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[lpuHunn  paboTel NBYXMPOMYKTOBOTO TSKENOCPEAHOTO THAPOLHMKIOHA
(puc. 4) 3aKm04aeTCst B CIIEAYIOLIEM.

McxonHblit yrons nocTynaer B annapar B CMECH C TsKeJoif cycrieH3ueil ye-
pe3 3arpy3ouHslii natpydok I Mo kacaTeJbHOH BO BHYTPEHHIOI MOJOCTH 2 LH-
JIMHAPHYECKOH YacTH Kopryca.

Kacatenbublit BBOA pa3nennTenHoil cpembl Mon AaBieHHEM dopmupyer
BHYTPH anrapara BHXPEBOH MOTOK C BO3AYLUHBIM CTOJIOOM BIOMb OCH LIHKJIOHA.
bnaronaps ueHTpo6exHbIM CHTaM, BO MHOTO pa3 MPEeBOCXOISIIHM CHIIbI TSKECTH,
TSOKEJIBIH MPOAYKT MepeMellaeTcs K CTeHKaM KOHMYeCKOH uacTH Kopnyca 6,
CKOJIB3UT MO HHM M Pa3rpy’aercs BMECTE C YACThIO CYCNEH3HH uHepe3 pasrpy3ou-
Hblit Hacapok 7. Jlerkuit nponykT ¢ cycneHsueil npoxoauT uepes CJIMBHYIO TpYOy
4 B pasrpy3ouHyio kamepy 3. I'MAPOLHKIOHEI 06LIYHO YCTAHABIHBAIOTCS Ha pame
5 Takum o0pa3som, 4To6bI ero ock GbL1a HAKJIOHEHA K FOPHU3OHTY NOJ YIIIOM He

6oaee 10"

\ﬂumaﬁue

Tamena s
PPAKUUS

Puic. 4. JIByXnponyKTOBbIi TAKENOCPEAHBIH MM APOLHKIOH

[penmyLLEeCTBO TSHRENOCPEAHBIX PHAPOLHKIOHOB Mepes annapaTamu, B KO-
TOPLIX pa3sie/eHHE NPOUCXOAHT TOJIBKO MOJ NeHCTBHEM CHIIbI TSHKECTH (cenapa-
topsbl Tna CKB u 1p.), 3aki0uaeTcs B HATHYUH LEHTPOGEKHOrO Mo, KOTOpOe
NPHBOAMT K 3HA4YMTENIbHOMY (B AECATKH Pa3) yBEJIMUYEHHIO CKOPOCTH pa3fieneHHs
maTepnana no nnoTHocTi. Kpome toro, B ruapounkionax obpasyercs TypGy-
JEHTHDLIA  PHAPOAMHAMHYECKHIT TOTOK, pa3spylIAlOWMH CTPYKTYpy CyCreH3HH,
Gnarosaps uemy B HUX MOXHO 00OralllaTh TOHKHE KJacchl yrisi 40 KpYMHOCTH
0,15 mmMm.

Hnst nony4eHns Tpex MPOAYKTOB pasfeNeHHs MPUMEHSIOT TPEXMPOLYKTO-
BblH rHAPOUMKIOH. OH COCTOMT M3 UMIHHAPHYECKOH M LMAMHAPO-KOHHYECKOH
cryneneii. [puHunn pasjeneHus B HEM OCHOBaH Ha CMOCOGHOCTH MArHeTHTOBOJ
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CYCMEH3MH pacCnanBaThCsl Ha LIEHTPOOEKHOM MOoJIe, B pe3ysbTaTe Yero MiIoTHOCTD
CycneHsnu, nepexoasiei U3 I ctyneun Bo Il cTyneus kackaja, CTAHOBUTCS BbILLe
MJOTHOCTH CYCMEH3HH MHTaHMS.

TpexnponykToBbIit KackaiHblii FHAPOLUMKIOH (pHC. 5) paboTaer crenyto-
1M obpasom. McxonHoe nuTaHHe (CMech CYCMeH3WH HU3LIEH MIOTHOCTH pa3ze-
NeHus W yris) vepes natpy6ok I MOCTyMaeT TaHMEHLHANbHO B 3arpy304HYI0 Ka-
Mepy 2 LUMJIMHAPHYECKOrO FHAPOLMKIOHA, B KOTOPOM BBIAENAIOTCS MEIKHE KOH-
LEHTpaTHbIE (DPAKLHH, YXOASLUME C HaCTbIO CYCIIEH3HH Yepe3 0ceBOil maTpy6ok B
kamepy cnuBa 3. IIpoMnpoAyKTOBbIE H NOPOAHbIE (PPAKLMH, BbIAETHBLUHECS MO
NeHCTBHEM LEHTPOOEXKHBIX CHJI, HAMPABISIOTCS YePe3 LEHTPaNbHYIO Hacanky 10 B
pasrpy3ouHylo kamepy 8 u nasee no natpy6ky 9 B LHAMHAPO-KOHHUECKYIO CTY-
NeHb THAPOLMKIIOHA 7. 3/ech pasjeneHHe OCYLIECTBAETCS aHaIOrMYHO paHee
onucanHomy. CMech NpOMNpPORYKTOBbIX (pakimii (B JaHHOM Cllyuyae — Jerkux) u
cycnensns nepemeliatorcs rno narpybky /1 B CIHBHYIO Kamepy 4, a TsDKellble
MPOAYKTbI KOHLEHTPHPYIOTCS B KOHMYECKO#l 4aCTH 6 H Yepe3 MOpOAHYIO HAacalKy
5 nocTynaloT B NPHEMHHK OTXO00B.

Puc. 5. TpexnpoayKToBbIi TSOKENOCPEAHBIH THAPOLHKIOH

TexHuueckue XapaKTePHUCTHKH ABYX- H TPEXIMPOALYKTOBbIX TSYKEJIOCPENHBIX
FMAPOUMKIIOHOB NMpHBEACHL! B cneuranbHol nuTeparype.
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OHK BbINYCKAIOTCA CEPHITHO M MOTYT KOMMIEKTOBATLCS CNEUHUANLHBIM TEX-
HONIOFHYECKHM, BCOMOraTeNbHbIM 000pPY10BAaHHEM W OMOPHBIMH KOHCTPYKLIHSI-
MIT st MOHTaka (pHc.6).

Texnonozuueckue cxemol 0602a1qenun peieii 6 MANCEABIX CYCHEHIUANX OT-
mudaiores GonblwHM pazHoobpasiem, 06yClOBNEHHbIM pa3HHLEH B CBOHCTBAX He-
XOAHBIX yruieli (MapouHblii cOCTaB, KPYMHOCTb, 060raTHMOCTD "M Ap.), a Takke
TPeDOBAHILSINI K KAUECTBY KOHCUHBIX NPOAYKTOB oborawlenns. [lanee MPHBOIMT-
Cil OIHCANHE HEKOTOPLIX THMOBBLIX CXeM 00OralleHHs IHEPreTHYECKHX H KOK-
CYIONUINCS Yrei B TSUKENOCPEAHBIX CenapaTtopax M FMApPOUMKIOHAx. B cxemax
NPHHATBI YCII0BHBIE 0003HAYEHHA OTAJLHBIX MALLHH W aNNapaTtoB (puc. 7).

Konyenmpam

Puc. 6. Komnnekc o6opynosanus TPEXMPOAYKTOBbIH MMAPOLMKIOHHOI yc-
TaroBku ['T630/500
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Puc.7. Ycnosubie 0603naueHns, NPHHSATHIE B cXeMax oboralueHus yrneii

Cxema 060ramemm KpynHOro yrins B OJIHY CTaguIO C pasfneneHyieM Ha aBa
npoAyKTa MpHBeAeHa Ha pHC.g‘
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Puc. 8. Cxema uenu annaparos o6orauenus Yrisi ¢ pasfiefleHHeM Ha aBa
nponykra
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Cxema BKJIOYAET Cleayloline Onepalry: NMOArOTOBKY Yris nepej obora-
eneM (Cyxylo MM MOKpyIO Knaccudukauuio), oborauienue B cernaparope C
MarHeTHTOBOIl cycreH3uel ¢ MoyiydeHHeM IBYX KOHEUYHbIX MPOAyKTOB (KOHLIEH-
TpaTa W OTX0/0B), OTAEJICHHE CYCMEH3HH, OTMBIBKY YTSKEHTENS H 006e3B0XCHBA-
HUE MPOAYKTOB o0OrallleHusi, pereHepauHio pa3baBjieHHON CYCMEH3HMH, CHCTEMY
LMPKYJISUHK CycrieH3ui TpebyeMoil MIoTHOCTH, aBTOMaTHYeCKOe PErynHpoBaHHe
[JIOTHOCTH CYCMEH3WH M pacrnpefelieHnst noTokoB. CxeMa MpHMeHseTcst s Me-
XaHM3MPOBAHHOMH MOPONOBBIOOPKH, & TaKXe Ha oboraTtuTenbHbIX (pabpukax mjs
oBoralleHHs SHepreTHUeCKHX yriei, aHTPalUTOB M JIErkoOOOraTHMBIX KOKCYIO-
LMXCSl yreil KpyMHBIX KIAacCoB C pa3feNeHHeM MO0 TIUIOTHOCTH B Mpefenax
1600...2100 kr/m’.

Cxema 00orameHHs yrjisi B ABe CTaJAHH C BblJEJEeHHEM B MEPBOH CTaluH
KOHLIEHTpaTa (MpH pa3fiefieHHH OT MeHbLUel MIOTHOCTH K GoMbluei) 1l OTXO0J0B
(npu pasjieneHHu oT 60bLUIeH MIOTHOCTH K MeHblUEeN ) nokazaHa Ha puc. 9.

Padofod Y204k

y Caul
Caub - pezenepayuu pesenepayu

A——-—

Cexcenpu aomol-
ACHHAA U pece-

wepupobannas
cycnedsuu

Cycnensus wusxod N~ .,
A
nagmuocmu Cycnensus Gsiconod
nAgImHacmu

Puc. 9. Cxema uenu arinapaTrosB O6OF3LU,€HH$1 yrjis B B€ CTaJHH C roJjiyye-
HHWEM TpeX MpoAYyKTOB

Cxema yriis BKJIIOUaeT clieflylollde OMepaLyu: MOAroTOBKY Yyriis nepen
oforateHieM (Cyxylo HIM MOKPYIO KiaccH(HKaLMIio), nocnenosartenbHoe 06o-
rallleHre B JABYX CEnapaTtopax C MoJjiydeHHeM TPeX KOHEUHBIX MPOLYKTOB — KOH-
LleHTpaTa, NPOMIPOYKTa H OTXOJ0B, OTAENEHHE KOHAHLMOHHON CyCMeH3HH, OT-
MBIBKY YTsDKEJHTENs1 H 00€3B0XKHBaHHE MPOLYKTOB C ABTOMATHUECKHM pacrpesie-
fleHHeM MOTOKOB M PerylHpOBaHHEM MIOTHOCTH CYCMEH3HH. )

Cxema pereHepalni cycreHsnu obuas ans obenx cranuii. [utanue cena-
paTopoB CycreH3nii OCyLUECTBASETCS M3 Pa3sU4HbIX €MKOCTeH, B KaXA0ii W3 Ko-
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TOPO# HAXOMHTCS CyCNEeH3Us HEOBXOAHMOIl MIOTHOCTH LUl JaHHOH cTagHH 060-
rauenus. Ilononnenne cucTembl cycriensueii BEICOKOH MIOTHOCTH MPOH3BOASAT
CBEXCEMNPHUTOTOBNEHHOH M pereHepHpOBAHHON CYCHEH3HAMH, a CHCTEMbI HU3KOI
TUIOTHOCTH — H3 CUCTEMbI BBICOKOH MIOTHOCTH.

Cxema ¢ BelmeneHHeM KOHLEHTpaTa B MepBOH CTaauM oboraiieHus peko-
MEHIYeTCs B KaUeCTBE OCHOBHOIO H HaHboJiee SKOHOMHYHOIO BapHaHTa st 060-
raleHus yrneii ¢ 6onbiunm (Gonee 50 %) BHIXOAOM NErKHX ¢pakuuit npu otcyt-
CTBHH pa3MOKaeMbIX nopol. [lpu HH3KOM conepaaHuK B HCXOMHOM YTJIE NIErKuX
Gpakuuil 1 HanuuuK GbIcTpO pasmokaemoii Mopogpl, YAajeHHe KOTOpO#l B nepBoii
CTalHH CHH3HUT IOCTYIUIEHHE TJIHHUCTBIX HacTHL B CYCIMEH3HIO, PEKOMEHIyeTcs
BbIACNATE NOPO/Y (OTXOMbI) B MEPBOil CTALKH.

Ilpu pasgensHoM o6orarenuu Yras ABYX KJacCOB KPYNMHOCTH CXema KOM-
MUIEKTYCTCs B NEPBOH CTafHH ABYMs CenapaTopamH sl BbLAeleHHs KOHLEHTpaTa
H3 KaXXI0ro Knacca KpynHOCTH H OAHHM OBLLHM CenapaTopoM BO BTOPOii cTamiu
AN pasfenieHns muketa (cmech (pakumnii pasmu4Hoil TMJIOTHOCTH) Ha MpOMIIpO-
NYKT H OTXOJbI.

Pecenepayun cycnensuu npu 0bozamenuu yeneii ¢ mascenvix cpeoax —
BaXHEHLIas onepaLis, ONpenensiomas TexHoNOrHyecKie pe3ynbTaTel paszjene-
HHA W SKOHOMHYECKYIO 3(pheKTHBHOCTL npolecca. OCHOBHOE Ha3HAueHie pere-
HepaLnK — HanboJlee MoNHOE yNaBAMBAHHE YTKETUTENN U3 MPOMBIBHLIX M J1pe-
HAKHBLIX BOA U1l €ro MOBTOPHOrO HCMONL30BAHKSA 11 0Becreyen e paboThl TsKe-
JIOCPEAHBIX CenapaTopoB Ha CVCIEH3HH 3alaHbIX NapasMeTpoB ro rnjioTHOCTH
BSI3KOCTH.

Texnonoruueckas cxema pereHepaumnn CyCrneH3nn BKIIOUAET cleaylolu1e
Onepaiuin: cOOp MPOMbIBHBIX H APEHA’kHbIX BOJ, COAEpXKALUMX MArHETHT, OTMbI-
Tbl OT NPOAYKTOB oBoraluerus 060poTHOfi M TexHHYecKo# BOAOIl; 0TBOA Heko-
TOpOi#i YacTH paboueii cycnensun, Colepkallieit yronbHelii nam, ans nocnenyio-
LWeHd OYMCTKM; BBbIAENEHHE MarHeTHTOBOrO KOHLEHTPATa H3 BCEX MPOMBIBHBIX W
APEHAKHBIX BOA; YMIOTHEHHE PEreHEPHPOBAHHOMN CYCMEH3HH i BO3BpaT ee B CHC-
TEMY UHPKYIAUMH; BbIBOJ M30BITOMHOrO LINaMa C OTXOaMi perenepaunu. TH-
MHYHAA CXeMa OHOCTAaAHANILHOH pereHepalt CyCreH3HH MoKa3aHa Ha puc. 10.

OnHo M3 caMbIx cyllecTBeHHbIX MPEHMYIIECTB MACHETHTOBbLIX CYCMEH3Hil —
CPaBHHTENbHAS JIEFKOCTh MX PereHepaliM Ha MarHHUTHBIX cernapatopax. Cospe-
MEHHBIE CHCTEMBI pereHepaLiit i MarHiTHbIE CenapaTopsl MOTYT 0DeCneuunTs H3-
BieyeHHe marnetuTa 10 99,9 %,.

Hns onHo- M ABYXCTAamHANLHBIX cXem PEreHepaLlHy CycneH3nu npuMeHsioT
B HAacTosilLEe BPeMs CEPHHHO BbiMyCKaeMble MAarHHTHbIE Cernapatopbl Tpex THIo-
pa3mepos (O5M80/170, IEM80/250, u DBM90/250), Texunueckue XapakTepi-
CTHKH M TEXHONOTHECKHE noKasaTes paboThl KOTOPbIX npuBeneHs B Tadn. 6.
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Puc. 10. Cxema pereHepalliti MarHeTHTOBOH CYCIEH3HH

[lonepeunplit paspes cenapatopa nokasas Ha puc. | 1. [Ipunuun ero pa6oTsl
Clie Ly oLLHIT.

Mumatrue

Pic. 11, Cenapatop »nexkTpoMarHuTHbIH GapabanHblii 15 pereHepaliy
MArHETHTORBIN CYCMeH3Hil
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Tabnuuya 6
TexHHUeCcKHe XapaKTEPHCTHKH M TeXHOMOrHYECKHe nokasatenu paboTsl ce-
NapaTopOB [U1s pereHepalmy CycreH3uu

MNokaaaTens I 3BM80/ 3BM80/ BMS0/
} 170 250 250
Anametp pabaveit yactu 6apabara, mm 800 900
.Llnv]Ha 6apabana, Mm 1700 l 2500 2500
HanpRseHHOCTs MarHuTHoro nona Ha nosepxHoc- 130 . 210

T GapaGaHa, kKA/M, He MeHee
Fabapute:, mm:

ANWHa 3000 3750 3840
wupuHa 2000 2100
BbICOTa 2200 2200
Macca, kr 5040 7140 9200

MNpouasoaunTensHocTs no cycneHdauu (Ma/‘l’
NPy CoAePXKaHUM MarHeTUTa B TBepAO#H thase

nuTaHuA, %:
70 - 90 o 180 Ao 270 400
35-50 100—-130 160—190 370
WasneyeHue marHetuta, % 99,7 — 99,97

Cogepxanue (kr/m>) MarHeTuTa B orxongx
NPU COABPXEHUM WNAM3 B NUTaHUK, KF/M> :

<150 . N0 0,5 Lo 0,5
150-- 180 11,0 “1,0
180 — 200 11,56 " 1,5
200 250 " 2,0 " 2,0
MnoTHocTe MarHnTHOrO Npoaykta (Kkr/m>) 2000 — 2300

Lnjm coaepxaHuu wnama 8 nuTaHum o 150 o<r/m3 |
!

Hcxonnas cycnensus no tpy6omnpososy nomaercs B pacrpeneauTenbHyo
KOpobKy I, OTKyna rnonagaeTr Ha HaMpaBIIAIOLLKK JIOTOK M Jallee B BaHHY 6 oz
Bpawaromuiics 6apaban 4. BuyTpu 6apabana HemomBuKHO pa3smellieHa 3NeKTpo-
MarHuTHas cucrema 3. ITon neficTBHEM MAarHWTHOrO MONs MarHHTHBIE YACTHLbI
(MarHeTHT) MPHTArMBAIOTCA K MOBEPXHOCTH GapabaHa, TpaHCMOPTHPYIOTCS MM
BBEPX, MPOXOAAT Mo ckpeOKoM 2, NpeHa3HA4YEHHBIM [Ms OTKATHS BOLbI H3 Mar-
HHTHOTO NPOAYKTA, H Pa3rpykKatoTCsi CKpebKoM 5.

HemaruutHslii npogyxt B Banne cenapartopa pasfefsieTcs Ha ABe YacTH:
KPYMHO3EPHHCTBII YrONbHBIH LITAM BbIMYCKAETCS Yepes HiKHHI HACAIOK 7 i Ha-
NpaBnifeTcs Ha nanbHedilyio 00paboTky, a OcBeTeHHAs BoAa (CIHB) — uepes oKHO
8 Ha OTMBIBKY YTAKENHTENs M3 MPOAYKTOB oGoraiueHius. Barua cenaparopa

CMOHTHpOBaHa Ha pame 9.
OcHoBHO## y3en cenapatopa — 31eKTPOMarHHTHbifi GapabaH, KoTOpEIil co-

CTOHMT H3 3J'leKTp0MﬂFHlflTHOi:l CHCTEMbI, HEMarHMTHbIX KOXYyXa, KpbILUEK, 3)'6‘18T0-
ro KoJeca, KOpO6KH BbIBOOB '3J'lel(TpOKﬂ6eﬂﬂ, KpOHUJTCﬁHﬂ 1 NOAIUHMMHHUKOBBIX

y3J10B.
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B 3apy6exxHoi MpOMBILUIEHHOH NpakTHKe ISl pereHepali MarHeTHTOBOM
CYCIEH3WH MPHUMEHSIOT, KaK npaBuio, cenapaTopbl Ha MOCTOAHHbIX MarHHTax.

2.3. O6Goramenue yrieii orcagkoii

Tuopasnuueckas omcadka — 3TO NPOLECC pa3leNeHHs HCXOOHOH CMECH
3epeH Ha OoT/eNnbHble O13KHe MO MIOTHOCTH 3€PeH CIOH B BEPTHKANbHOM MYyJib-
CHpYIOLIEM MOTOKe BOIbl 3HaKonepeMeHHoi ckopoctu. OTcaska — OJMH H3 HaH-
Bosiee pacrnpocTpaHeHHbIX rpoueccoB oboraleHus kpynHeix (bonee 13 mm), men-
kux (Meree 13 Mm) 1 HeknaccH(HUHMPOBAHHBIX YIIEil.

[lInpokoe nMpuUMeHeHHe OTCaaKH, 0CODEHHO NpH 00OrameHHH MEJNKHX YyT-
nieil, oObsICHsIETCS TMpHCYLIHM 3TOMY MNpOLECCY pSfIOM CYUIECTBEHHBLIX [HOCTO-
uHCTB. [IperMyLiiecTBa OTCaaKH M0 CPaBHEHHIO C APYTHMH MpOLIECCaMK IpaBHTa-
LHOHHOrO OOOTalleHHsT 3aKJIIO4aloTCs B YHHBEpPCAlbHOCTH, MPOH3BOACTBEHHOMH
MpOCTOTE, TEXHONAOrHYeCKOH 3¢ (heKTHBHOCTH H 3KOHOMHYHOCTH.

YHuBepcarabHOCTh [MpoLlecca XapakTepH3yeTCs IUMPOKHM AMarasoHOM
kpynHocTedl oboratiaemoro yris. Otcaakoif MoxHO oboraiate yrojib KpymHoO-
cthio 0,5...250 mM. Yronp Gonee IMpOKOro fHanma3oHa KPYMHOCTH — TOJILKO B
TSDKEJIBIX CYCMEeH3HAX.

[Mpou3BoACTBEHHAasi MPOCTOTAa TEXHOJOIHH OTCAAKH 3aK/IOYaeTcs B
[pUMEHEHHH ATl MPOLIecca He3HAUYHTEIbHOMO YHC/a OCHOBHOTO U BCIIOMOraTesb-
Horo obopynosaHus. CoveraHie MHHMMalbHOrO uucna obopynoBanus, obecrne-
YMBAIOLLEr0 HOpMaJlbHble TEXHONOTHYeCKHe (DYHKLIMH MPOLECCa, MOXKET KOCBEHHO
XapaKTepH30BaTh CTereHb MPOM3BOACTBEHHOH CI0XHOCTH MPHMEHAEMOH TEXHO-
norun. CpaBHUBasi pa3iHyHble I'PABHUTALMOHHBIE MPOLECCHl C ITHX [O3HLHIH,
MOJKHO CKa3aTh, UTO TEXHOJOrHs 00OralleHus yriis B TSXEIbIX CYCINEH3HUIX OTJIH-
yaeTcst HauBOMbILIEH CII0KHOCTbIO BCNENCTBHE HEOOXOAMMOCTH MPHMEHEHHS Ma-
pansensHO ¢ OCHOBHBIM MPOLIECCOM KOMIIEKC ONepauuii no noArotoBKe, perexe-
paLMi 1 KOHIHUHOHIPOBaHHUIO cycrnensun. Hanbonee npocToi sBiseTcs, Hanpu-
Mep, TeXHOJIOorHs o0oralleHHs B CTPYe BOALI, TEKYLLUEH M0 HAKIOHHOMH MJI0CKOCTH.

Texnonorunyeckas 3p(peKTHBHOCTL OTCAAKH XapaKTEepPU3YETCsl CpaBHH-
TeNbLHO BLICOKOIT yaenbHONH MPOH3BOAHTENILHOCTBIO M HH3KHMH 3HAYEHUSIMHK MOKa-
3aresnieil 2 (peKTHBHOCTH paszaenenus £y, u /.

[Mpouecc oTcaaky M OTCAfOUHble MALIMHBI M0 TeXHoJOrHueckoit adex-
THBHOCTH o0Orallenms yris HMeIOT MPeHMyLIEecTBO Nepea APYTMMH rpaBHTaLIM-
OHHBIMH poOLleccaMi- 1 annapatamu, MPHMEHIEMbIMH B aHATOMHUYHbBIX YCJOBHSIX:
MOEYHbIMH *ejlobamMH, KOHUEHTPALHOHHbIMH CTOJIaMH, MHEBMaTHuYeckum obora-
weHneM. Mciiouerue coCTaBsiOT TSKENTOCPEAHbIE CENAapaTopbl H FHAPOLIMKIIO-
HBI. )

JKOHOMHYHOCTL OTCANAKH OOYCIOBIHBAETCS MNEPEUUCIEHHbIMH KaTero-
pUSIMH YHHBEpCanbHOCTH, TMPOH3BOACTBEHHOH MPOCTOTOH M TEXHONOrHYECKOH
apdextuBrocTbio. OTcajka siBasercs Hanbosiee IKOHOMHUYHBIM MpoLeccoM 06o-
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TalCHHs KaK MO CyMMe 3aTpart, Tak H O6IUM uzne
yras.
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C\‘(_‘.M(l OMmMcadKu — JTO cCoeIMHEeHe I‘Pyﬂﬂbl OTCalO4YHbIX MaUIMH B €MHbINI
MPOH3BOACTBEHHDIH KOMMeKc, TpeAHa3HA4eHHBIH IS BBINONHEHHS 06LUeil Tex-
HONOTrHYECKOii 3anayu.

MalIHHHBIX KIacCOB B MallMHaxX THa OM NnokalaHa Ha pHC. 13.
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Puc. 13. Cxema oTcanxn KOKCytolierocs yrus

TexHonornueckmit mpouecc no 1o cxeme BimOUAET KiaccupuKanuio ue-

XOLHOrO yriii Ha 1Ba MaLLMHHBIX Kkiacca [no kpynHocTy + 10 (13) mm], o6oratue-
HHE KPYMHOTO Ki1acca Ha OAHOM MalliHHe, MENKOro Kiacca noce obeclunaminBa-
HUA — Ha [BYX MallMHaX M nepeoboralleHne MeKoro u IpobreHoro kpynHoro
TPOMIOZYKTOB Ha KOHTPOJIbHOI 0TCANOYHOI MalIHHe.

Tpexcrynenuatoe wucronuenme Mmawmm OMI2-1 u OMI8-1 nossonser
MPUMEHATL pasKHble CXeMbl OBOralleHns NpH H3MEeHeHUH oboratumocTH Hc-
XOAHOrO yriisi. B Mautax Bo3aMoxcHO o6beiiHeHme BBIZIABAEMbIX TSKENBIX MpPo-
AyxtoB I u II unu 11l cTyneueit nu6o seinenenne ua Il CTYNEHH MPOMITPOAYKTOB
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CAMOCTOSTENBLHORO HA3HAYEHHS B 3aBUCHMOCTH OT XapakTepHCTHKH oboraluaemo-
rO MaTepHaia H KOHKPETHBIX TpeboBaHMii K MpoayKTaM oboralueHus.

B npakTike oforalleHHs KOKCYIOLWMXCs yrjiefl Haul¥ npuMEeHeHHe pas-
AMYHble BAPHAHTBI CXEM: C ApobeHHeM KiaccH(HLUHPOBAHHOTO MPOMIPOAYKTa
MAaLLHHBI KPYMTHOTO YIS WK ero knaccu(ukauueii nocne Apobnexus nepen rno-
naueii B KOHTPOJBHYIO MAIUKHY; C MOC/e0BaTeNbHbBIM MepeoboralieHHeM npom-
MpoAyKTa MepBoii OTCAN0UHOI MALIMHBI MEJKOro yrils Ha BTOPOF 3aTeM Ha KOH-
TPOJIbHOI, ¢ HampaBieHueM 4acTH (OObIMHO MOJOBHHBI) MPOMMPOAYKTA KOH-
TPONbHOM MALUWHbI B BHAE LUMPKYJIHPYIOLLEH Harpy3kH Ha KOHTPOJIbHYIO MalIHHY
WK OfHY M3 MAlUMH MEJIKOrO yrjis, C MOJHbIM 3aMblKaHHEM NpOMIPONYKTOB Ha
KOHTPOJILHOH MJIH MalMHAX MEJKOro YIis ¥ T.M.

Takum 06pa3oM, MpH MPHMEHEHMH CXeMbl OforalleHus ABYX MAUIHHHbBIX
KJaccoB KoKCylowmMxcs yrneii Ha mawnHax OM nMeercst BO3MOXHOCTb LUIHPOKO
perysMpoBaTh MPOLECC, OMEPAaTHBHO H3MEHsIs yAebHYIO MPOH3BOANTENBHOCTD MO

oTxohaM M MPOMEXYTOUHOMY MNpoOaoYyKTY 6e3 u3MeHeHHs obLuei NMpOHU3BOAHTEIb-
HOCTH MYTEM MNEPEKIIOUEHHS CpEOHHX CTyUeHeﬁ OTCagoO4YHbIX MalIHH H palHo-

HaJILHOrO HMCITOJIb30BaHHA KOHTPOHLHOFI OTCaIIO‘lHOFI MallMHbL. Y aenbHas npou3s-
BOJMTENBHOCTb HA KOHTPOJIBHY1O OTCaJo4yHYH MalllHHY, KakK MpaBuJjIo, COCTABJISACT

5...8 T/(M’-4) B 3aBUCMMOCTH OT KpyMHOCTH 060raliaemoro yris.

Ha ¢)abpukax, oboramatoiuix HepreTH4eCKHe yriu, TOBapHBIA NMPOMIPO-
JIYKT, Kak MpaBuio, He BbIAGNSAETCS, a B 06euX CTyneHax 0TCaJO4YHOM MAaLUWHEI
nonyuatoT otxoasl. MHoraa tsokensii mpoaykTt Il cTyneHn mMauliHbl 3aMbIKaeTCs B

BiLJE LMPKYIHPYIOUIEH HATPY3KH.
2.4. lIpoTruBOTOYHASI BOAHASI cenapauHs

TeopeTHUecKHE OCHOBbLI M Ps[ KOHCTPYKLIi annapaTos [POTHBOTOYHOM
cenapaudu yrneii paspaboTanbl B Hallei cTpaHe [8]. DTOT Mpouecc AOBONBHO
IUIMPOKO MpHMeHseTcs Ans nepepaboTKiH IHEPreTHUECKHX H pa3yboxeHHbIX yr-
nei, KpynHO3epHUCTBIX LIJAAMOB H MeXaHH3alHH BbIOOPKH MOPOAbI KPYMTHOCTHIO
o 150 mm.

[poTHBOTOUHbIE FPABHTALIMOHHBIE CENApaTOpbl OTIHYAIOTCS XapaKkTepoM
paznenenms B HUX oborailiaemMoro marepHana, criocobamMu TpaHCNOPTHPOBAHHSA,
paGounm peximom. [pu 9TOM HECMOTPst Ha pasfHuMA B KOHCTPYKTHBHBIX OCO-
BEeHHOCTSIX CEenapaTopoB, B HHX peanu3yloTcs o6LIHe MPHHLMILI, 3aK/TIoHaloLLHe-
csi B noBbllieHHH 3(G(PeKTHBHOCTH pa3feneHHs BCIEACTBHE PELHPKYISUHH onpe-
nefeHHoil uacTy oboraiiaeMoro mMatepuana B npefenax pabounx 3ou. [locnenHue
MpeAcTaBisioT coboii 3aKPbIThIE KaHalbl, OCHALLIEHHbIE CHCTEMOH OJHOTHIMHbIX
37eMEHTOB, OOTeKaeMblX MOTOKOM M OByC/OBIMBalOWKHX 00pa3oBaHHE CHCTEMb
BTOPHYHBIX TeUeHM U BUXpeii, Gnaronaps uemy HCXOAHBIH MaTepuan pasaenser-
51 N0 MAOTHOCTH, MPEBOCXOAsLIEH MIOTHOCTL Pa3AENHTENLHOI Cpefibl.
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2.5. Oborawenne yrieii B BO3AywHoii cpeae

Pewerne BaxxHeHWHX HAPONHOXO3AHCTBEHHBIX MPOGNEM COXPAHEHHS OK-
py»alolleit cpelibl H, B YaCTHOCTH, BOJAHBIX PECYPCOB BBI3BIBAET OCTPYIO HEOHXO-
JMMOCTb pa3paboTKH HOBBIX TEXHOSOTMYECKHX MPOLECCOB Ge30TX0aHOH nepepa-
OoTKH yrneil Ha OCHOBE 3aMKHYTBIX CX€M C MHHHMAbHBIM OTpe6bNeHHEM BOJBI.

Tpalll-ll_ll'IOHHble MOKpPbIE MPOUECCHI O6OFaU.LCHMﬂ CO CJIOKHBIM BOAHOLJIA-
MOBBIM XO3SHCTBOM, HEH30EXHO CBSA3aHHbIE C MOTPeONeHHEM H MOTEPSIMH BOJHI,
HECMOTPS Ha BBICOKYIO 3(D(DEKTHBHOCTb pa3[efieHHsi OCTAalOTCA CIOXHBIMH U J10-
POrOCTOSILLUHMH.

Cyxoe oborauieHune yrieii MOXeT 3HAYUTENBHO YNIPOCTHTb TEXHONOTHIO HX
nepepaboTKH, CHU3HTb CE6ECTOMMOCTh MPOLYKTOB H PELUHTH PsiJ BONPOCOB CKIa-
JHPOBaHMA M YTHIIM3aLHH OTXOIOB.

ITnesvamuueckoe o0bozauenue oCylIeCTBISETCS Ha nepOPHPOBAHHO
paboteii NOBEPXHOCTH MALUMH MO/ NEHCTBHEM MOCTOSHHONO MM MyJNbCHPYIOLIE-
ro BO3IYLIHOrO MOTOKA, HHOTAA B KOMOMHALMH C MEXaHHYECKHM BCTPSXHBAHHEM
pabovueii nosepxrocTH. [Ipn 3ToM MaTepHan pasjesnsercs Ha NpOLYKTHl oboratie-
HHs B pe3yJibTaTe nepeMeLlerns obpa3yoluXCcs CoeB NOoCTeNH YacTHL Mo pabo-
ueil MOBEPXHOCTH MALUMHBI (IE€KE) B OJHOM HIIM HECKONbKHX HAMpaBleHHsX.

XaparTep Bo3feHcTBHs paboyeil MOBEPXHOCTH M BO3AYLUHOIO MOTOKA Ha
oboratueHHbIH MaTepyan, NPUHLMIBL pa3feNeHns 1 Crnocobbl pa3rpy3KH MpoayK-
TOB, & C/IE[0BATENbHO, U Pe3yNbTaThl OOOralleHHs ONpPeAeNsoTes KOHCTPYKLUeil
malunH. [permylecTsa NHeBMAaTHYECKOro oboraieHHs — NpocToTa cXeM obora-
wenns 1 padpuk B LesoM, bonee HHU3KKeE KaluTalbHble 3aTpaThl H ce6eCTOMMOCTD
npouecca, MeHbLas IHeProemMKOCTb, OTCYTCTBHE MOTPeGHOCTH B BOJE M MOnyye-
HHE CYXHUX NPOAYKTOB 00OralleHsl. '

[prmenisieMble 10 HACTOSILLIETO BPEMEHH CyXHe MPOLECCh 06oraleHHs yr-
Jieil ¢ MCMoNb30BaHHEM B TEXHOJOTHYECKHX CXeMaX MHEBMAaTHUECKHX Cenaparo-
pos CI1-12, CI1-6, CI15-100, CI15-100M 1 nHeBMaTHUECKHX OTCAAOUYHBIX MaLLHH
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TOM2M, TTOM2A He HaXoOsT AalbHEHIIEro pa3sBHTHS BCIENCTBHE MX HU3KOH
TexHonoruyeckoit sddextnBHocTH. PaspabaTbiBaeTcs HOBBIH YCOBEpPLIEHCTBO-
BaHHbIH cenapaTtop CIT-12A npousBoautensHocThio 10 150 T/4 ¢ cucTeMoii aBTo-
MaTHueckoi cTabunuzauuu npoiecca oboralleHHs NyTeM peryJHpoBaHUs YacTo-
Thl Ka4aHHH JEKH B 3aBUCHMOCTH OT [aBlE€HHs Bo3fqyxa mnon pabouell moBepxHo-
CTHIO €€ MepBOro M TPEThEro MnoneH.

[TeBMaTHueckoe o6OralleHHe MONYHHIO HEKOTOPOE pacipoCTpaHeHHe
rnaBHbIM obpa3oM npu rnepepaboTke OypbIX M KaMEHHBIX 3HEPreTHYeCKHX yrieH
B paifoHax ¢ CypOBbIMH KJIHMaTHYECKHMH YCIOBHSIMH H OrPaHHUYEHHBIMH BOIHBI-
MM pecypcaMu.

B nocnenHue roasl BeLyTcs MOMCKHM HOBBIX NPHHLMIIOB MMETOAOB pa3iese-
HHe yriaeit B Bo3nyliHoi cpene. OQUH U3 TaKMX HOBBIX NPOLIECCOB — oboraLieHHe
B A3DOCVCIIEH3MUSIX.
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2.6. daoTauus yraeii

O0beM yronpHbIX LILIAMOB, MoABepratoluxcs (aotauuoHHOMY oboralie-
HHIO Ha yrineoboraTuTenbHbIX (abpHkax, M3 rofa B rof BO3pacTaeT H Ha HEKOTO-
pbIX (pabpukax gocruraeT B HacToswlee Bpems 20 % nepepabaTbiBa@Moro yris.

BricTpelit poct (norauuoHHoro oboraieHus yrneil obycnosneH psaom
(haxTOpOB, OCHOBHBIMH M3 KOTOPBIX SIBASIOTCS! YBENHUYEHHE COAEPXaHHs MEIKHX
KJ1ACCOB M HX 30]bHOCTH B J0OBIBAEGMbIX YTIJISX, HEOOXOAHMOCTb YMEHbLIECHHS
HH)KHEro rpejena oboralleHns | Lelecoodpa3HoCTh COBEPILIEHCTBOBAHHS BOJHO-
LLITAMOBBIX CXEM yrneoboraTHTeNbHbIX (pabpHic myTem (oTaLiH WIaMOB H3 3Ha-
YHTENBHOr0 00beMa LTAMOBBIX BOJ.

Ponb ¢aotauuu npu oborawenud yrieit W B nansHefiwem Oyner Bospac-
TaTh, MOCKOJbKY yny4LUEHHs KauecTBa J0OLIBAEMOro yriis B MEpPCNEKTHBE HE

OXHUOaeTco.
CnenyeT TakKxe Y4eCTh, YTO B HACTOsILLEE BpEMS CTAaBHUTCsS BOIIPDOC O Heo0-

xonumMocTH 6onee rpyboxoro oboraleHHst yriaeH [s KOKCOBaHHSI HE TOJIBKO I10
30j1e, HO M 1O cepe. PacueTsl MOKa3bIBalOT, YTO ritybokoe oboralueHue yriei no
30J1e U cepe 3HayuTebHO MOBBILIAET 3 dexTHBHOCTL Hosee riybokoro oborarue-
HHUS1 Ke1e30pYAHOro ChIphbsi. B 11eI0M MO MPOMBILIIEHHOMY NPOH3BOACTBY METall-
Jla 3TO J1aCT CylecTBeHHbIH TEXHHKO-3KOHOMHUUeCKHH 3 hexT.

['nybokoe o6orallleHHEe BBICOKO30JBHBIX H BBICOKOCEPHHCTBIX yrjied BO3-
MOXCHO TOJIBKO MyTeM ApoOieHHs 10 HeoOXOAMMOl KPYMHOCTH C LENbl0 PacKpbl-
THs CepocoJepXaiiux CPOCTKOB M MPHMEHEHHs coueTaHHsi oboralieHis B TsKe-
N0CpelHbIX THAPOUMKIOHAX, Ha KOHLEHTPALMOHHBIX cTonax, (oTalMed u mar-
HHUTHOII cenapaumueii.

[TpuMeHenne nporpeccHBHON TexHomorun rnybokoro oborauieHns yrnei c
TSOKENOCPEIHBIMH MHAPOLHKIOHAMH BMECTO OTCaKH MPUBEAET K 3HAUHTEIbHOMY
cHikerHno (10 0,3...0,15 MM) KpyMHOCTH 3epeH yrisi, HanpasisemMoro Ha (yioTa-
uuto. B cBa3i ¢ 3TuM HEOOX0AHMO OYIEeT pelnTh psii 3aaad B obnacTu pa3paboT-
K TEXHOMOTHH (hOTALMH TOHKHX YTONBHBIX LUTAMOB M CO3JAHHS CreUHaNbHbIN
KOHCTPYKUUIT BbicokoI(PPEKTHBHBIX (DIOTALHOHHBIX MaLLIKH.

@aomayus pziell OCYyLIECTBIAETCS B pe3ynbTaTe Tak Ha3blBAEMOro 3e-
MEHTapHOro aKTa (hnoTaluuH (MPHIMMNAHKS YacTHL K My3blpbKamM BO3dyXa), B OC-
HOBE KOTOPOTO jexaT (PH3MKO-XMMHUECKHe SIBJIEHMS], MpoTeKalolile Ha rpaHMLe
pasgena tpex (haz — TBepIOH, kMOKOH M razoobpasHoil. Hanbonee Baxuble u3
HHUX- CMauHMBAEMOCTDL OBEPXHOCTH TBepAOi (pa3bl M H3MEHeHHe ee CBOHCTB MpH

copbunu (pnoTopeareHToB.
XoTs yronbHoe BELIECTBO M sIBAsieTCsl rAPo(oOHbLIM MaTepHanoM, OQHAKO

NpakTHYeCKH (bHOTauHﬂ yl‘.ﬂeﬁ HE MOXET OCYULIECTBJIATLCA 6e3 NPHMEHEHHS (l)HO-
TAUHOHHbIX p€areHToBs, YBEJIHYHBAIOLIHX (])HOTHP)’CMOCTI) YTrOJIbHBIX WIJTaMOB.
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®10THPYEMOCTh MMHEDASIOB COBPEMEHHas Hayka OGBACHSET Ha OCHOBE
TEOPHH IMAPATHBIX CI0eB. ['MApaTHBIH COH COCTOMT M3 YNOPALOUEHHBIX AHMO-
neit BOAbI, HAXOASLMXCS Ha rpaHHLE ABYX ¢a3. [Tpu GonbILoi ToMIHHe ruapat-
HOro /1051 MOBEPXHOCTh MHHepana GyneT runapopuILHOI (cMaurBaeMoii Bomoit), a
MpH HE3HAYHTE/BHOMN TOJILMHE 3TOrO Cost — rHApohoBHOMH (He cMauMBaeMoii BO-
n0oit).

®noTaunonnbIe pearenThl BO3NEHCTBYIOT HA 3TH CIIOM, yMeHbLUas WM
YBEMMIBAA UX TOJLLHHY H YCTOHYMBOCTE. [10Ar0TOBKA MIHEPaNBHEBIX MOBEPXHO-
cTedt Kk (ioTalnn, TakumM 06pa3oM, CBOANTCS K PE3KOMY yBETHUEHHIO pasnuyuii B
CMa1HBAEMOCTH pasAensemMblX MHHepanoB. [Ipu 3TOM MOXHO H3GHpaTeNbHO YBe-
JuuuBath rHAPOGOOHOCTL (GIOTHPYEMBIX H THAPOGHILHOCTD HeJIOTHPYeMBIX
MHHEpaJIoB, M0JlaBas peareHThbl B ONPENENEHHBIX COUETAHUSX.

Ipu (uotauun yrneii, kak npasmuno, BO3eHCTBYIOT TONBKO Ha tdhnotHpye-
MBIH KOMIOHEHT, YCHIIUBas ero ruApooGHOCTE peareHTaMi-COBHpaTeNsMH, U He
NPUMEHSIOT peareHTbl-PeryaTopsl /i H3MEHEHHsI HOHHOIO COCTaBa MYJbIbI H
PEryHpPOBAHMS KHCJIOTHOCTH (MM ILEIOYHOCTH) CPEIbl.

Ha 60nb1HHCTBE OTeUeCTBEHHBIX YIIE060raTUHTENbHbBIX (abpuk B kauecTse
cobuparteneii npumensiores pearentsl AM-2, AAP-1, AAP-2 u pasin4Hble Kepo-
CHHBI (OCBETHTENbHBIH, OTCYB(HPOBAHHEI, OKHCIIEHHBIH).

Pearent A®-2 coctout u3 amonspHeix napapuHOBBIX (60,8 %), Ha(TeHo-
BbIX (23,6 %) u apomaruuecknx (15,6 %) yrmeBonopogos. DToT peareHT npea-
cTaBisieT coboi KpekHHT — ocTaTok KoHaeHcaTa LlleGenHHCKOro ra30BOro MecTo-
poxcaenus (ppaxuus kunswas seime 200 °C). B Hem COAEPXKHTCSl HE3HAUUTENb-
HOE KOJIMYECTBO reTepONOAPHBIX BEIIECTB (HaQTEHOBLIX KHCIIOT, CEpOCOepia-
LLIMX COEAHHEHUH U 1p.). PIOTaLHOHHAS aKTHBHOCTb €ro BhlIIIe, YeM (IOTALHOH-
Hast aKTHBHOCTL KEPOCHHOB. OH MaoTOKCHUYEH, He 061aJaeT HEeMPUSITHBIM 3ama-
XOM, MPHMEHSIETCS COBMECTHO CO BCMEHHBATENSIMH.

Peareurnt AAP-1 uw AAP-2 (anosispuble apoMaTH3HPOBAHHbIE peareHThbl)
HAXOAAT HaubOsIbILEE MPOMBILIIEHHOE MpHMeHerHe. KX nponsBoacTBo opraHu-
30BAHO Ha HedyTenepepabaThbiBAIOLMX 33BOAAX. DTO JErKOMOLBHIKHBIE OonHOpOI-
HbI€ XKHAKOCTH TEMHO-KOPHYHEBOIO L{BETA, MPAKTHYECKH HE PACTBOPHMbIE B BOJE,
COXPaHSIOLIME BbICOKYIO TEeKY4eCTh [PH HHU3KHX TEMIIEpaTypax, 4To obecneunpa-
€T X XOPOLIYIO TpaHcnopTabeibHOCTh H 103HPOBaHHe.

Ocrosras ommunTensHas ocobenHocTs pearentos AAP-1 u AAP-2 no
cpaHenHio ¢ AD-2 — NoBbILIEHHOE COAEpPXKAHHE B HHX APOMATHYECKHX COEMHHE-
HHH, 0BecneunBaloUMX HX BbICOKYIO (JIOTALHOHHYIO aKTHBHOCTD. B coueTaHHH ¢
[OBEPXHOCTHO-AKTHBHBIMH BELLECTBAMH (BcnieHMBATENSIMK) OHH MPUMEHSIOTCS
antst pnoTaumny yrieit pasnuuHoii cTaguu MeTamop(H3Ma ¢ 30bHOCTBIO 14...55
%. :

Kepocun ocsernrenbunstii — npoaykT QHCTHANALHY ChIPOil HE(PTH B MH-
repsane Temneparyp 150...300 °C. B coctaB kepociHa BXOIAT apoMaTHyecKHe
(10...13 %), nadyrerosbie (25...75 %) u metanosble (10...60 %) yrneBonopojinl.
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Kepocun otcynabpupoBanubiii Gojlee akTHBEH, YeM OCBETHTENbHBIH M
TPaKTOPHbIH. DTOT peareHT Mojyy4aloT MyTeM OTAEJEHHS! OT OBBIUHOr0 KepocHHa
apoMaTHYeCKHX YIJIEeBOJOPOLOB, M 4ero KepOCHHOBBIH JHCTHILIAT 06pabaThl-
BAIOT CepHOH KHCI0TOH npu Temnepatype 70...80 °C. Otcynb(hupoBaHHbIi Kepo-
CHH B OCHOBHOM COCTOMT M3 MpENENbHBIX YIJIeBOAOPOAOB, @ TAKXKE HEKOTOPOro
KOJIMYECTBa Ha(PTEHOB.

Kepocun okncaennsblii — npogyKT oKHCIEHHS KEPOCHHA BO3AYXOM, H3 KO-
TOPOro XUMHUYECKHM IMyTeM ylaneHbl 3(upHble 1 KapboHOBbIE KHCAOTLL. (ProTa-
LUHOHHAs aKTHBHOCTb OKMCJIEHHOTO KEPOCHHA HEBLICOKAS.

[Ipumenenne kepocHHOB B kauecTBe cobupaTesieil crnoco6CTByeT perynupo-
BAHHIO XapaKTEPHCTHKH MMEHHOTO CJIOA M BTOPHYHOI KOHLEHTPALHH B HeM (JIo-
THpyemoro komroHeHTa. KepocHHbI OTHOCATCS K 4HCly Haubojiee celeKTHBHO
JeHACTBYIOUHX peareHTOB.

B kauectBe peareHTOB-BCcneHMBaTeNell MPHMEHSIOT  OBEPXHOCTHO-
AKTHBHBIE BELLIECTBA Pa3IMYHOrO COCTaBA.

Crunpret CyHjn+iOH — HCKITIOUHTENBHO aKTHBHBIE PEareHTHl MpH (oTa-
UMy yrineil. SICHO BbIpaXXEHHBIMHM MMEHOOOpa3yWHMH CBOMCTBaMKM 06nanaioT
CMHPTBIL, colepXalLliHe B MoJiekye 6...8 aToMOB yriepoga.

Pearent KOBC nonyyaior B KayecTBe KyGOBBIX OCTaTKOB MPOH3BOACTBA
Bytunosoro cnupta. OH cozepxut anudorudeckue cnupTbl (50...80 %), cnox-
Hble 3(HPBbI, aNbAErHAbl, aLeTaH, HeHAChILEeHHbIE yraeBoaopoas! (1...2 %). dtoT
BCMIEHWBATE/b MPHMEHSETCS B OCHOBHOM Ha YrneoGoraTHTenbHbiX (pabpukax
Kysbacca.

Macao X npencraiser coboil ky6oBblii OCTATOK PEKTH()HKALHM LHKIO-
rekcaHona, KOTOPBI# MOJy4aloT NpH MPOH3BOJCTBE KarpojakTama. B cocras pea-
reHTa BXoasaT uuknorekcanox (5...10 %), nuanon (40 %), HHMKI060HOBLIE KHCIIO-
Tbl W BblcOKOkHNsLLHe cMobl ( B cymme 10...15 %). Xopotuo pactopsietcs B Bo-
ne.

Pearent T-80 sBasercs cTaHOapTH3MPOBAHHLIM MOGOUHBIM MPOLYKTOM
MPOMU3BOACTBA JHMETHIAHOKCaHA. OH COACPIKHMT OJHO — W ABYXATOMHDIE CIHPThI
IIMOKCaHOBOTrO W MHPAHOBOIO PANOB, @ TAKKE HEKOTOPbIE MIHKOJH; (DeHOMbI B HeM
orcyrctBytoT. [pu obpaiienin ¢ pearentom T-66 HeobxoaHMMo cobmoaarth ocTo-
POMCHOCTh — OH MaJIOTOKCHUYEH W OFHEOMaceH.

[TenopearenT sBasercs MoGOUHLIM NPOAYKTOM 3aBOAOB, NMPOH3IBOASILMN
AHBHHMIIOBBIA CHHTETHUYECKHMH Kayuyk. OH COCTOMT W3 MpEeAeNbHBLIX W Herpe-
HeNbHBIX cnupToB ¢ 4...8 aTomMamu yriepoja B Mosiekyie (OyTHIIOBbI, aMuo-
Bbli, reKCH0BLIA K Ap.). B nepecuere Ha rexCHJIOBBII colepKaHue CIIMPTOB CO-
crapnsieT 45 %. PeareHT ManoTokCHUEH.

Cpennnii pacxoa cobuparened npu (norauuu yrneil cocrasusier 1...2,2
kr/T, BenenuBateneii 50...300 r/T HcXoAHOro MpoayKTa.
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ITpaktuka pabotsl 1 nccnenopanus MOTT nokasamu, 4To CpemHMH ynenb-
HbIT PacXOjl peareHTOB-coGHpaTenedl MOBBIILAETCs MPOMOPLHOHANBHO yBEIH e~
110 COAEPIKAHMS B HX COCTAaBE apOMATHUYECKHX yriieBoa0posoB [9].

Haubonee BHICOKOI TEXHONOrHYECKOH 3()(peKTHBHOCTBIO 0B1aiaeT KepoCHH
(OCBETHTENbHBIH HIIH CYJIb(HPOBaHHBIH).

TMockonbky (rioTaius sSBAsSeTCS NOPOrOCTOSIIMM H KOJIOTHYeCKH HeGe30-
l1ACHBIM TPOLIECCOM, Heo6XOAMMO CHWXKATh yJeNbHbIE PAcX0bl (JIOTOpEareHToB
1yTeM MoBbIlIeHNs 3()PEKTHBHOCTH H CENIEKTUBHOCTH HX NEHCTBHS.

OHHM W3 BO3MOXCHBIX HArpaBleHHH CHIKEHHs pacxona cobupareneil Mo-
I'yT GbiTb M3bICKAHHE W MPHMEHEHHWE eTepOINOJIAPHBIX PeareHToB (BCreHHBaTe-
jieit), KoTopble MpH MajblX PacXofax MO3BOJSIOT aKTHBH3HPOBATh AMOJAPHbIX
peareHToB (cobuparteneii) mpH HX KOMOMHHPOBAHHOM J03HPOBAHHH.

Tak, nanpumep, B MOTT pa3paboTaH M HCIbITAH B MPOMBILIEHHBIX YCIIO-
BHAX HOBBIA 3¢ dextuHpii retepononsipusiii pearent KOTI'OJI — nobouHsiii
NPOAYKT HeTEXHMHYECKOro Npon3BoACTBa (KyGoBbIH OCTaTOK peKTH(HKALHH 2-
yTHArekcaHona). DTOT peareHT obnajgaeT. Hapsfy C MeHoobpasyloWuMl |
cobupaTe/ibHbIMH CBOHCTBaMH, YTO AaeT BO3MOJCHOCTb NPHMEHSATE €ro B KauecTBe
KOMGHHALMOHHOTO peareHTa npi (IoTalKH Nerko(pIoTHPYEMbIX yrieH.

dnotauMs yried MNpOHCXOAMT B BOJAHOH cpele MpH HE3HAYHTEJbHBIX
n3MeHeHHsAX pH B CTOpOHY yBeNHYEHHs ee KHCIOTHOCTH M LeN0HHOCTH. [IpakTh-

YecKH TAKOE M3MEHEHHe He BIHAeT Ha B3auMOLEHCTBHE peareHToB-cobupareneii ¢
MOBEPXHOCTBIO YrOJbHbIX YAaCTHL. B CBA3H C 3THM peareHThI-peryiaTopbl Cpelbl B
TexHonOruH (oTauuu yrieii He npuMeHsioTcs. OQHAKO OHHM MOTYT HAHTH MpH-
MeHEeHHe, HalpUMep, B Clly4ae CeNIeKTMBHOIO BbIACNIEHHs CHPTa.
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Texnonoeuueckue parmopst, eAuglonue a npoyece (nomayuu yeneu. K
HUM OTHOCSITCS KauecTBEHHbI, neTporpaduueckHi, rpaHyJoMeTpHyeckuii M
(ppaKLHOHHBI COCTaBbI (pnoTupyemoro marepuana, noaroToBka nysbbl K (no-
TalMK, cojepXxaHne TBEPLOH ¢a3nl B nyJjbne, criocob N03HPOBKKM M pacxol pea-
reHTOB, BpeMst (hoTatuu.

[Mempozpagyuueckuil cocniae Npexie BCero onpepenseT (pIOTHPYEMOCTD
yraeit. Hanpumep, yrii Mapok KK, YK u OC umeioT 60ibLIOH KpaeBoit yroj cmatn-
BAHMS, UTO XapaKTepu3yeT X 60MbLIylo NPHPOAHYIO rnnpocl)o6l'iocrb W XOpOLUYIO
(aoTHpYyeMOCTb. Y TIH MapoK, “MeloLIHe 6oblIoe COfepKaHHe MAaTOBbIX MHKPO-
KOMMOHEHTOB, (PJIOTHPYIOTCS XYXKE. Quenb NA0X0 (PIOTHPYIOTCS HaCTHLLbLI (pro3e-
MMTa, COAEpNALLHe BKParieHns MHHEpanbHbIX npumeceit. [IpakTHieckH He (hpro-
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THPYIOTCA TJIHHUCTbIE COCTaBIIAIOLIME YIS M JIDyrHe MHHEpaibHble NpHMecH
(xpome nupuTa).
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Ipanynomempuueckuii cocmas wiamos. TlocTynaoume Ha uoTaumnio
LITaMbl, KPYMHOCTb KOTOPLIX He npeBbiluaeT 0,5 MM, HMEIOT JOBONLHO BbICOKOE
COAEp)KaHHE TOHKHX BbICOKO30JIbHbBIX KJACCOB KPYMHOCTbIO MeHee 0,2 MM.

Hactuupt pasnuunoil KpynHocTH (pIOTHPYIOTES € pa3HOli CKOPOCTLIO, YTO
onpejenseT KHHeTHKy i obluee Bpems (rotaumnu. Hanbonee GbicTpo (uiotupyior-
Cst HacTHUbI NPOMEKYTOUHOH KpynHocTH 0,15...0,25 Mm.

Dparyuonnsiis cocmas GaOMUPYeMvIx peonnnvix winamos. Ou pe3ko Ko-
nebercs ans yrneit pazsnuunplx mecropoxaenuii. [To nanubIM (pakitoniioro
COCTaBa MOXHO CYJMTL O TEOPETHUECKHX BO3MOMHbLIX MOKA3aTe/six (pIoTaLMH.
Kak npasuno, B yronbHbX wiamax cogepxures 3...30 % MpoMekyToUibIX 10
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MJIOTHOCTH (])pal\'uuﬁ. I'lpn 3HAYHTEJIBHOM COAEpXKaHHH 3THX q)paKllHﬁ H HX BbICO-
KO 30JIbHOCTH MPakKTH4Y€CKH HEBO3MOXHO MOJYUHTh Ka4€CTBEHHBIE KOHUEHTPAThI

M OTXOAbI. OO6bI4YHO NpOMEXYTOYHBIE (bpaKLlHH BBIAEJIAKOTCA B IIOCJIEAHHX IO XO-

Iy (rioTalHOHHOro mpolecca kaMepax (GpJIOTOMAIIHH.
Cooeporcaniiie meepooli hazpr 6 nyvne. ITO OUEHb BAXHbII TEXHONOTHYe-

ckHif nmapaMmeTp, onmpelenstollHi NPOH3BOAHTENLHOCTE (DIOTALMOHHBIX MallHH,
ylenbHbIH PacXoj peareHTOB, 3JIEKTPO3IHepruu u BoAbl. ComeprkaHue TBepoit
ha3b! B mynbne BbIpaxkaeTcss OTHOLIEHHEM ee Macchl kK Macce UKo ¢a3bl (T:2K)
1K Maccoil TBep/oit (pa3bl B euHHLE 06bema (r/n uiu. B %).

MakcimanbHoe conepaHne TBepHoH (asbl B Myibre MpH (IoTauud yris
He posxHo npesbiwaTs 250...300 r/n. B ycnoBusix paboTel kaxaoh ¢abpuku co-
Jlepakanue TBepaoii (asbl B MyJbre 3aBHCHT OT 30JIbHOCTH HCXOJHBIX LLLIaMOB, HX
I'PaHyIOMETPHUECKOI XapaKTepHCTHKH, HaMUMs MIMHMCTBIX MpHMecel 1 ap.
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Texuonoruueckie cxembl (OTALHI HH3KO30MbHBIX YFOJbHBIX LINAMOB
06bI4HO HE coAepKaT KOHTPOJIbHbIX M NepedHCcTHbIX onepauHii. [Ipu oboratue-
HHH LLJIAMOB MOBbILIEHHOI 30JIbHOCTH HEOOXOAWMO MpHUMEHsThL GoJiee CloXKHbIE
(pnoTaumoHHBbIe CXEMbI HIIH (PNOTALMIO PA30ABNEHHBIX MYJIBII.

Ha puc. nokasaHa cXema e annapaToB (pJOTaUMOHHOrO W (PHILTPO-
BaJbHOrO OTAeNeHiT yryieoboratutensHoil (abprku, BIOvalollas onepauuu
MOAroTOBKM K (proTauiti, cobcTBeHHO (oTaunio u 0bpaboTky rnpoaykTos o6o-
ralieHHus.
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neneHui

Mcxonuasi nynbna MocTynaeT B AeMI(HUpPYIOUYI0 eMKOCTh [, OTKyAa Ha-
npapnisieTcst B KJAACCH(QUKALUMOHHBIH TMAPOLMKIOH 3 ANs BBIAENEHMA M3 MYJIbIIbI
yacTull KpynHocTbio 6onee 0,5 MM, CnuB ruapouuKioHa 3 MOCTYMNaeT B pacxo/10-
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MepHBIH bak 2, Kyna Takke nosaetcss GHUALTD:T M TEXHHUECKAS BOAA IS pa3bas-,
fleHns nynenbl. [Jlanee mynsna Wanpasnsetcs B annapar KOHAHLIMOHHPOBAHHS
Nynbbl 5, B KOTOPbIHA NOJAIOTCA PeareHThbl CreuuanbHbIMK Zo3aTopamu W3 6akon
4. INoarorosnennas K (oTauMu MyNbha pacipeseseTcs no ¢drnoranHoHHbIM Ma-
WHHaM /4 B COOTBETCTBHH C HX NPOM3BOAHTENLHOCTHIO.

[omny4aemslit B MauHax kouuenTpar HANpaB/sieTcs B neHoracurtens 13 u
nanee B COOPHHK KOHLIEHTPATOB &, OTKYZa OH LEeHTPOBEXHBIM HacocoM 9 Mmepeka-
MBAETCA B nysenonenntens 6. B nanbueiiem ¢rotokoHueHTpaT pacnpenenser-
ci no BakyyM-GuneTpaM 7 nas o6e3poxueanus. OBe3BOKEHHDIH KOHLEHTpAaT
(KeK) HanpaBIseTCA Ha CYILKY H 3aTeM B OTIpy3ICy.

Ilepenussl Bakyym-¢punsTpoB mocrynaio B cbopuuk 8, a QGuILTpaT Ha-
NpaBIAETCA B paCXOAOMEPHBIH bak 2 1 HCMONMB3yeTCs B KauecTBe 06OPOTHOH BO-
Ibl.

Otxonp! dhroTauu HanpapasioTes Ha (rokynsunio B crycturens 12, u3 ko-
TOPOro CIIHB MOCTynaeT B 060pOT, a CrylIeHH bl MPOAYKT B €MKOCTb /1 OTXOM0B
notauuu 11 v nanee na punstp-npeccs! 10 U 3aTeM B OTBAI.

CrywenHsli npoayKT ruapoLHKIOHOB 3, COAEpXKAIIHH KPYMHO3ePHHCTHI
LIaM, MOXMET HanpaBNATbCA HA OTCANO4HbIE MAUIMHBI HIH )€ Ha BAKYYM-
(HABTPBL. :

st oboraluenns KpynHO3epHHCTOrO LwAMA Ha HEeKOTOpbIX (habpukax HHO-
Tla MPUMEHSIIOT MEHHYIO CenapalHio.

TexHonoruueckue nokasarenu pa6oTsl proTaUMOHHBIX OTAENeHHiT yrie-
oboraTuTenbHbIX habpik B OCHOBHOM 3aBHCAT OT KauecTsa HCXOJHOrO YIJIst, TEX-
HOJIOTHYECKOr0 PEXMMa H THMNA MPHMEHSEMBIX ()JIOTALMOHHBIX MALLIHH.

®oTauMss B BOMHO-LINAMOBBIX CXEMAX yrneo6oraTutensHelX  (adpHk,
obecrneqnBas H3BNEUCHHS H BHIBOJ M3 CHCTEMbI HAHBOIEE TOHKON 1 301bHOM uac-
TH lUnaMa M TOHKOMHCNEPCHOH IHHBL, SIBAACTCS BaXKHEHLIMM MPOLECCOM, BO
MHOIOM OMPEAENSIOULMM TEeXHONOMHYECKHE MoKkaszaTel paboThl BCeX MaluMH M
annapartos (GpabpHKH.

Ha pefictytowmx yrneo6oraTurebubix (abpukax ¢ npenenom oboratie-
HUS yris 10 0 MM, NPHMEHAIOLINX (IOTALHOHIbIE YCTAHOBKH, MOryT ObITb Bblje-
JICHBI CICIYIOLHE OCHOBHbIE BADHAHTbLI MOCTPOEHHSI BOAHO-LINAMOBBIX CXEM.

AByxcranguanbueie cxembl. [1InaMoBblc BOBI, BblIENsEMbIe npu obec-
LNaMITHBAHHH M 00e3BOKHBAHHH KPYMHBIX W CPEAHMX KJIACCOB YIJIs, NpOXOAsT
NepBYIO CTaaMIO CryUIEHHS W KIAaCCH(MKALUMM LIIAMOB B MHpaMMAANbHbIX OT-
CTOHHHMKAX WM ruApounKioHaX. CryLIeHHBIH NPOaYKT BO3BpALLAETCS HA 06ora-
LIeHHE B rPaBUTALMOHHOE oTAeneHne (habpuku, a ClMB, colepxaluuii Menkosep-
HHCTBIH L1aM, HAMpaBseTCs HA BTOPYIO CTALMIO CTYLIEHHS B paiHaibHble cry-
ctutend. CIIMB CryCTHTENs MCMONB3YEeTCs B KauecTBe oGOpPOTHON BOJbI, a cry-
LWIEHHBIH MPOAYKT, NPenBapHTENbHO pa3baBneHHbIi YMCTOH BOLOH, MOCTyMnaeT Ha

¢noraunto.
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KomGuunposanuble cxembl..O6paboTka 111aMOBBIX BOJ B [EPBOH CTaHH
JAHHBIX CXEM aHaNorMyHa X obpaboTke B AByXCTaiuanbHOi cxeme. Oriuuue
KOMOHHHMPOBAHHOH CXeMbl OT JBYXCTa[HANbHOH 3aKilouaeTcs B TOM, HTO CJIHB
CrYCTHTENLHOrO YCTPOMCTBA MepBOH CTaAHMH HAMpaBiseTcsl Ha CTylIeHHe nepen
JnoTauMeil He MOJHOCTbIO, @ TONMLKO 4ACTHYHO. HacTb 3TOro CIMBA — HEMOCPE-

CTBEHHO Ha ([momumo, MHHYsl npeaBapHUTEIbHOE CryLleHHE B paavanbHOM Cry-

CTHTEJIE.
OpnocragHanbHbie CXeMbl. OTauyuTeNbHas 0COOEHHOCTb 3THX CXEM 3a-

KJIoUaeTcs B MoJave BCEX LIIAMOBBIX BOX Ha (uioTauHio 6e3 JOMONHMTENLHOrO
pasfeneHus B pajHaibHOM CIyCTHTENE HA HIHCTble W COOCTBEHHO YrOJbHbLIE
{ppakuiu. BapHaHTbl OOHOCTAAHANBHBIX CXEM OTIM4AIOTCS KOJNHUECTBEHHBIM CO-
DTHOLUEHHEM LUIJIAMOBBLIX BOJ, HAMpaBisieMbIX Ha (DJOTALHMIO M BO3BpallaeMbIX B
TEeXHOI0MHYECKHI MpoLece, MUHYs ()IOTaLHIO.

Ilpu oaHOCTaaHanbHOH BOLHO-LUTAMOBOH cxeme (oTallMsl SABISETCS HeE
TOJILKO MpOoLEccoM 006OTralleHHs! BBICOKO30JIbHBIX LUJaMOB, HO M OCHOBHbIM CIO-
cofboM peretepali NPOMBIBHBIX BOJ.

OZHHM H3 OCHOBHbIX HEZOCTATKOB (IOTALMOHHOTO 0GOralleH:s KaMeHHbIX
yrieii ABAseTcs ero OTHOCHTeNbHas Joporosu3Ha. CTonMoCTb oforalleHus yriek
pnoTaumeii Mo cpaBHEHHIO CO CTOMMOCTBIO MX 00OralleHHs APyrHMH MnpoleccaMmu
ABSETCS Canmoil BbICOKOH (HAarmpHMep, Mo CPaBHEHHIO CO CTOMMOCTbIO oboralie-
HHS OTCAKOi OHa Bblle B 5-8 pa3).

CumxeHle cebecToMMOCTH (pIOTaUMOHHOro oboralleHHs yrie, yiy4iie-
HHe KauecTBa KOHUEHTpATa W [TOBbILIEHHE 30JIbHOCTH OTXOAOB MOTYT OCYLIECTB-
AATHCA MyTeM HHTEHCH(HKALHH MPOLECCOB B CIEAYHOLMX HaNpaBleHHAX: H3bl-
CKAHHe i CHHTE3 HOBbIX 3(()eKTHBHBIX PEareHTOB; MOBbIEHHE IYYEKTHBHOCTH
[10ArMOTOBKH MYJbMbl K (prOTalMH; COBEPLUIEHCTBOBAHHE CYLIECTBYIOLHMX H CO3/a-
HHE HOBBIX KOHCTPYKUHH (hIOTOMALUKMH; aBTOMATH3ALMsl PEerylHpoOBaHHs TEXHO-
JIOFHUECKOTro Mpoliecca C LeNIblo €ro ONTHMH3aLHH.

2.7. MaruuTHbIe, DJeKTpHYeCcKHe H cneuHalbHble
MeTobl o6oratenHs yrJiei

Bosbluoe pa3zHoobpasne (PpU3MHUECKHX M (PH3MKO-XHMHUYECKHX CBOHCTB yr-
feit no3BOASeT NMPUMEHATD AJs HX pasfefleH sl Ha OTAE/bHbIE KOMIOHEHTbI Npak-
THYECKH JI0BbIE H3BECTHbIE METObI 0GOraLLeH s

" MeXaHM3KHpPOBAHHOE pa3jiefleHrne KPYMHOKYCKOBOrO yris 1 MOpoAbl B 3a-

BHCHMOCTH OT MX 3/EKTPONPOBOAHOCTH, CMOCOOHOCTH MOMIOWATbL U
pacceHBaTh PEHTTEHOBCKOE MIIH PaAHOAKTHBHOE H3JyUeHHE;

= pa3jneneHie yrofbHbIX W MOPOAHBIX YACTHI MO (pOpME 3epeH, UX Kpyr-

HOCTH M KOI(D(PHUHEHTY TPEHHsl Ha HEMOABHXKHLIX HWIM TMOABHXHBIX
rnaakux, puuieHslx 1 nepopHpOBaHHbIX MOBEPXHOCTSX;
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" DJJIEKTpHYECKas cenapauHs CMeCH YTONBHBIX 4aCTHL M MHHepajbHBIX
MpHMECEeH MO PasfiH4YHiAM B HX IJIEKTPHUECKOH NMPOBOAHMOCTH, MPOHH-
1aeMOCTH, 3IEKTPH3aLWH TPEHHEM H HOHH3ALMH B N0Jle KOPOHHOrO pas-
psna;

" MAarHHTHOe W TepMOMAarHWTHOEe oboralleHHe yriieil rno pasHule B ecTe-
CTBEHHOM WJIH yBENHYMBAEeMOH MyTeM TepMOO6pPabOTKM MATHHTHOI
BOCTMIPHUMYHBOCTH KOMITOHEHTOB YIJIEH, COAEPXALUHX COENMHEHHUS xXe-
ne3a (OKCH/BI, MHPHT);

" MarHHTOTHAPONHHAMHYECKOE oboralueHHe yriei B KHAKOH I1eKTpo-
MIPOBOJIHOM Cpe/E, HCKYCCTBEHHO YTSIKENEHHO B pe3ynbTaTe HamoXKe:
HHSl MACHHTHOIO M 3JIEKTPHUYECKOrO MoJieii;

® MAarHHTOTHAPOCTATHYECKOE pa3fiefleHHe Yris W MOpPOoAbl B MarHHTHOii
JKHAKOCTH Ha OCHOBE MCIIOJIb30BaHMS BbITANKHBAIOUIEH CHIIbI, BO3H:-
Kaioled B ()eppoMarHUTHOM XKHIKOH Cpele NMpH B3aHMOIEHCTBHH ee
BHELUHHUM MarHHTHbIM MONeM;

" KacKaJHO-alAre3HOHHOE pa3JefieHHe W TpaHyJsUMs BeCbMa TOHKH>
YFONbHBIX ~ YacTHL, OCHOBaHHBIE HA  HCMOJB30BAaHHH  (DU3MKO-
XHMHYECKHX SBNEHHH, CBS3aHHBIX C W3OBITKOM CBOGOAHON 3HEpruM B
MOBEPXHOCTHBLIX CJIOSIX TENT;

® cenekTHBHas (M3OHparenbHas) xoarynsiudsi (QJIOKYyNSLHMA) uacTHYEK
yrOJIbHOTO BELUECTBA HJIH MHHEpanbHbIX NMpUMecel npu mno6aBieHHH 1
MyJbIy pasfiiiHbIX PEAreHTOB (KOAarynsHTOB, (IOKYJSHTOB W APYrHx
BELUECTB).

Bce mepeuucinenHble METOAB M MPOLECCH! MM MOKA HE HALUIH MNPOMBILil-
JIEHHOrO TMpPHMEHEHHs M3-3a OOMBLIOH CNOXKHOCTH, HH3KOH 3(eKTHBHOCTH,
Oonbloi CTOMMOCTH 1 APYTHX MPHYMH, WM HaXOMST BECbMA OFPaHHYEHHOC
npumenenne. OaHaKo npu onpeeneHHbIX JOCTHXEHHSIX HAYKH M TeXHHUKH He He-
KTH0U€Ha BO3MOXCHOCTL Pa3BHTHS H MPaKTHHUECKOro NpHUMeHEeHHs J11I060ro U3 HUX.

Haubonee nepcnextnsubiMu 115t 06OTaLLCHHS yriieH ClIEAYET CUHTATh MPO-°
11eCChl  MAarHHUTOrH/IPOAHHAMHYECKOr0, MarHMTOTHAPOCTATMHYECKOr0, KacKamaHo-
AIF€3HOHHOT0, CENEKTHBHO-(PNOKYISILUHOHHOrO pa3fefeHHs 1 MacasHOi rpaHys-
LUHH.

MarnnTornapoannamnueckoe oboramenne (MI/d-cenapauuns) coctourt
B TOM, YTO MpH OPOMNYCKAHHH 4YEpe3 MPOBOUSALLYIO (IJEKTPONpPOBOAHYIO) M-
KOCTb, HAXOASALLYIOCS B MArHHTHOM [0JI€, NEKTPHUECKOro TOKa B Hell BO3HHKaeT
(MOMKMO CHALI ApXHMe/aa) JONONHHTENbHAs CHIla YNeKTPOMArHHTHON MPHPOLILI.
JTa cuna BITANKHBAET M3 HAKOCTH YACTHLbI, NPOBOAHMOCTb KOTOPBIX OT/IHUA-
eTcsl OT MPOBOAHMOCTH MHAKOCTH, YTO MPEAONPEACseT BO3MONKHOCTL pa3jelne-
HHSI CMECH YaCTHLL I/l HE TOJILKO MO Pa3HOCTH B MIIOTHOCTH, HO W MO Pa3jiH4yMIO
B MX MPOBOAMMOCTH. EciH NMpoBOAHMMOCTH 4YacTHL, B XHAKOCTAX PaBHbI, TO (-
(et pasmeneHus orcyTcTByeT. [TocKoNbKY MPOBOAMMOCTL Yrjls BCErga HuIKe
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11POBOIMMOCTH 3JIEKTPONPOBOASLLEH KHAKOCTH (3nexTposiuTa) B Heil BCMILIBAIOT
ACTHLIB], MIOTHOCTE KOTOPBIX 60MbLIE (HU3HUECKOH MIOTHOCTH XHAKOH CpPeasl.
OcHoBHble 31eMeHTbl ycTaHoBku st MITJI-oboratuenuns yrnei (puc. 21) —
JIeKTPOMArHHT, CerapaTop, MCTOYHWKH MMHTaHHsA MOCTOSHHBIM TOKOM obMoTOK
3036YKAEHHs IEKTPOMArHHTA M MPOBOASLLEH JKHIAKOCTH (anextponuta). Cena-
pATOp KAHAJILHOrO THIIA BBIMOJHEH B BHAE YATHHEHHOH KaMephl MPAMOYrOJbHOrO
cetenHusl, Yepes KOTOpYIo MpoTekaeT MpoBOAsALIas XHAKOCTh C 0boralaemMeiM yr-
siem. B 3arpy304HOH M pasrpy304HO#l 4acTsAX KaHajla yCTaHOBJIEHBI MPOAOJbHbIC
[1ePEropo/IKH ISl YMEHBLUIGHHS LMPKYJSALHH [0TOKA B 30HE CYTSKENEHHA) XU~
KoCTH. B KauecTBe 2JIEKTPONPOBOISLIMX JKHAKOCTEH MNPHUMEHSIOT pPacTBOPEI

NaOI, NaCl u gp.

Puc. 21. TlpuHuunuanbHas CXemMa YCTaHOBKHM IJisi Mar{HMTOrMApoO-

[MHAMKMYecKoro oboralieHus yris:

I-paspes kanaia MI™/l-cenaparopa; 2-puponutarein nojatu yris; 3, S-anexrpoabl; 4-
canan MI"Jl-cenaparopa: G-BLIMPAMHUTENL TOKA; 7-anmnapatypa ynpapieHHs 3JIEKTPOMartHToM;
§-10-G0uKH C CETUaTHIM JHOM IS MPHEMa MPOAYKTOB PasiHuHOM MioTHOCTH; 11-npHeMHHK
pacTBopa xHAKOCTH; |2-2nekTpoMartuT; 13-HacoC TSl MEPEKAKH HKHAKOCTH

[TnoTHOCTbL pasnesieHus Jerko peryjanpyeTrcst K3aMCHEHHEM ‘BEJIMYHMHbI TOKa B
KaTylwKax 3JIEKTpOMardira HiH paﬁO'-lCi;l BHCKTPOFIPOBO,HR[HCF[ XHUOKOCTH, YTO
SIBJISIETCS1 CYLIECTBEHHbIM JOCTOMHCTBOM MpoLecca MarHMTOrHApoaMHaMH4ECKOro
pasfeyiieHus.
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Huctutyr TI'unpomauryrneoboraluienue cosgan OMBITHO-MPOMBILUIEHH b1
cenaparop MI'JIC-50, KOTOpBI NpOLUEN MPOMBILLTEHHBIE HCMbITAHHS. [TonyueH-
HbI€ PE3YNIbTAThl WCIMbITAHHI CBHAETENLCTBYIOT O BO3MOXHOCTH OBOTalleHHs B
MI'[I-cenapaTopax yrieii ¢ Bbicokoii adekTuBHOCTBIO. HecomuenHa uesiecoob-
PasHOCTh JaNibHEHLIErO H3yHeHHs! M COBEPLUEHCTBOBAHHS 3TOTO CIOKHOTO H 110KA
[10pOrocTosALIero npoiecca.

MaruuTornapocratiuueckoe oborawenue (MI'C-cenapauns) B npuHLH-
M€ aHANIOTHYHO MarHWTOrHAPOJHHAMHYECKOMY, HO 311€Ch B KauecTBe pas/ie.isio-
WeH Cpelbl MCNONb3YeTCs He JJIEKTPOMHT, a (heppOMATHHTHAS XKHIAKOCTD, npH
B3aHMONEHCTBHH KOTOPOH C BHELUHHM MACHMTHBIM MONEM B Hejl BO3HHKAC: BBI-
TaNKuBalolas cuna. JTa cuila MOCTOsIHHA BO BceM obbeme (eppomartin: Hofi
KRHAKOCTH M 3aBHCHT TOJIBKO OT ce () (PeKTHBHOI MIOTHOCTH, PEryTHpyeMo i 13-
MEHEHHEM CHIIBI TOKA B 06MOTKE BO36YIKAeHHS 2eKTPOMarHHTa.

[lpn nonaganuu B ci1oii (heppomMarHuTHON KHAKOCTH yrofb paccnauné “Tcs
Ha (PaKUHH MIOTHOCTBIO Goslee U MeHee ee H((eKTHBHOI MIO0THOCTH. DOpiaiy
60IBLIOI MIOTHOCTH MPOXOAAT CKBO3b JKHAKOCTh, HAXOAALLYIOCS BO BIBELLICH HOM
COCTOAHHH MEXKLY MOJIOCHLIMH HAKOHEUHHKAMH JIEKTPOMArHiTa, H COGHf 1:)TCs
B emKkocTb. Jlerkne (paxuin ABHKYTCH MO MOBEPXHOCTH SKHAKOCTH BJO I+ MO-
JIOCHBIX HAKOHEYHHKOB W Pa3rpyKaloTcs B KOHLE CIIOs.

[TpombllunenHOCTbIO  BbiMlyckaeTes M MCMONB3yeTcs it Hily YHO-
HCCNeI0BATENBCKHX paboOT 1 KOHTPONS (PakLHOHHONO COCTABA PAMUHUHLIY He-
MarHHTHBIX MPORYKTOB (eppornapoctatuyeckuii cenaparop ®I'C-1 npon3ionn-
TeNLHOCTBIO 10 50 kr/u. B kauecTBe (peppoMarHHTHOMN KHAKOCTH B JAHHO { cema-
paTope HCMOMNb3YIOT BOAMbIH HITH KEPOCHHOBBIH KOJUIOHAHBIH pacTBOp (e| pomar-
HetHka Fe;Oy.

Kackaano-aaresnonnoe oGorauenne yroabHbIX LUIAMOB peAHA3HAUEHO
ANA pa3sneneHHs W ynaBauBaHHs TOHYAHWHN YIONBHBIX LIIAMOB, KOTOpbIE HAKAT-
JiBaloTest B 000POTHOM Bojie M yXY[ILIAIOT ee TeXHOIOrHUECKHe CBOHCTBA. DTOT
npouecc obbeanHseT B cebe crieunduueckue 0coGEHHOCTH, NPHCYLLHE 1CHHOI,
BAKYYMHO#H, MacsiHOH 1 rieHo4HO (paoTaumu.

[lpouecc kackano-aare3noHHOro o6oralleHHs COCTOMT M3 ABYX crafuii:
CEJIEKTHBHOIO M3BNEUEHHs TOHYAMLINX OPraHHUYeCKHX U MHHEPaNbHbIX YacTHL H3
NYAbMbl B MEHHbIA NPOAYKT M yNaBIHBAHWS YAaCTHL MyTeM HCMOMb30BAHMHS T10-
BEPXHOCTHDIX CHII NPHIHMaHHS (aare3nu).

IprHUMnIHANLHAS cXema KackaAHO-aAre3HOHHOrO CenapaTopa MoKa3aHa Ha
puc. 22. Mcxonuas nynbna, o6paGoTanHas N0BepXHOCTHO-AKTHBHBIMM peareHTa-
M, MAJaeT C BBICOTbI 110 BEPTHKANLHOI WwaxTe / B BaHHY 2, BHYTPH KOTOPO#l HHM-
KC YPOBHS NYJLIIBL 11 TICHION0 CNOs pacriosiokeHbl 0ThoiiHas 3 1 HanpasasioLwas
4 nnactiubl. B pesynsrare TypOynHsalii naiaionero notoka nyabib npoHexo-
JUIT DKEKUHS aTMOC(EPHOI0 BOBILYXA, €10 TOHKOE JAMCIEPrHPOBAHNE I YaCTHUHOE
PACTBOPEHHE B MyJsibIie NP YAape nylnnlnoBoyLyuniofi cmec o6 oT6oiinyio mia-
critiy. Pasmep BO3AYUIHLIX 1Y3LIPLKOR 3aBHCIT OT CTCHCHN TYPOYI3AILIHN 1Y
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lIbl i [TOBEPXHOCTHOTO HATSXKEHHs CHCTEMBI ra3-)KHAKocTb. CpelHnit pamep my-
1IpbKOB B 30He A cenaparopa coctasnser 0,1 ... 0,7 MM, a conepxaH1e BO3ayXa
¥ 11YJILTIOBO3AYIIHON cMeck 0kos10 70 %o NpH BbICOTE LWAXThl 3,5 M.

Puc. 22. Cxema KacKaJlHO-aAre3HOHHOro cernaparopa

[pu mepeMelleHHH a3pHPOBAHHON MyJbIbl H3 HIKHEH 30HBI B BEPXHIOIO
BJ0Jb BaHHbl MALUHHBI POMCXOMHT CHHIKEHHE NABJIEHHS B MOTOKE, YTO Crocob-
CTBYET BbIAENEHHIO U3 MyJ/bIbl PACTBOPEHHBIX B HEl rasos B BHIE MeJibYanILnX
1y3bIPbKOB. DKCIIEPUMEHTANBHO YCTAHOBJIEHO, YTO MPH 3TOM H3 MyJbIbl BblAGS-
ercs 0,6...0,7 oM’ BO34YyXa Ha | J1 MyJbIIbL.

B panbHeiiluemM B rOpH3OHTANBLHOM MOTOKe Mynbrnsl TonwmHoi 100...150
MM MeJbuaiilllie 4yacTHLbl LIJaAMOB BCIUIBIBAIOT M B BHAE CJIOsi MHHEpasni30BaH-

HOil NeHbl ABHXCYTCSl K aAre3HOHHOMY YCTPOHCTBY, pacriosodXeHHOMY NeprneHan-
KyJSIPHO K OCHOBHOMY TOTOKY My/bIbl U BBIMOJIHEHHOMY B BHJIE [yCTOTEJIOro Me-

tannuueckoro 6apadaHa 7. [inst nepeMeleHus EHHOTO CJIOSt U MPHHYANTENLHOTO
3aKperneHHs Ha MOBepXHOCTH ajaresHoHHoro Gapabana ruapooOHBIX HaCTHLL
lUlaMa cayKaT Meanento Bpataiolnecs: rpebku 8. Cbhem MeHHOro npoiyKTa ¢
ajresortoro 6apadara B xkefod 5 ocyLIeCTBASETCs C MOMOLLbLIO HOXKEBOIO MpH-
criocoOnenns 6.

[TosepxHocT, GapadaHa MOXKET OBbITh MOKPbITA CreLManbHbiM CHHTETHE-
CKHAM MaTEpPHAIOM C MOBbILICHHBIMH THAPO(OOHBIMH CBOHCTBAMH, HANPHMED, pe-

3HIOIT.
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2. METO/JIbI 1 MPOUECCbI OBOTALUEHWSI YIJEHR

2.1. Knaccudnkauus MeToa0B H npoueccos oboraweHnst yrieii

OcHoBHOe Ha3HaueHHe oboralleHHs 3aKJIlo4aeTcsl B pasfeNeHHH PsoBbIX
yrnei Ha rojie3Hyto M GanjacTHylO 4acTH 1Jisi NoBblleHHs 3((EeKTHBHOCTH HX
Henonb3opatns. [IpH 3TOM HAa COBPEMEHHOM 3Tafe pa3sBUTHS TEXHONIOTHH U Tex-
HHKKH 0B0ralleHs 10JKHO ObITh obecneyeHO MaKCHMallbHOE W3BAEHEHHE ropio-
4HX KOMMOHEHTOB B TOBapHbIE MPOLYKTSI.

[MonnoTa M3BievYeHHs M0JE3HOH uyacTH oborallaemslX yrieit B TOBapHble
MPOAYKThI 1 Hanbosee 3KOHOMHUHBIH acCOPTHMEHT MOCNeAHHX MOryT ObITh NOC-
THPHYTBI NpH HanGoslee MOSHOM COOTBETCTBMH MPHMEHSEMbIX Mg oboraiieHus
rpoteccos 1 06opynoBaHus, XapakTepHCTHKH oboralaemslx yriei u TpeboBaHu-
SIM K Ka4ecTBY H acCCOPTHMEHTY TOBapHbIX MPOAYKTOB.

M3BecTHbl cnenyioliHe OCHOBHbIE METOMBI MOKPOIo H CyXoro oboralueHHs
yrieii: rpaBuTaLMOHHDI, (NOTALMOHHDI, MAFHHTHbI, 21EKTPHYECKHI U CreLH-
anpHbli. Kaablii M3 3THMX METOJOB BKIIOYAeT psifi MPOLECCOB, OCHOBaHHBIX Ha
oBwHX (pu3nuecknx MK (HPHU3MKO-XHMHUECKHX CBOHCTBAX, IO KOTOPBIM MPOH3BO-
JWUTCS paszelleHle MaTepyana, i OTJIMUalOLHUXCs APYr OT ApYra MCMoib30BaHHeM
NOTIOJIHHTENbHBIX Pa3delIOHX CHI H COOTBETCTBYOWUHMH KOHCTPYKLIMSIMH Ma-

LLIMH M armnaparos.

['paBHTaUWOHHBIH MeTon oboralieHHs OCHOBAH Ha HCIOJb30BAHWH pa3jiu-
YHil B JOTHOCTH MHHEpanoB. K 3TOMy MeTOAy OTHOCAT — ClIEAYIOLIHE MPOLECChI:
oGoraiueriie B TSOHKENBIX cpellaX; OTcalky; oboralleHue B CTpye BOIbI, TEKYylci:
M0 HAKJOHHOM MIOCKOCTH; oboralleHue B LeHTPOOeKHOM Mosie; NPOTHBOTOUHYIO
cerapauMio ‘H Jp.

MdaoTauHoHHbIH MeTOA 000ralleHiss OCHOBAH Ha HCMONAb30BAHHM PasiiHUMii
B €CTECTBEHHOI Ml co3/aBacMoil (IOTAaLMOHHBIMH peareHTaMH CMa4HBaLMOCTH
MHHepai108. DuoTauns noApasaenseTcs Ha Cliefytolline MPOLECcChl: NeHHyK: (o-
TALMK, MacsiHyC (PAOTALMIC, KacKaJHO-aAre3HoHHoe oboralleHHe.

MaruuTHbiii MeTon oborallleHHss OCHOBaH Ha MCMOJIb30BAHHH MarHHWTHOM
BOCMPHHUMUYMBOCTH MHHepanoB. OH BKJIIOHAET NPOLECcChl MAarHUTHOH cenapauuy H
MarHUTHOM (pIOKYIALHH.

DnerTpuueckitil MeTon oboralleHHs OCHOBAH Ha MCMONb30BAHHH INEKTPH-
HeCcKHX CBOICTB MiHepanoB. K HeMy OTHOCAT npolecchl pa3feNeHts no 3jeKTpo-
[POBOAHOCTH KOMIMOHEHTOB M MPOLECC JAEKTPHUECKOH Ccemapauni Ha OCHOBE
pasniuMil B 3NEKTPH3aLHH YrOJIbHOMO BELLECTBA H MHHEPANbHbBIX TPUMECET.

CrieumanbHble MeTOAbI oborallieHHst PefKO NMPHUMEHSIOTCS Ana yrieil. DT1o
peHTreHoMeTpHyecKas cenapaius, oborailleHue no (JopmMe W TPEHHIO, MarHUTO-
ruaposiHHamiieckoe oboratleHue, XMMHueckoe oborallleHHe, CENEKTHBHAs Koa-
ryasuus, OaxrepHanbHoe oboraleH1e u ap. ‘

Knaccudukauuss OCHOBHBIX METOLOB M mpoueccoB oborawieHmus yriefi
npencrasiieHa Ha cxeme (pHc.2).
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[Tocne cusaTusi nenHoro cnost ocHOBHOI MOTOK MyMbMbI, OMBIBAS HIDKHIOW
acTb bapabana, yXOaHT B CIHB, YHOCS OTHOCHTENLHO KpYIHbIE H MEAKHE rHapo-
(MIBHBIE YACTHILBI.

[To cBoeit (hu3nueckoii cylHOCTH MpoLece aare3HOHHOI cenapatmi 630K
K OOBIYHOM (DOTALMH, HO MMEET HECKONLKO CMeLH(HYECKHX IeMEHTOR HOBH3-
Hbl, CBA3AHHBIX C 3aKperuleHHeM TOHUYAMLIMX 4acTHL B MeHe i CrnocoboM chema
MeHHoro cnios. [pumereHine Takoro Biaa o6OraleHHs NepCneKTHBHO MUIs OUHCT-
Ki CTOHHBIX BOA HE TONbKO yrneoborarTenbHbX (habpHK, HO H APYFHX MPOMbILL-
JIEHHBIX MPEeAnpPUATHII.

CenexTuBHas Koaryasums (paoxynsiuns) yroabHeIX WITAMOB SBASETCS
HOBBIM METO/IOM 00OralleHNs TOHKOAHCIIEPCHBIX MOTHMHHEPAbHBIX CHCTEM, OC-
HOBAHHbBIM Ha pa3H4YHN KONIOHIHO-XMMHYECKHX CBOJCTB KOMMOHEHTOB. Pa3Bu-
THE 3TOrO METO4a CTalo BOIMOXHBIM B MOC/e[HHE rOAbl 6naroaps CHHTe3y
MPOH3BOACTBY B MMPOMBILICHIBIX MacUTAabaX PAla BbICOKOMONEKYNSAPHLIX CO-
€AMHEHHH, OTHOCALUMXCS K KJIACCY 3alMTHBIX KOJUIOHI0B.

[lpu ceseKTHBHOH KOAarynsiLiK yroibHbIX LAAMOB [IHHHCTbIE YACTHLb! e~
PEXONAT MPEHMYIIECTBEHHO BO B3BELIEHHOE COCTOSHIE, @ YrONbHbIE — CEeNHMEH-
THPYIOT. PerynupoBanne KHHETHYECKOH M arperaTHBHOI ycTOHYHBOCTH BOJHBIX
CYCMEeH3Hii IMHHUCTBIX MMHEPAOB OCYLIECTBASETCS MyTEM HX obpaboTkn pas-
JHIHBIMH MOBEPXHOCTHO-AKTHBHBLIMH BELECTBAMH. B 3aBHCHMOCTH OT CBOIHCTB M
pacxonia peareHToB MOCNENHIe MOTyT OKa3blBaTh HA YacCTHLb! MEMTH3HPYIOLee
HIIH Koarynupylouiee neicraue.

Hefitpanshbie anexrponutsl CaCls, NaCl, no6apneHuble k FIIHHHUCTOM cyc-
MEH3HH, CHHKAIOT €€ yCTOHYHBOCTD, IPHBOJIAT K arperalii W YCKOPEHHOMY oca-
MCAEHHUIO IHCEePCHOI (pa3bl.

B npoTHBOMonoxkHOCT, HelTpanbHbIM wWeTouHble anexkTponntbl (Na;SOs,
NaOH 1 11p.) pe3ko noBbILIAIOT YCTORUHBOCTL IIHH, 0COGEHHO KaNblHeBbIX. 3Ha-
UHTENIbHO QoJibliee BO3UEHCTBIC Ha YCTOHUYMBOCTL CYCMEH3HI 0Ka3bIBAIOT MOMH-
MEpEL, H3MEHSIOLLHE ee CTabIILHOCTL MPH OUEHDb MaslbIX KOHLEHTPALIHSIX.

[TomHMO BnHMAHNS Ha arperaTHBHYIO YCTOITYHBOCTD CYCMEH3HH [OBEPXHO-
CTHO-aKTHBHLIE BELIECTBA 3HAMHTENBHO H3MEHSIOT AHCMEPCHOCTH [NTHMHHCTBIX
HacTHU. Paspyuienue rIHHHCTBIX MOPOA B BOAHOI Cpele BBI3BAHO MX CIOCOGHO-
CTbIO Pa3MOKaTh, MPHYEM B HEKOTOPBIX CJyyasix MPOH3BONBHO, 6€3 BHEILIHErO Me-
XaHHYECKOro Bo3feHCTBHs. VccnenoBaHHs BAHSHHS peareHTOB Ha yCTOMYMBOCTD
TIHHHCTOH MpUMeECH U ee pa3mMokaHHe BObilH HCIOb30BAHBI MpH pa3spaboTke B
HHenponeTpoBckOM TOPHOM HHCTHTYTE CMOCOGOB CENeKTHBHOI KoaryJnsu1u
YTOJIbHBIX LUTaMOB.

B 3aBucumocTn oT HoHHOro cocTaBa AMcrepcHol cpeasl, MHHEpaJbHOro
COCTaBa NUCMEPCHOI (pasbl i aucOPOHPOBAHHDIX HA Hell HOHOB MOFYT NIPHMEHSTh-
sl cnefylolue crnocoObl CENeKTHBHOM KOaryaaLHMH yrolbHOro wiama.

Cenexmueias koazyasijus CHCTeM, COLEPKALMX GHKAPGOHATHI LIENOUYHO-
3CMENILHBIX METAJIIOB (KOJTHUECTBO APYrHX cojlefi He MpeBbilaeT Mopora Koary-
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JSILLHIM ), MOJKET BbITh OCYLIECTBAEHA MYTeM ONPeCHEHHS CyCrneH3nH XHMHUYECKHMH
pearentamu. Crnocod 3akmo4aeTcs B 0b6paboTke CycneH3uH HAPOKCHIAAMHU Lie-
OUHO-3eMENILHBIX METAIIOB.

FEcii B pesylibrate HOHHOIO reTeporeHHoro obMeHa B CyCMeH3HH yBENHUH-
paeTesl coAepIKatie OAHOBAICHTHBIX KaTHOHOB W HX KOHLEHTPAUMs He MpeBblLla-
¢ 1opora KoaryJsuuu, TO Ans CeNeKTHBHOM KoaryJsillii TaKHX CHCTEM MOKHO
HPHMEHATH WENOUHbIE INEKTPONHTBL: kap6ownart, TeTpabopaT, okcanat HiH Mn1po-
(pocpar narpus 1 Apyrue BELIECTBA. Oui MOBBILLAIOT YCTOHUMBOCTE MIMHHCTBIX
qacTHI He TOJIbKO BCNEACTBME YTOJNLIEHHS FHApaTHPOBAHHBIX obonovex, HO H B
pe3ylibrate JMCneprupoBanHs TBEpaoil aibl.

COd0E0-U36ECHIKOGDLT ¢OCOB CENEKTHBHOM KOAryisilliy L1aMoB OCHOBAH
Ha 06p160TKe KapboHATOM M FHAPOKCHAOM KajlbLHA MHHEpAaNH30BaHHbIX CYCIEH-
44i1, UCTIEPCHOHHAs CPela KOTOPBIX CONAEPIKHUT KaK COslH OMHOBAJIEHTHBIX METa-
0B, Ta< M conu, 0bycnaBnuBaroLL1e ee BpeMEeHHYIO H MOCTOSIHHY!O XECTKOCTb.

Jlns cTabunu3aluy TIMHHCTBIX npuMeced yrofpHbIX LITAaMOB MOTYT ObITb
TaK)Ke HCIOJb30BaHbl Pa3HiHble NOTHMEPDI.

OGorallleHHe yroJbHBIX L1TaMOB CeNleKTHBHOM Koaryjsu1ei MoXeT ObiTb
ocoGerto 3PPEKTHBHBIM MpPH MPUMEHEHITH coueTaHHit pa3IMiHbIX peareHToB 115
cTabuIM3alHK TIHHUCTBIX COCTAaBASIOWMX M YCKOPEHHWS OCaXNCHHA YTOJbHBIX
4ACTHLL C TOMOLIBIO MOJMMEPOB THITA NOJIHaKpHIaMHuia.

B nocneanue rofbl cejexTHBHas (JIOKYNALUA MHHEpabHbIX cycrneHsui
HauYMHACT HAXOLUTH TMPOMBILIIEHHOE NPHMEHEHHE C MOMOLLBIO NoJMMepoB THIA
JIaTEKCOB.

IMpouecc (rOKYNSAUMH YrONbHBIX LIIAMOB, B3BEllEHHbIX B BOOHOM cpere,
MpH BBELCHHH OPraHM4eCKHX MoJaHMepoB 06DBsICHSETCS NEHCTBMEM CHUIT CIMNAHHS,
BO3HMKAIOLLMX MEMLY YaCTHL@MH BCJIEACTBHE MOJTMMEPHBIX MOCTHKOB.

CornacHo CoBpeMeHHbIM MPeCTaBIeHUSIM (JIOKYJISILHS MPOHCXOMMT B pe-
3yabTaTe afcopbunu rnonMmepa 13 JKHIKOH (pa3bl CyCMeH3WH Ha MPaHH4HBIX M0-
BEPXHOCTAX TBEPAOE-KHIKOE Gnarogapsi 00pa3oBaHHIO XUMHUYECKHX BOLOPOAHBIX
cBsi3eil, INeKTPOCTaTHYECKOMY B3aUMOEHCTBHIO, XHMHUECKOH CBA3H (HarpUMep,
XHMHUECKas peakumst Mexcay (PyHKLUHOHABHbIMI rPynnamMu NonMMepoB M HOHa-
MIf METANNoB Ha MOBEPXHOCTH HACTHLL LITaMOB € o6pa3oBaHieM COEMHEHHH TH-
na codieii — HoHoobmeH).

[TpOMBbILINEHHbBL OMBIT CesieKTHBHO# (POKynAUMH MOKasaj, 4To Mo Cpas-
HeHito ¢ ioTaLedl BbIXOJ KOHUEHTpaTa BO3pacTaeT, O[lHAKO MpH 3TOM BO3pac-
TaeT 1 ero 30bHOCTb, TAK KK B YTONBHBIX MONEKyNax i Mexay HHMH 3aLlems-
lOTCSl MIHCTble YacTHibl. FIX ynaneHHe BO3MOXKHO MHOrocTagHalbHOMH MpPOMBIB-
KO, UTO YCAOWKHSET MPOLECC, YBENMYHBACT pacxol YyuCcTOIl BOAbLl M YIOpOKaeT
CTOMMOCTL repepaboTKH.
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3. OBOTALMEHUE KOKCYIOUWUXCS YIJIEN

3.1. OcoGennocTH MPOM3BOACTBA KOKCA H TPeOOBAHMS K KA4eCTB / yrI-
Jiefi 1J1s1 KOKCOBaHNS

Kokcyroutnecs yrau nepepadarbiBalores B OCHOBHOM 110 HETLIPEM I 1iIpaB-
NeHHsIM: TepMiueckas nepepadorka 6e3 jocTyna BO3AyXa MpH TEMMEpaT/ae oT
500...1100 °C; rasu¢uikauus (BbicokoTeMrepaTypHblii Mpolecc B3auMoueii TTBHsI
razupHUAPYIOWMX areHTOB — BO3/1yXa, KHCJI0POJa M BOISHOTO fapa ¢ opratiuye-
cKoil Maccoil TOMNMBA, NPHBOAALIEH K MPEBPAILEHHIO ero B FOpIOYHe rasbl); M-
poreHu3alllss TBEPAOro TOMIHBA — coueTaHHe Hu3koTemnepaTypHoro (450...500
“C) TepMHUECKOro pacluenyieHHs OpraHM4eckoil MacChl Yriisl ¢ KaTalHTH4YeCKHM
FHIPHPOBAaHHEM MPOAYKTOB TEPMHUECKOH JECTPYKLUHMH YISl C MPEBpPaLLeHieM ero
OpraHu4eckoi Macchl B LEHHbIE XHMHUYECKHE NPOAYKThI, SKCTPAKLHS U TEpMHYe-
CKOE pacTBOPEHHE yIJIsl OPraHHYeCKHMH pacTBOPUTENAMH AJist nonyueHis oba-
roposKeHHbIX 6€330/bHbIX OpraHuyeckux Matepuanos [17].

[Tp1 TepMHueckOM pasNoXeHHH yrnisi 6e3 JocTyna BO3[yXa, Ha3bl3aeMOoM
KOKCOBaHHEM, TPOMCXOAMT paclieruieHHe OpraHHueckoil Maccel, pekoMOHHaLHs
NMPOAYKTOB pacLUienjeHHs C [oJyYeHHeM TepMOJMHAMHYECKH CTabHIbIiLIX Be-
LLIECTB — TBEPAOro OCTaTKa, CMOJIbI M ra3a.

CocTaB ¥ CBOHCTBa TBEPALIX M NETYy4YMX MPOAYKTOB TEPMHUECKOI! riepepa-
GOTKH 3aBUCAT OT NMPHUPOAbI HCXOOHOTO TOMJIHBA, TEMIEPATYPBl, NPOLOJIKHTEb-
HOCTH HarpeBaHHs U annaparypHoro oopmienus npouecca. [To koHeuH: M TeM-
repatypaM IpY HarpeBaHHH pa3nu4aloT HH3KOTeMIMepaTypHOe KOKCOBaMHE HIH
NoJyKOKCOBaHHe, CpeHeTeMNepaTypHOe H BLICOKOTEMIIEPATYPHOE KOKCOBaHHeE.

HauGosnee pacnpocTpaHeHO BbICOKOTEMMEPATYPHOE KOKCOBAHHE KaMEHHbBIX
yrnei. [aBHbIM MPOJYKTOM 3TOrO MPOLECCa ABJISETCS METAIUTYPrHYECKHii KOKC —
BOCCTAHOBHTEJb, NPHMEHSIOLLHIICS B OCHOBHOM B JOMEHHOM Mpoliecce, a Takxke
KaK TeXHOJOrH4YecKoe TOTIHBO AJs APYTHX MPOLECCOB B YEPHOH M LIBETHOH Me-
Tannypruu, JMTEHHOM MPOM3BOACTBE, MPOH3BOACTBE (pocopa, cepoyriepona,
Kap6uaa Kanblis M Ap. MPOAYKTOB. BmecTe ¢ KOKCOM MOJy4alOT KOKCOBbII ras,
KaMEHHOYTOMILHYIO CMONTY W CMECH apoMaTHueckuX yrneBonoponos (6eH3on, am-
MHaK ¥ ap.).

JInsi MonHOi XapakTePUCTHKH KauecTBa KOKCA OMpEAENsioT ero (hu3uue-
cKHe, XMMHYecKHe, (PU3MKO-XHMHUYECKHE H (PH3MKO-MEXAHHYECKHE CBOHCTBA.

K ¢u3nueckum CBOMACTBAM KOKCA OTHOCATCS MHKPOCTPYKTYpa, HCTHHHAs H
KaXCyLLasACst MIOTHOCTb, MOPHCTOCTb, MPOYHOCTD, NEKTPHUECKOE CONPOTHBIIEHHE
1 TErMJoBbIE CBOICTBA.
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[Mos XMMHMYECKHMH CBOHCTBAMH KOKCa MOHHMAIOT 30/1bHOCTh, BIaXCHOCTB,
CCPHHCTOCTh, BBIXOM JIETYy4HX BELUECTB, 371EMEHTHbIi1 cocTas, (pochopHcTOCTh, a

TaKKe TerIoTy €ro cropaHms.
K (l)H3MKO-—XMMH‘{CCKHM CBOMCTBAaM KOKCa OTHOCHTCA €ro peakuHOHHas

¢nocoBHOCTL, KOTOPYIO OMpEAENsIoT M0 CKOPOCTH peaKkUHH BOCCTAHOBNEHHS yr-
JIepOJIOM KHCIOPOAOCOAEPIKALLMX [a30B HIIH TBEPABIX OKCHIOB.

[lon ¢u3MKO-MEXAaHHYECKHMM CBOICTBaMM MOHHMMAIOT IPaHYJIOMETpHHE-
CKkHMil COCTAB M MPOYHOCTh KOKCa MPH BO3AEHCTBHM NPOOSIUIMX H HCTHPAIOLKX
YCHIIHH. .
KoMnieKc nepeuHcieHHbIX CBOHCTB Kokca obecrieunBaeT npH HaexalleM
Ka4ecTBe UIABMIIBHBIX MAaTEpHanoB W pallMOHAaNbHOM BEJEHHH NOMEHHOro npo-
|1lecca Heo6XOAMMYIO MPOH3BOAHTENLHOCTh JOMEHHON Me4YH M MOJyueHHE HyryHa
3alaHHOr0 KauyecTBa. .

Jlns npoM3BOACTBA KOKCa, OTBEHAIOLIEro HEOOXOMUMBIM TpeboBaHHAM,
HYXCHBI TIPaBUJIbHBIA 10460p M coyeTaHHe yrileH pa3M4HOro KauecTsa, onpene-
fleHHas NOArOTOBKA MX K KOKCOBaHHIO (ycpenHeHHe, oforalleHHe u npobieHue) 1
COBEpIICHHAS TEXHONOTHsI KOKCOBaHHS.

Yronb Kak chlpbe i KOKCOBaHHs OLEHHBAIOT MO €ro 30JIbHOCTH, CEpPHH-
cTocTH, cofepxaHiio (ocopa, BIAXKHOCTH, BEIXOLY JI€TY4HX BELIECTB, oboraTu-
MOCTH ¥ KOKCYEMOCTH.

30bHOCTh XapaKTEPH3YeT COlep)KaHHe B yrijle HEOPraHMYeCKHX BELIECTB.
ITpu BBICOKOM CONEPXKAHHH 30/IbHOCTH YT MMEIOT HH3KYIO TeIUIOTY CrOpaHHs.
M3 HUX HeNb3s MONYYMTh KOKC BBICOKOIO Ka4ecTBa, T.K. B HEM OCTalOTCs OpraHH-
yeckue selecTsa. MccneqoBaHHsIMH YCTAHOBJIEHO, YTO MPH MOBBILEHHH 30JIbHO-
cTH Kokca Ha | % ero pacxoz B JOMEHHOH Mevr BO3pacTaeT Ha 1,5...2,5 %, a pac-
xo4 (ocoB — MpUMepHO Ha 2,5 %, NpH 3TOM NPOH3BOAMTENLHOCTE JIOMEHHOI1
reum cHipkaetcs Ha 2...2,5 %.

301bHOCTb OOOralleHHbIX Yriel, HanpaBasgeMbIX Ha KOKCOBAHHE, COCTaB-
nsiet He donee 7...10 %.

CepHUCTOCTb YISl B 3HAYMTENBHOH Mepe CHMXKAeT Ka4ecTBO. KOKCa. Ycra-
HOBJIGHO, YTO MpH [OBBILIEHHH COAEPXKAaHHUs Cepbl B KOKCE Ha 0,1 % nomnoJiHu-
TesbHbI pacxon (IOCOB M Kokca cocTasiseT 2 %, a MPOM3BOIMTENBHOCTE [0
MEHHOII 1eyn CHIKaeTcs npumepHo Ha 2 % [2].

ITpH KOKCOBAaHMH yrieH uacTh CEpbl MEPEXOLMT W3 Yris B KOKCOBBIil ras.
Crernenb yaaneHus cepbl H3 KOKCa 3aBUCHT OT NPHPOALI yrieit, BbIX0Ja JIETY4HX
BELLECTB, COAEPXKAHHMS Pa3IHUHBIX BHAOB CEPBI U PEXHMOB KOKCOBAHHS.

Conepxanue Qocopa B YrisxX yBENHYMBAETCA MPOMOPLHOHANBLHO HX
30mbHOCTH. B mpouecce kokcoBaHHs (pocdop MOJHOCTBIO MEPEXOAMT B KOKC. Boc-
CTaHOBNEHHAst B Mpolecce AOMEHHOH MiaBKu 3HauMTeNbHas 4acThb ¢ocdopa no-
riowaeTcs 4yryHoM M AefiaeT X/JaJHOJOMKO# Mojy4aemyto M3 HEro craib. Co-
IACHO CYUIECTBYIOWMM TPeDOBaHHAM COLepKaHHE ¢ocopa B yroasHoH wLIHXTE
JU1s IPOH3BO/CTBA KOKCa HE 0JDKHO MpPeBbILLaTh 0,01 %.
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Bnaxnocts yris satpynuser ero [I0ArOTOBKY K KOKCOBAHHIO M CaM ['ji0Lecc
KOKkCOBaHHs. [lns ycnoBHH KOKCOXHMMHYECKOrO MPOM3BOACTBA XKenaTenbti, YTo-
bl conepikaHue Bnaru B lWnxTe He npesbiwano 7 %.

O6oratnmocts yrns ofycnasinsaer BbIGOP TEXHONOrHYECKOil Cxembl 1
MpOLECCOB OBoralleHHs 1isi NOMydeHHs KOHUEHTPATa C 3aAaHHbIMH NOK&3:Tes-
MH 30JIbHOCTH, CEPHUCTOCTH M BJIaYKHOCTH.

Kokcyemocts yris — ero crnioco6uocts 00pa3oBbIBaTh KOKC MpH colione-
HHH ONPENeICHHBIX yCIOBUI MOArOTOBKH H MOCIEAYIOLIEro Harpesa 6e3 JiocTyna
Bo3nyxa. KokcyeMocTh xapakTepHayercsi KOMIIEKCOM CBOICTE YTAlsl, CBSA3AHHBIX B
OCHOBHOM C €r0 CMEKaeMOCTBIO.

CnekaeMocts — 5T0 cnoco6HoCT yris NEPEXOAHTh MpH Harpesar: W 6e3
AOCTyna Bo3fyXa B MIaCTHYECKOE COCTOSIHHE ¢ 06pa3oBaHMeM 6osiee WIK MeHee
CBA3AHHOTO HEJIETYy4ero oCTaTka. DTO CBOICTBO YIS 3aBHCHT OT nerporpagduye-
CKOTO cocTaBa, CTafuH MeTaMOp(H3Ma H CTeNEeHH BOCCTAHOBIEHHOCTH. 2HAS 3TH
MapaMeTpbl, MOXHO C OMpEAEEHHOl NOCTOBEPHOCTBIO CYLHTh O CEKAEMOCTH
JlaHHOTO YTrJIsl.

[Toarotoska yris k o6oraluenuio sBnsercs 3HaunMOil COBOKYMHOCTbIO Olle-
pauHi, OT KOTODBIX 3aBHCAT TEXHOJNOFHYECKHE M IKOHOMUUECKHe noka3saresiu
oborateHus.

Ortepaumi MoAroToBKH yriis BKMIOYAIOT ero MpHEM, aKKyMyJISLHIO, yCpen-
HeHue, IpobnieHre U rpoxouenHe, ynanekue MOCTOPOHHUX NpeaMeToB. Ha 6onp-
LWHHCTBE Yr1eoboraTHTENbHBIX (paGpHK 3TH OMepaLiH BLITONHAIOTCS C YHETOM
XapaKTEPHCTHKH HCXOMHOTO YrIlsl, IPOH3BOAHTENBHOCTH habpukH 1 criocobia mo-
na4u yrns Ha dabpuky.

Tunosas TexHoNMoOrM4eckas cxema MoArOTORKH yris K 06oralieHHIo BKo-
HaeT yrienpueM, npeaBapHTebHYIO KiacCH(HKALMIO, BRIGOPKY MOCTOPOHHHX
MpEeAMETOB, ApobienHe, akkyMyIHpOBaHHe, yCpeaHeH e U [O3MPOBKY, MOUrOTO-
BHTEJIbHOE rPOXOYEHHE HA OTpeeieHHbIE KacChl.

M3-3a Heonmmakoseix cHcTem nomzemnofi wmu OTKPBITOH N0OBIYK yras u
CXEM €ro TpaHCMOPTHPOBaHMs Ha (pabpHKK B KaX0i ONepallii HMetoTCs pasnu-
UHs, 4To 00yCNaBIHBAET pPa3aHUHbIE KOMMIOHOBOUHBIE pewerus Ha (abpukax.

Yraenpuem. Ha o6orarturensHoii (abpuke yronb Moxer nonasathcs B
CKHMMaXx, LaXTHbIX BarOHETKaX, JHENe3HONOPOXKHBIX BArOHAX, ABTOMALUHHAX, KOH-
BEHEPHbLIM TPAHCMIOPTOM M rUApOTpaHcnopTom. TexHONOorHs npHeMa yris 3akJo-
HaETCA B €ro BeICPy3Ke B MPHEMHbIE OYHKepa WM AMbl 3HAYHTENLHOH BMECTHMO-
cti (100...300 M*). O6buHO mocse pa3rpy3xu psinoBOi yroiab HMeeT MakCHMalb-

HYI0 KpYNHOCTb KyckoB He 6osiee 300 mm.
Tpensaputenshas knaccudukauus yras MPUMEHSETCS B TEX Cilyyasx, koraa

TpebyeTCs BLIAENUTL W3 Pa3rpyXEHHOro yris Kiace kpynuee 100...150 MM, BbI-
Gopoit 13 KoToporo ygansercs yacTb Mopo/bl H MIOCTOPOHHHE MPEAMETSI.
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[epnuuroe apobnenue KpYMHOKYCKOBOrO YTJlst H MOPOAbL 00bIYHO OCyllle-
CranseTcs B IIeKOBbIX ApoBHIKax. AKKyMYyiMpoBaHue yris nocne npeaBapHTESlb-
110 [IPOBEAEHHbIX Onepauni NpoH3BOAHTCS B fyHKepax MW Ckiafax.

Vepeanenye yrieil nepen oforatleHHeM crocobCcTBYeT PaBHOMEPHOCTH
pll()OT»blk (abpuu, NOBbILICHHIO BbIXOAA H KayecTBa KOHLEHTpara, cTabunn3almy
[CXHOMOFHH TMPOM3BOACTBA, CHIDKEHHIO MPOCTOEB obopynoBanus. TexHHKO-
JKOHOMMUECKHE PAcUETbl MOKa3blBatoT, HTO yrneoGoratitenbhble (abpuki, Ha
KOTOPBIX MOCTPOEHbI YCPEAHHTENbHbIC KOMIUIEKCDL, HeCMOTpsl Ha JAOMOJHHTENb-
1oe yBesiHHeHHe KannTalbHbIX BAOYKEHHIT M DKCIUIyaTalMOHHBIX PacXxoloB 3KO-
LHOMHUHee B SKCTIyaTalln BCENCTBHE MOJYyHEHHS GobIIONH MPHOBIIH 33 CUeT
BLIMTyCKa NPOAYKLHH Hosee BbICOKOro KaiecTsa.

Ha coBpemeHHbIX Yr1eo0oraTHTeNbHbIX pabpHKax MPUMEHSIOTCS 1Ba Me-
Toaa ycpeaHeHus.
' [NepBblii METOJ 3aKNiO4aeTCs B pABHOMEPHOM [103UpOBaHKHK yriied pasiny-
HHOFO KAauecTBa M3 OTAENbHBIX aKKyMYJIHPYIOLHMX 6yHKepoB Ha cOOPHBIH KOHBEH-
ep, rnoJatoLLii yrofb B TEXHOJIOTHUEeCKHiT npoLecc.

ByHKkepHOe aKkKyMy/lHpOBaHHe U ycpenHeHHe Ha psly C MpenMyLIeCTBaMH
/IMEeT CyLLeCTBEHHbIE HENOCTaTKH (Manas eMKOCTb, OTHOCHTEJIbHOE YBENHUYEHHE
KATTHTANbHBIX M DKCTLTyaTALHOHHBIX 3aTpaT, BO3MOXKHOCTDL 3aBHCAHMA MaTtepHana
1T

Bropoit MeToll 3aKkiiovaeTcs B rnoc/ofiHolt ykiaake yried pasfiniHOro.ka-
yecTBa B WTabens Ha OTKPBITHIX MOLAAKaxX H B6IGOPOUHOM MMOJAYH HA 000TaTH-
TenpHyto (pabpHKy YMOXKEHHBIX CJIOEB C MOCIEAYIOUIHM aKKyMyJHpOBaHHEM B
MPOMEXYTOUHBIX OyHKEpax. TOT MeTOA MpeMMYLLECTBEHHO PacnpOCTpaHEH Ha
oBoraTHTenbHbIX (pabprKkaX KOKCOXHMHYECKHX 3aBOMOB, e yCpeqHEeHHIO NpHia-
eTes 0COBOE 3HAUECHUE B CBA3M C BBICOKMMH TPeDOBAHHAMH K MOCTOAHCTBY Kave-
ctBa kokca [7].

[ToaroTOBMTE/bHOE [POXOUEHHE MOCTYMNaoLIero M3 aKKyMYJHPYIOLIHX
SyHKepOB YIIIsl OCYIIECTBIIETCS C UENBIO PA3AeNeHHA €ro 1o KpyMmHOCTH.

3.2. Texnonorus o0orameHHst KOKCYOWHXCS yrueii

Jlng oBoratieHus KOKCYIOUMXCs yrieH NpuMeHAI0TCS pasjiMYHBIE TEXHOJIO-
riyeckue cxeMbl. Ha BbI6Op TEXHONOTHYECKOH CXEME oboralleHus BIUAIOT clie-
nytotue (pakTopbl: CBOHCTBA oborataeMoro yrisi, TpeboBaHHus K Ka4ecTBy Mojy-
4aeMbIX MPOAYKTOB OOOralleH s, MPOM3BOAUTENLHOCTE 1 3] (heKTHBHOCTb TEXHO-
JorHueckoro 06opyaoBaHHs, IKOHOMHKA MPOLECCOB oborauleHns, 3KOJI0rH4ecKrue
TpeGoBaHKs OXpaHbl okpysatoueit cpensl [6]. ,

Pasnuunas chipbesas 6a3a u apyrne (pakropbl MpeforNpPeestoT pazHyHbIE
[OAXOMb! K pa3paboTKe TEXHONOTHUECKHX CXEM yrneo6oratiTenbHbix Gabpuk.
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B kauecrse npumepa pacemorpim Texnonoruueckyio cxemy (prc.23) u
CXemy uenu annapatoB (prc. 24) oforawenusi koxcyiowmxes yraeii [OsxuHo-
SlkyTekoro yronsroro 6acceiina (o6oratirenshas dabprika “Heprourpumckas™).

O® paspesa “Heprourpuncknii” nepenata s skcnnyaraumnio B 1985 r.
Ans oborawienus Kokcyrowmxes yriaeii mapku K9 MECTOPOXKAEHMS, PacroiokKeH-
HOro B paioHe BeuHol mep3notsl Oxkuoil Skytin. Cuctema 106b14H yrnei ot-
KpbiTas (KapbepHas).

HMcxonpublit  yronb, XapakTepH3yloLIMiics 3HAYMTENbHbIM cojepxaHHem
KPYMHOKYCKOBOIO MaTepHaa, MoN0CUaThIM COXEHHEM W TPYAHOH 0GOraTHMO-
CThIO, HANPABIAETCS HA KONOCHHKOBbLIH rpoxoT / ¢ pasmepom wenu 200 mm. Hag-
PELIETHBIT MPOAYKT rpoxoTa ApoBUTCs B LWEKOBOH ApoGHiKe 2, NOCie Yero cme-
UIHBACTCA C MOAPELLETHBIM MPOJIYKTOM H HANPABIISIETCS HA FPOXOYCHIE B LICHII-
Apuyeckuii rpoxot 3. HanpelerHslii npogykT 3Toro rpoxoTa KpynHocTbhlo 6oJiee
100 MM nocTynaer Ha ApobneHne B ABYXBaNKOBYIO 3ybuaryio 1pobusky 4, nocie
1€ro CMELIMBAETCA C MOAPELUETHbIM MPOAYKTOM KPYMNHOCThIO MeHee 100 MM M
MOJABEpraeTcs knacCH(HKauKi Ha BUGPALIHOHHOM TPOXOTe § C OTBEpCTHAMH pas-
mepom 30 MM. HanpeleTHeIii nposyKT 3Toro rpoxora Takike OpobuTCs B Bajiko-
BO# 3y64atoii ApobuiKe H COBMECTHO C MOApPELLIETHBIM NPOLYKTOM HarpasiseTcs
B 6arep-3ymnd 6.

Taxnum o6pasom, HCXOAHBIH yronb roToBST K 06OraleHHIo MO cXeme Tpex-
CTaAHaJIbHOrO APOBeHHs C NpenBapHTENLHOI Knaccuukalmed B Kax/aoii cra-
anu. Takas cxema ApobrieHus nosBoaseT H3GexaTh UpPEe3MEPHOro H3MesbUeHHS
MaTepHana M Jly'ule pacKpbITh yrofibHble (Dpakunu TpyAHOOGOraTHMOro yris.
[lonyuenue 3epuuctoro npomykra crocoGCTBYeT MOBbILLEHHIO apdexTHBHOCTH
ero oboratueHus B TSHKENOCPEAHBIX FHAPOLHKIOHAX.

B Garep-3ymnipe 6, kyna nonaercs sosa, nponcxogut NepBHYHAs OTMbIBKA
LLIaMOB, KOTOpbIE HANpPABSIOTCS Ha (PROTaLMIO. YTronb KpyMHOCTbIO meHee 30
MM u3 barep-3ymnda noaaercs Ha obecLuIaMAHBAIOLHiT rpoxoT 11 ¢ LWebio pas-
mepoM 0,5 MM [UIsl OKOHYaTEeNbHOro obeclunamMiIHBaHHS W Hanee HarpasJsieTcs B
cMecuTens /), kyna nocTynaeT Takke KOHAWLMOHHAs MArHETHTOBAS CyCMEH3HS
W3 perynupyioulero baka /2, 06opynoBaHHOro annapatypol aBTOMaTHYecKoro
ynpaBjieHHs 4.

M3 cmecutensHoro 6aka yronb M cycrneHsus noctynaioT B TPeXMnpoayKTO-
BbIH TSHXEJOCPEAHbIH MMAPOLHKIOH 9.

Konuentpar Tskenocpentoro oforalueHns Hanpassercs Ha 1yroBoe CHTO
8 1 BUOPaLHOHHbII FPOXOT /15 OTAENEHHS M OTMbIBA CYCIIEH3HH, a 3aTeM B 06e3-
BOXCMBAIOLLYIO LUEHTPH(Yry 7 W [anee B CyuIMaKy KMOsLEro cios 23 W rocne
CYWKH B NMOTrPy30UHble OyHKepa.
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Omzods! @romauyuu
6 omban

Puc. 24. Cxema uenu annaparos Heprourpunckoit OP

Ilpomnponykt rnocne oraenenus, oTMbiBa CYCNEH3HMH M 00e3BOXKHBAHUS B
UEHTPH(Yre COBMECTHO C MPOMNPOLYKTOM (hioTomatny 21 Takse MOCTYMNAalOT B
CYWHARY kumsiuero cnos 23. Otxons o6pabarsisaiotes Ha rpoxote 17 u Hanpas-

JIIKOTCS B OTBaJl.
HCKOHIIHLIMOHHHH CYCTIE€H3HsI C 4YacTbl0O KOHOMLMOHHOM rMocJie nenurenei

16 noctynaet ans perenepauuu Ha SMEKTPOMAarHuTHble 6apabaHHble cenapaTopsl
13. CnuBbl ABYXCTanManbHOIT MarHHTHOI pereHepaLiy (MpoMnpoayKTOBBIE 1INa-
Mbl) CLYLL@IOTCS B FMAPOLMKIOHE 15 M uAyT Ha NpOMIPOLYKTOBYIO (hJIOTALIHIO B
MalUHHbI 21.

Bce wnamoseie Boasl rotoBaT k noTauiy B annapare KOHIHLHOHHPOBa-
HUA mynbnel 18 w Gnotupyior Bo dnotomaiunuax 19, s KOTOPBIX MOJIYyYalOT KOH-
UEHTPAT ( HanpaB/iseTcs Ha CyUIKy) H NPOMMPOLYKT, KOTOPbIH MOAAIOT Ha nepe-
¢noraumio B mawmuy 2/.

DnotokonuUeHTpat (notomatuiu 19 u 21 nocTynaet Ha BaKyym-(GpuibTp 20.
I[lpomnponyxt Qunotomatmnsr 21 nocne BaKyyM-(DHIBTPOBAHHMS HampaBnseTcs: B
CYWMIIKY KHIISLWETO closl 23, a OTXOAB! (PNOTAUMH — B CrYCTHTENb C OCAAKOYII-
nothutenem 22. CinB crycTuTens — B 060poT, a CryLUeHHBIE XBOCTDI obpabarhi-
BalOTCS Ha (YUALTP-TIpecce 24 W HAMPABMSIOTCA B OTBAJ.

4. ObOTAIUEHHME SHEPTETUYECKHUX YIJAEH

OCHOBHbIMH ﬂOTpe6HTCﬂﬂMH JHEPreTHYeCKHUX yrﬂeﬁ SIBJISAIOTCS TEIJTIOBLIE W
SNEKTPHYECKHEC CTAaHUHH. KPOMC TOro, 3Ha4YMTe/ibHass OOJsT TaKHX yrneﬁ HCITONbL-
3YETCA B KayecTne KOMl\l)’HZU'leO-6l>lTOBOFO tonnuea. Haubonee 3(])(l)CKTHBHI)IMH
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4 akHom cryuae GyayT anwtpauntel [3]. OTaenbHble K1acChl aHTPALUMTOB MOTYT
HCHOJIL30BATLCS KAK TEXHOMOTHUECKOe Chipbe MpH MPOW3BOACTBE TEPMOAHTPALH-
T2, HIEKTPOKOPYHAA, Kapbuaa KanbUus u Ap.

Jlas ronmyueHHs TEPMOAHTPALMTA MCMONB3YIOT BbICOKOKAUECTBEHHLIC aH-
TpaLUTLI, XapaKTepH3yIOLIMECs BLICOKHM CONEpXaHMEM yrnepoia Mpw HHU3KOM
BBIXOJIE JIETYUHX BELIECTB, KOTOPbIe MPOKANTHBAIOT MPH TEMMEPATypPe 1200...1300
"C B LIAXTHbBIX Ne4ax.

TepMOAHTPALUT ABASETCS MPAKTHUECKH HE3AMEHMMbBIM ChIPLEM T H3MO-
TOBAIEHHS FMEKTPOAOB, PHMEHSEMbIX TNPH NPOH3BOICTBE CTAlH H (peppocriaBos,
A TAKAKE YIAEPOMHbLIX MOJ0BbIX BJIOKOB, HCIIOMBL3YEMBIX A ¢yTepoBKH BaHH MpH
HAEKTPOSIH3E ANIOMIHMS 1 11018 JOMEHHBIX reteH.

Jlnst oBoraiieHus JHepreTHYeCKHX Yriei MPUMEHSIOT T€ XKe METO/LbI H MpO-
LecChl, UTO 1 Jula oforalleHKs Kokcylouuixes yrieil. Tpebosanus e K KauecTsy
noslyuaeMbIX MpOAYKTOB 0OOralleH s B IaHHOM CllyHdae HECKOJILKO HHOKE.

JHepreTHUECKHE YIIH PAa3HBIX MapOK B OOJBIIMHCTBE C/Tyaes oborauiatoT-
cst no rny6uHsl 6 (13) MM C BblAGIEHHEM OTCEBOB 6e3 ux oborawerus. OaHaKo
coBpemMeHHble TEHAEHUHH B PA3BHTHH nepepaboTKH 3HEPreTHHECKHX YrileH CBH-
JeTebCTBYIOT 06 3KOHOMHHYECKOTH 11enecoobpasHoCTH HX oboraleHus.

OcHOBHBIE OCOOGEHHOCTH CXeM mMepepaboTKH SHepreTHUeCKHX yriiedl cre-
nytomue. KpynHble kacchl yrieii 000ralaroTes B TSKEIBIX CyCHEHIHAX, MeJKHe
Knacchl HanpassioTcs B orsan. [peaycmaTpuBaeTes pacCOPTHPOBKA KOHUEHTpPa-
Ta Ha TOBapHbIE COPTA.

5. OBOT'ALIEHUE BYPbIX YIJEA U TOPIOYUX CJIAHUEB

Bypble yIJIH COCTABJIAIOT 3HAUNTENbHYIO HACTb YTOMBLHBIX PECYPCOB Harueil
cTpanbl. Bypoyrosbhbie Gacceiitbl i MECTOPOXIEHHS B OCHOBHOM ABITIOTCA uc-
TOUYHMKAMH SHEPreTHUECKOro TOMINBa H XMMHYECKOTO ChIpbA U razuuKaliu 1
MOJYKOKCOBaHMUS.

Vi nanGonee M3BECTHBIX GypOYrONbHBIX MecTopoxaeHuH — FOxHO-
Ypansckoro, KaHcko-AUHHCKOro i ApYrux HacceifHOB OTHOCSTCS K KaTEropHH
cnaGoCTPyKTYPHBIX MOOABIX BypbIX yrned. BiaHOCTs TAaKHX yrieit konebnercs
B npeaenax 16...70 %, a 301bHOCTb — 10...60 %. [1pu XxpaHeHHH Ha MOBEPXHOCTH
cnaBoCTpyKTypHbIE YT MO/ BO3AeHCTBHEM aTMOC(EepHOro BO3AyXa M TeMmnepa-
Typbl OTAAIOT BAry ¥ ObICTPO Pa3pyLUaioTes, 4acTo NpeBpatlasch B Mblb.

Gonblie nepcrneKkTHBbl HMeeT pa3sBUTHE Kancko-AuHHCKOrO 6ypoyroibHO-
1o Gaccefina KaKk OCHOBbI CO3AAHMs MOLIHOTO SHEPreTHYECKOro KoMIuieKca. YriH
sToro GacceiiHa palMOHaIbHO HCMONBL30BATE HE TONLKO M BbIPaGOTKH 3NIEKTPO-
SHEprH, HO W [JIsl TEXHOJIOMHUECKHX Lened [13]. §

Pa3paboTaH METO[ OKYCKOBAHHS M IpaHylMpOBaHU:A OypbIX yrneil 3TOoro
Gacceiina ¢ uenbio 3GQeKTHBHOrO WX HCrnosbp3oBaHus. JlokazaHa BO3MOXKHOCTH
[oJiydeHusi NPOYHOro, TPAHCMOPTadeibHOro, BbICOKOKANOPHIHOro 6e31bIMHOrO
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Puc. 2. Knaccudukaums ocHOBHBIX METOIOB H rpoLeccoB oboraleHus
yrnei

[MpyMeHeHHe TeX MM HHBIX NpOLECCOB 00ycNnaBiuBaeTCsl KauecTBEHHOI]
XapaKTEPHCTHKON HCXONHOTO ChIPbS, CNOXHBLUHMHMCA TEHACHLHUIMH pa3BHTHS
TEXHMKH M TEXHOJIOTHH 00OrallueHHs W TeXHHKO-3KOHOMHUYECKHMH coobpake-
HUSIMH.

CoBOKYNHOCTb NMpPHMEHSEMBIX MPOLECCOB H onepauuii obpabortkn yras
KOMIIOHYETCsl B cXeMy oboratieHus. Pasnuyaior TEXHOJIOTMUECKHE, KaYeCTBEHHO-
KO/MMYECTBEHHDIE, BONHO-LIAMOBbIE H CXEMbI LIEMH annapaTos.

TexHonornyeckas cxema oGoraweHus XapaKTepH3yeT MocienoBaTe/lbHOCTL

TEXHOJIOTHYECKHX MPOLECCOB M Onepauuii, KOTOPbIM MOABEpracTcs yronbs npu
oboratueHHH.

Ka‘-leCTBEHHO—KOJH'I'-(GCTBEHHHH cXema oGoramemm BIJTFOYAET AAHHbLIE O KO-
JIMHECTBE W KauecTBe NpoaYyKTOB. 060[‘&[11,81*{”7!. Ka‘{CCTBCHHO-KOHHLICCTBBHHHH
CcXeMa rno3BoJiseT OMNpEeAENUTh pacxon NMPpOAYKTOB BO BCEX Oonepauusax pasneneHus

HJIH CMELUEHHS, UX BbIXOM, 30JIbHOCTDb H BJI&XKHOCTb, COLEpXKaHHE Cephbl, ECliH obo-
ralueHue BeneTcs rno cepe.




image47.png
OKYCKOBAHHOIO TOMIHBA W MPaHyHPOBAHHBIX COpbeHTOB Ha ocHoBe NpOAYKTOB
JHeproTexHonoruycckoii nepepabotku 6ypoix yrie.

HoBblit BHL oxyckoBanHoro tomsa MOXET MPHUMEHATLCSA B METalypri-
HECKOH MPOMBbILLIEHHOCTH, JHEPreTHKe, UBETHOH MeTannyprum u np. IMonyyen-
Hble COPOEHTLI MOTYT HaiiTH NPUMEHEHHE N5l 3aMEHbI I0POrOCTOSALLIE O copben-
Ta, HCNONb3YEMOro B HACTOsILLEe BpeMs B fpouecce ynasnnsaHus u Bo3Bpata pac-
TBOpHTENeH U3 NPOH3BOACTBEHHbIX ra3oB, s YNaBIHBAHHS CEPHUCTOrO aHru-
PHIa B Ka4eCTBE HOCHTENS LIS HEKOTOPbIX METaNNHYECKHX KAaTaM3aTOpPOB B ra-
30BOH M APYTHX OTPACHAX NPOMBILINEHHOCTH.

[pumenenue ans oborawenis CNaboCTPYKTYPHBIX yraeit 0BbiumbIx MOK-
PBIX M CYXHX METOMI0B 000IaleHHs HELeecoodpasHo u3-3a MX 1HH3KOI MpoUHo-
¢t Kpowme Toro, kak npasio, KPYMIOCTL BKPAanAeHHOCTH rycToii nopofisl B
YFOJIbHOE BELUECTBO COCTaBJsieT MHKPOMETPbLI, H B pe3ynbTaTe W3Bieun ee npak-
THUYECKH HEBO3MOYHO.

BricokoszonbHbie Oypble yrau c NPOYHOIT CTPYKTYpOI, 3arpsi3HeHHbIe BMe-
WAIOWHMH IopofamMi, MOTYT ObIThb MTOABEPrHyTLl MEXaHHYECKOMY 06OoralLeHio
CYXHMH METOLAMH BCJIEACTBHE CHIBHOI Pa3MoKaeMocTH yraeit.

Moxkpoe oborauenue C1abOCTPYKTYpHBIX Oypbix yrneit npuBoaut K Mx
PasMokanHio, 06pa3oBaHiio 6OMBIIOrO KoNHyecTpa MENIOYH M YCIOMHEHHIO Npo-
Llecca yNnaBiHBaHUs LUNAMOB, HX 00e3B0XHUBaHMS, CYLWKH U T.;1. B GonblinHCTRE
Clly4aeB ynaneHue u3 Takux OypeIX yrieii MHHEDAJIbHO# 4aCTH BO3MOXKHO UL ¢
NTOMOLUBIO XHMHYECKHX METO/O0B. )

CnaboctpykTypHbie yrau o6buHo He oboraiwaiot, a nonsepraror OpHieTH-
poBauuio. Bpuketuposanue yrieii - s1o fpouecc mexaHH4yeckol nepepaboTiu
YrONbHOH Menoun ¢ 06pa3oBaHMeM OAMHAKOBLIX MO (opme, pasmepam u macce
KyckoB Tonnusa. bpuketuposatuio moryt noaseprarscs Topd, Gypele yriu, men-
KHE KJ1acChbl KaMeHHbIX yrieil H aHTpauuToB, NIONTYKOKCOBas W KOKCOBasi MENoup
[16].

I1o cpaBHeHmIO ¢ 0BbIUHBIM TOMIHBOM OpukeTbl o6nanaiot Gosee BbICOKH-
MH TENNOTEXHHYECKMMH NOKa3aTeNIMH — TeroToji CropaHHsl, MoJHOTOH cropa-
HU3, JIyq1IeH TpaHCrnopTadenbHOCTbIO, Gobliel YCTOHYUBOCTLIO MPH XpaHeHHH.

Hmeetcs mBa criocoba OpikeTHpoBanus yrneii: 6e3 CBSI3YIOLUMX BELUECTB
fpi MOBBILIEHHOM AaBNEHHH MPECCOBAHHA M ¢ 106aBKOH CBA3YIOLUMX BELIECTB
TpH ManelX NaBJeHUAX NpeccoBaHus. Ges CBA3YIOLNX GPHKETHPYIOT TOp() 1 Mo-
nofble OYpble YIIH, CO CBA3YIOLMMU — Meoyh KaM@HHBIX M CTapbIX OypbIX yrieii,
AHTPALHTOBELI LTLIG, MONYKOKCOBYIO 1 KOKCOBYIO M€Jjioub.

bypeie yrnu Gosee shicokmx crammii MeTaMop(u3mMa 06analoT ny4wumu
(usnueckumu cpofictamu 1 TTOOTOMY K HHM MOKHO MPHUMEHSTL MEXAHMYECK|le
METOAB! oBorawenis. I takin yrasm oTHocsTes Oypble yram mectoposucueris
Ypana n IloamockosHoro Gacceiina,

Ha VYpane skcnnyarupyercs psii oboratntenbHbx (pabpuk 1 YCTaHOBOK,
000pYAOBAHHbIX  MHEBMATHYECKHMH cenapatopami. TexHONOrHueckue cxemp
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yTHX (pabpHK M YCTAHOBOK MPENyCMaTpHBAIOT oboraileHne yrias KpyMHOCTBIO
30...75 mm. Ha dabpukax noay4atoT KOHLEHTPAThl KPYMHOCTBIO 30...75 MM # OT-
ceB kpynHocTbio MeHee 13 MM. [TpomyKTht 0GoralLeHHs UCIONB3YIOT IS CHKHIa-
HUS HA TEMJIOBBIX NEKTPOCTAHLHSX C MbUIEYTOJbHBIMH TOMKaMH.

O6orauieHne roployHX cjiaHueB. 3anackl roployMxX CIaHLeB COCPENOTO-
yenb! B HeCKONbKHX GacceifHax. Hanbonbliee MpOMBILIIEHHOE PA3BUTHE MOy HII
[MpubanTuiickuii cnanuessli 6acceiH. CnaHell — ropioyee HCKOMaeMoe opratuye-
CKOTO MPOUCXOXKAEHHs. [0 COBpPEMEHHBIM MPEICTABIEHHSIM, MPEBPALIEHHE Opra-
HHUYECKOro HCXOMHOrO MaTepHana OCYLECTBIIANIOCH B, OKHCIUTENBHOH Cpene, B
KOTOPOH He MOI/IH COXPAaHHTbCS (POPMEHHBIE OCTATKH OPraHH3MOB. Ve Ha paH-
Heil CTaZMK Pa3NoKeHHsT HCXOJHOTO MaTepHaa MPOUCXOANIIH yCpeNHEHHE cocTa-
Ba OpraHM4YecKOro BellecTBa M 06pasoBaHHE KOJIOWIHOIO «BOAHOrO» ryMyca,
cTapeHue KOTOPOro BMOCNEACTBHH MPHBENO K 00pa30BaHHIO XMMHYECKH OJHO-
pPOAHOrO OPraHHYecKOoro BELLeCTBa cjaHua — KepporeHa. DyeMeHTHBIH COCTaB
KepporeHa CaHLEB JOCTATOYHO MOCTOAHEH, OH Majo H3MEHAETCH [ pa3iHuHbIX
c/loeB U paiioHoB mecTopoxaeHus. CojepykaHHe B HEM OTACGBHBIX S/EMEHTOB
cnenytotiee, %: yrnepoja — 76...78; somopona — 9,3...9,7; cepbl — 1...2,1; a3oTa
-0,16...0,46; xnopa —0,2...0,8; kncnopona — 9,9...11,7.

Mo ¢u3udyecKHM CBOHCTBaM KepporeH MpeicTaBiseT coboit amopdHoe Be-
lLeCTBO OT TEMHOrO IO CBETJIO-KOpHYHEBOro uBera. B macce cnaHla KepporeH
BKparuleH 4acTHLaMH KPYMHOCTLIO 20...150 MKM.

MHHepanbHasi 4acTh CJ/laHla COCTOHT M3 kap6oHaToB U 06JOMOYHOTO Tep-
pHreHHOro Martepuana: Ksapua, aJloMOCHINKATOB U [p. CopgeprxaHie MHHEpab-
HbIX MpUMecei B CIOAX M MPOCJIOiKax claHua kone6iercs B npenenax 54...85 %,

conepxanue kepporesa — 15...46 %.
JoGblBaeMble CNaHLbl HCIONB3YIOTCS: KaK JHEPreTH4eckoe TOMINBO (6e3

oGoraluenus), Ansl MOJIyKOKCOBaHMs, nepepaboTKy B ra3oreHepaTopax H rojy4e-
S ra3a C BbICOKOM TEMIOTOi cropaHHs, XHAKOro TOMJKHBa ¥ APYTHX MPOAYKTOB.
MiHepanbHas 4acTh CAHLEB MOXKET WCIOIb30BATLCA AUIS MOMYHEHHA BLICOKOKA-
4eCTBEHHOr0 LEMEHTa H psifia APyrHX CTPOUTENIbHBIX MATEPHAIIOB. .

B npouecce 106bIMH FOPIOYHE CNAHLBI 3aCOPAIOTCSA BMELIAIOUIHMH MOPOaa-
MH H MpOCJIOHKaMH H3BECTHSKOB, MNIMHBI U Jp. O6oralieHHe ClaHLeB M0Ka Haxo-
[uT orpaHuueHHoe npuMeHeHxe. OIHAKO TEHACHLMS pa3BUTHA cnaHLeBOH Mpo-
MBILLJIEHHOCTH CBHUAETENLCTBYET O LENecooOpasHOCTH Pa3BHTHS KOMIUIEKCHOTO
HCMONB30BAHIIA CNAHLEB HA OCHOBE MX NPeBapHTENIbHOro 000ralleHHus.

[MepcreKTHBHBIM SBIIAETCS MCMOJIb30BAHME TOPIOYHX CTAHLEB /1A MOJyHe-
HUS M3 HUX KOHLEHTPATOB C BHICOKHM COAEPXKaHHEM KepporeHa. [Nonyuenue Ta-
KOO KOHLEHTpaTa MOXET ObITh OCYLIECTBIEHO (oTalued HCXORHOTO ClaHua,
npeaBapHTeNbHO M3MENIbUEHHOro A0 KpYMHOCTH 90...95 % xnacca menee 0,074
MM.

KepporeH — LEHHOE ChIPbe ISl MONyUEHHs Pa3nHiHbIX XHMHUECKHX Mpo-
nykros. OH HaxoanT Bee Goslee WMPOKOE MPUMEHEHHE B KAUECTBE HAMONHUTENA
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MpH MPOH3BOACTBE KHCIOTOYNOPHBIX M LIENOUEYIOPHBIX MIACTHYECKHX MAcC, Iuist
MOJy1eHHA CHELHANbHBIX COPTOB 360HHTA, PE3HHOTEXHHYECKHX M3NENHil py-
THX MaTepHaNoB. B ka4yecTBe HANONHHTENS KepporeH MOSHOCTBIO MM 4acTHYHO
3aMEHAET 0POroCTOAIIHE HAMOIHHTENH (ApeBECHYI0 MyKy, ac6ecT T.4.). I'lpu-
MEHEHHE KepporeHa Mo3BOJSET yMEHBIUHTb PAacXol AE(HLHUTHBIX derosndhop-
MaJbAErHAHBIX CMOJ, He yXyallas KauyecTBO M3IeNHil, CHH3HTS pacxon Marepua-
JIOB M MX ceGecTOMMOCTb NMPH MPOM3BOACTBE MIACTMACC H PE3HHOTEXHH Y CCKHX
H3nenui.

Jlenrunpowaxrom paspabortana TexHonormueckas cxema rinybokoro 260-
FallleHHs TOPIOYHX ClIaHLEB MUl MoMyYeHHs kepporeHa — 70. ITo 3Toif cxeme 760-
ralaiores cnanuel kpynHoctsio 0...30 MM ¢ conepkaHneM B Hux 30...36 ' Kep-
poreHa. KoHeuHbl# KOHLEHTpaT momkeH conepxats 70...75 % kepporena ¢ BbI-
X0IOM KOoHUueHTpaTa 42...44 %,.

B cxeme uenu anmaparos NpefycMaTpHBaeTcs NMPHMEHEHHE LapOBBIX
MEJBHHL, paboTaloLIHX B 3aMKHYTOM LIHKJE C THIOPOLMK/IOHAMH HJTH CIIHPAITLHEIM
K/IaCCH(PHKATOPOM, C LENbIO H3MENBYEHHS CNaHLER Ao kpynHoctu 90 % knacca
meree 0,074 MM H ueTblpex mepeuncrok KOHLEHTpaTa OCHOBHOH (oTauuu u
KOHTPONIBHOH NepeuucTkH 0TX040B. O6e3BOKHBAHUE KOHLEHTpaTa OCYLLECTBSA-
CTCA HA MMCKOBbIX BAKYYM-(DHIBTPAX, CyliKa B Tpybax-CyLIHaKax MHEPTHBIMI ra-
3amu. [lpakTuka skcrmnyatauuu ycraHosk, paspabotaunoit JlenrunporiaxTom,
MOKA3LIBACT, {TO XOpPOLIME TEXHOJOTHYECKHE MOKA3aTeNH 0BOralleHMs MOTYT
OBITH IOCTHIHYTBI NPH KPYMHOMACIITABHOM oboratenni cnanues [12].
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BoaHo-wnamoBas cxeMa MoKa3blBaeT pacXol BOABI B OTHENILHBIX ONepaly-
AX ¥ cofilepXkaHHe B Hell TBepoH (a3l (LunaMoB).

[TonHOTy TeXHONIOrHYECKOro mnpouecca oboraileH1s 06bIMHO XapaKTepH3y-
10T COBMELIEHHOH KayeCTBEHHO-KOJIHYECTBEHHOH H BOMHO-IIIAMOBON CXEMOH,
n300paxcaeMoif Ha OJJHOM YepTexe.

Cxema ueny annapaToB XapaKTepH3yeT MOCJeN0BaTENbHOCTL Pacrosoke-
HHMS MallMH M annapaToB, MPHMEHSEMBIX s BBINOJHEHHS TEXHOJOrMYeCKHX
NpoLECCOB 00OrallleHH s, HauHHas C MOCTYIUIEHHS YriiA Ha (abpHKy H KOHUas BbI-
naveil TOBapHBIX KOHLEHTPATOB M oTX0oZoB. Ha cxeMme uenu anmapatos o6biuHO
YKasbIBalOT THI M YHCJIO H300paXKEHHBIX YCIOBHBIMH 3HaKaMH MALUMH W afmnapa-

TOB.

2.2. O6oramenne yrjeii B TSKeJbIX cpeaax

TsoxenocpenHoe oborallieHne yriist B HacTOsIlIee BpeMs 3aHUMAeT ONHO M3
Befynx mecT. O6BeM yriei, oboralaeMslx B TSOKEIBIX Cpelax, HEYKIOHHO BO3-
pacTaeT BO BCEX CTpaHaX, YTO OOYCIIOBNEHO yXYIIIAIOLIMMCS KayeCTBOM H06bI-
BAEMBIX Yryiel H BBICOKHMH TEXHMKO-2KOHOMHYECKHMH MOKa3aTeNsIMH 3TOrO Mpo-
uecca. Jlo HacTosero BpeMeHH TshKesocpeJHoe oboralleHne NpHUMEHSIH B OC-
HOBHOM Ut yried KpynHbIX kjtaccoB. OfHAaKO ceHdac 3TOT NMPOLECC HAXOAMT BCe
Bonee lMpokoe pacrnpocTpaHeHHe s oboraiieHus TPYAHOOOOTATHMBIX yrien
MEJIKHX KJacCOB M OpOOGJIEHOro MpoMITPOLYKTa OTCaAKH B TSKEIOCPEAHBIX THI-
POLIMIJIOHAX.

OcHOBHOE NMPEUMYILECTBO TSHKENOCPEIHON Cenapaiiy — BLICOKask TEXHOJO-
ruveckas 3 ()eKTHBHOCTb, 0OCOOEHHO MpH 06OrallleHHH KPYMHBIX KJIACCOB YrIeH.
[Noka3zaTenit oboraleHus 6JIU3KH K TEOPETHYECKUM.

Ob6oralleHHe B TKENBIX CpelaX MOXKET OCYIIECTBIATHCS B KHAKOMH (BOOHO-
yTSDKEJIEHHOH) cpelle HIIM B BO3IYLUHBIX B3BeCsX (a9pOCyCHeH3HsX).

B KauecTBe TSDKENBIX Cpell NPUMEHSIOT 00HOPOOHbIE Op2aAHUYecKUe JHCUO-
Kocmu u ux pacmeopsl, 600HbIE PACHIGOPLI CONell U CYCHEH3UU.

Onnako npuUMeHeHHe OPraHHYecKHX >XMAKOCTeH s oboraleHHs yris B
NPOMBILIEHHBIX MaclITabax CAepHKHBAETCsl MX YPe3MEPHO BBICOKOH CTOMMOCTBIO,
TOKCHYHOCTbIO, TEXHHUYECKOH CIIOXHOCTBIO pereHepauMd MW, Kak CleCTBHE,
60MbHMH KaMHTAIBHBIMH M 9KCITyaTallHOHHBIMK PACX0aMH.

Boauele pacTBOpEl HeopraHuueckux conei (xyopucroro kansuust CaCly, p
= 1654 xr/m*; xnopucroro uuuka ZnCly, p = 2070 xr/m’) npumensiioTes ans Hc-
cnenoBaHus yrneit Ha o6oraTHMOCTb M KOHTPOJSl paboThl 0O6OraTHTENLHBIX Ma-
LLIHH.

Cycnensun MHHepasbHbIX MOPOLIKOB BBICOKOH MJIOTHOCTH Hanbonee LUH-
POKO NMPHUMEHSIOTCS Kak TshKenas cpefia AJs pasfielieHus yriei B TsHKeJoCpeaHbIX
annapatax. B kauecTBe yTsKeNHTeNst HCIONb3YIOT H3Meb4YeHHbIE 10 KPYMHOCTH
menee 0,1 MM pasfiHuHble MHHepabl, HHOr4a CMECH MHHEPAJIOB.
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. CeoiicTBa Munepansnvix cycnensuii — nnommocms, éa3kocms u yemoii-
Hugocmb — BaXKHEHIIME napameTpsl, ONpeensiouHe BO3MOXXHOCTEL H s dextus-
HOCTh pa3fiesieHHs yrisl.

[lnorHocTs cycmensnm OMKHA COOTBETCTBOBATh PAHMYHOM UIOTHOCTH
pazpenexust p, C yBelHuEHHEM IIOTHOCTH YTSKEIMTENS H ero 06BeMHOro co-.
AiepxKaHHsl MIOTHOCTb CYCNEH3HH YBENMYHBAETCS. [IOCKONBKY C MOBBIILIEHHEM CO-
ACpXaHus yTAKENUTENS B CYCIEH3UH YBEIMUHBAETCS €€ BSI3KOCTh, IIPEANOUTEHHE
OTAAIOT YTSDKENHUTENSM ¢ Oosee BEICOKOM MIOTHOCTHIO.

Ipu oGorawennu B TAKENBIX CYCNEH3NAX BECh HCXOAHBII MPOLYKT pasge-
NSETCS Ha BCMUIBIBLIYIO M MOTOHYBIIYIO (pakiii. VICKIIOUeHHe COCTABMIAIOT TaK
Ha3bIBAGMble TPYAHbIE (PAKLHH, MIOTHOCTh KOTOPBIX OTIHMYAETCS OT MJIOTHOCTH
paszenenus He 6onee uem Ha 100 kr/m’. Dtu (bpakuMK YaCTHYHO 3a1epKHBAIOTCS
B HHCXOISALIMX HJIM BOCXOAALLUMX [OTOKaX CYCMEH3MM CHJIAMHM AMHAMHUECKOrO
COMpOTHBIEHHS M BA3KOCTH cpefibl. Hanuune Tpyausix dpaxuuii — ogHa u3 npu-
HHH B3aWMHOTO 3aCOpeHHs NMpPOAYKTOB pasjeneHus. DddexTHBHOE pazieneHue
TPYAHBLIX (ppaKumuii obecreyHBaeTCsi CHHXKEHHEM BA3KOCTH CYCIIEH3HH.

Onpenenenye Heo6X0AHMON IIIOTHOCTH CYCMIEH3HH JUKTYETCS 0BGOraTHMO-
CTBIO yrilsl ¥ TPeOOBaHHAMH MOJYHEHHs! [IPOAYKTOB 06OralleHNs KOHIULHOHHOrO
kayectsa. Hanboree winpokoe NpoMsliieHHOE [IpUMEHEHHE 1 06OralleH s yr-
Jied HallIM MarHEeTHTOBBIE CYCMEeH3UH MIoTHOcThi0 1300...2100 kr/m’.

Pacuer nioTHocTH cycneHsun m Apyrux ee mapamMeTpoB MPOH3BOLHTCH
1o (opmynam, OCHOBaHHBIM Ha Gasnarce TBepoi M KHAKOH (a3 B JaHHOM 06be-
ME.

BsizicocTs cycnensuu u npeaenbnoe HANpPSIKEHHE CABHIA XapaKTePH3yIOT
peoJIOrHYeCKHe CBOHCTBA CYCHEH3MH. MarHeTHTOBBIE CyCHEH3WHM MpH BBICOKOT
KOHLEHTPALMH yTHKENUTENS U HAIWYNK LI1aMa M TIIMHBI CTAHOBSTCS CTPYKTYp-
HO-BA3KMMH. B TaKux CyCHeH3MsAX yXyawaercsi pasfelleHHe YIisi, 0COGEHHO Mel-
KHX 3€peH, KOTOpbIE€ HE BCIJILIBAKOT H HE TOHYT, TaK KaK He MOrYT NPEeoaOJIETb CO-
MPOTHBJIEHHE CPEbI.

YeToli4nBOCTE CYCMeH3HH XapaKTepusyeT ee CMOCOGHOCTh COXPAHATH
ONMHAKOBYIO MIOTHOCTb B Pa3/HYHBIX CNOSAX M0 BBICOTE pa3[e/IMTENLHOrO arma-
parta. YCTOH4HBOCTb CYCMIEH3HH 3aBMCHT OT IPaHyJOMETPUYECKOTO COCTABA yTsi-
KENHUTENs, ero 06beMHOH KOHLEHTPALHH H CTENEeHH 3aCOPEHMs CYCIIEH3HH LUna-
MaMH M TIHHOH. C yMEHbLIEHHEM KPYMHOCTH yTSDKEJHTENs H YBEIHUEHHEM CO-
DiepXxaHHs wnama M riHHbl YCTOHYMBOCTB CYCMNEH3WH BO3PACTaET, uTO sABMsSETCS
MOJIOXHTENbHBIM (pakTopoM. ONHAKO MPH 3TOM BA3KOCTH CYCMEH3HH YBEJIHYHBa-
€TCsl, 4TO BBI3bIBAET HEXeaTelbHOe CTPYKTYpooOpa3oBaHHE W yXy[LUEHHE pe-
3yﬂbTaTOB.p33I[€ﬂ€l-llrlil o6oraLuaeM0ro MaTrepHana.

Yayqwenue peosoruyeckux CBOICTB cycneH3Hii OCYLIECTBASETCS MOJ-
bopom yTskenuTenei, OTNHYAIOLIMXCS BLICOKOH CTEMEHBIO arperaTHBHOI YCToii-
YHBOCTH M HE [OBBILLIAIOWIMX BS3KOCThL CYCMEH3WH, MMAPOAHHAMHYECKHMH BO3-
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JCTICTBHAMM B pabCuem [POCTPAHCTBE TAKENOCPEAHOr0 anrnapara, a Takuke (hu3H-
KO-XHMHUECKHM BORIEHCTBHEM PEareHToB-1enTH3aTopoB.

[ThumMeHeHHe [earcHTOB-TIENTH3aTOPOB CHIKAET BSA3KOCTL M MpeaesbHoe
HanpsK Hie CABHIA cycreHsuu Ha 15.35 %, BciencTaMe 4ero yiydiiaercs He
TOLKO | pouecc oBoralleHis, HO M OTAENeHHe MarHeTHTa MpH OnonackuBaHWH
[IPOAYKT 1B, @ TAKIKE [10BbILLIAETCS IQ(EKTHBHOCTL PEreHepaLii CyCcreHsmm.

Hi10onee >ipexTHBHBI M3 H3YYEHHBIX pEareHTOB-MenTH3aTopoB rekcaMe-
tadoce 1 Tpunonudocdar HaTpus. YKasaHHble peareHTbl HCMBITHIBAINCH Ha
psiae yrs: oboraTHTENLHEIX (abpHK, 4TO MO3BOMHIO PEKOMEHAOBATL HX A MPO-
MBILLJIEH OTO BHE/IpEeHMs, 0CODEHHO B Cly4asX MCMONb30BaHHA CHBLHO 3allliam-
JIEHHOIT ¢ “CTEH3MI M TpH MpHMEHEeHHH s oboralieHn CyCrneH3HH MOBbILICH-
noit et octi (2290...2300 I(I‘/M3).

Pe( 10rHyeck4e CBOMCTBA TAKENbIX CYCMeH3HHi MOryT ObiTh TakxKe yjyUile-
Hbl (pM3Mi 0-MexaHdueckuMu cpeacTsamy. Konebauue cycnewsii ¢’ 4acToTo¥
5...8 T v amnauTya0i 6..10 MM MPHBOAMT K 3aMETHOMY CHHIKEHMIO €€ BA3KOCTH
(1a 30...40 %) npu OQHOBPEMEHHOM TMOBBILIEHHH ycToiunBocTH.  MakcHmals-
Hblil 3¢de T moctiraercs npu 06paboTke CHIABHO 3ALNAMEHHBIX W CTPYKTYpH-
POBAHHBIX * YCMEH3H.

OG0 aueriue KpyniolX U cpeoHux KIaccos yeneii 6 majice/10CpeoHsiy ce-
napamopax, 6 KOMOPLIX y20/16 pa30enaenica no naomHoCmu ¢ zpasumayyon-
o none. Cylues tBYeT G0MbLIOE HKCIO CenapaTopoB pa3sHooOpa3HEIX THIOB, KO-
Topble KNa H(HI1PYIOTCS MO PSAY KOHCTPYKTHBHBIX HIIH TEXHONOTMHECKHX Ma-
PAMETPOB: ~OCTOsI MO paboUei kamepbl (BaHHbI) — MOABHIKHBIC (6apabaHHble) 1
HermoABMIKHLIE; TIVOHHE BaHHBI — MeNKHe W riybokue; cnocody BBITPY3KH MPO-
JVKTOB pasi(cfleniT — MexaHH4ecKHe, asponu(THble, rHAPaBIH1EeCKHE, rpebxo-
Bble, NEHTC'(HbIE 11 C IJEBATOPHBIM KOJIECOM; YHMCIY BblAaBaeMblX MPOAYKTOB —
JBYX — H TPUXTIPOAYKTOBbIE H APYTHM MPH3HAKAM.

Cenaparops! THna CKB (c BepTiKanbHbIM 3]1€BaTOPHBIM KOJIECOM) Mpea-
Ha3HaueHbl U1 0OOralleH sl KaMEHHBIX YIJei, aHTPaUMTOB If ClIaHUEB KPYIHO-
cTbio 13(6)...300 MM B MarHeTHTOBO#H CYCMEH3HH MIOTHOCTBIO 1400...2200 Kr/nm’
¢ nofyueHieM ABYX NMpoaykToB pasaenetus. Cenapatopst Tina CKB BbimyckaioT-
Cst CEPUIHO 1 TOBCEMECTHO MPUMEHSIOTCS Ha 000raTHTENbHBIX (abpuxax.

Cenapatop (pHc. 3) COCTOMT M3 BaHHbI, yCTPOHCTB IUISl Pa3rpy3KH BCIUIbIB-
LIero ¥ NOTOHYBILIEro NPOAyKTOB M MPHBOAOB 3THX ycTpoiicTs. Ha kopryce 7 ce-
rnapaTopa yCTaHOBIEHbI 3€BATOPHOE KOJECO 7, MPHBOJ 3/1EBATOPHOTO KoJeca 4,
rpe6KoBbIit MEXaHH3M 5 C MPHUBOJIOM, OMOPHbIE KATKH & 3N1€BATOPHOTO KoJeca
el1o6 6 st preMa BerbiBLIEH (pakiyy.

Koprnyc uMeeT 4eTblpe OMOPHBIX KpoHLWTEliHA /] ¢ OTBePCTHAMM 1151 yCTa-
HOBKHM M KperieHHs Cenapatopa Ha pamy My omnopHble 6ankn.

MexouHblii NpoAyKT 1o 3arpy3o4HoMy enoby 3 nocrynaeT Ha MoBepx-
HOCTb CYCrEH3HH B BaHHe cenapatopa. ONHOBPEMEHHO Yepes HIDKHIHA maTpy6ok H
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pacnpeientTensHoe yCTPOHCTBO 2 B BaHHY MOAAIOTCS TPAHCMOPTHPYIOWH (o4
CJI0# HCXOAHOrO NPOAYKTa) H BOCXOASLUMHA MOTOKH CYCTEH3HH.

B BanHe cemapaTopa HMcXOAHbI MaTepHan pasfiensieTcss B COOTBETCTBHH C
MIOTHOCTBIO CYCMeH3nH. BenabiBuni npoaykT (KOHUEHTPAT MM NPOMNPOAYKT)
pasrpysxaeTcs rpedbKoBbIM MEXaHW3MOM, a MOTOHYBIUMI — oceaaeT B Koswiax 10
2/1eBaTOPHOTrO KOJIECa H [PH €r0 BPALLEHHH BBIFPYXKAETCS W3 CEMapaTopa.

OneBaTOpHOE KOJIECO BHYTPEHHEil YacTblo KOJblLA OMHPAETCH Ha KaTkn 9,
MMEIOLLHE BHHTBI 18 PEry/pOBaHHS MOJIOXKEHHS KOJleca OTHOCHTENBHO Kopryca
cenaparopa. Hanuuue B 31€BaTOPHOM KoJlece pelueTok /2, WapHHPHO COeqHHEH-
HbIX C KOBLIAMH, NaeT BO3MOXHOCTb MOTOHYBLUEMY MPOLYKTY 3arpyXaThCs B
KOBLL C BHYTPEHHEH CTOPOHBI CEMNapaTopa, a BbIrPYKAThCS C HAPYHKHOH.
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Puc. 3. Cenapatop ¢ BepTHKaNbHbIM 3J1€BATOPHBLIM KkonecoM THna CKB

B 3aBHCHMOCTH OT cxembl COOpKHM MalMHBI OCEBIUMI B KOBLIAX MPOLYKT
MOJXeT BBIFPYXKATbCsl M3 CenapaTtopa CnpaBa MW CleBa OT HanpaBieHHs JIBHKE-
HHMS 3arpy»KaeMoro MaTepuana.

OnunmM M3 npeumyuects cenapatopos Tuna CKB sBnseTcs To, 4To OHH
HMEIOT pa3sbOopHYI0 METaNIOKOHCTPYKUHIO U yAOOHbIH OCTYN KO BCeM y3iaMm H
IeTasM. JTO MO3BOJISIET JIErKO M OBICTPO OCYLIECTBNSTH 3aMEHY H PEMOHT BbI-
LIEALIMX M3 CTPOsl OTAENbHBIX Y3JI0B W JeTaleii.

Cuapounxnon Taxkenocpeanslii. OGoraiieHne MENKOro Yris B TSOKEIbIX
CYCMEH3HAX OCYLUECTBIIAETCS B rHApounKkioHax. OHU MPHMEHAIOTCS Ha BHOBb CO-
Opy7KaeMbIX H PEKOHCTPYHpOBaHHbIX (habpukax ans oboraiueHus yrieil KpynHo-
crbi0 0,5...6; 6...25 mnn 0,5...25 MM 1 nepeoGoraiueHts MpoMnpoayKTa OTCanKK
aHaNoOrHYHOM KPYMHOCTH.




