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B HacTosLwee BpemMs pa3paboTtaHO MHOro crocobos
OYMCTKM CTOYHbIX BOA, pasnuyatolmxca Kak npupoaomn
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MexaHun4yeckass oOMUCTKA CTOUYHbLIX BO,

0 Q@uiabmpoeaHue sersiemcs Haubosee pacrnpocmpaHeHHbIM MemoOoM 04UCMKU
CMOYHbIX 800 oM 2py60OUCHEPCHBIX MPUMECell CMoKo8 Yepes crioli Mopucmoao
Mamepuarna usu cemku ¢ nooxodswum paamepom omeepcmut. O4ucmeka cmoKos
unbmposaHueMm oCobeHHO akmyasibHa 8 MexXHOI02UYECKUX rpoueccax,

ucrnosnb3yrowux o6opomHyro 8ody.




OmcmausaHue
rnpedHa3Ha4eHo 01 O4UCMKU
CMOYHbIX 800 om
KpYrnHOOUCMepPCHbIX rpumeceu
(necka u e3eecell) u MOXem
b6bimb Op2aHuU308aHO 08yMSI
criocobamu: noo deticmauem
cusnbl msxecmu (0OmcmoUHUKU)
unu yeHmpobexHouU cusbl.
[ModobHbIE ycmaHOBKU
80000YUCMKU CrOCObBHbI
ydarnsmb U3 CMOKOB MecoK C
pasmMepom Yyacmuy, He MeHee
0,15-0,20 mm. Yacmo ons
OYUCMKU CMOYHbIX 800
npubezarom K opaaHu3auuu
MHO20KaCcKaOHbIX
OmMCcmoUHUKO8, Ko20a
Yyacmu4yHO oceemrsieHHasi Ha
rnepebix cmadusix
omcmausaHusi 800a 1o
HarlopHbIM KOJ/IeEKmopam
rnodaemecs Ha criedyrouwiue
cmaoduu O4YUCMKU.

*Konogubl OTCTOMHUKOB



Cxema verpoficrea Tpéxyporresofi ogncraTeLa0l yCTaAROBKN
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BMNYCK W3 A0Ma

NECNAHO - FDASMIH O
_OCHOBAKNNE

1 —cenTuk
(2)—-buopeakrop
(3)-a3poTeHk | cryneHn
4)-BTOPNYHBLIA OTCTOWHUK
(5~ a3POTEHK 2 CTYyNeHH
6~ TPETUYHBIN OTCTONHUK



Pusunveckasa n pusanko-xumMmmyeckKkas o4ymcTka
CTOYHbIX BOA

*PeakTop Ans HenTpanusauum
CTOYHbIX BOA,

*CTaHUMA HeUTpanm3aumm CTOYHbIX BOA

0 Heumpanu3auusi — rpouyecc, OCHO8aHHbIU Ha peakyuu Mexx0y Kucriomou
u ocHosaHueM. Kak npasurio, Helimparu3ayuu rnoosexam KUC/lbie-CImMoKu.
B kadecmee Helumpanusyrowux azeHmos 8 0aHHOM CJly4ae fpuMeHsIom

co0y, aMMuaK, u3eecmsb, MPaMOPHYO KPOLWIKY, WENOYHYH 3051y, winaku u
dpyaue uienoyYHble pea2eHmal



0 @nomauus - nepeHoc 3a2psa3HAUWUX CMOYHbIe 800kl 8eW,ecme Ha oeepxHOCMb 800bI C
MOMOWbI0 My3bIpbKo8 8030yxa. 3amem 8crifibisuiue 8 8UOe reHHbIX obpazoeaHuu rpumecu
yOansiromcs crieyuarsnbHbIMU cKkpebkamu. Bo30ywHble ny3bipbKu 07151 op2aHu3auuu ¢ghriomayuu
Moaym bbImb ros1y4YeHbl nocpedcmeom mexaHu4ecko2o 0pobrieHuUs 8030yxa ¢ MOMOWbH
mypbuH, hOPCYHOK U ropucmalix rraacmuH, rnepeHacbiweHuem 800bl 8030yXOM, a makxe ee
3M1€KMPOU3oM (arnekmpoghriomayus)

®notauwms
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Bsop pearexta
Saada )

Kamepa rpasutaumnoHHoro

OTAENeHns \\

sdnoTauMoHHOe 0bopynoBaHue
OYUCTKN NPOMBbILLSIEHHbIX
CTOUYHbIX BOA,

*drioTayMOHHaAsA OYNCTKA CTOYHbIX BOA
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0 Koaaynsauusi u paoKynsauusi - 83aumMooelicmeuu 3a2ps3HsIioWUX Cmoku
gewiecmea (KosioudHbIX U MesikooucrepcHbIX Yacmuuy) ubo ¢
MUHeparsibHbIMU cOeOUHEeHUSIMU (Koaayrnsayus), nubo ¢
8bICOKOMOIEKYNSAPHBIMU 8euwecmeamu (¢riokynsuusi). B kasecmee
KoazyJrisiHmoe UcCrosib3yrmcs 8 OCHO8HOM cosnu antomMuHus (1) -u xeneaa
(lll), komopekie 8 pe3ynbmame audporsiusa rnepexoosim 8
mMariopacmeopumbie ¢hopMbl 8 8UOe 2UOPOKCUOO08 IMUX MeMarsiios
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«Cxema Koarynsauum



XumMmumyeckasa n omoxmmmyeckKkasa oumMcTKa
CTOUHbIX BOA

Mone duneTpaumm

Paagenumsie xanass
ToyGa-pacnunuTten,  OunuT PAUMOMas TriML Aoeraxyisit KOrNeKIOR
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Paccrosmme 01 8epamero
YDOBHS [ DYHT 08X BOA 25 Cu

0 [ons punbmpauuu - npedcmasnsaom cobol creyuanu3upo8aHHble 3eMerlbHbIE y4acmKu,
8bl0erieHHbIe Orisi cbpoca Ha HUX 3ag2pPs3HEHHbIX CMOYHbIX 800 U HACETEHHbIE MOY8EHHbIMU

asapobHeimMu MO. lNonadas 8 no4sy, 8PEOHbLIE Op2aHUYeECKUE sewecmeaa nodeepaaromcs
okucniumesnbHoMy Oeticmeuto MO, & pesyribmame 4yezo obpasyemcs CO2 u H20 (30echb xe
Mo2ym rpoxodumb U rpoyeccbl Humpugukayuu). [Npu amom, napannesibHO ¢ OKUCIIEHUEM
Opa2aHU4YeCcKo20 seuwjecmsa, rnpoucxodum cuHme3 buomMacchbl MUKPOOP2aHU3MOS.



3ackinka PacTHTENbHbIM NOKPOB PacnbinuTenbHbie Tpy6el

*rosie puneTpaunn ans
CUCTEMBI ApeHaxa

*OTBO OYNLLLEEHHOW

BOAbl HA Norne
donneTpauumn Unn-B
OpeHax



NoHoOobMeHHbIU Memod - cpunbmpaqu oyuwaemMblX CIMOKOe Yyepes UOHOOBMEHHbIE CMOJIbI
(UOHumbI). C,OGOU UOHUMOSE passriud4arom CcusibHO- U crnabokucriomHble KamuoHUMAbI U CUMIbHO- U
cnabooCHOBHbIE aHUOHUMBbI, @ MaKXe aHUOHUMAbI, COOG,O)K&LL{UG CI'IGL{UCI)U‘-IGCKUG
KOMI'I.I'IeKCOO6,0a3yiOLL{U6 SPyIrribl. npOXOOFI Hepe3 UuoHuUm, 3acpAasHAarnwue CmoKu eewecmaea,
8KJIoHarwiee KamuoHHYIO epyrirly, ecmyriaem 6 peakuuro obmeHa ¢ kKamuoHUmMom U ocedaem Ha
Hem. U HaO60,DOITI, 3aepPAa3HArowue Cmo4Hsbie 800kb! 8euwlecmea, 8 cocmase KOMmopakbIX eCmb
cneuuqbuquKue AHUOHHbI€ epyriribl, C853bl8aemcs ¢ aHUoHUmMamu. ﬂpGUMyLuecmeo =
rno3eorsigem uesieHaripaesieHHo 8bI0enumap onpe@eneHHb/e eeuwjecmea u3 CmokKos u riposeecmu
peeceHepayuro UOHOOBMEHHbIX CMO/T.

*AIOHOOOMEHHbIe CMOnbI ANA CUCTEM *AOHOOOMEHHbIN (PUNLTP ANA OYUCTKU
BOAONOAIrOTOBKM U OYUCTKU CTOYHbIX BOA CTOYHbIX BOA OT MIOHOB Xpoma
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0 A3pobHoe okucrieHue 8 buosio2uyeckux npyaoax - nPouecc

MUHepanu3ayuu opaaHu4deckux eewecms rnoo deucmeuem MO,
obumarowux 8 eo0e. Cmpoumeribcmeo buosioaudeckux rpydoa
ueriecoobpasHo Kak 0r19 O004YUCMKU CMOYHbIX 800, makK U 01 O4UCMKU
800hbI peK, sradarouux 8 e00oxpaHuUIuwa.



B aspomeHkax u buogunbmpax
pasrnoxeHuUe MUKpoopaaHu3mamu
rpoxooum 8 UCKYCCMBEHHbIX
coopyKeHusix. 30ecb yOaemcsi
rnodobpame u noddepxxusamse 8
me4yeHue OnumersibHbIX MPOMEXYMKO8
8peMeHU orimumaribHble ycriosus Oss
Xu3HeoessmernibHocmu MO,
aKkmueu3upys npouecc
MuHepanu3dauuu. O4yucmka Ha
buocbunbmpax umumupyem
MOY8EHHbIE YCrI08US, @ O4UCMKA 8
aspomeHKax — ycrioeusi B000eMO8.
AapomeHku npedcmasrisitom cobou
docmamo4Ho arnybokue (om 3 0o 6 m)
pe3epsyapsbl, CHabxeHHble
ycmpoucmeamu 015 aspayuu. 30ech
obumarom kornoHuu MO (Ha
X/10Mbe8UOHbLIX CMPYyKMypax
aKmueHoe20 urna), pacwennsouue
ope2aHu4yecKue seuwecmasa.
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*A3pOTEHK AN OYUCTKU CTOYHBLIX BOA Ha
CecTpopeLKnx OYUCTHbIX COOPYKEHUAX



OuyuncTtKka CTOUHbIX BOA OT MaCJ10MNnpoaAyKTOB

0  OmcmausaHue 0CHOBaHO Ha 3aKOHOMEPHOCTSAX BCMSIbIBAHUS
MacnonpoaykTOB B BOAE MO TEM e 3aKoHaM, YTO U ocakaeHue
TBEpPAbIX YacTul. MNMpoLecc oTcTanBaHUs OCYLLECTBNSAETCS B
OTCTOMHMKaX U MacnonoBYyLLKaXx.

0 Qyucmka ¢gbriomayued 3aknyaeTcs B MHTEHCcnduKaumm npotecca
BCMNbIBAHMUA MacronpoayKkToB nNpu 06BoMaknBaHmMmM nx 4actui
ny3blpbKkamMn Bo3ayxa. B ocHoBe 3Toro npouecca nexuT
MOJIEKYSIAPHOE CrMnaHne YyacTtuy, Macsria v ny3bipbKoB
TOHKOAMCNEPrMpoBaHHOro B Boae Bo3ayxa. ObpasoBaHue arperatoB
«4acTuua -ny3bIpbk1 BO3ayxa» 3aBUCUT OT MHTEHCMBHOCTU NX
CTOSIKHOBEHUSA APYr C APYroM, XMMUYECKOro B3anMoaencTBus
Haxo4dsILLKMXCS B BOAE BELWECTB, N30bITOYHOIO AaBIEHNS BO34yXa B
CTOYHOM BoOAE U T.M.




A3p0oOHbIE N aHA3POBHbIE CTYNEHN OYUCTKM

0 CoBpeMeHHasa cTpaTernst OMUCTKMU CTOYHbIX BO: MCMNOMNb30BaHME
XUMWYECKUX peareHToB A5 O4YNCTKN CTOYHOW BOAbI CBECTU K
MUHUMYMY, @ NO BO3MOXXHOCTU MPUMEHATL OMONOrM4eckuin MeTop c
yepenoBaHMEM adPOBOHLIX N aHa3POOHbIX CTYNEHEN.

[l B nocnegHue rogbl buonormnyeckas o6paboTka CTOUYHbIX BOf, B
aHa3pPOoOHbLIX ycrnoBusix (MOMMUMO adpobHbIX), Kak AOMNONHUTENbHAA
cTagus OYUCTKU Npu rnybokom yaaneHmn coeanHeHnn asorta u
doocdopa, LUMPOKO NPUMEHAETCSH B MUPE N HabntogaeTcs
TEHOEHUNS paclunMpeHnst aTon NpakTukn. OBbACHAETCSH 3TO He
TOMbKO TEM, YTO MOJSTyYEHbI NONOXNTENBHbIE PE3YNbTaTbl MPU
NCNONb30BaHUN OAaHHOM TEXHOMOINU, HO TaKXe TEM, YTO
aHaspobHasa oYMcTKa CTOYHbIX BO4 MMEET psig NpenUMyLLECTB nepen

aspobHOoNn.



A3pobHbIe cucmemMbl O4UCMKU
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Xapakmepucmuka aHaspobos U aHas3pobHbIX MPoUECCOos:
«+»

aHas3pobbl 06nagaT BbICOKOM YCTOMUYMBOCTLIO K TOKCUKaAHTaMm

pasnaraoT CrNoXHble KCeHOBNOTUKN, XITopopraHMyeckne coeguHeHns, anmdaTnyeckue
rMapokapboHaThl, IMrHWH, deHon, cepocoepkalle coeguHEHNS 1 Np.

NpPn LLUOKOBOM TOKCUYECKOM BO34ENCTBMN BOCCTAHOBNEHNE aH83pO6HOFO nna 3aHnMmMmaeT OoT
HECKOJIbKNX HYaCoB A0 HECKOJIbKMX CYTOK

nNpu aHa3pobHOM npoLiecce BUOLIEHO3 BbIAEPXKMBAET NPEKPaLLEHME NoAaun NUTAHUSA B TEYEHNe
Mecsiua 1 yaoBneTBOpUTENbHO OYHKLUNOHUPYIOT B YCNOBUSX HEPABHOMEPHOIO NPUTOKA CTOYHbIX
BOA

aHa3POOHbIV NPOLIECC YCTOMYMB K BbICOKOMY COAEPXKAHWIO OPraHUKM

aHa3pOOHbI CNOCO6 U3BMEYEHUSI SHEPTUM XapaKTePU3YeTCsl TEM, YTO CBOOOAHbIV KUCIOPOA B
HEM He MPUHUMAET y4acTusl, a opraHM4eckne cyobcTpaTbl OKUCNSAOTCA TONBKO 33 CYET
oTwenneHus sogopoaa. OcBoboaMBLLMIACA BOOOPOA MO0 NPUCOeNHSIETCS K MPOAYKTaMm
pacnaja Toro e camoro opraHM4YecKkoro BeLLecTBa, NnMbo BblaenseTca B ra3o00pa3HoMm
COCTOSIHUM

«=»

NpUMeEHeHNe aHaspOBHOro npoLecca Ans OYUCTKN CTOYHbIX BOL CaMOCTOATENbHO (6e3 coveTaHus
C adpobHOM cTagnen) HegocTaToMHO APEEKTUBHO, T.K. CTENEHb OYUCTKM O4nNCTKM o BIKS
HeBblcokasi (60-75 %)

B cCaMOCToATeNbHOM aHa3pOoGHOM MnpoLiecce He yaanserca asoT- u docdopocoaepkaliias
opraHuka



Xapakmepucmuka asapobos u aspobHbIX MPoUECcos :

«+»

B a9pOOHOM npouecce yaansaeTcs opraHM4eCcKmMin a3oT n obecrneymBaeTcs
HUTpUdUKaums, a ans yganeHuns docgopa HeobxoanmMo coveTaHne aHa3apobHOM U
aspobHOM CTagMn OYUCTKU CTOYHbIX BOZ,

BbICOKME CKOPOCTU NMpPOoTEKaHNA NpoLeccoB

«=»

Nnpun LLIOKOBOM TOKCUYECKOM BO3OENCTBUN BOCCTAHOBIIEHME aH83p06HOFO nna
nponcxoanT 3a Heaesin U Mecqdlbl

Npu asapobHOM npoLecce GUOLIEHO3 MNMOXO BbiAEPKMBAET NpeKpaLleHne nogaym
NUTaHWs, a3pobbl YyBCTBUTENbHbI K FONOAAHNI0 U HEPaBHOMEPHOMY MPUTOKY
CTOYHbIX BOZ,

MPUCYTCTBME BOCCTAHOBUTENEN B BONbLLMX KOHLEHTPALMSAX NOAABNSAET adpOobHbIN
npouecc

aspoOHbIN NpoLecc Bceraa NMMUTUPOBaH KONMYECTBOM kucrnopoaa. KucnopoaHsiin
necuunt He No3sonsieT obecneynTb YOOBNETBOPUTENBHOE OKUCTIEHUE
TPYAHOOKUCNSAEMbIX KCEHOONOTUKOB U BbICOKOKOHLIEHTPUPOBAHHbIX MO OpraHUYeckum
N BUoreHHbIM BeLecTBaM CTOYHbIX BOA



0

OmmeyeHHbIe 803MOXHOCMU aspOobHbIX U aHa3pOobHbIX Npoueccos no3eossitom coenams 81800
0 Heobxodumocmu nocnedosameribHO codemamep UX 8 ycmaHo8Kax buosioau4ecKkol O4UCMKU:
ycmpoucmeo aHa3pobHo20 peakmopa (rocre oceemsieHuUsi CmMoYHoU 800kI 8 Nep8uUYHOM
omcmoUHuUKe) OOImKHO rpedwecmeosampe peakmopy ¢ aspobHbIM rpoueccom. Omo sersemcsi
Heobxo0uMbIM yCrio8UeM, MO380IsAUWUM obecredyums:

"‘~~o
-‘l‘.

* YcTON4mMBbIE npoueccCbl OMNCTKMU CTOYHbIX BO4 C HEAQOCTATOYHbLIM UJTA N300UNbHbIM
cogepxaHnem B HUX opraHn4eCknx BELLIECTB,

* YO0OBNEeTBOPUTENBHOE pasfioXXeHne 3arpasHAarLWmnx sewlects B npucytcteum MNAB,
XIOPHbIX COEAUHEHUN U OPYTNX TOKCUKAHTOB;

 [Mybokoe ynaneHne OMOreHHbIX BELECTB.



|

COBPEMEHHBIE METOAbI OYUCTKU CTOYHbIX BO4 HA
MPEANPUSATUAX TEKCTUIIbHOU NMPOMBbILLJIEHHOCTHU

BbiGop cooTBETCTBYIOLLENO METOAA
OYMCTKMN CTOYHbIX BOA, 3arpsi3HEHHbIX
KpacuTensmu, onpeaensieTcs mux

KOHUeHmpauued,

XUMUYECKUM CMPOEHUEM,
KayecmeoM U KO/lu4ecmeom
rnpumeced,

mpeboeaHusamu,
rnpeobsA8NSaeMbIMU K O4UUWEHHOU
gooe.

*OyuncTKa CTOYHbIX BOA, CoAepKaLLumnx
Kpacutenwu



CoBpeMeHHas Krnaccmgukaums MeToA0B OUYNCTKM CTOYHbIX BOA OT 3arpsi3HEHUN
OCHOBbIBaETCsH Ha PU3UKO-XMMUYECKON NMPUPOLE N XapaKTepe cun BO3LENUCTBUSA Ha
npumecun. Beibop MeToga n CXemMbl OYUCTKN 3aBUCUT OT

COCTaBa,

KOHLIEHTpaL M 1 ob6bema CTOKOB,

MeanKo-b1MonormYecknx 1 TEXHONOrMYeckmx TpedboBaHui K o4mLLLaeMON BOAE,
TpebyeMbix MaTepuarnbHbIX U SHEPreTUYECKNX PECYPCOB,

9KOHOMMYECKUX NokasaTenen.

O O &8O & &

MoaynbHbIA NPUHLMMA NMOCTPOEHNSA TEXHOMNOMMYECKON CXEMbI OMUCTKM BO/bI, MO3BONSAET
onepaTuBHO U TMOKO U3MEHSATb TEXHONOIMYECKYI0 CXEMY B 3aBUCMMOCTU OT
BO3HMKAOLLUUX 3aa4, 3a CYET BO3MOXHOCTW MOAKNIOYEHUS MOAYIEN.



OcHoeblgasicb Ha co8peMeHHbIX rnooxodax K ripobriemam 8odooyucmeku, pyrna KomrnaHuu
«BbK-308» npednaczaem mMoOyribHyt0 cucmeMy 04UCMKU 800bI Ha rnpedrnpusmusix
meKcmuJsibHoU rpoMbIUIeHHocmu, rnpedHa3HavyeHHyr 0ns nepepabomku 100 m3
3az2psA3HeHHOU 800kl 8 Yac, ¢ ucriofib3o8aHuUem rpernapamos upmsi “Hydrodepur”,
Wmanus. Ee MOXHO ompa3ums criedyrowelti mexHosrioeu4deckul cxemou:

T'pyoas AstoMaTiMeckin pH baccerm #a 23 baxrepim ¢ mepeyeny-
0YHCTEA KOpPEKTOp 4acos padoTH sameM (12 gacos pa-
00TH)
Cxarsiit

BOSAYX

Ocaxesue Ly baccerm Ha 24
[ertpudvra DI0TALHA yaca padoTH




COBPEMEHHBIE METO/LbI O4YNCTKN CTOYHbIX BO4 HA
AAYAX U B KOTTEAXEX

UT0oObI 06ecneunTs Baly . i B
Oavy UMW KOTTEOX YNCTON =5 wogi it i

BOZOIA, MOXHO YCTaHOBUTL  © .

CenTuK ANs AoMa, KOTOPbI AL
SBMAETCS OCHOBHbIM -

COCTaBMAKOLWMM NIEMEHTOM e

NOKanbHbIX OYNCTUTESBHbBIX
COOpPYXXEHMN (NOoKanbHagda
KaHanusaums).

0 CenTuK ANs KoTTemka - NnpeacTaBnsieT coboln pesepByap, KOTOPbINA CIYXUT
NOA3EMHbLIM OTCTOMHUKOM OYUTKN ObITOBLIX MPUMECEN.



MpuHUMNUanLHan cxema ycTponucraa
a3pauMoHHbIX cTaHuun « TOPAS»

A - npuemHas Kamepa
B - asporenx
_ C - crabumsatop wia
» 1 - BBOJ] CTOKOB
o 2 = bunnTp Kpy1Hbix dpaki
o3 = A3PATOP IIPUEMHOM KaMepPbI
o 4 - 3pmadT
.2 = @3paTop a’poTeHKa
o 6 - 9prMT penmpKy it
.7 - BTOPMYHEI OTCTOVHUK (IMpaMuIa)
o8- 9pIUQT perpKy AT
.9 - aprmudrr crabuMaMpoBaHHOTO WA
= KOMITPECCcopbl
.11 - ycrpovcrso cbopa
HerepepabaThBaeMbIX YacTHI]
. 12 - KpBIlIKa aspalMOHHON CTaHIUK
- Bo3tyxo3abopHMK
- BBIXOI OYMIIIEHHOM BOIEI
15 - IIUTaHT OTKAYKY Wi

8 KoHcmpyKyuo cmanyuu mozym Geims
Brecenvt usMeHERUSA

[MpenmyLLeCcTBOM cenTuKka Ans gayum ABndeTca:

0 TO, YTO OH He BpPeauT OKpyXxatoLlen cpene,

0 YyMeHbLIaeT 3aTpaTbl HA CTPOUTENLCTBO bnarogaps yooobcTey
o0cnyxXmBaHns N ANUTENbHOMY CPOKY CNnyX0bl,

0 He pacrnpocTpaHsET HEMPUATHbLIN 3anax Kak obblYHas KaHanusaums
Ha gade.



Cuctema kaHanusaymm gnsa kotremka ¢ onodpunsrpom gocturaet 90-95%
KayeCTBEHHOW OYUCTKWU. [NpuMeHeHne AaHHOro MeToaa No3BONsET

obecneunTb SCbeeKTI/IBHyI-O O4YNCTKY CTOYHbIX BO4, Aa>Xe B CITOXHbIX
PYHTOBbIX YCJTOBUAX:

1. Hwnakaa guneTpyrowas cnocobHOCTb NOYBHI,
2. BbliCOKMI ypOBEHbL rPYHTOBbLIX BOA,
3. Hanunune Ha gayHoM yyacTke BOA03abopHOW CKBaXKMHbI.

ACCOpTI/IMeHT CernTnkKoB AJ1d Aayn n3 pas3sjimdHbiX MaTepmarnoB O4YEHb LLNPOK:
Memarnnu4yeckue,
6emoHHbIe,
CMEKII0rn1acmuKoeble
U rosiuMepHsIe.



CospeMeHHbIU MemMoO o4YUCMKU
uribmpama rocriecriupmosou bapob!

Cocras (Bec.%0) xmaxkon pasbl no craamam npomssoncrea KK

Hexonamass Sapaa OSoramennas Sapaa

5%

ITocae yasRTpPpadMALT PRI




K HacTosiLLieMy BpeMEHM JOCTAaTOYHO XOPOLLO pa3paboTaHbl TEXHONOMKN, OCHOBAaHHbIE Ha
Buonornyeckon nepepaboTke nocrnecnupToBoi 6apabl. Buonormnyeckas o4ncTka Takmx
CTOKOB TPaAULMOHHbIMM a3pP00BHBIMM METOAAMN C UCMONb30BaHNEM a3POTEHKOB UMK
BUODUNETPOB, UMEET MHOIO NMOMNOXUTENbHbLIX KAYeCTB:

yaarieHme buoreHHbIX
9JIEMEHTOB CTOKOB,

bornee nonHas o4MMUCTKA
CTOuYHbIX Boa no bl1K,

borbliuast yCTOM4YNBOCTb K
TOKCUYHbIM NPUMECSM,

NPOCTOTa KOHCTPYKLUMN,
Oe3onacHoOCTb

*A3pOOHbLIN METOA OYMUCTKHU C
MCNonb30BaHUEM a3POTEHKOB



O0Hako buornoau4veckas oducmka amum MemodoM, HECMOMPS Ha UMeruwuecs
Y HUX rofioxkumeribHble Kadecmea, obriadaem psi0oM HeAoCmamkos:

— HeobxoanMMocCTb pa3baBneHnsa BbICOKOKOHLUEHTPUPOBAHHbLIX OTXO40B ANs
obecrneyeHnss ctabunbHOM paboTbl COOPYXKEHUN OYUCTKU CTOYHbIX BOA, YTO
BEAET K yBeNIMYEeHU0 06beMOB nepepabaTbiBaeMbIX CTOKOB M OYUCTHbLIX COOPYXXEHUN,
noTpebnaemon TEXHONOrMYECKON BOAbI, 9HEPro3aTpaT Ha NpokKadnBaHMe CTOHYHOW
BOAbI;

— BbICOKME 3Hepro3aTpaTbl Ha a3pauunto cTovHbIX BoA (80 70-80% COBOKYIMHbIX
9HeprosaTpar Ha O4YMUCTKY CTOKOB);

— obpasoBaHMe BTOPUYHbIX OTXOA0B: N3bbiTka bomMmacchl (aKTUBHOIO una,
OvonneHkn), yTunusaunsa unm 3axopoHeHe KOTOpon Takke ABMAETCSA SKONornieckon
npobnemowm;

— HeobXo0aMMOCTb BBEAEHUS AOMNONHUTENBHbLIX KONMNYECTB OMOreHHbIX 3NEMEHTOB B
cny4yae ux gecduumTta B nepepabatbiBaeMoM NOTOKE; X HecbanaHCMpoBaHHOE
nobaeneHve BedeT K ONONMHUTENbHOMY 3arpsi3HEHUIO OKPY»KaloLLLEV Cpeabl;

— CIOXXHOCTb 0becneveHust Tpebyembix HOPMaTUBOB COAEPKaHUSI OCTATOUHbIX
3arpsA3HEHUN B Clly4ae OMUCTKU 6e3 pa3bdbaBneHnst CTOYHOMN BOAbl, OCOOEHHO
XecTkux B Poccumn BcneacTeme XonogHoro kKnmMmarta v HU3KoOM caMoOYULLaoLEN
CMNOCOOHOCTW NPUPOAHBIX 3KOCUCTEM.



TexHornozausi nepepabomku 6apdsbi nymem ee aHasapobHoO20 cbpakusaHusi 8
MemaHmeHKax U rnocrnedyrowum ynapusaHuemM MmemaHogoul bpaxkku U cywkou
rnory4yaemoz20 KoOHUeHmpama, ripedronazaem rosy4eHuUe 8biICOKObEIKo8020
rnpodykma u buoza3sa.

OCHOBHbIM HedocmamkomMm OaHHOU cxeMbl S8/15I0MCSH:

0 — 9KCTEHCMBHOCTb BCreAcTBMe MeasIeHHOro NpoTekaHs npouecca bMonorn4eckoro
PA3NOXEHUS;
0 — HeobXoAMMOCTb UCMONb30BaHMS Nog 000pPyAOBaHME OYUCTKN CTOYHbIX

BOA (METAHTEHKOB) 3HAYUTENbHbLIX NIOWaaen;

0 — NOBbLIWEHHbIN pacxod Tenna Ha oborpeB aHa3pobHOro peakTtopa, 0COOEHHO B
XONT0QHOW KNMMMaTU4YeCKOW 30HE;

0 — HecTabunbHOCTb aHa3poObHOro 6pokeHUs n meTaHoobpa3oBaHUs BCneacTene
HeJoCTaTOYHO BbICOKOro Afs 3TUX NPOLIECCOB COAEpKaHNA OpraHNYeCcKkux BeLecTB B
OYNLLAEMOM CTOKE;

0 — HeobXxoAMMOCTbIO yTUnn3aunm B3pbiBOOMNMACHbLIX ra30B

0 — HEBO3MOXHOCTb 0becnevyeHusi TpebyemMbiX HOpMaTMBOB COAEPKAHNSA OCTATOYHbIX
3arpsA3HEHN B OYULLIEHHOWN BOAE.



AKTyanbHOW ABMNsIETCA 3agada pa3paboTku geleBon, 9P deEKTUBHON U
6e30TX04HON CUCTEMbI OYUCTKM CTOYHbLIX BOA, a TaKKe UccriegoBaHme
BO3MOXHOCTEN MHTEHCUMKALMKN NpoLecca OYNUCTKM CTOKOB.

0 OpHako MmerLmnxcs Ha
cerogHsi NpakTU4ecKnx
HapabOoTOK, KacaroLLMXCs
NPUMEHEHNSA AaHHbIX
TEXHONOMNMMN OYUCTKM,
OPUEHTUPOBAHHbIX Ha
nepepaboTKy 1 yTUnmnsauuto
nocrnecnupToBon 6apabl ABHO
He OOCTaTO4YHO ANA WMPOKOro
BHeOpeHns Ux Ha
Npoun3BOACTBA, U, TaKUM
obpasom, TpebytoT
npeaBapuUTESbHOro
NpOBEAEHNS CEPLE3HbIX
Hay4HO-MCCreaoBaTeSIbCKUX U
KOHCTPYKUMOHHbIX pa3paboTok.

*O60pyaoBaHNA Lexa CYLUKU
nocnecnuptoBou 6apabl



Cxema, npeanaraemas konnektnsom komnaHnm «HIMMN MEOQVMAHA-OKO» He
3aTparmBaeT MMetoLeecs n HopmManbHO OYHKLMOHMpPYoLee obopyaoBaHue Ass
pasgeneHnsa nocrecnuptoBon 6apabl Ha TBEPOYIO U XXUOKYHO YacTu, a Takke NMHUM
CYLLKM Ang nonyyeHna npoaykra ctaHgapta DDG. Bce BHMmaHue cocpeotoyeHo Ha
XUOKOW YacTn — punetpare.

nepepaboTka nocnecnMpToBon 6apdbl B CYXOM KOPMOMNPOAYKT
ctaHaapta DDGS

LWHEK.TP3HCNOPT.C WHEeK.TPaHCNopT.C

npuemMH byHkepom (47 | npueMH ByHKepoMm ‘T{]

Y & \I‘L\“\%

AETRERY
LWHEK.TDHCMODT.C LT ARETIODTC
MPUeMH GYHKepoM B oM SyrrenoN

POTOPHO-NMEHOYHblE
ucnapurenu'Pacron"

Konue'wrpa'r

TexHonorna o4ncTkn BTopndHoU 6apabl, npeacrtaBnstolen cobomn rpasHyro
BOAY, COAepKaLLy0 MefkoancnepcHble B3BECU U PpacTBOPEHHbIE MPUMECH,
npeanonaraeT UCnonb3oBaHNe BMOOUYNCTKN CTOKOB, B OCHOBE KOTOPOW NEXUT
ncnorb3oBaHue bruopeakTopa, OTNiMYaroLEerocs oT NPoYnxX npeanaraemMblix Ha
cerogHs TunoB Nogo6bHOro BOAOOYMCTHOIO 060pyA0BaHNSA NOBbLILLEHHON
WHTEHCUBHOCTLIO Npouecca bBuocmHTesa.



[pyron oTnnynTenbHOM 0COBEHHOCTLIO NnpeararaemMoro buopeakrtopa
cnegyeT cuMTtaTb BO3MOXHOCTb COOTBETCTBYHOLLEN PETYNNPOBKN
paboymx napamMeTpoB B OTBET HA U3MEHEHUS1 OObEMa CTOKA,
nogaBaemMoro Ha NMMHUID OYUCTKU CTOYHbIX BOA.

0 MembpaHHOEe pasgeneHue
rpyboro doyrata (counerpara)
NO3BONMSIET NPAKTUYECKU
NONHOCTbIO UCKITHOHYNUTL
BbIOPOCHI M BO3BPaTUTL
OYMLLIEHHYIO BOAY B pPELMKII.
[1aHHbIN METOA, OYUCTKU
CTOMYHbIX BOA, HECMOTPSI Ha
HeobxoaMMOCTb CObnaeHUs
BbICOKOW NPON3BOACTBEHHOW U
TEXHONOrM4YecKou
ANCLUUNNVHbI, obrnagaet
HanbonbLWNMN
KOHKYPEHTHbIMU
BO3MOXHOCTAMU AS1K
MacCOBOro BHEAPEHUS B

‘BbIHOCHASA PA3OETUTENBHAA bapaoo4ncTHoe

MEMBPAHA NpOn3BOACTBO.




[Ipeumyuwiecmeo mMemMbpaHHbIX MPoUEeCcCO8 OYUCMKU CIMOKO8:

— MOTYT UCMNOMb30BaTbCA U AN OYUCTKU, U ANSA KOHLEHTPUPOBaHUS
OQHOBPEMEHHO;

— ABNATCA pecypcocbeperaolumm, aHeprocoteperaomMMn, a TakKe
9KOJTOrMYECKN YNCTBIMU;

— npencTaBnsoT cobon ManoCTOYHbIE TEXHOMOMNMU;
— obnaparT OTHOCUTENBHOM NPOCTOTOM annapaTypHOro opopMMeHUS;

— MOTI'YT NPOTEKAaTb B repMeTn4HbIX 1 aCeNnTUHECKUX YyCroBUAX,
— MO3BOJIAKOT KOHUEHTPUPOBATb OMEHb BA3KUE CPpeabl,

— ABJTAKOTCA 663peaFeHTHbIM CNocobOM OYUCTKM CTOYHbIX BOA,
BCrieacTtBue 4ero nepepa6aTb|BaeMb|e CTOKU HEe MNnoaBepraeTcad
AOnNoJIHUTESNIbHbIM XMMUNYECKNM BO3OAENCTBUAM.



Takum o6pasom, xuakasa cpena nyTeM NPUMEHEHUSI TEXHOMOTMN KOMMNEKCHOW
OYMCTKN CTOKOB npeobpasyeTcsi B akTUBHbIN N, nepepadaTbiBaloLLMIACS B
nTore B Cyxoe TBepAOoe TOMMMNBO, a TakkKe OYULLIEHHYIO BOAY, KOTOpasi MOXET
BO3BpallaTbCsl B NPOM3BOACTBO, NIMOO cOpackiBaTbCA B OTKPbLITbIE BOOOEMbI.

[lbedcmasrnieHHasi mexHooaus oducmku obriadaem psiOoM HEOCTTOPUMbIX
rnpeumyuiecms:

1. BbICOKO€ Ka4yeCTBO OYUCTKU CTOKOB OT OpraHM4eCKMX KOMMOHEHTOB
(nokasatenu XIK u BINK cBogatca k meHee 3 mr O2/11), a Takke Mukpodmnonornm
(obuiee MnkpobHoe uncno meHee 50 kn./mn).

2. YMeHblUeHUue 3HepronoTpebrneHne Ha eanHULY oobLema
nepepabdarbiBaeMbIX CTOYHbIX BoA (bonee 15% no cpaBHEHUIO C
TPagUUNOHHLIMU BMONOrNYECKMMN METOAAMWN OYUCTKN CTOKOB).

3. MeHbLUee KONM4YeCTBO BPpeMeHUn, Heobxoammoe ans O4YUCTKU €ANHULIbI
obbema nepepabarbiBaeMbix cTOKOB (bonee 10-15% no OTHOLLEHUIO K CXOAHbIM
TEXHOSOTNAM).

4. CHWXXeHue 3aHMMaeMoun COOPYKEHUSAMMN OYNCTKU CTOYHbIX
BO4 nrnowaau Ha eguHuuy nepepabatbiBaemMblx cTokoB (6onee 30%, 4yem Toro
TpebyoT COBPEMEHHbIE JIMHNN BMONOrNYECKOM OYUCTKM CTOKOB).

5. BO3MOXHOCTb NMony4eHusi TBepaoro 6MoTonnuea Ana peanusauum
HacemneHuHo.



yex no npoussodcmesy 6apobi

Cnenyet 3aMeTuTb, YTO MPUMEHEHNE JAaHHOW TEXHOSOrMn nepepabdoTKu
XUOKNX CTOKOB Hapady € yTtunmsaumen nocnecnmpToBoOn XKuUOKOW
bapabl no3BonaeT nepepadbartbiBaTb CTOUYHbIE BOAbI,
obpa3yroLwmecsa npy NMBOBapPeHUN.



Kpome Toro npeanaraemas
TEXHOS0rs, COCTosAWas n3 Moayrnen,
ABIISIETCA YHMBEpPCASIbHOW, MOCKONbKY

NO3BOSIAET NYTEM U3MEHEHUS
XapakTepa u codeTaHnsa NpUMeHAEeMbIX
Br10KOB OMMCTHOrO 060pPYyaOBaAHUSA
(ocobeHHO oTHOCSLLErocsd K
nepBMYHOMY aTany nepepaboTku
OTX040B) Haps4y C O4UCTKOW
nocrnecnuptoBoun bapabl Takxe
OCYLLECTBNATb YTUNU3aLMIO Lienoro
psfa nuLLeBbIX CTOKOB.

[Mpn 3TOM 04EBMAHO, YTO bnarogaps
rmékomy macwtTabnpyemomy nepexoqy
npegnaraemMon TEXHOMNOrnm B
rpaHnLax ee MOLLHOCTHOIO pexuma,
No3BoNnsieT NoACTpaMBaThb ee nog
OUYMCTKY CTOUYHbIX BOZA Pa3fnM4YHOro
ob6bema u xapakrepa, 1, Takum
obpasom, pellaTb 3agauu
BOAOOYMCTKM PasfnyHbIX MO
NPOM3BOAUTENBHOCTU MULLEBLIX

npeanpuaTun.




NCTOYHUKWN:

«COBpeMeHHble mexHoJ102UU O4YUCMKU CMOYHbIX 800»

cmambs/ C. ObbideHkos .-2008.

Cmambsi « COBPEMEHHbBIE METOObl OYUCTKU CTOYHbLIX BO4 HA
MPEQMPUATUAX TEKCTUIIbHOU NMPOMBbILLJIEHHOCTU» (MexdyHapodHas
Hay4YHO-mexHu4Yeckasi KOHghepeHyus "CoepeMeHHbIe mexHosio2uu u
o6opydoeaHue mekcmusibHOU npombiwieHHocmu” (Tekcmurnb -
2008)/BonsiHckuu O.B., Kosanwkyykoea O.B.(I'pyrnna komnaHuu «BbK-308»).-2009

MeduaHa-3k0: o4ucmka npombiwsieHHbIX cmokoe 2008
http.//mediana-eco/ru/innovations/



