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B KHHre paccMOTpeHbl BONpochbl O6OPOTHOrO BOAOCHAGXKEHHA H
CKJaJHPOBaHHA XBOCTOB Ha »KeJie30pyAHbIX H MaprainueBbix obora-
.THTeabHbIX (abpukax. OG6Go6uieHbl H NpPOaHaJH3HPOBaHbl KaueCTBEH-
HO-KOJIHYECTBEHHble H BOJHO-LIJIAMOBble TEXHOJIOTHYECKHE CcXeMbl C
npuMeHeHHeM BHYTpHGa6pHYHOrO OOGOPOTHOTO  BOAOCHAOXKeHHA H
NMOArOTOBKH XBOCTOB K CKJaaHpoBaHHio. Iloka3anbl nyTH paumuo-
HAJbHOTO HCMOJIb30BAaHHA BOAbl A/l TEXHOJIOTHYECKHX HYXA Ha
OTeuecTBEHHbIX O6GOraTHTEJIbHbIX NpPeANPHATHAX YEpHOH MeTaaayp-
ruH. PaccMoTpeHbl HOBble HanpaBJieHHsi Pa3BHTHSA TEXHOJOrHH BOAHO-
IIJaMOBOTO XO3fIHCTBAa C NMpPHMEHEHHeM OCBeTJeHHA H ray6oKoro
06e3BOXXHBaHHs1 XBOCTOBO# mnyJabnbl. KM3joxeno MeToanl onpepene-
HHSI OCHOBHbIX NMAapaMeTpPoOB NyJibNbl H Pe3yabTaTbl HCCJAENOBaHHi NoO
CTylLeHHI0O H 006e3BOXKMBaHHIO MNyJibNbl C NPHMEHEHHEM peareHToB H
6e3 uux. [1pHBeaeHbl TeXHHYECKHe XapaKTEPHCTHKH H OMbIT paloThl
CYLIECTBYIOWEr0 H HOBOrO O6GOpPYAOBaHHA LEXOB CTylleHHs H 00e3-
BOXXHBaHHS XBOCTOBOi MyJibIlbl.

[aHbl peKoMeHaauHH 1no BbIGOpY TEXHOJOTHYECKHX cXeM C
BHYTpHda6puHbiM  06OPOTHLIM BOJAOCHAOXKEHHEM H BbINMOJIHEH HX
TeXHHKO-3KOHOMHUYCCKHH aHaJu3.

Kuura npeaHa3nayeHa AJsi HHXKeHepHO-TEXHHUYECKHX PabOTHHKOB
oboraTuTenbHblXx ¢ abpHK, NPOEKTHbIX HHCTHTYTOB, CTYAEHTOB BY30B.
H YYallHXC TEXHHKYMOB.

Ta6a. 48, ua. 54, cnucok JauT. 43 Ha3B.
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NPEANCIIOBHE

Bonanble pecypchl, Kak Bce Apyrie NpHpojAHble GOraTcTBa HalleH
CTpalibl, IBJASIOTCS JOCTOSTHHEM Hapoja.

locynapcTBeHHass coGCTBEHHOCTb Ha BOAY co3Jaer OJaronpusrt-
Hble YCJOBHS MJs1 OCYlIeCTBJEeHHs HayyHo OOOCHOBaHHOTrO, MJaHO-
BOTO M KOMIJIEKCHOTO €e MCI0Jb30BaHHs, NM03BOJsIeT 006ecneyuTh Ha-
WJydlliie YCJOBHs TpyAa, GbiTa, OTAbIXa H OXPaHbl 3]0POBbs Ha-
pona.

B naweii cTtpaHe 6oJbllioe BHHMaHHe YHeJseTcs BONMpPOCaM Hc-
N0JIb30BaHHs BOJbI B NMpOMbllleHHBIX 1easx. B OcnoBax BomHOro
3akoHonarejbcTBa Coio3a CCP u colo3Hbix pecny6auk [1] onpene-
JIeHO, YTO BOJAONOJIb30BATENH, NMOJb3ylollHecs BOAHBIMH 00BbEKTaMH
IJiIs TIPOMBILIJIEHHBIX 1LeJdeH, 006s3aHbl c06J10/aTh YCTaHOBJIEHHbIO®
NJaHbl, TEXHOJOTHYECKHEe HOPMBI M NpaBHJa BOJOMNOJb30BaHHA, NPH-
HHMaTb Mephbl K COKpallleHHI0 pacxoAa BOAbI M NMpeKpallleHHio copo-
ca CTOYHBIX BOJ NYyTeM COBEpILIEHCTBOBAHHS TEXHOJIOTHH NPOH3BOA-
CTBa M CXeM BOJOCHaOXeHHs (npuMeHeHHe O€3BOJAHBIX TEXHOJIOTH-
YECKHX TMpOIECCOB, BO3JYLIHOTO OXJaXAeHHsi, O0OOPOTHOro BOJO-
CHabXXeHHs U APYrHX TEXHOJOTHYECKHX NMPHEMOB).

OnuuMil M3 KPYNHEHUIMX BOJOMOJIb30BaTeJeH B 4epHOH MeTaJ-
JYPruH sBJAIOTCA TOpHO-o6oraTHTeJbHble KoMGuHaThl (I'OKn).
Pacxon Boaml Ha | T Kejle3HOro KOHLEHTpara 3Jecb JOCTHraer
30 m3 [2]. Ina GoJsiee palHOHAJBHOIO HCMOJb30OBAaHHS BOALI NpHMe-
HAIOT cXeMbl 060POTHOrO BOJOCHA6XEHH .

[fon cxemoli 060pOTHOrO BOMOCHAaGXKEHHS O6OTaTHTEJNbHBIX
(pabpuk NPHHATO TOHHMATb KOMILIEKC COODYXKEHHHl (Marucrpalb-
Hble BOJOBOJbI, HAaCOCHble CTaHIMH, CTYCTHTENH, XBOCTOXPaHHJIHLLA
H Jp.), MO3BOJISIOWIMA MHOTOKPATHO HCNOJb30BAaTh BOLY B TEXHOJO-
THYECKOM mpollecce.

B npaxTuke o6oramenus pya yepHbIX METaJJOB HALLTH NMpHMe-
HeHHe B OCHOBHOM JiBa BHJa CXeM OOOpPOTHOro BOJOCHAGKEHHS: O
OCBETJIEHHEM XBOCTOBOH MNyJIbNbl B LIJAMOXpaHHJHILE H C OCBeTJe-
HHEM B CTYCTHTeJsIX C NOcJelylolled nojayed CrylleHHOH myJbbl
B XBocToxpaHuJauiue. [lepBas cxema o6GecneunBaeT ecTeCTBEHHOO



(GeapeareHTHOE) OCBETJeHHE MYJbIbl, HO HEe BE3Ne MPUMEHHMA yj.
32 MOBBILEHHOH GUAbTpPYIOLLEil CNOCOGHOCTH MOACTHNAIOWHX Topoy
WnaMoxpaHmauL. BTopas mpHMeHAeTCs, KaK MPaBHJO, € MOnayejy
(JIOKYNSHTOB [/l YCKOPEHHs OCaMACHHUA TBEPAOrO B CTYCTHTensy
¥ NO3BOJAET 3HAUMTEJNbHO COKPATHTb PAaCXOALbI CBeXell BOMB g
TEeXHOJOTHYECKHE HYKABI.

Hau6osee nepcneKTHBHBIM HanpaBJeHUEM B ob6/acTH 3HAYHTE/D-
HOTO COKpallleHHsi PACXO0/ia BOJbI HA TEXHOJOTHYECKHE HYXAb! fBJs-

eTcsi TAY6OKOe OGE3BOXKHBAHHE XBOCTOB C MOCACAYIOLHM  CyXum
CKJaJlHpOBaHHEM.



FrNMABA I

TEXHOJNIOTMYECKUE CXEMbI
M KAYECTBEHHO-KONMUYECTBEHHbIE MOKA3ATEJH
OBOPOTHOIO BOAOCHABXEHHKA

§ 1. OBOPOTHOE BOAOCHABXEHWE HA OTEYECTBEHHbIX
FOPHO-OBOFATUTENIbHBLIX MPEANPUATUAX
YEPHOW METANNYPIMA

OCHOBHblE TEXHHKO-3KOHOMHUECKHEe TI0Ka3aTeJH COBPEMEHHbIX
IF'OKoB B 3HAYHTEJNBHOH CTENEHH 3aBUCAT OT NPHMEHSIEMOH CXeMBbl
060poTHOro BOMOCHaGXeHHs. BbliGop nociaenHed o6ycJoB/IHBaeTCH
HaJIHUHEeM BOAHBIX PeCcypcoB paioHa, HHU3HKO-XHMHUECKHMH CBOHCTH
BaMM 006OraiiaemMoro cbipbsi, TEXHOJIOTHEelN oGoralleHHs, pejbedom
MECTHOCTH H TEKCTYPHO-CTPYKTYpPHbIMH OCOOEHHOCTAMH TNOACTHJA-
IOUIMX MOPOJ XBOCTOXPAHHJHIL C YY4E€TOM OXPaHbl MPHPOAbI H pallHO-
HaJIbHOT0 MCMNOJIb30BaHHS Help.

B Hacrosuiee BpeMs AJsi yMEHblIeHHs1 NOTepb BOAbI, NMPelOTBpa-
llleHHs1 3arpsi3HeHHsl peK H BOAOEMOB BHEADPSIOT 3aMKHYTble H IIO-
Jy3aMKHyTble cXeMbl BopocHabGxeHHus [3, 4]. Ilpy 3TOM XBOCTHI
CryllalOT B CTYCTHTENsX H TNepeKauuBaloT B uiaMoxpaHnJauue. Ha
oboraTHTe/NbHbIX (abpHKax CO cCXeMaMH CYXOro CKJaJHpPOBaHHSA
XBOCTOB NPHUMEHSAIOT KJacCHpHKaAUHIO, (HIABTPOBaHHE, LEHTpHDY-
THPOBaHHe HWJM KOMOMHALHMIO 3THX omnepauud. JlOMOJNIHHTENbHbIS
onepauHH no 06€3BOXHBAHHIO XBOCTOB OOOrallleHHsi yBeJHYHBAIOT
CTOHMOCTb mnepefiesa. [IpeuMmyuiecTBOM cXxem THAPOTpPaHCNOpTaA
XBOCTOB C IpeJBapHTEJbHLIM HX CTyUWleHHeM SBJSIOTCS ObICTPbIi
BO3BpaT 0G0OPOTHON BOXALI B NMpOLECC, YMeHblUIEHHEe ee MOoTePb H 3aT-
paT Ha NepeKayky CryuweHHblx nyaen. HMcnosnb3oBaHile cxem c
npelBapHTeNbHbIM CrYIUEHHEM XBOCTOB TMO3BOJISET YMEHbUIHTD
KOJIHYECTBO  3€MeJIbHbIX TIJoLlajfel, OTUYyXAaeMblX MO XBOCTO-
XpaHHJaHLIA.

W3 neiicteyromnx F'OKos Kpus6acca toabko HOxnubiit (OTOK)
n Hoso-Kpusopoxckuit (HKI'OK) pa6oraioT HeckoJbKo JeT ¢ Ha-
NMopHbIM rujaporpaHcnoptoM. Ha ocranbubix KomOHHaTax ero Has
YHHAIOT BBOAHTH IO Mepe 3amnoJHEHHs XBOCTOXPaHHJHIL H HEBO3-
MOXXHOCTH JaJ/ibHeHIero HcnoJb3oBaHusi caMoteka. CkjaanupoBaHue
XBOCTOB C NPHHYIAHTENbHbIM THAPOTPAHCIOPTOM 06XxonuTCcsi B 5—6
pas popoxe, uem camotekoM. OO6LHe IKCIIYyaTalHOHHbIE 3aTPaThl
Ha BoaocHaGxeHHe M ckJaanupoBaHue xBoctoB no 'OKam Kpus-
Gacca npuBenensl B TabJa. 1. 1



JxkcnayaTauHoHHble 3aTpaThl HA 1 T KOH
no 'OKam Kpus6acca, py6.

Tao

ueHTpara

JdHIg |

Llentpans-
CraTbH pacxoaa I0xHuIft HKro Ceepnutt | I
et K (L?FORK) (CeBTOK) | et~
Bona Texwosoruueckas 0,073 0,045 0,173 0,180 0.16
CKJa\HpOBatHe XBOCTOB 0,265 | 0,154 | 0,047 | 0042 o’oé
MHrtoro ... 0,338 0,199 0,220 0,222 0,212
[Tounkenuovte 3atpatel Ha HKIOKe o6bsicHAIOTCS HanHypem

TOJIbKO OHOH MyJ/IbMOHACOCHOH CTaHLHH MepPBOro MoAbeMa H pacxo-
AaMy BOAbI Ha | T KOHUeHTpaTa, KoTopble B 2—2,5 pasa HHXKe, yem
Ha apyrux [OKax. Pacxonbl Ha cKlaaupoBaHHe XBOCTOB H 060OpOT-

Hoe BojaocHaGxeHHe Ha Oyayunx ['OKax Heo6xogHMo cCcHHXaThb
nyTeM YyMeHblleHHs 006beMOB NOLaBaeMblX B XBOCTOXPaHHJHLIe
nyJbn W yBeJHYEHHS KOJHYecTBA OOOPOTHOH TEXHOJOrHYeCKoi
BOZbI.

YnosaeTBopuTeNbHOE pelieHHe Tpo6GJeMbl BHYTPH(pabpHuHOro
060pOTHOrO0 BOAOCHAGMXEHHs HMeeT pellaiolliee 3HauyeHHE OCOOGeHHO
IJs BBOAA B 3KCMJyaTalUHK TOPHO-0060raTHTENbHbIX KOMOHHATOB
o6uei mMowHocTbio 100—110 mMan. T pyasl B rod B CrapoockoJb-
CKOM »Kese3opyaHoM pafioHe. Illupoko Hcnosib3yemblit MeToa 060-
POTHOr0 BOLOCHAGKeHHsi yepe3 LIJaMOXPaHHJHILE HE MOXeT ObiTb
npHMeHeH B 3TOM paioHe BCJENACTBHE MOBbILIEHHOH ¢uabTpYylOLIEH
CrocOGHOCTH MOACTHJAAIOIMX MOPOA XBocToxpaHuaHuui. HauGonee
3bdeKTHBHO B JaHHOM CJyyae oOCyliecTBJeHHe BHYTpH(pabpHyHOro
BOLOCHAGKEHHsI MyTeM OCa)KIAeHHs XBOCTOB H OCBeTJieHHs 060pOT-
HOH BOAbI B CTyCTHTEJSsX.

Jlebedurckull 20pHO-0602aTUTEAbHbLI KOMOUHAT
(J1e6edunckuii F'OK)

Tpu oborauieHdy pyd 4YepHbIX MeTaJJOB MOJy3aMKHYyTas CxeMa
060pOTHOr0 BOAOCHAGMKeHHsi BNepBble BHeipeHa Ha JleGelHHCKOM
'OKe. TexHOJIOMMS MOJy3aMKHYTOrO BHYTpH(abGpHuHOro 0GOPOTHO-
ro BOAOCHa6XeHHs1 MpelycMaTpUBaeT CrylieHHe XBOCTOB CHayaJja B
FHAPOLHK/IOHAX, @ 3aTeM—CJHBA THAPOLUHKIOHOB B CTyCTHTEJsAX 3]
CauBbl  CrycTHTeJeil HCNoJab3yHT B KadyecTBe 00OpPOTHOH BOAbI
(puc. 1).

B uex 060pOTHOr0 BOLOCHAGXKEHHsI HaMpaBJSIOT XBOCThI obora-
LLEHHsI ¢ coJepIKaHlieM TBEPAOro B MCXOMHOiH nyabne 5—8Y%. Mune-
pafibHBIl COCTaB XBOCTOB, colepkaiux-13,3% Fe, caenytownuit, %-



MarHetdta 2,7, rematuta 8,3, cunukatoB 19,6, rHAPOOKHC/IOB XKe-
Je3a 2,0, pyaubix kap6onatoB 4,0, HepyaHbix kap6oHatoB 6,7, ana-
tuta 0,7, kBapua 56.

I'panynomeTpUYECKHA COCTaB XBOCTOB

Knace, v . ... . 0,074 0,074—0,05 0,05—0,044 0,044
Boewxox, % . ... . 26,5 23,0 4,0 46,5

Paspa6otka TexHosoruy BHyTpHabGpuuHOoro o6GOPOTHOrO BOMIO-
CHabeHHs1 ocyllecTBJasaach mnodtanHo. Ha nepBoM. 3Tane ucnbiTa-
HUSl IPOBOAMJIHU MO cxeMme (pHc. 2)!

C TpelBApPUTENbHbIM CryilleHHeM Odwue xBocmsr
XBOCTOB B FHAPOLHK/IOHAX. 1

JlaBjeHne B THIPOLHKJIOHAX l I ‘ | I»i_A_I l | i
coctaBasjo 0,7—1 krc/ecm2  Tlpu I
Harpyske M0 IHTaHHIO  OKOJIO i

350 M%/y Ha OmMH rMIPOLMUKJIOH H
NEeCKOBbIX HacagKax JHaMeTpoM
34 MM  comep:KaHue  TBEpPIOTrO
B TIecKax COCTaBJs/JO B Cpel- ————]
Hem 41%. - - P I TT

B pesyabrate HcnbiTaHuH GblJ0
yCTaHOBJIEHO, 4YTO HauboJsee 3¢-
(eKTHBHO CryllleHHe CJHBa THIPO- r
LLMKJIOHOB, COJepKallero B cpel- l
HeM 4,1% TtBepmoro, B paananbLHOM
cryctutesqe [1-50 npu  pacxone |
noaunakpunamuna (ITAA) - 0,5— ‘
1 r/m3 r?ynbnbl (12—(—24 r)HAA Ha Abocms: 6 omban
I T TBeproro B mynbne). [IpH3TOM  pyc. 1. Cxema wuenn anmapatos
B CJIHBE CrYCTHTEeJeli COHEPXKHTCA umexa O0GOPOTHOroO BOJAOCHabxe-
He GoJee 0,19% tBepaoro (0,21— Hus Jle6eaunckoro I'OKa:
096 r/n BIBemeHHbX  WacCTHU), }TTUAPoukon muametpow 750
a ylenbHasi HAarpy3ka MO CJHBY npusomoM; 3 —3ymnd; 4 — Hacoc 8Ip;
coctaBaser  1,75—2,5 5 —nacoc 12[p
win no tBepaomy 1,95 1/(M3.-cyT).
Conep:kaHHe TBepAOro B KOHEYHOM MNPOAYKTe (mecKaxX THAPOIHK-
JIOHOB M crycTtutejed) cocrasiaser 45,79% (naotHocTb 1,44 Kr/a).
[Ipn Takoif NJOTHOCTH CryLIEHHOrO MPOAYKTa PacXoi CBeXeH BOMIbI
Ha TexXHOJIOrH4YeckHe HYxIbl cHHxkaerca ¢ 10—18 (mpu o6GbIuHOWH
cXeMe HOMOMb30BaHHs o6GopoTtHoH Boabl) no 0,8 M3/T wucxomHoii
Pyabl.

[TnoTHocTe cryumienHoro mnpoaykra 1,6—I1,7 kr/fa (56—599%
TBEPIOr0) [NOCTHraeTcsl NpH TIOfaye XBOCTOB HENOCPEACTBEHHO ' B

om

W{;ﬂh’f/ﬂﬂl

I Ha TexHOJOrHYeCKHX H BOAHO-IIaMOBBLIX CXeMaxX B YHCJHTeNe yKa3aHa mac-
ca NMPOAYKTa, T; B 3HaMeHaTe/le — 06beM BOAbI, M3, BTOpPOIl COMHOXKHTeNb — COAep-
WaHue TBepAOro B npoaykrte, %.



PalMaMbHBIH CTyCTHTENb 6e3 NpelBapHTeNbHOTO Bbidenenus 3enu
TOH (ppaxmm B THAPOUHK/IOHAX. McnbiTanus nposomunu no o cs
noxKas3aHHOM Ha pHC. 3. Xeme,

Pe3yabTaThl MCMILITaHHN CXeMbl
I1poH3BOAHTENIEHOCTL CTYCTHTENA MO NHTaHHIO, M3/y

CopnepxanHe TBepgoro, %: e 5500
B NMHTAHHH CryCTHTeNId . , . . ., . . . « . . . . . . 5—7
B MmecCKax » T T 56—59
ColepaHHe MeXaHHUeCKHX BaBeCeii B CJIHBe CryCTHTes,
o R (4[N T4
Pacxon:

MAA, r/m3® ucxonnoit mysenst . . o . . . . . .. . 0,810
CBeXeH BOJbl Ha TEeXHOJIOTHYEeCKHe HYXKIHI, Ms/T pyas . 0,5 —0,6

X8ocmoBas nynsna

197 -
37%2,1
Cay
( euﬁpouumon0=750) Pyda
Necxu Crul (
zuﬂp%zéulmo Nodava NAA eudpoyurnona 503? ZZJ 37
1,0r/m3nynsnss o 2006,5n7 ‘S
55 \ J685,5 Dﬁozaqenue
*
Ceywenue
(czycmumens N1-50) Xboomer | 131 _ 0057 65 10 3 2 90
Racru Cnul 2005,
1541 4 Konyenwmpam
]72 7 J512,8 Cayujenue (caycmumens fl- 50)
18 129,2
L—’TJ,L Boda & abopom l 7903,6 0,1 101,5 56
229,3 !
Y Deda'd elgpom uiAgHe! 8 xbocmoxpanie
B x8ocmoxpanunuwe el

Puc. 2. TexHosornueckag  cxeMa JBYX- Puc. 3. TexHoaoruueckas cxe-
CTA/IHMHOTO Cr'YLUEHHS XBOCTOB Ma OJHOCTAAMIIHOTO  CTYLUEHHSA
XBOCTOB

JJsi npakTH4ecKOro BHEIpPEHHS CXeM BHyTpmpa6quHoro o6o-
POTHOrO BOJOCHAaGXeHHsl, 06eCrneuHBAIOUIHX PacXOld CBeXeH BOAbI
0,5—0,8 M3/t pyabl, Heo6xoaHMbl Hacocbl 6e3 THAPOYNJIOTHEHHS,
nopatlowHe naotuble (1,45—1,7 Kr/n) nyJabnbl Ha 3HauyHTeJbHbIE
paccrossHus, ['pyHTOBble HAacOChl, CEPHHHO BbIMyCKaeMble OTe4ecT-
BEHHO NPOMbBILIJEHHOCTbIO, PacCYHTaHbl Ha rMojauy myJbn MnJoT-
Hoctblo 1,3—1,35 kr/a. Kpome Toro, cHcrema Crycturesqb — HacoC
He OCHauleHa NpHGOpaMH aBTOMATHYECKOTO peryJHpoBaHHs A
noAaepKaHis 3a]aHHOH NJOTHOCTH CTYCTHTENA.

B cBA3H ¢ 3THM MocJe NpPOBeAEHHbIX NMYCKO-HaJlaJouyHblX paGoT
Ha Jle6eanHckoM ['OKe BHeapeHa KOMOHHIDOBaHHas cxemMa Cry-
lleHH7 XBOCTOB H o6opoTHoro BoaocHabGxkenusi. [lo 3TOoH cxeMme
yacTb NMOTOKa HanpaBJAIOT B THAPOUHKJOHBI, KOTOPble BbIMOJHAIOT
GYHKUHH «/10BylleK» KDYMHOrO MaTepHaJsa, a OCTaJIbHOH TNOTOK

8



BMeCTe CO CJAHBAMH THAPOLHKJIOHOB — B cryctutesab. [Ipn o6pabot-
Ke N0 TAKOi cXeMe IJOTHOCTb INyJbIbl, NepeKauHBaeMOH B XBOCTO-

XpaHuauile, cocrasasier 1,25—1,35 kr/a.

o6orauleHus, Pa6ora gaGpuKkH Ha TakoH BOJe NO3BOJsieT CTaOHJb-
xesesa 68%.

cryctutenss [1-50 npu pac-

BAaeMOii B CrycTHTeNb (pHC.4).

Z

eceu. v,

-

J

YcTaHOBJIEHO, 4TO cOJepXKaHHe MeXaHHUeCKHX B3BeceH B OCBeT-
HO TOJyuaTb KOHLEHTpaThl
X 1000
YcraHoBJjaena JHHeHHas )/
xone TTAA 0,6 r/mM® nyJabnol

JIeHHOM Bode 10 1 T/a He BJAHSieT Ha TEXHOJOTHUECKHEe IOKa3aTeH
CO CpeIHHM COlepXKaHHeM
3aBHCHMOCTb YHCTOTHl CJIHBA /
OT KOJHYecTBa MyJbIbl, IOAA- /
.

YECNUX

[To npuHsTOM Ha KOMOH- V4
HaTe cxeMe 060POTHOrO BOAO- , 7
cHa6KeHus NoJAy4yaioT g /
1,9 m3/(M2.4)  ocsernennoir X% /e
BOAbI (CJAHBA CTYCTHTeNs).
Copmep»kaHHe TBepAOTrO B KO-
HEYHOM CrylleHHOM MNpPOAYKTe
(meckax THAPOLHKJOHOB H

0 5,0 4.0 5,0
/‘z/o"/m ﬂ/wvcc/caﬁ nazpysxa,* 10> myy

ggycgvg;/enﬂ) COC'{-?XJXIeT Puc. 4. BausiHHe KOJHYECTBa HCXOO-
—oJ07Y, pacxon ™ HOff nyJbnbl HAa YHCTOTY CJMBa Cry-
16,7 r/T KOHUeHTpaTa, CBe- cruteqs  [1-50 npu pacxope ITAA
XKeit BoAbl Ha 1 T pylabl — 0,62 r/m3 nyabnsl

1,08 M3,

opoBoit 3KOHOMHuecKH# 3((deKT OT BHeAPeHHs CXeMbl 000poT-
HOro BoJoCHa6xeHHs cocTaBasieT 294 Toic. pyo.

Ob6oecarureavnaa ¢pabpuxka M 1 Kombunara
KMApyda

OZHHUM H3 pauHOHAJbHBIX CMOCOGOB HCNOJNb30BAHHS H COKpa-
IleHHs1 pacXxoja BOAbI IJSI TEXHOJIOTHUECKHX HYXI SIBJASETCS TpH-
MeHeHHe rpyOOOUHIIEHHON NyJbllbl B KauecTBe 060poTHON Boabl. O6
3TOM CBHAETEJbCTBYIOT Pe3yJbTAaTbl NPOMBIIIJIEHHBIX HCNBITAHHH HA
ob6oratuTenbHoi (abpuke Nel kom6unata KMApyaa (5).

[To cyumectBylolleir TexHOJOTHUECKOH cXeMe (pHc. 5) Bce xBoc-
Tol pabpuku Nel cOpaceiBaioTcsi B XBOcToXpaHuauuie. M3-3a 60ib-
IIHX 1oTepb NMpH (GHJILTPOBAHHH M HCNMapeHHH BoAa Ha (abpuKy B
JeTHHH NepHoa He BO3BpalllaeTcs.

HoBas cxema BHyTpH(abGpuuHoro Boaoo6opora mnpeaycMaTpHBa-
eT rpy6yio OuHCTKy xBoctoB Il cTagum wmaruuTtHOM cenapauuu
(c comepxannem TtBepaoro 4—5%) B THAPOLHKJIOHAX AHAMETPOM
500 MM, neckH KOTOPBIX HAMpaBJSIIOTCS B XBOCTOXPAHMJIHILE BMeCTe
¢ xBoctaMu | craauu cenapauuu. CaHB THAPOUHKJIOHOB HCNOJb3Y-
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eTcl Kak 000pOoTHas BOJAA, KOTOpas MOJHOCTBIO 3aMEHSIET CBEKYIO
BoAy Ha [ cTaauu M3MesbueHHS H KJaacCHPHKaLHH.

Mo cxeme BuyTpudabpuuHoro BogooGopora (puc. 6) xBocTbl II
CTaJHH MAarHHTHO# CcemapaunMH CaMOTEKOM HAYT Ha THAPOLHKJOHBI
1, a cniuB ruapourkaoHos HacocoM 6HII 2 mo cucreme tpy6onposo-
JI0B MOJAIOT B MeJbHHUB | cTagHu M3MeJbuyeHHA 3 ¥ B CNHPaJbHbIE
xJaaccuukatopsl 4 aas obecnedeHuss TpeGyeMblX MJIOTHOCTEH MPO-

XBocmess

ANV

I /]

l_ H;cxa &
xBocmoxpa-— -
jl _“;:[ ﬁz.umzalz' CIVVWAM

Puc. 6. CxeMa uend annapaToB YCTaHOBKM BHYTpHGabpuuHoro 0O6OpPOTHOrO
BojocHaGxennsn (adpuku Ne | kom6bunata KMApyaa

NyKTOB, BkiloueHHe cxeMbl B paboTy MpOM3BOAAT MOC/JAE MyCKa
¢abpukn Ha cBexeil BoAe, Koria xBocTbl Il craaunm cenmapauun
HamnpaBJSIOT Ha OYHUCTKY B THAPOUHMKJOHB. MMeeTrcs BO3MOXKHOCTb
MOJAYH XBOCTOB B [Ba THJPOLHK/IOHA OJHOBPEMEHHO HJH B KaXIblH
H3 HHX B OTIEJBHOCTH, B 3aBHCHMOCTH OT pacxona o06OpOTHOH BO-
abl. B cayuae HesHauHTeJbHOro pacxona BOABI, Hampumep NpH pa-
60Te OMHOH CEKLUHH, 4ACTb 'CJHMBA THAPOLHK/JIOHOB CcOpachiBalOT B
XBOCTOXPAHUJ/HILE HJAH OTKJAIOYAT OAMH H3 THAPOLHKJIOHOB.
CMoHTHpOBaHHasi MNapaJJesabHas pa3BoiKa TpPyGONpoBOAOB AJA
OGOpOTHOH M CBeXeH BOAbl MO3BOJIAET OMEpPaTHBHO MepeHTH C OA-
HOH cxeMbl BOLooGecneueHHs Ha LDYTYIO.

O6opoTHas Boma mojaeTcss TOAbKO Ha | craaHio H3MeabyeHHS
M KaaccHpukauuu. CBexas Bola NOCTynaer Ha cemapauuio (Ha
pasbaBjieHHe H CMbIB KOHLEHTpPAaTad) M Ha KJAacCHPHKAUHIO B THA-
pourkjonax. ColaepxaHHe TBepaoro B 060pOTHON Boje KoJjebsercs
ot 1,79 no 3% B 3aBHCHMOCTH OT KOJIHYECTBA TBEPAOro MPOAYKTa
B xBoctax [l craauu cemapauun (puc. 7). KpynHocTtb wsiama nocTH-
raet 95% «knacca —50 mkm. lllnam He Hakanausaerca. Ero BhiBO-
AAT M3 TEXHOJOTHYeckoro mpouecca B I ctaauu cenapauHud BMecCTe
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C XBOCTaMH, KOTOpble cOpachiBalOT B XBOCTOXPaHH/HIe, Ha
wJaaMa B 060pPOTHOH BOJe, NOfLaBaeMOl B H3MeJbYeHie y 'KJlaccthe
KauHio, MPHBOMUT K yBENHYEHHIO CONEPKAHHS €r0 B CUBe Kia
¢ukaTopa, mnocTynaiolleM Ha MarHHTHYIO cemapauuio -

. B Cllvyge

MeXaHHYeCKOro 3axBaTa IjlaMa B KOHLUEHTPAT COMEPKaHUe meyy
X
K1accoB (—50 MKM) ypeny.

YHBaJOCh Obl B KOHUeHTparte
H CHHXalo ero Kauyecrpg
OnHaKko 3a Bce cMeHp pa6o-
Tbl, HECMOTPS HAa Haluyye
. B TIpOLleCCe MEJKOro Iujama
Ka4yecTBo KOHLEHTpaTa
o/ [ cranun ocraBasoch Bpico.
KHM H colepxamnue Fegq,.
B HEM cocTamjsjo 51—609,.
[To naHHBIM CHTOBOrO
aHa/M3a, B  KOHUEHTpaTe
[ cranun copepxutcs 42—
49Y% xnacca —50 MKwM.
Has npenoreBpauleHus ua-
KalJIHBaHHUA 1UJamMa B CHCTe-
Puc. 7. 3a5ucumoch KOJIHUeCTBa Me yacTb XxBocToB Il cTamuu
TBepAOro B OOOpPOTHOH BOAE OT CO-

400
llepKaHus TBepaoro B xpoctax Il cra- cenapauuu (25 %O %) mox-
MK Cenapaumy BepraioT  rpy6oii OuHCTKe,

a OCTaJlbHble — HanpapJsioT
B XBOCTOXPAaHHJIHILE.
Cpennune nokasarean pab6otrol ¢pabpukH ¢ BoaooGopoToM H 6e3
Hero npHBeleHbl B TabJa. 2

3 4
Codepwamwue mbepdozo 8
x8vcmax I cmaduu ¢enapanuiy %

Ta6auwua 2

Moxa3zatean paGotw ¢dabpukn Ne 1 xomGunata KMApyna
Ha pa3NH4YHOM BOAHOM pexume, %

ConepxaHue
Hcxopnasn Kek XBocTH KJacca
pyAaa —0,074 MM
Boga )
-+

g = | & 5| | § a3 2z

. e @ S35 S&
O6opoThas 34,57 126,50(65,05|63,95|12,53| 0,46 (89,75 68,11
Cpexasn 34,4226,88(64,93|63,91|12,53| 0,53 | 89,27 69,01

Kak nokasanu ucnbiTaHus, ajas | cTaauu H3MesbyeHHss H KJjac-
cipHkauuy nocratouHo 145—150 m3/u Boaml. Takoe KOJHUYECTBO
obecrneyHBaeTCs BK.IIOUEHHEM OJHOTO THApPouHKJOoHa. M3 n3anoxeH-
HOTO MOXHO cleslaTbh CJelyIollie BbIBOIBI:

12



HaKoOM/JeHHe 1IJ1aMOB B TEXHOJOTHYECKOM Mpouecce NMpH noaaye
.060pOTHOIH BOABI C coaep:KaHHeMm TBepAoro mo 3% Ha H3MeJbueHHe
M KaaccuduKauHio I ctaaiuu He NMPOUCXOAHUT;

yAaJeHHe IIJaMOB H3 TEXHOJOTHYECKOro mnpotecca OoCyulecTB/s-
eTCq ¢ XBocTaMH | cTraauu cemapaumuy;

npHMeHeHHe OOOPOTHON BoAbl B I cTaguH H3MeJbUeHHs H KJjac-
cHOHKAUMH He BJHsIET Ha KaueCTBO KOHEUHOTO MPOAYKTa;

HCMOAb30BaHHe OOOPOTHOH BOABLI B Mpoleccax H3MeNbUeHHS H
KaaccHpHKauuy | craauu cokpailaer pacxol CBeXeH BOAbl Ha
2,5 M3/r KoHueHTpaTa.

B ycnoBusix oboratuteabHoit Gpabpuku Nel kom6unata KMApy-
Jia TOLOBOH 3KOHOMHUYECKHH 3(GheKT oT nMpHMeHeHHs 060POTHOM BO-
Ibl B Mpolleccax H3MeJbyeHHs M KaaccHpHkaudu I craauu cocras-
aset 29,9 toic. py6b.

Kpusoposcckuii IOxcrolil 20pro-0602aTUTEAbHbLU
Kombunar

bo/siee WHTEHCHBHOe MO CpaBHEHHIO C paJAHaJbHbIMH CTYyCTHTe-
JIIMH OCBET/IeHHe MYyJbIbl MPOUCXOAUT B anmapartax ¢ HaKJIOHHBIMH
noBepxHocTAMH. CpaBHHTE/NbHbIe HCMbITAHHS MarHUTHOro JAelljaMa-
topa auaMmerpoM 5000 MM H BepTHKAJbHOrO OTCTOHHHKA AHaMeT-
pom 4000 MM, CTEHKH KOTOpPOro mpeicTaBJsAIOT COO0OH KOHyC C yr-
JIOM KOHYyCHOCTH 60°, mpoBeJeHbl Ha OMbITHO-NMPOMBILIJIEHHOR yCTa-

_ —

i

W— D—

- |
Puc. 8. CxemMa uenn annapatoB ONBITHO-NPOMEBILJIEHHON  YCTaHOBKH
IOTOKa no ocpersiennio nyJabnsl

13



HoBke IOI'OKa (puc. 8) [6]. B nepuon cpaBHHTeNbHBIX HCNbITaR
MarHHTHbIH lewaamaTop paboTtaj B pexHMe palHasbHOro cr o
TeJsi (6e3 MarHWTHOH cHcTeMbl). TIuTaHMe ycTamoBKu J]VCTH:
OCYILECTBJSAIH N0 TPeM MarHCTPaJbHbIM NYJbIONDPO ook

poBonam I nypy.
NOHacoCHOH cTaHuuu Ne3 komGuHaTta. Ilyabny HanpaBasy g
pouHkJoH nuameTrpM 1200 Mm 2 unu HenocpeacTBeHHO B -
HBIH myabnojenutens 3. Ilyabny ocBeTnsiim B MarHUTHOM peping
Matope 4 H B BePTHKaJbHOM cryctuteje J§. [lecku MarHUTHOrg
AeW/1aMaTopa H BEPTHKANBLHOTO crycTHTeas HacocoM 3Ip 6 nanpap.
JAAH B XBOCTOXpaHHiHUle. PeryinpoBky H  KOHTPOMb 06mbeyma
MyJbNbl MPOBOAHAH C TNOMOLIbIO 33ABHXEK 7, PacxodoMepos &, 9
BKJloyawiux Tpyoy BentypH, nudmanomerp [IM-6 u BTOqu}’{b""{
MOKa3bIBAOIUHH K 3anuchiBaowui npubop IITHI-0,5. Ucnbitanug
MPOXOAHJH no3TanHo: I 3Tan—nyabna crymasnacb B THAPOUHK/IO-
He 10 50—57% TBepaOro ¢ noc/eayOIHM OCBETJE€HHEM CJAHBA Iyj-
pPOUHMKJ/IOHA B MarHHTHOM AewJamaTope; Il stan— nyabna nogasa-
J1aCb HENOCPeACTBEHHO B BEPTHKAJbHbIH CIYCTHTENb MJIH MATHUTHbIX
AeuUlJaMaTop.

JlaBieHHe Ha BbIXOJe THAPOLHMKIOHA 2 Krc/cM?, [uaMeTp Mecko-
BOii Hacaaku 120 mm, canBHOH — 340 mMM. XapaKTepHCTHKA NpPOAYK-
TOB FHAPOLHKJOHA NnpuBeleHa B Tabua. 3. [IpumMeHeHHe THAPOUHKJIO-
Ha B CXeMe MO03BOJIieT YMEHbLIHTb HAarpysKy MO TBepAOMY Ha
CTYCTHTE.IbHble almaparhl.

ABYXCTpyii-

Tabauua 3
XapakTepuCTHKA NPOAYKTOB CryIleHHS THAPOLMKAOHA
C°11°[,’”‘a""° Buxoa (%) Knacca, MM
0
Mpoaykr °
S w W, -
:c(.. =3 o _ . ~o oo .
W -0 [ = o0 o0 o0 o
I = + |+ |+ |+ | + |+ I
Iutanue 11,3(13,69| 0,4 10| 60| 56| 6,9 8,9 (71,2
Caus 11,0 | 2,74 - 0,6 3,1 2,1 2,11 3,9]88,2
IMecku 12,0 (47,7 0,9 2,1118,7(16,2| 21,5 22.4 | 18,2

Ilo cxeMe ¢ ycTaHOBKOW MarHHMTHOro JelljaMartopa Ha CJIHBE
THAPOLHKJOHA MONYyYeHbl cpefHHe pe3yabTaTthl (TabJ. 4).

JlyyiiHe pe3yJbTaThl noJiyueHbl HAa BEePTHKaJbHOM CryCTHTeJe.

Bbicokas 3¢ ¢deKTHBHOCTb OCBETJIEHHS MNYyJbllbl B BEPTHKaJbHOM
CTYCTHTeJle YacTHYHO OO6YyCJIOB1€Ha CKOJIbJKeHHeM OceBluero mare-
pHaJla, KOTOpbIH B BHIe KOMOYKOB (GJOKYJ) CKOJb3HT HJH CKaTbl-
BETCA N0 HAKJOHHOH NMOBEPXHOCTH CO CKOpocTbio 6oJblueit, yueM B
HOpMaJIbHOM crycTuTesie OJarogaps TNPHMEHEHHI0 ClelraJbHbIX
CTpyeHanpaBJieHHbIX YCTPOHCTB, KOTopble 6oJiee paBHOMepHO. pac-
npeAessiioOT Mo MJolllaAHd BepTHKaJbHble NMOTOKH MYJbMbl, YTO CIIO-
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Ta6baunua 4

PeayabTaThi HCCNENOBAaHHA MO CTYILEHHIO TyJAbMb
B MarHWTHoM pewaamaTtope auameTpom 5000 mm

H BepTHKaabHOM cryctutene auamerpom 4000 mm
Ha ONBITHO-NPOMHWAeHHOR ycTaHoBke FHOI'OKa

r/n OcTaToYHas KOHlEH-
Copepzatue TBEpAOrO, % tpauus IMAA B cauBe
| Pacxon 0 Iupapas-
nna, Konuen- JiHdecKas
r/m3 Tpauusa Harpyska
el % OT Hc- .
& Mysibnb pacTeopa Bn’;,c::,ﬂfon B neckax B CJIHBE r/m x;};};&ﬂ M/ (2
Paboma maznumnozo dewramamopa Ha cauge 2u0pOYUKAOHA
2,346 0,043 29,84 775,3 0,6405 0,14 4,64 6,21
2,91 51,3 0,0640
[Paboma mazrumuozo dewramamopa Ha UCXOOHOL nyavne
1,88 0,081 44,31 500,1 0,5649 0,053 2,78 5,0
4.4 37,4 0,0564
Paboma eepmuraaeHo20 ceycmumeas Ha UCXOOHOL nyaone
1,5 0,1 43,16 517,6 0,258 0,04 2,86 21,3
4.4 38,5 0,0258

cobcTByer 6oJsiee CTaOHJIBHOMY OCa)XAEHHIO GJOKYJ H 4YacCTHIL
(B cayuae pabothl 6e3 I1AA).

Jlyumive pesysabraThl mo 3¢¢ekTHBHOCTH AekcTBHA ITAA Ha oc-
BeTJIeHHe MyJbNbl JOCTHFHYTHl npH noaaue [TAA Ha paccTosHHH
1—0,5 M g0 AByxcTpy#iHOro nysabnoaenutensi. IlpeBbllieHHe 3TOro
paccrossHusi yxyawaer paefictBie ITAA  Ha ocBeTJieHHEe NYJbIbI.
ITo-BHAMMOMY, 3TO CBfi3aHO C pa3pylieHHeM o6pasyeMbiXx B xkejobe
¢aoxyn ITAA TypOyJeHTHBIMH NMOTOKaMH MYJbIIbI,

§ 2. OBOPOTHOE BOAOCHABXEHUE
HA OBOTATUTEJNIbHbLIX ®ABPUKAX 3A PYBEXOM

I1pu cTponTenbCcTBe HOBBIX H PEKOHCTPYKLUHH HEKOTOPBIX AEHCT-
ByIOIHX oboraturenbHbix pabpuk CIUA, Kanaaw, fInonun u apy-
FHX CTPAH NpelycMaTpHBaeTcsg OpraHu3allus BHYTpH(aOGpHUHOro BO-
NOCHAOXKeHHs1 M 4acTHYHOe CyXOe CKJaJHpPOBaHHe XBOCTOB. MakcH-
MaJibHOe HCMO0JIb30BaHHe 060POTHBIX BOA AOCTHraeTcsi MyTeM crylie-
HHSl XBOCTOBOH MYJbNbl B CTYCTHTeJAX 1O COAEPKAaHHS TBepPAOro
40—809, ¥ HCnmoJb30BaHHS OCBETJEHHOM BOABI AJS1 TEXHOJOTHYeC-
KHX LleJeH.
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Ha komGunate Jsener takount (CUIA) xsocrp |
TalleHHst CAMOTEKOM MOCTYMNAIOT B [IBa CHHPAaJbHbIX .m;gsm
pa co cnupaJbi AHamenpoM 1675 MMm. Tleckwu KJaccuoy
JIEHTOYHbIM KOHBEHEPOM WHPHHOH 760 MM HOCTaBAAOTCY atong
BMeCTHMOCTbIO 300 T, H3 KOTOpOro BBLIBO3SATCH nmunecmuB o ie
CaMOCBaJlaMH Ha pacCTOsiHHe | KM [Js YKAagku B nam6l eatbiM
Xpanuauiia, CJIHB CITUPAJbHBIX K/1acCHOUKATOPOB Hanpagn;BOCTn-
THApOCENapaTopbl, B KOTODLIX 06paGaThiBAIOT TaKxKe XBOCTb}[OT
TaJbHbIX CTafHH MAarHUTHOH cenapauuH. [lecku 3Tux THIApOCena
TOPOB CaMOTEKOM MOCTYMalOT B PaivadbHbIi  CryCTHUTeJ b q)}mpa
«Jloppo-Onusep» auamerpom 98 M. CryuieHHbl NPOAYKT HacocM
MOAAIOT B XBOCTOXPAHHJ/HINE, a CJHB CTYCTHUTENS HCNOJb3YIOT KOM
o60poTHYI0 Body {7]. Pacxon cBexei BOAbI Ha 1 T nepepa6a'r1;ua.aaK
Mol pyabl cocrasisier 1 M%. Bcero Ha ¢abpuke pacxomyercs 766-
9,5 M3/MuH cBexeil Boabl U 0kos10 190 M3/MuH 060pOTHOII. T

H

ne

Ha takoHHTOBO#A o6oratutenbHoit ¢dabpuke Munurar, pacnogg.:

XKEHHOH B KeJje3opynHoM OacceilHe Mesabu (wrtat MuHHecoTa
CIIA), xBoCTBI, BBIXOL KOTODBIX COCTaBJsieT OKOJO 35%, nocTyna-
I0T B CHpaJbHbiA KjaaccHpukaTop. Ileckn Kaaccudukatopa mocrag-,
JI1I0T KOHBEHEPOM B MOTPY30UHbIH OYHKEp AJs MOCJedyIolel Tpakc-
MOPTHPOBKH HX B XBOCTOBble OTBaJibl (B XKeJ€3HOJOPOXKHBIX BaroHax.
uix aBToMamivHax). CiauB KJaccCH(HKATOPOB BMeCTe CO CJHBaMy,
THApPOCENnapaTopoB H HEMATHUTHBIMH (PAKLLUSMU MEePEUUCTHBIX Mar-

HUTHBIX CenapaTopoB [AOCTaBJSIOT MO Xejoby B crycTHTenb aas’
xBOCTOB., O6L1uii pacxol NPOH3BOACTBEHHOH BOJAbl COCTABJSET OKO/O?
2200 ™m3/4, u3 Kotoporo okoJao 929% wucnoab3yercss B BUAE OGOPOT-mes

HO# BOJbI, SIBASIIOLIEHCS CJHBOM Tpex CrycTUTeseHd AHameTpoMm 64 m.
[/l nOBBILIEHHST YHCTOTHI CJAMBA B CTYCTHTEJNH A00ABJAAIOT KpaxMal.
CrylueHHble XBOCTbI HacocaMH TMOAAIOT B XBOCTOBble oTBaJjbl. Ilpu
CYLIEeCTBYIOILEH TIPOU3BOAHMTEJbHOCTH (aOpPHKH B OTBaJ MOCTyMaer
0K0J10 6,5 MJIH. T TOHKOM3MeJbYEHHBIX XBOCTOB [7].

Ha npeanpusitusix Mapuopa (Kanapma) o6uinHe XBOCTbl MarHuT-
1O cemapalHH CaMOTEKOM HAYT B pafHajbHbId CTyCTHTeJ]b AHAMET
poM 30 M. Tyna ke [/is1 YCKOpPEHHUs Tpoliecca CryuieHus 100aBasioT
KoaryasiHt (cemapaH). CauB padHaJbHOrO CryCTHTe]s  SABJSETCH
o6oporHoil Bomo#l. CryllleHHBIH NMPOAYKT AHa(pparMOBbIM H NECKO-
BbIM HAacOCAMH MOAAIOT B XBOCTOXPaHHJHIIE.

Ila ¢pabpuke Jleik-IIxkaHHH XBOCTbI KJIACCHPHUHPYIOT B 48-MH
FHApPOLMKJOHaX AuameTpom 910 MM, CJAMB FHAPOLHKJIOHOB CrylIAIOT
B Tpex Crycturensix auamerpoM 49 m kaxabiii. CauB pafHabHBIX
CTyCTHTENEH CayXHT 060poTHOH BomoH. CrylieHHbIA MPOAYKT pa
AHAJMbHBIX 'CTYCTHTeJIEH TPeMsi HacocaMH TOJAalOT B  XBOCTOBBIC
3yMndbl, CloAa e MOCTYNaloT NecKH THAPOLUKJIOHOB. B Kopmyct
oborallleHHsl YCTaHOBJEHbl YeThipe XBOCTOBHIX 3yMmda: 3 pabouHk
u | pesepBHblii. M3 3ymMnda XBocTbl TpeMsi HacocamH, NMPOH3BOAH
TeabHoCTbio 1200 M3/4 KaxXabld, NepeKayWBalOT Ha CTAHLHIO BTOPO
ro moabeMa, Kotopasi o00pyloBaHa TpeMs TaKMUMM e HacocaMH
B Kopnyce o6orauleHus W Ha CTaHUMH BTOPOro moibeMa KamKabl¢
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TPH Hacoca COeAHHEHBl MnoC/Jel0BaTEC/bHO 0e3 3aABHIKEK H KOJeH

3 (Hacochl pacrnoJioxeHbl (UrypHo). Kaxkabli Hacoc co3faer AabJie-

HHe okoJo 245 Krc/cm2. PerynupoBaHue npOH3BOJAHTENbHOCTH yCTa-

" HOBKH OCYLIeCTBJ/sIeTCA NEPBbBIMH HACOCAMH, O60pYﬂOBaHHbIMH rua-

pomydramu, Tpy6u xBoctonpoBomoB auamerpom 300 MM dyTepo-

g BaHbl DE3UHOH, NIHHAa XBOCTONMPOBOAA 2,5 KM, CKOPOCTb ABHIKEHHS

nyabnbel 4—5 M/c. XBOCTOXpPaHUJ/HILE HAXOAUTCA HHXKEe (abpHKH.

Puc. 9. Cxema uend annapatoB o000-
ratutesqbHoli  (abpuku Apamc  (Ka-
Hajaa):

| — xoHycHast apoOHAKa KpynHoro japobJe-
HHS; 2 — OTKPBITBIH CKJagd Apob6JeHoil pyasl:

WKHBHOM  MarHuTHBUl cenmapatop; 4 —
KoHBeltep aas nycTtoil mopoasl; 5, 6 — KoOHYC-
Hele Apo6uakH; 7 — GyHKepa apoGJaeHof py-
Ibl KpymHOCTbIO 15 MM; & — cTepxkHeBasi
seJbliHia; 9 — MarHUTHBIR cenapatop I cTa-
AuH obGoraweHusi; [J0 — Hacoc; I!/ — ruppo-
UHMKJOH; [2 — HamarHH4YdBamoWwHA anmapar;
13 — mwaposasi MeabHHua; [4 — MarHHTHhe
cenapatopel Il craguu oGoraweHus; /6 —
o6e3BoKHBaloulHit 4aH; J6— rHapaBJHYECKH
KaaccHdpukaTop; J7 — Mar#HHTHele cenmaparto-
pet 111 cragnu oGoratleHusi; /& — CryCTH-
TeJab KOHUEHTpaTa; /9— ruapocenapartop; 20—
CTYCTHTENb XBOCTOB;, 2/ — AHCKOBble (IHJBT-
pbl; 22 — mUXTOBRI{I 6YHKep AJst KOAOEHTpa-
Ta; 23 — WHXTOBLIl O6YHKep A/t GEHTOHHTa;
24 — cMmecHTes b, 25 — Gapa6GaHHBIfI OKOMKO-
paTesb; 26 — KouseflepHasi MallHHa JAsl Cy-
WKH M narpesa okaTbliiefl; 27 — spauaio-
imasica Tpy6dyatas ne4b; 28 — KoJbueBo#

BO3AYWHBIA oXJaaaurtesb

—
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l e
e

boda _

aramenut

Ha ¢a6puke Amamc (puc. 9) xBocThl | cTaguy MarHUTHOH cena-
pauHd TnocTynaimoT B ruapocenapartop anamerpom 9,6 m. Ileckwu
rHapocenaparopa HacOCOM MOJAIOT B XBOCTOXPAaHMJIMILE MNJIOILAAbIO
162 ra. CauB ruapocenapaTopa ¥ XBOCTHl NOCJHEAVIOIIHX CTaHH
MarHHTHON Cemapauuy CryliaioT B pafgHajbHOM CryCTHTeJe HHaMEeT-
pom 84 M. IIpoH3BOAHTENBHOCTL CTYCTHTEJSI MO MyJible COCTABJSET
6240 M3/u, no cauBy — 5640 M3/u M MO CrylleHHOMY MNpPOAYKTY —
600 M3/u, CnuB crycTuTtenss Bo3BpalllaeTcsi Ha o6orallleHue B Ka-
yecTBe 060pOTHON BoAbl. B mpouecc no6asasiercss He Gosee 73 M3/y
cBexked BoAbl. [l MHTeHCH(HKALHU CrylleHHs MPUMEHSIOT Koary-
JISTHTHI,

Ha ¢a6puke Atnantuk-Curu [8] rpy6rie xBoctol (15—8% kiaac-
ca 41,65 MM) 00€3BOXKHBAIOT B TpeX CIHPaJbHBIX KJacCHGHOHKATO-
pax auaMmerpoM 1980 MM M Ha OBYX 06e€3BOXKHBAIOUIHX TPOXOTaXx
pasmepom 1830X4270 . Mm x:ot8eperusimu <cut 0,6 Mm. [loppewer-
HBIH MPOAYKT FPOXOTOB" 1~ CJII/fB‘B'.IA ',;{lglatcuﬁqmﬁ(awnos BMeCTe C XBOC-

9 1I. E. Boex {’
"
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taMu 11 crapun MarHuTHOR cenapaunn 06e3BoOXHBaIOT g -
patope aunaMerpom 12,2 M. Causnl rHApocenapaTtopos
b

CTaAMHU cenapauHu 4 BOAYy ¢ (HabpHKH OKOMKOBaHUg nonaTbl }
crycturesb auametpoM 73 M. CrycTuteab  oTKpbITHI DaGOT
KpyriocyToyHo. B 3uMHHuX yc/loBHAX 3adukcHpoBana .;M“e
—16,7°C. P
Cane cryctuTens HanpasasiioT B 060POT, CryLieHHble npoay
CaMOTEKOM  TpaHcmopy,
PYIOTCS B XBOCTOXpay,

Jume. YaeabHas Harpyay,
NMPH CryLEeHuu cocmmmel
0,6—0,7 1/(M2-cyT).

Ha ¢abpuxke
TaKOHHUT  (luTaT
cora, CIHA) (puc. 1@
CTyUIeHHE XBOCTOB oy
LLeCTBJSAIOT B OJHOM pany
aJbHOM CTyCTHTeNe [ug

BaTJ]er
N&I—IHHe

- XBocmsl

MeTpOM 0kKoJ0 100 y
OcseTseHHas BO

Puc. 10. Cxema npoMEULIeHHOTO —mnpem- .=~ " o o Aa crycTu

npusts  Dbataep ¢upmbpt Xanua  Man- A b3yeTcs  nas

HHHT; TEXHOJOTHYECKHX eJen

] — Kapbep; 2 — Kopnyc Kpynuoro AapoGaenus; Ha cpa6pm(e XaHn:

3 — Tynuenn; 4 — Konupeftep aaa nomauu apoGae-
noft pyam na (aGpuKy; 5 — neperpysounslit
yaen; 6 — ckaaja apoGaenofi pyaw; 7 — oGora-
THTeabnas (abpuka: 8 — OKoOMKoOBaTenabHas d¢a-
6piKa; 9— CTycTHTeJAb AJA XBOCTOB o0OrauleHHs

Hefmna takonut (CHIA)
XBOCTBI MOKpOro oboratie
HHSl HanpasJsOT B paju
aJbHbIl  CTYCTHTENb AHa
metpom 114 M. Caus cryctutesss uaeT B 00OpOT, a CryLIeHHbI
1o 459 TBepAOro NMpOAYKT NOAAIOT B XBOCTOXpaHHWJ/HINE Ha pac
CTOsIHIIH 4 KM.

Ha ¢pa6puke Xyt Jleiike (CILA) caus ruapocenapaTtopoB H
XBOCTHl MOCJEAHEH CTaAHH MAarHWTHOM cenmapalHH HAYT CaMOTEKOM
B pafHajbHbiii crycTutesb, CrylmeHHbIH NPOAYKT 06beAHHAIT ¢
necKkaMil THApPOCENapaTopoB H HaNpasJslOT B XBOCTOXPaHHJIHILE.

bosblioii NMpPOMBIJIEHHBI ONBLIT MO OO0POTHOMY BOJOCHa0Xxe-
HHIO ¢ OYHCTKOI1I BOABl OT MeXaHHUECKHX B3BeCeH B CryCTHTeJAX Ha-
konsen ¢upmoii JitMko [9]. dta upmMa BbHNYyCKaeT CrycTHrel
aunaMeTtpom o 183 M, KoTopble ycnewHo paboTaloT Ha Kele30pyl
HblX MpeaNnpHSTIsIX.

Tpu crycturens auamerpoM 100 M (njowaib CryuieHud
7600 M2) yCTaHOB.IEHBl NJIsi CTylleHHss XBOCTOB Ha (pabpuke DbioT
koMnaHud AHakoHga. B  kaxnabii crycTutedp noctynaer A0
1600 M3/u nyabnsl ¢ cogepxauuem tBepaoro 16—18%. Crycrurelb
ob6ecneunBaer crymedue 5000 T B cyTkn neckos no 409 tsepaoro
npu yaeabHol Harpy3ke 0,64 1/(M2-cyT).

Ha ¢a6puke Mayutun A#pon (wmtat Munnecora, CLIA) g8
crymentisi 280 T/y XBOCTOB YCTaHOBJIEHBl TPH CTycTHTeds AuaMeTpoM
64 M. Conepxanue TBepaoro B nyabne 3,7%. IMyabny o6e3BOKH
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BaloT A0 80% TBepmOro, a cJAMB CrycTiTeseHd HCNOJAb3YIOT Kak 000-
POTHYIO BOAy. ¥YdenbHas Harpy3ka coctasaser 0,7 t1/(m2-cyT).

Ha pyaunke dmnaiiep pupmbl «Kausenn Kandpo Aipon» cryc-
THTeIb AHamerpoM 91,5 M o6ecneunBaer nosaydyeHune 230 m3/Mun
060pOTHOH BOAbI. YIeJbHasi Harpy3ka no OCBETJEHHOH BOAe NpH-
MEpPHO paBHa 2

B Kanane n3 62 ¢abpuk no oborauieHHi0o pyld UBETHbIX H 4yep-
HbIX MeTaJjJioB Ha 35 BHelpeHO 060pOTHOe BoJOCHabXKeHue.

B CIUA oxono 80% o060pOTHBIX BOJ HCNOJb3YIOT B TEXHOJIOTH-
yecKlx npoueccax.

Onbir pa6oTel 3apy6GexHbIXx o6oraTnTeJbHbIX (abpHK TNOKashl-
BaeT, YTO NPHMEHEHHe NOJHOro HJH 4acTHYHOro BOAOOGOpOTa He
CHH)KAeT TEeXHOJIOTHUeCKHX nokasaTtesei oborawenus pya [10]. Kpo-
Me TOTO, yMeHbLIAeTCcsl pacxoi BOAbl M peareHTOB H CYLIeCTBEHHO
CHHMXKaeTCsi CTerneHb 3arpsi3HeHHsT eCTEeCTBEHHbIX BOJAOEMOB.

§ 3. AHANN3 BOAHO-LWWNAMOBBIX CXEM OBONATHUTEJIbHbIX ®ABPUK
C BHYTPU®DABPUYHBIM OBOPOTHLIM BOAOCHABXEHUEM

[IpakTHKa o6orauieHusi pya 4epHbIX METaJIJIOB NOKa3biBaeT, UTC
pacxoj cBexel BOAbI Ha TEXHOJOTHUeCKHe HYXKAbl 00ycjoBJieH 0e3-
BO3BPATHBIMII NOTepPSIMH ee (C KOHUEHTpaTaMil H XBOCTaMH, Ha Jpe-
HaX W HCnapeHHe W Ap.), a pacxol 060POTHOH — KPYNHOCTbIO H3-
MeJb4eHHsl, (PH3MKO-XHMHUECKHMH CBOMCTBAMH PYyAbl, cnocoboM H
cxeMoH oforauleHHss pyA i KauyecTBOM KoHUeHTpaToB. Huas 6GoJaee
paLHMOHaJbHOrO 11CNOJb30BaHHA M COKPALUEHHS PacXofa CBeXeH BO-
Ibl TIPHMEHSIOT CXeMbl BHYTpH(pabpHUHOro 060POTHOTO BOAOCHA6-
XKenus (puc. 11).

Pacxon cBexeil BOAbl gy NO CXeMe, NOKAa3aHHOH Ha pHc. 11, Ha

oboralieHHe 1 T pyabl (6e3 yyeTa Nnotepb Ha UCNapeHHe Il APEHaX)
paBeH

Wi+ Wy—wp  4,46+123,4—35

4 —_ 3
= 18 =105 M

E

rie Wi, Wxp H Wn— KOJHUECTBO BOJbI, 'COMEPIKALIENCSA COOTBETCT-
BeHHO B KOHLEHTPAaTe, XBOCTaX, MCXOAHOH pyme, M3/u; Q; — kouau-
yecTBO pyAbl, NocTynawlleil Ha oborauieHue, T/4.

Bennununl Wy wy 1151 1aHHOH cXeMbl NMPaKTHYECKH OCTAlOTCS
MOCTOSIHHBIMH, TaK KaK MNpH 3aJlaHHOM pexnMe paboThl (abpHKH H
(GuabTPOBaNLHOTO  OTHeJIeHHst COJepiKaHHe BJAarH B KOHLEHTpPaTe
cocraBaser 10=0,5%, a B pyne 3—5%. Peryanpys conepxanne
TBEPJAOro B CryLIEHHbIX XBOCTaX, MOXHO NOOHTbCS COKpalleHHs
pacxona csexeil oAbl g0 0,5 M¥*/T pyabl. TO cCOOTBETCTBYET NJOT-
HOCTH CTYLIEHHbIX XBOCTOB 1,6 Kr/n uam colepxaHnuio TBepAOro
96Y%. Onpnako monaBaTb OOGBLIYHBIMM TPYHTOBBHIMH HACOCAMH TaKue
MyJbNbl He TPECTABJASIETCS BO3MOXHBIM, TaK KaK OHHM NpeaHa3Ha-
YeHbl A.1s1 MyJbnbl MaoTHocThio 1,3—1,35 kr/n. das HopMaJbHOR
paboThl 3THX HACOCOB HeOOXOAMMAa MOJaya YHCTON BOAbLI B CaJbHH-
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KOBOe YIIOTHEHHe, KOTOpas MPOXOAHT B MOJOCTb Hacoca H pa3Xku-
)KaeT CryLIEeHHYIO MyJibhy.

B nocnennee Bpems 6oabliyjo paboTy MO CO3MaHHIO MECKOBbLIX
HaCcoOCOB, MPUrOAHbIX AJs paborbl 6€3 rHAPOYMNJAOTHEHHS, MPOBOAUT
Bo6pyfickuit MawmuHocTpouTebHbI 3aBod {11]. TIpHHUHNHANBHBIM
OT/IHYMEM 3THX HAaCOCOB SIBJSIETCSA HaJHyue Pas3rpy3oyHOro yCTPOH-
ctBa pabouero KoJeca, yTo No3possieT HacocaM pa6oraTb 6e3 no-
MOJIHUTEJNBHON MOAayYH BOAbl B CaJbHHUKOBOE YIJIOTHEHHE.

PacueThl nokasbiBaioT, YTO NMpPHMeHeHHe HAcocoB 06e3 THAPOYM-
JOTHEeHHsl TOJbKo B Kopnyce oborauleHust Croiienckoro I'OKa,
NMPOU3BOAUTENLHOCTbIO 20 MJH. T PYAbl B rol, NO3BOJHT YMEHbIHTD
pacxold cBexeil Boabl Ha 1260 M3/u wau ua 1,3 M3/u Ha 1 T KoH-
ueHtparta (rabsa. 5).

Ta6aunua 5

CpaBHHTe bHBE pacueThl MO pacxony Boawl npu paboTe HacocoB
C THApOYNJo THeHHeM H 6e3 Hero Ha npHMepe oGoraTHTeabHOH (aGpHkH
Croitnenckoro N'OKa

3 7 H BEpP-
OGvem soant, M ngr?cfl eBp;(;gn;KTree'p%
Macca
Ipoaykt NPOAYKTa,
T Ge3 rua- c rapo- 6e3 rua- c ruapo-
poynJyiot- | ynJioTHe- | POynJloT- | ynJIOTHe-
HeHHA HHEM HeHHs HHEeM
INpoaykt 1 cragun maruuTHO# | 15759,5 |16 400,0 | 16 750,0 | 26,0 25,6
cenapatmu
Ileckn o6ecwmamausannss 1| 1205,2 1205,2 1325,0 50,0 47,0
CTajHH
Ipoaykr IV cragun maruur- | 3570,2 | 3570,2 | 3570,2 50,0 47,6
HOH cenapaunu
Icckn  obecwinamausannst 11| 1034,0 1554,0 1776,0 40,0 37,0
CTafHH
Konuenrpar 984,5 1486,8 1640,0 | 40,0 37,0
KoHuenTpaT mnocse ycpease- 984,5 | 1486,8 1706,0 | 40,0 38,0
HHSL H CryLIeHHsI
Ceexxasi BoJa Ha ruipoymJoT- — — 1260,0 — —
HeHHe Hacocos, M3

Pacxon o6opoTHO# BoAbI B MNepBYyl0 ouyepeldn 3aBHCHT OT KpyI-
HOCTH H3MeJibYeHHs pyA. AHaqu3 nokasbiBaeT, YTO yeM 6OJblle CO-
AepxxaHue Kmacca —0,074 u 0,05 MM B kKoHuenrpatax I['OKos
(taba. 6), Tem Bbllle pacxol 060POTHON BOALI Ha | T KOHUeEHTparTa.

OcHoBHas noast obuiero pacxofa o60poTHO# Boakl (cM. puc. 11)
MPUXOAUTCH HAa M3MeJbUueHHe M KJaccH(puKauuio, npuyemM Ha I cra-
AY10 H3MeabyeHHs W kaaccupukauuu — 12—13%, na 11—53—55%,
OCTa/lbHas 4aCTb BOJAbl PAcXOdyeTcsi Ha MarHUTHY(0 Cenapauuio H
AewJaMauuio, Pacxox o60pOTHOH BOABI [JOCTHraeT B CpelHEM
9 M3/t pynsl.
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Tabay,

\
IOroK
Mokasatenn IT dabpuxa HKIOK Urog
I ¢pabpuxa 1—8 914
CeKUuHH CeKUuHH
e —
Conepxanue, 9%:
¥Kene3a 65,15 63,5 65,0 65,5 665
knacca —0,074 mm 95,6 89,0 97,1 93,5 950
knacca —0,05 mm 88,4 80,0 90,3 80,5 2
Pacxoa TexHosoruueckoit 06o- 20,4 17,0 20,4 15,0 2% 8
poTHOM BOAB!, M3/T KOH- ’
lleHTpaTa
[Tpozonxkenue Taba. 6
Huryneuxsn
¥Ol% A CesI'OK oo,
Huenpos- myp
Mokasatenu cKHi CCIOK | Hosc-
I owe- |II ove- | [ owe- [I1 ove-| TOK 1’%“
peab | peab | peab | peaw K
Coaepxaine, 9% :
xeJe3a 64,7 | 65,0 | 64,5 | 65,0 64,6 | 67,0 | 63,6
Kaacca —0,074 mm 96,7 | 99,3 | 98,4 | 98,8 95,9 | 96,8 | 50,9
knacca —0,05 mm 94,4 197,41 95,8 96,7 91,0 | 81,7 | —
Pacxon TexHonoruueckoit o6o- | 28,6 | 28,7 | 29,1 | 29,4 26,4 18,0 | 9,8
poTHoii BoAaM, M3/T KOI-
ueHTpara

KpHutepHem oueHkH cXxeM OGOpPOTHOro BOJOCHAOXeHHs fBJsETCA
nokKkasaTteab cteneHH ob6oporta [I. On npeacrasiasier OT-

HOLLEHHe KOJiHYecTBa OGOPOTHOI BOALI KO BCeil Boje, MOCTymnatouied
tta PabpuKy:

Il = = 1nnog

rie Wo6 — KOIHYECTBO OGOPOTHON BOABI, M3/U; W5 — KOJHYECTBO
¢BeXeil Boabl, M3/y,

M3 ypaBHeHus BHAHO, uTO ueM MeHblle Hcmosb3yeTcs cBeXed
BOAbI B TEXHOJIOTHYECKOM Mpolecce, TeM Bbillle MOKa3aTesp CTeneHH

o6opoTa H 3¢ dexTHBHel 060poTHOE BOLOCHA6XkeHHe. s paccMat:
puBaeMoii cxembl [71—=88Y,.
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OnTHMaabHble pacxodbl BOAbl Ha CYLIECTBYIOLIHX 0OOraTHTe/b-
Hblx ¢abpHkax onpenensaloT nyteMm o6pabOTKH H aHa/lH3a JaHHBIX
~reHepasbHOro Onpo6OBaHHs BOLHO-LIIAMOBBIX CXE€M H HeMoCcpeacT-
BEHHbIX 3aMepOB C NMOMOLIbI0 BOAOMepHbIX ycTpoiicTs [12, 13].

Pacxon BoAbl peKkOMeHAyeTCsi 3aMepsATb Ha BXOJe MNHTAIOLIHX
Marucrtpaned cekuuu ¢abpuUKH C NOMOLLBIO TOPH3OHTAJNbHBIX KOJIb-
LeBbIX KaMep ¢ AHadparmoii. [ToBepxHocTs auadpparmMbl o6pabaThi-
BaeTCs Ha MpeLH3HOHHbIX
~ CTaHKax [0 BbLICOKOH CTe-
NMeHH YHCTOTbl, a BHYTpEH-
HHI J1HaMeTp TapHpyerTco
rocioBepuTtesneM. Ko.iblie-
BYI0O KaMepy YyCTaHaBJH-
BalOT HAa MNpPAMOJIHHEHHOM
yuacTke, rae ropH3oHTalb-
Hasi uyactb TpybonpoBoaa
cOCTaBJgeT MO JJHHe He
MEHbllle MNATH JHaMEeTpPOB
Tpybonposoaa U A0 AeCATH
' IHameTpoB Tpy6ONpoBoaZ
nocjse Mecra YCTaHOBKH.
Ilepenan paBaeunuii, co3ia-

I l

13 15 17 79 27 23 25 27 29 31 43

BaeMbIHuHanOpOM H AHna- Pacxod G0dy wa 1T Kowyewmpama,
¢dparmvoi, bHKCcHpyeTCH

AHadparmMoBbIM HHIYK- Puc. 12. KpuBast  pacnpeneneHHst BOIWI
LLHOHHBIM MaHOMeTpOM- Ha I T KOHUeHTpaTa

pacxenomepom (AMUP) u

nepenaetrcsi Ha perdcTpH-

pylolltee ycTpoHCTBO. JlHarpaMMbl PerHCTPHpYIOLIEero YcTpOHCTBA
o6pabaTbiBalOT W ONpeAeasiioT pacxol BOAbl Ha eIHHHLY NMPOAYKUHH.
3aTem CTpPOAT KpHBble pacnpelesieHHs MO yCpeJHEHHbIM MOKa3aTe-
Jam. Ha puc. 12 nokaszaHo, 4To MoJasbHOe 3HAauyeHHe pacxojaa BObI
HaxoAHTCs B mpengenax 18—19 M3, Pacxoa Boaw cocraBasier 10—
30 M3/t KoHueHTpaTa. BrinosnaxkuBaHue KpUBOH U GOJbLIHE PacXOabl
BOJbl XapaKTepHbl A/l TeX CMeH, Korja Ha CeKLHI0 Mo KaKHM-JHO0
NMpHYHHAM He mocTynaJja pylaa, a Boja NnocTtynaja B MOJHOM obbe-
Me (MpPOMbIBKAa CHCTEMbl, HeonepaTHBHOE OTKJIOYeHHe BOAbI H Ip.).
bonee xpyTtoe maseHHe KpHBOH COOTBETCTBYeT pacxoidy BoAbl 14—
15 M3 Ha | T KOHUEHTpaTa ¥ yKa3blBaeT Ha BO3MOXHOE COKpalleHHe
€r0 /11 JaHHOH CXeMbl NPH NMPOYHX PaBHBIX YCJAOBHAX U KoJebaHHsAX
napaMeTpoB B JONYyCTHMbIx mpeaenax. O6bluHO pacxons BOAbl B mep-
BYl0 ouepelb CBA3bIBAIOT C KaueCTBOM HCXOAHOH pYAbl W KOHIEHT-
pata. OnpHako MaTemaTHueckas o06paGoTKa 3WCIEePHMEHTaNbHbIX
AaHHEIX NOKa3blBaeT, YTO B Mpejenax KauyecTBEHHbIX H3MeHeHHH
(ucxomHas pyda H3MEHsSIeTCsl MO COAepXaHuio Kejae3a Ha =+29,
xonueHtpat *+1,5%) nonHOCTBIO OTCYTCTByeT 3aBHCHMOCTb MeXAY
pacxogamy BOAbl H |KayeCTBOM pyIdbl U KOHLlEHTpaTa. YpaBHEHHSA
perpeccuH, NokasblBalollHe 3aBHCHMOCTb PacXoaoB BoAbl Ha ob6ora-
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uleHde 1 T pyabl M TMOJY4YeHHs 1 T KOHUEHTpaTa kak g «

TaK W «MHOXXECTBEHHOH» KOPpPeNsiliiH, HMEeIOT xoaq)qmunemapﬂofn,
JeKChl KOppeJsiuiH, KoTopble He mpesbimator 0,2. Takpe 338}{[ "
TH TMOKa3biBalOT, YTO HMelolHecst Ha habpuKe nepepacxony ‘

CBA3aHbI C COMEPXKAHHEM XKesle3a B Pylle H KOHUEeHTpaTe

§ 4. PEKOMEHAYEMBIE YAENbHLIE PACXOAblI BOARI
HA TEXHONOIMNYECKUE HYXAbI

OUCHOBHbIM KpDHTEPHEM N/ ONpele/eHHsi YKPYMHEHHBIX NMoKas
TeJleH NpH pa3paboTKe TEeXHHKO-3KOHOMHYECKHX O6OCHOBaHMi au
MPOCKTHPOBAHHM CXeM BOJAOCHAOMXEHHS W KaHANM3aUMH TPOMpiy
JEHHbIX Y3JI0B 3KOHOMHUECKHX H aJAMHHHCTPATHBHBIX PalioOHOB ;13‘.
JS10TC HOPMbI BOAOMOTpeOJeHusi. [loa Hopmo#t BomomoTpebaenys
MOHHMAeTCs pacxold BOAbl B M3, HCNOJb3yeMOl Ha NPOM3BOACTBen.
Hble LeJH, BCIOMOraTe/jibHble H XO3AHCTBEHHO-OLITOBBIE HYXKABI, OT.
HeCeHHbIH K 1 T pyanl uau KoHuentpara [12, 13].

B cBAA3H C TeéM 4YTO yKpynHeHHble HOPMbI pacxola BOIAbl g
pasJHUHbIX OTpacjel NPOMBILIJIEHHOCTH [2] He YUHMTHIBAIOT TeXHOJO.
FHYeCKHX OCOOEHHOCTEH H He COOTBETCTBYIOT COBPEMEHHOMY ypOB.
HIO pa3BHTHA OO6OralleHUs pyld UYEepHbIX MeTaJlJIoOB, B HHCTHTYTE
Mexanob6puepMer ¢ yuacTHeM aBTopa pa3paboTaHbl peKOMeHAa:
UHH 1Mo yAeJbHbBIM pacxoldaM BOAbl Ha TEXHOJIOTHYECKHe HYXKAbl Ha

Ta6anua 7

PekomeHpyembie pacxoabi BOabi Ha oGoraTHTesbHbIX ¢abpukax
KeneIHbiX W Mapravuesblx pya Ha 1 T pyas, m3

4 L .
52 Csezkasi BOAA =
'_3 é H3 HCTOYHHKA (%1
NHTLCBAs o
BonocHa6- 08 w _
Cxema oforaueHus KeHHe e= - o=
= 2 = P ge
€a 9] 2o
E° ? ) o
2 ) o=
~ = X=X o v
ol @ x3| A%
OGozamumenvHsie (padpuKu HeOKUCAeHHbIX pyd
MoKpast marumnTnasi cenapaums:
waMennuenne 1009 —50 mkm | O6opotuoe | 11,9 11,0 0,05 0,01 [ 1,06
» 989, —74 MKM » 10,0 1,0 {0,05]|0,01 | 1,06
» 989 —74 mkm | Co crywe- | 10,2 | 0,8 | 0,5 | 0,0l 0,86
(B panonax C ApCHHPYIOULH- [HHEM XBOCTOB
MH 1104BaMK)
wamespuenite 989 —74 mkm | O6GopoTuoe 88|22 [0,06]|0,01 (2,26
(B paitonax c apeunpyio- | Ge3 cryue-
ULHMI NOYBaMH) 1A XBOCTOB
H3MeJLueline 90—95% — | O6opoTioe 9,05 0,95 | 0,05 | 0,01 | 1,0l
74 MKM
uameapuenie 809 —74 MKM » 401/0,5 | 0,05|0,01]0,5
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IMpononxkchue Taba. 7

(- 3]
9 Ceexas Bona 3
2° H3 HCTOYHHKA
o & a
O
o nuTbeBas £
B 6 =e
- [-7)
Cxema oGorauleHHs OHocCHa . g
JeHHe o % °
- = « -3 . c
5 9 I3} == =E 3 )
Z=3| 2 | 2 =| g
~=m = ” g: 8
P 5383 | Bz o
O = ol -} a

Obozamumeasuoie pabpuku oxucaenuoix pyd

OG6KHr-MarHuTHas:

usameapuenne 95% —74 mxm | O6opotHoe 9,0 (1,0 {0,05]| 0,0l 1,06
MaruuTHO-(p/I0TalHOHHAs:

uaMespueHde 989 —74 MkMm » 13,8 (1,2 [0,06]|0,01 1,26
[MpombiBKa pyA » 4. 85 0,75 (0,04 | 0,01 | 0,80

Obozamumensrbie abpuxu cMeluaHHbIX KHeae3Hbix pYo

I paBHTaLHOHHO-MATHHTHAS:
MkM | O6opoTHoe 8,5|1,0 0,05|0,0l 1,06
MKM » 7,05, 0,95 | 0,04 | 0,01 | 1.0
Ob6ozamumensroie ¢pabpuxu mapearyessix pyo
I paBHTaUHOHHO-MarHUTHO-(JI0Ta-
LLHOHHASA:
pyau YUmatypckoro Gacceiina | O6oportoe u| 2,1 | 7,9 0,013 0,2
npsIMOTOYHOE
pyan Hukonoasckoro Gac- { O6opornoe | 12,750 2,25 | — | 0,013} 2,263
cerHa
I'paBHTaLHOHHO-MarHHTHAs:
pyas Hukonosnckoro 6ac- » 10,2 | 1,8 — | 0,013} 1,813
CeifHa

ITpunvmeganue. KodbduuneHT H3MeHeHHs cpeAaHerofosoll HOPMHW PacXOXa BOAKW NPHHAT B
aethuit neppox 1,05, B 3umuuit —0,95.

ob6oraTHTesNbHBIX (abpukax (Tabsa. 7). B cooTBeTCTBHH C MHHEpaJb-
HbIM COCTaBOM pYyI, TPeGYeMOH KPYNMHOCTbIO H3MeJNbYeHHsl H CXeMOH
060pOTHOro BOAOCHAGXeHHs onpeleseHbl XxapakKTepHble AJs onpe-
JeJIeHHbIX Tpynn MeCTOPOXKJEHHA TeXHOJIOrHYecKHe CXeMbl, yCcTa-
HOBJIeHb Tpebyemble pacxoabl BoAbl Ha | T nepepabaTniBaeMOM
pyAbl,

ITpu onpeneneHnn noTpe6GHOCTH B CBeXeH BOJAE YuTeHbl BCe BH-
Abl MOTEph ee, UMeIOlHe MecTO Ha 06oraTuTenbHOH (Qabpuke:

6e3BO3BpaTHblE C KOHLUEHTPATOM;

B MeCTax HCMOJb30BaHHS, B AaHHOM CJyuae TNPHHSTble MO CaH-
TexHHueckum Hopmam 0,3—0,4 m3/T;

Ha HcnapeHHe U (PHIbLTPOBAHHE;

Ha 3aMoJIHEHHe MOP B XBOCTOBHIX OTJIOXKEHMsX, NPHHATHIE HA OC-
nose pe3yJnbTaToB onpo6oBanus, 0,15—0,2 m3¥/T.



§ 5. TPEBOBAHWA, NMPEABABNAEMBIE K KAYECTBY BOAL
NP OBOPOTHOM BOAOCHABXEHUW

TexHosoruueckyio BoAy Ha ¢HabpHKax HCMOABL3YIOT B npoueccay
oboralleHHg B KauyecTBe pasjensiollledl Cpelbl, AN OTMbIBKY U or:
fe/leHHs WJ1aMOB OT 3ePHHCTOTO MaTepHana, B MAarHHTHOM cenmapy.
UMH, KJacCHPHKAUMH, AelnaMalWH, AaA TPaHCNOPTHPOBKH Mpo-
LyKTOB OGOralleHns, OX/MaxJleHuss 0OOPYNOBaHHS, NPHIOTOBIeHygq
peareHToB, o6ecnbliMBaHHSA, MblJeYyJaBJIHBAHHA H CMbIBA MOJOB,

B 3aBHCHMOCTH OT Ha3HaueHHsa K KaueCTBY BOAbI Ha o6orary.
TeJbHbIX (pabpHKax NpeabaABAAIOT pa3jivuHble TpeboOBaHHA.

BaxHeAluMMH noka3aTeiMH KayecTBA BOJbl, OMNpeleNdiolyumy
ee MPUTOAHOCTb AJI HCMOJIb30BAHUA HA FOPHO-000TaTHTENbHBIX KOM-
OuHaTaX, ABASAIOTCA COASPKaHHe B3BELIEHHLIX BELIECTB, LUBETHOCTH,
3anax, BKYC, CyYXOH OCTAaTOK, MHHepaJ/bHbll OCTATOK, 0b6u1as xect-
KOCTb H ee COCTaBJsAlouHe, OHOJOrHYeCKoe U XHMHYeckoe noTpebie-
HHe KHcJaopoaa, BOAOPOAHBIH NMokasatesp pH.

B3gewennble Beujectéa W MexaHHYeCKHe B3BeCH OpraHuyec-
KOro ¥ HeOpraHW4eckKoro MPOHUCXOXKAEHHS, He pacTBOpsIOlLHecs
BOJe, BbipaXKaiOT B MT/KT.

[lseTHocTy BOABI 00YyCJ/JOBAHBaeTC OObLIUHO PaCTBOPEHHBIMH B
Heli OpraHM4eCKHMH COeJHHEHHSAMH M Ha/JHYHeM B3BEILUEHHbIX Be-
lLeCTB, Bblpa)kaeTcs B rpajycax MJaTHHOBO-KO6ANbTOBOH LIKaJbl.

3anax BOAbI pa3NHuaeTCs eCTeCTBEHHOro MPOHCXOXKAeHHA (OT
XHBbIX H OTMHPAIOIUKUX B BOAE OPraHW3MOB H T. A.) H HCKYCCTBEH-
HOTO (OT MPOMbIILJIEHHbIX CTOYHbIX BOJA, 0OpabOTKH BOAbI peareHTa-

MH I T. A.) W OnpejenseTcss OPraHOJEKTHYeCKH Mo NATHOANIbLHOH
KaJje.

Bkyc onpefensieTcs TOAbKO AJA YHCTOH BOABI MO NMATHGAIIbHOH
mKaJe.

Cyxum ocTaTkiom BOAbI Ha3bIBAETCH CyMMapHOe KOJIHYeCTBO pac-
TBOPHMbIX B HEM HeJeTYYHX MOJIEKYJspPHO-AHCMEPCHBIX H KOJJIOHA-
HbIX YaCTHIl MHHEPAJbHOTO H OPraHHYECKOro NPOHCXOXKAEHHS, BbIpa-
’KeHHOe B MTI/KT.

Munepaaoubim octatkomy MO Ha3biBaeTcs CyMMapHas KOHUEHT-
pauus C comepxawHMXcs B BOAE KATHOHOB, aHHOHOB H MOJYTOPHBIX

okucaoB Al,O; u FeeOs ¢ yueToM npeBpallieHHs MPH BbiMapHBAaHHH
soasl HCO; u OH- 8 CO3~, H,SiOs 8 SiO, [14]:

B

MO=Cro4+Cu.2-+C_,_+ C“~ +Cr—- +

3 4

-+ (“an—- + Cg\;(\?— + CNH- + CSiO, + CAI,O, +- CFc,O, » MI/KT.

JKeCTKoCTb BOAbl 0OVC/IOBJIIBAETCA CONepXKaHHeM B BOJEe HOHOB

H Mg+, CymmapHoe colep:KaHHe pacTBOpeHHbIX B BOde CoJel

KanblUHA H MarHHusg HasbiBaeTcq OOLUel XKeCTKOoCTbio. KecTKOoCTb

BObI, 00YCJ/IOBJ€HHAsA T1aBHbIM 06pa3oM MPHCYTCTBIEM THIPOKap:*
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6oliaTa KaJjblHs, Ha3bIBA€TCSl BpeMEHHOH HJIH YCTPAaHHMOMH, TaK Kak
NpH KHMSTYEHHH 3Ta COJb pasJjiaraeTcs N0 ypaBHEHHIO

Ca (HCO,), = CaCO, | -+ H,0 - CO,.

JKecTkocTb Boabl, 06Gyc/OBJEHHAsy NPHCYTCTBHEM CYJb(haToB
KaJIbUHS HJIH MarHHs, Ha3blBaeTcsl MOCTOSTHHOH, U MOXeT OHITb YCT-
pPaHeHa TOJIbKO NMEPEroHKOH BOAbl HJIH XHMHYECKHM IyTeM.

B CCCP xecTKOCTb BbIpaXKalOT B MHJJHIPAaMM-3KBHBaJIEHTaX
na 1 kr Boasl (1 mr-sks Ca2+=20,04 mr, 1 mMr-a3xs Mg?+=12,6 mr).

Ecaun conep:kaHHe Kajblus M Marius B BoJe H3BeCTHO, TO 00-

LYI0 KEeCTKOCTb Mur.oks MOXKHO ONpelenuTb mo ¢opmyJe
[Ca%+] |

Hosr-ore — 20,04 12,6

B Apyrux cTtpaHax XeCTKOCTb BOAbl H3MepsiJiH B rpajdycax.
Hanpumep, 1° xectkocTtu Boipaxkan coaepxkanue 1 r CaCO; B
100 kr Bomwl — ¢paHuy3cKHe rpaaychl, comepxanue CaCOsz B rpa-
Hax (1 rpan=0,0648 r), B 1 raanouHe (4,546 Kr) — aHrJHHCKHE
rpaaycel, colepxaude Ca0O B coThiXx gosdX rpamma B | Kr — He-
MellKHe rpalychl. [lepecuer paHee TNpPHHATBIX €JHHHL KECTKOCTH
npuBeneH B Taba. 8.

Ta6bauyga 8
[MepecueT eanHHU XKECTKOCTH

I'pagycu
XecTKOC TR
Mr-3ks/kr CCCP
aHrTHACKHE HeMeuKHe dpanyy3cKkHe
1,0 50,042 2,8 5,005
0,356 17,4 1,0 1,784
0,199 10,0 0,560 1,0
0,284 14,2 0,798 1,425
0,019 1,0 0,056 0.1

buoaozuueckoe norpebaenue xucaopoda (BITK) — xosaHuecTBO
KHCJIOPOAa B MHJJIHTpaMMax Ha KHJOTpamMm, KoTopoe Tpebyercs
AJg OKIHCJIEeHHs] HaXOAAIIHXCH B BOJe OpPraHHYeCKHX BelllecTB 3a
9 cyt (BIIKs) unn 20 cyt (BITKg). IlpakTuueckun onpepeasioT
BI1Ks, xoTtopoe nnsi BoA, 3arpsi3HEHHBIMH XO3SIHCTBEHHO-OBLITOBLIMH
CTOKaMH, cocTasasier okoso 70% moanoro BITKs.

Xumuyeckoe norpebaenue kuciopoda (XI1K) — koanuectBo
KHCJI0pOJa B MH/UIMTPaMMax Ha KHJIOTpaMM, KoTtopoe Tpebyercs
IJIs OKHCJIEHHs1 HaXOMSLIHXCSI B BOJE BeLIEeCTB, CMOCOOHBIX OKHC-
JAThCS.

K npoH3BoACTBEHHO-TeXHUYECKOH BOJe NMpeabsBAslOTCS TpeboBa-
HHs, 3aBHCsSILIHe OT cnocoba obGorailieHus.
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[pu MarHHTHLIX H rPaBHTAUHOHHBIX CNOCOGAX 060rameyy
TyT TpPHMEHATbCH BOAbl (PeuHble MM WAXTHBE) ¢ 06mef
kocTblo 34,0 Mr-3KB/KI H MHHepaJibHbIM OcTaTKam 9285 Mr/Kr-
ponyckaetcst 7,5—8,2; ymenbiuienHe pH Hexenateanno, ' PR

' Tak
NpH 3TOM YCHJIHBAeTCss KOPPO3HOHHOe [eiCTBHe BOAM Mo omoKaK
HIIO K MeTaJl1aM.

Puc. 13. Oaexktponnass Mukpodororpapus  B3BEUIEHHBIX BELIECTB B TeXHHYe-
ckoit Boae Huryneukoro 'OKa (cycmensns B HO — Ha KoanoaneBHX nJjeHkax-

noanoxkKax). Yseanuenune X9000:

K8 — KBapll,; 2M — CJOHCTbIe CHAHKATHl (FAHHHCTBIE MHHEpasbl); M — PYAHbIIT MHHepan (mar
METHT). 4 — arperatbl MeJKHX YacTHLL OPraHHYecKoro NPOHCXOXKAEHHHA; K — ambpHOOAb (KyM-
MHHTTOHHT)

Conep/kaHiie B3BelleHHbIX BewlecTs B Bojde Ao 100 Mr/kr mo
IyCKaeTCss Kak NpH OCYLLEeCTBJEHHH OOOPOTHOrO BOAOCHAOXeHHS
yepes CrycTHTeNH, TaK H uyepe3 XBocToxpaHuauue. Ilpu ucnonan3so-
Batliy OOOpPOTHON BOAbI B MEepPBOH CTaaiHH H3MeJbY€HHS H KJACCH-
()MKaUnH coxeprKaHlie B3BeUIeHHbIX BellecTB JAonyckaercs 10
2500 Mr/kr.

Ilns npoekTHpOBaHHs ceTeil NPOH3BOACTBEHHOro BOJAOCHaOXe:
g wa 'OKax u npn BbiGope 3amopHOfi apMmaTypbl Heo6XOAHMO
KaueCTBeHHO OnpelesiTb B3BeLIeHHble BelWeECTBA B TeXHHYECKOH
BOJE.

HecnenosanusaMiy nox 3/€KTPOHHBIM MHKPOCKONOM yCTaHOBJIEHO,
1TO B3BelueHHble BelleCTBA B TeXHHYECKOH BOAe sKeJ1e30pYIHbIX
28



Ta6anuua 9

TpeboBanna K KauecTBY BOABI, HCNOJb3YEMOH B CHCTEMax
060poTHOro BopOCHaGKEHHA obGoraTHTeabHBIX dabpHK
(no panubim HHcTHTYTa MexanoGpuepmer)

JKenesHuie pyast

| MapraHuessie pyAant

MeTtoam oGorateHkss

)]
“9 & P
o = 1 b2
Mokasatenu EEY g g ° -
ek g 2 : :
- 32 o = °
=] g : E"; g
g8 x a SE s
g k:
Temneparypa °C, He Hu-| -4 -4 4-4 +4 +4
xe
Copep:alive  B3BelIEHHBIX
BellecTB B 060POTHOM
BOAE, MI/Kr:
crycTuteseit 1t xsocto- | He Buime | He Boime| He Boiwe | He Bbiume| 600
XpaHuiuuLa 1000 1000 1000 1000
aas 1 craguu usMesb- | 2500 2500 2500 3000 --
YeHHST H KJacCHpHKa-
HHH
Copepxanue Maces M CMO- - 50—60 7—8 — 137
J1006pa3HbIX NPOAYKTOB
(3¢upopacTBOpHMBIX),
Mr/KT
KoHueHTpauus  Boaopon- 8,2 8,5 11 8,2 8,2
HbIX HoHOB pHl, He BHI-
e
JKecTKocTb, Mr-3KB/Kr:
oOwwas 34 22 10 31 31
Kap6oHaTHas 3 3 — —
HlenouHocTs obuwiast MM — — — 3—4 3—4
CymMMa lueJsiouei,
MI'-3KB/KT
MunepaJibHblit ocTtaToK, | 9285 4500 2400 Ho 10000| He Boie
MT /KT 6000
Copepxanue, Mr/Kr:
Ca’t 2750 200 180 220 220
247 150 12 240 240
CI— 5220 2100 760 1100 1100
SO; 706,9 800 1600 1950 1950
NOBEPXHOCTO-aK THB- — 50—60 8—-10 25 137
HbIX BelUecTB
BEleCTB, MeLLAIOWHX — SiO, HCO: + — —
NOBTOPHOMY HCIOJIb- a0 180
30BallI0 BOAbI
Ho 10,0
MF-3KB /KT
XIIK, mr Oy/kr — — — 160 200—300
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TOKoB cOCTOAT NpeHMyLIEeCTBEHHO H3 MOHOMHHEpaJbHbIx
pasmepom 0,5—5 MxM. Pellko BCTpeuaioTcs 3epHa C““”Ka-roqam
TOBaTOil (hOpPMbl pa3mMepoM 50—70 MKM B AJHHY. MaerHaﬂB Wee,
iHsi NpCACTaBleHa B OCHOBHOM O00JIOMKaMH C TOHKON BKpadina
HOCTbIO pPyIHOTO MHHepasa (marHetuta). Kpome Toro, yacto Bﬂcﬂen
yaloTCs OKPYTJ/ible arperatbl OuyeHb MeJNKHX wactuu (0,1 MKMTne
MeHble) OpPTaHHYeCKOro TNPOHCXOKAEHHS. Pa3mep 3Tux arper ’
0,2—0,3 MKkm (puc. 13). aToy

[IpHMepHBIl COCTAaB B3BElIEHHBIX BEUIeCTB, Yo: KBapu 354
c/OHCThle TaAHHHCTBle MuHepaabl 25—30, amduboan (KyMMHHrO

15—20, MarHeTHT 3—7, arperaTbl MEJKHX UYacTHU opraﬂmm'

koro mpoucxoxaenns 5—10. eC-

|ipu npsvoit ¢noTauny o6mlas KeCTKOCTb BOAbl He  Homxy

npeBHILAaTh 22 MF-3KB/KI, a MHHepaJbHblit ocTaToK 4500 Mr/kr; ;
06paTHOM — 061as KECTKOCTb  JOJKHA OblTb  He '

12 Mr-3KB/KF M MHHepa/bHblit ocTaTok 2400 Mr/kr.

MapraHuesble pPyAbl yAO0BJIETBOPHTE/IbHO o6oraulalTcs B Bope
c  KecTKocTbio 10 30 Mr-3KB/KT M MHHEpalbHbIM  OCTaTtKom
6000 Mr/Kr.

[Tpn dmoTaumn MapraHueBblXx pyA COAepKAHHE  BIBELLEHHbi
BellecTs B BOJe He MOJI2DKHO NpeBbllIaATb 600 mr/xr, BIIKs; 30—
34 mr Oo/kr, XITK 10 300 mr Oa/xr.

Boabl. c6pachiBaeMble B PeKH HJH OTKPbITbIE BOJOEMbl mocre
ouncTkH, no noxkasateasm XIIK n BI1K noaxHbl OGbITb He Bbille Mo-
xa3aTeneil Tex BOLOEMOB, Kyla OHH cOpachiBalOTCH.

[Tpn daoTaunn Boja AOMOJHHTENbHO 3arpA3HAETCS adHpocoaep-
JKAUIHMIL BellleCTBAMH, KOTOpble Heo6XOAHMMO yAa/ATh NEPEL c6po-
cOM B XBOCTOXpaHHauwe. B pesynbrate OUHCTKH CTOYHBIX BOL A0-
CTHTAIOTCss HOPMATHBHble MOKa3aTesaH MO KayeCTBy BOMB ILif HC
NONb30BAHHS €e B CHCTeMaxX 06OpPOTHOTO BOLOCHAGKEHHS.

Tpe6oBaHHsI K KaueCcTBY BOJbI, MCTIONb3YEMON B CHCTEMAx 000-

POTHOTO BONOCHAOXKeHHA o6oraTHTeabHbiXx (abpHK, NpHBEACHbl B
taba. 9.

Bblllle  |(—






