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[lpoexTnpoBaHHne OYUCTHBIX COOPYXEHUH KaHaHu3aUnH, Pearn3yroLLnX TEXHOAOIMH OYUCTKU CTOYHbLIX BO4A OT asora M
pocPopa, ABNAETCA BECbMA CAOXHbLIM [1POLIECCOM, TPEOYIOLUMM 3HAHMH HE TOAbKO Oa3UCHBLIX MOAXOA0B K pacyeram
OYHCTHBIX COOPYXEHUH, HO U AETaAbHbIX BOIPOCOB CaMHX [IPHUHUHNITIOB, pPEaAn3yeMbIX B COOPYXEHHSIX B Xohe
OHMONOTHYECKOH OYUCTKU - a3POOHOIM0 OKUCNEHMS OPraHHMYEeCKMX COEAMHEHMH, HUTPUPHKALIMHU, AECHUTDHUPHUKALUNH H
YaaneHnsa gocgopa.

000 A-Crapm n 000 «Apxurextypa BoaHbIX TEXHOAOMUH» [IPOAOAKAEIOT CEPHIO OPOLLIOP «bHOAHMOTEYKa TEXHOAOIG»,
KOTOpas, KakK Mbl HAAEEMCSH, [MOMOXET TEXHOAOraM H  HHXEHEPAM COOPYXEHHH OYUCTKH CTOYHbIX BO4, a8 TaKke
TEXHONOram [IPOEKTHbIX OPraHM3aLUnH, B PELUeHHH KOHKDETHbIX 33484, CBA3AHHbIX C pacyeramu U IKCrNyaraumen
KaHaNN3aLHMOHHbIX OYHCTHBIX COOPYIXEHH.

Bbiryck Ne5 nposorkaer temy, rnpeqaoctaBAeHHYr0 paHee B Bblilyckax Ne3-4 06 ocHoBax MpoOEeKTHPOBaHNA U PacyeroB
a3POTEHKOB, PEANHUIYIOLLMX ITPOLIECCHI YAGNEHHNS OHOreHHbIX INEMEHTOB B X04€ OMONOrMYECKOH OYHCTKHU CTOYHBIX BOA.

Ecan y Bac BO3HHMKNM BOMPOCHI AN HYXHAE AOITOAHUTEABHAA TOMOLLb, OYAEM PaAbl OTBETHUTb Ha BCE UHTEPECYroLLHE Bac
Borpocsl: 000 AN-Crapr 1en.; +7 (495) 935-73-21, 000 Apxurentypa BosHbix TexHorormi» ten.: +7 (495) 989-51-54.

Haaeemcs, Bbl HaAeTe 3TO PYKOBOACTBO MOAE3HbIM.
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bUoxumMusa npoLieccoB YyAaAeHUA OUOreHHbIX IAEMEHTOB npu

peaAn3auuu npoueccoB OYUCTKHU CTOYHDBIX BOA

nOTpeél\eHMe 6MOreHHbIX INeMEHTOB MUWKpoopraHu3IMamMu akKtTuBHOro uAa

5,0 mr N notpebasieTcss MMKpoOOpraHM3MamMu aKTUBHOTO MAA Ha
100 mMr yaanaemoro BITKnoAH

1,0 mr P notpebasieTca MMKpoopraHusmMmamMu akTUBHOIO UAQ Ha
Ha 100 mr yaanaemoro bIMKnoAH

Mpu peannsaumm aspobHbix npoueccoB 100 Mr YUCTOM KyABTYPbl aKTUBHOIO UAA COAEPXMUT 2,3
mrPu 12,2 mr N.

Mpu peannsaumm npoueccoB buorornyeckoro yaarenus pocdopa, 100 Mr UACTON KyALTYpbI
aKTUBHOIO UAA copepxuT 3-5 mr P.




bUoxumMusa npoLieccoB YyAaAeHUA OUOreHHbIX IAEMEHTOB npu

peaAn3auuu npoueccoB OYUCTKHU CTOYHDBIX BOA

Buoxumunueckoe okucAeHue asota (HUTpudPukaLuuma)

4,57 Mmr kucnopoaa Tpebyerca Ha okucaeHne 1 Mr ammoHuitHoro asora N-NH,

7,14 mr wenouHoctH (no CaCO3) notpebasetca
Ha 1 Mr okucAsemoro ammoHuiHoro asota N-NH,

OcTratoyHO€E KOAMYECTBO LeAoYHOCTH (Mo CaCO3) AOAKHO 6biTh HE MeHee 50 Mr/A
buoxnmunuyeckoe yaAarneHUue OKUCAEHHOIO a3oTta (AeHUTPUPUKaLMA)

2,86 Mr KUCAOpPOAA BbICBOOOXAAETCA NPU YAAAEHUU 1 MI OKUCAEHHOrO a30Ta B X0A€
AEHUTPUPUKALUU (<AEHUTPUDUKALMOHHBIA KPEAUT»)

3,57 mr wenoyHoctu (no CaCO5) Bo3Bpaluaercs (nocrynaer B CUCTEMY)
NPU YAAA€HUU 1 MI OKUCAEHHOrO a3oTa B XOAE€ AEHUTPUUKaALIUK



Bbl60Op TEXHOAOTMUYECKON CXEMB

OMONOrMUYECKON OUMUCTKU CTOUYHDIX BOA

TexHOAOrMYeCKUEe XapaKTepUCTUKU coopy>|(eHM|71 YAQAE€HUA 6MOreHHbIX SAEMEHTOB,

paGOTalOI.IJ.MX no pa3AUYHbIM TEXHOAOTMYECKUM CXeMaM
1- H - Hu3Kasg, C - cpeaHsifa, B — BbicOKas;
2 - HutpudUKaums «+» - TPUCYTCTBYET; «» - OTCYTCTBYET;
3- H - HU3KuUM, C - cpeaHuit, B - BbICOKUIA.
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Bbl60Op TEXHOAOTMUYECKON CXEMB

OMOAOrMUYECKON OUMUCTKU CTOUHBIX BOA

MpoeKTMpoBaHUE U pacyeT aapoTeHKOB. PaspaboTka TEXHOAOTMUYECKOM CXeMbl
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TexHosoruueckas cxema mnpoiecca Renphosystem.
I1O - mepBuYHEII OTCTOWHUK, BO - BTOpUYHBINH OTCTOMHUK, C - cTpUIIIep,
KC - xamepa cmemenusi, @O - «hochopHbIii oTcTOMHUK», B - OyHKEp ¢ U3BECThIO.
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Texnonorudeckas cxema A/O® Process.



Bbl60Op TEXHOAOTMUYECKON CXEMB

OMOAOrMUYECKON OUMUCTKU CTOUHBIX BOA

MpoeKTMpoBaHUE U pacyeT aapoTeHKOB. PaspaboTka TEXHOAOTMUYECKOM CXeMbl
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Bbi60p TEXHOAOTMUYECKOU CXEMbI

OMOAOrMYECKOI OYMUCTKU CTOUYHBIX BOA

MpeumylLLeCTBa U OrpaHUYEHUA TEXHOAOT UM yAareHUs dpocdopa U3 CTOUHBIX BOA

Npenmywecrsa

Renphosystem

- BbICOKas 3¢ PeKTUBHOCTb yaaneHua pocopa;

- BO3MOKHO HM3Koe oTHoueHne BIMK_

K dochopy B CTOUHbIX BOAAX;

- Ucnonb3oBaHMe peareHToB A5 XMMUYECKOTO
yaanenua ¢ocdopa;

- KOJZINYeCTBO peareHTa An4 npeuynnmntautmm cywecteeHHO MmeHblle, YemM B - yBe/InYeHUeE KalnTa/ibHbIX 3aTPaT - TpE6y€TCf-I

K/1aCCUYECKUX CXeMaX XMMHUYEeCKOro yganeHua d)ocd)opa;

- BbICOKasA 3¢ PEKTUBHOCTb yaaneHus asota u ¢ocohopa;
- BO3MOKHO HU3Koe oTHoweHune BMNK_ .
- KOJIMYECTBO peareHTa A1a npeumnutaumm
CYLLECTBEHHO MEHbILLE, YEM B K/TACCUYECKUX
CXeMax XMmM4Yeckoro yaanenusa ¢ocoopa;
- NpocTtoTa aKkcnayaTauunu;

- HU3KOoe BpemsA npebbiBaHUA cTovHoM Bogbl (HRT);

- AKTMBHbI U/ C XOPOLIMMU CEAUMEHTALMOHHBIMKU CBOMCTBAMMU;
- JOCTATOYHO BblCOKasA 3pPeKTUBHOCTb yaaneHns ¢ochopa B OTCYTCTBUM -

npouecca HUTpUdUKaLLUMK.

- BO3MOHOCTb YaneHusa Kak ¢ocdopa, Tak U as30Ta;

- 3KCn/yaTaumsa A40CTaToOYHO NPOCTa;

- aKTUBHbI U C XOPOLIMMU CeAMMEHTALMOHHbIMU
CBOMCTBaMU;

HaNNYMA TONBKO 2-X PELIUK/IOB.

K docdopy B CTOYHbIX BOAAX;

HEBbLICOKME 3SHEPro3aTpaTtbl 3a CYET OKUCneHuAa OCHOBHOW
OopraHn4yeckux COG,D,MHGHVIIZ B XoA4e npouecca AeHMTpMd)MKaLI,MM n

CTPOUTENbCTBO AOMNONHUTE/ILHOFO PeakTopa —
cTpunnepa;

- yBe/IMYEHME KanuTaibHbIX 3aTpaT - TpebyeTcs

CTPOUTENbCTBO AOMONHUTE/NbHbIX PEaKTOPOB;

- cnonb3oBaHMe peareHToB A8 XMMUYECKOTo

yaaneHusa ¢ocoopa;

- HU3Kan apPEeKTUBHOCTb yaaneHus

docpopa B NPUCYTCTBMM  MpoLecca
HUTPUDUKaLMK;
pekomeHayeTcA OorpaHn4nUTbL npoviecc
HUTPUbUKaLMK;
- OrpaHMyYeHa BO3MOXKHOCTb YNPaBAeHMUSA
npoweccamu.

- B @aHa3pOOHYO 30HY NocTynaeT
aKTUBHbIN WA, HE NpoLUeaLINiA
OEeHUTPUPUKALMIO, UTO CHUMKAET 3PPEKTUBHOCTD
buonormyeckoro yaaneHuns d¢ocoopa;
- 3pPEeKTUBHOCTb NpoLiecca
YacTu OEHUTPUPUKALMM  NMMUTUMPOBAHA  PACXOAO0M
HUTPATHOrO PeLMKNa;
- TpeboBaHWUA K KOJIMYECTBY /IETKO OKUC/IAEMbIX
OpPraHWYecKMx COeaMHEHUN bonee KecTkoe, Yem
nna noouecca A/0O.



Bbi60p TEXHOAOTMUYECKOU CXEMbI

OMOAOrMYECKOI OYMUCTKU CTOUYHBIX BOA

MpeumylLLeCTBa U OrpaHUYEHUA TEXHOAOT UM yAareHUs dpocdopa U3 CTOUHBIX BOA

- BO3MOMHOCTb YZa/ieHna Kak ¢ocdopa, Tak U a30Ta; - B @aHa3pOoOHYIO 30HY MOCTyNaeT aKTUBHbIN WA, He
- laeT BO3MOKHOCTb O0CTUraTb Ka4yecTsa NpoLWeAWNiA AEHUTPUDUKALMIO, YTO CHUMKAET
Bardenoh OuYMLLLEHHOW BoAbl Mo obuemy asoTy (TN) 3 PEKTMBHOCTL BUONOTrMYECKOro yaaneHus P;
Arcenpho 0o 2,0-5,0 mr/n; - Tpebyemble 06 bEMbI COOPYKEHUN
- aKTUBHbIM U1 C XOPOLUMMU CEAMMEHTALLUOHHBIMM 6onble, yem ans A2/0 npouecca.
CBOMCTBaMM.

- 3¢ deKTMBHOCTL BUONOrMYecKoro yaaneHus P - cpegHsas;

- B aHa3pOOHY0 30HY MOCTYMAeT YacTUYHO - TpebyeTca [OMNONHUTENbHBIN 00beEM A1a AeHUTPUPUKALLUN
NPOAEHUTPUDULMPOBAHHDIN aKTUBHbIM WA, 4TO NO3BONAET BO3BPATHOrO aKTMBHOIO M/a
006uTbCs 6onblieln 3pGeKTUBHOCTU

6uonorunyeckoro yaaneHua ¢pochopa no cpaBHEHUIO C
npoueccamu A2/0 n Bardenpho;
- BblCOKasA 3G PEKTUBHOCTb yAaNEeHUA a30Ta;
- AKTUBHbI U/ C XOPOLUMMU CeAUMEHTALMOHHBIMU CBOMCTBAMMU;
- Ha/IMuMe TONbKO 2-X PEeLUKIOB.
- B @aHa3poOHYIO 30HY NOCTyMaeT NOJIHOCTbHO - TpebyeTca [OMNONHUTENbHBIN
NPOAEeHUTPUDULMPOBAHHDIV aKTUBHBIM W/, YTO NO3BOAAET 0bbem gns geHUTpudmKaumm
[06UTbCS BbICOKOW 3pdEKTUBHOCTU BUONOTMYECKOro yaaNeHna; BO3BPATHOrO aKTUBHOIO MAa.
- BblCOKaA 3G EKTUBHOCTb YAaNEHNA a30Ta;
- He BbICOKAA 3aBUCUMOCTb OT 3pHEKTUBHOCTH
AeHUTpudUuKauunm;
- AKTMBHbI W/ C XOPOLUMMU CEeAMMEHTALMOHHbIMU
CBOMCTBaMMU;
- BbICOKME CKOPOCTU AEHUTPUPUKALIMM BO3BPATHOrO aKTUBHOIO
nna Ha cybcTpaTe CTOYHOM BOAbl, NMOCTYMAMOLLEN C aKTUBHbIM
WNOM U3 aHasPOBbHOM 30HbI.




Bbi60p TEXHOAOTMUYECKOU CXEMbI

OMOAOrMYECKOI OYMUCTKU CTOUYHBIX BOA

MpeumylLLeCTBa U OrpaHUYEHUA TEXHOAOT UM yAareHUs dpocdopa U3 CTOUHBIX BOA

- B aHa3pobHy0 30HY NOCTYNaeT NpoAeHMTPUGULUMPOBAHHAA NI0BAsA CMECb, YTO - AOCTaTOYHO C/IOMKHAA CXeMa, Kak B UCMOJIHEHUM, TaK
nossonseT 3GpHeKTUBHO M CTabUNbHO BECTU MpoLLecc 6MONOrMYECKOrO YAaAeHUA W AA TeXHO/OrMYECKOM SKCMayaTaLmu;

P; - cxema 6osiee sHeprosaTpaTHas N0 CPaBHEHMIO C
- aKTUBHbIN W1 C XOPOLIMMM CEAMMEHTALLMOHHLIMW CBOMCTBaMU; A2/0 3a cyeT [OMNOJAHWUTENILHOMO PELMKIA UNOBON
- BbICOKaA 3GpHEKTMBHOCTb y/AaNeHNA a30Ta, B TOM YMUCNE U a30Ta HUTPUTOB; cmecu

- 60/IbLIME BO3MOMKHOCTM TEXHOIOTMYECKOTO YrpaB/ieHNA NPOoLLeccamn yaaneHus

docdopa n asora.

- OTAENbHbIN AeHUTPUOUKATOP BO3BPATHONO AKTUBHOIO MJ1a NMO3BOJIAET CHU3UTb - LOCTATOYHO C/I0XKHAA CXeMa, KaK B UCMOJIHEHUW, TAK
KOHLLEHTPaLMI0O HUTPATOB B HEM NPAKTUYECKU A0 HYNA Nepes ero nogayen s W ONa TEXHOMOTMYECKOW aKCnayaTaumy;
aHa3POOHYIO 30HY M KaK pe3ynbTaT, — BbICOKan 3ddEKTUBHOCTb U CTabUNBHOCTL - cxema 6osiee 3Hepro3aTpaTHasA MO CPaABHEHMIO C
6MoN0rMYecKoro yaaneHus a3ora, B TOM YAC/E, HA HW3KOKOHLEHTPUPOBaHHbIX  A2/0 3a cyeT [0MOJIHUTENBHOTO PeLvKaa UI0BOM
CTOYHbIX BOAAX; cmecwm.

- aKTUBHbIM U1 C XOPOLWNMU CEAMMEHTALMOHHbIMU CBOMCTBAMMU;

- BbICOKasA 3¢ PeKTUBHOCTb YAaeHNA a30Ta, B TOM YMCNE U a30Ta HUTPUTOB;

- 6onblUMe BO3MOXKHOCTM TEXHO/IOTMYECKOTO YNpaBaeHUA NpoLeccamu yaaneHus

¢docdopa u asorTa.

-B aH33p06HYPO 30HY noctynaet I'IpOAGHMTpMCbMLI,MpOBaHHaﬂ nnoBaAa CMecCb, YTO - AOCTATOYHO C/I0KHAA CXemMa, KaK B
no3BonAeTr 3¢¢EKTVIBHO M cTabunbHO BECTH npouecc buonornyeckoro yAaneHna MCNOJIHEHUWN, TaK U ANA

docdopa, B TOM YMCNE U HA HU3KOKOHLLEHTPUPOBAHHbIX CTOYHbIX BOAAX; TEXHO/IOTMYECKOW 3KCNyaTaLmu;

- CEKLMOHNPOBaHWe 30H NO3BOJIAET CO343BaTb OMNTUMAJIbHbIE YCI0BUA - cxemMa b6osiee aHeprosaTpaTHaa no

peanusaumm npoLeccoB yaaneHma pocdopa, HUTpUUKaLMK U cpaBHeHuto ¢ A2/0 3a cueT
AeHuTpudukaLmu; AOMNONIHUTE/NIbHOIO peLIMKAa U10BOWM

- 3a CYeT cOo34aHUA ONTMMAJIbHbIX YCA0BUIN peannsaunm GMoXxmMmmuyeckmx cmecm.

npoweccos, Tpebyemoe KO/IMYECTBO JIEFKOOKUCIAEMbIX OPraHUYeCcKuUx
MeHbLUe, Yem ana
npoueccos UCT n MUCT.




[TpMepbl pacyeToB

TpebyeMoe KOAMYECTBO METAaHOAA ANF peaAusaLy npoLiecca ASHUTPUdUKaLUK

Paccyurare TpebyemMoe KoAUYecTBo MEeTaHoNa ANA BoceTaHoBAeHHAa 30 mr NO,

Pacuert
Mpouecc AeHUTpUdUKaLun ¢ UCNOAL30BaHUEM METaHOAA ONUCLIBAETCA YpaBHEHUEM:

sCH;0H + iNO;j + tH* — %N, + 1CO, + $¥H,0

Toraa, U3 ypaBHEHHUSA BbiLLE,
32/6=5,33 Mr metaHoAa BoccTaHaBAMBaeT 62/5=12,4 mr NO,.

CnepoBaTenbHO, ANA BocCcTaHOBAEHUA 30 mr NO§_H606XOAMMO

(5,33/12,4)*30=13,0 Mr meTaHoAa.




[TpMepbl pacyeToB

Tpebyemoe KoAanyecTBo LweAoyHocTH (no CaCo,)
ANSl peaAM3aumm npolecca AEHUTpUPUKaLum

Pacxoa cTouHbIX BoA - 60 000 m3/cyT

KoHueHTpauua TKN B nocTtynatoumMx CTOUHbIX Bopax - 36,5 Mr/A

Tpebyemasn KoHUEeHTpauusa a3ota aMMOHUIMHOIO B OUYULLEHHOM BoAe - 0,39 Mr/A
KoHueHTpauua wenoyHoctu (no CaCO4) B mocTynaroLwmx CTOUHbIX BoAax — 180 Mr/A

Paccuutatb Tpebyemoe KOAMYECTBO LieAoyHocTH (no CaCO,)

LLlenouHOCTb, NOTpEOASIEMas B XOAE NpoLecca HATPUPUKALINMK:
(36,5-0,39)*7,14=257,8 Mmr/A

CaepoBaTeAbHO, AOMOAHUTEABHOE KOAUYECTBO LEAOYHOCTH (Mo CaCOy):
257,8-180=77,8 Mr/A nau
60 000* 77,8 = 4668 Kkr/cyt



