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COBEPUHIEHCTBOBAHHE CHCTEMbI OBOPOTHOI'O
BOAOCHABKEHHHA T OPHO-OBOI'ATHTE/IBHOI' O
KOMBHHATA

[poBeneH cpaBHHTe/IbHBIF aHa/H3 PAa3IHYHBIX CIIOCOOOB KOHAHIIHOHHPOBAHHA 060-
POTHBIX BoA oboratute/bHoH habprku [OKa «9pasHsT™ U G/IH3KO paciio/lOXeHHbIX
MpeanpHATHH. PaccMoTpeHbl TeXHO/ZOrHH LIe/lOYHOro M KapOOHATHOIO OCaK/ICHHS,
COpOLIMH HA HOHOOGMEHHOH CMO/le, CMeLIHBAHHS (DH/IBTPALIMOHHBIX BO/A CO CTOKaMH 30710-
otBasia TOL] 1 cTOKaMu ropoACKHX OYHCTHBIX COOPYKeHHE. B KadecTBe KpHUTepHs cpaBHe-
HHS HCTIO/Ih30Ba/TICh TTOKazaTe/ Il (h/I0TALIHOHHOTO OOOrallleH s MeAHO-MO/THOACHOBBIX P/
Ll CIT «OpasHs™ peKoMeHAOBaHa TEeXHO/IOTHA COBMECTHOIO KOHAMLIHOHHPOBAHHS
PHABTPALIMOHHBIX BOA CO CTOKaMH 307100TBas1a TOLI M ropoACKHX OUYHCTHBIX COOPYMKEHHH,
I71aBHBIM TTPEHMYIIIECTBOM KOTOPOH SB/ISETCA 3HAYHTE/IbHOE YBE/THYCHHS pecypca TeXHO/IO-
THYECKHX BOA M MHHUMA/TBHBIE 3aTPaThl Ha KOHAULIHOHUPOBAHHE.

KrmioueBble c/10Ba: XBOCTOBOE XO3SFICTBO OOOraTHTE/IbHBIX (PabpHK, OYHCTKA M KOHHLIHO-
HHPOBaHHE CTOKOB, H3B/IeUeHHE LIeHHbIX KOMITOHEHTOB H3 CTOKOB, CXeMa BOI0OOOpOTa.

pHIMeHsieMble B HacTosiiliee BpeMsi TeXHO/IOTMK A00buM, oborallieHys U repe-

PaboTKU pya TPeGYIOT COBEPIIeHCTBOBAHMSA, 1 B [IePBYIO ouepe/b BHeApeHs
3aMKHYTBIX CXeM C MaKCUMa/IbHO TIO/THBIM BOAOOGOPOTOM U C TOMYTHBIM H3B/IeUeHHEM
LIGHHBIX KOMITOHEHTOB M MMHMMHM3aLIMel 3arpsasHeHrs OKpyzKkaiomiei cpeast [1].

BaxHoM 3amaueit, peliaeMon IMpy OpraHU3alMM CMCTEM OOOPOTHOTO BOAOCHAb-
JKeHHs Ha TOPHO-OBOTaTUTEe/bHBIX TTPeANPUATUSX, ABASETCS MaKCHMa/lbHOE MCIIONb-
30BaHMe B IMPOU3BOACTBE CTOKOB C/IOXKHOTO XMMMHUECKOIO COCTaBa, 0OPasyIoUINXCs
B pe3y/ibTaTe CMEXKHBIX IMPOLIeCCOB Ha YCTAHOBKAX BbIIlC/TAYMBAHUSA WK THMAPOME-
Ta/Mypryuy, Wik Ha APYrUX MPOU3BOACTBEHHBIX KOMIIIEKCAX, a TaKKe OUMIIeHHbBIX
HOBITOBBIX CTOKOB [2].

Ha 'OKe «9pasH3T™ OCHOBHO# IMOTOK TeXHO/IOTMUYECKOM BOAbl (POPMUPYETCH 3a
cyeT cOPOCOB OTCTOMHOIO MpYaKa XBOCTOXPAHU/MIIA. DTH BOAbl XapaKTePHU3YIOTC
IIe/IOYHON Cpe/lol, BBICOKOM KOHLIGHTpallMel KapOOHATHBIX MOHOB, Ma/lbIMH KOH-
LICHTPALMAMH MOHOB TSXKe/IbIX MeTa/i7I0B (Tabm. 1).

CyliecTBeHHO OT/IMUAIOTCA IO COCTaBY (PU/BTPALIMOHHBIE BOAbI, COOpPaHHBIC B
HbTpaLIMOHHbIE KaHa/lbl M3 BOAOHOCHBIX C/I0€B M10/1 OCHOBaHHEM TI/IOTUHBI AaMObI.
OTH BOABI XapaKTePU3YIOTC HEeHUTPa/IbHBIMK U CIaOOKUCIbIMU 3HaueHusaMu pH, Bbi-
COKOM KOHLIGHTpALMelN CYNb(OKCUAHBIX MOHOB M 3aMETHBIMU KOHLIGHTPALIUAMU HO-
HOB TsKebIX MeTaioB (tabrm. 1). [TprurHOM OT/IMUMP B MOHHOM COCTaBe C/IMBOB
NpyaKa ¥ OHUIBTALIMOHHBIX BOA XBOCTOXPAHW/IMINA SB/AAIOTCH MPOLIECChI OKUC/ICHUS
CYMbPUAHBIX MUHEPa/IOB, COMPOBOXKAAIOIIMECSH MOAKUCICHUEM KUAKONU (pasbl U Te-
PexooM B Hee MOHOB TsKe/bIX MeTasioB. HeraTrBHOe BO3meicTBHE Ha OKpYKaio-
Iyio cpeay oO6GYCIOB/IEHO ITPEHMYIIeCTBeHHO 3arpsA3HeHreM MPUPOAHBIX BOA CO-
[epXKallMMUca B (PUABTPALIMOHHBIX BOAAX MPOAYKTAMU OKKC/IeHHs MHHEpasioB TH-
JKeqbIX MeTa//IOB: IOHaMM Me/v, CBHHLIA, LIMHKa U Ke/esa.
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Tabmua 1
CocTaB H CBONCTBa CTOKOB rOPHO-000raTHTe/IbHOIO NpeaAnpHATHA

Ne IMpoaykr KoHnuenrpauus, mr/n

f pH [Cu] [Fe] [COs] [Or] [SO4*]

1 O61rie XBOCThI 10,1 0,01 0,01 125,0 12,0 367,0

2 CnuvB OTCTOMHOrO MpyaKa 7,8 0,04 0,02 178,0 7,5 398,5
XBOCTOXPaHW/IHIIA

3 DunbTpalioHHBIE  BOABI 6,5 4.5 1,5 114,2 4.2 625,0
XBOCTOXPaHW/IHIIA

4 CTOKM TOPOICKHX OUKCT- 7.1 0,01 0,04 198,0 75,3 430,5
HBIX COOPYXKEeHUN

5 Croku 3onootBana TOLI 8,2 0,01 0,01 450,0 0,9 350,3

Or — opraHuyeckye CoerHeHu s

Tabnuiia 2
KoHueHTpauusa H KO/IH4eCTBO pacTBOPEHHOH MeaH, nonajarollen
BO (bIOTaLlHOHHBINA MPOLIECC

Ne HaumMeHnoBaHue npoaykra CyTouHbIH KoHnuentpauus, co- KoauuectBo

nn obnem, aepiaHHe PacTBO- pacTBopuUMoOi
Bec; T/cyT pHUMO¥ Meau, Mr/n MeaHu, Kr/cyrt

1 CToKM MpyaKa XBOCTOXPAHH/IHIIA 85000 0,04 3 400

2 DunbTpaThl XBOCTOXPAHK/IHIIA 15000 4.5 67 500

3 Hcxoanas pyaa 70000 5,0 350 000

TakuMm o06pa3oM, QUABTPALIMOHHBIE BOAbI XBOCTOXPAHUW/UIL OOOTATHUTENbHBIX
¢abpHK OAHOBPEMEeHHO MPeACTaBAsIOT COOOM MCTOYHHK [I@HHBIX KOMIIOHEHTOB U
HMCTOUHMK 3arpsA3HeHMsl OKpyKalolllelt cpebl. B TpaaulIMOHHO HCMONB3YeMbIX CXe-
MaX 3aMKHYTBIX LIMK/I0B BOAOOOOPOTa MpeayCMOTPEeHO Harpab/leHHe TaKUX BOA He-
[MOCPEe/ICTBEHHO B OOOraTHUTe/IbHBIN T1epeer.

OmHako, Kak TOKasas OIbIT MpHUMeHeHHs OBOPOTHOro BOAOCHAbGKeHUs Ha
['OKe «QpasHs™, HanpaBneHue GUABTPATOB XBOCTOXPAHW/IMINA Ha OOOraTH-
TenbHYIO (PabpPUKY COMPOBOKAACTCH CHHUKEHHeM TeXHHUKO-93KOHOMUYECKHX TMOKa-
3aTesieil TeXHO/OTHMUeckoro mnpotecca. [loatomy, B rocnaeaHue roasl Ha Ipen-
NpUATHH «QPASHAT» AeHCTBOBa/Za CXeMa 4YaCTUUHOTO OOOPOTHOTO BOAOCHabXKe-
HUs, TIpeaycMaTprBalolliasi BO3BPAT Ha 0B6oraTUTe/IbHYI0 habpuKy /Ul [T0/10BH-
Hbl (DU/IBTPALIMOHHBIX BO/I.

HeratuBHoro BavsiHMe (OUIBTPALIMOHHBIX BOJ MOXKET ObITh OOBACHEHO (PAaKTOM
3HAUMTE/IBHOTO YBEe/IMUEHUsI KO/TMYEeCTBa OKUC/IeHHBIX, OTHOCUTE/IbHO XOPOIIO pac-
TBOPHUMBIX COEAMHEHWI Mea, MOoMagaloulx BO dIoTalMoHHb npoliecc [3]. Kak
BUAHO U3 Tabr1. 2, KO/MYeCTBO MeaH, comepxanieecs B PUIBTPALIMOHHBIX BOAAX CO-
[MOCTAaBHMO C KO/TMUECTBOM PAcTBOPHMOM Mev B OBOoraliaeMoi pyae ¥ 3HaUHTe/IbHO
TpEeBbIlIaeT PACTBOPEHHOM Me/U, co/epKallleecsi C C/IMBe OTCTOMHOrO MpyaKka XBO-
cToXpaHuvia. Heo6xoaMmMo oTMeTuTh, UTO CIIOCOGHOCTh MeaM, coaepKalleiics B
CTOKax M OOOPOTHBIX BOAAX, K aKTHBALIMM MHUHEPa/OB M CBS3bIBAHMIO (D/IOTALIMOH-
HBIX PeareHTOB 3HAYWUTE/IbHO BbIlle, YeM Y OKHC/IGHHOM MeH, COAepKalleics B UC-
XOMHOM pyae. ITo OOYC/IOBAEHO BBICOKOM AMCIIEPCHOCTBIO COeAMHeHHN Meau, 00-
Pa3YIOIIMKCS TIPU CMEIIMBAaHUK CTaBGOKHUCIBIX (PUABTPALIMOHHBIX BOA U Criaboliesiou-
HBIX CTOKOB OCBET/IUTE/TbHOTO TPY/IKA.
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Puc. 1. /Inarpamma tepmoau-
HaMHYeCKOH CTabH/IBHOCTH
Kap6oHaToB Ka/iblLIHS H Mar-
HHA H THAPOKCcOKap6oHaTa
MeaH NMpH BapbHPOBaHHH LUe-
A0YHOCTH (¢pHAbTpaTa (OpH
KOHLUEHTpaluHH OHKapb6oHaT
nonos 10? moas/n):

1, 2, 3, 4 - rpaHHLBl YCTOMUYHUBO-
CTM OCalKOB KapBOHATOB Kallb-
LMsl, MarHusi, Meau B obnactu pH
6onee 6,3; 5, 6, 7, 8 — npu pH
MeHee 6,3

Lg[Me]

Haubonee npocteiM my-
TeM HelTpa/M3alMry (OUILTPATOB XBOCTOXPAHH/IHIIA AB/ISETCH UX BO3BPAT U cOpPOC B
XBOCTOXPaHW/IMIE C OCHOBHBIMH XBOCTaMH. OAHaKo, KakK IOKas3a/lu pe3y/IbTaThl
MPOMBIIIZIGHHOTO 3KCTIepHMeHTa, TMpH BO3BpaTe B XBOCTOXPaHWAMIIE (PUABTPALIM-
OHHBIX BO/I CHMKAeTCsl CKOPOCTh OCBeT/IeHHs BOAbI B MPYZAKE Y BO3pacTaeT BHIHOC B
OBOPOTHYIO BOAY TOHKOAMCIIEPCHBIX COeAMHEHWH MeaW W APYIHUX TAXKelblX MeTasl-
70B.

OdPeKTHBHBIM MYTeM CHIMKeHHs KOHLIeHTPALMM MOHOB THXKe/IbIX METa/l/IoB fB-
NIeTC OCaKAeHWe THAPOOKHC/IOB W THMAPOKCOKAapOOHATOB METa/lZIOB C UCIIONb-
30BaHKEM IIe/IoUr W/ KayCTHUECKOM CO/bI.

['Ipu pH 6Gonbiie 7 npoTtekaioT creayiolme peakimu:

Ca®"+ HCOs = CaCOs+ H* (1)
Mg?*+ HCO3 = MgCO5 + H* 2)
Ca®"+ Mg?*+ 2HCO3 = CaMg(COs); + 2H* 3)
2Cu?* + HCO3 + 2H,0 =Cuy(OH),CO5 + 3H* (4)

[TocrnenoBatenbHOCTb TIPOTEKAHUS PEAKIIM UM AOCTHAKUMBIE KOHIIGHTPALIMH UO-
HOB METa//IOB MOKHO OLICHWTb, MCIIO/b3ys AMarpaMMmy TepMOAWHAMHUeCKOM CTa-
OU/IBHOCTH coeanHeHui B kooparnHatax pH — g [me].

PaccuurtaHHble a718 YKa3aHHBIX YC/IOBHM AWArpaMMbl ITpeacTaBIeHbl Ha puc. 1.
AHa/M3 TONMYUeHHBIX AWarpaMM [M03BO/ISeT 3aK/IOUYKTh, UTO T[OC/IeI0BATE/TbHOCTD
ocaxzaenus MetamnoB B obmactu pH 6Gomee 7,3 cneayiomas: Cug(OH),COsg,
CaMg(COs)2, MgCQO3, CaCOs. 310 03HauaeT, 4TO MepBOHAYa/IbHO OyaeT ocaxk-
AaTthes KapBoHAT MeaM, 3aTeM KapBoHaThl Kasbliva M MarHus. [laHHas Ioc/1eaoBa-
Te/IbHOCTh OBOCHOBBIBAET BO3MOKHOCTb OCaKAeHUsA PacCTBOPEHHOM Meau IPU MU-
HUMa/IbHBIX PACXO/IOB peareHTa — OCaarTesIsl.

[lnst OLIeHKY B/MSIHUSL Ha KOHLIGHTPLIMIO MOHOB MelM KOHIIGHTPAllMM peareHTa
ocaauTens ObIIM PacCUMTaHbl TePMOAMHAMHUECKUE MapaMeTphl PeakLMil pacTBoOpe-
HUS KapOOHATOB, TMAPOKCOKAPOOHATOB Y TMAPOKCUAOB Meau B IIPUCYTCTBUM TH-
POKCH/IBHBIX Y KapOOHATHBIX MOHOB (Tabs. 3).

AHary3 rpeacTaBieHHbIX B Tab1.4 ypaBHEHMI 4718 YCIOBUI OCaXKAGHHS Meay U3
dunsrpatoB xBoctoxpaHuaviia [[OKa «2pasH3T MoKaksbiBaeT, UYTO YBe/IddeHUe
KOHLICHTPALIMU KapOOHATHBIX MOHOB YMEHBUIAET PABHOBECHYIO KOHLICHTPALMIO Me-
[, B COOTBETCTBUM C YpaBHEHHEeM B Tab/. 3 CBA3BIBAIOLIEM KOHLIGHTPALIMKM UOHOB
Meau 1 6ukapboHat noHa B obrnactu pH ot 6,3 no 10,3.
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Tabnuvia 3
TepmoanHaMHYeCKHe napaMeTpbl peakLHi ¢ y4acCTHEM MeaH
B TBepaOH H BOAHOH cpeAe CK/IaAHPOBaHHBIX XBOCTOB

Ne it VYpaBHeHus peakuun AG° LgK
1 Cu”* + H,CO5 = CuCO5 + 2H* 9,67 -7,09
2 Cu®** + HCO5 = CuCO5 + H* 0,98 -0,71
3 Cu®* + CO4% = CuCOs3 -13,11 9,62
4 2Cu* + H,CO3 +2H50 = Cuy(OH),CO5 + 4H* 14,88 -10,91
5 2Cu?* + HCO3 + 2H,0 = Cuy(OH),CO5 + 3H* 6,19 -4 54
6 2Cu?* + 2H,0 = 2Cu(OH), + 2H* 12,55 9,2

7 Cuy(OH),CO3 , 2H,0 = 2Cu(OH), + HCO4 18,91 -13,87
8 Cuy(OH),CO;3 , 2H,0 = 2Cu(OH), + CO5* + 2H* 33,0 -24.21
9 Cu(OH), = CuO,% + 2H* 41,8 -30,67

Tabnvua 4

CooTHOowIeHusn MeKayY KOHUeHTpaluHAMH KOMIIOHeHTOB dmnb'rpara B YC/IOBHAX
PpPaBHOBeCHHA peaKunii OKHC/ICHHA C Y4aCTHeM COeaHHeHHH MeaH

Ne ypaBHEeHHI VpaBHeHHA CBA3H MeKAY KOHUEHTPALUHUAMH O6aacts pH
peakuui KOMIIOHEHTOB MOHHOTO COCTaBa
4 1g[Cu®*] = 5,45 - 0,5Ig[H,CO5] - 2pH Menee 6,3
5 Ig[Cu?"] = 2,27 - 0,51g[HCO5] - 1,5pH Ot 6,3 10 10,3
6 IglCu?] = 9,2 - 2pH Or 10,3 mo 11,1
9 Ig[Cu0,?] = -30,67 + 2pH Bornee 11,1
Tabmvia 5
MuHepaabHbIH COCTaB /1eKaAbIX XBOCTOB
Munepan Coaepxanue, % Munepan Coaep:xanue, %
Kgapti, oras, Xa/eaoH 30,3 MarHetuT, remaTut 0,73
CepHLIUT, MyCKOBUT 25,0 Xnopur 0,41
[Nnarvoxna3s 225 Turic 0,27
[onesbie mmnatet 7,53 [etur 0,12
Ka/IbLIMT 3,23 Cunepur 0,12
['nuHycTbIe MUHEparibl 1,73 ['maporcokapGoHaTh Meau 0,06
[Mupur 1,57 XanbKOnmpuT 0,05
ABrur 0,99 Tanbk 0,05
[onomut 0,98 Cdpanepur 0,05

[1nsi MpOBEpKK pe3y/IbTaTOB PacyeTOB Obl/Iv [MOCTAB/ICHbI OTIBITHI M0 OCAXKACHUIO
Mear U3 (PUABTPATOB XBOCTOXPAHW/IMIIA TIPeANPUATHs «DpasHIT. B akcriepumeHTe
HICITO/Tb30BA/IMCh TIPOMBIIII/ICHHbIE (DH/BTPALIMOHHbBIE CTOKK XBocToxpaHuuiia [[OKa
«9pA3HAT, MUHEpa/IbHBIMA COCTaB MeCKOB KOTOPOro Ipe/CcTaB/ieH B Tab. 5.

Pesynbrathl onbiToB, MpeacTaBieHHble B Tab1. 6 MOKasblBAIOT, UTO B IPUCYTCT-
BMM KapOOHATHBIX MOPOAHBIX MUHEPasIoB (KasblMTa, A0/IOMUTa U MarHe3wTa) ocax-
nenve Mean noGaBkamu coasl (mpu pH 6onee 8) obecrieurBaet ronyyeHue CTOKOB,
[OTYCTHUMBIX K COPOCY B OKPYKAIOMIYIO SKOCUCTEMY, WU TIPUTOAHBIX /18 UCTIONB30-
BaHMs B KaueCTBEe TeXHO/IOMMYECKOM BO/Ibl B MPOLIECCAX M3Me/IbueH st M (p/IOTALIHHU.

C mnpakTUYecKOM TOYKM 3peHHsi, TO/IydeHHbIe Pe3y/bTaThl OOOCHOBBIBAIOT BO3-
MOKHOCTb CHUKEHHsI KOHLIGHTPALIMK Me/ld B CTOKAaX XBOCTOXPAHW/IHII OBOraTUTe Tb-
HbIX PabpUK C monyueHreM puabTpaToB, coaepxammx 0,08-0,15 mr/a voHa meau,
YTO MPHEM/IeMO /151 UCTIO/Ib30BaHMsl TaKUX BOA B TEXHO/IOTMUYECKUX IPOLIeccax W3-
Me/IbYeHust ¥ PrIoTaLMH.
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Puc. 2. HsmeHeHHe ocTaToy-
HOH KOHLeHTpaluHH HOHa Me-
aH B (buabTpate npH npose-
AeHHH npouecca COPOUHH B
CTaTHYEeCKHX YC/IOBHSX:

k 1 — ¢ ucronk3oBaHKMEeM KaTHOHUTa

»

/m

w

KY-2-8; 2 - ¢ wucnonb3oBaHrem
"\ ——1 katvonuta KB-4

—5—2

B orcyrctBUe nocTaTou-

HOTO KO/IMUecTBa KapOoHaT-
\§ HBIX HMOHOB 3(p(peKTHBHOCTh
OUHCTKM OT HMOHOB Meau Cy-
IIECTBEHHO CHMKaeTcs
| I gy (Ta0a. 6, OMbITHI 1,2).

20 40 60 80 100 120 B TakKHX YC/IOBHUAX CTaHO-
BUTCS HEOOXOAWMEBIM TIPOBe-

Bpems, MuH [IeHHe OYMCTKHU CTOYHBIX BOA
APYrMMK  crioco®aMy, Ha-
npuMep C  [pHMeHeHHeM

—

o

KoHueHTpauua uoHamean. mr/n
N
O M~ ;TN LW LA T O,

o

COPOLIMOHHOM TEXHO/IOTHH.

['Ipy npoBeneHry MaboPaTOPHBIX HUCC/ICAOBAHUN COPOLIMOHHOM TeXHOIOTHMU OUMCT-
Ky PU/IBTPATOB OBITU OIpe/e/ieHbl TeXHOIOMMUECKHE BO3-MOKHOCTH MpoLiecca CopOLMU
VIOHOB Me/IM Ha KaTMIOHOOBMEHHBIX COpBeHTax.

C 1enbio OMpeneneHyst BO3MOXHBIX Pe3y/IbTaTOB MPU COPOLIMK K BBIOOpa UOHHTA
ObI/TM MPOBEICHBl UCC/IeI0BAHNSA 10 COPOLIMOHHOMY M3B/ICYEHUIO MeIV WOHUTaMU
Mapok KY-2-8 u KB-4 nipu pasiniuHoi MpoaomKUTE/IBHOCTH MpoLiecca COPOLIMH.

OKCIIePUMEHTHI MPOBOAW/IMCH B CTATHUECKOM PeKKME Ha MMPOMBILIICHHBIX 0Opasiiax
cmor [4]. CoracHo HCIoNb3yeMor MEeTOVKE HCTIBITYeMBIN PacTBOP MPOIYCKaZICs uepes
croit copbeHTa B COPOLIMOHHONM KOMOHKe BbICOTOM 1,2 M mpu ckopocth 1 mo 12
cM/muH. O61iasi MPOAC/IKUTEIHOCTL copbLmu cocTtapsia oT 10 no 120 muH. Peayrb-
TaThl SKCIIEPUMEHTOB, Pe/ICTaB/IeHHbIe Ha PHC. 2, TIOKa3bIBAIOT, UTO OCTATOYHAs KOH-
LIGHTPALIMA Me/Iv B MPOLIecce COPOILIMM CHUKARTCS T0 /I0raprdPMHUUCCKON 3aBUCHMO-
CTH, co BpeMeHeM aocturas 3HadeHunit 0,04-0,05 mr/a.

[Tpu ucronb3oBaHuy CMaBOKUC/IOTHOTO KaTHoHuTa KB-4 crerneHb u3BreyeHve
Mey BhINIE, Y COCTAB/SCT MPH TMPOAOMKHUTENBHOCTH copbiiny 6oree 1 yaca oKono
99,8 %. [lanbHetiiiee yBenMueHrie BpeMeHW COPOLIMM He HM3MeHSieT OCTaTOYHYIO
KOHLIGHTpaLMio MeTaszia. [ Ipu rpoBeseHuM 3KCrepuMeHToB Ha cMmorne Kb-4 moc-
THUTHYTa MeHblllas OCTaTOYHasg KOHUeHTpalwms noHoB meau (0,04 mr/n) u, cootBert-
CTBeHHO 6orbliiee u3BnedeHue meau (99,85 %).

B03MOXKHOCTb AOCTHKEHNS BLICOKOM CTeIIeHU W3B/IeUeHHsl MeTa/l/IOB KAaTUOHHUTOM
KVY-2x8 u3 dubrpatoB xBocToxpaHuuila (6e3 rpeasapuTe/ibHON MOArOTOBKH TO-
CrlefIHVX) mand OCHOBaHWe BHIGOPY Mo KathoHuTa KY-2x8 nns npoBenenvs nanb-
HeMIIMX MCC/IeAOBAHMI MO ONTUMH3ALIMU TPOLIECCOB OUMCTKU PearibHbIX (PU/ILTPa-
ToB xBoctoxpaHwina ['OKa «Opasusm. CocTaB pUABTPaToOB M IO/IYYEeHHbBIE pe-
3y/bTaThl OMBITOB TPe/CTaBIeHb B Tab. 7.

OIbIThl MPOBOAMAKMCH B AVMHAMUYECKOM PekMMe Ha TMO/IYIPOMBILIZIGHHON cop6-
LIMOHHOM ycTaHOBKe o6beMoM 5 1. Bpemst copbumu coctarasno 10-40 mum.
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Tabnuvia 7
Pe3yabTaTbl ONBITOB IO COPOUHOHHOMY H3B/I€4EHHIO MeaAH
H3 puasTpatoB xBocroxpanuuma 'OKa «9pasHar»

INapameTps! ucxoaHoro gpuasTpara Bpems Ocrar. HsBneuenune
pH KoHnuentpauus, mr/a copOuuH, KOHII.MeaH, MeaH,
Meau Kenesa Ka/bLMA MHH Mmr/n %

10 0,25 97.4

20 0,16 97,6

6,15 1,8 0,39 44,3 30 0.00 988
40 0,08 98,8

10 0,15 99,5

20 0,095 99,2

6,87 0,77 0,17 24.5 30 0.075 996
40 0,062 99,6

Tabnmia 8

P e3Y/1bTaTbl B3aHMOJEHCTBHS d)HHpraHHOHHle BOA XBOCTOXpaHH/THLIa

CO CTOKaMH ropoacKHX OYHCTHbIX coopy)KeHm«T H cTroKkaMmHu 3on00t1Bana TILl

Ne CocraB pacTBOopa pH KoHueHTpauusi HOHOB, Mr/n
i
Cat Mg?* Cu?* HCO3
+ C032-
1 DubTpaT XBOCTOXPaHU/IMIIA 6,4 625,0 | 75,4 3,96 114,0
2 Ctoku 30nootBarna TOLI 8,2 470,0 | 45,2 0,01 650,0
3 S[:FI[(;KI/I TOPOZACKUX OYUCTHBIX COOPYXKe- 7.7 2785 | 469 0.02 198.4
4 CuMech chunbTpaTa XBOCTOXPAHU/MIIA U 75 550.2 | 69.5 0.38 410.4
CTOKOB 307100TBaza TIOL]
5 CMech pUIbTpaT XBOCTOXPAHW/IMIIA W 7.0 4386 | 57.7 0.45 1491
CTOKOB rOpO/I. OYMUCT. coopyX. (1:0,8)
6 Cmech unbTpaTa XBOCTOXPAHMW/IMIIGA,
CTOKOB 30r100TBasia TOLI v crokoB ro-| 7,7 453,1 | 61,0 0,25 310,5
poa. ourct. coopyx. (1:0,8:0,2)
Tabnuia 9
PesyabTarhl 3aMKHYTBIX (h/IOTallHOHHBIX ONBITOB Ha 0GOPOTHOH Boae
Ne VYcnoBus onbita H3Bneuenue ConepixaHue
nn B KOHLIeHTpar,% B KOHLIeHTpare,%
Meau | Monubaena Meau Monubaena
1 Ha cavBe npyaka XBOCTOXpaHU/HIIA 84.4 353 21,5 495
1 cusbTpaTe (cylecTByIoNas cxema)
2 C KapOOHATHOM [OOUHCTKOM | o 4.9 36,0 21.8 49.8
UABTPaTOB
3 C COPOLIMOHHOM [IOOUKCTKOM 85.2 36.3 21.8 49,9
UABLTPaTOB
4 C noGasnenvieM B QUIABTPAThl CTO-
KOB TFOPO/CKHX OYKCTHBIX coopyxe- | 84,8 35,7 21,1 49,0
HUMN
5 C no6GaBneHveMm B QUABTPAThl CTO- 84.2 35.0 21.6 495
KOB LI71akooTBana TIOLI
6 C no6GaBneHvem B QUABTPAThl CTO-
KOB TOPOACKHX OYMCTHBIX coopyxke- | 85,0 36,0 21,6 49,5
HMI1 M CTOKOB IziakooTBana TIOLI
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OfhopoTHas
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6 —>

82476 MiH. M>/rOx

Wnger na
epenadoTKV

XBOCTBI
o0oraTuTeIbHON
(habpuku

p- Xanran

Puc. 3. IpuHuMnHanbHasa peKoMeHAyeMas cxeMa BOA0OOOpoTa Ansi oboraTHTe/nbHOH
habpuku 'OKa «3pasuar»: 1 - Xeoctoxpanuauiie; 2 — npya; 3 — puAbTpaLMOHHbIN KaHas; 4
— FOPOZICKHE OUKHCTHBIE coopykeHust; 5 — 3omootBasn TOLI; 6 — HacocHast craHLws; 7 — Uaocbop-
HHUK

AHa/13 NoMyYeHHbIX Pe3y/bTaToB (Tabr1. 7) NMPUHLMITHA/IBHO COOTBETCTBYET AaH-
HBIM, TO/IYUYEHHBIM MPU /1a00PaTOPHBIX OIBITaX, M MOATBEPKAAET BO3MOKHOCTb W3-
B/IeUeHUs Meau U3 PUIbTPaToB XBocToxpaHuuima Ha 95,0-98,0 % no TexHomoru-
yecku npuemiemoro yposHs 0,08-0,15 mr/a.

BbiGop KOHKPETHOM TeXHO/IOTHM OTIpee/sieTcsi COOTHOIICHEeM 3KO/IOTHYECKOro
W/ TeXHO/TOTHMUYECKOro 3dpdpeKkTa M 3aTpaTt Ha OUMCTRY. | IpeaBapuTe/ibHbIN CpaBHU-
Te/IbHbIN aHa/IM3 Pe3y/IbTaToB MMoKasasd, YTo BapuaHTthl 4 u 5 B Tabn. 7 (nocne mo-
GaBreHrs KayCTUUYeCKOM CO/Ibl) MOKAa3bIBAIOT XOPOIIMe Pe3y/ibTaThl U MOTYT ObITh
[Pe/IOKEHBI 7151 TTPAKTHUECKOTO UCIIO/Ib30BAHMS.

[TpuMenenye pa3paboTaHHON TeXHO/IOTMM OUMCTKU TO3BO/SET CHU3WTH KOHLICH-
Tpallvi PacTBOPEHHOM Mear B MPHITOBEPXHOCTHBIX IPYHTOBLIX Boaax Ha 70-90 %,
MpUBeas UX B COOTBETCTBUE C TpebGoBaHUAMK HopM 1o TT/1K.

[TepCrieKTMBHBIM BapHaHTOM COAOBOM TeXHO/IOTHH KOHAMLIMOHUPOBAHWS (PU/IBT-
PALIMOHHBIX BO/ XBOCTOXPaHW/IMIIA SB/IAETCA UX CMELIMBaHWE CO CTOKaMW 30/100T-
Baza TOLIL. Beicokast KoHLeHTpauus combl (10 210 mornb/n) M wenouHas cpena
(pH=8-8,5) sBnsiorcss GnaronpusaTHEIMM hakTopaMy, obecrieurBalomMu 3 dex-
THBHOE OCaxkzAeHue Mear MX (PUIBTPALIMOHHBIX CTOKOB XBOCTOXPaHH/IHIIA.

[pyr1uM repcrieKTUBHBIM Harlpab/IeHeM AB/ISeTCs TIPUMEeHeHre /s OCaxkAeHH s
HMOHOB TSKe/bIX METa/l/IOB CTOKOB TOPOZICKMX OUYMCTHBIX coopyxenuit. [Ipu cMenm-
BaHUM Hab/o/aeTcsl B3aMMO/IGHCTBHE PaCTBOPEHHON Melr C COAepKalllUMUCH B
CTOKax TOPOICKUX OUMCTHBIX COOPYMKEHWM OpPraHMYeCKUMM COeAVHEHUSMH, B Iiep-
BYIO ouepeab OpraHHUeCKUMH U X/IOPOPraHUYeCcKUMM KuciaoTaMu. Kak BUAHO U3
Tabn. 8, cMelrBaHe YKasaHHBIX CTOKOB COMPOBOMXKAACTCS CHIKEHHEM KO/HMUecTBa
pacTtBopeHHOM Meau B 4,8 pasa ¥ opraHHMuecKUx coeavHeHui B 3,5 pasa.
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B pesyrbrate mpoTekaromero XMMHMUYECcKoro Ipolecca 06pasyioTcs Ocaaky (Kbl
¢ coaepxanveM meau 10 2,5 %.

[octyraemele pesynbTathl He obecrnieurBaioT aocTvxkeHus [1/IK voHoB Meay u
JKenesa, OAHAKO, CYIIECTBEHHO CHMWXKAs KOMMUYECTBO OKWC/ICHHOM Meau, [e/aloT
BO3MOXKHBIM HCITO/Tb30BaHHEe OObEeANHEHHBIX CTOKOB B KauecTBe OOOPOTHBIX BOA /s
npotiecca Grotaimy. Kak BUaHO M3 Tabn. 9, BemeHue mnpoliecca proTalvii Ha
OBOPOTHOM BOZIE, TIOMYUEHHOM KaK CMeCh (PU/IBTPATOB XBOCTOXPAHW/IMING, CTOKOB
TOPOACKUX OUMCTHBIX COOPYKEHHM M CTOKOB 307100TBas1a 1OL] nossonser nonyunts
Aydiive pesynbTaThl, UeM TPU BeJeHUH Mpoliecca OTAe/TbHO Ha PU/IbTpaTax XBOCTO-
XPaHW/IMIIA WM CTOKAX FOPOACKUX OUMCTHBIX COOPYMKEHHH. XapaKTepHO, 4YTO IMpU
HCTO/Ib30BAHMM /1aHHOW TEeXHO/IOTHM KOHAWLIMOHUPOBAHHWA YAaeTcs AOCTUYbL OOo7b-
IIero U3B/IeUeHMs] LIGHHBIX KOMIIOHEHTOB M Go/iee BBICOKOTO KauecTBa KOHLICHTpa-
TOB, YeM MpPU HCIO/Ib30BAHMK TEXHOIOTMIM KOHAMLIMOHHMPOBaHHS, MpeaycMaTpH-
BaIOIIMX CMeIMBaHe (PU/IBTPATOB XBOCTOXPAHW/IMINA CO CTOKAMU FOPOACKUX OUM-
CTHBIX COOPYMKEHUI, W TeXHOOTHH KOHIMIIMOHUPOBAHMSA, [IpeaycMaTpHBalole
CMellMBaHue (PHU/ILTPATOB XBOCTOXPAHU/UINA CO CTOKaMH IirtakootBasa TILI.

XoTa Haw/aydlie pesy/ibTaThl ObIIM AOCTUTHYTEL B CEpPHM OINBITOB, MpeaAriosna-
raloNMX HCTOMB30BAHUU TEXHOOTHH COPOLIMK U MPSAMOTO KapOOHATHOTO Ocaxkie-
nus, aig TOKa «9QpasHs™ HaMy Obl/la PEKOMEHIOBAaHa TeXHO/IOTHS COBMECTHOrO
KOH/IMLIMOHHUPOBAHUS (PU/IBTPALIMOHHBIX BOJA CO CTOKaMM 30r00TBasia TILI u ro-
POACKUX OUMCTHBIX COOPYKEHHH. [ 71aBHBIM MMPerMYLIeCTBOM TAKOM TeXHOIOIMU SIB-
AsieTCs 3HaUMTe/IbHOE YBe/IMYeHH sl pecypca TeXHO/TOTMUECKUX BOA M MUHUMa/IbHbIC
3aTpathl Ha KOHAMIIMOHMpoBaHue. [lpuHIMNManbHas cxeMa BoaoOOOpOTa Mpea-
CTaB/ieHa Ha puc. 3.

[pu Mcronb3oBaHKMK MPEANOKEeHHOM CXeMbl OOMIMI AeOUT TeXHUUeCKON 060-
DOTHO# Bozbl Bo3pacTaeT Ha 7,16 maH M° B roa, uto coctasasieT 9,5% oOT Tekyiero
nebura. Takor NpUpocT nebrTa TeXHUYECKOH BObl 0BECeurT YBe/TMueH e ITpoms-
BoauTenbHOCTH pabpuku Ha 15-17%, uTo COOTBETCTBYET I/1aHaM MHTeHCU(DHKALIMU
npousBoactea Ha CI 1 'OK «9pasham.
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