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TIPEAUCJIOBUE

Bo muorux paiionax CCCP nopseMHble BOLLI ABASIOTCS
OCHOBHbIM HCTOYHHKOM BOJOCHabOMKeHusl. IKCIayaTauiloll-
Hble 3anachl MOoA3eMHBLIX BOA COCTABJASIIOT oKoao 880 m?
B FOJL Ha OJHOTO WKHTENS Hallell CTPaHb.

Temnb! no6bUIl MOA3EMHBIX BOL BCe BPeMST Bo3pacraloT,
4TO OGDBSICHAETCS BBLICOKHM KauCCTBOM I0A3eMUublX BOL,
a TaKkKe TeXHHKO-3KOHOMHuUecKMMH coobpaxkeHusiMu. Ilo
HaHubiM BceMmHpHO#l opraHnu3au#H 3APaBOOXpPalieHHsd, MO0-
TpebHOCTL B BOAE HA 3EMHOM luape AJIsl OLITOBBIX M TIPO-
MBIVICHHBIX HYXHA 3a nocsiennue 20 JeT ypBeaduuJsaach B
2 pasa. B rto ke Bpems pacxon nonseMmHoli soasl 8 CCCP
yBesuuBaercsl B NOCAEBOEHHBIE TOALI 32 KaXMJble CeMb—
IEecATb JeT B 3 pasa.

[Topsemuble BoAb 06BUHO COLEPKAT HECKOJILKO NECST-
KOB XHMHYECKNX 3jaeMcHToB M coeanueHuil, OxHaxo yame
BCCrO MpPensiTCTBYeT HCIMOJ/b30BAHII0 NOA3EMUOK BOALI A
NHTbEBOTO W MPOMBIIICHHOTO BOAOCHAaGWKEHHs Hajauyle B
Hell MOHOB Kesaesa, mMapranua, (propa, a Tak)e CEDOBOJAO-
pona.

B xkmire naufonsuice BHuMAaHIE YREJICHO PACCMOTPEHNIO
HOBBIX MCTOAOB: 06C3Xese3BAHNIO BOALI yiipoLyeloll aspa-
niel n guabrponaniieM, YAAJCHHIO CepOBOJOPOAA B peak-
Tope GUOXIUMINCCKOrO OKNCJACHId, obecdTopiBalilio BOAL
HOHOOOMEIHBIM, a TaKKe copbunouiLiM cnoco6aMu It OKIiC-
JAEelIo MapraHua nepMaHralatoM Kadnis, o pa3patoTke Ko-
TOPBIX aBTOPBLI OPHHIMAMNI HENOCPCACTBEIHOE YYacThe.

[Tpu namicannn KHHIND aBTOPLI LCHOJB30BAJH PE3yabTa-
TH uceaciobaunnii, nbinonasennbix BHUHM BOATEO u npy-
IHMII HaY'UHO-1ICCAEN0BaTeNbCKIMH opraiu3agismMl CTPaHL,
a Taioke 3a pyGexom,

Fanasut I u 1V nanucannt kang. texu. nayx I'. 10. Accom,
raasbt I u Il — gang. texu. nayg E. @. 3oaoTopofl.

ApTtopbl npuhocAT ray6oxyio 61aroZapHocTb KoKTOpam
texunyecknx nayk H. 3. Ancavunay un|B. A. Kuasuxo| 3a
NoMolLb H LeHHble coBeThl B paboTe, pe3yapTaThi KOTOPOI
OBl 1ICA0AL30BAHbL ABTOPAMI NPH HATHCAHI 3TOM KHHUTH.

Apropnt 6aarogapst takke uHm. I'. P. PaudoBdua 3a
yKasaiuisi, CACTAHHLIC HPH PEUCH3IPOBAHIIN PYKOLICI,
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Fnasa |

OBE3)XEJIE3HBAHHE NOA3EMHOM BObl

[lopseMuble BOAbl 4aCTO COLEPIKAT XKeae3o. Boaee 25%
Bcex poponposonos Ha tepputopud PCPCP noayyaor noa-
3eMHYIO BOAY € copepxaHHeMm Xenesza oT 1 no b mr/a. B Ce-
6upH 1 Ha JanbHem Bocrtoke 6onee 33% Bceii nopmsemuofi
BOAbI He MOXXeT ObITb HCIOJNbL3OBAHO AJAA XO3AHCTBEHHO-
MHTbEBOrO BOAOCHaG:KeHHs 6e3 OUHCTKH ee OT 3Kene3a.

IIpu copepxannu xenesa Gonee 1 Mr/a Boma npuobpe-
TaeT 6ypbLifl LBET, XKEACIHCTLI NPUBKYC, coeJHHEHHs Xele-
3a M xenesobakTepHH oOTaarawTcsi B TPyGoupoBoaax H
YMEHDILAIOT liX TIPONYCKHOE CeUEHHE.

ITo oTeuecTBeHHOMY CTAHAAPTY HA IIHTLEBYIO BOAY
(FOCT 2874—73) ponyckaercs 1ICIIONb30BATL BOLY, B KO-
Topoil obLiec conepakaHiie :enesa He npesocxogit 0,3 mr/a.
[lpn ncnonb3oBauun  HOA3EMIILIX BOJ 6e3 yCTAaHOBOK MO
06e3Kese3UBAHMIO 110 COIJIACOBAHHIO C CAaHHTAPIO-3Mmilje-
MHOJIOTHUECKIIMH opraHaMil jonyckaercss ofliee COLepKa-
HHe Xeqe3da no | mr/a.

Hss mHornx orpacieil NPOMBLILIICHHOCTH, HAIIDHMED AAS
UPOH3BOACTBA Kampoiia, HelJoHa, ueanodhana, HaTypaabHo-
ro 4 BHCKO3HOTIO INCJAKA, KHHOMEHKI!, 3MeKTPOHHO-TYUYEBbIX
TPY6OK, MOAYHPOBOAHHKOB, NONYCTHMOE COAEPIKAHHE WKenc-
3a B BOAC He AOJXKHO npesbiiiath 0,05 mr/a,

1. ®OPMbl CYWIECTBOBAHUS
COEJMHEHUW XXEJIE3A B NOA3EMHON BOIRE

B non3eMHOil BOAe, AMIICHHOI KUCA0POA, XKeae30 0bbiy-
Ho uaxomnrcss B (opMme pacrBopa OmxapOoHara Xeneaa,
yacThyHO THApoJiizoBanHoro. Bona B 3ToM cayuae 6ecyBer-
Ha, pH CTOSIHHH Ha BO3AYXe JBYXBaJeHTHOe Xene30 OKHC-
AsieTcst i BoAa npuobperaer 6ypuil oTreHoK. B npucyreTsun



cyabdaroB B Bofe o6pasyercs accounat FeSO,, xoTophii
XapaKTepHayeTcH KOHCTaHTOH Hecroiikoctn [5]:

fix [Fe2+] fuu [3042"]

= 24 .S - o
FeSO,= Fe*T4- 30§ K f. [FeSOy]

=5-1073, (L.1)

rhe f-— xo3ddHuHeHT AKTHBHOCTH.

Ilpu Ha/mHYHK B Boje CYJb(HAOB JKEJIe30 MOMET HAXOLHTb-
¢4 B BHAE TOHKoxucnepcHoll B3BecH FeS. IlpouspencHue
pacTeopuMocTd FeS==5.10-'% [5]. KomnseKkcuble coennne-
HHA JBYXBAa/neHTHOro 3ene3a 06pasyloTcs TaKiKe NPH HaaH-
YHH B BOAE TI'YMHHOBBIX KHCAOT Il HCKOTOPHIX APYrHX opra-
HHYECKHX coefMHeHH#. TlpH HanHuMH TyMHHOBBIX KHCJOT
CgHs2024(COOH) 4 atom ¥enesa BbiTeCUAET B MoJaeKyae
KHCAOTH aTOM BOAOpPOLa W O6Gpa3yeTcs KOMIJIEKCHOe pac-
TBOpHMOE COe/IHHEHHe

o o
1 1
R-—C-~0-~Fe~—0—C-~R,

rae R — COOH — monexyaa ryMunoBoft KECAOTUL.

Komnnexcroe coeliniieHle 1ByXBaneHTHOro Xene3a ¢ oK-
cajaTaMd 06pasyeTCsi B COOTBETCTBHM ¢ peakuned [5)]

[Fe (C404)57] = Fe?t 4-3C,0%;

Fe?t] B, [c,02]°
_ ufFe] A 2411 810" (1.2)
flv[Fe(C2O4) ]

B cnyyae oGoraumieniist BOALI PACTBOPEUHBIM KHCJAODOAOM
JBYXBAJICHTIIOE JKCNC30 OKICHsIeTCst 10 TPEXBaJeHTIIOro, Tii-
apoausyercst 1 ofipazyer MajJopacTropuMblil oCafioK TiAPO-
OKIICH JKeJ1e3a, KOTOPLIT HAXOJUTCH 1 BOUE B Bille KOJJIOHL-
Horo pactsopa. TpexBaJCHTHOC JKCJIC30 HAXOIHTCH B BOAC
B Buiac noloB Fe®t 11 npoAyKTOB X ruaposusa.

Kax nsBectiio, Bo BCe YpaBUEHIst, COCTaRJCHHBlE Ha OC-
HOBe 3aK0Ha AellCTDHsSI Macc, NOACTABASIOTCS KOHUEHTPAILkH
HOHa B pacTnope B r-Honax (0603nayarTCA KOHUEHTpPAaLHCI
COOTBETCTBYIOIErO 1IQHA, 3AaK/AIOUCHHOI B KBagpaTubule
CKOOKIT).

Uitenienuwie 3nauennst KolcTaut papHosectst K npunsitul
uamp no gaumusim npod. K. 10. Jlypue [5].




2, PACYET OBIMEr0O COREP)XAHHUA
B PACTBOPE HOHOB, NPOAYKTOB FrHAPOJIN3A
H KOMNJIEKCHBIX COEAMHEHUW )XEJIE3A

HOna BbpiGopa MeTtona o6e3)Kene3uBaddss HeOGXOAHMO
YCTAaHOBHTDb, NMPH KAKHX YCJAOBHAX XKeNe30 He MOMKET ObITb
BbIAENEHO OTCTaHBaHHeM H (HALTPOBAHKHEM H3 BOJHOI'O pac-
TBOpA; Ba)XHO 3HATL TAKXKe YCAOBHA TNepexona 3aKHCHOTO
H OKICHOTO KeJse3a M3 PAaCTBOPEHHOrO COCTOSIHUS B 0CalloK,

JJs onpenesneHHss pacTBOPUMOCTH COeAHMHeHHN Xeneda
HeoOXOAIIMO KOAHYECTBEHHO YYHTLIBATbL TNpoiecc THAPONH-
3a, KOTOpDIll 3HAYHTEJAbHO yBealluliBaeT pacTBOPHMMOCTb CO-
elHHeHHH Xene3a, Tak Kak NMOMHMO lIOHOB XN{ejie3a B pac-
TBOpe HAXOMATCH NPOAYKTbI HX ruapoausa. Moo nByxsa-
JICHTHOI'O JKeJe3a B pe3y/ibTaTe B3aHMOOEHCTBHSI C BOJOH
FHAPOJH3YIOTCS, H NPOAYKTH TIAPOJii3a [HCCOUHHPYIOT B
COOTBETCTBHII CO CAEAYIOWHMH peakuHsaMi:

Fe(OH)T = Fe?t - OH™
_ [FQH] fy [OH—]

= 107%%, 1.3
K‘ F1 [Fe(OR)T] -3
Fe(OH)$ = Fe(OH)" 4+ OH™;
H)t OH™
L= f] [FE(O ) ] f{[ y! ] _ o2t 0.4)

Fo [Fe(OH)3)
Fe(OH); = Fe(OH)5+- OH™,
fo [Fe(0r3] f, [oH™]
- fy [(FeOH)7 ]
Fe(OH)?™ = Fe(OH); - OH™,
fy [Fe(ors] f; [OHT]
T [FeomE] iy

O61ee copepkaHie HONIOB [ABYXBajeHTHOro keje3a H
NPOAYKTOB €ro riiApoalisa B BOZHOM pacTBope

CEtiyy = [Fe?¥] + [Fe(Omyt] + [Fe(omg] +

+ [Fe(OH)7 ] + [Fe(Om);™]. (1.7

= 10%10, (1.5)

3

= [0t 11, (1.6)



N3 dopmya (1.3) — (1.7) caenyer:
fiy [Fe?t] £, [oHT]

[Fe(OH)T] = T ; (1.8)
Fy [Fe?t] £ [oH™]?

[Fe(OH)] = PRP=XC ; (1.9)
o FylFert] i [onT]?

[Fe(OH)3 ] = 1 T ; (1.10)

f [Fe4] 1t fonT]*
f”-l0_8-5G ’
i [Feﬂ-] Fy [OH—]
fl.IO—S,SG
o [FeH] Ay [0 ]® | hy [Fe’t] £} [oH™]?
fO' 10~—9,77 f] . 10—9.67
o [Fe2+] f [OH—]“

iy 107856

[Fe(Or);~| =

(1.11)

I

(1.12)

Hpu pacucrax, CBA3aHHBIX ¢ HpoleccaMil OYHCTKI Opec-
HOH BOABI AJIA HOHHOH chibl pactBopa u<< 0,01, nonb3ylor-

¢ cokpaluenHbiM BapiantoM (Qopmyant He6as — [Noxxe-
ast [4]:

lgfi=—052V v, (1.13)

rie [i — KO3(p@uunent axTuBlOCTI fI0Ha {; Z; — BaJEHTHOCTb LOHa [}
W — nouuas cuna,

Mpn p>0,0! npumcHsior Gopmyay

0,527 |/ 1
gfi = — —————. (1.14)
1 +0L,5V

Has opunenTtupoBouHbix  pacuetoB  u==0,000022 P,
rae P -— oblice cojiccogepkakiie BOALL.

Hns ycnopu#t paBliopecHoro HacCbillleHHsl BOAB THAPATOM
3aKucil XKeneda comepr{aHiie HOHOB ABYXBaJeHTHOTO XKeje3a
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B Bome MOXKeT ObITb BblHCJAeHo No (opmyne H. 3. Anenn-
LHHHa:

lg [Fe*¥] = — 2pH, + 2pKyy + 1gMPpe(on), + 2 Y1+ (1.15)

rie pHs— pH papnoBecHoro HaceluieHHs BOAB THAPATOM OKHCH XKeJie-
3a; [P pe(opy), — [POM3BENElNE DACTBOPUMOCTH CHApaTa 3aKHCH IKe-

Jesa,
NPeeom), = Fu [F?t] 1 [oH™]% (1.16)
Ky = [oH~] £ [HT]; (1.17)
g=—2Vp. (1.18)

[Ipu o6e3xkene3upaHun BOJALI LBYXBaJEHTHOE XKEJe30
MOXKeT BLIACASATLCS Takme B OCafioK B Bujge KapGoHara xe-
Jesa,

3unauennc pH paBHOBecHOro HacblLeHHsT BOABI KapOoHa-
Tom xmene3a pHy peco, MOMET GHTL MOACYHTAHO MO Clle-

pywuieit popmyJe:
PH(peco,) = PKo -+ 18 TP o — 18 [Fe?t| —1g £104-2,5 )/, (1.19)

rae L — uenounocTs BoAbl,

Ma popmys (1.12) u (1.15) cnenyer, uto ueM pbuue pH
BOADLI, TeM MEHbIe COAepKaHUe HOHOB ABYXBAJEHTHOrO Xe-
Jleza B PacTBOPE U COOTBETCTBEHHO 0OIlee cOLEpPKAHHE pac-
TBOPEHHOr0 ABYXBAJEHTHOIO JKelce3a,

Pacuer no ¢opmynam (1.12) u (I.15) nokasmBaer, YTo
npi o6wemM coaecofepykaHun B BoAe 500 mr/a u pH=9,5
B pactsope octaHercs McHee 0,1 MI/1 HOHOD 3aKHCHOro Xe-
neza. Opnako oblllee COAEPKAHHE HOHOB ABYXBaJeHTHOrO
XKenesa 1 NPOAYKTOB €ro IHApPOMH3a B pacTBope OYAET co-
crapasatb 0,85 mr/a.

Juccoutiaiia UPOAYKTOB THAPOAH32 TPeXBaJeHTHOro
JKeJe3a NPOHCXOAIT B COOTBETCTBII €O CJAeAYIOHIIMII peak-
HHSAMIL

npu FeOH*=TFc*++OH-

i [Fe% 15 [oH ]
fyy [FeOH]

npi Fe(OH).j‘ =FeOH*+OH~

fy [FeOH™*] £, [OH7]
fy [Fe (OH)F ]

K1:

; (1.20)

Ky = (r.z21n



npu Fe (OH) § =Fe (OH) § +OH-
_ h [Fe O] 1, [oH7]
fo [Fe (OH)§]

(1.22)

3

npu Fe(OH);=Fe(OH)}-+OH-

OH)J| f, [OH™
o JolPe ORE] 7 orT] (1.23)
fy [Fe (OH)7)

AGp = 9,24 xJx/mons (2,21 xxan/mous) .

O6iee comep:kailde HOHOB TPEXBaJ/EHTHOTO ejaesa H

oG .
NpoAYKTOB €ro ruapoJiii3a B BOAHOM pacTBope CFe(””l)aBHO.

CE%iny = [Fe¥*] + [PeH?*| + [Fe OIDF] -+
+ [Fe (O1D3] + [Fe (OH)T] . (1.24)

Huxe npuseneHb oTpHLUATENbHBIE JOTAapPH(IMBLI KOHCTAHT
K,, Ky, K3 no mannwmim 1O. I0. Jlypse [B], xotopsie moa-
TBEPKAAIOTCS PACYETOM, BLINOJHEHHLIM HaMH M0 TEPMOAH-
HaMHyeckliM NaHHLiM [7]. B cBsish ¢ oTCyTCTBHGM 3Haue-
HISI KOHCTauThl pasHoBecHs K, B pabore [5], yucneHunas
peanuiila pKq onpenesieHa pacucTom:

FeOH™* . . . . . . . pi;=11,87
Fe(OH)f . . . . ... piCy = 9,30
Fe(OH)y. . . . . .. pis = 9,50
Fe(OH), . . . .. .. pl¢, = 1,62,

TepMoAKMHAMIIYCCKIIC KOHCTAHTHI PaBHOBCCHs 1HOACYHTLI-
BajoTcs no hopMylie

AG
K =— RT" uwan 1g K = 0,175AG) . (1.25)

3aech AGO—CTEIHLLZI Tnast cBobojiHasy 3Heprust COOTBETCTRYIOULeR peax-
P P
i, w/Ix/monn; coraacto sakony Iecca,

0
AGp = G npoayxTos G ex.n ) (1.26)

riae R-—rasosas nocroanuan; T — a6comioruan temnepatypa,



Ha ¢popmya (1.20) — (1.23) MOKHO BBIBECTH BhipaXceHHs
VISl BBIYHC/IEHHS KOHUEHTPAUMH MpPOAYKTOB FHApPOAH3A:

fo [Fe**] 1, [on~] )

[Fe OHZT] = K : (1.27)

[Fe (OH}] = Fun [FESZ]JE [on—]? : 1.28)

[Fe (OH)J] = il [Fea;ro] Kff [on* ; (1.29)

[Fe (OH)I] = ilt [FeaJ;]Kf? [OH~]4 . (1.30)
I

YuurtbiBas, 4To

NP,
fin {Fe?t 1 = e Fe(o”’; (1.31)
- i}
i [on™]
O6LLLCC cogepKanye TPEXBAJIEHTHOrO KeJie3a B BHIAE HOHOB
I MPOAYKTOB THAPOJH3A MOXKeT ObITL MOACUHTAHO MO Pop-
MyJe

oo NMPge(on), MPeeom,
Fe(111) = 3 — —12
fm f[oRT]° A [onT]® fy K
MPeeony, | MPreom),
fy [oH™] K,y fo Ks

TPg o), [OH—]
K,

-+ (1.32)

Dopmyna (1.32) crnpabefnupa [t paBHOBECHOTO HACLI-
LUleHIis BOADLI OCAAKOM THAPOOKHCH »Kenaesa. AHaliu3 310il
(popmyabl noxasuiBaet, yTo ¢ nopuiueHiem pH Boansl o6uee
cofepriadiie 1OHOB TPEeXBaJEHTHOTro »Kc/ae3a H POAYKTOB
ruapoJiisa B pacTBoPe yMeHbllaerTcfl, 3aBHCHMOCTb OTHO-
CiiTe/NbHOfl KOHLEHTPALUHH HOHOB TPEXBAJEHTHOrO KeJeza H
HPOAYKTOB HX ruaposnn3da or prl npuBemena na puc. 1.1,
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paCTBOpHMOCTb TPexBaJIeHTHOTO 3KeJie3a M NTPOAYKTOB
ero rupoau3a MoMeT OBITH paccuUTada Ha OCHOBAHHH cle-
LYWOWHMX 3iavednfi nponssegenndi pacrsopimoctnu [5H]):

3 3 —13 —33,

MPgoony, = fipp [Fe*T] £} |OHT]? = 3,2.107%; (1.33)
DPpeom), = fi [FeOR?T] fF[OHT]2 = 2-107%;  (1.34)
NPpe(ony, = fy [Fe (OH)F] f; [OHT] = 4-107"7. (1.35)

FeWi) %
00 NN
oo \
Puc. 1.1. 3aBucumocts oT- g \
HOCHTEJLIIOTO  KOJIHCCTBA
110HOB TpeXBaJelTHOTO
}ejeaa H NPOAYKTOB TIyL- 40
poanaa ot pli \ /
FeloH)’
20
/'ﬂ"%//m e LK Lol ok)y
o S
2 4

5 8 10 12 JioH

Hast yeiaoBuil pasHoBecloro HaceiliieHlsi BOAB TiApa-
TOM OKHCH JKeJie3a COLepXAHHE 1IOHOB TPEXBAJENTHOro Xe-
Jesa B BOAe MoXeT OBbITh ofipefeienc no QopMmyiae
U. 3. Aneavunna [4]:

ig [Fe®t] = — 3pH, -+ 3pKy, + 1g IPg, g, + 4,5 )1 - (1.36)

dta gopmysa BeiBoauTcst anajornudo ¢opmyne (I.15).

IMo ¢popmyac (1.36) mMoiKHO BbiculTaTh, UTO AJs1 OOLLCTO
conieconepkannist 500 mr/n n pH=3,5 B pacrsope B HOHHOI
dopme Oyner naxoautbest 0,16 mr/n xenesa. Onnaxo o0-
uiee colepKaHue PacTBOPEHIIOro Kesesa, onpeicieHHoc No
dopmyne (1.32), 6yncr oxoso 2 mr/a (cM. puc. L.1).

[Tpu plH=06 ofbuwee comep;xaHue pacTBOPEHHOrO TpPEX-
BaJeHTHOro Kedqcda cocrasascet oxkoso 0,01 mr/a. Pesyab-
TAThl pacueToB, NpiiBejeHHble Ha puc. 1.1, HHTepecHo collo-
CTaBlTh C pe3dyldbTaTaMil 3KcnepuMelton Xupruca u Jlepka
[14] (puc. 1.2). U3 storo conocrasJeHlsl B0, NoueMy
B KliCJofl cpelle KOANOHANble YacTHULl JKeae3a HMCIOT 110J10-
JKHTCADIRI 3apsil, 4 B LICAOUHOI — OTpUIATCABILIIT.
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Metonnky pactuera o6uuero Coiep:KauHa B pacTBope KoM-
MJIeKCHLIX OPTaHHYeCKHX COeJHHEeHHH noxa)Kem Ha IpHMe-
pe oxcanartoB Xene3za. OxcanaTsl BXOLSIT B COCTaB pacTe-
HHl M TO3TOMY HHOTLA NMPHCYTCTBYIOT B NOA3E€MHOH BOLE.

CrynenuaTylo AMCCOUMAUHIO KOMNJAEKCOB OKCaJ/aToB

700

a0

Puc. 1.2. Koaryasiuiust rag-
POOKHCH JKesie3a TNPH TeM-
nepatype 20°C M pas3HbX
suayenusix pH (1o gau-
M Xuprtusa o Jlepka)

\
2
\

T

=0

1, 2, 8, 4— nns GuxapOonat-
Hofl  uIeNOYHOCTH  pacTBopAa,
panuoit cooTnercTnento 12; 4;
1,2 u 0,4 mr-sks/n; §— Aas
poaxoro pactsopa FeCls, Ye-
nopHbie 0603HAYEHHA: «-+» —
o6nacTb NMONOMKUTENBLHLIX KOA-
NONANR; «~» — o6AACTb OTPH-
\ uaTenblHblX KOANOHAOB

weneia,
-~
>
y
Koazynsryus

|1
H

Croazynupobantas zudpooxucs
‘7”
S
<

N
Y
Gy
==
~-
<~ rerpose=
%
foe

3 4 ) & 9 12pH

TpPeXBaJeHTHOro JkKeae3a XapakTepi3yioT CJcAyloliine KOH-
CTaHTHl HECTOHUKOCTH:

. 1 [Fe (60,)7] 1y [C07]
KI == 3—

fin [Fe (C204)3 ]
1 [Fecof] fu [6,00]

=1,1.107%; (1.37)

= =1,2-1077; 1.38
? fy [Fe (C304)3] b (159
34 2—
K, = hur [Fe] [G,007] iy - 4,7.10710, (1.39)
fy [r'ec2oj~]
Orclopa o
c,0%
Iy [FeC,0F] = funFe ],f"[ cal ]; (1.40)
KS
f F 3+7 g2 C 02— 2
fi [Fe (C204)§'] = m[ : 11'1(1'][ 2 ] ; (1.41)
3’2
. fin [Fe2T] [c,057]° [
fin [Fe (C204)g ] - -4 KoK K] (1.42)



O6iuee conepcaHMe Bcex cOeHHeHHH TpexBaJeHTHOTO
’enesa B BIiJie HIOHOD TpeXBaJjelTHOro »enesa, NpPOLYKTOB
FHApoJH3a H KOMIJIEKCHBIX CcOefHHeHH] OKcanara XKejesa
MOXKeT GbTh NOJCUHTAHO H1a ocHOoBaHHUK ypapHenuit (1.32) —
(1.40) no caenyiouieit popmyae:

C%E_l(lim = HP:E(OHE on_E(OH)’
fiy £ [OHT]? fi [oH7]? 11, K,
Preior, ., MPrecom), |
L IOHTT K, foKa
i MPreomy, [PHT]  MPeecon), Fir [C2057]
K HC
MPg oy, F1[C20F7]?  MPpecom,[C08 ] A 43
RloHTPKek,  R[OHT]*K; K, Ky '

Ananus ¢opmyab (1.43) nossoasier chpenaTb BaXHbI
L5l TeXHOJOTHH 06e3xese3UBAHA BOAbI BHBOL.

O6iee copepxaHue TpexBaJeHTHOTO Kene3a B pacrBo-
pe (B noHHo# (opMe, B BHAe NPOAYKTOB FHAPONN3A H KOM-
nJeKCHBIX COelMHEHHI) yMeHbllaeTcs OpH yseandedun pH
Boakl. CiiefopaTtenbHO, MeTol 00e3rkese3HBaHHS BOLH a3pa-
LUHell M NOLleNa4HBAHHEM JOJIXKEH SABJASATHCS YHHBEpCab-
HbIM METONAOM OYHCTKH BOAbI OT JNIOOBIX CcoefHHEHHil Xene-
3a, KOTOpHIe MPHCYTCTBYIOT B NpHpoRHOH moje npu pH=—

.8

3. ASPALHOHHDBIE METOJ1 bl
OBE3)XEJE3HBAHHA BOIbI

OGesxenesupaHie BOJAbl Ha TrOpOLCKHX BOLOIPOBOAAX
OpHUMeHsieTc ¢ KOHL@ BDpollioro Beka. IlepBble cTaHIHH
o6esesieauBaHust BoAbl GblIH MOcTpoeHsl B [epMaHuu B
lanne (1868 r.) u llapaorren6ypre (1874 r.), a B 1910 r.
tonbko B I'epmanuu u lonnangun ux 6b10 yxe oxodo 130.

B Hacrosiuiee BpeMsi BOLY a3pHpYIOT Ha BEHTHJASATOpHOH
rpanupHe nepen QUABTPOBAHUEM, eC/lH MCXOLHAs BOAA HMe-
eT oTpumaTtenbHbil uHIeKc ctabGuibHocTH. B atoM cayuae
OKMC/eHHEe [BYyXBaJeHTHOrO JKeje3a MOMEeT 32KOHUHTbCS B
ypaBHUTeabHOM pesepByape no (uastpoBanus Boaw. Ilpen-
BapHTelbHOE OKHC/IeHHe NBYXBaJeHTHOTO JKejaesa ocyilect-
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BJisieTcsl B c/iyyae HCNOJAb30BaHNS OKHCANTEABUBIX U 1leJoy-
HBIX PeareHTos.

Ha cranunn ofe3xxcne3unadust sopmt b Bpaiitone, mo-
CTPOEHHOIl HecKoabKo JieT Ha3al, HCXOAHAs BoLa aspupyer-
csl C TIOMOILbIO clelialbHoro aspaTopa H MOC/Ae OTCTaHBa-
Husl nojaercs Ha QUALTD, 3arpyxkeHHueii Apo6GacHHIM aH-
TpauuToM C 3epuamu xpynHoctblo 0,6—0,8 MM tpu BhicOTe
crost 0,6 M. CropocTh QUABTPOBAHHS COCTABASET OKOAO
7,5 Mm/u.

IMombiTkIi oTKA3aTbhCsl OT a3pUPOBAHHS M OTCTAHBAHHUA
H orpaHnyuThLesl lackllleHieM BOAbI KUCJAODOLOM Henocpef-
CTBCHIIO nepel, QIJILTPOBAHHEM 0KA3a/1Ch HEeyRauHbIMH.

B wrarte Manudoiic (CIHA) na cranmin obe3xeaesuna-
Husl BoAH, paGoTasuleil No cxeMme aspaiMsi — OTCTaUBaHHe —
¢GbuabTPoBaHHe, Ha 3epuax 3arpy3kd QuAbTpoB Orin obHa-
pyxenn OGuoaornuecxye obpacranns. HenocpencrseHHuimi
onpepeaeniaMu ObUlT HaliieHbl B cocTanc 5THX GHOJOrH-
yecknx obpacraunit HUTpUPIILIIPYIolyle GaKTEPIH, KOTOPbIC
OKIICAAIOT a30T aMMOUHIIHLIX CoJell, UPHCYTCTBYIOILHX B
NpupoAHoil Bolle, B IINTPUTH N NNTPATH, a TaKXKe GaKTepin
Apyrux binfos. B pedyiabrarc B QuAbTpylolicii 3arpy3xKe co-
3RaJch BOCCTAHOBHTeJbHblE YCJAOBHS, 4TO NpHBesio K YBC-
AHUYeHHIO cOlepPXKaHHsA Xenc3a B Quabrpare. B HeKoTOpHIX
onplTaX OBWIO OTMeueHo Aa)e yBedlityeHlle COLepXaHHA
LByXBadeHTHoro ¥*eje3a B (QUAbTpPATC 110 CPABHEHIIO C €ro
CofepiKaHueM B HCXORHOIT BoLe.

B CCCP po 70-x romoB cTPOHJNCH B 0CHOBHOM CTaHILIH
o6e3xkee3lBanlls No METOAY a3palilill, OKICJeHHs ABYXBA-
JICHTHOTO ’KeJjie3a B KOHTAKTHOM pe3epByape H (QuabTposa-
wist. [lo aTomy MeTony oKicielile ABYXBaJjelITHOTO XKene3a
3aKaHunBaercs oObLIUHO B KONTAaxTHOM pe3epsyape, Iia
GuabTpax npoucxofuT Juulh 3ajep:Kaniie B3BeCll THAPO-
oKl Keje3a, B 3ToM cayuae pacuetT (iJIbTPOB BLINOJNs-
eTCs1 o (pOPMyJaaM, BLIBEACHHBIM IJisl (PUABTPOBAHIIST MaJO-
KOHLEHTPIPOBAHHBIX cycrensnii [4, 9].

Ha ocropauin onbiTa 3KcNAyartaillill MOXKIOC 1IPIMENsTh
CJCAylOLlle TEXHOJOTHUECKIIC napameTpsl (QUILTPOB CTaH-
uni o6e3rKenc3upanis BOMAbI: PACUCTHATT CKOPOCTh (PHJBT-
posannst 5—7 mfu, kpynHocts 3arpys3n d=0,5...1,2 mm,
Koa(puunent HcolllopoRHoCTi 2-—2,2, BbICOTA (PINILTPYIO-
wero caos i=1200 mm.

bBaaropapa paboram oTCuecTBEHNLIX IliccaeljoBartenelt —
11. 2. Anensunna,|B. A. Kasuxol, . A. Mamonrona, I'. 1. Hu-
konanzse, Tl B. Kopwoicruna, 10. C. Ceprecna, A. H. Ilep-
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junofi, 3. SI. Topoauwmepa, I'. B. Banawosoii, I'. C. To-
psindosoit, JI. H. lpapre, B. U. Crankssuuioca, M. A. Mu-
gosa, I'. 0. Acca u ap., Guuia codfana Iipocrast I HaLCK-
Hafl TeXHosJorHueckast cxcMa ofe3Kene3anBaHusi BOJDbI —
METOJ YNPOLLEHHOH aspauliid o QHALTPOBAHHSL.

Ilpu wcnonnb3oBaHiH 3Toro MeTofa o0e3Keae3HBaHNS
Boja, oforawcinias KHCAODOLOM B pe3yabTaTe aspauui,
cpa3dy HanpapJsiercsi Ha (UAbTP, H peakuHs OKHcaeHHs
IBYXBaJeHTHOTO ’Keje3a IPOHUCKXONHT HeNOCPeLCTBEHHO B
ToslLe QHABTPYIOLIEro CJ10S, a He B CBoOOJHOM ofbeMe.

3a riepBble 2—8 cyT NoBepXHOCTh 3epel PHALTPA NOKPHI-
BaeTcs1 HeCMBBaCMoil KaTajluTHuecKkoll NJaeHKOR u3 coelH-
HeHHH JKenae3a, uHTeHcnuuupylomell npoucce obeseacai-
paHus. [Ipn BLIcbIxaHHM 3arpy3Kil Ha BO3LyXC KataanTiuc-
CKast aKTIIBHOCTDL €€ CHIIK aeTcsl.

B oreyccTReHHOM JAHTEpaTyPC KATANAHTHYECKOC BIIHSIHIIC
NAEHKII 13 COCAINEHHIT JKejleda Ha Npouecc ofedxeaesnisa-
uus orMcuanocs ewe npodp. B. T. Typunnosnuem n 1940 r.,
KoTopblii nucan: «[lepexon ruApara 3aKHCH JKeine3a B OKICDH
ycKopsieTcsl KOHTAKTHBIM BJAHSHHEM MJCHKI, COCTOALIEH H3
OKHCH JKeJae3a, NoCTelneHHO HaKalJalBalolleiica BOKPYr Kyc-
KOB 3arpy3sKi.

OpHaxko B 3apyOexxuoifi aHTepatype CUYITAAOCL DALIIO-
HaAbHBIM OKHCJICHIC ABYXBaJEHTIIOTO JKejie3a OCYeCTBAATD
B cBo6oAHoM ofbeMC — B OTCTOIIHHKAX IJIH KOHTAKTHHX pe-
seppyapax [18]. OxonuaTeibHoe pelleHlle 5TOro Bonpoca
CTa/0 BO3MOMNHBIM TOJLKO MOCAC BBOLA B 3KCIHAYaTaiHIO
B nocjaefiHHe HeCKOJLKo JET KaK y Hac, Tak H 3a py6exoMm
GoabIIOro ylicaa craHuiili o6e3dxese3nBaHust BoAbl, pabora-
I0ILIIX 110 METOAY YNPOILCNHOM aspauii 11 (PHALTPOBAHIIN.

Cnoco6bl aspauuH aas oGorameHHss BOALI KHCJAOPOAOM
pozayxa. s oforawendss Bogbl KHCJOPOLOM MOTYT MpH-
MEHSITLCST PA3JIIYIILE CIIOCOOLI, HANPHMED H3JMHB BOALI C Bbi-
cotol 0,5 M B Kapman (PpuapTpa co ckopocthlo 2,5—3 M/c
(ra6a. L1, pnc. 1.3).

[To crexnoMCTpIUCCKOMY COOTHOIMECHHIO HA OKHCJCHIE
| mMr mByxBajentnoro seacsa pacxoayercs 0,143 mr Kkuc-
asopopa. B ycrauomkax oGesxcenesnsanus s ofecie-
YCHHUS IOCTATOUHO BHICOKOIT CKOPOCTI XIIMIIUCCKOIT peakilil,
COOTBETCTBYIOIEll ONTIMAALHLIM NapamMeTpaM (puabTpylo-
el 3arpy3Kki, COACPIKaHHE KICA0OPOAA, PAaCTBOPEHHOrO B
BOJie, AoJKHO coctasasith 0,56-—0,9 Mr na I mr xByxmadicie-
HOro JKenesa,

B teox cnywasx, worjia Tpebycres ofHonpeMcHilo obora-
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Ta6auua 1.1 PesyabTaTo npoM3BoJCTBEeHHBIX HCIBITAHHA PasAHYHKIX cnocoGoB a3palHH AAR oGoraieHus BOIb

KHCJIOpOAOM
ConepXanue, MI/1, B Bole
Temne-
MecToraxoxnerre o6bexta Crooco6 aspamdn BOAbI Krcaopona Heneaa ‘tg;g.ms;rpysxoﬂ par%pa,
3
10 aspag®m a‘;gﬁ, Fegom Fel+
Kamerck-Ypansckui Paz6peiaryBaHge BOAH 1—1,4 6,5—7,4 | 1,05—1,2 0,5—0,6 11
uepe3 Bacajkd Han (uan-
TpaMy
SnekTpocrann [epenus BoaH H3 Kapma- 0,3 5,87 3,6 0,44 9.5
HA KOHTAKTHOTO pesep-
Byapa uyepe3 BOAOCAHE B
KOHTAKTHHNA pe3epByap
» HMoncoc Boaayxa somo- | 0,4—1 9—10 3,6 0,4 10
BO3AYIUHBIM  3JKEKTOPOM
nepes nojgayeR BoAM Ha
HanopHue GHALTPH




092—¢

Il

MockoBckas o6:.

To xe

lIImMakoBKa

Kaayra, mo LaHHBEIM
A, M. [lepaunot n 1ap.

(8]

3eneHOropck, N0 AaHHBM
A M. Tlepnunoir ¥ 1p.
[8]

Cpo60ongHYE W3/NHB B3 TPY-
66 d==100 MM ¢ BHCOTH
1,32 M

To xe, ¢ BucoTe 0,4 M

Pas6puaryBayue BOZH C ‘
HOMOIUbIO BEHTHJATOPHOH |
Tpajypyy, 3arpykeHHOH
IepeBsiHHOR XOpJOBOH Ha-

cagkod

Hamus Bons B COOpHEN: |
KapMaH KOHTAKTHOTO pe-
aepByapa

|
Hanus B duabrp ¢ Brico- ‘

T 05 M mHag ypoBHeM
BOZIE



0,2

0,2

0,4

B scxomuof

BOJE K4CJI0-

poa oTCyT-
CTBOBAJ

To xe

3,8

5—4,8

3,8—4,3

5,56—6,5

5,8

3,2

16,5

5,6—8

0,12

0,1

6,6—8,2

7,5

12

7,5—8

6—8



THTb BOAY KHCJOPOZOM H YLaJMTh uacTb cBOGOAHOH IBY-
OKHCH YIJepofa, pauHOnalbio NPHUMeHATb I'pajlHpily, 3a-
Tpy:KeHHble JepeBsiHHOM XoppoBoil wacanpxkon (puc. 1.4).
IuTel, yaoxeHIibie ropi30iiTanblio, H3FOTOBJSIOT H3 JOCOK
pasmepom 8X12 mMM; BealuHHA NIPO3OPOB MeXIY NOCKAMH
coctanisicT 40 MM, BblcoTa MCIKIY pPsitiaMi HLocOK — B0 MM,
ceveHite pebep MeCTKOCTII MeXAy Hocxamu — B0X22 MM,

Piic. 1.3. ¥npouteu-
nast aspalisg  BOALI
nyteM n3ansa B
xapmaid  (bHALTPOD
! — nonatoman Tpyla;
2 — (uauTpyOWAA 3a-

rpyaKa; 3 — npeHax
pravTpa

Pasmeppr rpaanphn 1 Mpol3BOANTEJbHOCTD BEHTHJSITOpA
onpenenaslioT pacueToM B 3aBIICHMOCTH OT TpebyeMoll ray-
6LHBL yAaJeHiisi cBoGoAHoil AByokncil yraepoma {4]. Hus
NpUGAH3NTENALHONl OLUEeHKN MaKCciMaJjbHBIX Pa3MepoB rpa-
OHPHII MOKHO IICNONL30BATb CJhelylouilie peKoMemlaliii:
pacxol BoAbl Ha } M2 maomann rpaninpHu 40 Mm% mpousso-
ANTENLHOCTH BedtiisTopa 7 M® Bo3nyxa ua 1 M® Bopn; nan-
Jichue (Hariop), passusacMoe senTiiaTopoM, 98 Ila (10 mm
Bold. CT.) Ha | M BLICOTB HepeBHHHOIT XOPAOBOIT HacamKil
mmoc 294 Ila (30 MM Bold. cT.) Ha upeofoJeHlic MECTIDIX
COlPOTHBJIGHNIT B pacipcAesTeabHoii clucTeMe TpaiupHu
11 B pactpeieanTeSLHoii 1Te. MakcimManbHast BBICOTA yac-
TIi Tpaliiphi, 3anaTofi HacagKofl, MoXeT 6bTh NpUHATA Mo
CJICLYIOLLIIM LaHHDIM:

Illenounocts texopnofl no-

JUbl, MU-3KB/a

Buicora uacapxi, M

o
<«
<t eo



Bozdyr u C%

Iy

Pic. 14, Bentuasitopuan rpaanpus  [as yaakennis  yracKncaoTb npi
ofeaXenesnsaniig BOLbLI
/ — Acpepannas XopAonas nacaAka; 2~ ypasunTeasneit  pesepayap; 3 — aomo-

Mepiioe creino; 4 — TpyOKN AAN Beinycka soanyxa; 5 — aiok; 6 — natpyGok st
CAIRA BOALL H3 WOAROUA CRPAJUPHE 8 YPABHHTCHLNLIY peaeppyap



[ny6una ylanenuss apyoxucu yriepolia Npu 3THX yCio-
BHAX pasHa 80%.

Hepenxo npumeHsiioT tax na3sisaeMple KOHTaKTHLIE Tpa-
LHMpHH, 3arpyKeHHbe KOKCOM. I1pOoH3BOACTBEHHBIH ONLIT MO~
Ka3biBaeT, YTO B CBSI3H C 3apacTaHHeM KOKCa CoelHHeHwus-
MH XeJle3a 3arpy3Ky NPHUXOLHTCS MeHSITb H NPOMBIBATh 4e-
pes ofHH — TpH roja.

X Hanoowerr @ursmoart

3
om_apmerbaxuy L g g ' Hl H[]
II::] = =7
Hb [
e, 7 77 T

Puc. 1.5. Oborauienne BoZb KuUCJOPOAOM BO3LYXa TNpPH NMOMOIUH CAMO-
BCACHIBAIOLIEro 11acoca

TaxkuMu e HegocTaTkaMu obGJjafaer 3arpysxa H3 KoJeil
Pawira. Ilostomy ucnosb3osaTe B cxeMe 06e3:kese3nBaHHsl
BOJBl TPaJHUPHHY C KOKCOBOH 3arpyskoii HJH 3arpy3KOR H3
KoJel, Paivra HeuenecooGpasHo.

B Hanopubix ycTaHOBKaX Boja o6orainaercss BO3LYXOM
06bIYHO TpH 1HOMOLIH KOoMilpeccopa H pecHsepa. BriodenHe
H BBIKJIOYeHHe KoMIpeccopa OCYu1ecTBJsIeTCsl aBToMaTHue-
CKHM 3JIeKTPOKOHTAKTHHIM MaHOMETPOM B 3aBHCHMOCTH OT
nasjeHnst B pecupepe. KonnuecTBo BO3nyXa, HeoOXoAHNMOe
IJ15 OKHCJeHHsl 3aKHCHOTO >Kesae3a, NMpHHHUMaeTcst H3 pac-
yeta 21 Ha lT.

Has oBorauienust Bolbl BO3LYXOM B HeBoablIux ycra-
HOBKaX MOXHo npuMeHnnThb cnoco6 B. A. Kasuko u B. A. Bap-
nejio (puc. 1.5), upyn xotopoM KHcaopol B GopMe BOLOBO3-
LYUIHoOil 9MyAbCHU NMOLAETCs B BOLY CAMOBCACHIBAIOILHMM Ha-
cocoM /. Yacth nomaexauleit o6eskene3usanmio soldbl (3—
5%) pasGpeiarusaercs B Gauxe 2. M3 6auxa solla BmecTe
C BO3MYXOM, pPacxoll KOTOPOro pEryanpyercs BEHTH/sMU 3,
nmocrynaer s Tpy6y repel HaNopHBIMII (GIIBTPAMH.
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Bo MHorux cay4asx pauUMOHaJAbLHHM JJasi oborauieHHs
BOALI BO3AYXOM OKa3LIBAeTC BOINOBO3AYLWIHLIH 3XKeKTOp.
Hyxe npuselleHnl pe3ynbTaThl NMPOM3BOACTBEHHLIX HCNLITA-
HHMI BOJIOBO3AYLIHOTO 3¥XKeKTopa, u3o6parkeHHoro Ha puc. 1.6

HMapnenve (nanop) Ha Manome'rpe 10

3meKkropa . . . . 320 klla (3,2 atn)
To e, nocne a)l(emopa . . . 80 klla (0,8 arthn)
l_[pOPlaBOILHTe.IIbHOCTb 2IKeKTOpa 1o Bo3-

AyXy . . . e . T,2w
Pacxon soms . . . . . . . . . 27 »

ITo mepe pocra conporunienus: B GUALTPYIOME 3arpys-
Ke M yBeJHueHUs NDOTHBDOAABJEHHST IOCAE 3XKeKTopa ero

_1500

Puc. 1.6, Cxema ycTanopxn BOAOBO3AYIINOFO 2XKEKTOpa AJst  aspauuil
BOAb!

I -—Bonomep TypGunnntit anamerpom 80 MM (momyckaemuiit pacxos or 1,7 Ao
22 afc); 2 — 3aABHIKKH Tapaaicibhbie ¢ BBIABIDKKBIM wnKuAeneM d=80 MM;
3 — MmanoMeTphi; 4 — rafika; 5§ — BoAoBO3AYUNibl 3eKTOp

HpOl’l3BO}.Il«lTeJ1bHOCTb CHHMXXaeTcsI, yMEHbLLIeHHe CTerncHi 060*
rail(eHnsl BOAL KHCJAOPOJOM OT Hayajda K KoHUY (uiabTpo-
UMKJIa cnocoOCTBYCT YBeJUYeHHIO TPsI3eeMKOCTH (QHIALTPA
(cm. c. 40).

MexaHH3M npouecca OKHCJEHHsI ABYXBaJdeHTHOr0 iKeJje-
3a KHCJOPOAOM B CBOGOAHOM OGbeme. Peakiids oKHCJEHHS
,LlByXBaJIEHTHOFO wese3a KHCJIOpO}.IOM B BOOHOM paCTBope
ONHCLIBACTCH ypaBHEHHEM

4Fe®t + O, + 2H,0 = 4Fe®t - 40H™. (1.44)
lla‘nee [MPOHCXOAHT THAPOIH3 TPEXBaJIeHTHOFO AHedesa:
Fe®t - 3H,0 = Fe(OH)y -+ 3HT. (1.45)

Cymmapno ypaBHeHHEe peaKilHH OKHCJIeHWd H ruapoJHida
MO<eT OLITh 3aNHCaHO B BHIAE

4Fe? | O, -+ 10H,0 = 4Fe(OH)y 4 8HT. (1.46)
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Kak cnenyer M3 ypaBHeHVWs peakiHn, B HTOTe KOHLEHT-
pauus BOLOPOLHLIX HOHOB yBeJHUHBAETCSI.

CyMMapHas CKOPOCTL PeaKuuH onpelessiercsi CKopoctsi-
MH npsivoit u o0paTHol peaxunn. CKXOPOCTH peakuuH, Kak
M3BeCTHO, 3aBHCSIT OT KOHUEHTPauHH pearMpylouiix Be-
1eCTB.

YBesinyende KOHIEHTPaUHIl BOLOPOLHLIX HOHOB B BO.-
HOM pacTBOpe NMPHBOAMT K YBEJMUYEHHIO CKOPOCTH o6paTHON
peakumn. B peaynbraTte cyMMapHasi CKOPOCTL PEAKLUH OKHC-
JIEHHs] ABYXBaJIEHTHOro »<eJ/ieda KHCJIOPOAOM M THAPOAHM3A
TPEXBaJIEHTHOTO JNOJIKHAa YMeHBLINAThCsl HMPH YMEHbIUEHHH
3nauveHus pH.

B npucyrcrBud 6ukapGoHaTHBIX HOHOB B BoIe OKHCIIe-
H¥Me OBYXBAJeHTHOTO M T'MAPOJH3 TPEeXBajeHTHOrO iKeJse3a
MOTyT ObITL CyMMAaPHO NpencTaBjeHbl ypaBHCHHCM peaKkuHH

4Fe’t -} 8HICO5 |- O, -+ 2H,0 = 4Fe(OH), | -+ 8C0, 4. (1.47)

Corytacho cyMMapHOMY ypaBHEHIIO peakuiH N1pPH oKiic-
JeHnH | Mr IaByxBaJjellTHoro »eJseza ofpasyercs 1,6 mr
cBoBonnoil AByokiicH yrjepona 1t na 0,043 Mr crinkaercs
ofuiast wesaouitocTh Boabi. B nrtore sunauennc pH Boawut ro-
Hikaercst. Beanunny cunkenust pH Boast mowiio paccun-
TaTb no HoMorpamme Y. 3. Anenviyina [4].

Oanako ofHOBPEMEHHO Nnponcxomlt fgecopObunust csobon-
Hoil AByoKiicH yrjiepona 113 BoAsl B BO3AYX, a Taxwxke aacopb-
LHST pacTBopeHHoll CBOOOAHON IBYOKHMCH yriepoga THAPO-
OKHCBIO XeJle3a.

Taxum o6pasom, Npu OKICJACHHI IBYXBaJelTHOro XKeJe-
3a KHCJoPONOM B IIPHPOAHOI BOAe NHPOTEKaloT Cielyloiiie
(PH3UKO-XUMIIYECKHE [1POLCCCh:

1) nepenoc Kncjoposa 4Yepe3 IOFpaHHYHBLI rasoBbi
au(pPysHbiit cnoil K rpauine gpas Boga — BO3AYX;

2) nepeHoc Kiicjopona uepes iorpantyHbiil cioil BoAb
OT rpaHiuubl (a3 Bola — BO3AYX;

3) anddysns B ciioe BoAL;

4) roMoreHHasl peaKUisl OKHCIIeHHsT 1BYXBaJeHTHOro Ke-
Jle3a KHCJOPOAOM [0 TpeXBaJIeHTHOro;

5) rupposia TpeXpaqeHTHOro XKeJesa,

6) nmecop6unsa cBoGOAHOI ABYOKIICH yrjepoia 113 BoLb
B BO3LYX;

7) ancopOuilsi pacTBOpEHHON B BOAe JIBYOKHCI yrjepo-
4a 1l KHcaopona TAPOoKIICHIO MKelesa.

ConpoTiiBjieHlle Ta3oBoil NaeHKH npi aacopOuin KHCao-
pola Bonoil HAMIOro Meliblle CONPOTHBJIEINN XIAKOCTHOI
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TVIeHKH, NO3TOMY (HBHYECKHil npolecc, onucaHHbl B n. 1,
MOXHO HC YYHTLIBATD.

Xumuueckast peaxuus (1.44) He MoxeT nporexarb NnyteMm
HEMOCPeACTBEIIHOTO B3aHUMOIEHCTBHSI HCXONHBLIX BELIECTB C
NPAMBM NepexXoloM HX B MOJEKyJAbl NPOAYKTOD peax-
uun [12].

Coynapenne oaHobpemenno 6osiee TpeX 4acTHU — Kpah-
He MaJioBeposiTHoe cobuiTiie. CorsacHo TEOpHH UENHBIX pe-
aKuHi, 3TOT Npolecc 11eT yepe3 psa sneMeHTaPHLIX cTaquH.
ITOT CJOMHBII NYyTh OKasbiBaeTcsi GoJiee BLIFOANLIM, TakK
Kak HU Ha oJHOM H3 3TanoB He TpebfyeTcsl coymapeHHil onl-
HOHMEHHO 3apsXKeHHBIX YacTuil 1 Berpeun Godee ueM OBYX
YaCTHLL

B cooTpeTcTBui € MCXaHH3MOM peaxiuil, NpCLIoXeH-
HoiM Baficom [12, 22], mMexauuaM XxuMuueckofl peaxulin Mo-
’KeT GLITL NpellCTaBJIeH ClefYIOWHM o6pa3om:

Fe?t - 0, —» Felt 4 O
0; -+ Ht -» HOy;
Fe?t -+ HO, -> Fe** -|- HOy;
HOp - Ht > H,0,; (1.48)
Fe?t -} H,0, -» Fe3 |- OH™ - -OH;
Fe*t - *OH -» Fe® T -- OH™;
2H,0 - 2H1 - 20H™.

[MpomexyToudbiMu BeulecTBaMil B 3Toli peakilun Haps-
Ay € lioHaMi siBAsIOTCSl cBoOOAMBle palnKambl, XHMHUECKH
aKTUBHbLIE He{iTpanblible 11eCTOHKHE OCKOJKII MOJeKyJ, Xa-
paKTcpu3yloliecst HaAlylieM HecllapeHHbIX OAHHOUHDBIX 3JIeK-
TporoB (puc. 1.7).

CymMupyst JieBble Il lLipaBble 4acTH, HOJYYHM B HToTe
ypaprennc (1.44). Mcnoan3zyst Mmeton cTamloHapHbiX KoH-
uentpauliix [12], na ocnoparin mexannama peaxuunft (I1.48)
MOXKIIO HOJYUIITh cacayloniee mddepenuianbiioe KHHeTI-
uecKkoe ypaBHCHIIE CKOPOCTI XHMHUYECKOll peakiyit:

_d [Fde:'l"] — K, [Fe21[0y]. (1.49)

B rta6a. 1.2 npnBopsTcst ypaBHeNUMs CKOPOCTI peaKilin
OKMCJCHHST ABYXBaleHTHOro Xeje3a KHCIOPOAOM B BOAHOM
pacTsope, npe/JIoKCeHILIe pastisiMi aBTopami |15, 17, 22].
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Bbljio ycTaHOBJIEHO, 4TO KaTaJHTHYECKOE BJAHAHHe Ha
CKOPOCTb OKHCJIEHHS JBYXBaJeHTHOro JKeje3a OKa3bliBaioT
Cu?t, MnO;, Ho,PO7 , CO?*, SiO; CHuXKalOT CKOPOCTL OKHC-

JeHUsl IBYXBa/JeHTHOro Xese3a KHCAOPOLOM HeKOTOpLie Op-

raHHuecKHe BellleCTBa, HallpUMeEpP I'yMHHOBLIE KHCJAOTH, HHO-
riia NIPUCYTCTBYIOILIHE B NOA3eMHOM Boje.

Puc. 1.7. Cxematn-
yeckoe  nzobGpaxe-
UHe MexaHHsMa XH-
MHyeckoli  peaxknyu

OKHMCIEHHS Fel+
47 2 KIICJIOPOROM B BOJ-
R0 OO =41 40K % HOM  pacTBope

OKcrnepuMeHTalbHO NokasaHo [14], uTo ecanm B oTcyT-
CTBMH T'YMHHOBON KHCAOTH 3a G0 MuH oxuciaunaock 969%
3aKHCHOFO JKese3a, TO NPH TeX XKe yCJAOBHAX B NPHCYTCTBHH
12,5 Mr/n ryMHHOBOH KHCIOTH (XHMHueckoe noTpelseHue
kucaopona 31 mr/n) oxucaunocs 80%, a B npucyTcTBHH
145 mr/n rymuHoBoi KucaoTsl — Bcero 11%. Caemyer o1-
MeTHTb, YTO B Hayajie peaKiHH CKOPOCTb OKHCJEHHS NOYTIl
He MeHseTcs, HO pe3Ko 3aMelJisieTcs B KOHIe peaxiifi.
Bausinie rymuHoBOH xucnoTh oObsicHsieTcsl oGpasoBaHHeM
KOMIlJIeKCa IBYXBaJeHTHOrO eje3a € ryMHHOBOM KHCJ/IOTOI
no peakuuu

2 (R — COOH) + 201—1—->2((1§—coo—) + 2H60
1 0’
2{(R —CO0™) +Fe?’* s R —C—0—Fe—0O—C—R.

3zect R — COOH — monekysa ryMHROBOI KHCJOTLL

Ha oxncnenne 1 Mr aByXBa/ieHTHOTO Kesjeaa, COVIaCHO
ypasuenuio (1.47), Tpebyercs 0,143 mr/n xuciopopa. B cay-
Yyae npenesibHOrO HAaCHIEHHs BOALI KHCJIOPOAOM NPH Koli-
TaKTe C BO3JlyXOM B NPoLecce aspauuH KOHHeHTpauus pac-
TBOPEHHOTO B BOJe KHCjopoxa npn Temnepatype 10—20°C
6ynet cootercrsento 11,3—9,1 mr/a.

Bo BpeMs peaxiiuit oKHC/leHHs, TPOTeKalollell B KOHTaKT-
HOM peaepByape MJIH Hap 3arpysxoil GpuiabTpa cTaHuun obes-
JKeJe3HBaHNs, [IPOMCXOANT aacopbiusi Kicaopona BONOH,
nuddysus ero BHYTPI MXIAKOCTH 1l OAHOBPEMEHHO pacxo-
moBalHe KucJopolda Ha peakumnio okiiciaenis Fe?+. Mamene-
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Ta6nuina 1.2 YpaBHeHMsi CKOPOGCTHM peakuUM OKUCITEHMSA
JBYXBaJICHTHOrO JKeje3a KHCJAODOAOM B BOJHOM pacTBope

ApTop Ypasnerne
r I 1608 1) d[Fe?t] [Fe2+][0,]
N b.id . —_— =
act ( r a7 [ ]2
2+
M. Xosmora (1957 t.) —_ % = K [Fe’T][0,]
% Bvoena (1654 d [Fe (HCOp),] _ , [Fe (HCO7 ), O]
. bypcma (1954 r.) — Y = [CO.T
2+
B. Iirymm, T, JIu (1961 1.) — 'ﬂi—erj— = K [Fe?t][0,} [oH~]?
d[Fe?*] [Fe?T]1[0,]
H. Xonniora u B, Kosne — = "
(1964 1.) dt [H+]
d [Fet
I, Moprau n ®, BupxHep — M = [Fe2+]( Kk [0,] [OoH™]2 +
(1966 t.) d¢
n Ko[LL[] K, [OH™]
d[Fe?t] _
I. Ieux n B. BeGep TR =(KPO, fon—+
(1968 r.)

+ Ky [H,5i0,])%° [Fe?t]

IIpaMeyanne, [Fe2+l, [0zl ® T. 1. — MonspHbie KONLEHTPALHK B MOMEHT
BpeMeHH f; [y — NapuKanshoe paBnenne kucnopona; K, Ko, g] — KOUCTauTH
a2

CKOPOCTII peakuNH,

HYe KOHUEHTpauHH KHCJAopoaa BO BpeMsl 9Tofl peakuuH upu
KOHUEHTPAUWH B BOLE NBYXBAJEHTHOro kejeaa He GoJee
10 mMr/n, xaK nokasasi HAalIM ONLITH, He npesuimaer 15%.
IlosTomy npu wuHTerpupoBaHuu ypapHenus (1.49) Mo¥HO
NPHHATL KOHUEHTPAUHIO KHCJIOPOAA BO BPeMs ripolecca Io-
cTtosiHnoil. Torna

d[Fe?t]

= K [Fe2t]. (1.50)

Koucraura K B npuddepeHunanbHoM KHHETHYeCKOM
ypaBHEHHH CKOPOCTH peaKUHH HMeeT pasMepHOCTb, o6paT-
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Hyto BpemenH. I(ax oTMedanoch, KOHCTAHTa CKOPOCTH peak-
uvn 3aBucut oT pH 1 B coorBeTcTBHH ¢ 3akoHom BanT-
lopda or temneparypui. Taxum o6pasoM, uuTerptpoBaHue
ypaBrenns (1.50) npm nocrosiHHom 3Hayeuiuny K lpennona-
raert, uro tTemnepatypa H pH Bo BpeMs peaxiiiil HOCTOSIHHLI,

Wurerpupys (1.50) B npenenax ot xoHuenrpaunu [Fe?t],
npit =0 no [Fe?*] B MOoMeHT BpeMeHH ¢, NoayuHM

[Fe?t]
Kt=2,31g ——2 (1.51)

[Fet]
ok drta dopMyna copabBepsnnBa AJs Io-
4 crosthuibix pH # remrieparypnt. Hdas pac-

uetoB no (opmyse (I.51) npu Temnepa-
tType 10°C 3HaueHile KOICTAHTH CKOPO-
crit peakuun K, Yyun, Cllenyer BadTb LJ5
3 o HyKHoro 3nadenua pH ua rpaduka sabu-
cumocti pK or pH (puc. 1.8).

B rtex cayuasax, Koraa »ejie3o B KHC-
JOPOJ NPHCYTCTBYIOT B BOjAe B COOTHO-
IwieHHH, GJIH3KOM K CTEXHOMETPHUIECKOMY,
2 cojepXaHue KHCIOPOLA BO BpeMs peak-
> IIHH Heab3s CYATAThL NOCTOSHHBLIM. B 3ToM
* ciayuae HeJlb3sl TPHHHAMATD

. Ko[Oa] =K (152)
7

&5 69 73 77p4 1 npumensts dopmyny (I.51). Takum
of6pa3oM, Mbi HMeeM OHMOJEKYJspHYIO
Puc. 18. TIpapux PEAKUHIO B3alIMOAelICTBIIsSI PACTBOPEHHLIX
sapucumoct pK or B DBOJAC HOHOB ABYXBaJleHTHOro KeJie3a
pH H KHCJI0POAA, HOoAUYRISIOUHXCA B 0603Ha-
YEeHHBIX NpenesaX ypaBHEHHIO CKOPOCTH
XHMHYeCKOH peaxkiuHH nNepBoro nopsaka. CJjenoBaTeibHo,
JHUMITUPYIOLIEH cTagHed reTeporeHHOro npoiecca fABJseTcs
XIIMHYeCKasl peaxis (KHHeTHUYecKkas o6/sacThb rereporerHo-
ro npouecca). PeayabTarni sKCliepUMeHTOB NOKA3bIBAOT, YTO
npn remueparype 17—19°C n pH=7,15... 7,40 oucranra
ckopoctn peakuiiil B ypaBHenii (1.51) ne spJasercs iocro-
sinygolt Bedqnuio#t, OdveBHAHO, 3T0 OODSICHAETCA TeM, 4TO
13-3a TOBLILIEHIIsI CKOPOCTII pPeaKkiHi MpPH yBeJHYeHUI TeM-
nepatypsl JIIMHTHPYIOWeC BJISHIC IaullHaeT OKAasulBaTh
He CoGCTBEHIIo XIIMITNecKass peakilisl OKUC/AEHHs ABYXBaJleHT-
HOTO eJieaa KICIOPONOM, a apyrile npouecch. MoxHo
NPEeAnoaoXKIiTh, UTO JHIMHTHPYIOILell CTajHel CTAHOBHTCS
nuddyanonnoiii npouecc (anddysnonnan obnacrs).
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3aBHCHMOCTDL KOHCTAHTBLI CKOPOCTH peaKkiHH OT TemMepa-
TypLl BhlpaAaercs ypaBHEHHEM

K, E (1 1
In = e e e [ e e — ] |
n ) ( : 1) (1.53)

3peck E — oHeprHA aKTHBAlNI pACCMATPIBAEMON peakulld, KOTOPYIO
Mox<Ho npHHATL pasuoit 41,5 kIlx/mons; R==8,31 u/(moie-°C).

Pacuersl, nbinonuennsie no gopmyne (1.53), coraacytor-
Cs1 ¢ pedy/bTaTaMll KCepHMeHTOB [4].

Oxucieine ABYXBaNleHTHOro Keje3a KHCJIOPOLOM TIPH
duabTpoBaHHH BOJABI uYepe3 3E€PHUCTYIO 3arpysky. Buusnue
XHMHUECKH YHCTOTO OCaaKa THAPOOKHCH jejae3a Ha CKOPOCTb
OKHCJeHHs] ABYXBaJeHTHOTO »Kejle3a KHCJAOPOAOM HCCJefo-
Bajoch [I. C. leuxunbim ¥ B. H. IModomapesuim [3]. B nep-
Bo#t cepHH onbITOB OGpasoBaBlIniics ocamoKk THAPOOKHCH
Weje3a oTAeNsIcs OT pactBopa (QUILTPOBAHHM uepe3 Kax-
Avte 30 Muu. Bo BTopolt cepHIl OHLITOB OCAaJ0K He OTHENsi-
cs1, a po6aBnsilach CBEXENPHTOTOBJEHHAS] THAPOOKHCL XKe-
Je3a H3 pacuera 2 I// TPeXBaJEHTHOTO XKee3a. Pe3yabTaThl
ONbLITOB NOKa3aJH, YTO A1 OKHC/AeHUsl ABYXBajJeHTHOTO Ke-
ne3da Ha 95—96% B nepsom cayuae Tpe6oBajoch 240 MuH,
aBo sropoM — 90 MmHuH,

J151 06bACHEHHS KaTaANTHYeCKOro BJAHAHNS Ocaaka rH-
APOOKICH YKejle3a aBToPbl BOCNoJb30Bauch Teopiedl Opym-
KiHa 06 agcop6uHoHHnX Kkartausatopax. [To A. H. ®pym-
KHHY, OBEPXHOCTb KaraJH3artopa ancopbupyeT pacTBopeH-
HBA KHCJOPOHL B BIle aTOMOB, OTpPHUATENbHO 3apsiXKeNHbIX
HOHOB, a TakXKe 11 B Apyrux (opMax, B KOTOpbLIX KHCJIOpO[
ABJIsIETCS aKTHBHLIM OKHCITHTEJNEM.

H. C. Teuxun n B. II. IloHomapeB noJjaraioT, 4TO KHC-
Jopoj, agcopGupyeTcsl Ha MOBEPXHOCTH ocalka TIAPOOKHCH
XeJje3a ¥ aKTHBUPYETCS B COOTBETCTBHHU CO CAELYIOLUIHM Me-
XaHHU3MOM peaKiUHH:

Fe’* 40, > Fe’+ 4+ O

anci
Fe?t - O > FeT - 020
3H,0 ~» 3Ht |- 30H™; (I.54)

Fe’t 4- 30H™ = Fe(OH)s;

2HT 4+ 02 = H,0.

anc

Ipouecc oxucieHs cinaraeTcs H3 CACAYIOUIHX OCHOBHDBIX
cTaguii:
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1) abcopbuus KHCIopola M3 Bo3Ayxa Bojod (oGpasoa
HHe pacTBOPeHHOro KMciopona);

2) ajpcop6uus PacTBOPEHHOTO KHMCJIOPOLA Ha NOBEPXHO-
CTH THAPOOKHCH ¥Xeje3a H aKTHBAlMs ero npesBpanieHHeM
B aTOMapHbIH KHCAOPOJ;

3) XMMHuecKHi npouecc OKHCJIEHHS [ABYXBaJeHTHOTrO XKe-
Je3a akTHBHPOBaHHLIM KHCAOPOIOM;

4) oGpasoBaHie rHIPOOKHCH XKeseaa.

Onnako B aMTEpaType BLICKA3LIBAZIOCh H MPOTHBONOJOXK-
HOoe MHeHHe.

[To mauuwim E. Hopnenna [20] u P. Bafinenca, nanu-
YHe OcajJlka THIPOOKHCH JKeJe3a He BJHsAeT Ha CKOpOCTb
OKHCJ/IeHUs] I ByXBaJeHTHOro XKeJe3a.

M. A. MuaoB [6] nosnaraer, uTo KaTaJdHTHYECKOE BJHs-
HHMe ocajka THAPOOKHCH Mesie3a Ha ofesxKesne3HBaHuUe INPH
($uALTPOBAHNH BOIb! Yepe3 3ePHHUCTYIO 3arpyaKy obbscHAICT-
csl agcopbuMelf HOHOB JABYXBaJEHTHOrO JKesie3a 0CajkoM rH-
APOOKHCH ¥eJ/1e3a ¢ NOoCAeAYIOmWHM OKHCIeHHeM HOHOB IBYyX-
BaJeHTHOrO XeJjes3a KHUCAOPOLOM Ha MNMOBEPXHOCTH OCanKa.

Mexannam peaKuuHd OKHCJAeHHS ABYXBaJE€HTHOrO JKenesa
KHCIOPOAOM INpH (HALTPOBAHHH BOJLI Yepes 3EepHHCTYIO
3arpy3Ky Heslb3si CYHTATb NMOJHOCTbIO ycTaHOBJeHHbIM. On-
HaKo N1aGopaTOPHLIMH, [OJYIIPOH3BOACTBEHHLIMH U I1POH3-
BOJCTBEHHBIMHM 3YKCIlepHMEHTaMH J0Ka3aHOo, 4TO 06pasylo-
mHica npyu ofe3rkeje3uBaHHU BOAL! 0CALOK NO3BOJSET 3HA-
YHTEJbHO HMHTEHCH(PHUHPOBATL npoliecc 06e3xele3HBaHHs

8].

[ ]Pacqu GUALTPOB CTAHUHI o6e3KeNe3UBAHHA BOAB Me-
TOAOM ympouleHHOH aapauuu u ¢uabTpoBanud. Pacuery
(GuABLTPOB CTaHUMH obe3r<eNe3nBaHHs BOJAbl NOCBSIEH DAL
pabor [13, 15, 18].

K. Xanne [13%, BBLINOJIHMBIIHH Ha apTe3HaHCKHX CKBa-
JHHAX NOJAYNPOH3BOILCTBEHHLIE KCIEPHMEHTH N0 ofeaxe-
Je3uBaHuIo BOAbl Ge3 npeiaBapHTENIbLHOTO OKHCJAGHHS IOBYX-
BaJeHTHOro JKeJjesa, MpHIle] K BLIBOLY, YTO C yMEHbUICHH-
eM 3Hauenust pH npoilecc ofeaxenesupanis Ha GrabTpax
yayduwaercsi. 10T BbIBOA NPSAMO 1IPOTHBONOJIOXKEH NaHHLIM
H. Xommorst 1 C. Beabrena [15], npoBoanBux 3xcrepH-
MeHTBI B 1a60paTOPHLIX YCIOBHAX.

[To namemy MHenuio, otmMeyennoe K. Xanne yayuiienue
npouecca obe3xenesnBanuss c¢ yMmenbmieHnem pH morso
OO LACHATLCSI Pas3BHTHEM Xene3o0akTepHH B ToJIle (YHALT-
PYIOLLEro cJOosl.

B pabore TI'. Kurrnepa [I8] npuBomsTcs pe3yavTaThl

28



OMbITa, MOKA3LIBAIOUIHE TOJOKHTEJLHOE BJIHAHHE Pa3BHTHA
KenesoGaxrepu#t B Todie $HALTPYIOUEH 3arpy3Kd Ha MNpo-
uecc obesxeneauBaHHs BOALI NPH ee GHALTPOBAHHH.

B onuitax I'. KurTHepa necok, B3saThili U3 GUALTPOB BO-
noourctHo# craHuuu Ipynen-Bumaru, o6pabaThiBascs B
aBTOKJ/IaBax AJisi HCK/IIOYEeHHs BJIMSHHA GHONOTHYeCKHX (aK-
TOopoB Ha 3¢ deKT o6e3Kene3HBaHHUSA.

3areM OLIJIM YCTAHOBJEHL [Be ONMHAKOBLIE MOIENH
¢nabTpoB. [1pu a3ToM Ha onHY M3 HHX NOCTyNaja Boaa, npen-
BAapHUTEJNbHO NPOGHILTPOBAHHAS HA INOPOJHTOBOM (HILT-
pe nJg ouMCTKM OT 3aponabiuelt Gakrtepuit. KouueHTpaups
IBYXBaJIEHTHOIO JKeje3a B MCXOLHOH Boxe cOCTaBJjsija
7 mr/n. Conepxanue ene3a B GHJALTPE «CTEPHILHOrO»
buabrpa Guiio 2,4 Mr/u, comep:aHue Xesneza B (puabTpaTe
BTOoporo GujibTpa, B 3arpysky KOTOPOro MOIJH Ionajarthb
Xesezobakrepuu, — 0,6 mr/i.

['. KurTHep oTMeuaer, uTo B NnpoMbiBHOH Bofe 14 cran-
UHi o6e3Xege3nBaHus Boanl W3 15 o6cnegoBaHHLIX ObLIH
obnapyxeHnl XeJsesobaxTepun. ABTOp NoJsaraer, 4To KaTa-
JuTHdeckuil sdgdexT oT nHasuuus KesnezobaKTepuit Nposs-
JISieTCs NPH HU3KKMX 3HaveHuax pH.

Hns pacuera ¢uantpoB I'. KuTTHep npemyaraer Ciaeny-
0lllee SMIHPHUECKOe YpaBHeHHe, mnosyueHHoe o6paboTKofi
SKCHEepPUMEHTAJbHLIX [NaHHBLIX Ha HCKYCCTBEHHO IPHIOTOB-
JIEHHOH BoJze:

1 1 I 1,28
v=1 (3pH — 18,6)—‘1" o —E;——-— 0.8, . (1.55)
€y

Fe
In C

Fe

rae U -— cKopocTb (HALTpOBalHs, Mfu; d — feficTByloman KpynHocTb
dracTpylomen sarpyaxu, mm; Cp, 0 Cpg, — copepianne kenesa co-

OTBeTCTBENHO B HcxogHol Boje u QuasTpate, Mr/n, f{— Temnepatypa
Boghl, °C; { — Ttonmuna QHJALTPYIOWLEro CJIOS, M.

dopmyna (1.55) npumenuma npu pH=63...73, d==
=1...2 mmM, Cp <10 mr/m, 1=6...18°C, v=C50 M/u.

Conepxanne Fe (I11) B ncxoasnoil Boge HOMKHO COCTaB-
asitb He Gosee 15% obiuero copepikanne xesesa.

Marepnasiom s 3arpyaki QHIALTPOB CIYXKHT XOPOILO
«3apaBoTaHHbLIA» NecoK, NOKPLITHIH IJIEHKON coenHHeHHH
Keyie3a H cBoGOIHDLI OT weJe3o6aKTepliil.

Crnenyer oTMeTHTb, uto Gopmyna Kutrhepa He yuHMTbI-
BaeT cTeneHH oboraiieHnst HCXOAHOM BOAL KHCJIOPOILOM IIPH
aspatiH.
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PaccMOTPHM 3aKOHOMEPHOCTH OKMCJ/IEHHS JIBYXBaJEHTHO-
ro xenesa npH (HJALTPOBAHHMH BOAL! uepe3 IecyaHylo 3a-
rpyaxy. OkiicieHde B 3TOM cjayuae NPOUCXOILHT 3Ha4yHTesb-
Ho ObICTpee, yeM B CBOGOAHOM oObeMe, NpHUeM CKOPOCTb
OKHCJIEHHsi YBeJIMYHMBAETCs K KOHUy (HabTpouMkiaa, B cs-
34 C 3THM (PUJALTP CjelyeT PacCHHTLIBATL IJISI Cayuyas IpH-
MeHeHHsi TIPOMBITON 3arpyaKu.

Kax 6bi10o nokasano [8], necox ¢uabTpoB, ofe3xenesn-
BaoIUi BONy, MOKPBIBAETCS MJIeHKOfl, 3HAUHMTEeNbHO yBeaHl-
yriBaiouleli CKOPOCTb OKHCJ/IEeHHs [BYXBaJEHTHOrO »Kesesa,
Tax, HanpuMep, B ONbITaX, BLINOJHEHHLIX Ha BOJE H3 apTe-
3HAaHCKON CKBaXXMHLI 3apoja uBeTHeIX MerajoB ([lo-
noJabck) B csoBomnom oGbeme npu pH=73, conepxaunu
KMCAOPOJa 5 Mr/n M NBYXBaJeHTHOro wejesa 5 Mr/i, npi
temnepatype 10°C 3a 4 4, okncauaoch 70% nByXBaJjeHTHO-
ro wenaesa, a npu ¢guabTposaliui dyeped GuUALTP, 3arpyrKeH-
HLI TIeCKOM M APOGJIeHbIM aHTPAuHTOM C dop=1,33 MM H
BLICOTOW 3arpyaky H==1,3 M npu cKopocTH (uALTPOBANHUS
5 m/u, 3a 15,6 Mrn oxdcauwiaoc, 90% mByXBajieHTHOro Ke-
Je3a.

ClienoBarenbilo, CKOPOCTb OKHCJEHHs [ABYXBaJeHTHOTrO
XKeJjieaa yBeJHUHBAeTCs OT KOHTaKTa ¢ NOBEepXHOCTLIO 3ep-
HUCTOH 3arpyakH (uaALTpoB. CymMapnasi noBepXHOCTb BCeX
3epeH B elMHUle o6beMa w COCTaBIsIeT

6a (I —m)

m:——&—-— , (1.56)

rfie o — OTHOLEeHHEe NOBEPXHOCTII 3epHa K NOBEPXHOCTH pPaBHOBEJIMKOTO
Wwapa, B 3aBUCUMOCTH OT (POpPMul 3epeH H3MeHsteTcst » npepejax ot |
20 1,7; nanpvmep, pis necka oxatanvoro o=1,17, pas mecxa octpo-
yroabHoro a=1{,5...1,7 (cM. c 53); m — nopucTocTs; d — 3NBUBA-
JIEHTHLIR aHaMeTp,

Mcxons us saxoHoMepHoCTell OKHCJAEHIIST OBYXBaJeHTHO-
ro »cesne3aa p cobonlioM o6beMe C yueTOM CKasaHHOTO Bel-
we v popmyant (1.56) nosyunm

d [Fe?t] 6a (I —m
—g— =Kt ———d—) [Og) [Fe®+], (1.57)

Mpenentt uuterpuposantisi B aToll popmyse or 0 40 T.

Bpems 1, Heo6XoguMoe LJisi OKIHCJIEHHs IBYXBaJIeHTHOTO
XKejesa B (PUALTPYIOILER 3arpyake, pacCUHTLIBAETCH 1O
dopmyie

Lt —m)

P (1.58)
v

rie L — Bbicota GUALTPYIOULelt 3arpy3Ku; v — CKOpocTb (MALTPOBaHHS;
M — NOpHCTOCTb.
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Mocne nurerpyponanns ¢ yuetrom gopmyant (I1.58), cuu-
tasi [Og] MOCTOSIHHDBIM, 110JYUMM

Cpe2t

du Fey

O Kg(l —m)t = ——1

2 [Og] Ky ( n) L n Cratt

’ (1.59)

rie C 2+—COREP7I(ZIHHE ABYXBAJICHTHOIO X<eJie3a B BOJAE HAJ 3arpys-
Feo

koit QHAbLTpA; CFez.F—‘-CO,ﬂ,epﬂ(ﬂHHe JBYXBaJieHTHOro Kenie3a B (uibt-
pate; K;=0K,.

$opmyana (1.59) cnpapennupa fgsi NPOMBITOH NecyaHoH
bunbTpyomiell 3arpyaky M HCXOMHOH KOHUEHTpaUMH ABYX-
BaJEHTHOrO »<enesa, MeHbuefl 10 Mr/a, npu colepkaHHH B
BOJle KHCHOPOAa, 3HAYUTEJbHO npeBbillaiomem tpebyeMoe
N0 CTeXHOMEeTPIYECKOMY COOTHOUIEHRIO Ul OKHCJEeHHs
Fet g Fedt.

B. M. CrauxsiBuyioc [Js  onpefesieHMs NapaMeTpoB
QunbTpyrollero  cjos  HCHoab30BaA AHQQepenuuanbHoe
ypaBHeHHe, BLIBEJEHHOE M3 YCJOBHS H3MEHEeHHs KOHIEeHTPa-
LUHH JKeJjie3a MO BLICOTC (PHABLTPYIOLLIETO CHOS.

Buicota cnosi ¢uabTpyoulell 3arpyskd B COOTBETCTBHH
¢ dopmynolt B. M. CrauxsiBuuioca MoxKet GLiTh onpefesena
cnelyoluM Boipaxendem [10]:

oln [Fe?t],
[Fe2 ]
Ky, S ’

rae Kp— «kamcymascsls KOHCTaHTa peakuud; S -—— ylenbHas nosepx-
HOCTb 3arpy3KH,

[ =

Auanus noxasbiBaer, 4To 3Ta 3aBUCHMOCTb MOMKeT GbITh
BeIBefeHa U3 (opmyanl (1.89), ecan mpuHsATL DOCTOSIHHBLIMH
[O2], o, m. Takum o6pasom, ¢opmyny B. M. Crauxssu-
YKCa MOXKHO CUNTaThb anajordudoi gopmyne (1.59), onnHa-
Ko B Hell e yuuteiBalorcs: [O.], @, m, KOTOpnle HMEIOT
GoJbioe 3HaveHue.

Hcxonst 113 TeXHHKO-3KOHOMHYECKHX COOBpaXkeHuii 1 3a-
J1ABIIKCL CKOPOCTbIO (PHABTPOBANIS, MOMHO 110 GopMyJe
(1.59) paccunrarhb nCKOMBle TapameTpnl (GHALTPYIOLLErO
cnosi. Ilpu 31oM ROMKIILI GBITh U3BECTHDI Cpeg+, [O2] n

Ko (Ko omnpenensiercsi TEXHOJOrHUEeCKUM anajiu3oM,
cM. ¢. 53).

M3 dopmynnt (I1.59) cnemyer, 4To ecnu npil npoBefeHHH
npo6uoro o6esrKesie3BaHHSI Ha MOMIEJNH METOJOM YIPOULeH-
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HOH aspauuu H QHAbTPOBAHHA COlepiKaHHE PACTBODEHHOrO
KHCIOpOga H JBYXBAJIEHTHOro KeJje3a B (uabTparte Obino
TAaKHM e, KaK H Yy NOPOeKTHPYeMBIX (HAbTPOB CTAHUHH
ofe3Xesne3nBaHNA BOIbl, TO MEXAY CKOpPoCTbio punbrpoBa-
HHS, BLICOTOH 34rPy3KH H e€ KPYMHOCTbIO AJAS MOJenu
GHALTPOB M NPOEKTHDYeMbIX (HUIALTPOB CYLIECTBYET Clery-
10las 3aBHCHMOCTD:

Umog =auond¢ Lyox (1.60)

U ag duon Lo '

Ecnu xpynHocTb 3arpysku moaenu (GpHALTPOB M NPOEK-

THPYEMBIX (HJALTPOB TAaKXXe OAHHAKOBAf, TO

v Lyo;
—Mox _ Moa (1.61)
Ud L‘-l)
®opmyna (1.61) moxkeT GuITh Takke BbiBeJeHA H3 ypaB-
Hennn k. Xoamots [15], onnako ona He cosnapmaer ¢ M-
nupuyeckuM ypaBHenHeMm CraHJaes:

Luox = (ﬂ'&&)l'ss (1.62)
Ly Ugp

u gopmysoi K. Xanne [13]:

m=(ﬂ£ﬂ_)"'6. (1.63)
Ly 2
U3 gopmyant (1.59) MOKHO HOJIYYHTb BLIPaXKeHHe
CFe(2)+
duin
Cre2
Fe2t (1.64)

Ky 2 [O,] (1 — m)? '

Ananu3 stoft GopMy.bl NMO3BOAsieT CHAeJaTh CaelylollHe
BbLIBO/DI.

YBenunueHue rayGHHbL, Ha KOTOpOH HaxkaniuMBaeTcsi oca-
IOK THAPOOKHCH XKeJe3a L, a cnefnosaTenbHO, H yBeJHueHHe
TPA3€EMKOCTH 3arpy3KH, JOCTHTAeTCsi YBEJNHUYEHHEM CKOpo-
¢t ¢unbrpoBanns (puc. 1.9, 1.10) u ngnamerpa 3sepen
GHABTPYIOUIETO CJIOST, YMEHbIUEeHHeM COfepP’KaHHs pacTBoO-
PEHHOTO B BOJE KHCAODOLA M 3HA4YeHus «, a TalklKe ypesanue-
HHIEM MOPHCTOCTH 3arpysKH.

O6byHO TONLMHA cJ0s necka ¢GUAbTPOB CTaHLHA 06e3-
Mese3HBaHHA BOAbl MPHHHMAaeTcs He MeHee 1,2 M, a pasmep
3eped 0,8—1,6 mm,
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[Tpu pByxcnoiinoit sarpyske ¢HuAbTpoB ee obilas Tod-
uuHa cocrasaser 1,2—1,5 M, a ToawHHA BEpXHero CJosl —
0,5 M. IIns uuxHero cJosi HCNOMb3YETCH KBAPUEBbIH MECOK

£y 10°0awbodcm,)

saia /
l o
/7‘1
49[5) 4 A
y
74 gl
s
0 20 40 60 80 100 T,v

Puc. 1.9. Mamerende notepb AasjeHHs B NanopHoM ¢uAbTPe CTaHUHH
o6caxe/neaBanis BOAH I. DuexTpocTanu (ysea BojocHaGxennsa Nu 3)
IpH cKOPoCTAX QHALTPOBAHHS

[ — 14 Mfu; 2—7 Mm/u

c paamepom 3epen 0,8—1,2 MM, a s Bepxiiero cios — a-

TpauuToBas Kpollka ¢ paaMepoM 3sepen 0,9—2,4 mMm.
CxopocTb GHALTPOBAHHSA NPH 3THX YCJIOBHSX Ha OTKpbI-

ThiX ¢uabrTpax 10—15 M/u, a uwa wuanopubix 15—25 Mm/u

J
P, 10 fla/u 80dcr)

Puc. 1.10. 3asucumocrs rps- 98/0) A
3€eMKOCTH tdbunbrpylouiero 4
;’107! NPH pasHbX CKOPOCTAX
HALTPOBAHUSA oT noTepb 4
.uan.ue:un B (HAbTpE cranugu (5 7 £
o6e3x<e/Ie3auBaHust  BOALl B >
. DnekTpocTasn NpH CKOpO-
¢t QHABTPaHHH

1—7 m/y; 2—14 why 98(y

A

P

98 12 (8 20 S« 58 32 3
1DR3CENNDLITG DUIBITIOYOULES I QBLYSKUXE/N®

[15]. O6uwee coneprxanne Kenesda B YHAbTPATE NOJKHO CO-
cTaBasaTb okono 0,1 mr/a,

Copep:kanHe IBYXBaJEHTHOrO xene3a B QiabTpaTe npH
BBIMOJHEHHH NYCKOHAJANOYHbIX PaGoT MOMHO YMEHBIUHTb,
npHMeHssi Gosiee MOJHYIO a3pallHio BoJbl, YBEJHUHBAS TOJ-

3—252 33
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Ta6auua 1.3 Texnonoruyeckne napamerpnl paGoThl AeHCTBYIOLIKX CTAHUMK 0Ge3KeNe3HBAHAS BOLH

Conepxanne xeaeaa ; \f_‘ ﬁ hé TIpenenbroe ysenn- MapaMeTp GuABT-
B BOHe HAaA 3arpys- am ¥ ; - 5 e YeHHe IoTepH JaBhe- pyxomen 3arpys3x#,
KOR, Mr/n Ga . 83 es AHA 32 QHABTPOLHKA MM
MecToHaxoXAeRHE ad g Ss
o6bexTa Ss5a £ 3 §_5_=' ABToOp
e 8 d .
ofuee OKHCHOE gz "E; §§ E) 5 5 |wBom cr.| IMa-10* |kpynHocts| BhcoTa
o3 | 38 SEE
IMomoabex  (Moc- | 3,8—4,5 | Caepn— | 0,2— 5 64 1,1 1,08 | 0,5—3 1300 T. 10
KoBCcKas 06j.) 0,1 0,05 Acc
DiexTpocTanb 4—-35105~03| 0,3— 7 110 9,4 9,2 0,5—1,2 1000 To xe
{Mocxkosckas o6i.), 0,05
y3ea Ne 3
To xe, yzen Ne 4 2,8—34 | 02—0,4 | 0,3— 12 24 7 6,9 0,5—1,2 1000 >
0,05
Kamencx-Ypanb- 16—19 ) 14—16]| 0,1— 10 24 1,7 1,7 -3 1300 >
CKHUIT 0,45
T'opskosckas o6a. 11—14 } 1,5—2,1 0,2 5—7 48 1,6 1,6 0,5—1,2 750 »
lImakoexa 16,5 6,4—8 0,4— | 6—~6,5 12 1,2 1,2 [lecox— 700 »
0,2 0,5—1
afTpa- 300 »
LOHT—
1—1,8
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0,07

0108—"
0,16

0—
0,22

15—-20

4,9—
5,1

4,5—
5,5




40
(prabT-
panus

CHE3Y
BBEpX)

25—29

18—26

2229

4,5

0,9

1,1

4,4

0.9

1,9

1,1

0,7—2
2—5
5—15

15

0,5—1

0,5—1

0,5—1

1000

1000

1000

1000

M. A
MiuJios

B. A
Bapuea-
Jio

Tlepsm-
Ha u Ap.

To xe



Ta6auua [4. Mlokazatean KavecTBa BOAB M3 3PTE3HAHCKOW CKBAXKHHH

Hcxonnas Bona 5 PunsTpaT
=g
£
MecTonaxoXaeHHe OGBEKTa conepmazri-e/:n meneaa, . g Cnocof aspanid %Eg
2£%1 pH @ E i pH PH,
Feosu Feouen | 385 E..éE‘
fTomoasck  (Mockopckan ! 3,8—4,4 | Creawm 6,3 |7,3 Hsnus Boau Ha GUALTP 7,4 7,4 7,22
06.1.) —-0,1
aexrpoctans (Mockos- 4—-3,5|01-02| 4,9 | 7,35 | Usnus Bomm B KoHTaKT- | 7.4 7,45 7.5
cxag 06x.), ysen Ne 3 HLIl pe3epByap
To xe, ysen Ne 4 2,8—-34 02041} 4,3 17,5 | To ke 7,6 7,65 7,75
KaMeHck-Y panbckui 1,75— | Cnemn 7,7 | 7,4 | Uanue Boau Ha GHUALTD 7,5 7,5 7,3
2,2
l"opbkoBckas 06 11,4— | 1.5-2,1 | 1,6—| 7,2 | Bap6otupoBaKHe 7,35 6.95 7,05
14 2




L€

[IImaxkoBka

TP3C

Mocksa

ToMeanb
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Bpect

15—
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Ha BeHTHAATOpPHOK Trpa-
IHpHE

To ke

BBoi BO34YIIHO-BOLSHOH
3MYyJIbCHH CaMOBCAChHIBZiO-
OIEM HacoCOM

Hsaue ol Ha QUALTD

To xe

Ilox-
meiagH-
BaEHe JO

7,7—8

6,75

Her
HNAHHRX

To xe
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Her
JXaHHBIX

To xe

7,7
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HaTHHE

HCHHTa-
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Her
RaHHHIX



IWHHY (QHJBTPYIOLEr0 CI0S H yMEHbLIAs CKOPOCTb (PHIAbTPO-
BAHUHA,

MponomuureasHocTs (GuAbTpouukaa npH obe3imenesu-
BauMM BOAbl METONOM YNPOLEHHON aspaund ¥ QHIbTpOBA-
HHs, KaK I1paphJjio, He MeHee 12 u.

Hasi mpuGnnsHrenbHoft OUEHKH NPOAOMKHTENLHOCTH
(GHABTPOLMKAA B KaXKAOM KOHKPETHOM CJy4ydae MOMHO HC-
nojb3osath Aadible taba. 1.3,

U3 onviTa 3xcnayatayuu yCTaHOBJENO, YTO HHUTEHCHB-
HOCTb MPOMBIBKU (QuAbTPeB AonkHa ObiTb 15—18 a/(c-M?)
B Teyedne 10—15 muH.

TTokasateny KaueCTBa HCXOAHOH BOAB HA 3THX CTAHLH-
X mpuBefeHbl B taba. 1.4.

CpaBHeHHe Aa3palHOHHBLIX MeTOJ0B o00e3Kene3uBaHus
BOJbI. B oTeyecTBeHHO NpaxTHKe HAUIAH TNpHMEHEHHe NBa
a3palyOHHbBIX MeToAa 06e3¥ee3UBAHUS BOABL:

1) aspauusi BoAH Ha FpajypHe, OTCTaHBaHIe B KOHTAKT-
HOM pe3epByape, QUAbTPOBAHUE;

2) ynpoueHnas aspauns (Hanpumep, NyTEM H3JIHMBA BO-
Abl B kapman ¢uabtpos a1ubo pasbpuisaruBanieM BOAbl HAR
tbunbTpamn), GUALTPOBAHHUE.

ITocne aspauud Boabl HA rpagMple U OTCTAHBAHHS B
KOHTAKTHOM pe3epByape oKHCJeHHe ABYXBAJEHTHOrD XKeJje-
3a, THAPOJIN3 H KoaryJsiiisa TPexBaJeHTHOro eje3a B oc-
HOBHOM TNPOHCXOAHT B KOHTAKTHOM peseppyape. Ha ¢uapr-
pax OCyliecTBJSsIETCH JULIbL 3ajepaHiie B3BeCH THAPOOKHCH
xKenesa.

ITpu o6e3xene3uBanuil BOAbl YTNPOLIEHHONH aspauueli H
¢bunbTpoBanyeM Ha (QUAbTP NOAAETCH BOAA, COAepIKallas
HOHBL JIBYXBAJCHTHOIO XKeJe3a.

Hasi cpapHeHusi 3THX MeTORAOB GbIH MPOBEAESHDLI OIMbIThbi
Ha pAefcTBylowiell CTaHIUK o0e3)KeNe3HBAHHS BOABl MpO-
MpisieHHoro npeanpustya. Ilpu oGesxesnesnBaHHH BOLI
NepsbiM MeTOAOM BOAA A3pHPOBAJACL HA BEHTHJSITOPHOH
rpapupHe, oTCTauBanachb B KONTAKTHOM pesepByape H
(puabTpoBasach uepes HanOpHBI GHABTP AHAMETpOM 3 M,
3arpyaeHsbif COPTHPOBAHHLIM [ECKOM KPYNHOCTbIO 0,5—
1,2 MM nipu tomiuuue caost 1 M.

Hp(’l 3TOM BCe >Keje30, pacTBOpPEHHOE B BOAE, OKIICHaA-

JoCb B KOHTAKTHOM pe3epByape W TNMOKABANOCH HA GHALTP
B TpexBasieHTHOH (opme.

ITo BTOpOMY MeTOAy BOAA a3pHpoBasach MpH TNojaye
M3 apTe3HaHcKoM CKBaXKMHB B KapMaH mepei KOHTAKTHLIM
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pe3epsyapom, daTeM QuJbLTpoBajach yepes ToT )K€ CaMbli
HanopHbli (PUABT).

I{auectBo HeXomHolt Boabi Obio caenyloliM: ofliee
cofepkanue xejsesa 2,8—3,2 Mr/a, TpexBanenTHoro xeJse-
3a 0,2—0,5 mr/n. Pe3yubTaTni ONBITOB lPHBENEHLI HAa
puc. I.11.

2,107z (mB0dcr)

Puc. 1.11. Hsmenenue noteps nas- J6/7/ i7a
JIeHHs1 H obLlerc cojmepiaHusa ene- - 77
33 TIPH  CKOPOCTH  (PUALTPOBaHUA /—b 7
7 M/4 W pasusix Metopax obe3xcse- "““U
3WBAHHA BOXALI B ONLITAX, BLITIOJ- “9(%)
LUeHHLIX #H& CTaHudn ob6e3ikelsesHsa- "ﬂd/ 4
wua ysaa Ne 3 g r. DuiexTpocranu

[ — u3Menenue mnoTeph  AaBaeHuss B y4
GuaLTpe npR obe3XKeqeslBalHH N0 CXe- 98( 1/ i
Me: aspaulns 1a rpagMpHe, OTCTaHBaHHe g
B KOHTAKTHOM pe3epByape, (HJAbTpOBa- 0 30 50 10 90 1o
HHe; 2 — U3MeHeHHe NnoTeph AaBJEHHA B

dHuALTpe npn  obeaxceNe3NBBHHM N0

cxeme: yhpoulenxas aspatus — GHILTPO- )

Bauue; 3 — uameneune oGiuero comepxa- FEosy 5 MEMN

HHSA Kenesa B (huawvrpate npn obeamena- 06
3HBaHUU ynpouennoil aspanuelt U PpHALT- a4 .
polanHeM; 4 — naMenelne obuera cogep- ' =%
WAHNA HKenesa B (uabTpaTe npu obes- g2 foe ]
KeNe3UBAHHH a3pauuell Ha TpPBRHUpHe,

g
oTcTauBanieM H (HALTPOBaHHEM 70 30 S0 10 90 10 T.¢

Kak BuIHO H3 pe3yJbTaToB ONLITOB, NPOAOJIKHTEND-
HOCTb (PuAbTpoUHMKAA NPl o6e3xKene3uBAHIH YUPOLLEHHOH
aspalMell W (PUIbTPOBAHMEM BLIILE, YeM B TOM cayyae,
Koraa Ha (JuALTP HOAAaeTC BOjA, COMAepPH(allas OKHCJEHHOE
TpeXBaNeHTHOoe eJsae30.

IpoponmurenbruocTs PHALTPOLHKAA OpH 06e3rKenesH-
BAHWH UCXOAHOH BOADbI, copep:kalleil TOJbKO ABYXBaJdeHT-
HOe jKene3o, BO BCeX CJyuasX onpepenfiercs npejejbHbLIMH
NOTepsiIMK HAanopa; MPoCKoKA THAPOOKHCH jKene3a B (PHIDL-
TpaT He MPOHCXoAUT. AHAJIGTHUHDLIE PE3Y/LTATHl Gbliy Mo-
JYyYeHLl HAMHM IPH HCCAeNOBAHMM HECKONBLKHX JIECSITKOB
NOJYNPON3BOJACTBEHHLIX H MPOM3BOACTREHHLIX o0e3enesu-
BAIOLIUX yCcTaHOBOK (cM. Taba. 1.3).

M3 3Toro Mo)KHO CHe1aTh BLIBOJ, YTO MOCJEe OKHCJIeHHSA
JIBYXBANEHTHOIO JKeJe3a N0 TpexBaseHTHOro ¥ Nocjenyio-
IUero THAPOJM3a M KOHTAaKTHOH Koary/isiliid, CONPOBOKAA-
loliefica 3aKpenJyieHHeM KeJe3a Ha 3epHax 3arpyskH, nepe-
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MeieHHsl OCAfiKa He MPOUCXOAHT B OTJIHuUHe QT QuabTpo-
BAHHS MAaJOKOHUEHTDHPOBAHHOH CYCHEH3HH THIPOOKHCH
JeJsesa, TAe OJHOBPEMEHHO [POUCXOMHT 3aKperienne ocal-
Ka Ha 3eDPHAX W OTPbIB paHee 3ajepxkaHHOro ocanka [4].
Takum o6pazom, B nepBoM cJaydae 3HAYHTEJbHO Bbllle
MPOYHOCTE OCAAKA THAPOOKHCH Kenae3d, cPOPMHPOBAHHOTO
Ha 3epHax.

Kak 6ulno nokasano B. A. Kasiuxo, P. Daunaccenowm,
. M. Munuem, K. A. MaMOHTOBLIM 1 Ap., B TOM CJyuae,
Korna Ha (UALTp MogaeTcs Boaa, conepxkauias yxe cdop-
MHpOBaHHLIE XJOMbS THIPOOKHCH XeJse3a, oCHOBHAs Macca
ocanKa 3afaepXuBaercs B BEPXHHX CJOsX 3ePHUCTOH 3arpys-
Ki uabrpa.

B cnoe (nepswie 5 cM) moteps Hamopa cocrasasieT 67—
84,5% oObwe# nortepu nanopa B ¢HABLTPE.

XonnTta U Dbepxapn Ha OCHOBAHMA 3KCIEPHMEHTOB
o o6e3ene3nBaHUIO BOJB, BLIMONHEHHEIX HA JabGopartop-
HOM yCTaHOBKE, B COCTAB KOTOPOK BXOAWJA MoAenb (HJILT-
pa, sarpyXeHdHoro mneckoM ¢ puametrpoMm 3epen 0,75—I
uan 1—1,5 MM, npuHIiH K BHIBOAY, YTO Ha [OBEPXHOCTH
mecyaHoi 3arpyskn QuabTpa o6pasdyercs cJoil maaMa ruf-
pOOKHCH Kenesa ToduwMHOH 1—3 cM, 3tor chaolt asasiercs
raBHOH NMPHYHHOW pocTa CONpOTHBAEHHs (HALTPA.

[Tpu o6e3ene3anBaHWH BOIL YIPOLIEHHON aspalHelt H
GbunprpobanneM Ha QuaAbTP MopaeTcs BoAd, coaepKauias
HOHBl ABYXBaJEHTHOro jkeje3a. OKHCIeHHe ABYXBa/JieHTHO-
ro xenesa 3aKkadyupaeTrca B rny6uHe (QUABTPYIOUIEro caos,
Toe H 3ajepxuBaeTcs rHAPOOKHCL xenesa. Ilostomy pac-
npefeneHye NoTepb HAMOPA Mo rayGHHe 3epHHCTOH 3arpys-
Ki cKoporo GuabTpa okasuiBaercs Gojiee paBHOMEDHLIM,
UTO MOATBEPXKAAETCH pe3yJbTaTaMH OIbITOB, IIPHBELEHHbI-
MH Ha puc. .12,

B wauaie OQUAbTpouHKJA POCT MOTePb AABJIEHUS BO
Bcex cnosix QUABTPYIOWEH 3arpy3ku INPOHCXOAHT paBHO-
MepHo. BenepcTBue KaTaJMTHYECKOTO BJHAHMSA OCAfKa MO
Mepe ero HaKoIJIeHHSl CKOPOCTb OKHCJEHHS ABYXBaJeHTHO-
ro XxeJjesa yBeauupBaercs. BOgpllias yacTb oCafika Hadu-
HaeT 3ajepXKHBaTbcsi B BepxHeM chaoe ¢uavTpa. Ilostomy
K KOHUY (HJAbTPOLHKJIA PABHOMEPHOCTb  paclpeneneHis
notepb Hallopa Mo BLicOTe (PUABLTPYIOULEro cjosi Hapylia-
eTcsl.

TaxkuM o6pa3oM, MeToj YNpOUIEHHOH aspaulud H (uib-
TpoBaHusi obJafaerT psAOM MPEHMYILECTB MO CpPaBHEHHIo
¢ mertogoM aspauuu, OH uMeer Gojiee BLICOKYIO NOMYCTH-
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MY CKOPOCTb (HJALTPOBAHHA, GO/AbLUIYIO MPOAONHCHTEM b
HOCTb (HJBTPOLHKIA 1 MEHbLIYI0 ONaCHOCTB KOPPO3HH
Tpy6ONpPOBOAOB BCJeACTBHE MeHbliero oforalileHHst BOAb
kucaopogoM. KpoMme Toro, mpu ympouieHHo# aspauHH He
Tpe6yercsi CoOpy:KaTb FPajlpHH K KOHTAKTHBII pe3epByap.

HepocraTok 3TOro MeToAa, KOTOpPhEIM HEOGXONHMO MMEThb
B BHAY OpH NPOEKTHPOBAHHH, 3aKIKYaeTCA B TOM, YTO

a
/ Cdpoc e

darmya v &

Puc. 1.12. Cxema onbiTHOf

yeraHoBkH (@) M rpadux Kounwocme
(6) wu3MeHeHHS noTeps _ALWFWMM:I 13- 70w |00
HaBJieRHsT B DAa3JIHYHBIX
ciosx $uanTpyloweit sa-

TPY3KH NpH  CKOPOCTH (]
dunsTpoBanaa 7 My H 4)
ofmeM COAEPMAUHH  XKe- 0%y Bodcr
nesa B duaerTpare ot 0,4 P alo bodcr)
no 0,05 mr/n
88(1
= 1T
{ ]
0 0 20 3074

ofe3xkese3snBaHue BOAbBI He ofecrieynBaeT ee CTabHJIBHO-
CTH.
M3 pecsitn ofcnenoBanHbiX HAMU HCTOYHHKOB BOXOCHAG-
®enuna Ha teppuropun PCPCP B nsatH cayyasx nocae
ofesxcesiesnBaHiis BoJA HMesa OTpHUATENbHbI HHIEKC CTa-
6uabuocTH (cM. ta6a. [.4). Kak usmecTHo, nocsae cTaHUuy
o6e3)Kene3BaHHS BOABI COIEpXKAaHHE XKesesa B (HIbTpaTe
He po/icHo mpepwitiate 0,3 Mr/a. B tex cayuanx, xorga npu
ofes)kesnesnBaHin yrnpolieHHoN aspauneil ¥ (UIbTPOBa-
HHeM cofeplkaHHe JKkenesa B (QHUIbTpaTe OKasbiBaeTcs lie
nuxnce 0,3 Mr/a, oTBepcTHs B ApeHaxe (GHAbTPOB 60JbLIOTO
COTIPOTHBJIEHHA 3apacTaloT NMPOUHBLIM OCAaJKOM K3 COefuHe-
HHI 2KeJie3a.

B HeKoTopHIX Cayuasix Apedak Mo 3TOH NpHYHHE BHXO-
ILHJl H3 CTPOA uepe3 OAMH-— TPH rojfa mnocje BBoAa (HJb-
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TpoOB B 3KcmayaTtanuio. UTo6bl H36exxaTp ITHX OCA0MHeHuH,
cienyer Bbi6HpaTb MapaMeTpbl (HABTPYIOULEro Ca0f W
CKOpOCTh (PHALTPOBAHHA TakKHM 06pa3oM, utoObl COAEpKa-
HHe [IBYXBaJeHTHOro Keje3a B (QuabTpaTe Obino He Oosee
0,1 mr/a.

OGe3sxenesuBaHue BOAbl C BLICOKMM COAEPIKAHHEM JKe-
ae3a. [lolseMubie BOAM C BHICOKIM CcOfepKaHuveM KeJje3a
(6osee 15—20 Mr/a) pcrpeuaiotcs Ha IanbHeM BocToke,
B [loBo/uKkbe # B psiae Apyrux paloHOB HalueH cTpaHbl.

Kax 6bli0 moKasano, pis ofeaxene3dBallia BOJLI OKHC-
JieHHeM JIBYXBaJieHTHOro Jkesesa [0 TpPexBaJIeHTHOrO He-
O06GXOLHMO HJIII IOBBICHTb OKHCJHTEJLHO-BOCCTAHOBHTEb-
HBIf TIOTEHIIHAJ BOALI (BBECTH OKHCJHTEJI), HIH YBeJHYHTD
pH (nmomwenauupaHueM, aspauuei), HJAHM OLHOBPEMEHHO
aspauynelt ysesruuTh pH nyrem ynaseHuss uacth cBoOO/-
HOH [ABYOKHCH Yrjiepofa H YBeJHUHTb OKHCJIHTENbHO-BOC-
CTaHOBHTENLHBIH MOTeHHMaj BOAH NyTeM oforallieHHs ee
KHCA0PO0M Bo3dyxa (cM. m. 6 ra. [).

ITpu Beimossednn B 1971 r. myckoHasagouHsix pa6oT
Ha crannun obfe3xkenesiiBaniifi NPOH3BOACTBEHHOro BOAO-
cHabKetusi OJHOTO H3 3aB0oJoOB I'OpbKkoBcKoH 06sracTH mpo-
uecc obes)keje3WBanis Oonljl 3HAUHTENBHO HHTeHCH(DHLA-
poBar nNyTeM fIpuMeHeHnusi Oe3peareHTHOl cXembl yAa-
JIEHUS WeJsle3a.

Cornacho mpoekTy, B BOAY AJA OKHC/IeHHS LBYXBaJleHT-
HOTO JKeJle3a BBOSHJIM XJIOp, MPHMeHSJIH MOALie/lauHBaHHe
BOAL H KOAaryJsiHio CepPHOKHMC/ILIM ajlOMHHHEM,

[TpenBapuTe/NbHasA ouMCTKA BOABI OCYLIECTBJAJACH B OC-
BeT/IMTe/ifIX, 3aTeM Boja (MJbTPoBaJjach Ha MNeCYaHbiX
(GuabTpax, 3arpyXKeHibix KBapuUeBbIM [TECKOM C KPYITHOCTBIO
seped 0,5—1,2 MM u Bmicoroil caos 0,75 M.

Ilo pearenThofi cxeme paGoTa/H Takye elle OABe CTaH-
UHH Ha NpennpHATHAX ropoda. I1poH3BoaHTebHOCTE CTaH-
IlMH, re BLIIONHSANCL MycKoHaJJajounuble paGoThl, COCTAB-
Jsaa okodsio 10 Teic. M3/cyT.

[To pearenTHOl cXeMe CTaHUMsi Ofe3esNe3HBauus pa-
6oTaja OKOMO ABYX JieT, TNpHuUeM COAepiKaHHe eJesa B
¢buabTpaTe COCTaBAANO OKOJIO | MI/i (BCe XKesie3o B Tpex-
BaJleHTHO!l (opMe).

Ha mepBoM 3Ttane pafoTh, KoTopas 3aKjaiouyanach BO
BHelpeHuH OGespealreHTHON cxeMbl, GBIIO IICKI0OYeHO LO3H-
poBaHHMe B BOLY XJIOpa H KoaryJsiHTa.

B Teuenue HECKOJIBKHX MeCAleB BOJA TOJBLKO Mofllesa-
YHBAJACL M3BECTKOBLIM MOJIOKOM TakuMm o6pasoM, uToGui B
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¢puabTpaTe nocrosHHo npucytersosano 0,1—0,2 mr/a  3a-
KHCHOrO Kefesa. DTo MO3BOJHAO cPOpMHPOBATL Ha 3epHax
necka B QuAbTPax TJIEHKY H3 COelHHEHHH JKesesa, sIBALO-
ulyjocs KaTaAn3aTopoM B mpouecce ofe3ee3nBaHHs BOLDL.

HOas oforawenns BOALI KHCAOPOAOM H ylaJeHHs 4acTH
cBOGOAHON ABYOKHCH Yrjepoaa C uedabio nosbiienus pH u
OKHCJ/IHTEIbHO-BOCCTAHOBHTENBLHOTO TIOTEHUHANa TPHMEHNEHO
6apboTHpOBaHiE BOALI BO3LYXOM B OCBET/IHTEJAX.

OT BO34YXOLYBOK, KOTOpHE HCMOJNB30BAJHCh AJ1s1 HHTEH-
cH(HKalMH pacTBOpEHHs pearcHToB, B pabouhe Kamepbi
oTBeTaMTEeNeH OB TposoNceHsl Ha raybuHy 4 m TpyOnl
LJIst TIOfaud BO3AyXa.

CKopocTb BbiXOLAa BO3AYXa H3 CTOAKOB COCTaB/aAJa
15—20 m/c, snavenne pH HcxopaHoi BOAB H3 apTesHAHCKHX
cKBaXXHH Owbinio paBHo 7,2, pH Bonni nocae GapGoThpoBa-
Hus —7,35, a mocsne ¢unptpos — 6,95. 1lenounocTs BOAHI
1,6—2 wmr-sks/n. Ob6uwee copepianue xenesa B HCXOAHOH
Boge 11—14 mr/a (cm. taba. 1.3).

[Tocne Gap6oTUpPOBaHMA B OCBETIHTENSX BoLa Haf (PHJb-
TpaMi copepxaJsa Bcero okoJio 15% okucaenHoro cedesa.

Ilpa aspauun Boab GapOOTHpPOBaHHEM COZepXKaHHE B
(uIbTPaTe KaK OKHMCJIEHHOTO, TaK H 3aKHCHOrO XKeje3a CHH-
amaock g0 0,3 Mr/a.

Kax npn usBectkosaHuH Bognl (3Hauenwe pH npwm noa-
ulesayrBaHHK mnosbiwanaoce o0 7,3—7,5), taxk H npn 6Ges-
pearenTHo# pafoTe chHueHue oOuUiero COAEpIKAHUSA HKeJsesa
B OCBETVIHTENAX NOCTHraso He Gojsee 1—2 Mr/a, T.e. ocpeT-
JIUTENH TpakTHYeCkH He paboTann. IIpogo/KHTenbHOCTh
¢uabTpoOUnKaA TPH pafoTe CTAHUHH TO CXeMe XJOpHPOBa-
HHe — MOoAIIeNaYHBAHHE — KOAryJAUHSI COCTaBJfiJa OKOJIO
12 u, npu GeapeareHThOH pabGoTe — 48 u,

CurejloBaTesIbHO, KOJIIYECTBO BOAL, PAacXofAyeMOW Ha
NpOMBLIBKY (PHJLTPOB, YMEHbIIHIOCH B 4 pasa.

BnaxcHocTe ocagka, BblAeNHBLIEroCs NPH OTCTaHBaHHII
M3 NpPOMBLIBHOH BOALI (HALTPOB, uepe3d 24 y mocje npo-
MHBKH cocTaBasaga 99,2 u 95% cooTeercTBeHHO aJs pea-
TeHTHOH M Ge3apeareHTHON 06paGOTKH BOAbLI.

TaxnM o06pa3oM, npHMeHenHe OeapeareHTHOH CXEMbI
oGeaxenesnBanna BOAL (adpaunst GapboTHpoBaHHeM —
(GHIBTPOBAHHE) NO3BOJHJIO COKPATHTL 3IKCTIyaTalHOHHLIMA
nepcoHals, HCKJIIUHTL IPHMEeHende peareHTos W, KpoMme To-
ro, B 4—>5 pa3 yMeHblInTh 06beM NMPOMBIBHOH BOABI H OCan-
Ka ruJpoOOKHCH Keses3a.

ITIpuMenenne Gedpearentiioil cXemb! 06e3rkene3nBaHHA
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BOAH BMECTO peareiTHOH TMpH TPOEKTHPOBAHMH HOBHX
cranuuit nossosnt wa 30—50% coxpaTuTh mepBoHayallb-
lible KanuTaJ bHbie BJAOYKEHHS Y 3KCI/yaTalliOHHbIe PacXo/bt.

[To panubiMm M. A, MusnoBa, BHLIMOJHHBILErO HccaeL0Ba-
HHS Ha jeficTByowell cranuty no o6e3lKeNe3nBaHHIO BOIH,
comepxailell 25 Mr/a KeJsesa, pauHOHaJILHON CXEMOI OYH-
CTKK SIBJISIETCSl a3paliHsi BOAB Ha BEHTHJATOPHOH rpaaHpHe
¢ mocJenylownM (HILTPOBaHEM uyepe3 KOHTAaKTHHIH ocBeT-
aurtenab. [lpopo/kuresnbiocts ¢uiabTpounkaa 40 4 (cM.
taga. 1.3).

Tak xak (HUJILTPOBaHHAsi BoAAa WUMEET OTpHIATENbHBIH
RHEKC HachlUeHHsl, A8 JUKBHRAUHH €e KOPpO3HOHHHX
CBOHCTB HeOGXOAHMO NOALABaTh B (PHABTPAT H3BECTKOBHHK
pacTBop.

B rtex caywasx, Koraa AJsl MoaulesavyHBaHuA NpHMeEHS-
I0T H3BEeCTKOBOE MOJOKO, OJHOCTYNeHuaTas cxeMa MOMKeT
OKa3aTbCsl HEZOCTATOYHO HAZEXHOHM, TaK KAk TpH mnojaue
H3BECTKOBOTO MOJOKA B PUABTPAT MYTHOCTb OuNllLeHHOH
BOAH MOMeT cTaTh Bbilie pexoMmenpgosanuofl OCT 2874—
73 (1,5 mr/n).

I'. K. Hukonagse u Hro Bau Illux, BHnoJHuBIKE KOM-
IJIeKCHOe HCCIeJoBaHHE MO OYHCTKe BOAH ¢ GOJBLIHM CO-
AeprKaHieM jKemesa, PEKOMEHIVIOT CJeAyIiollHe TeXHOJOIH-
4eCcKIe CXeMH:

1) npu comepxanun 3axkucroro xenesa 10—30 mMr/n #
pH Bogm He Menee 7 — aspauust BoAbl, PHALTPOBAHHE HA
KoHTaKTHoIX ocBernuTensx KO-3;

2) mpu comepaHHH 3AKHCHOrO Kese3a Buuwe 30 M/
u pH Brnile 7 — nepBuuyHast aspaums, oCBET/IEHHE B OCBET-
JHTENE CO CJI0EM B3BelleHHOro ocajxa, ynpouleHHas aspa-
uusi, QuJIbTpoBalHe Ha CKOpHX ¢uabrpax (nps Feycx Me-
nee 50 Mr/n Ges ynpoutedHo# aspauuii).

BhicoTa cnost B3BellenHoro ocanka 2—2,5 M, ckopocThb
BOCXOASIEro moToka BOAb 3,6—5,4 M/u.

Crophne GHALTPH HMET CJeAYIOUHE TeXHOJOrHYeCKHEe
napaMeTpe paboThi: TpPH CoAepaliy Kedesa go 60 mr/a
CKOpOCTb (HABLTpoBaHHA U=7...12 M/u, d=0,7...1,2 MM
doxg=1 MM, KO3()(pHUHUEHT HEONHOPOAHOCTH 3arpyakn K=
=1,5.. 1,7, tonuuna cnos H==1 M; npu comepxcanyu xe-
Jesa Boiie 60 Mr/n v==g0 6 M/u, d==1...2 MM, dpxp=<
=13 mmM, K=1,7..2, H=1,3..1,5 m.
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4. PEATEHTHBIE METOA bl
OBE3)XKENE3UBAHHA BOAbI

PearedTHoie MeTOfbLE NMPHMEHSIOT B TOM CJayuae, eCiH
GespeareHTHBIMH a3>pauHONHBIMH MeTOZaMH YHAJHTb Ke-
ne30 He ypaercst. Oas ypanenHst jkejgesa NPHMEHSIOTCS
cleflyiowye peareHTH: XJIOp, XJOpHaRA H3BECTb, nepMmarira-
flaT KaJIHfl, 030H, H3BeCTh, COAA.

B Tex caywanx, Koria Kene3p HaxoJ/IHTCsl B BOMAE TOJb-
Ko B TpexBajeHTHo#l (opMe Hau KpoMe obOe3rkene3HBaHHs
Heo6XONHMO TaKMe yMeHbUIeHIC IBeTHOCTH BOILI, PauUHO-
HaJMbHBIM MOXKeT 0Ka3aThLCA Ce KoaryJsiuifl CcepHoKHCIBIM
aJioMiHHreM. B 3ToM Cayuae NpriMeHsIIOT THTIOBBIE NPOEKThI
(bHABTPOBAMBHLIX CTaHUHEA.

PearenTel BBOAAT B BoAy nepen (uabTpaMiu B NoAaio-
wi# TpyGonpoBox, ecaH Cofepr<anmMe jkesaesa B IICXQQHOH
Bojge He npephiwaer 10 mr/n. Ilpu GonbweM cofepiKaHHH
Jkejiesa peareHTh JIO/MKHL [O3HPOBATLCA Tepel coopyiKe-
HIISIMII OJIs1 OCBEeTJIeHHsI BOAB (nanpHmep, OTCToHHHKaMH
IIJIH OCBETIMTEJSIMIE), TaK KaKk NpOoAGMIKNTeALHOCTh (ILT-
poulKsa MOXeT 0KasaTbCsl Mennuie JICIyCruMaoil.

JByxBasenTHoe Kesne30 OKHCARETCH XJOPOM M/ XJOp-
HOH H3BEeCTbI0 N0 peaklUHH

Fe (HCOy), + Clg + Ca(HCO;), —> 2Fe (OH)g4 + CaCl, + 6CO,4. (1.65)

[TpoponXuTeNsHOCTE peakuuy AAA MPHPOLIEIX BOA B
nntepsanse pH==6..8 cocraBsseT ncerc HeCKOJIbLKQ MHHYT.
CKkopocTb peakuul yBenHuHBaeTcst npH nospiwtennin pH.
Ha oxiicseniie 1 Mr IByXBaJIeHTHOTO XKejie3a pacxoyetcs
0,64 mr Clp, npi 3TOM UIEJOUHOCTH BOAB CUHIKAETCSl Ha
0,018 mr-s3xs/a.

ns npuroToBseiniiss ¥ AO3HPOBAaHHA pacTBopa XJjopa
065IUHO TIPHMEHSIOT BaKyyMHbie XJIOpaTOPHI.

Hasa cranunit o6esxenesiisannss MaJoil npol3BOANTEb-
HOCTH, a TaKkke pabOTaloUIHX HeCKOJbKO MecsiileB B oAy
(nHoHepcKHe Jsarepd, AOMa OTAbIXa H T.[.) npiHMensiorT
xJjopuryio n3sects. Comepikanic aKTHBHOLO XJopa B Cpece-
npurorosiaenHoil xaopHoflt uasecrn 32—36%.

Xnopityio 113BeCTb PacTBOPAIOT B JACPEBAHHEIX GaKax C
MelllaJiKaMH, 3aTeM OTCTaHBAIOT 1 PAacCTBOP KOHUEHTpaiuei

1—2% no3upyiloT B HMCXOAHYIO Booy OBHUNLIMII [03aTO-
paMi.
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Oxncnexiie AOBYXBaJIEHTHOrO KeJse3a nepManrataTom
KaJsihst MOXKHO BbIpa3HTb YpaBHEHHEM

3 Fe (HCO;), -+ KMnO, 4- 2H,0 —> 3Fe(OH);  + MnO, +
-+ 5CO; ¢ -+ KHCO,. (1.66)

OTclofa pacuerHass [o3a nepmauravata Kanhst Up=
{Fe?+], mr/n. IlpuroTonsenne pactBopa MepMaHraHaTa Ka-
Jist omuHcaHo ua ¢. 93.

Huorma B apreanaHckie CKBAXKHHBI fonanawoT GoJsor-
HbIE BOABL B 3TOM cayyae opraHHuyecKie CoefHHEHHs ADBYyX-
BaJIEHTHOTO JKeJle3a HEpegKo IJI0X0 OKHCIRIOTCH.

Ecan Xeneso CONEPXKHTCH B BoAe B BHAE OpraHHYecKHX
COENMHEHHN HJIH KOJJIOWAHBLIX YacTHL H 6e3peareHTHHIMH
MeTofaMH YHAJHTb €ro He yjJaercfl, TIPHMEHSIIOT O30HHPO-
Banue Bogau. ITo maunbim B. ®. KoxinHoBa, pas ycrpaie-
HIISL I3 BOABI Kese3a Tpebyetcs 1 Bec. u. o3oha na | mec. u.
Kesesa.

Coopy:kennin  paGoOTAIOT Mo CXeMe: 030UHPOBalUUe BO-
Nkl ~— oTCcTanBanue — QuibTpoBatie. O301 NPHMEHSIH aJs
OYHCTKII BOAbI OT Mejesa M Mapraiua na craHuumn Mon o
Jlyapa (®panuus). ITocne po6apaenns 4 Mr/n o3oHa H oT-
cTauBaHHus Bojbl (6e3 MojuienaylBaHHs) 2Kene30 ¥ Mapra-
Hel yfagsJiHCh NMPaKTHYECKH TOJHOCTBIO.

Ha oTeyecrBenubix CTaHUMAX HepeaKko MPHMEHSIOT a3-
pHpoBatiie H NOAeNaYHBaHe BoAbl. JTOT MeTol ofecneus-
BaeT yjajseHue efnesa H craGuansauuoHuyio o6paboTiy
Boabl. Kak 6biy0 mokasano (cM. ¢. 13), aspaunst n noauie-
JauynBanye sIBJSETCS yHHMBepCcaJblbiM peareHTHbHIM MeTo-
AOM, KOTODBIIi NO3BOJsIET yAaMsATh Xeae30 Bo BceX (opMax.
Ilosa utesouHoro peareHra JosKHa OMPERENsTLCSI C yye-
TOM HeoOXoAnmocti crabGuansamwontofi o6paboTkin BOILI
I ypaJienHst 4yacTH cBOGONHOM Yr/eKHCIOTH NPl aspalii
BOJIHI.

Ilpn aspaumin # H3BCCTKOBAHHII BOABl MPOTEKAET peak-
st

4Fe(HCOy), 4- 8Ca(OH), -+ Oy = 4Fe(OH)y) + 8CaCOq § +-6H,0. (1.67)

OpiienTiipoBouHO 103y 13BecTH (B nepecuete Ha CaO),
Mr/J1, MOXKHO paccyuTaTh mo GopMyse

Hu = 0,8[C0,) +- 1,8 [Fe?].

Hagects po3upyercst B BOAY B BHAE HACHLIUIEHHOTO 1i3-
BCCTROROTQ PacTBOPA M H3BeCTKOBOrO MoJioka. Iapect-
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KOBLIfl pacTBOpP MOX<eT BBOAHTLCSI B (PMJILTPOBAHHYIO BOAY,
HO He CJelyeT BBOIWTh B Hee I13BECTKOBOE MOJIOKO, TakK
KaKk B 3TOM Ciyuae MYTHOCTL (ubTpaTta Oka)Kercsi Bhilue
JonycTuMol.

Ha ycranoskax neGo/blIOH 1PON3BOLHTENBIOCTH OObLIY-
HO TMpHMEHsIeTCsl H3BECTKOBHH PacTBoOp, NMPHIOTOBJEHIIbIH B
cartypatopax. [Jsi OpiroToOBJeHHs H3BeCTKOBOTO MOJIOKA B
CoCTaB YCTAHOBKH MOTYT BXOANThb: OyHKep AJisi mpHeMma I3-
BecTil, 6apabannast TepMoMexaHHUYeCKass H3BeCTeracHJIKa
HenmpepbLIBHOIO AefICTBIST, MYTHJIKN IJIH 6akH AJsT THIPaB-
JIHYeCKOTO MepeMellliBaniHsl H3BeCTKOBOTO MOJOKAa, THAPO-
LHKIOHB AJISI OYKHCTKII H3BECTKOBOTO MOJIOKA, HACOCHI-103a-
TOpLl, TIpefliasiiadelHbie AJ5 A0O31POBaHIIs cycreuanil, HiH
6auku-Lo3atopbl C THAPABJHYECKHM MepeMelluriBaHIleM H
Jl03aTOpPbI ¢ AeJIeHHeM manaioueii cTpyH, paspaboratHbie BO
BHUHM BOIATEO [4]. Konuentpauuss IpHrOTOBJEHHOTO
ISl JO3KPOBAKHSL H3BECTKOBOro MoJyoka 3—5%.

B nexoTophix cayyasix AJsT NIOALLEJTAUHBAHHSI BOABI MO-
JKeT HPIMEHSITbCSI cojla, KOToPas 3HAYHTEJNbHO AOPOXKe H3-
BecTH, Ho He TpebyeT Qas NOPHrOTOBJIEHHS H JO3HPOBaHHS
pacTBopa CJONKULIX YCTPONCTR.

CymMapiioe ypaBHeHHe peaKUHH B 3TOM cJyyae

8Na,CO; -+ 10H,0 -|- 4Fe(HCOy) + O, ==
= 16NaHCO; + 4Fe(OH)g § . (1.68)

Hosa cogm B mepecuere Ha NapCOj, MI/a, BHIUHCASETCSI
no ¢opMyie
Oc = 2,5 [CO,] -+ 4 [Fe*T].

PacrBop coubl fIpHroTOBJAAIOT B akaX C IepeMelIHBA-
HHeM ero MeluaJKaMii MJIH CXKaThIM BO3AyXOM. Pacuernas
KOMILeHTpauHs pacrBopa coabi okoso 5%. Ilomorpes Bojtul
1o 50—60° C ycxopsieT npouecc pacTBOPEHHSI COIbI.

Ilpn npumeHeHHH peareHTHLIX MeTOLOB 06e3rese3HBa-
HHf B HeKOTOpHIX cJyyasx uUesecoobpasno iogaBaTb Ha
(GIALTPE BOAY, B KOTOPOil COAEPIKHTCSI ABYXBaJeHTHOE Ke-
Je30.

Ecau 11e npoH3BOAMTH MpeiBapPHTENbHOro (40 MNoAayl
BOAbLI Ha (UAbTPLI) OKHUCAEHHS BCEro CoAepKallerocsi B
BOJle ABYXBaJieHTHOIO KeJe3a H CO3[aTb YCAOBHSI AJsI TaK
Ha3pIBa€MOro «COo3peBaHMsI» 3arpyskd, TO 3TO MO3BOJIT
3HAYUTENBHO COKPATHTb JO3Y peareHToB.

IMpousBopcTBenHbie 3KCMNepHMEHTH NOATBEPAHJIH, HTO
st o6e3xkee3UBaHUSE BOAbl aspauyedl ¢ MoaWeNnYuBanK-
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eM, Tak e Kak M [Jjsi GespeareHTHbIX MeTOLOB obesxese-
3MBaHHs, pauMoHaJbHOli OKasuBaerTcsi cxema paGoThl co-
opyxeHuil, obecrneuynBaioulas Mofayy Ha QHIbTPOBaAHHE BO-
Ibl, B KOTOpOfi COLEPXKHTCA ABYXBaJIeHTHOE KeJe3o0.

Ho3upoBanyie pacTBopa wWeJOYH B BOLY HeMOCPEACTBEH-
Ho mepepn (HABTpaMH He peKOMEHZyeTcsl, TaK KakK OTJo-
}eHHe KapOoHaTa KaJIbLiMsl HAa 3€pHaX 3arpy3kKH fOejlaer ee
HenpurogHo# ans pabGots. B 3ToM ciyyae moc/ie BBEHAEHHS
wWeJouHoro pearenta nepein ¢HABTpaMH YCTpawBalT OT-
CTONHHMKHM HJIH OCBETJHTEJH.

Kax nokasain pesysabTaTthl NycKoHaJlafO4HbIX pabor,
paliHOHa/MbHOH MOXKET OKasaTbCs cjefymouias cxema pa6o-
Thli COOPYXKEHHH.

ITocse aspaunn BoAw Ha rpagHpHe NPOHCXOLHT aeJe-
HHe BoAp Ha ABa Nortoka. OOHH NMOTOK cpa3y HallpaBJseT-
cst Ha GuabTpul. B apyro#i noTok mocse aspauHH BBOAHTCH
moJIHAsl J03a 1EJOYH, a 3aTeM MOC/]e OCBeTJICHHS B OTCTOH-
HHKE HJIH OCBeTJIHTeJIe BoJa TaKxe HampasJseTcs Ha (HJb-
TpH. ITpogommxurtenbHocTy QHAbTPOUMKIA NpH paboTe mo
5TOH CXeMme yBeJHUHBAeTCs MOYTH B 2 pasa MO CpPaBHEHHIO
¢ obwenpuHsTod cxeMoft, o KoTopo#l Boma MOC/AEOBaTENb-
HO a3pHpyeTcs, MOALLeTaYHBaAeTCs, OCBeTAsieTcs H QHAbLTPY-
etcs uyepe3 uabTpe. KpoMme Toro, sHauutenbHO COKpaula-
eTcs [03a wiesouH. B ciayuae NpUMeHeHHs peareHToB yCT-
policTBo o6e3sapaxuBawouweli ycTanoskH o6s3aTesibHO.

B untepBase snauennfi pH==6...8 xeneso Moxer Boi-
nafaTe B ocafoK JHGO B BHIE FHAPOOKHCH TPEXBaJIEHTHOTO
xenesa, nubo HEMOCPEACTBEHRO B BHAe KapOoHaTa AByXBa-
JIieHTHoro :kene3a. O6pasoBanne ocaika KapGoHaTa xejesa
npu ofesxese3HBaHHM MOA3eMHBIX BOJ OTMEYaJH MHOTHE
HCCNEeLoBaTeNH.

M. H. Jlamunk ykasbiBaet, uTo ocajoKk kapGoHaTa ie-
Jie3a BbillaflaeT M3 BOAbI MPHMEPHO NIPH TeX Ke YCJOBHSAX,
NpH KOTOpPHIX NPOHCXOAHMT BbIafleHHe H3 BOAH KapGonaTta
KajblHus.

®. Xaaae B 1930 r. Ha Bogonposoge B r. Kyunc (CIHA)
OCYLIECTBHJI OUHCTKY BOMbI OT XeJse3a Ha HamOPHbIX (HIb-
Tpax myTeM ypaljieHHs KapGoHaTa ene3a. Boma u3 apre-
3HaHCKHX CKBaM(HH MNofaBajlaCcb Ha wHamopHHe OQHABTPHL
Crkopoctb $uabTpoBanus coctaBisia 5 m/u. ITepen Quin-
TpaMH i NoJlleNauHBaHHs BOABI BBOAMJICH DPacTBOp H3-
BECTKOBOIO MOJIOKA. AHa/in3bl IOKa3aJ/M [OJIHOE OTCYTCTBHE
KHCJI0pOfa B HCXOAHOH Bome U (PHabTpaTe,

Ocanox, o6pasyrouuiicsi Ha QuibTpe, umen Genwlft 1 3e-
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JeHoBaThill LBeT. Ha oOcHOBaHHH 3KCIEPHMEHTOB AaBTOD
npHllies K BHIBOAY, YTO O/ OYHCTKH BOAbI 10338 H3BECTH
JNo/MKua ofecieyuBaTh WEJIOYHOCTb BOXbLI He MeHee 1,1 Mr-
3KB/1 M mecTKocTh 1,32 Mr-3KkB/i.

IMprn pH==7,8 cogepxauue ’kenesa cHHxKaJOCh OT 2—
4 Mmr/n B ucxoguoh Bome po 0,7—0,8 Mr/n B ¢uasTpare.
Ipn pH=28,6...9,3 comepxkaune xenesa B puabTpare Ghi-
go 0,1—0,05 mr/a.

M. Koxkc cuntaer, yTo ecid B NMOA3eMHOHE Boge colep-
XHTCA ABYXBajleHTHOE Kese30, TO YAAJHTb ero B BHJE Kap-
foHaTa MOXXHO H3BecTKoBauheM npH pH===8,1...8,5 6e3 no-
cTyma Bo3ayXa, YToGbl MpeaoTBPATHTb OKHCJEHHE [BYXBa-
JIEHTHOTO <ese3a. B cocraB coopy)KewHii mpH 3TOM BXOIAT
H3BECTKOBLIH A03aTOpP, 3aKpLIThie CMEcHTeN b H OTCTONHMK,
HamopHu#t uabTp. HocTonucTBa Merona — yMeHblieHHe
KKOpPO3HONHBEIX CBOHCTB BOJHL.

YcnoBHA, MPH KOTOPhIX o6e3xesne3nBaHHe BOALl MPOHC-
XOoAMT Gsarojaps BhiJeJNeHHI0 ocanka kKapbouwaTa xesesa,
MOXKHO OfpeleJHTb, BOCMO/b30OBABIIHCE YpaBHEHHEM 3JeK-
TPHYECKOH HeHTPaJbHOCTH pacTBOpa, COAEPKAIEr0 HOHAl
YrJIeKHCAbIX COeTHHEeHHH:

1 4 [H+] = 2 [c0f 7] + [HCO7 ] + [OH].

3nech U — wenoyHocTsb, MI-3KB/; cogepxahHe HPYTHX COefMHeHHN
BBIPAXKEHO B MI-MOJb/I.

Henonbsys nsa BuiBoga KoucrauTel puccounauuu I u 11
CTYNEHH YTOJbHOH KHCJIOTH, NPOH3BeJleHHsl PacTBOPHMOCTH
Kap6onaTta X<ese3a H THADOOKHCH XeJe3a, HCKJOUHB B HH-
TepBasie 3Hauennit 6<CpH<C8 BennuMHBL Bhiculero mopsa-
ka Manoctd, I'. 0. Accom 6buIo BHIBEZeHno ciepyiouiee
ypaBHeHHe:

PH, = — 1gK, + 1gTTPg,c, — lg [Fe®+] — 1g (111} —
'_"gfl—lgf”v (169)
rie pH,-—o3nauenne pH paBHOBecHOro MacHeHHs BoAH KapGoHaToM
xenesa; Ky-— Komcranta IHCCOUHANHH yrosbHoll Kucnotel II crynemm;
NPgecp, — mpoussenenHe pacTBOpumocTH KapGoHara Xeneda; [— Ko-
3 puUHEenTH aKTHBHOCTH COOTBETCTRYOWLHX coeguHenuli; [Fe?+] — mo-
AfApHag KOHUEHTpAalUH XKejeda,

[TogcraBHB B 3TO ypaBHeHHe RONMYCTHMOe cojepKaHue
JIBYXBaJIEHTHOro Keje3a B OuHuIeHHOH BOJe, LIEJOYHOCTh
H HOHHYIO CHJIY HcXonHOoH BoAwl, MOXKHO moayuyutk pH, mpn
KoTopoM GyfeT NMpOHCXOAMTL o0e3sKese3nBaHle BCJENCTBHE
o6pasoBaHHsl ocaaka Kapbomara eJesa.

3a py6exoM nss1 HeGOJbIWHX BoponoTpebuTeseli 4acTo
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MPHMEHSIOT AIAaTOMHTOBbIE YCTAHOBKH  00e3aene3liBaHMus
BOABI, KOTOPbie OTJIYAIOTCH 3HAUYHTENbHO MEHbIUHMH Pa3-
MepaMi, 4eM OGbluHBle YCTAaHOBKII CO CKOPHIMH (DHJIBTPaMI,
H, KpOMe TOFO, paBoTaloT aBTOMaTHYECKH i He TpebywoT no-
CTOSIHHOrO 3KCIVIYaTallHOIHOrG MepcoHasna,

IHuaToMHTOBBI  GHJIBTP COCTOHT M3 MeTaJJIHYecKOro
Koprmyca, BIYTPU KOTOPOrO NGMeLlaloTcs NOpHCThIe HIIHAL-
pul. Boga, B KoTOpyI0 B Hayase QHILTPOLHKAA AO3HPYeETCs
LHATOMHTOBBHI TMOPOLIOK, MOAAETCH BHYTPb Kopnyca (uiib-
Tpa 1 GuabTpyercs uepe3d uMAHHApPHL. [lpn 3TOM mnoBepx-
HOCTL GUIBTPYIOUIHX 3JeMEeHTOB TMNOKpPbIBaeTCs IIOTHBIM
CJ10eM JIHATOMMTOBOrQO MOpolIKa H  TFHAPOOKHCH 2Kejesa.
[TpombiBatoTCst GUABTPYIONLHE 3JeMeHTH O06paTHBLIM TOKOM
BOABI.

P. Besu npuMensasa OJs ygaseHMs JeJiesa KpoMe [iia-
TOMHTOBOTG TOPOLIKA CycneHsuio oOkucH Marnas MgO.
ITOT MeTolL PEKOMEHAOBAH NMpPH codepKaHHH XNeJsesa B IHC-
xonuoft Boge ot 0,3 no 15 mr/m n pH=5..9.

OGesxenesnBaTe BOAY He YIaBaJoCh B TeX cJayuyafx,
Korja »KeJ/ie30 BXOAKJIO B COCTaB KOMIJIEKCHBIX cOefHHenH,
BbI3bIBAICINHX [IBETHOCTL BOL L.

Ha | Mr ynanennoro xenesa tpe6osasoch okodo 0,5 Mr
okici Maruus. IlpHcyTcTBHe B Bose cCyabdpHIOB 1 cBOGO-
HOH YrieKHc/aoTH BLI3bIBAJIO YBEJNHYEHHe A03bLI NMPHMeHse-
MBIX peareHTOB.

Hcxognas Boma, B KOTOPYiC [O3HPOBAJHCL peareHThi,
nocse 10 MHH mepeMeluHBAHHS MOCTyNasja Ha LHATOMMTO-
Bble (PHABTPLL.

B oneiTax comeprkanHe >Kesjes3a B HCXOLHON BOje Hame-
uanoce ot 0,6 go 12 Mr/m, ckopocTb (GHALTPOBAHHS nNoL-
mepxcuBanachk 2,5 uan 4 M/u, NPOAOIIKHTENLHOCTb (PHALTPO-
UHKAa A4 PasHbiX [L03 peareHToB II KayecTBa HCXopHoH
BOAB! lI3MeHsNacs oT 11 no 400 u.

K. IlnvukepoM OGpiil BbIMOJHEHH NPOU3BOACTBEHHBIE
HCTIBITAHIA Psifia YCTAHOBOK € JHATOMHTOBBLIMH QHIbTpaMu
npoussogureapnoctsio 0,5; 2,5 u 3 M3y, i ycranosBKH
pexoMmernyercst NpuMensits ajas Boast ¢ pH=7 u xap6o-
HaTHOI KecTKOCTLIO Bhillle 3,6 Mr-skB/i.

B cayuae, ecain B HCXOLHOIl Bose Kese3o MPHCYTCTBYET
B BHOe coefHHeHIll T'YMHHOBBIX KHCJAOT WJIH BXOAHT B CO-
CTaB KOJIOHIHBIX OpraHH4YeCKHX BeWEcTB, a TaKme TpH
00JIbLUIOM KOJIHUecTBe cBOGOAHOH ABYOKHCH yrieposa, no
MHEHHIO aBTOopa, NMPUMEHATb AHATOMHTOBbIE GHABTPH He
CJenyer.
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OuabTpyOLWHT DOPOLWIOK A03HPYeTCs] NPHONSHTENLHO
B TeueHHe 10 4 TOJbKO B Havase QUALTPOLHKAA IJS COOT-
BeTCTBYIOLeH NoAroToBKH ¢uabTpa. Bea posnpopamus mno-
polIKa NoArOTOBHTENbHLIT nepluon npoposmkaercs no 100y,
B nauane atoro nepHoma cojeprkauue yxenesa B (uUAbTpA-
Te CIIKaeTCsl NO CPaBHEHHIO C COJepXKaHHeM Xeje3a B
ncxogHoli some ua 10%. 3arem B teyenne 60—120 cyt co-
IepXaHile >kejie3a B (HJbTPATE HAXONIITCS HAa YPOBHe
0,1 mr/n. Pacxop BoAbi, nMopasaeMmoil Ha QUIbLTP, AOJKEH
ObITh MOCTOSTHHBIM.

Iotepn npasnennst (sanopa)  noXxoamwau Jo 147—
196 xIla (15—20 M BoA. cT.) npH cKopocTH (HJAbTPOBAHHS
5,8 M/u. TTocToSIHHO® NPHCYTCTBHE 3KCMAYaTallHOHHOTO Mep-
COHaJla HeQOXOAHMO TOJbLKO B TeYeHHEe HeCKOJbKUX jiieH
(npu pereHepauun ¢uabTpa W B Hawane GHAbTpPOUMKJIA).
Has perenepaunn dunsrpa ynorpebaserca 10%-uas cods-
Hasl kuesaoTa.

B I'’AP nnsi oGea)cesesnBaHHsi BOLbI IIPH TIPOU3BOJH-
TeJbHOCTH /10 3000—5000 M3/cyT npumenstioT Takxke (Pusib-
Tpbl, 3arpyXeunble  Mardomaccoit — noayoO0XKIKEHHLIM
nonomutoM [24]. K. Burie6G pexoMeHIyeT IIPHMEHSITb HX
NpH OAMOBPEMEHHOM COJepKaHHH arpeccHBHON ABYOKHCH
yraepona 10—15 mr/n u xene3a 2—4 Mr/n unu npu conep-
JKAHHH arpeccnsHoil nByokiicH yraepopa 6—10 mr/a u xe-
Jesa po 2 mr/a. Ilpu sToM KpynHOCTb 3epelr B nepBoM CJay-
yae pomiHa 6oith 0,8—1,6 MM, a Bo BTOpOoM —- 1,6—2,5 MM.
Boicora csost Marniomaccent cocrasasier 5o | M. Burse6 cun-
TAET, YTO 3TOT MeTOl 3NOHOMHYECKH NesecoobpaseH aJis
MACKHX BOJ M HH3KMX 3HaueHnHsx pll.

Ha cranunn sononoanroroski B Teray 3a ueThipe mecs-
1a paboTsl MarHomaccosoro (HALTpa He OTMeYasnochb YXYIi-
nleHNs xayectBa QHJbTpaTa.

IIpu BricoTe QunpTpylowero caost okoao 1,1 M, xpyn-
HocTH 3epeH 1,6—2,5 MM u cKOpOCTH (QHJIBTPOBAHHS OKO-
J0 5 M/u conep)kaHHe CBOGOLHON YrJEKHCAOTH CHHYKAJA0Ch
ot 50 Mr/n B ucxonHoi Bopme nmo 10 mr/n s duabTpare, a
KoHuenTpauus xenesa—ot 10 go 0,1 Mr/a.

5. BbIBOP METOIA YIOAJNEHHUS )XEJNE3A
NMPOBHbIM OBE3)XEJIE3UBAHHEM

PauuoHanbHbii MeTon yAalenns »ese3a H3 BOAL AaH-
HOrO cOoCTaBa BHISIBAAETCSI DPoOHLIM 00e3xcesne3nBaHueM.
Ono BbINOJHSIETCs HemocPeACTBeHHO OKOJO HCTOUHHKA BO-
JLOCHAGKEeHHs:
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1) ynpouwennofi aspauuefi u QHILTPOBAHHEM,

2) Xs0opHpOBaHHeM H (HAbTpOBaHHEM;

3) KoaryJiupoBaHHEeM, OTCTaHBaHHEM H QHJILTPOBAHHEM);

4) mopwenaynBaHieM U QHJIbTPOBAHHEM.

B c¢Bs3H ¢ TexXHHKO-3KOHOMHUECKHMH MpeHMYUleCTBAMH
[0 CpaBHeHHIO ¢ APYTHMH METOJaMH B IlepBYI0 ouepelb
BLINONHAIOT Npo6Hoe ob6earkese3HBaHHE YNPOILEHHOH a3pa-
udet u ¢Quabtposanvem [11]. Hus
3TOro OKO0JIO aPTe3HaHCKOH CKBAXKHHBI
YCTaHABAHBAKOT MoAenb o0e3xKene3u-
Bawuleil ycraHosku (puc. 1.13).

Mcxomnass Boma 3a6upaerca H3
Tpy6onposoja, IO KOTOpOMY OHa NO-
LlaeTcss HeloCpe[CTBEHHO H3 apTe3HaH-
CKOfl CKBaXXKHHbI, W HalpasJasercs Ha
mMozenb QpunbTpa. Bricota cBobGomaioro
najneHus CTpyH NpH H3JIHBe B BOPOH-
Ky 0,5—0,7 m.

Mogeny ¢uapTpa mnpepcrasasier
cobofi TpyOKy, KenaTenbHO H3 NpoO-
3payHOro Oprasuyeckoro crex.aa, aua-
MeTpoM He MeHee 50 MM H BhicoToft
6onee 2 M. BopoHka ycranasauBaercs
B BepxHell uwacta Tpybku. IMocnenHss
3arpy’kaeTcs TpaBHeM KPYIHOCTHIO
5—30 MM npu TondiuHHe cnod 88—

]

Pue. 1.13. Mogens ye-
TAaHOBKH A[JA oGeaxe-
JIE3UBAHHA BOALI
1 — xBapueBbift necok d==
«=0,6... 1,5 MM; 2— Tpy6-
Ka H3 oprerexna D
=50 MM; J — Dbe3oMeTp;
4—xpan ana otGopa mpo
HCXOAHOR BOAB!

10 ¢cM ¥ nmeckoM KpymuocTbio 0,8—
2 MM npu TonuHe caod 1 M. B Tpy6-
Ke npedycMOTpeH KpaH Anas- oTbopa
npo6 HCXOLHOI BOLKI.

Hns n3mepennss notepb naBJieHHs
B MoJesniH QHABTPA CAYKHT Nbe3oMeTp.
Mogenb ycraHoBku Ansi obesxkesnesH-

BaHHA Boibl paboTaeT KPYrioCyTO4HO.
Ckopocrb ¢unbrpoBanus 5—15 m/u. ITponomxutenbHocTb
paboTel Monenn LOJXKHA COCTaBAsTh He MHeee 10—12 cyT
Anst cQOPMHPOBAHHS HA 3epHAax 3arpy3kH KaTajaHTIIvecKoH
IJIeHKH H3 coefuHeHHH esaesa. ITo Mepe yBennuenns no-
Tepb AaBaeHus (Hanopa) B QHUAbLTpYyIOlLEH 3arpy3Kke MoAelb
¢GuAbTpPa DepHOAHUECKH IPOMBIBARTCH € HHTEHCHBHOCTBIO
14—18 n/(c-m?).
Bo BpemMsa nposegenns HCCJeLOBAHHH  ONpejlensioT
rapaMeTpsl TEXHOJOTHYECKOro npouecca: cKopocTs GHALTPO-
BaHHs, MOTepH AABJEeHHS B (QHUIbTPYIOLLEM C/ioe, DPOLOJ-
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MHTENbHOCTL (HALTPOUMKAA, a Taloke HoKkasaTesad kaue-
CTBA BOIbl — CONEpXKAaHHe Kanblis, oflyee coseconepixa-
Hue B QusbTpate (2—3 pasa 3a Becb NepHOA HAGJMIOAEHHUH),
coneprX<aHHe pacTBOPEHHOro KHCJOpOLA B HCXOAHOH BOIe
(3—4 paza 3a secb nepuos HabalofeHui), [BYXBaJEHTHOrO
H TpexsaJ/ieHTHOro »Kesesa, pH, wesnouHocTh, OKHCAHTESND-
HO-BOCCTAHOBHUTENbHBI MOTEHUHAN B HCXOLHOH Bojne H
¢dunprpate (1—2 pasa B CyTkH).

Tlpn ¢unpTpoBanuu BoOAB uepe3 3ePHHUCTYIO 3arpysky
BCJIENCTBHE KATAJHTHYECKOTO BJIHSHHS OCAllKa THIPOOKHCH
Xese3a Ha CKOPOCTb OKHCJIeHHS NBYXBaJIeHTHOTO Mese3sa
KkHcaoponoMm ofluee  comepiKailMe »kene3a B (uabTparte
yMeHpLiaeTcst OT Hauana K KOHUY (HAbTpOILHKJAA.

B cBs3u ¢ oriioxKeHHeM ya 3epHax QuanTpyrouell 3a-
TPY3KH KaTajnTHYecKOH DJieHKH HU3 CcOefMHeHH Xesesa,
KoTopasi He yhasnasieTcsi NpPOMbIBKOH, ofllee coneprkaHue
XKesesa B (uabTpaTe yMenbiuaercss oT (QHABTPOUHKIA K
GunbTpouHKAY B TeyeHue 2—10 cyT Mo TeX nop, noxa sep-
Ha NecKa He IOKPOIOTCs MJeHKOH M3 CoejHHeHHH Keje3a.
Ecnn oxaxercss, uto comepxanie 2Keseda B QuibTpate
ynaercst cHH3uTh 10 TpefyeMoll creneHn, To ofeaxene3nsa-
HYe J(PYTHMH MeTONaMH He MpOH3BOAST.

ITo pesyabTaTaM npoGHoro o6e3Kese3HBaHHS BOAbl Of-
peneastior kospPunuedT kg, MM-a/ (4 Mr),

n [F82+]o
P [Fe?t]
2T La 01 —m)?

dul
(1.70)

rie d — 3KBHBaAeHTHULIA QHAMETp 3e€peM 3arpysxu, MM; U-— CKOPOCTL
(HAbLTPOBaHUA BOAH, M/fy, [Fe“‘])o——cop.epn(aune JNBYXBaJIEHTHOTO JXKe-
Je3a B HCXOLHoil Bofe, mr/a; [Fe?t] — comepicanne AByXBaneHTHOrO xe-
nesa B Hauajse (QGuabTpouukna (puibTpar), Mr/a; L — TOMuHHA CiOA
WIbTPYIOUiel 3arpyskH, M; (11— MOPHCTOCTb (GUJAbTPYIOUiel 3arpysku
?ﬂ..ﬂﬂ necka m==0,4, gaa aarpauura m==0,8); [Oq] — comepicanne pac-
TBOPEHHOro KHCJOPOAa B HCXOAHOM Bofe, mrfit; @ -— kosdduunent ¢op-
Mbl 3epell, paBHH{I OTHOLUIEHHIO MMOBEPXHOCTH 3epeH K MOBEPXHOCTH paB-
HoBeqikoro wapa (npuunmaercs no Lauuwbim . M. Munua):

ANA 1ecka OKATAHHOrO peuloro  mopekoro . . o=I,2
» »  KBapuesoro ocTpoyrompioro , . . . a=I,6
» auTpauura , o Ce e a=1,8

HMcxonuble mokasaTesin kayecTBa BOLBLL Ui pacuera Ho
dopmyse (1.70) usmepsiroress cnycts 0,5—3 4 nocne mnpo-
MHIBKH (pH/IBTPA B TOCJAeNHHH [eHb HCCJeNOBAHIIS, KOTAa
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yxe chopMupoBasach Ha HOBEPXHOCTU (UAbTPYIOULEro Ma-
TepuaJsa KaTaJiHTHYecKas NJEHKA M3 COeMHUHEHHII »XeJsesa.

CkopocTb GuABTpOBAIINS ciefyeT Bbi6paTh TakuM obpa-
30M, 4TOGHI COAepIkaHHe [BYXBAJNEHTHOTQ Xese3a B (PHIb-
Tpate Guisno paBHo 0,2-—0,5 Mr/n. [dns oBecnevenuss Heol-
xoaumMoro Kos@ounnenra 3anaca pabouan ckopocTb (usb-
TpoBaHHs1 A0/KHA Goith Menviie 30%, uem nogcutiTanuas
no ¢gopmyse (1.70).

[IpoGnbiM oOes3enesiiBaHieM YCTAHABAHBAGTCS BO3-
MOXHOCTb NPHUMEHEHiis] MeTojla YNpOWEeHHOH aspauin
¢duabTpoBaHUs. KenareabHo Talkoke ONPEACHHTb [ICXOJHbIE
naunsie ansl pacueros no (opmynae (1.70) n BblyHCAUTL KO-
aQPuuUHEHT s

Mpumep. Oasi onpencieniisi CKOPOCTH (pHABTPOBAHIA 1IPOGHHIM 06e3-
KeneanpaHieM OblIH NOJyueHbl caellyrouulie TCXNOJA0OrTHYeCKIe mapamer-
pu: [Og] =4 wmr/n, [Fez"'fu=5 mrhn, [Fe?+] =03 mr/n, d=1 mmM, L=
=M m=04, aa=12 v=7 m/u.

Torna

[Fe2t], 5
T 17 ——
b {Fe*t] 0.3
T RO (1 —m)E L 1,2-4(1—0,4)%-1

dy In

~ 11,4,

[To TexHNKo-3KOIOMHYECKHM COOGpaXelllsiM npll BPOEKTHPOBAHHH
NpUHATEL (PUALTPLI OTKPLITBLIC, NECOK JWIA 3arpy3kH ¢GUILTPOB PeuIIof,

12, m=04, d=0,7 mm ‘d 2Pd; rie P; —npoueunrnoe co
nepxanne ¢pakunii co cpexnumM mpnamerpom d;), L=12 M, Bosnpy or-
pHUATEALHOrO HHJEeKCca CTaGIABLHOCTIL /S YNAJNCHHS arpeccuBHoOil nBy-
OKIICH yrJIepola NplATO a3pilipoBaTh nNOfy Ha rpajipice; cJefoBaTelb-
HO, [Og] =11 Mr/a (cM. Taba. 1.1).

[TpuHuMaem cozepikallHe [(BYXBANENTIOTO kededa B (puabTpate
[Fet+{=0,1 mr/a, vorna

b e) | — 2 . 2. f— 2, 2
e 2 % [O,] ( - m) L= i4-1,211 (1 —0,4)7 1, ~ 23,8 m/u,
n[Fe._ll 0,71n
{Fe?t] 0.1

C yuyerom QopcHpoOBaHHOrO pex<Hma npuHHMaeM paGouyld ckopocTb
GunbtpoBaHna v=16 m/u. Tlpononmnren,HocTs PuAbTPOUNKIA C yue-
TOM flanublX Tabs. 1.3 MOXHO OpIUeHTIpOBOMHO CYlTaThb HE MeHee 12 u,

[Tpo6Hoe ofe3sxkese3iiBaHne BOALI Koaryasuueil BHNOJ-
HSIIOT c/elyiounM o6pazoM [4]. B naTb cTexasiHubiX coCy-
0B o6beMoM 1—3 /1 HaMIIBAIOT HCNBITYEMYIO BOLY H BBOAAT
p nepsuii cocyn 1 Mr/n 1%-uoro pacrBopa koaryxsura,
BO BTOpOIli — 2 Mr/a, B TpeTwii —3 Mr/a u T. 1. 3arem co-
Jlepacanile cocynon THlaTenbllo MepeMellHBAIOT B TedeHiie
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5-6 MIH 11 OCTaBASIIOT B COCTOSHIH Nokost Ha 2 y, Jlanee
colepXkiiMoe Kax<ioro cocyna GuabTpyioT uepe3d sabopa-
TOPHLIK  Mecyanbiil  (GuALTP, Nepsbie nopuxn QHABTPaATA
copacuiBaioT H onpelensior ofllee conepiKaHHe kesesa.

ITp  ppoGHoM  ofe3xesie3aNBaHHH  H3BECTKOBAaHHEM
B NATb CTeKASHHBIX coCynoB o6beMom |-3 s HanHBalOT He-
IILITYEMYIO BOLY H BBOLAT B nepsblif uuanaip 20 mr/a, Bo
BTOpof 40 Mr/na, B TpeTnii 60 Mr/a W T. . HACHLIILEHHOrO pa-
ctBopa u3Bectil. ColepskiMoe COCYAOB INepeMellHBaloT
B Teduenite 5-6 MMu n  QuabTpyioT yepes sabopaTopHbiil
necyanolfl QuanpTp. Ilepsbie nopuwn ¢uabTpaTa 06HLEMOM
300-500 Mn cOpacwiBaioT, a B CAEAYIOLLHX ONpefensiorT
ofulee cojeprcaiiue »Keseza H 3uauenue pH. 3atem onwiT
IOBTOPSIIOT, TIPHMENSIsT B KAUeCTBE lileJIOMHOIr0 peareHTa
cony.

AnanornusuiM nyTeM shilosiHseTcst npobuoe oGescese-
3uBarilie XJA0pHpOBaHHEM.

Buifop cocraBa coopy:enuii misn  ofe3eNe3HBaHHS
npon3volsiT ¢ y4eToM HeoOXOLHMOCTH CTAaGH/AH3aLHOHHOH
06paboTKII BOJBI.

6. BBIBOP METOJA

OBE3)XEJIE3UBAHHUSI BOIAbl NO 3HAYEHHIO
OKHCJHUTEJNbHO-BOCCTAHOBHTEJIBHOTO MOTEHUWHAJA
A MOKA3ATEJSIM KAYECTBA BOIbI

Kax oTmeyanoch, Merol o6e3xcene3snBaHHs Bolbl OGbiu-
HO BLIGIIpaeTcsi Ha OCHOBAHHWH Pe3yJsibTaTOB nNpoGHOro
o6esxcene3nBaHNus, KOTOPOE BLINOJHSIETCS HenocpencTBeHlo
Yy HCTOUHIIKOB BOJocHaGy<eHust. ITo naubosiee HaneNHbIH
crnioco6  onpejiesieHdst MeTona YlaneHHs N<esaeaa, oJHako
Bblliosikelnie NpofHoro ofes:enesiiBaHisa B HEKOTOPbIX ClY-
yasx CBSI3alo CO 3HAUNTE/IbHLIMH TPYIHOCTSIMY.

Boino npennoxerio [1] B cayuae neob6xonnMoCTH BbibGH-
paTh MeToj yaakenus esnesa po (popMe ycTofunboro co-
CTOSHINS rKeJie3a B BOJE II NoKa3aTesnsm ee KauecTsa.

BilsiHne OKHCHITENbO-BOCCTAHOBHTENLHOIO MOTEHIIHA-
Jia Ha cTaBGHALHOCTb padanulibiX (hopM Kenesa B BOLHOM
pacrBope M 3(peKTHBHOCTL Inpouecca o6e3xesie3uBauns
incenenonadioch 8 paborax I'. Bepra n E. Maprpeiisa, a Tak-
ne . Xema, I1. A. I(piokosa u TI'. IT. Asceenuy, T. I1. [To-
nosoil, A. M. Tlepannoii, 3. A. T'opoguwepa, I'. B. banawo-
Bofi, I'. }O. Acca [1] n np.

[. Bepr u E. Maprpeiis [23] uccneposanu pabory 170
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craHuufl o6e3xkenesnBanuss BoAbl B 1rate Hanunofic
(CLOA). Oun npumiin X BLIBOAY, UTO eCJH NOTeHLHan Hc-
xonuoit Boabl Bbiue 100 mMB, a ncxomuofi n aspupomaHHoi
BOJIbI B CYMMe COCTaBHT He MeHee 240 MB, 1o o6e3xenesu-
BAaHHe BOJIbI MOXXHO OCYLLeCTBUTb METOJOM a3DPalHH.

) . Xem [4] ncnosbsosan
N ”Lm, METOANKY TOCTPOeHHST HHa-
o |22l rpamMm H¥p6e 145l onpenene-
40 . HHSL yCToHUMBOH QopMbI coe-
N N JLHHEHHH JKese3a NPH PAasHbIX
a6 < sHaueHusix pH u oxucaurens-
g4 HO-BOCCTAHOBHTe/bHOIO  NO-
el P tenuuana (puc. 1.14).
’ F [To muennio B. llrymma
4 [22], u3aMepenueM oOKMCIH-
42 < Te/IbHO-BOCCTAHOBHTEN bHOT O
9 ™~ MOTeHIHana He BCer/la MOXKHO
\>T NpaBrunbHo onpenenuTb ¢op-
b N ”P.Y MY, B KOTOpOfl >Kese30 HaXo-
W %47 AHTCH B nprponnofi Bose.

HMasBecTHO, 4TO Ha OKHCJe-

Puc. 1.14. dopms yerohumso- ~ HHe 1 Mr Xesesa TpeGyercs

rO COCTOSHHS Xenesa b Bo- 0,143 mr xucsopona. Opnako

fle npu oGWied WieNOUHOCTH NpH yBesJHUeHUH COJepPIKaHHS

2 Mr-3KB/l H  CONEPXKauMH xucaoposa s mose ot 0,1 10

wenesa 0,01 mr/

10 Mr/a oxucaHTeaLHO-BOC-

CTAHOBHTEJIbHBIH  [OTEeHUHan

ypesnunsaercs scero Ha 30 MB. tyMM ue npusoauT pac-

YeTOB /sl NOJATBEePXK/JEeHHS CBOeH TOYKH 3peHHs, Kotopas

npencrasaserca ownbouynod. Ilo-suaumomy, UltymMm oboc-
HOBbIBaeT CBOH BBLIBOJbI C/IEAYIOLIHM pacueToM.

Kucnopon, pacrsopeHHulil B Boje, o6pasyer OKHC/H-

TeJbHO-BOCCTAHOBUTEbHYIO CHCTEMY

0, + 4Ht 4 4e 2 2H,0. (1.71)

OKHC/INTENbHO-BOCCTAHOBHTEAbHLIE  NOTeHWlian  3Toi
cucTeMb! E B COOTBeTCTBHI ¢ ypasHeHueMm Heprcra moxer
6bITb paccudTan mo ciepywowel gopmyite:

E=E,+ 2'25—8 1g [0a] [HT], (1.72)

rne  Eg— HOpMasbHBI  OKHCAHTEbUO-BOCCTAHOBHTEALHNIT nOTEHUHAN,
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[Tpu conmepkanun kucsopoma 10 mr/ma, uto cocrasaser
0,31-10~3 moss, cooTBercTByIOILEe 3HAUEHHE OKHCAMTE/Nb-
HO-BOCCTAHOBHTE/NLHOrO mateHuuana L; pasHo:

E,=E,+0,01451g0,31.1073 —0,058pH =
= E;— 0,06 — 0,058pH. (1.73)
[Tpy copmep:kawuu xucsnopoma 0,1 mr/a, uto cocrassasier

0,31-10-% moss, 3HAYeHHe OKHCJHTEJbHO-BOCCTAHOBUTENb-
Horo noredynana E; pasHo:

Ey=E 40,0145 lg0,31-10—5—-0,058 pH=E;—0,080—0,058pH. (I.74)

Orcrona

E;— E, =30 MB,

AHanoruunslil pacuer gJasi temmepatypsl Boabl 25°C B
uHtepBasne 3HaueHufi pH=6...8 nokasuiBaer, yrto OKHCJIH-
TeJibHO-BOCCTAHOBHTEJbHBIA NMOTEH(HAJ OKa3biBaeTcst COOT-
BeTCTBeHHO paBHbiM 0,828—0,52 B.

Onnako, Kax ykasmsanu A. K. Tepmanos, I'. A. Boskos
n Ap. [2], noTeHunan npuponnofi BoAE BCerja okKasbiBaer-
csi menbwe 0,5B. Takum o6pasom, peaxuus (1.71) B npu-
POLHBIX YCNOBHSIX HE HNPOHCXOAHT (UEAHMKOM CABHHYyTA
BNpaBo) H npHMeHsTh ypaBHenue (1.72) mns 3tux ycnosuht
Hesb3sl.

Kax noxkasasnu  pesysbratsl onsitoB M. Ixowa,
HA. O' Kounopa, P. dureav6pexra u T. I1. Tlonosoi, npu
of6oraiieHHyd MNOA3eMHON BOAB KHCJAOPOAOM [O HeCKOJb-
KHX ML/ OKHCJHTE/bHO-BOCCTAHOBHTE/NbHbIH  NOTEHLHAJ
yseanunsaercss Ha 100 MB. CnenmosaresnbHo, pesysibTaTH
3THX 3KCIEPHMEHTOB TaK)Ke ONpOBEpraloT yTBepXAeHHE
UlrymMma.

OKHCANTeNbHO-BOCCTAHOBHTR/bHEI NOTEHUHAN [0A3eM-
HOH BOAbl ONMpefensieTcss pacTBOPEHHbIMH B BOLE KHCJ/IOPO-
LOM, Xele30M, CepOBOAOPOAOM, MapraHueM, OpraHHyecKH-
MH COENHMHEHHSIMH H APYrHMH BemecTBaMHM C NepeMeHHOH
BaJIEHTHOCTHIO.

KonnyecTBenHass 3aBUCHMOCTb KOHIEHTPAaUUH pearu-
pylOILHX BeweCTB OT OKHCJAHTEIbHO-BOCCTAHOBHTE/NHLHOTO
noredunana npu remnepatrype 20°C Bbipaxaercs ypaBHe-
nuem Hepucra:

0,058 ay [HT]

E=Ef——lg—————, (1.75)

n Gpoc
rae Eo _— HOPMaJ’IbeIﬁ OKHCJIHTEJIBHO-BOCCTAHOBHTEABHBIH noreHuyan,
1 — YHCJO 3JIeKTPOHOB, YYacTBYIOUHX B peaKuHH; Qonx — KOHUSHTpAUHA

OKHC/IeHHOi (POpMEI BRUIECTBA; @poo — KOHUGHTPAUHA BOCCTaHOBJEHHOR
¢$opMB BeuiecTBa.
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H3ameuenne temnepatypni Boas Ha 10-20°C npusoput
K yMeHblleHno noteniniiasa Ha 10MB u B nponssopcrseH-
HbIX YC/JOBHAX MOXKET HE YUYHTBHIBATHCS.

B nurtepsane 3uauennfi pH==6..8, xapaxrepnox pas
NPUPOAHBIX BOJ, OKIIC/AHTEIbHO-BOCCTAHOBHTENbHAS CHCTE-
Ma JIByXBAJEHTHOTO H TPeXBaJEHTHOrO )KeJe3a C yueToM
rugposiiza coseft TpexaajeuTHoro Jxenesa (cM. puc.l.l)
MOXer ObiThb NPEeACTaBJieHA C/elYIOLIMH YpPaBHEHHAMHN:

mn Fe?t = Fe’+ 4 ¢

[F°3+] Fiu
Ey ==0,771 -- 0,059! Ig =—r—"——— (1.76)
[Fe2] 1y
pan Felt 4 14,0 = FeOH*t  HT - ¢
[FeOH™ ]
E;=0,914 —0,0591 pH -- 0,059 Ig —————;  (1.77)
N L T
ans Fet 4 9H,0 = Fe(OH)F + 2HT 4 ¢
[Fe(OH)| F,
Eg=1,191—0,1182pH + 0,069 Ig *——————;  (I.78)
[Fe +] fu
nns Fe?t 4 3H,0 = Fe(OH), -+ 3HT L ¢
Eq=1,057 — 0,1773pH — 0,0591 1g [Fe?t] ;. (1.79)

Hcnonb3yst BHIpakKeHHst AJAst TPOH3BeJeHHs PacTBOPH-
MOCTH M HOHHOe NpOH3BefeHie BOjbI, losyuyaeM:

Far [Pt [OH™]® = Pg,(op),; POH = pKyy — pH;
— 1gMMPgy oy, = 37,5

(no panunim IO, IO. Jlypee [5]).
OxucaurensHo-soccragosuTenbuas cucrema (1.76) npu-
BOJNTCS K BHAY

E,=1,037—0,177 pH — 0,059 Ig [Fe2+] Fir-

IMopcrasus B popmyany (1.76) anauenue — 1g [MPreon), ==
==37,22 no panuniM Jlatumepa [4], mosnyuum:

E; = 1,063 —0,177 pH — 0,0591 Ig [Fe?*] fy;. (1.80)
Anasnornutio nMeem s cncremn (1.77):
MPgeoy2-+ = fyy [FeOH?T] f} [OH™] %
Ey=1,06 — 0,1773pH — 0,0591 Ig {Fe’*t] f;; (1.81)
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anst cucremor (1.78)

one(OH)g- = I, [FeOm)F] £, [OH™] = 4.107",

Ey=1,049—0,177pH — 0,059 Ig f;; [Fe?*]. (1.82)

[Tpu obiiem conecopepxkaunu go 1000 mr/a, npunumasn
cOAepXanHe JBYXBAJEHTHOrO xesne3a B BoAe paBubiM 0,3 mr/a
B uHTepBase temnepaTyp 10—20°C u pH=6 ... 8, MoxHO
cydTath Ey~ Ey~ E3, H Heo6X0ANMOe 3HAYEHHE OKHCANTENb-
HO-BOCCTAaHOBHTeNbHOrO INoTeHuuana £, B, ¢ TounocTsio,
AOCTATOYHOH AJS NPOU3BOACTBeHHbIX yenoBHit (10—20 MB),

MOXCT ObiTb MNOACYMTAHO N0 (opMyJe, NOJAYUeHHOH
. 10. Accom [1]:

P = 1,34 — 0,177 pH. (1.83)

Ec/i okucauTesnbuo-BoccTaHOBHTAbHbIN noOTesunan E,
H3MepPeHHBIH B HCXOAHON BoJe NocJe yNpouleHHOR a3paiiuy,
O6yner Bbille, yeM noacuxranunéi no dopmyne (1.83), to
IByXBaJjeHTHOe )eJe30, pacTBOpeHHOe B BoJe, OyJeT OKHC-
JIATHCSL GO TpexBaJjieHTHoro. Aspaumst NpHBOANT K oforamle-
HHIO BOAbI KMCJAOPOAOM W COOTBETCTBYIOLLEMY YyBesiyenHIo
OKMC/INTeNbHO-BOCCTaHOBH Te/ibHOTO NoTeHuuana Boasl E, a
TaKXKe K yAaNeHHIO YacTy CBOGOAHON ABYOKHCH yrsiepoja H
BC/e)ICTBUE 3TOTO NOBLILEHKIO 3daveHust pH.

TepMoauHaMyuyeckuil aHanau3 rokasbiBaer, YTO KkaTaJn-
3aTopbnl (B HaileM cjiyuyae OCafgOK THUAPOOKMCII »esesa i
sepia QuabTpyoweil 3arpysky, NOKpLITHE COeAuileHusIMH
xKese3a) He U3MeNsIOT 3JHAUeHHe KOHCTAHTbHl paBlOBECHS,
Kax n3aBecrHo, XuMiiuecikoe B3auMOAelICTBIile COBeplIAETCS
npy CTOJNIKHOBeHHYW ABYX Wiy Gojiee yacTHU. Ho He kaxpas
BCTpeua wiH coyJapeliHe yacTHL BeAeT K XHMil4eckOMy Tnpe-
spawenunio. IlocnenHee mpoucXomuT TONLKO TOrja, KOrAa
BCTPEYAIOTCH aKTUBHbE MOJeKyJibl, kKoTophle 06aanaloT u3-
ObITKOM 3Hepruy MO CPaBHEHHIO CO CpeAHell sHepruei Mo-
JIeKyJ B paccMaTpHBaeMoOll cHCTeMe mpH AaHHOW Temnepa-
Type. DTOT H30BLITOK 3HEPrMyM Ha3blBAeTCs 3Heprueil aKTH-
Bauni. KaTanusaTopbl, CHWXKas 3HEPUHIO  AKTHBAlHH,
YBEIYUMBAIOT KOJNMYECTBO aKTHBHBIX MOJEKYJ H BC/eCTBHE
3TOrO YBeJAHUMBAIOT CKOPOCTb XHMUUECKOH peakIiuH.

B cBsian ¢ TeM 4TO KaTaJH3ATOPHl HE HIMEHSIOT KOHCTAH-
Ty paBHOBeCHS, HanmpaBJeHue XHMHYeCcKOll peakuHu Lo AO-
CTHXKEHMST COCTOSTHWSI paBlHOBeCHsT HM3MEHUTbCS HE MOXerT.
CnepopartensHo, (popmyna (1.83) cnpanepinsa  Kax uis

59



peaKuHy OKHC/IeHHs1 JBYXB4JEHTHOTO JKeje3a KHCIOPOAOM
B CBOGOJHOM 0GbeMe, TaK M AJIS TeTEPOreHHOr0 aBTOKATAJNH-
THYECKOro mpouecca OKHC/IeHHS [ByXBaJEeHTHOTO JKeJje3sa

KHCJIOPOAOM B 3ePHHCTOH 3arpyske.
B rex cayuasx, Korga s noJ3eMHONl Boje CONEpPXHTCS
Maprasenu, s HHTeDBase 3naueHuit pH=6 ... 8 oxkucaurens-
HO-BOCCTAHOBHUTE/bHAST CHCTe-

L8 Ma H3 COelMHeHHH MapraHia
F \ Mt HMeeT BHJL )
- Mn MnO, -+ 4HY + 2¢ =
l 2 = Mn?t{2HO0.  (L8Y)
- [lpuBeaeHHble HHXKe pac-
ERS yersl no Qopmyne (11.7) no-
A Ka3blBAIOT, UTO B COCTOQSIHHH
a2 L XHMHYecKoro PaBHOBECHS CH-
(4

cTeMa, B KOTOpOoIl IIpHCYTCTBY-
] . " IOT COeAHHEHHS] UeThblpexsa-
41 re re JIGHTHOTO MapraHuna, sBjsercs
- OKHCJHTENIeM AJs1 Keleaa.

Kpusast 2 ga puc. 1.15 na-

LA L =T
e TN\ T XOAMTCS Bble KpHsoi 1, cne-
gr | / noBatenbHo, cucrema (1.84)
- 5 ABJISIETCST OKHMC/IHTENeM IJIsi
42 FHSHS 5 cucrembl (1.76) u mnosbluaer
- obMA OKHCIHTeNbHO-BOCCTA-
g5 L HOBHTEJIbHbLIA MoTeHI H A

Cpeasl.

Puc. .16, OunarpamMa ycrohi-
YHBOrO COCTOSIHHA B BOJIHOM
pacTBope coeyHHeHHH
1 — Kejieaa OpH paBliOBeCHOM cO-

Aepxaunu Fe
raHua [pH

0,3 Mr/n; 2—mMap-
aBHOBECHOM  cO-

pepxaHud Mn 2 wmrfa; § —ce-

pOBONOPONA OpH  PAaBHOAECHOM

oGuteM conepiCalliH ero Ccoenu-
uennlt, paBHOM 2 Mr/a

B HekoTopbIX cayuyasix ajs
ofeakene3yBaHHs 110L3€MHON
BOALL ee QUJALTPYIOT yepes 3a-
TPy3Ky H3 MHPOJNIO3HTA HJH
YepHoro Inecka, ColepiKallero
COSHHEHHST YeTbipexBaJeHT-
Horo MapraHua. Ecnu 3naue-
Hue E Boan HHIKe, 4eM BbI-

yHcJeHHoe no gopmyse (11.7),
T. e. 3Hauenne E, oioxceHHoe Ha puc, 1.15, 6yner vaxonuTb-
CS1 HHXKe KPWUBOH 2, TO IPOHCXOAHT OKHCJEeHHE ABYXBAJICHT-
HOro eJle3a [0 TPeXBAJEHTHOro H BOCCTaHOBJEHHe YeTbl-
pexBaJsieHTHOIO MapraHua A0 ABYXBAJEHTHOTO, KOTOPLI ne-
pexolMT B pacTBop. B 3Tom ciyuyae uepHbll MNecok, T. e.
NeCOK, UCKYCCTBEHHO MOKPHITHIA COeAHHEHHSMH UeThipexsa-
JIGHTHOTO MapraHua, norpebyer nepHoRHueckoil 06paboTKH
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peareHTaMu [Jif BOCCTAaHOBJIEHUA IJIEHKH H3 COeAMHEHHH
mapranua., Tak Kaxk cojep:aHue Mapraiua b (HabTpare
MOET CTaTh Bbllle AONMYCTHMOrO, a TaK:Ke BCJeACTBHE 3HA-
YHTeJbHOTO pacxoaa AQPOTOCTOALIHX peareHToB H TPYLOeM-
KOCTH TeXHOJIOFMUYeCKOro npouecca HCKYCCTBEHHOro HaHe-
CeHHs TIJIEHKH, IPHMEHATh NPH 9THX YCJAOBHAX UYepHbIN MeCoK
HeueJsecoo6pasHo.

Ecan B ncxonHoh sose npucyrcrsyer Mn?+, To coeaune-
HHA YeTbipeXBaJIEHTHOTO MapraHia o6pa3oBbiBaTbCs He Gy-
AYT. B 3TOM ciydae mapraHel He BJHSET Ha OKHCJEHHe XKe-
ne3a. PeaynbTaTh ONBITOB NOATBEPMAAIOT, UTO HOHB ABYX-
BaJIEHTHOrO Maprauila, NPHUCYTCTBYIOL{MEe B BOAE, He BJHSA-
10T HA CKOPOCTb OKMCJEHHSi [ABYXBAJIGHTHOTO KeJe3a ;o
TpPEXBaJIEHTHOTO.

Yacto B noa3eMHOM BOJe KPOMe JKeje3a NMPHCYTCTBYET
MOJIEKYJISIPDHO PACTBOPEHHLIH CepOBOAOPOA U MOHBI THAPO-
cyabdnpa (HS-) u cynvduaa (S2-). Ilpu 25° C B pactpope
CYILECTBYIOT C/IeAyIOLllie paBHoBecHs [5]:

s*-Ht >HS—,
SZ—- +
S W 4 =K, =10""3; (1.85)
[Hs-] fy

HS™ 4 HT 2 H,S,
f [H87] f [H]
fo [HeS]

OGoanauns uepes Ch,s 0OULYI0O KOHUEHTPAIHIO CEPOBO-
popoaa, u3 pasencrs (1.85) u (1.86) nmonyuum:

Crs =[]  [557] + [is] = [57] X

( fi | H+ ] " LS
K| f Ky K. fo

=K, = 107", (1.86)

(1.87)
\

B uurepsasie snHauenn#i pH=6 ... 8 oxucanrenbuo-soc-
CTAHOBHTE/LHAA ClICTeMa, COAePKALNAsi CePOBOROPOR, HMe-
er BHI

§* —2:=S5). (1.88)

OKHCJIITeNbIO-BOCCTAHOBUTEAbHLI{T NoTeHuHan 3Tofl  Cuc-
TeMbi
E == Eq—0,031g [S*~] /).
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TMoacrasus anauenwe [S%] fu w3 ypasneuna (1.87) n
E,=-—0,48B [6], nonyunm mas {=25°C
L, R A

S = —0,484+0,031g| — -
+ & f“+ K, a KiKqf,

'—0»03 lgCH.5. (leg)

Kpupast 3 ua puc. 1.15 nokasbisaer 3aBIICHMOCTb OKHC-
JHTENLHO-BOCCTaHOoBIITeNnbHOTO Noterunana or pH. Kpusas
3 HaxomuTcs 12Ke KpuBo#l /, cneposatenslo, cucreMa (1.88)
ApAsieTcsl BoccranoBuTeneM ans ciucreMmel (1.76) u nouuxa-
eT obUHil OKHCJIHTENbHO-BOCCTAHOBUTENbHLIH TNOTEHUHAJ
cpeldbl. OnbiT paGoThl AeHCTBYIOWINX cTaHUHA obe3xenesu-
BaHus NOKa3blBAeT, YyTo, €C/H TOCJe a’paiHi B BOAE CO-
pepxnrest po 0,5 mMr/n cynbdnnaos, B ncxonHofi Bolle Ex=
=1,34..0,177 pH, o6e3axene3nsauHe BoAbI MOXeT 6bIThb
OCYU1eCTBJIEHO N0 MeToldy ynpouieHHoi#l aspauH¥ H (QHIbT-
pOBaHHSL,

IT0 06BACHIETCS TEM, UTO NOCae 060raileHisl BOAbl KHC-
JIOPOZIOM BO3AYXa CKOPOCTH OKHCJEHHS LABYXBaJIeHTHOTO e-
J1e32 3HAYHTENLHO BBHILIE CKOPOCTI OKHCHIeHl CYJaAb(HAOB.

B noaseMuoll Bose uacTo NpHCYTCTBYET TaKXKe KpeMHule-
Basi xuchaora, Kak ormedan Jle Jlowr, npu comep:kaHuu B
nop3eMuoil Boge 70—80 Mr/n  SiO; ofiiee conepkanne
wene3a B duabrpare 6viio 0,7—0,8 mMr/a npu ckopocti
¢uavrposanns 3—6 M/u; noswilienne pH Bcneacraue ynasne-
i1 YacTH cBoBGOLHON ABYOKHCH Yriepona aspauiieil 110380-
JINJIO CHH3HTBb COAEPIKaHNE XKene3a B Ppuabrpate to 0,3 Mr/u.
[lo naunvim B. M. Crauxasuutoca, npi nHadnyHe B HCXOJ-
HOH BOMe KpPeMHHEBOM KUCJIOTLI KaTalHTHYECKAasi aKTHB-
IIOCTL TJIEHKH H3 COEAHHEHH{ XKesie3a CHIXKAeTCsl H YXYA-
waetrcs sppekt o06e3aeNe3nBaHUS BOAb GHABTPOBAHHEM.

B suTepatype oTMeuenbl cayuad, xorga 3epna  GuibT-
pyloweit 3arpy3Ky NOKpPHIBAJHCH KeJaTHHoo6pasioi nJieH-
Kofl opraHHYecKoOro MpOHCXOMK/IeHns, yxyawantueil addexr
obeaxcenesanBanus,

Opraxnyeckiie DeuecTsa XapaxkTepH3YIOTCs  OKucjase-
MocTblo, KoTopas orpannyusaercs (5+40,15CFe**) Mr Ofn 8
nepecuere na KMnO, [11].

Ecsn orcyrcrsyior pedyabTaTthl npofHoro ofesxenesu-
BaHHs, BHIGOp METONA yAaseHHs jKeje3a Ha CTafuH Npen-
NPOEKTHHIX paBoT NMPOH3BOAITCA Ha OCHOBE ONBITA 3KCIAY-
atallHi YCTAaHOBOK, KOTOphie PaBoTaloT B aHaJIOTHYMBIX yC-
JIOBHAIX C YYeTOM [AHHDLIX HHYKe peKoMeHmauHii.
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Meroa oGeaxcenesnsainia BOAbI YHPOLLEHHOH aspauHeil
1 (pHAbTPOBAHIIEM MOKET HIPHMEUATBCA [pH CJAeAYIOUNX
YCJOBIIAX:

1) ecan OXHCANTENLIIO-BOCCTAHOBHTE/AbLHbI MOTEHLHEN
IICXONLHOM BOJLbI  Bbillle, YeM BhIuHCAeHHbIH 1o popMyde ([.83);
Cre?t

28

3) ecan o6ulee COAEPKAINe XKeAe3a B HCXOLHOM BOJIE A0
10—15 Mr/a (mpn 3ToM coflepXKaniie ABYXBaJeHTHOIrO JeJe-
3a J0ax110 ObiTh COOTBETCTBEIHO He MeHee 70—809%);

4) ecnnn pH Boab nocie oxncaeunist ¥ THAPOAN3a ABYX-
BaJeHTIIOrQ 2Kejleda COOTBETCTBEHHO (CM. I. 3) He Meiiee
6,8--7 (cMm. c. 64);

5) ecsm conepaanne CepoBOAOPOAA B IICXO/LION BoAe A0
0,5 Mr/m;

6) ecnn MepMaHranaTHaA OKHCJISAEMOCTb HCXOAHOI BOJLI
Hipke (540,15 Cpaq ) Mr Ofun b nepecyere na KMnOy [11].

Onpeaesnenne pH Boabl noche okicjeHHs 1 ruaposisa
ABYXBaJelTHoOro JKesjesa NMPOu3BOAHTCA CaeAyOLLIM obpa-
3oM. [1o pH 11 o6iueil wenounocTn HCXOAHOM BOAB! 13 11CTOY-
IHKa ofpefe/sIoT NpH noMoiy HoMmorpamMmsl (puc. 1.16) Ha-
yaabHoe CoAepr<avue NBYOKHUCH yrjepola B BOAe.

IKak cnepyer u3 ypasuenns (1.47), npn rupposnse
1 Mr Fe?+ suifenserca 1,6 mr CO,. Hna nopcyera obuiero
coaepxanns cBoBoAHOl ABYOKHCU yriepoaa CiaelyeT MNpil-
6aBuTb K €e CONEePKAaHHIO B HCXOAHONl BOAe ABYOKIChH yr-
Jlepoaa, BHIACNUBIIYIOCA B pe3yJbTarTe FHAPOJI3E Tpexsa-
JIGHTHOrO Kese3a.

ITo o6iueMy coneprkadnio cBo6oaliofl ABYOKIICH yriepo-
Ia, IpUHUMAaA YCJAOBHO ILIEJOYHOCTb BOAL!I 1IOCTOAHION, On-
penessIiOT NPH 1OMOWMN HOMOrpaMMH (cM. puc. [.16) Hosoe
siaietine pH Boabl nocne oxkucsieHHs 1 riapoansa xenesa.
Ecan aro 3nauenne pH oxaxerca Huxke 6,8—7 (cMm. 1. 4),
cjleflyeT NpHMeHATL a3PaIHio BOJbl Ha BEHTUAATOPHOH rpa-
Jple ¢ AepeBsliIHOIl XOPMOBO# HACAAKOI juisT ypaJjelins
yacTi cBo6OAHOIT ABYOKNCIT Yrepoaa C LeJibl0 NMOBbIIEHIIs
pH 11 06orawenns oAb Kuca040pOM Bo3AYyXa (cM. puc. [.4).

Texnonoruuecknil pacyer BeHTHAATOPION FPafHPHY Che-
Jlyer BBILOJHSITL 1O METOLMKE, U3/102KeliH0i B pabore [4].

Ouxunicoieline ABYXBaNeHTHOTO JKeJle38, PacTBOPEHHOro B
BoJle, Uenecoobpa3Ho OCYILECTBJATh HENMOCPeACTBEHHO B
Tosiie GuabTpyomero cios. Kourakruoro pesepsyapa mas
3aBepIleHils MPOUeCCa OKHUCJIEHHS NBYXBAJIEHTHOTO XKeJie3d
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npepycMaTtpiBarh iie caenyer. [as obecnevenits HopMadb-
nofi paboTul Hacoca, Nofaiollero BoLY Ha (QIVILTPLI, MONKET
OLITL 3aMpPOEKTHPOBAIl YpaBIIHTEALHLIH pe3epByap.

Ecau aspanuei tie yaaercs oGecneynTh noBLilIeHHE OKHC-
JIUTeILHO-BOCCTAHOBHTRJNLHOrO MNoOTeliliaja [0 3iayents,

taoc 0 1 i F.W {
| ol N
L o [ X
K | g
A 3 P pH 85 O
ol s o - g
¥ s ¥ PR
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L g '_l-' - 5 X
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Pue. 1.16. HoMorpamma nasi onpenenenust cojiepxaHus B ole cBofon-
HOWt yraexucaotel (4]

Cxema nonb3osanig: I, CoeldllHHTb Ha Likajax [ 11 3 COOTRETCTBYIOLLIIE 3HAUEHMS

TEMNEpPaTypul H COJECOAEpPKAHHN, & Ha HeMoll Likajse 2 chenaTh TNOMeTKy A

2. CoeHHHTb TOuKY A ¢ MOMeTKoll Ha WKaJjge 4, COOTBeTCTBYIOLLEA 3anaHHOR e

noypoct. Ha wkane 3, Hcnonb3yeMoil B 3TOM ciayuae KaK tIeMON, Nenat0T (1OMer-

ky B. 3. CoenHHuth Touky B c 3ajaHHBIM 3HavenlteM pH na wkane 5 v Ha mepe-
cevenily MPoOROANeHus npsamMofA co wkanofl 6 HafiTH oTBer

noacuurannoro no ¢opmyne (1.83), to obesxkenesnnanne
MOKeT 6LITh OCYILECTBJIEHO ONHHM H3 CJeAYIOHIHX MeTOJLOB:

1) BpenenreM B BOLY OKHCJHTEJEH, NOBLIIAIOIIHX OKHC-
JIUTELRO-BOCCTAHOBUTELHLIA TIOTEHIMA BoALl (Hanpumep,
XJiopa, 030lia HJI fepMaHraHara Kanaus),

2) nopllenauHBaHieM BOALI C 11e/Ibio NoBbilelHs ee pH,
TaK Kak npu yBeauuennu pH Heo6xonnMoe pas o6e3rkenesn-
BaHHS BOJALI 3HayeHHe OKHCJHTEJILHO-BOCCTAHOBHTEILHOIO
NOTeHIIHaaa yMelbllaeTcs.
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Cneﬂ.yeT OTMEeTHTb, YTO OYHCTKY aspailioHHBIMH MeTo-
AaMH MOXHO NpHMeHATDL TOJNbKO Toraa, Korjia s BoLe CO-
IlepxXarcad B OCHOBHOM HOHbI ABYXBaJIEHTHOro XeJe3a.

7. OYHCTKA CTOUYHBIX BOJ
CTAHUMA OBE3)XEJNE3NBAHNSA

Ha cranunsx oGe3xesesdpaiua MNPHPOAHBIX BOA CTOU-
Hble BOABI OT NPOMBIBKH QHALTPOB 1 OTCTOMHHKOB colepikar
PHApOOKHCh Kene3a. CGpacbiBaTh TakHe CTOUHbie BOILI B
OTKpHITEHE BOJOEMBI HEAONYCTHMO.

B BomoeMax rHIpOOKHCH XeJe3a MOXeT 0ca)KAaTbhca Ha
uMelolilefl LeJOYHYIO peaKilio caHaucroit obosouke mabp y
pbl6 H cratb npHYHHON HX rHOenH. B 1wesounoll cpelle Ans
HEKOTOpBbIX NOpPOA pLIG JeTanbHas KOHHEHTpPauHa Keje3a
cocranaser 0,9 Mr/u.

Ocapok rHapooKHCH Kesesa, YAAJCIHbIT 13 CTOUHBIX
BOJ, MOXKeT HCIIOJb30BATLCA AJNSI H3rOTOBJEHHA KpPacoxK i
OYHCTKH rasos OT CepOBOAOpPOAa. PaaMep coopymeHuil aas
OCBeT/]eHHA [POMBIBHLIX BOA H YHJIOTHeHHA ocanka 3aBH-
CHT OT BJIQXKHOCTH OCafKa, yAaJiieMoro H3 CTOYHbIX BOL.

YnnorHeHHe ocajka THIPOOKHCH KeJle3a MpPOHCXOAHT
BCIeNCTBHe NMepexofna aMop(Horo ocazaka ruAPOOKHCH XKe-
ne3a Fe(OH)3 n rematur a-FeyO,.

TlpeBpalileHHe CBeXXeOCaXAEHHOrO THAPATA OKHCH XKene-
3a B reMaTHTH MOXXHO BLIPA3HTb peakiueil

2Fe(OH); | == Fe,05 ) + 3H,0. (1.90)
aMoppuuil KpHCTan-
axyeckut

Cornacno 3akouy Iecca, cranpaptas csobonunas svep-
THA peaKUHH MoXert OblTb BbluHCJeHa no ¢Gopmyne (1.26).
IlprnsaB 3HayeHHsa no paHuuiM pabotsl [7], noayuum

AG) = —177,1 4 3 (— 56,60) — 2 (— 166) =
= — 15,17 KKaa/moab == 63,5 xJx/Moab.

B coorserctBuil ¢ TepMOAHHAMHYECKHM IIpHUIIINIOM On-
penelieHHsi HanpapBjleHUs XHMHYeCKOH peakuuu MO MUHH-
ManbHOH CTaumaptHo# croGopHON 3HEprHN MOXKHO YyTBEpK-
AaTh, YTO CBeXKeoCa)KAeuHas THAPOOKICb XeJe3a NOJIKHA
npespaTHTLCA B Gonee ycroilunsuiii remaTur. IMogo6uo 3to-
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MYy B ciayvyae YIJIOTHEHHA CBeXXeOCaKACHHOrO ruapara 3a-
KHCII XKeJie3a 10 peaKuH!ll

3Fe(OH), | = Fey0, | + H, 4 4 2H,0; (1.91)
AGY = — 242,44-0+-2 (—56,69) — 3 (115,57) = — 11,1 Kkan/mom, =
= — 46,4 xIx/Monb,

Cnepoparenbuo, Fe(OH), Heycroiuun u 6yaer paasa-
raTbCsl Ha MarieTHT, BOAY i BONOPOA.

T, 4
48 ]
o He4d / PH=Z4
s /
H=62
/ P72 Puc. 147, KpuBute ymiot-
. / HeHHS O0Cafika B 3aBliCH-
2 7 MOCTH OT aHayenus pH
/r / Bonkl (110 onuitam B. Pym-
MeJs)
P
72 /f
Y

996 996 994 992 99 948 945 IS
8aa awoema, %

Ipu remnepatype 100° C ruppookuch XKene3a nepexonuT
B FeMaTHT Yepe3 HecKosbKo yacos. 1o nannsim I'. JlaiiTine-
Ha cCKOpoCcTb 06e3B0XKMBAHNA OCafKa I'MAPOOKHCH KeJje3a B
HeATpaNbHOA M KHCJIOH cpeae HHUTOXKHO Mana, HO GBICTPO
BO3pacTaet Mpii MOBbIIUEHHH KOHUEHTPAUHH THAPOKCHIBHBIX
HOHOB (B pacTBOope aMMHAaKa Wi €LKOro HaTpa).

[Mpouecc crapenns 3agep:kupaerci ancopOHpOBAHHBIMH
HOHaMH [BYXBaJEHTHbIX METaJJOB, HallpHMep lHHKA, HH-
Kess, Ko6anbTa, MarHig, HO He KaJbUHA.

Tlo nanHubim B. Pymmens, ocajaok rHApOOKHCH Xenesa,
BLIAEJSIOIMMACA M3 BOABI [pH aspaulil M H3BeCTKOBAHHH,
GbicTpee o6espoxupaerca npu pH=6,2, vem npy pH=8,4
(puc. 1.17). Banaxuocts ceexeocaxaenyioro ocaaxa 99,7%.
B onwitax, soinonnednsix po BHUUW BOOTEO, Baaxuocts
ceexeocaxjenHoro npu pH==12 ocagka rnppata 3aKucH
KeJsesa cocrasnasna 96,6%, t. e. yaajeHne ocaika B BHAE
ruapara sakncn Xejesa 6e3 npenBaplTelNLHOTO OKHCJIEHRHS
IBYXBaJeHTHOro »KeJieda T03BOJAET YMeHbIHTE 06beM

ocanxa Gosee yem B 10 pas.
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Ocanoxk npoMbIBHEIX BoA (QHALTPOB cTaHuuil ofe3ike-
Nle3uBanus BoAbl, HMeBLWNUH paaxHocts 90,5% nocne 90 y
OTCTaHBAHHSA, [OJBEPTAJCA OAHOKPATHOMY Me[JIEHHOMY 3a-
MOpPaXHBAHUIO H OTTAlIBaHHIO. BnaxkuocTs ocajika npu stoM
nounsmaace ao 77%.

TaGauua L5 PedyabraTsl onbiTos no o6paGoTKe CTOYHBIX BOJ,
cranuuii o6e3xenesnBanin Boabl

. nax b $ugs
B 2canf<:?c'1'}., * 3 SE
g B
] \ Mo ®
= £ o 3 (8ol
Mecronaxomaenne Metoy ofe3xkenesH. M 8 8Zx ig § ~
cTAHUHH ofe3xene- BaHHN W cxema paGo- g8 m Oma | @ ]
3IHBAHHA Tt COOPYXKenus 4G s z E x gém E
85 8 |Sa5 gkt
<%= ¥ 5 Hodo
: 8 2 S o g © 8 § H
e 3] ELr | OR€Ea
daextpocTaanb VYnpouwenias aspa- | 0,21— | 96,56—}93,5—| 8—I12
(Mockosckofi 06a.), | una u duavrposa-| 0,29 | 96,8 | 94
yaen Ne 3 HHe Ha Hanopiibix
duabTpax
Tonoabex  (Moc- | Aspauus ua rpa-{0,41—| 97,6 |955—| 89—
KoBckofl 064.) zupue, orcrausahue | 0,62 95,7 9.4
B KOHTaKTHOM pe-
aepByape, dbuabTpo-
Baiie
I1IMakoBKa Aspauus Ha Ben-| Her 99— | 96,8— | 3,2—
TaanTOpHOR  rpa-| mas- | 99,4 | 98,6 | 3,5
JLlipHe, nojuesayn- | HbIX
paHue go pH=7,5...
8,4, duabTpOBanLHE
na ¢uabTpax
FopbroBekas o6a. | Aspauus, xaopupo- | Tooe| 99,7 | 99,2 | Ier
palige, Koaryjaslus HaH-
CEepHOKNCAbIM  aJlo- HBIX
MiiHHeM, GHUABLTpO-
paiue
To xe Aspauus, xnopipo-| * Her | 99,7 | To xe
BaHue natt-
UBLIX

O61em npoMbiBibiX oA (GUALTPOB craiilil oGe3Kednesn-

BaHus BoJbl cocTaBaser 1o 4% pacxoaa ounuiaemoil BOALL.

KoMmyHHKanun AJsi 0TBOLA NPOMbBIBHOH BOAL CJedyeT
o6opynoBaTh WITaMOBBIMII 3aABIKKAMH C 3JIEKTPOTPHBO-
oM 3aBoaa <«Peayxrops (Jlemurpam). IDti 3amBrKKl
chabxelbl BEHTIIAMHI C 3/IeKTPOMAarHuTHLIM TPHBOAOM, C

5* 67



MOMOUIbI0 KOTOPHIX WX NepHONHYEeCKH MPOMBLIBAIOT YHUCTON
BOJLOH.

PasaMepnl OTCTOMHHKOB [/ OYHCTKH IIPOMBIBHBIX BOJ
GuabTpOB 6e3peareHTHHIX CTAHUMH O6e3XKelle3HBAHHA Clle-
AYyeT IPHHHMATb TAKUMH, 4TOOLI 32 NePHOJ OTCTANBAHHA BHI-
nazana B3pseCb THIPABAUYECKON KPYMHOCTBIO Ho==0,2 MM/c

5
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Puc. 1.18. KpHBrie ynioTHesust ocajxa B OnbiTax, BbINOJAHEHHBIX Ha
cTaHUHH 0Ge3xe/e3Batus

|—8 — B 3Bneutpocranu; 4, 5§ —~18 Tlogonbcke

(ta6a. 1.5). BpeMs npe6uipantsa BOAbI B OTCTOMHHKAX O6bIU-
HO NMpPHHHUMAaeTCA He MeHee 4 y. ['ly6HHA OTCTOMHHKA nepHO-
OHueckoro peicteus H=tuy, rae {— npPOAOJIKHTEILHOCTh
OTCTalBaHHA, paccyHTbiBaeMast no ¢opmyne {=T/n (T —
NPOAOJKHTENBHOCTD GHABTPONHKIA, 1 — YHCIO QHABTPOB).
Fny6una otcrofinika nocrosudoro neficteua H=L/10 ...20,
rie L — nanHa oTcTofiHHKa. JIHO OTCTONHHKA JOJIXKHO HMeThb
NHPaMHAAJbRYIO HIH KOHHYecKyo GopMy, ofecneunpaiolyio
caMoTeuHOe ylalieHHe ocaiKa. [.f 3TOro YK/IOH AHa Q6bu-

68



HO MPHHUMAIOT oKoso 50%. 3amuTHbIl CIOK BOAH Hal CJO-
eM ocaiKa B OTCTOMHHKe AOJXKeH GuiTb He MeHee 1,5 M.

JHnaMnKa yIJIOTHeHHs ocafika NMpH o6e3Kele3HBAHUH
BOJH NpubeleHa Ha puc. [.18.

IOaa ueGodbluoro oGbeMa ocanka MoxKer GuITh 3anpoek-
THPOBAH BHIBO3 €ro B JXUAKOM BHJe CHelnatbHO NMPeAHas-
HayeHHON aCCeHHW3aLHOHHOR MalluHOH, KOTOpyl0 He paspe-
IaeTcH WCMOJb30BaTh A LPYrHX leJeH.

IOast orkayku ocajKka H3 OTCTOHHHKOB MoeT GbiTh NpPH-
MeHeH NorpyXHo# Hacoc Mapku «['HOM», xoTophill ycTaHab-
JUBAeTCA B HJIOBOM MNpHAMKe oTcToHHHKA. TakHM JKe HACO-
COM MOMeT OBbITh OTKa4ela OCBeT/IeHHaA BOJAA U3 OTCTOHHH-
ka. [aGaputht Hacoca: [==500 MM, d=250 wmm. Tlopaua
Hacoca Q==16 m3/u, napnenne H==98.10%T1a (10 m BoR. CT.),
MOLIHOCTb 3neKTpoaBuratens N=2 xBr. Hacochl narotos-
na10Tcs Ha MockosckoM npHGOPOCTPOHTENLHOM 3aBOE.

TIpn Ge3apeareHTHHIX 11 peareHTHBIX MeTofaX ofe3xkesne-
3UBAHHA BJAXHOCTb OCajKa, yAaNsgeMOro H3 OTCTO{IHHKOB,
pasauunast (cM. ta6na. 1.5). s Ge3apeareHTHbIX MeTOdOB
BJI2XKHOCTb 0CaAKa yepe3 14 cyT ynJoTHeHHsI C y4eTOM pas-
GapJieHHs MpH MPHMeHEeHHW crioco6a THApaBAHUYECKOTO ero
yhaneuus ciaefyer npuinaMatb 93%.

Ocapnok, yhaJsaeMbll U3 OTCTOHHHKOB, CylIaT Ha WJOBHX
oL afKax HIH B BaKyyM-QUibTpax.

[onopas narpyaka ocanka, yaanfieMoro H3 OTCTOAHHKOB
Ha HJIOBbIE MJOWAAKH, o AaHubiM [11, 21] cocraBnser 2—
8 M¥M2%; cooit Hamycka B MepHOA MOJOMUTENbHBIX TeMnepa-
typ 0,3 M, B nepron oTpHuatebunx 0,1 M.

Colosponokanannpoekr cosmectno ¢ JIUCH paspaboran
pauHoHaJbHEle KOHCTPYKIIMH HJOBBIX IJOMWIAA0K A CYLIKH
ocajika KaHaJH3aUUOHHBIX CTOYHBIX BOA. DTH HJOBble MJO-
WAaAKY, N0 HalleMy MHEHHIO, MOTYT YCMeIIHO MPUMEeHSTbCs
IAA CYWKH oCajKa THOPOOKHCH Xene3a. HMiosnie naowan-
KH HMEIOT CTeHBl M3 cOopHoro XeJsesoberona pricoTolt 2,4 M.
Koncrpykuus wnbepos noa3poJisieT Cnyckath BOAY Ha pas-
1IbIX YPOBHAX C MOBEPXHOCTH ocajaka. [LIoIaaKy He HMEIT
ApeHaa.

l'omopas narpyska ocaska pjaaxXHocTbio 92% Moxer
6uiTh npuHATa 8 M3 na 1 M? maowaakH, BaaxHocTb ocanka,
NOACYIIEHHOTO (1a WIOBBIX NJowaaxax, 70%.

Kax mokasana npaKTeka 3KCMAyaTalMd, WAOBHeE IJO-
IWAaAKH, B KOTOPbIX ApeHalKHEle BOAH CGpachIBAalOT yepes
creljnajbHbie JpeHarkHble KaHapbl WJW M[JOMWALKH Ha
UCKYyCCTBEHHOM OCHOBAHHM, OBICTPO BHIXOAAT W3 CTPOS
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}43-32 KOJIbMaTaUHK APEHa)KIOro cJjosi THAPOOKHCHIO Xe-
Jesa.

Tlpencrasnsierca palioHa/JbLHLIM NPOEKTHPOBATDL yAaje-
Hile OCBeTJICHHON BOAbL Npi MOMOWKH 3aTBOPOR C wWiepaMy,
KOHCTPYKUHA KOTOpBIX MNpeAyCMAaTpPHBAET BO3MOMNKHOCTb
c6poca LpeHaXXHLIX BOA Ha Pa3HLIX YPOBHAX C MOBEPXHOCTH
ocanxa.

Daa pacuera H/OBBIX NJOWAafoK 06beM ocanxa Vre(on).,
m3/cyT, yrnanseMbifi 13 OTCTONHHKOB, MOXKeT 6LITh pacCuHTaH
no ¢opmyse

Cpe-1,93
Ve, ™ 10 (100—w)

Iie ¢ — NpPOM3IBOLHTEALHOCTD CTAHUNN obedxcenesusanus, M¥fcyt; Cp, —
colepiKaHile Xene3a B ucxonHolt Bode, Mr/a tau r/m3; W-— sraxuocts
ocanka, yaaaseMoro 3 otcroftiukos, %; 1,93 — cTrexHoMmeTpHdecKHH
ko3 PuunenHT.

HJ'IOUlaILb HJAOBHIX MNJolLanoK, M2, C Y4YeTOM rJolianu Ha
ofBajonaHniie, a TakiKe OCYWHTENAbIILIX 1 NOABOAAUIHX KOM-
MYHIIKalHA

F— Cre(om), 1,5
h

rie h— uarpyska Ha uaoBbie mioujagu (2—8 M¥/m?).

Ucnuitanna onbitHoro 6apabannoro sakyyM-uaerpa c
muiowaapio duabTpaurn 3,2 M? GblIW BHNoJHeHlN PyMMe-
JeM [Jf CYWKH ocajKa CraHuuH oGe3Xene3uBanud, pabo-
Talollell Mo cxeMe aspauus — H3BecTKoBanue [21]. JKoHo-
MHYecKu ONTHMasbHoe oGe3polKMBaHHe ocajaxa Habmoga-
JIOCh TIPH YaCTOTE BpauleHHs Gapabana 2 Mun~! 1 naBieHHn
(nanope) 39,2-10%T1a (4 M BoA. cT.), IpPH 3TOM MaKCHMaJb-
Has NPOH3BOANTENIbHOCTb cocTananana 210 /M2 s npepot-
BpauleHs «3abuBanna» QHUAbBTpyOULell TOBEpXHOCTI! BaKy-
yM-QuabTpa OCalKoM MPUMEHANH NPOLAYBKY BOSAYXOM HHTEH-
cuBHocTbiO 2 M3/y na | M2 puabTpyloiiefi nosepxnoctH. Onw-
Thl BBIMOJHANCE C HClIONb30BaHHeM B KauectrBe (HABLTPY-
joulero snementa xjonyarobymamsod tkann 1681A (I'IP).
ITpennonaraercd, 4to 6bl10 GBI Jyyllle HCMO/AL30BATbL Nep-
JOHOBYIO TKanb AJf 3THX Ueneil, Tak Kak oua GoJjec
npounas.

Ha o6e3xenesusaiouteil craniiun 8 Hupepnaysnrue
(OPI') 6blin ycTaHOBJAEHL YeThIpe TpYNnbl BaKyyM-(QHJIb-
pos, no 16 rpynn B kaxnoii. Oniik sakyyM-gpuabTp Kaxaoi
TPynnui npuHuMaJjics pesepBHbiM. [lnowanp ¢uabTpauuu
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Kaxxporo BakyyMm-Quaorpa 40 M™% npoH3BOAHTENbHOCTDL
¢uabtpos 0,16 Mm% Ha | M? puabTpylolLeli noBepXHoCTH B 1 4.
[Tocne o6paGoTku Ha BaKyyM-(HJAbTpaxX BJAXKHOCTL OCafKa
cHuAanaach o 75%.

Haunbonee skoHoMHuHasi pabora BaKyyM-¢QH/ABTPOB Ha-
6aopanach npu saaxcHoctn ocanka 979%. Iostomy B cMe-
CHTEJbHLIX pe3epByapaX CMEIUHBaJH OCaJOK, HMEBHIHA
98,8% -HyI0 BJAXKIOCTb, C OcagKkoM 759 -Holf BNAIKHOCTH.
[IpuMenenne ycraHoBKH, cocrosillieli u3 64 Bakyym-duawt-
poB, 6bi10 3KBHBAJEHTHO NpPHMEHEHHIO JJIOBBIX NJ0WAA0K
njaowanbo 23 ra.

8. OBE3)KENE3WBAHHE BOAbl
METOAOM «CYXOH» ®UJbTPALLHH

3a pyGexoM noayuyawT pacnpocTpanedHe Aas obeaxe-
JIe3HBAHHSI BOJAb! YyCTAHOBKH, paboTaloliHe 10 NPHHLANY TaK
Ha3biBaeMoH «CyXoil» (hHABTpauMH, Ge3 nepHOJHYECKOHR npo-
MuiBKH QHABTPOB. Ilo 3TOMY MeTOAY HCXoAHasi BoAa QHILT-
pyeTcs uepe3 He3aTONJICHHYIO CYXYI0 QHALTPYIOLLYIO 3arpya-
Ky. Bepxunii csofi 06BIYHO COCTOHT H3 KPYNHOrO KOKCA HJH
rpasust ans 6ojiee paBHOMEPHOrO paclpeneseHHsi BOABl MO
NJOMAAH 3aTrPY3KH, HHXKHHA CJIOH COCTOHT H3 neckKa TOJLiH-
Holi 1,6—2 M. B HcxopHyio BoAy Homaercst Bo3ayx. HMuorna
OH MOCTYNAaeT B HHMKHIOK YacTh YCTAHOBKH, a yAaasercs H3
BepXHeH no NpuHUHNY npoTHBotoka. CxopocTh ¢HALTpOBA-
HHS 4—15 M/u. DTH PHALTPBEI HE NPOMLIBAIOT, & B HHX Me-
HAIIOT 3arpy3Ky | pa3 B HeCKOJLKO JeT.

[To nankniM . Keress, nonyunsmero nateHtT Ha Merol
CYXOH QHABLTPAUHH, NPH HCXOZHOM COAEpPXAHHH Keje3a
2,5 Mr/n copepxanne xeJjesa B QUIALTPOBAHHON BoJE CHH-
xamocy po 0,05 mr/a, npu 3TOM yMeHbmIaJoch TaKXKe CO-
aepxanne Mn?+,

K coxanennio, TexHosornyeckie napamerpni pa6oThi
YCTaHOBKH He NpHBOASATCH.

ITo pannbmm Kanbmana Cakana, HECKONbKO YCTaHOBOK
oGe3xene3nBaHusl Box MeToJoM cyXod duabTpauus pato-
taiotT B Benrpun. Bo3nyx B HanopHunii ¢uasTp nopaercs
KOMNPeCCOPOM; HepaCTBOPHBILHKIICA B BOLE BO3AYX yAaJsier-
CSl uepe3 BaHTY3, ycTaHOBJAeHHLI! Ha HanopuoM TpyGonpo-
sojle QuALTPOBaHHOMA BOALI. TOJIMKHHEA CJIOA NecKa 2 M, Kpyn-
HoCTh |—2 MM, cKkopocTh QuabTpoBaHus Ko 12—15 M/u.

Ycranosxa pas ofesxene3dnBalus BoALl METOLOM CYXOi
duabrpauun 6uia vensitada . 10. Accowm.
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Boga u3 apre3mancKuX CKBaxHH Nofasajach B QHALT-
pyioliee ycTpoicTBO, MpeactasJsiioilee codofl  OTKPHITYIO
cBepxy Tpy6y anamerpoM 125 MM u aanHoi 2000 mm, ycra-
HOBJIEHHYIO BEPTHKAJbLHO 1 3aTPYXKEHHYIO HeAPoGJIeHHM Ke-
paM3HTOBLIM TpaBHeM KPYMHOCTRIO 5—60 MM, nmJOTHOCTHIO
0,3—0,8 1/M® u ToslMHOH cJiosi 1700 MM.

Hcexomnyw sony, umeiomyto pH=7,5, E=—20MB, 06-
liee copepkaHHe Keje3a 2 Mr/n H ColepXalllylo clefbl
Fe¥t, nogaBann HenmocpeACTBeHHO Ha 3arpysKy, Kotopas no-
CTOSIHHO HAaXOoAHMJach B He3aTOMJIEHHOM, CYXOM COCTOSIHHH.
OHKTHBHYIO CKOPOCTh (DHJLTPALHH, OTHECEHHYIO Ko BCei
NJoWAaAH MOJEJH, NONJAEpXKHBAAH paBHOl 3 M/d.

O6wee comepxkanue Kenesa B guastpate Guyo 0,2—
0,3 mr/an, E=+470 MB, pH=7,4, unpexc crabuJbHOCTH BO-
Abl oXoJsi0 HyJsi. M3MeHeuHsi oCTanbHEIX NoOKasaTesel Ka-
YyecTsa BOABI MO CPaBHEHHIO C HCXORHOH He o6HApYX(eHO.

[IpoMeiBaTe 3arpy3ky He 6uiio HeoOxofHMocTH. [lociae
Gosiee ueM TpexMecs4HON KpPyrJOCYyTOYHOH paGoThl NMoTepH
Hanopa cocTasJsiu MeHee 10 cM, 3arpy3Ka He CIEeMEHTHpO-
Bajach, NpH NOTPYMEHHH B BOAY BCIJbIBAjJa H HPH 3TOM
paccninanace Ha oTAeJbHbie 3epHa.

OnbiTHO-NPOMBLILIJIEHHAST YCTAHOBKA COCTOHT H3 pesep-
Byapa, 3arpyKeHHoro HeApoO6/ieHBIM KEpaM3HTOBBIM rpa-
BHeM. 3arpysky pasmeliajy B pe3epsyape, rae Golja mpe-
AYCMOTpEeHa CHCTeMa JJisl eée NPOMBIBKH.

[To cpaBHeHHIO ¢ THIOBLIM NpPOEKTOM CTaHUHHA o6e3xee-
3HBAHHS BOALI C Y4eTOM COOpPYy2KeHHH 151 06paGoTKH npo-
MBEIBHBIX BOJ CTOHMOCTb MepBOHAYAJNLHBIX KanHTaJbHBX
BJIOXKEHH COKpalaeTcs, Tak KaK He TpeGyercs NpOH3BOACT-
BEHHDLIX NOMeWUEeHHH AJs pa3Melenus QHabTpos. DKcnaya-
TaUHOHHBIE PacXOofL TaK)e 3HAYHTEJbHO YMeHbILAWTCs
BCJIEACTBHE COKPAIIEHHs 06C/ayNHBAIOLIEro nepcoHasna.

[To namemy MHeHHIO, MeTO], 00e3xe/Ie3HBAHHS BOAK CY-
XOH QHJIbTpauHeHd HaHAeT WHPOKoe npHMeHEeHHe.

[No-BupuMoMy, npH obe3xese3HBAHHH BOALI METOROM
cyxoli dunsTpaunu npu pH=7 obpasyercsi MeHee BJIaX(HLIH
KpHCTAJJIHYeCKHA ocalloK OKHCH Kese3a, a npu pH=~8—
KapGoHaTt xenesa (cM. ¢. 49) B oTJIHYHe OT ocafKa THAPO-
OKHCH 2KeJie3a BJlaXXHOCThbio Gosee 96%, KoTopui#i o6pasy-
eTCsl IPH NPHMEHEHHH METOAA aspallH K YNpPOLIeHHOH as-
pauu H ¢HaAsTpoBaHHs. Ckopee Bcero, OXHOBpeMEHHO 06-
pasyroTcsi H aMopGHbBIA, H KPHCTAJJHYECKHH OCajgKH, Me-
HAETCSl TOJbLKO COOTHOILUEIIHE HX KOJHYECTB B 3aBHCHMOCTH
OT YCJOBHH NpOBENEHHST peaKiHH.
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I'uapooKHCL »Kesle3a MpH CTAPEHHH MEPeXOLHT B OKHCb
enesa Mo peakuus, npuseleHHoll Ha c. 65. Kak Buano u3
ypaBHeHHsl 3TOH peakuHH, B BoLHOll (a3e GoJjiee BePOATHO
ofpa3oBanHe BJIaXXHOrO 0CajJKa THAPOOKHCH »Keje3a Ha
rpanuile ¢a3 BO3QyX — TBepLOe TeJO KPHCTAJJIHYECKOrO
ocallKa OKHCH Keje3a.

IOns obpa3oBanusi ocallka OKHCH 2(eJle3a OKHCJIHTEJIbHO-
BOCCTAHOBHTENLHBLIII NOoTeHUHaa BOAL E, onpelelieHHbl Ha
OCLIOBAHUY peaKuHn

2Fe*  3H,0 = FeOgpucr § 4 6HY + 2¢

npH nomollx ypasHeHust Hepucra (cM. c. 56), noyxen oTse-
uaTb HEPABEHCTBY

E > 0,728 — 0,177pH — 0,059 Ig [Fe®*] f,,,

a anst ofpasoBaHufl THAPOOKIICH 2KeJie3a — YpaBHEHHIO
(1.80).

O6pa3oBanuio KPHCTAJJIHYECKOro OCajika CrnoCoGCTRYeT
6osbinan Typ6yNeHTHOCTb B MeToJe cyXxoit huabTpauuun (mc-
THHHAsA CKopoCTh ¢uabTposauus Gonee 100 mfu), yeM R
MeTolax aspauuy H puabTposanus. [lo-suauMomy, npouc-
XonuT apcopbuusa Fe?t moBepXHoCTbIo 3arpy3KH, MOKPHITOH
OKHCJIaMH XeJje3a, okHcienne Fe?t kuciopoloM, a Takke
Habaonaercss nosbilenxe KoHueHTpauuu Fed+ na mosepx-
HOCTH 3arpy3Ku NO CPaBHEHHIO C KOHIEHTpaiHell BO BCEM
o6beMe BOABI BCJEACTBHE KAaTaJHTHYECKOrO BJIHSIHMA paHee
ofpasosaniioro ocanxa. [ToBepxHocTs 3arpy3ku, nokpbitasi
COElHHEHHSAMH KeJie3a, urpaeT TakkKe poJib Afiep KpuUcTa-
Ju3auny. BenencrsHe ysenHueHHs KoHueHTpaiuu M 6Jaro-
Aaps HaJuW4dHio Ajep KpHCTaJUIH3auHH ocafoK obpa3syercs
Ha NOBEPXHOCTH 3arpy3KH, a He B 06'beMe BCEH BOMRL.

9. OBE3)KEJIE3UBAHUE BOJ bl
HA YCTAHOBKAX THNA «BHPEJLOKC»

3a py6exoM AJisl O4HCTKH BOLbI OT ¥KeJie3a Il Maprania
ipH HCXOLHOM COJEpKaHHH »Keje3a 1o 5 Mr/n u MapraHua
Lo 0,4 mr/n npu pH>=5 B nocllefHxe roAbl HadanH npuMe-
HATb YCTAHOBKH THNa «Bupenokce», npensoxkenusie GHHCKOM
¢upmoi. [To sTomy crnocoby cefluac paGortaer okoso 30
ycranosok B PHuAAHAMN ¥ 12 ycTaHoBok B Ilsenuu.

CyTb 3TOro MeToAa COCTOHT B TOM, uTo oKoJo 10% o6-
ero pacxofia BOJibl, HACLIILEHHOM KHCJIOPOJOM BO3AYyXa,
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3akaunBaeTcst o6paTiio B BOJOHOCHBIT TOPH3OHT Yepe3 He-
CKOJIBKO NOTJIOINAOULIX CKBAMKHI, PACTIONOKEHIIBIX 110 OKPY-
KHOCTH paauycoM 5—10 M BOKpYT 3KCnJyaTaulioHHON CKBa-
MHHBL.

B pesynnraTte GHOXHMHYECKIIX 1I XUMIUECKHX NpPOLECCOB
M}eses0 i MapraHey, nepexoAfT B liepacTBOpHMYi0 (popMy
H BLIAEJSIOTCH B OCAaJl0OK B BOAOHOCHOM TOpPH3OHTE.

B sxkcnepumente, BmnoasedHom I. 0. Accom, okoJo
17% o6iuero pacxoga soasl (58 M3/u), HacwuenHol KHCJIO-
poaoM H3 BO3AyXa, 3aKauiiBasock 0GpaTHO B BOAOHOCHHLH
TOPH3OHT Yepe3 pe3epBHYI0 CKBaKIHY, PACOJOMEHHYIO B
15 M or 3xcnJyyaTauiioHHON.

BonoHoCHBI! TOPH3OHT ToJUHHON cos 30 M COCTOMT 113
TPELHHOBATOIO H3BECTHsiKA C NPOCJAOSMH Mepreass H
rauHe. Yepes gpe Hepenn nociie iadasia SKCMEPHMEHTa CO-
JeprKaHHe xese3a B BOJe, MojaBaeMoi M3 apTe3HaHCKOH
CKBA»HHBI, CHH3HJOCh C 2 g0 | mr/a.

B onkitTax, BHIMOJIHEHHEIX HA MOJeJ ycTaHoBKkn «Bupe-
HOKC», BJIaXHOCTL ofpa3oBaBlierocs B pe3yjabrate GHOXH-
MHYECKHX peaKuMid ocajKka uepe3 Tpl Mecsilla YNJOTHEHHS
B Boje cocrasasja 98%. Ham npeacrasasercs, uto BCAEd-
CTBHE OHACHOCTH KOJALMAaTHPOBAHHA BOLOIIOCHOTO TOPH30H-
Ta 3TOT METOJA MOM(eT NPUMEHATBLCT TOMBKO Pl  HAJHYHK
THIPOTe0a0THYeCKOr0 060CHOBAHHS.

10. OCHOBHBIE

TEXHHKO-3KOHOMHUUYECKHE NMOKA3ATEJH
JEACTBYIOLIMX THITOBbIX MPOEKTOB CTAHLLHHA
OBE3)XKEJIE3UBAHHKSA BOJbl

[Tpu BriGope MetToma o6e3:esesnBaliiag BOXBI CJefyeT
YUliTLIBATh TEXHHKO-IKOHOMHYECKHE TOKa3aTesali THIOBHX
NPOeKTOB cTaHUHN obe3kenesnBalrilsl.

[To matepmanam THMOBLIX NPOEKTOB, NEHCTBYIOWIHX Ha
1 supapsa 1975 r., cocrapnena ta6a. 1.6.

TunoBele NpoeKThl MOTYT NPUMEHATBCSI TOJLKO B TOM
cjydae, Korja HCXOAIIas BOJAA 113 apTe3naHCKIIX CKBaXHH 10
BCEM IOKa3aTeJfAM KauecTBa, KPOMe COJEpKaHuIifl Keqaeaa,
ylioBsJeTBopsieT HopMmaTHBubM Tpebopanusam. B tex cayua-
X, Korga KpoMe obesxcesie3uBaHus HeoGXOAMMO YJYUYLIHTh
Il IpyrHe noka3aTeJi KAuecTBa BOAL, HANpHMep YHAJHTDL
arpeccCliBHyIO HBYOKICh yrJaeposa, neo6xoauMo pa3padaThi-
DaTh HHAHBUAYAJBLILIE NPOEKT.

74



Tab6anua 16 OcHOBHBIE TEXHHKO-IKOHOMHYECKHE MOKAa3aTelu

cTanuuii 06e3BoXHBaHHA BOID

OGanacts npu-
MeHeuns THNO-
BOTO NpoexTa

ofwmee copepma-

HHe MXene3a B
ACXOoAROR BOAE,

pacxXofi BOAH,
Mr/a

ey

CxeMa oGea)cenesnsalila
BOLLI I cOcTaB coopyxennft

O6was cMeTHas CToR-
MOCTb, THC. DYG.

Qprauntsaluud, pas-
paGoraBwasa rinosoft
iIDOBKT

=
o
o
=
(o]

(&1}

3200 » 5

800 | 5—15

1600 | 5—15

50—
100

Ho 5

Hanopuas onnocrynenua-
tag (or HacocoB | nojmn-
eMa uepea cMecurenb, rue
NpOHCXOAHT  oborallenne
BO3LYXOM NpH  TIOMOWIN
KOMMpeccopa M pecnsepa,
BOZA MOpaercs Ha TpH Ha-
nopubix ¢Guabrpa D=
==2000 MM, 3aTem uepes
GaKTepHUHAHYIO YCTaHOB-
Ky norpe6urensam)

To e, ¢ nATLIO HANOPHKI-
MH diabTpamMu D=
==2000 MM

Haunopuwasa ppyxcrynenya-
rast (oT Hacocop | nons-
eMa yepes cMeclTesb, rae
npoucxopdt oborawcHEe
BO3AYXOM TpH nOMOUL
KOMrIpeccopa 1§ peciiBepa,
BOJA TDAAGTCH NOCAE/D-
BaTeAbll0 B JBA KOHTAKT-
ublx guanrpa D==1500 MM
I ABa  OCBETAUTENbHBIX
¢navrpa D=2000 MM, 3a-
TeM yepea GaKTepinlualylo
ycTanosky norpebireso)

To e, ¢ AByMs KOHTAKT-
HLIME  uabTpamu D=
=2000 MM u AByMs
OCBETHTEALHBIMA  (hab-
tpamu D=2600 MM

Hanopnas opuocrynenua-
Tag ¢ OgHHM (uaAbTpOM
D=1000 mm

21,58

32,71

21,51

29,02

1,1

Mocrunporpasc
(BBENEH B JefCTBIIC
3/X11 1968 r.,

Ng 901-3-31)

To we (Ne901-3-32)

To me (Ne901-3-33)

To me (Ne901-3-34)

Mocrunpotpanc
(BBENEH B peiicTaHe
17/111 1970 r,
Ne 901-3-37)
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I1podonsenue Taba, 1.6

O6aacrb npH-
MEHEHHA THNO-

Bol'0 npoexTa g
5
g =g
R E_ ] Cxema ofeaxkeneanpanus B Oprauuaauus, pes-
-;E( @ Bollk! H COCTAB COOPYXKE- 5‘;0. paGoTaBLIAA THNO-
) 8§g= Huf EE Boft mpoexr
5 M g LI
56| b 3¢
2% | SEad 3]
100— | Lo 5 | Hanopuast oanoctymenua-| 13,49 | Mocranporpasc
200 Tasg € ABYMS HamODHBIMH (BBepeH B peilcT-
50— | 515 | GuabTpamn D=1000 MM Bue. 17/I11 1970 r,
400— | Mo 5 [ To ke, c weTbipbmn Hanop- | 26,91 | To xe (Ne 901-3-39)
200 Homg  QuasTpaMe D=
==1000 MM
400— | 5—15 |HanopHas mByxcrymenya-| 26,91 { To xe
200 Tast ¢ ABYMSI KOHTaKTHbIMH
¢uabTpaMu D=1000 MM
1 ABYMs OCBETJHTeJNbHbI-
Mg OHabTpamy D=
== 1000 Mm
800 | Ho 5 {Hanopunas omuocrynenya- | 34,13 | Toxe (Ne901-3-41)
Tasg ¢ ABYMS QHALTpaMH
D =2000 mm
400 | 5—15 [ Hanopnan AByxcTynenua-| 34,13 | To xe
Tas ¢ ABYMs KOHTaKTHBIMH
¢buapTpaMu  D=2000 MM
H RBYMsS OCBETJHTENbHbI-
MH  QHALTpaMH =
==1500 MM
3200 { 5—15 | To xe, ¢ Tpems koutakt- | 50,42 | Mocrunporpanc
HeiMH ~ uabrpaMu D= (BBepen B peicr-
=2600 MM © TpeMa Bue 17/111 1970 r,
OCBETJHTeNbHbLIMH  (QHIB- Ne 901-3-40)
Tpam D==2600 mm
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NMpodormenue taba. 1.6

O6nacTb npH-
MeHeHHsl THIIO-

&
BOFO MPoeKTA E
5 1]
. ¥ $ CxemMa oGeaneneanBanus S ODTBHHSALHA, Pa3-
g & BOABI H COCTaB COOpYXKe- EU. peBoTeBIIBA THNO-
8 g%g . wuft 23 soft mpoext
Sk g!ﬂé\; EE’
5& Hom . gc
&% %:mg [e 3]
5000| Ho 10 | Beswanopuan (ot nacocos | 157,86 | IHUHIIT  nuxe-
I nopnrema nocie ynpo- HepHoro o6o0pynona-
IeHHOA a3paulH HCXOA- Hust (BBejeH D pef-
Hast BOJA NOZAeTcs Ha ye- creue 18/IX 1970,
THipE OTKpBITHIX (HILTPA. Ne 901-3-42)
[Momeinenne HACOCHOM
cradusu Il nogwema cos-
MEILeHO B OAHOM 3MaHHH
¢ QHALTPOBAJLHBIM 3aJ0M
craiudn  O6e3xee3nBa-
HHA)
8000 » 10 | BesHanopuas c wecrsio | 170,38{ To xe (BBepen B
OTKPHITHMU (GDHALTPAMH AeiicTRue 30/X
1970 r., Ne 903-3-43)
12500 » 10 | To xe 235,5 | To me (mBepen B
neficteue ¢ 24/X1l
1970 r, Ne 901-3-
44)
20000{ » 10 | BesnanopHan c Bocembio |279,49| To xe (BBemer B
OTKPBITHIMY QHILTPAMH BeficTBue 8/XI11
1971 r., Ne 901-3-50)
3200 » 10 | To xe 336,32 To e (mBeden B
neficreue 8/XI1
1971 r., Ne 901-3-53)
40000 » 10 » 416,94 To e (pBemen B
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Fnasa Il

YOAJAEHHE U3 BOJ bl MAPTAHUA

1. COENHHEHHS MAPTAHUA
B NMPUPOAHBIX BOOAX

Maprasen npHHALJEXHT K BECbMA pacnpoCTpPaHEeHHHM
B [IPHpOJE 3JieMeHTaM, cocTassia okoJo 0,03% obuwero unc-
Jla aTOMOB 3eMHOH KODbI.

HeGoJbline KoJHUeCTBA MapraHua COJAEpXAaT MHOrCHE
ropiible nopoisl. BMecte ¢ TeM BcTpeualoTCs H CKOUJEHHS
ero KHCJODOAlIBIX M YTJEKHCHIBIX CoellHHeHHH B BHIE Cepo-
yeptioro MHHepana nuponaosuta MnO; - xH,0 u Genoro Map-
raHuesoro wrata MnCOs.

‘peasbiualiio pacnbijieHHBH NO TOpPMHIM NMOpPOAAM Map-
railel, BLIMbIBAeTCSl BOZAOH, nonajas B NojA3eMIbie BOADLL, 4
TAaKXKC B peKH, N0 KOTOPHIM COTHSAAMH THICSIY TOHI €Xeroiuo
BBIHOCHTCH B OKeaH. Mexny TeM cojlepraliHe Maprasua B
Mopckoit Boae oyetn Maso (10-7—10769%), torpa Kak Ha
ray6oKHX MeCT OKeaHa COJLEPXKHT 3HAUKTEbHO GoJlblliee ero
KoanHyectso (x0 0,3%). O6ycnosaeHo 3T0 NOCTOSAHIIO NPOTE-
KaloWMM MezJelllibiM OKHCJIEHHCM (3a CyeT pacTBOPEHHOTO
B BOJE KHCJIODOAA) PacTBOPHMBLIX COEAHHEIHH ABYXBaJIeHT-
HOTO Maprahija L0 NpaKTHYeCKH HepacTBOPHMOrO THApaTa
nsyoxtick MnOg-x1,0, Kotopei H ocaxaaercsa Ha Afio.
B oT/enbubix MecTax oKeaHCKoro AHa o6uapyKelbl KaMie-
nopobGunie ofpa3opatiksl (KKOHKpEIMIH»), co)lepallliie HHOT-
na uo 45% mapranua.

Maprauey, ofpasyer coeanHenus, KOTopbie B 3aBHCHMO-
CTH OT elo BAaJIeHTHOCTH HMEIOT pasJjHulibie cBoficTBa. Xo-
pOILO H3YUEHE! €ro NMpoH3BOAHLIE, OTBEYAIOWME CAEAYIOLIUM
OoKHcsaM: 3axkucH Mapranua MnO, okden Mapranua MnyOs,
IByoKHCH MapraHua MnO,, MapraHioBHCTOMY AaHTHADHAY
MnOjy, mapranuesoMy aurnapuay MnyO;. Tak Kak nossiute-
HHE TIOJIOMKHTEJIBbHOfl BAJICHTHOCTH aTOMa CBSI3al0 C YBEeJH-
uerilieM ero 3apsijia H yMeHbLIEHHEM pajHyca, ClefyeT 0XKH-
2aTh, 4TO JHCCONMaUMA MAapraHueBLX COeAMIIeHHH THUna
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90H 6yaner npotekaTb pasjH4YHO, KaK 3TO BHAHO H3 NpH-
BOLHUMOM HHIKe cXeMbl:

YcHJIeHHe OCHOBHLIX CBOficTB
Mn(OH);, Mn(OH);, Mn(OH),, HgMnO4, HMnO,

ycHJIeHHe KHCJHOTHBIX cBOfCTB

Mn(OH); — ocHopanHe, MpakTHYECKH HEPAaCTBOPHMOE B BO-
[le; NpH B3aHMOAeHCTBHH C KHCJOTAMH JIeTKO AAaeT COOTBeT-
CTBYIOIIHE COJIH [ABYXBaJIEHTHOrO MapraHua. BoJIbIUHHCTBO
NOCJIeAHHX, HMEIOWHX PO30BYIO oKpacKy Hoxa Mn+, xopoiuo
pacTBOpPHMLI B BOJE.

I'napookncn Tpexsanenthoro Mapranua Mn(OH); noutn
HepacTBODHMa B BOAE H §IBJISIETCH O4YEHL CJ1aGblM OCHOBAHH-
eM. CoJIH TpexBaJieHTHOro Maprasnua, KaKk npasHJio, HeycTol-
YHBLI K HE HMEIOT IPaKTHYECKOT0 NPHMEHEHHSL.

Hau6oJjiee ycTORYHBLIM npH O6GLIYHBIX YCJAOBHAX KHCJO-
pPOLHLIM coefHHeHHeM siBasiercss MnO;. Ilpu cnaasienun
MnO; co wenoyaMn B NpPHCYTCTBHH OKHcauTenel (Hanpu-
Mep, KHcJopoza Bo3ayXxa) oGpasyioTcsi COJIH MapraHUOBHC:
TOH KHCJIOTB, B KOTOPOft MapraHey, IeCTHBAJEHTEH:

2Mn0O; -+ 4KOH +- 0 — 2K,MnO -+ 2H,0. (11.1)

[To mMepe ruapoJ/u3a, 0COGEHHO B CHJLHOLIENOYHOH cpe-
Ie, MPOHCXOAHT CaMONpPOH3BOJIbHLIN pachaj MAHraHaToB C
o6pa3oBaHHeM COJIH MapraHuoBOd KHCJOTH — [l€pMaHraHa-
Ta KaJHf:

3K MnO; + 2H;0 — MnOy 4 2KMnO, - 4KOH., (11.2)

C apyro# cTopoHDLl, epMAHraHaT KaJHA MoXeT ObiTb
noJjiyyen neACTBHEM OQuUeHb CHJBHBIX OKHCJHTeneld (Hanph-
Mep, cBOGOAHOrO XJIOpA) Ha MaHTaHATH:

2KsMnO; + Clp - 2KCI -+ 2KMnO,. (11.3)

[Tepmauranar xaaua KMnOg — opuo U3 nauGoJee npak-
THUYECKH BaX{HBIX coefHHeHHHA Mapranua. OH OKpallleH B
tbuoJeTOBO-KpacKblfl LBET.

Bce nponssoaunie wectusajentHoro MnOz u ceMusa-
JeHTHOro Mapranua MnyO7 OT/IHYaOTCSl BBICOKHMH OKHCJIH-
TeNbHBIMH  cBoiictBaMH. [lepManranar KaJjHsi siBasiercsi
O4eHb CHJbLHBIM okHcaHTeseM. IIpH 3TOM OH BOCCTaHaBJH-
paetc fo Mn?t p xucnaofi cpese u no MnO; B mwenoyHoll H
HelTpaJbHOH.

Mapranel B NPHPOAHBIX BOJAX MOXET HAXOAHTLCA B pas-
JIHYHDLIX COeHHEHHSAX. B [oA3eMHbIX BOAaX MapraHen Haxo-
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OUTCsl TpeMMyuiecTBeHHo B GopMe 6ukap6onara AByXBa-
geutHoro Mapranua Mn(HCOj),, xopowio pacTBopHMOro
B BOJLe.

B noBepxuOCTHBIX HCTOUHHKAX, €CJIH B HHX c6pachiBalOT-
cfl LlaxTHEIE BOAB HJH APYrHe CTOKH MPOMBIIUJIEHHBIX TIpes-
npusiTEii, MapraHel Mo)KeT HaXOZMTbC B BHAe cyJubdara
maprasua MnSO,.

B rnoBepXHOCTHBIX BOAAX, COAEDPKALIMX FYMyCOBHE coe-
OHHEHHS,, MapraHel MoxeT 06pa3oBbiBaTh KOMIUIEKCHbIE
OpraHHyecKue COefHHeHHs, B TOM UHCJe H KOJJIOHAHbIE,

Konuentpauus maprasua B noj3eMHbX BOAax KoJebJert-
¢ 06ptuno ot 0,5 mo 2—3 mr/a. B noBepxHOCTHHIX BOJaX,
KaK NpaBHJIO, MapraHell COLEPIKHTCH B HE3HAUHTEJbHBIX
KoHueHTpauusax. OgHaKko napAny ¢ 3THM HMeIOTCS BOLOEMBI,
cojep)KaHHe MapraHua B KOTOpblXx pocturaer 3—4 mr/ix,
rIaBHbIM 0GpasoM BCJEACTBYE 3arpsissieHHsi CTOUHLIMHM BO-
OaMH.

B Bopge, nopaBaemMoii x03a#CTBEHHO-TIHTbEBBLIMM LEHTpa-
JIH30BAHHBIMH BOJONpPOBOLAMH, COAep:KaHHe Mapranlla ue
posmkno upesbiwat, 0,1 mr/a (FTOCT 2874—73 «Bogna
THTHEBASA»).

Hexoropbie npoH3BoACTBA NpeAbABASIOT JKeCTKHe Tpe6o-
BAaHHA K COAep)KaMHIO B Boje MapraHua (6yMaikHbie, Tek-
CTHJIbHBIE, 1LEJKOMOTAaJbHbIe, KHHOKONMHDOBAJbHbEE, CHHTE-
THYeCKHX BOJIOKOH, TIJIACTMACC H p.).

O6pasyoowuficd npyu HaJ¥YHK B BOAe MapraHia 0OCaaokK
rHapaTa OKHCH ueTblpexBaJsieHTHoro Mapranua Mn(OH),
HMeeT OypoO-uepHYIO OKpPaCKy H OCTAaeTcsi B BHAe NMATEH Ha
psifle MaTepHaJoB. JTOT OCAZOK MoOXer 06pas3oBbBATh OT-
JIOXKeHHSl B Tpy6ax, 4acTo B pe3yabTaTe COBMECTHOTO 0CaMX-
LeHUS coeflMHEHUH Maprauua u xeJsesa.

B 3aBHCHMOCTH OT HX COOTHOUIEHHS OTJIOJKEHHA MOTYT
HMeTb OKPAaCKy OT KpacHOBaTO-KOpHUYHeBOH 10 uepHoli. Cue-
ILyeT UMeTb B BHAY, YTO 4epHbie OTJIOXKeHHA B Tpybax paer
TaKike CyJdbQuL xee3a, KOTOPHH NOJNyUaeTcs NpH HAJMHUHH
B BOJE CepOBOJOPOAAa HJIM TpPH ero oGpa3oBaHuH
B peayJbTaTe pa3/iOXeHHs ocaika H BOCCTaHOBJEHHA
cyabdaros.

IByxBaneHTHH MapraHel, COOepXalHiCA B TOL3EM-
HbIX BOAAX, UpPe3BHYAHHO MeLJIeHHO OKHCJIAETCH A0 TPeX- H
YeTHIpeXBAaJICHTHOTO PACTBOPEHHBIM B BOAE KHCJAOPOJOM HJIH
JPYTHMH OKHCJIMTEJIAMH.

Tpex- ¥ uernipexBasieHTHBIH MapraHel, FHAPONU3YETCH U
BHINIAJAeT B OCAfOK B BHAe THADPAaTOB OKHCH Maprasua
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Mn (OH)3 1 Mn(OH)4, pacTBOpHMOCTb KOTOPHIX B BOAE NMPH
pH>7 menee 0,01 Mr/a.

CKOpOCTh OKHCJIEHHA ABYXBaJIelITHOrO Maprasua pac-
TBOpPEHHBLIM B BOJE KHCJIODOAOM B 3HAYHTEJNbHOH CTEneHH
3aBHCHT oT pH BopHL.

IMpu pH<<8 oxucnenne Mn?+ npakTHYECKH He MPOUCXO-
auT. JlocTaTouHo 6plcTpoe OKHcaenne Mn?t B Mn3+ u Mnt+
pacTBOPEHHBIM B BOAE KHCJIOPOAOM MPOHCXOLHT TOJBLKO MpH
pH>9,5.

Ypaneune W3 BoAabl MapraHua MoMXeT GbITb AOCTHIHYTO
CJIeAYIOUIHMH MeToLaMH: 06paGoTKOH BOAK TepMaHraHaToOM
KaJus,; aspaliieli, coBMelaeMoll ¢ H3BeCTKOBanHeM; QHJbT-
poBaHHEM BOAH Yepe3 MapraHueBblll MecoKk HJH MapraHuo-
BBl KATHOHHT; OKMCJIEHHEM MapraHua 030HOM, XJOPOM HJIH
ABYOKHCBIO XJIOpa.

2. OYUCTKA BOObI OT MAPTAHLA
OBPABOTKON MEPMAHITAHATOM KAJIUA

DBousbiuo# npaxkTHyeckult HHTepecC npeacraBaseT 06paboT-
Ka BOAbl NMepMaHraHaTOM KaJiHf, C TOMOILbIO KOTOPOH 10-
CTHraercsl OYHCTKa ee OT Mapranua (a- Takxe H OT xe-
Jie3a, 0ObIUBO HAXOAUWErocst B BOJAX, coleprKaliBx map-
ranen) Ge3 H3MeHEHHA APYTHX MoKa3aTeJiel KauecTBa BOJDLI.

[Tepmanranar Kaaus OKHcaser Mn?t ¢ o6pasoBanneM
MaJopacTBOPHMON JBYOKHCH MapraHua

3Mn?t + 2MnOy -+ 2H,0 —> 5MnO, | -+ 4H, (11.4)

AnasiorHyHBIM 06pa3oM NepMaHraHaTOM KaJjiufd OKHCJSA-
eTCA HaXoAsiueecsl B pacTBOpe JBYXBaJieHTHOe Xele3o C 06-
pa3oBanueM ocagxoB Fe(OH)s u MnO,, 3apexnBaeMsix
buabTpamu.

[To cTexHOMeTpHUYECKHM COOTHOLUEHHAM | Mr nepmanra-
HaTa KaJqus oxkucaser 0,53 Mmr Mn?+ u 1,06 mr Fe?t,

Ecsin psis ouncTiy Bogbl NpHMensiercst 06paboTia Koary-
JIAHTAMH, TO ABYOKHCb Mapraiua HHTeHCHPHLUPYET npouece
xoarynsaunu Al (OH); u Fe (OH)3, moCKONbKY 3TH KOJJIOHAH
npy pH=6..8 uMeioT mosoxuTenbHHE 3apsgbl, a ABY-
OKHCbh MapraHua B 3TOM HHTepBaJie pH 06bluHO 3apsKeHa
OTpPHLATENbHO.

[Tonyuarouiuiica B pedysnprare 06paGOTKH BOAb MepMaH-
raHaTOM KaJiHf [JHCTepCHHH OocafgoK [BYOKHCH Mapraxua
MnQ,, xotopasi TaKXe MoXKeT GHTb NpeACTaBJeHa KaK I'H-
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ApaT OKHCH yeThipexBaJsiedTHoro Mapranua Mn(OH)4, uMeer
607bLIYIO TOBEPXHOCTh H NO3TOMY siBAsieTcs 3 (PeKTHBHRIM
cop6eHTOM.

CoBOKynHOCTb OKHC/IHTebHOH H copOLuoNHON crnocobHo-
CTH, a TaK¥Xe CBOHCTBO MHTeHCH(HLHpPOBATL NMPOLECCH KOa-
ryasiudy o6yChOBAHBAIOT TOJe3Hble CBOHCTBA NepMaHrana-
Ta KaaHs Kak BbICOKOI((eKTHBHOro peareHTa AJsi OUHCTKH
Boan. Ilasl okMcieHMs ABYXBaJEHTHOrO Mapraklia B ABY-
OKHCb MapraHua AOJIKHB NOAAEpIKHBATBCA COOTBETCTBYIO-
ILHe OKHCJHTeJbHO-BOCCTAHOBHTENbHBIH TOTeHuHan H pH
cpejpl, 3aBHCAUIHE OT JONYCTHMON AJS1 NAaHHOTO KOHKpeT-
HOro c/Ayyas OCTaTOYHOH aKTHBHOM KOHLEHTpauuH Mn?t,

YuuTeiBad, 4TO A1 peakuul

MnO, + 4H* + 2¢ 2 Mn*t -+ 2H,0 (11.5)
oxkHcneHHass ¢opMa Maprauua npegcrasasier co6oi Mano-
pacTBOpHMBHIH ocafoK, ypaBHenHe Hepucra nas onpepene-
HHSl OKHCJHTENbHO-BOCCTAHOBHTENbHOIO NOTEHLHAaJa Cpefbl
(E, B) Moxer 6biThb NpencraB/eHO CJAeLyOIHM 00pas3oM:

4
E=E‘o+pL591g(aH—+), (11.6)
2 Apmn2-+
riie Eg— HOpManLHHA OKHCJAHTeNBHEI! NMOTEHLHAas, PAaBHBIA NpH TeMIe-
patype 25°C 1,23 B; ay+ H ap,3+ — aKTHBHbE KOHLEHTPAIHH COOT-
BETCTBEHHO BOJOpPORA H Mni+.

ITpeo6paszosanne cdopmyast (11.6) ¢ yuerom Toro, uro

(—lg au+)=pH, maer pacuernyio dopmyay
E=1,23—0,118pH — 0,03 Ig a2+ . (11.7)

Ha puc. 11.1 npeacrasaena sapucuMocts E=f (pH) nna
cayyasl, KOrga OCTaTOYHas KOHUeHTpauus [Mn*t]=
==0,1 mr/a (3Ta npegesbHO JONYCTHMAS KOHUEHTpalHs Npe-
nycmarpusaerca 'OCT 2874—73 «Bopa nutbeBasi»). Ak-
THBHAs KOHLEHTpaluHd MapraHua paccuHTaHa C YYeTOM KO-
s(dHiHeHTa aKTHBHOCTH C NpejefibHO AONYCTHMBIM [IJs
NHTBEBOH BOAH cosecoiepikanueM 100 Mr/a (HeBHrogHbE
ycaoBHs, TpeGyomHe HaHOOAbLIEr0 3HAYEHHA OKHCAHTENb-
HO-BOCCTAHOBHTEJNBHOrO NMOTEHIHAA).

IOna Boj ¢ TakHMm cojecopepXaHHeM OpHEeHTHPOBOYHO
Moxker OHTb NMpHHATA HOHHas cuaa pacrBopa u==0,02, u
k03 PUIHEHT aKTHBHOCTH olipesensieTcs no dpopmyne

0,52V
lg fM|12+=— —
1+1,6 Vu
0,5-2* V 0,02 .
=___§__V__:-=_0'23; an').l.:=0 G, (II.B)
141,51 0,02
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AKTHBHAsl KOHUEHTPALHSA Ay, 24, NOACTaBAAeMas B ¢op-
myay (11.7), cocraBaser

Og2+ = fug2+ [Mn?1] =0,6.0,1 = 0,06 ur/a = 1,1.107° r-non/l.ill :
(11.9)

roie {Mn?t]=0,1 MrA1— npenesbHo LONYCTHMas KOHUEHTpauHs Mn?+
B NHTbeBON BOje, onpenessieMass XHMHUECKHM aHaiH3OM.

DxcnepuMenTanbuble HecaepoBauus so BHHMHM BOATEO
[5] u wa pefCTBYIOWHMX BOJOOUHCTHHIX COOPYKEHHSIX MOKa-

Eub
800 A

Puc. IL.1. 3HayeHHS OKHC/JAHTENb-
700 HO-BOCCTAHOBHTEJIBHOTO  NOTeH-
uxana E u pH, o6ecneunsaiouite
noAyuyeHHe KoHUeHTpauHn Mn?+,

800 N paBnoh 0,1 mr/a, npu #=25C
H ofuiem coneconepManuu
\ 1000 Mr/n (KOOpAHHATHI TOYEK,
500 PACNOAOMEHHBIX CIpaBa OT JH-
\ P HHH AB
450
s 6 7 dpH

3aJIH, YTO NMepMaHraHaTt KaJjus fAbjasieTcsd 3pdeKTHBHLM pea-
FeHTOM /Sl yla/ieHHsl MapraHia H3 BoAbl. [as s3THX nenel
OH TMpHMeHSeTCS B psife CTPaH.

o panunm [I. Konnepa [11], npu oxucnennu Mn?+ nep-
MaHraHaToM KaJHs Ofpasymoullascsi ABYOKHCh Maprahua
MnO,, ocaxkpasich Ha NOBePXHOCTH 3arpy3ku QuJbTpa, mefi-
CTBYeT KaK ancopGeHT H KaTaJu3aTop, YCKOpSs mpoluecc
OKHCJIEHHs] Maprauua.

IIpu sTOM aBTOpDOM OTMeueHO, YTO NPAaKTHYECKOE TO0-
tpebiende KMnOy asa oKuC/IeHHsa ABYXBaJieHTHOTO MapraH-
1@ HeCKOJIbKO MEHbILEe CTeXHOMETPHYECKOro.

Hccnepopanua nosabckux cneuuanucros [12, 15, 17]
nogreepxAa0T panusle [I. KoHnepa; 3TH aBTOpH peko-
MeHayIoT f03HpoBaHMe pacTBopa KMnO, npoussonuTs B BO-
Ly mepen moctynjeHHeM ee Ha ¢uabTp. OKHCIeHHe MapraH-
A H nepexoj ero B HepaCTBOPHMOE COCTOSIHHE JNOJIKHBI
TIPOHCXONUTH A0 MOCTYNJIEHHS Boabl Ha (HJBTPYIOWYIO 3a-
rpysKy, KoTopo#l siBsieTCs1 06bIUHBIH KBApUEBHH MeCcoK.

IIpu ypaneHun MapraHua H3 UBETHBIX BOJ C NpHUMene-
uem KMnO, [3, !4] ycranoBseHo, uTO C mnoOBbILIEHHEM
IBETHOCTH BOJAbLI €ro A03a BO3pacCTaeT, TAK KakK nepmaHra-
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HaT KaJMsl PacXOyeTcs He TOMbKO Ha OKHCieHHe Mn’t, wo
¥ Ha OKHCJeHHe OpraHHYecKHX BelllecTs, 06YyCAOBAMBAIOIIHX
LIBETHOCTb BOJHI.

B. A. Bunpmapr [16] o1 OuHCTKH BOABI OT MapraHua
pekoMeHIyeT o6paGaTbiBaTh BOLY NepMaHraHaTOM KajHs,
HenpepbiBHO nojasas ero B Bute 0,5%-Horo pacrsopa B Tpy-
GonpoBoj, 1Mo KOTOpoMmy Bona mocrynaer Ha GuabTp. Okruc-
JieHHe TIPOHCXOIHUT JO NMOCTYIJIeHHS BOIb HA PHUABTP.

O6pasyromasica s3Becb MnQO, B pesyabTaTe OKHCAEHHS
MapraHua rnepMaHraHaToM KaJHs zafepuHuBaercs HA QUABT-
pe. B stoM cnyyae QuibTp HCNONb3yeTCsl B OCHOBHOM A/
3anepIKaHHs B3BECH.

Qupma «ITepmytur» [18] pexnamupyer HOBHIH MeTOR
oudcTkM Boas OoT Mn’t ¢ mnpumenenHeM mNepMaHraHara
KaJus.

SroT Meron NpelycMaTpHBAeT HenpepbiBHOE N03MPOBa-
une KMnO, B Bozy, Kotopas 3arem noctynaer Ha (QHABT-
pbl, 3arpyeHHble aHTpauuToM H martepyanom IIEO-PEKC.
AHTpauuT 3alepKuBaeT B3BeCb, 06pa3yIOLULyIOCA B pe3yJb-
tate okucienua Mn?t+, a IIEO-PEKC oxucasier ocTabludecs
caensl Mn?t. 3toT MeTon MOXeT GhITh NMpUMeHeH H [Jis
OYMCTKH BOAB! OT XKeJjie3a M cepoBOJOpOIa.

[Mpu u36mte KMnO, LIEO-PEKC cHuMaer ero H Tem
CamMbIM pereHHpHpyeTcsl, T. €. aBTOMaTHYeCKH BOCCTaHABJH-
BaeTCsl ero OKHCAHTeNbHAs CIIOCOGHOCTD.

[Tpu npuMeHenuy nepMaHranaTta KaJiusg AN OYHCTKH BO-
OBl OT MapraHua MoryT 6blTb HCHOJb30BaHb KaK HATIODHbIE,
TaK H OTKPBIThIE QUABTPHL.

B oreuecTBeHHON mpaKTHKe BOAOMNOATOTOBKHM NepMaHra-
HaT Kanaus Brnepseie Obl npuMedes BHMHM BOJITEO s
1969 r. nast OUMCTKM BOIH! OT OpraHMYeCKHX BeleCTB, JKeje-
3a ¥ Mapradua. Bopa Hcnosib3oBasnach AJsl NUTHEBOTO BO-
nocna6KeHuss [2, 4] W xapakTepu3osasachb BBICOKOH GH-
XpPOMAaTHOH OKHC/SeMOCTbIO, COAepXKaH¥eM Mapranua or 2,5
10 3,5 Mr/n 4 xenesa 4—6 mr/a.

B Bollax ¢ mNOBHIUEHHBIM COZepxKaHHeM OpraHHueCKHX
coefHHeHHH ee30 ¥ Mapradel 06pasyloT YCTOHYHBEIE Op-
raHdyecKMe KOMNJAEKCHl, TPYAHO H Me[JIedHO yaaasieMbie TpH
06bluHOH 06paboTKe XA0POM U KOAryJiSTHTOM.

O6pa6oTka BOIbl NepMaHraHaTOM KajaHs MPUBOIHT K
pa3iodeHHI0 KOMIJEKCOB, OKHCAEHHIO MapraHia 1 AByXBa-
JIEHTHOTO JKeJie3a 1 HHTEHCHBHOM KOAryJsillHH NONYYaroUulHX-
Csl OKHCJEHHBIX COeIMHeHHH, B peaynbTaTe nochaenymoouei
KOaryJasilinl CepHOKHCABM [JIHHO3EMOM, OTCTauBaHusd H
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¢GUAbLTPOBAHUA BOAbLI NOCTHraeTCs OUHMCTKA ee OT 3THX Coe-
JHHEeHHH.

QuHCTHBIE COOPYKEHHA, HA KOTOPBIX TNPOBOAHJM TPOH3-
BOJCTBEHHBIE SKCIIepHMEHTHl, COCTOANH H3 ABYX 6/0KOB: Nep-
BOr0 Npou3BOAHTenbHOoCTbI0 30—35 ThiC. M%/cyT H BTOpOrO
Npou3BOAHTeNbHOCTBIO | 2—15 Thic. M3/CyT.

B cocraBe 0UHCTHBIX COOpYKeHHH nepBoro 6/oKa HMeIOT-
csl ABAa KOHTaKTHHIX 6acceliHa, OCBETIHTENH CO B3BelleHHbIM
cioeM H QHABTPH, 3arpyXKeHilble KPYNHO3epHHCTBIM eCKOM
¢ BHICOTOM cjios oxono 2 M. Ha BTopoM 6noKke OuHCTHBIE
COOPYKeHHs1 HMelOT CMeCHTeJAbHYI0 KaMepy C MNPOROJNKH-
TeNbHOCTBIO Tpe6GrBaHNA B Hed BoAb Ao 20 MHH, Kamephl
xnonbeo6pa30BalHs, TOPH30OHTaNbHBIE OTCTONHHKH H QHAbT-
pBI C KDYITHO3EpHHCTOH 3arpy3Kol.,

ITepManranaT xaJiusl BBOAKJH B LEHTPaAJBHYIO 4acTh KOII-
TakTHOrO GacceHna (Ha nmepBoM 6JioKe) H B CMecHTenb (Ha
BTopoM GJoke) B Buge !,5—2%-Horo pacreopa.

exHoJorHueckuf npoliecc npu o6paGoTke BOABI TepMaH-
raHaToM Ka/ius npefycMaTpHBaJ npejBapUTesNbHOEe XJOpH-
poBaHHe, KOAryAslLMIO CEPHOKHCABIM TIJHHO3eMOM ¢ J06aB-
KOH nonxakpuiaaMHAa, oTcTauBaHHe BOAL ¥ (HJIBTPOBAIHE.
CepHoKMCABI [VIHHO3eM H NOJHAKPUJIAMM[ BBOLHJAHM Yepe3
10—15 MuH mociie BBemeHHs B BOAY NepManraHarta KaJjHsl.

PaGounii pactBop nepMaHrasaTa KaJjiMsi NPHTOTOBASIH
B IBYX XeJse300eTOHHBIX GaKaX, 06AHUOBaHHBIX C BHYTREH-
Hell CTOPOHH MerJsaxckod NAHTKoH. Baku samonnsiau rops-
yeil BofoH ¢ Temnepatypo#t 40—60°C, nepemeluuBany pac-
TBOP CXaThlM BO3AYXOM, KOTOpHIH TOofaBainH B AbIpyaThie
TPyO6Hl, HaxoadllMecs Ha AHe 6akos. PacTBopenune npopod-
)Kanoch 2—3 u.

Heo6xomumyio no3y KMnO, ycranaBauBaau npoGHOH
06pa6oTKoli HCXOAHOH BOAH B JaGopaTopud. IIpaBuabHOCTD
LO3HPOBAaHHA ONpenensind BH3YanbHO 1O OKpacKke BOABI B
KOHTaKTHOM GacceliHe M ocBeTaHTensx (Ha nepBoM GJoxe
COOpYyeHHI) ¥ B CMecHTeJNe M OTCTOHHHKax (Ha BTOpOM
6JsioKe) .

Ho3y pearenta non6upanu TakuM o6pasoM, yTo6bi PO30-
Basl OKpacKa MOJHOCTBIO NepexoinJa B IKeJATYIO NpH nof-
xone BOAb! K cePelHHe OCBETIHTeNSl MJAH OTCTOHHHKA.

Ocnosras Macca B3BecH, o6pasyoieiicss npy o6pa6oTke
BOABI MepMaHTraHaToM KaJguf, yhajsercs B OTCTOHHHKaX
HJH B OCBeT/IHTeNfX, H BOAA, Npollejlias yepes necuaHble

¢uabTphHl, GecliBeTHa X MNpaKTHYECKH He COLEpPMHT Map-
rasua.
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Tlpn o6paGorke BOAB lepMaHralaToM KajHf cOXpaHs-
Jfach NPHHATAA HA CTAHUHH TEXHOMNOTHS oégaaéoﬂm BOAH.

[pu nose nepmaHranarta Kaaus 10 r/m qactb conep-
KAaWHUXCA B BOJE OPraHHYeCKHX coelHHeHHH oOKHchseTcs
repMaHrasaToM KaJdMsg H copOHpyeTcs THAPATAMH OKHCH
ajJIOMHHHA M MapraHua, B pesyjbraTe 4ero 6HXpomMaTHas
oxucasemoctb (XITK) cuumaercs Ha 50—60%.

Cozepikainecs B BoJe Maprasell H yKeje30 NpakTHUECKH
IOJIHOCTBIO OKHCAAIOTCH, H B BOAe, N0JaBaeMOH B BOAONPO-
BOJIHYIO ceTb, copepx<anne Mn%t u Fe?* ne npessimaer 0,3—
0,5 mr/a.

[MpuMenenne KMnO, snaunTenbHO ynpoilaer TexHOJO-
rHio 06paGoTKH BOABI, TMOABJAAETCH BO3MOXKHOCTb BH3YaJb-
HOro KOHTDOMNA HO3b peareuTa, co3paiorcs 6onabliHe y106-
CTBA B 3KCIJyaTalHH.

Croumocts | M? BOAM p[Jin BOAOMPOBOAA, HA KOTOPOM
npumensierca KMnO,, cumkaerca na 0,5—2 kom,

Hns oueHky sdpeKTHBHOCTH OUHCTKM BOABI OT ABYXBa-
JIEHTHOTO MapraHua o6pa6oTKOH mepMaHraHaToOM KajHg
BHHWHU BOIATEOQ 6biin nposenelibl 3KkciiepHMenTaibHbIe He-
caegosanus [5].

O6pa6oTke mopBsepranach 8oga MocKoBCKOro BOZONPO-
Boja, B KOTOpylo po6asasiaH Mn?+ (8 Buge MnSOy), u
COJIOHOBATAs apTe3HaHCKad BOAA, CONEPIKAIAA ABYXBAJeHT-
Hblfi Mapranell. OcHOBHble (PH3HKO-XHMHUECKHE TOKa3aTesH
UCCe0BAHHBIX BOA TpejcTaniedsl B tabu. 1.1,

Ta6auna IL1 TokasaTeau KayecTsa HCCAEAOBAHHBIX BOJ,

QuU3HKO-XHMHYECKHe [1OKA3ATeNH

i‘-" § copepxaHHe,
Boza 2 - Wr-sKs/a
SRR AR
o 2+ 2 2
g"i gg; Ca Mgt | mp%+
Bogonposoguas ¢ | 15— {6,8—|2,2—{ 3,2— | 2— [— 1,5—
noBasaenueM Mn?+ | 25 8 2,5 3,5 2,5 1,2 3
Apresuanckas co- |9,5—| 6,8 [6— 39— 1257—{12,5— 2,5—
JOHOBaTan 10 6,1 44,5 26,5 1881 3,1

Meton 06pa6oTKi nepManraHaTOM KaJHs GBI ONpo6o-
BaH B CPaBHEHWH C JPYTHUMH MeTOAAMH YyAajieHHs Maprau-
Ia — XJIOpHpOBaHHeM, TNOAIEJAYHBAHHEM H OKHCJAeHHEeM
pacrsopeHHblM B BOJE KHCJIOPOAOM, a TakXXe MNojHiesauH-
BaHWeM C NOCHAeNYIOIIHUM XJOPHPOBaHHEM.
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JKcnepuMeHTH! TIOKA3aJH, 4TO HaHGoJbllee CHH)KeHHe
KonueHtpauuy Mn?* B sone (00 97% ) noayuyaercst npu o6pa-
60TKe BOAbl MepMaHranatoM kaaus posoit 2 mr KMnO, na
I mr Mn? (6au3koll K cTexHOMeTpHYeckoH) ¢ mo-
caefylOWUM A06aBJjeHHeM CepHOKHC/OTO TJHHO3eMa [Jist
yoaJeHHst MOoJy4yalouHXcd MaJjopacTBOPHMBLIX COeAHHeHHH
Maprasla CoBMeCTHO C cojepiKauteiics B Bofe B3Becbio. Oc-
TaTOYHOe CcOoAepkanHe Mn?+ npn stom cocrasaser 0,1 mr/a.

Bropyio cepHio s1a6opaTOpHbIX 3KCNEepHMEHTOB 1O yAa-
JeHHI0O MapraHua NpPoOBOJHJAH HA COMOHOBATOH apTe3HaH-
CKOH Boge c cogepxcaHueM Mapranua 2,5—3,1 mr/a. dkcne-
PUMEHTBl TNPOBOAHAHM TyTeM (DHABTPOBAHHA BOABl yepes
KPYTHO3ep HHCTHIH Mecok ¢ pasmepoM seper 1—I1,8 Mm. Bul-
coTta cjios 3arpy3xHd cocrasJjsina 1200 MM, cxopocTh ¢HIb-
TpoBaHHsi — 5—6 M/u. Jo3HpoBaHHe mnepMaHrasara xa-
JHsi TPOM3BOAMAN HenpepblBHO B BOAY, [OCTYMNAOULyI0 HA
duabTp.

DKcrepuMeHThl NOKA3aJH, YTO B 3THX YCJAOBHAX Map-
raHel ypansics NpakTHYeCKH MNOJHOCTbIo. [lepBble nopuuu
GHABTPATA COLEpIKAJH HeCKOJbKO NOBbILEHHbE KOHLEHTpA-
uMu Mapranua (0,2—0,25 Mr/a), Ho yxe uepes 30—60 MuH
OCTATOUHOE COJepxaHHe ero B BOAE CHHJKAJAOCh [0
0,07—0,02 mr/a.

3ateM GBIJIH NPOBeAEHH NPOU3BOACTBEHHDIE SKCIIEPHMeH-
Thl HA TOH ’Ke COJOHOBATOH apTe3HaHCKOH Boge, MoCTynaio-
el Ha 3JeKTPOALHAJNH3HYIO ONPecHHTE/bHYIO YCTaHOBKY.
BoJa HMena ciaenymouiHe nokasareau: {=9,5..10°C, pH=
=6,7...6,8; wenouroctr 6,1 Mr-skB/n, o6uiasf xKecTKOCThb
44,5 wmr-aks/a; cogepxaunue Ca?t 257 wr-sks/a; Mg
18,8 mr-skB/n; Feoen 4,5-—5 mr/a; Feox 0,3—0,5 mr/a;
Mn?+ 2,6—2,85 mr/n. O6ee conecomepikande COCTABAAIO
okoso 3000 mr/a.

Hna nwopmanbHoi pa6oTel MeMGpaH 3JeKTPOAHANU3HON
OTIPECHHUTEJIbHON YCTAHOBKHM TpeGyeTcs MaKCHMAadbHO BO3-
MOXHOe YAajieHHe Keje3a H Mapraiiia 43 NocTynarpoieh
Boahl. [/l HpenBapHTeJNbHOH OYHCTKH BOAK B COCTaBe Of-
peCHHTeNbHOH YCTAHOBKH OblIM NMpeiyCMOTPeHHl HaNopHble
¢buabTpel guaMerpom 1,5 M, 3arpyxeHHsle KBaplueBbiM fec-
KoM ¢ KpymrocTbio 3epen 0,5 —1,2 MM, npy BricoTe caos nec-
ka 1200 mMM.

Jnsa oOKHCienHs cofepIKaIluuxcsi B HCXOLHOH BOAe ABYX-
BaJieHTHBIX xKejie3a H Mapranua Gblj MPpUMeHeH nepManraHar
xanus. I1pu npoBeneHHH NPOM3BOACTBEHHBIX SKCIIEPUMEHTOB
pacTBop mepMaHranaTa KaJaus Kouueutpauueit 0,5—0,7%
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nojaBaNy B HaNOPHBIA Tpy6ONpPOBOL, O KOTOPOMY HCXOAHAS
BOZa TocTynaja Ha HanopHble GuAbTphl. JlosupoBanue nep-
MaHraiaTa KajHsf NPOH3BOAHNH HACOCOM-A403aTOPOM THINA
HJI 63/16. Cmermuenue Bogbl ¢ pactBopoMm KMnO,4 nponcxo-
nuno B Tpy6e nepen duabrpaMu. s yTOuHeHHS NpaBHJb-
HOCTH J03HMpOBaHHA pacTBOpa lepMaHrasaTa KaJiHg 1nocze
Ka)XJOro NPHIOTOBJEHHA ONpeneisyi KOHUEHTPALHIO ero

£ et wem
S 25¢

X
R e S e R aay ae

Puc. 11.2. Yaanenue mapranua n xenesa Fe?+ nepManraHaToM KajHs

OCTaTOYHOE COMNEepHMBHHE Meprania; -— — — OCTaTOuYHOE COAepXaHHue
¥eneda

nyTeM TUTpOBaHMA waBeseBoll kucaorolt [4]. OcoGennoctsb
KOHTpPOJIA 3a NpPaBHAbHOCTBIO AO3HPOBANHS nMepMaHraHarta
KaJiHsl COCTOHT B TOM, YTO OH MOXET B I1POH3BOACTBEHHbIX
YCJAOBHSAX B NepBOM NMpHOAHAKEHHH NPOH3BOLHTLCS BH3Yalib-
HO, Mo oKpacKe o6paGoraunoii Boab. Ilns storo orbupant
npo6sl BOAbI H3 BOASHON MOAYIIKH (PHABTpPa HENOCPeacT-
BeHHO Haj I1eCKOM uepe3 npo6ooT6opHyo TPyOKy.

PosoBaro-kopuulieBasi OKpacka BOJHI YKa3bIBaJja Ha mpa-
BHJIbHYIO 103y NMepMaHraHarta Kajusl; po3oBasg OKpacKa CBH-
JETeNIbCTBOBANA 00 H30LITKe HeNpopearupoBaBLIero nepMan-
rayarta Kajaus B BOJE; XKeJTas oKpacKka 6e3 po3oBOro OTTeH-
Ka yxasbiBaja Ha To, uto Ao3a IKMnO4 negocrarouua.

Ho3a nepmanranara kanusg noi6upasnach npeiBapHTesb-
HO B Na6opaTOpHH NMyTeM THTPOBAHHA MCXOAHOH BOAH pac-
tBopoM KMnO, 10 nosiBienns po3oBaTo-KOpHUHEBOH OKpac-
KH, He Hcye3aloweil B Teyenue 10 MuH.

[TapannenbHO NPOU3BOAH/IM pacyeT CTeXHOMETPHYEeCKOro
pacxoga mepMaHraHata A/ OKHCJEHHS COLEp:KAUIUXCA B
BOje MapraHuia H xenesa (2 Mr pearedTa na | mr Mn?+ u
1,06 mMr na 1 mMr Fe?+).
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Jo3bt mepManraHata KaJdiHs, yCTaHOBJEHHbIEe CTEXHOMET-
pPHYECKHM pacueToM H npoGHLIM THTPOBAaHHEM, COBrajajH U
cocraBasay 9—9,5 mr/a.

Onuako B npouecce pa6oTel QHABTpa HeoGXOaHMAas 1032
nepMaHraHaTta KajHs MOCTeneHHo CHHXanach fo 7—8 Mr/a
(ua 15—209%), no-BMAHMOMY, BCJAEACTBHE YaCTHYHOIO OKHC-
JeHHA Keje3a pacTBOPeHHBM B BOAE KHCJOPOAOM, uYeMmy
CriocO6CTBOBAN  KOHTAaKT BOAB C Karasju3aTopoM OKHcJie-
HHA — TECKOM, NMOKPHIBIIHMCH OKHCIaMH Maprasua.

PesyabTaTel NpOH3BOACTBEHHBIX 3KCNEpUMEHTOB NOKa3a-
JiM, UTO NpH 06paboTKe BOAH MepMaHranHaTtoM Kajus map-
raiel, TNpaKTHYeCKW NOJNHOCTBHIO yAajdferci H3  BOAMI
(puc. 11.2). OpHoBpemenHo HaGaofaeTcsi TakKXke moOJHOE
yLaJienHe Kenesa.

INTocne mpoBeneHHs MOJYNPOH3BOACTBEHHHX HCHBITaHHH
MEeTOA yAaJieHHs Maprasua H »Keje3a nepMayrasaToM Ka-
JAHA GbJ BHeApeH B NMpakTHKy AJA NpeABapHTesbHOH moA-
rOTOBKH BOJH, ITOCTynarouiell Ha 3JeKTpooHANH3HYI0 ollpec-
HHUTEJbHYIO YCTAHOBKY.

Hdns yBenuueHusi QUAbTPOUMKJIA ONHOBPEMEHHO C pac-
teopom KMnO, B o6pabaTsBaeMyio BOLY BBOJHTCA aKTHBH-
poBaHHaf KpeMmHekucjoTa B Kosanuectse 3—4 r/m%. AKTHBH-
poBaHHAsl KpEMHEKHCAOTa YKpPYTHAET XJOMNbSl OKMCHHIX coe-
puHeHull, o6pasyowuxcsi npH okucaeuun Mn?+ y Felt,
KOTOpHle MeNJieHHee TNpPOHHKAlOT B TecyaHyilo 3arpy3ky
$HABTPOB.

B pnanuofi TexnonorHu o6paGoTKH BOAb (DHABTPOLHKA
cocrapaset 12—15 u.

ITpu npoBenexHn naGopaTOPHEIX X TNPOM3BOACTBEHHHIX
3KCrlepIMeHToB 1o o6pa6oTke cosoHoBaToH BOAH nepMaH-
raHaToM KaJaHsl NMpOM3BOAHJHChH 3aMephi OKHCAHTENbHO-BOC-
CTaHOBHTEJbHOTIO NOTEHIHaJa.

B coorBerctBun ¢ dopmyaoir (11.7) u puc, 1.1 pas so-
abt ¢ conecopepxanvem 3000 mr/n mnoaTBepkiaeTcs BO3-
MOXHOCTb KOHTPOJS 3a NMpOLECCOM OYHCTKH BOAH OT Map-
raHua nyTeM H3MepeHHUs OKHCJIHTENbHO-BOCCTAaHOBHTENbHO-
ro notedyuana 1 pH cpensi.

Hmerowuiics oreyecTBeHHHH H 3apyGexHBIH ONBT NpH-
MeHeHHA TMepMaHrraHaTa KajHsd AJS yoaJeHHd Mapraiua rno-
3BOJIIET HaMETHTb OCHOBHBIE TOJNOMKEHHS H YCJNOBHA A4
HOPMaJIbHOH PaGOoThi OUUCTHHIX COOPYKeHHH.

Kax yxe ormeuajoch Beille, MapraHel MOXeT cojep-
XKaTbCH KaK B NMOA3EMHHX, TaK ¥ B NMOBEpXHOCTHHIX BOJAX.
TexHonorvueckse cxeMhi OYMCTKH OT MapraHua Mog3eMHBIX
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Puc. 11.3. CxeMa ycTaHOBKH JJA y[ajleHAA MapraHOa H3 NOL3eM-
HOH BOJbl NEPMAAraHaTOM KaJHfA
I — pactBopante 6akAa KMnO,; 2, 5 — Hacock — A03aTOPH; 3 — BBOX pac-

TBopa KMnO,; 4— BBOX aKTHBHPOBAHHON KDEMHEKECNOTHW; § — (RALTPHI;
7 — pacTBOPHHLA 0aK CepPHON KHCNOTH; 8 — pacTBOPHLIE GAKH aKTHBEDOBAH-

HOA KPeMHEKHCNOTH; 9 — mepdoprpoBanHbie TPyOH; 10 — BO3LYIIHAS mOeT-
nR; 1! — xoMnpeccop; 12 — pe3aepeyap JIUIA NPOMLIBHOR BOAH; /3 — mpo-
MLIBHOR Hacoc



¥ MOBEPXHOCTHBIX BOA pasauynbl. OaHako o6e cxeMbl Tpedy-
IOT HaJHYHR PeareHTHOro XOo3fHCTBA, NMO3TOMY HEKOTOphIe
BOMPOCH 3KCMJIyaTalluH OYUCTHBIX COOpYXKeHHH 6yayT 06-
HWIMMH,

O6Gpa6orka Boohl NMepMaHraHaTOM KaJHs AJs yAajenus
MapraHiia MOXeT HCNoJb3oBaTbcsl Ha (HABTPOBAJBHBIX
CTAHUUAX B AOMNOJHEHHe K APYrHM OGHIYHO NpHMEeHseMbIM
cnoco6amM 06paGoTKH BoAH (XJOpHpOBaHMe, KoaryJaupoBa-
HHe, OTCTAHBAHHE H JPp.).

OuucTKka BOJBl OT MapraHua B 3TOM Cjyyae MOX(T NpH-
MeHATbes Ge3s H3MeHeHUs CyllecTBYIOLiell TeXHOJOTrHYecKON
CXeMBl BOAOMNOArOTOBKH.

Hus ynanenns MapraHua H3 NoA3eMHBIX BOJ Jyuylue
BCEro HCnoJsb3oBaTh Hanopuble Guabtph (Tuna H-xkatuouu-
TOBBIX), 3arpyeHHble KPYNHO3epHUCTLIM MECKOM ¢ JHaMer-
poM 3epeH 1—2 MM u Beicotofi cion 1200 mm. CxeMa ycra-
HOBKH npejcraBieHa Ha puc. I1.3. B Boje MapraHen wacto
CONMYyTCTBYET JKeJse3y, NO3TOMY yjajieHHe MapraHua B TakKux
cayyasix MNPOH3BOJAAT MapaJjiiielbHO ¢ yAajJeHHeM MeJsesa.

Ha craHuuax o6e3xenesuBanus BoAw o6pabGoTka nep-
MaHraHaToM Kajuf MOXKeT NMPHMeHATbCA AAS HHTeHCHbH-
KalHH OYHCTKH BOJAB! OT MapraHua, NpH 3TOM aspalHy BOJHI,
KaK npaBHJIO, He TpefyeTcs, 3a UCKJAOYEeHHeM CJy4yaeB, Kor-
1a oHa HeoOGxoauMa assi ctaOHJIM3aUMH BOJAHI NMyTeM yja-
JIEHUS arpecCHBHOM YrJeKHCAOTHI.

OnTuManbHoe coderaHue 06paGoTKH BOJABL MepMaHrana-
TOM KaJHf C OPYrdMH MeTOJaMH B KaXZOM KOHKPETHOM
caAyuyae ycTaHaBJHBAeTcs NyTeM NpPOBeJEHHs TEXHOJOruye-
CKMX HCNbiTaHH# HA JZaHHOH BojJe B JaGopaTOpHHIX H MpoO-
H3BO/ICTBEHHEIX YCJIOBHSAX.

Huxe npuBopsTcs peKoMeHAalUHH 1o npuMeHeHUlo nep-
MaHraHata KaJHf [JJIA OYMCTKH BOAW OT MapraHua, KoTo-

Ta6auua I11.2. CeolicTBa nepMaHranata Kaaus

Hopma, %, A7n8 copra
Tlokasarens

[-ro ] 2-ro
Copepxanne KMnOy, ne 96 92
MeHee
Copepxanie  IBYOKHCH 2,5 3
mapraiua MnO,, ne Gosee
Copepxatne cysandaros 0,4 0,8
502", He Gosee
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pbie MOTyT GbiTh HCMOJB30BAHB! MIPYU NPOEKTHPOBAHHHU H 3KC-
nJyaTauny COOTBETCTBYIOLIMNX YCTaHOBOK H OYHCTHBIX COOPY-
JKeHHuH.

Ilepmanranar kanus KMnO, Beinyckaercs B COOTBeT-
crBun ¢ [OCT 5777—71 («Kanufi mapranuoBoKucibifi tex-
HHYeCKUIi») JBYX COPTOB ¢ (PU3HKO-XHMHYECKUMU MOKasare-
JAMU, IpUBeJeHHbBIMH B Ta6u, [1.2.
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Puc. 11.4. T'padux pacrso-
PHMOCTH B BOAE NepMaH-
ranara kaJuus
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YnaxkoBeiBaeTCst nepMauraHaTt KaJus B CTaJbHble 6apa-
6annt maccot g0 60 Kr uiau B cranbHble GaHKM MaccOH Jo
25 kr. Kpbiliku 6apa6anoB 1 6aHOK A0OJKHB! ObITh 3anasHbl.
B TexsnueckoM nepmaHranare KaJHs MOTyT ObITb He3HauH-
reabuble npumecs KOH u K;COj, He Memramouue ero uc-
N0J1b30BaHHI0 1151 06pabOoTKH BOAK.

ITepManranar Kaausi He rurpockonuyes, yro obJeryaer
ero XxpaHeHue NPOJOJKHUTEJSbHOE BpeMsl B YCJIOBHAKX BOMAO-
OYHCTHHIX CTaHUHI.

[TepManranat KaJjiust He TOKCHYeH B pactBope H He o6pa-
ayer BpenHbix mapos. IIpu sarpysxke B 6ak# B CyXoM BHAe
caenyer u3beraTh MbIJIEHUs NMepMaHraHarta Kanuus, Tak Kak
OH JelictByer pasfpaxaiolle Ha CJIH3UCTHIE OGOJIOYKH
Jojeft.

PactBophl nepManranara kKanus JeHcTBYIOT paspylualo-
Lle Ha Pe3HHy.

Ins npurotoBJieHuss W XpaHeHHs pacTBOPOB MepMaHra-
HaTa Kajius MOXKHO NPHUMeHATb GakH Xese306eTOHHbie U
Tpy6onpOBOJb M3 CTAJbHbIX, MOJTHITHJIEHOBHIX U BHHHUIJIA-
CTOBKIX TPYO.

PactBopumocTb nepMaHrasaTa KaJjus NpH pasiHYHBIX
TeMnepatypax noxasaHa Ha puc. I1.4. Jus yckopeuus pac-
TBOpEHUA TepMaHraHaTa KaJHS NpH NPHrOTOBJEHHH pa6o-

YMX PAacTBOPOB CJELyeT NPUMEHATh BOAY C TeMnepaTypoil
50—60 °C.
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B sanonHennuil ropsauesl BoJo# 64K 3acHNAawT OTMEpeH-
HO® KOJIM4eCTBO MepMaHraHara KaJiHs, Nocje yero BKJKya-
I0T yCTPOMCTBO JUUIi HHTEHCHBHOTO NepeMellHBAaHHSl PacTBo-
pa. IlepeMellHBaHHE MOXKHO MPOH3BOAHTBL CXKATHIM BO3/Y-
XOM, KOTOpBIil ofaeTcst yepe3 gplpyaTeie TPYObl, YI0KEHHbIE
no aHy 6axa, qH60 ¢ MOMOWIbi0 MeltankH. HMHTeHcHBHOCTB
nojayd BO3AyXa [Js TNepeMellHBAHHA pacrsopa 4-—
5 a/(c-M?). [IponosmKkuTeILHOCTL MepeMellnBAHHA NPH pac-
TBOpEeHHH B ropsiuefi sojge 2—3 u, a B XosoAHOH — 4—5 u.

OHUEHTPAaUHIO paGoyero pacTBopa MOXHO NPHHHMATL B
npepenax 20—30% pacreopumocts KMnO4 npu nanuo#t
temneparype (cM. puc. [1.4).

[Tpn ucnonbszoBaHuH ropsyell BOABI CJAeAYyeT YYHTBIBATH,
4YTO 3a BpeMsa GapGOTHPOBAaHHA HJH NepeMeHBAHHA pac-
TBOpA H €ro PAacXofOBAHHA TeMNepaTypa pPacTBopa MOXKET
cTath GJH3KOA K TeMneparype BO3JyXa B MOMELeHHH pea-
FeHTHOTO X03s1icTBA; cJeloBaTeNbHO, pactBopHMocTb KMnOy
MOXET COOTBETCTBEHHO YMEHbLUHTBCA.

s TouHoro A03MpPOBAHHA pacTBOpa NMepMaHraHara Ka-
AUl HeoGXOAHMO MocJe TpPHTOTOBJEGHHS KaXKJOoH NOpuHH
pacTBopa ONpEAENsATbH €ro KOHUelTpauulo, Tak KaK yactb
3acHMAaHHOro B 6aK peareHTa MOXEeT He PacTBOPHTbCS (MpH
nepeMeitHBaHuH 6apGoTHpoBaHHEM BO3JyXa YacTb MOpPOIL-
Ka nepmaHraHara KaJjHs MOXeT ocTaTbes Ha AHe 6aka MeX-
a4y TpyGamu).

Ecnn yenoBust nepeMewtnBaHus pactsopa ofecrneyHBaioT
KaXAHH pas NMoJHOE pacTBOpeHHe NepMaHrasara, TO KOH-
UEHTpPalUHsA PACTBOpA COOTBETCTBYET KOJHYECTBY 3aChiNaHHO-
ro B 6aK mepMaHraHara, H aHaJUTHYECKHH KOHTPOJb KOH-
UEHTpALHA MOJyYaeMHX pPAcCTBOPOM MOXHO NPOH3BOJHTDH
1 pas B nBa-TpH aHs.

KoHuentpausio paGoyHX pacTBOpOB MepMaHraHara Ka-
JIHSL ONPE/ISNAIOT CIAEAYIOWHM 06pasoM.

Oxupaemas KOHUEHTpauHs PacTBOpa MepMaHraHara ka-
aust C, r/a1, NpH NMOJHOM pACTBOPEHHH 3aCHIMAaHHOTO B 6aK
nopoiukoo6passoro KMnOy onpepensiercs no dopmyae

C=G/Ww, (11.10)

rae G — macca 3aceinannoro B 6ak nepMmaurawata xamum, r; W —mo-
Ne3Has eMKOcTb Gaka, J.

Or6upator u3 Gaka 10 M npHroTOBJIEHHOro pacTsopa,
noMelawT B MepHyio xoa6y Ha 100 MJa ¥ AOBOAAT AHCTHJ-
JAHPOBAHHOA BOAOH A0 METKH. 3aTeM 3THM pacTBOpPOM 3a-
nonHasioT GlopeTKy.
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B kon6y DpaenMeepa BMecTHMOCTHIO 250 MJ1 BJIHMBAIOT
10 man 0,1 4. pacrBopa wasencBolt KucJaOTH, A06aBJIAIOT
100 ma aucTHaIHpOBaHHON BOJABI H 5 MJ CepHON KHCJOTHI
(1:3), nepemelinBalOT ¥ JOBOAAT A0 KHIEHHS.

[lopauuii pacTBop 1liaBesieBOM KHCJIOTbl THTPYIOT 3aJH-
TbIM B 6lOpeTKy pacTBOpOM HepMaHraiara KaJHs JO0 noss-
JIeHHs ¢J1a60-pO30BOH OKPACKH.

Konuenrpauuio pabouero pacrsopa MNepMaHraHarta Ka-
aus C, rf/a, onpepensior no Gopmyde

C=——l£—31,6, (.11

rie b —o6bem pacrsopa KMnOy, mnouleainero Ha THTpOBaiHe, MJ;
31,6 r/n — comepxanne I{MnO; 8 1 H. pacTaope.

MecTto BBefieHHst B 06pa6aTbiBaeMylo BOAY NMepMaHKraHa-
Ta KaJMs 3aBHCHT OT TeXHOJIOI'HYyeckoN cXeMbl cranuuu. Ha
(HIBTPOBANIbHBIX CTAHUMAX NepMaHraHaT Kajaus CJenyer
BBOJHTb B BOAY [0 KOaryJHpoBaHHs Ha HeKOTOpOM pac-
CTOSHHH OT MecTa BBeJIeHHS KoaryJsiHTa.

[lo BoamoxHocTH KMnQ, cnenyer sBofuTs Ha HacocHOH
cranuud [ nogbema. Ecau Tako#i Bo3MOXHOCTH HeT H NpH-
rotosJieHHe paGoyero pacrsopa KMnQO,; npoussopuTcs Ha
BOJOOYHCTHON CTaHUHH, peKoMenjyercst 3aKauHBaThb pac-
TBOp MepMaHranara ¢ NOMOILBIO Hacoca-f03aTopa B BOJAO-
BOJbI, IO KOTODHIM BOJ@ MOAAETCs ila BOJOOYHCTHYIO crall-
unio. Bo Bcex cayyasx mosxkHO Guith oGecmedeHo GbicTpoe
H noJiHoe cMeltteHue pacrsopa KMnO, ¢ somofi.

B uessix yMeHblUIeHHs pacxofia peareHTa nepsHuHOe XJiO-
pHpOBaHHE MOXKHO NPOBOANTbL A0 BBeJEHUR NMepMaHraHarta
KaJus.

OnHraxo B Tex cayyasx, Koria B BOJe COAEpMHaTcs opra-
HHYeCKHe 3arpsisHeHHa, OOpasyiomue NpH XJIOPHPOBAHUH
CHuIbHONAXNyLide XJOPNPOU3BOJHbIe COeNMHeHHs (HamnpH-
mep, ¢eHON), BBeJleHHe B BOLY MepMaHraHata o6s3aTesbHO
AOJIKHO MpefilieCTBOBATb XJIOPHPOBAKHIO.

KoaryasiHt u Quoxynsur caeayer fo6aBisiTe B BOLY He
Meliee yeM yepes 5—10 MuH nocse BBefleHus nepMaHraHara
KaJaus,

Hdns ycraHoBieHHsl 103bI mepMaHraHara KaJHst NpPOH3-
BOJMTCS NpejBapHTelbHOE ee 1aGopaTOpHoe ONpefelieHne ¢
nocnenyOluM YyTOYHEeHHeM B YCJOBHMAX 3KCIJIyaTaUHH BO-
JOOUYHCTHON CTaHUHUH.

[lpu naGopaTopHoM ornpejeielny 1036l ee cllayaJa ycra-
HAaBJIMBAOT OpHeHTHPOBOYHO. das storo 250 Ma ucxopHOH
BOJH, NMOMELIEHHOH B 3PJeHMeepoBcKylo KOJN6Yy BMeCTHMO-
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ctbio 500 MJ, TuTpyIOT no KamiasM u3s Groperku 0,025% -rHbiMm
pacrsopoM KMnQ, (250 Mmr KMnO, pacrsopsitor B | /1 BOAH,
1 Ma 3toro pacreopa cofepxut 0,25 mr KMnQy). Ilpu tut-
poBaHHHN cHavaJa po3oBag oKpacka BoAbl OLICTPO mepeXxo-
AHT B XKeJTYl0, Npi paJjbHefimeM jgoGabieHHn KMnO¢ no-
siBasieTcst GHICTPO Hevesalollas po3oBas okpacka. Jo6asie-
Hie pacrsopa KMnO, npexpailaror mnpH nOABJIEHHH
cna6o-po30BOfi OKpacku, He ucyesaioleil B revedne 10 Mu4.

OpnenTHpoBOUHYIO 03y paccuuThiBaioT no GopmMyJe

H,=0,%a-4=a, (11.12)
rae [, — nosa KMnO,, mr/n; a— xoauuvectso 0,025%-Horo pacrsopa
KMnO,, nouwesinee Ha tutpoBauue 260 Ma HecegyeMON BOAH, M.

3areM YTOYHAIOT 03Bl NyTeM 06paBoTKH npo6 BOALI nep-
MaHraHaToM KaJHR B CTEKJISHHBLIX UUJIHHAPAX BMeCTHMO-
crbio 0,5—1 o1

ITpu aToM Heo6X0AUMO ¢ MAKCHMAJILHO BO3MOXKHBIM NPH-
GunKeHHeM BOCNpPOM3BECTH HAMeUAeMYI0 HA CTAHUHU MO-
clefoBaTeNbHOCTD 06paboTKU BOJbI peareHTaMH H HHTepBa-
JB BPeMeHH MeXXJy OTAeJbHbIMH TeXHOJIOrMYeCKHMH omnepa-
unsMH. HyXHO TaxKe cTpeMHTbCA K coXpaHeHHIO TOH
TeMrepatypH BOAH, KOTOpYIO OHA uMeer NpH o6paboTKe HA
OYHCTHBIX cOOpyXeHusaX. A 3TOro UMAMHADH ¢ BoAOH
MOJKHO yCTaHaBJMBAaThb B JOTKAX ocBeriHretef,, QuiabTpoB
H T. I, IOrpy>Kas HX Ha /3 BLICOTH B BOLY.

Onepauun MOryr mpoBOAUTbCA B CJEAYIOLLEM NOpSiAKe:

1) BBefenHe B UHJAHHAPHI C McCJeyeMOH BOJOH pasaud-
HbIX KOJMYecTB pacTBopa MepMaHraHara Kajus;

2) no6asuseHHe pacrsopa Koarynasura yepes 10—!15 Mun
H ellle yepe3 2—3 MHUH pacTBOpa NOJNHAKPHJIAMHIA,

3) orcrauBaHue XJonbeBuAHOH B3BecH (30—60 Muu);

4) ¢duabrpoBaHHe orAedeHHOH OT ocajgka BOAb uepes
6yMaxHuR QUALTP HJAM TPYOKY, 3alOJHEHHYI0 KBapLeBHIM
neckoM; nposBepka B puabTpaTe OCTATOYHOR KOHLEHTPALHH
Maprasia u XeJseaa,

OnsiTel clefiyer nNpoBOAHTL NApaJeJbHO B MATH-LIECTH
UAJHHApAX, o6padaruiBas npoObl Boabl pa3nHYHBIMH [103a-
mMun KMnQy, ornnuarowumucs gpyr or apyra ua 0,5—1 mr/n.

Ilpn 3toM MHHHMAaJbHAf HcclegyeMas [03a JOJKHA
ObiTb HA 2—3 Mr/s MeHbllle YCTAHOBJIEHHOH TUTPOBAHHEM
[A; no ¢gopmyne (I1.12)], a nan6Goavas nosa —Ha |—
2 Mr/a Goablie [,.

Hdns npoBepkn Ha Maprasel Gepyr TOJbKO Te 06pasubl
(GuabTPOBAHHON BOLB, KOTOpbie He HMEIOT PO30BOit OKpPaCcKH.

Huns o6paGoTku BoAbl B NPOH3BOACTBEHHHIX YCJIOBHAX
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BHOHpaOT TaKylo fo3y KMnOy npu xoropo#t copepxanue
OCTATOYHOI'O Mapraiua B Bofe cocraBut ue Gonee 0,1 mr/u.

Ilpn o6paGoTie BoxH NepMaHraHaTOM KaJHsfi Ha BOXO-
OYHCTHHIX COODPY(EHHAX pacXoJ Ao3HpyeMoro paboyero pac-
TBOpa NepMaHraHarta KaJHf KOJKeH ObiTb IPONOPUHOHAJEH
pacxolly BOJbl, NOCTYNAIOIEMY Ha CTaHUHMIO.

Pacxox pabGouero pacrsopa KMnQOs onpepensercs no
dbopmyne

2

9="Cl3600’

(11.13)

riie ¢ — pacxoj pabouero pacTBopa nepMauradara xaaus, aj/c; Q — pac-
X0& nocrynaioulel Ha craiuHio Boabi, m34; J— gosa KMnO,, r/m%;
C — xouuentpauus KMnO4 B paGoueM pacrsope, r/a.

Ecan npu nepexolie Ha BHOBb NPHTOTOBJIEHHHII PacTBOp
ero KOHUEHTPalHA OTJHYaeTcs OT paHee NPHMeHABIUerocs,
TO HeOOXOAHMO KaXK[IBH1 pa3 KOppeKTHpPOBaTh PacXOXi pac-
TBOpA, NOJLaBaeMOro L03aTOpPOM.

O6pa6oTka BoxBl NEpPMaHraHaTOM KaJHA Ha OYHCTHHIX
COOPYMeHHAX NOALAETCA IPOCTOMY BH3YaJbHOMY KOHTDOJIO.
Cpasy nocne BBefienns pacrBopa KMnO, o6paGatriBaeMasn
BoJa npHo6peraer po30Byl0 OKpacKy, KOTOpas MOCTENeHHO
nepexofHT Mo Mepe IBHXKeHHS BOLH B OYHCTHHIX COOpyKe-
HHAX B opaHXeBylo. )KenartenbHo nomoGpats Kosy KMnOy
TakuM 06pa3oM, uToOH nepexoli pPO30BON OKpacCKH B OpaH-
XEBYIO IOJHOCTBIO 3aBepIUHJICA NPH NMOAXOKE BOXH K ce-
pelluHe OTCTOMHHKOB H OCBeTJHTeJeH HJH K BOLAHOH mo-
Kywke GuabrpoB, A KoHTposs HyX<HO oGecHnevyHTb BO3-
MOXHOCTb yEOOGHOro or60opa npob H3 pPA3JHYHBIX MecCT
OTCTOMHHKOB, ocBeT/IHTENeH H QHILTPOB.

Ecan npu paGoTe cTaHUHH 30Ha nepexofa OKpacKkH nepe-
MECTHTCS K HavaJy OTCTOMHHKA HJIH OCBeTJHTeNA HJH OK-
packa B BoxsHoi moaywike GHabrpa Gynxer caabol, TO 3TO
OymeT yKa3HBaTh Ha HeKOCTATOYHOCTb KOJIHYECTBa MoJaBae-
moro paGouero pacrsopa KMnQ, (u3-3a yBesnHueHHs pac-
XONa BOJNH, yBeJHueHHf cojepXaHHf B Hefi 3arpasHeHnfi
u 1. n.). Ecnn xe, naoGopotr, 30Ha nepexofia OKpacCKkH me-
peMecTHTCSl K KOHuYy OTCTOHHHKA HMJH K BBIXOLY BOLH H3
OCBeTJIHTEJs HJIH pacTBOp B BOJAHOH mNoxylike (HAbTpPA

Gymer HMeTb PO30BYIO OKPacKy, TO KOJHYECTBO pacTBopa
KMnOy4 HY>KHO yMeHBLIHTS.
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3. YRAJIEHHE MAPTAHUA A3PALHER
C NOAWEJAYHBAHHEM

STOT MeTohd npHMelsercss o6bYHO TNpH o6Ge3iKese3uBa-
HHH NOA3eMHbIX BOJ, HO MOXKeT GbiTh TaKKe HCNOAb30BAH B
clyyae OJHOBPEMEHHOTO NPHUCYTCTBHS B BOje MAapranilia H
XKeJesa.

CymHocTe ero saxjaiouaercs B TOM, YTO IIPH a3paliHu
BOAHK yHaJfeTcs 4acTh YIJeKHCJIOTHl M HPOMCXOLAHUT HaCHI-

Mnocr', v/
70
9 S N7/
< ATAN
] S b
N \ \]
7 SNV 22 Puc. I15. 3asucuMocTs
N % CKOPOCTH OKHCJIeHHS
5 NPt IBYXBaNEHTHOTO Mapran-
< na ot pH Boan
< X
i OKIICNI@HHE KHCAOpoO-
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2 \ \\ 15, 30 # 60 MHR
! <
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x—-—
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1eHHe BOAbl KHCA0POAOM Bo3AyXa. [1pH ynasenuu yriexuc-
Jotsl 3mausenve pH Boam Boapacraer, uto cnocoberByer
yCKOpeHMIO NPOLECCOB OKHCJAEHHS H FHAPOJH3a KeJje3a H
YaCTH4YHO MapraHua ¢ o6pa3oBaHHEM COOTBETCTBYIOLLHX T'H-
JPOOKHCe}l KeJjle3a ¥ Maprasnlia, a Takke X KOaryJsiHei.

JByxBasieHTHHIN Mapranel MeAJEHHO OKHC/ISeTCH B TPeX-
H YeThHipeXBaJENTHHH pACTBODPEHHBHIM B BOAE KHCI0DOLOM
Bo3ayxa. B ortinume ot gByxBasleHTHOro MeJse3a HOA3EM-
HbIX BOJ, KOTOpOe AOCTATOYHO OLICTPO OKHC/SAETCSl PacTBO-
DEeHHBIM B BOLE KHcjopomom npu pH=7..72, oxucirenue
IBYXBaJEHTHOI'O Mapradlla ¢ TpaKkTHiecKn Heo6GXoAHMOoH
ckopocTthio [13] npomcxomut npu pH=9..9,5 (puc. 11.5).

[Tpn rTakux 3suauenusax pH o6pasywomascs rHAPOOKHCH
MapraHila Beinafaet B ocafiok B Bule Mn(OH); u Mn(OH),.
PacTBopumMocTh 3ThX coeautenuit B Boge npu pH>7 menee
0,01 mr/a.
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Ilpu ¢uaprpoBanuy cofiepxkaileil Maprasell a3pupoBan-
HOH M NOJILENOYeHHON BOAL! Yepe3 NecuaHblli GUALTP Ha TIO-
BEDXHOCTH 3epeH Ilecka BhINAJaeT OTPHLATEJbHO 3apsKeH-
Hbii ocafok Mn(OH)4, xoTophiit ancopGupyer NoJIoKHTeAb-
HO 3apsKeHHble HOHH Mn?t. DTH HOHBI THIPOIHM3YIOTCA H
pearHpylioT C panee BrlHaBLUIMM ocaakoM, 06pasys nocrenes-
1o MnzO3 no peakuuu

Mn(OH)4 + Mn(OH)g —> MnyOg + 3H,0. (11.14)
Mnocr, maln
in
p N

Puc. 11.6. Bausure KouTaxTa BOAB C . A

OKHCJIAMH Mapradlla Ha cKopoctb ero 2 !

OKHCJIeHHS KHCJOPOAOM BO3nyXa (BN-

JHE\
nepxia nocie aspauin 60 mun, Guabr- g \/
posauue) ﬂ.g \\ ‘X
1 — Gea npHMeHelns xaTanusaTopa; 2 — moc- 4 \'_— \
ne Kontakta ¢ Mn({OH), 54 \
[
g2 \\
Vi [l |

75 40 85 90 45 pH

[locaennnit nerko oxkHcasiercs pacTBOPeHHBIM B BOJIe KHC-
JIOPOJIOM TIO peaKUHH
2MnyOg - Oy + 8H,0 —> 4Mn(OH),. (11,15

O6pasaylowuiics ruipaT OKUCH YeTHPeXBaJeHTHOrO Map-
raHlla CHOBa y4YacTBYeT B Ipollecce, SBJAAfICh KaTaJH3aro-
POM OKHCJIEHHS Maprasia,

Has  yckopenust npouecca 06pasoBaHHsl  IIEHKH
Mn (OH), #a noeepxnocTu 3epen necka GHAbTPa B HEpPHON
NycKa YCTaHOBKH lejiecoo6passo BBOAWTbL B NOJaBaeMyio
Ha ¢uiastp Boay l—3 Mr/a nepMaHramarta KaJsus.

M3 rpaduxa, npusenennoro Ha puc. 11.6, Buamo, uro
NpH KOHTa4KTe a3pHPOBaHHOK BOJH C KAaTaJH3aTopoM
Mn(OH),4 ynanenne H3 Bogst Mapranua mo 0,1 mr/n mpo-
ucxoaut npu pH=38,5, a npn pH{=9,5 maprauen ynajnsercs
H3 BOAbI nouTH Ha 1009%.

ITpu pH<7,5 naxe B npucyTcTBHII KaTann3aTopa Map-
raHell, pacTBODEHHBIl B BOje, KHCJIOPOAOM BO3[AyXa Mpak-
THYECKH He OKHCJIAeTcs.

Hns yckopenus mnpouecca OKHC/IEHHS Maprasia BOLY
nocje aspaulM Jo nojaud Ha GHABTPH clelyeT NoAllena-
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YHBaTh H3BECTHIO HJH COROH mias mnoswilenHs pH Boan H
OCBETJISITH B OCBETJIHTENAX HJIN OTCTOMHHUKAX.

Yaanenne mapranila nofuienaunBaHueM Lesnecoo6pasnHo
NpHMEHATL B TOM CJyuae, ec/lH OJHOBpeMeHHO Tpe6yercs
yMsArueHHe BOBL.

Ecnu neo6xom¥Ma TOJMbKO OYHCTKa BOAM OT Mapraxia
HJIH OT KeJsie3a M Mapraslla, uo He TpeGyeTcs ee yMsarueHHe,
TO noallesaynBande BOABI fo pH =10 npuBoAHT K cepbes-
HOMY YCJOMXHEHHIO NIpOLiecca BOJONOATOTOBKH.

B npouecce moillenaunBaHHs NPH BLICOKHX 3HauYeHHAX
pH npoucxogur ymsaruenue Boakl ¢ o6pasoBaHueM B3Becei
CaCOj; u Mn(OH);. Ins 3anepxaHus 3THX B3Beceil, a Tak-
JKe BiJe/HBUIeCH I'MAPOOKACH MapraHila HY»KHBl OCBETJIH-
TeJH HJIH OTCTOHHHKH.

Bopa, nocrynamwoiiasa Ha GUALTPH HOCJe OCBeTaHTesaeH
HJIH OTCTOHHHKOB, HeCTaOHJIbHA, B pe3y/bTaTe 4ero B GHJILT-
pax MOXeT INIDOHCXOAHTh obpacTanHe Hecka KapGoHaToMm
KaJbIus.

HaxoHen, 3aBepiliaTh OYHCTKY HepeKO NPHXOAMTCH MOJA-
KHC/eHHeM BOAbl AU NpelOTBpalleHHA 3apacraHus Tpyo
KapOonaTOM KaJjbuius M joBefenHs pH Boabl n0 3naueHus,
tTpe6yemoro 'OCT 2874—73 «Boja nurnesass.

0O3TOMY OYHCTKY BOABl OT [ABYXBaJIEHTHOrO Mapranua
NoAuweaudiBaHHeM MOXHO IPHMEHATb TOJLKO B TOM CJY-
yae, eCJH OfHOBpeMeHHO TpebyeTcs yMsArdeHHe BOABl H3-
BecThbio HaH cogodt. Ilpm ymsaruenuu Boaw pearentaMH OX-
HOBpPEMEHHO ¢ y[aJleHHeM MapraHla CHHMKaeTCs XeCTKOCTb
BOAH. B yMsarueyuoli M3BeCTKOBaHHEeM BOJie COJiepXKaHHe
Maprania He npesocxoaut 0,02 Mr/i.

V3 noBepxHOCTHHX BOJ Mapranell o6bl4HO YAAJISIOT NY-
TeM 06paGoTKH CepHOKHC/LIM ¥Kee30M H NOALLeSauyHBaHHEM
Bozb uH3BecThio A0 pH==9,5...10. Ilpu strom Gosbuias uacts
BbIJIeIHBIUEr0CS MapraHla 3ajfiepXHBaeTCs B OTCTOMHMKAX
HJIH B OCBETJIMTENAX, a OCTa/JbHas ero uactb — Ha QuabTpax.

Benepcreue Bo3MoXHOro riy60KOro MpOHHKaHUA THAPO-
OKMCH Maprasiia B TOJLLY 3arpy3KH (pHJABTPOB TOJUIHHY

cioa necka B (QHAbTPaX cJjellyeT NDPHHHMAThL He MeHee
1500 mMM.

4. OYUCTKA BOObI OT MAPTAHLA
C NPUMEHEHHEM KATAJNH3ATOPOB

KaK y}Ke YKaabIBa.HOCb Bhlllle, CKOPOCTh OKHCJIeHHSA ABYX-
BaJIeHTHOrO Maprania pacraopeHHmM B BOAE KHCJODPOAOM
B 3HauyHTeJbHON cTelend 3asucut or pH Boxw. [Ipn pH<C8
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Ge3 xaTaJau3aTopa OKHCJEHHSI ABYXBAJEHTHOIO MapraHlia
IpaKTHYeCKH He npoHcxoput. KaraausaropaMu npoliecca
oKuCJenuss Mn?t ABjsIOTCA BHICUINE OKHCJAB Mapranua.

[Ipouecc oxkucsenus AByXBaJEHTHOTO Mapranila B Tpex-
H ueTHIPEXBaJeHTHHIA pe3KO yCKOpseTcs, eC/JH a3pHpOBaH-
Hyl0 BOAY (HJIBTPYIOT 4Yepe3 KOHTAKTHHI (HALTP, 3arpy-
KeHHbIH fpO6GJeHHM IPHPOAHHM MHHEDPaJOM HHDPOJIO3HTOM
MnOQO;-H;0, n1u6o uepes o6plyHHi KBapUEBHIH NECOK, Npei-
BapHUTEJIbHO 06paGoTanHbi OKHCJIaMH Mapranua («4epHblif
necok»). IInpo/osuT u «yepHbifl ECOK» B JAHHOM Ciaydae
HrpaloT poJib KATaJH3aTOPOB, YCKODSIOIMX MpOLeCC OKHC-
JIeHHf Maprasila.

B pane crpan, B Tom uncae 8 CHIA [6, 11, 16], B cBoe
BpeMS NOJyYHJ JOBOJILHO LIMPOKOE PACHPOCTPaHEHHE METOM
yaaJeHusl MapraHila U3 BOAbLl C [OMOUI(bI0O MapraHileBOro
KATHOHHTA.

Mapranuessli KaTHORHT HPHIOTOBAAETCHA M3 J1I060TO Ka-
THOHMTA B HaTpHeBOH (opMe nNyTeM NOCJefOBATENbLHOIrO
IpONyCKa yepe3 Hero pacTBOPa XJIOPHCTOTO Maprauila H mep-
MaHralara KaJjus.

[Ipoucxonsime upH 3TOM IpouUeCccH MOXKHO NpeAcTaBHTh
CJefyIOIHMH pPEeaKUHAMH:

2Na [Kar] + MnCl; — Mn[Kar], + Nat 4 CI—; (I1.16)
Mn[Kar] + Met 4- KMnO, —> 2Me[Kar] 4 2MnO,,  (II.17)

rie Me — katuon Nat gan K+,

M3 npuBepeHHbIX peakiuil BMgHO, YTO HepMaHraHaT Ka-
Jus oKuc/Asier Mapraney ¢ o6pa3soBaHHeM OKHCJOB MapraH-
112, KOTOpble OCaXJaloTcd B BHAE MJIEHKH Ha NOBEPXHOCTH
3eped KaTHOHHTA.

PerenepupyloT KaTHOHHT, TOYHee, BOCCTaHaBJHBAIOT
MJIeHKY Ha HeM paCTBOPOM [epMaHranaTa KaJjus.

[To naunsiM Buasmapra [16], pacxog KMnOy ua pere-
Hepalluio MapraHileBoro KaTuouura cocraBasier 0,6 rva 1 r
ynaJjensHoro Mapranna. Cofepxanue Mapratia ONnHCaHHuIM
MeTonoM cuukaercs go 0,1 Mr/a.

Ecsn B Boje cogep:Karcs MeJse30 W MapraHell, TO AJf
cumkenust pacxona KMnQO, pekoMeHngyercss uHa QuasTp C
MapraHueBLIM KaTHOHHTOM M01aBaTh BOAY MOCJIe ee 06e3-
Aesle3UBARHA, MTOOH 3TOT (DHJALTP B OCHOBHOM 3ajepiKHBaJ
MapraHell, KOTOPbIH TpPyAHee yAa/sieTCs W3 BOAH, ueM Ke-
JI€30,
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Crnioco6 yAalJieHus Mapratila ¢ noMollbio MapraHuenoro
KaTHOHHTA B OTeueCTBEHHOH npaxrTuke BOOONOATOTOBKH fie
Halllesq1 NpHMeHEeHHA H3-3a ero BBICOKOH CTOMMOCTH.

6. YDAJIEHHE MAPTAHUA
C NPHUMEHEHHEM OKHCJIHTENEN

Maprazen, Moxer GBITh yAaJjen H3 BOABl OKHCJAEHHeM
ero B Mn*t xjopupoBanueM, 030HHpoBanuem, o6paGoTKOM
BOAbl ABYOKHCbIO Xjopa. CxopocTh oxucienus Mn?+ xjo-
pom 3aBucut ot pH Bomm. McciegoBaumsa, npoBeaexHble
BHHWU BOOT'EO [55}’ noKaaaJjiM, 4TO XJOp oKuciaser Mn2+
npu pH=7 3a 60—90 mMuu Bcero na 50%.

[Tpy noBeimiennn pH Boabl 10 8 nyTeM noxmeaaunBanus
ee HM3BeCTbIO NpPOIECC OKHCJAeHH Mm%+ XJIOpOM [POXOLHT
Gosiee ray6oKo u 3a 60—90 MHH 3aBeplaeTCs NOJHOCTHIO.
ITpu aTOM ocTaToOUHOE COepIKaHNe Maprania B Boje COCTaB-
aset 0,05—0,1 mr/a. Ecau B Boge comepkarcs aMMoHHHHEle
COJIH, TO oKkucienne Mn?t yagunaercs TOJNLKO HOCTe CBA3H-
BAaHHA BCeX cogepKamuxcsa B Bohe aMMOHHHAHBIX coegHHe-
HHH B XJIODAMHHBI M HOSBJeHHS B BOJe CBOGOJHOrO XJopa.
Pacxop xsiopa Ha oKHMcC/aenue | Mr mMaprauua B OTCYTCTBHE
NH;“ cocrasjsier 1,3 Mr; OpW HaJHUYMH B BOAE AMMOHHMHHBIX

coJlell paCcXoj XJiopa yBeJHUHMBAETCH Ha BEJIMUHHY, KOTOpas
TpebGyercs nJis 06pasoBanus ¥ OKHUC/IEHHS XJOPaMHHOB.

Hyokuck xjqopa ClO; u o30n Oz okucasior Mn?+ npu
pH=6,5...7 3a 10—15 muu. Ha oxucienne 1 Mr Mn?** pac-
xonyerea 1,35 mr ClO; niu 1,45 mr Os.

M3 nepeuncienHblX OKHC/AHTeNell HauGoJbllee NPaKTH-
yecKoe npUMeHeHle L/ OYHCTKH BOAB! 0T Mn?+ uMeer XJ0p.
Opnako addeKTuBHOCTb OKHCJIeHHA Mn?t MoxeT 6bITh BHI-
Coko#l TOJIbLKO npwu 3nauenusx pH==8...8,5, uro uaue Bcero
Tpe6yer HoAwenadyBaHUs BoAbl. BKJ/loueHHe B TeXHOJOTH-
YeCKyl0 CXeMy TaKHX pealeHTOB, KaK H3BeCTb WJIH cCoja,
3HAYHTEJIBHO YCJIOXKHSAET IKCIVIyaTalMIO OUYMCTHBIX COOpY-
XeHuh.

O30H M OBYOKHCb XJOpa-— CHJIbHple H 3¢ (deKTHBHbIE
OKHCJINTEJH, OJHAKO JJISl UX npuMeHeHus TpebyloTCs CI0XK-
Hble B CTPOHTEJbCTBE H IKCIJIYATAlMH YCTAHOBKM, a MO3TO-
MY B OTeUeCTBeHHOH NpPaKTHKe BOAONOATOTOBKH MIJIS OUHCT-
KH BOJAB! OT Maprallla OHH He HallIM UPHMeHEeHHS.

MapraHen MoxeT GHITh yjaJleH U3 BOAS C MOMOMIbIO 6HO-
XuMHyeckoro mpoliecca. CylHOCTL €ro 3ak/iioyaeTcs B TOM,
YTO Ha llecKe (PHJIbTPA BhicenBaeTca oCOGH BHJ Maprauie-
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norpebasiomux 6akrepuit Tuna Metallogenium personatum,
Caulococeus manganifer, Bacteria manganicus. 9tn 6ak-
TepuH B IpoLecce CBOEH KHU3HENeATeJbHOCTH MNOTJIOMANT
u3 Boabl Mapranel. Ormupamommue GaKrepuu o6pasyioT Ha
3epHax MecKa NOPHCTYIO Maccy, cofepKallylo 6GoJbluioe KO-
JIH4eCTBO OKHCH MapraHlia, KOTopas CIYXHT KaTaJn3aTopoM
npouecca OKHCIEHHS Mapranlia. DTOT MeTON yHauHo Obin
npumened B IAP. IIpu nogave B Bogonporopsyio cerb pes-
IleHa BOJBI, cOpepxKaiued Mapramell, Ha6JI0faJOCb HHTEH-
cuBHOe O6pacTaHue CTeHOK BOAONDPOBOAHBIX TPy6 MapraH-
uenorpebasomumMy 6axrepusaMu. Iaa ynanenusa mapranua
M3 BOABI ee NPONyCKaJN Hepe3 HaNOpHHE (HILTPH, KOTO-
pbie OblIM 3arpyXeHu rpy603epHHCTHIM IeCKOM C JHaMeT-
poM 3epeH ~3 mM. Ilecok 6wl 3acesin HeGOJABLIMM KOJIH-
4yeCTBOM MapraHuenorpebasiomux 6akrepuit. Ilpu ckopoctn
¢duabrpoBanua g0 30 M/u 3TH GUALTPHI yie B TeueHHE He-
CKOJILKHX JIET NOJNHOCTbIO yAaAsIoT H3 BOAL Mapranell. Pas-
BuTHe 6HooGpacTaHuii B Tpy6onpoBogax npekpartusaoch [7].

B I'IP B sTOM HanpaBienuu NPOBOAATCSA JajbHelliHe
nceneposanns [19]. Ilogpo6Ho onuceBaercs npumenenne
3TOTO METOja JJISl OYMCTKH ADTe3HaHCKOH BOJib, COLepHKa-
wedt maprawer or 0,2 no | mr/n u xeneso or 1 go 1,2 Mr/ao.

Ycranosxa cOCTOMT M3 [AByX (PHJIBTPOB, 3arpyKeHHBIX
neckoM Bwicoroli cnos 1,5 M. IloBepxmocth necka sacesua
Gakrepusamu Ttuna Caulococeus manganifer, cnoco6HuMu
nepepa6aThiBaTh Mene3o H mapranell. Ilpu paGore ¢uabt-
poB co cxopocThio 5—30 M/u gocTHraercs NoJiHOe yHaJeHHe
U3 BOJbl MapraHLa u XKeje3a.

Taxum o6pa3oM, pacCMOTpeHHEe METOJOB yHa/eHHs Map-
raHia M3 NPHUPOAHBIX BOA NOKa3biBaeT, 4To HauGosee ag-
¢exTuBHa 06pa6oTKa BOALI NMEPMAHraHATOM KaJusl.

[Ipy npuMeHenun 3TOro pearenra se TpeGyercs CA0KHO-
ro o60pyOBaHHA, # JO3NPOBAHHE ero Ha OYHCTHBIX COOpY-
KeHHAX NOAAaeTCA NPOCTOMY BH3yalbHOMY M XHMHUYECKOMy
KOHTPOJIIO.

O6pa6oTia BOAbI NepMaHraHATOM Kajus AAS yjJajeHus
Mapradlla U3 NOBepXHOCTHBIX BOJ OYeHb JIErKO BIHChIBAeTCH
B CyH1eCTBYIOUHe cXeMBl OYHCTKH BOJLK H MOXKET NIPOBOAUTD-
Cl B JONOJHEeHHe K LPYTrHM, OObIYHO NMPUMEHSEeMbIM Ha BO-
HOOUYHCTHBIX CTaHUMAX croco6aM o6paboTKH BOALIL.

[Tpocrora u sddexrurnocTh 06pa6OTKH BOALI NepMaH-
raHaTOM KajHufl JaerT OCHOBAHHS PEKOMeHIOBaThb 3TOT Me-
TOA JJ/11 OYHCTKH NPHPOAHBIX BOJA OT MapraHlia i XKejes3a
M Maprasiia Mpyu COBMeCTHOM HX [IPHCYTCTBHH.
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Fnasa 111
OBEC®TOPHUBAHHE BOH bl

. OBIUUE CBEREHHSA

®r10op — upe3BHYARHO aKTHBHLIA MeTaJJOH, O 06pasy-
eT CoeJlHHeHHS C GO/bUIKHCTBOM 3JleMeHTOB. MHOTHe H3 3THX
COeJMHEHHI MCKJIOUMTEJbHO yCcTORYHBH. PTOp WIMPOKO pac-
npocrpateH B npupoae. OH HaxoAuTCA B MHHepaJaXx, pylax,
Housax, atMmoc(epe, IPHPOJHBIX BOJAX, PACTHTENbHBIX H J(H-
BOTHHX OpraHH3Max.

IloBcemecTHOE pacnpocTpaHeHHe pacTBOPUMBIX ¢TOpCO-
JepXaUuuX COelWHeHHHA B NOPOAAX H NOYBax OGYC/IOBJIH-
BaeT HajJHyHe (TOpPa B NMPHPOAHBIX BOJLAX, HCIOJJb3yeMHIX
71 IHTheBOTO BOAOCHaGKeHHu .

Copepxanne ¢propa B nmpupoiambix Bogax CoOBeTCKOro
Colosa kosebsercs B IWHpokux mnpenenax (or 0,01 no
12 Mr/a) n CBA3aHO B M3BECTHOH CTeNeHH C PACTBOPHUMOCTLIO
ero coefinHeHHI.

Huskne KoHUenTpauuH (ropa BCTpeyaloTcss B GOAbUIMYH-
CTBe NOBEPXHOCTHHIX HCTOYHHKOB BOJOCHa@M(eHHS — peKax,
o3epax, BOAOXPaHHJIHIIAX.

ITponssenennte B CCCP u 32 pyGeXOM uccienoBanus
NPHBOAAT K BBIBOAY, 4UTO B NOAABJAIOLIEM GObIIHHCTBE CIy-
yaeB B BOJE PeK H JAPYTHX OTKPBLITEHIX BOJOEMOB KOHIEHTpa-
uusa Qrop-uona He npesbiaer 0,3—0,4 mr/n [3].

Hanuble pAiga HecenenoBaTeell NOKa3LBalOT, UTO B 60Jb-
wIHHCTBe OTKpHITHIX Bogoemos PCOCP, B ToMm uucae B Boa-
re, Hony, Kame, ToGose, Ypaue, Jlene, Mprrime, Anrape,
o6uapyxeno B 82,2% npo6 0,3 mr/a ¢ropa, B 13,9% npo6 —
or 0,3 no 0,5 mr/n u B 3,2% —ot 0,56 no 0,8 mr/a [3].

OpnHaKo He BCe IOBEPXHOCTHbIE BOJOEMbI COAePKAaT HH3-
KHe KOHUeHTpaluu dropa.

Bricokve Konllentpanun ¢ropa HaGa0fa0TCH B BOAE
otxpbiThix BofoeMoB Kasaxckofi CCP (mo 11 mr/a) u Asep-
Gaiimkancxot CCP (mo 3,5 mr/a).

B psne cayuaes Bricoxoe comepxanue GpTopa B HOBepX-
HOCTHBIX BOJOEMax MOXKeT ObTh C/IEJCTBHEM 3arps3HeHHs
BOJO€Ma [IPOH3BOACTBEHHbBIMH CTOYHLIMH BOJAMH,
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Hccnenosanus moxasanu, yTo coefiuHeHUss HTOPA MONKHO
OTHEeCTH K CTaGWJBbHHIM HHIDeJHeHTaM [POH3BOJCTBEHHBIX
CTOKOB M YTO NPAKTHYECKH Hesb3sl PACCUUTHIBATH HA CaMO-
OYHIEeHHe BOJOEMOB OT COefHHEHHH (PTOpa.

YcraHOBJIEHO TakKKe, UTO PeyHOH HJ He obGsajaeT cop6-
UUOHHOR cnoco6HOCTHI0 Mo oTHOWeEHHIO K (ropy. [lomumxe-
HHe KOHUeHTpalMn {ropa B PeyHON BOJLE MOXKeT IPOHM3OHTH
MOYTH HCKJAIOUHTENbHO 3a cyeT pa3baBJjeHHs CTOKOB B BO-
noeme. Konuenrpanun ¢ropa B BOZe H3 apTe3HAHCKHX CKBa-
KuH 60Jiee WM MeHee MOCTOSHHBI M JOCTHIalOT 3HaueHHI,
npeepimatomux IIAK (1,5 mr/a).

Tak, B apresnauckux ckBaxkuuax YCCP makcuMansbHas
KOHLleHTPauusa ¢ropa nocturaer 9 mr/i. Bosasuiana KOHIeH-
tpauus Gropa (mo 12 Mr/n) o6mapyxena B apTe3HaHCKHX
pofax Monpasckoit CCP. B apresnancknx Bopax PCOCP
BHICOKHe KOHLleHTpauuu Gropa Habaogaiorcs B Pa3aHcko#,
Mocxkoscko#t, Kanunuuckoit u apyrux obaactax. B artux
paitonax B 52% ckBaxuu 6u10 o6HapyxeHo G6ojee 1 Mr/a
¢dropa npH MakCHMaJbHOH KoHlUenTpaumuu 6—10 mr/a [3].
B nopmepanorsoii Boge u3 ckpaxun Axyrckoit ACCP xou-
uentpauus propa pocturaer 2—4 mr/a.

Cnepyer Takxe OTMeTHTb HajH4He BHICOKHX KOHUEHTpA-
uul ¢Topa B BOJe KOJOIALEB, KOTOPhlie HaCTO SBJAAITCH
eIHHCTBEHHBIM HCTOYHHKOM BOJOCHAGMEHHA B CeJbCKOH
mectaoctu B8 CCCP.

Boaa sarpsasHena ¢ropoM B GOJBLIMHCTBE CTPak MHPa,
B ToM uncie B CIIA, rpe HeckoJbKO MHJIJIMOHOB YeslOBeK
HOJL3YIOTCA BOJOH, conepmaimell ¢rop or 1 mo 2 mr/a, He
Menee | MJIH. 4eJOBeK — BOJOM C KOHIeHTpauuel drTopa oOT
2 10 5 Mr/s1 1 HECKOJIbKO HECATKOB THICAY YeJOBeK — BOLOM
¢ KOHLleHTpaumeil ¢ropa, npesvuuaomeir 5,1 mr/i.

M3 eBponeitickux crpan nan6ojee BHCOKHE KOHIEHTpa-
uvH (ropa B nuTheBOH BOJE OOHapymeHs! B Mcmanuu; B
oxpecTHOCTAX TO/MEeN0 MMEIOTCA HCTOUHHKH BOAOCHAGXKeHHS,
conepxalline oxosuo 22 mr/a ¢ropa.

Hau6onsiee copepxanue ¢propa (4,5—5,5 mr/n) uai-
IeHO B MOJ3eMHEIX BOAAaX HEKOTOPHIX paiioHoB AHrauu.

B HMrannu uMeloTcs BOAb C KOHUeHTpauuel ¢ropa
7 mr/an; B Munun B nuTheBHIX BOjax BCTpeuaeTcs ¢ropa or
2 po 6 mr/a, pepxo go 13 mr/a.

H36nTOK (pTOpa B nHTHEBOH Bofe (Gouee 1,5 mr/n) npu
LJINTENHLHOM ee yHOTpe6Jeiin Bh3blBaeT y HaceaeHus (Jioo-
po3 — GoJsie3nb, H3BECTHAR NOJ HAa3BAHHEM <«THIONIA3HA»,
WJIH KPAnyaToCTh 3MasH 3y60B. OCO6eHHO CHIBHO CTPAfAIoT
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oT 9TOH GOJie3HH HETH B [epHOj CMeHbl y HMX MOJOUHBIX
3y60B Ha noctofnnbie. I1pu runonsnasun 3y6nl CHayaja Te-
pAIOT CBOil 6JieCK, CTaNOBATCS MaToBO-0€JbLIMH; [OTOM Ha
HX [OBEPXHOCTH HOSIBJAAIOTCS MeJTHe nATIIa, KOTOPLle 3aTeM
TEMHEIOT ¥ CTaHOBATCA 4YepHHMH. HaunHaercd paspyllierHe
3MaJik 3y60B, He nojaloeecs JedelHio.

B palionax, rae B MUTheBo#t BOAE COAEPIKUTCS OUeHb Ma-
Jo Noja, NOBBHILUEHHOe COLepX(aHWe B Hed (Propa Moxer
BLI3bIBATL 3a60JieBatHe IUMTOBHAHON eJse3bl, HOCKOJbKY
¢$TOp BHITECHSET B TKAHAX LUHMTOBHLHOII KeJse3nl HOX.

[Toaromy, coraacko tpeGosanuuaM I'OCT 2874—73 «Bo-
La [HTbeBas», YCTAHOBJEHO [PelesbHO AONMYCTHMOE COAep-
xaune ¢ropa B nuThepoll Bome 1,5 mr/n. OntumannuoH
CUHTaeTCq KOHIEeHTpaLHusa okojo 1 Mr/im.

B cBA3K ¢ yKasaluHeIM B TeX ciayyasiX, KOrLa KOHIEHTpa-
uus ¢Topa B NHTbeBOH BoAe nNpeBnwaer 1,5 mr/a, Boay
Heo6xo0AHuMO 06ecTOPHBATD.

OG6biyHble METOABR ocakiAeHnsi ¢rop-HoHa B BHAe oCal-
KOB ManopacTBOpUMLIX GTopumoB nna o6ecdpTopHBaHHUSA
IINThEBOH BOAK He MOTyT ObiTh NIpHMeHelb! BCeACTBHE TOTO,
YTO PacTBOPHMOCThL HaHMeHee DaCTBOPMMLIX (PTOPMAOB BO
MHOro pa3s IIpeBHIACT AONYCTHMYIO KOHleHTpalluio ¢rtop-
Hola B nuTbepoH Boge (ra6ua. 111.1).

TaGauua 1111, PacTBopumocts coneit ¢propa 8 Boje

PactBopuMoCTs B Bose npu 20°C, mr/n
Coenunenne
coat l dTopa
®ropucThiil Kaabuuit 15,6 7,7
» Marini 74,5 44,9
» CBHpel] 640 99
» 6apuit 1330 290

OGecthropubanue BoAbl [OKA ellie ABJAAETCH OAHHM U3
OTHOCHTEJILHO CJIOXKHBIX METOLOB BOLOMNOATOTOBKH.

He cayuafino, utro B CUIA B Hacrtofimiee BpeMs OK0JIO
4,2 MJIH, ueslOBEeX [OJYYAIOT NMHThEBYIO BOAY C MOBBLILIEHHLIM
comepxKanHeM ¢ropa. B 712 HaceseHuplX NnyHKTaX C naceje-
HHeM 1,8 MJIH. YesloBeK conepacanHe GpTOpa B MHTHLEBOH BOLE
BABOE NpeBHIIAeT JONYCTHMYIO KoHieHTpauuio. Hecmorps
Ha TO YTO NPHPOAHbLIE BOALI C NMOBBIENHNLIM COAEPKaHHEM
(¢Topa HMeIOT 3HaYHTeJbHOe PaclpOCTPaHeHHe, YHCJIO Ael-
CTBYIOUWHX YCTalloBOK 1o o6ecTOpHBaHHIO BOALI 3a py6e-
KoM, a rakime B CoBerckoM Colo3e BeCbMa HeBeJHK0. ITO
0 1eXOoTOpoil cTenmeHH oO6BACIASTCA TeM, YTO THIHEHHCTH
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JHUIb HEJaBHO CTAJH NPEeAbABIATh XecTkKHe TpeGOBaHHA K
cofiep:aHHI0 $TOpa B NUTHEBOH BOJe, 4 TaKXKe BBLICOKOH
CTOHMOCTBIO MeTOAOB 06ecPTOPHBAHHS BOABL.

CyliecTBylolline B HacTosllee BpeMs MeTOAb 06ecTOpH-
BaHHsl BOJAB MOXHO OOBbEJHHHTb B fiB€ OCHOBHBIE T'PYIIILL

IlepBast rpynna sraioyaer B ce6s METOAH HOHHOTO O6Me-
Ha Ha CeJIeKTHBHBIX B OTHOWIEHHH (PTOPA HOHHTAX — AKTHBH-
pPOBAHHOH OKHCH aJIOMHHHS, THADOKCHJANATHTE, CHJIBHOOC-
HOBHBIX dHHOHHTAaX, a TaKXe MAarHe3HajbHbIX cop6eHTax
H aKTHBHPOBAHHBIX yrasax. Meroas HOHHOro o6MeHa sBJS-
1oTca Godee 3¢ heKTHBHBIMH NPH 0GechTOPHBAHHH NOA3EM-
HBIX BOJ, HE HYX(AAIOLIMXCA B APYrHX BHAAX OYHCTKH,

Ko Bropoii rpynmne orHocATC COPGLHOHHBIE METOAHI.
OHn oOcHOBaHBI Ha cOpOLUHH (TOpa CBeXKeBhIAeJEHHEIMH
ocagkaMH THAPOOKHCH MAarHMs H ajioMHHHS H (docdara
Kaabuusa. CoOpOUHOHHBIE METOABI 11e1ec006Pa3HO NPHMEHATD
A5t 06ecTOPHBAHHA TOBEPXHOCTHBEIX BOJ, KOTAd OLHOBpeE-
MeHHO ¢ o6ecdTOpHBaHMeM TpPeOyeTCs OCBeTJeHHe M ofec-
1BeyHBaHue BOAH., OHH TaKxXe MOryT GLITb HCIOJb3OBAHBE
H IJIs1 OUHCTKH TMOA3SEMHEX BOJ B Cly4¥ae HEOGXOAHMOCTH HX
OJHOBPEMEHHOT0 YMArdeHHs (peareHTHHIM cnoco6oM) H
o6echTOpHBaHHS.

2. HOHOOBMEHHBIE METO bl
YOAJEHHS ¢TOPA U3 BOILbl

O6GecTopHBaKNe BOAbI C NOMOILBI0 3EPHHCTOH AKTHBH-
pOBaHHOH OKHMCH aJIOMHHHMs. MHOrouyHc/JeHHble Hcce]0Ba-
HHSl H NpaKTHKa SKCNJyaTalMH N0Ka3aJjH, YTO HaHJyuliHe
pesyabTaTH N0 yAaJeHHI0 (Topa U3 NOA3EMHRIX BOJA JOCTH-
raloTcsl NPH HCNOJNb30BAHHH aKTHBHPOBAHHOA OKHCH aJlo-
MHHHSL.

HdanHeifi meroA BmepBbie 6ua HccieqoBaH Bopyddom
[10], xoropuifi noka3aJ, 4To COPOLUOHHAR CNOCOGHOCTD aK-
THBHPOBAHHOl OKHCH aJIOMHHHA [OCTHraja NpPHMEPHO
1,35 mr F~ na 1 r marepuana. PereHepauus npoussoauaace
2%-ubim pacrBopom NaOH.

Caon 1 Xecc [16] ans ynanaeHus u3 Bogs $TOpPa HCNOJb-
30BaJIH aKTHBHPOBAHHYIO OKHCh aJloMHHHSA, kKoTopas B CIIIA
BBINyCKAeTCs NMOA Ha3BaHHeM <«AedJuaooputrs. EMKocTh no-
riiollenHs «fedaoopuray cocrasaser 1,15 xr na 1 M3 cop-
GeHTa.

HanbHefine HceaenoBanus, nposefeHHbie CaBHHeNIH
# Baexom [14] 8 CIIA u . 3. Aneasuunnm 1 E. @, 3ouno-
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toso#t [1, 6] B Coserckom Colo3e, NOKa3aJdH BO3MOMKHOCTD
pereHepalMi AKTHBHDOBAHHON OKHMCH AJIIOMHMHHS CEPHOKHC-
JIbIM aJIOMHHHEM B3aMeH pacTBopa efnkoro Harpa. ITpH aTom
eMKOCTb NOTVIOLIEHH A cocTasasana 2—2,5 mr F~ Ha | r okucu
aJIOMHHHS, T. €. 6blJ1a 3HAYHTEJBHO BHILIE, YeM NpPH pereHe-
palnuu pacTBOpoOM eAKOro HaTpa.

B pesyabrare uccaenosanuit [1, 6, 14] 6ui0 ycTaHoB-
JIeHO, YTO B npouecce o6ecTOpUBaAHHA BOAK aKTHBHPOBAH-
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Puc. IIL.1. I'padur skpupanenTHocTH ob6mena F—+HCOj ua SOZ' npH
GOHILTPOBAHHH Yepe3 aKTHBHPOBAHHYIO OKHCh &JIOMHHHSA
ToYKH — NomjiouteHHe F— — HC03_; KDYKKH — BLITECHeHHe SOE_

Has OKHCb AJMIOMHHHS AEHCTBYeT KaK aHHOHHMT, 3apsKEHHBIH
NpH pereHepall CEPHOKHCJABIM aJIOMHHHEM OGMEHHEIMH
vonamu SOF~. O6meH mexny HoHamu SO}~ y F- npoucxo-

JMT 10 CJaenyloulel cxeme:
[An],SO, 4 2F —» 2[Au] F 4 SO%—. (111.1)
OnHoBpeMeHHO B HOHHOM OGMEHe Y4acTBYIOT MOHH
HCO3 u B HeaHauuTenbHOM cTeneyu uonn Cl—:
[A8],S0, + 2HCO; - 2[An] HCO, 4 SO; . (111,2)

OpnHako noraolleHHe HOHOB F— akTHBHPOBaHHOH OKMCbHIO
aJIOMHHHs NDOHCXOAHT B 3HAUHTENbHO GOJblUeH CTeNeHH,
yem noHoB HCO3, HecMoTps Ha Gojiee BEICOKYIO KOHLIEHTpA-

LHIO NOCJAeAHHX B BOAe, YTO CBHIAETENBCTBYET O CEJIEKTHB-
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HBIX CBOHCTBaX aKTHBHPOBAHHOHA OKHMCH AJMIOMHHMS NO OTHO-
IIEHHIO K GTOP-HOHY.

Hccnenosanuamu, npoeegennamu so BHHUW BOIATEO
gl, 6], ycTaHOB/IEHO, YTO NMOBHLIEHHE KOHUEHTPAUHMH HOHOB
02~ B o6ecdropeHHoli BOAE IKBHBAJEHTHO YMeEHbLICHHIO

cymmel HoHos HCOz +4-F-.

Ha puc. III.1 npeacrasneH rpaduk 3KBUBAJEHTHOCTH
o6mena HCO; +F- na SO?~, u3 KOTOPOro BHAHO, 4TO KpH-

Bas noraowenus HCO;-F— coBnagaer ¢ KpUBOH BHITECHE-
HHSA U3 copGenta SO,
OkeuBaneHtHocts o6mena HCOz-+F- nma SOZ~ noa-

TBEPAKAAEeT yKasaHHOe BuiLle [efCTBHEe AKTHBHPOBAHHOM
OKHCH aJIIOMUHHSA, KaK CeJIEKTUBHO [eACTBYIOIIEr0 NO OTHO-
WleHHI0 K ¢Top-HOHY aHHMonuTa. KoHumeHTpauus cyabdart-
HOHOB B 06ec(TOpPEHHOH BOAE B COOTBETCTBHH C YyKasaH-
HBIMH peaKuHMAMH O6MeHa yBeIHIHBAETCS.

CornacHo 3KcnepuMeHTaJbHHM AAHHHIM, NPH COAepa-
HHH B Bofie 5 Mr/n ¢ropa M GHKapGOHATHOK ILENOYHOCTH
no 4 Mr-ske/n coaepxanue uonos SO~ B ¢unbTpare yse-

auuuBaercs Ha 1,5—2 mr-sks/a [6].

OGoramenne Boas cysibdataMu B nponecce o6ecdTopH-
BAHHA BOJAB HeOOXOAHMO YYHTHIBATH NPH NPOEKTHPOBAHHH
o6ecTOPHBAIOLINX YCTAHOBOK, HMesl B BHAY, 4TO COAepkKa-
Hue cynbbartos B nHTbeBOH BOAe B coorserctBHH ¢ 'OCT
2874—73 «Bopa nuTbeBas» He NOMXKHO npessiliath 500 mMr/a.
B nponecce o6ecTopHBaHMS NMPOMCXOJHT H3MEHEHHE MO-
KasarteJel kavecta Boant (puc. I11.2).

Hs rpaduka caegyer, 4To L1eJ0YHOCTh B Hayaje QHIbT-
POLHKNA CHMXAeTCs C¢ 4 B0 2 MP-3KB/J1 H NMOCTENEHHO BO3-
pactaer g0 nepBoHayaJabHOrOo 3HayeHHs. COOTBETCTBEHHO
KoHueHTpauusa SO~ B Havaje UMKJA NMOBHILAETCH B Cpef-
HemM Ha 2—2,4 MT-3KB/iI H NOCTENeHHO YMEHbIIAeTcst B CO-
OTBETCTBHH C BO3PACTAHHEM KOHUIEHTpaUHH OMKapOGOHATHBIX
HOHOB.

ITpogonkutesbHoCcTs QHIBTPOUMKAA ONpPEAESsieTCs CHH-
M(eHHEeM KOHIeHTpauHH HOHoB '~ B ¢uabTpate o 1,5 mr/n
H B JAHHOM 3KCNCpHUMeHTe cocrasisieT 44 u.

KOHTpOJIbHbIE XHMHYECKHE aHANU3bl NOKA3aJTH, YTO KOH-
ueHTpanus B sofe HoHoB Cl-, Ca?t u Mg?+ He usamensercs.

B 1960—1961 rr. BHHUHW BOOTEO {5, 6] 6uiiu npose-
JeHbl NyCKOHaJaJo4yHbie M HCCJeAOBaTeJNbCKHe PaGoThl 11
ONHITHO-3KCMN/1YaTAHOHHON yCTAHOBKe MO yAaJeHHo gropa
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H3 apTe3HaHCKOH BOJbI, HCNOJAb3yeMOH [J NUTHEBOro BOAO-
CHAaGXKeHHS.

OGecdTopuBalowass YCTaHOBKA NPOH3BOLKUTENBHOCTBIO
1200—1500 m3/cyT cocrosima M3 AByX GHALTPOB, 6AKOB AJS
NpPHrOTOBJEHHA pereHepalHOHHOrO pacTBOpa CEPHOKHCIOTO
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Puc. 111.2. Usmenenne pH, xouuentpaumun -, HCOj (lUeJ0YHOCTH)
# SO #7 b Tevenne (HUALTPOLHKIA

I — wenoutiocte $uabTpaTa (UleJOYHOCTL HCXOAHORl BOAB 4 Mr-sxs/n); 2— pH
¢unetpata (pH HexomHoRi Bomm paBHo 8); 3 — comiepmanne $Topa (comeprmande

F™ B HcxonHoft Bone 3 Mr/n); 4 — comepiKayHe 503— (comepacaHHe 502";‘ B HC-
xonHoft Bome 6 Mmr/a)

aJIOMHMHHS, HACOCOB H CHCTEMBI TpyGONPOBOJAOB C 3aNOpHHI-
mu 3agsrkkamu (puc. I111.3).

B kauwecTBe (HJIBTPOB HMCIOAb30OBaHbl 06blyHbie H-KaT-
OHHTOBble (HABLTPHI BbICOTON 4,97 M, Auamerpom 2,5 M H
naomwanpio 4,8 Mm% OuAbTPH 3arpyKaaHCh aKTHBHPOBAHHOM
OKHCbIO aJIOMHIHS OTEYeCTBEHHOrO0 H3roToBJeHHs. Bricora
cll0s 3arpysKu cocrasasaa 2 M (uto coorBercTByeT 4,8 T
NpH HACHLIMHOH MJIOTHOCTH aKTHBHPOBAHHOH OKHCH AJIOMH-
uus 0,5). Jlo BkMoyeHHs QHALTPOB B pa6oTy aKTHBHPOBAH-
HYI0O OKHCb aJIOMHHHs OTMBIBAJH OT MbUIH H MEJKHX (pax-
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uu#, sarem pereHepuposanu !—1,5%-ReiM pacTBopoM cep-
HOKHCJIOro anoMuHus u3 pacyera 30 kr Alp(SO4)3 Ha | Kr
norJoileHHoro gropa.

ITocaie npoBenenns paboyero QUKAA pacXOX CEPHOKHCIO-
ro anMIOMHHHSA AJA pereHepapuu nosuiwanu no 40—>50 kr Ha
1 Xr copbupoBaHHoro ¢Topa. PereHepauuio npoBoiuau Co
CKOpoCTbio ¢uabTpoBauus pacteopa Aly(SO4)s 2,5—3 m/u.

Hexodwan
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Puc. 111.3. CxeMa ycranoBKkH Aas obecTopHBaHHS BOABI

1 — duAbTPH; 2 — GaK ANA NPHFOTOBAGHUS CEPHOKHCJIOIO ANIOMHHHA KOHUEHTpaUHM-

et 8—10%; 8 — Gaxk Ang XpaHeHHA OCEeTAEHHOrO KOHUEGHTPHDOBAMHOID DACTBOPA

CEPHOKHCIOrO A/IOMHHHA; 4 -— GaKu AnA NPAroTOBReHHs 1—1,6%-uoro pacTBopa

CEPHOKHCAOrO ANIOMHHIA; § — peaepByap AAA MNOBTOPHOrO HCHONb3OBAKMA BOAb!
npH B3pBIXJEHHR 3ArpY3KH

ITpomeiBKy cop6eHTa nocsie pereHepanHy NPOH3BOAHIM
NpH nojave BOAHW CHH3Y BBepX C HHTEHCHBHOCThIO 3,5—
5 a1/(c-M2%). Takas e HHTEHCHBHOCTb GBLIA NPHHATA TIpH
B3PBIXJIEHHH copbeHTa.

B nponecce ob6echTopHBaHHS CKOPOCTb (HALTPOBAHHS
BOAH cocTaBasna 5 m/4. O6echTopeHnyI0 BOAY CMELIMBAJH
C MCXOAHOH [Jsi MOJYYeHHS KOHUeHTpauuu ¢ropa o 1—
1,5 mr/a.

Hccnenosanus, nposefenHbie Ha ofecdropupaioluel
YCTaHOBKe, NOKAa3aJH, YTO NPH COACPIKAHHH B NMOCTynawouen
Ha ¢uabTp BoAe Propa 2,6—3,1 Mr/a u ckopocTH GHIALTPO-
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BaHHA & M/4 puabTpOUHKA cocTaBasier 8 cyT. PereHepanHio
OKHCH aJIIOMHHHS NPOH3BOAHJM ONHMH pas B 8 CyT.

ITpu ckopocrax ¢uastpoBanus 8 u 10 M/u duabrpo-
IHKJI CHHXK2€eTCA COOTBETCTBEHHO 10 5 ¥ 3 cyT.

CopepiKaHne ¢ropa B o6echTopeHHO Boje COCTaBJAELT
0,07—0,2 Mr/n1 BHayase 06echTOPMBAHHA C IOCTENEHHHM
noBbILIEHHEM €ro Ha BOCbMble CYTKH A0 1,5 Mr/i.

Pa6ouyas eMKoCTb noryouledns cocrasasner 1,95 kr ¢propa
Ha | T aKkTuBMpOBaHHOK OKMCH ajioMuHufi. MccnenoBanus
NOATBEPIHJH BBIBOA, CAEJAHHHH B pesynbrare Jaboparop-
HBIX 3KCIIEDHMEHTOB, YTO AKTHBHPOBAHHAN OKHCb aJIOMHHHS
JefcTByeT KaK aHHOHHMT, 3aPSIKEHHEIl IpH pereHepanuu o6-
MeHHbIMH HOHamMu SO,

B npouecce dounbTpoBaHHs BOAH €O (PTOPOM Yepes aKTH-
BHPOBAHHYK OKHCb AJIOMHHHS NPOHCXOAHT NMOIJIOLIEHHE M3
Boael Gropa u nonos HCOj; u BuiTecHenne noHos SO~ Yae-

JHueHHe KoamuyecTBa HOHOB SO~ 3KBHBAJIEHTHO yMeHbLIe-
uuio cymmbl HoHoB HCO; +F- B ¢uabrpare.

B o6ecdropernoll Boie HECKOJIbKO H3MEHSETCH COJIEBON
COCTaB: yMEHbLIAIOTCA INEJOYHOCTb H COomepacanue ¢rop-
HOHOB H yBeJIHUHBAETCH COflepXaHue cyabdartos B Boge. O6-
lllee coJjieconepxante o6ecTopeHHON BOABI yMeHblaeTcs ¢
820 po 770 mr/n. OGecropeHHyio Bofy nepen nogadefl ee
norpe6Hresio 06e33apaxusaloT xjaopom posoh 0,5—0,7 mr/a.

ITocne nposepenusi uccaegoBaHufi o6echropHBalOIan
ycTaHOBKa Oblyia BBeJeHa B JKCIJyaTalHIo.

Pa6orel no o6ec¢ropuBaHuio BoAbl, nposesenHsie BHUU
BOITEOQ, nossoauan ycTaHOBHTb OCHOBHEIE pacyeTHbie Na-
pameTrpel, HeOGXOAHMbIE NDH NPOEKTHPOBAHHK H SKCNJiyaTa-
HHH 06ecHTOPHBAIOLINX YCTAHOBOK C HCNOJIb30BAHHEM AKTH-
BHPOBAHHOMN OKHCH ajtoMuHus [7].

O6ecropuBaHue BOAbl MOXHO NPOM3BOJAUTL B OTKPHITHIX
HJIH B HAanopHeIX ¢HabTpax (THna H-KaTHOHHTOBHIX) C
Tpy6uaThIM jApeHa)eM C HAape3HHIMH LIEJSIMH, BHIIOJHEH-
HBIM H3 MAaTepHAJIOB, CTOAKHX IPOTHB KOpPO3HHK (BHHHNJACT,
HepXKAaBelolan cTafap U Ap.), HIH C ApeHaXeM H3 LieJeBBIX
KOJIIIayKoB, XKeJarebHo (Hap(opoBHIX.

Hnsi 6onee paBHOMepHOH PaGOTH ApeHaXa HENOCPEACT-
BEHHO Ha KOJIMAYKH CJelyeT YJOXUTb KBAPUEBHI MeCOK BbI-
corofi cnos 100—150 MM M KpynHocThIO 3epeH 2—4 MM, a
3aTeM AKTHBHPOBAHHYIO OKHCb AJIIOMHHHS.

3arpyxaeMas B (pUIbTPBI aKTHBHPOBAHHAN OKHCh 4JI0-
MHMHHSAl [OJOKHA ObITb B BHJE 3epeH KPYMHOCTbIO 1--3 mwm.
ITnoTHocTe Taxof ¢pakuuu B cpepHem pasua 0,5 T/me.
8—252 13



BricoTa CJ10f aKTHBHPOBaWHO# OKHCH aJIOMHHHA B Ha-
NOpHBIX GHABTpaX NpHHHUMaeTca 2 M (Npu cofepkKauuu ¢ro-
pa B Boge 0 5 mr/an) u 3 M (npu comepxanuu 8—10 mr/xn
¢ropa). B oTKpuITHIX HABTPAX BHICOTA CJOS OKHCH aJlio-
MHHHS NPHHHUMAaeTCs COOTBETCTBEeHHO 2—2,5 M.

Hns pacumiMpenus Matepuasa Npu B3pHIXJEHHH B QUIBT-
pe Haj ero cjaoeM [JOJXKHA ObITh NpelyCMOTpeHa BOAfHAA
noayuwka, Beicora nocjenueil otr BepXxa marepHasa A0 KpOM-
KH NPOMHIBHHX KeJIOGOB (unH cGOpHOH BOPOHKH B Hamop-
HOM ¢HJABTPe) HOJKHA O6eCneyHBAThH pacUIMpeHHe CJION
aKTHBHPOBaHHOM oKuCH ayioMuHus Ha 50% ero paGoueh
BBICOTBI H, KpOMe TOrO, IOJKeH 0CTABAThCH 3aMac BHICOTHI,
paBubiit 200 Mm.

B cBasM ¢ TeM 4YTO aKTHBHPOBAaHHAA OKHCh AJIOMHHHSA
pereHepHpyeTcs KHCJBIM pacTBOpPOM CepHOKHCJOro aJioMH-
HHSl, BHYTPeHHNA NOBEPXHOCTb GHABTPOB NOJIKHA HUMeTh 3a-
IIHTHOe aHTHKOPpO3HOHHOE NOKPHTHE U3 MaTepuasna, Lomy-
IleHHOro opradamMu I'OCynapCTBEHHOr0 CaHHTApHOTO HAK30-
pa BJs YCTPOHCTB M COOpYXeHHH MHTbeBOro BOJOCHAGIKEHHS.
MarepuasoM s NMOKPBITHS HANOPHBHIX METAJMJIHYECKHX
¢buapTpoB MOXKeT cayxXuth nak BXJI-400.

BHyTpeHHIOI0 110BepXHOCTb OTKPHTHIX KeJe306eTOHHBIX
(HIBTPOB MOMKHO LITYKATYPHTb KHCJAOTOYIOPHBIM LIEMEHTOM
HIH OGJIHIOBLIBATE METJAXCKOA MJHMTKOH C 3alejKOH LIBOB
KHCJIOTOYNOpHEIM MaTepuanoM. Cropocts (uAbTpOBaHHSA
BOJBl Yepe3 AKTHBHDOBAHHYIO OKHMCb AJIIOMHHHA INpPH HOp-
MaJIbHOM peXXHMe AOJKHa GBITb He Gojee 6 M/4, NpH BH-
KJIIOYEHHH ORHOrO M3 QHJABTPOB HA pereHepauuio — He 60-
Jee 8 M/u. B cocraBe yCTaHOBKH AQJIKHO 6BITh He MeHee
ABYX QHIBLTPOB.

ITorepsa Hamopa B ¢HAbTpe (OTKPHITOM H HANOPHOM)
npuuumaerca 0,7 M Ha | M uabTpylomed 3arpysku INpH
CKOpOCTH GHABTPOBAHHS 6 M/4 M | M Ha | M 3arpysku npH
CKOpOCTH GHABTPOBaHHA 8 M/y.

Kax Buano ma puc. II1.4, ¢uasrpar, nonyyaemuit Ha
o6ecdTopHBaIolllell ycraHoBKe B TeyeHHe nepBhix 40-—50%
¢HABTpOLHKIA, CofepXHT (TOp B npegenax 0,1—0,2 mr/a,
a 3aTeM erg KOHUEHTpalKs NOoCTeleHHO NOBHIIAETCS,

Iesecoo6pa3aHo NpoBOAMTH LHKJI AC TeX MOp, IOKa
¢buabrp O6ynmeT pamBaTb BOAY C COAepXkaHHeM ¢Topa A0
| wMr/n (onTHMasnbHas KOHHeHTpauusa) uam o 1,5 mr/x
(monycTuMas KOHIeHTpAalHa).

B nponosKenue TOH yacTH GUABTPOUMKIA, KOrha CO-
nepxaHue ¢ropa B (HABTpATe MeHee ONTHMaJbHOH KOH-
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Pyc. 1I11.4. HMismenenne copepxkanis F-, HCO3 , SOE_ B nponecce oGechropyBaHHs BOAM

1— conepxasge GTOpa; 2 — IMENOYHOCTH; 3 — COflepKaHBe SOZ -
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HeHTpalKH, cJjaelyeT noaMellnBaTh K ¢HAbTpaTy Heobec-
(hTOpEHHYI0 HCXOAHYIO BOAY.
[Tpono/mkuTeNbHOCTE (HUABTPOLHKAA ONpefeaseTcs Io
opMmyJe
bopmy T FHE
9(Ci—Ca/3)’
roe T — npogONMHTENbHOCTL GHALTPOLHKAR, Y; F -— nuoHiaib OJAHOIO
%Hanpa, M3, H — BriCOTa CNOR AKTHBHPOBAHHOM OKHCH ANIOMHHHA, M;
— pafodass eMKOCTb MOIJOLIEHHS ¢(TOpa AaKTHBHPOBAHHOH OKHCDLIO
amoOMHHHA, npHHHMaeMas paBHoft 900-—1000 r ¢ropa Ha | M? Haxoms-
Ieroct B (HALTPe MartepHana (B pa3byxlleM H THADABJAMYECKH pac-
COPTHPOBAHHOM COCTOSIHHH); ¢ -— pPacxXoh, BOAM, nOCTynaoowe’ Ha
oHaLTp, M3/4; C;~— copepxanne ¢ropa B HcxoaHoft Boge, rfmd; Ci—
Cpesnfist KOHUEHTpauus (Ppropa B ¢HALTPaTe npH pabore (uaILTPa A0
npeaeabHO JAONYCTHMONR KOHIeHTpauuH ¢Topa B oGecdropennoft Boae
B KoHue ¢uastpounkna (Cz Moxno npuHumarts 0,5—0,6 Mr/a).

[To OKoOHYaHHMK KaxAoro GHUAbTpPoOUMKNA (TMepel pereHe-
pauueit) 3arpys3ky ¢GHABTpA CAeAyeT NOABEPraTh B3pbIXje-
HHIO TOKOM BOJBI, MOAaBaeMoN CHHU3Y BBepX C HHTEHCHBHO-
cteio 4—5 a/(c:-m?). BapeixsieHHe 3arpy3kH Heo6XOnHMO
AJs IpefynpeXKAeHHs CJeXUBaHHA MaTepHaja M AJAa yAa-
JeHHS TBIEBHIHBIX M3MENbYMBIUMXCA YAaCTHI.

Jns B3apuIXJIEHUS MOXHO HCNOJB30BATH NOCJAELHIOWN YeT-
BepTh O6beMa BOAbI OT OTMbLIBKM AKTHBUDOBAHHOH OKHCH
aJIIOMHHHSA NOCJe pereHepanyH, HaKONJIEHHYIO B pe3epByape
MOBTOPHOTO HCIIOJNb30BAHUA BOMLL.

ITo okoHuaHuu ¢uabTpPOUHKJA pereHepanus aKTHBHPO-
BaHHOM OKHCH aJIOMHHHS npou3sBoautcs 1—1,5% -HbiM pac-
TBOPOM CEPHOKHCJIOTO IVIMHO3eMa B mepecyere Ha Alp(SO4)s.

Bo usbexaHue yctpoHCTBa DOMO3AKHX 6aKOB A pas-
6aBsieHHOro pacTsopa MOXHO roToBuTh 10—17%-HbIft pac-
TBOP CEpHOKHcJOro raHHodema [no Aly(SO4)s] u mosamath
ero B GHJILTP Yepea 32(eKTOP, B KOTOPOM 3TOT pacTsop 6y-
AeT pa3baBasATbCA 3IKEKTHPyeMOH BOAOH X0 HYKHOH KOH-
HeHTp alHH.

Pacxon cepHOKHCJIOro riiHHO3eMa cllefyeT NPHHHMATb
u3 pacyera 40—50 xr Al;(SO4)3 Ha 1 T dropa, 3axepxkak-
HOTO OKHCBIO aJIIOMHHHSA.

Pacxon cepHoKHC/IOro ranHo3eMa Ha OAHY pereHepanHio
P, kr, onpenensiercs no ¢popmyJe

W, —C/3H A
- 10 ’

rie W — KoJaHueCTBO BOAM, NPO(HILTPOBAHHOR 32 OAHH (HJILTDOLHKI,
M% I — nosa Al (SOy4)s, r Ha | r© noriowenHoro ¢Topa, npHHHMaeTCs
paBHoft 40—50 r/r F—; b — comepmanne Al,(SO4)g B Texuuueckom cep-
HOKHCJIOM raHHo3eMe,%.
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AKTHBHPOBAHHYI0O OKMCh aJIOMHHMS pereHepHpyioT my-
TeM NpONYyCKa PacTBOpPa CePHOKUCJOrO TrJHHO3eMa CBepXy
BHH3 CO CKOpOCTbIO 2—2,5 M/u.

[NocnepHsia mopuus pacTBOpa CEPHOKHCJIOrO TJHHO3eMa
(npumepro 25% o6uwero KoaHuecTBa pacTBOpa) MOXKeT
6biTb HCNOJb30BAHA MOBTOPHO IJA CleAylOlIed pereHepa-
uud. Ipu 3ToM Ha $uabTp creayeT noiaBaTe paHee HC-
NOJIb30BAHHBI PaCTBOp, a 3aTeM CBEXeNpPHroTOBJEHHBIH.

ITocse pereHepauuH OTMBEIBAIOT OKHCh aJIOMHHHS OT pe-
reHepallMOHHOro pacTBOpa H NPOAYKTOB pereHepanuH (BbI-
TecHeHHOro ¢Topa). OTMBIBKY NPOH3BOAAT NyTeM NOAAYH
BOABI Ha (GHABTP CHH3Y BBEPX C HHTEHCHBHOCTbIO 4—
5 n/(c-mM?%). IToNHOTY OTMHIBRHM Jiyylle BCero KOHTPOJHPO-
BaTb MO COAEPXKAHWIO B NPOMBIBHOH BOAE a/IlOMHHUS; OT-
MHIBKY 3aKaH4YMBAIOT, KOTAa B NPOMBIBHOA BOJe cOopepXkar-
CAl JIMWb CJelbl aJIOMHHHSA, onpeaesseMbie KayeCTBEHHOMH
peakuyued. CToyHble BOAH NOC/e pereHepanuu W OTMBIBKY
copbeHta umeloT Kucaywo peakuuio (pH=4...5) u comep-
KaT CepPHOKMUCALIH aJIOMHHHR H TOp, BHITECHEHHBIH H3
cop6eHTa B Mnpouecce pereHepanuu. Bonpoc o B03MOXHO-
CTH BBINYCKa 3THX CTOYHHX BOX B BOLOEMBI B KaXJOM OT-
HenpHOM cayyae Tpe6yer corsiacoBaHHs ¢ [occaHmHCnek-
uueli. TIpH HEBO3MOXHOCTH BHIYCKAa CTOYHBIX BOA B BOAOe-
Mbl HX OYHILAIOT OJHUM U3 CNEAYIOLIUX CNOCOGOB:

1) npumeHeHHe HakonuTeJeH, B KayeCTBE KOTOPHX MO-
IYT GbiTb MCNOJB30BaHH OaJKH, NPYABl, a TaKkKe HCKYCCT-
BeHHbie eMKOCTH;

2) HefiTpanM3anMs KHCJALIX CTOYHBIX BOJ HM3BeCTbIO C
nosenennem pH Boabr mo 7,2—7,5. Buigeausuiuifics npu
sToM ocanok Al(OH)s ¢ cop6upoBaHHHM Ha HeM ¢(TOpPOM
oCaxXAaeTcs B OTCTOMHMKaX. Ilocie OTCTaMBaHMs 0CaJOK
06€3BOXKHBAETCA Ha CNENMaJbHBIX MJIOIAAKAX HAMOPAaKH-
BaHus Jubo c6pacuiBaeTCa B Hakonurtesd. Bopa, ormenus-
urasics Toc/ae OTCTAHBAHHA M YNJIOTHEHHS 3aMOPOXKEHHOro
ocajka, c6pachiBaeTcsi B BOAoeM. IIpu HaaMuum B Takoil
Bofile (TOpa HEOGXOAHMO YYMTBIBATE KOHUEHTPALHIO ero B
BOAOEME [10C/e CMeUleHHS BOJAKL.

B npouecce ¢HNbTpoBaHHs BOAL 4epe3 AKTUBHPOBAH-
HYl0 OKHCb aJIIOMHHHMA K o0ecdTOpeHHOK BO#e CJieAyeT B
o611y10 JHHMIO (DHAbTPAaTa NOCTOSHHO A06aBAATH HCXOA-
HYI0 BORY, NMOAJEPAHBAS KOHUEHTPAUMIo ¢pTopa B CMellaH-
Ho#t Bome B npenenax 0,8—1 wmr/n.

KosnyecTBo no6aBnseMoli HCXOAHOH BOJAH YCTaHAaBJIH-
BaeTcsl B COOTBETCTBHM C MEepHONHYECKUMH aHaJM3aMH Ha
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cogepxanue dropa B obuieM uAbTpaTe ycTaHoBKH. Koau-
yectBo HoGasnseMoii sBoAnl (% or ofuwero pacxoma ouu-
LuieHHOH# BoAnl) omnpegensercs no Qgopmyne

Cemers — Co
n = —————= 100, I11.5)
Cucx"'cq) (

rie Ccomem — 3a@aHHAA KOHLEHTpauMa (TOpa B CMeWaHHOH BOAE, Ha-
npaBJasieMasi notpebsitenaM, mr/a, Cg — KoHueHTpau¥s ¢ropa B 0OueM
¢HuabTpate OGecropennofi Boxnl, Mr/a; Cucx — cOoZepxaHie (propa B
ucxomnoli Bofe, Mr/a.

ITo okonyannu paGouero uukAa QuUAbTPA LIS XapakTe-
pPHCTHKH paGoThl AKTHBHPOBAHHOH OKHCH aJIOMHHHSN MOXK-
HO HpHﬁJ’IH)l(eHHO paccyHTaTth pa6oqyro EMKOCTb IIorJaouie-
Hus ¢dropa no popmyJe

_¥(€—C)

E
FH

(111.6)

rie E — emxocts norsouieHHA (TOpa aKTHBUPOBAHHON OKHCHIO anio-
MHHHA, r/M3; W — kosqHuecTBO BORH, mpowexnwee 3a GUABTPOUMKA, M3,
C, —kouuentpanysa ¢ropa B Hcxoa=oi sonme, r/m®;, Cy— cpemuad KOH-
ueHTpau¥s ¢Topa B oGecpropennof Boge, r/m¥ F— naowans GHAbT-
pa, M% H —Buicotra c/n0st aKTHBHPOBAaHMON OKHCH aJIOMHHIA, M.

Cpenusisi KoHUeHTpaluus $ropa B obecdropenHoll Bose
Cp ompegensiercd Kak cpeiHee apu(pMeTHYECKOe KOHIEH-
Tpauk# $ropa B npobax ¢uAbTpaTa, OTOGPAHHBIX B NPOUEC-
ce paboyero 1[HKJa 4epe3 paBHHIE NIPOMEKYTKH BpeMeHH
{npH mOCTOSHHOH CKOpPOCTH (PHIAbTpALHH).

[Tepen mocrynaenuem x mnorpe6urenio o6ecdTopeHHYIO
Boly HeoOxomumo oGeasapaxcuBaTb. BuiGop Meroma o6ea-
3apa)KMBaHUA BOJHl IPOH3BOAHTCA C YYETOM TEXHHKO-
3KOHOMHYECKBX coo6parKeHuH.

YcTaHOBKH AJsl o6ecTOpHBAHHA BOABI MOXHO aBTo-
MAaTH3HPOBATh, IOC/EJOBATENbHO OCYLLIECTBAAS Ollepalliu
B3DHIXJIEHHS, pereHepauui, OTMBIBKH H QHIAbTPOBAHUA C
y4eTOM BpeMeHH, HeoOXOJHMOIO A KaxIo# u3 3TUX olle-
pauui, OnpeneneHse BpeMeHH IJsi KaXXIOM onepalH Npo-
H3BOAMTCA NMyTeM IpeJBAPHTENbHOTO NPOBEJeHUA KOHTPOJb-
HBIX (PHABTPOLHKIOB,

Ha cranuusx o6ecdtopuBaHist BOLbI KOHTPOJb 3a CO-
nepxauneMm ¢ropa Moxer GuTh aBTOMaTH3HpOBaH. B cu-
CTeMax aBTOMATHYECKOrO KOHTPOJS H DPEryJHpOBaHHs Ipo-
lecca o6Gec)TOpPHBAHHSA BOABI MOKET OblTb HCIIOJNb3OBaH
aBTOMAaTHYECKHH aHanu3atop Topa, CKOHCTPYHPOBaHHbI
T6unucckum OKDB, nu6o ¢TopcenextuBHHl 3/7€KTPOL.
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[Mpunuun pa6oTht aHajM3aTopa OCHOBAH Ha HCIONb3O-
BaHHKH KOJIODHMETPHYECKOTO aJiH3apHH-LHPKOHHEBOIO Me-
TozA.

dropceseKTHBHBIN 3M€KTPOA, paspaboTanubii Bockpe-
CEHCKHUM XMMHYECKHM KOMGHHaTOM H MOCKOBCKHM XHMHKO-
TeXHonoruyeckum Hucruryrom um. II. M. Menzgeneesa s
1972 r., coctouT u3 Mem6paH, H3rOTOBJEHHbIX H3 MOHOKPH-
cramaos ¢ropuna nawraHa (LaFs) ¢ mo6aBkaMu eBponus.
Otu MemOpaHbl NpOHHIAeMBl AJs1 HOHOB (TOpa H COBEp-
IWIEHHO HENPOHHIlAaeMbt AJS NPYrHX KaTHOHOB H aHHOHOB.

®ropceneXTHBHbBIA 37€KTPOJ, B COYETAHHH CO BCIIOMOra-
Te/NbHEIM I[POTOYHBIM XJOpcepeGpsiHbIM 3JeKTpoioM obpa-
3YeT UYBCTBHTEJbHBIH S/JEMEHT [OaTiHKa KOHUEHTpalHu
¢$ropa pF.

IPIpHHan JeACTBHS JaTYHKa OCHOBAH Ha 3aBHCHMOCTH
3JEKTPOABHKYWEH cunbl (3.4.C.), pasBHBaeMON 3JeKTPOL-
HOM cucTeMol JaTyuKa, OoT 3Hayenus pF, Xapakrepusyiouie-
ro KOHIIEHTpAIHI0 HOHOB ()TOpa pacTBOpa, B KOTOPHH jaT-
YK MOTpYIKeH.

BogonposogHass BoJa IPOXOLHT 4Yepes 3JeKTPOLHYIO
flyeiky, B KOTOpOH pacrnosioitenbl  TepMOKOMIIEHCATOP,
dTOpCceNeKTHBHBIN H BCIIOMOraTesibHbIH 3JIEKTPOAbl. JeK-
TpHYECKHH CHI'HAJ OT JaTyuka Iepejaercs Ha Ipeo6paso-
BaTelb K Jajee Ha npu6oOp, perHCTPHPYIOMIMH colepkKaHue
tropa.

ITpucyrcTBHe B Boje ese3a 1 aNIOMHHHSL B KOJHYECT-
Be 10 1 Mr/n He Biusier Ha omnpeneneHue (prTopa. AHanus
nposojaT B AxanasoHe pH or 4 mo 9.

B 1964 r. I'TIN ColossogokanannpoekT Gbiin paspabo-
TaHbl NpPOEKTHI CTAHUHMH obecTOpHBAHHA BOALI HPOH3BO-
nuTeabHOCThIO A0 3200 M%cyT ¢ manopubiMH QHIbTPaMH
(puc. III.B) m crauwmult npomssoauTenbHOCTHIO 5000—
8000 m3%/cyt ¢ oTkpuithiMH (HaAbTpaMH. O6a npoekra pac-
CYHTaHBl Ha cojepxaHHe (ropa B HCXOAHON Bojge 5 wmr/ai.

Cranmus npoussoguteabHocteio 3200 M¥/cyT c¢ Hamop-
HBIMH QHAbTpaMH TpelHasHayena Anaf obecdropHBaHus
NOA3EMHEX BOJL, He COZepHAlIHX B3BELIEHHBIX BELIECTB.

[To cxeme, npuusitofi B npoekrax, HCXOAHas BOJa IO-
naercs gacocamu | moavema ua QHALTPHL, 3arpyXeHHbie
aKTHBHDOBAHHOH OKHCbIO amoMHHUR. 3arem obecropen-
Hasl BOZA, CMeHIaHHasi C HCXOAHOH 10 KOHIeHTpalHH (rTo-
pa 1 mr/n, nogaetcs B pesepByaphi OUHIIEHHOH BOJBL.

[NMocTynatowiii Ha CTAHUHMIO CEPHOKHCJ/BIH IVIHHO3EM
3arpyMcaeTci B pacTBOpHble OaKH, 3aJHBAeTCs] BOLOH H
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GapGoTupyeTcst CaThiM Bo3LyXoM. PacTBop ¢ KoHueHrpa-
uneft Alp(SO4)s okomo 17% nepekauuBaerca B 6aKu AJA
MOKPOTO XpAaHEHHs, OTKyJa HacocaMu-fo3aTopamu IoAa-
ercsi I/ pereHepalndy aKTHBHPOBAaHHOM OKHCH aJIOMHHMSA.
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Puc, 111.5. Tlman cranuun ofecropHBamin nonsemuoii BOAW NpPOH3BO-
nutespuoctbio Ko 3200 md/cyr (I'TIH CoiosBonokaHanRpOeKT)
I — nacocnas cranuua I nmoavema; / — GakH MoKporo xpaHnenus [7%-Horo pacTBo-
pa CepHOKHCJIOro IVIHHo3ema; 2-— pacTBopHble GaKH; f—noanymuo-pacnpenenﬂ-
TesibHaA CHCTeMa; 4 — pe3epByapbl BIpLIXJeHHA; § — HacoCh! A/ MepeKauykH pac-
TROpPA KOAaryJsHTa; 6 — HACOCH-R03aTopbl; 7 — Bo3AyXonyBKa; & — HACOCH pJs
B3pHIXJeHHA copOeHTa; 9 — HanmopHble QHABTPLI; /0 — nofa4a H3 GakoB 17%-Horo
pactBopa Al (SO:)s; /1 — momaya HcxonHoA Boabl; /2 - Boma H3  pesepBayapa
BIpHIXJeHHS; /13— c6poC BTOpOA MOPUHH OTMBIBOYHON BOASI B pe3epByap BaphixJe-
unst; 14, 18 — tpyGonpononbi ob6ecdhTopeHHO# BoORM; /5~ BORA H3 OTMBIBOYHbIX
peaepayapos; /6 — cOpoc B KaHa/H3alHIO; /7 — oTBoA o6ecdropenHoft BoRbki B pe-
3epByap; /9 — monaua BORB! MoTpebuTenio

B nanopHyio nMHHIO pereHepalHOHHOIO pacTBOpa Moja-
eTcst Boaa s pasGasnenua 17%-woro pacrsBopa go Kou-
uentpauuu 1—1,5%.

[ocnennan versepth 06beMa BOABI OT OTMBLIBKH (MHIIb-
TPOB NOCTYNaeT B GaKH H HCIOJB3YETCA JIIA B3PHIXJIEHHS
aKTHBHPOBAHHOH OKHCH aJIOMHHUS.

[To noacueram, npouseeneHusim 'TIH Cowssogokanas-
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npoekT, obecgropusanue | M3 BOIb C CoflepKauHeM QTO-
pa 5 mr/a crout oxoso 4 Kom. Ilpu cocraBjenkd NpPOEKTOB
6ELTH HCHOJAb30BaHbl pacyeTHBe JaHHbie IO NPOEKTHPOBA-
o ofecdHTopHBaIOIUMX  YCTAaHOBOK, pa3paboTaHHbIe
BHHHM BOIOTEO, a Tak»Xe ONHT 3KCIAyaTalH{ YCTaHOB-
K4 1o o6ecdropuBannio Boaw [1, 6, 7].

Oco6niM cayuaeM YJaYyullleHHs KauyecTBa NHTbeBON Bo-
IE SBJARETCS yaneHue Qropa H3 NOAMEP3JIOTHBIX BOL.

B paiione r. SIkyrcka Ha ray6une 358—667 M BekpHIT
BOJOMOCHKHH KoMmjleKkC Momuoctbio H0—70 M u Gojee B
IOpCKHX M KemOpuilckux oraoxenusax. Ins iopckux OTaI0-
JKeHHH XapaKTepus rupoxapGoHaTHO-HATPHEBBIE H [HA-
poxkap6oHaTHO-XJIODHAHO-HATpHEBBIE BOAH C Muuepalx3a-
uueil 0,7—0,8 r/m1, )KeCTKOCThIO A0 4 MI-3KB/J M cojepKa-
udemM ¢Topa g0 5 Mr/n. Boabl KeMOPHHCKHX OTJIOXEHHH
HMEIOT CyJAb()aTHO-THIPOKap6OHATHO-HATPHEBHIH H CYJb-
¢ aTHO-XJIOpHIHO-HATPUEBBII COCTAB C MHHepaau3auued
1,1—1,4 r/n, xecTKoCThIO A0 3,5 MI-3KB/M W COfepXKaHHEM
q)'rolgla 2,2—3,6 mr/a,

3-3a DOBHIIEHHOTO COAepKaHua QTopa H CPaBHUTENb-
HO BHICOKON [1/€/IOYHOCTH HCHOJIb3OBAaHHE STHX BOJ LA BO-
ROCHAOXKEHHA HACEJeHHS HECKOJBKO OrpaHHYeHO.

Insa BomocuaGkeuHs JeCOKOMGHHATA, DPAaCIOJOXKEHHO-
ro B 30 kM oT $IKyTCKa, HaMeuyeHO WCNOJb30OBaHHE MNOM-
Mep3JOoTHOR BOLH M3 CKBaX{HHB IOPCKOIO BOJOHOCHOIO ro-
pu3oHTta ray6unolt 275 m. Cornmacuo mauubim ['TIM Tunpo-
JECTPAHC, MPOH3BOAMUTENBHOCTD CKBAM(HHBI  COCTaBJASET
70 M3/u. Xumuyecku# coCcTaB BOAM M3 Hee NpPHBENCH B
taba, 111.2.

Urobm 3Ta Bola coorsercTBosana tpe6oBanuam [OCT
2874—73 «Bopa nuTbeBas», HEOGXOLHMO CHH3HTH COAEp-
kauue Propa go 1—1,5 mr/an. Kpome toro, 3ta Boja us-3a
BBICOKOM IENOYHOCTH H 3HAauyHTeNbHOHM senanuuun pH (9—
9,1) nmeer HenpHATHBIN «CONOBHIH» NPHBKYC, ANA YcTpa-
HeHus KoToporo HyxHo nouusutb pH po 7,1—7,3. Cogep-
MaHHe B BoJe KasbliHMsa peliaiomefi poad He Hrpaer, HO
ecad notpebyercs, ero KOHUEHTPAUHIO MOMKHO MOBHICHTD
nyTem A06aBIEHHS XJOPHCTOIO KaJjbLHS.

B cBfi3H ¢ nHeoGXONHMMOCTBIO HCIIONb30BAHHS NOAMEpP3-
NOTHOH I'pYyHTOBOH BOJH I/t BOLOCHAGXKEHHSN HPOMBILLIEH-
ubix pafionos BHHMH BOIT'EQO {[2] 6w paspaGorau me-
toJ, ofecPropHBanHus BOIB NPHMEHHTENBHO K noaMeps-
JOTHBIM BOAaM JIKYTCKOro BOJOHOCHOrO ropusdouta. s
3TOH veJu OBIIO HCIIONb30BaKO (DUNBTPOBAHWE BOLH yepes

121



Ta6nauua I11.2. XumHuecknii coctas nogmepsnatholt BoaM

KaTHOHB AHHOHW

HcnonHuTeD 9
aHanHsoB ca?t Mgt  iNat 4Kt HCOF co3~

VIHCTHTYT  MepsJoTo- 0/0 2,8/0,23 291/12,66 516/8,46 34,8/1,16
BeeHHA

BHHUH BOATEO 1,8/0,09] 1,170,009 293/12,7 446/1,3 66/2,2

podorrenue taba. 111.2

ARHOHB 5 5

el Y

Henonnutens L .58 ged

— —_ H{ &

aHa/H3OB 503_ ct F P8 §E§ § g.d

%283 |SAH

HHCTHTYT  MepsaoTo- 0/0 115,8/3,%6 | 3,5/0,18 8 0,23 960
BeNeHR:

BHHH BOAT'EO 11/0,23 115/3,24 4,8/0 26 9 0,18 930

* Hag ueprofl — KoHUeuTpaunda B Mr/a; nopx 4eprofi — KOHLEHTpa-
UHA B MT-3KB/JL.

3EPHUCTYIO aKTHBHPOBAHHYIO OKHMCb amioMuuufl. Ilpu ¢uab-
TPOBaHHH HapsAy C NOrJIOLIEHHbIMM (TOp-HOHamMu B obOMme-
He yyaCTBYIOT TalkXe COAepykalllHecs B MOAMEP3NOTHON BO-
ne vonnl HCOy n COZ—.

HecMoTps Ha TO 4TO aKTHBHDPOBAHHAst OKHChb AaJMIOMHU-
HHA 06/1aflaeT SIBHO BHIPa)KeHHOH CEJeKTHBHOCTBIO B OTHO-
wenun @rop-voHos, GOMBUIOE COmeprkaHHe B MOAMEP3NOT-
voit Bome uonoB HCO7 u CO%~(HCO; 7,30 Mr-skB/an u
COZ~ 2,2 mMr-skB/1 no cpaBHEHHIO C cOZepxanuem F-

0,25 Mr-sks/n) cylwecTBeHHO BausieT Ha 3(eKTHBHOCTD
obechTOpHBAHKA BOIBI.

Ecau obpaborats BOAY KaKOH-1H60 CHABHOH KHCJAOTOH
# cuuants pH go 7—7,2, nosbicHTCR CTelleHb OHCCOUMHALHH
AHHOHHTA M YBeNHUHTCS KOJHYECTBO peaKIHOHHOCTOCOGHBIX
aKTHBHbIX rpynn. Ilpx 3ToM 6YRYyT NOJHOCTBIO YCTpaHEHbl
uonbl CO3~u cuuautca comepxanue wonos HCO;, uto npu-
BeJleT K YJAYYLIEHHIO BKYCa BOMbI.

Oneitol, nposegenusie Bo BHHH BOATEO, nokasaiy,
YTO MOAKHCJAEHHE BOJAbI CEPHOH KHCIOTOH HeGJaronpHATHO
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cKa3biBaeTcl HA OOMEHHOM CroCOGHOCTH aKTHBHPOBaHHOH
OKHMCH a/JIIOMHHHSI BCJEJCTBHE MOBbIIEHHS B BOAE KOHIEH-
tpauuH noos SO?~, T. e. HMEHHO TE€X HOHOB, KOTOPHIMH 3a-
pSIKAETCH NPU PereHepallid aHHOHHMT.

O6pa6GoTka BoAbl YIJIEKMCAOTOH B ycaOBHAX JIKyTHH
HeNpHEMJEMa H3-3a CJHOXKHOCTH TMOJYYEHHA OYHLIEHHOTO
rasa. [To/b30BaThCsi KOHUEHTPHPOBAHHOH COJMAHOH KHCJIO-
Tolt Hemeaecoo6pasHo, TAK KaK AJs ee TPAHCINOPTHPOBKH
Tpebyercs CnenHajdbHas Tapa, a NepeBo3Ka Ha GoJjbliue
pacCTOSHU MaJoKOHUeHTpUpoBanHol (27—28% -noft) Tex-
HHYECKOH COJITHONM KMCJIOTH CBs3aHa ¢ GoJbIUMMH 3aTpa-
tamu. Jlyyme BCEro npakTHKOBaTh B JaHHOM ciayyae H-ka-
THOHHPOBAHHE YaCTH BOLBl C MOCJAEAYIOLUHM CMEIIEHHEM Me-
pen obechropuBaoiumy uabrpamu  H-gatHonnposaHiol
H HCXOIHOfl BOJbt. DTHM MeTOLOM MOXXHO CHM3HTb pH BoAh
Io 7—7,2 u wenounocts Ha 1,5—2 Mr-sks/a.

[Tpn H-kaTHoBEMpoBaHHH NOAMEP3JNOTHOH BOAbI

(Kar)H 4 NaHCOg —» (Kar)Na 4 CO, + H,0 (111.7)

HeGaaronpusaTHoro Ajas paborsl obGecdTopHBalOUX (HAb-
TPOB O6OraieHus BOLbl CyAb(ar-HOHAMH He IPOHCXOLHT,
HECMOTPA HA TO YTO PereHepayHs KATHOHHTA IPOHU3BOJHUTCA
cepHOH KHCIOTOH.

[TpennioxeHHass Ha OCHOBE NPOBEJEHHBIX JKCIEpUMEH-
TaJbHBIX HCCAENOBaHHE CXeMa 06pabGoTKu NOAMEp3JIOTHOH
BoAbl npeacraBiena Ha puc. I11.6.

Boma u3 ckBaXHHH TMofaerca Ha CTaHuHiO obecdTopu-
Bauus HacocoM. Oxoso 20% o6wero pacxola Boibi NMpo-
xoiuT yepe3d H-KaTHoHHMTOBHE OHUABTPHI, MOCAEe yero 3Ta
BOjla CMeluxBaercs B TpyborpoBoge ¢ ocraibHoft. [Ipu sTom
LEJOYHOCTh CMeIlaHHoH BoAM yMeHbmaercs Ha 1,5—
2 mr-sks/a, a snavyenue pH cuuxaerca ¢ 9 mo 7—7,2. 3a-
TEM 4YacTb BoAbl MOCTYnaer Ha obecdropHBaioOliHe (HIb-
TPhl, a OCTajbHasi Boja HAeT jajblie No TpyGolpoBoly H
cMewnBaercs ¢ obecdropenHol sopoin.

CootHolllenHe pacxofoB BOABl, NPONYCKAaEMbIX 4Yepes
obecdTopHBaiolute GuHABTPHL ¥ B 06xXog HX, B npoliecce
SKCnAyaTaluyd PeryjupyioT TakuM o6pasoM, YToOH B OKOH-
yartesbHo 06paboTanuofi BoAe, MofaBaeMoll MOTpeGuUTENM,
cofepKaHude dropa 6uio oKodo 1 mr/a,

JKCIVIyaTalHOHHOMY NepcoHany HeoOXoLHMO cHCTeMa-
THYECKH NPOBOAMTb XHMHUECKHe aHaMu3bl M CJAeluThb 3a
coiepxanvem ¢ropa B QPuabTpare Kaxkioro obecdropupa-
owero QHAbTpA.
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[To 5THM HAaHHBIM ONpPENENsIOT KoJuyecTso nobasise-
Moli HeoGecTopeHHOH BOABI M YCTAHABAHBAIOT MOMEHT
BBIK/JIOUEHHS Kaxaoro ¢uabTpa Ha pereHepanmio. [IpakTu-
Ka noKasa/sa, yTo KOHIeHTpauus Topa B QuAbTpaTe BO3-
pacrtaer MeQJEHHO, H TAaKOH KOHTPOJb AOCTaTOYHO MNPOCT,
€ro MOMKET BHINOJHATH AEXYpHBIH anmnapaTyHk.

PearedtHoe X03aHMCTBO CTAaHIHH COCTOHT H3 6aKoB-—
XPaHUJHLL KOHUEHTPHPOBAHHONM CepHOM KHCJOTH, Heobxo-
aumoit paa perewepanud H-KaTHOHHTOBBIX QUALTPOB, CKaa-
Ja CepHOKHCJIOro IMIMHo3eMa M GaKoB AJS NPHIOTOBJEHHA
ero 8—10% -Horo pactropa.

KoHueHTpHpoBanHas cepHas KHCJAOTa IORAETCH HAaco-
coM-fosatopom B TpyGomporon mnepen H-kaTnoHHTOBBIM
GUAbTPOM, I'le CMELIHBAETCSH C BOJOH, MOC/JE Yero B BHJE
1—1,5% -1oro pacrsopa nocrynaer Ha QuJILTP NPH €ro pe-
resepaiuu. PacTsop cepHOKHC/IOro FiMHo3eMa pa3bapiser-
ca 1o 1% B Tpy6Gonposone nepeq QUALTPOM H NOCTYNAET B
o6ecropupaouiuli ¢puastp. Ha ocHoBe npoBeneHHHX Hc-
clefosankil paspaboTaHbl peKOMeHAAIHK N0 NpoeKTHpoBa-
Huio obecdTopHBAIOMHX YCTAHOBOK NOAMEPSJNOTHO!N BOALIL
H-xatvounTosbie QUALTPH AJaS 06paboTKH NOJMEP3IOTHOMN
BOJBI MOXKHO 3arpymars cyab(oyrieM nepeoro copra
(CK-1). Ipu nose HySO4 65 r/r-3ks pia nosyyeHHs B Ha-
yase UHKAA (uAbTpPaTa C KHCJIOTHOCTBIO, 3KBHBaJAEHTHOH
CONGPMAHHIO B HCXORHOHA Boje cynb)aToB H XJOPHROB, a
B KOHI[E IHKJa C HYJ€BOH KHCJOTHOCTBHIO, MOMCHO HPHHH-
MaTh paGoyyl0 eMKoCTb HoIJolleHus cynabdoyras 450—
500 r-sks/m3. Ilpu rosonHoi pereHepamu# cepHOM KHCJO-
To# Rosolt 50 r/r-sxkes paGouas €MKOCTb NOIVIOLIEHHST CO-
craBaser 250—300 r-sxs/mS.

BricoTa ciosi cyasdoyrias B QuIbTpe JOMKHA OHThL He
menee 2 M. CKopocTb QHABTPOBAHHA NMOAMEDPSIIOTHON BOMIbI
yepes cyab(oyronb MoxXHo npunumats 8—10 m/u. PaGoyas
€MKOCTb HOIVIOU[EHHS (TOpPA aKTHBHPOBAHHOM OKHCHIO afi0-
MuHUs npuHuMaerca 1000 r/m8. Beicotra cios aKTHBHpO-
BaHHOH OKHCH afiOMHHHS B QHALTPE JOKHA GHTH HE Me-
Hee 2 M NpH KPYNHOCTH 3epeH 1—3 MM, CKOpocTh QHABTPO-
BaHHsa BOJbI Yepe3 AKTHBHPOBAHHYIO OKHCb AJMIOMHHHA D—
6 m/u.

Tlepen perenepaiiei HeO6XORMMO HMPOHSBOAUTL B3DPHIX-
JIeHHEe aKTHBHPOBAHHON OKHCH QJIOMHHHS C HHTEHCHBHOCTBIO
5 nf/(c-m?). IIpopo/KKTENLHOCTD B3PHIXJAeHHS 15 MuH.

AKTHBHPOBAHHYIO OKHCb QJMIOMHHHS  pereHepupyior
1%-HBIM pacTBOPOM CepHOKHCJAQro TJHHO3eMa [B pacyere
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ua Al (SO4)3] npu ckopoctu puabrposanus 2,5 M/u ¢ nona-
yefi pacrsopa ua GUAbLTP ceepXy BHH3. Pacxol cepHOKHC-
noro rausosema cocrasiasetr 50 r Al (SO,4); ®a 1 r norao-
meHHoro copGenrom ¢ropa.

AKTHBHPOBaHHYIO OKHCh a/JIOMHHHS IIOC/]E NpomycKa pe-
reHepalHOHHOTO pacTBOpa INPOMLIBAIOT HCXOQHOH BOLOM:
nepelie 15 MUH BOJAa noJaeTcs CHH3Y BBEPX C HHTEHCHBHO-
ctbio 5 a1/ (c-mM?), 3aTeM CBepXy BHH3 O CKOpocThio 10 M/y
B TeyeHue 1—1,5 y g0 CHHIKEHHS KOHI[EHTpPAUHH AMIOMHHHS
B NPOMBLIBOYHON BoAe 1O 1 Mr/a.

Ina ymeubtlesus c6poca CTOYHBIX BOJ, H pacxoja BOLH
Ha COOCTBEHHBIE HYMKJAbI CTAHIHU €e MOMKHO HCIO/JAb30BaTh
HoBTOPHO. [I1s sToro B mepebie 5 MHH NpH B3DLIXJEHHH
3arpysks (HJAbTpa HY2(HO CycKaTh BOAY B CTOK, a B Cije-
nywome 10 MuH—p pesepByap IJd NOBTOPHOTO HCHOJMb-
30BaHHS; TNPH TNpPONMyCKe BOABI uyepe3 QHJILTP CHU3Y
BBEpPX CnyckKaTh ee B CTOK, a CBEpPXy BHHM3 — B pe3epsyap
I TOBTOPHOI'O MCIOJIb30BaHHS.

Bony nosropHo MOXHO HCHOAb30BaTh AJAA NPHTOTOBJE-
Hus pacTBOpa CEPHOKHCAOrO IIMHO3eMa, AJA B3pHIXJEHHT,
pasbapjieHus pereHepalnyoOHHOrO pPacTBOpPa H AJAR OTMBLIBKH
3arpysku ¢uastpos. IloiMepaioTHas Bola BCAENCTBHE Ma-
JIOr0 COjJepXKaHHs KalblHA rnocae oGechTopupaHus Gyner,
KaK Npasuio, UMeTh OTPHUATE/bLHHIN HHIEKC HACHIIEHUS
Kap6oHaTOM KaJbL{Usi M COOTBETCTBEHHO GYIET KOPpPO3HOH-
HO-aKTHBHOH IO OTHOWIEHHIO K CTaJdbHHM H YYTYHHBIM
Tpybam.

B cBsiau ¢ 3TUM npu CTPOUTENLCTBE BOAONPOBOAHKIX Ce-
TeH KejaTeNbHO NPUMEHATH YCTOKUMBBIE NPOTHB KOPpO3UH
TPpy6ul H60 NPOM3BOAHTH CTAGHAM3ALMOHHYIO 06pabGoTKY
Bofibl. ['00BOM pacxol cepHON KHCJIOTH KOHIEHTpalueh He
meHee 85% na 1000 M3 oumiaemol NMOAMEp3JOTHOH BOLM
3a 1 cyt B cpenHem 6yler cocrasaaTh 60 T, OUMIIEHHOrO
cepHOKHCJor0 rauno3ema — 130 T.

Ha 1 M® ouniennol sogst pacxopyercs 500—530 r pea-
FeHTOB, HX CTOMMOCTb Ge3 TPaHCHOPTHBIX pacxojos GyLeT
COCTaBaATh 0KO0J10 1,5 Kom.

TlpuBefenHnie peKOMeHJAAlMu M pacueTHble napaMerphl
OBl 3aJI0KeHbl B NPOEKT YCTAHOBKHM IpOHM3BOAHTENLHO-
crbio 1500 M3/cyr Aas oGechropuBanHs MOAMEP3JOTHLIX
sod. [Ipoekt cocraenen Mpxyrexkum orlenenuem ['TIH Tun-
poJiecTpaHc.

3. OGecropusane BOJLI THIPOKCHAANATHTOM. Boa-
MOXHOCTb yaanesus ¢ropa H3 BoAH copbuuel ero malio-
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pacTsopuMbiMi ¢ochaTHHMH cOeJHHEHHSAMH Oblja Hccie-
mDosana Maiiepom [13], Cusbe ¢ corpyauukamu [11] u ps-
IOM OpYTHX HCCaefoBaTeseH.

®ocpaTHhe coenHHEHHS YKA3aHHbIMM aBTOpaMH IIpH-
MEHSJIMCh B BUje TpuKaJbuufidocdara, rHIpOKCHIANATH-
Ta W rpaHy/aupoBaHHoro cynepgdocdara, o6paboTaHHOro
KOHUEHTPHPOBAHHON 1IEJI0YLIO.

ITpu ouncrke dropcosepkaluux BOL C HOMOWBIO THIPO-
cujanathra nocjefHuM, mo muenuio Mafiepa, neficrsyer
KaK aHHOHHT, HpH 3TOM THIPOKCHJbHbie HOHB T'MAPOKCH.JI-
anaTHTa B IIPOLECCE aHHOHHOro o6mena samemalorcss $Hro-
poM c o6pa3oBaHHEM MaJOpacTBOPHMOro ¢ropanarura:

[Cag(POy)-Ca](OH),; + 2F~ —» [Cap(POy)q - Ca]F, + 20H™. (111.8)

CenexTuBHOE HEHCTBHE TMAPOKCHJIAnaTHTa IO OTHOIIe-
HHIO K (TOp-HOHAM, MO-BHOMMOMY, OOYCJOBJEHO MaJIoH
pPacTBOPHMOCTBIO O6pasyiolierocss B pe3yabTaTe HOHHOrO
obmeHa (ropanarura.

ITpu perenepanum ¢ropanaTita pacTBOPOM EILKOTO
HaTpa NPOUCXONMT BHITecHeHHe dropa uonamu OH— c 06-
pa30BaHHEM CHOBA T'HJpOKCHJIanaTHra:

[Cap(PO,)s - Ca]F, + 20H™ —> [Cay(PO,)s-CajOH, + 2F~. (I11.9)

OrmeyeHo, yto GoJsiee BhicOKasi O6MEHHast CrOCOGHOCTb
HabaogaeTcs npH peredepauydu 3TOr0 aHHOHHTA CHayanaa
€KUM HaTpOM, a 3aTeM YraekucsaoToHl. [lo-sugumomy, npu
TaKoH 06paboTKe amaTHT 3apsixkaercs OOMeHHHM Kap6o-
HAaTHBIM HOHOM H NMEPEXOAHT B KapGOHATHYIO dopmy:

[Cay(PO,)s -Ca](OH)y 4 CO, —> [Cay(POy)s-Ca]CO; + Hy0.  (I11.10)

IIpu @uabTpoBaHHH Yepes 3TOT MaTepHas BOABL, COLED-
XKaei QTop, HOHHEIH O6MEH npoTeKaeT MO peaKlHH

[Ca (PO,),-Ca]CO, + 2F~ - [Ca,(PO,),-Ca]F, -+ COZ~. (Iil.11)

Anarut B KapGonatolt dopme o6namaer Goabluei o6-
MEHHOH CHOCOGHOCTBIO, YeM TI'HAPOKCH/JIANATHT, nO-BHANMO-
My, HOTOMY, YTO hpu nepexoze s ¢uabrpar uonos CO%~
suayenne pH dQuabTpara nosHiraerca MeHblle, YeM IpH
HOCTYIJIEHHH B (UJILTPAT 3KBHBAJEHTHOrO KOJHYECTBAa HO-
#Hos OH-.

JKcnepuMeHTaMHM YCTAHOBJEHO, YTO peaxkuua HOHHO-
ro ofMeHa ¢ NOrVOUIEHHEM HOHOB (TOpa anmaTHTOM uiet
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Jyuile TIpH HUSKHX snaueHHsx pH, npu KoTopuix nonm OH-
B (QHJbTpaTe CBA3BLIBAIOTCA B BOAY.

Cuabe, Xapt u Craugep [11] ykaseiBaioT, uto AJs yAa-
JeHHsa ¢(ropa H3 BOABEI MoxKeT GBITb MCMOJbL3OBaH npemapaT
nox HasBanneM «Calidoc», nmonyuenHni nmyreM 06paboTKH
cynepgocdara 5%-unM pacrsopom NaOH.

[To MHeHHIO aBTODOB, STOT MaTepHaJ MNEHCTBYeT Kak
aHHOHHT B COOTBETCTBHH C YKa3aHHOH Bhille peakLned HOH-
Horo o6MeHa. Onnit ¢ «Cafigocom» Cunve, XapT u Cran-
Iep NPOBOJHJH Ha YCTaHOBKe HeGOJbUIOH NpOH3BOAHTENb-
HocTH. EMKOCTB morJiolleHHs ero cocrasasana 0,6—1 mrF-
Ha | r copbenra.

ABTOpaMHu oTMeueHO, uTo MIyGOoKoe yiajeHHe QTopa H3
BojHl noJsiyuaercs npu pH=C7, nostomy tpebyercs Hempe-
pHiBHasi 06paboTKa BOAH YIVIEKHCJIOTOH.

B CILUA B 1948 r. B r. Bputron (IOxHasn Jlakora) [13]
6uljia MoCTpoeHa ycraHoBKa JAas 06echHTOPpHBAHHA  BOAH
¢HABTPOBaHHEM uepe3 CJOH CHHTETHUECKOro TPHAPOKCHJ-
anaTHTa, pereHepHpyeMoro eiKHM HaTpoM. Bceaencrtsue
6OJIbUINX TOTeph CHHTETHYECKOrO rHApDOKCHJamaTHTa (Ao
42% B ron) ox 6ui1 B 1953 r. 3aMeHeH KOCTSHEIM YrJjleM, co-
IepXallluM 3HauuTeJbHHIH NpOlLeHT TpHKaabliuiddocdara.

ITpn pereHepalun KOCTAHOTO YIVIi €LKHM HaTpoOM H yr-
JIeKHCNOTOR ero obMeHHas cnoco6HOCTE mo (TOP-HOHY AO-
cturana 1 Mr ¢ropa Ha | Ma obbeMa 3arpyxeHHoro B
(HIbTP KOCTAHOTO YIVIi IPH HauaJbHOM COepKaHuu ¢pTopa
B BoZe 5 mr/a.

ITosnHee KoCTSIHOH yroJib GblJI HCIONB30BaH AN 3arpys-
KH oGecdToprBatonlero ¢HAbTPpa Ha HEGOMbIUOA YCTaHOBKE
B Kanndopuun [15], roe BosHHK/Ia HeOGXOAHMOCTb HCNOJIb-
30BaHHA NHTLEBOK BOAEI ¢ colepxanHeM 10 Mr/n ¢Topa.
Ha »T0li ycTaHOBKe KOCTAHOH Yroab pereHepHpOBaJcs ef-
KHM HaTpPOM C MOCJAeAYIoleHd NPOMBIBKOH yriasa cilabeiM pac-
TBOpOM (pocOpHOK KHCIOTHL.

ITo nanubiM Foposuna, Xefipesa n Hpuckona [12], B
1956—1957 rr. Ha ycTaHOBKe B DpHTTOHe KOCTSIHOH yroJb
6Ll CHOBA 3aMeHeH CHHTETHUECKHM THADOKCHJ/IANaTHTOM,
KOTODBIK HCNOJb30BaJcs B TeueHHe 15 ser. B mpouecce
¢uIbTPOBaHHNA Yepe3 FHAPOKCHAANATHT COAepMaHue Qropa
B NIHTbEBOH BOZAe CHHXKaJaock ¢ 6,7 go 1,56 mr/a.

Bo BHMHM BOJTEO [1] 6bliH npoBefeHH HCClefoBa-
HHusa mo obecdTOpHBAHHIO FHIpOKCHIanaTHToM. Jns npHro-
TOBJEHHA FHAPOKCHAANAaTHTa OB/l HCNOJIb30BaH TEXHHUECKHH
cynepdoctar Cay(HyPOs)g, K OTOHABTPOBAHHOMY PACTBODY
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KOTOPOTO0 ROGABJAJNH pacyeTHOE KOJHMYECTBO pacTBOpa
aMMHaKa H/IH eJKOr0 HaTpa [AJIfl OCaXX[eHHA THAPOKCHana-
THTA. OC&ILOK I‘H,u.poxcn.nana"rma BbICyl.HHBaJIH IIpH TeMIiepa-
Type 110°C, npo6usu u orcenBann ¢ppakuuo 1—3 mm. Pas-
paGoTaHa MOAPOGHAaA peUenTypa H3rOTOBJEHHS THIPOKCHI-
anarHTa.

Hsrotos/sienHrle 06pas3uel THAPOKCHJANAaTHTa aHalH3H-
poBaJiHCh 1/ NPOBEPKH HX cOCTaBa. B pesysibrare HECKOJb-
KHX napaJjile/IbHBEIX OnpefesieHHA GBUIM YyCTAaHOBJEHBI CJe-
oyOllHe cpefnHe OTHOmenHs no macce PO4/Ca B cocrase
TNPHIOTOBJIEHHHIX 0GPa3LOB:

CuppoxkcuaanaTuT, OcaXpeHHLIH aMMHakoM . . . 1,543
To e, eakHM HaTPOM . . . . . . . . . . 1,388
Teoperuueckoe OTHOLIEHHE no dbopmyae

[Cag(PO¢)sCal (OH); , e e e e 1,425

[Tonyuennste coorHowenns no macce PO, n Ca ykasmiBa-
0T Ha TO, YTO noJydaeTcs THAPOKCHAanaTHT, GJNH3KHA 1O
COCTaBYy K TEOPETHYECKOMY.

[Ipu npoBeaeHHN ONLITOB C THAPOKCH/IANATHTOM B 3aja-
4y uCCAefoBaHWMN BXOAWJO onpelenieHne paboyeli eMKOCTH
NOIVIOWeHHsA $TOpa THAPOKCHJIANATHTOM, a TaKXiKe YCJOBHH
pereHepanuu cop6enta. ONbITH C HAPOKCHJIANATHTOM Ipo-
BOLHJIHCb Ha BOAE, copepxKaluleli 5—6 mr/n dropa.

Hanuble HcenenoBanuii nokasajy, yro paGoyas eMKOCThb
NOrJIOLEHNA THAPOKCHIANAaTHTa NoJyvalacs Han6oJiee Bbl-
COKOHN B nepBe!X HHKIaX —6 Mr ¢ropa na 1 r copGeHra.
B nocnenylomux nuKaax pa6oyas eMKOCTb NOCTeNEeHHO CHH-
xaJjace H nocie 4—>5 UHKIOB CTaGHAN3HPOBAsach Ha ypo-
BeHb 3,5—4 Mr ¢Topa Ha | r cop6enra.

OnBITH NPOBOAH/IHCE NIPH CKOPOCTAX (PHABTPOBaHHA 5;
7,5 1 10 M/u. B0 ycTaHOBJIEHO, YTO CKOPOCTH (HHJIBTPO-
BaHHs NpH BeICcOTe CiosA copGeHTa 800—900 MM okaswlBaeT
CyLeCTBEHHOE BJIHAHHE HA eMKOCTb IOIVIOMW{€HHSA THIPOKCHJI-
anaTHrTa.

ITpnu ckopoctu ¢uapTpoBaHHa 7,5 n 10 M/u cHHxaercst
€MKOCTh TOrJolleHH s, H ¢Top B QHIbTpaTE NOABJAAETCA GLIC-
Tpee, ueM npH ckopoctH 5 Mfu (puc. I11.7).

Ha puc. I11.8 npepcrasieHsl pe3y/JbTathl ONHITOB IO
onpepeneHnto BauaAnua noHoB Cl~ Ha nornomenne ¢ropa
ruppokcuianaTHTOM. ONBITE GBUIM MOCTaBJieHB IJsl ycTa-
HOBJIeHHs BoaMoxHoro ydactha Cl- B monHoM o6Mene. Co-
nepXKaHHe XJOPHAHBIX HOHOB B BOLE B Pa3/IHYHBIX ONBITaX
cocraBasanao 6, 45 u 133 Mr/a.
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Puc. I111.8. Bauuuue XJopufoB Ha norjollenHe ¢ropa THIPOKcHAANATH-
ToM npu cofepxauun Cl— B ucxomnoft Boae

I—8 mrfa; 2—45 mr/a; 3— 133 mr/a

ITpu comepxannn nouos Cl~ B ncxonHoi sBofe 6 Mr/n HX
KOHLEHTpanHua B GInbTpaTe He H3MEHSAach, T. €, OHH HE
HOIVIOU[A/IMCh; TorJoluleHne Topa NPOHCXOIUAO YIAOBJET-
BODHTEJNBHO.

ITpu comepxanun Cl- B HcXonHO#K Boze 45 Mr/a ¢Top B
GbHABTPaTe MOSIBAAETCA HECKONBKO paHbile, a KOHIEHTpalHs
Cl~ B duabrpaTe cHuxaerca Ko 42 Mr/a.

Ilpn ysennuennn copepxanna Cl— B nocrynaiouieil Boae
Zo 133 Mr/n Ha6alofaercss HeGOJbLIOE NOTJOLIEHHE THIPO-
KCH/1aNIaTHTOM XJIOD-HOHOB, TaK KaK B QHJAbTpaTe CofepiKa-
gue Cl- cumxaerca po 96—100 mr/a.

Ilo-BHAMMOMY, XJOp-HOHH B HeGo.abHIOH CTENEHH yyacT-
BYIOT B HOHHOM o6MeHe BMecTe ¢ F~, Jloka3zaTeslbCTBOM 3TO-
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My fIBJSIETCS H TO, YTO BMecCTe ¢ npockokom F— B ¢uabTpat
yBenHuHBaeTcs M KoHuenuTtpauus B ¢uiabrparte noHos Cl-,
npubJHKagch K HX COAepXanHio B HcXoaHo# soje. IIpose-
OeHHble HAMH OMBITHI MOKa3aJH, YTO FHAPOKCHIANATHT MpPH
nponyckaHHu 4epe3 Hero Hoxos F— u Cl~ cenexTnBHO mor-
JolLaer drop.

Ilpu 3TOM ciepyer OTMeTHTb, 4TO MHOTJIOLLEHHE THAPO-
kcunanatitom Cl- Hapsny ¢ F~ npoHCXOAHT TOJBKO MpH
3HayuTeNILHOM rnpeBblliedHH KouueHTtpaunu Cl- Hapg F—; B
onulTax KoHueHtpauus Cl- 6p1a 3,2 mMr-axs/n, a F——
0,26 Mr-sks/u.

Tem He Menee KOJIHYECTBO MOTJIOUIEHHOTO PTOpA 33 LHKJ
cocrasisjio 14,3 mr-axs, a Cl— —30 Mr-3ks.

Ilpn GosbllIOM COAEpIKaHHI B HCXOAHON BOAE XJIOPHAORB
HabmonaeTcs HeKOTopoe yMelblieHHe paGoueil eMKOCTH Mo-
IJIOLeHNsl THADOKCHIANaTHTa Mo (Topy.

Cogneprkaune Cl— B HcXomHOR Bo-

e, mcfn . . . . . . ... & 45 115
PaGoyas eMkocThb norJonlekus no
dropy, mr/a copbenra . . . . 4,18 3,9 3,4

Haunyuiee n3sievenne morsoulenHoro ¢ropa u3 cop-
GeHTa noctHraercsi peredepaluedi ero 1%-HEIM pactsopom
NaOH. Pacxogx NaOH cocrasnser B cpegnem 100 mr na

1 mMr morsiomensoro ¢ropa, uto coorsercrByer 47 Mr-skB
NaOH ua 1 mr-3xs F-.
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Puc. I11.9. MaMenenune cocraBa poabl NpH ¢HJILTPOBAHHH Yepe3s THA-
poKciijanatuHr B QHJAbTpaTe
] — WEeAOYHOCTh; 2 -— OKHCASAEMOCTb; § — COAepXaHHe Ca5+; 4 —pH; & — cogep-
Wanne F—
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B nponecce ¢nabTpoBaHHS BOLE uepe3 CHAPOKCHJArNa-
THT TNPOHCXOLHT H3MeHeHHe ee pH, iwiesouHocTH, OKHC/sie-
MOCTH M coliepKaHnda B Hell Kaapiua (puc. 1I1.9).

B Hauase ¢unabTpoBaHHA HaG/ofaeTcs 3HAYHTENbHOE
CHHXXEHHEe ILeJIOYHOCTH B (HJbTpATE, 3aTeM IOCTeleHHoe
NMOBHIIEHHe ee OO0 BeJAHYHHBl, OJHM3KOK K HCXOLHOH BOJAE.

3nauenne pH B Hauvase yukiaa Heckosibko seie pH ne-
XOLHOH BOIH, K KOHHy onblTa npubanmkaerca K pH Hexon-
HOH BOAH, HO MOJIHOCTBIO He JOCTHraeT 3TOro 3HayeHHS.

OxncnseMocte GHAbTpaTa 3HAUHTEJbHO MEHbHle, ueM
HCXOLHOH BOJH, BCJELCTBHE NOIVIOUIEHHS THADPOKCH/ANaTH-
TOM OpraHM4YecKHX COeIZHHeHHH, cofepXallluXxcs B HCXOLHOH
BOLeE.

Hamenenns coseBoro cocraBa (HAbTpaTa MOXHO 06b-
SICHATh claelylomuM o6pasoM. B mponecce noHHoro o6MeHa
no peakuuu (I111.8) mpoucxoZHT yBe/iHueHHe KOHUEHTPaLHH
B Boje nonos OH- n noseimenne pH duabrpara.

B pesysnbrate B3anMopefictBHsi HoHoB OH- c comepxa-

LIMMHCA B BoLe OMKapGOHAaTHEIMH HOHaMH 06pasyloTcsa HO-
e CO5 @

OH™ + HCOy™ - CO2™ 4 H,0 (111.12)

KOTOpHE C NPHCYTCTBYIOWHMH B Bofe KatHonamu Ca’t o6-
pasyloT MaJjsopacTBOPHMHI KapGoHaT KkaJlblHfA, BHNAazalo-
HA B OCAfOK:

Ca’t 4 COZ~ - CaCO, § . (111.13

STOT 0cajfoK NpH QHILTPOBAHHH MeXaHHYECKH 3afepHH-
BaeTcd B QMJbTPYWOILeH 3arpyske, B pe3yJAbTaTe Yero npo-
HCXOEHT CHHXKeHHe LIeJIOYHOCTH H KOHHEHTpPaUHH KaJbHHA
B mnpoxojsauled yepes GHIbTP BOLE.

Ilpn cuapTpoBanny BOAH 4Yeépe3 THAPOKCHIANATHT
BCJELCTBHE €ro MaJ/lofl pacTBOPHMOCTH He NMPOHCXOAHT 060-
rawenns Guabtpara noHamu PO,

IlpoBeneHHEle SKCNepHMeHTaJbHEEe HCCAEAOBAHHSA 1103-
BOJIMJIM CHeJaTh CHAeAyIoliHe PeKOMeHLalMH NO NpHMeHe-

HHIO THAPOKCH/ANaTHTa, M3rOTOBJEHHOro pa3paGoTaHHBIM
so BHHUH BOJT'EO cnoco6om.

TuapokcHaanaTHT:
KpYHHOCTb 3€peH 1—2 MM
BHICOTA C€JI0A sarpyaxu B (pHJH:Tpe 2—3 M3
HACHOMAA MJAOTHOCTD . . . . . 0,8 T/m
Ckopoctb GHAbTPOBaHHA . . . . . 5 M/u
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Pa6ouan emxocts norsomeHns ¢ropa
(npH cOXepIKaHHH ero B HCXOAHOA BO-

ae no 10 mMrfmy . . . . . . 4—6 KrnalnT

copGenta
Pacxox npu pereHepausn |%-HbiM
pacTBopoM NaOP-I e e 100 &r #a 1 kr
NOTJIOLeHHOT 0
dropa
CxopocTb NponycKaHus pereHepalMOH-
Horo pacTBopa A 5 M/u
OTMbiBKA noOcae pereHepaudHH  (TOKOM
BOAH CHH3Y BBeEpX):
HHTEHCHBHOCTL . , . . . . . 7—8 a/(c-M?)
HPOMOJIKHTEABHOCTE . . . . 30—45 munu
CrouMocts 1 M® BOAB! NpH 1IPOH3BOMH-
TenbHOCTH ycraHoBku 1000 M3/cyr |, . 11—12 Kon.

B cBA3H c TeM uTO Haliefi NPOMBIUIJIEHHOCTBIO THAPO-
KCHJIaMaTHT He BHINYCKaeTcs, STOT MeToj He MOJIYYHJ Npax-
THYECKOrO NMpHMEHEeHHH.

IpumeHeHHe aHHOHMTOB IJisi ofech)TOPHUBAHHUS BOIBI.
BriepBeie aHHOHHTH A/ 06echTOPHBAHHS BOAB! MPHMEHHJ
Maiiep [13], KoTopBli MOKa3as, YTO CHALHOOCHGBHEIA aHHO-
HHT B XJIOPHIHOH (opMe CHHIfaeT colepxaHHe dTopa B BO-
ne ¢ 5 go 1 mr/n. EMKocTh noriollenHsi aHHOHHTa «AMGep-
NlaliT» NpH 9ToM 6blsia Bcero 90 r dropa Ha 1| M® anHonHTa
(NpH oTHOWIEHHH KOHLEHTpamHH ({Topa K CyMMe aHHOHOB
0,0147).

B Cosercrom Coloze Ka3aXCKHM HHCTHTYTOM SHHAEMHO-
JIOTMH, MHKPOGHOJIOTHH H THTHEHB! GLVIH H3YYeHH BO3MOXK-
HOCTH HCNOJIb30BaHHA HOHOOGMEHHOro Metoja JAas o6ec-
(dTOpHBaHHS C ofHOBPeMEeHHHIM o6eccosiuBaHHeM BoiH. Hc-
NEITAHHSA MPOBOJH/INCh B MOJYNPOH3BOACTBEHHHX YCJIOBHSIX.
Hccnenyemass Boza MMesa coJiecofepikaHue 5 r/i1 H KOH-
HeHTpanHio dropa Ko 7 Mr/i. B KauecTBe HOHOOGMEHHBIX
MaTepHaJioB HCIO/Mb30BaJMHCh KATHOHHT KVY-2 H aHnHOHHT
S43-10IT.

Hcxopnylo Bopy nociienoBare/ibHO NpoNycKasiH uepes
KaTHOHHTOBHIH H aHHOHHTOBHIH (PHABLTPHL.

B pesysnbTaTe HCClefoBaMHH YCTaHOBJIEHO, UTO B IIpoO-
necce ofeccosiHBaHHsa MPOHCXOAHT yacTHUHad COpPGLHA Ho-
HOB dTopa. Ilpu 9TOM KOJHYECTBO 06Ge€CCO/IEHHOH BOABI C
KouuenTpauHen, ynosnaersopsiiolleli Tpe6oBannsM ['OCTa,
cocraBaaio 71—90% scero o6beMa o6paGoTaHBOK BOAEI.

M3 panibiX onbTOB MOMHO CleJlaTbh BBIBOA, YTO Npoilecc
o6ecropHBaHNa Clenyer npexpaliaTbh paHbllie, 4eM GyHeT
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HCcronb30BaHa pabouasa o6MeHHas CnocoOGHOCTb HOHOOOMEH-
HHKOB, 4TOoOH He LONMYCTHTh Npockoka (ropa B (HABTpaT
6oaee 1,5 mr/a.

BHUW BOIATEO [8] mnccnemoBanack 3¢p§eKTHBHOCTD
NPHMeHEHHs OTeYeCTBEHHBIX aHHOHMTOB IS yaaJeHHa PTo-
pa H3 nuTbeBOH BOAH. DBblim HenblTaHbl caaGooCHOBHHH
auHouut AH-2&0 u cuabHoocHéBHEI anHoHHT DJII3-10IT.

PesysnbTaTel HCClefOBaHHi NMOKa3anH, 4To NOJHAas oG-
MeHHas crnocoGHocTe anHoHuta AH-2Q B xnopumHoit ¢op-
Me npu (HAbTpoBaHHH pacTBopa NalF B AHCTHIAJHpOBaH-
HO# Boze oKa3anach paBHoit 0,653 Mr-sks/r, nonHas o6MeH-
Has crnoco6HoCcTh aHHoHHTa JDJ1D-10I1 B Tex e ycnoBHaAX
nocturaaa 1,1 mMmr-sxs/r.

ITpu ¢unpTpoBaHHH yepes Te ke Cl—-aHHOHHTH BOAHI C
o6wumM conecopepxanneM 250 mr/n (5 mr/n dTopa) 06-
MeHHasi Croco6HOCTE AHHOHHTOB No (TOpy 3HAaUHTENBHO
CHH3HJIachb H3-3a OFHOBPEMEHHOIO IOIJIOLIEHHA aHHOMNTA-
MH cynb(aToOB, Kap6OHATOB H IPYFHX @HHOHOB.

Pa6ouas o6Mennas cnoco6Hocts anHoHuta AH-2Q npu
TOJILIHHE CNosi aHHOHHTa B ¢HabTpe 700 MM oKkasanach paB-
noff nnmb 0,0069 mr-sks/r. Takium o6pasoM, HH3Kas o6MeH-
Hasg CNocOGHOCTL HenaeT HepeHTaGeNbHHIM NpHMEHEHHe
aHHOHHTOB AJA yhnaneHHs {ropa H3 BOA, CofepKalllHX, Io-
MHMO (hTopa, KpyrHe AHHOHEL.

Ha ocHoBe H3/OMEHHOro Bbillle Mbl CUHTaeM, 4to obec-
¢GTopHBaHHEe BOJH C NpHMEHEHHEM aHHOHHTOB He MOXeT
HMEeTb CaMOCTOSTENBHOrO 3HaUeHHsT N0 3KOHOMNUECKHM Co-
ob6paxeHnaM, OHO Mox<eT GHITb HCIIONbL30BAHO LJfA yRaJje-
HHs1 (hTOpa TOJNBKO B CJyyassX OQHOBpPEMEHHOro o6eccosHBa-
HHS BOZBL.

Ynaneuue ¢Topa H3 BOAH C MPHMeHeHHEeM AKTHBHDOBAH-
Heix yrae#t. B KkayectBe copGeHTOB A/1s o6ec(PTOpHBAHHA
soasl 8o BHHMH BOMOI'EO [7] 6bini onpo6oBaHEl aKTHBH-
poBanubie yraH «BAY», «KAIl», CKT, a Take aKTHBHpO-
Baunbiit yrosib CKT, nponuTaHHblfl COJSMH a/llOMHHHS.

PesyabTaThl HCC/IeNOBAHHI MOKa3asH, 4To H3yYeHHbIE aK-
THBHpOBaHHBIE YrIH o6nanamT HH3KOH OOMEHHOH cnoco6-
HOCTBIO 1Mo (prop-HOHYy. [aa monyueHHs TNOJOMHTENLHOrO
st dexra o6ecdTopHBaHHa BOALI HEOOXORHMO €e IOAKHCIe-
Hue nepen (uaprpauneil yepes yroap no pH=3..3,5.

OpHaKko npHMeHeHHe yKasaHHBIX Bblllle aKTHBHDOBaH-
HBIX yraef ansi o6ec)TopHBAHHS BOLB HMEET CyLIECTBEHHBIH
HEeJOCTaTOK — IIX COp6LHOHHAs CIOCOGHOCThL MOJHOCTBIO HE
BOCCTaHaBJHBaeTcsd NPH pereHepalluy.
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O6pa6oTKa BOABI C MOMOUIbI0 MarHesHafdbHblXx copGen-
ToB. [lockonbKy cop6uHa ()TOpa OKHCBIO H IHIPOOKHCHIO
MarHHsa cBsi3aHa ¢ 06pa30oBaHHeM Ha NMOBEPXHOCTH TBEPLOH
das3sl ManopacTBODHMBIX (TOPHAOB B BHAe OKCHTOpHIA
MarHus, MNpeicTaBJAJOCh Lenecoo6pasHBIM HCNOJb30BAaTh
TBepJble MarHeaHalbHbBe IPaHYJHPOBaHHble COPGeHTH s
ylanedHs GTopa H3 BOIHL.

Bo BHUHW BOIATEO [8] 6blin H3roTOBJENHb H ONpoGo-
BaHH 06pa3lbl MarHe3HaJbHHIX cOpGeHTOB AJif oGechTOpH-
BaHHA BOJBL

ITlepBuifi cop6eHT mnpencraBasin co60H OKHCh MarHHs,
CHEMEHTHDOBAHHYIO OKCHXJOPHAOM MarHHsi, a BTOpOH —
OKHCh MarHHs, CHEMEeHTHDOBAaHHYIO pACTBODOM CHJHKATa
MarHHs.

Cop6enTH Apo6GHaH 00 pa3MepoB 3eped 0,6—1,5 mum, 3a-
rpyxanH B JaGopaTopHble PHABTPH BBICOTOH cios 500 MM
H Yepes HHX CO CKOPOCThio 3 M/U QHABTPOBa/H BOLONPOBO-
HYIO BOLY c cofepKaHueM ropa 6 mr/m.

PesynbraThl HCcneLOBaHHH NMoKasanH, YTO ONpoGOBaH-
Hble MarHe3HasbHble COPGEHTH YLOBJETBOPHTEJNBHO ylaJf-
10T ¢rop H3 BonH. Heckonbko JsyulllHe pesynbTaThl GBIIH
MOoJNyYeHb! MNPH HCNOJb30BaHHH MarHHAOKCHAXJIOPHIHOTO
copb6enta. EMKocTh mnoraomenHs ero cocrasaser 0,9 mr
¢ropa Ha | T copGeHTa.

Perenepanusa cop6eHTa npoHssoiHnach 1%-HBIM pac-
TBOpOM elkoro Hatpa. OfHaKo OHa TOJNBKO YaCTHYHO BOC-
CTaHaBAHBana cOpGHHOHHYIO éMKOCTL cop6eHTa.

ITosToMy cOpGeHT NO HCUeprnaHHH ero COp6HHOHHOH CIo-
COGHOCTH [NONMEH 3aMeHSITbCS CBEeMKHM, YTO 3HaAUHTEeJbHO
yoopoxaer npouecc oGecdropHBaHHA. TakHM 0GpasoM,
ofecdTopHBaHHEe BOAB! Ha MarHesHaJbHLIX copGeHTax o6Xxo-
auTes noporo — 20 kon. 3a 1 M® BOAH npH CHUMXKEHHH KOH-
neuTpannd @ropa ¢ 5 go 1 Mr/n. 310 Aenaer Marue3Hasb-
Hble COpGEHTHl MpH ONHOKPATHOM HX NIPHMEHEHHH HE3KOHO-
MHYHLEIMHE H OrpaHHYHBaeT pacrnpocTpaHeHHe [ aHHOTO
crioco6a o6echTOpHBAHHA BOLKL.

3. COPBUHOHHBIE METO bl
YOAJEHHA $TOPA H3 BOJbI

Cop6uuns ¢ropa ocagkom rHApoOKUMcH maruug, Hexoro-
DPEIMH HccilenoBaTensiMH GblI0 OTMEUeHO CHHXXEeHHe COjep-
XaHHS (GTOpa NMpH H3BECTKOBAHHH BOABI, OGBSICHAIOLLeECH
cop6uHell ¢TOpa rHAPOOKHCBIO MAarHHsi, KOTOpas BHIAafaer
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B OCajloK NPH BBEAEHHHM H3BECTH B COJepXKaulyl0 MarHHi
Boay. CorsacHo onettaM Ckorra [15], ocraTtoutoe conep-
xaHue ropa F ., B Bozme nocje ee yMsarueHus H3BECTbIO
MOXeT GbITh BBIYHCJIEHO MO ypaBHEHHIO

Foer = Fuex — ((],(]ﬂ?,,,cx Vrl:‘\_g-]) , (111 14)

rhe Fuoz — cofep:kanHe GTopa B yMarueHsod Boge, Mr/a; [Mg] — ko-
JIHYEeCTBO MarHHs, yaaJleHHOro H3 BOALlI NpH ee yMArYeHHH, Mr/ia.

Hccaeposannss CkKOTTa nokasadH, YTO AJASl CHHXKEHHS
cogepxanusi Gropa B Bode Ha | Mr TpeGyercsi 50—60 mr
MarHus. B cayuae HejocTaTka MarHusi B YMArueHHOH Bone
pexoMeHAYyeTCs BBOAHTbL B Hee Nepel yMArueHHeMm cyabdar
MAarHus.

B nponecce o6ecTopuBaHuf yCTaHOBJIEHO, YTO NOJdYyYalo-
WHiAcs B pe3yAbTaTe B3aHMOLEHCTBHA THIPOOKHCH MAarHus
¢ ¢TopoM GTOpHA MarHHA npu HIGHITKe MarHua oGpasyer
MaJopacTBOPHMbIH OKCHOTODHA MarHus.

Meron cop6unu ¢TOpa OCafiKOM THIAPOOKHCH MAarHHs
TNpHMEHAJNCA Ha pAJe BOLOYMATYHTEAbHBIX CTaHIu# roponoB
Aunrepa, Baatumopst u Crepannra (CHIA). Ha stux cran-
IHAX Ha6alojlaeTcad Clefyloliee CHHXKEHHE COLepXKaHHSA
bTopa n Maruus npu ee ymaryeHun nsBectbio. Ha cranuun
r. Anrepa comepxanue dTopa B BOAe cHuxkaerca ¢ 1,5 no
0,7 Mr/a, Mmaruusa —c 46 no 14 Mr/a; Ha cranliuu r. BaaTH-
MopH copep:anne Grtopa B BOZe cHuxaerca ¢ 2,1 no
1,6 Mr/a, maruus — ¢ 23 1o 9 mr/a; a cranuuu r. CTepJuH-
ra comepxanue ¢TOopa B BOAe CcHuXaerca c¢ 1,7 pmo
0,95 mr/a, MaraHa —c 42,7 go 16 mr/u.

[Tposenennsie B0 BHUU BOATEO wuccneposanns [8]
noxasaj, 4To npouecc cop6iuHn ¢Topa rUIpPOOKHCBIO Mar-
HHA NPOTeKaeT AOCTATOYHO GHICTPO, NpaKTHUECKH He 3aBH-
CHT OT TeMIepaTypH H IpH KOHueHTpallmnm ¢Topa B BOLe
4—b Mr/n 3akaHuHBaeTcs uyepe3 8—10 MHH.

Ina HanGonee NOJNHOrO HMCHONb30BAHHA COPGUHOHHON
€MKOCTH THAPOOKHCH MarHus oGechTopHBaeMyio BOLYy che-
IyeT NnponycKaTb yepe3 OCBETAHTENb CO B3BEILEHHBIM CJOEM
THAPOOKHCH MarHHui.

YuHTHBasA, YTO OCafloK FHAPOOKHCH MarHyd upeaBbiyaii-
HO JlerkHil, pacyeTHYIO0 CKOpPOCTb BOCXOAALLETO NMOTOKa BOJB!
B 30HEe OCBETJIEeHHA HeO6XOAMMO MpHHHMaTh B Ipeaenax
0,2—0,3 mM/c n BElCOTYy  ca0f ocalka He MeHee 2 M. Pac-
X0l MarHe3waJbHBIX codeil AJI NOAY4YeHHA AOCTATOYHOrO
KOJIHYeCTBa CBEKEOCa’KJEHHON B OCBETAHTENEe THIPOOKHCH
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MAarHHs COCTaB/SET OKOJIO 2 Mr-3KB Ha | Mr yaaiseMoro H3
BOAbl (TOpa.

TMockonbKy B Bofe, colepxalllel PToOp, MOXKET oKaszaThb-
Cfl MaJlo PACTBOPEHHHLIX COJIEH MarHHf, NpH ylaleHHH ¢ropa
paccMaTpHBAaeMbIM MeTolOM ciellyeT no6aBifTh COJNH Mar-
HHA, CoJIH MAarHHs — CEDHOKHCJBIA HJH XJOPHCTBHIKE Mar-
HUM — BBOJASTCA BMecCTe ¢ H3BecThlo, KosHuecTBo cosin Mmar-
HHA ,lZMg, Mr/J, KoTopoe Heo6XOLHMO BBECTH B BOJY, MOXKHO

onpenennts no ¢opmyJe
Hyg = e {2 (IF] — 1) — [Mg]}, (111.,15)

rae [F] — kouueurpauva ¢ropa B oOpaGarmsaeMoll Bope, Mr/m;
[Mg] — conepxauve Mar€us B BOje, Mr-aks/i; 2 — pacxon coJeflt mar-
HHfA, Mr-sKB, Ha yjpaJjenue | Mr ¢ropa; e — SKBHBaJeHTHas Macca BBO-
aamoit B Bopy coam Maruusa; aaa MgCle e=47,7, ana MgCl,y-6Hz0 e=
=101,65, nna MgSOy e=602, nna MgSO;-7H;0 e=123,25 Mr/Mr-sxs.
Ilpu 3ToM Heo6XOLHMOE KOJHYECTBO H3BECTH ISl OCAXKAEHHS

FHAPOOKHCH MarHMs ONpeNe/IsAeTCs peaxkiuHel
MgSO, CaSO,
—_— OH Mg(OH
MeCl, + Ca(OH), — Mg(OH), -+ cacl,
H MOXET GHTH NMOACUHTAHO N0 CJAELYIOUHM QopMyJaM:
npu [Ca®H] > 1

(111.16)

Heso=B(CON/22 + 2 (Mgl + L+ 1), (111.17)
npr [Ca*] < 11
Acao = 28(ICO;1/22 + [Cal + 2 (Mgl +1),  (1L.18)

rae Jcqao — Eo3a uasectH (mo CaO), mr/a; 28 — sKBUBaJIeHTHAS Mac-
ca Ca0, ur/n; [CO.] — comepmanne COy B BOAR, Mr/n; II[ — oBman me-
JIOUHOCTh BOAbL, Mr-3kB/n; [Mg] — copepmanHe Marnua B obpabaTh-
BaeMOA BOZe TOC/ie BBEJEHHA B Hee KOJNHUeCTBa MariHf, Heo6XOLHMOIO
ana copbun ¢ropa, Mr-sks/a; [Ca] — comepxanHe B BoLe KasbluA,
MP-SKB/JJ)I; | — Heo6XoaHMbIi H3GLITOK M3BECTH, Mr-3KB/J.

IlpH npOeKTHPOBAHHH YCTAHOBOK IJ15 OGecTOopHBAHHA
BOABl oOCa)KJeHHeM THADOOKHChIO MarHHa peKOMEHLyeTCH
NIPHMEHATL OCBET/INTENH ¢ KOHHYE€CKHMH HJH THpaMH A a/ibHbl-
MH JHHULAMH H C pacupelleJeHHeM BOIbl OyCKHBIMH Tpy6a-
MH, KOTOpble B Npolecce 3KCIVlyaTaHH MOXHO OYHILATH OT
OTJIO)KeHHH Kap6oHara xajbuHs. Beicora caos ocanka nod-
KHa GuITh He MeHee 2 M. CKOPOCThL BOCXOISIIEro NOTOKA BO-
a6l B 3oHe ocserieHHa 0,2 —0,3 mm/c.

Tlocae ocseranTenei Bojga 1AJif1 OKOHYaTeJbHOo €€ OoC-
BeTJEHHA HOJMHa QHABTPOBATHC HA OOBIYHBHIX CKOPBIX
¢uaprpax. B QHAbTPAX HeoGXOLHMO MpeLyCMOTPETh BepX-
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Puc. 111.10. Cxema ycraHoBKH nas ofechrTopHBaHHA BoAW copOSudefi THIPOOKHCHIO MAarHHS

| — BepPTHKaNBHHA cMeCHTeNb; J§— OCBETNHTEN; CO P3BCUIEHHLIM OCaAXOM; J — CKOPHE GHABLTD; 4 — pe3epByap mas c6opa o6ecdTopennoR
BOAR,; 5 — HacocH [l moabema pis mOAavYH BOAW B CeThb noTpeCHTENf



HIOIO NPOMBIBKY BO H36ex<anHe LieMeHTHPOBAHHs KapOoHa-
TOM KaJbliHsl BEpXHEro cJiosi 3arpysku ¢QHILTPOB.

CxeMa ycraHoBKH AJjs ofecdTopuBaHHs BOLH copbuueii
CBEXEOCaXMJeHHOH TIHIPOOKHCHIO MaTHH TIpHBEIeHa Ha
puc. 111.10

O6pabaTeiBaeMasi BOJa NMPOXOAUT yepe3 BepTHKAJbHBIf
CMEeCHTeNb, B KOTOPHIf BBOASITCSI H3BECTKOBOE MOJIOKO K
pPAaCTBOP XJIODHCTOrO HJIH CEPHOKHCJIOrO MarHHS.

Ha cmecurens o6pabaThiBaeMass BOJa MOCTymaer B OC-
BeTyHTeNb. Haxonsimascs Bo B3BeIieHHOM CJIO€ OCBETJIHTEJS
THIPOOKHCh MarHus cop6upyer u3 BoAn ¢Top. Ocamox
THAPOOKHCH MarHHsl OTBOLMTCS B OCaJKOYIJIOTHHTENb, rAe
ymnoTHsieTcs1 H cOpacuiBaercss B BoZocToK. Ilocse ocBertau-
Tesisl BOAAa nocrynaet na ¢uabTpel. PuHALTpOBAHHAs BOIA
coGupaeTcsi B pesepByapax YHCTOH BOJHI, OTKYJa HacocaMH
II nmopwema monmaeTcsi moTpeBHTENIO.

DKoHOMHYECKas OlleHKA NoKasaJia, YTo NpH CONEpKaHHHU
B BoZe {TOpa OKOJIO 5 MT/i MOJNHAA CTOMMOCTb 0GecdTOpH-
BaHHs BOJE 5THM METOJOM HA CTAHLHMAX CpelfHell MpOH3Bo-
IOHTEJIBHOCTH OYJeT cOcTaBiaATh NpuMepHo 4 xom. Ha 1 M8,

Cop6uus ¢ropa ocankom ruapookucn ajioMuuus. Otop
H3 BOJ LI MOXKHO YOAJISITH NPH MOMOULH copOuHu ero ocagkoM
THIPOOKHCH aNIOMHHHs, ob6pasylomwuMcs npu obpaGoTke
BOJb CEPHOKMCAEIM T'THHO3EMOM.

OuncTka BoAsl OT PTOpa CONSIMH ANIOMHHUSI H3Yyyalach
panoM uccneposarenelf. Ilo naunnm Bopybda [10], nas
CHHXKEHHS coepKaHHs dTopa B Boje #O | Mr/a Tpebyercs
23 Mr/n cyabdara amomunus (c conepxanuem 16% AlOj)
IpH HavaJbHOM colepKaHuu dtopa B Boze 1,5 mr/x, 40 mMr/xn
NpH HAYAJBLHOM colepaHuu ¢topa 3 Mr/a u 174 mMr/x npn
HayaJbHOM comepXaHuu dTopa 5 Mr/u.

CxoTT ¢ cotpyauuxkamu [15] uccienosan cHuMKeHHe co-
nepxaHus ¢rTopa B BOJe NpH BBeNeHHM B Hee cyJabdara
alNloMuHHA, o6pasyiomero B pe3ysbTaTe THAPOJH3A XJAONbe-
BHIHBIA 0CaJlOK THAPOOKHCH aJIOMHHHSL.

B onmitax CxoTra pacxon cynbdarta aJIOMHHHA JJd
CHHXKEHHsI collepxaHusa ¢ropa B J Mr/a oxasajcs B 3—5
pa3 GéabwmiuM, uyeM B onutax bopydda. Ilo naHHBIM
I0. 10. Jlypnwe u mp. [8], ans cHuKeHHs copepxaHHs dTopa
B Boge ¢ 10 no | mr/a npu 3HaueHusx pH, Gauskux x 7,
Tpe6yIOTCs BHICOKHE J03bI CEPHOKHCHOrO ajJlOMHHHS (0KOJO
1000 mr/a). Cuuxenue pH Bognl 1o 4 — 5 coxpaumaer pac-
xon cynbdara amoMuuus no 30 — 40 mMr na 1 Mr ygaase-
Moro ¢Topa.
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Uccnenosanus, nposeiendrie so BHHWHKW BOOATEO
[5, 8], mokasanu, uto cop6uHs ¢TOpa H3 BOAH OCAAKOM,
o6paayiouluMcsl IPH BBEEHHH B BOLY CEPHOKHCJOTO aJio-
MHHHSI, B 3HAYHTeJbHOM cTemeHH a3asucHT oT pH Boxp!
(puc. 11L.11).

ITo mepe cumkenns pH Boab! B HHTepBane ot 8 no 5 mpu
ONMHAKOBOH f03€ BBENEHHOTO B BOLY CEPHOKHCJOTO ajio-

Foer, Me/n
J 46
=T Puc. 11111, 3aBucuMocte ocra-
2 e TOYHOrO cojepXamus ¢rtopa oOT
! ] pH moasl (#03a cepHOKHCAOTO
0 anioMuuan 200 Mr/a, HayanbHOe
4 5 6 80K copep:kanne  dropa B BOZE

5,6 mr/n)

Munusa 3addexTupHocTh 0OGecpTOpHBAHHA BO3pacTaer. IJT0
obbsicHsIeTCs1, TO-BHAHMOMY, T€M, UYTO COCTaB OCcaAXoBs, obpa-
3YIOLIHXCS OpH THADOAKH3E CEePHOKHCAOINO ajloMHHHs, MpH
pasnHunbnx 3Hauennsx pH neonuHaxos.

Focr, He/A
'3
Puc. 1I1.12. 3asucumoctb J
OCTATOYHOrO COAEpMaHun ¢ \
dTopa B BOAe OT yAedb- g3
HOFO DacXOAa CEDHOKHC- \
JOro anioMu N
0 HHA p \)\JL
7

20 40 60 M0
PaCKOGALs (S0 memeginppa,

ITo mepe cHuxenus pH Bo3pacraer conepkaHHe B Ocaj-
Ke ocHOBHOro cyJibdara amomunus [Al(OH)SO4] u ymensb-
maercs CoNepMaHHe B HEeM  THAPOOKHCH  aJIIOMHHHSA
Al(OH)s, xortopas, BeposTHO, copGupyer (Top Xyxe, uem
OCHOBHOH cysbdaT aJIOMHHHA.

PeayabTaTh JaHHBIX HCCleLOBaHH{I moKasaJH, uto obec-
dropuBanne uesecoobpasno Bectd npu pH=5..5,5, uro
noTpe6yer NpefBapHTENbHOrO MOAKHC/IEHHS BOAH AJIS CHH-
Keuus ee pH npu ofecdhTopuBaHuH ¢ MOCAEAYIOMHUM MOALIE-
JayuBaHneM ofecdTopeHHOH BOAL NepeA KBapleBHIMH
GHAbTPAMH [J51 CHHXEHUS ee KOPPO3HOHHOTO JeHCTBHS.
[Tpu Takux aHaueHunx pH pacXoa cepHOKHCIOro aJIOMHHHSA
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Ha CHH)KeHHe cofepikanus dropa ¢ b xo 1 Mr/a cocrapaser
40 — 50 Mr Aly(SO4)3 Ha | Mr ymajeHHoro u3 poAbl ¢ropa
(puc. 111.12).

Mertop, obecTopuBaHus BOAb copGuliei ocafkoM rHAPO-
OKHCH aNIOMHHHSL (MM OCafilkoM OCHOBHBIX coJjied aJlloMH-
HHS1) MOMKET NMPHMEHATbCH NJS OUHCTKH BOJAB H3 MOBEpX-
HOCTHBIX HCTOYHHKOB BojocHaGxuenus. Jlanublli Meton cie-

Nay OOy unu . :
ALy (S0,)y —o
——
Loda
Ha odecpmaopuda-
Hug

\ ——
Ocadar AL(OH)s +ALF,

Puc. 111.13. Cxema ycranoBxn ansn oGecrTopuBanHa BOAB copOumed
THAPOOKHCHIO aNIOMHHHSA

| — cMeCHTeNb, 2 — OCBET/IHTEAb CO BIBEIIEHHLIM OCAJKOM; 8 w= CKOPHA GHALTD

LyeT paccMaTpPHBaTb KaK KOHKYPHPYIOWMA ¢ MeTOAOM
o6echropuBanus BoAbl (HABTPOBaHHEM uYepe3 aKTHBHPO-
BaHHYIO OKHCb aJIOMHHHS B TeX C/yuyasX, KOrZa OCBEeT/HTe-
JH H necyaHble QUIBTPbl HEOOXOAMMLI TaKKe 15l OYHCTKH
BOZbI OT B3BEIUIEHHLIX BEILECTB H COeIHHEHHH, BbI3bIBAIOUIHX
1IIBETHOCTb BOJBI.

Texnomornueckas cxema (puc. I11.13) cocrour us Bepru-
KaJbHOTO CMecHTeJfl, OCBET/IHTeNell cO B3BEeLUEHHHIM OCal-
KOM H CKOpDBIX (pHJABTPOB.

PacTBop cepHOKHC/IOrO I/IHHO3eMa BBOAMTCS B HHXKHIOKO
4acThb CMECHTeNs..

B cBs3u ¢ 6oJbIIMM PacXooOM cepHOKHC/IOro IMIHHO3EMa
[mampumep, 200 — 250 mr/a Aly(SO,)s mpu conepxKaHHH
dropa B HcXOnHOH Boje 5 Mr/a] Boja Ho/KHA HMeTb 6OJb-
LUYIO L1eJIOYHOCTb, B MPOTHBHOM cJyyae NPHIETCS ee JoMmod-
HHTeJbHO nojuienayuBatb. [1o3TOMy NpH NpPOEKTHPOBAHHH
HOJIXKHO OHTb NPELYCMOTPEHO BBeJEeHHEe B CMECHTeJb pac-
TBOPOB M3BECTH HJIH COJBL.

141



Tax xax CepHOKHCHBIH TIHHO3eM SIBJISETCS KHCJIbIM pea-
TEHTOM, TO NPH BBeleHHH OOJBIIHX KOJHUYECTB €r0 B BOLY
pH craner Huxe 3HaueHus, HeOGXOAHMOro AJisl AOCTATOYHO
s ¢pexrupHOro obechropunsanus. A cHHKeHus KOPPO3HOH-
HOCTH clefdyeT NpenycMmoTperh crabuinsaluoHHyw obpa-
60TKy oGecdTOpPEeHHOH BOXLHL.

B JIHUM AKX um. K. . ITampuaosa [4] paspaboran
meron ofiec)ToOpUBAHHA BOJH C NMPHMEHEHHEM B KAauecTBe
peareHTa OCHOBHOro xJopuza amoMunus (Al;O,0H)CIL.
Ilpu mpuMeHeHMH OCHOBHOrO XJIOPHIA ajlOMHHHA He Tpe-
Gyercs npenBapUTENbHOrO MOAKHCIACHHS BOAbI, TaK KaK 3TOT
peareHT o6pasyer OCaJOK OCHOBHHIX cOJiell aJllOMHHHA B J0-
BOJILHO IIMPOKOM AHanasoHne sHauveHuii pH u obaanzaer xo-
POLUMMH COpPOGLHOHHBIMH cBOHCTBAMH. Boly pexkomennyercd
ofpafaruiBaTh Ha KOHTAKTHOM OCBETJMTeNe, rIe peaKuHH
ofpa3opaHus ocagka H copbuus MM QTOpa NpOHCXOAAT
B TOJILlE PHIAbTPYIOLIE 3arPY3KH.

ABTOpBI CYMTAIOT, yTO OGechHTOPHBAHHE BOABI NPH 3TOM
NPOHCXOAHT KaK IO NPHHIUHIY HOHHOro ofMeHa

(Alg0;0H)CI + F~ — (Al;O,F) OH 4-CI™, (I11.19)

TakK M B pedysbrare cOpObLUHH GTOpA NOBEPXHOCTBIO OCHOBHO-
ro cyabdara aJIOMHHHS, KOTOpbii ofpa3yercs B npolecce
3aMelleHHs XJ0p-HOHa, BXOASILLEro B COCTaB OCHOBHOTO XJO-
puza aliOMHMHHSA, HA CyabdaT-HOH, COMEpXKaIIHHCH B BOAeE.

Koaryasiuus Bombl OCylLlecTB/sieTcss BBeleHHEM B BOLY
6-—8 Mr/n ocHoBHOro xnopuma anpoMuHHusa (nmo Aly,Qj).
B sToM ciyyae Moxer GhiTh ynajeHo H3 Boinl or 1,3 mo
2 mr/a dropa.

IIpn HeoGXOMMMOCTH 1032 OCHOBHOrO XJOPHAa AaJOMH-
HHsA MoXeT ObiTh yBennueda o 20 Mr/n (mo Al;O;z) 6ea 3a-
MeTHOro cHMxeHHss pH Boam H yBelHueHHsl OCTATOUHOrO
amoMHHus. TakuM o6pa3oM, mpennaraemsifi cmocof o6ec-
dTOpHBAHHA BOAK 3aKJIOUaeTCs B KOAryJsiLMOHHOH ofpa-
6oTKe BOAbI OCHOBHBIM XJOPHIOM AJNIOMHHHMS 1O OJHOCTY-
neHyaTofl cxeme,

OpuenrupoBoyHasi croumMoctb | M3 ofpaGoTaHHON BOAH
no npejjaraeMoil TeXHoJOrHH He Gyler npeBblaTh 2—
2,5 xorm.

Hccaeposauus, seinonnednsie so BHUW BOATEO, no-
Ka3aJIH BO3MOXHOCTb NMPHMeHeHHs CePHOKHCJOro riIHHO3eMa
i ofecpTopHBaHHs BOIbI MPH NOZAye ero OJHOBpPeMeHHO
C BOJOH B QHJAbTPyOLLYIO 3arpy3Ky. PTOp-HOH copOupyercs
0CagKOM THAPOOKHCH aJIOMHHHA, O6pas3yloIHUMC B TOJLIE
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dunprpytowell 3arpyskd. Pacxon cepHOKHC/IOro anoMHHHA
ANs1 CHHXeHHsi comepxanust ¢propa ¢ 3 xo 0,5—0,6 mr/a co-
crasasier 30—40 mMr Alz(50,4); Ha | Mr yzanseMoro 13 BOJbE

dropa

1P1pu CKOPOCTH QHABTPOBAHHSA 4—D5 M/U NPOMONIKHTENb-
HocTh ¢QuabTpouMKNa cocraBasier 10—12 y (npy mnopauve
BOAB H peareHTa CHH3y BBePX) H CHHiKaercst A0 6—7 4 npH
GUAbTPOBAHHH CBEPXY BHH3.

YpennueHue NMPOAOJMKHTENbHOCTH (QHABTPOLHKIA MOXET
6EITb JOCTHTHYTO BBeieHHEM MoaHaKpHaamuia xo3oi 0,056—
0,1 Mr/n. B kayecrBe (uaAbTPylouieil 3arpy3kiH MOXKeT ObITb
HCIIONb30BaH MecOK MY KepaM3uT ¢ BHCOTOH cnos 1,5—2 M
H KDYIHOCTBIO 3epeH 1—2 MM,

O6echropnBanne Bopnl TpHKadsbuuhdocharom. OpHHM
H3 crnoco6oB yAaneHHss GpTopa U3 BOABI sABAsSETCS CcOpOLUHSA
ero CpeXXeocax<ZeHHBIM TPHKaabLHHDOCHaTOM.

Bo BHMUY BOIATEO ({5] 6binn nmpoBeseHbl HCClefoBa-
HHA N0 yAANeHHIO H3 BOAB (PTOpa cBexeocaAEHHHIM TPH-
KanabuuitdpocthaToM, nosyyaeMbM TIpH BBEIleHHH B H3BECT-
koByio BOAy |%-Horo pacrsopa oprodocOpHOH KHCIOTH
NIpH HenmpepLIBHOM NepeMellHBaHHH,

CesiapiBaHue GTOpa NPOHCXOAHT MO peaxLHH

3Cay(POy)a + Ca(OH), + 2F~ —> [Cap(PO,)s-Ca] Fy -+ 20H™.  (I11.20)

ITpu nponycke o6pa6arLiBaeMoit BOAH yepe3 CAOi B3Be-
IWeHHOro ocajgka TpHxkaabuuidocdhara cosepxande dropa
B BOJAE CHHKaercs ¢ 5 1o | Mr/n npH pacxoie TPHKAJbIMil-
tdochara 30 mMr va | Mr ymanensnoro ¢ropa.

Bo uabexcane BbIHOCA Jierkoro ocajka TpuKanabuuiipoc-
¢dara cKOpOCTb BOCXOASILLErO NMOTOKA BOABI B 30HE B3BelUeH-
HOro ocajaxa pomyckaercsi He 6oaee 0,6—0,7 mM/c.

ITpu npumeHeHun TpHkanbuuiidpocdaTa A5 OYHCTKH BO-
Abt OT GTOpa MOXKET GBITh HCMONB3OBAHA OAHA U3 TEXHOJO-
THYECKHX cXeM, npejcraBseHHblXx Ha puc. 11110 » IIL.I3.

Texnonoruss 06paGOTKH BOALI 3aKJAKYAETCS B ClEAyiO-
ieM.

s noayuennss tpuxanbuuiipocdara B BepTHKANBHBIM
CMeCHTEe/Ib BBOJSIT HJIH H3BECTKOBHIH pPacTBOp, a 3aTeM pac-
TBOP 0pTOhoCcdhOpHOfi KHCAOTHI, HAH 06a pacTBOpa OLHOBpe-
MeHHO B pacuyeTHLIX KOJHYecTBaX, TpebyeMblx Ans obpaso-
BaHMA TpHKaabuHiidocdara.

[Tocne sToro Bosa MOAAeTCsi B OCBETJHTENb H NPOXOLHT
yepe3 cJIOf B3BellleHHOro ocajka Tpuxaabuuiihocdara, rae
npoTexkaer npouecc ynaneHus ¢gropa c obpasoBaudem maJjo-
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pacTBopuMoro GropHma, KOTOpPBHIA BhIMajaeTr B OCaJOK
B 0CaJKOYIJIOTHHTEJIE.

B cocraB ycTaHOBOK KpOMe OCBeTAHTeNeH NOJMHbl BXO-
OUTh QHABTPHl OJ5 3ajmepXaHHUs MeNKHX XJOMbeB, BHHOCH-
MBIX TTOTOKOM BOJB H3 OCBETJIHTE/eH,

®uabTpoBaHHas Boja IHocne ofe3sapaxHBaHHsa Hacoca-
mu Il nogbema nopaercs B cerb morpedHrenio. CyulecTBeH-
HBIM HeJOCTAaTKOM OYMCTKM BOZbI OT ¢TOpa N0 OMHCAHHOH
cxeMe SIBJfIeTCSl TPYIOHOCTb pereHepalMH ocajlka TpPHKAJb-
uufibocdara ¥ B CBA3H ¢ STHM 3HAYHTENbHEIH pacxon ¢oc-
({opHO¥ KHCJIOTHI Ha NMPUTOTOBJNEHHe HOBOM cycnmeH3uH, Pac-
xon ¢ochopHoH KMcaoTH Ha Kaxabie 1000 M3 Boxwl ¢ KOH-
ueHrpauuesr propa 5 mr/n cocrasaser 0,15 T.

CrouMocrb oGecdropuBanus 1 M3 Bombl ¢ comepKaHueM
5 Mr/n dropa ans craHuM#i cpenHeil NPOM3BOLHTENbHOCTH
COCTABHT 0KOJIO b Kor.

Takum oGpasom, aHalu3 paccMOTPeHHBIX MeTonoB oGec-
({hTopHBaHHUA BOIK, HCHOJAL3YEMOH IJf X03SIHCTBEHHO-NHUThE-
BOro BONOCHAOXKeHHsl, IOKa3bIBaeT, 4To HauGoJjee mepcrex-
THBHBIMH H 3KOHOMHYHEIMH SIBJASIIOTCA CJEIYIOLIHE METOIH.

1. lns nox3eMHbIX BOJ, He OCBeT/IsieMbIX Mepen mojauelt
noTpe6HTeNsAM, — DHJIbTPOBAHHE uepe3 CJOH AaKTHBHPOBAH-
HOM OKHMCH ajoMHHHs. TexHosoruyeckas cxeMa COCTOHT H3
CKOPHIX OTKPHITHX HJIH HAanopHHIX (HALTPOB, OTIHYAETCS
NPOCTOTON, BO3MOXHOCTHIO KOMIAKTHOTO NJAHHPOBOYHOTO
peuieHHs CTaHUHH, HaZeXHOCTbIO NPH 3KCOJAyaTalHH. DrtoT
MeToj B HACTOfILlEE BpeMs Hallle] npakTHUecKoe NpHMeHe-
HHe 1131 06echTOPHBAHUS MOA3EMHOM BOMHL.

2. [Insa nOBepXHOCTHHIX BOJL— MeToh copbuuu ¢rTopa
0CajKOM THADOOKHCH AaJIOMHHHS IO CXeMe: BepTHKaJjbHBIH
CMECHTENIb — OCBETJHTENH CO B3BEIUeHHLIM OCaJKOM T'HIpPO-
OKHCH aJIIOMHHHS — CKOpble PUABTPHI.

[TepcnexTHBHBIM TaxkXKe AJiSl IOBEPXHOCTHHIX BOJ, MOM(ET
oKasarbcs Meron, obGecdTopuBaHus myreM cop6uuH ¢Topa
ocaJlKaMH OCHOBHOIO aJIOMHHHS HJIH THAPOOKHCH aJIIOMHHHS
B Toaule ¢uabrpyomelt sarpysku. OGecdropupanHe BOLbI
MOXeT NPOH3BOAMTBCA MO OpHOcTymeHuato# cxeme. O6ec-
¢TopuBanue no naHHOMY METOLY MO3BOJIsSieT NOJYUYHTb HaH-
GONBLIHA TEXHHKO-SKOHOMHUECKHH 30 (exT ¢ MHHHMAaabHOH
cef6ecToHMOCTbI0 06paGoTKH BOAMI.
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I'masa 1V
YIAAJIEHHUE U3 BOJibl CEPOBOAOPOLA

[Topaemubie BOAH, B KOTOPHIX COLEPIKHTCA CEPOBOAOPOL,
BCTpeualoTcs B MockoBckoit u IlckoBekoit o6nacrsx, Kpac-
HomapckoM xpae, Cpenuneil Asuu, [lososxbe, [lpnasosbe
H APYrHx palonax Hallell CTPaHbI.

Hannune B Bome cepoBoROpOna yacTo MPenATCTBYeT HC-
NOJIb30BAHNIO BOALI [AJA XO03f{ICTBEHHO-MHTLEBOTO M MPO-
MBILJIEHHOTO BOAOCHAGXeHHS.

BabixauHe cepoBOAOPOAA, BHAENHBLIErOCS H3 BOAbI
B BO3JyX, MOXET MPHBECTH K YXYAIUIEHHIO MaMATH, KaTapy
BEDXHHX [bIXaTeJbHHIX NyTe#t, GpoHXHTY, (ypyHKy/Ie3y
¥ KOWBIOHKTHBHTY [11].

IIpucyrcrBue B Bo3pyxe 0,8 Mr/nm ceposogopona mMoXeT
CTaTh NPHYHUHON OTPAaBJEHH CO CMEepTeJNbHBIM HCXO-
nom [25].

B Bogme, comepxallefi cepoBOZOpPOA, paspyiiaerca le-
MEHT BCJeNCTBHEe 06pPa3oBaHHs PacTBOPHMOrO T'HAPOCYJb-
¢nna xanapuusa Ca(HS), v BeIXOAAT M3 cTposi pacTpyGHbIC
coeHHeHHs TPYG n GETOHHbIE COOPYMKEHHS.

IIponyKTel OKHCJIeHHS CepOBOLOPOLA KHCJIOPOAOM BO3-
OyXa B3aHMOJelcTBYIOT C COeAMHEHHAMHM KaJbLiMsi, BXOIAA-
mWMH B cocTaB GeToHa, X 00pasywT CyJab¢poalioMHHAT
KaJblHsl, NpuMepHBI cocras xoroporo 3CaO-AlO3-
-3CaS0,4-31H,0. o cpaBHeHHIO ¢ THAPOOKHCHIO KaJbilHf
o6beM cyabdoanioMMHATA KaJbLHA YBEJHUMBAETCS B
22,5 pasa, yTO TaKkxe NPHBOAHT K PaspyIUCHHIO OETOHHBIX
COOPYXeHHnil,

Benencrene o6pasoBanus rajbBaHHYECKUX nap cyabgH-
1A XeJjie3a C XKeJe30M, M3 KOTOPOrO H3FOTOBJIEHBI TPYOhl,
NPONUCXONUT HHTEHCHBHAA KOPPO3HMS MeTalJIH4eCKHX TPy6o-
nposogos [10].

Honycrimoe conep:xaHHe cepOBOAOPONAA B IHTLEBOH BO-
Oe no oreuecrBenHblM HopmaMm (FOCT 2874—73) ponxkuo
6bITh He GoJiee 2 GannoB.

B coorsercTBHl ¢ TpeGoBaHHAMM eBPONEHCKOro cTraH-
napra rnoxasaTesefl kayecTBa BOAbI [24] momycTHMOe co-
JepKaHne CepoBOAOPOJAA B IHTbEBOH BOAE COCTaBJsIET

0,05 mr/a.
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1. $OPMbl CYULECTBOBAHHA
CEPHHUCTBHIX COEJHHEHHHA
B NPHPOJHOH BOAE U METOAbl OYHCTKH OT HHX

B npuponHofi Boge CEepHHCTbie COEAHHEHHS HAXOAATCA
B BHJe MOJIEKYJISIPHO PAacCTBOPEHHOro B BOJAE CEPOBOAOPOAA
H;S, runpocynbbun-uona HS— u cynbpun-uosa S?-. Ilpu
ONHOBPEMEHHOM MPHCYTCTBHH B BOAE CYJbGHJ-HOHOB H XKe-
jne3a oGpasyercs yepHas TOHKOAMcHEpcHas B3Bech cyJb(pH-
Ia Xeneaa.

Conepxxanne pas3juyHHX (HOPM CEPHHCTBIX coefuHe-
HHE B BOHe, AHCCOUMHPOBAHHBIX COrJACHO UPHBEAEHHBIM
HHXE YPaBHEHHsAM, Ompefessiercd N0 KOHCTAHTAM JHCCO-
una1[12m1] CEPOBOLOPOAHON KHCJIOTH MEPBOil W BTOPOH cTyne-
1 {23].

Ilpn {=25°C
fi (ST 1HF] ¢
S+ HY 2HS™; K= —2 ~
T YT s
f, Hs—] £, [HT]
HS™+Ht2H,S; K,= .
T K fo [H3S)

[TpunnB o6iee coneprcanne cePHHCTLIX COCAHHEHHM paB-
HbIM efHHHIE, T, €,

[S2=] 4 [HS™] - [H,S] == 1,

H PEUIHB CHCTEMY 3THX TPeX ypaBHeHH, MOXKHO ONpeNelHThb
COEPXKAHHE CEPHHCTHIX COefHHEHHH B BOAHOM pacTBOpe
IJisl pasHbX 3aHauennit pH.

B npaxTHKe TeXHOJOTHH OUHCTKH BOIEI COAEPXKaHHe ce-

Ta6anuwa IV.], Kouuenrpauus cepHHUCTbIX cOegHHEHHA
(8 DOAAX eIHHHIb), COOTBETCTBYIOWAS PASJTHUHBIM
sHayenuam pH Bogpt

pH s~ HS™ H,S
5 10—10 10-2 1

6 10—8 10—1 0,9
7 10‘“ 0 15 0 ’ 5
8 10-—3 0,9 0,1
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poBomopona OGHIMHO oOmpene/isiOT NPSIMBIM AOAOMETpHuUe-
CKHM THTPOBaHHeM B KucJoit cpene [23].

Cienyer uMeTb B BHAY, UTO NPH 5TOM KpPOMe OKHCJIEHHS
cybPuaoB

S 4 Ig-» 21"+ S {;
HS +1,> S| +oHt 4 21—

NPOHCXOAAT ClleAyIOllHe peakIiHu:
SO3~+ 1+ H,0 - 21~ + 2Ht 4 S0}~
25,05 + I, - 21~ +S,0%7;
403~ -+ 41, + 100H™ - 250%™ + 81~ + 5H,0;
S+ I~ 21~ +nSy.

TaxuM o6Gpa3oM, pe3ysbTaThl aHajH3a I0Ka3blBalOT CyM-
MapHOe collepXKaHue cyJb(HIOB, a TakXe CcyabdHT-, THO-
cyabdat- H nosucynbdHA-HOHOB.

B saBucumocti oT GOpPMBI CyIeCTBOBaHHSI CEPHHCTHIX
COeNMHEHHH B NON3EMHOH BOJE METOALI OUHCTKH OT CepOBO-
AOpofia MOryT GbITb pa3fesieHbl HA YETHIPE TPYNIBIL:

1) dru3nveckue, B KOTOPLIX YAajleHHe CepOBOAOPOLA OCY-
WeCTBASIOT a3paALHeH BOLbL;

2) XMMHYeCKHe, B KOTOPBIX NPHMEHSIOT OKHCJ/eHHe cepo-
BOJOpOJla XJIOPOM MJIH NPYTMMH peareHtaMu, a takXe yAa-
JIeHHE CepoBOJOpPOMAa NpH NOMOWH THIPaTa OKHCH KeJeza
HWJIH OKHCJIHTEJbHO-BOCCTAHOBUTENLHEIX HOHHTOB;

3) dH3MKO-XHMHUYECKHe, B KOTOPHLIX MOJKHC/IEHHEM BOAbI
NepeBONsIT BCE CEPDHHCTble COGQHHEHHsI B MOJIEKYJsIPHO-pac-
TBOpeHHYIO QOpMY, a 3aTeM ynaJsiioT aspanued;

4) 6GHOXHMHYeCKHe, B KOTODHIX CepHHCTbie COERMHEHHMS
OKHCJIAIOTCS cepobaKkTepHsIMH.

2. YOAJIEHHE U3 BO bl
CEPOBOZIOPOJA ASPALLHEN

CymuocTs 3T0Oro cnoco6a 3ak/iouaeTcsl B BhileN€HHH Ia-
3a M3 BOAbI B BO3[yX BcJelcTBHe 00Jlee HH3KOro Nnapuuasb-
HOTO JllaBJIeHHsl €r0 B BO3AyXe, ueM B BOJe, cozepKalueil ce-
poBoaopoa.
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Corntacyo 3axony Bopa, spemst mepexona rasa u3 BoJibl
B BO3LyX onpenensercs no gopmye

r Vel —1g0C)
o FPige '

rie T —BpeMs nepexoaa rasa H3 BOAH B Bo3qyx; W -— o6bem BoAbl,
Co—Ha‘la.ﬂbHaﬂ KOHIEHTPanusr ra3a B BOMe; C — KoHeyHasl KOHIEHT-
panHsa rasa B BOME, F — nnomank TMIOBEPXHOCTH COTNIPHKOCHOBEHHS XHA-
Kol M rasoo6pasHoii cpea; P — kospduuneHT aecopbuun (3aBHCHT OT
HHTEHCHBHOCTH INepeMeluHBaHHBs, TeMNepaTypbli H KOHNEHTpauHH pacTBO-
pEeHHBIX ra3oB); e — OCHOBAHHE HATYpaJbilblX Jorapu(MoB,

Us 3toit GopMyabl SICHO, UTO yBesIHUeHHEe MJomagy no-
BepXHOCTH KOHTaKTa BOJALI H BO3AYyXa pas6pbldaTHBaHHEM HJIH
yMeHbllleHHeM pa3Mmepa mny3bipefi Bosfyxa npu Gap6oTHpo-
BaHHH BOJLl 103BOJIeT YBeJHUYHTb HHTEHCHBHOCTb Jera-
3aliHH.

AspannonHbie yCTaHOBKH, NMDHMeH7eMble B TeXHOJIOTHH
OUHCTKH NpPHPOAHBIX H CTOUHHX BOJ, MOXHO pa3fesHTb Ha
JBa THna:

1) ycraHoBKH HAeasbHOTO BblTecHeHHsl, K 3ToMy THNY
OTHOCSITCSI NPOTHBOTOUHBIE Jera3aTophl (FpagHpHH), NOJY-
yHBlWIHe GoJiblIOe pacnpocTpaHeHHe B TeXHOJIOTHH OUHCTKH
NpHpOJHLIX BoA. Bolla B HUX nojaeTcs csepXy, a BO3AyX —
cHU3y. Aspauus BOlbl B 3THX YCTaHOBKaxX NpOHCXONHUT mpax-
THUeCKH MTHOBEHHO;

2) ycTaHOBKHM ¢ InuTenbHofl aspaipel, ocHoBaHHEe Ha
NpHHIHNe nepeMelIHBaHHs BOJLI: NHeBMaTHUeckHe, Mexa-
HHUYECKHe H NHeBMOMeXaHHuecKHe.

B ycTraHoBKax ¢ nHeBMaTHUecKo#l aspaliHell ocyu(ecTBJs-
ercs 6ap6oTax Bo3[yXa yepes BOJLy C NMOMOWLbIO pacnpefe-
JIHTeNIbHOH cHcTeMbl. B 3aBucHMocTH oT cnoco6a pacnpefe-
JIEHHS Bo3gyXxa B pe3epByape aspHpoBaHHe NDPOH3BOAHTCH
MeJKHMH nysbipaMn  (d=1..5 Mm), cpemnuMH (d=
==5...10 mM) H xpynusiMu (d>10 mm). Pasmep ny3bips
nponopuHoHaJen JHaMeTpy OTBepCTHI pacnpelenHTesbHOH
cHcTeMbl. Mesikne nmy3eipy 06pasyloTcs npH HCNOJAb30BallHH
QHUALTPOCHBIX MJIACTHH, TNOPHCTHX TPyOoOK, KanpoHoso#
TKaHH H T. [,

Pesy/ibTathl HccllefoBaHHsi MAeficTByiollell BeHTHAATOD-
Ho rpafiupHH B Besnxux Jlyxax npusemennl B ta6a. 1V.2.

Ipapupus D==1800 mm Guina 3arpyxeuda Kosbliamu Pa-
wiHra pasmepom 253X25X3 MM ¢ Buicotoit cjost 1500 Mmm.
Pacxon sopnpl, npuxofsiiuiics Ha eAHHHIY NJOLLafH none-
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peuHoro ceuenus jerasatopa, cocrasua 70—80 m®/m?, pac-
Xon Bosjlyxa — 6—7 m3 na 1 M® sogsl.

OG6uiee comepXaHue OKHC/AsSeMbIX [ofoM coenuHeHuf
cepbl, BuipaxenHoe HyS, Mmr/a, ycranasansanoch npsiMbiM
filonoMeTpHueckuM TUTpOBaHiieM. DBa3pelleHHble BeulecTsa

Ta6anuna IV.2. Yaanenue cepoBoaoposa H3 BOAbI
aspanuelt wa rpagupHe

Hcxonnas Boxe AspHpOBaHHAA BoAa
B3sewen- | 4,5, EwB | Big
s | o Ee,up | e se | /i | oy g §§E
ur/a LEEE
7,6 7,66 —200 0,6 5,7 | 7,75 —150 3
8 7,50 Her 0,4 5,5 { 7,65 Her 1,5
JaHHBIX JAaHHRIX
8,3 7,50 To xe 1 6 7,65 | To xe 2,4

* E ~— OKHCJAHTeNb}O-BOCCTAHOBHTEAbHbI} nOTEnIHAN.

onpepensiyincs  PuUALTPOBAHMeM  uepe3  MeMOpaHHHH
duabTp Ne 4,

IlenouHocTb HCXOAHOH H a3pHpoBaHHON BOJK GblJla paB-
Ha 6—7 Mr-3ks/s1, TeMnepartypa — t==10°C.

PesysbTaTsl onuiToB, npHseneHHsle B Taba. 1V.2, non-
TBepxkJAaloT suiBog npod. A. A. Kacranbckoro o TOoM, uTO
NpH aspalMy Ha rpajHpHe H3 BOAH yHAaJjsieTcs TOJLKO MO-
JIeKyJISIPHO pacTBopeHHBIH ceposopopon [9].

W3 pannmx, npusegennsix B Taba. 1V.2, srano, uto npu
CoflepKaHHH cepoBofopofa GoJsee 7 Mr/i MyTHOCTL 06paGo-
TaHHO# BOALI rpesbiliaeT foryckaemyio no F'OCT 2874—73
(1,5 Mr/n), B nMo3TOMYy noOCJe a’palHy Ha rPajHpHe NPUXO-
JOHTCSt NpefyCMaTpPHBATh KoaryJisiuuio ¥ GuIbTPOBaHHe.

OnbIT 3KCN/yaTalMy BeHTUISITOPHOR TPafHPHH 1MoKasal,
uTo KoJsibla Pamrura 3apacraioT ocaikoM cepbl H KapGoHarta
KaJablusl, BC/Ie[CTBHE Yero NMPHXOAHTCS He peXe ABYX pas
B FOf MeHATb 3arpysky Ha rpagupde. [lo 3xcniyatanuoH-
HHM co06paKeHUIM NpeANOYTHTe/bHEE NPHMEHATL JJ1s 3a-
TPY3KH TPagHpHH HePeBSIHHYIO XOPAOBYIO Hacaiky (LUHTHI,
yJoXeHHbie TOPH30HTAJILHO, ¢M. ¢. 19).

Hcxona u3 usnoxmendoro suile (cm. Taba. 1V.1), cre-
NeHb YAaJleHHsl CepOBOROpoOA AJis OPHEHTHPOBOYHLIX pac-
yetos cocrasaser 60% npu pH=6,5, 35% npu pH=7
u 15% npn pH=7,5.
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BeuTH/siTOpHbIe TPaAMPHH 4J151 YAAaJleHHs H2 BOAB Cepo-
Bogopona, 3arpyxeHHble AepeBsHHOH XOpJoBOH HacaaxoH
(cM. puc. 1.4), uMeroT cjenyioulde peKOMeHAyeMble TEXHO-
JIOTHYecKHe NapaMeTpbl:

Harpyska . . . . . . . . . . . 30 m3/(mu)

BeicoTa caos 3arpyskH npH copepika-
HHH CepoBOAOPOAA, ML/

a0 10 . ... L 3 M
»20 . .. L L. L., 4 »
Pacxop Bosayxa . . . . . . . . 20 m%/m® momm

INomelwente rpagupHu HagseXXHT o6opynoBaTh NPHTOU-
HO-BLITSIXKHOH BeHTHJsAUMeH ¢ 12-KpaTHbiM oOMeHOM BO3-
AyXa.

Bonpoc 06 ounctke Bo3ayXa, yaasiseMoOro M3 perasato-
poB B aTmoctepy, OT cepoBoaopoaa clefyeT B KaXKAOM KOH-
KpeTHOM cJiyyae cOIViacOBbIBaTh ¢ opranaMu [ocynapcrBeH-
HOro caHHTapHOro Hajsopa.

[Tpu 3naumTesbHOM conep¥KaHHMH B BOjle CepoBoAopoaa
MOXKeT NPHMeHTbCS cjlefymollas cxeMa o6paGoTKH BOAH:

1) nopxuciieHHe cepHOfi MJIM COJIAHOH KucJaOTOH po
pH==5;

2) aspauMs Ha BEHTWISSTOPHOH rpafMpHe;

3) ob6paGoTKka XJIOpOoM MJisi OKHCJEHHSi OCTaBLIerocs
B Boze NocJle aspaliii CepoBoAOPOAa;

4) o6paboTKa KoarynstHTOM H (PHJIbTpOBaHHe AJis OYHCT-
KH Boasbl oT o6pa3yollieficss B npouecce aspaiHu H XJOpHpPO-
BaHH$ KOJIJIOHAHON cepbl.

Iosa xucsotsl nna cauxenuss pH soas mo 5 mr/n opwu-
eHTHPOBOYHO MoOXeT GHITb onpeneseHa no ¢opmyie [22]

Hinen = Uegnca- loo/cxucn ’ (v.1)

rae U] -uesouHoCTb HcXoAHOM BOMBI, MI-3KB/M; €xmon — SKBHBAJAEHT-
Hasi Macca KHCJOTH, paBsHad AAs1 cepHolt KHcaoTH 49, s coasuoft
KMCAOTH 36,5; Cuuon — cofiepaHde aKTHBHOMW dYacTH B TeXHHYecKofl
KHenote, %.

Iosa xJopa n/s o6paGoTkH Boabl Nocje a’paliMd Co-
crapisier 4—5 Mr/n, Jo3a KoaryJasuTa OJig OYMCTKH Boabl
oT o6pasywoilleficss KoJlouaHON cephl — 25 Mr/i1 B nepecyere
Ha Aly(SO4)s. Ilocse xoarysnsuuu soma (uAbTpYyercss Ha
CKOPHIX NecyaHbiX GHIbTPAX.

Has yctpaHeHHs] KOPPO3HOHHBIX CBOHCTB M HJs YJyy-
UleHHs Npoliecca KoaryJ/iiiHH Boiay Nepej BBeJeHHeM Koa-
ryJisiHTa HOALISNAaYHBAIOT H3BECTHIO HJH COJ0H.
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OpHenTHPOBOYHO AO3Y LIEJIOYHOrO pearenTa, Mr/i, MOXK-
HO oNpefenTh Mo popmyie

Ay = [ 4 Ay /e) ey 100/Cy, (IvV.2)

rae U] — menounocts uexoanoft soawl, mr-sks/n;, Qu — nosa koaryass-
Ta, MI‘/‘JI', ey — BKBHBAJCHTHAA Macca AaKTHBHOro sellecTBa KoarynasH-
Ta, pasHas ans Alo(SO4)s 57, mis FeCls 54, nas FeSO4 76; em — 51BH-
BaJeHTHAA Macca LeJOYHOr0 peareuTa, Mr/Mr-3xB (A/Af H3BECTH B Ie-
peciete ua CaO ewn=28, nns eaxoro uatpa— 40, ANA combl — 53);
Cm-—co;lepx(aﬂue aKTHBHOI 4YacTH B TeXHHYeCKOM WeaoYHHoOM peared-
Te,

TIpn aspauuu BOABI NPOHCXOUAT CJEAYIOiHe B3aHMHO
MPOTHBONOONHbIE TPOLECCHI.

}. OpHoBpemeHHO ¢ ymajeHHeM CePOBOLOPOAA H3 BOAbI
ynaJsiercs Taie csoboAHas ABYOKHCb yriepona u pH no-
nbl nosbiiaercs. Cuoeposareabuo (cM. ta6ha. 1V.I), pasuo-
BecHe CEePHHCTHIX COeJ\MHeHHH NOJIXKHO CABHTaTbcA BIPaBo
H KOHUEHTpalKsA MOJIeKYJSpHO PacTBOPEHHOrO B BOJe Cepo-
pojopona LOJKHA HOHHXKAaTbCA.

2. IIpu HanHuHK B BoLe CEPHHUCTHIX COeNHHEHHI KOHUeHT-
palusi MoJeKy/nipHO pacTBOPEHHOTO CepOBOAOPONA He AOJL-
XHa OblTb MeHee onpepeasieMoil 3HaueHueM pH poxmnl. Ilo-
3TOMY NPH yAajleHHH CepOBOAOPOLA 4acTh CEepPHHCTbIX coe-
OHHEHHH TpeBDallaeTci B MOJIEKYJSIPHO PacTBOPeHHHIH
CepoBofopoS, H paBHOBeCHe XHMHUECKOH peaxiHH

H,S ZHS— + 8 (1V.3)

cABHraercs BJeBo, B Tex ciyuasix, Korja ynajeHue u3 BOAbL
CEPOBOAOPOLA NPOHCXOAMT B pesysbTate MaccooOMeHa, T. e.
npn pH==06, npoTuBoTouHble fera3aTopbl MIHOBeHHOro fefi-
CTBHS OKas3biBalOTCA BbITOJHee NJMTeNbHOH a3panHu [26].
Kak nokasanu pe3ynbTaThl ucciefoBaHifi ycTaHOBOK ¢ JJIH-
TenbHoH aspaumelt npu pH=7, vactp cysbdunos nepexo-
AMT B CePOBONOPON, KOTOPbIN ynansieTcsi aspaumuei, B pe-
3yJibTaTe Yero yLandlOTCA TaKiKe THIPOCYJb(HI-HOHLI.

B ®PI" ¢pupmoit «Kyune u K° pgas ynanenus ceposono-
poia H3 BOAbLI NPUMeHSAIOTCS aspallHOHHBIE YCTaHOBKH,
BKIOUaloOMNe 3aray6JieHHYI0 MeXaHHUecKYIo Melllasky
C ABYMs KPbUIOBHIHBIMH JIOTIACTAMH H NPHHYLHTeNbHOH INo-
nade#t so3nyxa. [lo nauubim Kuona [26], B 2Tux ycranoskax
pacxopn Bo3nyxa cocrtasasietT ot 1 go 5 M3 Ha 1 M® BoaHl.

[lo pauubiM [pynepa u ®aurepa [25], mna ynanenus
CepoBOAOpOoAa M3 BOObl MOTYT NpHMeHsTbCH GapboTaxcHble
ycTaHOBKH C pacxogoM Bo3ayxa 10—15 m3 ua 1 M3 pognwl.
Ipogomxurensroctt aspauun ot 20 go 30 muu. K coxane-
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HHIO, B paGoTe He YKa3aHO OCTaTOUHO® COAePHKaHHe CepoBo-
Zdopoja B Boje nocJjie aspaliHy.

B pa6ore [27] npuBoaatcsi apauubie o pafoTe wLIeCTH
aspanuoHHbpix 6ap6oTaKHBIX yCTalOBOK, NpeAHa3Ha4yeHHbIX
OJ1s ferasaudu BoAbl. Pacxoa Bo3nyXa B HHX COCTaBJIAET 10
15 M3 Ha 1 M3 BoAbI, BLICOTA CJIoS BOAB! B GacceiiHax 3—4 M,
BpeMs npeGoiBadus ot 15 no 45 mum.

Hccnenopanne nHesmaTHyeckoro Gap6orHpoBaHHA AR
ynajieHHsi cepoBOAOpOAa H3 NPOH3BOACTBEHHLIX CTOKOB Obl-
Jo suinondeHo M. H. MscnukossiM. Ilogaua Bosayxa ocy-
mecTBJANACL Uepe3 chbeMHbl Gapborep, cHaGXXeHHbIH nep-
dopHpOBaHHLIM AHCKOM C [AHaMETpOM oTBepcThi 1,6—
1,8 MM, ray6uua soast 1,5 M, nnamerp Mogean 200 mm. He-
XofHas BoJa HMesa cJeiylollye TOKa3aTeJH KayecTda:
pH==2,5... 3,5, remneparypa 20°C, coaep:kaHHe cepoBOLO-
pona no 20 mr/a. Ilpu HuTeHcHBHOCTH GapGOTHPOBaHHS
21 Mm% Bo3ayxa Ha | M3 sonel 3a 15 MuH cojep:KalHe cepo-
BOAOPOAA CHHXKaJochk no 1—3 mr/a.

Pesyavrats! onbitos M. H. MsicauxoBsa noxasasu takixe,
4To NpH nossluleddy Temneparypst ot 10 jo 20°C sdpdext
yaaneHHs cepoBofiopoaa yJyuinaetcs Ha 8—10%.

Jlanubie pasHbiX aBTOPOB IMO3BOJIIOT AOCTATOYHO [HO-
cToBepHO BbOpaTL cJedyloOlHe TEXHOJIOrHYyecKHe napa-
MeTpbl  GapOoTaXKHbIX  YCTAaHOBOK  CpelHeNy3bipyaTol
aspauHu (T. e. aspauuu ¢ noAayeil BO3AYyXa uepe3 OTBep-
crua auaMerpoM 1—2 mMM): [HaS]ucxonw a0 15—20 mr/a,
pacxon Bo3nyxa 15 M3 nHa 1 M2 Boabl, riiy6una BoAbl B aspa-
uHoHHoM Gaccefine 2 M, BpeMsi npeGbuiBaHHs BOAb B Gacceii-
te 30 muH. [IpuMensaTe 6ap6oTaikHble yCTaHOBKH 11€/1€C006-
pasno npH pH Boasl He GoJee 7,3.

I'ny6una ynanenns ceposomoposa NpH caMblX 6iaro-
NPHSATHBIX YCJOBHAX cocTasnaata }-—3 mr/u.

3. OKHCJIEHHE CEPOBOJOPOJA
KHCJIOPOAOM BO3IYXA

CuHxeHue B Boje CONEPXKaHHf CEpoBOAOPOAA MoXKeT
6bITh Pe3yJabTaTOM OKHCJIEHHS ero KHCJIOpoAOM BO3AYyXa,
PacTBOPEeHHBIM B Boze.

Cornacuo naunsim JI. A. Aadeposolt, ata peakuus npo-
HCXOMHT 110 CXeMe

§~ > S o S,08° -» 8§07 —» S0 - SO,
cyabhug cepa MOJIHTHONATHI THOCY Ab(IATb cyabPuTH  cydbpaTh
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Mo cragusM peaxuuu OKHCJIEHHS, NMO-BHIHMOMY, MONCHO
npeactaBuTh ciaenyiowum obpasom [15]:

2H,S+40,-»2S |, + 2H;0; (1V.4)
25 4 40,-»2503; (IV.5)
2HS ™ 20,->S,0%~ + H,0; (Iv.6)
28,077+30,4803~; (v.n
2502~ + 0,-»2503~. (IV.8)

INo crexnoMerpuyeckoMy cooTHoweHuio Ha 1 mr HsS Ttpe-
Oyercs 2,25-—2,5 Mr Kucsiopoaa, UTO COrJIaCyeTcst ¢ JaHHbIMH
HemocpeACTBeHHKX HaMepennt [22].

CropocTb peakiMH OKHCJEeHHA CepOBOAOPOAA B BOLE BO-
noemos onpegensnacs M. B. MBanosbiM no paspa6GoraHHof
UM MeTofHMKe C NpHMeHeHHeM MeueHbix aromos [12]. Ilpu
HCXOLHOM CozeprKauuu ceposogopoga oxoso 100 mr/n oc-
HOBHBIM TPOAYKTOM OKHCJeHHs sIBAsjaCh 3JeMeHTapHas
cepa, a KoJHUyecTBO cyabdaToB BO3pacTalo HE3HAUHTENBHO.
3a 24 u npu Temneparype oxosao 10—15°C u pH==7 oxuc-
Jasjocs okoso 20—40% cysibbHAHBIX coefHHEHHI).

B onwitax IO0. Y. Copoxnna [20] cuumense KoHueHTpa-
UHH Cy/Ab(HAHWX COeJUHEHUH 3a CYTKH NpPH HCXOAHOM co-
AepxaHuu ceposodgoposa !—3 mr/n passsgaocs 10—15%.
CopokuH cunTaer, UTO MOJIeKyJsipHAA cepa He siBJsercs oc-
HOBHBIM NMPOAYKTOM OKHCJ/IEHHS NMPH HCXOLHOM conepXKaHuH
cynbpunos go 10 Mr/a. 3HaunTesbHOe KONHYECTBO cephl 06-
pasoBanoch NMpH NPAMOM KOHTAKTe € BO3LYXOM BOAHI, CoO-
aepxaiuelr Gonee 10 mr/an ceposogopona (obuiee #omomno-
tpe6sieHHe), H HU3KOM 3HayeHHU OKHCJHTEJIbHO-BOCCTAHO-
BUTENBLHOrO norennuana E.

B onurax B. M. Jlesueuxo u K. A. Makaposa 0CHOBHBIM
NPOAYKTOM OKHCJEHHSI cepoBoAOpona W ruapocyiabdpuia
HATPHA ABJAAJNACh JleMeHTapHas cepa.

C. A. Illlykapes ¥ E. M. Kupeesa, usyuas nponecc oKuc-
nenus ceposopopoda, ruapocynbduna u cyibdraa marpus
B BOAHHIX PACTBOpax KHCJIOPOLOM BO3AYyXa INPH OGBIYHLIX
ycaoBusX, NpHILJH K BLIBOAY, UTO ¢ nosuiuennHeM pH soan
cnoco6HOCTb CyNbPHA- H THAPOCY/NbDHA-HOHOB K OKHCJIe-
HHIO majaer.

B xucnolt cpene oKucjieHHe CEpOBOAOPONA MAET 4O CYNb-
daros, B HelirpaJabHOM H cJaGollleOUHOH NMPOLAYKTOM OKHC-
Jexus sBasiorca B Goabllefi CrefeHHn THOCYJAb(hAT- H CyJb-
(bHT-HOHBL.
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Q630p JauTepaTypH NO03BOJAAET CAeNATb BbIBOA, UTO
peakiHi0O OKHMCJIEHHS CePOBOAOPOLA KHCJHOPOLOM BO3AYyXa,
pacTBopenHLIM B Boje, B OTCYTCTBHe KaTailH3aToOpoB npak-
THYECKH He NpecTaB/geTcs BO3MOXHBIM HMCIOAL30BaATh A4
OYHCTKH BOJBI OT CepoBOAOpOna.

[Tpumenenno xaTanu3aToOpoB AN YBEJIHUCHHSI CKODOCTH
peakiyH OKHCJAeHHs mocBauienbt paborel M. 3. Anenbunna,
E. ®. 3onotosoii, JI. A. Andeposoii, T'. A. Turosofi u ap.
[2, 3, 5].

[Tpu ouncrke xpeHaXKHbIX BOJ OT THAPOCYJb(pHAAd U Ce-
posogopoaa npi pH =8 B npucyTcrBuHM NHpOMIO3HTA
H «06MaprapglloBanHoOro mecka» CKOpPOCTb peaKUMH YBeJH-
yypaetcs B 1,5 pasa, puueM BO BceXx CJAyyadsX OCHOBHBEIM
NpoAYKTOM OKHC/eHHs cyabduaa sisasercs Thocyiabdar [4].

B psane pa6ot [2, 3] npuBeneHbl pe3ynbTaThl 3KCIEpH-
MEHTOB IO NPHMEeHEHHIO Pa3JHUHBIX MapoK aKTHBHpOBaHHO-
ro yrig B KauecTBe KaTajH3aTopa peaxkLHH OKHcJ/eHHs
CepoBOAOpOAa, a TaKXe aJa copGUHH CepoBOofOpOAAa H3
BOJBI.

Ilpu Hcnonb3oBaHHKM B KayecTBe KaTaJH3aTOpPOB pasJivy-
HBIX coefHHeHHH MeTannoB [2] npolecc OKHCNEHHS HAeT
B AB€ cTaauu c obpa3oBaHHeM cyJbOHAOB METaMJOB B nep-
BoH cTafuy H OKHCJIeliHeM HX Bo BTopoil.

[To ckopocTu okucnedus cynbdHab MeTasoB pacrnoJsa-
raioT B caenytowuit psag [1]:

CoS>NiS>FeS >CuS>MnS>CdS > Ag,S >ZnS > SnS.

Pesyabrater skcnepumeutoB JI. A. Andeposod u
I'. A. TutoBolt noka3aju, uTo 34echb HapsIAy ¢ OKHCAHTE/b-
HO-BOCCTAHOBHTE/IbHLIM HMeeT 3HaueHHe TaKme KHCJIOTHO-
ocH6BHHIA KaTanu3 [2].

JlaBopartopusiMu sKcrnepuMeHTaMH GblJIO NMOKa3aHo Tak-
e, UTO BLICOKOM KaTaJIHTHUeCKOR aKTHBHOCTLIO o6aajaior
rpadutosbie Matepuass [3]. CepoBogopos u FHAPOCYJIb-
¢punst 8 Konduectse 132—138 Mr}jx B TNPUCYTCTBUH KaTajH-
3atopa anekTpoyrisa Mapku -4 oxucnanucs npu pH==9,1
1o 98% 3a 18 MuH, B pesysnbTate peakuud B OCHOBHOM MO-
Jyuascs tHocyabdat (61,8%).

4. PEATEHTHBIE METOJAbl OUHCTKH BOIbI
OT CEPOBOJOPOJIA

[Tpu neGonblrom comepiKauuy B Boae CepoBOAOpOa AJs
OUHUCTKH BOIbI NMPHMEHSIIOT XJIOPHPOBaHMHe,

155



Ilpu pacxoze xqopa 2,1 mMr Ha 1| Mr ceposojoposa mo-
ciiefHui OKHc/seTca A0 cepbl mo peakiuun [10]:

H,;S4Cl,=S } + 2HCl1. (1v.9)

B pesysabrate peakiuuu ofpa3yerca B3BeCb B KOJIHUECTBe,
3KBHBAJIGHTHOM COZepXKaHHIO cepoBoiopona (/K THAPO-
cynspunos). Ilpu pacxone xyopa 8,4 Mr Ha 1 Mr ceposojio-
poAa OCHOBHLIM HDOAYKTOM peaKIHH ABJSIOTCA cylbdaThl:
HyS-+4Cly+4HO=H,S0,+8HCl;
(1V.10)
HS™44Cly+4H;0=S02 " 8HCI4+-HT.

Kax nokasaJju snaGopaTopHbie H NMPOH3BOACTBEHHbie 3JKcIe-
PHMEHTHI, IJA MNOJHOro ynaJieHHsi ceposogopona {o6uuee
cogepxanue HsS, onpeneneHnoe HomoMeTpHUECKH, DaBHO
HyJI0) TpeGyeTcst 0KoJio 5 Mr xJiopa Ha | Mr cepoBonopona.
[To-BuauMoMy, peakuus HIeT OfHOBpeMeHHO WO ABYyM Ha-
npaB/ieHHssM B COOTBeTCTBHH ¢ ypasueHHaMu (IV.9)
n (IV.10).

CaenyeT oTMeTHTb, 4To [a)<e npH GoJsibIoM H36bITKE
xJiopa B onblTax o6pasoBbiBasioch He MeHee 0,2 Mr B3BecH
Ha | Mr cepoBomopoza.

Hns oxucnenns cyabpuIHLIX coefHHeHHH npHMeHseTCs
TakKe nepManranat xajaus [28].

Hanpumep, B wrare Maanana (CIIA) rakas ycraHoBKa
YCHelUHO 3KCMJyaTHpPYeTcs B TeueHHe HecKoJibkuX JeT. He-
XOIHAas BoJa H3 apTe3HaHCKHX CKBaXXHH MMEeT cje[yloLue
nokasatenan xauectsa: [H;S]=11,3; pH==7,3; nsetnocTb
5% comepxanne Ca%t 190 mr/a, Mg?t+ 134 mr/n, HCO;
384 mr/n; obuiee costecopepxanue 471 mr/i.

JTa Boja MOAKHC/sSETCS cepHOR KHcjoToR npo pH=
==06,5...6,7 1 aspuHpyeTcs Ha jeras3atope, uTO NO3BOJSIET
CHH3HTbL cojepXkaHHe cepoBojopoma HO 3 Mr/i; 3aTeM [o-
3upyercs nepMaHraHaT KaJiusl AJ1sl OKHCJIeHHS] OCTaTKOB ce-
poBomopoAa H, HaKOHelu, Boaa (HALTPyeTcs yepes MNecok,
AOKPLITHE OKHCJaMH Mapranua. ®OuabTpoBaHHe npPOH3BO-
OUTCS IJIs1 CHHUACEHHS LBETHOCTH BOJBI, KOTOPAast NOABJISIETCS
BcaencTBHe o6palGoOTKH mepMaHraHaToM kaJjusi, B ounwen-
Ho#t Boge [H,S}1=0, comepxkaume Ca?+ 190 mr/n, Mg+
122 mr/n, HCO3; 314 mr/n; pH=75.

Cyabpuapt GLICTPO OKHCJ/AIOTCS NMepMaHraHaToM KaJius
COIVIacHO ypaBHEHHIO

4KMnO, - 3H,S —> 2K,SO, + S} + 3MnO + MnO, - 3H;0.  (IV.11)
156



Ha oxucneune I Mr cyanbupos tpeGyerca 6,2 Mr hep-
MaHraHaTta KaJjus, OpH 3TOM Boja NpHoGpeTaer 1BETHOCTD,
NpHYHHOH KOTOpOH SBJSIOTCS COeAHHEeHHst Mapranua. Bei-
noJsiHeHHbiMu Bo BHUIM BOJIT'EO sxcnepiMeHTaMIl OCHOB-
Hble MOJIOXKeHHs 3TOi paGoThl MOATBEPAHJIHCH MOJIHOCTBIO.

OnpiThl 1O OKHCJEHHIO CEpOBOAOPOAA, pPacTBOPEHHOrO
B BOZE, 030HOM 6bisiK BuinosHeHst C. H. Jlunesnuem B Hoso-
YyepKaccKom noJutexHuueckom kHcThTyTe [13]. ITpH pacxo-
ne o3oHa, pasHom 0,5 Mr "Ha 1 Mr ceposomoposa, mpouecc
OKHCJIeHHS] CepoBOAOpOAa 3aKaHuHMBaeTcsl o6pa3oBalueM
KOJJIONAHOTO pacTBOpa 3JjieMeHTapHOH cepbl MO peakuMu

3H,S - O = 35} 4 3H,0. (V.12

[Ipn pacxoge o3oHa, pasHom 1,87 mr da | mr ceposono-
pona, TNpolecc OKHCJEHHS CepoBOJOpOofia 3aKaH4YHBaeTcs
o6Gpa3oBaHueM cynb(aTos:

3H,S + 404 = 3H,SO,. (Iv.13)

IOana Bsopbl, codepxkawei 15—20 mr/n ceposogoposa,
NpONOJ/IKHTEJIBHOCTD 030HHpOBaHUA cocTasisier 20 MmHuH,
pacueTHbili pacxoy o3oHa paseH 30 mr/n. B HekoTtopbix cay-
yasx Boga NpHoOpeTaeT JIErKyio onaJjiecueHlHio, YTO Bbi3hi-
paeT He06XOOHMMOCTb ee OcBeT/IeHHS] H ofecliBeunBanHsl.

C. H. JluneBnu pexomennyer KoMGHHHpOBaHHyI0 ofpa-
60TKY BOAbl npensapuTeNbHbIM Gap6oTHpOBaHHEM ee B pe-
3epByape BO3LYXOM C MOCJEAYIOWHM 030HHPOBaHHEM.

IKcnepHMEeHTHl O OKHCJIGHHIO CEPOBOAOPOAA ABYOKHCHIO
xjopa ClOq 6o Buinonnenst A. H. Benesuessim (BHHU
BOATIEQ). Ipu mansix posax ClO; B nurepsaje pH=
=0,8... 8,5 npoayKTaMH OKHcJIeHHS ABJSIIOTCS B OCHOBHOM
THOocy/MbdaT- U cyabdaT-HOHBl, a TaKke cepa H cyJabPHT-
HOHBI.

Peakunu oxucileHHs cepoBojopona H CyJabQHLOB ABY-
OKHMCbIO XJIOpa MOTYT GbiTh NpeicTaBJ/eHbl CJAEAYIOIMHMH
yPaBHEHHSIMH:

5HS™ + 2ClO, = 5S} 4 2CI~ -+ 30H™ + H,0;  (Iv.14)
10HS™ + 8CIO, -+ 80H™ = 5S,02™ + 8CI™ + SH,0; (IV.15)
SHS™ + 6C10, ++ [1OH™ = 5S03~ + 6CI™ + 8H,0; (IV.16)
5HS™+ 8ClO, + 130H™ = 5S0F~ + 8CI~ -+ 9H,0. (IV.17)

YBesiHueHHe [03bl ABYOKHCH XJIOpa NPHBOAHT K pPOCTY CO-
Aepianus cynbdaToB B NPOAYKTaX peakiHH.
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OnTUManbHBIMU  YCJIOBUSIME OKMCJEHUS CyabQUIOB IO
cyabdatos asastorea: poda ClOg 3,5 mMr na | mr S-; pH=
=1]10...11; npomonxutenpHocTs Koutraxkra 10 MHH.

Jsi ouncTKY BOIBL OT CEPOBOLNOPONA MOTYT HAHTU NpH-
MEHEHHEe TaKy<e OKHCJHTEeJbHO-BOCCTAHOBHTCAbHLIE MOJHMeE-
put (M. B. Boabd). HacTh OKHCIHTENBHO-BOCCTAHOBHTEJIb-
HBIX NOJHMEPOB HCNOJAb3YeTCH OXHOBPEMEH(IO HJSI OKMCJIH-
TEJbHO-BOCCTAHOBHTENBHHX U HOHOOOMEHHHX  peakuufd,
Lpyrue yyacTBYIOT TONbKO B OKHCJIHTE/JNbHO-BOCCTAHOBHTEb-
HBIX PeaKuusx.

O6pa6oTkofl CHALHOOCHOBHLIX AaHHOHHTOB PacTBOPOM
nepcyabhara HATPHA MOMHO NONYYHTb OKHCJHTE/bHO-BOC-
CTAHOBHTGJNbHBIH HOHHT, NPHrOZHBIH HJ8 OYHCTKH BOLH OT
cepoBOAOpOAA:

Ra OH 4 NagSy0s — Ra,S,0s + 2NaOH, (IV.18)
rjie Ra — opraHHuecKkHil pafuKkan aHHOHHTA.

ITpouecc oxmcneHus cyabQHAOB CXEMAaTHUECKH MOMKIO
3anmcaTh CJAeLYOIHM 06pa3om:

REQSQO. -I— Na,S - R82$ "‘I— N8552O.; (lV . lg)
4Nans,Og + Nans ‘I— 4H’O - BNaI'lSO‘ -I— Nﬂgso‘. (lV .20)

B 3aBHCHMOCTH OT YC/JIOBHH peaKuuH NPOAYKTaMH €e MO-
ryT 6biThb HE TOJBKO cyab(aTsl, HO H CYJAbQHTH, THOCYJb-
thatu K 3MeMeHTapHas cepa.

Insa BbICOKOro colepxaHHus B BOHE cepoBoiopoga (60-
aee 200 mMr/n) NpPemsiONEH METOJ OUYHCTKH C NPHMEHEHHEM
rugpara oxucu kenesa [4, 10] (. Aumepcon, . I1. Ko-
smpes, I1. . Kynuos).

Ilpn mo6aBneHuy K CcepOBOJOPOJHOH BOAE CYCNEH3IMH
rHApaTa OKHCH ’Kejle3a NMPOHCXOJHT CBs3biBaHHE CEpOBOIO-
poxa H rHAPOCYNb(QHIHBIX HOHOB C 06pa30BaliHeM cyabdHIa

Aenela:
3H,S + 2Fe(OH) —> 3FeS} - Sy + 6H,0; (Iv.21)

3HS™ - 2Fe(OH); + 3HT — 2FeS| -+ S{+6H,0. (IV.22)

[locne ocBeTsieHHs BOAH, HanpUMep B OTCTOMHHKAX, oca-
NOK Cyab(hHaa xene3a MOXeT GbITh PereHepHPOBAH NMPOLYB-
KOH BO3LYXOM:

4FeS + 30, -+ 6H,0 = 4Fe (OH)g -+ 4S}. (1vV.23)

Kai nokasann pe3yabTaThl ONHITOB, BbUIOJHEHHBIX BO
BHHWH BOATEO (JI. A. Anceposa, I'. A. Turosa, O, JI. Jle-
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BeHTOH), npu pH cpenn He pwue 7—7,2 ofpasyercst B OC-
HOBHOM 3JieMeHTapHast cepa.

Buisio ycrauoniieHo, yTo AJsi 3aBeplieHust npouecca pe-
reHepaluMd TrHApara OKHCH Kesie3a H3 cyabduma xenesa
MOXeT 6blTb NOCTAaTOUYHO HECKOJbKHX MHHYT, MpHUYEM pere-
HepaluHio MOXHO OCYLeCTBAATL NPOILYBKOH BceHl BOALI BO3-
IYXOM B COOPYKEHHSIX THIla a3POTEHKOB,

Jna npoeKTHpOBaHHA MOTYT GLITL NPHHATH CJACHYIOUIHE
pacyeTHble nauubie [10]:

1) wa 1 mr ynanaemoro cepoBomopona tpeGyerca 3,3 r
’KeJle3a; KOJHUECTBO CBEXero 106aBJsaeMoro B LiHKA »Keneda
noskio coctaBaath 0,2—0,3 r Ha 1 r yzasaemoro us Bo-
nul HoS;

2) BMECTHMOCTbL KaMephl XJ0NbeoGpa3OBaHHfA, KOTOpas
HCHOJb3YeTc B KayecTBe a’jpallMOHHOro Gaccefiia mas pe-
reHepauud cyabuiga kene3a, LOMKHA OGeCHeuHBAaThb NPo-
LOJNMHTENLHOCTL npe6bIBaHua B Hell BoIbI B TeyeHHe 20—
30 MHH; HHTEHCHBHOCTb aspallyd MOXHO NpPHHHMAaTb paB-
Holt 3—5 afc Ha 1 m? nyowann aspauHoHHOro Gaccelina;

3) cKOpPOCTL BOCXOAAIErO IBHXKEHHS BONLI B 3ALHTHOH
30HEe OCBETAMTENs MOXHO npuHHMats 0,8—0,9 mm/c, uene-
coo6pasilo NpeAycMAaTpPHBATb NPHHYLHTEAbHHH  OTCOC
B OCaJKOyNAOTHHTenb B pa3Mepe 20—25% pacxoma oun-
mwaemoli Boxbl. Il HCIONB30BaHHA BOAH B X03fCTBEHHO-
NMHTbEBLIX Uenax ee 1ie06XOIHMO XJOPHPOBATh, a 3aTeM
(dHAbTPOBATL Ha CKOPHIX (HUABTpAX.

5. BHOXHMHUYECKOE OKHCJIEHHE CEPOBOJLOPOIA
CEPHbIMH BAKTEPHAMH

IIpouecc yTuaH3auun cepoBOLOPOLA B pe3yabTaTe KH3-
HeIesITeNbHOCTH MHKPOOPTaHH3MOB MMEeT paj 0co6eHHO-
crefi [12, 14, 19].

1. CepoBomopon 1 cyab$QHIB sBASIOTCA OCHOBHBIM CyG6-
CTPATOM VISl OKHUCJAMTENLHOH NEATENBLHOCTH cepHBIX GaKTe-
pufi. Kpome Toro, Heo6xoiumMo uanuuue B BOLE TaK¥Ke
6uoreHHbIX BellecTB: a3ora, Qocdopa, Kanus. B panxe cay-
43eB MHKPOOPTraHH3MH XY)Ke Pa3BMBAlOTCA NPH OTCYTCTBHH
HEKOTOPHIX H3 CJACHYIOIIHX MHKPO3JEMEHTOB: J)Kesae3d, mar-
HHA, UMHKE, Meld, MoaHOaena, 6opa, maprauua, kobanpra.

Ilo6aBKa cOBepLUIGHHO HE3HAYHTENLHOrO KOJHYECTBA
(nopsauxa coThix M Ha)Ke THICAYHBIX Honel Mr/n) HEKOTOPHIX
H3 3THX MHKPO3J1eMEHTOB HHOTNA CHJABHO HHTEIICH(DHIHpYyeT
pasBATHE CePHLIX H THONOBHX GaxTepHit,
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2. B pesyabTaTe OKHCJEHHS CePOBOAOPOAA BHYTPH KJe-
TOK (cepo6akTepHil) HAH BHE KAETOK (THOGAKTEPHH) OTKna-
LBIBa€TCA Cepa, Mrpaolias poJb 3aMacHOr0 NHTATENBHOTO
BelllecTBa, KOTOpPOe pacxopyerca GaKTepUsIMH NPH Heno-
craTke OCHOBHOro cy6crpaTa. KoHeuHmM pe3yabTaTtom GHO-
XHMHYECKOr0 MNpPOIecca OKHCJEHHN CepHHCTLIX COeNHHEHUH
ABJserca o6pa3oBaHue CyJb(aTOB.

3. Ona cepubix GaKkTepHil yraeKHCAOTA ABAAETCA eIHHCT-
BEHHEIM HCTOYHHKOM Yriaepona.

4. Bce BUIBI CepHBIX GaKTePHil, BCTPEYAOLIMXCA B NPH-
pOOHBIX BoLax, 3a HMckaioucHuem Thiobacillus denitrifi-
cans, pa3BHBAIOTCA TOJNbLKO B a3poGHbIX ycaoBuax. T. deni-
trificans MoxeT OKHCJIATb COGIMHEHHS cepPhl TONBKO B NpH-
CYTCTBHH HMTpaToB. Hanuuue B 3TOM Ciydyae KHCAOPOAA,
pacTBOPEHHOrO B BOLE, HEOGA3aTEAbLHO,

5. Hekoropble BHAB MHKPOOPraHH3MOB NPEACTABAAIOT
co6oH MeskHMe MNOABHIKHHIE NaJOYKH C OJHHM MOJAPHBLIM
xKrytukom (tuoGaktepun). Hurtu mpyrux 6axrepufi npu-
KpenyaaioTea K TBEPABIM NMOABOAHHIM NPEAMETaM NpH NOMO-
IH crentanbublx canauctux nogymex (Thiothrix). Hekoro-
phle BHAb 6aKTECPHA MPOXOIANT B CBOGM pa3BHUTHH KaK He-
MOABHXKHYIO, TAK M NONBHIKHYIO CTAMHUIO.

BecuBerunie cepHble GaKTepHH, OKHCAAIOULME CEPHUCTHIE
COCHHHEHHA, MOXKHO DPa3fesyHThb Ha JBE TPYNAH: OTKAaLH-
BalOliHe Cepy BHe KJeTOK (THOHOBHIE) M BHYTPH KJETOK
(cepobaxTepun).

Buoxumuueckuii mpouecc OKHCAEHHS cepHHCTHX COEIH-
HEHHUA THOHOBbIMH GaKTepHaMH CXeMaTHYeCKy NpeacTaBJs-
10T caenyowum o6pasom [20]:

HS™> $-»5,02~ -»S,02~ -S5O . (v .24)

THAPOCY/bHA Cepa THOCYbdaT TeTpaTHOHAT CyabdaT
IOartT npeanoXun HHYIO CXeMy OKHCJEHHS COeNHHEHHH
Cephl;

SH™ - S0~ - 5,03~ - 5,03~ - 8,02~ - S0~ (IV.25)

Butuusak ycranosmns [14], uTO OKucieHune CEpPOBOAOPOAa
MOJXKET HATH uepe3 ofpa3oBaHMe NOJHTHOHATOB €3 HaKomn-
JeHus cepbl. DbIIO 1IOKa3aHO TaKXKe, YTO OKHCJIEHHE CYJb-
buna kanbuus upet OuicTpee, yeM Cyab(uaa HATPHS,
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TuonoBbie GaKkTepHH OGLIYHO AeNAT Ha ABE Ipymnnk: CTPO-
rue aspo6u Thiobacillus thiooxidans u Thiobacillus thiopa-
rus u ¢akyabraTnBubie anaspo6bi Thiobacillus denitrifi-
cans.

T. thioparus moBcemecTHO pacnpoCTpaHed B COJEHBIX H
npecHblX BOAAX, a TakXe B HJe BOJLOEMOB, COAEpXKallUX ce-
poBopopon. OnTHManbHOE Pa3BHTHE STOr0O MHKPOOPraHu3Ma,
NO naHHbIM HEKOTOPHIX aBTOpoB [19], npoucxoaur B HHTEp-
BaJie 3Hauexni pH=6... 9.

[To onwiram I'. A. Coxonosoii u I'. U. Kapasa#iko [19]
ontuMyM pH maxomurca B uureppane 8,5—9,8.

IMpu pH=10 n pH <5 u uuxce 5T GakTepuu norubanu.

OnrtuManbHoe 3Hauenue rH, paBuserca 10—16 [rH;—
OTpHUaTeNbHBIN sorapi®M KOHUEHTPALHH MOJEKYAsPHOro
Bojopona B pacreope: rHy;=E/0,0294-2pH, rge E — okuc-
JHTEeJbHO-BOCCTAHOBHTENbHBIH norenuuan (B)]

B onmirax I'. A. Coxonoso#t u I'. M. Kapapaiiko ontu-
manbHoe pa3putHe T.thioparus 6buto nmpu aspauun ¢ UHTEH-
cHBHOCTBIO | 51 Bo3xyxa na | j Bogm (rHy=13... 16).

Ilpn uuTencuBHoCcTH aspauuu, paBroit 10 n Bo3myxa Ha
I a Bopm (rHy==20... 22), poct GaKTepuit yrHetancs, a npu
uyTeHcuBHOCTH 60 51 Bo3gyxa Ha 1 ;a1 BoAbl pocT GaKTepHil
npekpaanca coscem (rH;=>=22).

Ulpn oxucneHun cepoBOAOpoJda cepoGaKTepHsSMH CHaya-
Jia o6pasyerca cepa, KOTOpas HaKanaHBAaeTCs B NpOTOMaas3-
Me KJeToK cepobaKkTepuii:

9H,S + O, = 2H,0 + 25 + Q, (1V.26)
3aTeM nporeKaer peakunus
25 - 30, -+ 2H,0 = 2H,50, + Q. (1v.27)

6. OYUCTKA BObl OT CEPOBOJOPOA
B A3POTEHKAX, BHO®HUJIIbTPAX U A3POCHIIBTPAX

B Haluei cTpaHe nepsbie HCCAeLOBalHA CHOXHMHYECKOrO
MeToJa YAAaJEeHHs CEPOBONOPOAA H3 NMOA3EMHOH BOABI, Mpex-
Ha3HAUYEHHON AJ1a X03SHCTBEHHO-THThEBOI'O BOJNOCHAOXKEHHS,
6bi nposenenst B. JI. IMTnewaxoswim [16]. MM xe Guin
BHeIpeH GHOXMMHYECKHI METOX YAAaJNeHHs cepoBoLopoda Ha
aspodunbrpax B Eficke.

B cocras ouyucTHO# ycranoskum EficKoro BogonpoBoia
BXOAAT a’podunbTpbl (T. e. GHOMHABTPEI C NPHUHYIHTENb-
HOM a’spanueil), BENTHASTOPB AJIa [10gaul BO3AyXa B a3po-
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GUILTPE, XJOPATOPBI, YCTPOICTBA [/ NpPUTOTOBJEHHS H
I03HPOBaHUA pPEAreHTOB, a TAKXKe NecyaHble GUALTPHL.

A3pothuapTphl 3arpyKarcs WAAKOM KPYHHOCThIO 50—
70 mwm, BricoTa cnoq 3arpy3ku 2,6 M. I1pu copepxannn HyS
20—23 W™r/a WHTEHCHBHOCTb OpOWIEHHs a3POGHABTPOB
8 m3/(m2.4). Pacxon nonaeaemMoro Bo3xyxa okoso 15 m? na
1 m® oummiaemoit BOMbI

Brmonueunbie B. J[. TTnemaxoBrIM HccnefoBanyua noka-
3aJiH, 4YTO NpPH MeHbIUEM CONEpPXKAHHH CepOBOLOPONA B HC-
XONHOl BONE QUMCTKA BONH OT HEr0 MOMKET OCYUIECTBIAATHCS
6e3 NPHHYIHTENBHOH NMOJaul BO3NyXa NpH NMOMOLLM ecTecT-
BEHHOH BEHTHJSILHY.

Onnaxo OnmeIT 3KcANyaTallid BOROOYHCTHBIX COOPYKEHIi]
B Eiicke nokasaun, 410 BcneJCTBHE YRaneHHs CBOGONHOMH ABY-
OKHCH yrJIepofia BONA CTAHOBUTCA HecTaBGUABHOH no kap6o-
HaTy KaJblius, 3arpy3Ka 3apacTaeT KapGoOHATOM KaabUMs W
BeIXONHT M3 crtposi [13].

KomnneKcHbie HccnefOBaHHs GHOXHMHIYECKOTO METOAA
OYHCTKH BOJABI OT CePOBOJOPOAa Griny BunonHerw 1. U. Po-
rosckoil, M. @. Jlazapesoir, M. M. Kana6unoit, M. I1. JleGe-
nesoit, JI. H. Cronsposoi Bo BHHU BOJITEO =8
1957—1960 rr. [8, 18].

B TeteHHe HECKOJABKMX MecslEB B naGOPaTOPHLIX YCJIO-
BHAX HccaeloBajach pa6oTa Monenell a3poTeHKa-CMeCHTens
¢ peudpKyasuueil aKTHBHOTO uJja H GHOQHABTPOB C MCKYyc-
CTBEHHOH M ecTecTBeHHOH aspauueil. Mcxonnas Bona umena
pH ~8 u comepxkana 140—180 mr/a H,S. B ouumennof
BOJle cOMlepKaHHe cepoBONOpORa OBLIO OKOAO Hyas, pH=
=3,8..4,8.

B mcxonHylo BOAY N03upOBanl GHOTEHHbIE JEMEHTH —
asot (5 r/m3) u Pocdop (2,5 r/m3). MukpoGroaornIecKHe
aHa/lH3El TIOKA3aJH, YTO B OUYMIEHHOH BOJe NocJe aspoTeH-
Ka, TaK e KaKk v B aKTHBHOM HJe, peobaagany THOGAKTe-
pnu Thiobacillus thiooxidans, T. thioparus, T. denitrificans,
XKH3HEJeATEJNbHOCTL KOTOPBIX HTPAJa I1aBHYIO POJb B OYHCT-
Ke BOIbI OT CepOBOAOPOLNA.

B Monmenx aspoTenxa-cMecHTeass pacxOl BO3AyXa CO-
craBasn oxoao 35 Mm% Ha | M3 ouniaemoit BOMBI, NPOKOMIKH-
TEJbHOCTh a’palMu — 2 y, Harpy3ka — 12 o6beMoB ouHillae-
Moii Bonsl Ha | 06beM COOpYKEeHHil B CYTKH,

Ha monenu 6uotduabTtpa BhICOTOH oKkono 1,5 M c ectect-
BEHHOMH, a TakXe M C NPUAYAMTENbHOH BeHTHAsNHel npH
OYHCTKE BOJAH AHANOrHYHOro Kayectsa Harpysxa Owina pas-
Ha 2 ofbemam OuMIAECMOIl BORLI Ha | oO'beM coopyXKeHuii,
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T. €. 6b1a GoJiee YeM B 5 pa3 HHXKe, ueM B asporeHKe-cMe-
cuTene,

Beuny sToro psig aBTOpoB [8] CUMTAIOT, YTO HJsT OYHCT-
KH BOJbI OT CEpOBOJOPOJA TNPHMEHATb A3POTEHKH palHo-
HanbHee, yeM GHOQHALTPDI.

Uccnenopanne npouecca OYHCTKH CEPOBOLOPOILHON CTOU-
HOH BOAB CYyAb(ATHO-LENIIONO03HOI0 NPOH3BOACTBA HAa MO-
IenH GHOGHAbTpAa C eCTeCTBEHHOH aspanuedl BbLINOJHHJH
H. U. Txayeuko u JI. B. ITomepauny [21]. Harpy3xa Ha
Monenu 6HOGHALTPA OKa3anach paBuoi 2,8—3 m3/(mM3.cyT),
T. €. 6BJ1a HECKOJMBKO BHIUE, yeM B Npeabiayiieil paGorTe.

MuKpOGHONOrHYeCKyHe HCCAEeJOBAHHA NOKA3aJaH, YTO Be-
Ayuias poab B OKHCJAEHHH CEPOBOAOPONA HPHHALJNENKHT
T. thioparus (pH ncxopuoit Boget >7,6). [HHanGonee axTHB-
Hoe pa3muoxenne T. thioparus waGmoganocs Ha 18- geub
pa6otu 6noduabTpa. CnycTa mecar, copep’KaHHe CEPOBOJLO-
poma ymeubllaaocs ¢ 96—103,3 mo 7 mr/a B GuabTpaTe,
a kosnnyectso wietok T. thioparus moctHramo maxcumyma
(107 xnetok/ma).

CpaBuenne 3¢ (HeKTHBHOCTH TNPHMEHEHHsI a3IpOTEHKOR
H a3pOQHAbTPOB IJ OUHCTKH CTOYHBIX BOJN THIDPOJH3HLIX
3aBOJIOB NpHBegeHO B pa6oTe [7]. AnanH3upys ONBIT 3KC-
nayaTtagay 11 gefCTBYIOMIMX OYHCTHBIX COOPYXKEHHH, aBTOp
NPAXOJHT K BBIBOAY, UTO Ha a3pOTeHKAX IOoaAyyaloT Gonee
BBICOKYI0 OKHCAHTENbHYI0O MOLHOCTh H 60JbUWIYI0 IMyGHHY
OUHCTKH, ueM Ha aspotHAbTpax. B uenom ce6ecTOHMOCTb
OYHUCTKH iHa a’poTenkKax, 00 JAaHHBIM aBTOpaA, 06X011HTC$1
B 1,5 pasa pmemieBne, yemM Ha a’podHALTPAX.

OuncTra CTOUHON BOABI OT CEpOBOJOPOAA, a TaKXKe
B apyruax npameceil (dopmons go 90 mr/a, dopmanbmerun
no 16 mr/a) ocyinecTsaseTca B aspOTeHKAX HA ONHOM H3
npeanpuatait B Kazaun, Caexyer oTMeTHTb, 4TO GHOXHMH-
YecKHil Mpouece yrHeTAaeTCs NpH KOHUGHTPALHH Qopmans-
nerupa 1000 wmr/a. 3uayenwe pH croxkos nogaepxusa-
etca B HHTepBaje 6,5—7,5, XITK (xumHuecxoe notpeCiaenue
KkHcsopona) pasro 100—170 mr/n Oz 3a 15 u aspuposanusn
B a’POTeHKAaX COAEPXkKAaHHE CEepoBOROpOAA CHHXKaerca ¢ 20
10 2 mr/a. ITpn cunxkennn pH croxos nuxe 6 npouecc oyncr-
KH OT cepoBojopoxa yxyamaercs, a npu pH<C5 ounctkn
BOOOGILE He NPOHCXOIHT.
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7. OMUCTKA BObl OT CEPOBOOOPOLOA
B PEAKTOPE BUOXUMWYECKOIO OKUCIIEHUA

Bo BHUH BOATEO 6wma pa3paGoTaH HOBBIi MeTuh
OYHCTKH BOAB! OT ceposofopona [6, 11]. Cyunocrs ero 3a-
KJaiouaeTrcss B TOM, yTO NPH NpomycKe BOALL H BO3AyXa
CHH3Y BBEPX Yepe3 3aTONJEHHYIO 3ePHHCTYIO 3arpysKy npH
onpeneseHHOM 3HAYEHHH OKHCJAHTENbHO-BOCCTAHOBHTEILHO-
ro norteHiyajga Cco3fawTcs OGaaronpHATHbIE YCAOBHA AJ
DPa3BHTHS MHKPOOPraHH3MOB, HCNOJNb3YIOULIX CePOBOLOPOL,

Yinaneune CepoBOAOPOLA NMPOHCXOAHT B peaKrope maf
GHoxHMHyeckoro oxucaends (puc. IV.1). JlaGoparopusie
ONBITH BBHINOJHSAJHCH HAa MOAENH YCTAHOBKH KPYIVIOCYTOUHO
B TeyeHHe 12 mec.

JlaBopaTopras ycraHOBka npeicrasassa COOOH KOJOH-
Ky H3 oprcrexaa guaMmerpoM 55 MM u shicoTolf 1,7 M, 3anon-
HEHHYI0 rpaBHeM KpynuocTbio 5—30 MM, roauHHOH cJod
0,7 M. imurar non3eMHON BOAB NPHrOTaBAHBAJCH H3 MO-
CKOBCKO}I BOJONPOBOJAHOH BOMB, B KOTOPYIO LO3HPOBAJH
CyabQHL HATPHA.

INogaya mMHTaTra Bo;bl B MOjeab OCYIIECTBJAAIACH NMPH
nomoutu cocyga MapuoTTa, KOTOpHIA HCROJAbB30BAJCH B Ka-
YyeCTBE [03aTOPA MCXONHOH BOJLL C MOCTOAHUBIM PACXOLOM.
HmuraT nogseMHO BOXBI, COAEPXKAIIMH ONpeaeNeHHOe KO-
JIHYECTBO CEPOBOAOPOMAA, 3aJHBAJCA B J03aTOp HA 6—I12 4.
Hosaropsl MapuorTa, KaK H3BECTHO, HE MEHAIOT pacxoia
NPH CHHXXEHHH YPOBHS BOAK B cocyae (puc. I1V.2).

Hcereyenne Bogbi M3 COCYXA NPOHCXOAHT NOJ HAMOPOM,
paBubIM cronfy Bomel BbICOTOH A, Menas ray6HHy norpy-
MeHHS TPYGKH 2, MOMKHO H3MEHSATh HANOD H, CAEAOBATENLHO,
pacxoX BOAM, BHITeKalouielt H3 jgosaropa, Bosayx u Bsona
BBOIHJIHCH B HHXKHIOIO YaCTh KOJIOHKH Yepe3 TPOHHHK ¢ aHa-
MeTpoM OTBOAOB |1 MM.

M3 pesyabraros skcnepuMedTos (cM. unxe Tabn. IV.4)
CeyeT, YTO OYHCTKA BOJALI OT CEPOBOAOPOAA NMPHMEPHO HA
90% nocruraercs 3a 0,5—1 u npe6biBAHMA BOABl B ycTa-
HOBKe NpH pacxone so3gyxa 3—5 m® ya 1 M3 sonnl

Janbuelilllee ynyywieHHe Npoyecca OYHCTKH ObIO JHO-
CTHrHYTO NpH [OoGasjeHHH OHOreHHBIX 3JeMEHTOB B BHIE
NH,Cl no3ot N=0,5 mr/a, a takxe ¢pocdopa u Kaans B pH-
ne KoHPOy nosofi P=0,25 Mr/n ZONONHHTENABHO K HMEIO-
muMcsa B NpHponHoi Boae. JloGapka GHOIGHHHIX 3JIEMEHTOB
cgmxé%eo; OCTATOYHOE COAEPIKAHHE CEPOBOLOPOAA B BOAE 113
10—30%.
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Puc. IV.1. TexHonoruuecian cxeMa paGoThl YCTAHOBKH ANl OYHCTKH BO-
Ibl OT cepoBojpopona

! — nosatop GHoreHEmXx yomnonentTos P, N (suTpodocka); 2 — peakrtop nns Guo-

XHMHYECKOro oKHCNeHHs cepoBOlOpORa; 3 —~ cHCTEeMa K3 AbIPUATHIX prﬁ Ang pac-

npeneneiys Bonbl W Bo3Ayxa; 4 — BOSAYXolyBKa; 5 -— xnopaTtop; 6 — necuaHbift
dUAbLTE
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Chpoe § nonemirayuw

Puc. 1V.2. Jlaboparopuaa ycTaHOBiA AJIA OYHCTKH BOAB! OT CEPOBOAOPO-
la B peaKTope GHOXHMIYECKOrO OKHC/EHus
!/ — Tpy6Kka nas Bopbl; 2 — TPyOGKa Ans Bo3pyxa; 3 — nosatop MapHoTra; 4 -~ po-

TAMETP AAR HIMEPeUus pacxola BO3AYXA; 5 -~ MOJeNL peakTopa GUOXUMHUecKOro
oKlcaenns
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Ta6anrua IV.3. Pesyabratel JaGopatopnsix n CTEHAOBHX HCABITAHH{ PEaKTOPa GHOXMMHYECKOTr0 OKHCJAEHHS NS
OYMCTKH BOAN OT CEPOBONOPOAA
.k IloxasaTenr KadecTBa HCXORROA BOIMM
32 <
R a,
MecTo npoBejeHHSI ONBITOB ;E o $ 83 2 m E, uB rH,
§(: §‘ e 1 pH S0 Wr-3KB/a
SE g 254 e
£8 gg S &x
20 14,1 8,35 16,8 3,5 —100 12
20 13,9 8,8 Her Her Her panHmx
JlaGopaTopraa ycTaHOBKa NAHERX TIAHHRIX
Bo BHHH BOITEO 360 20 18,4 | 8,95 To xe To xe To xe
20 15,2 8,65 » » »
20 11,5 8,26 36 » »
9 15,6 8,3 Her » —230 , 3,1
JARHHIX
9 14,1 8,75 To xe » Her pauumx
Crenpophie ycranoeku Ko- 8 20 13,8 8.9 9,4 17 —320 7
ropcka {MCCP)
Besnkne Jlykm (TIckos- 16 10 8,2 7,5 Her 6,5 —135 8,25
cxoft 064.) JAHHHIX
Mocksa 14 8 0,7 7,1 To xe 6,8 Her pammnx
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IIpodosxcerue raba. IV 3

IToxaszaTenn KadectBa 06paloTaHHOR BOAM

£ | af
g | &>
MecTo npoBefiesns g om Mw ses o coZAepKanze
onmITos 5 m s% mm §| oH mon,. M o, ur-sxe/n | E, uB TH, u_wnﬂm_wn.\...wwﬁ
- ; = 5 Mr/n
£z |AEE|€82
12 0.7 {0,7518,25 56,5 3,15 +120 21,9 Her
2 0,5 0,174 3,3 Her Her Her Her m_ﬁ,wEEN
JaHHKIX JAHANX JaHHHX | AaHHHX 0 Xe
JlaboparTopHas yCTaHOBKA 12 0,6 0,47 { 8,2 To xe To xe To xe | To xe >
so BHWH BOIATEO 2 0,6 {0,348 > > > > »
2 0,6 { 0,34 | 8,05 78 > > > >
9 0,5 1,6 |8,2 Her » -2 16,3 3
JIaRHEIX
12,5 1 0,94 17,9 To ke > Her Her 3,7
INAHHHIX | HNAHBEBIX
Crenfopbe ycranoska Ko- | 1,5—2 | 0,751 2,2 | 8,9 17 16,9 —130 13,5 4,4
ToBcka (MCCP)
Bennkne Jlykm (Ilckos- 2 0,5 10,3 |]7,6 Her 6,5 —+70 18.8 Her
CKOA 0641.) JaHHEIX JaHHBIX
Mocksa 3 0,5 | 0,1 7,4 To xe Her —+170 20,5 To xe
JAHHRX




CrenjioBas ycTaHOBKa, HcnmblTaHHas B KOTOBCKe, coCTOS -
Jia U3 pesepsyapa BMecTuMoctbio 350 g, nuamerpom 0,67 M,
BoicoTof 1 M, 3amoJHeHHOro uleGeqKof TOJMUHMHON cJj0a
0,5 M. Boga 13 apreananckoM CKBaXKHHbl MPOIycKagach ye-
pe3 BojoCTPYHHBIH Hacoc THna MPTY 42-661-64 gas obora-
HIEHHS] KHCIOPOAOM BO3AYXa, a 3aTeM uepe3 MPOJONKEHHYIO
0 JHYy peaepByapa mnepopupoBaHHyl0 Tpy6y HHaMeTpoM
12 MM ¢ ueTHIpbMSA OTBEPCTHAMM AHAMETPOM 3 MM Y 11aroM
16,5 MM monasasach B LebeHouHyio 3arpyaky. Ilpomwenmas
uyepe3 3Ty 3arpysxky Boja oTOHpasach H3 BEPXHER uacTH
pe3epBypa uepes pe3adHOBYIO TPYOKy.

B 3arpyaxy 6blia BBejeHa KyjabTypa cepoGaktepufi W3
neficTByoulell ycranoBk#n B Beauxkux Jlykax (ycranoska
npexcrasisier cofolt BEHTHASTOPHYIO IPafUpHIO, Ha 3arpys-
Ke KOTOpPO# pa3BHBAlOTCA KYJbTYphl cepobakTepuil).

TlponssoguTelbHOCTL CTeHZOBOM ycTauoBk# oT 4 10
9 m3/cyT, pacxox Bo3Ayxa o 2 a1 ua 1 1 o6paboranHoil BO-
Aabl. PeaynbTaTthl onbita npuBelens B Taba. IV.3.

Muxkpodaopa na6opaTopHOR yCTAHOBKH H MHKPOGHOJO-
rHA OUOIJICHKH ¥ OYHLICHHOH BoABl OBULIH HCCAeJOBAHEI
M. &. Jlasapesoft (BHHUU BONATEO). Onpenensiiocs 06-
wee yHcJa0 GakTepuft MeTOJOM NPSMOrO CYETa H UHCIO ca-
npoduTHbix 0 THOHOBEIX GakTepun (T. thioparus, T. thiooxi-
dans) BHICEBOM HA COOTBETCTBYIOIMX MHTATENbHBEIX cpejax.

Beno ycranoBiaeno, uto B GHonsenke, cHopMHpOBAHHON
Ha TIOBEPXHOCTH 3arpysKH, COLEpPXKAaJHUCh 300r/eHHbie GaK-
TEPHH H oOTHAeJbHBle OGaKkTepHaJbHBEIE KJIETKH, MNpeuMy-
HIECTBEHHO TIpaMOTpHuaTeNbHble MaJOuKH, HeGoJbIIOe
KOJIHYECTBO HUTYATHIX GaKTepHH M KOJOBPAaTKH.

M3 pesynpTaToB MHKpPOOHOJOrHYecKOro aHasiusa, MNpH-
BeNEHHBIX B Taba. IV.4, crepyer, uto B uHc/ie MHKpoopra-

Ta6anua IV.4 Pesyabrathi MHKpoGHONOrHYECKOrO
aHanu3a GHONNIEHKH H OYMILCHHON BOJLI

Yucno Gaktepuil, MAH
B GHonsieHke
MHKpPOOPraHH3MBb! 1 .
mipseson| yiae | R S
nrecTna

T. thioparus 48 833 70-1012 10000
CanpoduThl 499 0,7-1012 11 000
Of61mee uncao Gaxrepuil u 227 962 330-101 700 000
3oorJeft (npsaMofl cuer)
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HU3MOB, YYMTHIBABUIMXCS HA MHTATeJbHHIX CpPenax, mpeob-
napann T. thioparus. T. thicoxidans ne 6pu1 ob6HapyxKeH,
YTO, MO-BHAUMOMY, OGBsiCHAeTCS HeOJaronpHATHEIM ISt
3TOro0 MHKpoopranuama sxauendeM pH cpemm [19].

Aspo6uple canpoHTHEIE MHKPOOPTaHH3MBl COLEPIKATHCD
B GHOMJeHKe B HeGOJBUIOM KOJHUECTBE, [0-BUAHMMOMY, HX
pOJIb B OKHCJEHHH CepoBOAOpOAa Obla HE3HAUHTEbHOH.

B Guonsexke GHOPHABTPA, OYHILABIIEro rPyHTOBHE BO-
LBl CEPHBIX MeCTOPOXAEHHA, comepxamwmx po 200 mr/x
cepoBOAOpPORa, obuiee yucao GaxkTepuit cocTawBafI0 OKOJO
1-10'2 ya 1 M3 3arpysxu.

Haauyue B 6nongenke uccaenyemod HAMH YCTAHOBKH
60JBIIOrO KOJMMYECTBA THOHOBHIX OakTepufi yKasbiBaer Ha
TO, YTO OKHCJEHHe CEPOBOAOPONA TPOUCXONUT GHOXHMHUE-
CKHM IIYTEM.

B Tta6a. IV.5 npusogsitca pe3yybTaThl ONBITOB 10 OUHCT-
K€ MMHTaTa NPHPOAHLIX BOA, comepxatunx 120 Mr/a cepo-
BOLOPORA, HA MOLEJAX peaktopa GHOXMMHUECKOIO OKHCIE-
HHUA ¥ d5pOTEHKa-CMeCHTeJIA, KOTOPbIl NpHMEHACTCA 06BIYHO
Ha IpaKTHKe AR GMOXMMMYECKOH OUHCTKH CTOYHHIX BOA.

CpaBHeHue nokasaTenefi pabOThl 3THX COOPYXEHHH mMo-
Ka3hlBaeT, YTO IPHMEHAEMBIA B HACTOsIIEE BpeMsi a3pOTEHK-
CMeCHTeJb ¢ BTODHYHBIM OTCTOAHHKOM M peuupKyaslueH
AKTHBHOIO HJIa 3HAYHTENBHO YCTYmaer [PERJOXKeHHOMY
['. JO. AccoM peakTOpy GHOXHMHYECKOrO OKHCJEHHS 1O OC-
HOBHHIM TeXHHKO-3KOHOMHYECKHM I10Ka3aTeadM.

MeTtop OUHCTKH BOABI OT CEPOBOAOPOAA B peakTope GHO-
XHMHUECKOI'0 OKHCJCHHA HMMEeT cJefylolllie NMpEHMylUecrsa
10 CPaBHEHHIO ¢ OUHCTKOM B a3pOTEHKe-CMeCHTeJe;

1) mepBoHauaJbHbie KANNTANOBIAOKEHHS AJ51 CTPOUTED-
CTBA YCTAHOBKH 3HAUHTENbHO HHMXE M SKCIJyaTauus ycra-
HOBKH MpOlLe, TaK Kaxk He TpeGyercA peuHpKyJasilli¥ aKTHB-
HOTO HJa;

2) pacxon BO3fyXa B 3 pa3a MeHblie, UM B a3POTEHKAX;

3) OTCYTCTBYIOT BpemHbie BHIGPOCH cepOBOROPORA B aT-
mocdepy;

4) He TpeGyeTcsi YCTPORCTBA aHTHKOPPO3HOHHOroO 060py-
AOBaHHA M apMaTyphHl, KaK B a3poTtenkax npu pH==3,1.

Hccnenosanre paborsl peaktopa 6HOXMMHYECKOro OKHC-
JIeHHsi CepOBOAOPOAA TPH €ro cojepxandu B Boae go 14—
18 Mr/a ¢ nedblo BEIGOpa ONTHMAJBHBIX NapaMeTpos paGoTH
COOPYXEHHH MPOBORHJOCH C IMOMOLIBIO 3JEMEHTOB TEOPHH
MJIAHUPOBAHUA 3KciepuMentos [17].

Kak H3BecTHO, CTOMMOCTb mMepBOHAYAJBHEIX KamuTado-
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Ta6anua IV.5 OuucTka ceposonoponHofl BoAbl HA MOaenH
asporeHxa-cMecHTens [8] H B peaKTope GHOXMMHHECKOro OKUCJEHHS

Mokasatenb

PeakTop GHOXHMHue-
CKOI'O OKHCAEGHHR

AspoTenk-cMmecHTeNY,
BTODHYHBIA oTctTofi-
HHK, CHCTeMa IJN
PeUDKYARUHHK @K~
THBHOIO HJA

Cnoco6 nopauu BO3ayxa Hepes nepdopupo- | Hepes  dnanrpoc-
BaHHble TpyGHI Hbie TJIaCTHI B
(cpenHenysnipyarasn (Mevikonyanlpua-
aspauusn) Tasr a’spaumus)

Pacxon Boapyxa, ¥/ 1 M3 | 11 34

OYHUIEHHOA BOAKI

Bpewms npeGuisanns Boabl | 2.8 2 (6e3 yueTa BpeMe-

B 06beMe coopyXeunft, 4

Conepxanue HyS B Bone,
Mr /i1

HH npe6LIBaHHs BO-
AbI B OTCTOfIHUKE)

HCXOHO 121 121
OUHUIEHHON 0 (onpenmenenne c 0
YKCYCHOKHCJIBIM
CBHHILOM)
Konuuecrso HsS, oxucaen- | 96 121
Hoe a0 cyabaros, Mr/a
Koanuecteo H,S, ynanen- | Caeam 0,7
Hoe 3 BOAH a’pauneft, Mr
(va 1 n oyuenHoRt BomH)
pH Boam:
HCXOAHOR 9,5 8,1
ouHUIeHHOR 74 3,1
BJ'[O}KeHPH:I, a TaKXe 3KcnJyaTallHOHHBIE pAaCXOAbl MOTYT

6HTh OXapaKTepH30BaHbl MPHBCACHHBEIMH KaNH{TaJOBJIOXE-

unsimu Ip, 1. e

rae K — nepsonauanbuble KanntanobioXenus; C — 9KCTUIYaTALHOHHBE

pACXOAKL.

(1vV.28)

ITpu mopcueTe SKCHAYaTALMOHHEIX PAacXONOB YUYHTHIBA-

JIOCh, UTO yXyAuienue sdekTa OUYHCTKH BOAH OT CEPOBOAO-
pOAA MPHBOOUT K YBEJHUEHHIO AO3Bl XJOpa, HeOoOXoaHMoMH
JUISi TIOJIHOTO OKHCJIEHHsT OCTATKOB CepOBOAOPOAA A0 CYJb-
(haTos.

CTrouMocTh NpHBEAEHHHIX KaImHTAJOBJIOXEHHA onpene-
JsieTcs CJAeAYIOUIHMH TEXHOJNOTHYECKHMH NapaMeTpaMH, Ko-
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TOpble MOXHO M3MeHsTh HO HauleMy YCMOTPEHHIO: Bpe-
menem npebniBanusi BoAE B oObeme peaxropa T, pacxo-
IOM BO3RYyXa jpJisi 6ap6OTHpPOBAHHS BOAM B peakrtope g
¥ TOJIHHON CJIOSi TpaBUiiHOM 3arpy3xku B peaxTope H.

Taxum o6pasom, mpuBejeHHble KAaNUTAJOBJIOXKEHHA siB-
asiioTesi QYHKUHeN TEXHOJOrHUeCKHX mnapameTpoB palboThl
YCTAHOBKH:

[lp = (T, ¢, H).

AnnpoxcuMupyem HeH3BeCTHYIO HaM (PYHKLHIO MOJHHO-
MoM BTOPOH crenenn [17]:

I'Ip=ao+a1T1+a2q1+asH1+a1Tf+a2qf+aaaHf+
4+ 319 T1 91+ 019 Ty Hi -+ asa gy Ha (1v.29)

3nech ap, @i, G H T. A.— HeH3BecTHHlE Ko9ddHUNEHTH MaTeMATHYECKON
MOZeaH, onpeielsieMbe no pe3yabTaTaM gkcnepuMenrtos; Ty, ¢, Hy—
COOTBeTCTREHHO BpeMs npeGLBAHKA BOAW B o0beMe peakropa, pacxom
BO3AyXa AJs GapGoTHpOBaHMf BOAH H TOJNUMHA cNOA rpapuiiHOA 3a-
rpysku B peaktope, MJsi yaoGCTBa pacyeToB 3aKOLHpOBaKHHe TAKHMM 06-
pa3oM, YTO HamOoJMbillee 3HaueHHe STHX BEJIHYHH NpPHHATO paBHEM -1,
a HauMeHbllee — 1,

JJisi cokpaueHusi YHCaa ONbITOB NepBas cepus 3KCHepH-
MEHTOB NMPOBOAHTCS C LEJbI0 NPOBEPKH BO3MOXKHOCTH am-
MPOKCHMALMY JIHHEeAHOA MaTeMaTHYeCKOH MOJeNH COrJacHo
YpaBHEeHHIO

Np=ay+a, T+ as 9 + a3 Hy. (Iv.30)

CopepxaHie cepOBOAOPOAA B HCXOLHON BOfe MO TEXHHU-
YeCcKUM IPHYNHAM Meusiioch B npepenax 40%, pacxon so3-
AyXa H3MEHANCS Ha 20—30%, Temneparypa H3MeHANACh Ha
3—4°,

Iasi pacuera BHUHCASAAH CPellHee 3 He MeHee UeM MATH
onpepeseHufl COfepXaHUsi CepOBOAOPOAA B BOMe MOCHIE pe-
aKTopa GHOXHMHYECKOrO OKHCJIEHHS.

B pesynbTaTte 6buia mosyueHa chaefyiollas JHHeHHAs
ANNpPOKCHMALHT MaTeMaTHUECKON MOeNH:

p =9,70 +1,32T, — 0,72¢, + 0,22H, . (1v.31)

Copepxaunde CepoBOLOpPOAA TMOCHe MOAedH peakropa
GMOXHMHYECKOTO OKHCJEHHS [0 TEXHHUYECKHM NPHYHHAM He
6buto mOCTOSHHBIM, TlorpewIHOCTE JNHHEHHOH ANNpPOKCHMa-
IHH MaTeMaTHYeCKON MOMENH HAXOAMJACh B Tex Xe Opeje-
Jax, UTO U HeTOYHOCTh 3KcrmepuMenTta. IlosToMmMy nepexon
K nonuHomy BTopoi crenmeHn (IV.29) wna BTopoh cepHH
3KCIIepUMeHTOB HenesnecoobpaseH.
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Hcnonbaya nosydeHnyio HaMu JIHHeAHYI0 annpoKcuMa-
1110, MOXKHO CHeJaThb BBHIBOJ, YTO NpHBEfeHHble KamuTaso-
BJIOXKEHUA YMeHbUIAIOTCA MPH YMEeHbUIEHHHM BpeMeHM Npebbi-
Banua T ¢ 1 4 go 0,27 4, yBesnHYyeHHH pacxopa BO3AYXa ¢
¢ 0,1 mo 2 n Bo3nyxa Ha | J1 BORK! ¥ YMeEHbUIEHHH TOJULHHEI
ciosl rpasuiiHOR 3arpysku H co 170 go 55 cm.

BroinosiHeHHble HAMH [ ONOJIHHTENbHbIE ONLITH, pe3yibTa-
Thbl KOTOPHIX NpHBefenbl B Tabu. IV.3, nokasbiBaloT, 4To fajb-
Hedlllee yBeJliYeHHe pacxoja Bo3fyxa c¢ 2 go 12 mwa 1 &
BOAH He yayduiaetT 3GdexTHBHOCTH paboOThl YCTAHOBKH.

C yuyetoM mpoBefeHHBIX HCCefOBAHUIM ObUIH BHIGPAHEI
TeXHOJIOTHYeCKHe HapaMeTPH CTEHAOBOH YCTAHOBKH, HCHEI-
TAHHON HAa apTe3uaHcKol Bofe B Besukux Jlykax. Hecmo-
TPA HA CHUXKeHHe TeMmepaTyphl Boakl Ha 10° mo cpaBHeHHio
C ONbTdMH, BHINOJHEeHHBIMH B Jafopatopud  (cM.
taba. IV.3), yro mpubausurenbHo B 3 paza yMeHblIdeT CKO-
pocTh 6HOXHMHYECKOIO0 OKHCIEeHHH, GBLIIH TOJAYYeHHl A0CTa-
TOYHO BBICOKHe TeXHHKO-3KOHOMHYecKHe moKasareian pabo-
TH YCTAHOBKH.

PekoMenayeMble TeXHOJOrMYeCKHe mapaMeTpbl peakTo-
pa OHOXHMHYECKOTO OKHCJIEeHHA [JJA OYHUCTKH BOZHI OT
CepoBOAOPOMAA clepylolile: copepXaHue CepOBOROPOLA
B HcXoAHOH BoAe mo 20 Mr/a, mocie peaktopa GHOXHMHYe-
ckoro okucaenusa 0,1—0,3 Mr/n; spema mpeGbiBaHUS BOABI
B peaxtope 6HoXxHMHYecKkoro oxucienusa 0,5 y; pacxopn BO3-
nyxa 2—5 M3 na 1 M3 Bopul.

Peakrop 6HOXHMHYECKOro OKHCJIEHHS HpPENCTaBideT CO-
6ofi pesepByap, 3arpyXXeHHHi TPaBHEM KPYNHOCTBIO 3epeH
20—50 MM. BricoTa rpasuitHoff 3arpysku 1 M, BbicOTa cj04
BOAbI HAA 3arpy3kodl He MeHee | M. Ilo auy pesepsyapa
NPOKJIAABLIBAIOTCA ABE PACHpPEfe/NHTe/NbHble CHCTEMBI H3 ABIP-
qaTeiX Tpy6 MJig pABHOMEpPHOrO pacnpefeliends BOAL H BO3-
Ayxa. JuaMerp oTBepcTHA QN pacnpefenedHs BOLK paBeH
10 MM, Bo3nyxa — 2 MM. CKOpOCTb ABMXKeHHsi BOALI B HA4a-
Je peipuatodt Tpy6m 1—1,5 M/c, sosnyxa 15—20 m/c. Or-
BeDPCTHA AJI HU3JHBA BOAH HOJKHB PACHOJNAraThCid yepes
30 cM, Tpy6rl yepe3 0,5 M; /1 HOAAYH BO3LYXA PACCTOSTHHSA
MeXAy Tpy6amu pasebl 30 CM, OTBepPCTH yCTPaHBAIOTCA
uyeped 15 cum.

Orpop $puabTpara mpepycmarpupaerca xesnobamy, pac-
[OJIOXKEHHEIMH FOPH30HTAJILHO B BepXHell YacTH pe3epBya-
pa. B kpyrJiom pesepByape xenoba pacnosarawmoTcs 1no pa-
AHyCaM.

Cuenyer npefycMaTpuBaTh [03aTOp Jis BBOAA B Ciydae
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Heo6XOLMMOCTH B HCXOLHYIO BOLY Nepej peakTopOM pacTBoO-
pa GHOreHHLIX 3JleMeHTOB — a30Ta u Qocdopa.

B xKauecrse pearemta, cojepxauiero asor u Qocdop,
MOXHO NpuMeHATh HuTpodocky (copmepxkauue asora 13—
17%, docdopuoi kucaore 11—30%, KoO 15—20%) nosoi
no 2 mr/a. JKenarenbhHo 3anpoeKTHPOBAThL TaKMXKe BO3MOX-
HOCTb BBeieHMS B BOAY nepel OWJILTPAMH KOATYJfHTA —
CepHOKHCJIOro aJIOMHHUA J030H 25—35 Mr/:n1 B mepecueTe Ha
Al (SO4)s.

MerTon 3KcnepuMeHTaJbHO IPOBEPeH Ha MOI3eMHOR BOJe
npu pH==7..9 u Temneparype 9—20°C.

ITepen crpoMTesNbCTBOM CTAHIHMH OYHCTKM BOAbl AJA
YTOUHEHHUS] TEXHOJOrMYeCKHX MapaMeTpoB CJAELYeT BBIMOJ-
HHTh Ha HCTOYHHKE BOMOCHAGXeHHA TEXHOJIOrNYecKuil aHa-
JAu3 — po6HOe  yHajende M3 BOAH cepoBopopoma. Maa
5TOTO OKOJIO apTe3HAaHCKOM CKBAXMHEI YCTAHABJAUBAIOT KO-
JIOHKY AMaMeTpoM He Menee 55 MM ¥ BHcOTOR Gojee 1,2 M.

Kosonka sarpyxaercsi weGHeM uJH rpaBHeM KpYMHO-
cTb1o 5—30 MM, ToamuHON cjaog 70 cm. Boga na apresuau-
CKOM CKBAXMCHMHH M BO3AYX MOLAIOTCS B HMIKHIOIO 4acTh KO-
JIOHKH.

Ias nogaun BO3fyxa MOrYT GHITb HPHMEHEHH, HAMpH-
Mep, MUKPOKOMMNpeccopsl AJA aspanuu aksapuymos MK-2
Han MemGpanHbie nmoGypuTesu pacxopa rasa MIIP I-68.
Mopear ycraHaBauBaeTcs B NOMeIleHHH apTe3HaHCKOM
CKBAXHHBI ¥ paboTaeT KPYrJOCYTOUHO B TeueHHe ABYX- Tpex
Helesb AJs Pa3BHTHA MHKPOQJIOpHL.

Pacyers nmoxasbiBaloT, 4TO TOJMBKO AJsi OAHOM MpOMBILI-
JIEHHOR yCTaHOBKM HpOM3BOAMTeNbHOCThI0 20000 M3/cyT no
CPABHEHMIO ¢ MEeTOJOM NOJKMC/AEHMA, a3palldH, MOAlleaa-
unpauud, pekoMenfosauneiM CHull [I-31-74, skonoMus
3a CYEeT HCKJIOYEHHA PACXOHOBAHHA KHCJAOTLI U ULEJOYH cO-
craBuT okoJo 100000 py6. B rog.
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