoHHpuKaTopel — Bacilus subtilus. Jlocra-
TOYHO LIMPOKO MPEACTABICHB MHUKPOOPTaHU3MBI CHEIH(PUYECKON
HUTEBUIHONW (GOPMBI, KOTOpPBIE OTHO3HAYHO MOXKHO HICHTHU(PHUIUPO-
BaTh Kak Bacilus mycoides — aspoOHBIe aMMOHU(]PUKATOPHI, KOTO-
pBI€ OCYLIECTBISIOT aMMOHH(UKALIMIO a30TCOJEPIKAMUX BELIECTB
caMol pa3HOOOpa3HOW CTPYKTYpHI: OCJIIKOB, aMUHOKHCIOT, aMHHO-
caxapoB, HYKJIICHHOBBIX KHCJIOT, aMUJ0B, ¢pocdaTugoB, MOUEBOH KHUC-
JOTHl U MOYEBUHBEI. B aspoTeHke BCTpeuyaloTcs B JOCTATOYHO OOJIb-
IIIOM KOJUYECTBE OBAJbHBIC, MOJABUXKHBIC OaKTepuu, He 00Opa3yromue
CIIOp, TpaMOTpHULIATENbHbIE OaKTepHUH, KOTOpPbIE MOXHO HUACHTHU(U-
nupoBaTh kak Nitrobacter.
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CpasrhumenvHas Xapakmepucmurka OKUCAUMENbHOU CNOCOOHO-
cmu buoyernozos buogurempa u aspomenka-omcmounuxa KC

OkucIUTEeIbHAS MOIIHOCTh OMOIIEHO3a PEAaKIMOHHOUN 30HBI
A9pOTEHKA-OTCTOWHUKA MOXET OBITh ONpeliesieHa B COOTBETCTBUHU
¢ ypaBuennem: OMa = Ca — Co, mrC/am* ,

I'me: OMa — okuciuTenpHas MOIHOCTh OMOIIEHO3a 30HBI a’pa-
uu, MrC/am?; Ca, Co — KOHIIEHTpAIMs OPTaHHYECKHUX BEHIECTB B
repecdeTe Ha YIJIepoa B OYUIIAEMOW CTOYHOW >KUIAKOCTH, HAXOs-
LIECd COOTBETCTBEHHO B a’pallMOHHOM 30HE a’pPOTEHKAa-OTCTOMHU-
Ka U B orcroiiHuke, MrC/am?

OkucnurelbHas MOIIHOCTh OMOIIEHO3a OMOQUILTPa ONpeaeiie-
Ha B COOTBETCTBHHM C YpaBHEHHEM:

OMO6 = Cn — Cou, mrC/om?,

I'me: OMO — okucnuTeNnbHAsE MOIIHOCTh OMOIEHO3a OMO(UIBT-
pa, MmrC/am?; Cn, Cou — KOHIIEHTpAIMs OPTaHUYECKUX BEHIECTB B
repecyeTe Ha yriepoJl B IOCTYIMAromed B OMOGUIBTP CTOYHOM KUJI-
KOCTH W OYHINEHHOW OmomeHo3om O6uoduiastpa, MrC/ame.

ConepkaHue pacTBOPEHHBIX OPTaHMYECKUX BEIECTB, HAXOs-
IIUXCS Ha pasHbIXx craausax ouncTtku — Cos, mr C/aM® cocTaBmio:
Ca — 553,11 mr C/anv? ; Co — 147,94 mr C/am?® ; Cos — 829,39 mr C/om’;
Cou — 225,43 mr C/oM3.

B cooTBeTCTBUMM ¢ NMPUBEACHHBIMU JaHHBIMH OHOIICHO3 Peak-
IIMOHHOM 30HBI a’3pOTEHKA-OTCTOMHMKA okuciseT 405,17 mr C/nM?, a
6umoneno3 ouoduaprpa — 600,18 mr C/am3, 4TO B MPOIEHTHOM BHI-
paxenuu cocraBisieT 40,3 % u 59,7 % COOTBETCTBEHHO.

JlaHHBIC BBINICIPUBEICHHBIX PACYCTOB COIOCTABJISAIN C IOJY-
YEHHBIMH OKHCIHUTEIbHBIMU XapaKTePUCTUKAMU OHOIIEHO30B OHO-
GuAbTPa M pEakKIMOHHON 30HBI a3POTEHKA-OTCTOMHHUKA MPU pac-
CMOTPEHHHU U3MEHEHUs KOHIEHTPAIMH OPTraHWYECKUX BEIIECTB IO
BIIK,, MrO,/am* :

OM6 = BIIK,n — BIIK,0u; OMa = (bIIK,a — BIIK,0) — OmO0,

T'me: OM0 m OMa— OKHCIHUTENLHAS MOIIHOCTL OMOIIEHO30B CO-
OTBETCTBEHHO OMO(GUIBTPAa M PEAKIMOHHOW 30HBI adPOTEHKA-OT-
CTOWHHUKA, MFOz/I[M3; BIIKm, BITK 04 - KOHIEHTpanus OpraHuyec-
KUX BEIIECTB B TOCTymaromeid B OMOQMIBTD CTOYHOHU JKUIKOCTH U
OuYHMIEHHOH OHoneH030M OHOGHUIbTPA COOTBETCTBEHHO, MrO /am’;
BHKSa I/IBHK50 — KOHIIGHTpAUUsl OPraHUYECKUX BEIIECTB B OYH-
I[aeMON CTOYHOW YKMIKOCTH, HAXOJSIIEHCS COOTBETCTBEHHO B peak-
LHOHHOW 30HE a’pOTEHKA-OTCTOMHHMKA U B OTCTOMHHUKE, MFOZ/,I[M3.
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OxucnuTenbHas MOIMIHOCTh OModuimbTpa cocraBuia 53 MFOZ/,Z[M3,
OKHUCIIUTEIbHAS MOIIHOCTh PEaKIMOHHOW 30HBI a’pPOTEHKa OTCTOM-
Huka cocrtaBuia — 40,0 MFOz/,Z[M3, YTO B MPOLEHTHOM BBIPAXKEHUU
cooTBeTcTBEHHO cocTaBiisieT 60 % u 40 %. Yka3aHHOE COOTHOLIEHHUE
nonydeHo ansa KC ¢ BwicoToit 6modunbrpa 1,15 M. [lo Hamemy MHe-
HUIO, MIPU UCTOJB30BAHUU HOBOTO THIA INIOCKOCTHOM 3arpy3Ku C
BbIicOTOM 1,5 — 2 M, ynenbHbIH Bec OuodmibTpa B obOmem sddexre
OYHCTKH MOKeT mocturatb 70 %.

AHanu3 aHHBIX Pe3yJIbTaTOB MO3BOJSAET CAENATh BBIBOJ, YTO
B KC dopmupyrorcs cnenuduueckue yciaoBusi U TPOUCXOIUT ca-
MOPETYJISIIIUS CUCTEMBI 110 PaclpepesIeHHI0 OKUCIUTENbHOM CIoCco0-
HOCTH OWoneHo030B cocTaBHBIX dneMeHToB KC. Ilpu ompenenenun
KOHCTPYKTHUBHBIX HapaMeTpoB OMOPUIBTPOB M adPOTEHKOB-OTCTOM-
HHUKOB peKoMeHIyeTcs] dQPEeKTUBHOCTh, OMOPUIBTPOB MO OYHUCTKE
CTOYHBIX BOJ npuHUMaTh 60 — 70 %, a a’pOTEHKOB-OTCTONHHUKOB
30 — 40%.

XHUMHUUYEeCKUH COCTaB OWOIIJICHKH M aKTHBHOTO HWJa IpeCTaB-
JeH B Tabu. 7.8.

Tabauna 7.8
KoMmnonenTs! [IponenTHOE ConeprkaHWE KOMIIOHEHTOB OT OOIIEi Macchl
6uoreHo3a, %
AbspoTenka brodmmpa
Vruepon 31,38 15,14
Bojopon 5,18 3,89
O +NL+S+P 28.44 26,66
Munepamsraoe | 35,00 54,31
BEIIECTBO

Pe3ynpTaThl KOHTPOIBHBIX UCIIBITAHUH ITpH paboTe AByX cexiuii KC
3a mepuox 1985 — 1987 rr. mpoBeneHHbIX coBMecTHO ¢ KpacHomapckoit
kpaeBoit COC npuBeneHsl B Tadbnunax 7.9 u 7.10 /41/.

Ta6mmma 7.9
Pe3ybTaTbl 04MCTKH CTOYHBIX Bo 1oc. Ceseprno Kpachogapekoro kpast

Crounpie | BIIKs,  [Bsse- | Tlpospau- Asort, Mr/ 1M
BOJIBI MrO2/mM™ | IleHHbEe | HOCTh  (TIQ

Ben-Ba,| CHere- NH;" NO NOs™

Mr/ M | HY), cM
Ormocenka | 296-324 | 2512 1-2.9 8,8-13,8 | 0,008-0,13| 0,53-0,32
Or3sepo- | 1191 1680 | 22-63 - 174-19,5 | 0,019-0,025| 0,24-0,29
COBX03a
Tlocne KC 4,5-10,2 345 18-21 22-477 011027 4184
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Tabmuma 7.10

XapakTtepucTika akTuBHOr0 nia KC npu ouncTKe CTOYHBIX BOJ
noc. Cesepnno KpacHogapckoro kpas

Cro4HBIE Komunuectso [ Temne- Jlo3a una Cpennee 3011b-
BO JIbI cTo4HbIX BoA|patypa |Ilo Ilo yaenabHOE | HOCTbh, %
(pacuetHoe [xuako- |[o06b- [Macce, | compoTus-
BHK53270 CTH B emy, |r/am nexnye
MI/IM ), a’3poTeH- | % rl0 -,
3 0
M /cyT ke, C cM/T
Xo3zsiict- 73-100 12,1 68-75| 4.4 45,0 333
BEHHO- 9,5 69 43 39,6 342373
OBITOBBIE 36,8
10,3 69 38 384
CMmech 106-166 10,2 86 474 515,0 -
XO3SHCTBEHHO 10,2 4,73-514 | 21504000 | 37,0-35,0
OBITOBBIX 10,3 4,94 343,0 42,7
U IPOU3BOICTA
BEHHBIX

Jlannsle 0 paboTe Apyrux CyIECTBYIONIUX COOPYKEHUI TPUBEIEHBI

Tabm. 7.11.

Tabmuma 7.11

Jannsbie o padote cymectByomux KC (6e3 coopyxeHUii 100UHCTKH)

[Toxa3zarenu n. A6pay- | m. KoBaneBka, . Kpectsr, r. Hazpanp,
Hropco, 6/0 | ncuxoHeBpoO- MyIIHO- KOTTEPKHBIH
«JHepre- | JOTHYECKUH MEXOBOH KOM- TMOCEI0K
THK» JIHCcTIaHcep IUIeKC (pecmybuinka
(Kpacuonap-| (PocroBckas (MockoBckas |MarymeTus)
CKHil Kpaii) | 06macTs) 001acTh)
1 2 3 4 5
CocTaB CTOYHBIX BOJ Xo3siicT- Xo3sticT- Xo03s1iicTBEHHO- | X035 CT-
BEHHO- BEHHO- OBITOBBIC U IIPO- | BEHHO-
OBITOBBIC OBITOBBIC W3BOJICTBCHHbBIC | OBITOBBIE
ii‘fc"y"f CTOHHEBIX BOJ, 55,0 250,0 350,0 80,0
O61BeM coOpyKeHHH, M
- 61O UIBTPOB 10,4 29,2 51,0 10,1
-a9POTEHKOB 28,4 119,0 140,0 36,0
-OTCTOMHHUKOB 11,7 42,0 57,7 12,0
DHepro3aTtparhbl, KBT/4 3,0 7,0 15,0 3,2
HpO}lOJ’DKPITCJ’H;HOC;H) 7.0 5.7 6.0 2.0
paboTHI COOPYKEHUI, JieT|
BIIKs, MrO,/ mm® 320,0/4,8 390,0/15,0 2100/18,0 180,0/9,0
Bspewennpie 315,0/5,0 | 340,5/17,0 720,0/15,0 140,7/4,6
BEIIECTBA, MI/AM
A30T 06muit, MT/mIM° 32/9 32,5/14,3 147,5/22,8 31,0/12.,4
N-NH,",mr/ am° 28,0/4,1 28,8/8,7 100/18,3 26,5/3,0
N-NO,’, mr/ am° Cnexns1/0,15]  0,08/0,9 -/- /-
N-NO5, Mr/ am° Cuenbi/4,5 0,28/4,2 -/- 0,0/7,8
P-PO,>, mr/ oM’ 12,5/2,1 14,0/3.8 32,5/4,2 4,0/1,5
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[IpuMeuanue: B 4HCHHUTENE «/» MPHUBEICHBI MapaMeTphl MOKa-
3aTeleil B MCXOMHOM BOJEC, a B 3HAMEHATEJIC — B OUMILCHHOM.

OOmuii BUI NEHCTBYIOIIMX OYUCTHBIX COOPY)KCHHU Ha 0ase
otasixa «®perat» (1. Abpay-Jltopco) npuBenen Ha puc. 7.14, 1eH-
Tpa peadbunurainuu «balikonyp» (MockoBckas obiacTe) puc. 7.15;
aspomnopra «Maracy (Murymerus) puc. 7.16; 0a3bl oTAbIXa HaIU-
oHaibHOTrO Oanka Ocerum puc. 7.17; oma npecrapensix B 1. beno-
ropaoe CaparoBckoil obnactu puc. 7.18a, 0.

Puc. 7.14 Puc. 7.15

Puc. 7.16

a 0
Puc. 7.18. O0muit BUA CYIIECTBYIOUINX OYHCTHBIX COOPYKEHUI.
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B mponecce mpou3BoACTBEHHBIX HCCIEAOBAHWI OBLIH BBIAB-
JICHBI crienu(UUeCKre 0COOCHHOCTH pabOThl adPOTECHKOB-OTCTOWHMU-
KOB KOMOWHHPOBAHHBIX COOPYKEHHMH.

— Ilpu MOBBINICHUH KPATHOCTU LUPKYJISIUUA CTOYHBIX BOJI 0
9 — 13 unoBeii u"aekc Bo3pacran or 150 mo 230. Yxyaumenue ceau-
MEHTAIMOHHBIX CBOWCTB aKTHUBHOTO WJIa OOBSICHIETCS MOBPEKICHU-
€M YacTu OaKTepHalbHBIX KJIETOK 32 CYET MEXaHUYECKOr'0 BO3JeH-
CTBUS Ha HHMX JIONACTEW HMHUPKYJIAIHUOHHOTO Hacoca, yIapoB 00 OT-
pa)kaTelu CHCTEMBI OpollleHHs OMOPUIBTPa, a TaKkKe THIAPOJNHA-
MHYECKUM BO3JEUCTBUEM B adpallMOHHBIX KOJIOHHAaX. [Ipu 3HaueHHmM
KPAaTHOCTH IUPKYJISAIUUA CTOYHBIX BOJ N 3-8 BeJMYWHA WIOBOTO WH-
JIEKCa COOTBETCTBYET €r0 3HAYEHHIO IS KJIACCHYECKUX adPOTCHKOB
(70 — 150).

— IIpu xoHuentpanuu 3arpsa3uspomux BemecTB mo BIIKm B
CTOYHBIX Boxax Huxke 120 MFOz/,Z[M3 U MpPU Pacxole CTOYHBIX BOJ
HIDKE PACcYETHOTO 3HAUYCHHS, B a’paIllMOHHBIX 30HAX a’pPOTCHKOB-OT-
CTOWHHUKOB HaOIIOMAaeTCsd pe3Koe MOHWKEHHE KOHIEHTPAIMU aKTHB-
HOro wia (IPaKTUYECKH JIO MOJHOr0 OTCYTCTBHUS), a B 30HaX (op-
MHPOBAHHS MOBBIIIEHHBIX KOHIIEHTPAIlMA aKTHBHOT'O HJIa, €TO J03a
cocrasiusieT 1,5 — 2 v/nm’. Tlpu paboTe KIacCHYECKHUX adPOTCHKOB B
AQHAJIOTMYHBIX YCJIOBHUSAX MPOUCXOMHUT BBHIHOC WJIA, TaK KaK MPH J03€
wia menee 1,5 r/am® npouecc GopMUpOBAHUS XJIOMBEB MJIa HOCUT
HEeyCTONYUBHIN Xapaktep. DG PEeKTUBHOCTh OYUCTKH CTOYHBIX BOJI
B KC B >THX yCIOBHSX OCTAa€TCs BBICOKOI, KOHIICHTpPAIUSI OCTa-
TOYHBIX 3arps3HAIOLIUX BELIECTB COCTABISAET IO BHKH 4 MrOz/L[M3.
OTo ABJICHHE CBSI3aHO C YCTOWYMBOW paboToil 6moduibTpa, B KOTO-
poM maeT crabunbHOe (HOPMUPOBAHUE U OTJHEJIEHHE U30BITOYHOM
OuoMacchl, KOTOpas 3aT€M IOCTyMaeT B a3pOTEHK M B 30HE IOBBI-
IIEHHBIX KOHIEHTPAIMU Hia CO3/JaeT W MOMOJHSET CIOW B3BEIICH-
HOU OmMoMacchbl, cOpOHMpYIONEeld U OKUCISIOMEH OCTaTOYHBIE 3arps3-
HSIOIME BEIIeCTBA.

— B mepuonsr 3anmoBeix noaay crounbix Boa Ha OCK (ko3¢ du-
[IMEHT CyTOYHOW HEPaBHOMEPHOCTH IIOBBIIIAJICS JIO 5), CIIOH B3BEIICH-
HOTO WJIa TOJHUMAJICS, He JOXOAs 0 3epkaia Boasl Ha 0,5 — Im. B 1o
Ke BpeMs pabodas 703a Wia B 30HE adpalldil MpoJoJiKalla OCTaBaThCs
BBICOKOM ® cocTtaBimsia 5,1 — 5,5 r/am®, 9T0 CBHIETENBCTBYET O TEXHO-
JIOTUYHOCTH JTAaHHOTO YCTPOWCTBA, YCTOWUYHBOCTA OMOXUMHYECKUX
MIPOIIECCOB B HEM MPHU 3AJMOBBIX MOCTYIUICHUSIX CTOYHBIX BOJ U BO3-
MOKHOCTH MOJJCPXKHUBATh pabovyio 103y Wia B mpeaeiax — 6 r/ame.

— B KkOMOMHHUPOBAaHHOM COOPYKECHUHM OTCYTCTBYET XapakTep-
HBIM JUIS CYHIECTBYIOIIMX a3pPOTEHKOB-CMECHUTENIed HEJOCTaTOK —
BO3MOXXHOCTh NMPOCKOKa HEOUYMIIECHHBIX CTOYHBIX BOJA. B manHOM
clydae CTOYHAas BOJa IOCTYIIaeT CHavaia B KaMepy CMeENIeHUs, TIe
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OHa CMEIIWBAETCS C WIOBOW KHAKOCTBIO, 3aT€M MOCTyMaeT Ha OHO-
GUIBTPHI, TIe TPOUCXOIAT Mpolecch OnocopObuuu U Tpanchopma-
[UH 3aTPA3HSIONIUX BEIIECTB U IMOTOM IEpPEMEIINBAETCs BCEM peak-
IUOHHBIM 00BEMOM a’pPOTEHKAa-OTCTONHHUKA.

— BeInosiHEHUE y3J10B CTPYWHOMN a’paluu B BHUJE HECKOJb-
KHX pacXoJfIluXcs MYyYKOB (a3pallMOHHBIX KOJOHH) HUXXHUE KOH-
Bl KOTOPBIX PaBHOMEPHO PAcCTaBJEHBI HAJl JHUILEM a’poTeHKa
u HaxojsATcsa Ha BbicoTe 0,2 — 0,4 M OoT Hero, obecreunBaeT yaap-
HOE BO3JEHCTBUE Ta30KUIKOCTHBIX ITOTOKOB Ha auHume /31/. Ta-
KO€ pelIeHNe MO3BOJIIET UCKJIIOYUTh MpoOieMy 3aleraHus uia.
[Ipu »>TOM nBHKEHHE MOTOKOB, 00pa3oBaHUME BUXpEW W BCIJIbIBa-
HHE MY3BIPBKOB BO3Ayxa obecneunBaioT 3pPeKTUBHOE MepeMe-
IIMBaHUE COJAEPKHUMOTO a’3POTEHKA.

— O0benuHeHHEe KOJOHH B BepXHell 4acTu obieryaetr mpo-
[[ecC UX MPOYUCTKHU MPHU 3aCOPEHUH M YNPOINaeT CTPOUTEIHCTBO
coopyxeHuid. Tak kak onTUMaibHas BEJIWYMHA IUIOMIAAHM JHUINA,
NPUXOAAIIAsICA Ha OJHY KOJIOHHY dy 37 — 70 mM coctaBisieT 0,5 —
2 M?, TO TpU OrPaHMYCHHON MO HIOBOMY HHACKCY M dHEpreThdec-
KHM TIOKa3aTelsIM KPAaTHOCTH HUPKYISAIUHU HI0BOU cMecH (3 — 8)
HE0OXOOMMO yMEHBIIATH MOBEPXHOCTH IJIOCKOW YacTH JHHUIIA
a’poTeHKa. [ 3TOH 1enu yCcTpamBarOTCs BAIMKH C OTKOcamu 45 —
60 rpamycos.

[ToBpimieHne 03Bl UJa B a3POTEHKE MOXKET OBITH MpPOU3BEE-
HO 32 cueT UMMOOWIM3allMi aKTUBHOTO WMJia Ha 3arpy3ke. B kaue-
CTBE 3arpy3Ku Ipejajaraercs HCIOJb30BaTh IMJIACTMAacCCOBBIE JIHC-
THI CO IMETUHKAMH, YCTaHaBIMBaeMble Haja Baiaukamu (puc. 7.19.)

/42, 43/.

Puc. 7.19. Bupn 3arpy30o4Horo marepuasia B a3pOTEHKE
JUTST IMMOOIITA3alnA OMOMACCHI.
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B nucrtax npeaycmarpuBaeTcs YCTPOHUCTBO OTBEPCTHMH, 4YTO
o0ecneynT ABUKEHHUE MOTOKOB XUIKOCTU Yepe3 JIUCTHI, U COOT-
BETCTBEHHO MOBBICUT dPPeKTUBHOCTh POPMHUPOBAHUS MPUKpPET-
JIEHHOT0 OMOIIEHO3a W KOHTAKTa XUAKOCTH ¢ Omomaccoil. PaBHo-
MepHas paccTaHOBKA HMIETHHOK C ONpEJCICHHBIM IIaroM MEXIy
HUMH HCKIIOYUT CIUNaHue MUKPOPIopbl. OTHOCUTEIBHO MEHb-
masi TypOyJI€EHTHOCTh M ramleHue 3HEPruu MOTOKOB B MecTax
pacmoNoXeHUsI JTUCTOB OyAYT CIOCOOCTBOBATH Pa3BUTHIO HHT-
pudunupyromeit MUKpoOGIOPHI.

Pazpen 8. JOOUYUCTKA CTOYHBIX BO/J]
OT OPTAHUYECKHUX 3ATIPA3SHEHU

[Ipu pa6ore KC B pexrMe MONHOTO OKHCICHHS MHOTAA B OT-
CTOMHBIX 30HAaxX IMOSBIAIOTCS OJeAHBIC NPO3pavHbIE XJIONbS MUHEpa-
JMU30BaHHOIM OMOMAacchl, KOTOPbIE BBIHOCSITCS M3 COOPYKEHHH BMec-
T€ C OYMLICHHON BOMOH. CHM)KEHME KOHLEHTPALMU B3BELICHHBIX Be-
IIECTB U OCTAaTOYHBIX OpraHmdeckux 3arpsasHenuit no BIIK, mpowusso-
IUTCS Ha COOPYKEHHSX JOOYUCTKH.

B o0mem cinydae coopykKeHHUS JOOUYHMCTKH IO MEXaHU3MY H3bs-
THSI 3arpA3HAIONINX BELIECTB MOYKHO Pa3JeiuTh Ha JBa THUIIA.

1 — 3TO COOpYyXEHHUS TOOYHUCTKH, B KOTOPBIX JOMHUHUPYIOIIUM
MpOIECCOM SBISETCS MEXaHMYECKOE 3aJepKaHHE B3BEUICHHBIX Be-
LIECTB B MEXIOPOBOM IPOCTPAHCTBE 3arpy3ku (B HEKOTOPOW CTe-
MEHU ACHUCTBYIOT CHMJIBI KOT€3UU M agcopOumu). DTOT mpouecc pea-
nu3yeTcss B (QUIBTPaX ¢ 3arpy30YHBIM MaTepUanoM, B KadecTBe
KOTOPOT'0 HCIOJB3YIOT KBApPLEBBIM MECOK M PEXe M3BECTHSIK-PAKY-
HIEYHUK, aKTUBUPOBAHHBIN YIroJib U TIp.

2 — COOpY)XEHHUS, B KOTOPBIX AOMUHHUPYIOLUIMM MEXaHU3MOM $IB-
JISSIOTCS MPOIECChl OuocopOIMu U Ouojaerpaganuu. DTH COOpPYIKe-
HUS 3arpyXalTcid CenuPUUECKHM MaTepuanioMm (Hamboiee 4acTo
eplIaMy, BBHIIIOJIHCHHBIMU M3 HCKYCCTBEHHBIX JKECTKHX BOJIOKOH WM
AKTUBHPOBAHHBIM YIJIEM), KOTOPBIH SIBISIETCSI HOCHTENEM HMMOOU-
JMM30BaHHOM OMOMacchl, pa3BUBAIOLIEHCS B MPUCYTCTBUHU KHUCIOPO-
Jla BO3/yXa U MUTATEJIBHOTO cyOcTpaTa, KOTOPBIM CIyXaT OCTa-
TOYHBIC OpraHMYEecKue BeuecTBa. Bo BTOpOM THIE COOPYXEHUH HpH
ONpPEACICHHBIX YCIOBHUAX NMPOTEKAIOT TaK € Ipolecchl HUTpUdu-
Kaluu.

B mocnenHee BpeMsa mpeAnodTeHUE OTHAIOT BTOPOMY BapHaH-
Ty, TaK KakK 3arpy3ka B MEHbIIEH CTENEeHU MOJABEPKEHa KalbMaTa-
MM, BO3MOXHa ee OHOopercHepanus, MEHbIIE 3KCILUIyaTallHOHHbIE
3aTpaThl, B T. 4. ¥ Ha 3JEKTPOIHEPTHUIO.
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Jlanubie 0 paboTe ACHCTBYIOIMMX KOMOUHHUPOBAHHBIX COOPY-
KEHUH, JOMOJTHEHHBIX OMOpEeaKkTOpaMu JOOUYHMCTKH C €pIIOBOM 3ar-
py3KoOH, mpuBeneHsl B Tabu. 8.1.

Tabnuna 8.1
Jannbie pa6oTbl KC ¢ 6,10K0M 10049HCTKH
IMokasarenu 3aBon «HoBopoccmeranm noc. bepe3oBka
(r. HoBopoccwuiick) (CapatoBckas 001.)
C Xo3siicTBEHHO- X035 HCTBEHHO-
0CTaB CTOYHBIX BOJJ
OBITOBBIC OBITOBBIE
PglCXOZ[ CTOYHBIX BOJI, 50.0 13000
M/cyT
XapaKTepucTUKa
COOPYXEHUI
- IUIOILAJb 3arPy3KH 516 10577
OHOPUIBTPOB, M
-IIEpUOJI adpaLuu 7,3 8,6
OTCTOMHHKOB, 4
-J103a WJia B a3pOTEHKE, 2,8-3 25-3
r/n
DHeprosarpartbl, KBT/4 1,6 15
[IpomomKuTeIFHOCTD
. 2,5 3,5
paboTBI COOPYXKEHHI, JIeT
Xapakrepuctuka crod- | Mexon- Ilo- | Ilocne | Mcxon{ Ilo- ITocne
HBIX BOI* HBIC cie | Ouope- | HbIE cie 6uope-
KC | aktopa KC akTopa
BITKs,MrO,/nm’ 218,7 | 7,0 | 50 | 157 10 5
B3BeleHHEIC BeiecTBa, 126 10 3,6 117.,5 8 6
mr/ am®
N-NH,", mr/ am’ 41,5 |3,15% 3,0 42| 11%* 7
N-NO,, mMr/ am’ H/06H.| 1,1 0,8 0,19 | 0,021 | 0,021
N-NO;", mr/ e H/o6H.| 12,1 | 12,1 0,98 10 10
P-PO,”, mr/ v’ 3,12 | 2,6 | 2.6 3,5 1,3 1,1
IIpo3paunocts o CHen- 1.5 20 28 22 18 24
JICHY

*B Tabmure mpuBeneHBI CpEeIHIE MoKa3aTeln, 00beM BBIOOpKH n = 30.
**ComeprkaHne aMMOHUIHOTO a30Ta B ouHmieHHo# Bome 3,15 (11) mr/om® pu
HavanbHOH KoHLeHTpanuu azota 41,5 (42) mr/am’ u BIIK, 218 (157) mr/am® B
l/lCXOZlHOﬂ CTOYHOM BOAC CBUACTCILCTBYET O TOM, YTO KOHCTPYKTUBHOC YCT-
POWCTBO OYMCTHBIX COOPYKEHHI 00ecreyrBaeT OJIarONPUSITHBIC YCIOBHS JUIS
Pa3BHTHS NPOLECCOB HUTPUPUKALMU U JACHUTPUPUKALINY.
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O6muit Bun KC ¢ 6nokom moounctku B 1. bepesoBka Capa-
TOBCKOH oOsacTu npuBejeH Ha puc. 8.1; Ha 3aBoae «HomopocCme-
tam» (r. HoBopoccuiick) Ha puc. 8.2.

Puc. 8.1. Puc. 8.2.

CoopyxeHHs TOOYHUCTKH HEOOXOAUMO JKCILUTyaTUPOBATh B CO-
OTBETCTBHH C PEKOMEHAAIUSIMH, YTO NaJIeKO HE BCET/Ja OCYIIECTB-
ngetcs Ha npaktuke. Hampumep, B OCK moc. bepe3zoska Capartos-
CKOW 0o0sacTu OJOKM JOOYHCTKH IMOJBEPTaIOTCS HENOCTATOYHOM
a’paluu, 4To CHMXaeT MX 3P(PEKTUBHOCTh, TAK KaK CO3/IAIOTCS aHa-
spoOHBIe ycinoBus. KpoMe 3TOoro KOHCTpYKIUs eplieil, Kak ycra-
HOBJIEHO, TaKXe BIUWsET Ha mpolecc JOOYUCTKU. Tak ananmu3 OHO-
OpacTtaHuil moka3aji, 4TO B IICHTPE €pIlIed MPOUCXOAMIO HAKOILIE-
Hue OMomacchl, ee CIUNaHue | 3arHuBaHWe. J{si pereHepamuu 3ar-
PY3KH HEOOXOAMMO MHTEHCHBHOE adpPUPOBAaHWE WM MPOMBIBKA CTPY-
AMHU BOAbI, YTO B CBOIO OUYCPCAb NPUBOJIUT K M3JIUIIHCMY CMBIBY aK-
THUBHOW OMOMAacChl CO HIETUHOK 3arpy3ku. B mocienyromui nepuo
BOCCTAHOBJICHUA INOKPBLITHUA HICTUHOK IMPOUCXOAUT IMPOCKOK OCTATOY-
HBIX 3arpA3HEHUN B OYHINEHHYI0 BOAYy. OTHOCHTEIBHO Mal CPOK
caykObl epmioBoi 3arpy3ku: 0,5 — 1 rox mpu IOMOJTHUTEILHOU a’pa-
MM C MOMOIIbI MHEBMAaTUYECKOI0 000pyaOBaHMA U 2-3 roja npu
pereHepanuu CTpysAMH XHUIKOCTH.

Jns ycTpaHeHHs yKa3aHHBIX HEIOCTATKOB IOHAAO00MIIACh pa3-
paboTka Oojee TEXHOTOTUYHON KOHCTPYKIMU 3arpy304YHOTO MaTe-
puaia, dKCIlyaTalMOHHbIE XapaKTEPUCTHUKH KOTOPOTO 3HAYUTEIb-
HO BBIIIE U MO IKOHOMHUYECKOMY (pakTopy, Tak Kak TpeOyeTcss MEHb-
mee KOJIUYECTBO MPOMBIBOK, a, CJIEJIOBATEIbHO, U MEHBIIUNA Pacxoj
3IEKTPOIHEPTUH.
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TexHHuecKoe pelleHuEe HOBOTO THUIA 3arpy304HOTO MaTepua-
Jla IpUBEAECHO Ha puc. 8.3.

[Ipennaraemas 3arpy3ka s OMOpeaKTOpa BBIMOJHAETCS M3
IJIOCKHUX JINCTOB C OTBEPCTHSIMU M LIETHUHKAMH, IPUYEM YMEHbLIe-
HUE JUaMETPOB OTBEPCTHUH M PACCTOSHUN MEXIY LIETHHKAMHU BBI-
MOJIHSAETCS CHU3Y BBepX /43, 44/. Takoe peuieHue oOecreunBaeT
ONTUMAaJbHBIA THIPOJAMHAMUYCCKUH PEXKUM JBIMKCHHS U KOHTaKTa
KUJKOCTH € UMMOOMIIN30BaHHONH MHUKpO(IOpOM, 3a/iep>KaHie BCILIbI-
BAaIONIMX BEIIECTB B BEPXHEH YaCTH 3arpy3Kd, KOTOpas BBHIIOJHSIET
¢byHKuMu OMouIbTPa M CBOOOJHBIM OTBOJ OTAEIAIOIICHCS MHHE-
painu30BaHHONW OMOMACCHI MYTEM MOHWKCHHS YPOBHS BOJBI B pe3ep-
Byape U CMbIBa CTPysSIMH BOIbl. KOHCTpYKTHBHOE yCTPOHCTBO 3ar-
Py3Ku cocoOCTBYeT Pa3sBUTHIO MUKPOQIOPHI ¢ 0ojee BHICOKUM
BO3PAacTOM, YTO JA€T BO3MOXKHOCTb HOBBICHUTH CTEHNEHb OUYHMCTKHU HE
tosibko 1o BIIK u B3BemIEHHBIM BEIIECTBAaM, HO U 10 CHI)KEHHIO OC-
TaTOYHBIX 3arps3HeHUi a3zota u ¢ocdopa.

Puc. 8.3. TexHuueckoe pellieHHe HOBOTO THUIIA 3arpy30YHOrO MaTepHaia

Pazpen 9. OYUCTKA CTOYHBIX BOJ
OT COEAJMHEHHUMU A30TA U ®POCPOPA

9.1. OyncTKA CTOYHBIX BOJ OT COeIMHEHHUI a30Ta

Humpugpuxayusa

IIpu ucnonap30BaHUM OUMILIEHHON CTOYHOM BOJABI IJiA psiAa Mpo-
W3BOJICTB HJIM BBHIMTYCKE B BOJOEMBI, KOTOPHIE HAXOMATCS MOJ yIpo-
301 IBTpOUKAMU OMOTEHHBIE DJIEMEHTBI — a30T U Gochop ABIs-
I0TCA JUMHUTHUPYIOIIUMH 3JIEMEHTAMU U B 3TOM CJIydae pacueT TeX-
Hostorndeckux cxeM KC HeoO0XOIMMO BBINOJHATH C YYETOM CHHUIKE-
HUS KOHIGHTpAlluu OMOreHHBIX 3yeMeHTOoB. B 1991 — 93 r.r. cnenu-
anuctramu PHUM AKX 6plin mpoBeneHBI MCCIIEAOBAaHUS MPOLIECCOB
Ouomerpagalil OpraHWYECKUX BEIIECTB, HUTPHUPUKAIUHA U JESHUT-

141



pudukammu B KC /45/. Ha ocHOBe pe3ynbTaTOB 3THUX HCCIEIOBaHUI
YCTaHOBJIEHA IOCJIEOBATEIbHOCTh BBINIOJHEHUS pacdeTa COOpY KeHUMH:

1. Onpenenuts 00BEM adpallMOHHON 30HBI A3POTEHKA-OTCTOM-
Huka (V,M?), OCHOBBIBasICh Ha peKOMeHaAyeMbIX Tunopasmepax KC,
KOTOpBIE B CBOIO OUEpEAb ONPEAENSIOTCS B COOTBETCTBUU C CYTOU-
HBIM 00BeMOM 00pabaThIBa€MBIX CTOYHBIX BOJI;

2. OnpenenuTs 103y Wia MO0 0E330JILHOMY BEIIECTBY B adpallu-
OHHOH 30HE a’poTeHKa-oTcToliHWKa KC, ucxons u3 ycioBus coOiro-
JeHUsI pealu3aliy MOJIHOH HUTpU(UKALKU; HAarpy3Ka Ha W [0 Opra-
HMYECKOMY BEIECTBY, He NosbkHa npesbimath 0,1r BIIK /v cyT.,
u B Haubonee OnaronpustHom Bapuante — 0,05 r BIIK /r  cyT.
CoorsercTByroniee HepaBeHcTBO umeer Bua: L Q/aV < 0,1. Ilpu
BBICOKHX KOHLEHTPAIMSIX OPraHMYEeCKUX BEUIECTB B CTOYHBIX BOJAX,
HampuMep MPH OYHMCTKE CTOYHBIX BOJ MHUINEBOW MPOMBINUIEHHOCTH,
O0OBIYHO HEBO3MOXXHO OCYLIECTBJIATh HUTPU(PHUKALMIO NPU OIHOCTY-
neHyaTou Ouosiormyeckoit ouncTtke. B ciaydyae mcmons3oBanus KC,
5Ta BO3MOXXHOCTH MOSIBISIETCS, TaK Kak MEpBbIE MOPIUH OpraHuyec-
KHX BellecTB nonatorcs B ouopunstp KC, B KoTOpOoM ocCymecTBis-
ercs ux m3barue Ha 50 — 70 %. Takum oOpa3om, B a3pOTeHKE Ha-
rpy3Ka Ha W, KaK MPaBUIJIO, HE MPEBHIIIAeT HEOOXOAUMBIX ISl HUT-
pudukanuu 3Havyenuil. [lpn ykasaHHBIX Harpys3kKax Ha HMJ IO Opra-
HUYECKOMY BELIECTBY OCYUICCTBIISICTCS HE TOJIBKO TOJHAS HUTPUDU-
Kalusi, HO U MPAaKTHYECKH TOJIHOE OKHCIICHHE OPTaHWYCCKHX BEIIECTB,
OCTAaTOYHAsl KOHIEHTPAaUMUs KOTOPHIX HE IPEBBILIAET B OUMILEHHOM
BoIE 7 Mr BHKH/Z[M3, TaKuM 00pa3oM, OCYIISCTBISACTCS TaK Ha3bl-
BaeMbIl PEXUM MNPOJJIEHHOW a’paluu.

Ecnu nonyueHHOe 3HayeHUE NO3bI Mia OKa)xkeTcs Ooyee peKOMEHAIY-
eMOT0 JIJIsl 3TUX COoopykeHHi (4-5 r/aM?®), TO clieAyeT MepeuTH K ciie-
nytomemy tunopasMmepy KC u moBTOpuUTH pacueT 03Bl HUIIA;

3. OnpenenuTh CKOPOCTh POCTa HUTPUPULUUPYIOMHUX MHUKPO-
OpraHM3MOB C yYETOM BIHSIONUX Ha mpouecc GpakTopoB — Temrie-
patypsl oOpabaTeiBaeMoii Boabl, pH cHcTeMBbl, KOHIIEHTpalUHu pa-
CTBOpeHHOro kucinopoaa. Onpenenuts Bo3pacT uia. Ocobbie Tpe-
O0oBaHUs K BO3pAacTy Wia B CHUCTEME, IJl¢ OJHOBPEMEHHO OCYIIECTB-
JSIOTCST IPOLECChl HUTPUGUKAUMKM M OMOIerpalaluud OpraHUuYeCcKUX
BEIIECTB CBS3aHBI U C TEM, YTO HUTPU(PULUUPYIOIINI W ABJSETCS MEa-
JIeHHO pacTtymuM. Hampumep, M3BECTHO, YTO MPU OKUCIEHUH
IMr/am® azora aMMOHUHHOTO TpHpocT ais Nitrosomonas cOCTaBJIs-
er 0,13 — 0,04 mr/agM? una, a mis Nitrobacter — 0,02-0,07 mr/am>.
Hnst Toro, 4To0Bl HE MPOUCXOAMIJ BBIHOC HUTPU(PULHUPYIOLIETO Uil
U3 CUCTEMBI, €ro BO3pacT NOJKEH OBITh JOCTAaTOYHO BBICOKHM, HE
MeHee 5 CyTOK (MHOTIa HeoOXOAMMBIA BO3PACT HMIIa COCTaBIsIET 15 —
30 cyt). EcrecTBeHHO, 4TO NMpHU OJHOBPEMEHHOM NPOTEKaHUH IPO-
LeccOB HUTPU(DHUKALMU U Ouojerpajalud OPraHUYECKUX COCAMHE-
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HUI B OJHOMJIOBOH CHCTEME HEBO3MOXKHO Pa3eliiATh reTepoTpodHYI0
U aBTOTPO(HYIO COCTABIISIONIYIO MWJIOBOH CMECH M BO3pAcCT Wja NpH-
HUMaT M0 HE0OXOAMMOMY BO3pacTy aBTOTpodHOU (HUTpUHIHMpY-
IOIIEH) COCTaBIAIONMICH.

4.0mpenenuTs CKOPOCTh OMOAerpajalyd OPTaHUYECKUX Be-
niecTB (p) ¢ yuyeToM Bo3pacta mia no gopmyne: p =Ka+0,0417Kp/0,
Mmr/(t-4), Tne Ks — sHeprerudeckuit pusnonorudeckuii Kod3PQPUIUEHT,
mr BIIKn/(r-9) Box; Kp — ¢usuonornueckuit kod3dpPunueHT pocra
MHKPOOPTaHU3MOB akTUBHOTO una, MrbIIKn/r., anga ropoackux
CTOYHBIX M NPOU3BOACTBEHHBIX OJM3KHUX K HUM IO COCTaBy,

Ks = 3,7 mrbIlIKn/(r-9), Kp = 864 mrbIIKn/r.

5. OnpenenuTh (GaKTUYECKYI0 BEJIUYMHY MPOJIODKUTEIBHOCTH

aspauuu no popmyie: t —V/Q q.,
6. Onpenenuts OCTaTquon KOHueHTpaumo OpPraHMYECKUX 3arps3He-
HUA B OYMILEHHON Bone no dopmyne: L =L —t » &P, MI BITKm/am?,
rae: t, - TPOJODKHTENBEHOCTD aapaunn y; L u L, — KoHUeHTpaus
OpPraHMYECKHX 3arpsA3HSIONUX BEIIECTB B MCXOHOH M OUYMILCHHOI
BoJe cooTBeTcTBeHHO, MIBIIK /nm?;

7. Onpenenutsb MpU U3BECTHOH MPOAOKUTENBHOCTH a’paluu
OCTaTOYHYIO KOHueHTpaumo azoTa aMMOHHﬁHoro B OYMIICHHOH BOJE:
CON NH4+ - (C“N N C3N NH4+) aap ANPy> TACT 85 — pabouas so3a
HATPU(UIUPYIOIIETo Hila, ONpenenseTcs yquOM CKOPOCTH €ro
ormupanus- B = 0,12 eyl U CKOPOCTH MPUPOCTa HUTPUPUIHPYIO-
mero uina -y

yN’/B ((CHN NH4 CgN»NH4+) ) CON-NH4+ )-

ECJ‘II/I BBIPAKEHHE BO BHYTPEHHHX CKOOKax 00O3HA4YUThH 4epes
Coom 4 » B € ydeTom Toro, uto Y = 1/ ©p, To CooTBETCTBEHHO,
HEO00XO0AMMOE BpEeMsl a’paluy AJs OCYLIECTBIEHUS Mpolecca HUT-
pI/I(i)I/IKaI_II/II/I (t on) OTPEICISCTCS aHAIOTHIHBIM 00pa3oMm:

- N, )OVY /a4
rae: Ia\% u N — KOHLIeHTpaI_II/ISI a30Ta aMMOHHUHHOTO COOTBETCTBEH-
HO B HCXOJHOW M OYMIICHHOH Boxe, I/aM>; VY — HIpHUpPOCT uia
r /r4; a, — 103a HUTpPUQUUHUPYIOWIErO MiIa 1Mo 0e3301bHOMY Be-
HIECTBY, r/z[M3.

8. CpaBHuTh nojy4dennsie 3nauenus L u C° . "¢ IIJK s
cOpoca B BOJOEM, €CIIM OCTaTOYHBIE KOHIIEHTPAIMU 0 a30Ty aMMO-
HuiiHoMy M BIIK OynyT mpeBblaTh yCTaHOBIEHHBIC HOPMBI, CIIEIy-
et nubo yBennuuth pazmepsl KC, nubo mpenycMoTperh coopyxe-
HUS JTOOYHCTKH.

9. CpaBHHUTH KOHIICHTPAIMIO a30Ta HUTPATHOTO B OYHICHHOU
BOJE C COOTBETCTBYIOIIUM HOPMAaTHUBHBIM IOKa3ateineM. Eciau xoH-
meHTpauus azora HuTpatHoro mpesbimaetr I1JIK, crexyer ocymre-
CTBUThH ACHUTPUDUKALUIO.
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Henumpugurayus
B KC penutrpuduxatop He BXOIUT, €r0 YCTPauBaIOT B BHUJIE
CaMOCTOSITEJIBHOTO COOPY KEHHUS.

KoMOunupoBaHHBIE COOPYKEHUS SBISAIOTCS OPUTMHAIBHON KOH-
CTpPYKLHUEH, 4TO MOTpeOOBalO MPOBEIACHUS psla UCCIeA0BaHUH, MO-
3BOJIIONIUX YCTAHOBUTH TEXHOJOTHYECKYIO CXEMY OYHCTKU CTOY-
HBIX BOJ, BKJIIOYAIOIIUX IECHUTPUPHUKATOP, C YyUETOM pEalbHBIX IO-
TOKOB OYHIAEMBIX CTOYHBIX BOJ BHYTPH COOPYKEHHUS.

s pacdera mpoiecca AeHUTpUUKaIUU ya00HO BOCIIOIbL30-
BaThbCs YpaBHEHHEM, CBA3BIBAIOIIMM BO3pacT ACHUTPUPULUHDPYIO-
[Iero ujaa, SKOHOMUYECKHH KOdP(PUUHEHT U yAelbHYI0 CKOPOCTh
JeHUTpUUKALUHU:
1/6,=Y%* - K9,
rae: @ — BO3pacT aeHUTpuduuUpyromero uia, cyt'; K¢ — koHcran-
Ta HOJIYHaCI)IH_[CHI/IH (ompenenseT KOHLEHTPALMIO a30Ta HUTPATOB,
IpHU KOTOPOH CKOPOCTh POCTa MHUKPOOPTaHM3MOB YMEHbIIACTCS B
nBa pasza). Uccnenosanusimu KanudpopHuiickoro yHUBepcUTETa
HeBuca, onpeneieHa KOHCTaHTa MOJYHACHIILEHUS U1 CUCTEM C B3Be-
IEHHBIM MJIOM €€ MHHHManbHoe 3HadyeHue — 0,08 mr/am? N-NO,,
Takoe Majoe 3HAYeHHEe KOHCTAHTHI MOJIYHACBHIIIEHUS CBUICTEIbCTBY-
€T O TOM, YTO KOHIICHTpAlUsi HUTPATOB MPAaKTHUYECKU HE BIUSAET Ha
npouecc neHuTpudukanuu. st HHKEHEPHBIX pPacueTOB PEKOMEH-
AYETCs MCIOJIB30BATE BEIMYMHY KOHCTAHTHI MOJNYHACBICHUS —
0,15 mr/mm® N-NO,; Y¢ — ynenbHbIii IpEPOCT GHOMACCHI, r wia/r N-NO,;
K¢ — ko3dpounuent ormupanus Ouomacchel, cyT', mpu 20°C:
Y4 = 0,9 r una/r N-NO,; K¢ = 0,04 cyr!. Jlins obecrieueHuss HaICK-
HOCTI/I _Tpolecca B MHXKCHEPHbIE PacueThl BEOLAT ko3 punreHT

=090 9,
rae: G) d— Bo3paCT uia, HEOOXOAUMBIN ISl peaidu3amuy mpolecca
NeHUTPUGUKALMA B TEKYIIHX yCIOBHSX, 1/ 4= Y - K4
1/© ‘= YPp! - K.

B N1trjgen Control.... pekomennyercs 3Hauenuss SF nns pacuera
nporecca I[CHI/ITpI/I(bI/IKa]_[I/II/I MPUHUMATh TAKUMH K€, Kak M JJs Mpo-
necca HUTpudukanuu. B nuanazone temmepaTyp oOpabaTbIBaeMBbIX
crounbix Box ot 20 mo 10 °C, SF = 2. CkopocTh mpoiiecca ACHUTPHU-
bukauuu - pY, 3aBUCUT, KaK yxke ObLIO MOKAa3aHO OT BHUIA HMCIOJb-
3yeMOro OpraHHYecKoro cyOcTpara u TeMmmepaTypsl oOpabarbiBae-
Mo# Bonbl. MccnenoBanust aBTOPOB MO CKOPOCTH ACHUTPHUPHUKAIIUH,
MpOBEJECHHbIE Ha PabOTaOMIMX OYHUCTHBIX COOpyKeHusx B m. Cese-
puHo KpacHomapckoro kpasi, MO3BOJUIN YCTAaHOBHUTH, UTO IPH HC-
MO0Jb30BAHUU B Ka4ECTBE YTJEPOAHOrO0 MUTAHHUS CMECH MCXOIHBIX
CTOYHBIX BOJ C UUPKYJSLMOHHOM >XKMIKOCTBHIO IPHU TeMIlepaType
crounbix Box 21 °C, ckopocTh ACHUTpUGUKAILMH B CPEIHEM COCTa-
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Buna 7,5 MmrN-NO /r e [nsa onpeneneHus ynenbHOW CKOPOCTH [e-
HI/ITpI/Iq)I/IKaHI/II/I npn HCIIOIb30BAHUN B KA4eCTBE OpTraHUYecKoro cyo-
cTpaTa OCBETJECHHBIX CTOYHBIX BOJ MSICOKOMOHMHAaTa, HAMH ObLIU
MPOBEJCHBI UCCIICOBAHUS B JIA0OPATOPHBIX YCIOBHSX IPU TEMIIe-
patype obpabarsiBaemoii Boael — 22°C.

HccnemoBanust TpoBOAKIN CIEIYIOMIMM 00pa3oM: B 1aboparop-
HBI CTakaH, eMKOCThIO 500 cM®, mOMeIaiu OnpeaeeHHOE KOIHYECTBO
JNeHUTpUGUIUPYIONIEro wia (KyJbTHBUPYEMOTO B MOJICIIBHON YCTaHOBKE
JeHUTpHU(UKATOPa, BKIFOYCHHOTO B TEXHOJIOTHYECKYIO CXeMY IMUJIOTHOM yC-
tanoBku KC, paboraroieii Ha CTOYHBIX BOJax MsicOkomMOuHata). B crakan
BBOJIMJTM AJIMKBOTHBIE YaCTH CyOCTPAaTOB — CTOYHBIE BOABI MOCIIE MpoIiecca
HUTpHU(UKAINN 1 OCBETIIEHHBIE CTOYHBIE BOJBI — B KAUECTBE OPTraHUIECKOTO
cybcrpara.
CoaepxuMoe CTakaHa MEePEeMEIIMBAIN C MOMOIIBIO JIOIACTHON Me-
majiky 0e3 ocTyIa Bo3ayxa, o0ecrieunBas NpeObIBaHUE Mjla BO B3Be-
meHHoM cocTossHuu. CIycTs ompeaelieHHbIe MPOMEXKYTKH BPEMEHH
COJIEp)KUMOE CTaKaHOB HCCIIEJIOBAIN, ONpeeNsis KOHIEHTPAINU
HUTPATOB ¥ KOHIEHTpAIUi0 OMOMacchl. Y IeIbHYI0 CKOPOCTh yaa-
JIEHWS] HUTPATOB OMpeNesuia 1Mo GopMmyie:
pi=S, S /% (t,-t)), MrN-NO./(ru),
rue: S, I/I é — KOHIIGHTpalus cyOcTpaTa - a30Ta aMMOHHHHOTO B
HayaJIbHbIN (t 4) ¥ KOHEYHBIA(t,, 1) MOMEHT BPEMEHH HaOIIONEHMUI;

— KOHIICHTpAIHUS 6HOMaCCLI no 0e330J1bHOMY BEIIECTBY, I/aAM>.
[{‘aHHHe HcClIe0OBaHUN MpeacTaBiIeHbl B Tabd. 9.1.
Tab6numa 9.1
Onpenenenue yieJbHOM CKOPOCTH yAAJIeHUs A30Ta HUTPATOB

OrmpenensieMble TapaMeTphl HOMeEp OmBITa (II0 CPETHIM
pe3ynbpTaTam 3 OMBITHBIX JAHHBIX )
1 2 3

Konnentpamus N-NO; B ucxomHoi 15,0 15,0 14,3
BoJe (So), Mr/am’
Konnentpanus N-NO; B ouniieHHOH 14,1 12,5 11,1
Boze (S;), Mr/am’
IIponomkutensHOCTD Mpolecca 0,25 0,25 0,25
(t1—to),u
Konuenrpanus duomaccsl (X;), /o’ 2,2 3,2 4,3
YnenbHas CKOPOCTb JACHHTPUPHUKA- 1,63 3,12 2,97
unn(pd), MrN-NOs/(r4),
O¢ddexTuBHOCTH NeHUTpUPHUKALNH, Yo 6 16,6 22,3
VBennueHne KOHIEHTPAllUK a30Ta aM- | He 00Ha-| He oOHa- He oOHa-
MOHHIWHOTO B 00pabaTeIiBaeMOii BOJE, PYX. PYX. PYX.
Mr/zJ,M3
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[Ipumeuanue: BO BCeX CiIydasX KOHLEHTpalus PacTBOPEHHOI'O KHC-
ngopona He mpesbimana 0,5 mr/mm?’; TemmepaTypa CTOYHOH BOJBI CO-
craisina 23 °C. Pe3ynbTaThl MCCIENOBAaHHS TO3BOJISIOT ONpeje-
JUTh, YTO yBEJIWYCHUE KOHLUEHTPAIMK a30Ta aMMOHHITHOTO B Tede-
HHUE JKCIIEpUMEHTa He OOHApYyXKHMBAETCSA, UTO CBUACTEIBCTBYET 00
OTCYTCTBHH IIpOIecCa HUTPUT-HUTPATHOTO ABIXAHUS, IPU KOTOPOM
HNPOUCXOAUT OKHCIEHHE a30Ta HUTPATHOI'O A0 HUTPUTHOI'O U aMMO-
HHITHOTO.

VYnenbHas CKOPOCTh ACHUTPU(PUKAIUU MPH HCHOIB30BAHUU
CTOYHBIX BOJ MSACOKOMOMHATa B Ka4eCTBE OpPraHMYECKOro cyocrpara
NI NeHUTpU(UKAIUKU COCTaBIAET B cpeanem 2,57 MrN-NO,/( 4).
AHanu3 NpUBEICHHBIX IaHHBIX MO3BOJAET CHAENaTh BBIBOJ, YTO B
clIyyae HCIOJIb30BaHHUS B KadeCTBE yTJIEPOAHOrO0 CTOYHBIX BOX, CO-
JepXKalluX TPYAHOOKHUCIISIEMYIO OPraHUKY, CKOPOCTh JEHUTpUDHKa-
Uy noHmkaercs. [1o-BHIMMOMY, MOXXHO CUUTAThH II€I€CO00Pa3HBIM
HCTO0JIB30BaTh B Kaye€CTBE YIJIEPOJHOTO NMUTAHUS JIETy4He OpTaHU-
YecKHe KHUCIIOTHI, MOJyYeHHbIE U3 OPraHUYECKUX BEIIECTB CTOYHBIX
BOJ aHa’poOHON (epmenTanueil. CneayeT OTMETUTh TakXKe, YTO MPHU
HCIOJb30BAaHUHU CTOYHBIX BOJ, B COCTaB KOTOPBIX BXOIAT OeikH,
noABepraeMple ICHUTPUPUKALUN CTOYHBIE BOABI HACHIIAIOTCS a30-
TOM aMMOHUHHBIM, YTO TPEOYET ero MOCIEeAYIOIIEro yAalcHUs HIIH
opraHu3anuy oOmEeld CXEeMbl OYHCTKH CTOYHBIX BOJ TaKUM 00pa3om,
9TOOBI TIOCIIE IEHUTPUPHUKAIIMK PEalln30BBIBANICA TPOLECC HUTPUDU-
Kaluu.

[TocnenoBaTenbHOCTh PACYETHBIX ONEPALMH IS ONPEAEICHUS
o0bemMa AeHUTpUPUKATOpPA NPUHSITA CIEAYIOLIAs:

1. OmpenenuTs MUHUMAJIBHBIA BO3pACT WA, MPU KOTOPOM peau3y-
eTCsl TMPOLECC ACHUTPU(DUKALUN B ONTUMAIBHBIX YCIOBHAX, IIPH KOTO-
PBIX CKOPOCTb JEHUTpH(UKALMK MakcuManbHas: 1/@ =Y ¢ - K?,
cyT’!;

2. OmpejenuTbh MUHMMANbHBIH Bo3pacT una - © ¢ u pacueTHblit
Bo3pacT una - © ¢ = SFO ¢ cyr';

3. PaccunTarh yJIelbHYIO CKOPOCThH JACHUTPHPUKALNU:

= (1/0 '+ K%/ Y?, MrN-NO,/(r4);

4. OnpenenuTh BEIWYUHY OCTATOYHON KOHIEHTpAIIMM a30Ta HUTpA-
TOB (C \;)» KOTOpas MOXKET ObITh JOCTHIHYTAa B JIaHHBIX YCJIOBMSAX,
no ypaBHeHu0 Muxasnuca-MeHTeH:

£t S g i

N-NO3 max max > >
5. IlpomomxuTenbHOCTH Mpolecca JeHuTpudukanuu (t, 4) paccuu-
TaTh N0 ypaBHeHHIO: t = AC /pdada, rne AC — pPa3HOCTh

ax

N-NO3 N-NO3
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KOHIICHTPAallMU a30Ta HUTPATHOIO 1O M MOCJE Ipolecca ASHUTPH-
¢bukanuu; al — 103a AEHUTPUPUIMPYIOMIETO MIIA 10 0€330JIbHOM Yac-
T, T/am°.  Jlo3a AeHUTPpUUIHPYIOLUIET0 Hia J0JKHA OBITh ONpeje-
JeHa C Y4eTOM OallaHca CKOPOCTEH MpUpOCTa U OTMUpAHUS HIa.
CorjacHO peKOMEHIauusiM, IPUBEACHHBIM B CIIPABOYHOM MOCOOUHU
k CHull 2. 04.03.-85, no3a neHUTPUPUIHPYIOUIETO HJIa MOXET OBITh
npunsrta 1,5 2,5 v/am?.

6. Onpenenuts 00beM coopyxenus (V, m®) mo dopmyie:

V = Qt,M?, rme Q — IPOU3BOIUTEIBLHOCTh COOPYKEHUH MO CTOYHBIM
BOJaM, M>/d;

B 1992 r. na ounctHbeiX coopyxeHusx noc. CeBepuno, Kpac-
HOJIapCKOTro Kpasi ObUIH MPOBEIEHBI UCCIIEAOBAHMS OCHOBHOW IIENBIO
KOTOPBIX SABJSJIACH OLIEHKA aJ€KBAaTHOCTH HATYPHBIX IapaMeTpoOB
npouecca pacdeTHbIM. /[l peanu3anuu MOCTAaBIEHHOM LENu ocy-
IIECTBJISJIM KOHTPOJb mpouecca TpaHchopmanuu ¢opMm a3ora U
dhochopa B neiictByromux KC u genurpudukarope. B coctap ouu-
CTHBIX COOPY>XEHHMH BXOIWJIHN: IECKOJOBKU, KOMOMHHPOBAHHBIE CO-
opyxeHnus (2 cexkuun), ouonpya. [Ipon3BoAUTENHHOCTh OUYUCTHBIX CO-
opyxenuii 130 mM*/cyT, npu M0JBO3€ CTOYHBIX BOJ OT OAHHO-IIPAYEUHO-
ro KoMOMHATa MPOU3BOIUTEILHOCTh MOBBIIATack 10 170 m/cyT; BbI-
MYCK OYMIIEHHBIX CTOYHBIX BOJ B 3TOT NEPHOJ NMPOU3BOAMIN B OHO-
JOTHYECKUE TPYIbl; KO3POUIUEHT PEeUUpPKYIANUN UIOBOU CMECH —
7; miomaap ogHOro O6uoduiasTpa — 15 M?, B KauecTBe 3arpy304HOro
MaTepuaia ouoduiabTpa Hcnosib3oBaNu mupep ¢ padboueit miaomia-
110 moBepxHOCTH —1182 M2, OOGbeM peakIMOHHON 30HBI a’3POTCHKA
— 42,1 M*. Crounsle BOJBI MOCTYMAIOT OT JKUIBIX JTOMOB, aIMHHHCT-
PaTUBHBIX M OOIIECTBEHHBIX 3JaHUN, 3BEpOKYyXHH. [IlmiioTHas ycra-
HOBKa JICHUTPU]UKATOpPA BBEICHA B TEXHOJOTHYECKYIO CXEMYy OYH-
CTHBIX COOpYXKEHUU mocnue a’poreHka-orcroHuka KC. eHutpu-
(buKaTOp BBIMOJHEH NBYXCEKIMOHHBIM C 00beMaMu CeKIUi 24 u
33 am®. Cekiuu Mexay coboil He cOOOIIAITCs, YTO MO3BOJUIO Ma-
palienbHO M3ydaTh pa3liUuHbIC PEXUMBI paboTH nNeHUTpUHKaTO-
pa. KOHCTpYKTHBHO OH IpeAcTaBiisiyl cOO0H €MKOCTh C KOHHYECKHUM
JIHUILIEM U JIOHHOM pachpeleluTeNbHOW CUCTEMON I MOJa4Yu B JIEHUT-
pudukaTop U3 a’POTEHKA-OTCTONHUKA OMOJIOTMYECKH OYHIIEHHBIX
CTOYHBIX BOJl M MCXOJHBIX CTOYHBIX BoA. Bona mpoxoaut depe3 cioit
3arpy304HOro MaTepuasa U OTBOAMTCS IO JOTKaM, PacHoJIOKEHHBIM
B BEpXHEH 4acTU COOPYKEHHS.

B kadecTBe 3arpy3Ku NPUMEHSJIHW BOJHUCTBIM MIOCKOCTHOM
mudep. buomacca B Buae QIIOKYN yAepKUBajlach MEKIY JUCTaAMU
mugpepa. UMMoOunu3anus MUKpOOPTaHU3MOB Ha 3arpy3ke He3Ha-
yuTeNbHad. VcXoaHble mapaMeTphl CTOYHBIX W OYMINEHHBIX BOJA IPH-

BelIeHbl B Ta0m. 9.2.
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Tabmuma 9.2
Pe3ynbTaThl HCCJIEI0OBAHUS COBMECTHOM Pa0OThI MPOU3BOACTBEHHBIX
OYHCTHBIX COOPY:KEeHHUl U MUJIOTHOM YCTAHOBKH — TeHUTpUuduKaTopa

HUccnenyembie Touka otO0pa npo6

apameTpsl Hcxo- | nnoBast KuIKocTs
JHAS JI0 ¥ TIOCIIe OunieHHas Boaa
CT. 6o upTpa

Boma |o Ouoqmocime | 3oma | 30oHa |x;eHuT- | Buo-
¢bwmbtpa| budumb{ a’pa- | ocser- | pudu- | Opyx

Tpa LUU JEHHs | KaTop
XIIK, , 500,0] 178,0 145,0 88,0 42,0 33,0 140,0
mrO/mm
BIIKs, , 370,01 132,0 107,5 4531 11,6 6,9 72
mrO2/mm
pH 7,0 6,8 6,8 6,8 6,8 7,0 6,8
0z pacr,, B o064 | 63 | 55 | 30 | 16 | 26
MTI/ M o6Hap.,
A30oT aMMoO-

Hngmbu‘/’[, M1/ 21,0 5,0 3,88 337 2,36 2,04 2,0
M

ASOTHUTPHTOB, | 15 | 33 0,33 027 | 033 0.2 -
Mr/ oM

A30T HHTPaToB, | 0,51 | - 406 | 366 | 496 | 32 | 085
mr/ ,ZLM3

Dochar, 53 38 366 | 3,00 | 298 22 1,5
Mr/ oM

Hosa una, y . 3,79 3,8 - 1.8 -
r/ ™

SomrocTs ; ; 300 | 340 | - 400 | -

onomaccsl, %

[Ipumeuanue: B Tabnuile mpuBeneHbl CpeHUE PE3yIbTATHl U3
6 HaONmIAEHU; TeMIlepaTypa UCXOJHONW CTOYHOUN BOJBI COCTaBIIsIA
23°0C.

PesynbTaTsl uccieqoBaHul MO3BOJSIIOT KOHCTATUPOBATh, UTO
B cexnusax KC, ocoOeHHO B a’pallMOHHOW 30HE adpPOTEHKA-OTCTOM-
HHUKa YCHEIIHO MOXET OBITh pealln30BaH MPOIECC HUTPUPUKAIUH.
CkopoCTh JeHUTpU(DHUKAIMKM MPU UCIOJH30BAHUH B KaueCTBE yIJle-
POMHOTO MUTAHUS CMECH HCXOJHBIX CTOYHBIX BOJ IPU YKa3aHHOU
TeMIepaType CTOYHBIX BOM, B cpeaHeM cocrasuia 7,5 MrN-NO,/r
Hjaa 4Jac.
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9.2. ledrocpoTuzanus 6MOJOTHYECKH OUYMIIIEHHBIX
CTOYHBIX BOJ

B mporecce 6MOI0OrHYECKO OYUCTKH KOHLEHTpanus docdopa B
CTOYHOW BOJIE€ CHUKAETCS, OJJHAKO KaK MOKAa3bIBaCT MPAKTHKA BOJO-
OYHCTKH, conxepxanue pocgopa (mo PO 27’1_) B CTOYHOH BOJIE MOCIE
ouoornueckuii ouncTKu cocrasisier 1,0 - 3,0 mMr/am3, uro mpeBbira-
et 3HavyeHus [1JIK mo dochopy ang BeImycka OYUIICHHBIX CTOYHBIX
BOJI B TIOBEPXHOCTHBIC BOJOEMBI B 2-5 pa3. sl CHMIKEHUsI COepKaHUs
(docdopa B OUHIICHHBIX CTOYHBIX BOAAX IMPEIyCMAaTPUBAIOT JOIMOJIHU-
TeJIbHBIE MEPOIPUSATHUS, KOTOPhIE PEaqu3yIoT Ha CTaJuu OMOJOrHYec-
KOW OYHMCTKH MU OTACIBHBIM TEXHOJOTHYECKHM MpoleccoM. MeTos
Oouonornyeckoir nedochoTuzanuu He NMPEICTABISETCS BO3MOXKHBIM pe-
amuzoBaTh B KC 06e3 cTpouTeNbCTBa JOMOTHUTEIBHBIX aHAadPOOHBIX
COOpYKEHHUH, B KOTOPBIX OyIeT ocyliecTBIsAThcs oOpazoanue JIDKK.
Tak ke HOCTaTOYHO CJIOXHO PACIPEJCIUTh MOTOKH HIOBBIX CHCTEM.
Kpome Toro, kak moka3piBacT MpakTHKa BOJAOOYHCTKH METOJ OHMOJIO-
rudeckoil nedochoruzanuu naieko He Bceraa d3QpQEeKTHBEH, TaK Kak
OpH HU3KUX KOHIEHTPALUSX OPraHMYECKUX COCIUHEHUI B MCXOJHBIX
CTOYHBIX BOJaxX HE BO3MOXXHO O0Opa3oBaHHs JOCTATOYHOTO KoOJIMYe-
ctBa JOKK nmns paszsutust Acinetobacter. Ha manHom srame paboTh
ObuIa mpoaHanu3upoBaHa 3(h(PEeKTUBHOCTh (PUBHKO-XUMUYECKHX METO-
I0B o4MCTKU. PU3NMKO-XxUMUUYecKHe MeToabl yaaneHus ¢ochaTtoB u3
CTOYHBIX BOJ OCHOBAHBI, KaK IPaBWJIO, HA UCIOJIb30BAHUM PEarcHTOB -
TPaIWLUOHHBIX MHUHEPAJbHBIX KOAryJISIHTOB (COJICH alIOMHUHHSA, JKeje-
3a WM M3BECTH), MOXXHO TaK)K€ HCIOJIb30BaTh OTXOABl IIPOHU3BOJICTB,
coJepiKaliue COJHU jKeje3a UM aJlOMHHHUS U HETOKCHYHBIC IS
Ouonorudeckoro mnpotecca. B cnpaBounom nocobun k CHull 2.04.03-85
yKa3aHo, 4TO IPH BBEJECHHH PEarcHTOB Ha CTYNECHU MEXaHHMYECKOU
OYHCTKH CTOYHBIX BOJ, OJJTHOBPEMEHHO MMEET MECTO 3HAUUTEIbHOE
CHIDKCHHE KOHLECHTPAlUH OPTaHUYECKUX M APYTHX 3aTrPA3HSIOMUX
BEILIECTB, MO3TOMY IpelBapuTelibHOE ocaxaeHue (ocdaros mene-
c000pa3HO NPUMEHATH AJISI OYMCTKU MPOU3BOACTBEHHBIX U CMECH
FOPOJICKHX M TPOU3BOJACTBEHHBIX CTOYHBIX BOJ ¢ BeauyuHOW BIIK
6osee 400Mr/am®, a TakKe MpU MEpPErpy3ke OYMCTHBIX COOPYKECHHUH.
PeareHTsl MOXHO BBOJIUTH B COOPY>KEHHS OMOJOTMYECKON OYMCTKHU.
B sToM ciyuae no3a peareHTa MOKET ObITH ompezesneHa no Gpopmy-
e Cpear - choﬁm’

rae: K - koadpuunent yBennueHuss CTEXHOMETPHUECKOTO CO-
OTHOLICHMSI, BEIYUCICHHBIA C YYETOM ONpPEAENICHUs 110 CTaHJAPTHBIM
MEeTOuKaM coaepxkanus obmero ¢pocdopa ( mo PO,*) n merannos
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peareHTOB (110 OKCHIy MeTajuia), BeauunHa K mMoxker ObITh ompene-
neHa 1o Tabin. 24 cnpasoynoro nocodbust k CHull 2.04.03-85; Cp
- KOHIeHTpalus obmiero gocdopa B mocrymaroiei Boge, Mr/ am°.
[lpu oTCcyTCTBHMM JaHHBIX O KOHIEHTpanuu obuiero ¢gocdopa B 00-
pabaTeiBaeMoil BoJe, OPUEHTUPOBOYHO MOXHO NMPUHSITH:
Cp06m - (2'3)CP04‘

C uenbio 3)EeKTUBHOrO UCIOJb30BAHUS PEareHTa U C yue-
TOM €TO BJIMSHHUSA HAa aKTUBHBIM WJI B TPaAULMOHHBIX CXEMaX OYHC-
TKH PEKOMEHJIYyeTCs BBeAeHue cepHokucioro xenesa (II) B Hauano
aspoTeHkKa, cepHokucioro xenesa (III) — mepex BTOpUYHBIM OT-
CTOMHHKOM, CEpHOKHCIIOTO alllOMHHHS B KOHIE a’dpoTeHka. [lpu uc-
MOJIB30BAHUH CEPHOKHUCIOTO ATIOMHUHUS ISl YMEHBIICHUS KOHIICH-
TpalMK B3BELICHHBIX BELISCTB B OYMLICHHOH BoJe cieayeT A00aB-
JSITh MOMUAKPWIAMHII, OpHEHTHPOBOUHAas no3a [TAA — 0.2 — 1 mr/ am’.
Beenenue ITAA ocymecTBiasieTcss B UJIOBYK CMECh MEpen BTOpHUY-
HBIM OTCTOMHUKOM. BBeleHHe peareHTa Ha CTYNEHH OHOJOTHUYEC-
KO OYHCTKHU TO3BOJIIET CHU3UThH COJEpKaHUE B Boje obmiero doc-
¢dopa no 85 %, pacrBopumbix docdaro 10 95 %. Cienyer yuuThbi-
BaTh M TOT (aKT, UTO BBEJACHUE PEareHTOB Ha CTYNEHAX OMOJIOTH-
YECKOH OYUCTKM MOXKET Ju0O0 MHTEHCU(PHUIUPOBATH NMPOLECC OUHUC-
TKH, 1100 3aMennsaTh ero. CTeneHb BAUSHHS 3aBUCHUT OT AO3BI pea-
reHTa, Ipuxoasierocs Ha | T 0e330JbHOTO BEIIECTBA WJa B a’po-
teHke. [lomaBnenne GMOTOTHYECKOTO MPOIECCAa HAYNHACTCS MPU Ha-
rpy3Kkax mo pearenty Gosee 5 — 9 mr Me, O, nHa Ir 6€330/1bHOTO HIIA.
Bonee rmy6okoe ynanenue odmero ¢ocdopa (1o 90 — 95 %) nocrura-
eTcs B MPOLECCEe TOOUYUCTKH CTOYHBIX BOJ (PUIBTPOBAHHEM. Pearen-
Thl MOKHO BBOJUTH U B OUHMIICHHYIO BOAY, (ocdaTel aKKyMyIupy-
10Tcs (aIcOpOUPYIOTCS) XJIONBSIMHU 00pa3yoIUXcs MPOAYKTOB THI-
poiin3a KoaryisHTOB. [IpuyemM B 3TOM ciydae BO3MOXHa U XEMOCOP-
oumst. DpdexTuBHOCTH U3BATHS (PocHaTOB B ITOM ciaydae o0O0ycCIOB-
JICHa MPaKTUYECKU TOJBKO J030M BBOAMMOro peareHTa. Huskue no3bl
pearenTa — 10 1 Mr/aM’, He MPUBOIAT K YAAJICHUIO COeITUHEHMH (oc-
¢opa. Taxke 0OTMEUEHO, YTO BBICOKOE COJIEpP>KaHHUE B3BEILIECHHBIX Be-
LIECTB OCJIOKHAET aacopOuuio gocdaTos.

ABTOpaMu MpoaHalu3upoBaHa 3PPEKTUBHOCTh HCIOJb30Ba-
HUS PEareHTHOI'0 MEeToAa ocaxxiaeHusd ¢ochaToB Ha pa3IUUHBIX 3Ta-
Max OYMCTKH CTOYHBIX BOJ, UYTO CBSI3aHO, BO-IIEPBBIX, C TEM, YTO
3TOT METOJ SBISETCS CTaHAAPTHBIM, T.€. PEKOMEHIOBAaH K IpHUMeE-
Heauto CHull 2.04.03-85, BO-BTOPBIX, C YIOOCTBOM 3KCILTyaTalluu,
W, HAKOHEI, C HaJIMYMEeM 3HAYUTEIBHOTO KOJHMYECTBA Pa3IUUHBIX
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KOaryJsHToB. IMeHHO mociienHee moOyAniio ONpoOoBaTh KOAryisH-
THI, KOTOPbIE HE MPEeAyCMaTPUBAIKNCH K TPUMEHEHHUIO CIPABOYHBIM
nocoduem Kk CHull 2.04.03-85, HO B TO XKe BpeMs SBISIIOTCS paspe-
HICHHBIMHM K WCIIOJB30BaHUIO IS BOJ MHUTHEBOro KadecTBa. OJQHUM
u3 Haubojee MOMYJSIPHBIX KOAryJssHTOB B HACTOSIIEE BpPEMS SIBJIS-
€TCS OKCHUXJIOPUJl aJFOMUHHUSA. DTOT KOATryJSHT OTJIMYAETCS OT Hau-
0oyiee M3BECTHOTO cyinb(daTa allOMHHUS, TIPEXKJE BCETO TEM, UTO
COJICP)KUT B CBOEM COCTaBe TMAPOKCUAHYIO TPYIILY, YTO OINpees-
€T €r0 MEHBUIYI0 KHUCIOTHOCTh. AHAJIOTHYHBIM IO COCTaBY SIBJISIET-
Cs W KOAaryJIsiHT, KOTOPBIH MMeeT KomMMmepdeckoe Ha3zpaHue «Hoso-
¢iok». Kpome 3Toro B gaHHOW paboTe MCIOJb30Bald KaTHOHHBIN
¢uokynsut BIIK-402, kak caMOCTOSTENbHBIN pearcHr.

[To xonuentpanuu Gochopa B 0YUIIacMON BOJE, MOXKHO OII-
peAenuTs onTHMalnbHOE 3HadeHue pH, mpu xotopom obpasyercs
HaWMeHEe pacTBOpUMOE coenuHenue (tadiu. 9.3). Jlus pacuera npu-
MEeHSANIU ypaBHeHHe, pekomeHnoBaHHoe J[[.C. OpmoBeiM (1985 r.),
P KCIOJB30BaHUU BhIpaxkeHus ¢ocharHoro nmoreHuuana /14/.

Tabnuua 9.3.
OnTumanbuble 3HaYeHust pH 171 popMupoBanusi TPYyAHOPACTBOPUMBIX
(docdopcoaepkammx coequHEHUI ATIOMUHHA U 7KeJie3a

Bung koarymsata | pH2POs dopmyna 11g pacyeTa OnTumaib-
pH Hoe pH

ATIOMUHUK 4,98 pH=10,7 - p H2PO4 5,72
coJiepKaiiue

4,50 6,2

4,28 6,42

4,00 6,70

3,80 6,90

3,68 7,07

Takum oOpa3om, peareHTHas o0paboTka BOJBI TpeOyeT co-
OnroneHus 3HaueHus pH He mMeHee yka3zanHoro B Tabi. 9.3.

HccnegoBanus mpoOBOAMIM HAa pealbHON CTOYHOHM BOJE, MPO-
nienmei o4ncTKy B a’poTeHke. [lepBas cepust mccieaoBaHuil Oblia
HanpaBjeHa Ha omnpeneseHue 3¢p(PEeKTUBHBIX 03 PEareHTOB MO UX
aKTUBHON yacTH. DPGPEKTUBHBIMU MOJArajid Te, IpH KOTOPBIX KOH-
neHTpanus ¢GocdaTtoB B oTCTOeHHOW Boje He mpesbimana [1JIK
(0,6 mr/am* no PO,*). Mcxonuas xonuentpauus dochatos cocrapiis-
na 4,5 mr/am3. JlaHHbIE DTOW YaCTH HCCIACIOBAHUN MPHUBEIACHBI B
Tabu. 9.4.
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VYCcTaHOBJIEHO, YTO [03bl PEAareHTOB (10 AKTUBHOM 4YacTH), MpH
KOTOPBIX YCTaHOBIIEH 3HAYHUTENbHBINH 3QdekT nedochoruzanuu, npe-
BBIIIAIOT TEOPETHUYECKHE — PAacUETHBIE 03Bl KOAryJIsHTOB, COCTaB-
JAI0IIME NPU NaHHOW MCXONHOW KOHLEHTpauuu (ocdaToB okoyo 5
mr/am?. Haubosee 3¢ PekTUBHBIM SBIISIETCS Cyiab(aT aqiOMUHUS,
OJIHAKO ONTHMAaJbHBIE J03bl KOAryJjsHTa MPEBBILIAIOT A03Y, ONpere-
JICHHYI0 KaK MHTHOMPYIOIIYI0 aKTHUBHBIA WJI. AKTHBHPOBaHHAs KPEM-
HEeKHCIOTa (paKTUYECKH HE OKa3bIBaeT MOJIOXHUTEIbHOro 3¢ dexra,
kak n BIIK-402.

Tab6auma 9.4
Pe3yabTaThl KOATYJISIIUM OTCTOCHHOM BOJBI
Pa3/IMYHBIMH pPeareHTaMu

Koarymsat Jlo3a koaryJsHTa 1o OcTatoyHast KOHUEHTPA-
aKTUBHOM 4acCTH, s pocdaros, M/ M
MTI/IM (3 dext ounctkn, %)
Cymbdar 10 2,5(44)
amomunus (CA) 25 0,8 (82)
50 0,5(89)
90 0,2 (95,6)
CA + AKK 50+2,5 0,6 (86,6)
25+25 0,8 (82)
50+5,0 0,4 (91)
25+5,0 0,7 (84)
AKK+CA 2,5+25 2,2 (44)
Oxcuximopu 10 3,1(31)
aJIOM MHUSI 25 1,0 (78)
90 0,9 (80)
Hoodnok 10 3,5(22)
25 2,0 (55,5)
90 1,3 (71)
BIIK-402 2,5 43 (4,4)

B crnenyromieit wacTu mcciaegoBaHUl MBI OTOLUIM OT TPalIu-
[IUOHHOTO0 METOJa Koaryysinuu. B oTcToeHHy0 BOJy BBOIWIM KOa-
T'YJIUPYIOLIME areHThl U MOJIyYCHHYIO NMpo0y a’pHpOBaIH B TEYCHHE
15 MuHyT. B 9TOM Cily4ae MOIYy4YMIH JAOCTATOYHO BBICOKYIO 3 dex-
THBHOCTbH ypaneHus ¢ocdopa. Pesynbrarsl ucciaeqoBanuii cauie-
TEJIBCTBYIOT, YTO a’palus ¢ MOCIEAYIONIMM OTCTaWBaHHEM Ooiee
s dextuBHBI MeTon nipu nedocoTHU3aUN, TaK MPH YBEIUUCHUHU
HMCXOJTHON KOHIEeHTpauu ¢docdaror Oonee uem 2 pasa, 3QPeKTUB-
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Has J103a peareHTa Obula CHUXeHa B 2 pas3a. M ecnu B mepBoM city-
yae (T.e. cTaHOAPTHBIN crmoco0 koarynsamnuu), dpPeKTuBHas 103a
cynapdara amoMUHUS (10 OKCHAY alllOMHHUS) MpEBbIIIala Teope-
Trueckyo B 11,2 pa3a, To B 3TOM ciydae (mpeadpupoBaHue) - B 2,2
paza (tabma. 9.5).
Tabunna 9.5
Pe3yabTaThl peareHTHOI AedochoTuzanum ¢ apanuei
(ucxonHasi KoHueHTpauus ¢pocgarT-uHOHOB B CTOUHOI Boje
mocJje a3porenkos — 10,6 mr/am’)

KoarynsaT Ho3za koarymnsara, | Konmentpamus gocdatos B

3 .
o Al 03, Mr/om OYHIICHHOM Boze, Mr/i (3ddek-
TUBHOCTb OYUCTKH, %0)

OxcuxITopuz 15 1,8 (83%)
AMFOMUHUSA 25 0,8 (92,5%)
Cynbtat 15 1,5 (86%)
AMFOMUHUSA 25 0,5 (95,2%)

B nanHoii paboTe mpuBenEHBI UCCIEAOBAHUS IO ONPEACIICHUIO
BO3MOJXKHOCTH yjajieHus pocdopa u3 OHMOTOTHUCCKH OUHUIICHHBIX
CTOYHBIX BOJ peareHTaMH, SBJISIONIMMUCS OTXOJaMH MPOU3BOJCTB
U OllcHEHa Koarynupytomas 3P PeKTUBHOCThH: THUAPOAIIOMUHATA
HaTpusl, 0TX0Ja MPOU3BOJACTB, B KOTOPBIX HCHOJNb3YyeTCs (pe3epo-
BaHWE AJIOMUHUEBBIX MOBepxHOCTEH, popmyna Na Al O(OH),, npu
pacTBOpEeHHUH B pacTBOpEe 00pas3yloTcs THAPOKCHUIBI aTlOMUHHUS, B
3aBUCHUMOCTU OT 3HaueHHUs pH, MMeromue pazIu4HbIN 3apsl; pacTBO-
pa TMApPOKCHUIA JKele3a, IMOJYYEHHOTO NPHU PAaCTBOPEHHH CTaJbHBIX
CTPYXXEK, SIBISIOIIMXCSI OTXOIOM METAI000pabaThBAIOIIUX LIEXOB;
pacTBopa nedexara, oTxoma MPOU3BOACTBA caxapa, oOpasyeTcs mpHu
OYMCTKE CaxapHOI'O CHpOIa M3BECThIO. Pe3ynpTaThl HcciaeqoBaHUR
npuBeAeHbl B Tabm. 9.6.

AHanu3 pe3yJbTaTOB HCCIENOBaHUS MO3BOJSET CHeNaTh BBI-
BOJ, 4TO AedocdoTu3anus CTOUYHBIX BOA Tocie OHOIOTHYECKOH ouu-
CTKHM pEareHTHBIM METOJOM, NP HCIOJH30BAHUH OTXOJOB IPOU3-
BOJICTB, SIBJSIETCA NEPCHEKTHUBHBIM MeToA0M. OJHAKO CTaOUIBHOCTH
npoiiecca AOCTUTaeTca MpU KoppekTupoBke pH.

Hns noctuxenus B oOpadoranHoi Bojae IIJIK mo koarymnu-
PYIOIIUM HOHAM METaJIoB Tpebdyercss (GUIbTPOBaHUE OTCTOCHHOMH
CTOYHOH BOJBI.

JanHble 1a00paTOPHBIX MCCIEAOBAHUI CBUIETEIBCTBYIOT, O
TOM, YTO IPHU KOAryiaslM{d B HPUCYTCTBHUU AKTHBHOrO HJja, 1034
peareHTa AOJKHA OBITH 3HAYMTEIBHO BBIIIE YKa3aHHON B CIpaBOY-
HoM mocobun k CHull, yTo M0XHO OO0OBSICHUTH copOIHell MPOAYK-

TOB I'HApPOJIK3a KOoaryJjJsaHTa Ha XJIONbAX HJIA.
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Tabmuma 9.6

PesyabTarel nccinenopanus ynanenus pocdopa xoarynsauuei

MPH UCITOJIB30BAHUHU OTX0A0B PA3JINYHBIX MIPOU3BOACTB

HOM KHUCJIOTOH,

no3a xoaryisara mo AlyOs, M/

Jlo3a koary- Konmuentpamust g)OC(baTOB, [Ipumeuanue
JmHTa5 Mr/am
MI/oM
UCXOoaHast OocCTaToO4YHasa
1 2 3 4
Hcnonb3oBanue ruipoaitoMuaaTta Harpusi, pH CPEIBI KOPPEKTHPOBAIIH Cep-

0,9 4.0 4,0 OTcTOEHHbIE MTPOOBI

1,0 4,0 3,9 [Ipo3payuHble, KOaryJaupoBa-
2,5 4,0 3,0 HUE TTPOBOJWIIN TP OITH-
3,4 4,0 2,0 MaJIbHBIX 3HaUeHUsIX pH.

3,4 3,0 0,5 OcraTouHasi KOHIEHTpAIUs
3,4 8,0 5,5 (1o mut. naHHRIM)| anroMHHUS TpeBbimana 0,6
5,0 4,0 1,5 MI/ oM

7,0 4,0 0,8

9,0 4,0 0,6

Wcnons3oBanue PacTBOPEHHOTO JKelesa, pH cpengr! - 6,5-7,2;

Jlo3a xoaryisiata o Fe’”, mr/mm’

1,0 3,9 3,8 KoHuenTpanums ocrarou-
2,0 3,9 2,8 Horo xene3a: 0,5-0,7

4,0 3,9 1,0 M/ oM

To >xe B IPUCYTCTBUU aKTU

BHOTO MJIa, 1034 WA - 2r/ AM

0,22 - 0,32 mr/am°

2,0 5,6 5,3
4,0 5,6 3,0
6.0 5,6 2.8

J03bI p€arcHTo

To xe B MPpUCYTCTBUU

B, MI'/IM " :

(EJ'IOKyJ‘IHHTa BIIK-402,

KonuenTtpanus ocrarou-
Horo xene3a 0,4 - 0,5
MI/IM>, BO BCEX npobax
Hazo0caJ04Has KUJIKOCTh
HMeET OJI€THO-KEIThIN
LBET

Fe’  BIIK-402

4,0 4.6 4,0
1,0

4,0 4.6 3.4
1,0

4,0 4,6 4.4
3,0

Hcnone3oBanvie nedyexara, KOHIICHTPALMS pearcHTa
o Ca?" mr/mv;

0,8 5,2 5,2
1,7 5,2 5,0
3.8 5,2 4.6
7,6 5,2 4,0

Hanocagounast )XHIKOCTh
omaJecupyer
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[Ipu ourcTKe CTOYHBIX BOJ, COTJIACHO JIMTEPATYPHBIM TAHHBIM, JK-
CIUTyaTallMOHHBIC 3aTPaThl Ha peareHTHYIo ae(ochoTH3aIuo MOTYT CO-
CTaBIATH A0 45% OT OOMMX SKCIUTyaTallHOHHBIX 3aTpaT Ha BCE CXEMY
OYUCTKH CTOYHBIX BOJ, T. K. B COCTaB TEXHOJOTHYECKON CXEMbI OUUCTKH
CTOYHBIX BOJI BXOJUT JIOTIOJTHUTEIHHO PEareHTHOE XO3SIHCTBO.

ABTopamu ObLT aripoOUPOBaH abTePHATUBHBIA MeTOI 1ePocOoTH-
3anuu - copOmst pocdaTroB Ha 3arpy3Ke MpU GUIBTPOBAHUN BOJEI Yepe3
IJIOTHBIN CJIOM copOeHTa (MoHnTa). B 0OBIYHOM ISl CTOYHBIX BOJ JUalia-
sone pH (5-8) npeobnanator noust H, PO , . Tpexsamementsie pocoa-
THI IBYX U TPEXBAJICHTHBIX KATHOHOB TPYAHO pacTBOpUMEIL. [ToaTomMy mpen-
CTaBJISJIOCH 11€7I€CO00Pa3HBIM PACCMOTPETh BO3MOXKHOCTh (PUKCAITHH (hOC-
¢opa 3a cuer 00pa3oBaHUs XUMUYECKUX CBSI3€i ¢ MUHEpAIbHBIMU Bellle-
ctBamu. C 3TOi LEIbI0 OBUIH aPOOUPOBAHBI Pa3IMUHbIC QUIBTPYIOIINE
MaTepHalibl: aparoHUT; KITMHONTHUIOHUN, MOTMOPHILJIOHUT, H3BECTHSAK-pa-
KYIIEYHUK | TIp. YCTAaHOBJIEHO, YTO HanOosee 3 HEeKTUBHBIM MaTepPHAIOM
SIBJIIETCSI H3BECTHIK-PAKYIIEUHUK - IPUPOIHBIN, HE AEPUIIMTHBIN 1 HET0-
poroii Marepuall, aKTHBHOH YacThI0 KOTOPOTO TI0 OTHOIIEHHIO K (ocda-
TaM SIBJISIETCS KaNBIUi, OJJHAKO OH 00JIaZiaeT MaJo YIeIbHOU copOIueii,
a pereHepanys HEBO3MO)KHA, TaK KaK B JIAHHOM CiIy4ae HaOIromaeTcs He
¢dusndeckas, a xumudeckas coponust. [Iporecc xemocopOHu XxapakTepu-
3yeTcsi 00pa3oBaHUEM Ha MMOBEPXHOCTH TBepAOH (ha3nl amopdHbIX hocha-
TOB KaJIbIIHs, MEPEXOSAIINX B OCICACTBHN B KPUCTALITHYECKUE POPMBI.
s apcop6iuu 1r PO Z_ tpebyetcs 0,03 M QpuIbTpyromero Marepua-
na.

Ancopbums pocharoB XopolIo BepakeHa Ha OKcHax xemne3a. Ha
MHOTOYHMCIIEHHBIX TPENNPUSITHIX CTaIbHAsI CTPYKKA SBISIETCS OTXOJOM
nmpon3BoacTBa. ViMeHHO oHa ObLTa ampoOupoBaHa B KadecTBe (GPUIBTPYIO-
IIeTo MaTepraa Mpu JOOUYHNCTKE CTOYHOH BOBI OT hocdaToB. OnTuMatb-
Hoe 3HaueHune pH, mpu koTopoM 00pa3yrOTCss MaJOPacTBOPUMBIE COEIH-
HEHUS OMpeNeNsiIf, UCIoNb3ys ypaBHeHne Jlunaces m MopeHo mis
FePO4x 2H, O, PH2P0Z =10,9 - pH,3 B 3aBHCHMOCTH OT HUCXOIHOM
KoHUeHTpaunu docdaros (mo POy ) 1;3;5u 10 MI/aM® OTITUMAJTb-
Hoe 3HadyeHne pH cooTBeTcTBEeHHO cocTapiseT: 5,92; 6,4; 6,62; 6,9.
AHalu3 pe3ynbTaToB MO3BOJIMI MPOCIETUTh SIBHO BBIPAKEHHYIO TEHICH-
LU0 TIOBBIIIEHUS KOHLIEHTpanuu (pocdaroB B GUILTpATE IPH YBEITHUCHUN
CKOPOCTH (PHIILTPOBAHUSI.

[pu rcronb30BaHUK OAHOCIONHON 3arpy3KH KOHIIEHTPAIHS HOHOB
Fe3* B ¢unprpare npeswimaet 11JIK noHoB Fe3* B ounmennoii
BOJIe, BBIMyCKaeMOW B BomoeMbl. [Ipu HCMONB30BaHUN ABYXCIOM-
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HOM 3arpy3ku, BTOpOH (HIM)KHMI) CJION - M3BECTHSAK-PaKyIICYHUK KOH-
nenrpamus Fe3+ cocrasunma 0,3 mr/mv’.

Haubosiee nepcrieKTUBHBIM MaTepHalioM Ui yaajieHus Qocdat-
WOHOB T10 HAallleMy MHEHHIO SIBJSIETCS OKCHJI aIOMWHHS, Ha TOBEPXHO-
CTH KOTOPOTO BO3MOKHA XEMOCOPOIHs, MPOTEKAIONIas M0 HOHOOOMEH-
HOMY MEXaHU3My, OOYCIIOBJICHHBIM 00OMEHOM (ochaT-MOHOB HA MOJIe-

Kynsl Bogsl: [Al™ Hjp O]"+H 2 PO4= —>[AI"H,PO,4] + H,O,
WU Ha THAPOKCHUIHBIC T'PYIIIbI:
[AI-OH]+ H, PO, = —[Al-H, PO4 [+ OH~, pK =30,5. Om-

TUManbHble 3HaueHus pH nns oOpa3oBaHUs 3TOro coelMHEHUS
MOKHO paccyuTarh 1o ypaBHeHuwoo Jlungces u Mopeno: pH, PO 4=
10,7 — pH. [ns xonunenTpanuu ¢pocdaToB B UCXOTHOM pacTBope (I10
PO43') paBHoM 1; 3; 5 u 10 Mr/mm 3 pH cocraBaser - 5,72; 6,2; 6,42;
6,7. Pe3ynpTaThl McCIEeNOBAHUM, NPOBEICHHbBIE HA MUJIOTHON ycTa-
HOBKE IpH cKopocTH GuibTpoBanus ot 1 mo 10 m/4, mokazanu BO3-
MOKHOCTh IPHMEHEHHs] OKCHJIAa aJIOMHUHUS B KauecTBe copOeHTa ¢oc-
($aT-HOHOB C JOCTHXXEHHMEM HX MOJHOTO yAAJICHUS U3 OYMILAEMBIX
CTOYHBIX BOX. IIponomkuTenbHOCTs QUIBTPOLMKIIA 3aBUCUT OT HC-
XOIHOW KOHIEHTpauuu ¢pocdaToB U OT BEIUIUHBI alCOPOLMOHHON
€MKOCTH OKcuja amtoMuHus. CKOpocTh QUIBTPOBAHUS IO Mepe ee
YBEJINYCHUS, CTAHOBUTCS NOMHUHHUPYIOUIUM (akTOpOM, ompemeis-
IOUIUM TPOJOJIKUTEIBHOCTh 3alIUTHOTO aAeiicTBusA copbeHrta. B
X0JIe HCCIEAOBAaHUM ObliIa MOJydeHa 3aBUCHUMOCTH MPOJIOKUTENb-
HocTu (unbTponmkia (t mp.) A0 mpockoka B GuiubTpaT (ocdar-uoOHOB
B KOHLEHTpaunusax, npesbimaromux [IJK, ot BeicoTs 3arpy3ku (L)
¥ BPEMEHHU 3alUTHOTO NEHCTBHSA 3arpys3ku (t ) IPU CKOPOCTH (YHUILT-
parust 5 mM/u ypaBHenune H.A.lllumoBa wumeer Bui: t np =146 L — 18,

BennunHa nuHamuueckoil 0OMEHHOW €MKOCTH 3aBHCHUT OT HC-
XOAHOW KOHIeHTpanuu (ocdatoB U ckopocTu GuiabTpoBanus. EE
3Ha4YeHHs (B 9KB/M?), ONpE/CICHHbIC NPU Pa3IMYHBIX YCIOBHAX MPO-
mecca, npuBeaeHs B Tabm. 9.7.

Al POs 2H20

Tabauna 9.7
Hcxomanas konneH- | CKOpoCTh (MIBTPOBa- CopO1oHHas eMKOCTb
tparws, Co, o/ Hust, V,M/4 Eo, SKB/M
2,0 2,0 110
2.2 10,0 34,2
2,9 5,0 50,9
5,3 5,0 96
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Oxcup anroMUHMS, UCUEPHAaBIINKA COPOLMOHHYIO CIIOCOOHOCTH
MOXET OBITh MUCMOJB30BaH B KAYECTBE COCTABISIONIETO KOMIIOHEH-
Ta OETOHHOH CMecH.

9.3. Bausinue J1a3epHOr0 BO3JeiicTBUS
HAa OMOXMMMYeCKHe MPouecchl

CoxpaHeHHe BBICOKOTO KadecTBa OYHMIIEHHOW BOABI MpHU 3HA-
YUTENbHBIX Harpy3kax IO OpPraHMYeCKHM BEIIECTBAM Ha aKTHUBHBIN
U BO3MOXKHO B pe3yjbTaTe MOBBILICHUS (PEPMEHTATUBHOW AKTHUB-
HOCTH MHKPOOPTaHHU3MOB.

VBenuueHne MOIMHOCTH OYHMCTHBIX COOPYXKEHHH MO3BOJIHUT

clleaTh MPOIEecC OYUCTKU 0oJiee YKOHOMUUYECKH BBITOAHBIM. B
KayecTBE aKTUBU3AaTOpa HEATEIbHOCTH OaKTepHH OBIIO HM3YyUECHO
Ja3epHoe M3nydeHue. B mocnegHue roiabl cTaio M3BECTHO O BbI-
COKOM OMOCTHUMYNIHUpPYIOIIEH aKTUBHOCTH M3JIYy4YEHHS TelHN-HEO-
Hoporo nazepa (I'HJI) ¢ nnunro#t Bomasr 632,8 uM. OHa cTUMYIHU-
pyeT percHepaluio TKaHEi, YCKOpsieT 3a)XKUBJEHHE paH U TpodH-
YEeCKUX $I3B, CIOCOOCTBYET YBEIMUYECHHIO BBIKMBAEMOCTH M DPas-
BUTHUIO YMOPHUOHOB W JIMYMHOK PBIO, YCUJIMBAET POCT M pa3BUTHE
CEJIbCKOXO3AHCTBEHHBIX PAaCTEHUI.
Orto BimusHue 'HJI moOGyamiio Hac M3ydnuTh BO3ACHCTBHE U3ITy4YEHUS
Ha MHUKpO(MIOpPY aKTHBHOTO HJa OYHCTHBIX COOPYKCHHUH, a TaKxke
HEKOTOPbIE THAPOXUMHUYECKHE U THAPOOUOIOTHYECKHE MOKa3aTeau
BOJHOHN cpeabl nociae Bo3aeicTtBus 'HJI. Ha ocHOBaHMM JaHHBIX
TaKoOro 3KCHEPUMEHTA Mbl IIpeAIojarajid OTBETUTh Ha BOHNPOC O
OPUHLUINAIBHON BO3MOXXHOCTU NMPHUMEHEHHS JIA3€PHOI0 U3IYyUCHHS
IJs1 CTUMYJISAIUA MUKPOQIOPH aKTHBHOTO MJa OYHUCTHBIX COOPY-
JKeHHI 1 moBbIIeHUs ¢ pekTuBHOCTH WX paboTel. [ns obmydyeHus
npoOBl aKTUBHOTO MJIa UCIIOJIB30BalN Tenuil-HeoHOBbIN snazep I'HJI-
111, reHepupyromuil U3nydyeHue ¢ JIUHON BodHBI 632,8 HM. Mom-
HOCThH Jlazepa cocTaBisia 25 mMBT. B skcnepuMeHTax HCIOIb30Ba-
JUCh pa3IuvHbIe JO3UPOBKH OOIy4dEeHUS, KOTOpPHIE 3aJaBalld Bapbu-
POBaHUEM 3KCNO3ULUU Bo3aeicTBUs OT 3 cekyHa Ao 30 munyt. Cxe-
Ma IKCIEPUMEHTOB Oblia ClieNyIOIei:

Opnna npo0a Ha3Hadasach KOHTPOJBHOM, OCTaJIbHBIE MOABEP-
ranucek obmyuenuto 'HJI-111 ¢ pasHbeiMu skcmo3unuamu. Wnosas
CMech IepeMEeIlNBaIach C MOMOIIbI0O MAarHUTHON MEINAJIKU IJIs Ha-
CBILIEHUSI KUCIOPOAOM M Oosee paBHOMepHOro oOiyuenus. Ilocie 1
¥ 3 4acoB BO3JEHWCTBHUs NPOOHI MOJBEpPrald MUKPOOHOIOTHYECKO-
My M THAPOOHOJIOTHYECKOMY HccliefoBaHUIO. Bbeuto ompeneneHo
obmee Konu4ecTBO OaKTepHi, TeTEpOTPOPHBIX MUKPOOPTaHH3-
MOB U aMMOHH(puKaTopoB. CTaTUCTUUYECKYIO 00pabOTKy pe3ylib-
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TaTOB MPOBOAUIN MO CTAHIAPTHON MeToAWKe. bvlnmum mpoBeneHsb
TPU CEpUH DKCIEPHUMEHTOB, B KOTOPBIX HCCIEIOBAIN BIUSHHE Jia-
3€pHOTO HU3Jy4YeHHS Ha OMOJOTHMYECKYI0 aKTUBHOCTb HJia, B3s-
toro u3 a’poreHkoB OCK r. PoctoBa-Ha-J[oHy uepe3 Tpu uaca
nocie orbopa npod (ombiT Nel) wunm uepe3 Tpoe cyTok (ombIT No2),
a Takke u3 nuiaoTHod ycrtanoBku KC ycranoBneHHoM Ha PocToBc-
kKoM MsAcokomOuHate (omblT Ne3). J[aHHBIE 3KCIEPUMEHTOB II0Ka3a-
nu, 9yto obnyueHue 'HJI crumynupyer pasMHOXEHHE Pa3IMYHBIX
TpyNI MUKpoopraHu3mMoB. Haumbonee BbIpaKCHHOE YBEIMUCHHE YUCIIA
OakTepuil uepe3 OJMH Yac mocie oopaboTku — B 5,9 pa3, HaOmromamu B
ombite Nel co cBexeoTOOpaHHBIMU 00pa3laMy IMpU  3-X MHHYTHOM 00-
Jy4eHuH. BpICOKkHe KOHIEHTpauuu OakTepuil COXpaHsUIMCh U mocie 3
yacoB mocine obmyudenus. B ocranpHbix ombiTax (Ne2 m Ne3) crumynu-
pyromuii 3QGeKT Ja3epHOro BO3ACHCTBUS TAKKE MPOSBISICS MPU
9KCHO3ULMIX OT 3 CeKyHA 10 3 MHMHYT, HO ObLI MEHEE BBIPAXKEH, IPHU
3TOM OONbIIHA 3P ¢deKT ObUT JOCTUTHYT NMPHU dKcrmo3unuu 1 MuH (yBe-
TUYeHUE KoJIMYecTBa OakTepuil ObIIO AOCTHTHYTO B 3,56 pas). Ilpu
YBEIMYCHUN WJIM YMEHBIICHUH JKCTO3ULUU dPPeKT cHmkancsa. Tak
npu  3-X MUHYTHOH 3KCIO3MIMHM KOJHMYECTBO OaKTepHil BO3pacTayo
B 3,52 pasa, a mpu 3-X CeKyHJHOM 0OxydeHHH B 2,52 pasza. YBenu-
YeHne dKCMOo3uIuU 10 10 MUHYT MPUBOAMIO K YTHETEHUIO Pa3BUTHUS
OakTepuii, MX KOJIMYECTBO CHIDKAJIOCH B 2 pa3a. B ombiTax Ne2 u
Ne3 xommdectBo OakTepwmii, B oTiimuue OT ombiTa Nel, wepes Tpu daca
mocne obmydeHust pe3ko najgano u cocrasisiio 0,5- 0,7 xommdecTBa
OakTepuil KOHTPOJIBHOTO oOpasna. B mpobax ompesensau HE TOJb-
KO KOJHMYECTBO OaKkTepHil, HO U U3MEHEHUE KOHIEHTPALUU OpraHu-
YeCKUX BENIECTB II0 BHKS. Tak, mis ombiTa Nel OBLTIO ycTaHOBIE-
HO, 4TO HauOojbllee CHMKEHHUE KOHLEHTPAIUU OPraHMYECKUX Be-
mectB (367 mrO,/am’) 6bUIO TOCTUIHYTO NpH 1-MUHYTHOM 00Iyue-
Huu. st onbita Ne3 mM3MeHeHHE KOHIICHTPALMH OPTaHMYECKHX Be-
LiecTB, HabJIolaeMoe 4epe3 OJMH 4ac IMOCJe BO3ICHCTBUS U COCTaB-
asa10 569,6 MFOZ/,Z[M3 (ucxonuoe conmepxanue 1333,73 MFOZ/,I[M3,
nocne BosjaeicTus — 762,14 mrO,/am’). OTH naHHBIE HOIyYEHBl IIPH
aHanu3e npoO cTOoYHOW BOABI uepe3 1 yac mocie obmyuenus. Yepes
TPU Yaca aKTUBHOCTh MUKPOOPTaHH3MOB MOHMIKAJIACH.

Ocob6oe BHUMaHHE OBUIO YIEJICHO ONPEACIICHUIO BIHMSHUA Ja-
3epHOT0 BO3JEHCTBUS Ha JKM3HECIMOCOOHOCTh M POCT HUTPHPHUIUPY-
IOIUX MUKPOOPTraHU3MOB. BBUIO yCTaHOBJIEHO, YTO B TEYEHHE OJ-
HOTO 4aca Mocjie 1-MHHYTHOTO BO3JIEHWCTBUS MpPOLECCH HUTpUU-
KallM¥ 3aMETHO YCHUJIUBAJNCh.
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Takum 00pa3oM, YCTaHOBIIEHO, YTO JIa3epHOE BO3JECHCTBUE OKa-
3BIBa€T CTHMYJIHMPYIOIIEE JeHCTBHE HAa POCT MHKPOOPTaHU3MOB, OJ-
HaKO 3Q(PEKTUBHOCTH JTA3€PHOTO BO3JAEHCTBUS 3aBUCHUT OT O3Bl 00-
JMydeHUs U OT cpoka HabmroneHus 3¢dekra mocie odmyuenus. Hanbo-
Jiee BhIpaKEeHHBIH 3 dexT Hadmogancs npu 1 MUHYTHOM DKCIIO3HIIMH
¥ COXpaHsUICA B T€YEHHE OJHOTO 4aca Iocjie Bo3lewcTBus. Uepes Tpu
yaca Tocjie BO3JEHCTBUSI aKTHBHOCTh MHUKPOOPTaHU3MOB IOHUXKAIIACh
II0 CPaBHEHHIO C KOHTPOJBHBIMU OOpa3Lamu.

Jlis1 yCKOpEHHUsI TEMITOB Pa3MHOKEHHSI HUTPUDUIUPYIOMUX MUK-
pPOOpPraHU3MOB U YNPABICHHUS MPOLECCOM HUTPHU(PHUKAUU HPH KoJe-
0aHMAX B MPUTOKE U COCTABE CTOYHBIX BOJ, U3MEHEHUH TEeMIIepaTyphl
KUAKOCTH M pH, momagaHum TOKCHYHBIX KOMIOHEHTOB B COOTBET-
ctBue /46/ Ha OXHOM WM HECKOJBKHX paclpeNelUTeNbHBIX JOTKaxX
cucteMmsl opomenuss KC mpeanaraercss ycTaHaBIMBaTh I'elUii-HEO-
HOBBIE J1a3ephl (puc. 9.1.).

I'HJI
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Puc. 9.1. KC ¢ ucmonp30BaHrEM yCTaHOBOK T€IHI-HEOHOBBIX Ja3epOB

>

OOpaboTka JIa3epHBIM U3IyYeHHUEM HUPKYJIUPYIOLIEH cMecH
cTOKOB U Wia B (1) BexeTcs B CKaHHPYIOIIEM PEXUME IO BCEH LIMpPH-
He JIoTKa. IIpu pasmemeHuu na3epHOi yCTaHOBKM € BBIXOJHOW MOLI-
HOCTBIO u3NydyeHus 25 MBT u anunoit BosHbl 0,63 MKM Ha BBICOTE HE
Meree 300 MM HaJ MOBEPXHOCTHIO KUAKOCTH O0ECIIeYMBAETCS CKa-
HUpOBaHUE 30HBI MUpHUHON He MeHee 100 MM.

Jpyrum, mepcrieKTUBHBIM HAIPaBJICHUEM HCIIONB30BAHUS TelUii-
HEOHOBBIX JIA3€POB, 110 HAIIEMY MHEHHIO SIBISETCS IMOJArOTOBKAa Opra-
HUYECKOro cyOcTpara it ASHUTPUPULIUPYIOUUX MUKPOOPTAaHU3MOB,
Ha mocnenytromeit craauu aeHUTpUUKAIMA B Ka4eCTBE MUCTOUYHHKA
OpPraHWYEeCKOTO YIIIepO/a MCIOIB3YIOTCS OpTraHWYEeCKHe BEIIeCTBa HC-
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XOJTHBIX CTOYHBIX BOJI M M30BITOYHOTO Wia. Tak Kak «IIPOCKOK» YacTH
CTOYHBIX BOJ 4Yepe3 NEHUTPU(]PHUKATOP C 3aTOIUICHHBIM CIIOEM 3arpy3Ku
nopbimaeT BITK ouMIeHHBIX BOJ, B TEXHOJOTHYECKYIO CXEMY OYHCTKH
BKJIFOUEH PEaKTOp JJIA MOATOTOBKU OopraHudeckoro cybcrtpara (2).
YacTh CTOYHBIX BOJ HAIpaBIiIsieTCS B PEaKTOp, Tylda XKe MoJaeT-
cq aKTHUBHBIN mia. CMelleHne CTOYHON XKUIKOCTH M HJIa U CHaOXxe-
HHE MpoIlecca MOATOTOBKH KHCIOPOJOM BO3AyXa OCYIIECTBISIOTCA
C TOMOIIBI0 MEXaHUYECKOTO aj’paropa.

[Iponecc MOATOTOBKM OPraHUYECKOTO cyOCTpara mpeaycMmar-
puBaeT Tpu ¢a3bl pocTa MUKPOOPTaHU3MOB: nar-¢a3zy, a3y ycko-
PEHHOTO pOCTa, SKCHOHEHIHANbHYIO0 (a3y. JlomyckaeTcs TOIBKO
HETIOJIHOE OKHMCIeHue 10 Havana npoayuuposanus CO,, H,O. Ox-
HaKO IPU COOTHOIIEHHH Macchl 00pa3yromierocs U30bBITOYHOTO HIIa
K Macce HeoOXOQUMBIX OpPraHWYECKHX BemecTB CTOYHBIX BoA 0,6:1
MOJIHASl aCCUMMJISIIUS XJIOMBSIMHU UJIa OPTAaHUYECKUX 3arps3HEHUH
MpHUBENET K OKHCICHHUIO 3HAUYUTEIbHON YacTH OpPraHHYEeCKOro cyO-
ctpata. [loaToMy misi yCKOpeHHs Mpolecca pa3MHOXKEHUS MUKPO-
OpraHU3MOB, aKTUBHU3aIlMU 3alACHBIX BEIIECTB B KIETKaxX M OTMH-
paHus OakTepuil 1mocie BBITIOJHEHUS UMH OCHOBHOW (GyHKIHH (Copo-
MY 3arpsi3HEHHI) B Mpolecce MOATOTOBKHM cyOcTpaTa MCIOIb30Ba-
Hbl ['HJIL. Jlazepamu ocyiecTBisieTcs 00Jy4eHUE MOBEPXHOCTU JKHJI-
KOCTH B pEaKTope.

[lonmydeHHBI OpraHndeckuid cyOCTpaT HaIlpaBISIETCS B CMe-
cutenp (3), rae MpoUCXOJUT €T0 CMEUICHHE C OYUIEHHOW BOJOM.
3aTeM XHUIKOCTh MOJAeTCsl B HUKHIOI YacTh €MKOCTH JISHHUTPHU(U-
katopa (4). Bocxoasmuii MOTOK XKUIKOCTH MPOXOIHUT Yepe3 CIOu
JSHUTPUDUUHUPYIOMETO UiIa, HMMOOUIN30BaHHOTO Ha IMETHHKaX
HMCKYCCTBEHHOW 3arpy3KH, M OCTaBJISE€T B HUX YAaCTHUIBI XJIOMBEBU/I-
HOTO cybcTpara.

CopOuus konoHHUSIMH (aKyJIbTAaTHBHBIX aHA’pOOOB OpTaHHU-
4ecKoro cy0cTpara, CBSI3aHHOTO IHUTOINIA3MAaTHYECKUMH MeMOpa-
HaMH MUKpPOOHMANbHBIX KJIETOK, BXOMSIIETO B COCTaB KJIETOK, HC-
KJIFOYaeT BTOPUYHOE 3arpsi3HEHUE OUYMIICHHBIX BoJ. BcruibiBaromiue
oTpabOTaHHBIE U OMEPTBEBIIHE MPOAYKTH OMopacmaga 3aigepxu-
BaIOTCSl B BEepXHEW yacTu 3arpy3ku. Ilo mepe yxyameHus mpospad-
HOCTHU BBIXOJAIICH BOJBI MPOBOJMUTCS pEereHepalusi 3arpy3Ku cTpy-
SIMA OYMIIIEHHOW BOJBI. Jlanee Boja OTBOAUTCS B NMPHEMHYIO KaMe-
py BojmoctpyiiHOTro a’paropa (5). [lpu ciamuBe BOJIBI MPOUCXOIUT OT-
JyBKa MOJIEKYJISIPHOTO a30Ta M HACBIMEHHE €€ KHCIOPOIOM.
O600mas BBIIIEH3IIOKEHHOE, MOXKHO CKa3aTh, YTO HalM4He TMOJIO-
KUTENBHBIX 3 (PEKTOB OTKPBIBACT MEPCIEKTUBY PETyIUPOBAHUS pa-
00Tl MUKPOOPTaHW3MOB IPU OYHMCTKE CTOYHBIX BOJ KakK TOpoOJiC-
KUX, TaK U TPOU3BOJICTBEHHBIX, OJHAKO HEOOXOIUMBI JOTOTHUTEIb-
HBIE€ MCCIIEAOBAHUS.
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Pa3nea 10. OBPABOTKA BO3/JYXA

B X035HCTBEHHO-OBITOBBIE CTOYHBIE BOJBI BMECTE C MPOAYKTa-
MHU KU3HEAESITEIbHOCTH JIOAEH M KMBOTHBIX IOMajaeT MaTOreHHas
MUKpodIIopa, BUPYCHl U siflla TeIbMHHTOB. B mpoliecce 04MCTKH CTOY-
HBIX BOJ B a3pOTEHKax 00pa3yercs OrpOMHOE KOJHMYECTBO I'a30BBIX
My3bIpei, pa3pblB KOTOPHIX CONMPOBOXKAAETCS 00pa3oBaHUEM Kamelib,
KOTOpBIE YHOCATCS B aTMoc(epy, 3axBaThiBas U HATOICHHYIO MHUK-
poduiopy. Takum 00pa3om, MPOMCXOAUT 3arps3HCHUE BO3JyXa BO3-
OynurensMu WH(OEKIMOHHBIX M WHBA3HOHHBIX 3a00JI€BaHMi, HAMPHU-
Mep, Ha OYHCTHBIX COOPYXKEHMSX KaHanmamuu r. Hero-Hopka, Gb110
obnapyxeno B 1 m® Bo3zayxa 21800 xMBBIX KOJOHUH MHUKPOOpPTaHH3-
MoB /47/. B mpo6e 0,03 mM® Bo31yXa B3ITOr0 HaJ a3pOTEHKOM C AKTHB-
HBIM WIoM Obuto OOHapyskeHo 1200 BunoB Oaxrepuil, 6% U3 HUX SBIIS-
JIUCh TIATOTCHHBIMU /48/.

Uccnenosanus, mposenennsie crnenuanmuctamu PHUM AKX  co-
BMecTHO ¢ coTpyanukamu HIIO «buompemapat», HHCTUTyTa Meau-
OUHCKOH NapasuTOJOTMU U TPONUYECKOH MEIMLUHMHBI HM.
E.1A. MapuunoBckoro u PocToBCKOTro rocy1apcTBEHHOrO YHUBED-
CUTETa BBISIBWIM HaJU4ue YeThIpeX sAul ackapui Ha paccrosaud 0,3 M
ot nosepxHoctu a’poreHka KC u mo ogHomy Ha paccrostaud 1 — 1,5 M.
Cxopocts notoka CO, ¢ 1 cM? HOBEPXHOCTH a3pPOTEHKA-OTCTOMHUKA
coctamsia 0,14 — 0,35 mr/em? cyt u azora 0,19 — 0,38 mr/cm? cyT.

B MupOBO#l mpakTHKe HMEETCs OMBIT 3aIMUTHl ATMOC(EPHOTO
BO3AyXxa, HanmpuMmep no TexHonoruu komnanuun OTU moctpoeHsl B
ropoackoil uepre r. Autuba (PpaHnus) 3aKpbIThIE OUYUCTHBIE CO-
OPYKECHHUS, B KOTOPHIX NypHO MaxHylIMe ra3oo0pa3Hble BelIeCTBa
coOHparTCcs CUCTeMON BEHTWISIUU M MOJBEpralTcs 3-X cTyleHYa-
TOH MOKPOH OYMCTKE OKHCISIIOUIUMH pEareéHTaMH, 4TO I103BOJISAET
NEe3MHPUUHPOBATh BO3AYX M M3BJIeYb 99,95% H.S, 99% mepkan-
TaHOB U 90% ammuaka. Ha 3akpBITBIX OYHMCTHBIX COOPYKEHHAX
r. Monako, pacnoyio)keHHbIX Ha pacctosHud 100m ot mmska Canu
BCE OTBOAMMBIC (10 58 ThIC. M?/CyT) ra30BbIC BBIACICHUS MO/IBEPraroT-
csl 4-X CTymeHYaTroll MOKpoOW o4mcTKe. PernreHne mpobieMbl OYHMCTKU BO3-
nyxa nmo3soswiio pasmectuth OCK r. Huma BOIM3M CeIMTEOHON 30HBI
(ot xunbix 3actpoek OCK oraenser TosbKO aBTOMOOWIIBHAS IOPOTra).
Bo3ayx oT 3aKpBITBIX NECKOJIOBOK, IEPBUYHBIX, BTOPHYHBIX OTCTOHHH-
KOB M a3pOTEHKOB IOABEPraercsi TPEXCTYNEeHYaTOl MOKPOIl O4HCTKE, a
BO3AYyX OT WIOYIJIOTHUTENEH U mpecc-QpUIbTPOB - YETBIPEXCTyIeHYa-
To# ob6pabotke (puc. 10.1.).
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YcnoBus paboThl OYMCTHBIX COOpYXeHHi KaHanmuzanuu c KC
BBITOJHO OTJIHMYAIOTCS OT PabdOTHl CYHIECTBYIOIUX COOPYKEHUH: —
NOCTYIJICHHE HENPUATHBIX 3alaXx0B B OKPYXAIOLIYI0 Cpeay Hpouc-
XOAHUT TOJBKO OT MPUEMHOH KaMepbl M MECKOJOBOK, TO €CTh MECT
MpUeMa UCXOIHBIX CTOYHBIX BOJ; — M3 TEXHOJOTHYECKOTO MpoIlecca
OYMCTKH XO03-OBITOBBIX CTOYHBIX BOJI MCKJIIOYAETCsl MEPBUYHOE OT-
CTanBaHHE, MUHEpaIN3auus U 00€3BOXKMBAHUE CBIPOTO OCAJKa, KO-
TOpBIE ABJISAIOTCS OCHOBHBIMH MCTOYHHKAMH BBIJENEHUSA AypHOIMax-
HYLIUX JIETYYUX BEIIECTB; — KOHCTPYKLHUS a3pOTEHKa-OTCTOMHHUKA
UCKJII0YaeT 00pa3oBaHME 3aCTOMHBIX 30H, MPUBOISIINX K 3aJIETaHHUIO
W 3aTHUBAaHHIO WA, — KOO(QPHUIHEHT HCIONb30BAaHUSI KUCIOPOAa BO3-
nyxa B KC pgocturaer 15 — 20 % oT o0miero xKoiau4ecTBa mojaBae-
MOTO B CHUCTEMY, 3a CUET €ro MHOTOKPAaTHOH LUPKYJSILHUH yepe3 OHo-
GbunbTpHI, adpaMOHHBIE KOJOHHBI M 30HBI a’3palHd adpPOTEHKOB-OT-
croiiHnkoB KC, Torma Kak B KJIACCHUYECKUX a’palMOHHBIX COOpPY-
KEHHMSX BeanunHa Koddounuenta He mnpessimaeT 6 %. CoorBer-
CTBEHHO, KOJMYECTBO BO31yXa, MOAJIekKaIero oopaboTke cokpamia-
ercsa B 3 — 4 paza.

ObecnedyeHue 3KOJOTMYECKH YHUCTOrO pekuMma paboThl perra-
€TCSl B 3aBHCHMOCTH OT IPOM3BOJUTENHHOCTH OYHUCTHBIX COOPY KCHHIA.
st muanazona npoussoautenbroctd OCK ot 50 g0 5000 m*/cyT, BO3-
nyx o KC u MeCTHBIX OTCOCOB OT PELIETOK TOHKON MEeXaHWYECKOU
OYHCTKH, MECKOJIOBOK, YCTAHOBOK 00€3BOKMBAaHHS OCAaJAKOB M T. .
HAIpPaBJIseTCs MPUTOYHO-BHITSDKHOW BEHTWISIUEH cHayana B (Quib-
Tphl suerikoBble kapmaHHble (DAK), B KOTOPBIX TPOUCXOIUT 3aaep-
JKaHHEe OCHOBHOW Macchl Kamenb (0koso 66 %), 3aTeM B QUIBTPHI
sueiikoBble ckiaguateie (DAC), koTopble 3aAepKUBAIOT YACTHUIIBI
pasmepom 1o 0,3 mxm (3dpdextuBHOCTE 99,97 %). Ob6e33apaxkuBa-
HUE W OCylleHWe (UIbTPOBAIBLHOIO MaTepualia MPOU3BOJUTCS Iie-
pPHOOMYECKH C MOMOINbI oOmyuarenss OakrepuruaHoro (OBJI).
OGe33apaxuBaHue BO3JyXa MOXET OCYIIECTBISITHCS TakKXke C IO-
Molbo YD-ycTaHOBOK.

s KC npousBoautenbHOCTRIO Gosiee 5000 M*/cyT, pekoMeH-
OyeTcsl OAHO- M JBYXCTyIEHUaTas cXeMa MOKPOH OYHCTKH BO3IY-
Xa C UCIIOJIb30BaHWEM YCTaHOBKH To mateHty /49/ (puc. 10.2.).
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P [unoxnopur

Puc. 10.2. Cxema MOKpOW OYHCTKH BO3AyXa

Bo3ayx BEHTHISATOPOM HAINPaBJISETCS B HACAJOYHYI 4acTh
YCTAHOBKH 1, TJe OCYIIECTBISAETCS €T0 KOHTAKT C PAacCTBOPOM IS
Ne3UH(EKIMU, Jera3anui U J1e3040paliu.

B xadgectBe pearcura MOXHO IMPUMCHATHL THIIOXJIOPHUT HATpPHUA.
Hanee BO3ayx 4yepe3 TpyObl MPsIMOM Mmojayud 2 NMPOJABIMBACTCS B
0ap0OTaXHYI YacTh YCTAHOBKH 3, T'Jl¢ OCYLICCTBISCTCS BTOPHUY-
HBI KOHTAKT MYy3BIPHKOB BO3JyXa c pactBopoM. Jlamee Bo3ayx
BeIOpackiBaeTcss B aTMoc(epy uepes KamiaeoTaenuTens. Llupkys-
A pacTBOpa MPOU3BOJUTCS ¢ MOMOUIbI0 Hacoca 5. [lpu cimBe xua-
KOCTH TI0 COOpPHOMY TMOJJOHY B TPYyOBl BOJOCTPYHHOM KEKIIHH BO3-
nyxa 4 MpoOMCXOAUT 3acackiBaHHE 4acTu Bo3ayxa. llocmexyromiee
BCILTBIBAHHE MY3BIPHKOB BO3/lyXa oOecleYnBaeT MepeMellnBaHue
COJIep)KUMOro 0apOOTaXHOW YacTU 3 U OOHOBJICHHE MOBEPXHOCTH
KOHTakTa (a3 ra3z — XHUJIKOCTh. [10IMUTKa HOBBIM PAaCTBOPOM IPOU3-
BOJIUTCA Yepe3 KaMepy CMeIIeHus 6.

'unoxyopuT HaTpus, UCMOJB3YyEMBbIN AJS AeTra3aluud a30THC-
TBIX TETEPOIUKIOB, CEPOBOOPOAA, METUIMEPKANTaHAa MEPEBOJAUT
BCE PaCCMOTPEHHBIC COCIUHECHUS B 0€30MACHBIC OKHCICHHBIC ()OPMBI.

Ilytu merazamum cepoBomOpona.
NaOCl + H,S — NaCl + H,0l + 8
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B mienouHo# cpene oKHCIIeHHE CEpOBOIOPOJA MOXKET UATH 10
CcyJb(}aToB:

4NaOCl + 2NaOH +H,S — Na,SO, + 4NaCl +2H,0

MeTunMmepkanTad — CH3SH MOXET OKHUCISATHCSA OO JUMETHII-
nucyibduua:
+0,
2CH,SH — CH,-S-S-CH,
-H,0

[locnennuit ganee MoXeT mepexoAuTh B cynbdokcuasl  (>S — O).

Jerazamus mHAO0JA, CKATOJIAa TUIMOXJIOPUTOM HATPHS Kak
OKHCIUTEIIEM CPEeIHEH CHIIBI MOXET COMPOBOXKIATHCS O00Opa3oBaHU-
€M OKCHHIOJIOB THIA:

vHaon MHAONNH

Pazpen 11. PEKOMEHJANIWUH 11O IPUMEHEHHUIO KC
JJIA OYUCTKHU CTOYHBIX BO/l PA3JIMYHBIX THUITIOB

11.1. TexHosoru4eckue cxeMbl OYMCTKH XO0351iICTBEHHO-
OBITOBBIX CTOYHBIX BOJ

XapakTep dKCIUlyaTallud yCTaHOBOK M COOPYXEHHUH, MpelHas3-
HA4Y€HHBIX I OYUCTKH CTOYHBIX BOJ OT OTAEIBHBIX JOMOB MAaJbIX,
CpEeIHUX HACeJIEeHHBIX NMYHKTOB U TOPOJOB ONPENEIUIN KOHCTPYK-
tuBHBIe ocobenHocTn KC, a TakKe TEXHOJIOTHMYECKHE CXEMBI OUHC-
TKU. B COOTBETCTBHM € 3TUM IJIs KaXXJOTr'0 JUama3oHa MPOU3BOJIU-
tenpHoctd KC: 5 — 20; 25 — 100; 200 — 1000 1200 — 100000 m*/cyT
pa3paboTaHbl cnenupruueckue KOHCTPYKTUBHBIC PELICHHS.

[Ipy moaroToBKe JaHHOTO pas3feiia UCIOJB30BAaHBl MaTepua-
Jbl MPOEKTOB MOBTOPHOTO NMPUMEHEHHUS CTAHIUNA OHOJOTMYEcKOH
OYHUCTKH cTOYHBIX Box 50, 200, 400, 800 mM*/cyT ¥ yCTaHOBOK s
OYMCTKU CTOYHBIX BOJ MUHH MSICOKOMOMHATOB M MacllOCHIP3aBOIOB
50 m*/cyT, paspabotanubix mis ['ocarponpoma PCOCP (1988-92 r.r.)
NPOCKTOB cTaHUMil Ouonmoruueckoit ouuctku 200, 400, 800 m*/cyT
s pailoHoB kpadiHero CeBepa u «PexkoMeHAaUMH MO MPOEKTHUPO-
BaHMIO U MCIIOJb30BAHUI0 KOMOMHHPOBAHHBIX COOPYXEHHH OUHMCTKHU
CTOYHBIX BOI» pa3paboranHbie Mg ['occtpos PCOCP (1989-90 r.r.).

[Mpuanun padorsr KC mMoxeT ObITh HCNOIB30BaH TAKXKE M IJIS
OYHCTKH MaJbIX 00BEMOB CTOYHBIX BOJ: MeHee 5 m*/cyr. OmnHaxo,
JKCILUTyaTallMOHHBIE PACXOABl, KaK B CYLIECTBYIOIIHMX a’3pallOH-
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HBIX YycTaHOBKax, Tak U B KC B 3ToM ciydae sSBIsIOTCS 0OpeMEHU-
TEJIBHBIMHM JJISI OCHOBHOM Macchl HaceleHHs. 3aTpaThl Ha OIUIATY
sanexkTposHepruu (MuHEMYyM 10 kBT1/cyT) HeOOnpmIMX MHEBMOMEXa-
HUYECKUX YCTPOWCTB MJIM HACOCOB M YCIYIH KBaJU()HUIUPOBAHHOTO
00CIyXMBAIOLIEro nepcoHana (mepexyirodeHne pabouynux U pe3eps-
HBIX MEXaHU3MOB, yJajieHHEe M30bITOYHOIO uja, 00e33apakuBaHUE
U T.I.) CIOCOOHBI HECTH B OCHOBHOM 3@)KMTOYHBIE CJIOHM HACEJICHHUS.
Tak kak pemieHne MpoOIeMbl MPEJOTBPAILEHUS 3arpsI3HEHHS] OTKPBI-
TBIX M 3aKPBITHIX BOJHBIX HCTOYHHKOB 3aKIIOYAETCS B OUYHMCTKE BCEX
CTOYHBIX BOJ, IIO3TOMY HaMH pa3paboTaH HOBBIH MPUHIHUII OHOJIO-
TUYECKONH OYMCTKH U OMNpeeeHbl KOHCTPYKTHBHBIC PEIICHHS yCTa-
HOBOK Tpom3BojuTensHocThi0 0,5 — 4 M*/cyT (mpmnoxenune 1).
Kombunuposanuvie coopyrcenus
npoussooumenvrHocmoio 5 — 20 m*/cym

[Inan m pa3zpe3 yCTaHOBKH, KOTOpas MOXET 00eCledYuTh OuYHucC-
TKy 5 — 7 M’/CYT X03iiCTBEHHO- OBITOBBIX CTOYHBIX BOJ C COACPIKAHH-
eM opranuueckux sarpssuennii o BIIK or 100 no 1000 mr/am® u B3Be-
mennbx BemectB or 100 mo 400 mr/am?, mpeacrasnen Ha puc. 11.1.

Paipes

B0k aiekTprueckoro
M ABTOMATIECKOTO YIIpamieHia

ASpaLmONHLE KOTOIHL

Y S Vaanenne mibprounoro
. el DL DRI

Yeranosia ynstpaduoneTosoro
00¢33apaKHBAHHA BOKI

WiLo TMW 32/7
Q = 2 m3/u; H=6 m; N=0,32 kBr
Kamepa cMetucninn

-
Asporen-orcroik | S Wil TMW 3277

Q = 4 M3/u; H=5 a; N=0,32 kBt

Buopeaxrop |

Wilo TMW 32/7
Q=05 m3/u; H=6,8 m; N=0,32 kBt

- s
2.000 Al o A 200"

{’MIM WiLo TMW 327 ADPOTEHK-OTCTOMHIK

Kavepa cuenicin
1 A

2500

] 7000 | \ |

WiLo TMW32/7 Sarpyska 6 |

Puc. 11.1. Paspe3 u mnan KC npousBogurenbHocThio 5 — 20 M3/cyT
CtouHbIe BOIBI CaMOTEKOM Mo Kojjektopy Kl mocTtymaror

B KaHanu3alnuoHHYI0 HacocHyr crannuim (KHC), orkynma Haco-
camu mo Tpy6ompoBony K2 ux momaioT B KamMepy CMENMIEHUS KOM-
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OMHHMPOBAHHBIX COOpYXXeHUU. [[ng ynaBnuBaHus OTOPOCOB U Iec-
Ka B KaMepe CMCIICHUs yCTAaHaBIMBAIOT CETYATHIH KOHTEWHep-
MECKOJIOBKY. 3aJiepKaHHbIe OTOPOCH M MECOK MeperpykarmT B Oax
oTOpocoB. B kaMepe cMelleHUsI CTOYHBIE BOJBI CMEUIMBAIOTCS C
HUPKYJIUPYIOLIEH MIOBOHW cMEChI0, MOCTyHaloLel U3 a’3poTeHKa-
OTCTOHHHMKA. 3aT€M CMECh IOJAIOT LUPKYISILHOHHBIM HAcOCOM IO
TpybonpoBony K3 B cucremy opomenus 6uopunbrpa, KOTopas co-
CTOUT U3 BOJIOpacIpeeIUTEIbHbIX JOTKOB CO CIWBHBIMHU MaTpyoO-
KaMW ¥ OTpaXaTelIbHBIMU AUCKaMH. [lajgaroliue cTpyH XUIKOCTH
IpoOsITCS Ha AMCKAaX M OPOINAIOT 3arpy3ky Ouounbrpa. DieMeH-
THI 3arpy3KH MPEICTaBISIOT cOO0H KepaMHuYecKHe MIapbl ¢ yriayoie-
HUSIMH, OCH KOTODBIX CXOASTCS B LeHTpe mapos. llpomenmas yepes
OMOGMIBTpP KUAKOCTH HAINpaBisieTcsl COOPHBIM MOJJA0HOM K adpaldoH-
HOM KOJIOHHE, B KOTOPOI MPOMCXOJUT 3acachlBaHHE BO3JyXa, BCIIE[-
CTBUE BO3HUKHOBEHHS BUXPEBOW BOPOHKH. [IpW ABMIKEHHH Ta30KH[-
KOCTHBIX TIOTOKOB MPOUCXOAUT 3 (PEeKTUBHOE MEpeMelnBaHle CO-
JEpXXKUMOT0 a’poTeHKa. BpITecHseMas W3 30HBI a’palld UIOBas
CMech IIOCTYyNaeT B 30HY OTCTaWBaHUS, B KOTOPOW MPOMCXOAUT Ce-
JUMeHTanus una. YacTh Wila yIUIOTHSETCS W Yepe3 INesib B CTeHKE
pasznensoollel 30Hy a’paluu M 30HYy OTCTAaMBAaHHS BO3BpAILIAETCA B
30HY a’panuu. /Ipyras yacTp mjia, BMECTE C TPaH3UTHBIM Pacxo-
JOM TMOAHMMAaeTCs M 00pa3yeT B3BELICHHBIH CIIOM B HIDKHEHW YacTu
OTCTOMHOHN 30HBI. OuuIIeHHas BOAa Jlajiee HampasisieTcs B Ouope-
AKTOp JOOYUCTKU C UCKYCCTBEHHOH epuioBOil 3arpy3koil. 3arpyska
OuopeakTopa o0ecrneunBaeT CHUKEHHE OPraHUYCCKUX 3arpsS3HCHUN
mo BIIKm g0 3 — 5 Mr/am®, B Hell Takke 3aIep)KUBAIOTCS BCILIbIBA-
IOIME XJIOTbS MiIa; KOHIICHTPAIUsl B3BEUICHHBIX BELIECTB Ha BBHIXO-
ne u3 buopeaktopa coctaButr 3 — 7 mr/am’. KoHieHTpanus a3zora
aMMOHHIHOT0 Ha BBIXOZE W3 OWopeakTopa coctaBuT 1 — 1,5 mr/mm?;
KoHIeHTpaus ¢ocdopa oprodocharor He Oyaer npeswimate 0,7
— 1,5 mr/am®. OcBerneHHas BoJa, MpOIIEAIIasl Yepe3 3arpys3Ky, co-
Oupaercs BOJOOTBOISIIMM JIOTKOM W OTBOAMUTCS Ha YCTAaHOBKY YJIb-
TpaduoneToBoro ode33apakMBaHuUs.

Perenepanust 3arpy3ku IPOU3BOIUTCS MEPHOIUUYECKU CIEAY-
omuM 00pa3oM: BKIJIIOYAETCS HACOC, IPOMU3BOAUTCS OTKA4YKa 4acTH
OYHIIeHHON BOABI IO TpyOompoBony K5 (mo HH3a eprioBoit 3arpys-
KHM) Ha cOpoc, 3aTeM 3aABMXKKY Ha TpyOomposone K5 3akpeiBaior u
OTKPBIBAIOT 3aJBUXKY Ha OPOCUTEIBHOM TpyOOTpOBOJE, MPOMBI-
BAaIOT €PIIOBYIO 3arpy3ky B TeueHue 10 MuH, 3aTe€M 3Ty 3aJBUXKKY
3aKpBIBAIOT, OTKPBIBAIOT 3aJBHXKKY Ha TpyoOompoBone K5 u mpowus-
BOJAT MOJHYI OTKA4YKy BOABI B MIOHAKOIHUTEIb.

VYnanenne M30BITOYHOTO WJIA OCYHIECTBISIETCS CIEAYIOIUM 00-
pazoM: BBIKIIOYAIOT HAa 15 MUHYT HUPKYJISAIHOHHBI HACOC, OTKPBI-
BAIOT 3aABUXKKY Ha TpyOompoBoae K4, Ha oTBeTBIEHUHU BeAylleM B
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WIIOHAKOMUTENb, 3aT€M BKJIIOYAIOT HACOC M 4YacTh YIUIOTHEHHOIO HJIa
cOpacbiBaeTCsl B MIOHAKOMUTENh. 3aTeM BhINICyKa3aHHAas 3aJIBUXK-
Ka 3akpbiBaercs. OTCTOEHHAas BOJAa U3 MIIOHAKOMHUTENA MepenycKa-
€TCsl B a3POTEHK-OTCTOWHHUK.

W30BITOYHBIN HJI U3 WIOHAKOMMTENS MEPUOINYECKU BBIBO3HT-
Csl CIEUAaBTOTPAHCIOPTOM B MECTa 3aXOPOHEHHS, COrJIACOBAHHBIE C
COC (wnmm Ha Oommxkaitmme OCK).

OHepro3aTtparsl cocTaBisioT 1,5 — 2,5 kBt.u Ha 1 M°.

Yemanosxu 25-100 m’/cym
KOHCTpYKTHBHOE YyCTPOWCTBO yCTAHOBOK JJsi OYHCTKH
crouynblX BoJ ¢ BITKm 100-1000 mMr/aM3; B3BELIEHHBIM BELIECTBAM
50 — 400 mr/om® mpuBeaeHo Ha puc. 11.2.

Buogmnsrp

\ ADPOTEHK-OTCTOHHIK

4500 50 M feyT

6000 100 Moyt @
AP.50.50.11.1 GRUNDFOS

Q= 14 8fu; N = 1,6 xBr

Kavepa cuemennis

6000 (100 wiicyr)

B
T _Bwogumsp

| 4500 (50 weym) L
0 N[ 8000 (100 wicyr) 2
! Ik 2

Puc. 11.2. Tnan ycTaHOBOK MPOM3BOAUTENBLHOCTBIO 25-100 M3/cyT.
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YcTaHOBKHM BBIIONHSIOTCS U3 OJHOW WIIM JBYX CEKIUH, 00be-
JMWHEHHBIX OOIIeH KaMepol CMEIICHUS TEXHOJOTHYECKUMHU TPYyOOmpo-
BOJIaMU M HUPKYIAIUOHHBIMH HacocaMH. B kadecTBe 3arpy309HBIX
MaTepuajgoB OMOPUIBTPOB MOTYT OBITH MCIIOIL30BAHBI KEpaMUUec-
KHe MIapbl, acOeCTOmeMeHTHBIH mHudep WK INIOCKOCTHASA 3arpy3Ka
N3 MCKYCCTBCHHBIX MaTCpUaJIOB.

s ycTaHOBOK JAaHHOTO AWaria3oHa MPOU3BOJAUTEIHHOCTH Pas-
paboTaHa Tak)ke OpUTHHAJIbHAs TEXHOJIOTMYECKash CXeMa OYUCTKH,
MO3BOJISAIONIAS YMEHBIIUTh CyTOYHBIN MEPHOa PabOThl IUPKYIISIU-
onHoro Hacoca Ha 30 — 50% (mpunoxenue 2).

N306bITOuHBIN M1 00€3BOKMUBAETCS HA WIOBBIX Tlomankax. [lpu
pa3MeIIeHUH YCTaHOBOK B KHUJIOM 4yepTe U30BITOYHBINA HJI MOJAIOT B
WUJIOHAKOTIUTENh, OTKYJa €r0 TEePUOJUYECKH BBHIBO3ST Ha OJrKai-
mue OCK. [Insg cryuieHus HeOOJbIIMX KOJHYECTB Hia pa3paboTaH
HOBBIH NMPUHIUII CTYIIEHHUS OCajKa, KOTOPBIH MO3BOJISIET aBTOMa-
TU3UPOBATH NPOLUECC CHUIKCHUA BJIA)KHOCTU I/I36I>ITO‘-IHOI‘O niia (HpI/I-
JoXeHue 3).

Ouepro3arpatel cocrasusior 0,6 — 0,8 kBr.g Ha 1 M.

Ouucmnvle cmanyuu npouszgooumenvrnocmoio 200-1000 ym*/cym

JUtst nuamazona 200 — 700 M*/CyT MEXaHHYECKYIO OYHUCTKY
MOXHO OCYHIECTBJISITh HEMOCPEICTBEHHO B KaMepe CMEIIEHHUs C IO-
MOIIBI0 BCTPOCHHBIX CETYATBIX KOHTEHHEPOB C Mpo3opamu 2 — 4 MM.
JlHuiie KOHTEHHEPOB BBIMOJIHACTCS U3 JABYX CIUIOIIHBIX MOJIOBHHOK
u 6optuka (h = 100 — 150 mm). IIpu npoX0kKAEHUU CTOYHBIX BOJ
yepe3 KOHTeHep B HEM IMPOUCXOIUT 3aJepKUBaHWE W HAKOIUIEHHE
OMOJIOTHYECKH HEOKHUCIISIEMBIX OTOPOCOB M II€CKa. YJIOBJIEHHAs Mac-
ca TEepUOJMYECKH Yepe3 OTKPHIBAIOMIMECS MOJOBUHKHU JHHUIIA COPaCHI-
BAETCsl B HAKONIUTENIbHBIA OaK M 3aTeM BBIBO3UTCS Ha CBAJKY. lIpumep
petnenus cranimu 200 M’/cyT npuBeneH Ha puc. 11.3.

Ha KC npowussoaurensHocthio 800 — 1000 mM*/cyT MexaHuuec-
Kas OYHMCTKA OCYIIECTBIAETCS C MOMOIIBIO IYTOBBIX CUT M BEpTHU-
KaJbHBIX IECKOJIOBOK.

CraHiuy mpoeKTUPYIOTCS U3 ABYX Wi 4eThlpex cekiuit KC
COJIOKMPOBAHHBIX € OMOPEaKTOpPAaMHU JOOYHUCTKH CTOYHBIX BOJ,
BCIIOMOTATEJIbHBIMU U OBITOBBIMH MOMENIEHHSIMU. B 3maHumN Takxke
yCTaHABJIMBAIOTCS YCTAHOBKH YJIbTPadHOJIETOBOr0 00e33apa’kuBa-
HUS OYHINEHHBIX BOJ.

OxuciieHHe OPraHMYECKUX 3arpA3HEeHH B OMOMIBTpax ocy-
HIECTBIJISIETCS UMMOOMIN30BAHHBIMU MHUKpOOpraHu3dMamu. BricoTa
ouo¢unpTpa Moxer coctaBisaTh 1,15 — 2,0 merpa. B kadyecTBe HO-
CUTENs 3arpy3KH MOKHO HCIOJb30BaTh BOJXHUCTHIA mmdep (FTOCT
24986 — 81) ¢ pasmepamu auctoB 1750x1150 mmM.
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Puc. 11.3. Pa3pe3 u miaH CTaHIMH OYUCTKH IPOM3BOIUTEILHOCTEIO 200 M*/CyT.

Jas onTHUMU3AUMM THAPOIMHAMHYECKOTO pPEXUMa JIBUIKCHUS
XKHUJKOCTH TIO0 MOBEPXHOCTH 3arpy3KH H 3aKpeIlJieHUss OMoMacchl,
JIUCTHI mHUdepa CiaeayeT yCTaHABIMBATh BEPTUKAIBHO, C Hampas-
JIEHHEM BOJIH MEPNEHIUKYIAPHO MOTOKY CTEKAMIIel XKUIKOCTH.
PaccTosgnue mMexay AuCTaMU 3arpy304HOTO MaTepHaja JOJIKHBI
ObiTh He MeHee 20 MM. B nmanbHeifnieM B KauecTBE 3arpy304HOrO Ma-
Teprana TUIAHUPYETCsl UCIIOIb30BaTh IUIOCKOCTHYIO 3arpy3Ky M3 HC-
KYCCTBEHHBIX MaTEpHaJiOB B COOTBETCTBHU c /33/.

Cucrtema BogocTpyiHoil asparuu B KC BBIIONHSAETCS B BHUIC
OJIHOTO WJIM HECKOJBKUX MYYKOB KOJIOHH, pacXojsmmxcs K Huzy. s
3TOro moja OUOPUIABTPOM MOHTHUPYETCS COOTBETCTBYIOIIECE KOJIUYE-
CTBO C60pHI)IX IMOAA0HOB, CTCHKH KOTOPBLIX BBINMTOJHCHBI C YKJIIOHOM
K mpusiMKaM. [‘eoMeTpUdecKd NMPHUSMKH PacCIlojiararoT HaJ IeHTpa-
MH YYacCTKOB, KOTOpble OOCHYXHBAaeT KaXAbIH MYy4YOK KOJOHH.
Tak kak JyIMHA BOJOBO3IYIIHOTO (hakesa, BRIXOIAIIETO U3 HIXKHETO
KOHIIa KOJIOHHBI cocTaBuger 0,5 — 0,7 MeTpa, To Ui MpenoTBpalle-
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HUS 3aJieraHusl wia, HeoOXOQMMO yJapHOe BO3JEHCTBHE CTPYH O JHU-
me. J{as 3TOro BBICOTY HMXKHHUX KOHIIOB KOJIOHH HaJ JHOM CJEAyeT
npuauMath B npenenax 0,2 — 0,3 metpa. 30Ha EHCTBUSA KOJOHHBI JH-
ametpom 40 — 50 MM, coctaBisieT yclioBHO B iaHe 1x1 — 1,2x1,2 wm.

JUis CHWKEHUSI SHEPreTUYEeCKUX 3aTpaT Ha MOAJAEp)KaHUE ONTH-

MaJIBHOTO TEMIIEPaTypPHOTO PEXHMMa, B MpOILEcce OHOJIOTUYECKON OYu-
CTKH UCIIOJIb3YETCS BO3JyX U3 BCIIOMOTATENIBHBIX U MOJCOOHBIX IO-
MEIIEHUH, KpOME MOMEIIEHUN C NPUEMHON KaMepoi, yCTaHOBKaMH
TOHKOW OYUCTKH U TecKojioBkamu. Mcmons3oBanHbIN Bo3ayx n3z KC
YAaCTUYHO YyJaJlsieTCS W HalpaBlisieTcs depe3 BBITSKHBIE TPpyObl Ha
JanpHEeHnIyro o0paboTKy uiau B aTMocdepy, YaCTUUYHO IEepenycKa-
eTcs B nomeiureHus ouoduiabTpoB. Perynuposanue Bo3ayxooOme-
HOM TNPOU3BOAMUTCS IyTEM HW3MEHEHHMs IOJOKEeHMs KiaraHa Ha BBI-
TSOKHOW TpyOe M IJIOIAAM HEePElyCKHBIX OTBEPCTUH B HMEPEKPBITHIX
MEXIy MOMEUICHUSIMH OMO(PUIBTPOB H adPOTEHKOB - OTCTONHHUKOB.
IIpuuem nns opraHM3alMM JBUKEHHS ITOTOKOB BO31yXa, OTBEPCTHS
B IEPEKPBHITUAX CJIEAYyeT pacrojiaraTh paBHOMEPHO IO MEPUMETpY,
BOJIM3H CTEH MOMEIIECHHUS.
Ilpyn npaBUIBHON OpraHU3alMU PAacHpeNeIeHUs BO3AYIIHO-a3p030JIb-
HBIX MOTOKOB OTCYTCTBYET KOHAEHCALMS M BJIAXHOCTh BO3AyXa B
MOMEIIEHNH; IPUYEeM B MEepHOJbl TyMaHOB BiaxHocTh B KC Huxe,
yeM B arMocdepe. PacueTHOe KOIHWYECTBO HApPYKHOTO BO3AyXa He-
00X0aMMOTO 1151 OMOXMMUYECKON OYMCTKM KOMMYHJIBHBIX CTOYHBIX
Box ¢ BITKm 150 — 300 mr/ am® cocrasmsier 5 — 7 ™M Ha 1 m® BOZBIL.
IIpu 6onee BBICOKMX KOHLEHTPAIUAX 3arpsA3HEHUN pacdeTHOE KOJIH-
YeCTBO BO3JyXa Koppektupyercs cooTHomeHueM BIIKm mcxomHbix
ctoyHblX Box K BITKm 200 mr/ oM.

Ecau cpepneronoBas Temmeparypa BO3JyXa B HAaCEJICHHOM
nyHkTe Huxe 12 °C, To B moMemeHusx O0Mo(UIbTPOB IOJKHBI yCTa-
HaBJIMBAThCS OTOMUTENbHBIE TpUbOOpPH. PacueTHas Temmeparypa
Bo3ayxa B nomenleHusx KC momkHa ObITh He MeHee yeM Ha 2°C BhIiIe
TeMIEepaTypbl UCXOAHBIX CTOYHBIX BOJ.

[Ipu coOniofeHNN NaHHBIX PEKOMEHAANMI TeMIeparypa oOpa-
OaTpiBaeMON CTOYHOM JKMIKOCTH OyJeT MOBHIIIATHCS B XOJOJHOE
Bpemsa roga Ha 0,5 — 2 °C. CinenyeT OTMETUTh, YTO HEAOCTATOUHBII
y4eT TeMIeparypHoro Qakropa mpuBel K TOMY, YTO B 3UMHEE Bpe-
Ms CHUYKaeTCsl KauecTBO OYMCTKH Ha 70% ManbIX M CPETHUX OYUCT-
HBIX COOPYKEHMSIX KaHAJIM3ALUU, PACIOJI0XKCHHBIX B CpeqHEH M ce-
BEpHOH monoce Poccum.

IIpy pasMeleHn COOPYKEHHs B XKUIOW 30HE 3aCTPOMKHU B 3/1a-
Huu KC npeagycMmatpuBaercsi yCTPOMCTBO MNPUTOYHO-BBITSIKHOM
BEHTWISIIIMA C MEXaHUYECKUM U €CTECTBEHHBIM MOOYKIeHHEeM. BeH-
THJISILHUSA C MEXaHWYECKOM BBITS)KKOM BKIIOYAET TPU CTYHEHH 00-
pabotku Bozayxa: | crynens — kapmannble ¢GuiabTpel OAK ¢ addek-
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THBHOCTBIO 3ajiepxkaHus Oaktepuit mo 60%.; Il crymens — ckmagyda-
teie QunbTpel OAC — sdpdextuBHocThiO 97 — 99,9%); III cTynens —
obsyuarenu Oaktepunuansie OBM. [lns o0e33apakuBaHus BO3IyXxa
MOTYT ucnonb3oBatbesi Y @-ycranosku HIIO «3HT» taba. 11.1.

Y® ceknuu M3roTaBIMBAIOTCA B BHUJE KaHAIBHBIX MOXYJEH,
BHYTPU KOTOPBIX pacrmojararoTcs OaKTepHUIHIHBIE JIaAMIIBI.

Boznyx o6e33apaxuBaeTcs 0€3030HOBEIMH WIJIH 030HOOPa3yIOIIH-
MU JIaMIIaMH TpU MPOXOKACHUU €T0 Yepe3 3aKPHITYI0 CBETOBYIO Kame-
py. llpu Y®-06nyueHrr yHHUTOXKAIOTCS OAKTEpUHU, BUPYCHI, MUKPO-

(opa (TuieceHb, IPOXOKUA U JP.), CIIOPOBbIE (POPMbI MHUKPOOPTaHU3MOB.
Tabnuma 11.1.

Y ®-ycTaHOBKH 1151 00€33apasKuBaHUS BO3IyXa

Tun [IpousBoauTeILHOCTH O6bem oTpebi. I'abaputsl
YCTaHOBKH M /dac MOMEIIEHUs | MOITHOCTh MM
M’ Br

YOB-3m-15 40 50 25 9 110; 650
YOB-3m-30 40 70 35 9 110; 1150
YOB-3m-55 60 100 70 9 110; 1150
YOB-3m-60 60 150 80 9 110; 1150
YOB-2um-3 200 500 300 180x400x1050
YOB-2m-4 400 1000 400 180x500x1050

O6e33apaxuBaHNUE OYMIIEHHON BOJBI MOXXET MPOU3BOJUTHCS
Y®-ycranoskamu HITO «OHT» tabn. 11.2. u ycranoskamu HIIO
«JIUT» Tabn. 11.3, ycraHoBKaMH «XapbKOBCKOW AJIEKTPOTEXHUYEC-

KO koMmaHun» Tadi. 11.4.
Ta6muma 11.2.

Y®-ycraHoBKHM /151 00€33apaKuBaHNs BOAbI

Tun [Tpoussonu- |[ToTpebdu. Oy Mac-| I'abaputsl 610Ka
YCTaHOBKH TEABbHOCTh* | MOIIHOCTH | MaTPyOKOB ca | obOe33apaxuBaHUs
M>/aac Br MM kr | (BxLxH), mm
YOB-0.5m-03 0,3 15 /2> 2 75x100x300
YOB-0.5m-05 0,5 20 /2> 3 80x110x390
YOB-0.5m-1 1 25 3/4” 5 95x170x530
YOB-0.5m-2 2 40 1’ 7 125x176x980
YOB-3.0m-4 4 80 1% 11 155%x205x1000
YOB-3.0m-6 6 90 1% 14 155%x205x1350
YOB-3.0m-8 8 150 1% 25 380x560x1000
YOB-3.0m-10 10 200 27 30 254x366x1025
YOB-3.0m-15 15 250 27 35 254x366x1350
YOB-15m-20 20 350 70 45 310x450x1350
YOB-15m-30 30 510 70 60 337x580x1025
YOB-15m-50 50 680 100 85 390x540x1350
YOB-50m-100 100 1300 150 120 | 470x610x1350
YOB-50m-150 150 1800 150 160 500x640x1350
YOB-50m-500 500 8000 300; 400 | 380 | 600x2100x1700
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YcranoBku cepuit 4, 5 (taba. 11.3) obecneunBarOT KauyecTBO
o0e33apaxuBaeMoOil BOJBI 110 MUKPOOUOJOTHYECKUM MMOKA3aTEIIM
cootBercTBytomee TpeboBanusiM CaulluH 4530-88 mis ounimeHHBIX
CTOYHBIX BOJ W TEXHOJIOTMYECKUM TPEOOBAHUSM I TOBEPXHOCTHBIX
Box. llpu xoaddunuente nponyckanus Y P-uznydenus Ha 1 cMm
He MeHee 50 % mo3za Y®d-o0e33apaxmBaHUS COCTABISIET HE Me-
mee 40 mJx/cm?.

DHepro3aTparsl IS JAHHOTO JAWana3oHa MPOU3BOIHUTEIHFHOCTH CO-
opyxenui cocrasuset 0,4 — 0,7 kBT.u.

Tabmuma 11.4
OcHOBHBIE TEXHHYECKHE XaPAKTEPUCTHKH YCTAHOBOK CePUU
«Bopgorpaii-C» 1711 00e33apakKuBaHUs CTOYHBIX BOJI

ITapamerp Benuuuna

Tun Y@ ycranoskn |B25C6 | 3B12 | 8B12 | B250 | B600 | B650 | B3000
KC | KC TC TC TC TC

IIpousBoauresns- 25 150 400 220 650 890 | 3200
HOCTH (HOMHHAITh-

Hast), M /4

Koadpdumment YO 0,45

TMIOTJIOIICHUS BOJIBI

Db dexTrBHAS 35

Y®-n03a, MJbr/cM
[orepu Hanopa, M 0,2 0,2 0,5 0,5 1,0 2,4 1,8
Pabouee naBnenue, 1,0 0,15 | 0,15 0,8 0,8 0,8 0,8
MIla, ue 6osee

Tun YO mamn TUV | TUV | TUV | HOK | HOK | HOK | HOK
115 115 115 120/100]20/100(20/100{105/12

Komnuecto YO 6 36 96 6 18 24 18

JIAMIL, IIT

Pecypc YO namm, u | 8000 | 8000 | 8000 | 5000 | 5000 | 5000 | 2500

[otpebsemas 0,8 4.8 12,8 | 12,6 | 37,6 | 50,4 | 175,0

MOIIIHOCTB, KBT
I"abaputsr 06e33a- 1800x | 2250x| 3200x| 800x | 1600x| 4500x | 1600x
PaKUBAIOLLIETO MO- 365x | 850x| 1800x| 1250x | 1250x| 125x | 2000x

JyJ1s, MM 475 1670 | 1670 | 800 800 | 800 800
Iabaputsr mkada 800x | 800x | 800x | 800x | 950x | 2400x | 2400x
YIIPaBJICHUS, MM 350x | 600x | 1000x| 600x | 800x | 800x | 2400x

600 | 2100 | 2100 | 1600 | 1800 | 1800 | 1800

Cpennuii cpok
CITy’KOBI YCTaHOBKH, 15
aer
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Ouucmmuoie coopysicenus 1200 — 100000 »m° /cym.
CraHUMM 3TOTO IMana3oHa MPOU3BOIUTEIBLHOCTH IPOEKTHUPY-
I0TCS. B BUJE OJIOKOB NMPOM3BOJCTBEHHBIX, BCIIOMOTATEIbHBIX U af-
MUHHUCTPAaTUBHO-OBITOBBIX IMOMenieHNH. KOHCTpYKTHBHBIE peHICHHS
KC 12-teic. M*/cyT, pa3spaboranHbie st . Bonbcka CapaTtoBckoit
obnactu npexncrasieHsl Ha puc. 11.4.

Paspes

9000 6000 |.

j—vme | .
@ i é é} 8 9 @ \1 (%) (0

Puc. 11.4. Paspe3 u wian KC npomssoaurensHocthio 12000 M*/cyT
1 — perreTka TOHKOW MEXaHHYECKOW OYHCTKH; 2 — MECKOJIOBKA,;
3 — ycraHOBKa JuIsl 00e33apakuBaHusl BO3/lyXxa; 4 — KaMepa cMmelle-
HUSA; 5 — HUPKYISIUUOHHBIA HAcoC; 6 - cUCTeMa OpOIIeHHUs; 7 — 3arpy3Ka
6noGuIBTPOB; 8 — adpanMoHHas 30HA; 9 — OTCTOIHAs 30HA; /() — a’dpaluoH-
Hble KOJNOHHEL, /] — neHuTpudukaTop; /2 — ycTaHOBKA Ul 00e33apakuBaHUs
BoIsbl; 13 — duieTp-nipecc; /4 — OyHKepa I Iecka u ocaaka; /5 — yCTaHOB-
KM JIJIsl 3aTBOPEHUS M JIO3UPOBKH peareHToB; /6 — TpaHc(opMaTopsl
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K TexHU4YeckuM 0COOCHHOCTSIM JAHHOTO AMANa30HAa OTHOCHT-
cs cleaymollee:

— TpyOONpOBOJBI TIOJIaYM CMECH CTOYHBIX BOJ M Wja B CUCTe-
MBI opomieHust KC 3aKobIOBBIBAIOTCS U MOJa4a XUAKOCTH B JIOTKH
OCYILECTBISAECTCS C IBYX CTOPOH;

— OTBOJ WJIa U3 a’pallMOHHBIX 30H B KaMepy CMENIeHUs Mpo-
W3BOAUTCS Yepe3 KOJbIeBbie MepPOPUPOBAHHBIE TPYOONPOBOIHI,
pa3MerniaemMblie 1Mo nepuMeTpy 30H. OTBOJ MiIa MOXKET TaK Ke OCy-
HIECTBIATHCS Yepe3 OTACIbHbIE MPSMble YYacTKU MeppopupoBaH-
HBIX TpYO;

— pa3Mepsl IUIOCKON YacTH a’pallMOHHBIX 30H YMEHBIIAIOTCSH C
MOMOIIbI0 BAJIMKOB, UMEIOMUX OTKOCHI 45-60 rpanycos;

— IWaMETpP a’paIlMOHHBIX KOJOHH MOXKET COCTaBIATh 50-70 MM,
pa3Mepsl 30H neictBus komoHH 1,2x1,2 — 1,4x1,4 M.

Jist u3BNeYeHUs KPYHMHBIX MPUMECEH CTOYHBIX BOJA PEKOMEH-
NyeTcss NPUMEHSTh CTYNEHYAThle PEHICTKH TOHKOW OYHCTKH C IIPO-
3opamu 10 2 MM pupmbl «PTOTDOK» (r. Cankr-IletepOypr). Pe-
HIETKH TPEACTaBISIOT co00i HaOOp MOJBYMIKHBIX U HEMOJBHIKHBIX
CTYMEHYATHIX NJIACTHH, COOpaHHBIX B MAaKeTHl ¢ (PUKCUPOBAHHBIMH
npo30paMu MeXAY IUIAaCTUHAMH IOJBHKHOTO U HEMOABMIKHOTO Ma-
keToB puc. 11.5

SIS S
Puc. 11.5. Pemerka TOHKOH OYHMCTKHU

3agepxkaHHble Ha QUIBTPYIOMHUX TJIACTHHAX OTOpOCHl 00pa-
3YIOT NONOJHHUTEIbHBIH (QUIBTPYIOIIUNA CI0H, CIOCOOCTBYIOIIHUI
JNOCTH)KCHHUIO Haunmy4inero 3¢ dexra ouynctku. braromgaps KpyroBbim
JBIDKCHUSIM TOJBHKHBIX CTYNMEHYATHIX IUIACTHH 3arpsi3HCHUS aBTO-
MaTHYEeCKH MMOJHUMAIOTCS BBEPX IO CTYIEHSM M IIar 3a IaroMm Io-
CTYMarT Jajibliic HA cOPOC U TPAHCHIOPTHUPOBKY.
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Bce aBmkymmecs y3ibl U AeTald MeXaHU3Ma mpuBoja (Ioj-
IIUIHUKY, 3y0daThle Kojieca, I[ell) CMOHTUPOBAaHBI TaKUM 00pa3oM,
YTO HUKOTJIa HE BXOASAT B CONPUKOCHOBEHHE CO CTOYHOH KUIKOCTBIO,
YTO MOBBIMIAET HAJIE)KHOCTh M JIOJITOBEYHOCTH MpuBOoAa. DUIBTPY-
0l1as MIACTUHA, paMa U APYTUE 3JIEMEHThl PEIIETKH, BXOISIIUE B
KOHTAKT C JKUIKOCTbIO, U3TOTOBIIEHBI U3 HEpKaBelowed cranu. Pa-
00Ta pemeTKyu OCYyIIEeCTBISETCS, KaK MPaBUIIO, B IUKINYECKOM pe-
JKMME, HO OHa MOXeT paboTaTh M HempepblBHO. Hawano mukiia oum-
CTKH COBIIQJIaeT C JOCTI)KEHHEM B KaHaje IMepeJ]l peleTkoil BepxHe-
ro pabodero ypoBHS, IPU KOTOPOM IPOUCXOIUT cpabaThiBaHUE NAT-
YHKa ypOBHs, MOJAIOIIEr0 CHUTHAJl Ha BKJIOYEHHE NMPHUBOJA pelIeT-
ku. [Tocie ounnieHus QUIBTPYIONMEH MOBEPXHOCTH PEUIETKH YPO-
BEHb BOJBI B KaHalle Iepe] PelIeTKON CHMXKAETCSA M M0 CUTHaly AaT-
YHKa yPOBHS MPOUCXOIUT OTKJIIOUEHHE MpHUBOAA. TpaHCIOPTUPOB-
Ky OTOpOCOB MOXHO OCYIIECTBJISITh C IMOMOIIBIO THIPABINYECKOTO
npecc-tpancnoprepa I1TI-200.

TexHUUEeCcKHEe XapaKTEPUCTHKUA CTYNEHYATHIX PEIIETOK (PUPMBI
«PMOTO2K» mpencraBnensl B Tabn. 11.5.
Tabnuna 11.5.
TexHuYecKkHe XapaKTepPUCTUKH CTYIIEeHYATHIX PelieTOK
¢pupmbl «PHOTIK»

WNunexkc | Homu- [Homuna-IlHupuna|[llupu-|llupuna| O6- | Jnuna, |Macca,
W3MIeNVsl |HaNbHAst| JbHAS [pemIeTKH| Ha | Mpo30- | mas | MM KT
MPOU3- | MPOU3- |- LIKPH- |(PHUIBT-| POB, MM | BBICO-
BOAM- |BOIWTE- |HA KaHA-| pyIO- Ta,
Tellb- |IBHOCTH| Ja, MM | IIeH MM
HOCTb o 4acTH,
0  |CBIpOMY MM
CTOYHOM| OCAJIKY,
BOJIE, M/
M /g
PC-240 30 20 240 125 1 1225 1735 165
PC-500 210 150 500 350 2 1320f 850 | 380
PC-630 280 200 630 440 2 1580| 1160 | 790
PC-1000 | 970 750 1060 | 840 2 2530 1440 | 2380
PC-1000L | 2000 953 807 5 2950| 1730 | 1735
PC-1200L | 2440 1160 1005 5 2950( 1735 | 1950
PC-1560 | 2500 1560 1270 4 4420 2420 | 6640
PC-1900 | 5900 1903 1720 6 4850 2310 | 6300
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B kaduecTBe OCHOBHOTO MEXaHHYECKOTo 00OpYyIOBaHMS ISl OHO-
JIOTUYECKOI'0 IPOLEecca OYUCTKH PEKOMEHIYETCSl MCIOJIb30BaTh LIUP-
KyJsiuuoHHbIEe (ekanbHble Hacockl ¢ HanopoM (H) 7-9 m, ¢ uuciom
00opotoB n, 730 — 1460 06/mMuH; 11 OMOPEAKTOPOB JOOYUCTKH M-
KyJIAIMOHHbIE Hacockl ¢ H = 5 m, ng 730 - 960 06/mum.

Haubonee nmpeamouTuTeaIbHBIM METOJOM 00PabOTKH OCaJKOB
CTOYHBIX BOJ SIBJISIETCS €ro 00€3BOKHMBAHHUE Ha JIGHTOYHBIX (QHIBTP-
npeccax. XOpouio 3apeKOMEHA0BaIU ce0si Ha OYHUCTHBIX COOpYXKe-
HuUAX KaHanu3anuu r.r. HoBopoccuiicka, CtaBpormnois, YIbIHOBCKA,
I'mazoBa dunsrp-npeccol 3A0 «DxodunsrpBHEApeHUE» T. KazaHb.

Jlenrounsie ¢unprp-npeccel «CuP» co crycrurenem «CuP-Cy»
MPOU3BOAAT MEXaHHYECKOE 00€3BOKMBAHUE OCAIKOB KOMMYHAalb-
HBIX, CEIbCKOXO3AMCTBEHHBIX U NMPOMBILUICHHBIX CTOYHBIX BoA. Oc-
HOBHBIE TexHHUeckue xapakrtepuctuku JIDOII npuBenenHsl B
tabn. 11.6.

Tabmuna 11.6

CuP 0.7 CuP 1.6
HaumenoBanue Enns CuP- CuP- C I% e
M 0,740,7C | 1,6+1,6C oI

1. dnunHa MM 2800 2800 2800
2. llupuna MM 1100 2000 2400
3. Breicorta MM 1320 1320 1320
BricoTa co cry- MM 1850 1850 1850
CTUTEIEM
4. Macca KT 800 1600 2200

) KT 1200 2200 3000
5. Pabouas mu- MM 650 1650 2050
pHHA JICHTHI MM 650 1650 2050
6. [Tpoussoau- M>/a 6-7 14-16 20-25
TEIHHOCT M /a4 10-15 20-30 30-50
7. BnaxxHocTh % 95-96 95-96 95-96
HCXOJHOTO 0CaJIKa % 99,5 99,5 99,5
8. BrmaxHocTh
00€3BOKEHHOTO % 70-85 70-85 70-85
ocajka
9. [loTpebnsiemast KBT 1,5 2.5 3
MOIIIHOCTh
10. MaTepuanst Hepxaseromas cranp

He tpebyercs GpyHIaMeHT, THAPOCTAHIUS, KOMIIPECCOP, CICIHATBHOE
3/1aHHE
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JleaTounbie ¢unpTp-nipecchl (JIOII “CuP”) paboraror kak Ha
OTEUYECTBEHHBIX, TAaK U Ha 3apyO0exHBIX (IOKYISHTAX.

Jns o6e33apakuBaHUs OYULICHHBIX BOJ MOTYT HCIOJIb30BaTh-
cst YO®-ycranosku HIIO «JIUT», HIIO «9HT», «Bogorpaii».

Hwxe man nmpumep pemieHHs TEXHOIOTHYECKOH cxembl (puc. 11.6)
OYHMCTHBIX COOPYXEHHHM KaHAIMW3aIMU NPOU3BOAUTEIBHOCTHIO
12 ThIC. M?/CYT C KOHIIEHTpalHel 3arps3HCHHI B CTOYHON BOJE: IO
BIIKn — 141 mr/am?, B3BemeHHBIX BemecTts —178 mr/om?, NH4+ —
19 mr/om?, P — 3,3 mr/om>.

Kaviepa cuetetiia *
Pemetka ToHKoii - [ Bl
MEXAHHYCCKOI O4HCTKH | [1ooononia Kowuimposarioe
Mpensas vl . (coop)’m‘crmc(l\'()
Kaepa | Brog cyberpara B
e a a
‘« » Aesrpicsarop :ﬂ’\‘;:"‘!mwm Viktpaduoneronas

yeTanonka

3

Ounmentas
BOJA

L ] Mewaika
U Lpprysumoniuii
nacog KC

bynkep Wsbbrroumsiii i1
ot6pocos ¥

A3DOTEHK-OTCTOHIK Lpryssuonnsii
Hacoc GHopeakTopos

» > 13

[leckonoii Gynxep

i %
—
¢ @ Hacoctas cranus

V4aeToK MesaHiieekoro
00CIBOKMBAHIA ocajika

[ '\
|

| Hrnoeie montagky |
| (amapuitubie) |
| |
| |

1lInexosbiii
OTEIHTENb 4 4
iecka \ ‘ i

Puc. 11.6. Texnonoruyeckas cxema

B cootBerctBuu ¢ puc. 11.6. cToyHble BOJBI MOCTYIAIOT B IPUEM-
HYI0 Kamepy OJIOKa OYMCTHBIX COOPYKEHUH KaHAIHM3alllH, OTKYyJa Ha-
MPaBIISIIOTCSA HA CTYIEHYAThle PEHIeTKH TOHKONW MEXaHWYeCKOH OouucT-
ku PC-1000 N = 1,5 kBt (¢ ¢punprpyromum npo3opom 2 mm). Coop
3aJiep’KaHHBIX OTOPOCOB, MX OTXKUM M TPAHCHOPTHPOBKA B HAKOMHTEIb-
HBI OYHKEp OCYLIECTBISETCS C MOMOINBIO THAPABIMYECKOTO Mpecc-
TpaHncmoprepa. OTOPOCH BBHIBO3SATCSA aBTOTPAHCIOPTOM Ha CBAJIKY.
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[Ipomeamue yepe3 pemeTKu CTOKM HANPaBIAIOTCA B BEpTHUKAJIbHbBIE
neckoyioBku. IleckoBast mynbIa nmepekaymBaeTCs HACOCAMHU B IIHE-
KOBBIH OTIENUTENb MECKa, OTKYJla IECOK HalpaBiseTcs B IECKOBOH
Oynkep. O0e3BOKEHHBIN MECOK BBIBO3UTCS Ha cBaiky. [lamee crod-
HbIE€ BOJABI HAMPABISIOTCS B KaMepy CMENIEHUs] KOMOMHHUPOBAaHHBIX
coopyxkeHuir. KC BBITTOTHSAIOTCS U3 YETBIPEX CEKIUM, Kaxjas U3 Ko-
TOPBIX COCTOUT U3 OMOMIBTPa ¢ IIOCKOCTHON 3arpy3koil u aspo-
Terka-orcTolHnka. Cexknun KC 00beIMHAIOTCA B €QUHOE TEXHOJIO-
TUYECKOE YyCTPOHCTBO 00ImIel KaMepol CMENIeHHUs, HUPKYISIHOHHBI-
MU HacoCaMU M TEXHOJOTHYECKUMHU TPYOOIPOBOJAMH.

B kxamepe cMemieHusl CTOYHbBIC BOABI CMEIIMBAIOTCS C LIUPKY-
JTUPYIOIIEH MIOBOM CMeChlo, MOCTyHawied 1o nephopupoOBaHHOMY
TpyOOmpoBOaYy U3 a’pOTEHKOB-OTCTOWHUKOB. M3 KaMepsl cMmelle-
HUS cMech 3a0upaercss HUPKYJIAIMHOHHBIMU HacocaMu M IMOJAeTcsa B
3aKOJIbIJOBAHHBIE CUCTEMBI OPOIIEHUS OHO(HUIBTPOB, KOTOPHIE CO-
CTOAT W3 BOJOPACIPEICIUTEIbHBIX JIOTKOB CO CIMBHBIMHU MaTpyoO-
KaMHU ¥ OTpakaTeJIbHBIMM nucKkaMmu. [lanaromue cTpyu KHUIAKOCTH
OpoOsATCS Ha AMCKAaX W OpOMIAIOT 3arpy3ku OnopuiasTpoB (acbecto-
LEMEHTHBIC WJIH IJIacTMAacCOBbIE BOJHUCTHIE JHUCTHI). B cooTset-
CTBUHM C KOHCTPYKTHBHBIMU COOOpPa)XKCHHSIMH pacueTHBIH 3P deKT
ouucTKU B Ouodunbrpax D, mo BIIKm cocrasnser 69 %.

[pomenmas yepe3z OMOPUABTPBI KUAKOCTh HATIPABIACTCS
COOpPHBIMHM MOAJOHAMHU K a3pallMOHHBIM KOJOHHAaM, B KOTOPBIX IPO-
UCXOIUT 3acacbiBanue Bo3ayxa (0,6 m*/mM?), BciencTBue BO3SHUKHO-
BEHHSI BUXPEBBIX BOPOHOK. A3pallMOHHBIMHU KOJOHHAaMHU BOJOBO3-
IyIIHAas CMECh paclpenenseTcs mo o0beMy a’pOTeHKOB. Y apbl BO-
JOBO3AYIIHBIX MOTOKOB O JAHUIIE, BCIUIBITUE MY3BIPHKOB U JIBUXKE-
HUE€ Ta30KUJIKOCTHBIX IOTOKOB oOecrneunBaoT 3QdeKTuBHOE nepe-
MEIIMBaHHUE a’pPallMOHHBIX 30H. [ MCKIIOYEHUS 30H 3auUJIMBAaHUSA
IJIOMAaAb MJIOCKOM YacTH AHUINA COKPAIIAeTCs C MOMOIIbIO Baju-
KOB ¢ yriamu HakjoHa 45 — 60 rpanycoB. 13 30H aspanuu uioBas
CMecChb IIOCTYNAeT B 30HBI OTCTaMBaHMWs, I'A€ OHA pasuensercs. Oqu-
HIeHHAas BOJA MOCTyHaeT B COOpPHBIE JIOTKH M OTBOAMTCS Ha Aaib-
HeHIyr 00paboTKy, a W TPYIIUPYETCS B XJIOMbS W BO3BpAIIacTCs B
30HBI a3PaLMH.

IIpy 3ToM B HMXHEH 4acTH 30H OTCTaMBaHUA oOpaszyercs
CJO# C MOBBIMICHHON KOHIEHTpanuei uia (B3BEHICHHBIH (UIBTD),
KOTOpPBIN obecrneyrnBaeT AOOYUCTKY CTOUYHBIX BOJ, a TaKxke 3ajep-
XKaHUE MEJKUX YaCTUL 3arpsA3HEHUH M XJIONKOB MHHEPaJIM30BAHHO-
ro unia.
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OuunieHHas BoJa B 30HaX OTCTaMBaHHS MOCTyMaeT B cOOp-
HbIE JIOTKM U OTBOAMUTCS Ha NallbHEHIIyI0 00paboTKy, a Wi TpyHInu-
pyeTcs B XJIOMbS M BO3BpAIllaeTCsS B 30HBI ad3palluu.

PacueTHbIil 5QPeKT 0YNCTKH B peakIHOHHBIX 00BEMax aj’po-
TEHKOB-0TCcTOWHMKOB Da mo BIIKn cocrapnser 31%. Jusa obecme-
YeHHUs aKTHBHOTO WJia KHCIOPOJOM BO3JAyXa HeoOXoaumas KpaTHOCTb
HUPKYJIAIUN CTOYHBIX BOJA cocTaBiseT 3,9. LlupkynauuoHHBIN pac-
xox 2030 m*/gac ¢ Hanopom H = 8 M obOecrednBaOT HACOCHI (PUPMBI
«'pynadoc» S3806M (1 pab., 1 pe3.) N = 80 kBr.

buomacca (6uomieHKka M aKTUBHBIM M) B KOMOMHHpPOBAH-
HBIX COOPYXEHHSX paboTaeT B PEKUME IOJHOTO OKHCIEHHS (IpHU
HU3KOW CKOPOCTH OKHCJIEHHUS M Harpy3kd Ha M), 4TO oOecledynBaeT
B KC paszputhiii npouecc HuTpupuKanui. AKTUBHBIA Wi o0iagaet
BBICOKOW MUHEpanu3anueu (301bHOCTh 35 %) M MMeeT HU3KOe YAelb-
Hoe comporuienue (33...45)x10°!° cm/r.

Ynanenue M30BITOYHOTO HJIa OCYIIECTBISETCS CIEAYIOUIUM
oOpa3zoMm. YacTh HUPKYJIHUPYIOIIEH UJIOBOW CMECHU HAMPABISCTCS IO
TpyOOTIPOBOAY B CTYCTHTENh, B KOTOPOM C MOMOIIbI0 KATHOHHOTO
(hJIOKYJIIHTAa BJIAXKHOCTh OCajika yMeHbInaercs 10 95 %. Jlanee oca-
JIOK TIoJjaeTcsi Ha JeHTouHblid QuibTp-nipecc CuP-0,7 N = 2 xBr, rae
JOCTUTaeTCsl KOHeuHast BiIaxHocTh uia 70 — 80 %. OOpa3oBaBunii-
Cq KeK I0JIaeTCAd B HAKOMWUTEIbHBIH OyHKEp U 3aTe€M BBIBO3UTCS Ha
cBanky. Ha ciydaili BOSBHUKHOBEHUs aBapUHHBIX CUTYallUd B TEXHO-
JOTHYECKOW cxeme 00paboTKHM ocalika MPelyCMOTPEHBI aBapUiiHbIC
WJIOBBIC TIOMIAJKH, KOTOPBIE BBHIMOJHSIOTCS B BUJE MOJ3EMHBIX Xk/0
eMKocTel ¢ d(h(PeKTUBHBIMH IpPEHAKHBIMH yCTpOCTBaMH (aBT. CBUJ.
Ne 729438), cucremoif BEHTWISLIMKA U OTOIUIEHHS (JUJIs1 3UMHETO MepH-
o7a rojaa). B M30BITOYHBIA WJI, TOJIaBACMBIA B MJIOBBIC IJIOIIAJKH,
JUIS. MHTeHCU(DUKAIIMK Tpoliecca 00€3BONKUBAHUS JIO3UPYETCS PACTBOP
kaTuonHoro Quokynsara (BIIK-402, AK-636P unu np.).

ITocne KC Boma camMoTeKOM MOCTyHaeT B paclpeaeanuTeNb-
HbIE€ CUCTEMBI JIBYX JCHUTPU(DHUKATOPOB, KAXKIBIH U3 KOTOPBIX CO-
CTOWUT U3 ABYX CeKuuid. B meHuTpudukaropax ycTaHaBIUBAIOTCS
OJIOKM ¢ MCKYCCTBEHHOU 3arpy3koil. B xadecTBe OopraHHMYECcKOTO
cy0cTpaTa MCHOJNB3YIOTCS UCXOJHBIE CTOYHBIE BOJbI, MPOIICAIINE
yepe3 pemeTKd TOHKON MEeXaHMYEeCKOW OYHMCTKHU U MECKOJOBKH H
uinosas cmech u3 KC. Ilpu mpoxoxaeHnn >KUJIKOCTH 4epe3 B3BEIICH-
HBI M TPUKPEIUICHHBIN CIOW NEHUTPUPHIHMPYIOIMIEro Hia OCYIECTB-
JIA€TCS] BOCCTAHOBJIEHWE HUTPUTOB M HUTPATOB JO MOJIEKYJISIPHOTO
azoTa.
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Jlanee BojJa MoOCTymaeT Ha JIOOYMCTKY B a’dpoOHBIC OHMOpeak-
TOPHI, COCTOSIINE U3 KaMmMep ad’pallih U PEaKTOPOB C MCKYCCTBEHHOU
3arpy3koii. B kamepax aspamnum Boga ocBoOOXIaeTcs OT ra3zoo0-
pa3HOTO a30Ta M HACHIMAETCS KHCIOPOJIOM BO31yXa, HEOOXOIHMBIM
JUTSL TIPOIIECCOB JIOOYKMCTKH BOJBI M COOJIIOACHUS TpeOoBaHMT cOpoca
B BOJOEM. Aspamus BOJBI B KaMEpe OCYIIECTBISCTCS MPU MOMOIIU
IHUPKYIAMUOHHOTO HACcOCa W a’palOHHBIX KOJOHH. HeoOxoauMplid
IUPKYJISIUOHHBIA PacXod MOTYT o0ecneduTh Hacochl ¢upmbl «l'pyH-
ndoc» S1 044C (4 pab.) N = 4,2 xkBt. DTuMu ke Hacocamu OCyIle-
CTBJISIETCSI MPOMBIBKA 3arpy3Ku OMopeakTopa M OTKayka ocajka (Ha-
COCBI COEIMHEHBI C HAMOPHBIMH JIMHUAMHU THOKMMH HUIAHTaMH U MO-
TyT OIyCKaThCS Ha JHO KaMephl).

N3 xaMep aspanmu BOJa MOCTYMaeT B PEAKTOPHI C UCKYCCT-
BEHHOH 3arpy3koil. buomacca, oOpasyromascss Ha 3arpy3ke, CIy-
KUT JUISL TOOYUCTKU BOJ| OT OPTaHUYECKUX, a30THBIX M MeXaHWYec-
KUX 3arps3HeHuil. [[ns ynameHus U3 BOJABI OCTABIIUXCS COCIMHEHUU
docdopa (oprodhocharoB) B NPUEMHYIO KaMepy a3palldOHHBIX KO-
JIOHH MOJXKET JIO3UPOBATHCS PACTBOP CEPHOKHUCIOTO AIFOMHHUS, OCY-
HIECTBISAOIMMNN Koaryisnuio. [[pu mcronb30BaHUU KOAaryJsiHTa Ooca-
JIOK HAaNpaBisSeTCAd B y4aCTOK MEXaHUYECKOTO 00€3BOKHBAHUA.

Janee oummnieHHas BOJla CAMOTEKOM HAIPaBIsSIeTCS B yCTa-
HOBKH yJibTpaduoiieToBOoro obeszapaxuBanus. [I[puHUMaOTCS yc-
tanoBku HITO «JIMT» YB-1000/288 (1 pa6., 1 pe3.) N = 26 xBr.

O6paboTka BO3JyXa OCYIIECTBISIETCS C IMOMOINBIO yCTAHOB-
K MOKpOW OuHCTKM (MHA. u3roroBieHue) N = 3 kBr.

TexHoJiOrnueckas cxemMa MOXET 00ECIeYUTh Ka4yeCTBO OYU-
CTKH CTOYHBIX BOJ cooTBeTcTByMomee [[JK priboxo3sicTBEeHHBIX
BosmoemMoB B Poccum.

DHeprosarpaThl C y4eTOM OCBEIICHMS, BEHTUJISIUHA U AP.
Hyx 1 coctapisior 0,28 kBt.u ma 1 M crounsix Boa. Cieayer oTMme-
TUTh, YTO Ha NOCTPOeHHBIX B 90 romax 20 B. OUMCTHBIX COOPYKEHU-
sx B . Acneana (Mcmanus) mpou3BOaUTEIbHOCTRIO 10 ThIC. MP/CyT
(06e3 coopyXeHUU JTOOYMCTKH) dHeprosarpathl cocraBisior 0,48 kBt.u
Ha 1 >

OTcyTCcTBHE B TEXHOJIOTHYECKON CXEME OYHMCTKH CTOYHBIX BOJI
MEPBUYHBIX OTCTOWHUKOB, a TaK)Ke KOHCTPYKTHBHOE YCTPOWCTBO
KC, ucknrouatoniee 00pa3oBaHne 3aCTOMHBIX 30H M 3aTHMBAHHUE OCAJl-
Ka, MpeJoTBpaliacT o0pa3oBaHue NyPHO MAaXHYI[UX BEHIECTB - IPO-
IYKTOB aHa’pOOHOW OMONECTPYKIIMH OpraHMYecKHuX BemiecTB. Ilpu
00paboTke ocajka TakKe He MPOUCXOAUT oOpa3zoBaHWE AYPHO Max-
HYIIUX BEIIECTB, TaK KaK M30BITOUYHBIA MJI UMEET BBICOKYIO CTEIICHB
MmuHepanuzanuu. [losatomy angs KC mpou3BoIUTENBHOCTHIO 10
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5000 m*/cyT 00paboTKa BO3/1yXa MOXET MPOU3BOIUTHCS C MOMOIIBIO
Y®-ycranoBok HIIO «OHT». Ha cnyuyail BOSHUKHOBEHHS aBapuii-
HBIX CUTYAallHii, JJIsi BpEMEHHOHN J1e3010pallii BO3AyxXa, HEOOXOIMMO
IpeaycMaTpUBaTh YCTAaHOBKHM C O30HUPYIOLIMMH JIaMIIaMU.

IIpu pabote coopyxkeHuil OonpLICH NPOU3BOOUTEIBHOCTH 00-
pasosanue razos CO,, CO, CH,, C,H, MOXeT NPOUCXOJUTh B KOH-
LHEHTPaUAX, OKa3bIBAIOIIMNX BIUSHHE Ha DKOJOTHYECKYI0 OOCTaHOB-
Ky ropoza. ITostomy nenecooOpa3HO MCHOJIB30BAHUE YCTAHOBOK
MOKpPOH OYHMCTKH BO37yXa, B KOTOPBIX OJHOBPEMEHHO MPOUCXOIUT
ne3uHGpexKnus, nqera3anus U 1e30J0panns Bo3ayXa.

11.2. PeKOHCTPYKIMSA CYHIECTBYIOIIMX OYUCTHBIX COOPYKeHMIA

Poct roposioB u creneHu 0JaroycTporcTBa BEJET K MEperpys-
Ke CYIIECTBYIOUIUX CHCTEM OUYHMCTKH CTOUYHBIX BoJA. Pacmupenue
3TUX COOPYXEHHUH MO TPAaJULIHOHHBIM CXE€MaM YacTO 3aTPyAHEHO B
pe3yibpTaTte OTCYTCTBHS NOMOJHUTENbHBIX Miomaneii. Heo6xonu-
MOCTh PEKOHCTPYKIHH ILIOMaJed 00yclIoBIeHA HaJWYHEM, KaK B
Poccun, Ttak u B A3uu, Jlatunckoit Amepuke, Boctounoit EBporme
00JIBIIOT0 KOJIMYECTBA YyCTApEBIINX, HE OTBEYAIOUIUX COBPEMEHHBIM
HOpPMaM OYHCTKM CTOYHBIX BOJ CHUCTEM BoJooTBelneHus. B Poccun
M0 3TOH MpUYMHE, a TaKXKe B CBSI3U C CYPOBBIMHU KJIMMaTHYECKUMU
YCIIOBUSIMH, MEPEpPHIBAMH B II0Jaue 3JIEKTPOIHEPTHUHU, HE YJIOBIET-
BOPUTEIBHBIM 00OCIy)KHBaHHEM He paboTaioT WM He obecrevyuBa-
0T JTOCTATOYHOU cTeneHu oducTku Oosiee 80% OYUCTHBIX COOpY-
JKEHUH KaHaJIUu3alluu.

MoOXHO yBETHYUTH MPOU3BOAUTENHHOCTh COOPYKEHUH B 2 — 4
pa3a, moBBICUTH d(PPEKTUBHOCTh M HAJECKHOCTH TEXHOJIOTHYECKHX
PEXHUMOB OYMCTKHU, MPOU3BEAS PEKOHCTPYKLHUIO MO TEXHOJOTHAM
PHUU AKX. IIpu 3TOM CHU3STCS dHEpreTHYecKue 3aTpatel Ha 1 M
CTOYHBIX BOJ B 2 — 3 pa3a, a YUCICHHOCTh OOCIIY)KMBAIOIIETO Mep-
coHana — He MeHee, 4eM Ha 30%. OmBIT CTPOUTENHhCTBA U JKCILTYya-
taiuu  KC 1mo3BONMI MOATOTOBUTH KOHCTPYKTHUBHBIE PELICHUS IO
PEKOHCTPYKIMH HEIPHEKTUBHO pabdOTAIOUIUX OYUCTHBIX COOPYKE-
HUHI Pa3JIWYHBIX KOHCTPYKILIUH.

PexoHCTpyKIMS THIOBBIX KEI€300€TOHHBIX a3pOTEHKOB obec-
MEYNUT yBEJIMYEHUE MPOU3BOAUTEIBHOCTH OYHUCTHBIX COOPYKEHHUH T.
Kunermver MiBaHoBckoit obmactu ot 7000 1o 20000 m3/cyT. (puc. 11.7.).
[Ipu »TOM SHepreTHYecKHe 3aTpaThl HA paboTy OCHOBHOTO MeXa-
HUYECKOro 060pyAoBaHUS (LIUPKYJISIIUOHHBIX HACOCOB) COCTaBJIS-
0T 102 kBT1/4, Torga kak HeoOXoauMasi MOIIHOCTh BO3YXOJYBOK
JUIST HOBOM MPOM3BOJAUTEIBHOCTH JOJKHA cocTaBisaTh 320 kBT.
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Kamepa cmeweHus

Puc. 11.7. PeKOHCTPYKIHSA THIIOBBIX XKEJIE300€TOHHBIX a3pOTECHKOB
B KC ¢ yBenmuenuem mpousBogurensrocta ¢ 7000 g0 20000 m*/cyT.

PexoHCTpyKIMST BEICOKOHATrpy>XaeMbIX OHO(GMIBTPOB OUUCT-
HBIX coopyxeHuil r. Ctaponyba majia BO3MOXXHOCTh YBEIUYHUTH IPO-
M3BOJUTEIBHOCTh OYUCTHHIX coopyxkeHud ot 1500 mo 6000 m*/cyT
(puc. 11.8., 11.9.).

Jnst mepeoOopynoBaHUSl OYUCTHBIX COOPYKEHHII MOXKHO TaKxKe
HCTOJIB30BaTh OTCTOMHUKM, KOHTAKTHbIE pPe3epByaphl, a TaKKe Ka-
HaJIM3al[MOHHBIE HACOCHBIE CTAHIIMU.

ITpoekTOM PEKOHCTPYKIIMK HACOCHOM CTAaHIMH AUAMETPOM 9 M
B I'. bapHayne mpeaycmaTpuBaeTcs CTaHIUS MEPEKAYyKH U OUOJIOTHU-
Yyeckasi OYMCTKa cTo4YHbIX Box 200 M*/cyT ¢ riiyOOKOW JOOYHCTKOIA.

Enod
A3PAUMOHHBIE KONOHHbI

OrcToiHan 3oHa

’Pmpaynp BrotunETpa

Puc. 11.8. PekoHCTpYyKINs BEICOKOHA- Puc. 11.9. Pexoncrpykmus OCK
rpyxaemMbix onoduisrpos B KC ¢ ysenu- r. Crapony0a

YeHHeM Mpous3BoauTensHocTH oT 1500

1o 6000 m*/cyT
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11.3. Ilpumenenune KC a5t 04MCTKH KOHUEHTPHUPOBAHHBIX M
BbICOKOKOHLIEHTPHPOBAHHBIX CTOYHBIX BOJ

KC moryr obecneuuBars 97 — 99 % 3 ekt 04UCTKH NpHU CO-
JepkaHuu opranudeckux Bemiects mo BITKm mgo 1000 mr/am® u B3Be-
mreHHBIX BemecTB A0 400 mr/aM’. DKOHOMHYECKH I1eaeco0bpasHo
ucnons3oBanue KC st 04MCTKM KOHIICHTPUPOBAHHBIX U BBICOKO-
KOHIEHTpUpoBaHHBIX (0T 1000 mo 50000 mr O,/nM’) cTOYHBIX BOA
NULIEBbIX, XUMHUYECKUX U (apMaleBTHUYECKUX MPEAUPHUITUH B MHO-
FOCTYNMEHYATBIX CXEMaX OYHCTKHU.

JUis yMEHbBIIEHHUSI Pa3MEpPOB COOPY>KEHHUH OMOJIOTMYECKON OYH-
CTKH IIeliecoo0pa3Ho HCIOJb30BaTh OMoKoarynsnuio. [losatomy
BO3HUKJIA HEOOXOAUMOCTh 3KCIEPUMEHTAIBHOI'O ONpeaeaeHus 3¢-
(hDEeKTUBHOCTHU Tpollecca OMOKOATYJISIUKM ¢ a’palueit npu oopadoT-
Ke KOHLEHTPUPOBAHHBIX CTOYHBIX BOJA CaxapHbIX 3aBofoB. s 3ToM
1enu ObLIM MPOBEACHBI JTaOOpaTOpPHBIE HCCIEJOBAHUS C MCIOJIb30-
BaHHEM pealbHBIX CTOYHBIX BoA /50/. AHaiu3 pe3yiIbTaTOB IMO3BO-
JWJI YCTaHOBHTH, YTO HEOOXOAMMOE BpeMs adpalid U KOHTAaKTa Hiia
CO CTOYHBIMH BOJaMH cocTaBisier 7 — 10 MuH, onTUManbHas a03a
wia — 400 mr/aM’. AspupoBaHue B NMPHUCYTCTBUU aKTHBHOTO HJa 3Ha-
YUTEIBHO WHTEHCU()HULIUPYET MPOLECC CHIKEHUS! KOHLEHTPALUU Opra-
HUYeCKuX 3arpasHennil. Hanpumep, npu XIIK, 1600 mr/am® sddexr
OYHCTKH BOJ cocTaBisieT 36 %, npu Ounokoarynsiuuu 0e3 aspanuu —
49 %, a ipu adpauMu B IPUCYTCTBUH Mia dP(EKT OYNCTKH MOBBIIIA-
ercst 10 60 %. OxgHako 3¢ (EeKTUBHOCTh CHH)KEHUSI OpPraHUYEeCKUX 3ar-
PA3HEHUM B 3HAYUTEIBLHOM MEpE OIpeaensiercss KOHIEHTpalueu opra-
HUYECKHUX 3arpA3HEHMH B MOCTYMNAIOLIMX CTOYHBIX Bogax. Tak, mpu
XIIK, 4000 mr/am’ spdexT ouncTkH cHUKaeTcs a0 25 %, a npu
KOHLEHTPALMM OPTaHUYECKUX 3arpsi3HEHUN 110 XHKPICX 8000 — 10000 mr/mv?
adpdext ounctku cocrtasisier 4 — 11 % (puc. 11.10). PesynpraTst
OIIBITOB MO MHTEHCU(UKALUK CTENICHH OYHMCTKU MO OPraHMYEeCKHM 3ar-
psA3HEHUsM mpH KoHueHtpauusx 6onee 4000 mr/am® (moBTopHas 00-
paboTKa MJIOM IpHU a’paluM CTOYHBIX BOJ, LHEHTPUPYTUpOBaAHHUE,
npuMeHeHHne (QIOKYISIHTOB, 00pabdoTKa BHICOKMMH 03aMHU UJa —
4 — 10 r/n) nokazanu, 4T0 3PHEKTUBHOCTh OYHUCTKH MOXKET OBITH [0-
BeneHa A0 35 %. AHanu3 pe3yJbTaTOB OUYMCTKU CTOYHBIX BOJ IO
B3BEIICHHBIM BEIIECTBAM MO3BOJMJI YCTaHOBUTH, YTO 3P (eKT ux
yaaneHusi cocrapisier He Oosee 70 %, B ocHoBHOM 40 — 50 %. Takum
00pa3oM, Ha OCHOBAaHHMH NAaHHBIX JIaOOPATOPHBIX MCCIEIOBAaHUI B
TEXHOJOTHYECKYI0 CXEeMY BKIIOYAaIOT OMOKOATYJISATOPHI.
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Puc. 11.10. 3aBucumMocTs 3P PEKTHBHOCTH OYNCTKH CTOYHBIX BOJX (BIHSIHUE
Pa3IMYHBIX CIIOCOOOB MPEJOYNCTKH CTOYHBIX BOI Ha Y(PPEKTUBHOCTH CHHXKE-
HUSI KOHIIGHTPAIIMA OPTaHMUYECKHUX 3arpsi3HEHUH).

1 — adpanusg B MPUCYTCTBUH aKTHBHOTO wia u ¢uokyisara BIIK-402; 2 —
aspanus B npucyrcreun BIIK-402; 3 — aByxcTymeHYaTas adpamnusi B MPHUCYT-
CTBHU aKTHBHOTO HJIa HA BTOPOH CTYNEHU; 4 — OMOKOATyISALUS; 5 — a’parus B

MPUCYTCTBHH aKTHBHOTO Wia; 6 — aspanus (103a akTuBHOTO mia 400 mr/om?,
no3a BITIK-402 4 mr/mnm?).

JUIs OYMCTKH KOHLEHTPUPOBAHHBIX CTOYHBIX BOJ PEKOMEHIY-
eTCs TEXHOJIOTHYEeCKas cXeMa, pealu3yemas Ha CIEIYIOIIHUX CO-
opyxenusax (puc. 11.11).

Puc. 11.11. TexHonoruueckasi cxemMa OYUCTKU KOHIEHTPHUPOBAHHBIX

CTOYHBIX BOJ:

npuemMHas kamepa (/); peueTku TOHKOH MeXaHW4ecKoil o4HcTKH (2); mecko-
soBKa (3); ouokoarynsatop (4); KOMOMHHPOBAHHOE COOPYKCHHE IIEPBON CTyIIe-
HU OYHCTKH (5) KOMOMHUPOBAHHOE COOPYKEHUE BTOPOH CTYIIEHH OUUCTKH (6);
YCTaHOBKA Il 00€3BOXKHMBaHUS Tecka (7); yCTaHOBKa Jis 00paboTku ocanka (&)
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HcxonHble cTOYHBIE BOABI HANPABISIOT HA PEIIETKH TOHKOW Me-
XaHWUYECKOW OYUCTKHU C MPO30paMu 2 MM, Ha KOTOPBIX MPOHUCXOIHUT
3a7iepkanue rpyboaucrnepcHsx npuMeceil. [locne pemeTok cToyHbIE
BOJIBI MPOXOAST OYHCTKY OT IMEeCKa W JAPYTUX TSKEIbIX (pakiuii Ha
BEPTUKAITHHON TMECKOJOBKE. 3aJepKaHHBIN MECOK MOJaeTCsl IEeCKO-
BBIM HACOCOM Ha 00e3BOXKHMBaHHE. B OHMOKOarymsTope U3 CTOYHBIX
BOJI YIaJAIOT BBICOKOIMCIIEPCHBIE MUHEpPAIbHBIE U OPTaHHUYECKHUE
3arpsA3HAIONIME BEHIECTBA, a TaK)Ke yJaJieHHe YacTH PacTBOPEHHOMU
OpPTaHUKHU 3a CYET COPOIMU U OMOKOAryJIsIHU H30BITOYHBIM aKTHB-
HBbIM WiIoM, noctynaromuM u3 KC BTopo# cryneHu ouucTkH. Dddekt
OYHUCTKH CTOYHBIX BOJ B OmokoarynsaTope mocturaet mo BIIKnm
20 =30 % , mo B3BemeHHBIM BemectBaMm 60 — 70 % /50/.

TexHosiorndeckas cxema peajln30BaHa B OYHUCTHBIX COOpYXKe-
HHUSAX KaHalm3amuu MscokomOuuata B 1. Jlonrue byasr Kypckoit
obmactu (puc. 11.12)

Puc. 11.12

I[Ipy HanWuuM B MCXOJHBIX CTOYHBIX BOJAax >XUPOB Oojee
100 mr/am® He0OXOIUMO CHHU3UTH MX cojepraHue. Ecin KoHIEHTpa-
st J)KUPOB He mpeBbimaet 200 Mr/aM’, UX yAaasiioT HEMOCPEICTBEH-
HO B Omokoarynstope. OTAelneHne XHUpa OCYIIECTBISIETCS 32 CYET
(hrmoTanuu, BO3AyXOM, MOJaBaeMbIM JqucriepratropaMu (TpyOamu, 1mo-
KPBITBIMH MCKYCCTBEHHBIMU MaTepualaMH) U BO3AYXOM OT BOJO-
CTpyHHBIX aspaTopoB. I[Ipomeccy ¢uoranum cmocoOCTBYIOT peareH-
Thl. C 3TO# 1enplo B KaMepe (UIOKYIANNH MpeaycMaTpUBaeTCs alpa-
1K, 32 CYET KOTOPOH MHTCHCUDUUIUPYETCS MPOLECC pa3eliCHUs
JUCTIEPCHUOHHOMN cpeAbl U AUCIEepCHOM (a3bl, YaCTUIBI )KHUPA, aJCcop-
OupoBaHHBIEC MY3BIPhbKAMHU BO3/1yXa, BCIUIBIBAIOT HA IOBEPXHOCTH,
o0pasys QuoTanmuoHHyI0 neHy. @opMupyromuecs B IEHTPE Kame-
PBl BOJHBI OT BOJOCTPYHHOTO 2KEKTOpa OTOpachBamT (oTanu-
OHHYIO TEHY B CTOPOHY COOpHOro JjioTKa. B j0TKe mpeaycMOTpeHO
ralieHre IMEeHBl, KUIKOCTh C )KHPOM YIAISIETCS Yepe3 OTBOJIAIINKA Tpy-
6onposox. [Ipu comepkaHiu B CTOYHBIX Bojax »xwupa 6osxee 200 mr/am?
ero yJaleHue MpenycMaTPUBAETCS B OTICIBHO CTOSIIEH KUPOIOB-
KH Wik (roTaTope.
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[Mocne OuokoarymsiTopa cTouHbie Boabl HanpasisaioT B KC mep-
BOH CTyNEHH, B KOTOPHIX MPHU BBICOKOW HArpy3Ke Ha WJI MO OpTraHu-
geckuM BemectBaM (0,6 - 0,8 kr BIIKmHa 1 kxr 6e33015HOTO Bele-
CTBa WJa B CYTKH) OCYIIECTBIISICTCS IPOILIECC HEMOJHON Ouosioruyec-
kot ounctku (mo BIIKm 60-80%; mo B3BemieHHBIM BemecTBaM 70-
90%). [danee cTouHBIE BOABI MOABEPTAIOTCS IMOJTHON OHMOIOTHYECKOH
ounctke Ha KC BTOpO# cTyneHu, mpu HU3KOM Harpys3ke Ha HJI IO
opranndyeckuM BemecTBaMm (0,05-0,1 xr BIIKm Ha 1 kr 6e3301bpHOTO
BemecTBa uia B cytku). Ha sroit crymean KC BIIKn u xonmentpa-
[¥s B3BEHICHHBIX BEIIECTB B OUHMIICHHOW BOJe HE MpeBBImamT 10
Mr/ am3®. M30BITOYHBIA W1, 00IadAlONIHA BBHICOKOH COPOIHOHHOMN
aKTUBHOCTHIO, HANIPABISAIOT B OMOKOATYJISATOPHI A MOBHIMIEHUS d(¢-
(eKTa OCBETJIICHUSI MCXOJHBIX CTOYHBIX BOJI.

TexHonMOTHUECKAS CXEMa OYHCTKH MPEIYyCMAaTPUBACT BO3MOXK-
HOCTPH TIOJ]a4¥ YaCTH CTOYHBIX BOJI mmociie 6mokoarymnsitopa Ha KC Bro-
pOii CTYIICHH OYMCTKU U TMOJAaYu B OMOKOAryJssiTOpbl W30BITOYHOIO Hjla
n3 KC nepBoii cTynenu.

DHepreTHYecKue 3aTparhl M0 JAHHOW TEXHOJOTHYECKOU cXeMe
cocrasisaioT 0,3-0,5 xBt/kr BIIK .

ITpu ucnons3oBanuu KC st 04MCTKH BBHICOKOKOHIIEHTPUPO-
BaHHbIX cTouHbiX Boa (BIIKm 6omee 5000 mr/am?®) B TexHoOruyec-
KyI0 CXEMY IIOCJIe€ PeIIeTOK TOHKOW MEXaHWYEeCKOH OYHMCTKHU Iielie-

coo0Opa3Ho BkjIOuYaTh aHa’dpooHsie UASB — peakropsr (puc. 11.13.).

Puc. 11.13. TexHODOrUsI OUYUCTKH BBICOKOKOHLIEHTPUPOBAHHBIX
crounbix Box KC ¢ ucnonb3oBanueM ana’poOHsix UASB—peakropos

Hanee crounble BoAbl HampasisoT B Ouokoarymsatop u KC
NEPBOA U BTOPOM CTYNEHH OUYHMCTKHU.

OHepreTHYecKue 3aTparsl M0 JAHHOW TEXHOJOTHYECKOW cXeme
cocraBisaoT 0,15 — 0,2 kBr/kr BIIKm.
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11.4. ABToMaTu3auMs TEXHOJOTHYECKOr0 mpouecca
OYHCTKH CTOYHBIX BOJ

Bricokas BeposSITHOCTh 3apa)XeHUsi 0OCITYKHBAIOUIETO MEepPCco-
Halla TATOT€HHOW MUKPOQIOpON MPU KOHTAKTE CO CTOYHBIMU BOJa-
MH ¥ BO3JIyXOM Ha OYHMCTHBIX COOPYXKEHHSIX IMpENoIpenenseT Heo0-
XOJAUMOCTh MaKCHMaJbHOW aBTOMAaTH3aIlMH PAa0OTHl KaHATU3AI[UOH-
HBIX COOPYXEHHH.

Pemenune npoOiaeMbl HEOTHEMIIEMO CBSI3aHHO C IMUPOKUM KpPYy-
TOM TEOPETUYECKHX M IKCIIEPUMEHTAIBHBIX pa0OT, CBA3aHHBIX C CHH-
TE30M ITUCKPETHOT'O 3aKOHA YIPaBJICHUS TEXHOJOTHUYECKUMHU OOBEK-
TaMH, a TaKKe ero MpakTHYeCcKO peann3aliy Ha COBPEMEHHOM 3ie-
MEHTHOH 0a3se.

Jng nmama3zoHa MpPOU3BOAUTEIBHOCTH YCTAaHOBOK OYHMCTKH
CTOYHBIX BOJA OoT 5 g0 100 M*/cyT menecoobpa3sHo MpuMeHEHHE Ma-
JIBIX JIOKAJBbHBIX CHUCTCM YIIpaBJICHUA, K OCHOBHBIM JOCTOMHCTBaM
KOTOPBIX MOXHO OTHECTH Malyl0 CTOMMOCTh H CKOPOCTb.

JlokanpHBIE CHCTEMBI YIPABICHUS UMEIOT OTIUYHYIO YCTOWYH-
BOCTh II0 OTHOIIEHHIO K BHEINITHUM BO3MYIIAIOMUM (aKTopam, a uc-
MOJb30BaHUE ONTHMAJBHBIX 3aKOHOB PETyJIHMPOBAaHUS, MOTYYESHHBIX
METOJIOM YaCTOTHOTO CHHTE3a, IMO3BOJAT MOJHOCTHIO U30aBUTHCS OT
CTaTUYECKOW OMIMOKHU PEeryJHpOBaHUsS, YTO PE3KO yJydllaeT IHHa-
MHUYECKUE CBOMCTBA CUCTEMBl M yMEHBbINAET MOTpeOIeHNEe IIIEKTPH-
YeCcKOW 3Hepruu. BapuaHT JIOKalbHON CHCTEMBI YIpPAaBJIEHUS TpeE-
cTaBieH Ha puc. 11.4, cienyroieil cTpyKTypHOH CXeMOH.

>
cPU VPIII

ABTKC VPIR

YPIB

Puc. 11.14. JlokanpHas cucTeMa ynpaBlIeHHs HMUPKYISIAOHHBIMH HACOCAMU
KaMepbl CMEIICHHUS W KaHAJIN3AI[OHHO-HACOCHON CTAHINH:

189



AY KC — natuuk ypoBHs kamepsl cmenienust KC; 1Y KHC —

JaTYUK YPOBHS KaHaJIMW3allMOHHO-HACOCHOM CTaHUMH IOAA0IIEH
crounble BoAbl B KC; I/ — naTuuk naBieHUA KaMepbl CMEIICHUS;
ABT, PYUH, OTKJI — KOHTakThl MOAKIIYECHUS KJIABHATYPHI pe-
XKUMOB paboThl ucnomHuTenbHbBIMU ycTpoiicTBamu KC u KHC; G —
TakTOBBIM renepatop; YPII 1-4 — ycTpoiicTBO pacmupeHus mopra;
M KC, KHC — nacoce; YBOU — ycTpoiicTBO BU3YaJbHOT'O OTO-
Opaxenuss napopmanuu; Y3C — ycTpOWCTBO 3BYKOBOH CUTHaAJIU3a-
uuu. CPU — koHTposiep.

[IpencraBnennas Ha puc. 11.4 cTpyKTypHas cxema JIOKATb-
HOM CHCTEMBI YIpaBJICHHs SBISETCS MHKPOIPOLIECCOPHONH CHCTEMOM.
PeanusoBaHHBIA anropuTM pabOTHl CHCTEMBI MO3BOJAET YIPaBIATh
HCIIOJIHUTENbHBIMU O00BEKTAaMH B peajbHOM MacmTabe BpeMeHHU. B
KadecTBe JaTYMKOB MEPBHYHON MHMOpPMAIIUU HM3MEPSIONINX YPOBEHBb
KHUAKOCTH, HCIOJB3YIOTCS YJIbTPa3ByKOBbIE NpeoOpa3oBaTeiu.
Bribop 00ycioBlieH TeM, YTO OHH UMEIOT BHICOKYIO HalIEXHOCTD.
ITo cBoeil cyTH OHHU SABIAIOTCS CAMOOYHINAEMBIMH M HE TpeOyloT
crienuajIbHOTO yxoaa. Ha eMKOcTh JOCTAaTOYHO YCTAHOBUTH BCETO
JULIb OJMH JATYUK YTOOBI KOHTPOJHUPOBATH BECh YPOBEHb KUIKO-
cTu. biox nmokanbpHOM cHcTeMBl ynpaBieHUs OcHAIIEH yAOOHOW Kia-
BHATYpPOH, CBETOAUOIHBIM YCTPOHUCTBOM BHU3yaJbHOTO OTOOpaxke-
Husg uHpopmanuun — YBOU, koTopoe He TOJBKO MPOU3BOJUT MOHU-
TOPUHT BBINOJHEHUS TEXHOJOTHYECKOT0 MPOLEcca, HO U BBIBOOUT
coobuieHus: 00 omMOKax BO3HUKIIMX B MPOIECCE BBHIMOIHECHUS TEX-
HOJNOrH4YecKuX 3a1ad. OH MO3BOJISIET MPOBOAUTH MEPEKIIOUCHHUE UC-
MOJHUTEIBHOTO 000pYyIOBaHUSA B 3aBUCHUMOCTH OT YCTaHOBJICHHO-
ro periamMeHTa (pyHKIMOHMPOBAHUA M MPHU OTKIOHEHHH OT HErO II0-
JAETCsl COOTBETCTBYIOIIUM 3BYKOBOH CHUIHAJ, MPEAyNpexTar0Uni
omepaTopa 0 BOSHUKHOBEHHUU AaBapUUHOM CUTyallMH B TEXHOJOTH-
YeCKOM Ipoliecce.

JlokanpHbIE CHCTEMBl YHPaBIEHUS NPUMEHEHB B OYHCT-
HBIX COOpYXXEHHUAX KaHaiau3anuu 3aBojga «HoBopocmeTanny,
0a3pl oTAbIXa HauMoHanbHOTO O0aHka Oceruu, Llentpa peabunu-
Tanuu, oOydYeHHUs W OTHabixa rpaxaan P®dD, paborammux Ha
o0bpekTax kommekca «baiikonyp» B UcTpuHckom paitone Moc-
KOBCKOH oOsactu u T.nI.

Bo03M0XHO MCMONB30BaHUE JOKAIBHBIX CHCTEM B OYHMCTHBIX
CTAHIUAX MPOM3BOIUTEIBHOCTHIO 10 500 M*/cyT.

st mpenBapuUTENbHOM MEXaHHMYECKOW OYHMCTKH B TEXHOJO-
THYECKYI0 CXeMY OYHUCTHBIX coopyxeHuit 700 — 100000 m3/cyT.
BKJIIOYAIOTCSI YCTPOHCTBA TOHKOM OYMCTKH, MECKOJIOBKH; ISl 100-
YUCTKUA ACHUTPUPUKATOPH U OUOPEAKTOPHI; IJsi 00paboTKH ocaj-
Ka YCTaHOBKH MEXAaHMYECKOro 00e3BOKMBaHMUS.
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KoucTpyktuBHoe yctpoiictBo KC, npuHsTbIE TEXHOJIOTUYEC-
KHE M TEXHHYECKHE PElICHUs] MEXaHUYECKON OYMCTKH M TIyOOKOHU
JIOOYMCTKH MO3BOJSAIOT MOJHOCTHIO aBTOMAaTU3UPOBATH TE€XHOJOTHU-
YecKHil peXuM pabOTHl JAaHHBIX 3JIeMeHTOB. [losiBieHue moaei B
NOMENIICHUAX, TJIe pacroJiaraeTcsi MexaHuuecKkas U OMOoJorndyeckas
OYHMCTKA MOXET OBITh CBS3aHO TOJBKO C MPOQHUIAKTHYSCKUM OCMOT-
poM u peMOoHTOM. Tak Kak KpaiiHe CII0)KHO aBTOMaTHU3UpOBaTh IPO-
necc 00€3BOKUBAHUS 0CaAKa, TO MOMEIICHUSI y4acTKa MeXaHH4ec-
KOl 00paboOTKM OcajKka M PEareHTHOI'O0 XO3sMCTBa JAOJDKHBI repMme-
THUYHO OTHAENSATHCA OT BHILIIEYKAa3aHHBIX MMOMEIIEHUI.

IIpunnun paGoTsel ouucTHBIX coopyxkeHuil ¢ KC mo3Bomser co-
31aTh YHU(QUIUPOBAHHBIE CUCTEMBI IMarHOCTHKH W YIPAaBICHUS TEX-
HoJIoTHYeCKUM mpoueccoM. OnbIT padboTsl coznaBaeMbix ACY B Poc-
CHM W JAp. CTpaHaxX, MMO3BOJSIET CAEJaTh BBIBOJ O HEOOXOIMMOCTHU
MO3TAMHOTO BBEJEHUS CIEAYIOMUX JABYX MOJCUCTEM YIPABICHUS TeX-
HOJIOTHYECKHUM MPOIIECCOM OYHMCTKH CTOYHBIX BOJ| COOTBETCTBYIOIIMX
NEpBOMY U BTOPOMY YPOBHIO aBTOMATHM3allMU U YIIPaBICHHUS.

IlepBbiii ypoBeHb. IloncucreMa qUArHOCTUKU U JIOKAJIBHOTO
yIpaBIE€HUSA CO3JaeTCs I ONpeaeeHHs KOJIMYECTBEHHBIX Xapak-
TEPUCTUK HEPETYJIHPYEMBIX IapaMeTpoB; KOHTPOJS U MOAAEPIKa-
HUSI peryIupyeMbIX MapaMeTpoB TEXHOJIOTHYECKOIo IMpoliecca B 3a-
JaHHBIX Ipefenax (JOKalbHbIE CHEASIINE CUCTEMBbl YIpPaBICHUSA).

Bropoii ypoBenb. Crneasuiue cucTeMbl yIpaBleHUs, CO3AAI0T-
cq IJ yIpaBJieHHsS MapaMeTpaMHl TEXHOJIOTHYECKOIo IMpolecca Mo
3aJJaHHBIM 3TAJOHHBIM MEPEXOJHBIM XapaKTepUCTHKaM Habiionae-
MBIX BBIXOJIHBIX MMapaMeTpOB.

[TepBbIii ypoBeHB yIlpaBlieHHs] 0a3upyeTcs Ha MCIOJIb30BAHUU
ACY TII oTnenbHBIX y4aCTKOB TE€XHOJIOTHYECKOI'O IMpolecca, Moj-
Jep>)KMBAIOINX HA 3aJJaHHOM ypOBHE €JMHUYHBIE MapaMeTpsl TeX-
HOJIOTMYECKOI0 Ipoliecca: MUPKYIILMHOHHOTO pacxoia MIOBON cMme-
CH, pacxojla ocaJKa W3 MECKOJOBOK, peXuMa yAaleHus W30BITOYHO-
ro HWila, peXXMMa perecHepanuu OMOPEaKTOPOB, KOHICHTPALIMH KHUC-
JI0poJia B WIOBOW XHUAKOCTH, pH, Temneparyp *XHUAKOCTU U Ap. Ha-
pameTpoB. Jus aToit menu cospatoTcss ACY y4acTKOB — pemeTok
TOHKOW OYHCTKH, MECKOJOBOK, IMUPKYISIIHOHHBIX HacocoB KC, me-
HUTpU(DHUKATOPOB, OMOPEAKTOPOB, YU4aCTKAa MEXaHUYECKOTO 00e3BO-
JKUBaHUA ocanka u ap. (puc. 11.15).
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Ortor ypoBeHp ACY, TakuMm 00pa3oM, MpeaHa3sHA4YeH IS YII-
paBieHUs pabOTOW HECKOIbKHUMH OO0BEKTaMH TEXHOIJIOTHUUYECKOTO
nporecca (Hacocamu, 3aJBUKKaMmu). Ha mepBoM ypoBHE HCIIOJIB3Y-
eTCs peJICHHBIN 3aKOH ymnpaBiieHHs 00beKTaMU U cOOpa MEepBUYHOU
nHPOpMAIUH.

B coctaB BTOporo ypoHss ACY BXOIUT clieAsilIU€ CHUCTEMBI
yOpaBJeHUs, IpelHa3HauYeHHbIe ISl CTaOUIU3alliil U KOHTPOJS YII-
paBIE€HUEM BCEX TEXHOJOTMYECKHUX IMPOILECCcOB, T.€. paboOToi Bcex
ACY oTnenpHBIX y4aCTKOB TE€XHOJOTHYECKOro mpouecca. us 3To
e B yOpaBiieHHe BBOAUTCS aucrnetrdep u APM (aBToMaTusmpo-
BaHHOE pabouee MecTO), CHaOXEHHOE CBS3bI0 C ONMEPAaTOPCKUMU
CTAaHIMSIMH U COOTBETCTBYIOUIMMHU KOMIBIOTEPHBIMH IpOrpamMMa-
MH. YKa3aHHBIE MOJCHCTEMBI OYAYT MPEACTaBIATH COOOU YermoBe-
KO-MalllMHHYI0 CHUCTEeMY, B KOTOPOH JUCIIeTYep CHadalla C MOMOIIbIO
OBM npou3BOIUT MEpBUYHYIO 00pa0OTKY TEXHOJOTHUYECKOW HHPOP-
Malli¥ MEePBOTO YPOBHS (JaHHBIE IO KOHTPOJIUPYEMBIM IMapaMeTpam
OTAENBHBIX YYaCTKOB TEXHOJOTHYECKOTO MpPOIecca), 3aTeM, UCIIOIb-
3ys pekoMeHganuu OBM mo onTHMalbHOMY BEIEHUIO TEXHOJOTHU-
YECKOI'o Mpolecca OYMCTKH CTOYHBIX BOJ OCYIIECTBISET yIpaBlie-
HUEe, IPUMEHAs pa3juyHble allapaTHble CPEICTBAa MEPBOTO YPOBHS.

[Ipumep peanuzanuu pabOTH MEPBOTO U BTOPOTO YPOBHS aB-
TOMAaTH3alNU: OlpeJeIeHne KOHIEHTPAIlUH PacTBOPEHHOTO KHC-
Jopojaa B a’paruoHHOM 30HE a’poreHka-orcroiinuka KC (u cpas-
HEHUEe 3HAa4YeHHs C pPacyeTHHIM) MO3BOJUT PEryIupoBaTh KpaT-
HOCTh IUPKYJISANUYN HUIOBOW XKUAKOCTH MyTeM YIpaBICHHS Yac-
TOTOW BpamleHUS 3JIEKTPOJABHUTATENS UIN CTENEHBIO OTKPBITHA
3aJIBUKKH, XOJ KOTOPOM Tak)ke, B CBOIO Oo4depe]b aBTOMAaTH3UPO-
BaH. [lo onpeneneHuto BIaXHOCTU UJIOBOM CMECHU B OTCTOMHOU
30HE M CPaBHEHHIO 3HAYCHUS C PAacUYETHBIM yPOBHEM BIa)XXHOCTH,
pPEeryIupyIOT CTeNeHb OTKPBHITHUS 3aJBIKKHA Ha TpyOompoBome
BBIBOJIa M30BITOYHOTO MJa M3 CHCTEMBI.

B obOmeMm, Buge gynkuuonansHas ctpykrypa ACY TII ouwmct-
KU CTOUHBIX BOJ NIpeicTaBieHa Ha puc. 11.16 .

Haubonpmuii mHTEpEC C TOYKU 3pPEHUS aBTOMATHU3AIUU TEXHO-
JIOTHH OYMCTKU CTOYHBIX BOJ MPENCTaBISET cO0O0¥ mepBas mojcuc-
Tema mnpolecca 6uonornyeckoit ounctku Ha KC. Bo3moxHBIN Bapu-
aHT e€ peanu3aluu npencTtabieH Ha puc. 11.17.
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ACY TII O4HCTKH CTOYHBIX BOJ
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Puc.11.16 - CtpykTypHas cxemMa aBTOMaTH4YE€CKOH CHCTEMBI yIIpaBiie-

YECKOI'O BO3ICICTBHS C
npumeHeHueM OBM

HUS TCXHOJOTUYCCKUM IMPOUECCCOM OYUCTKHU CTOYHBIX BOI.

Cucrema KOHTPOJIs Cucrema KOHTPOIIA U 10:
XapaKTCPUCTHK HCXOIXHOI PperyJIMpoBaHus pacxosa 1
CTOYHOMH BOIBI UMPKYJISLHOHHON HI0BOi
(Heperyupyembie JKHIKOCTH, PACTBOPCHHOTO
mapameTpbl) KHCJIOpOJIa (peryjiupyeMble|
napamerpbl)
Oneparusroe BbIu. ycTpoiicTBo
AHCIETUEPCKOE KaMepbl CMeIIeHUs
YIpaBICHHE
Bbru. ycrpoiicTso l T l T a
yYacTKa Mex. > G —
" MCTeMa KOHTPOITS 16:
OIHCTH BroruniutenbHbli HEHTP | o H per 17’
< 3
L OIepPaTOPCKOil CTAHIHH wioBoi xuwoctn [
Beru. yerpoticso . B 30HE OCANIEHHA
Y4acTKa adpaloHHOM
30n61 KC
Bbru. ycrpoiicTso
CucTeMa KOHTPOJIs Yy4acTKa 30HBI v
H perympoBanus orcraupanms KC
apaMeTPOB HIIOBOIT
HKHIKOCTH
\4 v 6
Beru. yerpoiictso Beru. ycrpoiictso CucTeMa KOHTpOTIA
yd4acTKa Mex. yuacTka Guopeaxropa | | u pery.uposaus
00e3BOKHBAHMS (30Ha 100UMCTKH) apamMeTpoB OCBETICHHOH
ocajika AKHIKOCTH
33;
34; A,
35 ClcTema KOHTpOIs CucTema KOHTPOJIA
M peryIHpoBaHs M PerymupoBaHus
napaMeTpoB TapamMeTpoB
o6e3 ’ JIOOYHCTKH

Puc. 11.17 — CtpykrypHas cxema ACY nepBoi moJICHCTEMBI
mporecca Omonormueckoit ounctku Ha KC:
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1, 8, 10 — u3amepuTenu pacxoga COOTBETCTBEHHO: MCXOAHON CTOU-
HOH BOJbI; IIECKOBOM ITYJIbIIbI; HUPKYJIUPYIOLIEH HWIOBOM XKUIKOCTH;

2 — U3MEpUTEIb TEMIIEPaTyphl;

3, 12, 24 — n3ameputens pH: ucxogHON CTOYHON BOIBI; UIOBOU
KUAKOCTH B adpanrioHHo# 30He KC; mocne OmopeakTopa MTOOYUCTKU;

4, 20, 27 — maT4UKU CKOPOCTHU MOTPeOJICHUSI KHCIOPOAA COOT-
BETCTBCHHO: B HCXOJHON CTOYHOM BOJEC; B OCBCTICHHON CTOYHOH
BOJI€; B CTOYHOM BOJE IIOCJIE JOOYMCTKHU;

5, 2, 28 — naTYMKU KOHIICHTPAIMHM a30Ta aMMOHHMMHOTO COOTBET-
CTBEHHO:

B HCXOJHOM CTOYHOM BOJE; B OCBETICHHON CTOUYHOM BOJE; B CTOU-
HOH BOJE MOCJIE JOOYHCTKH,

6, 23, 30 — natumku koHIeHTpanuu docdopa (dbocdartos) co-
OTBETCTBEHHO B HCXOJHOH CTOYHOH BOJE, B OCBETJIECHHOH CTPOUHOI
BOJIC U B CTOYHOM BOJI€ ITOCJIE JOOYHCTKH;

7, 31 — naTYuMKU KOHILEHTpalMU METaIJI0B COOTBETCTBEHHO B
HCXOTHOM CTOYHOHM BOJE M ITOCJIC JTOOYHMCTKH;

9, 34, 35 — maTYUKU OMPENEIICHUS BIAXHOCTHU COOTBETCTBEHHO:
ocajKka IOCJie IIECKOJIOBKH; OCajKa, IoJgaBaeMoro Ha 00e3BOXKHUBA-
HHS; KEKa;

11, 13, 19, 26 — gaTu4uKu KOHIIEHTPAIIUM PACTBOPEHHOTO KHC-
JIopoJia: B UMPKYJIUPYIOUIEH UIOBON KHUIAKOCTH; B MIIOBOM KHUIKOC-
TH a’paruoHHoi 30HKI KC; B OCBETJIICHHOW CTOYHOUW BOJIC; B CTOYH-
OH BOJIE ITOCJIC JOOYHCTKH;

14, 17 — naTYUK KOHLUEHTPAUUH aKTUBHOIO WJIa: B a3palUOH-
HOM 30HE M 30HE OCaXJCHUS aKTHBHOTI'O MJa;

15 — maT4MK WUIOBOTO MHIAEKCA B a’pPallMOHHON 30HE;

16 — maT4uK ypOBHS OCEBILETO WUJA;

18, 25 — 1aTYUKU MYTHOCTU OCBETJIEHHOH CTOYHOH BOJBI; CTOY-
HOM BOJBI MOCJIE HOOYHCTKH,

22, 29 — maTyuK¥u KOHIICHTPAIMH a30Ta HUTPATOB COOTBETCTBEH-
HO: B OCBETJICHHOM CTOYHOM BOJC; B CTOYHOM BOJIC ITOCJIEC TOOUYHCTKH,

32, 33 — no3aTopbl COOTBETCTBEHHO KOAryJsSHTA JJISI yAaleHUs
dhochaTor U GIOKYJISIHTA I8 MHTCHCU(HUKAIMK TTpoliecca 00e3BOXKH-
BaHHUS OCaJKa;

AHannsnpyﬂ NpeACTAaBJICHHBIC BLHIIIC BapUAHTHI pCain3aliuun
aBTOMATHU3aluu npouecca OYUCTKU CTOYHBIX BOJ, MBI MOXCM CJHC-
JIaTh CJICAYHOUIUC BBIBOJBI: rirobanpHas OKCIIEPpTHAA CHCTCMaA YII-
paBJICHHUA MO3BOJIUT PE3KO YJIYUYHIUTb OCHOBHBIC ITOKA3aTCIIN BBIXOX-
HBIX XapaKTCPUCTHUK Kau€CTBAa CUCTCMbl aBTOMATUYCCKOI'O pery-
JIUpOBaHUA, K KOTOPBIM MOXHO OTHECTH BpEMsA MEPCXOAHOTO IIPO-
necca CUCTEMBI, BCJIIMYUHY IIEPBOTO0O JUHAMUYECKOTO BbIOETa MM
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nepeperyIupoBaHusi, 3a CUeT BBEICHHUS MHOTOIIETIIEBBIX OOpaTHBIX
CBSI3€ll B CHUCTEMY.
Busyanuzanus nmpouecca OYMCTKH CTOYHBIX BOJ, MO3BOJUT 00CIy-
XKHUBAIOLUIEMy MEPCOHANY BBIOWPATh U NPUHUMATH PELICHHUS, NMPE.-
JlaraeMble€ IKCIIEPTHONW CHCTEMOM. DTO MO3BOJIUT HUCKIIOYUTH HEKBA-
TUUIUPOBAHHOE BMCIIATEIBCTBO B TEXHOJOTHYECKUN MpoOIEce
OYHMCTKU CTOYHBIX BojA. K HemocTtaTkam €€ MOXKHO OTHECTH TOJbKO
BBICOKYIO CTOUMOCTb.

TpeTuii ypoBeHb yNnpaBJIeHHs] NPEACTABISIET cOOOM IKCHepT-
HYIO CUCTEMY OLEHKH U aHaln3a COCTOSHMS TEXHOJOTHYECKOro IMpo-
[[ecca OYUCTKU CTOYHBIX BOJ M HMCIIOJIHUTENBHOTO 000pyAOBaHUA. JKC-
MepTHas CHUCTEMa IMO3BOJISIET MPOBOJUTh AMATHOCTUKY COCTOSHHMS JIO-
KaJIbHBIX ypOBHEH aBTOMAaTH3allMM U BapUaHTBl KOPPEKTUPOBKHU pa-
0O0TBl MCIOJHUTEIBHOTO 000pyJOBaHUA NyTeM (GOpMHUPOBaHUS 3a-
JaroIuX BO3JEHCTBUI Ha JOKAaJIbHBIE CUCTEMBI ylpaBieHus. JlaH-
Has CHUCTeMa MpeAlojaraeT pealu3alHio NPUHIOHUIA OTKPBITOTO
Janora orneparopa ¢ NporpaMMHO-TEXHUYECKUM KOMILJIEKCOM TJIO-
OaJIbHOW CHCTEMBI YNpaBlieHHd. B OCHOBE 3KCIEpTHO# CHUCTEMBI Je-
XKUT TPUHLHUI UCIOJIb30BAHUS CUHTE3UPOBAHHBIX 3aKOHOB yIpaBiie-
HHS TUCKPETHBIX JUHAMHUYECKHX CUCTEM.
KauecTBeHHBIN CKa4OK B 00JaCTH OYHMCTKHU OBITOBBIX CTOYHBIX BOJ
MOT'YT 00ECIEUUTh JHULIb BHICOKONPOU3BOAUTEIbHBIE COBPEMEHHBIE
MHUKPOTIPOIIECCOPHBIE CUCTEMBI, KOTOPHIE MO3BOJIAT PE3KO YBEIUYUTH
MPOM3BOJAUTEIBHOCTS U HAJEKHOCTh QYHKIMOHUPOBAHUS CUCTEMEI,
COKpaTUTh KOJHUYECTBO OOCHy)XHBawuiero nepcosana. OgHum u3
BaXXHBIX JOCTOMHCTB MHUKPOIPOLECCOPHBIX CUCTEM YIPABICHHUS SIB-
nseTcst uX TUOKOCTh, TaK KakK JIOTHKAa MX (PYHKIMOHMPOBAaHHMS OIpe-
JeNsieTcss MporpaMMol, XpaHUMON B NMOCTOSHHOM 3allOMHHAIOIEM
yerporictBe (I[13Y) unau omepaTMBHOM 3alIOMHHAIONIEM YCTPOHCTBE
(03Y).

Paznen 12. IYCK U HAJTAJKA
OYUCTHBIX COOPYXKXEHUU

12.1. IIyck ¥ HAJAIKA COOPYKEHUH OMOJOrHYeCKOil OUMCTKU
[Tyck 1 Hanmagxa BO MHOTOM OMNpeaenstoT 3pPeKTUBHOCTH MOC-
nenyoiero GyHKIMOHUPOBAHUS OYUCTHBIX COOPYKECHUHU, TaKk Kak
WMEHHO Ha 3THUX JIBYX CTQJAHSIX MPOUCXOIUT POPMUPOBAHHE AKTHB-
HOTO WJIa, ONPEACNSIIOTCS ONTUMalbHBIE TEXHOJOTHUECKUE PEKUMBI
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OYMCTKH, BbIpabaThIBAIOTCS Yy 0OCIIy)KHBAIOLIETO NepcoHana mpodec-
CUOHAJIbHbIE HABBIKM BEJCHHS TEXHOJIOTHYECKOTO IpoIliecca.

OcyuiecTBiIeHHE TyCKO-HAJIaJ0YHBIX padoT TpeOyeT BCECTOPOH-
Hell moAaroToBku. K MOMEHTY mpreMa O4HCTHBIX COOpPYKEHUH B JKCII-
JIyaTalyio U K MPOOHOMY IYCKY, KOTOPBIM OCYIIECTBIISCTCS Ha YHUCTOM
BOJIe, HEOOXOAMMO MPEABAPUTEIBHO MOATOTOBUTH OOCIYKUBAIOIIUN
IIEpCOHAJ, KOTOPBIM JOJKEH NPOUTU CTAXXUPOBKY Ha JNEHCTBYIOIIUX
OUYHUCTHBIX COOPYKEHHSX, )KeJaTeIbHO PojAcTBeHHOro Tuma. Heo6xomu-
Ma TakXKe IpeaBapuTelbHas CIelraibHas MOATOTOBKA MEepPCOHANa XH-
MHUYECKOW M MHKPOOHOJIOTHMUECKOH 1ab0opaTopuii, OCBOEHUE UMHU BCETrO
KOMIUICKCA aHATMTHYECKUX METOJIUK KOHTPOJS pabOTHl COOPYKEHUH.
Becp mepcoHan goimkeH MpodTH o0yueHWe MpaBHiiaM TEXHHUKH 0e30-
NACHOCTH M IPOMBIIIJICHHONH CaHUTAapHH.

Haubonee TpyaoeMKO# M OTBETCTBCHHOW CTalWel B MEPUOJ
MyCKa COOPYXKCHHS SBIISICTCS HAKalJIMBaHUE aKTUBHOI'O Wia, W, YTO
HauOoJiee BaXXKHO, €TO ajanTanus K cuequUUECKUM 3arps3HIIONIUM
BEIECTBAM, XapaKTEPHBIM JUIsl TIPOU3BOJCTBEHHBIX CTOYHBIX BOJ JaH-
HOTO TIPEATIPUSTHSL.

HakannuBanue akTUBHOTO HJIa MOXET MPOUCXOIHTH B CIEIy-
IOIUX YCJIOBUSX:

a) BOIM3M NEHCTBYIOT OYMCTHBIE COOPYXKEHHUS, OUYUIIAIOIINE
CXOJIHBIE 10 COCTaBY NMPOMBINIJICHHBIE CTOYHBIC BOJIBI,

0) cTo4YHBIE BOJBI COJEpkKaT creHUPUIECKYI0 MHUKPOQIOPY;

B) BOJHM3U OTCYTCTBYIOT AEHCTBYIOIIHE OYHUCTHBIE COOPYyXKe-
HUS, OYMINAIOIINE UICHTHUYHBIC MPOMBINIJIEHHbIE CTOYHBIE BOJHI,
KOTOpBIE HE COJEpPKAT crenuPpuIecKoil MUKPOQIOPHI.

B nepBom cinyuae B KC mogaercs u30BITOUHBIA aKTUBHBIN HII
U3 BTOPUYHBIX OTCTOMHUKOB, JACHCTBYIOIIMX OYHCTHBIX COOPYKe-
HUW. AKTHBHBIH HMJI JOCTaBISETCS COOTBETCTBYIOUIUMH TPaHCIIOP-
THBIMH CPEJCTBaMH, HallpuMep aBTOIMCTepHaMH. BHavane moyTu
BeCh 3aBE3CHHBIN aKTHBHBIM W UAET Ha GOpMUPOBaHHE UMMOOUIIH-
30BaHHOW MHUKpO(dIOpbl B OMOPUIBTPAX U TOJBKO MOTOM MOSBIIS-
I0TCSI XJIOTbSI WJIa B adpOTEHKaX. [lepBHYHYI0 KOHIECHTPALHIO aK-
THBHOTO WJja ycTaHaBauBaioT B npexenax 0,2—0,3 r/am3. 3arem
KC nyckaror Ha npotok ¢ Harpy3koil 10—15% ot pacuernoii. Ilo
JOCTHIKEHUH KOHI[EHTpanuu akTUBHOro mia 2,5—3,5 r/am® KC nHa-
rpyXaloT A0 pacueTHON HArpy3Kd W 00ecnevYrBaIOT CTaOHIBHOCTH
BCcEX MapaMeTpoB Ha yPOBHE, MPEIyCMOTPECHHOM TEXHOJIOTHYECKUM
periaMeHTOM ISl JaHHBIX COOPYKCHHIA.

Ecnu npoMblnuieHHBIE CTOYHBIE BOJBI COJEPKAT CHEHUPUIECKYIO
MUKPO(]IOpPY, TO CMEIIAHHBIH CTOK NPUTOTOBJIAIOT B COOTBETCTBUHU
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C mapaMeTpaMH, NMPeAyCMOTPEHHBIMU TE€XHOJOTHYECKHUM periaMeH-
toMm 1 pabotel KC ¢ pacueTHON Harpyskoil.

Jnst oOpazoBaHHsi aKTHBHOTO WJIa MOKHO TaKXe HCIOJb30BaTh
XO035IHCTBEHHO-OBITOBBIE CTOKU. B 3TOM cilydae CcTOYHYIO BOIy HO.I-
BepratoT nupkyiasiuuu B KC u nmaroT Harpysky He Oonee 50% ot
pacueTHOM. 3areM, NpEeKpaTUB NOJayy B MOCIEIHUN CTOYHOU BOJBI,
NPOAOIDKAOT HUPKYISALHIO, HEMPEPHIBHO HAOIIONAs 32 MCUE3HOBE-
HHEM aMMOHHMHHOIO a30Ta W HOSBJICHUS HUTPATOB (€CIU a’pOTEHK
KC nomxken paboTtaTh ¢ HUTpU(HKAIUECH), a TAKKE 3a COJCPKAHU-
€M PacTBOPEHHOTO Kuciopona. OQHOBPEMEHHO IOJIKHBI BECTHCh Ha-
OJNIOJIeHUs 3a TMOSIBICHUEM IPU OTCTAUBAHWHU TUIHYHBIX XJIOMbEB
OBICTPO Ocakaalolerocsi akTuBHOro mia. Ilocie 3Toro BOycKamT
CTOYHYIO BOJIy Ha NMPOTOK, MOCTEIEHHO MOBBIIIAs HArpy3Ky Ha HUX
0 pacyeTHOI.

Ecau KC noiken obecreuynBaTh 4aCTUYHYIO OYHUCTKY, TO aK-
THUBHBIM HJI MOJIy4alOT ONMCAHHBIM BBIIIE METOAOM, HO HArpy3Ky
MOBBIIIAIOT, UCXOMSI HE M3 KOJHMYECTBAa HUTPATOB, KOTOPHIX MpPH ya-
CTUYHOU OYMCTKE B OYHMIIEHHON BOJEC HE ObIBACT, a U3 BEIUUUHBI.
BIIK, BOZbI, BBINyCKAEMOU U3 OTCTOHHOM 30HBI JaHHOIO KC.

B nyckoBoil mepuon Bo3MoxHO Takxke BkiawueHue KC cpasy
Ha Mallylo Harpy3ky. Ilocie mocTuikeHHs YyCTOWYMBBIX pe3yibTa-
TOB ouncTKU mocrtymnampmero B KC croka Harpy3ky Ha HETO IOCTe-
MEHHO YBEJIHWYMBAIOT, JOBOJA IO PAcCUYETHOM.

Bo3MOXHO Taxke NpUMEHEHHE TEPMUUYECKH BBICYLIIEHHOTO aK-
THUBHOT'O WJIa JJISI YCKOPEHHUS €ro HaKOIUJICHHUS.

BaxHbBIM 3TanoM HmycKOBOT'O Nepuona paboThl OYUCTHBIX CO-
OpYXEHHI SIBISETCS alanTtalnus MHUKPOQIOPbl aKTUBHOTO WJja K CIe-
nrpUUecKUM 3arps3HAIOMMM BEIleCTBAM BCEX KaTErOPHUH CTOYHBIX
BOJI, KOTOpPBIE MPEANoJIaraeTcsl OYUIIATh Ha JAaHHBIX OYHCTHBIX CO-
OpYyXEHHUAX. Anantauus MUKpPoQIophsl moKHA OBITH NMpOBEAEHA
MpeaBapUTeIbHO, N0 MyCKa MPOU3BOJACTBEHHBIX CTOYHBIX BOJ Ha
OUYMCTHBIE coopyxeHus. [IpoBeneHne mpeaBapuUTENbHOW aJanTamuu
AKTUBHOI'0 WJa K cHenu(PUIeCKHM KOMIIOHEHTAM CTOYHBIX BOJ MO-
3BOJISIET 3HAYUTENbHO COKPATHTh HEPUOJ] OCBOEHHS M CO3IaTh yC-
JoBUsA Ays Oe3aBapuiinoir pa6othl KC mpu mosiHOW Harpyske ¢ Ha-
4aJbHOI'0O MOMEHTA NpHUEMa MPOU3BOIACTBEHHBIX CTOYHBIX BOJ.

[Ipu sTHX ycnoBusX obecrnednBarOTCs OBICTPBIM BBIXOJ COOPY-
KEHUH Ha MPOEKTHYIO MOIIHOCTH M CTaOMJIbHOE KayeCTBO OUYMIIEH-
HBIX CTOYHBIX BOA. [Iporecc ajganTamuu MOXeET OBITh OCYIIECTBICH
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HECKOJIBKMUMH criocobamu, B ocHOBHOM mnozgadedt B KC moaenbHOro
cToka. J{is 3Toro B X03sHICTBEHHO-OBITOBBIE CTOYHBIE BOABI, MOCTY-
Maliue Ha OYHUCTHBIE COOPY)KEHHUS MOCIEe MEXaHMYECKOW OYHCTKH,
n00aBAOT crienupUIECKIe 3arps3HIONINe BemecTBa (MOTYT OBITh
MCIIO0JIb30BAHBl HEKOHJAUIIMOHHBIE MPOAYKTH XHMHYECKUX MPOU3-
BOJICTB MJIM KOHIEHTPUPOBAHHBIE CTOYHBIE BOABI aHAJOTHUYHBIX JEH-
CTBYIOIIMX MPOU3BOJACTB, NOCTABISIEMBIX B aBTOLUCTEPHAX, XKEIE3-
HOJOPOXHBIX LUCTEpHAxX U T. A.). Jo3upoBka cnenupuuecKkux 3ar-
PA3HAIOIIUX BEIIECTB OCYIIECTBIAETCS M3 CHENHAIbHBIX €MKOCTEH
U KOPPEKTUPYETCS B 3aBUCUMOCTH OT IpUHUMaeMoW Harpysku. Ha-
rpy3Ky yCTAHaBJIMBAIOT B COOTBETCTBHUU C OMOXMMHUYECKUMU CBOM-
CTBaMH 3arpsA3HSIOIIHUX BEHICCTB M UX YCBOSEMOCTHIO canpopUTHON
Mukpo¢aopoii, Ho He meHee 50% OT AOMyCTUMOHN Harpys3KH.

ITo TakoMy ke NPUHIUNY JO3UPYIOT U NPOU3BOJICTBEHHBIC
CTOYHBIE BOJBI, €CJIM MX HMCIOIB3YIOT A aJalTallMd aKTHBHOI'O HIIA.
Hab6nroaenus nmokasaiu, 4TO MPUMEHEHHE MEHBIINX HArpy30K He
paluMoOHaNIbHO, TaK KaK B YCJIOBHSAX MHUHHUMAJbHOTO MOCTYIJIECHUS
crequUUEeCKNX 3arpsi3HAIONIMX BEIIECTB B COCTABE OYUILAEMOTO
CTOKa (T. C. BMECTE C XO34HCTBEHHO-OBITOBBIMU CTOYHBIMU BOJA-
MH) MUKpOQI0pa aKTUBHOIO HJIa YCBAaWBACT UX B HE3HAUYUTEIb-
HOM KkosmuecTBe. [Ipu 3TOM ycuiamBaeTcss KOHKypUpYIOIas pojib
OpPTaHWYECKHUX 3arpsA3HAIONINX KOMIIOHEHTOB XO3SHCTBEHHO-OBITO-
BBIX CTOYHBIX BOJ|, OHU CIIy)XaT B KauyeCTBE OCHOBHOTO MUTATENb-
HOro cyOcTpaTa, W, cleJoBaTelbHO, HAIPaBIECHHON MepecTpOUKHU
OMOXMMHYECKUX CBOHCTB OakTepuil HE MPOUCXOIUT.

B Takux ycioBusx He MOTYT copMHpOBaThCs cnenuduyec-
Kasi MUKpoduiopa akTUBHOIO MJa, TaK KaK OHAa BBIPAIIUBAETCS Me-
TOJOM HamlpaBJIEHHOW U3MEHYMBOCTH C KOHEUHBIM HUTOTOM (hOpMHU-
pOBaHHUS 3alaHHBIX OMOXHMHYECKHX CBOWCTB M, YTO Hamboee Baxk-
HO, B MICKYCCTBEHHBIX YCIIOBHUSX CYLIECTBOBaHHs (hopMmHUpyeTcs Oax-
TepuaiabHas MOMYJSALUs, CHOCOOHAsT 3HAYUTENbHO YBEJIHYHUBATH
yAeNbHBIE CKOPOCTH OMOXMMHYECKOI'0 OKHCIECHHS CIeu(UIECKOTo
cybcTtpara. CoriacHO 3akoHaM (epMEHTAaTUBHOIO KaTajM3a CKO-
POCTh peakLMH OKHUCIEHHS cyOcTpaTa NEepBOHAYAIbHO 3aBHCHUT OT
€ro MCXOJHOU KOHIEHTpauuu. Mcxons u3 3Toro nmpuHOUNA U HYXKHO
OCYILECTBJSATH MpoIllecC NMEePBUUYHON ajanTaliu aKTUBHOTO HJa K
crnenupuIecKuM KOMIIOHEHTaM NPOU3BOACTBEHHBIX CTOYHBIX BOJ.
ApanTanps €ero MOXeT MPOMCXOAUTH MOCIEI0BATENBHO WM KOMIUIEKCHO,
W 3aBUCHT OT HYXJ XMMHYECKOTO MPOM3BOACTBA. Yale Bcero mpou3BoOA-
CTBEHHAas1 HEOOXOAMMOCTh AUKTYET NMPUMEHEHHE MOCIEN0BATEIbHON
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aJanTanuy K Ka)JI0H KaTeropuu CTOYHBIX BOM, YTO O0YCJIOBIMBACTCS
rpa)ukoM MycKa OCHOBHBIX TEXHOJOTHYECKUX MPOU3BOJCTB XUMHUYEC-
KOTO MPEANPUITHS.

OCHOBHBIMHU TOKAa3aTENSIMUA CO3JIAHUS CIEMUPUUECKON MUKPOGIIOPHI aK-
TUBHOTO HMJa B MyCKOBO# MEPHOJ SBJSIOTCS KPUTEPHUU OMTHMAIbHBIX
HArpy30K W KPUTEPHi MOJHON CTaOMIBHOCTH BCEX TEXHOJOTHMYECKHX W
AQHATUTUYECKUX MapaMeTpoOB Mmpoliecca OHOXUMHUUYECKOTO0 OKUCIICHHUS.

IIpoBenenue myckoBoro pexuma padorsi KC npu MUHHMANb-
HBIX Harpyskax, T. €. MeHee 50% MpeayCMOTPEHHBIX PErjIaMeHTOM,
OPUBOJIUT K Manod(PPEKTHUBHBIM pe3ysibTaTaM OYUCTKH, TaK KaK B
3THUX YCJIOBUAX (QOPMHUPYETCS IKOCHCTEMa aKTUBHOTO HJIa CO CIy-
YaWHBIMA MHUKPOOUATBHBIMH COOOINECTBAMH, COXPAHSIOIUMHU OC-
HOBHOW THUIl OOMEHa BEIIECTB, MPHUCYIIMHA UM MPU OOUTAHUU B NPH-
POAHBIX YCIOBUSAX. Pe3yiapTHpPYIOMUM 3TAallOM TaKOW HallaJlku pa-
OOTBhI OYHUCTHBIX COOPYKCHHH SIBISIOTCS HEYCTOWUYUBBIE THAPOXH-
MHYECKUE TOKA3aTeNM OYHUIICHHBIX CTOYHBIX BOJ, Malo OO0BACHHU-
MbI€, Ha TEPBBINA B3IJISJ, «TPOCKOKHM» MOBBIIMICHHBIX KOHIICGHTpAIHil
3arpA3HAIONINX BEUIECTB B OYUIICHHON >KUJIKOCTH.

XopoImo HalaXeHHBIA MpoIlecc ajanTaluu aKTUBHOTO HUIa,
PacCMOTPEHHBIH BBINIE, ABISETCS OCHOBOW (HOPMHPOBAHUS CIEIH-
¢udeckoit MUKpOQIOPHI, 4YTO 00yCIOBIMBAET OOJNBIINE CKOPOCTH
OMOXUMHUYECKOTO OKHCIICHUS CHENU(PUISCKUX CyOCTpPaToB.

BakHbpIM 3aBepHIaloOUM 3TANOM MYyCKOBOTO MepHoaa paboTh

OUYHCTHBIX COOPYKCHHI SBISICTCS OpPTaHH3anus HEMPEPBIBHOTO MPH-
eMa IPOM3BOJACTBEHHBIX CTOYHBIX BOJ B MOMEHT IyCKa MPOU3BO-
cTBa. B aToT mepuos Gonblioe 3HaUEHUE MMEET MOAJEPKaHUE HATpy-
30K HA aKTUBHBIM W HA JOCTUTHYTOM YypoBHE. [IOTHOCTBIO JOJKHBI
OBITh MCKJIFOUEHBI MEPHOJbI BBIHYKJICHHOTO «TOJOJAHUS» AKTHBHOTO
Wia, KOTOpBIE BO3MOXHBI B TPEAITYCKOBOM IEPHOJIE.
Honyuienne moJoOHBIX CHTyallud CBEAET Ha HET Bce YCHIIUS 1O ajar-
Tallid aKTUBHOTO WJIa U (POPMHUPOBAHHUIO €r0 CHENUPUISCKON MHUKPO-
¢dnopsl. HabmogeHus: mokasanu, 4to (a3za BBIHYKIACHHOTO TOJOJaHHS
AKTUBHOT'O HWJIa BBI3BIBACT HE TOJBKO PE3KOE CHIIKEHHUE OKHCIUTEIb-
HOHW CrOcOOHOCTH OaKTepHid, HO ¥ M3MEHEHHE ero (U3MYECKUX CBOMCTB.
Ipoucxomut motepsi OONMBIINX MACC aKTUBHOTO MJIa C OYUIICHHOW CTOY-
HOM KHUJKOCTHIO, TAK KAaK TOJOJNAIOIIHA aKTUBHBIA WM BCIJIBIBACT B
OTCTOMHOU 30HE.

BaxxHBIM sBIISeTCS Tak)ke HEAOMYIICHHE PE3KHX KoneOaHWi KOH-
IECHTPANUN 3arpsA3HSIOIIAX BEHICCTB B OYMIACMBIX CTOYHBIX BOJAAX U
3aIMOBBIX BBIOPOCOB CTOYHBIX BOJ| C MOBBIIICHHBIMHA KOHIICHTPAITHSIMU
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3arpsa3HEHMH, TaK KakK MPH PErysipHOM BO3HUKHOBCHHH TaKHX CHUTYya-
OUH MOXET MPOU30UTH MEPEPOKICHUE aKTHUBHOTO Hja C MAacCOBBIM
pa3BUTHEM HHTYATHIX GOpM OaKTepHUid.

B mepuon Hamaaku M MycKa OCHOBHBIX XMMHYECKHUX IPOM3-
BOJCTB COCTaB M KOJIMYECTBO OOPa3yIOMIMXCS CTOYHBIX BOJ MOXKET
MOABEPraThCsl Pe3KuM KosieOaHusM. 3agada TEXHOJIOTHYECKOro Iep-
COHaja COCTOUT B TOM, YTOOBI MPaBUJIbHO OPTraHU30BaTh MPUEM,
CMEIICHUE M YCpEJHEHHE CTOYHBIX BOJ M B CiIydyae HEOOXOJIUMOCTH
ckoppekTupoBaTh moToku nepen BinyckoM B KC. Ilpu stom TpeOy-
€TCSI OCYIIECTBIATH PEryJISIpPHBIA aHAJIUTHUYECKUH KOHTPOJIb MPOHU3-
BOJCTBEHHBIX CTOUYHBIX BOJ C ONpeAC/ICHHEM OMXPOMATHOM OKHCIS-
emoctH, pH, coennHenuil azora U cnenupUIECKUX MHIPEIUEHTOB.

Taxum oOpa3oMm, IpoBEAECHNUE BCEI0 KOMIUIEKCA TEXHOJIOTHYec-
KX MEpOIpHUATUH, HANpaBICHHBIX HAa OPTaHU3AIMI0 MyCKa OYHCT-
HBIX COOPYXXEHUW M aJanTaluio aKTUBHOTO HMJIa K KOMIIOHEHTaM
IPOU3BOJCTBEHHBIX CTOYHBIX BOJ, MO3BOJIUT CHOPMHUPOBAThH CIELU-
¢buueckyro MUKpO(IOPY aKTUBHOrO Mia, 00JIagaronIyl0 BBICOKOH
OKHCIIUTEJIBHOW CIIOCOOHOCTBIO OTHOCUTEIBHO WHTPEJUEHTOB, MPH-
CYIIMX CTOYHBIM BOJaM JJaHHOTO MPOU3BOACTBA. DTO MOCIYXHUT OC-
HOBOHM 1711 9Q(PEeKTUBHONH pabOTBI OUYHUCTHBIX COOPYKEHUH M JOCTH-
JKEHUIO UMM MPOCKTHOW MOITHOCTH.

12.2. TexHoJiOrHYeCKH KOHTPOJIb B IEPHOJ NIYCKA U HAJAAKH
OYHCTHBIX COOPYKEHHH

TeXHOJIOrnueCKHii KOHTPOJb B NEPUOJ IIYCKA, HUIAAKH OUYUCT-
HBIX COOPY’>KEHUH MO3BOJISIET 00€CIIECUUTh MEPCOHAI CBOCBPEMEHHOMN
U JOCTOBepHON MH(OpMamuen, 10CTaTOYHOU ISl BBIPaOOTKH TOC-
JIeIHUM HEOOXOIMMBIX PEIICHUH 0 YNPaBICHUIO OYUCTHBIMU COOPY-
KEHUSAMH.

KonTpoas paboTel coopyXeHHI OCHOBAaH Ha ONpEAC/IEHUU 3Ha-
YEHHUH TakuWX IapaMeTpoB Ipolecca OMOJOTMYECKOH OYMCTKH, KaK
pacxoabl U TeMmiepaTypa CTOYHBIX BOJ BCE€X BUJ0B, KOHLIECHTpaIUU
3arpsAsHsomux BemecTB, pH, Gu3nko-xuMuyeckue U cCaHUTapHbBIE
IapaMeTpbl CTOYHBIX BOJ IIOCJIE OYUCTHBIX COOPYKEHHUH, NEPUOL
a’panuy, KOHIEHTPAIUs aKTUBHOTO HMJIa U KOJIMYECTBO KHUCIOpOIa
B a’pallMOHHBIX 30HAaX.

3HaUYeHUSI TEXHOJIOTUUECKUX TMapamMeTpoB (pacxojabl, TeMIepa-
Typa, pH, KoHIeHTpauus u T. 1.) MOTYT ONpPENENSITHCS COOTBET-
CTBYIOIIMMH MPpUOOpaMH U MPHUCTOCOONEHUSIMHU, a TAKXKE B PE3yib-
TaTe BBIYMCICHUH (OIpelesieHHe Mepuoja a’paluu, Harpy3kd Ha
AKTUBHBIA WJI, OKHUCIWUTEIbHOM MOIIHOCTA COOPYXKEHHA H T. 1.).
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IIpu TeXHOIOTHYECKOM KOHTpPOJE HEOOXOJAMMO YYUTHIBATH
BpeMsl IPOXOXKICHUS OUYUIIAEMOH >KUIKOCTU YEPE3 OUUCTHBIE COOpY-
JKEHMUSL.

Jns obecrieueHUs] KOHTPOJSA MpOIEecca OYUCTKU CTOYHBIX BOJ
B OMNpeJeNeHHBIX TOYKAX MEePUOJUYECKU OTOUPAIOTCSA MPOOBI OUH-
aeMOHU >KMAKOCTH, UJIOBOM CMECH, OYMLIEHHBIX CTOYHBIX BoA. Pac-
MOJIOKEHUE TOYeK oTOOopa mpod 3aBHCUT OT CXEMbI OYHCTHBIX CO-
OPY)KEHUH M KOHCTPYKTHBHOTO WX O(QOPMIICHUS.

Onnako B d000M cilydae TOYKH OTOOpa BHIOMPAIOT TakK, YTO-
OBl TEXHOJOTHYECKUA MEPCOHAT MOT MOJYYUTh UHOOPMALHIO O TOM,
Kakue CTOYHbIE BOJbI MOCTYNAIOT HAa OYHUCTHBIE COOPYXKEHHUS, Ka-
KOB MX KOJHWYECTBEHHBIM U KAaYECTBEHHBIH COCTaB, KaUYE€CTBEHHBIN
COCTaB OUYMIIEHHBIX CTOYHBIX BOJ U KaKOBBI YCJIOBHUSA MPOTCKAHUS
OMOXMMHYECKOro Ipoiecca okucienus 3arpsasHenuii 8 KC u Ouope-
aKTopax.

[Ipu ananm3e oToOpaHHBIX MPOO OMPEAENSIIOT PU3NIECKUEe, XH-
MHYECKHE M OaKTepHOJOTHYECKHE MOKa3aTeln, KOTOPhIe MO3BOJIS-
0T TEXHOJIOTY MPUHHMATh HEOOXOJAMMBbIC PELICHHS M0 yIPaBICHUIO
TEXHOJIOTUYECKUM IMPOIECCOM OMONIOrHYecKo ouncTtku. IlepeueHs
BUJIOB IIOKa3aTellel ONpelensercs, Ipexae BCEro, XapakKTepUCTHU-
KOW TpOOBI, YCIOBUAME ()YHKIIMOHUPOBAHUS OYUCTHBIX COOPYKECHHIA.
B mponecce nmycko-HanmagodHbBIX paboOT OCYIIECTBISIETCS ampoOarus
U peryjJupoBKa OTIEIBHBIX 3JIEeMEHTOB M Bcei cuctembl ACY TII B
Pa3JUYHBIX PEKUMaxX Pa0OThl OYUCTHBIX COOPYKCHUM.
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IIpunoxenne 1

BUOYCTAHOBKH 0,5 - 4 m*/cyT.

YcranoBku /51, 52, 53/ npexHa3HaueHsl sl OMOXHUMUYECKON
OYHMCTKH CTOYHBIX BOJ OT OTACIbHBIX JKUJIBIX M OOIIECTBEHHBIX 31a-
HHM, QepMepCKuX XO3AUCTB M HEOOIBIIUX MPOU3BOACTB C KOHIICHT-
panusimu 3arpssaenuit mo BITK mo 300 mr/am®, B3BEIIEHHBIX BEIIECTB
o 400 mr/om3.

I/ICXOI[HI)IC CTOYHBIC BOJABI U XHUAKOCTH C OCaJIKOM U3 BTOpUY-
HOTO OTCTOWMHHMKA 6 MOCTymarT B COOpHBIA pe3epByap I, oTKyna
NEPHOJUYECKU MEePeKayuBalOTCI HACOCOM 2 B OCBETIIUTEIb-TIEPETHU-
BaTellb-yCPEeAHUTENb pacxoaa cTokoB 3. OcBeTieHHas BoJa depes
MOTJIaBKOBBIM J103aTOP PABHOMEPHO OTBOJUTCS B KOJOHHBIN OHO-
TEHK 4 ¢ KacceTHOU 3arpy3koil 5. IIpu neperexkaHuu XUIKOCTU U3
BEPXHHUX KacceT B HHMXKHUE OCYIIECTBISIETCS OKWUCIEHHE OPTaHH-
yecKux 3arpsazHeHuil. KoHCTpyKIMs BEPXHUX U HUXKHHUX YacTei
kacceT 9, 10 obecneynBaeT peuieHUE CICAYIONIUX 3a7ad: CO3ja-
HHUC OINTHUMAJIBHOTO THAPOANHAMHUYCCKOTO PCKHUMa ABWKCHUA KUO-
KOCTH; 00pa3oBaHUE Pa3BUTON MOBEPXHOCTH KOHTAKTa CTOKOB C UM-
MOOMIIM30BaHHOW MHUKPOQIIOPOii; TOBHIIIEHUE BPEMEHHU KOHTAaKTa CTO-
KOB C OMOLIEHO30M; pacTBOpPEHHE B JKMJIKOCTH KHCJIOpPOJa BO3IyXa,;
BBIHOC MHUHEpalu30BaHHOW Ounomacchel. M3 KOJOHHOTO OMOTEHKA
BOJa TOMajgaeT B 6, OTKYy/Ja HAIpaBIseTCs B yCTPOKMCTBO 7, TAE MIpO-
HCXOJUT €€ KOHTAKT C paCTBOPAIOUNIUMHCH TabJeTKAMH TUIIOXJIOpU-
Ta KalblHs W Jaliee Yepe3 KOHTAKTHYI kamepy & Ha cOpoc. YacTh
OYMILEHHBIX BOJ M OCaJOK M3 6 mepeTekaroT B I, uTo oOecreunBa-
eT 2 — 3 KpaTHYI LHPKYJSLUI0 XUIKOCTH M COOTBETCTBEHHO
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noBeieHne dddexra ounctku. KOHCTpyKIHs yCTaHOBKH olOecrie-
YUBAET: CHUXEHHUE KOoHUeHTpauuu 3arpsazHeHuid mo BIIK no
20 — 30 mr/am®, B3BelmIeHHBIM BewecTBaM 15 — 20 mr/am’, ecre-
CTBEHHOE (OpPMHpPOBaHHE aKTHBHOUW OmMomacchl B TeueHue 7 — 10 cy-
TOK, COXpaHEHHE XUZHEAECATECIbHOCTH MHUKPOQIOPHI MPH MEepPEPhIBaX
B paboTe 10 3 CYTOK; COKpallleHHe BpeMeHHU paboThl Hacoca 1o 3
9acoB B CYTKH: pacxoj 3JjekTpodHepruu n10 1 kBr.a Ha 1 M’
OO6cnyxuBaHue - NMPOo(QIIAKTHIECKUNH OCMOTP, BBIITYCK COPOXKEHHO-
ro OcajKa, 3aKiiagka TabieTok ocymectisercs 1 pa3 B 5 — 10 cyTok.
ITo 3akazam 'OCCTPOS u Muncensxo3a Poccuu npoBeneHbl 3KC-
MepUMEHTAIbHBIE HCCIIeAOBaHUS U pa3paboTaHa OMOyCTaHOBKa Ha
3 m/cyT.

Mpb1 npepniaraeM 3amHTEPECOBAaHHBIM OPTaHU3ANUSIM H MOTEHIUAIb-
HBIM 3aKa34MKaM COBMECTHO 3aBEPUIUTH JOBOAKY (0TpabOTKy) yc-
TaHOBOK B NPOU3BOJICTBEHHBIX yCIOBHUIX W OPTaHU30BATh IIHUPOKOE
BHEJIpEHHE.
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[Ipunoxenue 2
YCTAHOBKH 25-100 m¥/cyT.

KomOunupoBaunsie ycranosku /25, 26, 53, 54/ mnpennasHa-
YeHBl JJIS1 OMOXMMHYECKON OYMCTKH CTOYHBIX BOJ OT MaJjbIX Hace-
JIEHHBIX MYHKTOB W HEOOJBIIUX TPOU3BOJCTB C KOHIEHTpALUEH 3ar-
psizaennii o BIIK mo 1000 mr/mm® 1 B3BeleHHbIX BemecTs 10 400 mr/mve.

=
1]
3
Tro

|—=

min

4l:t/L j/

HcxonHble cTOYHBIE BOJBI CHadana MOCTYNAalOT B TAHTECHIH-
aJbHYI0 IECKOJOBKY C COPO3aAepKUBAIOIIEC ceTKOH [ W 3aTeM B
kamepy cMmemieHus 2. [Ipu JOCTHIKEHUU ypOBHS BOJBI B 2 JIO OTMET-
KM (max) aBTOMaTUYECKH BKJIOYAaeTCs HacoC 3, KOTOPBIA MPOU3BO-
JUT OJHOBPEMEHHO 3a00p CTOKOB 4epe3 CU(DOHHBIM TPyOOIPOBOA
13 2 ¥ WIOBOW CMECH IO BCachlBamolleMy TpyOOIpOBOAY U3 a3po-
TEHKa-OTCTOWHMKA 4. Jlamee cMech CTOKOB M MJIa MOJaeTcsl Ha 00-
paboTky B 6modmibTp 5. 3arpy3ka OMoQuIbTpa BHIMOJIHSIETCS W3
KepaMUYECCKUX IIAPOBUIHBIX DJIEMEHTOB C PAaBHOMEPHO PaCIOJIOKEH-
HBIMH YTIyOJICHUSIMH, OCH KOTOPBIX CXOIATCS B HeHTpe mapa. [Ipu
M000H yKJIagKe 3JIEMEHTOB 4acTh yIrJyOJCHUN 3amOIHIETCS HJIO-
BOW cMechlo. bonee mnuTenbHBIH KOHTAaKT CTOKOB C MMMOOUIIN30-
BaHHOW MHUKpPOQJIOpOH M HaJIuM4ue aKTUBHOI'O Hia B 3arpy3ke obec-
MEYUBAIOT AOCTHXKeHHE 3Pdexra ouncTku B 6nopmistpe 80 — 85 %.
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JoBenenue creneHu O4ucTKU 10 98 % MNPOU3BOAUTCS AKTUBHBIM HIIOM
B a’poTeHKe-oTcToiHuKe. [locTyniaeHnne Kuciopoaa B a’poTEHK
OCYILIECTBJISIETCS 338 CUET: PACTBOPEHHMs KHCIOpPOAa BO3AYyXa B XKUI-
KOCTH IIPU OPOLICHUHU 3arpy3KH, a TaKXKe BCJIEICTBUE BO3IYXOBOB-
nedeHus! (BOSHUKHOBEHHUS! BUXPEBBIX BOPOHOK) IPH CIIMBE KHAKOCTH
B a3pallMOHHBIE KOJIOHHBI 3. PacTBOpeHHe Kuciopoaa MpOUCXOIUT
B KOJOHHAaX M BO BpeMs IoAbeMa Iy3bIpbKOB Bo3ayxa. [lepememn-
BaHHE COAEPKUMOIrO a’pPOTEHKa JOCTUTAETCs ONpEeAeIeHHOH pac-
CTAHOBKOM KOJIOHH 1O 00BbeMy pesepByapa. Ilpu mpexpamenun mo-
CTYIJICHUS! CTOKOB U CHHMKEHUHU YPOBHS BOJBI B 2 10 OTMETKH (min)
Hacoc BeIKJIO4aeTca. OgHako 1mo cupoHHOMY TpyOompoBoay B 00-
paTHOM HampaBlCHHMM HAaYMHAET MOCTYIaTh B Kamepy 2 WJIOBas CMECh
W3 a’pOTECHKA-OTCTOMHUKA 4. B HOUHOE Bpems yepe3 3aJaHHBIA HH-
tepBas BpemeHu (40 — 60 MUH.) KaMepa MEePHOJUIECKH 3aIOIHSIETCS
UJIOBOM CMEChI0 M BKIIO4aeTcs: Hacoc. Ilepnoapl oTKIIOYEHUN HAco-
ca peryiupyrTcs 3aABmxKod 6. Ha mepuon anurtenbHOM aBapuiHOU
OCTAaHOBKHM Hacoca BIaXXHBIH PEXHUM BHYTPH 3arpy3ku OMouiIbTpa
MOAACPKUBAETCA 32 CUYET MHOXKECTBA 3aMOJHEHHBIX XHUIKOCTHIO
€MKOCTEH, YTO M03BOJIIET COXPAHUTDH JKU3HEICSATENBHOCTh MUKPOQIIO-
PBI Ipu mepepbiBax B padore 10 2-X CYTOK. YCTaHOBKHM oOecrednBa-
0T CHUKEHHE KOHLEHTpaUuHu opraHuueckux 3arpsizHeHuil mo BIIK c
100 — 1000 go 7 — 20 Mr/aM?, o B3BEIIEHHBIM BELIECTBAM C
100 — 400 mo 3 — 15 mr/ am®. CymmapHoe Bpemsi pabOThl Hacoca
coctaBusieT 16 — 20 yacoB B CYTKH, pacxol 3JEKTPOIHEPTHUHU
0,4 — 0,6 kBr.g Ha 1 ™M°, TpymoBbie 3aTpaThl 2 — 3 YeJIOBEKO-4aca B
CYTKH.
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IIpunoxenue 3

YCTAHOBKM AJIs1 CTYIIEHHUSA OCAAKOB
YcranoBku /55/ mpegHazHadYeHBI Il 00pabOTKM OCAaIgKOB
CTOYHBIX BOJ OYHCTHBIX COOPYXEHHH KaHAIU3aIlUU MPOU3BOIUTEIb-
HOCThIO OT 50 mo 1000 m¥/cyT.

Hp

Ocaznok (M30BITOYHBIM MJI) IO JaBJICHUEM I10JAETCA B KOP-
nyc /, Tie IPOUCXOIUT OTAENeHHE depe3 (PUIbTPOBAIBHOE MOJIOTHO
JKUIKOCTH U3 paselstonleiica cycrneH3uu ocaaka. [lo mepe Bo3pac-
TaHUS CONPOTHUBICHUS (QHUIBTPAIMH BKIIOYAETCS BUOPONPHBOJ C
kKoseH4aTbIM BajoM 2. [Ipomecc perenepanuu QuUIbTPOBAIBHOTO
sneMeHTa 3 3aKirovaercss B BUOPOBCTpSXMBAaHUH (QHIBTPA M B CO-
3IaHUU THUAPABINYECKUX YIAapOB B XUIAKOCTH ((PUIbTpaTe), BHI3HI-
BaeMbIX JKpaHUPYIOUIEH TUIACTUHOW 4 B HAalpaBlICHUH K QUIBTPO-
BaJIbHOMY MOJOTHY. B030yxknenune konebanuil GunbTpara 00ycios-
JICHO TIEPUOJUYECKUM CONMKCHHEM U yJajleHUeM (QHIbTPOBaIbLHOTO
JJieMeHTa 3 W dKpaHUPYIOMEH TMIACTHHB 4, BOSHUKAIIUMU MPU
BpallleHUW KOJEeHYaToro Bana. KiamaHel Ha SKpaHUpYMoIlIel miac-
THHE OTKPHIBAIOTCS M 3aKPBIBAIOTCS MPHU yAAJICHUH U COJNIMKCHHH C
GUIBTPOBANBHBIM AJEMEHTOM, YeM YCHJIMBACTCA yAapHOE BO3JcH-
creue ¢unprpata. [leppopupoBanHble MIACTUHBI 5 CIIOCOOCTBYIOT
VIJIOTHEHHIO W BBITPY3KE Ocagka. Y CTaHOBKA MOXET BBIIIYCKAThCS
B KOMILIEKTE C 00OpYJOBAaHHEM JJIsl JIereJbMHUHTU3AIUH.
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