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BBepeHue

Hactoawmnn nHpopMaunoOHHO-TEXHNYECKUIA CNPAaBOYHUK MO HaUMyylwnUM OOCTYMHbIM
TexHonormam «[obblda n oboraweHne pya UBETHbIX MeTannoB» (Oanee — CnpaBOYHUK
HAOT) saBnseTca AOKYMEHTOM MO cTaHaapTu3auuu, paspaboTaHHbIM B pe3dynbTaTe aHanvsa
TEXHOSOMMYECKNX, TEXHNYECKMX U YNPaBMEHYECKMX PELUEHN, MPUMEHAEMbIX NPy Aob6blYe U
oborawleHnn pya LBETHbIX MeTanmnos.

B cootBetcTBUM C nonoxeHnamu denepanbHoro 3akoHa ot 10 aHBapsa 2002 r. Ne 7-
®3 «O6 oxpaHe okpyxatwen cpeabl» [1], 00beKTbI, OKa3biBaloLMe BO3LENCTBUE HA OKPY-
XaroLlyo cpefly, NoApasaensatTCcsa Ha YeTblpe KaTeropum.

MpeanpuaTua nepBon Kateropum obs3aHbl NorlydyaTb KOMMMEKCHbIE 3KOMornyeckue
paspeLLeHns Ha OCyLLecTBIIeHNe CBOeNn OeATENbHOCTU.

O6Lwas uenb KOMMIEKCHOro noaxoAa K 3KONorm4eckoMy HOPMUPOBAHUIO XO3ANCTBEH-
HOW OeATeNbHOCTU 3aKIYaeTcs B COBEPLUEHCTBOBAHMM PEryNIMPOBAHNA U KOHTPOSS Npoun3s-
BOACTBEHHbIX MPOLECCOB C Lenbio obecnedeHns BbICOKOro YPOBHSA 3allMTbl OKpyXKatoLiemn
cpeabl.

Xoszancreywouwme cybbekTbl [OMKHbI OCYLWEeCTBNATbL BCe HeobxoauMmble Mepbl,
HanpaBsrieHHble Ha NpedoTBpaLleHne 3arpsa3HeHUss OKpyXKalllen cpeibl U paunmoHanbHoe
NCnonb3oBaHME NPUPOAHBIX PECYPCOB, B YaCTHOCTW, nocpenctBom BHeapeHus HOT, obec-
neymBatoLLMX BbINOSTHEHNE SKONOrMyecknx TpeboBaHmi.

Kpatkoe copgepxaHue cnpaBoyHuka HOT

BBepeHue. [NpeacraBneHo KpaTkoe coaepkaHue HacTosiwero cnpaBoyHuka HAOT.

MpeancnoBue. YkasaHa uenb paspaboTkn cnpasoyvHuka HOT, ero craTyc, 3akoHoaa-
TenbHbIA KOHTEKCT, KpaTKoe onucaHue npoueaypbl CoO34aHus B COOTBETCTBMM C YCTAHOBIEH-
HbIM MOPSIAKOM, @ TakkKe B3aMMOCBS3b C aHaNOrMYHbIMU MEeXAyHapOaHbIMU LOKYMEHTaMM.

O6nactb npumeHeHuA. OnucaHbl OCHOBHbIE BUAbI AEATENbHOCTU, Ha KOTOpble pac-
NPOCTpaHseTCs HacTosAwmin cnpaBodHuk HAT.

Paspgen 1. B pasgene 1 npegcrasneHa nHgopmMaumns 0 COCTOSHUN U YPOBHE pasBUTUS
Aobblum 1 oboraweHns pya uBeTHbIX MeTannoB B Poccuickon degepaumm. OnucaHbl oc-
HOBHblE NPeanpPUATUS-NPON3BOANTENN N NOTPEOBUTENN LUBETHBLIX METansoB, reorpadguyeckoe
pacnosnoXxeHne ropHo-oboraTuTenbHbIX NPeanpPUSTUIA, BELLECTBEHHbIN COCTaB U XapakTepu-
CTMKa pyA LUBETHbIX MeTansnoB, Ka4eCTBO TOBaApHOW npoaykuun. Takke B pasgene 1 npuee-
AEH KpaTkmi 0630p 3KOMOrM4Yecknx acnektoB Aobblum n oboraweHnsa pya LBETHbIX MeTarn-
nos..

Paspen 2. B pasgene 2 npeacraBneHo onvcaHne TUNoBbIX NpoLeccoB Ao0bIun u 06o-
rawieHms pyg n poccbinen LBETHbIX MeTanmnoB, ynpaBneHust 0TX04aMun ropHOro npou3Bog-
CTBa, OYUCTKM CTOYHbIX U KOHOANLMOHNPOBaAHUS 0BOPOTHBIX BOA.

MpuBeaeHbl cBeOEeHUS O XMMUYECKMX N (PU3MYECKMX MeToAax UHTEHCUdMKaumm npo-
LeccoB pasfeneHus MvHeparnoB, MeTogax obpaboTku peareHTOB nepea notaumen n ux
A03UPOBaHUSA B NpoLEeCC C Lenblo COKpalleHnsa pacxofa, MetTogax aHepro- u pecypcocbepe-
XEHMs1 B npoueccax pyaonoaroToBKM U oboraleHus, MeponpuaTUaX No CHMWKEHUIO NoTepb
MEeTannoB C OTBasflbHbIMWU XBOCTaMu, YPOBHE MOTPebneHns OCHOBHbLIX M BCMOMOraTenbHbIX
NPOM3BOACTBEHHbLIX MaTepuanoB, KOHTPOME U ynpasreHun npoueccamu oboralleHus pyn
LBETHbIX METanNoB 1 OTXOO40B FOPHO-METanyprmyeckmx Npom3BoaCTB.

VI
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Paspgen 3. B pasgene 3 npvBegeHa MHopmaumnsa o pernameHTMpyemMbliX N aktmye-
CKMX YPOBHSAX SMUCCUM B OKPYXXaIOLLYIO cpefy AN CyLeCTBYHOLMX TEXHOMNOMMYECKUX Npo-
LleCCOB M [aHa oueHka noTpebneHns Cbipbsi, TOMAMBA, BTOPUYHBIX ChiPbEBbLIX U 3HEpPreTuye-
CKNUX PECYpPCOB, XapakTepHbIX Ana 4obbiun n oboraweHnsa pya u poccbinen UBeTHbIX MeTan-
NOB N OTXOAOB FOPHO-MeTannypruyecknx npoussoacTts B Poccurickon ®enepauuu, ¢ ykasa-
HUEeM NpUMEeHseMbIX METOAOB onpeaereHuns.

Pasgen noarotoerneH Ha OCHOBE AaHHbIX, NpeAcTaBfieHHbIX npeanpuatnamm PO B
pamMkax pa3paboTkm HacTosiwero cnpaBodHnka HAT, a Takke pasnuyHbiX NuTepaTypHbIX UC-
TOYHUKOB.

Paspen 4. B pasgene 4 onucaHbl nogxoasl kK onpegenenuto HOT, npyumeHsemMble npu
pa3paboTke HacTosiwero cnpasovHmka HOT, n cootBeTcTBYytOWMe MpaBunam onpeneneHuns
TEXHONOrMM B Ka4eCTBE Haumy4llen JOCTYNHOW TeXHONOrMu1, a Takke pa3paboTku, akTyanu-
3aumm n onybnukoBaHMa MHGOPMALMOHHO-TEXHUYECKMX CMPABOYHMKOB MO HaUNyylWMMm O0-
CTYMHbIM TEXHOMOrMsaM (yTBepXAeHbl NocTaHoBneHnem lMNpasutensctea PO ot 23.12.2014 r.
Ne 1458) n MeToamnyeckmm pekoMeHgauusiM Mo OnpeaeneHutd TEXHOMOrMM B KayecTBe
Hauny4ywemn JOCTYNHOW TeXHoNormm (yTBepXXaeHbl npukasoM MuHucTepcTBa NpOMBbILLIEHHO-
ctn n Toproenu P® ot 31.03.2015 r. Ne 665).

Paspen 5. B pasgene 5 npuBeneHo kpaTtkoe onncanne HOT ans npoueccoB Ao6blun un
oboralleHunsa pya, B TOM 4YUCHe TEXHUYECKME N TEXHOMOIMYECKNE peLLleHns U MeToabl MUHN-
MU3aLUMN HEraTUBHOMO BO3LAENCTBUS HA OKpYXaroLlyo cpefy npu npoueccax Aobbium OTKpbI-
TbiIM cnocobom, nog3eMHbIM cnocobom, npoueccax pyaonoarotToskn n oborawenunsa. Onuca-
Hbl TexXHororun obpatleHns ¢ oTxogamm 1 NoboYHLIMM NPoayKTamMu Npomn3BoACTBa, obecne-
YmBaroLLMe pocT pecypcocbepexeHnss n IHeprodaPPEKTUBHOCTU, CHUXKEHMNE YPOBHS AMUCCUI
3arpsAsHSOLLMX BELLECTB B OKPY)XatoLLyto cpeay.

Paspen 6. B pasgene 6 npmBeaeHbl AOCTYMNHbIE CBEAEHUS 06 S3KOHOMUYECKMX acnek-
Tax peanu3auun HOT Ha ropHo-o6oraTuTenbHbIX NpeanpuaTusax Poccunckon ®epepauun.

Paspen 7. B pasgene 7 npuBefeHbl CBEAEHNA O NEPCNEKTUBHBIX TEXHOMOMMYECKNX U
TEXHUYECKNX pelleHusX (He npumeHsieMblix B Poccum Ha MOMEHT MOArOTOBKM HACTOSLLEro
cnpaBoyHuka HAT, HO HaxoOAWMXCA Ha CTaguvyM Hay4yHO-UCCredoBaTeSIbCKUX W OMbITHO-
KOHCTPYKTOPCKUX paboT nm onbITHO-NPOMBILLFIEHHOTO BHEOPEHMS), NO3BOSSOLLMX NOBLICUTb
3(PPEKTMBHOCTb MPOM3BOACTBA M CHU3UTb BIIMSIHME Ha OKPYXKaloLLyK cpedy 3MUCCUMN 3a-
FPSA3HAOLNX BELLECTB U OTXOA0B rOpHO-060raTMTENbLHOro NPoM3BoACTBa. YKasaHbl YCrioBus,
NPV KOTOPbIX NEPCNEKTUBHbIE TEXHONOMMN CTAHYT OOCTYMHBIMU 3KOHOMUYECKN Y TEXHUYECKU.

3aknunTenbHble NONOXEeHUA U pekoMeHaauun. MNprBeaeHbl CBEOEHUSA O YreHax
TexHu4eckon padoyen rpynnel (TPl 23), npuHumMaBLLMX ydacTve B pa3paboTke HacTosLero
cnpaBoyHuka HOT. daHbl pekoMmengaumm ropHo-oboratutenibHbIM NpeanpusaTusam no ganb-
HEeNLWNM nccnegoBaHUSM 3KOSNTOrMYECKMX acNeKTOB UX OeATENbHOCTN.

Bubnuorpadumsa. lNMpnBegeH nepevyeHb UCTOYHUKOB WHGOPMAaLUUKU, UCMOSTb30BaHHbIX
npw pa3paboTke HacTosLwero cnpasoyHuka HOT.

VI
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MpepucnosBue

Llenn, ocHoBHblE NPUHLMMNBI U NOPSIAOK pa3paboTkM HacToswero cnpaBoyHuka HOT
yCTaHoBreHbl noctaHoBreHnem [pasutensctBa PO ot 23.12.2014 r. Ne 1458 «O nopsake
onpefeneHns TeXHONOrMM B KadecTBe Haunydlwen AOCTYNHON TEXHOMNOrMu, a Takke paspa-
6oTKN, akTyanusaumm n onybnukoBaHMs WHGPOPMAaLMOHHO-TEXHUYECKMX CMPaBOYHWUKOB MO
HauNy4yLwnm SOCTYMNHbIM TEXHOSTOrMAM» [2].

1 CtaTtyc nOKyMmeHTa

HacTtoawun cnpaBoyHuk HOT saBnseTca 4OKYMEHTOM MO CTaH4apTM3auuu.

2 Undpopmaumsa o paspaboTumkax

Hactoswumn cnpasoyHnk HOT paspaboTtaH TexHudeckon paboden rpynnon «Jobbiya un
oboralleHne pya uBeTHbix metannoB» (TPl 23), coctaB KOTopon yTBepXaeH npukasom Poc-
ctaHgapTta ot 28 pekabpsa 2016 r. Ne 2026 «O co3gaHuM TexHuyeckon paboyen rpynnbl
«[Jobblya 1 oboralleHne pya LBETHbIX METASINOBY.

[MepeyeHb opraHu3aumn 1 ux npeacrtaBuTenen, NPUHUMaBLLNX yYacTue B pa3paboTke
HacTosiwero cnpasovHka HOT, npuBeaeH B pasgernie «3aknoyuTernbHble NOSTIOXKEHUA N pe-
KOMeHOauumn».

Hactoawun cnpasoyHuk HOT npeactaeneH Ha ytBepxaeHue Bropo Hannyywunx po-
CTYMHbIX TexHonorun (nanee — bropo HAOT) (www.burondt.ru).

3 KpaTkaa xapakrtepuctuka

CnpaBoyHuk HOT cogepXut onucaHne npumMmeHsieMblx npu gobblve n oboraweHum pya
N poccbinen UBEeTHbIX MeTanoB U OTXOL40B rOPHO-MeTanypruyecknx Npon3BoACTB TEXHONO-
rMYeckmx npoueccos, 060pyaoBaHns, TEXHUYECKNX CnocoboB, METOL4O0B, B TOM YuUCrie NO3BO-
NALWMX CHU3UTb HEraTMBHOE BO3AEWCTBME HA OKpYXaloLylo cpeny, notpebneHne soabl U1
CbIpbsl, MOBbLICUTL AHEPrOAAEKTUBHOCTL. 3 Yncna onucaHHbIX TEXHOMIOrMYECKMX npolec-
coB, 060pyaoBaHUS, TEXHUYECKMX CNOCODOB, METOA0B OnpeaeneHbl peLleHns, SBnsoLwmecs
HAOT. B cnpaBoyHnke HOT ycTaHoBneHbl TexHonorndyeckne nokasarenu HOT, roe ato Heob-
XOOMMO U BO3MOXHO.

4 B3anmocBA3b C MeXAyHapOAHbIMU, perMoHanbHbIMM aHanoramu

CnpaBoyHuk HOT paspabotaH B cooTBeTCcTBMM ¢ DeaepanbHbiM 3akoHOM [1] (cTaTtbs
28.1, NyHKT 7) Ha OCHOBE pe3ynbTaToB aHanm3a oTpacnu B Poccuinckon ®egepaunm n ¢ yye-
TOM MaTepuanoB MpoeKkTa crpaBoyvHMKa EBponernckoro coto3a no HaumyywuM AOCTYMHbIM
TexHonornsm no obpalleHuto ¢ oTxogamMmu U NycTbiMK nopogamu ropHogobbiBatoLen npo-
mbiwneHHocTn (BREF for the Management of Waste from the Extractive Industries) [3].

5 COo0p AaHHbIX

MHopmaumsa 0 TexHonormyeckux npoueccax, obopynoBaHuUM, TEXHUYECKUX CMOCO-
6ax, meTofax, npumMeHsiemMbix Npy oObl4e 1 oboralleHun pya u pocchinen LBETHbIX MeTarn-
NIOB U OTXOO0B FOPHO-MeTannyprnyeckmx npomssoacts B Poccunckon ®epepauumn, cobpaHa
B cooTBeTCTBMM C [Nopsagkom cbopa faHHbIX, He0BXxoanMbIX ANnsa pa3paboTkm MHpopMaunoH-
HO-TEXHMYECKOrO CrpaBOYHMKa NO HAUIYYLIMM AOCTYMNHBIM TEXHOMOrMAM 1 aHanu3a npuopu-
TETHbIX Npobriem oTpacnu, yTBep>KAeHHbIM npukaszom MuHnpomTopra Poccum ot 18 anpens
2017 r. Ne 1234.

6 BzaumocBs3b ¢ gpyrumm cnpaBovyHukamu HOT
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BsanmocsaAsb HacTosdwero crnpasodHuka HOT ¢ gpyrumu cnpaBodHukamun HOT, pas-
pabaTbiBaeMbiMM B COOTBETCTBUM C pacnopsbkeHnem [lpaButensctBa P® ot 31 okTabp4
2014 r. Ne 2178-p [4], oTpaxeHa B pasgerne "Obnactb npumeHeHuns".

7 Undpopmauma o6 yTBepKaeHMU, onyonmkoBaHMu 1 BBeAeHUU B AeNcTBue

CnpaoyHuk HOT yTBepxaeH npukasom PocctangapTa oT 15 gekabpsa 2017 r. Ne2839
n BBegeH B gencteune ¢ 1 unoHs 2018 r., oduumansHo onybnukoBaH B MH(POPMaLMOHHON Cu-
cTeMe obLero nonb3oBaHus - Ha oduumanbHOM canTe degepanbHOro areHTCTBa no TeXHU-
YeCcKOMY perynmpoBaHuio U MeTposnornm B cetu MHTepHeT (wWww.gost.ru).
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MHO®OPMALMUOHHO-TEXHUYECKUN CMNPABOYHUK
NOoO HAUNYYLWWNUM OOCTYMNMHBIM TEXHOJNIOTUAM

AOBbIYA U OBOIr'ALLEHUE PYQ LUBETHbIX METAJIOB

Extraction and refining of non-ferrous metals

data BBepenunsa — 2018-06-01

O6nacTtb NpUMeHeHUsA

Hactoawwmn cnpasoyHuk HOT pacnpocTpaHseTcs Ha cnefyroume OCHOBHble BUAbI

AEATENbHOCTMU:

- Bo6blyy 1 oBoraLieHne pya 1 pocchinell LBETHbIX MeTansmoB’;

- 0obblvy 1 oborawieHme 0TX040B rOpHO-MeTannypruieckux Npon3BoacCTB;

- TeXHONorn4eckue npoLeccol, npumMeHsiemble nNpu gobelve n oboraweHun pya n poccoinemn
LUBETHbIX MeTasfoB 1 OTXOAOB X nepepaboTKu.

CnpaBoyHuk HOT Takke pacnpocTpaHseTca Ha Npouecchbl, CBA3aHHbIE C OCHOBHbIMU
BUOAMN OeATENbHOCTU, KOTOPble MOryT oka3aTb BfMsiHME Ha 06beMbl SMUCCUA U (UNn) Mac-
WTabbl 3arpA3HEHNS OKpY>KatoLLLEN cpeabl:

- NPOU3BOACTBEHHbIE Npouecchl 40bblYM (NOAroTOBUTENbHBIE paboTbl — MNPOXOAKa WU Kpen-
neHune BbIPabOTOK, OYMCTHAA BblEMKaA M BCOMOraTesbHbl€ MPOLECChl — TPaHCMOPTUPOBKA U
ynpaBneHne KadecTBOM pya, AOCTaBka nogen, matepuanoB n obopynoBaHus, cogepkaHue
BblpaboToK B paboyeM COCTOSIHUMM, BEHTUNALNA, BOAOOTNIMB 1 Ap.) U oborawieHns (nogroto-
BUTENbHbIE — OpOOneHne, namerbyYeHne, Krnaccmukaumsa B Bo3ayLLHOM U BOAHOW cpefax,
OCHOBHble — rpaBuTaLMOHHOe oboralleHne, MarHUTHoe oboralleHue, anekTpuyeckoe obo-
rawieHue, crneumanbHble - ycpegHeHue pya, pyaocopTMpoBKa, n3dbupartesnbHble MeToabl pac-
KpbITUS MUHEpanoB, KOMOMHMPOBAHHbIE NPOLECCHI, BCNOMOraTesnbHble — cryueHme, dunb-
TpOBaHME U CyLUKa, XUMUYECKME MPOLECCHl B KOMOUHMPOBAHHbLIX CXxemax oborawieHust pya)
PY4 1 pOCCbINEN LBETHbLIX METASINOB M OTXOAOB rOPHO-METannypruieckmx Npon3BoacCTB;

- METOAbI NPeaoTBpPaALLEHMS U COKPALLLEHNS SMUCCUN 1 0Bpa3oBaHNs OTXOLOB;

- XpaHeHME N TPaHCNOPTMPOBKA NPOAYKLMM, MYCTOM NOPOAbl U XBOCTOB OborawleHus.

O6uwme npoueccbl N MeToAbl, OTHOCSLLUMECS KO BCEW ropHOAO0ObIBatOLEN MPOMBbILL-
neHHocTn, onucaHbl B cnpaBoyHuke HOT UTC 16-2016 «[opHogobbiBatowas NnpoMblLLneH-
HoCcTb. O6LMe npouecchkl U MeTOObI».

MHpopmaumsa, oTHocAWAaacs K MeTannyprmyeckomy npou3BoacTBY LBETHbIX MeTan-
NnoB, coaepXxutcsa B cnegyowmx cnpaBodHnkax HAOT (HasBaHusa cnpaBoyHukoB HOT gaHbl B
penakumm pacnopsikeHus lNpasutensctBa Poccunckon ®epepaumm ot 31 oktabps 2014 r.
Ne 2178-p):

1 NTC 3-2015 «lNponssoacTeso meany;

NTC 11-2016 «Mpon3BoacTBO antoMUHUAY;

NTC 12-2016 «Mpon3BoacTBO HUKENS 1 KobanbTay;

NTC 13-2016 «[Mpon3BoacTBO CBUHLUA, LMHKA U KAAMUS»;

NTC 14-2016 «[Mpon3BoacTBO AparoueHHbIX MeTanfioBy;

NTC 24-2017 «lMpon3BoacTBO peakux n peaKko3eMeribHbIX MeTannosy.

OOk, WON

1B cooTBeTcTBUM € Kogamu OKBI/, (cm MpunoskeHne A)
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[o6blya pya 1 neckoB AparoLeHHbIX MeTanmnoB (3050Ta, cepebpa u meTansnoB nnaTu-
HoBou rpynnbl) onucaHa B UTC 49-2017 «[dobblya gparoueHHbix meTannos». OnucaHve go-
Oblum 1 oborawleHns xenesHbix pya npusegeHo B UTC 25-2017 «[obblva n oboraweHune

Xene3HbiX pya».

[lononHuTenbHble BUAbI AEATENBHOCTH npu Aobbiye n oboraweHum pya UBe€THbIX Me-

TannoB NpuBeaeHbl B Tabnuue.

Bug gpeatenbHocTn

CooTtBeTtcTBYHOWMN cnpaBodHnk HOT

MeToabl OYUCTKM CTOYHBIX BOA,
HanpaBfieHHbIE Ha COKpallleHne
cbpocoB MeTannoB B BOAHblE
0bObeKThI

NTC 8—2015 «OuncTtka CTOYHbIX BOL NpW NPOU3BOACTBE
npoayKuun (ToBapoB), BbINOSTHEHUM PabOT M OKa3aHUM
YCNYr Ha KPYMNHbIX NpeanpusaTUax»

[MpoMbILLNEHHbIE CUCTEMBI
oxnaxgeHua (Hanpumep, rpa-
AVPHW, NracTuHYyaTble Tennooob-
MEHHWKN)

NTC 20—2016 «[pOMbILLSIEHHbBIE CUCTEMbI OXNnaxae-
HUA»

XpaHeHne n obpabotka maTtepu-
anoB

NTC 46—2017 «CokpalleHne BbIOPOCOB 3arpssHaOLLMX
BELLEeCTB, COPOCOB 3arpsi3HALNX BELLECTB NpU XpaHe-
HUW 1 CKINagMpOBaHUM TOBApPOB (rpy30B)»

O6palleHune c oTxogamu

NTC 15—2016 «YTunmsauus n obesBpexumBaHne OTXo-
noB (Kpome obe3BpexmBaHUa TepMUYEeCKUM crnocobom
(cxuMraHme oTxo4oB)»

BoipaboTka napa W 3nekTpo-
3HEpPrMn Ha TENOBbIX CTAHUUSAX

NTC 38—2017 «CxwuraHne Tonnuea Ha KPYnHbIX ycTa-
HOBKax B LlensiX NpovM3BoACTBa SHEPTUmn»

MeToabl Npon3BoACTBa LIBETHbIX
MeTarnnoB

NTC 3—2015 «[Mponssoactso meany;

N NTC 11—2016 «[Mpom3BOACTBO antoMUHUAY;

NTC 12—2016 «[Mpon3BoacTBO HMKENS N kKobanbTay;
NTC 13—2016 «[lpom3BoaCTBO CBUHLA, LUMHKA M Kag-
MUAY»;

NTC 14—2016 «[llpom3BoaCTBO [OparoueHHbIX MeTarn-
noB»

lMNoBblWweHne
3P PEKTUBHOCTHU

3HepreTn4eckom

NTC 48—2017 «[loBbiweHne 3HepreTnyeckon adpdek-
TMBHOCTU MpPU OCYLIECTBNEHUN XO3SANCTBEHHOW U (UNn)
VHOW OeATEeNnbHOCTU»

O6bwue npoueccbl M MeToAbl
ropHogoObIBalowWen OesaTenbHo-
cTU

NTC 16—2016 «lopHogobbIBaloWwas NpPOMbILLIIEHHOCTb.
O6wwue npouecchl 1 MeToabI»

MeToabl [06bIMM AparoLeHHbIX
MeTannos

NTC 49—2017 «[dobblva aparoueHHbIX MeTansoB»

Paspen 1 O6wasn uHpopmaumsa o paccmaTpmBaeMmomn oTpacnm

NMPOMbILWIEeHHOCTHU

1.1 Job6blya pya

1.1.1 MeaHble pyAbl
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Poccua pacnonaraeTt 3HauuMTenbHOW cbipbeBon 6a3on meaun — 3anacbl MeTanna co-

CTaBnAT NoytM 98 MNH T, 13 KoTopbiX 70 MAH T noacyuTaHbl no kateropusam A + B + Cy.

3anacbl Meau BbICOKUX KaTerole|7| paspa6aTb|BaeMb|x N ocBamBaeMbIX MeCTOpO)K,D,eHMVI CO-

cTaBnalT 58 MIH T, YTO CONOCTaBMMO C cbipbeBoun 6ason meam CLUA v ycTynaet nuub yum-

NUNCKOM 1 nepyaHckon. Poccuiickaa degepaumns nmeeT NepcnekTnBbl HapaLwMBaHus Cbipbe-

BoW 6a3bl Mean, ogHaKo NPOrHO3HbIE pecypchbl kaTeropun P4 coctaBnstoT Bcero 12,6 MiH T,

a 6onblas YacTb NPOrHO3HbIX PECYPCOB OLleHeHa no kaTeropmsm P, n P3 (cm. Tabnnuy 1.1).

Tabnwnua 1.1 — CoctoaHmne MCE mean P® Ha 01.01.2016 [5]

lMporHosHble pecypchl P4 P2 Ps
Konn4yectBo 12,6 23 36,2
3anachl A+B+Cqy |Cy

Konn4yectBo 69,6 28,2
M3meHeHne nO OTHOWEHW K 3anacam Ha ] 49

01.01.2015

Hona pacnpeaeneHHoro goHaa, % 93 94
Ncnonb3oBaHne MCB mean PO B 2015 .

[obblya n3 Hegp, ThiC. T 870,1
Mpon3BoaCcTBO MeAU B KOHUEHTpaTax *, TbiC. T 710
Mpon3BoaCcTBO MeaM MO TEXHOSMOMMU MOA3EMHOrO Bbilenayu- 14

BaHus, TbIC. T

MpounsBoacTBo padomHMpOBaHHON Mean **, TbiC. T 874,3

OKcnopT padmMHMPOBaHHOM Meawn, TbiC. T 563,2

CpenHsis ueHa (cnoT) padmHupoBaHHOn mMeaun Ha JIOHOOHCKOW 4863

oupxe metannos (JIBM) 3a 2016 r., gonn./T

CTtaBka Hanora Ha gobbivy, %

8 (ons 3onotocogepxa-

wmnx pya — 6)

* V13 BKpanneHHbIX U TEXHOreHHbIX pya; 6oraTble pyabl nayT B nnaeky 6e3 oboralueHus.

** Bkroyas meTtans, NoslyYeHHbIN U3 BTOPUYHOTO CbIpbS.

Poccus 3aHMmaeT cegbMoe MecTo B MUpE Mo Aobblye mean, exerogHo obecnevnBas

okono 4 % MUPOBOIro pygHM4YHOro npon3eBoacTea. 5€3yCJ'IOBHbIM naepom no nobblye mean

asnsaetca Yunn. CpegHee cogepxaHue meam B pyaax aososnbHo Huskoe (0,4 % — 1 %), oa-

HaKo 3TO KOMMEHCUPYETCS 3HAYUTENbHLIMU MacluTabaMy opyaeHeHUs, a Takke NPUCYTCTBU-

€M B MNMPOMBbILUNEHHbIX KOonn4yecTtBax monubaeHa, 3onoTa 1 cepe6pa.
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bonee Tpetn poccuncKknx 3anacoB Mean COCPedoTOYEeHO B CySbPUAHLIX MeHO-
HUKEeNeBbIX MecTopoXaeHUsX HopunbCcKoro pyaHoro pavioHa KpacHosipckoro kpas, Kpyn-
Henwmne n3 kotopbix — OKTAbpbckoe M TanHaxckoe — MO KONMYECTBY 3anacoB HE UMET
aHanoros B Mupe cpean obbekTtoB gaHHoro Tuna. CpegHee cogepkaHue mMeanm B UX pydax
coctasnseT 1,11 % — 1,62 %, ogHako B «MeauCTbIX» pydax OHO Bo3pacTtaeT Ao 2,58 % —
4,54 %, cnnowHsbIx (6oratbix) — A0 3,4 % — 4,06 %, a Ha HEKOTOpPbIX y4acTkax gocTuraet

9 %.

3anacbl Mmean n o6bembl ee nponssoacTea B PO npueeaeHsbl B Tabnuue 1.2. Pacnpe-
AeneHne 3anacoB U pecypcoB meam kateropun Py no cydobektam PP npuBeaeHo Ha puUCyH-

ke 1.1.

Tabnuuya 1.2 — 3anacbl mean n ob6bembl ee nponssoactea B PO [5]

3anacbl, kateropus

3anacbl, MIIH T

PyoHuyHoe  npo-
N3BOACTBO Meau B
2015r., ThiC. T *

[ona B mupoBom
npoussoactee, %

3anacbl kateropun A + B + C4 pas-

pabaTbiBaeMblX M oOcBaMBaeMblX |58 741 4
MECTOPOXAEHUIN
* Mo gaHHbIM Thompson Reuters.
Pecn. MypmaHckan
Kapenua obn.
YykoTcKui
XaHTbl- AO 37
MaHcuitckuin 6,5
. 21 AO "
'61' ¥ ﬂmano- "
Kapauaeso- Pecn. Ag"e”'("" KamuaTckui
;ggr'l‘ecc"a" BawkoprocTaH 0 @o 4 kpait
BopoHexckan CBepanoBcKan ’7 K 03 MarapaHckan
oo oo et s o & o
0 Pecn. Caxa ’
W"&T’g 0 M3 (AkyTna)
Ka6apauHo 6’_4 " ‘ P
£ ecn. Xab i
% Eggnxapcxan o %,'% Revehdician B 565 Kgaaposcmu
T 13 33 Yennburckan obn. Pecn
0,005 Pecn. 110 X b
0,01 Harectan i ’M 965
12
_l')_' Antaiickuit 0,7 0193 01
P03 0 38 2
E?Eiﬁf'bcmn- Ogsuﬁyprcxan Q'ogj 0 ypcuaa 0 3l'lpmopcmu
AnaHuna oon.
38 3anachl o0 CYGBERTL, UMEIOWME 3aNAB  pocr  pecn, 3ab6aitkanbCKui
0 pecypcwi Py CyObeKTbI TONbKO CpecypcaMn  AnTaid  ToiBa Kpai1

PucyHok 1.1 — PacnpegeneHne 3anacoB 1 pecypcoB Meau kateropum P4 no

cybbektam PO, mnH T [5]

B KaHckon meTannoreHn4eckom 3oHe Ha tore KpacHospckoro kpasi passefaHbl cpen-
Hee BepxHekmHrawickoe n menkoe KnHrawckoe MectopoxaeHus ¢ 6egHbIMy BKpanieHHbIMN

pygoamu.
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3HauMTENbHOE KONMMYECTBO 3anacoB meau (22,7 MMH. T) COCPeaoTOYeHO B Heapax
3abankanbckoro kpasi, npudem noyty 20 MNH. T — B TMrAHTCKOM YOKaHCKOM MeCcTopoXae-
HUN MEeANCTbIX NECYAHWKOB, pPyabl KOTOpPOro cogepxart B cpeagHem 1,56 % menu, a Takke ce-
pebpo.

bonee 20 % oTe4ecTBEHHbIX 3anacoB Meau 3aKNYeHo B MecTopoXaeHuax KOXXHOro
n CpegHero Ypana, NnpenMyLLEeCTBEHHO MeAHO-KonyegaHHoro Tuna. KpynHenwum m3 Hux
asnsetca Nanckoe mectopoxaeHue B OpeHbyprckon obnactm ¢ 3anacamu 4,8 MrH. T megu
npu ee cpegHem cogepxaHum B pyaax 1,3 %; Ha obbekTe Takke nogcuMTaHbl 3anachl LMHKA,
3onoTa, cepebpa n kagMu4.

KpynHenwee B Poccun megHo-nopduposoe mMectopoxaeHne Marnmbikckoe, 3aknio-
vatowiee 6onee 5 mMnH. T Meaun, Haxoautca B XabapoBCKOM Kpae. Pyabl MecTopoXaeHus
6enHble, B cpegHem oHu cogepxat 0,41 % Cu.

MypmaHckan
obn. e
« Knanosckoe
Necyanka
18 ’4 o YaH|
Kapauaego- CeepanoBcKas
Yepkecckas obn. Kamuarckwii
Pecn. Pecn. QxAbpbxoe Kpaii 07
bawkopTocTaH Macnosckoe (& TanHaxckoe i
Hopunbex-1
OpeHbyprckan
122,4 obn. 731 425
*® Bonkoscxoe - N
81,9y Kpacuonecmm 03 Xaﬁgposcxuw
75 Hono—hanuua(oeo;.e;';m::::oe 5 Kpau = Kpan
i cn.
'““ﬁ;%'t;{ﬁ: TomuHckoe Xaxaecvm oynoxaumoe
Mopenbckoe Manmbixckoe
OKuzun-fepe 2
64 2 oAx(yraoe BbiCTpHHCKOE
HenaGuHcKan 37°
o6n. /1265 Anraickuin n .
MecTopoxaeHus: Kpa#m Pecn 3abaiikanbckuii 0,6 Mpumopckwit
@ paspabaTbiBaemble ToiBa Kpaii Kpan
O 0CBaHBaEMbie
O Hepa3pabaTbiBaemble

PucyHok 1.2 — OCHOBHble MECTOPOXAEHUA Mean N pacnpeneneHve ee
Ao6blun (BKItoyasa Jobblvy U3 pya TEXHOTEHHbIX MECTOPOXAEHNU) NO
cybbekTam Poccunckon degepaummn, Toic. T [5]

Tabnuuya 1.3 — OcHoBHble MecTopoxaeHusa mean B PO [5]

3anacsl, TbiC. T ons B | Copepka-
Hegpononb3osa- |[eonoro- a Aep Ho6biva B
. OanaHco- |HWe wmegu
Tenb, MECTOPOX- | NPOMbILLIEHHbIN BLiIX 3ana- | B nax 2015r.,
+ + = )
AeHve ™n A+B+Ci |G o lo Py, ThiC. T
cax Po, % | %

MAO «I'MK ,Hopunbckuin Hukenb“»
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lpodormxeHue mabnuuypl 1.3

3anachl, TbiC. T

Hons B

Copepxa-

Hegpononb3osa- |[eonoro- [Nobblya
. OanaHco- |HMe meau

Telb, MECTOPOX- | NPOMbILLNEHHbIN A+B+C |C, Bbix sana-|B  pygax 2015,

oeHune TNN cax PCD, % | % TbIC. T

OkTabpbckoe CynbduaHbIn

(KpacHospckuin | MegHo- 14 208,1 |5547,3 20,2 1,62 333,1

Kpan) HUKEeNEeBbIN

TanHaxckoe CynbuaHbin

(KpacHosipckun | MegHo- 7734,7 2679 10,6 1,11 80,9

Kpan) HUKeneBbIN

Hopunbck-1 CynbduaHbIn

(KpacHosipckuin | MegHo- 740,1 836,1 1,6 0,48 10,6

Kpawn) HUKENEBLIN

AO «Konbckasa TMK»

>KpaHoBckoe CynbduaHbIn

(MypmaHckas Me[Ho- 718,9 226,6 1 0,31 12,5

obnacTb) HUKeneBbIN

MAO «I"anckuin TOK»

anckoe (Opeh-|MegHo-

Byprckas 00- | Kon4YyeaaHHbIN 4359,5 478,5 4.9 1,3 65,5

nacTb)

OO0 «bawknpckaa megb»

KO6unenHoe MepgHo-

(Pecnybnuka KonyegaHHbIN 1280,5 45,7 1,3 1,67 17,7

BawkopTocTaH)

MNMoponbckoe MepaHo-

(Pecnybnuka KonyegaHHbIN 1701,3 16,7 1,7 2,11 0

BawkopTocTaH)

OO0 «bankanbckas ropHasi KOMNAaHUA»

YpokaHckoe (3a-|Meguctele nec-

DOankanbCKumn YaHUKU 14 434,6 |5519,6 20,3 1,56 0

Kpawn)

O0O0 «I'adK ,Banmckas“y»

Mecuarka (Hy-|Mepro- s 11245 |38 0,83 0

koTtckun AO) nopnpoBLIN

000 «Amyp MuHepanc»

Marnmbikckoe MegHo-

(Xabaposckui nopdupoBbLIN 1271 3885,4 5,3 0,41 0

Kpan)

00O «I'PK ,BbIicTpnHCKOE“»

BbicTpuHCckoe CkapHoBbIl

(3abavikanbcknin | MegHo- 1716,4 354.8 2,1 0,78 2,2

Kpan) MarHeTUTOBbIN
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Henpononb3osa- |[eonoro- 3anacel, TeiC. T Hons B| Copepxa- [o6blya B
. OanaHco- |HMe meau

Tenb, MECTOPOX- | NPOMbILLNEHHbIN A+B+C |C, Bbix sana-|B  pygax 2015r.,

[eHne ™n cax Po, % |% ThIC. T

3A0 «Muxeesckunm NOK»

MuxeeBckoe MeaHo-

(YenabuHckas nopdupoBbLIN 1125,1 297 1,4 0,44 64,1

obnactb)

AO «TomuHcknm NOK»

TomuHckoe (Ye-|MegHo-

nabuHckass  006- | nopdunpoBbIn 1206,3 1418,7 2,7 0,46 0

nacTtb)

00O «l'onesckada NPK»

Ak-Cyrckoe MegHo-

(Pecnybnuka nopnpoBbLIN 3121,2 512,1 3,7 0,67 0

TbiBa)

OAO «CsaTorop»

Bonkosckoe BaHagueBo-

(CeepanoBckas |xeneso-megHbin |1598,4 153,4 1,8 0,64 41

obnacTtb)

MpakTnyeckn Bce 3anacbl mMean Pecnybnukm TbiBa CBA3aHbl C KPYMHbIM MeOHO-
nopdunposbiM MecTopoxaeHnem Ak-Cyrckoe, 3anacbl KOTOPOro COCTaBnsaT 3,6 MIH. T Mean
npu ee cpegHem cogepxaHuu B pyaax 0,67 %.

Cambimun 6oratbiMu pygamu (cpegHee cogepxanve meam 0,83 %) cpeaun otedecTBeH-
HbIX MegHO-NOPUPOBBIX OOBHLEKTOB XapakTepusyeTcsa KpyrnHoe mectopoxaeHue lNecyaHka B
UyKOTCKOM aBTOHOMHOM OKpyre, BMeLuatLlee 3,7 MH. T Megu.

bonee 2 MnH. T Megu 3akmno4eHO B CyNbMUAHbIX MEAHO-HUKENEBBLIX U Manocynbduna-
HbIX MAaTUHOUAHBIX MecTopoXaeHusx MypmaHckon obnacTtu, KpynHenwmnmM n3 KOTopbIX siB-
ndaetca XgaHoBckoe ¢ 3anacaMmy Meay HEMHOTMM MeHee 1 MIH. T.

MpymMepHO Takoe e KoNM4YecTBO 3anacoB Meaun (2,2 MIIH. T) CKOHLEHTPUPOBaHO B
MecTopoxaeHuax pecnydbnuk CesepHoro Kaekasa. CaMbIM KPYMHbIM U3 HUX ABNAETCA Men-
HoKonyegaHHoe mectopoxaeHne Kusun-Lepe B Pecnybnuke [arectaH ¢ 3anacamu 1,17
MIH. T Mean n 6oraTeiMy pyaamu, cogepxawimmm B cpegHem 2,14 % metanna.

B Menkux n KoMnnekcHbIX MeabcoaepXxallnx MecTopoXaeHNsX 3anacbl Mean noacyu-
TaHbl N B apyrux permoHax Poccuu: B Antanckom, KamyaTtckom u Npumopckom kpasix, pec-
nybnukax Caxa (Akytna), Xakacus, bypatua, Kapenus, Antan, CesepHasa OceTtua-AnaHus,
Kemeposckon, BopoHexckon n MaragaHckon obnactax n KabapguHo-bankapckon Pecny6-
nuKke.

"ocyaapcTBeHHbIM BanaHcoM 3anacoB nosie3Hbix uckonaembix Poccunckon depepa-
umm yyteHo 171 kopeHHoe mecTopoxaeHue mean, B Tom vncne 100 cyuiecTBeHHO MegHbIX U
71 xomMnnekcHoe Meabcoaepxallee; Ha 12 U3 HUX NoacyYnTaHbl TONbKO 3abanaHcoBble 3ana-
cbl. B pacnpegeneHHom coHae Heap yuntbiBaeTcs 112 06beKkToB, B TOM Yucne nNaTb C 3a-
6anaHcoBbIMM 3anacamun. He nuueHsnpoBaHo 59 mectopoxaeHuin. MNpakTuyeckn Bce ob6bek-
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Tbl HepacnpegeneHHoro oHaa Menkme no mMacwTtaby, 3a UcknoveHnem Tpex cpegHux: Ku-
3un-fepe B Pecnybnuke darectaH, Komcomonbckoro B OpeHbyprckon obnactu n KyntymumH-
ckoro B 3abankanbCKoM Kpae.

3822
DAO «YTMK»

3A0 «Pycckan
355,7 MeAHasA KOMMaHUAR

MAO «TMK
"Hopunbckui HMKenb"»

* OueHka

PucyHok 1.3 — [Jobblya megm poccumncknmm komnanuamm B 2015 r., Teic. T [5]

focyaapcTBeHHbIM HanaHCcoOM Takke yYUTbIBAKOTCS LLUECTb TEXHOIEHHbIX MECTOPOXae-
HUR: YeTbipe B CBepanoBckon obnactu n no ogHomy B MypmaHckon obnactn n KpacHosap-
CKOM Kpae C cyMmmapHbIMuM 3anacamu 91,3 Toic. T Megun. V13 HUX He nuueH3npoBaHbl ABa 00b-
ekTa B CBepanoBckon obnacTtu.

B 2015 r. u3 poccunckmx Heap obbito 870,1 Thic. T Megun, a ¢ ydeToM JOObIYM Ha
TEXHOreHHbIX obbekTax - 879,5 Tbic. T. [l1oObiva Benacb Ha 50 KOPEHHbLIX MECTOPOXAEHUSX, B
ToM ymcne 40 cywecTBEHHO MEOHbIX N AECATU KOMMNIEKCHbIX MEObCOAEPKALLMX, a TaKkKe Ha
ABYX TEXHOrEHHbIX MECTOPOXAEHNAX C U3BNEYEHNEM Mean B KOHUeHTpaT. Kpome Toro, Ha
BOCbMM KOMMSEKCHbLIX MECTOPOXAEHMSAX A00bIBanMCcb Meabcoaepxalwme pyabl, Meab M3 Ko-
TOpbIX BbISIa NONHOCTLIO NOTepsiHa npu oboralleHnn 1 MeTannypruiyeckom nepeaene.

MoyTtn nonosuHa (48 %) poccumnckon meam oobbiTa Ha MecTopoXxaeHusix Hopunbckoro
PYAHOro panoHa, ewe 46 % obecneunnu pygHuku KOxHoro n CpegHero Ypana. OctanbHoun
obbem MeTanna nosly4eH B OCHOBHOM Ha MecTopoxaeHusix Pecnybnuku Teisa, MypmaHckown
obnactn n Kapauyaeso-Yepkecckon Pecnybnuku.

Bonee nonosuHbl poccuiickon mean B 2015 r. aobbinmM npeanpuaTna BepTUKanbHO-
nHTerpuposaHHoro xonguHra MNAO «I'MK ,Hopunbckuin Hukenb“»: 425 Thic. T 4OOLITO HA Me-
cTopoxaeHnsax Hopunbckoro pygHoro parnoHa B KpacHosipckom kpae (Bkntodasa 0,4 Tbic. T
Mean, AoObLITOM HA TEXHOrEHHOM MecTopoxaeHun XsoctoxpaHunuuwe Ne 1 HO®), ewe 18,4
TbiC. T 06ecneunnu o6bekTbl NeveHrckon rpynnbl B MypmaHckon obnacTu.

Bonee Ttpetn gobblum kpacHoro metanna (316,5 Teic. T) obecneynnu NpegnpuaTUs
BepTuKanbHo-nHTerpmposaHHoro xonamHra OAO «YIMK», paspabaTbiBatolime MeCTOpPOX-
aenus Ha KOxxHom n CpegHem Ypane, a takke Antae n CesepHom KaBkase. O6bem go0blum
KOMMaHuM BKrtoyaeT 9 TbIC. T Meau, NoSTyYeHHOW Ha TeXHOreHHoMm obbekTe LLnakooTean me-
AennaeunbHoro npomnssogctesa CYM3 B CeepanoBckon obnacTu.

MpeonpuaTtua ewe OAHOW POCCUNCKOW BepPTUKaNbHO-UHTENPUPOBAHHOW KOMMaHUU —
3A0 «Pycckaa megHas komnanusay» (BAO0 «PMK») — B 2015 r. gobbinu 98,4 Tbic. T meaun.
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OcHoBHON 06bem (64,1 Thic. T) obecneunno 3A0 «Muxeesckun TOK» Ha MuxeeBckoMm men-
HO-nopcmnpoBoM MecTopoxaeHun B YensbuHckon obnactu, ocTtanbHOE KONMMYECTBO MeTar-
na pobbiTo Ha MegHOo-KonYedaHHbIX MecTopoxaeHnax OpeHbyprckon obnactn n Pecnybnu-
kv BawkopTocTaH, a Takke Ha N'ymeleBCKOM MEeCTOPOXAEHUN MeancTbIX mMuH B CeBepasios-
ckon obnactu, rae komnaHmsa OAO «Ypanrmgpomeab» METOAOM NOA3EMHOrO BhillenavmBa-
HWS C NocreayLwmMM 3MeKTponM3oM pacTBOpoB nonyyuna 1,4 Teic. T Meau.

OcTtaBwasdca yactb meamn (21,2 Tbic. T) gobbiTa NPOYUMM KOMMAHUSIMU HA MESIKUX
MeHbIX M KOMMIIEKCHbIX Meabcoaepxalmnx obbekTax.

1.1.2 HukeneBble pyAabl

B poccurcknx Hegpax 3aknoyeHo bonee OecATon YacTM MUPOBbLIX 3anNacoB HUKENS -
Mo MX KONMYECTBY B pa3pabaTbiBaeMbIX N OCBanBaEMbIX MECTOPOXAEHUAX CTpaHa 3aHMMaeT
BTOpOE MeCTO B Mupe, ycTynas Tonbko WMHooHesmun. Kpome Toro, ctpaHa obecneymBaet
cedbMyl0 YacTb MUPOBOM A06bLIYN, SABASASCH OOAHUM U3 BeayLmx npoayLeHToB Bene 3a du-
nunnnHamu. OaHHble o coctoaHun MCB Hukens P® Ha 01.01.2016 npuBegeHbl B Tabnu-
ue 1.4.

Tabnuya 1.4 — CoctosiHne MCB Hukena P® Ha 01.01.2016 [5]

MporHosHble pecypchl P4 P2 Ps
KonunyecTtBo 1,2 5,9 5,5
3anacbl A+B+Cqy |C;
KonunyectBo CBefaeHust CEKPETHDI
MI3amMeHeHMe o OTHOWEHWI K 3anacam Ha 07 5 1
01.01.2015 ’ ’
Hona pacnpeaeneHHoro goHaa, % 98,2 93,7
Ncnonb3oBaHmne MCB Hukens P® B 2015 .
[o6blva n3 Hegp, ThiC. T 309,4
Mpon3BoaCcTBO NEPBMYHOIO HUKENS *, TbIC. T 231,2
OKCNopT NEPBUYHOIO HUKENS, ThbIC. T 225,8
MMNopT NepBUYHOrO HUKENS, ThiC. T 0,9
CpegHerogoBasa uUeHa (CnoT) padUHMPOBAHHONO HUKENs Ha 9597 6
JNNIBM B 2016 r., ponn./T ’
CTtaBka Hanora Ha gobbivy, % 8

* [epBMYHbIN HUKENb — METans, NosSy4YEeHHbIA U3 py4 U rOTOBbIN K HEMOCPEACTBEHHOMY
ncnonb3oBaHuo 6e3 OoNoNHUTENbLHON NepepaboTKku.

CynbcunaHble MeaHo-HUKeNeBble pyabl, Nexalme B OCHOBE OTEYECTBEHHOWM Chipbe-
BOW 6a3sbl, xapakTepuayrTCs KOMMIIEKCHOCTbIO, MOMUMO HUKENS Takke SABNASCb UCTOYHUKOM
mMean, 6rnaropodHbIX MeTanmnoB, KobanbTa U HEKOTOPLIX ApYrMx meTtannos. [pyrne reonoro-
NPOMbILLNEHHbIE TUMbI, B TOM YMCNe NaTepPUTHbIA (CUNMKATHBIN KOGaNbTO-HUKENEBbLIN), 3Ha-
YUMbIN ONsa CbipbeBLIX 6a3 psiga 3apybeXXHbIX CTpaH, UMET NOAYNUHEHHYIO POfb B CTPYKTYpe
MCB cTpaHbl.

Bonee 73 % 3anacoB 3akn4YeHO B KOMMMEKCHbIX CynbduaHbIX pygax KpacHosipckoro
kpas. Mo mexagyHapogHomy ctangapTy JORC 3anackl Oktabpbckoro n TanHaxckoro MecTo-
POXOEHUN B COBOKYMHOCTM cOCTaBnsaloT 6,3 TbiC. T Hukens. B panoHe paspabatbiBaeTcs
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KpynHoe mectopoxaeHne Hopunbck-1, npenmMyLecTBEHHO BO BKpansfieHHbIX 6eaHbIX pygax
KOTOpOro 3akrntoyeHo 6onee 4 % GanaHCOBLIX 3anacoB CTpaHbl NpU CPeaHEM COAepXaHuu
Hukensa 0,35 r/T.

[aHHble no 3anacam n gobbiye Hukenst B PO npuBeaeHsbl B Tabnumue 1.5.

Tabnuuya 1.5 — 3anackl n gobblya HMkens B PO [5]

3anacsl Kateropum y 0
Proved + Probable, MiH T Jobbiya B 2015 ., ThiC. T Hons B mmpoBon gobbiye, %
7,3 310 14

CyLlecTBEHHO MeHbluMe 3anacbl — 4yTb 6onee 14 % — Haxo4saTCs Ha TeppuUTopun
MypmaHckon obnactu B npegenax cesepHom vactn Kapeno-KonbCckor npoBUHLMW; PErmoH
ABNSAETCA BTOPbIM MO 3HAYMMOCTU B CbipbeBON 6a3e Hukensi cTpaHbl. 34eCb OCHOBHbIE 3ana-
Cbl MeTanmna npuypoyeHbl K Cyrb@UaHbIM MEAHO-HMKENEBBIM MECTOPOXAEHMAM [ledeHrcko-
ro pyaHoro parvioHa. Pygbl nogo6Hbl HOpUIbCkUM 06bekTaM, OAHAKO CyLLeCcTBEeHHO GefHee u
CNOXeHbl, MPENMYLLECTBEHHO, BKPaNSI€HHbIMU Pa3HOCTAMU — CpefHee coaepXKaHue HUKens
B 3anacax caMoro KpynHoro u3 rpynnsl, >KgaHosckoro, coctasnset 0,67 %.

K BocTo4yHO-Ypanbckon NpoBUHLNK NPUYPOYEHbl BCE 3anacbhl HUKESS B CUNUKATHbLIX
(naTepuTHbIX) KOBanbT-HUKENEeBbIX pyaax — 6onee 9 % poccunckux. MectopoxgeHusa He
OTNIMYalTCA 3HAaYUMbIMUK 3anacamMu N BbICOKOKAYeCTBEHHbIMW pyAamMu B CPaBHEHUN C MUPO-
BbIMM aHanoramu. B Hegpax Hanbonee KpynmHOro MeCTOPOXAEHUSI CUITMKATHOTO HUKENs —
Bypyktansckoro B OpeHbyprckon obnactun — 3akrnodeHo 5,5 % 3anacoB CTpaHbl; cogepxa-
Hne meTtanna B cpegHem coctaBnsieT 0,63 %. CpeaHne KOHUEHTpauum B pygax OCTanbHbIX
MecTopoXaeHU He npesbiwatoT 1 %. VcknoyeHnem aBnseTcs Menkoe mectopoxaeHve Ye-
pemwiaHckoe B YensbuHckon obnacTu, rae cpegHee cogepXaHne HUKens BoBOE BbiLLE.

B BopoHexckon obnactu 3anacbl KOMMMEKCHbIX CyNbUAHBbIX MEQHO-HUKENEBLIX Py4
EnaHckoro n ENKnMHCKOro mectopoXxaeHuin npeactaBnaioT cobon noutn 2 % POCCUMCKUX,
cpefHee cofepkaHue MeTansa B NpeMMmyLLeCcTBEHHO BKpanneHHbIX pygax coctasnaoTt 1,41
n 0,85 % cooTtBeTCcTBEHHO. B npegenax obnactu nokanusosaHo 200 TbiC. T peCcypcoB HUKeNS
kaTeropun P1.

OueHeHbl 3anacbl HUKENs B KOMMSEKCHbIX CyNbMOUAHBIX MEAHO-HUKENEBbLIX pyAax Me-
ctopoxaeHus KyH-MaHbe B AMypckon obnactu (1,1 % 3anacos), LlaHyy B Kamyatckom kpae
(okono 0,3 %). B Pecnybnuke TbiBa y4TeHbl 3anacbl NOMYTHOrO HUKENS B apCeHUAHbIX HU-
Kenb-k06anbTOBbIX pyAax MECTOPOXAEHNS XOBYaKCUHCKOE.

Ha pucyHke 1.4 n B Tabnvue 1.6 npyBedeHbl JaHHbIE MO OCHOBHLIM MECTOPOXAEHUAM
Hukena B PO.
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MypmaHckan
Pecn. Oél
Kapenus ‘7
® Xnanosckoe
141
0,01 270
0
Bg}ll)ouemcxaﬂ EdanoC
stll OkTAG .
obn. MacnoBaxoe @ Ta'q:m?:c%? Kamuatckwii 0,25
YensabuHckan Hopunbex-1 Kpan 0
18 obn.
200 13A
1 500 Amypckan
13 10 KpacHospckuii Y .
64 130 Kpait _‘
© BypyKTanbakoe 11
OpeHbyprckas 0
obn.
g‘gg Pecn. Thiga

MecTopoxfeHus:
® paspabaTbiBaembie
O 0CBaHBaeMble 161— ;:'3%9;1 THiCT

PucyHok 1.4 — OCHOBHblE MECTOPOXAEHNSA HUKENSA U pacnpeneneHmne
ero 3anacoB, % W NPOrHO3HbIX pecypcoB kateropuun P4, TbiC. T,
no cyovekram PO [5]

Tabnuuya 1.6 — OcCHOBHble MeCTOpOXaeHUA H1Kens B PO [5]

[ons B 3ana-
Copepxanne |[obblva B
Henpononb3oBaTens, eonoro- cax
- Hukens B py-|2015r.,
MeCTopOXaeHne NPOMBILLNEHHbIN TUM A+ B+ C; o
pax, % TbIC. T
P, %
MAO «I'MK ,Hopunbckum HUKenb“»
Oktabpbckoe (KpacHosip- | CynbuaHbin MegHo-
siopeckoe  (Kpackosp-| CynbmuAtbin MEAHO- | 35 0,78 187
CKMI Kpan) HUKenNeBbIN
Taanaxmfoe (KpacHosip- Cyanammiblm MeaHo- o5 0,69 55.7
CKMI Kpan) HUKeNeBbIN
M K - A -
acznoscroe (KpacHosip Cyan)m,q|-|vb||/| MegHo 25 0,35 0
CKUI Kpan) HUKeNeBbIN
MAO «I'MK ,Hopunbckun Hukens“», AO «Aptenb ctapatenen ,Amyp“» ('K «Pycckas lNna-
TUHa»)
H -1 K - A -
Ova/IJ'IbCVK (KpacHosp CyJ‘Ib(bVI,EI,I—ibII/I MeaHO 2.8 0,35 78
CKUIN Kpan) HUKENEeBbLIN

focyaapcTBeHHbIM HGanaHCoM 3anacoB YYMTbIBAKOTCA TPU TEXHOMEHHbLIX MECTOPOXae-
HWSA, CyMMapHO 3akntovarowme 54,6 Toic. T meTanna. B KpacHospckoMm kpae Ha MeCTOpOX-
aeHnn XeoctoxpaHunuwe Ne 1 HO® oHun npeacTaBneHbl «nexanbiMym XBocTammy oboratle-
HUA — NPOAYKTaMM rOpHO-060raTUTENBHOrO U MEeTanyprmyeckoro nepenernos, «exansiMm»
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NMPPOTMHOBBLIM KOHLieHTpaToM. Ha mecTtopoxaeHun O3epo bapbepHoe — Hukenbcogepxa-
WMMKU OOHHBIMKM OCagkamMu, obpa3oBaHHbIMM B Mpouecce nepegena cynbuaHbix pya. B
MypmaHckon obnactu nepepabartbiBatoTCA OTBasibl BCKPbILWHbLIX NOPOA M HEKOHAMLUMOHHbIX
cynbduaHbIX pya, obpasoBaHHble Npu paspaboTke AnnapevyeHCKoro MeCTopOXAEeHUS.

B NocypnapctBeHHOM GanaHce 3anacoB MOMe3HbIX UCKONAeMbIX YY4TEHO 59 KOpPEHHbIX
MECTOPOXAEHUN HUKENS, npudemM 14 oO6beKTOB UMEIDT TONbKO 3abanaHcoBble 3anackl. Kpo-
Me TOro, yuTeHbl Tpu paspabaTbiBaeMblX TEXHOMEHHbIX MecTopoXaeHus. Bce mectopoxae-
HWUS, obnagaoLlme 3Ha4YMMbIMK 3arnacamMmmn HUKenNs, nepefaHbl HegpPOoMnoNb30BaTEeNAM.

n
o0
w
i
i o
& '~ a
3 8 g
5 n - 3 ’§
5 o g
8, B I v
3 x Sm
g5 g2
%= 88
ax
&2 E%
3584 3646 3762 3N =y
353 3566 :4 -—-318.'5_ 37 3192 3094
B g
=1 K S ?i’ wy
i @ ~
8 5 T m BB E
s

2006 2007 2008 2005 2010 2011 2012 2013 2014 2015

MpupocT 3anacoe Kateropuit A+B+C1
=s== floBbNa

PucyHok 1.5 — [OuHamuka gobblum HUKENS 1 NpUpocTa ero 3arnacos KaTteropun
A + B + C4 B pesynbTarte reonoropassefoyHbix pabot B 2006—2015 rr.,
ThbIC. T [5]

He nepegaHHbIMM B OCBOEHWE HEAPONONb3oBaATENSAM OCTalTCs 24 MECTOpPOXAEeHUN
PasnNUYHbIX reosioro-NPOMBbILLNEHHbIX TUMOB, cpean HMX Ha 11 pasBegaHbl TONbKO 3abanak-
coBble 3anacbl. Cpean HEOCBOEHHbIX TONbKO B €4MHUYHBIX CRyYasax pyabl XapakTepuaytoTcs
napamMmeTpamu, CXOXUMK c paspabaTbiBaeMbiMn ob6bekTamu. MectopoxaeHus B 60MbLUNH-
CTBE Cry4yaeB pacrnosioXXeHbl B MArIOOCBOEHHbIX panoHax 1 3anacbl HE3HAYUTESTbHbI.

KonnuyectBo aobbiToro ns Hegp Hukenst 3a 2015 r. B P® cocrasuno 309,4 ThIC. T, CO-
KpaTUBLLMCb MO CPaBHEHMIO C Npeabiaywmm rogom Ha 3 %. TpaguumoHHo 6onee 97 % npu-
X0OUTCA Ha Cynb(UAHBIA HUKENb, AONA CUMMKATHOIMO HWKENs B CTPYKTYpe O00bIMM MUHK-
mManbHa n B 2015 r. coctaBuna 2,5 %. Kpome Toro, npu paspaboTke TEXHOreHHbIX obpa3oBa-
HWUA BbINo Nony4eHo 6,8 Thic. T MeTanna.

MopaBnsitowee KONMYECTBO MeTanna Obino Nony4yeHo Ha MecTopoxaeHusax Hopunb-
CKOro pygHoro pawnoHa, obecneumBumx 81 % pobbitoro HuMkensa. Kpome Toro, Ha oObeKThI
MeyeHrckoro pygHoro paroHa MypmaHckon obnactu npuwrnock 6onee 15 % nobbiun. 3 cu-
NUKaTHbIX MecTopoxaeHun B CeepgnoBckon obnactu 6bino mssneyeHo 2,5 % mertanna.
Kpome Toro, gobbiva cynbcumaHoro Hukensa B Kamuyatckom kpae coctasuna B 2015 r. okono
1,5 %.
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KpynHenwmm npoayLeHToM HUKkens kak B Poccun, Tak n B Mupe, Ha NPOTSXEHUN MHO-
rMxX NeT OCTaeTcHa BepTukarbHO-UHTerpupoBaHHas komnaHusa MAO «'MK ,Hopunbckuin Hu-
Kenb“». B ropHOpyAHbIX akTMBax XonauHra cocpenotoveHo 6onee 70 % oTedecTBEHHbIX 3a-
nacoB HuKens, pa3paboTka KOTOopbIX no3sonseT obecneunBaTtb B cpeaHem 6onee 90 % ro-
aoBoun aobblum B cTpaHe. B mupoBom macwtabe gons komnaHus coctaensieT Ao 15 % wms-
BMeKaemMoro U3 Heap MeTtanna exerogHo.

HouepHsaa cTpyktypa xonamHra AO «Konbckas TMK» akcnnyatupyeT psg cynbdua-
HbIX MeCTopoXaeHUN [leyeHrckon rpynnel, rae OCHOBHAA 4ONs OOObLITOro metansna npuxo-
antca Ha XKpgaHosckoe MecTopoxaeHue. CymmapHas gobblda no dunvanam xonguHra B
2015 r. coctaBuna 297,3 TbiC. T B NepecyeTe Ha HUKenb, Npu4em Ha pyaHuku B KpacHosip-
CKOM Kpae npuwnock 250,5 Teic. T MeTanna.

PaspaboTtky cynbpuaHbix pyg Beget komnanms 3A0 «HIMK ,[eotexHonorma“y Ha me-
ctopoxaeHun LaHyy B KamyaTtckom kpae.

[o6biva cunukatHbix pya B 2015 r. Benacb Tonbko Ha CepoBCKOM MECTOPOXOEHUM
komnaHmen OAO «YdanenHukenby, Bxoaswen B cTpyktypy OOO «PycHukenby», n coctasu-
na 7,4 TeiC. T B NepecyeTe Ha HUKESb.

MonoxeHne Poccun Ha MMPOBOM apeHe CTabunbHO — OTEYECTBEHHbIE MPOAYLIEHTDI
BbICOKOKaQ4YeCTBEHHOWN npoayKumm obecnevyeHbl COBCTBEHHbLIM ChipbeM 51 COXpPaHeHus O0-
CTUMHYTbIX MOLLIHOCTEN NPON3BOACTBA B 4OSITOCPOYHOM NEPCNEKTUBE.

K npobneme otpacnu cTpaHbl OTHOCUTCSA NPaKTUYECKM NOSTHOE npekpaleHre 0o0bun
n nepepaboTkn cunukatHblx pya. Cutyauma obycnosrieHa OTCYyTCTBMEM peHTabenbHbIX Tex-
Honornn obblum 1 nepepaboTkn yNopHbIX yOOrMx CUNMKaTHbLIX pya, a Takke cokpalleHuem
3anacoB Ha 3KcnnyaTupyemblx yyacTkax. B oTganeHHOM nepcnektuBe MOXET BO3HUKHYTb
npobnema BOCMNPOM3BOACTBA POCCUNCKOW CbipbeBOM 6a3bl HUKENA — OONSA pacnpeaenieHHo-
ro cooHga BbICOKa, B HepacnpeneneHHoM oHOe HaxXoO4AaTCs TONbKO HepeHTabernbHble K OT-
paboTke 06beKkTbl. PeCcypCHbIn NoTeHUMan B OCHOBHOM MPUYPOYEH K driaHram u riny6okum
ropu3oHTamMm paspabaTbiBaeMblX MECTOPOXAEHUN; BEPOATHOCTb OTKPbITUS HOBbLIX KPYMHbIX
0ObEeKTOB HU3Ka.

1.1.3 CBUHLUOBbIE U LUHKOBbIE pyAbl

Poccusa pacnonaraet ogHoM U3 KpynHenLwnx cbipbeBbiX 6a3 cBUHLA U 3akntodaeT 6 %
€ro MMpPOBbIX JOKAa3aHHbIX 3anacoB, O4HAKO MO NMPOM3BOACTBY CBMHLA B KOHLEHTpaTe obec-
neymsaet Tonbko 2 % — 3 %. B To Bpems kak Ha [locygapcTBeHHOM GanaHce yuuTbiBaeTcd
17,8 MnH T 3anacoB cBuHUa kateropun B + Cy + C,, K aKTMBHbIM 3anacaM MOXHO OTHECTU
nuwb 5,3 MNH T, N HeMHorMMm 6onee NONoBUHLI 3anacos kaTeropun B + C1 — 3a Bbl4ETOM
He BOBJIEYEHHbIX B OCBOEHME OOBLEKTOB, B TOM u4ucrie XONOAHWHCKOrO MECTOPOXAEHUS
B Pecnybnuke bBypaTtus, n TeEXHONOrMYECKN He U3BNEKAEMOro CBUHLA.

CoctosiHne MCB ceuHua P® Ha 01.01.2016 npuBeaeHo B Tabnuue 1.7.

Tabnuya 1.7 — CoctosiHne MCBE ceuHua P® Ha 01.01.2016, mnH T [5]

MporHo3Hble pecypcsi P4 P2 P3
Konn4yectso 3 10,6 27,6
3anacbl A+B+C; [|C,

KonnyecTtBo 10,2 7,6
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OkoHyaHue mabnuubi 1.7

[MporHo3Hble pecypchl P4 P2 P3
M3meHeHVe nNO OTHOWEeHMK K 3anacam Ha 21 04
01.01.2015 ’ ’
Honga pacnpegeneHHoro poHaa, % 85 85
Mcnonb3oBanne MCB ceuHua PO B 2015 T.
[o6blva n3 Hegp, ThbiC. T 171,2
Mpon3BOACTBO CBMHLOBOIO KOHUEHTpAaTa, ThiC. T 283,75
OKCNopT pyA U KOHLEHTPATOB CBUHLA, ThIC. T 284
Mpona3BoacTBO pahnHNPOBAHHOIO CBMHLUA *, ThbIC. T 116
JKcnopT padMHMPOBAHHOIO CBUHLA, ThIC. T 98,9
mMnopT patHUPOBAHHOIO CBUHLA, TbIC. T 1,1
CpefnHsis ueHa paduHupoBaHHOro csuHua Ha JIBM B 2016 r., 1870
ponn./T
CTtaBka Hanora Ha gobbivy, % 8

* A3 BTOPMYHOIO CbIpbsi, OLIEHKA.

CBuHeL, 3aKno4aeTcs B KOMMNIIEKCHbBIX pyaax NPeMMyLLEeCTBEHHO NoNMMeTanIn4eckmnx
MECTOPOXAEHUN, coaepXallnxX Takme nonesHble KOMMNOHEHTbI, KaK LUMHK, Meab, cepebpo, 30-
noto u ap. CBMHUOBLIN TN pya BblAeneH TONbKO Ha ABYX 0O6bekTax, K HEMY OTHOCAT pyAbl
Caypewmckoro mectopoxgeHus B Amano-HeHeukom AO 1 yacTb 3anacoB [(OpeBCKOro MecTo-
poxaeHna B KpacHosapckom kpae. Okono 2 poCCUNCKMX 3anacoB OTHOCUTCA K BoraTbiM py-
Aam ¢ BbicokuM (4 % n 6onee) cogepkaHMemMm CBUHLA.

MoTeHunan yBennyeHnsa cbipbeBor 6asbl cBUHLA B Poccumn HeBbICOK: Bonbluasa yactb
NMPOrHO3HbIX PECYPCOB MeTarna OTHOCUTCS K KaTEropusiM HU3KOW CTENEHN JOCTOBEPHOCTU, B
TO BPEMS KakK pecypcbl cBuHUA kateropum Py oueHumBatoTcst Bcero B 3 mnH. T. Hanbonee
NepcnekTMBHLIMKM ANSA MNPUPOCTa 3anacoB CBMHLUA SIBASKOTCA METanfnoreHM4Yeckme 30Hbl B
Mpumopckom, AnTanckom n KpacHosipckoM Kpasix, a Takke B ApxaHrenbckon obnacTu.

Bornee 90 % poccuinckux 3anacoB CBUHLUA pa3BedaHO K BOCTOKY OT Ypana, B TOM Yuc-
ne okoso 80 % - B Cnbupwu. MNpu aToM TpeTb MeTarnna 3aknioyeHa B Hegpax camoro KpynHoro
B cTpaHe ["opeBCKOro CBUHLOBO-LMHKOBOIO MecTtopoxaeHusi B KpacHosspckom Kpae, no kade-
CTBY M MacwTaby opyaeHEeHUs CONOCTaBMMOro ¢ Hanbonee 3Ha4YMMbIMU O6bEKTAMKU B MUPE.
[CopeBCcKOe MecTopoXaeHue, Ha KoTopoM fobbiBaetca 55 % — 75 %poccuickoro cemHua B
rog, OTHOCUTCA K KON4egaHHO-NoNMMeTanIM4eckoMy reonoro-npomsiwneHHomy tuny (MIT)
N 3aneraeT B TEPPUrEHHbIX Nopoaax aokembpus. OHO 3aknovaeT NoA4ABMASOLLYIO YacTb yuu-
TbiBaeMbIX ['ocygapcTBeHHbIM GanaHcom 6oraTbix CBMHLIOBLIX pyd. Ha mecTtopoxaeHun Bbl-
AensieTca gsa Tuna py4: CBUHLUOBbLIE CO CpeaHnM cofepXaHuem ceuHua 6,91 % 1 CBUHLOBO-
unHkoBble — 5,47 % Pb. [JaHHble N0 MECTOPOXOEHUSAM NpuBEAEHbI HAa pUCyHKe 1.6.
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Tabnuuya 1.8 — 3anacbkl cBuHUa 1 06beMbl ero npomnssoacTea B PP [9]

3anachbl, kateropus 3anacbl, MIH T

MpounssoacTeo
B KOHLeHTpaTe
B2015r., ThiC. T

Oona B MunpoBOM
npounssoactee, %

3anacbl kateropun A + B + C; pas-

abaTtbiBaeMbiXx M 0cCBaMBaeMbIX
P g 8.2 (6,2) 156 4
MecTopoxaeHun (6e3 XonoaHWH-
CKOro)
fimano-
HeHeukun
AO
MasnoBcKoe
Ka6apauHo- o}
bankapckaa ApxaHrenbcKas
Pecn. 05 obn.
0,5 i 0,1 MarapaHckan
OPEHGypr((ZJKg: . 03 %:’% 4 0 ofbn.
(Hah i Pecn. Caxa
BalwKopTocTaH Kpactionpckmit
Dene Bpan AR Capgara
AnaHus o "
KemepoBckan 0,02 Xabaposckuit
96_2_ obn. “#‘ Kpai
0 04 ' 003 Sois Topescxoe
S AnTanckii ° 0,07
0,04 0,1 s 0.07
Yensi6 15 o1 0 OXonoauuHckoe
ena "Hc'g‘: Y3 0,07 WpxyTckan
- Creniot'e 002 0. O g4 Hopo-Winporunaroe
Kop6anmxuhakoe 02 38PHOE o Hoiio-Tonoroii
MecTopoxaeHus: 1 5 10,% o Huxonaescxoe
® paspaBaTbiaembie 0 s
O oBauBaeMbie 16 samcl Pecn.  Pecn. Pecn. 3abaitkanbckuin Mpumopckuia
O HepaspabaTbiBaeMble 0,2 pecypcel Py Xakacma  Toisa BYpATMA  Kpaii Kpam

PucyHok 1.6 — OCHOBHblE MECTOPOXAEHNSA CBUHLLA U pacnpeaeneHne ero
3anacoB M NPOrHO3HbIX pecypcoB kateropun P4 no cybbektam PO [5]

B Pecnybnuke bypaTtus passegaHo TpM MECTOPOXAEHUS, B TOM YUCE KPYrHble Xo-
nogHuHckoe n O3epHoe, rmaBHbIM NOME3HbIM KOMMOHEHTOM KOTOpPbIX ABNgeTca LmHK. Cpea-
Hee coepXaHuwe CBMHLUA B UX pyaax Hesbicoko M coctaBnget 0,6 % un 1,17 % cooTtBeT-

CTBEHHO. XOJIOQHNHCKOE MECTOpPOXAeHNe, CXO04HOe C

Nopesckum [TIT, 3akntovaeT noytn 19

% pOCCUNCKMX 3anacoB CBUHLA. [JaHHbIE MO MECTOPOXAEHNAM CBMHLA cM. B Tabnuue 1.9.

Tabnuya 1.9 — OCHOBHblE MECTOPOXAEHNA CBUHLA B PO [9]

3anacsl, TbiC. T ond B | Cogepka-
Hepgpononb3osa- |[eonoro- A Aep [oGbiva
. 0anaHco- |HUe CBUH-
TefNb, MECTOPOX- | NMPOMbILLSEHHbIN A+B+C BbiX sana-|ua B py B 2015r.,
+ B+ - -
eHue ™n 12 TbiC. T
A cax P®, % |nax, %
OAOQO «lopesckun MOK»
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lpodormxeHue mabnuue! 1.9

Henpononb3osa- |[eonoro- 3anacel, TeiC. T Hons B| Copepxa- [o6blya
y 6anaHco- |Hue CBWH-
Telb, MECTOPOX- | NPOMbILLNEHHbIN A+B+C |C, BbiX sana-|ua B py- B 2015r,
oeHune TNN cax PCD, % nax, % TbIC. T
"lopeBckoe KonyepgaHHo-
(Kpacosipckum nonumeTanin- 1,417 2 losia 4 |30,6 6,55 955
Kpan) YECKUN B TEPPW.
nopoaax
00O «WHBecTEBpOKOMNaHm»
XonogHuHckoe KonyepaHHo-
(Pecnybnuka nonmn/ieTannM— 2011.6 1347 3 18.9 0.6 0
Bypatus) YECKUN B TEPPWI.
nopoaax
OO0 «TexnpomuHBECT»
OsepHoe (Pec-|KonyenaHHo-
nybnuka bypsa- I'IOJ'II/IN\IleTaJ'IJ'II/I- 14641 99.5 8.8 117 0
T™S) Yyeckunm B ocaf.-
BYJIK. MOpoaax
OAO «Cubupb-lonumeTtannbi»
Kop6anuxmHckoe | KonyegaHHo-
(Aﬂ'[aVICKVIVI I'IOJ'IVIIV\IIeTaJ'IJ'IVI- 4578 31.4 08 5 71
Kpawn) Yyecknn B ocap.-
BYJIK. MOpoaax
CtenHoe (An-|KonyegaHHo-
TancKni Kpan) I'IOJ'IVIIV!’eTaJ'IJ'IVI— 101 21.1 0.7 4,98 9.8
Yyeckun B ocaj.-
BYJIK. mopoaax
AO «I'MK ,Janbnonumetann®»
Hukonaesckoe | CkapHOBO-
(Mpumopckumn nonuvetannun- |184,5 0,6 1,0 2,25 5,3
Kpawn) Yeckum
OAO «HoBo-LLUnpoknHCcKkni pygHuK»
HoBo- MonumeTtannu-
LUVIpOIfVIHCKoe ) YECKNI XUIbHbIV 90.8 211.8 17 173 17.3
(3abarkanbckuin
Kpan)
OO0 «BocTto4yHo-Cnbupckas komnaHusa»
Capgana (Pec-|CBuHUOBO-
nybnuka  Caxa|umHkoBbIn cTpa-|0 592,2 3,3 3,23 0
(AxyTns)) TUAPOPMHbBIN

00O «bankanpyn»
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OkoHyaHue mabnuuybi 1.9

Henpononb3osa- |[eonoro- 3anacel, TeiC. T Hons B| Copepxa- [o6blya
. GanaHco- |Hue CBUWH-

Telb, MECTOPOX- | NPOMbILLNEHHbIN A+B+C |C, BbiX sana-|ua B py- B 2015r,

AeHne ™n cax P®. % | nax. % TbIC. T

Hownon-Tonoron |CkapHOBO-

(Babarkanbckuin |nonumeTannn- | 266,9 348 3,5 1,17 5

Kpan) Yeckum

AO «[llepBas ropHopyagHas KOMMaHUS»

MaBnosckoe CBWHLOBO-

(ApxaHrenb- LUMHKOBbIN CTpa-|12,5 440,9 2,6 1,44 0

ckas 06n.) TUOOPMHbLIN

B 3abankanbckoMm kpae M3BecTHO 6onee OByX LECATKOB CBsI3aHHbIX CO CKapHamu
XWUNbHbIX, MPENMYLLECTBEHHO CBUHLOBO-LIMHKOBBIX OOBEKTOB C pygaMu pasfMYHOro Kade-
cTBa.

B AnTarickom Kpae paspabaTtbiBatoTca 06BHEKTLI CO CPEQHUM COAEPXKaHMEM CBUHLA OT
4,6 %, 4TO COOTBETCTBYET MMPOBOM MNpakTuke. 3akntovatouee okono 3 % poccumckmnx Kop-
BannxmHckoe MecTopoXaeHue XxapakTepusyeTca OTHOCUTENBbHO HeBbICOKUM (2 %) coaepxa-
HMeM CBWMHUA B pyAdax, Npy 9BHOM npeobnagaHuu umHka (9,85 %). Ha donaHrax n3BecTHbIX
MECTOPOXAEHUN N B pygonposisrieHnax Toro xe [T nokanusoBaHbl pecypcbl CBMHLA KaTe-
ropun P4 B konmyecTtse 556,6 ThiC. T, 4TO cocTaBnseT 6onee 18 % OT CyMMapHbIX B CTpaHe.

B KemepoBckon 06ractu CBUHeL, y4uTbiBaeTCA B Hegpax YeTbIpex Merikux konyegaH-
HO-MONUMETaNIMYEeCcKnx MectopoxaeHmin Canampckon MeTannoreHN4YeCcKom 30Hbl, XapakTe-
pusyowmxcs HU3knum (meHee 1 %) cogepxaHmem Pb.

B lMpumopckom Kpae pacnpoCTpaHeHbl XWUibHble NOAMMeTanIMyeckne n OnoBsiHHO-
CBUHLOBO-LMHKOBbIE MECTOPOXAEHMS. 30eCb MMEKTCA XOpoLuMe MepCrnekTMBbl ANst Hapa-
LLUMBaHMA 3anacoB CBMHLA.

Ha eBponenckyto TeppuTopuio CTpaHbl NPUXOAUTCA TONbKO 8 % POCCUNCKUX 3anacos
CBUHLA 1 Bonee NATON YacTu NPOrHO3HbIX PeCypcoB kaTeropun Py.

B pecnybnuke CesepHaa OceTusi-AnaHus 3aknioyeHo okomo 2 % 3anacoB CBUMHLA U
oKoJio 5 % NPOrHO3HbIX PecypcoB Kateropum P4 B 4eCATU MENKUX NonNuMeTanamyeckux Me-
CTOPOXOEHUSX XUMNBHOIO TUMNA C cogepxaHnem ceuHua B pydax ot 1,2 % 8o 3,9 %.

ocynapcTBeHHbIM 6anaHcoM 3anacoB Mofe3HbiX Uckonaembix Poccun yunteiBaeTcs
102 MecTopOXaeHNs1 CBUHLA, AECATb M3 KOTOPbIX coaepaT TONbKO 3abanaHcoBble 3anachl.
B pacnpeneneHHom coHae Heap HaxoauTcs 43 oObekTa ¢ pyaammn pasnnMyHoro kadecTtsa: OT
6enHbIx Ao 6oraTtbiX, B TOM YMCre BCE KPYMHble MeCTOpoXaeHus. KauyecTBo pya pOCCUNCKMX
MECTOPOXAEHUA CBUHLIA HEOAHOPOAHO, OOHAKO HEOCBOEHHbIE OOBEKTbI B 3TOM OTHOLLUEHUMU
CYLLLEeCTBEHHO yCTynatoT akcnnyatupyembiM. O6beKTbl HepacnpeaeneHHoro oHaa xapakre-
pU3yITCA NPENUMYLLLECTBEHHO MENKMM MaclTabom opyaeHeHus.

HaHHble no fobbide cBmHUaA B cybbektax PO B 2015 r. npuBeaeHbl Ha pucyHke 1.7.
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3abaifikanbCcKuil Kpai

AnTaiickuii Kpait

95,5
KpacHo# Eclmﬁ
Kpa

Mpumopckuii Kpaii

MaragaHckan o6aacTb
Pecnybauka TbiBa
0,2 v6
Pecnybauka
bBawkopTocTaH

2,3 YennbuHckas obaactb

PucyHok 1.7 — [Jobblya cBmHUa B cybbekTax PO
B 2015 ., TbIC. T [5]

B 2015 r. pobbiva ceBnHua B Poccum cokpaTtunacek Ha 28 % o 171,2 Teic. T.

CeuHey ussnekancsa un3 Hegp 18 obbekToB. Beaywmm npegnpuatnem octasarnca [o-
pesckun pygHuk komnaHum OAO «l"opesckuin TOK» B KpacHosipckom kpae, obecneumBLumni B
2015 . 56 % pobblun cBMHLUA B CTpaHe.

BTopbIM MO KpYNHOCTU NpOAYLEHTOM CBMHLA M3 POCCUMCKUX Heap cTan pyaHuk Hoso-
LLnpoknHckoro MectopoxaeHuss B 3abanmkanbckom kKpae komnaHum OAO «HoBo-
LLINpOKNHCKUI pyaHUKY, HAapacTuBLLMi Jobbivy o 17,3 Toic. T B 2015 .

Komnanna AO «I'MK ,Janbnonumetann“» gobbina cymmapHo 12,3 TbIC. T CBUHLZ;
Bonblas YacTb nosiydeHa Ha pyaHukax HukonaeBckoro u MNapTu3aHCKOro MecTopOXOEeHUN:
5,31 2,4 TbIC. T COOTBETCTBEHHO.

Komnauma OAO «Cubupb-lonumeTtannbi» B Antanckom kpae gobbina 7,1 Tbic. T
cBuHUa Ha KopbanuxmHckom mectopoxageHum n 1,6 Tbic. — Ha 3apeyeHCKOM.

Ha CtenHom mectopoxaeHun B Antanckom kpae komnaHum AO «Ypananektpomeab»
B 2015 r. gobbiTo 9,8 TbIC. T cBUHLA, Kbi3bin-TawTtbirckom B Pecnybnuke Teiea (OO0 «JlyH-
CUH») — 8,7 TbIC. T, MecTopoxaeHuax HomoH-Tonoron B 3abankansckom kpae (OO0 «ban-
kanpya») n Nonbuosom B MaragaHckon obnactn (AO «Cepebpo MaragaHa») — no 5 TeiC. T.

Poccusa obnagaeT ogHoOM U3 KpynHENLWNX B MUpe cbipbeBbiX 6a3 cemHua. OgHako oc-
HOBHasi YaCTb Ka4eCTBEHHbIX 3anacoB COCPeaOTOYEHa B NPaKTUYECKn eaUHCTBEHHOM COrMo-
CTaBMMOM C 3apybexHbIMM 06bekTaMmn KpynHOM [TOpeBCKOM MECTOPOXAEHUN, 3anacbl KOTO-
poro ans nogsemHon otpaboTtkm B 2015 I. CyLLlEeCTBEHHO COKpaTUNMChb B peayrbTaTte nepe-
oueHkn. Kpome TOro, noyTn naTas YacTb POCCUMCKOrO CBMHLA 3akroyveHa B 6egHbiX pyaax
XONOAHNHCKOrO MECTOPOXAEHNS, BBOL B 3KCMyaTauMo KOTOPOro B bnmxaniee BpeMsa Ma-
NOBEPOSATEH.

PaclwmnpeHne gencTByoWmMX NPpoOM3BOACTB U CO34aHNe HOBbIX NpeanpuaTun no gobbl-
Yye CBMHUA B OCHOBHOM MMEET LEeNbI0 YBENNYEHMNE IKCMOPTHLIX MOCTABOK €ro pya U KOHLEH-
TpaTtoB. [1ns akcnopTa npoAayKkuuu ¢ BbICOKOM Ao6aBneHHOM CTOMMOCTbIO TpebyeTca co3aa-
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HWe MeTannypruyecknx 3aBofOB, BbIMYCKaKOLWMUX CBUHEL, U3 KOHLEHTPATOB, CTPOUTENBCTBO
KOTOPbIX CBA3AHO C BbICOKMMW IKOSNTOMMYECKMMUN pUCKamMm 1 TpebyeT KPYNHbIX NHBECTULN.

Ha pucyHke 1.8 npuBegeHbl aHHbIE NO NPOM3BOACTBY CBMHLIA B CBUHLOBOM KOHLIEH-
Tpate B 2015 .

00O «HoBoaHrapcKuid
060raTUTE/IbHbI M

KOMBMHAaT»

OAO «Hogo-

111,35 LLinpOKMHCKMIA

PYAHUK?

AQ «TMK "Hanb-
noaAuMeTann"»

AO «¥Ypananektpomegb»

OAO «Cubupb-
Moanmetanibi»

1,1 § 4,07
000 «JlyHcuH» B 000 «baiikanpya»

PucyHok 1.8 — NMpoun3BoacTBO CBUHLA B CBMHLOBOM KOHLUEeHTpaTe B 2015 T,
ThIC. T [5]

Poccuinckas coipbeBast 6a3a 3akntovaeT OKOMno AeCATON YacT MUPOBLIX 3anacoB LUNMH-
ka, [ocygapcTBeHHbIM 6anaHCoOM 3anacoB Y4MTbIBAOTCA 3anacbl LMHKa KaTeropum
A+B+Cq+CyB 59,8 MnH. T. N0 kayecTBY Cbipbsi OTEYECTBEHHbLIE MECTOPOXAEHUS COOT-
BETCTBYIOT MMPOBbLIM aHanoraMm. OgHako 6ornblias 4acTb POCCUNCKOro MeTanna gobbiBaeTca
N3 MEOHO-KONYeOaHHbIX Py4 C HU3KMM COAepXaHWeM LUMHKA, Korda B MUPE OCHOBHbLIMWU MO-
CTaBLMKaMn Cbipbs ANs NPOM3BOACTBA LIMHKOBLIX KOHLEHTPATOB BbICTyNakT Ooratble LWH-
KOM CBMHLIOBO-LIMHKOBbIE MONUMETANNMYECKNE U cepebpo-nonmmeTannndeckne MecTopoX-
AeHusi. B coBCTBEHHLIN KOHLIEHTPAT B cpeaHeM m3BnekaeTcs Tonbko 60 % — 65 % nobbiBa-
€MOro 13 poCCUMUCKNX Heap umHka. Cpeam NpoAyueHTOB LMHKA B KOHLEHTpaTax CTpaHa He
3aHMMaEeT NMANPYILWNX NO3nLMIA - Ha gonto Poccunn npuxoantcsa oo 2 % MnpoBOro Bbinycka.

B tabnuue 1.10 nokasaHo coctossHne MCB umHka PP Ha 01.01.2016.

Tabnuya 1.10 — CoctosiHne MCB uuHka P® Ha 01.01.2016, mnH T [9]

MporHo3Hble pecypcsi P, P2 Ps
KonunyecTtso 10,7 34,9 57,4
3anacsl A+B+Cy C,
KonunyectBo 40,8 19

M3meHeHue no OTHOLUEHUID K

3anacam Ha 01.01.2015 0.9 0.4
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OkoHyaHue mabnuubi 1.10

MporHo3Hele pecypchl P4 P, P
,D,OJ'I:l pacnpenenieHHoro goH- 89.5 90.5
na, %
Wcnonb3oBaHne MCB unHka P® B 2015 .
Hob6blya n3 Heagp, TbiC. T 388,8
OKCNopT pyad U KOHLEHTPATOB UWHKA, ThiC. T 112,2
MMnopT pya U KOHUEHTPATOB LMHKA, ThbIC. T 212,2
MponaBoacTBO pahnHNPOBAHHOIO LMHKA *, ThIC. T 229,6
JKCnopT padPMHUPOBAHHOIO LMHKA, ThIC. T 28,5
MMnopT padomMHUPOBaAHHOIO LMHKA, ThIC. T 32,8
CpegHsas ueHa paduHMpoBaHHOro uUuMHka Ha JIBM B 2016 1., 2091
ponn./t
CTtaBka Hanora Ha gobbivy, % 8

* OueHkKa.

o 70 % poccunckux 3anacoB LUMHKa cocpenotodeHo B CMbUpcKkoM permoHe, B TOM
yncrne 50 % Tonbko B Pecnybnuke bypaTtus, raoe nokanvsoBaHbl ABa KPYNHENLWLMX KonyeaaH-
HO-nonMMeTannnMyecknx mectopoxageHna — O3sepHoe u XonogHuHckoe. Oba mecTtopoxae-
HUS XapaKTepM3YTCHA BbICOKMM coaepKaHNeM LnHKa (0Kosno 6% v 4 % COOTBETCTBEHHO).

B KpacHosipckom Kpae pacnonoxeHo [flopeBckoe MeCTopoXaeHne ¢ 6eaHbIMu Mo LMH-
Ky pyAamu, rnaBHbIM KOMMOHEHTOM KOTOPbIX SBMISIETCHA CBUHEL,: OOBbEKT 3akrno4yaeT okomno 3
% POCCUNCKMX 3anacoB LIMHKA.

Ha CpegHem n KOxxHOM Ypane B pygax MegHo-KonyegaHHbIX 00 beKTOB cocpenoToye-
Ha nNATas 4yacTb 3anacoB LMHKa. B nx uncne BaxHenwmne ana oTe4eCTBEHHOW MPOMbILLNIEH-
HocTu [anckoe, YsenbruHckoe, YdanuHckoe, HObunemHoe. B pernoHe nokanu3oBaHO
3,1 MnH T pecypcoB kaTteropun Pqc oTHocuTenbHO Hu3kum (0,7 % — 2,9 %) cogepxaHmem
LUMHKa B pyadax.

lMepcnekTuBbl NPMPOCTa POCCUMCKOM CbipbeBON 6asbl LiMHKA HE3HAYMTENbHbI: Pecyp-
cbl kateropun P oueHmBatoTca B 10,7 MIH. T.

MocynapcTBeHHbIM BanaHcom 3anacoB PO yyteHo 151 mectopoxaeHue ¢ 3anacamu
UuHKa; B ToM yncrne 20 — Tonbko ¢ 3abanaHcoBbiMu. B pacnpeaeneHHom cdoHae Heap vnc-
narca 74 obvekrta, BKoYas 60MbLWNHCTBO 3HAYNMMbIX MECTOPOXAEHMI. He nepegaHHbIMK B
OCBOEHME OCTalTCA NPEeuMyLLeCTBEHHO MerKMe, a Takke cpedHue no 3anacam LuHka o06b-
eKTbl. YunTbiBaeTca TEXHOrEeHHOe MecTopoxaeHue LlnakooTBan megennaBuibHOMO NPOU3-
BoactBa CpegHeypanbCckoro MedensiaBuibHOro 3aBofa, 3akroyarouiee 3anachl LUMHKa, OT-
HeCeHHble K 3abanaHCoBbIM M3-3a OTCYTCTBUSA peHTabenbHOM TEXHONOrMM €ro N3BneYeHus.

[laHHble N0 OCHOBHBLIM MECTOPOXAEHUSIM LMHKa npuBeaeHbl Ha pucyHke 1.9 n B Tab-
nvue 1.11.
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Egcn
penua
Kapauvaeso-
Yeprecckan Xautbl-
Pecn. MaHcuiickmia
AO
0 | KabapauHo- 0,006 Masnosaxoe fimano-HeHewukwii
bankapckan 0  ApxaHrensckas AO
Pecn. 2 obn.
el 5
oecg:imea. Ceepanosckan 17 g,gg Mg 3
: obn.
Araran l-Ie1m6vmcnas| 0611. 0 —-.i— 21 L
0.7 Pecr. 0,01 KpacHospckui 04
0,1 BawkopTocTaH 09 0 Kpau Pecn, Caxa
2 1 02 (AxyTna) O {appana
0 Pecn. 0,002 Xabaposckuii
Hoso—yuauuumoe( yqa;;::(::JOB%K;;l Xakacua 0 Kkpan
0 Knmmmonhcme@ﬂ bCKOS | Y3enbruHcKoe IP“"‘*
0,06 Koe 15 0,03 Xono.quuncme
““ Amancmu HOBO-Yp:(tDeOO,B MpKyT(o:Kaﬂ
Pecn Opeuﬁyprcxaﬂ Kpai T,'% %ﬂ obn. o e
Harecra o6n. KopGaTHKAHCKOE” 12 ¢ 17 o yoion-Tonoroi "
12 Koo~ 298 17 Mpumopckuii
MecTtopoxaeHus: Tawrbirckoe 1 «kpait
® paspabatbiBaemble
O 0CBaHBAEMbIE cybbeKTbl, UMEILIME 3anach Pecr Pecn. 3aGaikanbckwii 25 3amacl oo
O HepaspabaTbiBaemMble CyEbeKTbI TONbKO € pecypcami ToiBa BypsTva kpaii 0,9 pecypcoi Py

PucyHok 1.9 — OCHOBHble MECTOPOXAEHNSA LMHKA MU pacnpeneneHne ero
3anacoB M NPOrHO3HbIX pecypcoB kateropum P4 no cybbektam PP, mnH T [5]

Tabnuya 1.11 — OCHOBHble MECTOPOXAEHNA LUNHKa B PP [5]

Henpononb3osa- |[eonoro- 3anacel, Teic. T Hons 5| Conepxca- [obbiya
. 0anaHco- |HWe UMHKa
Teflb, MECTOPOX- | NPOMbILLSIEHHbIN A+B+C |G Bbix sana-|B  pynax B 2015r.,
+B+0q 0, } ,

OeHune TN cax PCD, % | % TbIC. T
00O «WHBecTEBpOoKOoMnaHm»
XonoaHuHckoe | KonyepaHHo-
Pecnybnuka nonumeTannu-
(Pecny ! 13,3 7.9 35,5 3,99 0
BypaTtusa) YECKNI B TEPPWr.

nopogax
OO0 «TexnpomMuHBECT»
OsepHoe (Pec-|KonyegaHHo-
nyébnuka bypsa-|nonumetannu-
y yp ! 7.7 0,6 13,8 6,16 0
T™S) YyeckMh B ocag.-

BYJK. nopoaax
AO «KopbanuxmHCcKni pygHuK»
Kop6anuxmHckoe | KonuegaHHo-
AnTanckumn nonuMeTannu-
( - . 2,3 0,1 4 9,85 16,2
Kpawn) YyeckMn B ocag.-

BYJK. nopoaax

OAO «l"opeBckuin

TOK»
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lMpodormxerHue mabnuusi 1.11

3anachl, TbiC. T

Honsa B

Copepxa-

Hegpononb3osa- |['eonoro- Jobblya
. OanaHco- |HWe uUMHKa

Tenb, MECTOPOX-| NPOMBbILLIIEHHbIN A+B+C |G, BbIX SaNa-|B  pygax B 2015r.,
aeHue TN cax PCD, % | % TbIC. T
"lopeBckoe KonyepaHHo-
(KpavCHOﬂpCKVIVI I'IOJ'IVIIVIveTaJ'IJ'IVI- 0.6 11 29 137 21.1
Kpan) YECKU B TEPPWr.

nopogax
OO0OO «JlyHcnH»
Kbi3bIn- KonyegaHHo-
TawTbirckoe I'IOJ'IVIIVIUeTaJ'IJ'II/I- 1 0.2 5 1011 70.7
(Pecnybnuka yeckuri B ocag.-
TbiBa) BYJIK. nopoaax
000 «BocTto4yHo-Cunbupckas komnaHusa»
CappaHa (Pec-|CsuHUOBO-
nybnuka  Caxa|uyuHkoBbIn cTpa-|0 1,9 3,2 10,5 0
(AxyTng)) TUAPOPMHbIN
MAO «lanckmumn TOK»
anckoe (OpeH-|MegHo-
Byprckas 00- | KonYeaaHHbIN 1,4 0,2 2,6 0,52 25,1
nacTb)
AO «YvanuHcknmn OK»
HoBo- MepgHo-
YyanuHckoe KonyefdaHHbll  B5Q 7 16,3 5,1 D6 0
(Pecnybnuka
BawkopTocTaH)
Y3enbrmHckoe MegHo-
(YensibuHckas Kon4yeaaHHbIN 11 D,07 1.9 2.3 68,1
obnacTb)
YyanuHckoe MepgHo-
(Pecnybnuka KonyenaHHbIN 1.0 0,6 0,5 A1 39,8
BawkopTocTaH)
000 «bawwknpckasa meab»
MNoponbckoe MepaHokon4ye-
(Pecnybnuka JaHHbIN 1,1 0,01 1,8 1,34 0
BawkopTocTaH)
KObunenHoe MepaHokon4ye-
(Pecnybnuka JaHHbIN 1 0,03 1,7 1,26 5,2
BawkopTocTaH)
00O «bankanpya»
HownoH-Tonoron |CkapHoBoO-
(3abankanbckuin |nonumeTtannn- | 0,3 0,4 1,2 1,37 8,2
Kpan) YecKum

22




OkoHyaHue mabnuubi 1.11

UTC 23 - 2017

Henpononb3oBa- |l eonoro- 3anacel, TeiC. T Ron= B| Conepxa- [o6blya
. OanaHco- |HWe uUMHKa

Tenb, MECTOPOX-| NPOMBbILLIIEHHbIN A+B+C |G, BbIX SaNa-|B  pygax B 2015r.,

aeHue TN cax PCD, % | % TbIC. T

AO «[lNepBas ropHopyagHas KOMNaHUS»

NaBnosckoe CBuWHLOBO-

(ApxaHrenbckasa |UMHKOBbIM cTpa-|0,06 1,9 3,3 6,61 0

obnactb) TUPOPMHbIN

HepacnpeneneHHbln poHA

Komcomonbckoe |MegHo-

(OpeHbyprckas | KonyegaHHbIN 0,7 0,03 1,2 2,26

obnacTtb)

HoBo-Ypckoe MegHo-

(KemepoBckas KonyeaaHHbIN 0,5 0,01 0,9 2,42

obnacTb)

B 2015 r. B Poccun goCcTUrHyT pekopaHbi ypoBeHb O00bluM LmHka — 388,8 ThiC. T,
41O oKasanocb Ha 10 % Bbilwe YpOBHSA npowsioro roga. PyaHnku YpanbcKoro pernoHa obec-
neunnun 56 % [obblum unHka; pygHukun Cmnbupu, 6narogapsa 3,5-kpaTHOMY YBENUYEHUIO O0-
6b1uM MeTanna Ha Kbisbin-TawTbirckom MmectopoxaeHum B Pecnybnuke TeiBa, — 37,1 %; Ha
HanbHem Boctoke aobbito 5,9 % poCccMMCKOro LMHKa; B HEGOMbLUMX KONMYEeCcTBax LMHK O0-
ObiBanca Ha Ypyrnckom MegHo-KonydegaHHOM MecTopoxaeHun B KapadvaeBo-Yepkecckomn
Pecnybnuke.

B 10 Bpems kak umHK gobbiBancs 19 komnaHuaMn Ha 36 MeCTOpPOXAEHUSAX, KpYnHER-
LWMM npoayueHToM MeTanna u3 Hegp B Poccum octasanack komnaHna OAO «YTMK».

[aHHble no fobblye umHka B cybbektax PP B 2015 r. npuBeaeHsbl Ha pucyHke 1.10.

Pecnybauka

Baw KOSI:)TOCT Ak OpeHbyprckan o6,

Pecnybauka
ThbiBa

70,7 ANTaACKUiA Kpai

YenabuHckan oba.

92,3 KpacHospckuid

Kpaii

CaepanoscKan 06,

Mpumopckuii Kpa
13,8

81 3abaiKanbCKuii Kpai
apyrue cyﬁ'beu'r'bl

PucyHok 1.10 — [obbiva unHka B cybbektax PO B 2015 1., TbIC. T [9]
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B 2015r. AO «YvanuHckmn [OK» Hapactuno pobbidy uuHka Ha 12 % — pgo
122,2 TbIC. T, 4TO cocTtaBuno 31,4 % ero poccunckon gobbiumn. AO «Cubanckun NOK» nobbl-
TO 3,9 ThiC. T UMHKa. Cpeagun apyrmx NoakoHTponbHbIX YIMK komnaHui, cymmapHo obecne-
ymBwmnx 28,3 %, unm 109,9 Thic. T, poccuinckon Oobblum uuHKa, Hanbonbwmnmm obbLemamu
otnnyarotca MNAO «lManckmn TOK» (30,9 Teic. T ymHka B 2015 T.), AO «Ypananektpomenb»
(25,8 TbIC. T) 1 OAO «CubMpb-NonumeTtannei» (18,9 ThiC. T).

HOBbIM y4aCTHMKOM B CMUCKE KPYMHbIX MNPOAYLEHTOB CTana KOMMNaHUs C KATANCKUM
kanutanom OOO «JlyHcuH» — 70,7 ThIC. T UMHKA, 4TO cocTtaBuno 18,2 % poccuimnckon [obbi-
yu.

[aHHble No gobblve UMHKa POCCUNCKMMKM rOpHOA40ObIBaOWMMKN KOMNaHuamm B 2015 .
npuBegeHbl Ha pucyHke 1.11.

AQ «TMK “Aanbnonumerann“s

3A0 «Pycckan
menHas
KomnaHua»

Gupb-

3/IeKTpOMEAb»
HIpOMEs MoaumeTanaoi»

25,8

NAO |
«laiickuii TOK» DAD sCrATgrop»

30,9

0RO «bawkup-

3A0 «bypubaes-

ckuii TOK» 2,5 AO «Ypynckuit TOK»

AO «Cubalickmii TOK»

PucyHok 1.11 — [obblva LmHKa pOCCUNCKMMN FOPHOL40ObIBAOLLIMMU
komnaHuamu B 2015 r., ThiC.
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Bonee naton yactu gobbiBaeMoro B CTpaHe LUMHKA CYMMapHO MPULUNOCbL Ha OO0
3A0 «Pycckaa  megHasa  komnaHusa» (6,9 %), OAO «lopesckun [TOK» (5,4 %),
AO «'MK  danbnonumetann®» (4,9 %), OOO «bankanpya» (2,1 %), OAO «HoBo-
WwnpokmHckmun pyaHuk» (1,4 %), AO «Cepebpo MaragaHa» (1,1 %) n HAO «bawwkupckoe
wry» (0,3 %).

HecmoTpsa Ha TO, 4TO B cTpaHe Aobblya LMHKa MO MUMPOBLIM MacwTabam Hesernuka,
BGnarogaps O4HOM U3 KPYMHEWLLMX B MUPE CbipbeBON 6a3e LMHKa OTe4YeCTBEHHAsA NPOMbILL-
NeHHOCTb obriafjaeT CywecTBEeHHbIM MOTeHUManom Ans ykpenneHus nosvumi Poccumn Ha
MUPOBOM PbIHKE.

BepoatHocTb pocta gobblum metanna B 6nvkanwime rogbl CBA3aHa C Havanom noa-
3eMHoM oTpaboTkm KObunenHoro mectopoxaeHus B Pecnybnuke bawkopTocTtaH n BoBneve-
HMEM B 3KCnIyaTaumio KpymnHbIX CBMHLOBO-UMHKOBBLIX O3epHoro (Pecnybnuka Bypatuns) wm
MaBnoBckoro (ApxaHrenbckast 06nacTb) MeECTOPOXAEHMIN, NOCNEAHEE N3 KOTOPbIX OTHOCUTCS
K HM3KopeHTabenbHbIM ob6bekTaM. MeHbllee BNUSHME MOXET Oka3aTb pa3paboTka MegHo-
KonyegaHHbix Mogonbckoro n HoBo-YyanuHckoro mectopoxaeHuni B Pecnybnuke baluku-
pus.

Ana nogaepxaHus ctabunbHOCTU A06bIYN LIMHKA Ha NepcnekTnBy HEOBXOAMMO Npex-
Ae Bcero obecneyeHne 3anacamm yxxe CyLeCTBYOLWNX NpeanpuaTuin.

1.1.4 Pyabl n poccbinu onoBa

Poccuiickas cbipbeBast 6a3a onosa siBMsieTCA OAHOW U3 KPYMHENLWNX B MUPE — y4un-
TbiBaemble [OCygapcTBEHHbIM GanaHCcoM 3anacbl MeTanna COCTaBnsAT OKOSo 2,17 MAH T.
Mpn 3TOM MMEITCA NEPCNEKTUBbI UX 3HAYMTENBHOrO NPUPOCTa — TOJSIbKO MPOrHO3HbIE pe-
cypcbl kaTeropum P4, unmerowme Hambonbluytd [LOCTOBEPHOCTb, COCTaBMAKT MNOYTH
612 TbIC. T.

B Tabnuue 1.12 npmBeaeHbl AaHHble o coctossHum MCB onosa P® Ha 01.01.2016.

Tabnuya 1.12 — CoctosiHne MCB onosa P® Ha 01.01.2016, Teic. T [9]

IMporHo3Hble pecypchl P4 P2 P3
KonunyectBo 611,5 668,4 412
3anacel A+B+Cqy |Co

Konun4yectBo 1636,2 528,7
M3ameHeHne no OTHOWEHMK K 3anacam Ha

01.01.2015 1.7 0,01

Hona pacnpeaeneHHoro goHaa, % 42,3 34,9
Wcnonb3oeaHne MCE onoea P® B 2015 r.

[o6biva u3 Hegp, T 1633
Mpon3BoaCTBO Ofi0Ba B KOHUEHTpaTax, T 575,1

OKCMOpT KOHLUEHTPATOB, T 1720,6

MIMNopT KOHUEHTpaToB, T 54,1

OkcnopT HeobpaboTaHHOro onoea, T 289,7

MmnopT HeobpaboTaHHOro onoea, T 1365,7
CebectonmocTtb A06b14m TOBapHOW PyAbl |5, 30

(OO0 «[lNpaBoypmunckoe»), pyb./T
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OkoHyaHue mabnuubi 1.12

[MporHo3Hble pecypchl ‘ P4 P2 P3
CebectonmocTb 17 ornosa B KOHLEeHTpaTe 742 000
(OO0 «[lMpaBoypmuinckoe», OP «lMpaBoypmuickasay), pyo.
CpenHerogoBas ueHa 3a 2016 r. pacdmMHMpoOBaHHOIO OfloBa Ha

y 17 972,63
JloHgoHckom Bupxxe meTannos, Jonn./T
CrtaBka Hanora Ha obbivy, % 0

OcHoBHas 4acTb 3anacos onosa (bornee 86 %) cocpegoToyeHa B pasHoOMacLUTabHbIX
KOPEHHbIX MEeCTOPOXOEHUAX ONOBSAHHbBIX py4 HEOAHOPOAHOro KavecTBa (cpeaHee coaepxa-
Hne Sn BapbupyeTcsa oT meHee 0,1 % no 6onee 5 %), NpenMyLECTBEHHO OTHOCSLLMXCA
K KACCUTEPUT-CUIIMKATHOMY W KacCUTEPUT-KBAPLEBOMY re€Onoro-npoMbILfEHHbIM  TUNam
(B MMpe rnaBHbIMM WUCTOYHMKaMM OfioBa SBMAAIOTCA anoCKapHOBbIE W KacCUTEPUT-
cynbuaHble 06beKTbl). Pocckinn, obecnevmBatoLlme okono TpeTu MMpoBon Ao0bbIbn meTan-
na, B Poccum urpatoT BTOPOCTEMEHHYKD PoOSfib — B HUX 3aknideHo meHee 11 % 3anacos
cTpaHbl. Ele okono 3 % 3anacoB NPUXOAUTCS Ha OO0 KOPEHHbBIX KOMMSIEKCHBIX MECTOPOX-
AEHWIA 0fIoBOCOAEPXKaLUX pya, rAe coaepXaHne nonyTHOro Sn, Kak NpaBuno, HaXOAMUTCA Ha
YPOBHE COTbIX AOMen NpoLeHTa.

B tabnuue 1.13 npmBeaeHbl AaHHbIE NO 3anacamMm 1 NPoOn3BOACTBY OfloBa B KOHLIEHTP-
atax B Po.

Tabnuya 1.13 — 3anacbl ofioBa 1 NPOM3BOACTBO 0Of0Ba B KOHLEHTpaTax B PO [9]

Mpoussoacteo B|[Honss B MMPOBOM

3anacebl, kateropus 3anachl, TbiC. T 2015 1., ThiG. T npovssoacTse, %
3anacbl kaTteropun A+ B +C, + C,

aspabaTbiBaeMbiX U nogroTaBnu-
pasp . 776,5 0,6 0.2

BaeMbIX K OCBOEHUIO MeCTopoXae-
HUN

B 2015 r. B paspabaTtbiBaeMbIXx MECTOPOXAEHNAX coaepxanocb okono 36 % poccui-
CKMX 3anacoB onosa, unu 776,5 Teic. T metanna. o BennynHe 3tux 3anacos Poccus 3aHu-
MaeT BTopoe (nocrne Kutas) mecto B Mmpe, ogHako no obbemam gobblum meTanna ctpaHa
He BXOAWUT Jake B NepBY0 AeCATKY MUPOBbIX NPOAYLEHTOB.

KpynHenwme 3anackl onoBa (okosio 36 % poccumnckmx) cocpenotoyeHsl B Pecnybnvke
Caxa (Akytna). OcHoBHasa YacTb MeTansa 3akfoyeHa B KOPEeHHbIX 00bekTax, B OCHOBHOM
OTHOCSALUUXCS K KacCUTepuT-CUNMKaTHOMY Tuny. MaBHbIM M3 HUX ABNSETCA KpynHeunwee
B CTpaHe (C 3anmacamu noyTu 256 Thic. T orioBa) [enytaTtckoe MecTopoxaeHue Ooratbix
(1,15 % Sn) pya. Takke Ha TeppuTOpuUn pecnybnmkM HaXOASATCH ABE YHUKalbHble POCChI-
M — pydbeB TupexTtax n OQMHOKUIA; B KaXKOOW U3 HUX 3akrtodeHo 6onee 50 Tbic. T onosa
npu ero cogepxaHum B neckax donee 800 /M3, npuyeM MMeEKTCH MepcnekTMBbl NpUpocTa
3anacoB NepBOW U3 HUX.

[aHHble N0 OCHOBHLIM MECTOPOXAEHUSIM OfloBa NpuBeAEHbl Ha pUcyHke 1.12 1 B Tab-
nmue 1.14.
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YykoTckuin
AO

OanHokoe
Jlenyarcxoe
POCCHH?%PMHHI; 185 Maraganckan
pyu.Tupextax pyy. Opuwokwii 4,7  o6n.

Pecn. 7704
Kapenus 359,1
Pecn. Caxa
(AkyTus) 357,7 XabapoBckuii
152,7 kpain

DecuanbHoe
35.9 ® [lepesanibHoe

¢ _fil ® MpaBoypmuiicroe
. 256 O TurpuHoe

0
‘ ‘ —9[ O Bepxnee

Espelickas
® " Daapabarsisaembie @ A0 412

o OCBaUBAEMbIE 35,9 3anacw Porn. SaEatramEcknn 74 TMpumopckmii
O  HepaspafambiBaembie O 0 pecypei P TRicT BypATuA Kpaii Kpai

|t

MecTtopoxaeHus:
HHbIC

PucyHok 1.12 — OCHOBHble MECTOPOXAEHUSA U pacnpeneneHne 3anacos U
pecypcoB kaTeropum P4 onioBa no cydbektam PO, Thic. T [9]

Tabnuya 1.14 — OcHoBHble MecTopoXaeHnsa onosa B PO [9]

3anacsl, TbiC. T Jons B

Hegpononeb3osa- |[eonoro- Copnepxa-

Tenb, MeCTOpPOX- I'IpOMbILLIJ'IeHHbII7I Ganakco- HMe onoBa D'OGbNa B
A+B+C4|C, BbIX 3ana- 2015r., T

JeHune ™n cax PO, % B pyaax

00O «lMpaBoypmuinckoe»

MpaBoypmnn- Kaccutepurt-

ckoe (Xabapos-|TypmanuHoBbii 60,4 22,4 3,8 1,16 % 1633

CKWUIA Kpaw)

OAO «OrnoBsiHHast pyaHas KoMnaHusa»

decTtuBanbHoe |Kaccute-

(XabapoBckui putcynbduaHbn | 57,4 29,5 4 0,65 % 0

Kpan)

lMNepeBanbHoe Kaccutepurt-

(Xabaposckui MHorocynedua- |30,2 13 2 0,53 % 0

Kpan) HbIN

3A0 «IOK ,OenytaTckun“y»

HenyTtaTckoe Kaccutepurt-

(Pecnybnuka TypmanuHosbin | 198,3 57,5 11,8 1,15 % 0

Caxa (AkyTtus))

OAO «AHonoso»

27




UTC 23 - 2017

OkoHyaHue mabnuuybi 1.14

3anacsl, TbiC. T Oons B
Hegpononb3osa- |[eonoro- Copepxa-
. ©anaHco- Jobblvua B
TeNb, MECTOPOX- | MPOMbILLIEHHbIN HWe onosa
eHMe ™n A+B+C,|C, BbIX 3ana- B pygax 2015r., T
A cax PO, %
Poccbinb PoccbinHon — an-
pyd. TupexTtsax noBUanbHbIN 68.9 5.3 3.4 814,13 r/k 0
(Pecnybnuka y6. M
Caxa (AkyTus))
HepacnpeneneHHbln poHA
OpuHokoe (Pec-|Kaccuteput-
nybnuka  Caxa|kBapueBbin 125,8 1,8 5,9 0,32 %
(AxkyTmns))
BerHe? (Iilpm- Kaccmepm: 93,7 6 4.6 0.3 %
MOPCKUIN Kpan) | XNOPUTOBLIN
TurpuHoe (INpwu-|Kaccuteput-
MOPCKWUI Kpan) | BoNbdpamMnT- 170,5 15,6 8,6 0,12 %
KBapueBbIn
Poccbinb PoccbinHon  an-
pyy. OguHOKUN | NoBManNbHoO- _|509 1 2.4 828,71 r/k
(Pecnybnuka AentoBnanbHbIv y6. M
Caxa (Akytus))

3HauuTenbHble 3anacbl orioBa (0koro 38 % POCCUMCKMX) CKOHLEHTPUPOBAHbI B Me-
ctopoxaeHusix MNMpumopckoro n Xabaposckoro kpaes. KpynHenwunm ns Hux (8,6 % 3anacos
CTpaHbl) aBnsieTca MectopoxaeHue TurpuHoe, cogepxawee 6egHble (0,12 % Sn) kaccute-
pUT-KBapLeBble pyabl C NOMyTHbIM BONbppamMmntom. C 3KOHOMUYECKOW TOYKU 3pPEHUS rnas-
HbIM OOBHLEKTOM He TONbKO pernoHa, Ho U Poccum B Llenom B HacTosiLee Bpems sBNsieTcs
MpaBoypmuinckoe mectopoxaeHue boratbix (1,16 % Sn) pyg B XabapoBCKOM Kpae, TaK Kak
TOMNbKO 34ecCb BeAeTcs ToBapHasa Aobblva onosa.

OcHoBHas 4acTb 3anacoB Yykotckoro AO, roe passegaHo 6onee 15 % poccUMUCKUX
3anacoB 0ioBa, 3akntoveHa B 6eaHbix (0,2 % — 0,3 % Sn) kaccutepuT-KBapLUEBbLIX C BOSb-
dpammToM pygax mectopoxaeHun [Nbipkakanckoro pygHoro yana. lNepcnektusbl npupocTa
3anacoB 34eCb OTCYTCTBYIOT.

CpaBHUTENbHO KPYNHbIMK 3anacamu ornoBa (okono 6 % obliepoccnincknx) pacnona-
raeT 3abankanbckun kpan. bonee 80 % ero 3anacoB ckoHUeHTpupoBaHo B 6eaHbIxX (0,17 %
Sn) KOMMNEKCHbIX KaccutepuT-cynbuaHo-cynbgoconbHbiX pydax Llepnosoropckoro me-
CTOPOXAEHWS.

"ocyaapcTBeHHbIM GanaHcoM 3anacoB yuntbiBaeTcsa 270 mectopoxaeHun onosa (123
KOPEeHHbIX U 147 poccbinHbIX), 57 13 HMX (34 KOPEHHbIX N 23 POCCHIMHbIX) COAEPXaT TOSbKO
3abanaHcoBble 3anacbkl. Takke Ha rocyaapCTBEHHOM y4yeTe CTOAT YeTbIpe TEXHOreHHbIX Me-
CTOPOXAEHWS.

HaHHble no gobbiye onosa pocccunckumm komnaHuamm B 2015 r. npuBeaeHsl Ha pu-
cyHke 1.13.
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1613
000 «lpaBoypmMiicKoe»

W0
Mpoune

PucyHok 1.13 — [obblya onosa poccunckummn komnannamm B 2015 r., 1 [9]

B pacnpegeneHHom doHae Heap HaxoaaTca 15 KopeHHbIX O6bEKTOB 1 04Ha POCChIrb.
Pyabl uenoro psga He nepefaHHbIX B OCBOEHWE MECTOPOXAEHWM He YCTynaroT, a uHorga
NPeBOCXOAAT MO KAaYeCTBY PyAbl NMLEH3MPOBaHHbIX OO bEKTOB.

B 2015 r. pobbiva onosa B Poccuu Beipocna no cpaBHeHuto ¢ 2014 r. noyTtn Ha 44 % un
coctaBuna 1633 npotnB 1136 T rogom paHee. NpakTnyeckn Becb metann (1613 T) 6bin K3-
BneveH u3 Hegp NpaBoypMUMCKOro MectopoxaeHusi B XabapoBCKOM Kpae, aKcrnsiyatmpyemo-
ro OO0 «[lMpaBoypmuinckoe». B pesynbTate nepepaboTkm pyabl, OCYLIECTBASIEMON Ha COO-
CTBEHHOW oboraTuTensHon gpabpuke, koMnaHua nonyyuna 575 T onoBa B KOHUeHTpaTte (M3-
BneyeHue 34 %), 4to npumepHo Ha 80 % npesbicuno pesynetat 2014 r.

B HesHauuTenbHbIX KonnyecTtBax (B 2015 r. — 20 T) onoBo gobbiBaeTcsa nonyTHo 6e3
N3BneYeHns B KOHUEHTpaT Ha KOXXHOM OnOBO-NONMMETANIMYecKkoM MecTopoXxaeHun B MNpu-
MOPCKOM Kpae.

Poccuiickas coipbeBasi 6a3a onoBa ABNAETCA OAHOM M3 KPYMHEWLLMX B MUPE WU BKITHO-
YyaeT uenbin psa 00BbEKTOB, COOTBETCTBYHOLLMX TPEOOBaAHNAM MUPOBOW FOPHOW NPOMBbILLISIEH-
HocTM. OQHaKo MHOIMe U3 HUX OCTalTCHA HEBOCTpPeOOBaHHLIMW, YTO OOYCNOBMEHO KpanHe
HU3KMM CMPOCOM Ha ONIOBSAHHOE Cblpbe BHYTPU CTPaHbl, 3HAYMTENbHOCTBIO AONN 3anacos,
npurogHbIX Ans nog3emHon otpabotkm (bonee 51 %), HegocTaToOuHbIM AnNs obecneyeHus
HeobxoamMmon peHTabenbHOCTM NPOM3BOACTBA KAYE€CTBOM PYA U NECKOB.

1.1.5 Pyabl n poccbinu Bonbgpama

YuntbiBaemble [[ocygapcTBEHHbIM GanaHCOM 3anacoB MoSie3HbIX MCKOMaeMbiX 3anachl
BONbgypamMa 3Ha4MTeNbHbI U COCTaBNAT okono 1,34 MNH T B NnepecyeTe Ha TpUokcug Bosb-
opama, 4YTO NO3BONSET CTPaHe 3aHMMaTb TPeTbe MecTo B Mupe nocne Kntas n Kaszaxcrtana
no pasmepam cbipbeBoi 6a3bl MeTanna. lNpakTuyeckn B NONHOM obbeme 3anachl 3aknoye-
Hbl B pygax pasHOMacLTabHbIX KOPEHHbIX MECTOPOXAEHUN XWUIbHOMO, CKApHOBOMO U LUTO-
KBEPKOBOrO reosioro-npoMbILLNEHHbIX TUMNOB; Ha OOMK0 pocchinen npuxoantca meHee 1 %.
B 3aBMCUMMOCTM OT rnaBHOro BoSib(hpamcopepxallero MuHeparna OHW MoApasaensaTca Ha
BonbpamuToBbie (bonee 35,5 % 3anacoB cTpaHbl) U weenutoBble (okono 64 %). Bonb-
dpamMm B HUX MPUCYTCTBYET U Kak OCHOBHOW, M KakK MOMYTHbIA KOMMOHEHT; caMn pyapbl, Kak
npaBuno, KOMMNNEKCHbIE N MOMUMO BoSbppama MOoryT cogepxaTb MonnbaeH, meab, BUCMYT,
onoo, 6epunnun, 3onoto un gp. CywecTBeHHO BONb(pamMoBble pyAbl, HA OOMNK0 KOTOPbIX
NpUXoanTCa NpuMepHo 67,5 % poccnnckux 3anacos Bosibdppama, no cpeaHemMy coaep>KaHuto
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WO3 He ycTynaloT cpeaHeEMUPOBOMY YPOBHIO — B BOSIbPPaMUTOBLIX 06BbEKTaxX OHO Bapbu-
pyetca ot 0,12 go 2,73 %, B cpegHem coctasnasa 0,19 %, B weenutoBbix — o1 0,03 go
4.4 %, B cpeaHem 0,34 %.

B Tabnuue 1.15 npuBegeHbl gaHHble no cocTtosiHuiwo MCB Bonbdpama PP Ha
01.01.2016.

Tabnuya 1.15— CoctossHne MCB Bonbgpama PP Ha 01.01.2016, Thic. T Tprmokcuga
Bonb(pama [9]

[MporHosHble pecypchl P4 P2 Ps
KonnyectBo 2104 673,7 1338,2
3anacel A+B+Cqy |Cy

KonunyectBo 950,8 384,5

M3meHeHne no OTHOWEHMK K 3anacam Ha

01.01.2015 ~296.8 753

Hona pacnpeaeneHHoro doHaa, % 41,8 86,5
Mcnonb3oBaHne MCB Bonbgpama PO B 2015 T.

[obblya n3 Heap, T TpMokcmaa Bonbgpama 4114

Mpon3BoacTBO BOSNbPPaAMOBLIX KOHLEHTPATOB (B NepecyeTe Ha

cogepxawmn 60 % WO3), T 5482

MpounsBoacTBO Tprokcuaa Bosibdopama B KOHUeHTpaTax, T 3332
OKCMOpT KOHLEHTPATOB, T 2678
MMnopT KOHLEHTPaToB, T 1714
CpenHerogoBas ueHa napasosfibddpamaTa aMMOHMUSI Ha PbIHKE 189 5
3anagHon EBponbl 32 2016 1., gonn.3a1 % WO3;B 1 T

CTtaBka Hanora Ha gobbivy, % 8

BoamoxHOCTM yBenuyeHus cbipbeBor 6a3bl Bonbpama Poccnn HEBENUKK: NPOrHO3-
Hble pecypcbl Kateropum P41 B WeCTb pa3 MeHbLUe 3anacoB; NOYTU NSATas UX YacTb pacnpe-
AeneHa mexay MenkuMmm obbekTamm ¢ pecypcamu 3Ton kateropum meHee 10 TbiC. T TPUOK-
cnpa Bonbdpama.

B Tabnuue 1.16 npuBeaeHbl gaHHbIE MO 3anacam Bonbdpama u obbemam npoun3Boa-
CTBa KOHUeHTpaToB B PO.

Tabnuuya 1.16 — 3anacbl Bonbdpama M 06bEeMbI MNPOM3BOACTBA KOHLEHTpaToB (B
nepecyeTe Ha Tpmokcug Bonbgpama) B PO [9]

lMpounssoacTeo
3anachl, TbiC. T Jdona B MMpoBOM
3anackl, kateropusi B 2015r., TbIC. T o
WO; WO npounssoactee, %
3

3anacbl kateropun A + B + C pas-
pabaTbiBaeMbix M noarotaenueae-|199,3 3,3 3
MbIX K OCBOEHUIO MECTOPOXAEHWI

Cpean MnpoBbIX NPOAYLIEHTOB BONbPAMOBOro cbipbsi Poccusa 3aHMMaeT TpeTbe Me-
cTo, obecneynsas okono 3 % ero mmposon Aobblun, yctynas Kutato n BoeTHamy.

[nsa oteyectBeHHo MCB Bonbdpama xapaktepHa BbICOKasi KOHUeHTpaums — bonee
60 % 3anacoB cTpaHbl cocpenoToyeHo B Pecnybnunke bBypatus, MNpumopckom kpae n Kabap-
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AanHo-bankapckon Pecnybnuke. Ewe okono 29 % npuxoantca Ha ponto KypraHckon obna-
ctn, Pecnybnukn Caxa (Akytna) n Kapayaeso-Yepkecckon Pecnybnuku.

B Tpex mectopoxaeHuax Pecnybnukn Bypatmst ckoHUeHTpupoBaHO Gornee 4eTBepTyH
3anacoB BoSibppama CcTpaHbl. [1Ba M3 HUX CNOXEHbl BOMbPPaMUTOBLIMM pydamn: KpynHoe
LUTOKBEPKOBOE MHKypckoe, cpeaHee cogepxaHne WO3 B 6eaHbIX pyaax KOTOpOro coctaBns-
eT 0,149 %, n HebonbLlOe XnrbHOE XONTOCOHCKOE MEeCTOPOXAEeHUe CpaBHUTENbHO BoraTbIxX
pya (0,748 % WOs).

[laHHble N0 OCHOBHbLIM MECTOPOXAEHUAM BoSibddpamMa npuBeneHbl Ha pUCyHKe 1.14 u
B Tabnuue 1.17.

Yykotckuin
A ses
0
Kapauaeso-
Yepkecckan 12 MaragaHckaa
Pecn. Pecn. Caxa 0 obn.
A
KypraHckan ) o
Ka6apguHo- obn. 132 Arbinkunckoe
bankapckasa 4,
Pecn. 578 Xa6 "
APOBCKNIA
109,9) Wpkyrckan AMypCKan 34" kpais
0 obn. obn.
2204 =
O 1417
ThipHblay3ckoe = 0 - 0
17 32 %4 00
96 CnoxoiHuHcKoe
. ° ® ® Bocrok-2
M 1,2 samach oo HHkypakoe O bam- ﬂ;p:aomame
eCTOPOXAEHWA; 243 Tpumopckuii
® paspabarbizaembie 0 pecypeni Py XonTocoHckoe [opXoHcKoe 8,7 wpait
O 0CBaHBAEMbIE CYGbEKTHI, HMEIOLLIME 3anachl Pecn, 3Jabalikanbckui
O HepaspabatbiBaembie CyObeKTBI TONBKO € Pecypcamu Bypatus  Kkpaii

PucyHok 1.14 — OCHOBHble MECTOPOXOEHMSA BONbdpama u
pacnpeneneHne 3anacoB U NPOrHo3HbIX pecypcos P4
Tpuokcuga sonbdpama no cybvektam PO, Toic. T [9]

Tabnuuya 1.17 — OcHoBHble MECTOPOXAEHUS BONnb(ppama (cywecTBeHHO
BoNnb(ppamosbie) B PP [9]

3anacsl, Tbic. T WO, Jons B
Hegpononb3oBa- |[eonoro-

Copepxa- |dobblva B

TeNnb, MECTOPOX- | MPOMbILLSIEHHbIN A+B+C|C S::(aZZﬁ; Hme WO;B|2015T., T
+B+ -

eHue T2 ax, % |WO

AeHn ™n cax Po, 9 PYAEX. % 3

OAO «[lMpumopckun MOK»

Boctok-2 ([Mpu-|CkapHoBbin Lwe-|0,13 14,94 1,1 4,4 1523
MOPCKMIN Kpan) | ennToBbIN

00O «JlepMOHTOBCKMI FOPHO-060raTUTENbHbLIA KOMOUHAT»
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OkoHyaHue mabnuubi 1.17

Henpononb3osa- |[eonoro- 3anacel, Teic. TWO; | Hons B Copepxa- |[Jo6Gblva B
y 6anaHco-

Tenb, MECTOPOX- | NPOMbILLNEHHbIN A+B+C |C, BLIX 3aMa- Hue W(.ZgB 2015r., T
JeHue ™n cax PO, % pygax, % |WO;3
JlepmoHTOBCKOE |CKapHOBbIM LWe-|3,54 0,44 0,3 2,829 1035
(Mpumopckui €ennToBbIN
Kpan)
OO0 «ApTenb ctapatenen ,Keapu“»
Bom-lopxoHckoe [XKunbHbIn  BOSMb-| 2,45 10,29 1 0,904 139
(Babankanbckuii | bpaMUTOBbLIN
Kpan)
3A0 «Hosoopnosckumn MOK»
CnokonHuHckoe |LLTokBepkoBbIi |21 3,83 1,9 0,224 1233
(Babarikanbcknin | BonbppamMmnTo-
Kpan) BbIl
3A0 «TBepgocnnaB»
MHkypckoe (Pec-|LUTokBepkoBbin |170,95 13,6 13,8 0,149 0
nybnuka  byps-|BonbdpamnTo-
T™S) BblIV
XONnTOCOHCKOE KunbHbin BONb-|5,67 26,69 24 0,748 0
(Pecnybnuka dpamMnToBbIV
BypsaTtus)
HepacnpeaeneHHbin poHA
ToipHblay3ckoe |CkapHoBbi we-|201,77 7,76 15,7 0,436
(KabapawnHo- ennToBbIA C no-
Bankapckas NyTHbIM  MONNG-
Pecnybnuka) AEHUTOM
ArbINIKMHCKOE CkapHoBbin  we-|90,86 0 6,8 1,271
(Pecnybnuka ennToBbIN
Caxa (AkyTua))

Ha cesepe [pumopckoro kpasi cocpefotodeHo 6onee 18 % 3anacoB Bonb(pama

Poccun. maBHyto ponb 34ecb UrpatoT CKapHOBbIE OOBEKTLI C LWeenuToBbiMK pyaamm — Bo-
CTOK-2 1 JlepMOHTOBCKOE, B pyAax KOTOpbIX coaepXxutca B cpegHem bonee 1 % WOs;.
3anacbl Bonbtpama KabapaunHo-bankapckon Pecnybnukn (6onee 16 % 3anacos

CTpaHbl) MOYTN NOSTHOCTBLIO 3aKMNOYEHbI B KPYNHEWNLLIEM B CTPaAHE U OAHOM U3 CaMbIX KPYMHbIX
B Mupe TbipHbIay3CKOM CKapHOBOM MECTOPOXAEHUWU LUEENMTOBLIX pyad pSO0BOro KavyecTtBa
(0,436 % WO3) c nonyTHbIM MONMOAEHUTOM.

B Hegpax Pecnybnukn Caxa (Axkytua) saknioveHo novty 10 % 3anacos Bonbdpama
cTpaHbl. OCHOBHas MX YacTb pa3BedaHa B CKApHOBOM ArbISIKWHCKOM MeCTOpOXaeHun bora-
TbiX (1,27 % WO3) weenutoBbIX pya.

"ocyaapcTBeHHbIM BanaHcoM 3anacoB yunTbiBaeTcs 92 mectopoxaeHusi Bonbgpama,
B UMCrie KOTopbIX 52 KOpeHHbIX o6bekTa 1 40 poccbinen; 16 n3 HuMx (11 KopeHHbIX 1 5 poc-
CbIMHbIX) coaepXaT Tonbko 3abanaHcoBble 3anackl. Kpome TOro, y4TeHo 04HO TEXHOrEHHOEe
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mecTopoxaeHne — bapyH-HapbiHckoe B Pecnybnuke Bypatua ¢ 3anacammu Tpuokcuaa
Bonbgpama 17,5 ThiC. T Npu cpeaHem coaepxanu WO3 2161,3 r/m°.

HaHHble no aobblye Tpuokcmaa Bonbdpama (Bkntovas Aobblvy N3 TEXHOrEHHOro Ma-
Tepuana) poccunckmumm komnaHmsamm B 2015 r. npueeaeHbl Ha pucyHke 1.15.

1035

000 «flepmoH-
TOBCKMI MTOK»

1471

3A0 «Hogo-
opnosckunid TOK»

970

3A0
«3aKaMEeHCK»

1523
OAO «l‘lr%mmopcuuﬁ
»

139
000 «A/c "Keapu"»

Mpoune KomnaHUK

PucyHok 1.15 — [lob6biva Tprokcuaa sorbgpama (Bkniodas gobbiyy 13
TEXHOreHHOro MmaTtepuana) poccumcknmm komnannamm B 2015 r., 1 [9]

B pacnpegeneHHom doHae Heap uncnsatca 28 Bonbgpamcoaepxawmx odobekron: 23
KOPEHHbIX, YeTbIpe POCChINHbIX (OAWH U3 HUX TOMbKO C 3abanaHcoBbIMW 3anacamu) U OAuH
TEXHOMEHHbIW.

Pyabl cywectBeHHO BONbpaMOBbIX MECTOPOXAEHUN HepacnpeneneHHoro gooHaa no
Ka4yeCTBY HECKOSbKO YCTynarT pyaam pacnpegeneHHoro poHga — cogepxaHme WO3 Bapb-
npyetca B Hux B guanasoHe 0,03 % — 2,73 % npotus 0,15 % — 4,4 %.

K3 PocHepgpa yTBepxaeHa nepeoueHKka 3anacoB TbIPHbIAy3CKOr0 MeCTOPOXOeHUs
BONb(ppamMo-MoNnMbaeHOBbIX pya C NepeBOAOM 3HAYMTENbHOM YacTy 3anacoB B 3abanaHco-
Bole. [lpu aTtom 3anacbl kateropun A + B + Cy cokpatunuch Ha 306,3 TbiC. T Tpuokcmaa
Bonb(pama, kateropmm C, — Ha 53,1 TbIC. T; cpegHee cogepxaHme WO3 B OCcTaBLUMXCS 3a-
nacax coctaBsuno 0,436 %.

B 2015 r. gobblua Bonbpama M3 Heap Benacb Ha LECTU MECTOPOXAEHMUSX: NATH KO-
PEHHbIX N OOAHOM pPOCCbINHOM. B Lenom no crtpaHe oHa coctaBuna 4114 T B nepecyeTe Ha
Tpuokeua, 4to Ha 13,6 % MeHblue nokasaTtensa npegblgywero roga. bonee 92 % pobblum
obecneunnu Tpu KOPEHHbIX MECTOPOXAEHNS: BocTtok-2, paspabaTtbiBaeMoe
OAO «[IMpumopcknin TOK» (1523 T Tpuokcmnaa Bonbdpama), CnokonHuHckoe B 3abarkanb-
ckom kpae komnaHum 3A0 «Hosoopnosckui TOK» (1233 1) n JlepMmOHTOBCKOE, 3KChnyaTu-
pyemoe OO0 «JlepmoHTOBCKUIN TOK» (1035 T).

[ocTaToOYHO KpPynHbIM MCTOYHMKOM BONbdpama B nocnegHne natb net ABhAsoTCH Tex-
HOreHHble matepuansl. B 2015 r. gobblvya n3 Hux coctasuna 1108 T Tpuokcmaa (+12 % no
cpaBHeHnto ¢ 2014 r.): 3A0O «3akameHck» um3enekno 870 T, rmaBHbiM 0bpa3om u3 bapyH-
HapblHCKOro TexHoreHHoro mectopoxgenus, a 3A0 «Hosoopnosckun NOK» — 238 T n3 ot-
Banos CnokonHunHckoro MOKa.

33



UTC 23 - 2017

Mpn obecneveHHOCTN 3anacamu Bonbdpama, oueHmBaemon bonee yem B 300 ner,
coxpaHeHue fobbiumn Ha ypoHe 2015 r. yxxe Yepes Tpu roga npuBeaeT K UCTOLLEHWUIO 3ana-
coB JlepMOHTOBCKOro, a elle 4yepes3 WeCTb NneT — MecTtopoxaeHust BocTok-2. 3To MoxeT
0O3Ha4aTb Gonee Yyem ABYKpaTHOE nNageHne NPou3BOACTBa BObPaMOBOro Chipbsi B Poccum.
B cBA3M € 3TMM OCTPO BCTaeT BOMPOC KOMMNEHCaAUUN BblObIBAKOLLMX MOLLHOCTEN. BaxHon 3a-
Aadven sBnsieTCd co3faHue U BHeOPEeHME COBPEMEHHbIX N 3OdEKTUBHBIX TEXHOMOMMYECKNX
peLlleHnin oboraleHns pya n paspaboTku UMELNXCA MECTOPOXAEHUNA.

1.1.6 Pyabl monnbpaeHa

Poccunckas ®epepaunsa pacnonaraeTt 3Ha4YUTENbHON CbipbeBor 6a3on monnbaeHa —
3anacbl MeTanna, yuduTbiBaemble [OCygapCTBEHHbIM GanaHCOM 3anacoB, MpeBbIWAT
2,1 mnH T. Ka4yecTBO pyad OTEYEeCTBEHHbIX MECTOPOXAEHUM B LIeNIOM CONOCTaBMMO C 3apy-
GexHbiMK, ogHako BOonbluas 4YacTb 3anacoB 3akfoveHa B 0O0bekTax coOCTBEHHO Monubae-
HOBOrO LUTOKBEPKOBOro Tuna (MonmbaeHnopdupoBoro no 3apybexHonm kraccudukaumm),
NpaKkTU4ecKoe 3Ha4YeHne B pyaax KOTOPbIX MMEET TOSNIbKO MONUOAEH, a NOMNyTHbIE KOMMOHEH-
Tbl HE U3BneKarTcd. B Mupe Takne ob6bEKTbI 3aKMo4YaloT OKOMO TPETM 3anacoB U obecneyn-
BatoT MeHee 30 % pobbiun, a B Poccum B HUX cocpenotoyeHo 6onee 85 % 3anacos 1 JoObl-
yn. lNepcnekTMBbl NPUPOCTa OTEYECTBEHHLIX 3anacoB MonubaeHa HeBenukun — Gonbluas
YacTb OLIEHEHHbIX B CTPaHe MPOrHO3HbIX PECYPCOB OTHOCUTCS K HAaMMeHee AOCTOBEPHOM Ka-
Teropum Ps.

[aHHble o cocTtosiHum MCB monubgeHa P® Ha 01.01.2016 npuBeageHbl B Tabnu-
ue 1.18.

Tabnuya 1.18 — CoctosiHne MCBE monnbéaeHa Poccuinckon depepaumm Ha 01.01.2016,
ThiC. T [9]

MporHo3Hble pecypchl P4 P2 P3
KonunyecTtso 220,9 665,4 2460
3anacbl A+ B + C;q Co
KonunyecTtso 1417 726,4
MI3amMeHeHMe Mo OTHOWEHWI K 3anacam Ha

01.01.2015 ~73.2 127.6

Honsa pacnpegeneHHoro doHaa, % 63,3 74 1
Mcnonb3oBaHne MCB monnbaeHa PO B 2015 .

[obblya n3 Hegp, T 4756
Mpon3eoacTBO MONMBAEHOBLIX KOHLIEHTPATOB, T 7590,1
MponssoacTBo MonnbaeHa B KOHLEHTpaTax, T 3253,6
OKCnopT KOoHUeHTpaTa, T 483

MmMmnopT koHueHTpaTa, T 4538

kecnopT eppomonumbaeHa, T 5092

WmnopT cbeppomonnbaeHa, 1 314

CpenHsist 3a 2016 r. ueHa okcnga monubaeHa Ha J1IBM, gonn./kr Mo | 14,18

CtaBka Hanora Ha gobbivy, % 8

locynapctBeHHbIM 6GanaHcom 3anacoB Poccunckon ®epepaummn yuntoisaetcs 34 me-
cTopoXaeHuss monmbaeHa, B TOM 4ucne YeTblpe ToNbKo ¢ 3abanaHcoBbiMin 3anacamu. Jlu-
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LeH3MpoBaHo 23 o6bekTa, BKYasi AeCHATb YPAHOBLIX C MOMYTHbIM MONMOAEHOM, BXOOALLMX
B coctaB CTpenbLOBCKOro pygHoro pavioHa B 3abankanbckom kpae. Cpean He nepeaaHHbIX

B OCBO€HNE MeCTOpO)K,D,eHMVI eCTb Takune

KPpynHble 00beKThI,

kKak OpekuTKaHckoe

(360,5 TbIC. T MO) 1 Mano-OnHoropckoe (150 Teic. T Mo) B Pecnybnuke BypaTtus. Mo kaye-
CTBY pya 0ObekTbl HepacnpedeneHHoro goHaa conoctaBuMbl C pa3pabaTbiBaeMbiMU Me-

CTOpOXOAEHNAMWN.

[aHHble no 3anacam n gobbive monmnbaeHa B PP npuBegeHsbl B Tabnuue 1.19 n Ha

pucyHke 1.16.

Tabnuya 1.19 — 3anackl monubaeHa n o6bemMbl ero nponssoactea B PO [9]

Mpomssoacteo B|[Jond B MUPOBOM
3anacsbl, kateropusi 3anacsbl, TbiC. T
2015r., ThIC. T npounssoactee, %
3anacbl kateropun A+ B + Cq + Cy
pa3pabaTbiBaeMbix 1 ocBamBaembix | 1070 3,2 1
MECTOPOXAEHUN
y. 5
674 | Npouwe
4082 "
_ 000 «Copckuii MOK»

PucyHok 1.16 — [obbibya monnbaeHa poCCUNCKMMM KOMMNAHUAMM

B 2015r., T[9]

B Poccun Kk akcnnyaTauuu nogrotaeBnmMBanucb 4veTbipe cob6CTBEHHO MONMBOEHOBLIE
MecTopoxaeHusi, ogHako B 2014—2016 rr. BCe NMLEH3MMN Ha HUX ObINN NPUOCTAHOBEHbI UK

AHHYITMPOBAHHLI.

D,aHHbIe NO OCHOBHbIM MECTOPOXAOEHUAM mMonudaeHa npuBeeHbl Ha PUCYHKe 1.17 w

B Tabnumue 1.20.
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PucyHok 1.17 — OCHOBHble MECTOPOXAEHUA MONUMBAEHa U pacnpeaeneHmne
€ro 3anacoB M NPOrHO3HbIX pecypcoB kaTteropumn P41 no cybbektam PO, mnH T [9]

Tabnuuya 1.20 — OcHoBHble MecTopoxaeHnsa monnbaeHa B PO [9]

3anacshl, TbiC. T fons 5 CpenHee
Henpononb3oea- |[leonoro- ) bananco. | COREPXa- oBbia B
Telb, MeCTOPOX- | NPOMBbILLUJTIEHHbIN HUne MO-
neHme ™n A+B+C4|C, BbIX 3ana- mbaeHa B 2015r., 1
cax PO, % o
pyaax, %
OO0 «Copckun NOK»
Copckoe  (Pec-|LLToKBEPKOBBIN,
nybnvka  Xaka-|cobcTtBeHHO Mo-|103 0,2 4,84,8 0,06 4082
cusl) nmbaeHOBbIN
Arackblpckoe
(Pecnybnuka Xa- 155,3 0 7,2 0,05 0
Kacus)
OAO «XKunpekeHckun MOK»
YKupekeHckoe LLITokBepKkoBbIN,
(3abarkanbckunin |cobcTBEeHHO MoO-|61,6 0 2,9 0,105 0
Kpan) nM6aeHoBbIN
OO0 «byrgavHcknin pyaHuk»
byraoauHckoe LLITokBepKOBbLIN,
(Babankanbckuii |cob6CTBEHHO MO-|347,5 252,2 28 0,08 0
Kpan) nmM6aeHOBbIN

OAO «KoknaHoBckoe»
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3anacsl, TbiC. T Tons 5 CpenHee
Hegpononb3osa- |[eonoro- coaepxa-
. GanaHco- Ho6Gbiva B
Telb, MECTOPOX- | NPOMbILLUJTIEHHbIN HUe MO-
A+B+C.|C BbIX 3ana- 2015r., 71
neHne ™n T2 nmbaeHa B
cax P®, % o
pyaax, %
KoknaHoBckoe LLITokBepKOBbIN,
(KypraHckass 06-|cobcTtBeHHO Mo-|24,5 131,2 7,3 0,082 0
nacTtb) nmM6aeHOBbIN
HepacnpeneneHHbln poHA
TbipHblay3ckoe | CkapHOBbLIN
Kaba o- o} aMOBbI
(Kabapank BOMEMPAMOBLIN | 4 o 08 1,7 0,077
Bankapckas C MNOMYTHbIM MO-
Pecnybnuka) nnéageHom
Mano- LLITokBepKOBbIN,
OnHoropckoe CcOBCTBEHHO MO-
P Y549 o 7,2 0,051
(Pecnybnuka nmMbaeHOBLIN
BypsaTtusa)
OpekunTtkaHckoe | LLTokBEPKOBBIN,
(Pecnybnuka cobCcTBEHHO MO-|246,7 113,8 16,8 0,099
Bypatus) nMéaeHoBbIN

1.1.7 Pyabl n poccbinu TuTaHa

BanaHcoBble 3anacbl gnokcuga tutaHa Poccun Benmkun — 600,45 MniH T; 3Ha4uTeEnb-
Hbl U 3abanaHcoBble 3anacbl — 88,8 MnH T. 1o nx cymme Poccusa HaxoguTcsa Ha BTOPOM Me-
cte B mupe nocne Kutada. 3anacel kateropun A + B + C4 coCcTaBnaloT HEMHOMMM MEHee Mo-
noBuHbl BanaHcoBbIX 3anacoB — 261,4 MAH T, Npy 3ToM nuwb 45 % OT 3TOro KonmyecTesa
HaxoamMTcs B paspabaTbiBaeMbiX, OCBaAMBAEMbIX U pa3BeOblBAEMbIX MECTOPOXAEHMUSX; MO
BEfIMYMHE 3TOW aKTMBHOW YacTu 3anacoB Poccusi HaxoanTcs Ha TPeTbeM MecTe B Mupe C
ponen 13 %. MNporHosHble pecypcbl guokcnaa TmtaHa Poccumn orpomHel, npuyem 6onee tpe-
TU N3 HUX UMEET BbICOKYHO CTEeNeHb JOCTOBEPHOCTM.

B Tabnuue 1.21 npueeaeHsbl gaHHble 0 coctosiHum MCB tutanHa P® Ha 01.01.2016.

Tabnunuya 1.21 — CoctosiHne MCB tutana P® Ha 01.01.2016, mnH T TiO» [9]

IMporHo3Hble pecypchl P4 P, P
KonunyectBo 390 452 1 194,5
3anachl A+B+Cqy |Gy

KonunyectBo 261,44 339

M3meHeHVe N0 OTHOWEeHMK K 3anacam Ha

01.01.2015 7,262 1,025

aons pacnpeaeneHHoro doHaa, % 45,14 23,32
Wcnonb3oBaHne MCE tntaHa P® B 2015 .

Hob6blya n3 Hegp, Tbic. T TiO; 663

Mpon3BoaCcTBO TUTAHOBBLIX KOHLUEHTPATOB, ThIC. T 201,5
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OkoHyaHue mabnuupbi 1.21

MporHo3Heble pecypchl P, P, Ps
Mpon3BoacTBO ANOKCMAA TUTaHa B KOHUEHTpaTax, Tbic. T TiO, 88,85
MMMoOpT TUTAHOBbLIX KOHLEHTPATOB, ThIC. T 312,2
OKCMOpT TUTAHOBbLIX KOHLUEHTPATOB, ThiC. T 223,7
MpownseoacTBO rybyaToro TmutaHa, Thic. T 40
9KcnopT ryéyartoro TutaHa, TbiC. T 6,3
[Mpon3BOaCTBO TUTAHOBBLIX CAIUTKOB, ThIC. T 65
[Mpon3BoaCTBO TUTAHOBOIO NpoKaTa, ThiC. T 28,4
OKCMnopT TUTAHOBOro Npokara, TbiC. T 12,8
SKcnopT oeppoTuTaHa, ThiC. T 12,4
Mpon3BoaCTBO NMUIMEHTHOrO AMOKCKAA TUTaHa, ThiC. T 77,8
OKCNopT NMUIMEHTHOrO AMOKCUAa TUTaHa, TbiC. T 73,8
MMMopT NUrMeHTHOro guokcuaa TutaHa, TbiC. T 66,3

CpenHsis ueHa nepsoro kBapTana 2016 r. Ha rybyaTbin TuTaH 4,48
mMapku TG-tv Ha eBponenckoMm «CBOOOAHOM» pbIHKE, AOSM./Kr
CpepaHerogoBas ueHa 2016 r. Ha NUrMeHTHbIN ANOKCUA TUTaHa, | 2465
CIF, noptbl CWA, gonn./T
CpenHerogoBas ueHa 2016 r. Ha NUrMEHTHbIN AMOKCUA TUTaHa, | 2006
CFR, noptbl A3un, gonn./T

CpegHsis ueHa nepsoro nonyroana 2016 r. Ha UIIbMEHUTOBBIN
KOHUeHTpaT, min 54 % TiO,, HaBanom, npogyueHToB AscTtpa-|105
nuun, FOB, nopTbl ABCTpanuu, gonn./t

CpenHsis ueHa nepsoro nonyroana 2016 r. Ha pyTUNOBbLIA KOH-
LeHTpaT nurMeHTHoro copta, min 95 % TiO,, HaBanom, npoay- | 721
ueHToB Actpanuu, FOB, nopTbl ABCTpanun, gonn./T
CTtaBka Hanora Ha gobbivy, % 8

Bonee nonoBuHbI MMPOBOrO NPOU3BOACTBA AMOKCUAA TUTaHa B KOHLUeHTpaTax obec-
neymBaloT YeTblpe CTpaHbl C conocTaBuMbiMn ob6bemamun Boinycka — KOAP, Asctpanus, Ku-
Tanm n Kanapga.

Poccunckasi MmHepanbHoO-ChipbeBas 6a3a TUTaHa xapaktepudyetca 60nbwnM pasHo-
obpasmem c npeobnagaHMemM KOPEHHbIX MECTOPOXAEHNIN, B KOTOPbIX 3akntoyeHo 97 % 3ana-
COB AMoKkcuMaa TuTaHa cTpaHbl. B norpebeHHbIX NpubpexHO-MOPCKNX pocchbinsax BocToyHo-
EBponenckon n 3anagHo-Cnbnpckon pocchinHbIX NPOBUHLUMI 3aKMOYEHO TONbKO 3 % 3ana-
COB Anokcuaa tutaHa Po.

[aHHble no 3anacam guokcuaa v TUTaHa u ero npomssoactsy B P® npuBeneHbl B
Tabnuue 1.22.
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Tabnuuya 1.22 — 3anacbl guokcuaa TMTaHa 1 Npon3BoACcTBO B KOHUeHTpaTax B PO [9]

MponssoactBo TiO, B KOHUEHTpaTax

3anachl B2015r., TbiC. T

kaTeropusi MAHT  |TbiC. T % MWPOBOro NPOU3BOACTBA

3anacbl kateropun A + B + C4 paspabaTbl-

. 1118 89 1
BaeMbIX M OCBanBaeMbIX MECTOPOXOEHUN

B Mupe poccbinHble mectopoxaeHus obecneuymsatoT okono 70 % npousBoacTea Au-
oKCMAa TUTaHa B TUTaAHOBbIX KOHUEHTpaTax u wnakax. OctanbHble 30 % nony4yatoT us pya
KOpeHHbIX MecTopoxaeHun (B Poccun — KypaHnaxckoe mectopoxaeHue (9,8 % TiOy)).

Moyt nonosuHa (46 %) oTeyeCTBEHHbIX 3aMacoB TUTaHa cocpeaoToyeHa B TuMaHo-
Meyvopckon TuTaHoBon nNpoBuHUUK B Pecnybnnke Komu B Aperckom mectopoxaeHun. Pyabl
MECTOPOXAEHNA — HEeMTEHOCHbIE KBapLEBbIE MNEeCYaHWKU C JIEMKOKCEHOM, coAepxalime
10,4 % pmokcupaa TuTaHa, SBNATCA OAHMMU M3 cambix boratbix B Poccnn. OgHako uasne-
YeHune guokcuaa TUTaHa U3 fiermkoKkceHa npeacTaBnsaeT 60MNbLUY CIIOXHOCTb M3-3a BbICOKOro
coAepXaHns B HEM KpemHe3eMma.

B Kapeno-Konbckon tutaHoBon npoBuHUMn B MypmaHckon obnactu 3aknto4veHo 6o-
nee NATOM 4YacTM POCCUMMCKMX 3anacoB Auokcuaa TutaHa: okorno 12 % B cemu anaTtut-
HedpennHoBbIX MecTopoxaeHuax XnbuHckon rpynnbl (0,3 % — 3,5 % TiOz) n 1 % B peako-
MeTanbHOM JloBo3epckom mectopoxaeHun (1,29 % TiOy).

Ewe 8 % poccuicknx 3anacoB OMOKCUOa TUTaHa HaXoO4UTCS B KPYMHOM MECTOpOXae-
Hun HOro-BoctouHas [pemsaxa. Ero pygbl MMeEKOT OOCTaTOYHO BbICOKOE CcoAepxaHue
TiO2 % — 8,6 %.

B Onekmo-CTtaHOBOW TUTAHOBOW NPOBUHLUMK B 3abarkanbckoMm Kpae passegaHo 18 %
POCCUIACKMX 3anacoB AMoKcMaa TuTaHa. B Ton e npoBuHumMM B KanapckoMm pyaHOM panoHe
Amypckon obnactu cogepXkutcst okono 4 % poCCUNCKMX 3anacoB ANOKCHAa TUTaHa.

B Ypanbckon TuTaHoBOWM MNpPOBMHUMK HaxoauTcs MenBegeBCKOE WIbMEHUT-TUTaHO-
MarHeTUTOBOE MECTOPOXAEHME, B KOTOPOM CKOHLEHTPUPOBAHO 5 % pPOCCUNCKMX 3anacos
anokcuaa tutana. Ero pyapl, cogepxawme 7 % TiO,, TpygHoobGoratumbl.

Ha pucyHke 1.18 n B Tabnuue 1.23 npuBeaeHbl AaHHbIE MO OCHOBHbLIM MECTOPOXAe-
HUAM TUTaHA.
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O  HepaspabaTbiBaembie 9,8 pecypcbi Pa Cy6beKTb TONbKO C pecypcamu Kpai

PucyHok 1.18 — OCHOBHble MECTOPOXAEHUA TUTaHa U pacnpenenexHune
3anacoB M NPOrHO3HbIX pecypcoB kaTteropun Py gnokcuaa tutana (MSH T) no

cybbektam PO [9]

Tabnuuya 1.23 — OCHOBHble MecTopoXaeHnsa TutaHa B PP [9]

3anacsl, Tbic. T TiO, Hons B [obblua
Hegpononeb3osa- |[eonoro-
. 6anaHco- |Copepxa- |B 2015r.,
Tenb, MECTOPOX- | NPOMbILUJIEHHbIN .

R ™n A+B+C,|C, BbIX 3ana-|Hue TiO, |[TblC. T
A cax P, % TiO,
OAO «Hpera Pyga», 000 «JTYKONI-Komm»

Aperckoe * JlenkokceH-

P
(Pecnybnmka | kBapuesbie 66830 |211824 |46.,4 10,44 % |0
Komum) He(TeHOCHbIe

necYaHnku
OAO «3abankanctanbMHBECT»
UunHerickoe (3a-| TutaHo-
Gankanbckun MarHeTUTOBbIN 30 318 29 576 10 6,53 % 0
Kpan)
000 «Mepsepnesckum TOK»
MepnBsepnesckoe | nbmMeHUT-
(YensbuHckas TUTaHoO- 20 686 9523 5 7,03 % 0
obnactb) MarHeTUTOBbIN

000 «YpanmanHuHr»
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3anacbl, Tbic. T TiO, Hons B [oGbiua
Hegpononb3osa- |[eonoro-
. 6anaHco- |Copepxa- B 2015r.,
Tenb, MECTOPOX- | MPOMbILLNEHHbIN i
eHMe ™n A+B+C4|C, BbIX 3ana-|Hue TiO, |TbiC. T
A cax PO, % TiO,
Bonbwon Canum | UnbMeHnT-
(Amypckasi  06-| TUTaHO- 20784 1678 3,7 7,67 % 0
nacTtb) MarHeTUTOBbLIN
OO0 «ITIK , TutaH“»
eHTpansHoe * |PoccbinHOM Uup-
Henrp HAp 26,85 kr/k
(TamboBckas KOH-pyTUII- 6396 0 1,1 6 M 0
obnacTtb) NNbMEHNTOBBIN yo.
HepacnpeneneHHbln poHA
KOro-BoctouHas | TutaHomarHe-
pemsixa (Myp-|TnT-
P (Myp . [39664 |10130 |83 8,55 %
MaHcKas 06- | LNMbMEHUTOBLIN
nacTb)
KpyunHuHckoe  |AnatuT-
3abankanbCKnin | UNbMeEHUT-
( - 24 790 25 229 8,3 8,39 %
Kpawn) TUTaAHOMarHeTu-
TOBbIN
* 3HaunTenbHasn YacTb 3anacoB HaxXoauTCA B HepacnpeaeneHHom coHae.

Poccuiickne poccbinHble TUTAHOBbLIE MECTOPOXAEHUS NpeacTaBneHbl norpebeHHbIMK
NPUBPEXHO-MOPCKNMU OBBbEKTaMKN, CXOAHLIMU C aHanormMyHbIMK 3apybexxHbIMK, HO B CpaB-
HeHUn ¢ oTpabaTbiBaeMbIiMUK 32 PyOEXOM COBPEMEHHBLIMU POCCHLINSAMW UMEIT XyAllne Tex-
HOSMOrMYeckne KayectBa pyaHbIX MeckoB, 6onee rnybokoe 3aneraHue, CNOXHble FOpHO-
reosiormyeckme U rmgporeoniorMyeckme ycrnoBus paspaboTku, XOTS U COMOCTaBUMbl C HUMU
no cogepXXaHuio anokcuaa TutaHa B neckax. MecTtopoXxaeHus KOMNeKcHble; KpoMe TUTaHo-
BbIX MMHEpPAanoB (pyTuna n uribMeHnTa) B Neckax 0bbIYHO COAEPKUTCS LIMPKOH.

Hanbonee kpynHble 3anacbl AMOKCMAA TUTaHa B POCChINSAX pa3BefaHbl B BOCTOYHO-
EBponenckon poccbinHOn NpoBuHUUKM B TamboBckon 06nactyu B rMraHTckoM LleHTpanbHom
UMPKOH-PYTUN-UITbMEHUTOBOM MECTOPOXAEHUUN — 6,4 MIH T TUTaHa, UM HemHorum Gonee
1 % 3anacoB anokcuaa TutaHa Poccun.

Ha tore BocTtodHo-EBponenckon poccbinHoM npoBuHUMM B CTaBpOMOSIbCKOM Kpae
pasBefaHbl TPU LMPKOH-PYTUI-UITbBMEHNTOBBIX MECTOPOXAeHus: Menkoe belwnarmpckoe
(24,7 kr/m® TiO,) v cpegHue no BenuumHe 3anacos KambynaTtckuii yuacTtok (22,05 kr/im® TiOy)
n KoHcTaHTMHOBCKUIM y4acTok (16,78 Kr/m> TiO2); pyOHble Necku 3aneraroT Ha rnybuHax oT
5 po 45 m. CtaBpononbCKU POCCLINHOM panioH MMEEeT HENNOXOW NOTeHuMan Ans npupocrta
3anacoB — B HeEM Nokann3oBaHo A0 4 % OTeYeCTBEHHbIX MPOrHO3HbIX PECYPCOB AMOKCHAA
TUTaHa kateropun Py n P,.

B 3anagHo-Cnbupckoi poccbinHon npoBmHUmMmn B Tomckon obnactu 3anackl guokcunaa
TUTaHa CKOHLEHTPMPOBaHbI B ABYX MECTOPOXAeHUsX ¢ bonee GefHbIMM pygamu: KPynHOM
TyraHckom (pyabl copepxat 19,7 kr/m> TiO,) n cpegHem [eopruesckom (17,6 krim® TiOy).
B Hux 3akntodeHo meHee 1 % poccunckux 3anacoB. PyaHble necku 3aneratoT Ha rnybuHe 10—
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90 m, Ha [eoprnesckom — 120—180 m. B TyraHCKOM pOCCBLINHOM panoOHe FoKanuM3oBaHO
22 MnH T pecypcoB anokcnaa tutaHa kateropum P. B Omckon obnactn B ABYX MENKUX Lmp-
KOH-PYTUI-NNIbMEHUTOBBIX MECTOPOXAEHNSAX C CaMbIMWN BbICOKUMW COAEPKAHNAMWU ANOKCMAA
TuTaHa — CamcoHoBckoM (34,2 kr/m® TiO2) n Tapckom (32,2 kr/m® TiO2) 3aknNYeHO TOmNbKO
0,5 % 3anacoB TuTaHa Poccuun. MNeckn mectopoxaeHun 3aneratot Ha rnybuHe 40-80 m ot
NoBEPXHOCTU. B Tapckom pocChINHOM parioHe BbISiBNIEHbI KPYMNHbIE pecypcbl AMOKcHaa TuTa-
Ha kaTeropumn P2_26 MnH T.

Menkve UMPKOH-PYTUM-UNBMEHUTOBbIE MECTOPOXAEHUS pa3BefaHbl B XaHTbl-
MaHCHiicKoM aBTOHOMHOM OKpyre — MpaBoGepexHoe (20 kr/m® TiO,), B HoBocuGupckoit 06-
nactm — OppablHckoe (14,4 kr/m® TiO2) n B CBepanosckon obnactm — ByTKUHCKoe
(16,8 kr/m> TiO); nx cymmapHble 3anacbl He npesbiwatoT 0,1 % poccumnckux.

ocynapctBeHHbIM 6anaHcom 3anacoB P® yunteiBatoTCa 35 MECTOPOXAEHUIA OUOKCU-
Aa tutaHa (19 kopeHHbIX U 16 poCCbINHbIX), N3 HUX YeTblpe (ABa POCCHIMHbLIX U ABa KOpPEeH-
HbIX) — TOMbKO C 3abanaHcoBbiMM 3anacamu. B pacnpegeneHHom doHOe Heap HaxoasTcs
19 mecTopoXaeHu ¢ Hanbonee Ka4eCTBEHHbIMU pPyaaMu.

[1Ba KpynHbIX MarmaToreHHbIXx MectopoxaeHus: KOro-BoctouHas Mpemsaxa B Mypmah-
ckon obnactn n KpyumHumHckoe B 3abalikanbCKOM Kpae HaxoasiTCA B roCcy4apCTBEHHOM pe-
3epse. [lpyrne o6bekTbl HepacnpeneneHHoro (poHaa 3HaunTenbHO MeHbLLE MO 3anacam.

Bcero B Poccun B 2015r. pobbito 663 Thic. T AgmMokcuaa TutaHa — 348 ThbiC. T.
B koHUeHTpaTbl n3sne4vyeHo 88,85 Thic. T AMOKCMAa TUTaHa.

Poccusa nmeeT kpynHyo 1 pasHoobpasHyo No CoCTaBy MUHeparibHO-CbipbeByto 6asy
TUTaHa c npeobnagaHnem KOMMMEKCHbIX HEPTETUTAHOBbLIX U Kene30-TUTAHOBbIX MECTOPOX-
AeHW. PoccbinHble MeCTOpOXAEHUA XapaKTepusylTcsa 4acTo rnybokum 3aneraHnem pya,
CMNOXHbIMW FOPHO-FEONOMMYECKUMIN YCOBUAMM MX OTPaboTKK, onTMMarnbHbIM CNOCOBOM KX
OCBOEHUNSA MOXET CTaTb CNocob CKBaXXMHHOWM rmapoaobbium (CIrh).

Poccuiickne mecTtopoxaeHust TUTaHa MeHee npuBnekaTenbHbl, Yem pa3pabaTbiBae-
Mble 3a pybexxom Boratble KOpeHHble MECTOPOXAEHUS N MOBEPXHOCTHbIE U NPUNOBEPXHOCT-
Hble POCChINKU, B TOM YMCIie B CBA3M C MX KOMMJSIEKCHBbIM COCTaBOM M OTCYTCTBMEM CMpoca Ha
APYrne OCHOBHbIE M NOMYTHbIE KOMMOHEHTDI.

1.1.8 AntoMnHueBoOE Cbipbe

Poccusa obnagaeTt kpynHOW MUHEpanbHO-CbipbeBOM 6a3on antoMMHMEBOIO CbIPbA —
BOKCUTOB N HEPENMHOBLIX PyL4.

B tabnuue 1.24 npmeeaeHbl gaHHble 0 cocTositHu MCB antoMnHueBoro chipbs PO Ha
01.01.2016.

Tabnuya 1.24 — CoctoaHne MCB antomuHueBoro cbipbst P® Ha 01.01.2016, mnH T [9]

MpOrHosHble pecypehi I P, |Ps
BokcnTbl

Konmnyectso 58,1 39,2 0
3anacel A+B+Cqy |Co

BokcnTbl

KonuyecTtso 1124,8 2824
M3meHeHMe nO OTHOLWEeHU K 3arnacaMm Ha

01.01.2015 ~6.577 0
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[MporHo3Hble pecypchl P4 P2 |P3
[ona pacnpeaeneHHoro gooHaa, % 46,1 56,8
HedennHosble pyabl

KonunyecTtBo 4189,4 779,6
M3meHeHMe no OTHOWEHUK K 3anacam Ha 259 0
01.01.2015 '

[ona pacnpeaeneHHoro goHaa, % 73,7 55,7
Mcnonb3oBaHne MCBE antoMunHneBoro ceipbs P® B 2015 T.

[o6blva n3 Hegp 60KCUTOB, MIH T 5,661
[o6blva n3 Hegp He(PENNHOBLIX Pya, MIH T 31,407
Mpon3BoacTBO rNMHO3eMa, MIH T 2,593
MMnopT rmnHo3sema, MInH T 4,471
[Mpon3BoaCTBO NEPBUYHOIO artOMUHNUA, MITH T 3,53
OKcnopT HeobpaboTaHHOro antoOMUHUA, MIH T 3,461
MmnopT HeobpaboTaHHOro antoMuHUS, TbiC. T 47,37
CpegHerogoBasa mupoBas ueHa 2016 r. Ha BbICOKOCOPTHbIN 1604
anomuHnin (99,7 %), HannyHbIM ToBap, Ha JIBM, gonn./T

CTtaBka Hanora Ha gobbivy, % 5,5

3anacsl

ookcutoB coctaBnsawT 1,4 Mnpa T,

BKIto4as

1,125 Mmnpa T KaTeropumn

A + B + C4, ogHako aKTMBHO ucnonb3yeTca B paspabaTtbiBaeMbiX M MOAroTaBMMBAEMbIX
K 3KCnnyaTaumMm MecTOPOXAEHMAX MeHee NONOBUHbLI OT 3TOro Konuvectsa — 518,37 MNH T,
YTO NMO3BONSET CTpaHe 3aHMmaTb NAToe MecTo B Mupe. OcTanbHas YacTb 3anacoB UMeeT
HU3KOEe Ka4yecTBO pya w/vnu rnybokoe 3aneraHve n HepeHTabenbHa anga otpaboTku. lNpo-
rHO3Hble pecypcbl BOKCUTOB HE3HaUNTENbHbI (MeHee 100 mnH T kateropuin Py n Py).

[aHHble nNo 3anacam u pacnpeneneHnto GOKCUTOB MpUBEAEHbl Ha pucyHke 1.19 u

B Tabnuue 1.25.
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ApxaHrenbckas
ﬂeHMHrpaA%Kg: oEn
Pecn.
Komu
11
0 = 2503.9
Mkcunckoe
Bgnroponcm 3;slie;ua|o-liopla|m;mlcmse
obn, 2938
‘IOBumochoe 2 KanbuHckoe KpaCHOHECK"ﬁ
2331 @ Kpacra ILlanouka fpan
0 Hogo-Kanbucxoe
10 € Yepemyxockoe 8
Pecn. 3 10,6 s 0
BawkopToctaH 0 KemepoBckas
obn.
CBepanoBcKas _8|9
. L
obn. 52 0
MectopoxgeHusn: ATTracKk
©® pa3pabatbiBaemble Kpaii
O Hepa3spabarbiBaembie 2_%; ;aeg;;z'b, p, MIHT

PucyHok 1.19 — PacnpefeneHue 3anacoB 1 pecypcoB BOKCUTOB MO cyObekTam
P®, mnH T [9]

Tabnuuya 1.25 — 3anacbl 60kcnToB 1 06bEMBI X AO0OLIYK B PD [9]

3anachl Nobbva B 20151, |dons B MMpOBOM
KaTeropus MIH T MIH T Aobblve, %

3anacbl A +B + C4 paspa-

OaTbiBaembix U ocBauBae-|518,4 6,85 2

MbIX MECTOPOXOEHUI

3anacbl Hanbonee KayeCTBEHHbIX Cpean POCCUNCKMX OOKCUTOB COCPenoTOYEHbI
B CBepanioBckon obnactn u Pecnybnuke Komn, npy 3TOM OHWM HEe MOryT KOHKYpUpoBaTb
C paspabaTbiBaeMbiMn 3a pybexxoM Kak no MMHepanbHOMY COCTaBy, Tak 1 no rnybuHe 3ane-
raHusi, FOPHO-Tre0NIOrMYECKUM U KIMMaTUYECKUM YCITOBUAM pa3paboTKu.

locynapcTBeHHbIM 6anaHcom 3anacoB PO yuuTtbiBaeTca 57 mectopoxaeHuin Bokcu-
TOB, U3 HUX 18 — TONbKO C 3abanaHcoBbIMM 3anacamu. B pacnpeneneHHom doHae Heap
HaxoaaTcsa 13 06bekToB ¢ Hanbornee kayecTBeHHbIMU pyaamu. B HepacnpegeneHHom doHae
yunTbiBaeTcs kpynHoe Bucnosckoe mecTtopoxaeHue B benropogckom obnactm un gpyrue
00BbeKTbl MeHbLUero macwtaba ¢ HU3KOKa4YeCTBEHHbIMU pydamMn nNnbo Haxoasiwmecs B Ma-

NOOCBOEHHbIX paOHax.

[laHHblE NO OCHOBHbLIM MecTopoXxaeHuam 6okcntos B PP npueeneHsl B Tabnuue 1.26.

44



Tabnuuya 1.26 — OcHoBHble MecTopoxaeHnsa 6okcmutos B PO [9]

UTC 23 - 2017

Heppononbsosa- | Feornoro- 3anacbl, MIH T Hons B ervMHe- [o6biua

TeNnb, MECTOPOX- | MPOMbILLMEHHbIN Ganarco- |BbiM - Mo- B 2015r,
A+B+C,|C, BbIX 3ana-|Aayrb,

aeHuve TN cax PCD, % A|203/Si02 TbIC. T

OAO «Ceypanbokcutpyga»

UepemyxoBckoe |OcagoyHbIn B

(Cepanosckas | KapOoHaTHbIX 136,2 56,8 13,7 11,8 358

obnacTtb) Tonwax

HoBso- OcapgoyHbin B

KanbunHckoe KapboHaTHbIX 74.6 30,2 7.4 17.7 532

(Cepanosckas | Tonwax

obnactb)

KanbuHckoe Ocapgo4HbIn B

(Cepanosckas | kapboHaTHbIX 31,4 48,5 57 20,6 646

obnacTtb) Tonwax

KpacHasa LLanou-| OcagoyHbin B

ka (CBepanos-|kapboHaTHbIX 9,6 16,8 1,9 13,3 782

ckasi obnacTb) TonLwax

OAOQO «bokcut TumaHa»

Bexato- MonureHHbIN

BopbikBuHckoe 1015 |27 7.4 6.8 2886

(Pecnybnuka

Komn)

OAOQ «CeBepo-OHexcknn BOKCUTOBBIN PYAHUKY

WkenHekoe  (Be-| OcapoyHbIv B

NoBOACKast  3a- | TeppPUreHHbIX

nexb, 3anagHbin | Tonwax 253.9 0 18 3.1 443

y4yacTok) (ApxaH-

renbckas 00-

nacTtb)

HepacnpeaeneHHbin poHA

Bucnosckoe JlTaTepuTHbIN

(Benropoackas 153,4 49 11 6 0

obnacTtb)

Poccust BxoanT B AECATKY OCHOBHbIX NpOoAyLIEeHTOB BOKCMTOB, 3aHMMas BOCbMOE Me-
CTO B Mupe 1 obecneunsasd HemHorum 6onee 2 % MMpoBoKn A06LIYN.

B 2015 r. Ha cemMn MecTopoXOeHUsAX CTpaHbl Ao0bITO 5,661 MNH T GOKCMTOB — Ha
6,5 % MeHblle, Yem rogom paHee. OcHoBHas 4YacTb 6okcuToB (92 %) nsBneveHa U3 Hedp
koMmnaHnamn «O6beguHeHHon komnaHum ,PYCATIT*» (PYCAI).

Poccust — eagnHCcTBEHHAsA cTpaHa B MMpe, UCNOSb3yoLasa B Ka4eCcTBe antoMUHUEBOTO
Cblpbsi HEYENMHOBbBIE PYAbl; N3 HUX BbINYCKAETCS TPeTb OTEYECTBEHHOIO rMMHO3eMa.
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Mo kavecTBY HedenMHOBbIE pyAbl 3HAYUTENBHO YCTyNatT BOKCUTaM — B HUX COAep-
xutca ot 11 % po 28 % Al,O3 1 6onee 40 % SiO,, noaToMy mMx nepepaboTka B MMUHO3EM

MOXXEeT BECTUCH TOSIbKO CNOCOOOM CrneKaHus.
3anacbl He(beJ'IMHOBbIX pyd OrpOMHbl U COCTaBJIAKOT MOYTHU 5 mnpa T. OHun

pasBefaHbl

B MypmaHckon obnactn un B KpacHosipckom kpae, Kemeposckon obnactu n Pecnybnuke Thl-

Ba.

PacnpegeneHune n ocHoBHble 3anacbl HehennHOBbLIX pya NpuBeaeHbl Ha pucyHke 1.20

n B Tabnuue 1.27.

MypmaHckan
obn

o MbuHcKan rpynna

38254 MecToporKaeHMi
KpacHoAapckuin
Kpaw
738
KemepoBsckan

obn.

Kna-lllammipckoe @ O [opAderopckoe
59,5

346,2 Pecn.TbiBa
MecTopoxaeHus: 2
® paspabatbiBaemble
O HepaspabarbiBaembie

basHKonbckoe

PucyHok 1.20 — PacnpeneneHue 3anacoB He(hennHoOBbLIX pya No cybbekTtam

P®, mnH T [9]

Tabnuuya 1.27 — OCHOBHblE MECTOPOXAEHNA HEDENUHOBLIX pya B PO [9]

Hepnpononw3osa- |[eonoro- 3anacel, MIH T fons 8 Copepxa- |[Jobblva
N 6anaHco-
Tenb, MECTOPOX- | NPOMbILLIEHHbIN Hue Al,Os,|B 2015T.,
JeHune ™n A+B+C |G, BeX 3ana- % MIH T
cax P®, %
AO «Anatnt», 3AO «CeBepo-3anagHasa ®ocopHaa KomnaHusay
XubwuHckas rpyn-|Anatut-
na mMecTopoxae-|HedenMHoBbIE
. poxae- | Hed 3379,3 (4461 |77 12,77 |28,55
HW  (MypmaH- | pyabl

ckas obnacTb)

OAO «PYCAJ1 A4MHCKUI TIMIMHO3EMHbI KOMOUHAaT»
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Hegpononb3oBa- |[eonoro- 3anacel, MiH T Hons B Copepxa- | [obGbiva
y 6anaHco-

Tenb, MECTOPOX- | NPOMbILLNEHHbIN Hue AlL,Oj, |B 2015T.,

AeHune ™n A+B+Cq |Gy BEIX 3ana- o, MIH T

cax PO, %

Kus- YpTuThl

Wanteipckoe 59,4 0 1,2 27,78 |2,85

(KemepoBckas

obnacTb)

HepacnpeneneHHbln poHA

opsiveropckoe | TepanuTto-

(KpacHosipcknin | cMeHnTbI 4459 292,1 14,8 22,45

Kpawn)

BasHkonbckoe YpTuThl

(Pecnybnuka 304,7 41,4 7 26,52

TbiBa)

locynapctBeHHbIM HanaHcom 3anacoB PP yuyutbiBaeTcs 17 mMecTopoXaeHun Hede-
NNHOBBIX Py, U3 HUX YEeTbIpe — TOSbKO C 3abanaHcoBbLIMU 3anacamu.
Mmes KpynHyto antoMMHUEBYKO MPOMBbILWNEHHOCTb, Poccus obecneunBaeT ee oTede-
CTBEHHbIM CblpbeM TOSIbKO Ha OOHY TPEeTb.
Poccua obrnagaeT KpynHOW CblpbeBOM 0a30M HU3KOKAYeCTBEHHOIo aritoMUHMEBOrO

Cblpbsi — BOKCUTOB, HEENMNHOBBIX PyA, NENUUTOB, aHOPTO3UTOB, PYA, COoAepPXalUnX MUHEe-
panbl rpynnbl CUAAIMMaHNTA, KaoSIMHOBLIX MWH. BHeagpeHve B MpOMBbILWIEHHOE MPOU3BOa-
CTBO HOBbIX COBPEMEHHbIX TEXHOMOMMN nepepaboTKn TaKoro Cbipbs MO3BONUT MoriHee yao-
BNETBOPATb HYXbl POCCUNCKON antoMUHMEBOWN NPOMBbILLIIEHHOCTN.

1.2 Ob6oraweHune pya

1.2.1 MeaHble pyAbl

Meab — mMeTans, BCTpevatLwmincs B Npupoae B CaMOPOAHOM Buae, HO HaubonbLuee
NPOMbILLIIEHHOE 3HAYEHNE NMEIDT XalbKONUMPUT, BOPHUT N Xanbko3uH (cMm. Tabnuuy 1.28).

Tabnuya 1.28 — OCHOBHbIE U NPAKTUYECKN BaXKHbIE MUHEparibl Meau

CopepxaHue, YaenbHbIN
HassaHne muHepana Xumuyeckasa popmyna o TeBepaocTb BeC, T/M®
Xanskonuput (MegHbIN CuFeS, 34,57 34 41-43
KonyenaH)
BopHut (nectpas menHas CusFeS, 63,3 3 4,9-5,0
pyAa)
XarbKo3uH (MeaHbIN CU,S 79.9 2.3 55-58
Bneck)
lr(;))BeJ'IJ'II/IH (megHOEe UHAOM- CUS 66,5 15-2.0 4,59-4,67
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CopnepxaHue, YaernbHbii
HasBaHue MvHepana Xumuyeckast hopmyna o TeepaocTs Bec, /M
TeTpaspput (bneknas Cu1,Sb4S13 29_53 3.0-4.,0 4,4-54
MeaHaqa pyaa)
TeHHaHTUT (6neknas Cu12SbaS1s 29_53 3,0-4,0 4,4-54
mMeaHas pyaa)

K npomblIwneHHbIM OTHOCAT pyabl, cogepxawume 6onee 0,3 % — 0,4 % meau, kKotopas
He MmeHee 4yeM Ha 85 % — 90 % npeacrtaBneHa cynb@UAHLIMU MUHEPanamu.

[ns xapakTepucTukn cofepXaHusa Megu B pygax nNpuHaTa cneaylowas knaccuduka-
umns: pyabl cpegHero kadectsa — oT 1 % 10 2 % Cu; pyabl 6egHble — oT 0,7 % o 1 % Cu;
pyabl Becbma 6egHble — meHee 0,7 % Cu.

MegaHble pyabl pasgensioT Ha cynbguaHble, OKCUAHbIE N CMELLaHHble. B nepBrYHbIX
pyaax 60onbLUMHCTBA NPOMbILUNEHHBIX MECTOPOXAEHMI MeAb MPUCYTCTBYET B CyNbOUAHOM
dopme. B 30He okucneHuss oHa npeacTaBrieHa kapboHaTamu, cunukaTamu, cynbgaTamu,
oKCMAaMun 1 opyrumm CoOeauHEHNSMN.

B mMegHbIX pygax 4acto npucyTcTByoT MuHepanel Fe, Mo, W, Pb, Co, As.
B 3HaunTenbHbIX KONMYyecTBax ecTb Au U Ag, a Takke V. MecTtopoxaeHna mean pasgenstor
Ha 9 reonoro-nPOMbILLNIEHHbIX TUMNOB (MEeAHO-HUKENEBDIE, Xene30-HuKeneBble B rabbpounaax,
KapboHaTUTOBbLIE, CKapHOBLIE, MeLHO-NOPdUPOBLIE, KBapLEBO-CYNbMpUaHbIe, camopoaHas
Meab, MEAUCTbIE NEeCYaHWKM U CnaHupbl), BXogAaWwmMX B 6 reHetnyeckux rpynn (I. Marmatumye-
ckaqa; Il. KapbonatutoBas; Ill. CkapHoBas; IV. [mgpotepmaneHas; V. KonyegaHHas;
VI. CtpatudopmHasg). B nepcrnektuBe Kak camMoOCTOSATESNbHbIA re0noro-npoMbILNEHHbIA TUM
MOryT 0POPMUTBLCS MECTOPOXAEHUS Me4bCOAEPXKALLMX MOPCKMX >Kene30o-MapraHLueBbIX KOH-
Kpeuum 1n MyrnoB, a TakKe ypaHOBO-305I0TO-MeAHble MecTopoxaeHusi. Megob npucyTcTByeT
B komnniekcHbix pyaax Ni, Co, Pb, Sn, W, Bi, Au. maBHble gobbiBatolime CTpaHbl B KOHLE
XX — Havane XXI B. — Yunn, CLIA, Kanaga, 3ambus, KoHro (bpassasunb), KoHro (KnHwa-
ca), MNepy.

CkapHOBOE  MeOHO-MarHeTUTOBOE MeCTopoXaeHue  bbIcTpuHCckoe  ocBauBaeT
00O «I'PK ,BbictpuHckoe» (Bxoant B MNMAO «'MK ,Hopunbckuin Hukenb“»). B 2015 . kom-
NaHWs npoaoskana BCKpbIWHbIe paboTbl, B XOA4e KOTOPbIX A0OLITO M CKnagMpoBaHO
467 TbIC. T OKUCIEHHbIX pyAd, cogepxawmx 2,2 Teic. T Mean. Benocb Takke CTpoUTENbLCTBO
006BHEKTOB MH(ppACTPYKTypbl ByayLlero ropHo-o6oraTMTenbHOro NpeanpusTis, 3anyck KoTo-
poro Hame4eH Ha koHel, 2017 r., a BbIXO4 Ha NPOEKTHY MOWHOCTb (10 MSTH T) — Ha KOHey,
2020 r. [obblya 6yoeT BeCTUCb OTKPbLITbIM CNOCOOOM Ha YeThbipex Kapbepax. NepepaboTka
NepBUYHbIX Pya NNaHUpyeTcsa Ha cTposilencs oboratutensHon gabpuke No rpaBUTaLMOHHO-
¢NoTaUNOHHO-MarHUTHON CXEME C MOSlydYEHMEM MEeLHOro MU MarHeTUTOBOrO KOHLEHTPaTOB.
CogoBasi NPOEKTHasA MOLLUHOCTb NpeanpusaTMss — 67 TbiC. T Mean B KOHUeHTpaTte n 2,9 MNH T
MarHeTUTOBOro KOHLEHTpaTa; KpoMe Toro, u3 pya 6yaet ussnekatbcs 3051010 (252 ThIC. TP.
YHUMI B KOHLEHTpAaTe B rog).

B 2015 r. Ha BOCbMW KOMMMEKCHbIX MECTOPOXAEHUAX A00ObIBANnUCb Meabcoaepalume
pyabl, MEOb M3 KOTOPbIX Bblna NONMHOCTLIO NOTepsHa Npu oboralleHnn n MeTannyprrieckom
nepegene.
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Bbonee nonoBuHbl poccurickon meam B 2015 r. goObinn npeanpuaTna BepTUKarnbHO-
nHterpmpoBaHHoro xonguHra MAO «I'MK ,Hopunbckuin Hukenb“». KomnaHua nepepabathbi-
BaeT fobbiBaemble pyabl Ha cBoMx oboratuTenbHbiXx habprkax ¢ NonyvyeHMeM MegHoro u
KONJIEKTMBHOIO MeHO-HUKESeBOro KOHLEHTPATOB, KOTOpbIe Aarnee NoCcTynarT Ha MeTannyp-
rmyeckne npeanpusaTMss Mo  BbINYCKYy padUMHUPOBaHHbIX MeTansioB B . Hopunbck w
r. MoHyeropck. boratble pyabl MecTopoXxgeHun HopubCKoro pyaHoro pamoHa YaCTUYHO no-
CTynatoT B nnaBky 6e3 oboralleHus.

MepepaboTky pya Ha npeanpuATUSX BepTUKaNbHO-UHTErPUPOBAHHOIO XONAUHra
OAO «YI'MK», obecneumBLumnx B 2015 r. 6onee tpetn gobolum meam (316,5 ToiC. T), BEAyT Ha
coBCTBEHHbIX 0boraTnTenbHbIX pabpukax, a NoOMy4YeHHble KOHLEHTPaTbl NOCTYyNatT Ha nna-
BUINbHbIE 3aBOAbl KOMMaHUMW.

Mepepabotky pya mectopoxaeHun 3A0 «PMK» BegyT TpaavuMOHHBIM (PnOTaLUMOH-
HbIM METOAOM Ha oboratuTenbHbIX abpukax ¢ NonyvYeHMeM MeaHbIX KOHLEHTpaToB, KOTO-
pble HanpaBnaTCA Ha NnaBunbHbIA 3aBog «Kapabawmenby», a ganee Ha paHUPOBOYHOE
npeanpustme 3A0 «KbIWTbLIMCKMA MeAeanekTPONIUTHbIA 3aBO4», KOHEYHbIM MPOAYKTOM KO-
TOPOro ABNAeTCHA KaTogHas Medb U MeHasi KaTaHKa.

B 2015 r. Ha poccuicknx oboratutenbHbix abpukax BbinyweHo okono 710 Tbic. T
Mean B KOHUEeHTpaTax; YacTb 6oratblx pya He oborawianach.

1.2.2 MeaHO-LUMHKOBbIE pyAbl

Cpeayn UMHKOBbLIX MWHEpPArioB MPOMbILUNIEHHOE 3HAYeHUe UMeeT MPakTU4eckn OAUH
canepurt (cMm. Tabnuuy 1.29).

Tabnunuya 1.29 — OcHoBHble N Hanbornee BaXkHble MUHEepanbl LMHKa

MuHepan dopmyna gr(]):q;)pmaHMe TH/::IA?THOCTE” TBepoocTb
Cdhanepur ZnS 67 3,542 3,4
UnHknT Zn0O 80,3 5,66 4
Bunnemut Zny-Si0Oy 59,1 3,89-4,18 5-6
CmMmutcoHuT ZnCO3 52 4,145 5
MMapouUnHKNT ZnCO3-2Zn(0OH), 60 3,6-3,8 2-2,5
KanamuH Zny-Si04H,0 53,7 3,4-3,5 4,5-5
PpaHKINHUT (Zn3-Mn)Fex04 17-25(Zn0) |5,07-5,22 5,3

FaHnT ZnAl;Oy4 35,6 4,0-4,6 7,5-8,0

PecypCbl LMHKOBOW TOPHOPYAHOW MNPOMBbIWIIEHHOCTM B Poccum cocpenoToueHbI
B MeAHO-KON4YeAaHHbIX MECTOPOXAEHUSIX.

MeaHo-LMHKOBbIE pyabl MOryT coaepXaTb B pasnnyHbiX (06bIMHO HEBGONbLUMX) KOMn-
yecTBax NPUMECU ranieHnTa, apceHonMpuTa, CTMbHMUTa, KaccuTeputa U HEKOTOPbIX APYruX
MUHEepanoB LUBETHbIX MeTannoB. B HMX AOBOMbLHO 4YacTo cogepXxaTtca bnaropogHbie meTtarn-
nbl (301070, cepebpo) u peakne ANeMeHTbl (KagMuin, repMmaHuii, nHaui u ap.). MHoroumc-
NEHHbIMX MCCNeaOBaHUAMM YCTaHOBMNEHA M3oMopdHasi B3aUMOCBA3b 3HAUYUMTENbHOM YacTu
BGnaropogHbIX METaANMOB, PEAKMUX N PACCEAHHBIX SNTIEMEHTOB C NMUPUTOM.

Mo cBoeMy BeleCcTBEHHOMY COCTaBy MEAHO-LMHKOBbIE pyAbl (HAanpumep, MeCTOPOX-
AeHUA Ypana) MOXHO pas3fenvTb Ha YeTbipe MOArpynmnbl: ChfOLWHbIE KonyeaaHHble, BKpan-
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neHHble cynbduaHble (4o 50 % cynbdunaos), 6pekymeBmaHblE U CMeLlaHHble. YeTKknx rpa-
HWUL, MeXay OTAeNbHbIMW NoArpynnamMmn agaxe B 0O4HOM M TOM e MECTOPOXAEeHUN He Habnto-
paetca. B nepByto ouepeab 310 oTHOCUTCA K Crnbarickomy MeCTOpPOXAEHUIO, rAe OTMeYaeTcs
yacTas nepemexaemMocTb BCeX noarpynn, n mectopoxaeHuto umern Il MHTepHaumnoHana,
npeacTaBNeHHOMY CMECHbI0 CMSOLWHbIX KONYedaHHbIX M BKpanmneHHbIX pyd. HenocTtosaHCTBO
BeLLEeCTBEHHOro coctaBa XapakTepHo Takke Ans pyq Y4danuHcKkoro n [anckoro mectopoxge-
HUA. 3HaunTenbHble KorebaHusa BelleCTBEHHOro cocTaBa pyd MO COAEPXaHUK OCHOBHbIX
MeTanmnoB, CynbMunaoB U BTOPUYHLIX MUHEPANOB MeaW CO34arT NpU OTCYTCTBUM yCpeaHu-
TemNbHbIX U LWUNXTOBASIbHbLIX CKNagoOB M CUCTEM aBToOMaTU3auuW 3HaYUTENbHble TPYOHOCTU
Npy perynmpoBaHUN TEXHOMOMMYECKOro npouecca M ynpaBneHum MM Ha oboraTUTeNbHbIX
dabpukax.

OTmeueHHble 0COBEHHOCTM BELLECTBEHHOrO COCTaBa SIBMAKTCA NPUYMHOM HedocTa-
TOYHO BbICOKMX MOKa3saTenen oboralleHnsi HEKOTOPbIX Me4HO-LMHKOBBIX PyA M nNpeogosiesa-
toTCA pa3paboTKon pasBUTbLIX TEXHONOMMYECKNX CXEM C UCMONb30BaHNEM 3(PIEKTUBHBIX pe-
areHTHbIX PEeXUMOB CenekTUBHOM (broTaumu, YYMTbIBaKOLWMX OCOBEHHOCTU hNOTaLUNOHHBIX
CBOWCTB pasfesiieMblX MUHeparos.

Moyt Tpm 4veTBepTM poccuinckon aobblum umHka obecneumBaeT OAO «Ypanbckas
ropHo-metannyprmyeckasa komnanma» (YIMK) B nuue AByX CBOMX JOYEPHUX NPeanpUaTuil:
AO «YyanuHckun TOK» (63 % pobblumn ctpadbl) n AO «lManckum TOK» (noutn 10 %). Ewe
okono 10 % po6bbino OAO «AnekcaHApPUHCKas ropHoOpyaHas KoMnaHus», paspabaTbiBatoLlee
AnekcaHOpuHCKoe MecTopoxaeHne B YenabuHckonm obnactu, wn  ©Gonee 7.5 % —
3A0 «OpmeT» Ha [IxycuHckom mectopoxaeHun B OpeHOByprckon obnactu; obe komnaHum
Bxogat B coctaB 3AO0 «Pycckaa MegHas komnaHus». Ha pgono KoMnaHum
OAO «I'MK “OanbnonumeTann’», paspabaTbiBalollen noniMmeTaninyeckne MecTopoXageHus
Mprmopckoro kpas, npuxoguTcst okosio 9 % [obbiun.

1.2.3 CBMHLOBbIE NonNuMeTann4eckue pyabl

MonumeTannMyeckumMm HasbiBalOT KOMMIIEKCHbIE CBUHLIOBO-LIMHKOBbLIE PYAbl, B KOTO-
pbIX, MOMUMO CBMHLIA U LiMHKA, NPOMbILLSIEHHYIO LEHHOCTb MOIYT Takke NpeacTaBnATb Meapb,
Kagmun, cepebpo, 30510TO 1 Apyrne MeTansbl, B TOM YMCME OHU CNyXaT TakkKe UCTOYHUKOM
nonyvyeHnst paga peakux U paccesHHbIX aneMeHToB. Ha gonto rmaBHbIX MUHEPanoB CBMHLA
(raneHuTa) n umHka (caneputa) npmxogutcs cebiwe 90 % n 95 % 3anacos 1 OObLIYK COOT-
BeTCTBEHHO. OCHOBHbLIMW MMHEpPANamMmn CBMHLA U LIMHKA ABNSTCA Cynbduabl, cynbgoconm
n kapboHaTtbl (cM. Tabnmuy 1.30).

Tabnunuya 1.30 — OcHoBHbIE N Hanbornee BaXxkHble MUHEeparbl CBMHLA

MwuHepan dopmyna ggfqoe/opmaHme Tn/;gTHOCTb’ TBepoocTb
faneHnt PbS 86,6 7,4-7,6 2-3
Bynanxeput 5PbS-2Sb,S; 55,4 7,2-7,3 2,5-3
[>xeMcoHunT 4PbS-FeS-Sb,03 40-50 5,5-6,0 2-3
BypHOHUT 2PbS-CuS2S-Sb,S; (42,6 5,7-5,9 2-3
Llepyccut PbCO3 77,6 6,4-6,6 3-3,5
AHrnesnT PbSO, 68,3 6,1-6,4 2,5-3
Mupomopdout PbCI (PO4)s 75,79 6,7-7,1 3,54
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MwuHepan dopmyna ngqf/:opmaHme T/J;?THOCTID’ TeepaocTb
Kpokout PbCrOg4 64,6 6,0 2,5-3
Bynbdennt PbMo4 55,8 6,3-6,0 3
MumeTnant Pb3(AsO,4);Cl 69.5 7,2-7,3 3,5
BanaguHut Pb(VO)CI 72,7 6,7-7,1 3,0
Mniombosapoant PbFeg (SO4)40H)12 18,3 3,7-3,9 3,0

Mo cogepkaHNO OCHOBHbLIX KOMMOHEHTOB CBWMHLIOBO-LIMHKOBbLIE pYyAbl NOApa3aensoT-
ca cnegywowmm obpasom: boratble, C cogepxaHueM cBuHUA Bbiwe 4 % nnn ¢ CyMMapHbIM
codepxaHnem CBMHLUA U UMHKa Bbiwe 7 %; cpegHero kadyectsa (psgoBble), cogepxaline ot
2 % po 4 % cBMHUA U CyMMapHO CBUHLUA M UuHKa oT 4 % 0o 7 %; 6egHble, ¢ coaepxaHu-
em cevHua 1,2 % — 2 % vnu cymmapHoO cBuHUA U UMHKA 2 % — 4 %. [pOMBbILWNEHHOCTLIO
MHOr4a MCNoNb3ylTCca pyabl U ¢ 6onee HNU3KMM cogepXKaHMeM CBUHLA U LUMHKa, ecnn uene-
coobpasHocTb nx nepepaboTkn obocHoBaHa.

Mo cTeneHu OKMCNEHNs pyabl NONUMETaNIMYEeCKUX MECTOPOXAEHUI NOAPA3AeNATCA
Ha Tpu TUNa: CynbMUAHLIN, CMeLlaHHbIn U OKUCIEHHbIN. KpuTepnem Ons OTHeCceHus pya
K TOMY WM MHOMY TUMNY CRYXWT COOepXaHue CBUHLUA M LUMHKA B OKCUMOHOW dhopme
(cm. Tabnuuy 1.31).

Tabnuya 1.31 — Tunbl CBUHLOBO-LUUHKOBbLIX PYyA

CopepxaHue okengos, %
Tvn pyA

cBUMHUA LMHKa
CynbunaHbin <15 <10
CmeluaHHbIN 16-50 11-50
OKucneHHbIN >50 >50

Bce CBMHUOBO-LUMHKOBbIE pyabl SBASOTCA KOMMMEKCHBIMU U coaepKaT 3HauuTerbHoe
KONMMYECTBO MOMYTHbLIX KOMMOHEHTOB, KOTOPbIE MOBbIWAKT LEHHOCTb pya. bnaropoaHsle me-
Tannbl HAXo4ATCA B pygax B pasfvMyHoOn hopme: 30510TO B OCHOBHOM CBS3aHO C XarnbKoMwu-
PUTOM U NUPUTOM, HO BCTpeYaeTca N B CBOBOAHOM COCTOSIHUM; cepebpo coaepXxuTcs B ra-
neHuTe, a Takke NpPUCYTCTBYET B BUAE cynbdoconen cepebpa u Tennypuaos; KagMnin KOH-
LEHTPUPYETCH NPEMMYLLECTBEHHO B canepute B BUAE TOHYaWLIEN MEXaHWYECKOM WUnn
N30MOPCHON NPMUMECK; BUCMYT CaMOPOHbIA UK B COCTaBe CySibddOCONen TECHO accouumn-
pyeT C raneHnToM; cypbMa CBsidaHa C Cynb(OCONs MU CBMHLA; PTYTb NPUCYTCTBYET B BUAE
KWHOBapW; MHOWW, Tannun v rannun cogepxaTtca B chanepute, raneHute, xanbkonupure,
nMpuTe U gpyrux cynbduaax; ceneH n Tennyp npucyTCTBYHOT B KayecTBe NPUMECKH B Cyrlb-
du1aHbIX MUHEpanax, a TeNnnyp — MHOr4a U B BUAE CaMOCTOATESIbHbIX MUHEpanoB; repma-
HUW, KaK NpaBurno, paccesiH B CUnNukaTax, HO B psiie CrnyyaeB CBf3aH CO cdpaneputom u
cynbomngamu meau.

BoraTble MecTOpOXOEeHUS OKUCINEHHbIX CBUHLOBLIX pyd, JaBaBline B NPOLUSIOM OC-
HOBHYIO O06bl4y CBMHLA, B HACTOsILLEe BPeMsi NMOYTM MOMHOCTbI OTpaboTaHbl, @ Haxoaka
HOBbIX KPYMHbIX 3anexemn Takux py4a ManoBepodaTHa.

CBMHUOBO-LMHKOBBIE pyabl Poccun cocpeaoTodeHbl rnaBHbIM 06pa3oM B MECTOPOXK-
AEHUAX KON4YeaaHHOro M cTpatMOPMHOro TUMNOB, 3HAYUTENbHO MEHbLUE — B 3€PHUCTLIX,
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CKapHOBbIX W XWUIbHbIX. MHOrouMcneHHble naneo3onckue norimmeTaninyeckme MecTopoX-
aeHns PyaHoro AnTtas npuHagnexaTt Kk kondegaHHomy Ttuny (KopbanuxuHckoe, CtenHoe,
CpegHee, 3onoTywmHckoe u gp.). CBUHLOBO-LUHKOBO-MEAHOE OpyAEeHEHNE 3TUX MECTOPOX-
AEHUA MPUYPOYEHO B OCHOBHOM K CpPeAHEAEBOHCKMM MeTaMOp(UYECKUM BYIKAHOTMEHHO-
ocagoyHbIM nopoaam. Pyabl cogepxaTt umHKa 6onblue, 4em CBMHLUA, a CBMHUA Gornblue, Yem
mMeau. NManeosonckme KonyedaHHble nonumeTannMyeckne mMectopoxaeHuss ectb B Cesep-
HoM 3abankanbe (O3epHoe, XonogHwuHckoe). Hebornblwne konyenaHHble MeCTOPOXAEHUSNA
ecTb B Antan-CasaHckon cknagvaton obnactn (Canaumpckasi u Ypckasi rpynnbl MECTOPOXAe-
HUR, Kbi3bin-TawTurckoe). K ctpatndopMHbIM 3anexam OTHOCAT opeBCckMe metacomaTtmye-
ckue (EHucenckni kpsix, Pb: Zn = 1:0,2). K aTomy Xe Tuny oTHocATca mectopoxaeHus Cap-
AaHa Ha p. AnpaH, 3anerawowme B gonomutax BepxHero seHaa (Pb: Zn = 1:4). K 3epHUCTbIM
OTHOCAT MECTOPOXAEHUSI HUXKHEro kembpusa B kapboHaTHbIX nopoaax BoctouHoro 3abavika-
nes (bnarogatckne u ap.). MectopoxaeHuss ckapHOBOro Tuna wu3BecTHbl B  CuxOTa-
AnuHbCckon cknagyaTton obnactn n B KOxHoMm lNMpumopbe. Me3030MCKMMU ABMAKOTCA XWUlb-
Hble nonuMmeTannuyeckne mectopoxaeHns Ha CeBepHom KaBkase (CapoHckoe, 3ruackoe,
ApxoHckoe, Onbbpycckoe n gp.) n B BoctouHom 3abankanse (HepumHckas rpynna). XKunb-
Hble MECTOPOXAEHMS NOCNEME3030MCKOro Bo3pacTta obHapyxeHbl 6nm3 BepxosHcka, B AHO-
YykoTckoM panoHe n Ha nonyoctpoBe KamyaTka. BonblWMHCTBO CBUHLIOBO-LIMHKOBbLIX MECTO-
POXOEHUN XapaKTepU3yTCA KOMMSIEKCHBIM COCTAaBOM PYA: Hapsgy CO CBMHLOM U LIMHKOM
cogepXat meapb, OfnoBo, GrnaropoaHble MeTansbl, peakMe MeTansbl U 3NeMeHTbl, a Takke
CepHbI Kon4yeaaH, nHorga 6aput u dnooput. Mo cogepxaHuio LMHKa 1 ceuHua pyabl Poc-
cuu ycTtynatT 3apybexHbiM (Kpome [OpeBCKOro MecCTOpOXOEeHUs, rae coaepXaHue LUHKa
6 %). CopepxaHme cBuHUA U UMHKa B pyaax Poccum cootBeTctBEHHO 1% — 1,3 % u
3,9 % — 4,7 %, Torga kak B pygax Asctpanun, CLUA, bpasunuun cogep>xaHme CBMHUA B pYy-
pax — 5% — 7,8 %, Kanagbl — 3,6 % — 4,5 %, a cogepxaHue umHka — oT 3,6 % mo
15,3 %.

MonumeTannuyeckne cynbuaHble MECTOPOXAEHUA OeNAT Ha ABe Gonblume rpynnbi:
MEeCTOpOXAEeHUs1 B KapOOHATHbIX (M3BECTHAKaX NN AONOMUTaXx) NOpoaax U MECTOPOXOEeHNS
B CUNMKATHbIX NOPOAaX.

Mpynna nonMmeTannMyeckux MeCTOPOXAEHWI, 3anerawmx B KapboHaTHbIX Nopoaax,
nmes rmgpoTepMarnibHo-MeTacoMaTuyeckoe NPOUCXOoXAeHne, no opme, yCnoBusiM 3anera-
HUS 1 COCTaBy pyA MOXeT ObiTb pasgeneHa Ha Tpu TuNa: NNacToOBO-BKpanfeHHbIe, Hernpa-
BUINbHbIE 3aneXn 06bIYHO MACCUBHbLIX Py, KOHTAKTOBbIE (CKapHOBbLIE).

MecTopoXaeHUs B CUIMKaTHbIX MOPOAax Takke rmapoTepMaribHOro MpPOUCXOXAEeHUN
AENATCA Ha TPU TUNA: XUNbHbIE, NMMH3006pa3HbIe 3aneXn MacCUBHbIX U BKPAMNSEHHbIX pya 1
KonyegaHHble.

PasHoobpasne cocTtaBnslowmux pyay MUHEpanoB, pasnvMyHas YyBCTBUTENbHOCTb WX
K OKMCNEHN0, HeoauHakoBasi OTMPYEMOCTb OOHMX U TeX Xe MWHepanoB, B pasfnMyHOM
CTENEHN OKUCIIEHHbIX UM aKTUBUPOBAHHbIX, ABNAOTCA NPUYMHON CIIOXKHOCTM MCMOMb3YeMbIX
TEXHOMOrMYECKUX N peareHTHbIX PEXMMOB hnoTtauun. B HUX MCNONb3yoTCA, Hanpumep, cTa-
AnanbHasa cnotaumnsa C BblAeNIEHNEM «MeHOW rosfioBKM», godoriotaumen cynbpnaoB LMHKa
N3 XBOCTOB KOJINEKTMBHOM prioTaunn, pexmuMbl «ropsiien» dpnortaumm Ha gabpuke, obesme-
XnBaHua M 0b6e3xkenesHeHNss LUHKOBbIX KOHLEHTpPaToB, 06ECUMHKOBAHUSA CBUHLOBbLIX KOH-
LeHTpaToB, 06eccBMHLUEBAHNE LIMHKOBbLIX KOHLEHTPATOB C MPUMMEHEHMEM LUMPOKOro Kpyra
peareHToB.

52



UTC 23 - 2017

Komnanuga ¢ kutanckum kanutanom OO0 «bankanpya» npogosrkmna NpoOMbILLIIEHHYHO
pa3paboTky mecTtopoxaeHua Honon-Tonoron B 3abankanbckom kpae. B 2015 r. oboratu-
TenbHasa abpuka NpeanpusaTa ¢ NnaHoBow npoudsoanTenbHocTblo 600 ThiC. T pyabl B roa
Haxogunacb B CTagumn NycKo-Hanago4Hbix paboT n nepepaboTana 268,6 TbiC. T Cbipbs; Npo-
AyKumen npegnpuaTus SBnsnncb CBMHLOBbBIA U LMHKOBBIW KOHUEeHTpaThbl. K 2018 r. komnaHus
nnaHuMpyeT HapacTUTb NPOM3BOANTENBHOCTL No pyae Ao 850 Thic. T/T.

Bxopswee B xonaunHr YIMK AO «Ypananektpomenby paspabatbiBaeT CTenHoe no-
numeTannmMyeckoe MectopoxaeHne B AnTanckom Kpae, a Takke BegeT NogroToBKy K oTpa-
B6oTKe pacnonoXeHHoro B6rM3nM TanoBCKOro NosiMMeTanIM4eckoro MeCTopoXaeHUs, nNpoekT
0OCBOEHUA KOToporo aopabartbiBaeTca. Ha o6bekTe y)xe Ha4aTto CTPOUTENBCTBO MHAPACTPYK-
Typbl ropHogobbiBatowero npeanpuatusa, fobbitoe coblipbe OyaeT nepepabartbiBaTbCs Ha
Py6uosckon OO.

00O «l'eolMpoManHuHr BepxHe MeHkeve» noarotaBnmMBaeT K aKcnnyatauum cepeob-
po-nonumMeTannmyeckoe mectopoxaeHne BepxHe-MeHnkeue B Pecnybnuke Caxa (Akytus).
MecTopoxaeHne Oyanet paspabaTbiBaTbCs NOA3EMHbIM PYAHWKOM, KOTOPbIA MnaHupyeTcd
BBeCTM B akcnnyataumo B 2017 r. B 2016 r. kKomnaHus Havyana npoxoaKy noAs3eMHbIX Bblpa-
6oTok. 1o pesynbTaTaM TEXHONOMMYECKUX UCMbITaHMM BblbpaHa cxema oboralieHusa pya,
no3BonsLWasa nonyyaTb CBUMHLOBbIE KOHLEHTpPaTbl C BbICOKMMU cogepkaHusamn (3—4 Kr/T)
cepebpa.

Kopnopauna «Metannbsl BoctouHon Cubupu», ynpasnswowas ropHOPYAHbIMU akTu-
Bamn OAO «NPK ,MeTpononb“», Beget ocsoeHue KpynHoro O3epHOro MecTtopoXaeHus B
Pecnybnuke Bypatnsa. PaHee Obinuv 3aBeplueHbl BCKPbIWHbIE paboTbl U CTPOUTENLCTBO Ka-
pbepa MOLLHOCTbIO 8 MNH T pyabl B rog. lNnaHupyetca cTpontenscTBo cobcTBeHHOM obora-
TUTENBHON (habpunKmM ToM e MOLLHOCTU. Havyano pa3paboTkn MecTopoXaeHUst HAMEYEHO Ha
2019r.

AO «[lepBasi ropHOopyAHast KOMMNaHMsS» 3aBEPLUMIO pa3BeaoyHble paboTbl Ha NMNaBnos-
CKOM MecTopoxaeHun B ApxaHrernbckon obnactm n npegoctasurio Ha akcneptnsy T30 no-
CTOSIHHbIX pa3BefoYHbIX KOHOULMI 51 YCNOBUW €ro OTKPbITON pa3paboTkm 1 reonornvyeckni
oTyeT ¢ noacyeToMm 3anacos; PP npognatca go 2018 r. B pesynbtate npoBegeHHOro KOM-
nnekca TEeXHOSIOrMYeCcKNX UCMbiTaHu Ha [1aBnoOBCKOM MeCTOpPOXOeHUUM B ApXaHresfibCKom
obnactn AO «[llepBasi ropHopyaHasa koMnaHusa» paspaboTaHa TexHonornyeckas cxema ne-
pepaboTkM CBMHLIOBO-LMHKOBbLIX PY4 MECTOPOXAEHMS C NOSyYeHWEeM TOBaPHbIX CBUHLIOBOrO
N UMHKOBOrO KOHLIEHTPaTOB M NOMYyTHLIM U3BreYeHnem cepebpa.

00O «BoctouHo-Cubupckasa koMmnaHusa» pasBeablBaeT KPYNHOE CBUHLOBO-LIMHKOBOE
mectopoxaeHne CappaHa B Pecnybnvke Caxa (Akytus). MNpoBeneHHble B 2012—-2015 rr.
paboThbl B LIESIOM NOATBEPXOAKT BbICOKOE Ka4yeCTBO CBMHLIOBO-LMHKOBBIX Pyd M CUMbHYIO
N3MEHYMBOCTb MOPQONOrMn pyaHbix 3anexen. Cogep)xaHusi MeTannoB B pyaHbIX UHTepBa-
nax (no kepHoBoMy onpoboBaHuo) cocTasnsaT: ceuHua — 0,29 % — 14,2 %, uuHka-
1,76 % — 13 %.

Pyaobl, nobbiBaemble Komnanmen AO «'MK ,Odanbnonumertann®» (Ha natm paspaba-
TbiBaEMbIX 1 OQHOM MOArOTaBIMBAaEMOM MeCTOpoXaeHun B [NpumMopckomM kpae fobbina cym-
MapHo 12,3 TbIC. T CBMHUA; Bonbllas YyacTb nosiydyeHa Ha pyaHukax Hukonaesckoro u lNap-
TU3aHCKOro  MecTopoxgeHum — 53 u 24 TbiIc. T  COOTBETCTBEHHO), KomnaHuen
OAO «Cubupsb-lNonumetannel» (B 2015 r. B Antanckom kpae gobbina 7,1 TbiC. T CBUHUA Ha
KopB6anuxmHCKOM MeCTOPOXAEHUN, MNPEYMHOXMB MOKasaTefb MpOLWSoro roga novYtn B
6,5 pas, n 1,6 Tbic. T— Ha 3apedeHckoM), komnaHnamm AO «Ypananektpomenb» (Ha Cten-
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HOM MecTopoxaeHun B Antackom kpae B 2015r. gobbito 9,8 Thic. T CBMHUA),
00O «JlycnH» (Ha KbIsbin-TawTbirckom mectopoxgeHun B Pecnybnvke TbiBa [00bITO
8,7 Tbic. T cBmHUa), OO0 «bankanpyg» n AO «Cepebpo MaragaHa» (Ha MECTOPOXAEHUSIX
Hownon-Tonoron B 3abankansckom kpae un [onbuoBom B MaragaHckon obnactun gobbito no
5 TbIC. T cBMHUA), NnepepabaTtbiBaloT Ha COBCTBEHHbIX oboratuTenbHbiX habpukax. CeuHel,
N3BneKaeTcsl B CBMHLIOBLIN, pexe B MEAHO-CBUHLOBLIN KOHLIEHTPAT; YacTb MeTanna nepexo-
ANT B LUMHKOBBIW KOHLIEHTPAT.

B 2015r. B Poccum npousBOACTBO CBUHLIOBbIX KOHUEHTPATOB COKPaTUNOCh Ha
11,5 % — po 283,75 TbIC. T, 3akntovarowmnx 156,2 Tbic. T cBUHLA. CBMHLOBbBIA KOHUEHTpaT
BbINycKancsa Ha cemmn oboratTutenbHbix pabpukax, nepepabaTbiBatonx pyabl 12 MecTopox-
OEHUN.

Begywum  npogyueHTomM  octaBanacb pbabpuka  godvepHero  npeanpuaTus
OAO «lopeckun NOK» — OOO «HoBoaHrapckuin oboratutenbHbin KOMGuUHaT» B KpacHo-
Apckom kpae. Ha Heln nepepabaTbiBatoTcs pyabl [OpeBCKOro MECTOPOXAEHUS C NONYYEHNEM
CBMHLOBOIO 1 B MEHbLLEM KONMYecTBe — LMHKOBOro KoHueHTpatos. B 2015 r. 3gecb npouns-
BeaeHo b6onee 63 % oTe4YecTBEHHOro CBMHLIOBOIrO koHueHTpaTta — 180 ThiC. T C coaep)kaHu-
eMm cBuHUa 61,9 %. N3BneyeHne metanna coctasuno 90,2 % ana cemMHUoBbIX pya 1 82,9 %
ANS CBUHLOBO-LMHKOBBLIX, M3 MOCNeAHMX Takke BblpabaTtbiBancs UMHKOBLIA KOHLEHTpaT,
B KOTOPbIV NepeLusio okono 2 % ceuHua.

Bornee kayeCTBEHHbIN KOHLUEHTpaT BbinNyckancs Ha LleHTpanbHon oboraTuTeribHOW
dabpuke AO «I'MK ,Janbnonumetann®» B lNpumopckom Kpae, nepepabaTtbiBatollen pyabl
MecTopoXaeHun [JanbHeropckoro pyaHoro pamoHa (BepxHui pygHuk, Hukonaesckoe u gp.).
B 2015 r. 3gecb nonyyeHo 17,54 TbiC. T CBMHLIOBOrO KOHLUEHTpaTa ¢ cogepxaHnem 64,93 %
CcBMHUA.

BeeneHHas B akcnnyataumto oboratutenoHas dgabpuka OOO «JlyHcuH», nepepaba-
ToiBaowas pyabl Kbi3bin-TawWTbIrCKOro MeCTOpOXAeHUS B ANTaMCKOM Kpae, BblinycTuna
2,6 TbIC. T CBUHLOBOIO KOHLUEHTpaTa ¢ cogepxaHnem 42,3 % CBUHLA; OCHOBHOW NpoayKunen
npeanpusaTus sSIBNSETCA LMHKOBbLIA KOHLEHTpaT.

OctanbHbiMn  oboratutenbHbiMn  npegnpuatTnamm  komnanunm  OAO «HoBso-
WnpokuHckmn pygHuk», OO0 «barnkanyg» n godepHumn npegnpusatusamm YIMK B 2015 .
CYMMapHO BbinyweHo 83,61 TbiC. T CBUHLLOBOrO KOHLIEHTpaTa CO CpefHUM cofepXXaHuem
38,7 % cBuHUA.

B npouecce oborawieHns pya psaa MeaHbiX, MeAHO-LMHKOBBLIX M 30/10TO-CepebpsiHbIX
MECTOPOXAEHUN, B KOTOPbIX CBUHEL, COAEPXKUTCA B HU3KMX KOHLEHTPAUUsAX, METans B camo-
CTOSATENbHbIV NPOOYKT HE U3BIEKaeTCs.

CBMHUOBbIE KOHUEHTpaThl, NOflydaeMble Ha POCCUUCKNX oboraTuTenbHbIX habpukax,
n3-3a OTCYTCTBUS B CTpaHe nepepabaTbiBaloWmMX UX MeTannypruieckux npeanpustui no-
CTaBnAalTCA 3a pybex; B HEKOTOPOM KONuyecTBe akcnopTupyrotcs n pyabl. B 2015 r. poc-
CUNCKUIN 3KCMOPT PYA M KOHUEHTPATOB CBUHLA YMEHBLUMICS MOYTM Ha YEeTBEpPTb OTHOCK-
TEenbHO MNpeablaylero roga n coctaeun 284 Toeic. T. bonblwasa yYacTb cbipbs Obina Tpaguum-
OHHO HanpasneHa B Kutan (199,7 Tbic. T), B nocneaHue rodbl HECKONbKO COKPaTMBLUMIA MO-
ctaBkn u3 Poccun; okono 20 % n 5 % cCbipba COOTBETCTBEHHO HarnpaBrieHo B KasaxcTaH
(54,9 TbIC. T) N Pecnybnuky Kopes (15,6 Tbic. T). BmecTe ¢ Tem B 2015 r. Poccua nmnopTu-
poBana 1,3 TbIC. T CBMHLOBbIX Py U KOHLEHTpaTOB U3 ABCTpanuu.

B 2015 r. Ha poccuinckux npeanpuatmax nponsseaeHo 498,6 TbiC. T COOCTBEHHO LMH-
KOBbIX KOHLIEHTpATOB C cogepxaHnem metanna ot 31 % o 52 %, cyMmMapHO 3akroyatowmx
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bonee 246,1 Tbic. T UnHka. OboralleHne UMHKcoaepXalmx py4 C BblNMYCKOM LIMHKOBbIX KOH-
LeHTpaToB Benocb Ha 15 habpukax cammx ropHoA0OLIBAOLMX KOMMAHUA UK NX OOYEPHUX
npeanpusiTui, B TOM YUCNE Ha Haxo4sALWencs Ha ctaaum nyckoHanagovHblx paboTt oboratu-
TenbHon pabpuke OO0 «barikanpya».

Kopnopauna «Metannbl BoctouHon Cunbupu» nognuckiBana pamovHoOe cornalleHue
no ocsoeHnto O3epHOro MeCTOpPOXAEHUS C KATAUCKUMU UHXEHEPHO-CTPOUTESNbHON KoMna-
Hnen NFC un kopnopaumen CDB. CornacHo kaneHgapHoMy nnaHy Hadano paspaboTku me-
ctopoxaeHna HameveHo Ha 2019 rr.; k 2020 r. MOLHOCTb pyAHWKA OOSDKHA YOABOUTLCHA 00
8 MnH T pyabl B roa. MNnaHnpyeTtca cTpontenbcTtBo cobCTBEHHOM OoboraTuTenbHon habpukn
COOTBETCTBYHOLLEN MOLIHOCTWN, TOBAPHOW NPOAYKUMEN KOTOPOW CTaHYT LIMHKOBBLIN U CBUHLO-
BbI/i KOHLIEHTPATbI.

B atom xe pernoHe OO0 «HasapoBckoe», Takke NOAKOHTPOSIbHOE Koprnopaumn «Me-
Tannel BoctoyHon Cubupuy», BegeT noarotoBUTEmNbHble pPaboTbl Ha 30M0TO-CyNbgUaHO-
uMHKOBOM HasapoBckom mectopoxaeHun. MectopoxaeHune byaet oTpabaTbiBaTbCA OTKPbI-
TbiM cnocobom, npoaykramu nepepaboTkm ero pya CTaHyT LUMHKOBbLIM U MeAHbIA KOHLEHTpa-
Tbl M 30n0TOCEPEDBPSAHBbIN crnnas [dope.

Beoywwmm npeanpuatnem no nNpomMsBOACTBY LIMHKOBOrO KOHLEHTpaTa ocrtaeTcs Yua-
nuHckas dabpuka komnaHum AO «YuanuHckmn [OKy», nepepabaTtbiBalowas MegHo-
KonyedaHHble pyabl psaa ypanbCKMX MEeCTOPOXAEHWUN, cpean KOTopbIX YyanuHckoe B Pec-
nybnunke bawkopTocTaH, Y3enbrmHckoe, TanraHckoe U HeKoTopble Apyrne MecTOpOXAEHUN
YenabuHckon obnactn. B 2015 r. Ha npegnpuatum BbinyweHo 172,7 TbiC. T LMHKOBOIO KOH-
LeHTpaTa, 3akntoyatowlero 86,1 TbiC. T UMHKa.

Ha gpyrmx BbinyCKatoLWMX LMHKOBbBIA KOHUEHTpAT nNpeanpuaTusaxX, NOAKOHTPOSIbHbIX
xonguHry YIMK, cymmapHo nonydyeHo 82,5 TbiC. T AaHHOrO KOHUEHTpaTa, coheplKallero
40,4 TbIC. T UMHKaA, B TOM yucrne Ha Pybuosckon O® B Antanickom kpae — 49,7 ThiC. T LMHKO-
BOro KOHLIEHTpaTa, 3akno4vatowero 24,9 ToiC. T UMHKA.

BeegeHHas B akcnnyataumto oboratutensHas dgabpuka OOO «JlyHcuH», nepepaba-
ThiBatowas pyabl Kbi3bin-TawTbIrCKOro MecTopoXaeHust B ANTaucKOM Kpae, BbinycTuna
120 ThIC. T UMHKOBOIO KOHLUEHTpaTa, cogepxawero 60 TbiC. T LMHKa.

OcTanbHble KOHUEHTpaTbl NpoudBeadeHbl Ha abpmuke OOO «HoBoaHrapckun obora-
TUTEnNbHbIN KOMBUHaT» (godepHero npeanpuatns OAO «lopesckuii [OK») B KpacHosipckom
kpae (44 Tbic.T B 2015r.), Ha LUeHTpanbHom  oboratutensHonm  dabpuke
AO «'MK danbnonumeTtann®» B [Mpumopckom kpae (33,4 TbiC.T), Ha nNpeanpusaTUaX
3A0 «PMK» (AnekcaHgpuHckon O® B YensbuHckon n cpabpuke 3AO «OpmeTt» B OpeHbypr-
ckon obnactsx) (26 Teic. T), Ha dabpuke OAO «Hoso-LLUnpoknHckMn pyaHuk» B 3abaikanb-
CkoM Kpae (7,5 TbIC. T) U TONbKO HaYMHaKLWEen NPoOM3BOACTBEHHYIO AEATEeNbHOCTL oboraTtu-
TenbHon abpuke HowmoH-Tonoronckoro pygHuka komnaHun OOO «bankanpyg» B 3aban-
kanbckom kpae (12,5 TbiC. T).

MMMopT UMHKOBBLIX pya U KOHUEHTpaToB UMHKa B 2015 r. coctaBun 212,2 TbIC. T, 4TO
okaszanocb B 1,5 pasa 6onblwe nokasatena 2014 r. MaBHbIM MOCTaBLUMKOM MO-MPEXHEMY
BbICTynun KasaxctaH, goctasuswmnm B Poccuio 191,7 TbiC. T LMHKOBbBIX pyAd M KOHUEHTPATOB,
B TOM 4mucne gobbiTbix ropHogoObIBaOWMM npeanpusatmem (paspabartbiBalowMmMm MECTOPOX-
AeHne Arxkan B KazaxctaHe), npuHagnexawmm NAO «HensabuHCKMA LMHKOBBIM 3aBOAY; MO-
CTaBKM Takke ocyllecTBnanucb M3 TagxukuctaHa (14,4 toic. T), Typuum (5,7 Teic. T) 1 Ma-
pokko (0,4 TbIC. T). IMNOPTHOE Cbipbe NOCTynaeT Ha nepepaboTky Ha YenabuHCKUA LMHKO-
BbIi 3aBO U 3aBO[, « ANEKTPOLMHK» B I. Bnagnkaskas.
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HecmoTpsa Ha gedumunt cbipbs Anst COGCTBEHHbIX MOLLHOCTEN, YacTb pyd U KOHLEH-
TpaToB UMHKa nocTtaBnseTcs M3 Poccun Ha BHewHue pbiHKW. B 2015 r. akcnopT UMHKOBbIX
Py W KOHUEHTpaToB yBenunyuncsa B 1,6 pasa n coctaBun 112,2 TbiC. T; NOCTaBKMU B paBHbIX
ponsix (no 56,1 Teic. T) 6K ocyllecTBneHbl B KasaxctaH u Kutan. Begywumun npogasuamu
BoicTynatoT AO «IMK ,Janbnonumetann“», OAO «Cunbupb-lonumetannsi» n HoBoaHrap-
cku oboratutenbHbin koMbuHaT (OAO «lopesckuin TOKy»), nmetowmne yaaneHHsle oT poc-
CUMCKUX MeTannypruyeckmx LeHTPOB aKTUBbI.

1.2.4 MepHo-HUKeneBble KoGanbTcoaepXKawme pyabl

N3BecTHO Bonee 40 Hukenesbix 1 okono 30 kobanbToBbIX MUHepanoB. [Jo 10 MuHe-
panoB HUKeNsa ABNATCA BOAHbIMU cunukatamun. B 6onee yem 100 MMHepanax HUKenNb 1 Ko-
GanbT cogepxaTcs kak n3omMopdHasi NpMMeCh UM HaxoaaTcsa B agcopbupoBaHHOM hopme.

BaxHEMWMN NPOMBILLNIEHHBIMX MUHEPanamMuM HUKENA 1 KobanbTa SABNAKOTCA: NEHT-
naHant (Fe, Ni)oSs (22 % — 42 % Ni, 1 % — 3 % Co), HukenucTbin nnppotuH FeS (0,4 % —
0,7 % Ni), munneput NiS (61 % — 64 % Ni, 0,1-0,5 Co), nuHHeunT Co3S4 (40 % — 53 % Co),
kobanbTnuput (Fe, Co)S, (0,05 % — 3 % Co).

Bonee 99 % pasBefaHHbIX U 3KCNIyaTUPYEMbIX MUPOBLIX 3anacoB HUKENEBbLIX pya
npeacraBneHbl MECTOPOXAEHUAMU [OBYX TE0SIOro-NnpOMbILLSIEHHbIX TUMNOB: CyNbGUAHOMO
MeLHO-HUKENEBOro U CUNMKATHOrO XXene3oHMKeneBoro (kenesokobanbToHukenesoro). [onu
9TUX OBYX reosloro-npOMbILLIIEHHbIX TUNOB MECTOPOXAEHUA B MUPOBbLIX NOATBEPXKOEHHbIX
3anacax coctasnaT 33,4 % u 65,9 % cooTBETCTBEHHO. Ha [ON0 MECTOPOXAEHUN eLle Ye-
ThlpeX TUMOB (apCEHMAHOro U Cynbd0-apCeEHNOHOMO HUKENEeBO-KO6anbTOBOro; UIIbMEHUTO-
MarHeTUTOBOrO HUKENIEHOCHOrO; KONMYe4aHHOro HUMKENEHOCHOrO; XXWITbHOro) npuxoauTcs
nmwb okono 0,7 % MupoBbIX 3anacoB Hukens. MectopoxaeHust cynbUAHbIX MeaHOo-
HUKeneBbIX pya BbiBNeHbl B Poccun, Asctpanuu, Kanage, Kutae, HOAP.

CunukaTHble HUKENEBbIE MECTOPOXAEHUA BbISIBNEHbI B Poccuun, HO MMEKT NOAYUNHEH-
Hoe 3HadeHune. CoaepKaHne HUKENS B HUX HUXKE, YEM B CyNnbMUAHbIX pyaax, n 0bbl4HO CO-
ctaenset 0,2 % — 2 %, peako gocturaet 5 %.

Pyabl HUKkens komnnekcHble. B HUX Bcerga B TOM UMM MHOM KONMYECTBE COAEPXKUTCA
kobanbT, KOTOpbI M3BnekaeTca nonyTtHo. B Poccun 89 % — 93 % Hukena gobbiBaetcsa m3
cynbdunaHbIX pya. 3anackl HUKenb-kobanbToBLIX pya coctasnsoT Bcero 0,1 % ot obwepoc-
CUNCKUNX.

B MNeyveHrckom, Konbckom n MoH4yeropckom pyAaHbix panioHax MypmaHckon obnactu
HaxoaMTcsa 9 MecTopoXOeHNN HUKENS CyNbOUOHOro Tuna, KPYnHENLLMM N3 KOTOPbIX ABNSeT-
cs YKgaHoBckoe ¢ cogepxaHuem Hukens B pygax 0,6 %. MectopoxaeHue 3anonsipHoe co-
aepxut 6oratble pyabl (0kono 2 % Hukens).

B Hopunbckom pyaHom parioHe nmeeTca 3 KpynHENLMX MecTopoxaeHnsa Hukens: Ok-
Tabpbckoe, TanHaxckoe n Hopunbck-1. MNepBble ABa ABNATCA YHUKANbHLIMWU Kak No 3ana-
cam, Tak M no kadyectBy pya. ComepxaHue Hukensa B pyaax konebnetcsa ot 0,5 % po
3 %. Bcero B 3TMX MecTopoxaeHusax cocpegotoveHo okono 70 % 3anacoB Hukens Poccum.

MecTopoXOeHUA CUMMKaTHbIX HUKErNEeBbIX Py CBA3aHbl C KOPOW BbIBETPUBAHUSA Yrb-
TpaoCHOBHbIX nopod. CoaepxaHune Hukensa B aTnx pygax okono 0,7 %. MNMonyTHbIM M3Bneka-
€MbIM KOMMNOHEHTOM B HUX ABNsieTcs kobanbT. Bce 16 NpoOMbILWNAEHHbBIX MECTOPOXAEHUA CU-
NUKaTHBIX HWKENEeBbIX PpyAd pacnonoxeHbl Ha Ypane, B Ceepanosckon, YenabuHckon u
OpeHbyprckon obnactax. Cpean HUX camble KpynHble nNo 3anacam: bypykransckoe (OpeH-
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Byprckas obnactb) n Ceposckoe (Ceepanosckas obnactb). NocnegHee gaet 800-1000 T
pyabl B rog n obecnevmBaeT cbipbeM PexxeBckun n Yanencknin Hukenesble 3aBOAbI.

ApceHngHble HUKeneBble pyabl pasBefaHbl B e4MHCTBEHHOM MeCTOpOXAeHun XoBy-
Akcbl B Pecnybnuke TbiBa. 3TO MECTOPOXAEHME KOMMIEKCHOE, coaepXallee KpoMe HUKens,
ewe kobanbT Megb, cepebpo, BUCMYT 1 MbllwbsK. MecTopoXaeHne He aKCcnnyaTupyeTcs, HO
y4yTeHo B [locygapcTtBeHHOM 6anaHce PO.

B 2015 r. Ha y4yeT B ['ocygapcTBeHHbIN HanaHc noctaBneHbl EnknHckoe n EnaHckoe
MECTOPOXAEHUS CYyNbMUOHOMO MeOHO-HUKENEeBOro NPOMbILWSIEHHOro Tuna B BopoHexckon
obnactu, passeabiBaemble OO0 «MegHOropckun mMeaHo-CEPHbIN KOMOMHAT» — [oYepHen
komnaHuenn OAO «YIMK». Hegpononb3oBaTenb nnaHUpyeT COBMECTHY oTpaboTKy MecTo-
poOXOeHUN noa3emMHbiM criocobom; nepepaboTtka pya OyaeT OCylecTBRASATbLCA Ha eanHOM
oboratutenbHon habpuke MowHOCTLIO 1,5 MAH T pyabl B rog. MeTtannypruyeckun nepegen
KOHUeHTpaTa ByaeT npouncxoamTtb Ha npeanpuatnsax AO «Ypananektpomenb» B CBepanos-
ckon obnacTtu ¢ nonydeHnem paduHUPOBAHHLIX HUKENS, Mean, KobanbTa n XMMUYECKU Yun-
CTbIX OaropoaHbIX MeTasnsos.

B MypmaHckon obnactu BnepBble y4YUTbIBAOTCA 3anacbl MecTtopoxaeHus CeBepHbIN
KameHHUK manocynbgunaHbix co6CTBEHHO NnaTtuHouaHblX pya. MNepepaboTka pya npeanona-
raeTcs no pnoTauMoOHHOM CXemMe Ha MpPoeKkTUupyemMon oboratutensHon pabpuke cOBMECTHO
C pyaamun mectopoxgeHus ®egoposa TyHApa B cuny BrIM3KMX TEXHOMOMMYECKMX nokasaTe-
nen. CymmapHasa rogosasi Npou3BOAUTENBHOCTb MPeanpuaTua coctaBuT 12 MNH T pyAabl,
B TOM yucne ¢ mectopoxaeHust CesepHblt KameHHUK — 310 ThiIC. T pyabl.

B KpacHosipckoM kpae gobbiBaemoe cbipbe nepepabaTbiBaeTcsl Ha MOLLHOCTSX efun-
Horo oboratutenbHoro komnnekca MAO «'MK ,HopunbCcknin HUKenNb“» — BCE MPOMbILLIEH-
Hble pa3HOCTM pya oborallarTcs No rpaBUTaLMOHHO-ONOTALMOHHOM CXeMe Ha TanHaxckown
n Hopunbckonn O® go KonnekTMBHOro koHueHtparta. Kpome Toro, Ha nocnegHen nepepaba-
TbIBAlOT TEXHOreHHoe cbipbe. B MypmaHckon obnactm Ha 3anonsipHon oboraTUTenbHON
¢abpuke nepepabaTbiBalOT BKpanfieHHble pyabl MevyeHrckon rpynnbl MeCTOpPOXAEeHUN no
¢rnoTaunoHHOM cxemMe C MosflydyeHneM MegHO-HUKeneBoro KoHueHtparta. B 2015 r. cymmap-
HOe MPOM3BOACTBO HUKESNS B KOHUeEHTpaTe dabpnkamum xonguHra n3 oTe4eCTBEHHOMO Chipbsi
coctasusio 203,6 TbIC. T.

BosobHoBuna paspaboTky cynbduaHbix pya komnaumsa 3A0 «HIMK ,FeotexHonorna®y»
Ha mectopoxaeHun LaHyy B Kamuyatckom kpae B npegenax OrblITHO-MPOMBbILLIIEHHOMO
yyacTKka nog3emHoro pygHuka. KonmyectBo Hukens B AobbiTon pyae coctaBuno 4,7 ToiC. T,
NPOV3BOAMTENBHOCTb OMbITHO-NPOMbILUSIEHHOrO ydacTka — 88,9 ThiC. T pyabl B rog. Cbipbe
ObIn10 nepepaboTaHo Ha APOBMIBEHO-COPTUPOBOYHOM KOMIMSIEKCE Ha NMpoMnsiowaake ¢ nony-
YeHMeM TOBapPHOro MeAHO-HUKENEBOro KOHUEHTpaTa.

1.2.5 Pyabl n poccbinu onoBa

Bcero mnsBectHo 16 onoBocogepxallmMx MUHeparnoB, MNPeACTaBEHHbIX OKUCRamMu,
cynbdungamm, cynb@ocTtaHHaTaMu, cunukatamu, 6opatamm u TaHTanutamu. [NMpomblneH-
HOe 3HayeHue umeroT kaccuTepuT SnO; U 4YaCTUYHO CTaHHWMH (ONOBSIHHBIA KOnYegaH —
Cu,S-FeS-SnSy).

OnoBsHHBIN NOSIC MPOCTUPAETCA NO BCEMY 3anagHoOMy nobepexbto Txoro okeaHa ot
YykoTkn go Tacmanun. Cpegun CTpaH 3TOro nosica 3anacamm OJIOBSAHHLIX pyn BblAensitoTcs
Poccusa (Oca-Xans, NeBek, KaBaneposo).
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[MpOMbILIEHHbIE TUMbI OFTOBOPYAHbLIX MECTOPOXAEHUN MOryT ObiTb NOApa3aeneHbl Ha
POCChINHbIE N KOpeHHble. B PO yaenbHbI BeC 406ObIYM OfOBa U3 pOCCHINEN COCTaBNAET BCe-
ro nuwb 25 % — 30 %; He meHee 70 % onoBa M3BNeKaeTcsi U3 KOPEHHbIX, 0ObIYHO OYEHb
CMOXHbIX U TPyAHOOOOraTMMbIX TOHKOBKPAMNMEHHbIX pya, Tpebyrowmnx pasButbix cxem o060-
rawieHus c npMMmeHeHnem cnotaumm.

MpomblWweHHass LEeHHOCTb OSfIOBAHHOW pyAbl 3aBUCUT OT BeELLECTBEHHOrO COCTaBa,
pa3MepoB BKPaMfIEHHOCTU U COAEPXKaHUSA KacCcuTepuTa B HEW, HANMYUsA ApYrux LLEHHbIX KOM-
NMOHEHTOB M psiia TEXHOIKOHOMUYECKNX (PaKTOPOB, Onpeaenstowmx LenecoobpasHocTb pas-
paboTkM TOro UMM MHOro MecTtopoxaeHus. NMpn paspaboTke KOMMIEKCHbIX POCCHIMHbIX Me-
CTOPOXOEHNA U3BMEYEHNE KaccuTeputa BO3MOXHO Mpu cogepxaHum onoBa 0,01 % —
0,02 %, a KOMMMeKCHbIX KOPEeHHbIX pya — npu cogepxaHumn onosa 0,05 % — 0,08 %. Onsa
YMCTO KaCCUTEPUTOBBIX KOPEHHbIX PYA COAEpXXaHue onoBa LAOMMKHO 6biTb He Huke 0,2 % —
0,3 %.

B 3aBucMMOCTM OT pasmepoB BKpans€HHOCTU KaccuTepuTa NPOMbILLIIEHHbIE OJTOBSIH-
Hble pyabl nogpasgenstoT Ha Tpu Tuna: 1. TOHKOBKpaNneHHble pyAdbl, B KOTOPbLIX pa3mMep
BKpaniieHHOCTN KaccutepuTa Haxogmtcea B npegenax 0,2-0,001 mm 1 menbye. UN3sneyveHne
onioBa M3 3TUX PyA COMPSPKEHO C OnpeaenieHHbIMU TPYAHOCTAMU, CBA3AHHBLIMU C TOHKOW
BKpanSIeHHOCTbI0 Kaccuteputa; 2. MenkoBkpanneHHble pyabl, B KOTOPbIX pa3mep BKpanneH-
HOCTM KaccuTepuTa unu ero cpoctkoB konebnetcs ot 1 go 0,2-0,1 mm; 3. CpegHe- n kpyn-
HOBKpanneHHble pyabl ¢ npeobnagarLwmmM pasmepomM BKpanneHHocTu kaccuteputa oT 0,1 go
1 MM U BbiLLE.

PoccbinHble MeECTOPOXOEHMST OfIOBa SKOHOMUYECKM Hanbonee adhdeKTUBHbI Ans Npo-
MbILLIIEHHOrO ocBoeHus. B Poccuun, rge Ha poCChinNHbleE MECTOPOXAEHUS NMPUXOAATCHA BCEro
12,3 % pasBefaHHbIX 3anacoB, eXerogHoe NpovM3BOACTBO Ofl0OBa M3 POCCHINEN COCTaBMAET
20 % — 22 %. OcCHOBHble MPOMbILIIEHHbIE CKOMMIEHUA OfioBa B POCCHINAX passBefaHbl
B panoHax Akytun, Yykotkm, LeHTpanbHon Konbimbl u 3abankanbs. MenkomaclutabHble
pocchinu onoBa u3BecTHbl B Mpumopbe. B nocnegHne roabl NepCnekTMBbl NPOMbILLSIEHHOM
POCCBLINMHOW OFTIOBOHOCHOCTUM YCTaHOBIEHbI B OTAENbHbIX panoHax XabapoBcKoro Kpasi, npe-
MMYLLIECTBEHHO No obpamneHnto bypenHckoro cpeguHHOro maccmea.

B Gonbluen 4acTu pocChINHbIX MECTOPOXAEHUN Ofl0OBa NPOAYKTUBHbLIE NECKU cpeaHue
no kayecTBy (cogepxanve kaccuteputa — 0,3-0,6 kr/m®). B HanBoree GoraTblx POCChIMsIX
KOHUEeHTpaunn kaccuteputa gocturatot 1,2-2,0 kr/m>,

OCHOBHOWM NPOMBILLSIEHHBI MUHEPAr ONTOBOHOCHbLIX POCCHINEN — KaCCUTEPUT, B Ka-
YecTBE COMYTCTBYHOLWMX MOryT ObiTb 30510TO, BONbPaMUT, LLIEENUT, TaHTanuT, KONymouT,
Tonas, oropUT, KBapL, XIOpUT, pexe MYCKOBWUT, rMAPOCI0AbI XKernesa u ap., oTpaxatowme
COCTaB KOPEHHbIX OfI0BOPYAHbIX TEN.

PoccbinHble MeCTOPOXAEHNSA ONoBa OENATCA Ha afoBuanbHble, AentoBuanbHble, an-
ntoBmnarsbHble U NPUOPEXHbIE (MOPCKME N O3EPHBIE).

Hanbonee nerko oboralaloTcst YNCTO KACCUTEPUTOBbLIE PYAbl U 3HAYNTENBHO TPyAHEE
KOMMIIEKCHbIE OI0BOBOSbJIPaMOBbIE, coAepxalume BONbppamMuT, WEEeNuT, a Takke ONoBO-
nuTUEBbIE pyAabl, codepXalwme cnogymeH, nenuaonut, aménuroHuT wm T.n. Ewe TpyaHee
oboraiatTcs pyabl KACCMTEPUTOBO-CYNbGUAHON dhopMaumm, 0COGEHHO pyabl, coaepxalwme
TOHKOBKPanNMEeHHbIA KacCUTEPUT, U KOMMIEKCHble pyabl, coaepxawme cynbduabl TsHKenbix
LiBETHbLIX METasIOB 1 MUHEeparnbl peaknx MeTanmnos.
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KoHueHTpaTbl M3 NECKOB POCCHIMHbLIX MECTOPOXOEHUN, KaK NpaBunio, XapakTepusyroT-
cs 6onee BbICOKMM CoAep)KaHMEM OSloBa M MEHbLUMM COAEPXaHMeM BpeaHbIX NpuMecen no
CPaBHEHMIO C KOHLEHTpaTaMu 13 pya KOPEHHbIX MECTOPOXKAEHUN.

Ha npeanpmaTtusax no BbiNyCKy OFIOBSAHHbIX KOHLEHTPATOB M BbiNSfiaBke 010Ba Bbipabo-
Tanucb cregyowme TpeboBaHMs K KOHLEHTpaTam: cogepxaHue onosa — 60 %, xenesa —
He 6onee 5 %, cepbl — 1 %, CyMMbl BUCMYyTa, Meau, CBMHLUA, UWHKA, MblLbSKa U CypbMbl —
He 6onee 0,5 %.

CopepaHue kaccuTepuTa B poccbindgx konebnerca B o4eHb 6onblinx npegenax. Mu-
HUMarbHOE NPOMbILLIIEHHOE coAepXaHne B 3Ha4YUTENbHON Mepe 3aBUCUT OT pasMepoB poc-
cbinen n cnocoboB nx oTpaboTkn. MNpumMeHeHne MexaHu3auun No3BonsieT nepepabaTbiBaTb
POCCHINN OYeHb BOMBbLLUON MOLHOCTU, @ MUHUMAaNbHOE NPOMbILLNIEHHOE COAepXXaHNe — CHU-
3uTb 80 200 r/m®. BMecTe ¢ pocchinsiMu MHOrAa paspabaTbiBaloT U NOACTURAOLLME UX BblBE-
Tpernble YacTU KOPEHHbIX MECTOPOXAEHUN.

MAO «PyconoBo», eguMHcTBeHHasa B Poccum onoBogobbiBalowas KOMNaHus, no Uto-
ram 8 mec 2017 r. BbinycTuna 511 T onoBa B KOHUeHTpaTe. ATOT nokasatenb Ha 70 % npe-
BbllLaeT pe3ynbTaTt aHanornyHoro nepuoaa B 300 T, AOCTUrHYThbIA KOMMaHuen B 2015 .

B 2015 r. komnaHua 3aBepwumna MoaepHusaumio oboratutensHon cabpukn Ha
lMpaBoypmMmuinckom mectopoxaeHuu, a B 2016 r. nocne BOCCTaHOBMNEHUSA BBeNa B aKcnnyaTa-
unto ConHeyHyto oboratutensHyto abpuky. Mo ntoram 2017 r. kKOMNaHMa nnaHUpyeT npo-
nssectm noytm 1000T onoBa, 4to Ha 60 % Bblwe ob6bbema Bbinycka 2016T.
MAO «Pyconoso» co3gaHo Ha 6ase OAO «OnossiHHas pygHas  KOMNaHus» U
OO0 «[lMpaBoypmuinckoe» 1 BrageeT NUUEH3NAMU Ha paspaboTtky «PectmBanbHoro», «lle-
peBanbHOro» n «lMpaBoypMUIACKOrO» MECTOPOXAEHUA Ha TeppuTopun XabapoBCKOro Kpas.
B 2016 r. nponsBeneHo 627 T onoBa B KOHLUeHTpaTe. KomnaHus BXoAMT B COCTaB Mosiume-
Tannuyeckoro xonauHra «Cenurgap».

OAO «fHOoNnoBoO» MOMNy4YUNo NULEH3NI0 Ha pa3paboTKy yHUKambHbIX poccbinen Tupex-
Taxa B Pecnybnuke Caxa (Akytus), He nmetowmx aHanoros B Poccum kak no 3anacam, Tak u
no kKayectBy neckoB. M3 poccbinen nony4yatotcss 6oratble KOHUEHTpaTbl npakTuyeckn 6es
BpeAHbIX NpuMecen, YTo obecneymBaeT BbICOKYHO LIEHY MpU peanm3aumu.

Mocne 6aHkpoTcTBa B 2013 r. OAO «HoBOCUBMPCKNIN ONOBSIHHBIA KOMBMHAT» NoTpe-
Gutenem onoBsiIHHOrO cbipbs cTana komnaHus OO0 «HoBocubupckun obpabaTbiBatoLLnin
3aBoa» (OO0 «HOBy»). Takke npogomkaTca NOCTaBKM KOHLEHTpaToB 3a pybex. B 2015 .
nx obvem coctasun noyutn 1721 T, 4to Bonee 4Yem BTPOE NPEBLICUIO NOKa3aTenb npeabiay-
wero roga; 6onee 96 % koHuUeHTpaToOB noctynurno B Kntan, octansHoe — B Mananauto. B 10
Xe BpeEMS COXpaHSIeTCsl MMMNOPT KOHLEHTpaToB B Poccuio, XxoTst ero o6bembl pesko (npumep-
HO B 8 pa3) ynanu no cpasHeHuto ¢ 2014 r.; Becb MaTepuan noctynun ua [Jemokpatnyeckomn
Pecny6nukn KoHro.

1.2.6 Pyabl n poccbinu TutaHa

MaBHbIM TUTAHOBLIM MUHEpPanoMm, U3 KoToporo npoussoauTcs 6onee 85 % Bceln Tu-
TaHOBOW NPOAYKUUM B MUPE, SBNSIETCA OAMH MUHEepan — UNbMEHWT.

MarmaTtnyeckne mMectopoXxaeHns — Hanbornee 3HauuTenbHbI UCTOYHMK TUTAHOBOIO
MUHepanbHOro cbipbsi. Cpean HUX MMEKT BaXKHOE NPOMbILLMIEHHOE 3HAa4YeHUe MecTopoXae-
HUA cnegyLwmnx TUMOB TUTAHOBBIX PYA: UITbMEHUT-TUTAHOMarHeTUToBbIE B rabbpo ¢ 12 % —
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18 % TiOy2; UNbMEHUT-TUTAHOMArHETUTOBbLIE U UITbMEHUTOBBLIE MECTOPOXAEHUs B rabopo-
aHopToauTax ¢ 7 % — 23 % TiOy; nnbMeHuT-remaTutoBble B aHopTo3uTax ¢ 32 % TiO,, no-
napuToBble B YIIbTPAOCHOBHbIX LWeSToYHbIX nopogax ¢ 1 % — 3 % TiO..

OK30reHHble MECTOPOXAEHNS — BTOpas rpynna KPynHENLWMX NCTOYHUKOB NMPUPOAHOro
TUTAHOBOIO Cbipbs. Cpean HUX BbIOAENAKTCA: OCTAaTOYHbIE MECTOPOXAEHNSA TUTAHA, CBA3aH-
Hble C KOpaMW BbIBETPMBAHUS UIIbMEHUTOHOCHbBIX OCHOBHbIX NOPOA; KOHTUHEHTAsbHbIE POC-
CbInu; NpMBPEXXHO-MOPCKNE COBPEMEHHbIE U NOrpedeHHbIe POCChIMNMW.

MeTamoporeHHble MECTOPOXAEHNS TUTAHOBLIX MUHEPAIOB NPeACTaBeHbl CaMbIMU
pasHooOpasHbiMK TUNamMn. ECTb MecTopoXaeHusi, CBA3aHHbIE C CUITbHO MeTaMopdun3oBaH-
HbIMW TUTAHOHOCHbIMK Gasutamu. OHM obpasoBanucb NpPU permoHanbHOM MeTamopduame
nepBUYHO-MarMaTM4YeCKMX OCHOBHbIX NOPoA4 W nNpeacTaBneHbl amgudonutamm, cogepxaliu-
MU pygHble Tena WUNbMEHUT-MarHeTUTOBbIX CMMOLWHbIX py4 W MIbMEHUTOBbLIX BKPanfeHHbIX
pyA.

B P® OCHOBHbIMM NCTOYHUKAMM TUTAHOBOIO CbIpbS ABMAOTCS, TaK XXe Kak U BO BCEM
MUpPE, UNTbMEHNTOBbIE KOHLEHTpaThl. B BecbMa He3HaYMTENbHOM KONMYECTBE MCMNOSb3YHTCA
PYyTUIOBbIE KOHLIEHTpaTbI, KoTopble cogepxaT 95 % — 96 % TiO, n MOryT 3amMeHsATb TUTaHo-
Bble Wwnakn. Kpome Toro, Hebornblwasa YacTb TUTaHa Nosiy4aeTcsa npu KOMMSEKCHOW nepepa-
0OTKe nonapuToBbIX KOHUEHTpaToB, cogepxalmx 40 % TiO..

MorpebeHHble NpUOPEXXHO-MOPCKME POCCHINN — [MaBHbIA Cbipb€BOM UCTOYHUK NOSTY-
YEeHNS MNbMEHMUTOBbLIX KOHLEHTPATOB, MCMOMb3yeMbIX AN MeTannypruyeckoro npousBoj-
cTBa TuTaHa. Npun oboraweHnn NeckoB 3TUX POCCLINEN Ha NPOMbILLIIEHHON oBoraTUTEeNnbHON
¢abpuke 13 HMX, KPOME UITbMEHUTOBOIO, B KAYE€CTBE OCHOBHOWM NPOAYKLUMKN MOMNyYalT Takke
PYTUMOBbIA M LIMPKOHOBLIM KOHLUEHTPaThl, @ B KayecTBe MNOMNYTHOW MNPOAyKUUM — ANCTEH-
CUNTNMMAHUTOBLIN, CTaBPOSIUTOBBIN, KBapLEBbIA KOHLEHTPATbI.

BTopon CbipbeBOM UCTOYHMK MONMYYEHUSI UITbMEHUTOBbLIX KOHLEHTPATOB — MECKN KOH-
TUHEHTAnNbHbIX anntoBUaNbHO-AEMOBNANBbHBIX POCCHINENn, nNpu oboralleHnn KoTopbiX Nosy-
YalT UIIbMEHUTOBbLIE KOHLEHTPaThbl C MEHEE U3MEHEHHbLIM UNTbMEHUTOM. XMMUYECKUIA COCTaB
nx oTnuyaeTcs 6onbLWNM pa3HoObpasnem, kak No coaepKaHNK OCHOBHbBIX KOMMOHEHTOB, Tak
N No anemeHTam-npumecsim. KoHUEHTpaTbl, CNoXeHHble Hanbonee W3MeHEHHbIMU pasHo-
cTaMKU unbmeHuTa, cogepxat 60 % n 6onee TiO,, NPUMEHAKTCA B MeTanyprmieckomMm npo-
N3BOACTBE TUTAHa, a KOHUEHTpaThbl, cogepxawue 52 % — 60 % TiO, c HebonbLio Npume-
cbto pocopa (ao 0,13 % P20s5) n xpoma (go 0,05 % Cry03), Mcnonb3yoTcs AN CEPHOKUC-
NOTHOrO NPOM3BOACTBA NMUTMEHTA ABYOKUCK TUTAHA.

TuTtaHoBble pyabl n poccbinu cogepxaT go 30 % — 35 % auokcuaa tutana. [na no-
Ny4YeHns HeNnoCpPeLCTBEHHO U3 HUX MeTanna UnNn ero CoeaAMHEHNN pyabl He NPUrOOHbI.

KOHTpaCTHOCTb B MarHUTHbIX U 3NEKTPUYECKNX CBOMCTBAX MUHEPANOB UCMONb3yeTcs
AN UX pasgeneHns MetTogamMu 3NeKTPOMarHUTHOM U anekTpudeckon cenapaumn. CosgaHbl
crneumanbHble BbICOKONPOU3BOAUTENbHbLIE annapartbl, NO3BOMSAOWME Nosfyd4aTb MOHOMUHE-
panbHble pakumMm 3epeH C OAMHAKOBLIMU MarHUTHBIMU WU 3NIEKTPUYECKMMIN CBOMCTBAMM,
T. €. TEM camMbIM ObICTPO 1 3PPEKTUBHO pasaensaTb MUHeEpParbl.

MepoBckntoBble pyabl TUTaHa KonbCKOro nomnyocTpoBa SIBMSIKOTCA Ha CErogHSALIHWUNA
AEHb NEPCNEKTUBHLIM BUAOM TUTAHOBOIO Cbipbs. I3MenbYeHHy0 pyay noaBepraT MarHUT-
HOW cenapauuun Ans BblOeneHus TUTaHOMarHeTuTa u gpyrux MMHepanoB Xeresa, a Hemar-
HUTHYIO cppakumMio nocne obeclunaMmnuBaHms cHavana noTMpYT ANsa oTAeNeHus KanbumTta
N NONyYeHUs KanbLMTOBOro NpoayKTa, a 3aTeM Npomn3BOAAT onepaumm no driotaumm nepos-
ckuTa. B pesynbTate nony4aloT TMUTAHOMArHeTUTOBLIN KOHUEHTpaT ¢ 60 % >xenesa n 7 % —
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8 % TiO2 npn ussneyeHun nocnegHero 13 % — 15 % WM NEpPOBCKUTOBLIN KOHLIEHTPAT C
48 % — 50 % TiO, npun nssneveHum 65 % — 70 %.

B PO TuTaHOBble MMHeparnbHble KOHUEHTpaTbl A0ObLIBAOTCS W3 POCCHIMHLIX MECTO-
POXOEHUN ABYX FEHEeTUYECKMX TUNOB — MNOrpebeHHbIX NpUBPEXHO-MOPCKUX U KOHTUHEH-
TanbHbIX.

Poccbinu nepBoro tmna npeactaBnsaT cobon rMnHUCTbIE KBapueBble neckn. OHM 3a-
nerawT No4 MOLLHOM TOSLWeEN nepekpbiBarowmx nopog Ha rmybuHe 25—40 m n gobbiBatoTca
B Kapbepax C NOMOLLbI 3KCKaBaTopoB. 1o cncteme KoHBeepoB A0ObITbIE MECKN NoaarnTCa
Ha oboratuTenbHyto habpurKy NOSHOro UMkna nepepaboTku.

Mony4aembli N3 3TUX POCCHINEN UIbMEHUTOBbLIN KOHLEHTPAT ABMASETCS NyYllM B MU-
pe TUTaHOBbIM CbipbeM. OH cocTouT Ha 93 % — 95 % 13 nNbMeHUTa ¢ NPUMECHIO NTENKOKCe-
Ha, cogepxuT 63,5 % — 65,5 % TiO, U He3HaunTernbHOE KONIMYECTBO NpUMecen KpeMHUS,
anoMnHNA n ap. PyTuUnoBbii KOHUEHTPAT TOXE O4YeHb BbICOKOKAYECTBEHHbI TUTAHOBbLIN
NpoayKT: B HeM coaepxutcs 95 % TiO,, meHee 2 % xenesa, meHee 1,5 % KpeMHUS N LmMpKo-
HWA, COTble AO0NKM npoueHTa apyrmx npumecen (dpocdopa, cepbl U T. 4.). LlnpkoHoBbIN co-
OEPXUT HEe MeHee 65 % ZrO,, oUCTeH-CUNNUMaHNTOBbIN — He MeHee 57 % Al,Os, cTtaBpo-
nuToBbIN — He MeHee 45,5 % Al,Os.

BTopon Tun otpabartbiBaemMbix B P® poccbinen — KOHTUHEHTasbHble POCCHINN Uib-
MeHuTa. OHWM NPUYpOYEHbl K APEBHUM PYCMNOBLIM M TEPPACOBLIM OTIIOXEHMAM W 3aneratT
non CNnoem CoOBpPEMEHHbIX OCaAKOB MOLLHOCTbLIO OT HecKosbkmnx meTpoB Ao 10-20 m. [1na go-
Obl4M PYAOHOCHBIX NECKOB NPUXOAUTCS NPOU3BOANTL LOBOSIbHO 60nblune 06beMbl BCKPbILL-
HbIX paboT, pa3pabaTbiBatOTCs OHU FNYOOKMMU Kapbepamu 1 gparamu.

MnbMeHUTOBLIE KOHLIEHTPATbI, NOSlyYaeMble U3 KOHTUHEHTAsbHbIX POCChINEn, coaep-
xaT 50 % — 57 % TiO,, 0,08 % — 0,13 % P20s n meHee 0,05 % Cr,03. OHn nayT B OCHOB-
HOM Ha CEPHOKUCMOTHYIO nepepaboTky Ans nony4vyeHust 6enoro nurmeHTa. lNony4yaroT U3 KoH-
TUHEHTAanNbHbIX poccbinen 1 6onee BbICOKOTUTAHUCTbIE UNIbMEHUTOBbLIE KOHLUEHTpaTbI (€ TiO;
0o 60 %), koTopble MAyT B MeTannypruieckoe npomsBoLCTBO.

Poccust npomssBoguT Tonbko 1 % BbiNyCKaeMoro B MuUpe AMOKCMAaa TUTaHa B TUTaAHO-
BbIX KOHLEHTpaTax.

KomnaHma AO «AnaTtut» meToaom driotaumMm u MarHUTHOM cenapaunmn N3BnekaeT He-
3HauYMTENbHOE KONMMYECTBO CHEHOBOrO KOHLIEHTpaTa U3 XBOCTOB anaTUTOBOW donoTauuu;
BECb TUTAHOMAarHeTUT U NogaBnAwLLLaa YacTb cheHa CKIaanpyroTCa B XBOCTOXpPaHUMULLAX.
M3 cdheHOBOro KoHUeHTpaTa nosiyvatoT TUTaHO-KanbUMeBbIA MUTMEHT, UCNOSb3yeMbIN B NPO-
N3BOACTBE NAKOKPACOYHOW NPOLYKLINN.

Ha JloBo3epckoMm pegkomeTansHoM MectopoxgeHun B 2015r. komnaHunen
OO0 «JloBosepckun NOK» 13 pyabl Ha KapHacypTckon oboratutensHon gabpuke nssneye-
HO 7,816 Tbic. T nonaputoBoro KoHueHTpata (3,04 Teic. T TiO,). KoHueHTpaT nepepabatbl-
Bancs XMMuKo-meTannyprmyecknm cnocobom Ha Conukamckom marHmeBom 3asofe B lepm-
CKOM Kpae C noryYeHMeM OKCUOOB penkux U peako3eMernbHbIX 31EMEHTOB M TeTpaxnopuaa
TUTaHa, n3 Kotoporo npounsdseneHo 1,981 Toic. T ryéuaToro Tnutana.

OnbITHO-NpPOMBbILWNEHHAA Ao0blYa gMokecnaa TuTaHa nposoaunack B Tomckon obnactum
Ha KOxHO-AnekcaHapOBCKOM y4yacTke TyraHckoro POCCBIMHOro LIMPKOH-PYTHI-
nnbmMeHnToBoro mectopoxageHusi. B 2015 r. komnanna OAO «TyraHckun OK ,nbmeHnT»
Ao6binia oTKpbITbIM cnocobom 17,9 Thic. Ky6. M pyaHbIX neckoB. Ha oboratutensHon ¢gabpu-
Ke 13 neckos nosiy4eHo 383 T UNbMEHUT-PYTUN-NTENKOKCEHOBOMO KOHLIEHTpaTa, coaepxallero
208 1 TiO..
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1.2.7 Bonb¢pamo-monnbaeHoBbIe pyAbl

Bonbcpam BcTpeyaeTca B npupone rnaBHbiIM 06pa3omM B BUAE OKUCIEHHbLIX COXHbBIX
coeanHeHun, obpa3oBaHHbIX TpexXokncbto Bonbdpama WO3 . okcmaamm xenesa n mapraHua
NN Kanbums, a MHOr4a CBMHUA, Meaun, ToOpusa N peako3eMesnbHbIX 3fieMeHToB. M3 22 Bonb-
PpamMOBbIX MUHEPAIIOB, M3BECTHbLIX B HACTOALLEE BPEMS, MPOMbILLIIEHHOE 3HAYEeHNE NMELOT
yeTblpe: BonbdpamuT (Fe, Mn)WO, (nnoTHocTs 6700—7500 kr/m?), ro6HepuT MnWO, (nnoT-
HocTb 7100 kr/m®), dpepbeput FeWO, (nnoTHocTb 7500 kr/M*) 1 weenut CaWO4 (Bonbdpa-
MaT Kanbums, nnoTHocTb 5800-6200 Kr/M3).

K npombIWneHHbIM TUNam BoSfbdpamMcoaepXallmx pya OTHOCATCA XWUNbHble KBapL-
BONbpaM1UTOBbIE N KBapL-KacCUTEPUTO-BOSbPPaMUTOBBIE, LLUTOKBEPKOBbLIE, CKApHOBLIE U
poOCChINHble. B MECTOpOXAEHUSX XUMbHOTO TUMNa coaepXatca BONbdpamuT, robHepuT u
LIeenunT, a Takke MUHepanbl MonmbaeHa, NMMPUT, XanbKONUPUT, MMHEpParbl OfI0Ba, MbilbsKa,
BMCMYTa M 30510Ta. B LUTOKBEPKOBbLIX MECTOPOXAEHUSAX coaepkaHne Bonbgpama B 5—-10 pas
MEHbLLUE, YEM B XMUIbHbIX, HO OHM MMetT Bonblume 3anacbl. B ckapHOBLIX pyaax Hapsgy
C BoSib(ppamom, npeacrtaBneHHbIM B OCHOBHOM LLUEENNTOM, coaepxaTcst MonmbaeH 1 orfoBo.
PoccbinHble mecTopoxaeHusa Bonbgpama nMmeroT HeborbLlume 3anachkl, 04HaKo urpawT B A0-
Oblve Bonbpama 3HauuTenbHy0 porb MNpoMbIlNEHHOE coaepXaHMe TpMokecnaa Bonbdpa-
mMa B poccbinsax (0,03 % — 0,1 %) 3HaunTenbHO HWXKe, YeM B KOPEHHbIX pyaax, HO UX paspa-
B6oTKa 3HAYNTENBHO MNPOLLE M SKOHOMMYECKU BbirogHee. B aTnx poccbingx Hapsigy C BOfb-
(hbpamMMTOM 1 LLEESNTUTOM COOEPKMUTCA TakkKe KacCcuTepuTt.

BonbdpamoBbie poccbinu u pyabl oborawiatoT, Kak U OfoBsAHHbIE, B ABE CTagun —
nepBMYHOE oboralleHne 1 OoBoAKa YePHOBbIX KOHLEHTpaToB. py HEBBICOKOM coaepKaHnn
Tpuokeuaa Bonbdpama B pyae (0,1 % — 0,8 %) n BbicOknx TpeboBaHUAX K Ka4yeCTBY KOH-
LueHTpaTtoB obwaa crteneHb oboraweHna coctaenset ot 300 go 600, koTopass MOXeET ObITb
AOCTUTHYTa TONbKO MPU COMETaHWW pasnU4YHbIX MEeTOOO0B, Hanpumep rpaBUTALMOHHBIX U
oNOTaUNOHHbIX.

KpynHenwwmm poccmnmnckmm npoayLeHToM BonbpamMoBbIX KOHLEHTPATOB TPagNULMOHHO
asnsetca OAO «[lMpumopcknin TOK», gencrteyrowee Ha Gase MecTopoxgeHust BocTok-2.
B 2015 r. komnaHmen Obino npowusseneHo 2199,1 T koHUeHTpaTa, cogepxawero 13194 T
Tpyokcuaa Bosnibppama, 4To coctasmno okorio 40 % HauuoHanbHOro nokasatens (B otTaesib-
Hble rogbl gons komnanun npesbiwana 80 %, Ho ¢ 2010 r. oHa ycTon4mBo CHmxaetcs). o-
KaszaTenu BCeX OCTalbHbIX NpoayueHToB 3ameTHO Huxke. 3A0 «Hosoopnosckun NOKy», pas-
pabaTbiBatowee CnoKOMHNMHCKOE MecTopoxaeHue, nonyymno 1502,6 T KOHUeHTpaTa, coaep-
xawero 930,1 T Tpuokcmaa Bonbdpama (bonee 27 % OTEYECTBEHHOro MPOM3BOACTBA),
OO0 «JlepmoHTOBCKM  [TOK», akcnnyaTupylowee OOHOMMEHHOE MEeCTOPOXAeHne —
1472,6 T KOHUeHTpaTa, cogepxawero 883,6 T Tpuokcmaa Bonbdpama (okosnio 27 %). Kow-
LueHTpaT Bonbdpama u3 npupoaHbiX pyn Takke Bbinyckaetcss 3AO0 «3akaMeHCK» W
000 «Alc ,Keapu“» (paspabaTbiBatoT pocchinb pyy. HKyp n Bom-I"opxoHckoe mecTtopoxae-
HMe COOTBETCTBEHHO), HO 06bEMbI MX MPOM3BOACTBA HA NOPAAOK MeHbwe — B 2015 1. nmn
nonyyeHo rno 154 1 npogykra.

Mony4yeHHble B Poccumn Bonb(pamoBble KOHUEHTpaTbl HaMpaBfslTCS KaK Ha BHYT-
PEHHWI, TaK U Ha BHewWHW pbiHkK. B 2015 r. npogaxu BonbgppamoBOro coipbs 3a pybex co-
Kpatunuck no cpasHeHuto ¢ 2014 r. Ha 23,6 % — o 2678 1. Ero nokynatensiMm BbICTYNunu
tOxHas Kopesi, 3akynuBlasa 6onee 63 % npoaykumm, a Takke BbeTHam, [TOHkoOHr, Huaep-
nanabl u CuHranyp.
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[Mpn 3TOM Ha BHYTPEHHEM pbIHKE coxpaHdAeTcs aeduunT BoSibddpamMoBOro Cbipbs, KO-
TOPbIN YAaCTUYHO KOMMEHCUPYETCs 3a cyeT umnopTa, o6bembl koToporo B 2015 r. BbIpoCnu
Nno CpaBHEHUIO C npeablaywmm rogom Ha 25 % — go 1714 1. [naBHbIMX NocTaBLMKaMn siB-
nanuce KaHaga (okosno 51 %) u BeeTHam (okono 30 %).

OcCHOBHbIMM NOTPEBUTENAMM BONb(PAMOBbLIX KOHLEHTpaToB B Poccuun asnsatTcsa 3a-
Bog komnaHunm OAO «['magpomeTtannypr» B r. Hanbunk un npeanpuatne OAO «Kuposrpagckui
3aBof TBepAabix cnnasoBy B CBepanioBckon obnactu. C 2013 r. ux notpebneHne pacteTt u
B 2015 r. coctaBuno 4,5 Teic. T npoTtuB 1,2 Thic. T B 2012 T.

Mpumopcknin TOK 10 net gobuBaeTcs nameHeHus ctatyca semerns B npegenax Ckpbl-
TOro MecTopoXxaeHunsa Bonbdpama: nepeBony M3 feCHbIX 3eMefb B MPOMbILLIEHHbIE NOANe-
xnT nnowaapb 133,0434 ra B necHn4yecTBe.

KabapguHo-bankapust nepeoueHnT 3anacbl pyabl Ha ThipHblay3CKOM MECTOPOXAEHUN
(paboTbl oueHnBatoTcs B 60 mMnH py6.), 4ToObl HayaTb A06bIYY, oboralweHne n nepepaboTky
BONbgpamMocoaepallero Ccbipbs A0 KOHEYHOW CTaaum — MpoM3BOACTBA FOTOBOIO WHCTPY-
MEHTa U3 TBepAbIX cnnaeos (Npu CTOMMOCTU peanuaaumn npoekta — 14,2 mnpg py6.), gonsa
nMnopTa KOTOPOro CerofHs Ha poccUmcKoMm pbiHke coctasnseT 0o 90 %.

Ha o6oratutensHon dabpmke OO0 «Copckun deppomonmbaeHoBbIn 3aBoa» BbiMy-
weHo 7590,1 T mMonnbaeHoOBOro KoHUEHTpaTta, cogepxawero 3253,6 T monnbaeHa — Ha
4,5 % 6onbwe, 4yem B 2014 r. Ha dpeppomonnbaeHoBOM 3aBoAe KOMMaHUM NPOU3BEOEHO
4659,7 T heppomonubaeHa, 4To Ha 3,5 % Bonblle pesynbTaTta npegblaywero roga.

B pesynbtate cosganuna B cepeanHe 2000-x rr. npeanpuaTnini no NnpousBoacTBy ep-
pomonubaeHa Ha 6ase Copckoro n XXMpekeHCKOro MeCTOPOXAEHUN CYLLEeCTBEHHO CHWU3U-
nnce 06beMbl MOCTAaBOK MONUBAEHOBbLIX KOHLEHTPATOB Ha 3KCMOPT M NpekpaTUiocb MX Mo-
CTYMNSIEHME Ha POCCUICKNIA pbliHOK. B 2015 r. akcnopT mMonmbaeHOBbLIX KOHLEHTPATOB COCTa-
Bun 483 T 1 6bIn ocywecTeneH B HuaepnaHapl.

1.2.8 AntoMmmHMncoaepxallee Cbipbe

Bokcut — anomuHMeBas pyaa, COCTosdlada U3 ruapaToB oKkcuaa antoMUHUA, OKCUO0B
Xernesa n KpeMHU4, cbipbe OS5 NOfyYeHUs MUHO3eMa 1 rMUHO3eMOCOoAepKaLlMx OrHeyno-
poB. CogepxaHue rmuHo3emMa B NpoMbIlLneHHbIX bokcuTtax konebnetcs ot 40 % o 60 % wm
Bbiwe. Micnonb3dyeTca Takke B Ka4ecTBe qoftoca B YepHOM MeTannyprum. Bokcutel aBnsoTcs
BaXKHeMLWen antoMMHUEBON PyaoOW, HA KOTOPOW, 38 HEMHOMMMW UCKMOYeHUsIMKU, BasnpyeTcsa
NnoYTM BCA MMPOBasi antoMMHNEBASA NPOMbILLUNIEHHOCTb.

Xymunyecknii coctaB BOKCUTOB, B 3aBUCMMOCTU OT MUHepanornyeckom ¢opmbl rma-
poKcMaa antMUHUSA U KONMYEeCTBa NpUMecen, konebnetcs B WMPOKUX npegenax. Kayectso
BOKCUTOB, Kak M antOMUHMEBOW pyAbl, ONpefensieTca npexae BCero CoAep)XaHMeM B HUX
rMMHO3eMa 1 KpemHesema: Yem Hmke cogepxaiiee SiO, n 6onbwe Al,O3z, TemM Bbile Kade-
CTBO NPV NPOYUX PABHbIX YCIOBUSIX.

bokcuToBasa pyga npencraBnseT MNofMMUHEpPanbHYH Nopoay, B KOTOPOW MNosie3Hble
MUHepansl rmnmHo3semMa (rmbbent, 6emuT, gnacnop) HaxXoaaATCa B TECHOW napareHeTU4eCcKom
accoumauumn 1 B pasHbIX KONMYECTBEHHbIX COOTHOLUEHUAX C KpeMHe3emcoaepallmMmu mMu-
Hepanamu (06bIYHO KAONIMHUTOM M LIaMO3UTOM). [1ns MecTopoXXaeHUn BOKCUTOB XapakTepHO
OTCYTCTBME BU3yalibHbIX MPaHUL, MeXay COpTOBOW pyaon u 3abanaHcoBon G6OKCUTOBOM MO-
pogon. Cneundunyeckon ocobeHHOCTbIO BOKCUTOB ABNSIETCSA BbICOKAsA ANCMEPCHOCTb BXOAA-
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LLMX B HUX MUHEpParnoB, 4YTo onpeaensdet BOKCUTLI Kak Ype3BblbariHO CIIOXHbIN OOBbEKT Mexa-
HM4Yeckoro oboraLleHus.

B P® ocHoBHyto gonto B ob6uwem 6anaHce 6OKCMTOBOrO Cbipbsi COCTaBASAT ABa TUNa
MecTopoxaeHun 6okecuToB — rmbbeuToBble (Me3030McKMe) 1 NpeMMyLecTBEHHO 6eMUTOoBbIE
(naneosonckue).

MMbB6cnToBbIE BOKCUTBHI ME3030NCKMX MecTopoXxaeHuin MNpuaHrapbsa (BepxoTypoBckoe,
Kuprutenckoe, NopoxHMHCKOE), a Takke BeMnToBble BOKCUTBI NANe030MCKUX MECTOPOXae-
Hun CeBepooHexckoro bokcutopyaHoro panoHa (MkcnHckoe) n CpegHero TumaHa (Bexato-
BopbIkBUHCKOE) OOHapyXMBalOT, HECMOTPS Ha pasnuyuMs B MUHeparibHOM COCTaBe, 3Hauyu-
TenbHOEe CXOACTBO B YCIMOBUSAX 3anieraHuns, B pacnpoCTpaHEHUM U B3aMMOOTHOLLEHMAX Ana-
NOrnYecknx pasHoBUOHOCTEN DOKCUTOBBLIX NOPOA, a Takke B psiAe UX CTPYKTYPHbIX OCOBEH-
HocTen. Paanuune, obycnoeneHHoe BO3pacTOM, BblpaXaeTcs BO BHeELHeM 0bnuke n gusu-
YeCKOM COCTOSIHUWM NOpoAbl — MpaKTUYecKkn Bce BOKCMTOBbIE MOPOAbI Naneo30MCKOro BO3-
pacTta B OTNn4Me OT ME3030NCKUX B Pa3HOWN CTEMNEHN CLEMEHTUPOBAHbI UMW YNNOTHEHbI.

AO «Anatnty B 2015 r. nony4mno m3 xBOCTOB anaTtutoBon dnotauum OoObiTbiX pya
916,1 TbiIC. T HedpenuHoBOro kKoHueHTpata (Ha 1% ©Gonbwe, 4em rogoM paHee);
3A0 «CeBepo-3anagHaa doccopHaa KomnaHus» HedennHOBbIA KOHLEHTPAT He BblMycKa-
no.

[obblva n nepepaboTka GokcnToB N HedenuHoBon pyabl B 2015 r. paBHsnacb cooT-
BeTCTBEHHO 9,834 MnH T 1 3,159 MnH T, Npu 3TOM 06BbEM 006bLIYM BOKCUTOB NO CPaBHEHMUIO
¢ 2014 r. ysenuuuncs Ha 7,2 %, a o6bem Jobblum HedbennHOBOW pyabl CHU3UMCA Ha 6,6 %.

1.3 PecypcCHbIN noTeHUuMan oTxonoB roOpHO-MeTannypruieckux npo-
U3BOACTB

Tekywas obecne4yeHHOCTb ©a30BbIX OTpacfien 9KOHOMWKN pasBefaHHbIMU 3anacamu
OCHOBHbIX BMOOB MOME3HbIX MCKOMaeMblX NpeacTaBnseTcs OOCTaTOYMHO yOOBNEeTBOPUTENb-
HOW. B TO e Bpemsi HameTunmcb nnu obocTpunmcet Nnpobnemsl MCB LBETHLIX METaNMoB.

He obecne4veH cobCTBEHHLIM CbipbEM psa MedennaBunbHbIX 3aBogoB Ypana: Kpac-
Hoypanbckun, CpeagHeypanbckuin, Kapabawckun, MegHoropckmin. Ha Konbckom nonyoctpo-
Be C BblbbiBaHMeM YKOaHOBCKOro Kapbepa, OCHOBHOro nocrtaslmka (okono 80 %) megHo-
HUKENEBbIX PyA B PErMOHE, B CIIOXKHOM MOJTOXXEHMM OKaXyTCsl MeTannypruieckne KomounHaTtbl
MeyeHraHnkenb n CeBepOHUKEND.

Be3 gocraTtoyHon cbipbeBoM 6a3sbl Ha ONepaTMBHbLIX, NPAKTUYECKM €XEerogHo npupa-
LWMBaeMbIx 3anacax paboTalT CBUHLOBO-LIMHKOBbIE PYOHUKM B YnMTUHCKON obnacTu, MNpumo-
pbe n Ha CeBepHoM KaBkase, onoBsiHHble — B XabapoBckom 1 MprMOpCKOM Kpasix, BOMb-
dpamoBble — B [1pymopckom Kpae.

Mo mepe wucyepnaHust 3anacoB paspabaTtbiBaeMbiX MECTOPOXAEHWUA TEXHOrEeHHble
006BbEeKTbl MOTYT CTaTb MPUOPUTETHLIM, @ B HEKOTOPLIX CNyYasax U e4UHCTBEHHbIM MCTOYHUKOM
MUHEeparbHOro Cbipbsi.

B xBocTax oborawieHns pya LUBETHbIX MeTannoB oS HEeM3BNeYeHHbIX KOMMOHEHTOB
OT UX KOSNiMyecTBa B MCXOL4HOW pyde COCTaBnseT COOTBETCTBEHHO (CpefHue U MakCcumarnb-
Hble 3Ha4yeHus1), %: onosa — 35 n 58; sonbgpama — 30 n 50; ymHka — 26 n 47; cBMHUA —
23 n 39; monubageHa — 19 n 53; megn — 13 n 36; Hukena — 10 n 25. lNoka3aTenb n3Bneye-
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HWS OCHOBHbIX MOMe3HbIX uckonaembix B Poccun coctaenseT 65 % — 78 %, a nonyTHbIX
anemeHToB (B uBeTHon metannyprum) — ot 10 % o 30 %.

Mpu cdonotaumm megHbix pya mnssnedenne Mo, Cd, Sb, Se, Te, Re konebnetca B go-
CTaTOYHO LUMPOKOM AManas3oHe 3HayYeHwun. pakTnyeckn MNOMHOCTbK OCTAKTCS B XBOCTaXx
dnotaumm In, Ga, TI, Bi, Hg. B xBocTtax ¢pnotaumoHHoro oborawieHns MegHblx pya TepaeT-
cs, % oTH.: 28,72-92,59 Mo, 22,54-92,08 Cd, 79,09-97,31 In, 81,42-99,54 Ga, 92,08-98,44
Ge, 92,08-98,35 TI, 56,49-96,88 Sb, 6,28-49,33 S, 43,43-99,54 Se, 73,24-97,00 Te,
47,88-96,18 Re, 89,59-97,15 Bi, 89,44-99,90 Hg.

B xBocTtax dnotaunoHHoro oboralleHnsa nonumeTtannmyecknx pyq tepsietcs, % OTH.:
1,64-80,36 Mo, 6,36-18,57 Cd, 14,64-81,48 In, 67,78-97,87 Ga, 69,37-92,48 Ge, 51,09-
95,88 NI, 18,67—-80,29 Sb, 22,93-57,38 Se, 52,25-94,09 Te, 71,75-93,66 Re, 39,88-83,58
Bi, 58,01-78,27 Hg.

MpMMepoM LUEHHOCTU FOPHOMPOMBILUNIEHHBIX OTXOA0B MOTYT CHYXWUTb TE€XHOrEeHHbIe
0oTXo4bl MegHoun nogoTpacnu Ypana — 220 MnH T XBOCTOB 0boralleHuns, B KOTOpPbIX cpegHee
cogepxanHne megmn (0,34 % — 0,37 %) B oTBanax HEKOHAMUMOHHbLIX pya U XBocTax obora-
LWeHnsa 6nm3ko K koHAMUMOHHbIM (0,35 % — 0,5 %). Hanbonblyto LEHHOCTb B XBOCTax 060-
rawieHus ypanbckux pya npegcrtasnsioT cepa (30 % — 50 % obuien cToMMoCTn XBOCTOB),
AparoueHHble meTannbl (25 %— 45 %), meab (10 % — 20 %) v umHk (10 % — 15 %).

XBOCTbl oboralleHns mMmegHo-HUkeneBbIX pya Hopunbckoro pyaHoro ysna cogepxart
NPOMBILLNEHHbIE, C TOYKM 3PEHUS COBPEMEHHbBIX TEXHONOMMN NnepepaboTku, KOHLEHTpaumm
nnaTMHOMAoB, 30510Ta U cepebpa.

Ha obGoratutenbHbix ¢abpukax, nepepabaTtbiBalowmx Borbdpamo-MonmdaeHoBble
pyabl, He uasnekatotca ot 22 % o 60 % menun, oo 81 % BucmyTta, 0o 62 % TaHTana, a Tak-
Xe 3onoTto, cepebpo u gpyrme anemeHTbl. Ha kpynHenwem TbipHblay3ckOM KoMOWHaTE,
ocywecTBnsowemMm Aobbidy n nepepabotky Bonbgppamo-mMonmbaeHoBbIX pya, KOHOULMOH-
HbIMK cumnTatoTca pyabl ¢ cogepxaHmem >0,1 %WO;. B xBocTax ero cogepxaHue npeBbilla-
eT 0,04 %. Ha gonto KoHAMUMOHHLIX pya npuxogutca Bcero 13,5 % Bcen JoObITOM ropHON
Macchbl. B aTux pygax cogepxutca nuwb 34,6 % none3Horo KOMNoHeHTa. HeKoHAMUMOHHbIE
pyabl (86,5 % OobbiToM ropHoM Macchbl) yxogaT B oTBars, yHocs ¢ cobon 65,4 % metanna,
coaepkallerocsi B akcnnyaTtaumoHHOM 6rioke.

N3y4eHne TexHonormyeckom npobbl HEKOHAMLMOHHOM pyabl TbipHbIAY3CKOro MecCTo-
POXAEHNSA NoKasarno, YTO OTBallbl HEKOHANULMOHHOW pyAbl — MOSTHOLEHHOE TEXHOrEHHOE Me-
CTOpOXAeHue, NnpurogHoe Ans otpaboTkn, NPUYEM CO 3HAYUTENBHO MEHbLLUMMK 3aTpaTamu,
YeM MECTOPOXOEHMS KOPEHHbIX PYA.

B uenom Ha obGoratutenbHbiX pabpukax Bonbdpamo-monnbaeHoBOW MNogoTpacnu
HaKOMMEHO 3Ha4MUTeNnbHOE KONMMYECTBO XBOCTOB (pnoTaumoHHOro U1 dnoTauuoHHO-
rpaBMTaUMOHHOIO oboralleHusi, kotopble cogepxat okono 400 Tbic. T monubaeHa n Gonee
100 TbIC. T BONb(pama. N3 obuiero obbema nexanbix MonnbaeHcoaepKaLmx XBOCTOB 0o-
nee nNOMOBWHbI COCTaBMSAOT XBOCTbl C MNPOMbIWMEHHBIM CcOoAepXXaHnem MonubaeHa
0,012 % — 0,02 %, B ocTanbHOM Macce cogepxaHne monnbaeHa meHee 0,005 %.

Bonblune nepcnekTnBbl CBA3aHbl C NepepaboTKON TEXHOrEHHbIX MECTOPOXAEHUA Apa-
FOLEHHbIX MeTansoB — 30/10Ta U NAaTUHbI.

MO OpMEeHTUPOBOYHOWM OLEHKE, B OTXO4ax MeLHOW, CBMHLOBO-LMHKOBOW, HUKEnNb-
kobanbToBOW, BONb(PaMO-MONMOAEHOBON, ONIOBAHHOW, artOMUHMEBOMW nogoTpacren npo-
MbILLIEHHOCTU coaepxutca donee 8,0 MnH T mean, 9,0 MnH T umHka, 1,0 MAIH T CBMHUA,
2,5MnH T Hukensa, 33,5mMnH T AlO3z, 600 Thic. T onosa, 200 Thic. T MonubaeHa, OKomo
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1 TbiC. T 30Mn0Ta 1 12 TbIC. T cepebpa. Pe3epBbl NOME3HbIX KOMMNOHEHTOB B HAKOMMEHHbIX OT-
X04ax paBHOLEHHbI OTKPbITUK MHOTMX HOBbLIX MECTOPOXXAEHNN.

N3 Hanbonee KpynHbIX TEXHOTEHHbIX HAKOMNMEHUN PYAHOrO MUHEPANbHOMO Cbipbs MO-
ryT 6biTb BblgeneHbl XBOCTbl oboraweHmsa Manckoro, Hopunbckoro, Canampckoro, Y4yanuH-
ckoro n ConHeyHoro [OKos; wnaku meTtannyprmyecknx saBogosB — CpegHeypanbCcKoro,
OnekTpoumnHk, lNMeyveHraHnkenb, CeBEPOHUKEND; HEKOHOMUMOHHbIE pyabl [anckoro, Cuban-
ckoro n gpyrmx FOKos.

CyMmapHasi LeHHOCTb HaKOMMEHHbIX M3BNEKaeMbliX MeTasnfoB B FOPHOMPOMBbILLSIEH-
HbIX OTXO4aXx, N0 OPUEHTUPOBOYHOW OLIEHKEe, noAvac conocTaBuma C LEHHOCTbI MOTEHLK-
anbHbIX PECYPCOB MWHEPANbHOrO Cbipbsa B Hegpax n 6onee yem B 4 pasa npesblllaeT LeH-
HOCTb MAEHTUOMLMPOBAHHbBIX PECYPCOB MMM U3BECTHLIX 3anacoB B HeApax, KOTopble Noka He
NCNOMb3YyHTCS.

HecmoTps Ha Takon OrpOMHbIN PECYPCHbIN NOTEHUMar, FTOPHOMPOMBILUIEHHbIE OTXOAb!
B Poccun ncnonb3yroTcs nNub Kak cbipbe Ans cTponnHayctpum (He 6onee 10 % rogosoro
obbema nx obpasoBaHus). B To ke Bpems 3a pybexoM M3 0TXOA0B C MOMOLLbI0 HETpaguLm-
OHHbIX TEXHOMOMMIN (Pa3nuyHbIX BMAOB BbilwenaynBaHus) nony4vatot 6onee 40 % rogosoro
obbema meau, 35 % 30n0Ta 1 3HAYUTESNBHYHO A0S0 APYrMX METansos.

Mpn BOBNEYeHUN B NnepepaboTKy OTXOAOB rOPHOPYAHOrO NPOM3BOACTBA Hapsiay € no-
nonHeHnem MCB peluatoTca akonormyeckne npodnemsol. MNpu TonwmHe cnoa 20 m oTxoabl
3aHmMaltoT nnowanb 6onee 1300 KMZ. ExxerogHoe yBenuyeHue nnowiagm otyyXgaemblx 3e-
Meflb COCTaBnsieT He MeHee 85-90 kMm% HeraTuBHOe BO3AEWCTBME HA OKPYXAIOLLYIO cpeay
nposiBNseTcs Ha Tepputopun, B 10 pas n 6onee npesbillaroWwen nnowanb, 3aHNMaemMyto oT-
xogamn. 3HaunTenbHasa YacTb OTYYXXAAEMbIX 3eMEfb HAXOANTCSA B NMPOMbILLIIEHHO Pa3BUTbIX
panoHax, HepeaKo B rpaHuLax HaceneHHbIX NYHKTOB U KPYMHbIX FOPOAOB.

Mpn BOBRNEYEHMM B NepepaboTKy OTXO40B FOPHOPYAHOro NPOM3BOACTBA Hapsay € no-
nonHeHmem MCBE pewatoTcs akonorndeckne npobnemol. Ocobyto npMBnekaTenbHOCTb Npu-
AaeT TeXHOreHHbIM MEeCTOPOXAEHUAM TO, YTO, KaK NpPaBUIIO, OHWU PACnonoXeHbl B MPOMbILL-
NEHHO pasBUTbIX panoHax, Haxo4saTCA Ha MOBEPXHOCTU 3eMNU U ropHasi Macca B HUX npe-
NMYLLLECTBEHHO OEe3UHTErPUPOBaHa, YTO PE3KO CHUXKAET 3aTpaTthl Ha UX pa3paboTky.

1.4 OCHOBHbIle 3Konorn4yeckue npoénemMsi

Bosgencteune ropHogobbiBatoLen 4eATEeNbHOCTU Ha OKPYXaloLLyto cpefy 3aBUCUT OT
reonorn4yeckmx ocobeHHocTen, pasmepa, PopMbl MECTOPOXOEHUA U KOHUEHTpauumm nones-
HOrOKOMIMOHEHTA, NPUPOOHO-KNMMATUYECKUX OCOBEHHOCTEN TEPPUTOPUM PaCMONOXeHUd, a
Takke OT NpUMeHsieMblX MeTOO0B 00bI4M N oboralleHusi, BbIOPaHHbIX TEXHUYECKUX U TeX-
HOJTOrMYECKUX peLleHnn, NPUPOAOOXPaHHBIX MEPONPUSATUA N Op.

opHogo6bIBaOWaa OeATENbHOCTb OKa3blBaeT BO3LEWCTBME Ha BCE KOMMOHEHTbI
OoKpyXatwLwen cpedbl: Heapa, 3eMmnn, MoYBbl, MOBEPXHOCTHbIE U MNoA3eMHble BOAbl, aTMO-
chbepHbI BO3ayX, paCTUTESIbHbIN N XXUBOTHbLIN MUP.

"eonoro-pa3ssefoyHble paboThl (TPP) okasbiBaloT He3HauyuMTenbHOEe BO3AENCTBUE Ha
OKpYXaloLyo cpefy, YTO CBA3AHO C KPaTKOBPEMEHHOCTbIO M NOKaNbHOCTLIO MPOBOAMMbIX
paboT, Oka3bIBaKLLMX HEraTUBHOE BO3AENCTBME Ha OKPYXaloLLyo cpeay.

OcHoBHble amuccum 3Ttana [PP: BblIbpocbl TBepAblX 3arpsA3HAKWNX BeELLECTB
(NbINb) — NpY CTPOUTENBLCTBE AOPOr U APYrMX KOMMYHUKALMK, BEOEHUN FTOPHO-OYpOBLIX pa-
60T, NnpobHOM A06bIYe, NOrpy3Ke M TPaHCNOPTMPOBKE FOPHOM MAaccChl, a Takke Npu 3Kcnnya-
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Taunn TEXHUKK; BbIBPOCHI ra3oobpasHbIX BELLECTB (BbIXMOMHbIE radbl) — 3KChfyaTaunsa Tex-
HWUKK; COPOCHI 3arpsA3HEHHbIX CTOYHbIX BOA B BOAHble 0O6bEKTbl — NPU OCYLLUEHUN pa3Beaoy-
HbIX FOPHbIX BblpaboToK; 06pa3oBaHMe M pasmMeLleHne OTX0A0B BCKPbILIHbBIX U BMELLALLNX
nopoa — npwu BeAeHUU ropHo-6ypoBbIX paboT u npobHon obbive; wym, BUbpaumnsa — npwm
CTPOMTENLCTBE OOPOr U OPYrMxX KOMMYHMKauuRn, BeaeHUn GypoB3pbIBHbIX paboT, norpyake
FOPHOM Macchbl, 3KCnnyaTauumn TEXHUKN.

OcHoBHble BUAbl paboT aTana CTpoUTENbCTBaA, OKasblBalOLMe HeraTMBHOE BO3AeN-
CTBUE Ha OKPY>KaloLLYHO cpefy: NHXeHepHas NoAroToBka TeppuTopun (pacdmcTka, NnaHnpoB-
Ka, OCyLLEeHME MOBEPXHOCTUN); FOPHO-KanuTanbHble paboTbl (B TOM Yncre npumeHeHne bypo-
B3PbIBHbIX paboT); CTPOUTENBCTBO 30aHUN U COOPYXXEHWUN, OOBEKTOB pasMeLLEHNS OTXOO0B U
OYUCTHBIX COOPYXEHMI (MOPOAHBLIX OTBANOB, XBOCTOXPaHUMNLLY, NPY4OB-OTCTOMHUKOB), CKNa-
[AOB U Ap.; CTPOUTENBCTBO NMMHENHBIX 06BEKTOB (MOABE3AHbIX M BHYTPUNOLWALA0YHbIX JOPOT,
XXenes3HoOopOXHbIX nyTen, Tpybonposoaos, J1OI); ocyweHne ropHbix BbipaboTok co cbpo-
COM CTOYHbIX BOZ B BOAHbIE OObEKTbI; AKCNyaTaums TeXHUKN 1 06opyaoBaHUS.

Ha artane akcnnyatauuu pobblda pyn OkasblBaeT 3HauUMTENbHOE BO3AEWCTBME Ha
Hegpa 3a cYyeT U3bATUA TOPHOM MacChbl U3 HeAp WM HapyLIeHUsI COCTOSIHUS reosiorm4eckom
cpeabl. HapylweHusa reonormyeckon cpefbl NPOSBAAIOTCA B BuAe: hOPMUPOBaHUSA Noa3eM-
HbIX MOMOCTEN; N3MEHEHUSI NOSEN HANPSXKEHWUIA B TOPHOM MacCuBE; HapyLUEHNSA LMPKYNpY-
OLLMX B HEApPaxX BOAOHOCHbIX, ra30BbIX M APYrMX NOTOKOB.

Ha aTtane akcnnyaTauum BCKpbIWHbIE M A0ObIMHbIE paboTbl, a Takke onepauum no
pasMeLLEeHN0 OTXOO0B COMPOBOXAAIOTCA HapyLeHMEeM naHawadToB, yTpaTon pacTuTenb-
HOrO 1 MOYBEHHOIO NOKPOBa, MECTOOBUTAHWI Ha TeppUTOpUN NPomM3BoACTBa paboT.

PasmelleHne oTxoqoB A406bIYM OCYLLECTBNAETCA Kak Ha MOBEPXHOCTU, TaK U B FOPHbIX
BblpaboTkax. BHewHWe oTBanbl MOryT 3aHMMaTb 3HaduTemnbHble nNnowaan, npeobpasys
€CTEeCTBEHHbIN penbed MECTHOCTU, U SABMATbCA MCTOYHUKOM 3arps3HEeHUs OKpyKatowen
cpeabl. BogooTnme nsameHsaeT HanpasneHne OBUKEHUSA NOA3EMHbIX BOA, B panoHe AencTBUs
ropHogobbiBatoLEero NpeanpuaTusl, CONPoOBOXAAETCA NOHMKEHNEM YPOBHS NOA3EMHbIX BOA
C hopmmupoBaHMeEM OENPECCUOHHON BOPOHKM, MPEBOCXOASLLEN pa3Mephbl LLAXTHOro (Kapbep-
Horo) nons. [aHHble npouecchbl NPUBOAAT K M3MEHEHUH BOAHOro GanaHca npuneratoLlemn
TEPPUTOPUN N CONPOBOXOAIOTCA CHMXKEHMEM PacxXxo[oB MarnblX PeK, MU3MEHEHMEeM BOLHOMO
GanaHca no4s, BbI3blBas yrHETEHME MOBEPXHOCTHOrO M BOAHOro GMonornyeckoro pasHoob-
pasns, BNOTb OO MCYE3HOBEHUSA NONynauMn HEKOTOPbIX BUAOB. CHMXEHWE YPOBHS NOA3EM-
HbIX BOA MOXET BbI3blBaTb Takke BbICbIxaHWe Konoaues U BOA03abOPHbIX CKBaXXMH.

[Na o4NCTKM WaxTHbIX 1 KapbepHbIX BoA nepen copocom B BOAHbIM OOBLEKT Ha Teppu-
TOPUN OPraHn3yTCA OYUCTHBIE COOPYXKEHUS.

Mpwn akcnnyaTaumm ropHo4o6bIBaOLWLEro NpeanpuaTua o6pasyoTca NOBEPXHOCTHbLIE U
XO35MNCTBEHHO-ObITOBbIE CTOYHbIE BOAbl. OTBEAEHNE CTOYHbIX BOA OCYLLECTBNSETCA B LIEH-
TPanuM3oBaHHY0 CUCTEMY KaHanmsaumm nMbo Ha OYMUCTHbIE COOPYKEHUSI C MOCHeayHLUM
cbpocom B BOOHbLIN OOBLEKT.

Mpyabl-OTCTOMHUKN U OPYrMe OYMCTHbIE COOPYXKEHMS MOTYT BbiTb MCTOYHMKOM 3arpsi3-
HEHWs1 NOA3EMHbIX BOA M NOYB Npu (hmunbTpaumm 3arpsi3HEHHbIX CTOYHbLIX BOA Yepes3 OCHOBa-
Hue n gamobi.

Bosgencteue cbpoca CTOUHbLIX BOA B NMOBEPXHOCTHbIE BOAHbLIE OOBHEKTLI MPOSIBNSAETCS
B M3MEHEHMM MMOPONOrMYECKOro M TeMNepaTypHOro pPeXXMMoM BOLOTOKA, XMMUYECKOro COo-
CTaBa, MOBbILEHUN MYTHOCTU U 3auUNMBaHUWN OHA, YTO HEraTMBHO CKa3blBaeTCA Ha BOLHOM
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OnopasHoobpa3nn, a Takke Ha BO3MOXHOCTSX MCMONb30BaHMA BOOHOroO oObekTa B X035W-
CTBEHHbIX N pEKPeaLMOHHbIX LEensX.

Ha Tepputopun opraHusyeTcsi cuctema X03sMCTBEHHO-NUTBLEBOIO U NPOU3BOACTBEH-
HOro BOAOCHAGXEHUSA, NICTOYHMKOM MOXeT ObiTb CBexas BoAa U3 MOBEPXHOCTHbLIX UK Noa-
3€MHbIX UCTOYHMKOB NGO ouumLieHHas Boda cuMcTeMbl 060pPOTHOro BogocHabXeHus npea-
NpUATUS.

BbleMka v norpyska ropHon macchl, Kak u 0ypoB3pbiBHble paboTbl, oTBanoobpasoBa-
HWe 1 Mp. cCoOnpoBOXOalTCA BblIOpocamu Mbinv, PacnpoCTPaHAKLWUMUCA Ha 3HAYUTENbHbIE
paccTtosiHus. B cocTaB Mblniv MOryT BXOAUTb COEANHEHUS TAXENbIX MeTannoB, KOTopble npu
onpefeneHHbIX KOHUEHTpauuMsiXx MOryT rybuTenbHO OeNCTBOBATb HAa >KUBbIE OpPraHu3mbl,
HeraTMBHO BO3AEWNCTBYS MPaKTMYECKM Ha BCE COCTaBMAKLIME IKOCUCTEMbI: aTMOCHEPHbIV
BO34yX, MOBEPXHOCTHbIE M MOA3EMHbIE BOAbl, MOYBEHHbIN NMOKPOB, PACTUTENbHbIA N XXMUBOT-
HbI MUp 1 Yyenoseka. Ocefatowian Ha NOBEPXHOCTb 3EMITM U BOAHbLIX OO BbEKTOB Mbiflb MOXET
Bbl3blBaTb UX 3arps3HeHne, Oka3blBaTb BO3AENCTBME HA pacTEHUS N YCrOBMS UX pocTa.

Ha artane akcnnyaTauuu ropHogoObiBaloWero npeanpusitus BO3MOXHbI BblIOPOCHI
crneayroLmnx BeLWecTs: Nbifv U PYAHUYHbIX ra30B — U3 FOPHbIX BbIPabOTOK, B COCTaB pyaHWNY-
HbIX ra3oB BXOOMT NPEUMYLLECTBEHHO METaH, C NPUMECHIO: OKCuaa yrnepoaa, cepoBogopo-
Aa, OMoKcMaa cepbl, TSHKenbIX YrneBoAopoa0B; OKCMAOB a3oTa, okcuaa yrnepoaa, anmokcunaa
cepbl, 6eH3(a)nnpeHa, 30Mbl, Ma3yTHOM 30Sbl, CaxwW, yrnesogopodoB (6eH3WH, KepOoCuH,
dopmanbgerua) — npy CKUraHMm TONfMBa B KOTESbHbIX U UHBIX TOMIMBOCKUraoLWMX yCcTa-
HOBKaX; MblfiM, OKCMAOB a30Ta, oKcuaa yrnepoaa — npw BeaeHnn 6ypoB3pbIBHbIX paboT; Bbl-
XNOMHbIX ras3oB (OKcuAabl a3oTa, OKCWA yrrepoaa, ANOKCUA cepbl, YrneBogopoAbl, caxa) U
NbIAY — NPWU KCMya-Taumm TEXHUKN.

BbI6pockl oKCnOoB cepbl U a30Ta MOryT Bbl3blBaTb 3aKUCEeHMe NoYB U BOAHbIX O6bek-
TOB, HAHOCUTb yLlepb pacTUTENBHOCTW.

lMpakTuyeckn BCe onepaumy aTana aJKcnnyaTauum CONpoBOXOAKTCA (HOUNYECKUMMN
hakTopammn BO3AENCTBUS (MCKYCCTBEHHOE OCBELLEHUe, LWyM, BUbpauus, anekTpoMarHTHoe
nanyyeHue). Hanbonee 3HauyMmoe BO3AENCTBME CBA3aAHO C BeeHMeM BypOB3pbIBHbLIX paboT
Npv OTKPbITON pa3paboTke MECTOPOXOEHNI.

B pesynbTtate 3arpssHeHust U (MNKM) U3MEHEHUS KOMMOHEHTOB OKpyXaloLlen cpenpbl
B npovuecce Jo0bI4M NOME3HbIX NCKOMaeMbIX MPOUCXOAUT yrHeTeHMe BUoLeHO30B Ha npune-
raloLmx TeppUTOPUAX; OKasblBaeTCa BO3LENCTBME HA COLMANbHO-9KOHOMUYECKME N pekpea-
LUMOHHbIE YCNOBUSA MNPOXUBAHUSA HaceneHus Ha OGnvanexailen Tepputopuun; U3MEHSIHOTCS
cpena obutaHua 4enoBeKka, COCTOSISHME KOMMOHEHTOB GuoreoueHo30B n GuopasHoobpasue,
YyCNoBus 3eMIenonb30BaHUSA; CHUXKAETCA CTOMMOCTb OOBLEKTOB HEABMXXMMOCTM U 3eMEesb
nT. a.

Mpouecchbl oboralleHns pyn conpoBoXaatoTcs BbIOpocaMu 3arpsisHAOLLNX BELLECTB,
obpa3oBaHMEM CTOYHbIX BOA, OTXOAOB M APYrMMM BO3LOENCTBUMSIMM Ha OKpYXKatoLLyto cpeay,
3aBUCALLMMM OT cocTaBa oborawaeMmoro MUHepanbHOro Cbipbsi, BbibpaHHOro metoga o6o-
rawieHus, NPUMEHSIEMbIX TEXHUYECKNX N TEXHOSNOMMYECKNX PELLEHWA.

Hanbonee 3Haynmoe HeraTMBHOE BO3OENCTBME HA KOMMOHEHTbI OKpYXatoLlen cpeapbl
OKa3bIBalOT onepaunm No pasMeLLeHno 0TX040BOOOraLleHms.

OTtxogbl oborauieHnst (XBoCTbl (LWnambl)) NpeacTaBnanT cobon menkodpakuMOHHbIN
mMaTepuar, B TOM Yncre coaepXalimi ocTaTkm NPUMEHSIEMbIX peareHToB, pasMeLlaemMbliin Ha
obbekTax pasmeLleHnss 0TXoA0B (0TBanax, XBOCTOXpaHUnmLLax (LunaMmoHakonuTensx)).
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Bosgenctene oT 06BbEKTOB pa3MeLLeHns O0TXo40B oboralleHus nposiBnaeTca B Buae
N3bATUA 3eMenb, TpaHCcOpMaL MM eCTECTBEHHbIX NaHAWadTOB, CTaTUYECKON Harpysku Ha
FPYHTbI, 3arpsi3HEHNN KOMMOHEHTOB OKpYXKatoLLien cpeapl.

3arpsisHeHns oKpyxatoLen cpeabl NPOosBAAITCA B Cryvasx: ounbTpauun 3arpsasHeH-
HbIX CTOYHbIX BOA Yepe3 OCHOBaHMS U AamMObl rMAPOTEXHUYECKMX COOPY>KEHUIN NPU HapyLle-
HUW LEeNOCTHOCTU UMW OTCYTCTBUMN U3ONUPYIOLLUX SKPAHOB; MbISIEHUS C MOBEPXHOCTU OObEK-
TOB pa3sMeLleHNsa 0TX040B; aBapUNHbIX NPOPbIBOB AamO, NynbnonpoBOAOB 1 Ap.

OTxoabl oboralwleHns 3a cyeT MeNKoPPakLMOHHOMO COCTOSAHUSA MOryT aKTUBHO BCTY-
naTte B XMMUYECKMe peakumm npu OocTyne BoAbl M Kucnopoga C¢ obpasoBaHMEM OnacHbIX
BELLECTB U COEAMHEHUMN, CMOCOBHBIX MUIPUPOBaTb B NOA3EMHbIE TOPU3OHTbI, 3arpsA3HATD,
B TOM YMCne 3aKUCMnATb, NOYBbl U BOAHbIE OOBLEKTLI. 3arpsa3HeHne KOMMOHEHTOB OKpY>Kato-
Len cpeapbl NPMBOAUT K YTHETEHMIO BOOHbBIX U NPUBPEXHbBIX BUOLIEHO30B, YXYALUEHNO Kaye-
CTBa BOAbl MICTOYHMKOB BOgOCHabXeHusu ap.

Ha xBocToxpaHunuiiax (LuiamoHaKonuTensix) BO3MOXHO pa3BUTUE OMacHbIX WHXe-
HEpPHO-reosIorM4eCcKnxX NPoLLECCOB M ABMEHUI, TaKUX Kak OnsibiBaHWe OTKOCOB Aamb, nosiere-
HWe 30H BblCaunMBaHWs BOA, oceaHue, NPOMOUHbLI 1 Ap.

ABapuiHble cUTyaumm MOryT MPUMBECTU K KaTacTpoUYECKUM NOCNEeACTBUSM B CBA3U
C 3aTonnieHnemM u norpebeHnem 3HauMTenbHbIX MMowagen eCTeCTBEHHbIX naHAawadToB,
paspyLleHNeM 30aHUIA N COOPYXEHUN, NHXEHEPHbIX KOMMYHUKALUUN, YHUYTOXEHMEM pacTu-
TEeNbHOro NOKpoBa, MbenNblo NAEN U XKUBOTHbLIX, 3HAYUTESNbHLIM 3arpsi3HEHMEM MNO4B, MO-
BEPXHOCTHbIX M NOA3EMHbIX BOAHbBIX OObEKTOB.

CocTaB 3arpA3HeHHbIX CTOYHbIX BOA npu oboralleHun nonesHblXx MCKonaemblX 3aBu-
CUT OT COCTaBa MMHEpParnbHOrO CbIpbs, MPUMEHSEMbIX peareHToB 1 ap.

3arpssHeHne BoAHbIX OOBLEKTOB HEraTMBHO CKasblBaeTCcs Ha BOAHOM GuopasHoobpa-
31K, a Takke Ha BO3MOXHOCTSIX MUCMOMb30BaHWUS BOAHOrO 06bekTa B XO3ANCTBEHHBIX U pe-
KpeauMOHHbIX LiensiX.

Mpouecchbl oboralieHns conpoBOXAalTCA 3Ha4YMTENbHbIM BogonoTpebneHvem. Uc-
TOYHWKOM BOOOCHAOXEHMSI MOTYT SIBMIATLCA OYULLEHHBbIE CTOYHbIE BOAbI CMCTEMbI 060POTHO-
ro BOAOCHabXxeHus npeanpusatis nmbo ceexasa BoAa M3 NOBEPXHOCTHBLIX NN NOA3EMHbIX UC-
TOYHUKOB.

Mpu oboraweHnmn pyabl Ha oboraTutTenbHbIX dabprkax OCHOBHbIMU 3arpA3HAOLLMMN
aTMOCMepHbIN BO3AYX UHIpeanEeHTaMU SBMSOTCS: Mblflb OT NPOLECCOB COPTUPOBKK, APO6-
NEHNs1, TPOXOYEHNST TOPHOW MaccChl U MPOAYKUUW, Y3NOB Neperpy3kn U norpysku/pasrpysku,
MECT CKIagMpOBaHNA U XpaHEHUsi TOPHOM MacChl U NPOAYKLUMMU, a TakkKe 0BXura, CyLLKN KOH-
LeHTpaTa nocne mMokporo oborauweHus. CoctaB nbinn 3aBUCUT OT BuAa oborawiaemoro no-
NEe3HOro UCKoNaemoro, a Takke XMMUYEeCKOro n Mopdonormyeckoro coctaBa ropHoOM Macchl;
oKcuabl a3oTa, OKCcupg yrnepoga, AMoKeug cepbl, 3ona, 6eHs(a)nMpeH — npu CKuraHum Ton-
nMBa B OTAENEHUsAX 0bXura n Ha ycTaHOBKax CYLUKW KOHLEHTpaTa; cneunduyeckme 3arpsas-
HAOLLME BellecTBa OT peareHTHbIX, rIOTALMOHHbIX OTAENEHUI, B 3aBUCUMOCTN OT TEXHONO-
rmn oboraLeHmsa n coctasa oborawiaemMoro nosIe3HoOro MCKoNaemoro.

Mpn BbINOMHEHUM NMKBUOALMOHHBLIX PaboT BO3MOXHO 3arpsi3HeHne aTmMoctepHOro
BO34dyxa TBepAbiMW (Mbiflb) N ra3o00pa3HbIMKU (BbIXJIONHbIE ra3bl) BellecTtBamn, obpasosa-
HWEe M pa3MeLleHne OTXOAO0B OT AeMOHTaXa 34aHWi U COOpYXeHun, obpasoBaHne 3arpss-
HEHHOro NMOBEPXHOCTHOrO CTOKa M cOpoca LaXxTHbIX BOA B BOAHble O0ObEeKTbl, hnsnyeckme
hakTopbl BO34ENCTBUS.
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OcHoBHble BUAblI paboT, OkasblBalOLWMe HeraTUBHOE BO3AEVWCTBME HA OKPYXKaloLLYH
cpeagy Npu pekynbTUBaUMM HapyLIEHHbIX 3eMeflb: NNaHUPOBOYHbIE paboTbl; arpoTexHuye-
ckue n oMToOMenMopaTMBHbIE MEPONPUATUS MO BOCCTAHOBMEHUIO NSIOAOPOAMS HapPYLLUEHHbIX
3eMernb; aKCcnnyataums TEXHUKM U obopyaoBaHus. [1pu BbINOMHEHWU PEKYNbTUBALMOHHbBIX
paboT BO3MOXHO 3arpsi3HeHne aTMoccepHOro Bo3ayxa TeepabiMu (Nbinb) U razoobpasHbiMu
(BbIXJIONHbIE rasbl) BelwecTBaMu, NepeynnoTHEHNEe U 3arpas3HeHrne opMUMpyemMoro nnoao-
POOHOrO CNos MOYBbl U FPYHTOB B pe3yrnbTaTe OBWKEHUA TEXHUKU. BHeceHne MuHepanbHbIX
N OpraHMyecknx yoobpeHun asnsetca pusnko-xmumMmyecknm gaktopom Bosgencrems. Cocrtas
n obbemM BHOCUMbIX YOOOpPEHW 3aBUCUT OT arpoOXMMMYECKUX CBOWCTB (hOpMUPYyEMOro
KOpHEOObMTaeMoro NOYBEHHOIO CNOS U BUOOB NMPUMEHSIEMbIX KyfbTyp. Takke BO3MOXHbIM
HeraTMBHbIM BO3L4ENCTBMEM Ha OKPY)XatoLLyt0 Cpeay Npy pekynbTuBaunm MoXeT ObiTb BHEA-
peHne MHBa3NOHHbIX BUAOB (Pnopbl U doayHbl.

OcHOBHble NpOTUBOpPEYNSa B Npoueccax Npon3BOACTBEHHOW OeATENbHOCTU U OTX040-
0bpa3oBaHNg ropHbIX NPeanpUATUN MOryT ObiTb paspeLleHbl NyTeM YTUn3aunumn TeXHOreHHo-
r0 U HEKOHAMLUMOHHOIO MUHEepasibHOro Cbipbs B LMKIE KOMMIIEKCHOrO OCBOEHUS MECTOPOX-
AEHUN LBETHbIX MEeTansmoB U NpUMEHEHUs cneumMep (CM. pucyHok 1.21): ocylleHne Ha Kapb-
epax M BOOOOTIMB U3 LUAXT, OYMCTKA LIAXTHbIX U KapbepHbIX BOA4 C WX MCMOMb30BaHWEM
B Npou3BoAcTBe; 060pOoTHOE BOAOCHAbXeHWe n pereHepauusi peareHToB Ha oboratuTerib-
HbIX (babpukax; cenekTMBHblIE TEXHOMNOMMN CKNagMpoBaHNa OTXO40B M XBOCTOB oboralleHus;
onTMMMU3aLms pasMeLLeHNsa NOPOAHbIX OTBANoB C pasMelleHMeM OTXOA4OB B FOpPHbIX Bblpa-
BOTKax; MOHUTOPUHI COCTOAHNA XBOCTOXPaHUMULL 1 Jamb.

Hanpaenerus ymunu3ayuu
HEeKOHOUYUOHHO20 MUHEPabHO2

ChLIPLS 8 UUKe KOMIMIeKCHO20
0C80EHUS PYOHbIX
MecmopoxoeHuu

PucyHok 1.21 — Mogenb yTunusaumm TeXHOreHHOro U HEKOHANLMOHHOIO
MWHepParnbHOro Cbipbs

Mogenb (cm. pucyHok 1.21) no3BonseT nepeBect oTxoqoobpasoBaHne U3 3aTpaTHOM
cdepbl B NpMObINbHYIO M NapannenbHO CHU3WUTb BCe BO3pacTrarliee HeraTMBHOE BO3Aew-
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CTBUE MPOM3BOLCTBA Ha OKpYXaloLLy cpefy, obecrneyns TeM cambiM NogaepxKaHme aKoso-
rM4YeCcKon YCTONYMBOCTU CUCTEMBI «NpUpoaa — NPOU3BOACTBOY.

PeanbHbiM notpebutenem oTxodoB MOXET ObiTb CTpoMTENbHAsA oTpacnb Kak Hanbo-
nee marepuanoemkasi. B mupe exerogHo [obbiBatoTCA COTHU MUMNIMOHOB TOHH HEPYAHOro
Cbipbsl ONA NPOU3BOACTBA CTpPOMUTENbHbIX MaTepuanos. Kak npasurno, Takoro poga cCblpbe
COAEPXNTCA B Kapbepax, YTO NPUBOAUT K BbIBEAEHWNIO U3 XO3ANCTBEHHOrO ob6opoTa B6osbLLMX
nnowagen seMernb N HapyLUEHWNIO CNOXMUBLLErocs aKonornyeckoro pasHosecus. O6bem npo-
N3BOANMBIX OTXOA0B COM3MEPUM C NOTPEBHOCTLIO NPOMBILLNIEHHOCTN CTPOUTENBHLIX MaTe-
puanoe B MUHepanbHOM cbipbe. OgHaKo B HacTosiwee BpeMs B Poccumn ncnonb3yetcsa He
6onee 8 % — 10 % oTxonoB.

BoBneueHne B XO3ANCTBEHHbIN OBOPOT TEXHOrEHHbIX MECTOPOXAEHUA NO3BONUT pe-
LWNTb HEKOTOPblE BaXHble NpobnemMbl MUHEepanbHO-CbiIPbEBOrO KOMMIEKCa CTpaHbl U yryy-
WNTb 9KOMOrMYecKyto cutyaumto. B yacTHOCTU, OHO oBecneynT COKpalleHWe pacxodoB Ha
MOUCKN U pas3BedKy HOBbIX MECTOPOXAEHWW, NOBbILLEHWE MPOU3BOAUTENBHOCTU Tpyda 3a
cyeT peHTabenbHOM NepepaboTkn yxe A0BbITOro Chipbsd, yryylleHne yCnoBumn Tpyaa, Tak Kak
TEXHOreHHble MECTOPOXOEHUSA PacnonoXeHbl Ha NOBEPXHOCTM 3eMnn B oTnn4dmne ot Bce 6o-
nee rnyboko3sanerawLmx 06bl4HbIX KOPEHHbLIX MECTOPOXAEHUA NONEe3HbIX UCKONaeMblX, Bbl-
ceoboxaeHne 3aHMMaeMbIX TEXHOreHHbIMW OTX04aMn 3eMefb U UX PeKynbTUBaALUMIO, JIUKBU-
Aauunio UICTOYHUKOB 3arpa3HEHNS OKpyKatoLLen cpeapl.

Bosgenctaune Ha okpyxatoLlyo cpeqy, ykazaHHoe B pasgernie 1.4, BO3MOXHO TOJSIbKO B
Cny4yae HeBbINOSTHEHWS NPMPOAONOSIb30oBaTENSAMN NPUPOLOOXPAHHBLIX MEPOMNPUATUN.

Paspen 2. OnucaHme TexXHONOrM4YeCcKUx NpoLeccoB Npu Aobbiye U
oboraweHun pya LUBeTHbIX MeTansoB

2.1 OTKpbIiTas fobblva pyA LBeTHbIX MeTannoB

2.1.1 O6wme nonoxeHus

B Poccun pygbl UBeTHbLIX MeTasnnoB 3aneraloT B OCHOBHOM Ha Ypane, B KpacHosp-
CkOM Kpae, 3abawnkanbe, BoctouHon Cunbupn n Ha danbHem BocTtoke. PaspaboTka mecTo-
POXAEHUA LBETHbIX MeTanfioB — 3TO COBOKYMNMHOCTb B3aUMOCBSA3aHHbIX TEXHOSTOrMYeCcKuUx
NpoLeccoB, OCYLLECTBASIEMbIX B Npeaenax OTBeAeHHOro And 3TUX Lenen yyacTka.

B 3aBMCMMOCTK OT yCrnoBun 3aneraHus pygHbIX MECTOPOXAEHUA U MOLLHOCTU 3are-
Xen paspaboTka OCyLLeCTBNAETCA OTKPbITbIM, NOA3EMHbIM MM KOMOMHMPOBAHHLIM OTKPbI-
TonoasemMHbiM cnocobamu [11]. Mo oTaenbHbIM Buaam pya UCNOMb3YTCA CKBAXKUHHBLIE TEX-
HOMnornn.

OTtkpbiTas paspaboTka npumeHsieTca [12]-[14], ecnn pygHoe MecTopoXaeHue 3ane-
raeT Hernyboko. NogsemHbin cnocob npumeHsieTcs [15]-[22] B cnydae 3aneraHunsa pyg Ha
3HauyuTenbHon rnybuHe. CKBaXXMHHbIE TEXHOMOMMU UCNONb3YTCA NS pyA, CNOCOBHbIX ne-
pexoanTb B XXUOKOE Unu rasoobpasHoe COCTOsiHME B pesynbTaTe crneumanbHOro Bo3aen-
cteusa [23].

BonblnHCTBO KpynHbIX npeanpuatun Cubupu n JanbHero Boctoka BegyT 00O0bIYy
pya Ha rnybuHax cebiwe 500 M, Ha MecTopoXaeHNAX HopnnbCKOro NPOMBbILLIIEHHOTO panoHa
oTpaboTka 3anacoB Begetcda Ha rnybuHe go 1,5 km, NopHon Wopun — B cpegHem Ha rny-
6uHe 900 m. B KaHage oobbivy pya, cogepawmx 30510To, Meab, HUKENb, BeAyT Ha rnybuHax
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1800-2600 m; B CLUA n3BneyeHme meam n 3onota — Ha rnyduHax ot 1700 go 3000 m; B UH-
Ann 30M10TO m3snekawT ¢ rmybuHsl B 3500 m; B KOxHO-AdpukaHckon Pecnybnuke paboThbl
BeayTca Ha rnybuHe 6onee 4000 m.

MpenmylecTBa OTKpbITOro cnocoba fobbiun:

- YPOBEHb KOMMSIEKCHON MeXaHu3aumm 1 aBTomaTudauumn ropHolx pabot obecneumBa-
eT 6onbLUy MPOM3BOAUTENBHOCTL TpyAa U MeHbLUMe 3aTpaTbl Ha 400bl4y NONE3HOro UCKO-
naemoro;

- bonee 6e3onacHble N KOMPOPTHLIE YCIOBUSA TPyAa;

- bonee nonHoe nsBneYyeHne NONe3HoOro NCKONaemoro;

- MEHbLUMe yaenbHble KanuTanbHble 3aTpaTbl HA CTPOUTENBLCTBO.

HepocTaTkm oTKpbITOro cnocoba:

- He06XOAMMOCTb BbIEMKM 3HAYUTESBbHO NPEBbILIAOLWMX 06BbeM pyabl BCKPbILHbLIX MO-
pof, 3aTpaTtbl HA YTO COCTaBNAOT OCHOBHYIO YacTb 00LWMX 3aTpar;

- He06XOOMMOCTb U3BATUSA U3 NONb30BAHUSA 3HAYUTENbHbIX NoWaaen 3eMnu 1 name-
HeHue naHgwagTa;

- UI3BMEHeHMe rmaponorM4eckon cutyauumn B panoHe AobblYHbIX paboT.

Mpn noasemHom cnocobe paspaboTkm 06bLEMBbI NepeMellaemMbiX MyCTbiX Nopoa Mo
CPaBHEHWNIO C OTKPbITbIM CNOCOHBOM He3HauYnTENbHbI U TPEOYIOT MEHbLUMX NNoLwaaen anga mux
pasmeLlleHns. ObecnevnBaeTcsi COXPAHHOCTb 3€MHOM MOBEPXHOCTH.

MpenmyLlecTBa CKBaXXMHHbBIX TEXHOSOMMIN 3aKIYaloTCA B BO3MOXHOCTM BCKPbITUSA 3a-
nacoB pya anga 6e3ntogHon oTpaboTKM B KOPOTKOE BPEMSA NPU CPaBHUTENBbHO HEGONbLUMX 3a-
TpaTax U MUHUMAnNbHOM puUCKe B NIOOLIX FOpHO-reoriormyecknx ycrnosusax. K HegoctaTkam
MOXXHO OTHECTU OrPaHNYEHHOCTb NMPUMEHEHUS pya CO creumduyecknMmn ycnosmusMn opyae-
HEHWS U BCKPbITUSA (Hanpumep, pacTBOPUMbIX CONen, Meau, 30M0Ta, ypaHa).

KoMbuHMpoBaHHbLIM cnocobom paspabaTbiBaoT MOLLHbIE KpyTonagalowme MeCTOPOX-
AEHWS C BbIXOAOM Ha 3€MHYH0 NOBEPXHOCTb.

FopHoao6bIBalOWaa OeATeNbHOCTb NPeanpusaTUa npekpallaeTcs nocne oTpaboTku
BGanaHcoBbIX 3anacoB. Pa3sutne ropHogobbiBatoLen npombiwneHHocTn Poccun, obycnos-
NEHHOE PbIHOYHOW KOHBLIOHKTYPOW Cnpoca Ha MUHEpParibHO-CbiPbEBbIE PECYPCHI N yXKeCcToude-
HMem TpeboBaHUM K pauMoHaribHOMYy NPUPOAONONb30BaHMIO Npu Oob6blibe n nepepaboTke
NONe3HbIX UCKOMaeMbIX, OCYLLECTBNAETCA Ha OCHOBE MCMNOSMb30BaHWUS NepeaoBbiX TEXHOMO-
M, ONTMMM3aLMM NPOM3BOACTBA U NPUPOCTa 3anacos.

OTkpbiTas paspaboTka MECTOPOXAEHUSA BKNOYaEeT B cebdA: NoaroToBKy NOBEPXHOCTY,
OCYyLLEHMNE MECTOPOXAEHUS, TOPHO-KanuTanbHble paboTbl NO BCKPbITUIO M NOATOTOBKE K [O-
Oblve, B TOM 4YUCne BCKPbITUE NyTEM yAaneHust BMELarLWwmnX pyay nycTbix nopoa v Aobbiy-
Hble paboTbl (CM. pUCYHOK 2.1).
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PucyHok 2.1 — OTkpbiTas paspaboTka MeCcTopoXxaeHus

OTKpbITbIM cnocobom Ao6bIBalOT MeTanmnbl U3 MECTOPOXAEHUN: antoMUHUN Bexato-
BopbikBuHckoe (Pecnybnunka Komun), meab YaokaHckoro (3abankanbCkuin kpan), Hukenb by-
pykTanbckoro (OpeHbyprckas obnacTtb), cBuHel, [opeBckoro (KpacHospckuin kpawn), LMHK
Komcomornbckoro (OpeHbyprckas obnacte), onoso OguHokoe (Pecnybnuka Caxa (Akytus)),
Bonbgpam JlepmoHToBCKoro (Mpumopckun kpawn), monnbdaeH Copckoro (Pecnybnuka Xaka-
cus), TuTaH Aperckoro (Pecnybnvka Komu) n ap.

OcCHOBHbIE NMPOLECChl OTKPbITbIX FOPHbIX PaboT: CHATUE NOYBLI, BCKPbITUE PYAHOIO Te-
na, otaeneHve pyabl OT MaccuBa, TPaHCNOPTMPOBKA, NepBUYHAsi NOArOTOBKA, CKnagvpoBa-
HWe NopPoA N HEKOHAMLMOHHOIO ChIPbS.

2.1.2 CHATHE M CKNagupoBaHMe NoYBbl

PaspabartbiBatoime OTKPbITbIM CNOCOOOM MECTOPOXAEHUS pyd LBETHbIX METansnoB
npeanpuaTus 06s13aHbl CHUMAaTL NSIOAOPOAHbIN CNOW NOYBbLI M MUCNOMb30BaTb €ro Ans ynyu-
LIEeHMA 3emenbHbIX yroanin. CHATUME NNnogopogHoro criosi noysbl Oynbao3epom OCyLLEeCcTBS-
eTcq npupeskamm ¢ cCo3gaHnemM BpeMeHHoro wrabens.

lMoyBa rpy3anTCcs aKCcKkaBaTopamMu UM NOrpy3vyMkaMm 1 BbIBO3UTCSH BO BPEMEHHbINA OT-
Ban Unu K MecTy ucnonb3oBaHu4. Npu CHATUM NOYBbI C APEBECHON N KYCTapHUKOBOW pacTu-
TENbHOCTBLIO OCYLLECTBNSAETCA npeaBaputenbHas ybopka ApeBecuHbl U ocBObOXaeHMEe OT
NMHEN N KOPHEN.

lMoyBa B oTBanax coxpaHsieT cBou cBoncTBa B TeyeHne 20 neTt. [log oTBasnbl NoYB OT-
BOOATCS Y4aCTKN C UCKIIOYEHNEM MOATOMNMEHUS, 3aCONeHNs Unn 3arpsa3HeHns nNpoMbILLNeH-
HbIMM OTXO4aMW U CTPOUTESbHBIM MYCOPOM.

2.1.3 BckpbiTHe
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BckpbiTve npeacraBnset cobon komnnekc obecneveHms JocTyna K pyge nytem npo-
N3BOACTBA FOPHO-KanuTarnbHbIX N TEKYLLMX paboT.

"opHO-KanuTanbHble paboTbl obecnevmBaloT AOCTYN K MNOME3HOMY MCKOMaemomy ny-
TEM NPOXOLKWN XeNe3HOAOPOXKHbIX NN aBTOMOOMUIBbHbIX TPaHLWeEN. Tekylime BCKpbILWHbIE pa-
60Tbl Kapbepa obecneumBaloT 06bEM 4OOLIYM pyabl HA 3anaHUPOBAaHHOM YPOBHE.

MokpbiBaoLMe nopoabl NoapasfenstoT Ha pbixnble U ckanbHble. K pbIXnbiM OTHOCAT
nopoabl, BblEMKa KOTOPbIX BO3MOXHa 6e3 pbixrieHns 6ypoB3pbIBHbIM CNOCOOBOM C UCMOMb30-
BaHMEM 3KCKaBaToOpOB W AparnavHoB. POTOpHble 3KCKaBaTOpbl HEMpepbiBHOrO AencTBUA
paspyLiaT Nnopoay ¢ NOMOLLBI paboynx 3reMeHTOB POTOPHOrO Kofeca n TpaHCNopTUpPYoT
ee B OTBasibl Unn cknagpl.

Mpu paspaboTke pbIXSbIX NOPOA Nopody OTAENST OT MaccuBa, TPAHCMOPTUPYIOT U
yKnaabiBatoT B OTBan Npu NOMOLM BOAbI MO Hanopom.

Mopoabl pbIXNON BCKpbIWWM pa3pabaTbiBaloT AparnanHaMmy UM 9KCcKaBaTopaMu.
CkanbHble NoOpoAbl OTNMYATCA TEM, YTO ANS UX 3KCKaBauuu TpebyeTcs npenBaputenibHoe
pbixneHne 6ypoB3pbIBHBIM CNOCOBOM. Ha kapbepax MpUMEHSIIOT rmapaBnnyeckme dKCKkaBa-
TOpPbI M 9KCKaBaTOpPbl TUMa MexaHn4eckasa fionaTa. B npouecce BCKpbITUA NOKpbIBatoLLMe MNo-
po4bl CHAMAIOT U CKNagupyroT B oTBarbl, obecneunsasn 4OCTYN K pyAe (CM. PUCYHOK 2.2).

PucyHok 2.2 — BcKpbITe MecTopoXaeHus
2.1.4 Cuctembl pa3paboTku

MapameTpamu Kapbepa OTKPbITON O00bIYM SABNAOTCA 0ObEM FOPHOM Macchl,
KOHe4YHas rnybuHa, pa3Mmepbl Mo NogoLwBe, Yribl OTKOCOB BOPTOB, 3anackl NOSIE3HOr0 UCKO-
naemMoro, 06bemM BCKpbILLX 1 NOIE3HOr0 MCKOMAeMOro, BbICOTbI YCTYMNOB, pa3Mepbl Ha YPOBHE
AHEBHOW NOBEPXHOCTU. YTIbl OTKOCOB 60OPTOB Kapbepa onpeaenstoTca KOHCTPYKUmnen 6optos

1 YCNOBMSIMM YCTOWYMBOIO paBHOBECKS CraratoLyx ero rnopog.
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"OpHO-KanuTanbHble paboTbl BKOYAOT B ceba NPOXOAKY KanuTanbHbIX U pas3pesHblX
TpaHLwen. BekpbITe MeCcTopoXaeHNA OCYLLEeCTBNAT Yalle BCero ¢ NOMOLLbI KanuTanbHOW
TpaHLLEeMW.

Cunctema pa3paboTku Ha3bIBaETCs CMMOLHOW, €CNN rOPHO-NOAroTOBUTENbHbIE pabo-
Tbl OTCYTCTBYIOT. [Mpn TpaHCNOPTHOM cucTeme pa3paboTkn BCKPbIWHBLIX paboT nopona nepe-
MELLaeTCsa CHavana BO BHELUHMIK OTBar, a No Mepe pa3BUTUS FOPHbIX paboT — BO BHYTPEH-
HWUK oTBar.

Bckpbiwa oTpabaTbiBaeTcsl yCTynamu, BbiCOTa KOTOPbIX B cnabbix nopogax He A0SxK-
Ha npeBbilaTb MakCMMarnbHYH BbICOTY YepnaHus aKCKaBaTopa, a Kpernkux nopogax — 06o-
nee yem B 1,5 pasa.

[MoaroTtoBka ropHbIX NOpon K BbleMke npou3BoauTcs OypoB3pbiBHBIM Cnocobom C
ApobneHnem A0 3agaHHOWM KpYMnHOCTU. HyxHas KpynHOCTb nopon obecneymBaeTca nyTem
paccpeaoTOMeHUs 3apsiaoB B CKBaxmHax bonblioro anameTpa. [pu HeobxoanmmocTu nony-
YeHUs1 NopoaHbIX BroKOB BoNbLUMX pa3MepoB HebomnbLIMe 3apsiabl pasmMeLwiatoT Ha Hebonb-
LLIOM pacCTOsiHMM APYr OT Apyra B CKBaXXMHAX Manoro gnameTtpa.

BbleMka ropHon Maccbhbl OCYLLECTBMSIETCA 4Yalle BCEro TOpLOBbIM 3ab0eM, KOTOPbIN
obecneunBaeT MakcMMarbHYK NPOM3BOAUTENBHOCTL 3KCKaBaTopa 3a cyeT ygobHoro B3awu-
MOAENCTBUS C aBTOTPAHCNOPTOM.

KapbepHbI TpaHCNOPT SABSETCA CBA3YOLNM 3BEHOM CUCTEMbI pa3paboTku. 3aTparthl
Ha Hero cocTaBnsatoT He MeHee 50 % oT obwmnx 3aTpaTt Ha AoObIYy.

Mpy UMKNUYHOM TpaHcnopTe MOorpy3ka, ABWXEHUE C IPpy3oM, pasrpy3ka n OABuKeHue
6e3 rpysa ocyLecTBAATCA nocrneagoBaTenbHO, a NPy TpaHCNopTe HENPEPLIBHOMO AENCTBUS
3T onepaumm COBMELLATCS.

OTanomMm Npoun3BOACTBA BCKPbILWHbLIX paboT saBnseTca obpasoBaHue oTBanoB. BeuicoTa
OTBanbHOro ycrtyna 3aBuMCUT OT PUINKO-TEXHUYECKMX CBOWMCTB CKNagMpyeMbiX Nopoa, a Ko-
NNYECTBO YCTYMOB OonpeaenseTcs 0TBOANMON Nnowanbio n o6bemom nopoa. B 3aBucmmoctun
OT MeCTa pacrnofioXeHWs1 OTBana rno OTHOLUEHUIO K KOHEYHOMY KOHTYPY Kapbepa pasfnuyatroT
BHYTPEHHME 1 BHELLHME OTBarbl. BHewWwHWe oTBanbl pacnonaratotca 6nmxe K kapbepy, YTobbl
YMEHbLNTb 3aTpaThl HA NepeMeLLeHne BCKPbILLN.

Yron oTkoca OTBasibHbIX YCTYNOB OObIMHO paBeH yriy eCTeCTBEHHOro OTkoca nopoA
oTBana u 3aBUCUT OT PM3NKO-TEXHNYECKNX CBOWCTB NOPOA, X Pa3pbiXNEHNs U BIIAaXXHOCTMW.

®poHTOM OTBasnbHbIX PabOT Ha3biBalOT YacCTb yyacTka MNpMemMa M pasMeLLeHus
BCKPbILWHbIX nopog. [Npouecc oTBanoobpas3oBaHus BKAOYAET BO3BEAEHWE HacbINewn, pas-
rPy3Ky W CKNagumpoBaHWE BCKPbILWHbLIX NOPOoA, NSIaHMPOBKY MOBEPXHOCTU M obopynoBaHue
TPaAHCMOPTHBIX KOMMYHMKaLWA.

BeepHoe chopmupoBaHme 0TBanoB ocyllecTensieTca 6ynbgo3epamu no TpaHCNOPTHON
cxeme. Mo onuHe yyacTka ycTpauBaeTcs npegoxpaHutenbHas 6epma LUMPUHOWM HE MeHee
5 M. 3a npusmon obpyweHna no gnvHe poHTa paboT ycTpamBaeTcs NopoAaHasa OTChIMNKa
BblCOTOW He MeHee 0,5 AnameTpa koneca npMMeHsemMoro asTocamocsarna.

Pocceinu gobbiBaoT gparamu 1 rugpasnuyeckmum cnocobom. [lobbiva gparammn ocy-
LLeCTBNAETCA Npu COOTBETCTBUM NapameTpoB gparn rnybuHe 3aneraHns pyd, BO3MOXHO-
CTAIM BOA4HOro 6accenHa n KpynHOCTU pya.

Mpop. E. ®. Lewko B OCHOBY Knaccugukauum cMCTeM OTKPbITOMN pa3paboTkm NpuHAn
HanpasfieHMe nepemeLleHns BCKPbILIHbIX NOpPoA 13 3aboeB B oTBanbl (CM. Tabnuuy 2.1).
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Tabnuya 2.1 — Knaccudukauyusa cuctem paspabotkum no E. ®. Lewko

Knacc Npynna XapakTepHble npu3Haku
A. lMNpocTas OKcKaBaToOpbl BbIMOMHAKT BCe onepa-
|. BecTpaHcnopTHble 5. C KpaTHON nepesankoi Lumm n? paspaboTke: BblEMKY, NepeBarnky
NyCTON Nopoabl BO BHYTPEHHWE OTBarnbl
A. C npuMeHeHneM KOH- | BbleMo4Ho-norpy3oyHble paboTbl npo-
COMbHbIX OTBanoobpaso-|nM3BOAATCA MHOroYepnakoBbIMU 3KCKa-
Bateneun BaTopamu; yganeHue nyctbiXx nopon BO
Il. TpaHcnopTHo- | B. C npumMeHeHneM | BHYTPEHHMEe OTBanbl — KOHCOJSIbHbIMU
oTBarbHble TPaHCMNOPTHO-0TBAarbHbIX |OTBanoobpasoBaTensMu, WNU  TpaHc-
MOCTOB NMOPTHO-OTBasfIbHbIMM MOCTamMu, unu bGa-
B. C npumeHeHnem 6a- |LLIEHHbIMM SKCKaBaTopamm
LLIEHHbIX 9KCKaBaToOpPOB
Cuctembl C nepesarnkon MycTbiX Nopopg
Kabernb-kpaHamu, GalleHHbIMM 3KCKaBa-
I1l. CneymanbHbie TOopaMn UNU C yaarneHunem nopon cpen-

cTBaMM rMapoMexaHusaumm Unu Konec-
HbIMW CKpenepamu

IV. TpaHcnopTHbIe

A. C nepeBo3skon nopopnbl
BO BHYTPEHHUE OTBasnbl

B6. C nepeBo3kon nopopfbl
Ha BHeLLHWe oTBasnbl

B. C nepesoskon nopoabl
Ha BHELWHWe U BO BHYT-
pPeHHWe oTBasnbl

Bce norpysouyHble paGoTbl Npou3BoasAT-
CSl 9KCKaBaTopaMu, a TPaHCrNopTMPOBa-
HMe — JIOKOMOTUBAMW WU CPEeACTBaMU
6e3penbCoBOro TpaHcrnopTa BO BHELL-
HVEe UM BO BHYTPEHHNE oTBarbl

V.
Hble

KombuHupoBaH-

A. C coyetaHuem | un Il

KItaccoB

Tonuly BCKPbIWHBLIX Mopod AensaT no
BepTMKanu Ha ABe 30Hbl. BepxHioo pas-
pabaTbiBalOT 3KCkaBaTopaMu C MOrpys-
KOW nopoAbl B AymMKapbl MNKM aBTOMa-
lUMHBI, C TPaHCMOPTUPOBAHWEM Ha
BHelLUHMe oTBanbl. [lopoabl HUXKHEN 30-
Hbl MepeBanuBaloT HEmNnocpeaCcTBEHHO B
OoTBan BCKPbILUHBbIMK 3KCKaBaTopamu,
TPaHCMNOPTHO-0TBaNbHbLIMY MoCTamu
WUNN KOHCOINbHBLIMKM OTBanoobpasoBaTe-
namm

Akagemuk H.B. MenbHUKOB knaccucuumpoBan CUCTEMbI OTKPbITON pas3paboTkn me-
CTOPOXAEHWI Mo crnocoby NPON3BOACTBA BCKPbLILWHbLIX paboT (cM. Tabnuuy 2.2).
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Tabnuuya 2.2 — Knaccudukaumsa cuctem paspabotkm no H. B. MenbHukoBy

Cuctema
0OTKMU

paspa-

OCHOBHblE  XapaKTEPUCTUKN
cucTeMbl pa3paboTku

YcrnoBus npuMeHeHns

XapaktepHoe 3aboinHoe
U TpaHcnopTHoe o060-
pyaoBaHue

BectpaHcnopT-
Haa: ©e3 ne-
peakckaBaunm
WM C nepeskc-
KaBauuen nopon
Ha oTBanax

BckpblliHbIE nopoabl ne-
peMelalT BO BHYTPEH-
HMe oTBanbl Henocpea-
CTBEHHO 93KcKaBaTopamu;
BO3MOXHa NepeakckaBa-
LMsi nopod Ha oTBanax

Mnactbl ropu30H-
TanbHble WX Nono-
rme. VIX MOLLHOCTb U
MOLLHOCTb  MOKpbIBa-
OLLMX Mopoa OorpaHu-
YyeHa. HaknoHHble u
KpyTble nnacTtbl npwu
MSATKUX  BMeLLatoLLnX
nopogax u rnybuHe
Kapbepa, Mno3BOMso-
Len npou3BoauTb
OBOVIHYIO N TPOWHYHO
nepeakckaBaLuio Mo-
pof aKCcKkaBaTopamm

OKckaBaTopbI-
mexnonaTtbl W Aapar-
narHbl ¢ GonbwnMK
pabounmn napameT-
pamu; obopyaoBaHune
Ana  TpaHCnopTUpo-
BaHUSA BCKpbIWWN OT-
CyTCTBYET

OKckaBaTop-
Kapbep

BekpblwHble M 00ObIYHBIE
paboThl npoun3BoaaTcs
OLHUM 3KCKaBaToOpPOM-
AparnanHom nonepemMeH-
Ho. Bckpblwa nepeanu-
BaeTca B BblpaboTaHHOe
NPOCTPaHCTBO, NOnesHoe
nckonaemoe rpysumTcs B
nepeaBmkHON OyHkep,
yCTaHaBnMBaeMbln Ha no-
BepxHoCTU. W3 OyHkepa
nonesHoe nckonaemoe
nocTynaeT Ha KOHBeNepbl,
B aBTOTPAHCMOPT MM B
cpencTtBa /g TpaHcnopTa

MnacTol rOpM30H-
TanbHblE WKW MNono-
rme OorpaHnyeHHom
mMowHocTn (oo 20—
25 M); NokpbiBatoLme
nopoadbl MOLLHOCTbIO
ao 25-30 m

OKckaBaTop-
aparnaui,
OBWKHOWN
nuTaTenem

nepe-
OyHkep C

TpaHcnopTHO-
oTBasnbHas

BckpbliwHbIEe nopogbl ne-
pemMellaloT BO BHYTpPeH-
HWe oTBanbl NpYM MOMOLLM
nepeaBuXHbIX TpaHCNopT-
HO-OTBaslbHbIX YCTaHOBOK
(TpaHCNOPTHO-OTBAMNbHbIX
MOCTOB unu oTtBanoobpa-
3oBarenen)

Mnactbl ropu30H-
TanbHble WX Mono-
rme; pbixnble, MsArkue
NOKpbIBAKOLLME MOPO-

Abl

MHorokoBLLOBbIE
uernHole UM poTop-
Hble 9KCKaBaTopbl W

mMexnonaTbl.
TpaHCcnopTHO-
OTBalnbHblIE MOCTbl U
nepeaBmxHble  KOH-
COfMnbHblEe  OTBaNooo6-
pasoBaTtenu
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OkoHyaHue mabnuusl 2.2

Cuctema
0OTKM

paspa-

OCHOBHblE  XapaKTEPUCTUKN
cucTemMbl paspaboTku

YcrnoBus npuMeHeHns

XapaktepHoe 3aboinHoe
U TpaHcnopTHoe o060-
pyaoBaHue

CneumanbHas

BcekpbiwHble nopoapl yaa-
naT GalweHHbIMU  JKCKa-
BaTopamu, KOMNeCHbIMK
ckpenepamu, rmgpomexa-
HU3NPOBaAHHbLIM CNOCOGOM
unu kabenb-kpaHamm

MnacTol rOpM30H-
TanbHble WAM NOJo-
rme; Msrkme, pbixrble
MOKpbIBAOLLME MOPO-
Aabl. MNpy npumeHeHun
kabernb-kpaHoB —

KpyTble nnactbl B
Kpenkux nopogax

balweHHble 9KcKkaBa-
TOpbI, KOnecHble
cKkpenepesl, TpaHc-
noptHoe obopyaoBa-
HWe OTCYTCTBYET;
rMOPOMOHUTOPBI n
3eMrnecocHble  ycTa-
HOBKM, Kabenb-KpaHbl

TpaHcnopTHas

BcKpbllwHble nopoasbl
cpeAcTtBamMn  KOMECHOro
TpaHcrnopTa nepemeLlarT

Jlobass dopma me-
CTOPOXAEHNA W nio-
6as kpenocTb Nnopoa

OKckaBaTopbl; penb-
COBblA UM aBTOMO-
OUNbHBLIN TpaHCNopPT

BO

nnn

BHYTPEHHMNE
BHELLUHWE OTBalslbl

KombuHupoBaH-
Has

BcKpbllwHble nopoabl
BEPXHUX YCTYMNoB cpefa-
cTBaMu TpaHcnopTa Bbl-
BO3AT BO BHELWIHME Un
BHYTpEHHME oTBanbl; no-
poAbl HMXHUX YCTYNOB ne-
pemMellaloT BO BHYTpPeH-
HMe oTBanbl 9KCKaBaTo-
pamuM unM TPaHCMNOPTHO-
OoTBanbHbIMW  YCTaHOBKa-
MW; BO3MOXHbI apyrue co-
yeTaHusl CUCTEM

MnacTol rOpM30H-
TanbHble WAW NOJIo-
rme OorpaHnyeHHoOmn
MOLLHOCTW;  TMOKpPbI-
BaroLLne nopoabl
MSArkue, pbiXnble Wnm
He Bblle cpegHen
KpenocTu

OKckaBaTopbl ans
BEPXHUX YCTYMOB MU
9KCKaBaTopbl C yanu-
HEHHbIMM  pabounmm
napameTpamn  ans
HVKHUX YCTYNOB;
penbCoBbIM UNK  aB-
TOMOOWNbHBLIA TPaHC-
NOpPT, TPaHCMOPTHO-
OoTBamnbHble YCTaHOB-
KM

B knaccudmkauum B. B. P)xeBCKOro rnasHbIM NPU3HAKOM MPUHATO HanpasfieHue Bbl-
€MKM B npegenax Bcen paboyen 30HbI kapbepa (cMm. Tabnuuy 2.3).

Tabnuya 2.3 — Knaccudukaumsa cuctem paspabotkm no B. B. PxxeBckomy

::D,GKC reyn- pynna cuctem Moarpynna Cuctema paspaboTku
OpHobopTosas (COO)
Asyx6opTosBasa (COA)
MpogonebHbie (CH) OpHobopTtoBas (CI0O)
MonepeyHbie (CIT) Asyx6opTtosas (ClA)
C Crnowrele BeepHble (CB) LlenTpanbHas (CBL)
Konsbuesble (CK) PaccpepotoyeHHas (CBP)
LleHnTpanbHas (CKL)
Mepudepunnas (CKIT)
Yy Yrny6oyHble MpoponbHblie (YI) OpHobopTosas (YOO)
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WHpeke rpyn-

'pynna cuctem

Moarpynna

Cuctema paspaboTtku

Mnbl
lMonepeyHbie (Y1) Aeyx6opTtosas (YAO)
BeepHble (YB) OpHobopTosas (YI0)
Konbuesblie (YK) [Byx6opToBas (YI[)
PaccpenotoyeHHas (YBP)
LlenTpanbHas (YKL)
YyC CmewaHHble  (yrny-|To xe, B pa3fiMyHbIX COMETaHUSAX

B6OYHO-CNIOLUHbIE)

Knaccudpumkaums cnctem paspabotkm no K. H. Tpybeukomy npmeeneHa B Tabnuue 2.4.

Tabnuuya 2.4 — Knaccudukaumsa cuctem paspabotkm no K. H. Tpybeukomy

NHpekc NHpekc
NHpekc
- pynna cuctem noa- Moarpynna cucte- | Cuncrtema paspaboTkm
rpynnbl Mbl
CnnowHas  npofonbHas
cao
ch CnnowHsble npo- ogHobopToBas
AOnNbHbIE can CnnowHas  npofonbHas
AByxbopToBas
CnnowHas  nonepedHas
Cro
o CnnowHble  no- opHobopToBas
CnnowHsble (c nepeyHble cna CnnowHas  nonepedHas
C MOCTOSAHHbLIM MO- AByxbopTtoBas
noxeHnem  pa- CBL CnnowHasn BeepHasa LEH-
BGoyen 30HbI) CB CnnowHble Be- TpanbHasa
epHble CBP CnnowHas BeepHasa pac-
cpenoToYeHHasd
CKL| CnnowHasa KonbueBas
CK CnnolHble LeHTpanbHas
KOmnbLeBble CKI CnnowHas KonbLeBas
nepudepumnHas
VIO YrnyboyHasa npogonbHas
VI YrnyBouyHble opnHobopToBas
npoaorbHbIe v YrnyboyHaa npogonbHas
AByxbopTtoBas
YrnyboyHble (C Nale) YrnyboyHaa nonepeyHas
y nepemMeHHbIM VI YrnybGoyHble Mo- oAHobopTOBas
NONOXeHnem nepeyHble Vit YrnyboyHasa nonepeyHas
paboyer 30HbI) AByxbopTtoBas
VB YrnyboyHble Be- VBP YrnybouyHas BeepHasi
epHble paccpeaoToYeHHas
VK YrnyBoyHble od YrnyboyHas KonbLeBas
KOnbLEeBble
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NHoekc MHpekc

MHpekc
rovnne || PYna cuctem - nop- Moarpynna cucte- | Cuctema pa3paboTku
by rpynnbl Mbl

CmeakHble Te xe B pasnuy
yC (yrny6o4Ho- - P

HbIX COYEeTaHUsIX
CMNIIOLLUHbIE)

2.1.5 bypoB3pbIBHble paboTbl

BypoB3pbiBHbIE paboTbl MMEIOT LieNblo NOArOTOBKY CKarlbHOr0O MaccuBa K 3KCKaBaLUW.
PacueT napameTpoB B3pbiBaHUSI 6a3npyeTcs Ha 3aBUCUMOCTM pa3pyLLeHHOro o6bema nopo-
Abl OT Maccbl 3apsifa B3pbiBYaToro BewlecTBa. CBOMCTBa MaccuMBa Y4YUTbIBAKOTCA Yepes
yOenbHbI  pacxof B3pblBY4aTOro BeLLecTBa, BENMYMHA KOTOPOro pernameHTUpyeTcs.
B 6onblunHCcTBE cry4aeB GypoOB3pbIBHOE PbIXMEHWE MaccMBa OCHOBAHO Ha PacnofioXeHuUm
B3pbIBYATOro BELLECTBA B CKBaXMHax, NPobypeHHbIX 6YPOBLIMU CTaHKaMMU.

BypoBble paboTbl coBMELLAOTCA C APYrMMU npoLieccammn (CM. pUCYHOK 2.3).

PucyHok 2.3 — CoBmelleHune paboT Ha ycTyne

BypeHune ckBaxkvH npon3BoauTcs OypoBbIMM CTaHKaMW LLAPOLLEYHOro TMna unu ygap-
HO-LLapOoLLEeYHOro 6ypeHuns. [lnameTp B3pbIBHbIX CKBaXXWMH 3aBMCUT OT KaTteropum 6ypMmocTtu
noponbl, PaccTosHMA Mexay ckBakmHamu, csonctB BB u gp. CkBaxuH OypAT Ha onpene-
NEHHOM pacCTOSIHUKW ApYr OT Apyra B 3aBUCUMOCTU OT TUNa nopoA, AMameTpa CKBaXuH, Npu-
MeHsiemoro BB.

OT16oMKa CKBaXXKMHHbIMW 3apsgaMmn 3akntovaeTca B pas3melwieHnn BB B ckBaXkuHax ¢
3anofIHEHNEM 4YacTU CKBaXXMHbl MHEPTHbIMKM MaTepuanamu. CKBaXWMHbl pasMeLLarTcs Ha
pacCTOossHUK Opyr OT Apyra Tak, YToObl paspyLlUeHNsa B KaXKAOW CKBaXXMHE nepekpbiBanun apyr
apyra. 3apsg BB B ckBaxMHE MOXET ObiTb CMOLWHBbIM U PpaccpeaoTOYEHHbIM, YTO YBENUYK-
BaeT ahPEeKTUBHOCTb UCnorb3oBaHus BB.

lMpuMeHsieTca MHoOropsigHoe, KopoTko3amMeaSieHHOe B3pblBaHME C UCMOSIb30BaHMEM
NMUPOTEXHNYECKUX 3ameanuTtenen. MHmunmpoBaHne CKBaXKMHHbIX 3apsgoB NpoOn3BOANTCA NO-
CPeacTBOM MPOMEXYTOYHbBIX AETOHATOPOB, U3rOTOBIEHHbLIX U3 LLALleK-4eTOHAaTOPOB U usge-
NN HEJNEKTPUYECKNX CPEACTB NHULMMPOBAHUS NN ETOHUPYHOLLErO LWHYpPa.

2.1.6 [1o6blIYHbIEe paboThbI
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[o6blya pyabl OCyWeCcTBAAETCA C UCMONb30BaHNEM NPEUMYLLECTBEHHO OAHOKOBLLIO-
BbIX akckaBaTtopoB Tuna OKI ¢ o6bemom koBwa ot 5 go 20 M3 1 rmapaBiiMYeCcKuX aKCKaBaTo-
POB TWMa NpsiMasi UM obpaTHasi onaTta ¢ BMeCTUMOCTbIO KoBLLa 4o 30 M2,

Pasrpyska pyabl ocyLlecTBnseTcs B aBTOCaMOCBasibl UIK Xene3Ho4OPOXHbIe AyM-
Kapbl. Y ruapaBnuyeckoro 3KCKaBaToOpa OHa OCYLLEeCTBNSETCH ONpoKUAbIBAHWEM WKW pac-
KpbITMEM KOBLUA. Y KaHaTHOro 9KCKaBaTopa pasrpy3ka OCYLLECTBSETCA OTPbIBAHMEM AHULLA
KOBLUA HaZ MEeCTOM pasrpysKku.

MakcumarnbHas nNpon3BOaMTENBbHOCTb 3KCKaBaTopa AOCTUraeTcd npy MUHMMyME ne-
penBmxek B 3ab6oe U MMHUManbHOM CpefHEM yrie noBopoTa dKckaBaTopa. BruicoTta 3abos
OrpaHM4YMBaEeTCH BbICOTOW YepnaHus 3KCcKkaBaTopa. Yron oTKkoca NoBEPXHOCTM 3abosi 3aBUCUT
OT CBOWCTB paspabartbiBaeMoro maccumBa u coctaendetr 70°-80°. lNMpu aBTOMOOGUNBHOM
TpaHcnopTe aBTOCamMOCBasibl pacnonaratTca COoKy Mnu no3agn aKckaBaTopa B 30HE pas-
rPY3KM KOBLU@ C MUHUMANbHBLIM YrIIOM pa3BopoTa OT MecTa depnaHus. lNMpu KOHBEepHOM
TpaHCNopTe ropHas Macca 3arpy>kaeTcs akckaBaTopoM B ByHKep-nutaTenb, KOTOpbIA pacno-
naraeTcsi COoKy 3KCKkaBaTopa MM BHYTPU 3aX04KN No3aamn aKCKkaBaTopa.

2.1.7 TpaHcnopT

[na nepeBo3Kn BCKPbILHBIX MOPOA, pyAbl U MaTepuanoB UCNONb3YyT TPAHCNOPT He-
NPepbIBHOIO AEUCTBUS (KOHBEWEPHbIA, TPYOONPOBOAHbLIA) N LIMKITMYHOIO AEUCTBUS (XKenes-
HOOOPOXHbIN, aBTOMOOMMbHbLIN). [pn 60NbLLON NPON3BOANTENBHOCTM KapbepoB NpenmyLle-
CTBEHHO MPUMEHSETCA XeNe3HOAOPOXHbIA TPAHCNOPT (CM. PUCYHOK 2.4).

PucyHok 2.4 — TpaHcnopTupoBaHue pyabl Xefe3HOA0POXHbIM TPaHCMOPTOM

KoHBeriepHbIn 1 TpybonpoBOAHbLIN TpaHCNOPT obecneynBaeT NOTOYHOCTb MPOU3BOA-
CTBa ropHbIX paboT, aBToMaTn3aumio ynpasneHns 1 BbICOKYIO NPOU3BOAUTENBHOCTb Tpyaa.
MpMeHeHne KOMMNIIEKCOB HENpepbIBHOrO AEWCTBMSA MOBLILWAET CTeNeHb MCMonb30BaHUS
obopyaoBaHuA Ha Kapbepe.
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Ana TpaHcnopTUPOBaHUA MArkUX, APOBeHbIX, CKanbHbIX U MOMyCcKarbHbIX FTOPHbIX MO-
po4 NOSyYnnnm pacnpocTpaHeHue fEeHTOYHble KOHBeNepsbl: 3aborHble, COOpOYHbIE, NOABEM-
Hble, MarucTparibHble U OTBalbHbIE.

3aboviHble KOHBeWepbl NpeaHasHadeHbl NS TPaHCNOPTUPOBAHWUS FTOPHOW Macchl OT
9KCkaBaTopa 40 cbopoyvHoro koHBenepa. CHOpOYHbIE KOHBEMEPHI B TOPLEBbLIX YacTAX Kapbe-
pa npegHasHa4yeHbl 4515 TPaHCNOPTUPOBAHNS FOPHOW NOPOAbl OT OAHOIO UMM HECKONbKMX 3a-
BOoNHbIX KOHBEMEPOB K NoabeMHUKY. NMoabemMHble KOHBenepbl B Hepaboyen 30He Kapbepa
npeAHasHayeHbl Ans AOCTaBKM FOPHOW Macchl U3 paboyen 30Hbl Kapbepa Ha NOBEPXHOCTb.
MarucTpanbHble KOHBENepbl pacnonaralT Ha NOBEPXHOCTU Kapbepa U npeaHasHayeHbl s
TPaHCNOPTMPOBAHMS NOPOS BCKPbILWK K OTBaram, a nones3Horo nckonaemoro — Ha oboraTtu-
TenbHy abpuky unum K cknagam. OTBanbHble KOHBEWEPDLI pacnonaratT Ha oTBanax u ne-
pemMeLlaroT Bcrieq 3a oTBasibHbIM (OPOHTOM.

Tpy6onpoBOAHbBIA UK TMAPABANYECKUI TPAHCMOPT OFPaHNYEH B MPUMEHEHMM MO KNK-
MaTU4EeCKNM YCNOBUSIM, CBOMCTBAM NOPOA Y Hanm4ymo BOOOUCTOYHUKOB.

XKenesHooopOXHble NyTWM MOAPa3dendalTCAa Ha BPEMEHHble W CTauMOHapHbIE.
K BpeMeHHbIM OTHOCATCA MNyTM Ha paboumx nnowagkax B Kapbepe W Ha oTBane.
K cTaumMoHapHbIM OTHOCATCA NYTW B TpaHLIENAX, Ha TPAHCNOPTHLIX 6epMax n Ha NOBEPXHOCTU
kapbepa. CKOpOCTb Xene3Ho4OPOXHOro TpaHcnopTa B Kapbepe MO CTauMOHapHbIM MyTAM
coctaBnset 35—40 km/4, no 3ab0NHbLIM 1 0OMeHHbIM NyTaM — 15—-20 KM/,

LLinpokoe pacnpocTpaHeHne umeeT aBTOMOOUIbHbLIN TpaHCNopT 6rnarogaps Mobusnb-
HOCTM, BbICOKON 3PGEKTUBHOCTU B CIIOXKHbIX TONorpadouyeckmx, reosiormyecknx n KrnmmaTm-
yeckux ycrnosuax. Hanbonee apdpektnHas obnacte NpUMeHeHNs aBTOMOBUNBHOIO TpaHC-
nopTta — Kapbepbl Manown U cpegHen NpPou3BOAUTENBHOCTU, rMy6OKMe ropuU3oHTbl KPYMHbIX
KapbepoB B KOMOMHALMM C XKXeNe3HOA0POXHbIM TPAHCNOPTOM.

MepBu4HOEe opobneHue ncnonb3yetca Ang obecnedyeHns BO3MOXHOCTU TPaHCMOPTU-
POBKM ApOoBneHoro matepuana KOHBENEPHbIM TpaHCcnopToM. [Ipobunkn KpynHoro apobnexHns
NO3BONSAKT ApoOUTL pyay Ha Kycku KpynHocTbio Ao 1500 mm. Ha BbIxoge ¢ ApOOMbHbIX
YCTAHOBOK KPYMNHOCTb pyAbl He npesbiwaeT 400 MM, 4YTO NO3BOMSIET NPOM3BOAUTL €e TpaHC-
NOPTUPOBKY KOHBEWEPHbLIM TpaHcnopToM. Nocne apobunok nepeon ctagum MOryT pacnona-
ratbCa rpoxoTbl Unu gpobunku, obecneumsatowme apobrneHve pyabl Ao KpynHoctn 150—
200 MM 4ns TPaHCNOPTUPOBKM €€ KPYTOHAKIMOHHBIMU KOHBEPTaMM.

2.1.8 O6paweHne c nopogamm

OOBbEeKT M3 NYCTbIX, CKaNbHbIX U PbIXMbIX MOPOA Ha3blBaeTCsl MOPOAHLIM OTBANlOM, He-
KOHOWLMOHHbBIX PYA - CKNagamu, NiogopoaHbIv Criov NOYB yKnagbiBaeTcsi B OypThl.

BbicoTa sipyca oTBana onpeaensieTca CBOMCTBaMM Nopod, penbedoM MOBEPXHOCTH,
rMaporeonormyeckMMn yCnoBusiMm U TexHonornen obpasoBaHusa oTeana. Yknagka nopog B
oTBanbl npomnssoauTcsa Bynbao3epamu. ABTOCaMoCBasbl pasrpyKarTcs Ha HEKOTOPOM pac-
cTosiHUKM oT 6poBkKM NO Nepudepumn oTBana, a 6ynbao3epbl NepemMeLLatoT Nopoay nog oTkoc,
ocTaBnsasa Ha 6poBke NpenoxpaHuTenbHbIN Ban. [oBEpXHOCTL OTBana MMeeT NogbLeM B CTO-
POHY OTKOCa, paBHbIn 3 °. BbicoTa OGynbao3epHoro oreana gocturaet 25-30 m.

OtBanbl ycTpanBarTCa U3 pacdeta MMHUMMU3ALUKN 3aHATOCTU 3eMNU N obecneveHns K
MUHEpanbHOW Macce BNocneacTBnm (CM. pUCYHOK 2.5).
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PucyHok 2.5 — KapbepHble oTBarbl

He oTBevatome TpeboBaHNSAM KOHAULMIA pyabl YKNaablBaoTCA B OTAENbHbIE OTBArbI.

M'mppooTBanbl NpeacTaBnsaloT cobon OropoXeHHble Aambamu NoHWXKeHus penbeda,
Gankn, oBparn, BblpaboTaHHblE NPOCTpaHCTBa KapbepoB. OHM 3anofHATCA M3 HanopHbIX
TpybonposoaoB. TBepable YacTULbl U B3BECb OCaXOAKTCHA Ha AHO, a OTCTOsBLUAsACA BoAa
BO3BpaLlaeTcsa B CUCTEMY HanoOpHOro rmapoTpaHcnopTa.

2.2 Nop3emMHan aob6blvya pya UBeTHbIX MeTannoB

2.2.1 O6wume cBepeHun

MoasemHasa paspaboTka MeCTOPOXAEHUA pya LUBETHbIX MeTannoB pasfnyHbix opMm,
MOLLHOCTW, YrIIOB NageHus, Ha pasHbiX rnMybuHax ocyLecTBAsIETCS C MCNOMb30BaHNEM NOA-
3eMHbIX rOpHbIX BblpaboTok. OHa BKMOYaeT aTanbl: BCKPbITME, NOATOTOBKY U OYUCTHYHO Bbl-
€MKY, KOTOpble BbIMOMHATCA NocneaoBaTefibHO UM COBMELLLEHHO BO BPEMEHU U NPOCTPaH-
CTBE C uenbio obecrnevyeHnss NpoM3BOACTBa LOCTAaTOYHbIMU 3anacamMu BCKPbITbIX, NOArOTOB-
NEHHBbIX M rOTOBLIX K BbIEMKE 3aMacoB Nosie3HOro NCKonaemoro.

MoasemHbIM cnocobom Ao6bIBaOT MeTannbl U3 MECTOPOXAEHWIA: antoMMHM Yepemy-
xoBckoro (Ceepanosckasa obnacte), Meab OkTsibpbckoro (KpacHosipckum kpan), Hukenb Tan-
Haxckoro (KpacHosipckuin kpan), ceuHel, XonogHuHckoro (Pecnybnuka BypsTtus), umHk Mam-
ckoro (OpeHbyprckas obnactb), onoBo PectmBanbHoro (XabapoBckuin Kpan), Bonbdpam
XontocoHckoro (Pecnybnuka bypatusa), tutad bonbworo CanumuHckoro (Amypckas 06-
nactb) n gp.

OCHOBHbIE ropHble BblpaboTKu:

- LWWaxTHble CTBOfbI, KBEpLUNAryn 1 WTOSMbHN, OTKpbIBaOLWME AOCTYN KO BCEMY MECTO-
POXOEHUIO NN ero Yyactu n obecneynsBaroLLMe BO3MOXHOCTb NPOBEAEHNS NOAroTOBUTESb-
HbIX BbIPAabOTOK M OYMCTHOWM BbIEMKM B 3anfiaHNPOBaHHbIX 06bemMax;
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- LUTPEKW, KBepLunaru, yYkoHsl, 6pemcbepru, BoccTatolme, opTbl, KOTOPbIMU BCKpPbITas
4yacTb MeCTOPOXAeHUs1 pasgensieTcs Ha 060CobMneHHble BbIEMOYHbIE YYacTKku, NpeaycMoT-
PEHHbIE MPUHSATLIM CNOCOBOM NOAFOTOBKU U CUCTEMOW pa3paboTKu;

- noadTaxkHble U crioeBble  BbIpaboTkM, BbIpaboOTkM OGypoBble, NOrpPy304HO-
[I0CTaBOYHblE, NMOACEYKUN, BEHTUNSILMOHHbIE, OTPE3HbIE BOCCTaLWMeE, NaBbl U Apyrue 3aboin-
Hble BblpaboTku, o6ecrneynBatoLne BbIEMKY MOME3HbIX MCKOMAeMbIX.

OTanbl noa3emMHon pa3paboTkM MEeCTOPOXAEHUS: NMOArOTOBKa PYyAHWYHOrO Nons, oT-
[leneHne ropHoM mMacchl OT MaccuBa, Bbidaya Ha TPaHCMOPTHbIE BbIpaboTkN U TPaHCMOPTU-
poBaHWe Ha MOBEPXHOCTb C pa3MeLleHeM nopog B BbipaboTaHHOM NPOCTPaHCTBE UMK B OT-

Banax.
2.2.2 BckpbiTue

BCKprTI/Ie 3aKr4aeTcAa B rnposeaeHnn LWaxTHbIX CTBOJIOB, KBEpLUIAros, LUTOJIEH, Ka-

nUTanbHbIX PyAOCNYCKOB M AP. AN NONyYeHUst 4OCTyna K pyaAHOMY Teny (CM. pUCYHOK 2.6).
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PucyHok 2.6 — Cxema BCKpbITUS MECTOPOXOEHUS

MaBHble BCKpbIBalOLMe BbIpaboTKM cnyxkaT ANns BblAauu pydbl M MOPOA Ha 3EMHYH
MOBEPXHOCTb, BEHTUNSALMM, NepeMELLEHMS Noaen, JOCTaBKM MmaTepuarnoB 1 o6opynoBaHus.
BcnomoraTtenbHble BbipaboTky cryxaT Ans BEHTUNSUMKU, TpaHcnopTa obopynoBaHusi, obec-
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nevyeHnsa JONOSHUTENBHOMO BbIXO4a Ha 3eMHYI0 NMOBEPXHOCTb M Apyrux uenen. Pacnonoxe-
HWe rnaBHbIX 1 BCNOMOraTesnbHbIX CTBOMOB OnpeaensieTcs yCnoBusaMm NnpoBeTpuBaHnNS.

dopma, pasmepsbl, cnocobbl NpoBeAeHNs, KpenneHns BblpaboToK BCKPbITUS 3aBUCAT
OT CpoKa ux cnyx6bl, onTumanbHon paboTbl TpaHcnopTa, 6e30nacHOCTN NepeaBUKEeHUS fto-
Aen, 0OCTaBK1n MatepuanoB 1 06opynoBaHUS, a Takke Nponycka HeobxoamMMoro KonnyecTea
BO3ayXxa.

MpocTble cnocobbl BCKPbITUA: BEPTUKANbHLIM LLUAXTHBIM CTBOSIOM MO PyAHOMY Teny,
no nopogam nexayero 6oka, No nopogam Buca4yero 60ka; HakmoOHHbIM LAaXTHbIM CTBOSIOM MO
nopogam nexa4vero 6oka u Ha hnaHrax MeCcTOPOXAEHUS; LWUTONIbHEN NO pPyaHOMY Teny Winn
no nopoaam 60KOB pyaHOro Tena.

KoMbuHupoBaHHble cnocobbl coveTaroT ABa unmn Gonee crnocoba BCKPbITUS, HaNpu-
Mep: BepTUKAmNbHbIN LLAXTHbIN CTBOJM C MOBEPXHOCTU U BEPTUKASbHLIW CRenon CTBOS;, BEPTU-
KalnbHbIA LAXTHbIM CTBOJST U HAKMOHHLIA CIENON CTBOM; LUTOMbHA U BepTUKAmNbHbIA CrEnon
CTBOS; WTOSIbHA W CIIENOW HaKMNOHHbIN CTBOS.

LUTonbHA B Ka4eCcTBE BCKPbIBaOLLEN BbIpabOTKM MCNONb3YeTCs NPy BCKPbITUM B rOpK-
CTON MecTHOCTU. CTPOUTENLCTBO LUTONbHU AELIEBNE, CKOPOCTb MPOXOAKM Bbllle, TPaHCNOpP-
TMpPOBaHME pyabl AelweBne n ocyllecTenseTca 6e3 neperpysku, nepensmxkeHne nogen 6es-
ornacHee, LaxTHble BOAbl BblAAlOTCS CaMOTEKOM, CTOMMOCTb MOBEPXHOCTHBLIX COOPYXEHUN
MEHbLLE.

LlaxTHble CTBOSbI UMEIT KPYrNy, NPSMOYrOSibHY U 3MSIMNTUYECKY0 bopMmy cede-
HuA. Pasamep ceveHnsa CTBOMa 3aBUCUT OT ero HasHadeHus. KanuTtanbHble CTBOMbI CryXaT
ANs nogbema pyabl M Nopoabl, NogbeMa 1 Cnycka nogen, cnycka Matepuarnos, BEHTUNALUK
N pasmeLleHnst BOOOOTNMBHBIX M BO34YLLUHbLIX TPYD, HO MHOr4a TOMbKO AN nogbema pyabl 1
nopoabl, TONbKO ANS crnycka-nogbema nogen, TONbKO ANs BEHTUNSAUAN U T. M.

BCcKpbITME HAKNOHHBLIM CTBOSIOM OCYLLECTBIAOT B Nexadem O6OKy 3a npegenamMmm 30Hbl
CABWXEHMA nopog unu no mectopoxgeHuto. OT cTBona waxTtbl 4O FPaHULbl pygHOro Tena
NPOXoaAaT KBepLunary, ONMHa KOTOPbIX 3HAYUMTENbHO MEHbLUE, YEM MNPU BCKPbITUN BEPTU-
KanbHbIM CTBOJSIOM, YTO SIBASIETCH OCHOBHbIM AOCTOMHCTBOM criocoba.

KomOBurHnpoBaHHbIE CNOcobbl BCKPbITUS COYETaAlOT PasHOTUMHbIE BCKpbIBalOLME Bbl-
paboTKN: BEPXHIOK 4YacTb MECTOPOXAEHUS BCKPbIBAOT OAHOW BblpabOTKOW, a HUXKHIOK —
apyron. Takoe BCKpbITUE XapakTepHO AN MEeCTOPOXAEHWW, PacCnosfiOXEHHbIX B FOPUCTOM
MECTHOCTU UIN HUXE YPOBHS BCKPbLITUS LUTOMNbHEN. B 3TOM cnyyae mx BCKPbIBAKOT CrenbiM
cTBosfiom. [1pu CcTyneH4yaToOM BCKPbITUM OfMHA KBEPLUNAroB yMeHbLUAETCS.

PyaHble Tena KpyToro nageHus BCKPbIBAKOT BEPTMKANbHLIMU CTBOMIAMM B COMETAHUM C
HaKNOHHLIM Cbe3doM ANfs NepenBMKEeHUa camoxogHoro obopyaoBaHus. Belibop cxemsbl
BCKPbITUSA MPOU3BOAAT C Y4ETOM reOofilorMyecknx yCrioBuim, NpomM3BoaUTENBHOCTU, CPOKa Cy-
LLIEeCTBOBaHUSA M BO3MOXHOCTU MPUMEHEHUS BbICOKOMPOU3BOANTENbHON TEXHUKW. Tak, nomny-
YMnn pacnpocTpaHeHne HakNnoHHbIe aBTOMOOUIbHbIE Cbe3abl.

OkonocTBOMbHbIE OBOPbI C KOMMMEKTOM BbIpabOTOK CTPOSAT Ha KaXKAOM 3dTaxe, HO
MHOr4a MPUMEHSIOT BCKPbITUE TPYNMNOBbIMK KBEpLunaramm depes aBa-tpu ataxa. Cteon u
OTKaTOYHble BbIpabOTKN 3TaXKEN CBA3bIBAOTCA BEPTUKANbHLIMA U HAKMOHHbIMKU BblpaboTka-
Mu. [Ina goctaBkm maTepuanoB U 060pyaoBaHNsa 1 NnepeMeLLeHns ngen NnpoxoaaT BoccTa-
fowme ¢ KneTeBbIM Unm NMTOBbIM NOABHEMOM.

Llenecoobpa3HoCTb  BapuMaHTOB  BCKPbITUS  OLEHMBAKOT  MyTEM  TEeXHUKO-
9KOHOMMYECKOro cpaBHeHus. BelbmnpaeTtca ToT, npu KoTopom obecnevnBaeTca HambonbLias
B6esonacHocTb paboT N MeHbLne 3aTpaTbl.
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MecTo 3anoxeHusi rmaBHOW BCKPbIBAlOLWEN BbipabOTKM MO NPOCTUPAHMUIO MECTOPOX-
AEHNSA OOMKHO ObiTb ONTUMAarbHLIM B OTHOLLIEHMM PaboTbl NOA3EMHOrO TpaHcnopTa B Te4e-
HWe Bcero BpeMeHun oTpaboTkm 3anacos, yaobcTBa pacnonoXeHust NOBEPXHOCTHbBIX COOpY-
XXEHUN N noabes3aHbIX NyTeN, COXPAHHOCTM OT PUCKOB MNaBOAKOBbLIX U AOXAEBbLIX BOA, ONOM3-
HEeW, NaBuUH U T. A.

PasgeneHne pygHMYHOro MONs Ha 3TaXu NPOM3BOAAT LWITpPeKamu n optamu. Boccrta-
IOLLMMN M HaKIMOHHbIMWU BblpaboTKamMun 3Taxun AENAT Ha BbleMOYHble Orokn. BbicoTa aTaxa
coctaBndeT 60—-120 M. lHoraa aTa)kn AendaT No BbICOTE HA NOA3TaXMU.

BoccTatouwme BbipaboTkM NpoXoaaT cnocob0M CEKLMOHHOMO B3pbIBaHUSI CKBAXXUH UMK
wnypoB. poxogKy BepTuKamnbHbIX BOCCTaOLWMX BbIpabOTOK MEXaHU3UPYHOT NPUMEHEHMEM
komnnekco KIB, roe nonok nepemewaeTca no MoHopenscy. Npoxoaka GypeHvem u pac-
LUMPEHMEM CKBaXKWUH NMPOM3BOAMTCS C UCNONb3oBaHMeM BypoBbix cTaHkoB Tuna 2KB. CtaHku
obecneunBatoT NpoBeaAeHNEe BePTUKAIbHbIX U HAKMOHHbIX BblpaboOTOK AnameTpom Ao 3 M, A0
100 m B anuHy noa yrnom ao 70° B nopogax ¢ koadpdpuuneHtom kpenoctn go 12 no Mpoto-
AbsikOHOBY. [OpHble BbIPAabOTKM, NPOBEAEHHbIE B MOArOTOBIIEHHbLIX y4YacTKax AN BblEMKU
pyadbl, HAa3bIBaOT HAPE3HbLIMM.

HapesHble BbipaboTkmn oensart 6nok Ha NogaTaxu, cnyxaT Ans 4OCTaBKn oTOMTOM pyabl
N ee BTOPUYHOro apobneHus, obHaxeHus pyabl B gHULWe 6rioka n oTpeskun 6noka ot maccu-
Ba.

B BblpaboTkax BbIEMOYHOIO y4yacTka OCTaBNAT pyaHble LKW, BO3BOAATCS MCKYC-
CTBEHHbIE COOPYXEHUA N YCTPOMCTBA: Kpemnb, rPOXOTbl, SIOKU, MOrpy304Hble MOSMKN, BeToH-
Hble, MeTannM4yeckne nnm xxene3obeToHHbIe 06NMLIOBKM CONMPSXXEHUN BbIpabOoTOK Bbinycka u
BTOPUYHOro Apobnenuns n ap.

2.2.3 CuctemMbl pa3paboTku

Cuctema paspaboTku pygHbIX MECTOPOXAEHUN NOA3EMHBIM CNOCOOOM — MNopsaoK U
TEXHOSOMMsl OYUCTHOW BbIEMKWN pyabl, ONpeaenstomne CoOBOKYMHOCTb KOHCTPYKTUBHbIX ane-
MEHTOB BbIEMOYHOIO y4acTka, TEXHOMOrMYEeCKMX NpoLLEeCccoB 1 cnocob ynpasBrneHnst ropHbIM

AaBNEHNEM, YBA3aHHbIX BO BPEMEHWN N NPOCTpaHcTBe (CcM. Tabnuuy 2.5).

Tabnuuya 2.5 — Knaccudukauusa cuctem paspabotkun no akagemuky M. U. ArowikoBy

MHpekc |Knacchl cuctem pynna cuctem

I C OTKpbITBIM ~ OYUCTHBLIM | [ToYBOYCTYMNHbIE

NPOCTPAHCTBOM [MoTonkoycTynHble

Co cnnoLHon BbleMKOW

KamepHo-cTton6oBbie

C nopasTa)kHOW BbIEMKOW

C aTaXHO-KamMepHOW BbIEMKOW

Il C marasunHupoBaHuem py-|Co wnypoBon oT6OMNKON U3 MmarasuHa

Abl B OYUCTHOM npocTpaH-| Co wnypoBon 0TOOMKOM 13 cneumanbHbiX BbipaboTok
cTBe C otbowikon rnybokMmn cKkBaxxnHamm
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UHgekc |Knaccel cuctem pynna cuctem
1] C 3aknagko  o4ymcTHoro | Cuctembl pas3paboTku rOpU3OHTarNbHbIMK CIIOSMU C
npocTpaHCcTBa 3aKknagkom
Cuctema paspaboTkm HaKMOHHbIMU CNOSIMU C 3aknaj-
KOoWm
[MoTonKoycTynHbIE C 3aKknagkon
CnnowHble ¢ 3aknagkomn
Cuctembl pa3paboTkm nosiocamm ¢ 3aknagkom
A\ C kpenneHmem o04mncTHOro|C yCcuneHHOM pacnopHOM U CTAHKOBOMW KPEnbto
npocTpaHcTBa C KamMeHHOM 1 KOMBMHMPOBAHHOW KPEnbHo
Vv C kpenneHvem n 3aknag-|Cuctembl pas3paboTkm ropu3oHTanbHbIMU CAOAMU U
KOW OYMCTHOrO MPOCTPaH-|ycTynamm C KpensneHnem n saknagkom
cTBa Cuctembl pa3paboTkm BepTUKanbHbIMU NpUpe3kammn u
KOPOTKMMM BnoKamm CO CTaHKOBOW Kpenbko U 3aknag-
KOWm
CnnowHble ¢ KpenneHnem n 3aknagkom
Vi C obpyweHnem  Bmewa- | CnoeBoro obpyLueHns
OLLMX Nopos, LlnToBble
Ctonbosble ¢ 06pyLLEHMEM KPOBU
VIl C obpyweHvem pyabl u|Cnoesoro obpyLueHus
BMeLLaoLLmMX Nopoa LWnToBkle
Ctonbosble ¢ 0bpyLLEeHneEM KpOBIn
VI KoMbuHupoBaHHbIE KOoMBUHMPOBaHHbLIE C BLIEMKOW KaMep W OTKPbITbIM

OYUCTHBLIM NPOCTPaHCTBOM

KoMBGUHMPOBaHHLIE C BLIEMKOW Kamep U MarasmHupo-
BaHWeM pyabl

KoMOMHMpOBaHHbIE C BbIEMKOW Kamep 1 3akfiagkon

[OTOBbIE K BbleMKE — 3TO 3anachl pyabl, B KOTOPbIX NPONAEHbl Hape3Hble BbipaboTku
AN NPpOM3BOACTBA OYNCTHOW BbIEMKM.

OunctHaa BbleMka — KOMMeKc paboT No M3BMeYeHWo pyabl U3 OYUCTHbIX 3aboes,
BKMOYAOLWNN 0TOOWMKY, NOrpy3Ky, AOCTaBKY pyAbl U3 3ab0si 4O OTKATOYHOrO rOpU30oHTa, Noa-
AepXaHune BbipaboTaHHOro NpocTpaHcTBa U ynpasneHune kposren. O4YNCTHOE NMPOCTPaHCTBO
B MpoLecce OYMCTHOM BbleMKN OCTaBMSKT OTKPbITbIM, 3anonHAT oTOUTON pyadown, 3aknag-
KOM nnn obpyLLeHHbIMM NOpPoAaMn NN NOAAEPKUBAIOT KPENbIO U LieNnMKaMu.

KpyTonagatowwme >xunbl 1 nnactoobpasHble 3anexu MOLHOCTL Ao 3 M oTpabaTtbiBa-
tOT C MOTONKOYCTYNMHOW U MOYBOYCTYNHOW BbIEMKOW.

Mpu pa3paboTke ropnsoHTarnbHbIX 1 NonoronagaroLwmnx 3anexen cpegHen n 6onbLIon
mowHocTn go 30 M pacnpocTpaHeHa kaMmepHo-cTonboBas cuctema paspaboTku C perynsp-
HbIMW Lenukamm (CM. pUCYHOK 2.7).
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PucyHok 2.7 — KamepHas cuctema paspaboTku ¢ Lenmkamm

Cuctembl pa3paboTkm € NOA3TAXHON BbIEMKON NPUMEHSIIOT Npy pa3paboTke MOLLHbIX
KpyTonagawLwmx MecTtopoxaeHun. Kamepbl pacrnonaraloT no NpoCTUpaHUIo pyaHoro Tena
npu mMowHoctn Ao 15 M, BKpecT npoctupaHna — npu 6onblien. LWvpnHa mexagykamepHbIX
uenukoB — o 15 M. PacctosiHme no BepTuMkanu Mexay noasTaxHbiMu BeipaboTkamm — 10—
12 M. MNMoTonounHy obpyLLadT MacCoBbIM B3PbIBOM BMECTE C QHMLLEM BbiLLEPACMNONOXEHHO-
ro 6roka.

OTaXHO-KaMepHbIMM  cucTemMamun paspabaTtbiBaloT MOLLHbIE KpyTonajawowme U
HaKMNoOHHble MecTopoXxaeHus. NonesHoe nckonaemoe oTbUBaAKOT rOPU3OHTaNbHBIMU, HAKIOH-
HbIMW NN BEPTUKANbHBIMU COSIMW.

Mpu paspaboTke MOLLHbLIX Monoronagarowmx MECTOPOXAEHNA NPUMEHSAIOT BapUaHThbI
CcUCTeMbI C TBepAetoLlen 3aknaakom (CM. pucyHok 2.8).
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PucyHok 2.8 — KamepHas cuctema ¢ oT6onKon na nogaTtaxken u 3aknagkon
TBEPAELNMN CMECAMM

Cucrtembl pa3paboTkmn C KpensieHneM OYUCTHOrO NPOCTPAHCTBA NPUMEHSIOT NpWU pas-
paboTke MecTopoXaeHun cpegHen MoLHOCTU. [Npu BbleMKe ropn3OHTanbHbIMU CAOSIMU U
NOTOSMKOYCTYNHbIM 3a60eM MCNOMb3YIT YCUITEHHYO PaCnOpPHYIO Kpenb.

KpyTonagawowme n MOLUHbIE 3aneXxu C HeyCTOMYMBOW pPyaon U BMELLaoLWMMU Nopo-
Jamn paspabaTbiBalOT CUCTEMOM CIIOEBOr0 OOpYLUEHUS HUCXOOALWMMWU FOPU3OHTaSbHbIMU
CNosiMn BbICOTON A0 3 M.

"Opu3oHTanbHbIE M nosioronagarowmne nnactoobpasHble 3anexmn MOLWHOCTbIO 40 5 M
paspabaTbiBaloT CTONIOOBLIMU CUCTEMaMM C OBpyLLEHNEM KPOBIU.
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Cuctembl ¢ obpylleHnemMm pyabl U BMELLAOWNX NOPOA NPUMEHSIOT ANns paspaboTku
MOLLHbIX 3anexen UBeTHbIX MmeTannos. [pu pa3paboTke KpyTonagatowmx 3anexen doratbix
py4, CKNOHHbIX K CamMOOBpyLLEHNIO, NPUMEHSAIOT BapuaHTbl C BbIEMKOW pyAbl Nog AepeBsiH-

HbIM HaCTUJIOM.

Pa3paboTky MOLLHbIX MECTOPOXAEHMI BEAYT KOMOMHMPOBAHHO: KaMepbl N LESNNKN 13-
BMeKkalwT OLHOBPEMEHHO WNW nocnefoBaTerlbHO pasnUYHbiIMU CUCTEMaMU C MOLrOTOBKOM
OrokoB NO eAnHONM cxeme.

Cnocobbl ynpaBneHns MacCUBOM KIiacCcuuUMpyrOT No NPUHLMNY COCTOSIHMSA Bbipabo-
TaHHOro NPOCTPaHCTBA Ha BpeMs 3aBeplueHuUss paboT No noraweHuo B OTNn4YMe OT Knaccu-
dukaumm cuctem paspaboTok B NEPMOA OYMCTHOM BblEMKM (CM. Tabnuuy 2.6).

Tabnuuya 2.6 — Knaccudukaumsa cnocobos noraweHus nyctot no B. . Nonuky

Knaccsbl

pynnbl

BapuaHTbl

C nsonsiumen nyctot

lMepemblykamm

[epeBsHHbIMKY, GETOHHBIMU

nOpO}J,HbIMI/I 3aBalnamMmu

OT16orkon KpoBnM M OOKOBbIX
nopoAa C nogayen marepuana
N3BHE

C ob6pyLieHnem nopoa

MpuHyanMTensHoe obpyLleHne

BmecTe ¢ pyoon
B oTKpbITYIO Kamepy

Ynpasnsiemoe obpyLueHne

BmecTe ¢ pyoon
B oTkpbITyIO Kamepy

C 3aknagkomn

TBepaerLLMMN CMECAMM

CrnoeBble cUcTeMbI
KamepHble cuctembl

Cbiny4ynmn matepuanamm

'mopaBnuyeckas
Cyxas

KoMbuHnpoBaHHbIE
cobbl

cno-

Mepenyck nopop n3BHe

BmecTe ¢ pyoon
B oTKpbITYIO Kamepy

XBOCTamMM MNOA3EMHOrO BbiLle-
JlavynBaHnA

bes pasgeneHns Ha aTaxu

C pasgeneHnem Ha aTaxwu

C pasgeneHvem uenukamu u3a
3aKnagkm

CoyeTaHme cnocoboB w3ong-
LN 1 3aKNagku TBepaeroLmnmm
cMecamm

MMyctoTbl B

MaccumBax

NCKYCCTBEHHbIX

CoyeTaHme cnocoboB c 3a-
Knagkom un xsoctamu B

bes pasgeneHuss no BoccTa-
HUIO

C pasgeneHuem
HbIMW MaccuBamm

MCKYCCTBEH-

Mpun pa3paboTke MOLLHbIX MECTOPOXOEHUIN pPyd, CMOCOOHBLIX NPy OGHaXeHUn oGpy-
LIATbCS, UCMONb3YHT CUCTEMbI C ECTECTBEHHbLIM UMW NPUHYANUTENBHBIM CaMOOBpPYLLEHMEM.

2.2.4 CKBaXXMHHbIe TeXHosorum ooobiuun pya
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MecTopOoXaeHMs CKIMOHHbIX K PaCTBOPEHUIO peareHTamu pyd paspabaTtbiBaloT cucte-
Mamu C BbillenaynBaHmeM, KOMOUHUPYS TEXHOMOMMKU NO NPU3HaKy MakCMMaribHOro u3Bneye-
HUsi MeTanmnoB (CM. pUCYHOK 2.9).

TexHonorum c
BblLLE/NAYNBAHMEM

KombuHnpoBaHHas

TEXHONOInA

CenekTuBHaA BbleMKa
TpaguLuMOoHHbIe 6oraTbix pyA C 3aKnagKomn
TexHo/0rnn NycTOT TBEPAEHOLLMMMU
cMecsmu

PucyHok 2.9 — KombuHupoBaHne TpaanunOoHHbIX TEXHONOMMIA N TEXHONOMNIA C
BbiLLleNna4YnMBaHneM MeTannos

2.2.5 OTt601Ka U gpobneHune pya

OT0oMKy pyn cpefHen 1 BbICOKOM KPenocTy BeayT B3pbIBHbIM Crocobom, a me-
Hee Kpenknx — MexaHn4eCckumMm cnocobom ¢ noMoLLbio kKombarnHoB. NMpu gobblve cnabbix nnu
TpewunHoBaTbiX pyg B nopoAax, CnocobHbIX npu obHaxeHuu obpyluaTbCAa Noa OeNCTBUEM
rpaBuMTaLMM U AaBNEHUSA HanerawLen Tonwm, NCNonb3yT PeHOMEH cCaMooBpyLLEHUS.

YHuBepcanbHbIM Afsi OTOOVKM pya cpefHen U BbICOKOW KpenocTn sisnsietca Oypo-
B3pbIBHOW CNocob, NCnonb3yoLwmi B3pbiBaHe 3apsaoB BB B wnypax, B3pbIBHbIX CKBaXWHAX
N MUHHbIX BbipaboTkax. Cnocob OCHOBaH Ha ObICTPOTEYHOM pPa3NOXEHUN BELECTB C UC-
NoNb30BaHNEM JHEPrMM B3pbiBa Ha OTAeneHMe OT Maccusa 1 ApobrieHne ropHoM Maccehbl.

LnypoBas oTtbomnka ucnonb3dyeTcs ANs OTAeNneHus OT MaccuBa MofesHoro uckonae-
MOro HebOoMbLUIOW KPENOCTH, a Takke Ans OTOOMKM Kpenknx pya npu paspaboTke pyaHbIX Ten
cpegHen 1 manow MOLHOCTW.

OT6oMnKa cKBaXXMHaAMK pacnpocTpaHeHa npu pas3paboTke MOLLHbIX PYAHbIX MECTOPOX-
OEHUI C BbICOKOW KPEnoCTbi0 U YCTOMYMBOCTBLIO pya M nopoh. B3pbiBHble CKBaXMHbI BypsAT
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BepTUKalbHbIMWU, HAKIOHHBIMU 1 TOPU3OHTanNbHbIMK Tak, YTobbLI pyaa nepemMellanach B CTO-
POHY OBHaXKEHHOW MOBEPXHOCTMW.

[nsa ysenuyeHna rnybuHbl 3anoXeHnst U BennyuHbl 3apsao8 BB goHHyto yacte rmy6o-
knx (5—6 M) WwnypoB B3pbiBaHMEM HEBONbLUNX 3apAA0B pacLIMPSOT 40 opMbl KOTna.

O heKkTUBHOCTb B3PbLIBHOMO ApPOGMEHMs NOBbIWAETCA: KOPOTKO3aMeaANeHHbIM B3pbl-
BaHMWEM, UCMOSb30BaHUEM KMHETUYECKOW 3HEpPruv coydapeHusi, paccpefoTOYeHneM 3aps-
0B BO3OYLUHBbIMU NPOMEXYTKaMU, PacrnofoXXeHNEM CKBaXXUHHbIX 3apsia0B.

Mpn pa3paboTke MOLLHbIX MECTOPOXAEHUA C KPENKMMU U TpelumHOBaTbIMU pydamu
npumMeHstoT oTbonky 3apsigamu BB, pacnonaraeMbiMn B MUHHBIX BblpaboTkax.

OTaeneHve pya oT MaccuBa nNyTeM obpyLleHUs B pe3yrbTaTe rpaBUTaLMOHHBIX CUM U
FOPHOro AaBrfeHUst MPUMEHSIETCS NMpu pa3paboTKe MOLUHbIX MECTOPOXOEHUA ManoOLeHHbIX
py4 cpeaHen KpenocTu U YCTOMYMBOCTU.

Mpn paspaboTke cnabbix pyn BbIEMKY OCYLLUECTBNAT KOMOGanHamMu M NPUMEHSIOT
rmaopaBnnyecKyto OTOONKY.

[MokaszaTtenem ONTUMAaNbHOCTU B3PbIBHOW OTOOMKM SABMSAETCA KPYNHOCTb KYCKOB pas-
PYLUEHHOro B3pbIBOM pyAHOro mMaccmBa. Ecnu B pesynbtate OTOOMKN OTAENAITCA KPYMHble
KYyCK1 nopofabl, He nognexaiime TpaHCNoOpTUPOBKE, UX U3MENbYaOT A0 KOHAMUMOHHBIX pas-
MepoB. Pasmepbl MakcumManbHO AONYyCTUMOro Kycka B FOpHOM Macce onpeaensatTcs napa-
MeTpaMun TPaHCMOPTHbLIX CPpeacTs, Apobunok n gpyroro obopynosaHusa. MakcumansHO gony-
CTUMbIN pa3mep kyckoB Bapbupyetca oT 300—400 go 800-1000 mm. [Ons gpobneHunsa Hera-
BapuTHBIX KYCKOB NPUMEHSIOT B3pbiBYaThbIE BELLECTBa UM MEXaHUYeCKue YyCTPOMCTBA.

KauecTtBO 0TOOMKN 1 ApOBNeHns yny4ywaroT n3MeHeHneM NpoCTPaHCTBEHHOIO pacno-
NOXeHNs 3apsiioB OTHOCUTESNBHO ApYr Apyra u cBO6OAHOM NOBEPXHOCTMU.

BpalwiateneHoe 6ypeHne cTaHkamu NHEBMOYAAPHOMO WU WapoLweyHoro BypeHus ¢ ap-
MUPOBAHHbIMW TBEPABIMU CMlaBaMn KOPOHKaMWU MPUMEHSIOT B pydax C Ko3dduuMeHTOM
KpenocTtn go 6—8 no wkane npod. M. M. lNpoTtogbsakoHoBa.

AnmasHoe BypeHue B3pbIBHbIX CKBaXXWH B KPENKMUX NopoAdax XapakTepusyeTcsi Xopo-
LMK NoKasaTensamm 3a cHeT CTOMKOCTU KOPOHOK.

MHeBMOynapHoe OypeHue LUNypoB U CKBaXWH MPUMEHSIIOT Npu OypeHun Kpernkux u
BeCcbMa Kpenkux pya u nopoa. LWnypbl 6ypaT nepdopatopamu ¢ NHEBMOMOAOEPXKKAMMU, C
dukcaumen Ha NHEBMOKOSTOHKAX U 3akpenrneHHbIX Ha cTaHkax. [na 6ypeHnsa BoipaboTok B
nopoaax ¢ KoagPULUNEHTOM KpPenocTn 40 14 NpUMEHSIOT CaMOXO4HbIe SNeKTporngpasnmye-
CKME CTaHKM (CM. pucyHok 2.10).
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TN Bt

PucyHok 2.10 — YcTaHoBKa Ans 6ypeHns CKBaXkuH

[Ansa 6ypeHunss B3pbIBHbIX CKBaXXWH W LUMYPOB MCMOMb3yloT BypoBble nepdopaTtopsl,
CTaHKW, KapeTKn N yCTaHOBKM A00bIYHOrO 6ypeHus (pucyHok 2.11).

PucyHok 2.11 — bypeHue wnypoB
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PacnonoxeHne B3pbIBHbIX CKBaXWH MOXeT ObiTb nNapanfernbHbiM, napannenbHo-
cObnmxeHHbIM, BeepHbIM. [na pasmelleHnsa 3apsgos BB Hanbonee pacnpocTpaHeHbl CKBa-
XnHbl gnametpoMm 105-110 mm, kKoTOpble BypsaAT CTaHKamMM C NOrPY>KHbIMU NMHEBMOYAAPHUKA-
MMU.

Ansa ynydwenns opobnexHns pyabl U CHUWKEHUS CENCMMUYECKOro adphekTa NPUMEHSIOT
KOpOTKO3amMeJSIeHHoe B3pbiBaHWe 3apsoB ¢ nHTepsanamu: 25, 50, 75, 100 n 150 mc.

MpombiwneHHble BB aAng nog3eMHbIX ropHbIX paboT: aMMnavyHo-CeNUTPEHHbIE rpaHy-
NMpoBaHHble, NopoLkoobpasHble U aMynbCUOHHbIE BB. B rurpockonnyHble BB gna npuaa-
HUA BOAOYCTOMYMBOCTW BBOLAT cneumanbHble gobaskn. BB Ha ocHOBe BOOOYCTOMYMBON aM-
MUa4YHoU cenuTpbl UMetoT Mapky 2KB: ammoHuTel Ne 6 XKB, a Takke TpoTun un gp.

[na noasemHbix paboT npumeHstoT BB ¢ kucnopogHbim 6anaHcom, 6nmn3knm K Hyrne-
BOMY C MUHUMU3MPOBaHHbLIM KonnyectBoM okcuga yrnepoga CO m okengos aszota NO, NO»,
N2Os3 1 npoymx BpeaHbIX ra3oB npu B3pbiBe.

Ana 3apskaHus MCNOoNb3yT CaMOXOAHble, NepeABUMXHbIE N NEePeHOCHbIe 3apsaHble
MawwnHbl. BB TpaHcnopTupyeTcs cxaTblM BO34YXOM MO 3apsaHOMY LUMAHTY B CKBaXXWHbI U
LInypbl.

2.2.6 JocTaBKa

OtbuTasa pyoa gocTtaBrnseTca K MecTaM ee Mnorpysku B TPaHCNopTUpyoLwune yCTpou-
ctBa. [log gencremem cobCTBEHHOIO Beca OHa nepemeLLaeTcsa no no4yse BbIpaboTku, pyao-
cryckam, HacTunam, xxenobam, Tpybam ¢ yrnom HakrnoHa BblpaboTkmn ot 35° go 50°. OrpaHu-
YeHHoe NpPMMeEHeHne MMEeIT JOCTaBKa CUON B3pbiBa U rmapasBriMyeckas.

MexaHn3npoBaHHasa OOCTaBka NPOM3BOAUTCS CKpenepamu, KOHBerepamu, caMmoxon-
HbIMM BaroOHeTKaMu, NOrpy304HO-40CTaBOYHbIMM MalumMHamu. CkpenepHasi JocTaBka MUCMonb-
3yeTcsa Ans AOCTaBKU pyabl OT 3ab60s 40 pyaocnycka Unu Norpy3odHOro fokKa, a Ha ropu3oH-
TE€ CKpenepoBaHMs — OT PYAOCMYCKOB A0 MOrpy30YHbIX MOSKoB. Ee gocTonHeTBa: npocToTa
yCTpoKncTBa, HebonbLas CTOMMOCTb 060pya0oBaHMs, MOBUITbHOCTbL, BO3MOXXHOCTb COBMELLIE-
HWSA JOCTaBKM C NOrPY3KOM.

[locTaBka KOHBenepamun nNpuUMeHsieTcs nNpu ManoabpasvBHOW MeNKOW pyae C Noab-
eMoM BblpaboTkun noa yrnom o 20°, nHorga ao 30°—40°. CkpebkoBble KOHBeWepbl, MO cpaBs-
HEHUIO C JIEHTOYHbIMWU, MMEKT MEHbLUYI BbICOTY, MPOLLe B OBCNYyXMBaHUM N OONyCKakoT
nogbem martepmana go 35°. BubpokoHBenepbl yctaHaBnmBaT nog 6€TOHMPOBaHHbIMU Bbl-
NyCKHbIMW BblpaboTkamu, HO HE NoA, HaBanoMm pyabl.

Mpn gnunHe TpaHcnopTtupoBaHus o0 500 M nNpuMeHsieTca gocTaBka CaMOXOOHbIMU
YCTaHOBKaMM C 3MEKTPUYECKUM, AN3ENbHBbIM, OU3ENb-3NEKTPUYECKUM U MHEBMATUYECKUM
asuratenem. NepcnekTuBHbl MaLUHLI ¢ KOMOUHUPOBAHHBLIM 3NIEKTPOrMApPaBINYECKUM Npu-
BOOOM.

Mo cnocoBy pasrpy3kn pasnuyatroT YenHOYHble BaroOHEeTKM M camocBarnbl. [JHOM yen-
HOYHbIX BaroHETOK CHYXXMWUT CKpPeOKOBLIN KOHBEWep, paspaBHMBAOWMIA U BbIrpyXaroLwmm
TpaHCnopTUpyemyto pyay.

Komnnekcbl COCTOAT 13 NOrpy304HbIX MaLUMH U CAMOXOAHbLIX BaroHoB, a npu 6onbLiomn
NpoOn3BOAUTENBHOCTU — 3KCKaBaTOPOB UM KOBLUOBbLIX MOrPY34MKOB U MOA3EMHbIX aBTOCa-
MOCBAroB. JMeKTPUYECKNA NPUBOA NO3BONSAET CHU3UTb OTpUUATENbHOE BIIMSHUE Ha OKpY-
Xatwowyo cpeay. OnsenbHbli NPUBOL, NMPUMEHSIOT Ha PyAHUKax C akTMBHbIM NPOBETPUBaAHMU-
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eM. Tvnbl NpMBOOOB COYEeTalT, Hanpumep, AN3enbHbIn — ANA NepeaBuXeHns, anekTpuye-
CKMUI — 115 NOTPY3KW.

MaLwmnHbl ¢ akKyMynAaTOPHbIM NPUBOAOM HaxXoOAT NpUMeHeHue npu otpaboTke Mano-
MOLLHbIX PYAHbIX TeN CIIOXHON hOpMbl.

MalunHbl BCoOMoOraTenbHOro HasHa4yeHMs UMEKT CaMOXOAHble Liaccu, aBTOHOMHbIN
npvBoA U HeoBXxoanMbIN HABOP HAaBECHbLIX MPUCNOCOBIEHNI — KPIOK, KOBLL M ApP.

2.2.7 Bbinyck pyabl

Pyay BbinyckatoT u3 gHuL, 6NOKOB MM M3 TopLa rOpU3oHTanbHbIX BbIpaboToK yepes
NIOKN, NUTaTENn, KOHBENEPDI U ApYyrMe yCTponucTBa (CM. PUCYHOK 2.12).

2aboil

BenTinsy. Morpys.
cTeon NIOVDK
Boc-

3 ] . CTar-~
Caon B L LT | 33 i

Hacocbl

Morpyaoqxas
CTaHUMA

PygHoE TEND

PucyHok 2.12 — Bbinyck pyabl 13 6noka
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Tvn n napameTpsbl fNtoKa 3aBUCAT OT KONMMYECTBa U CBOMCTB MPOMnyckaeMon Yyepes Hero
pyabl, Cpoka Crny0Obl, pa3mepoB OTKATOUHOM BbIpabOTKM M EMKOCTM OTKaTOYHOro cocyaa.

JTIokKM C CeKTOpHbLIM 3aTBOPOM MPUrO4HbI ANA NOrpys3ku pyabl KpynHoctbto Ao 300—
400 mMm. Jliokn € nanbLeBbIM 3aTBOPOM MNPUMEHAT ANs MOrpys3kn pydbl KPYMHOCTBIO 00
1000 mm. Manbubl onyckatoTca nNoa AevcTBueM COBCTBEHHOro Beca, a NogHUMatoTcs ¢ no-
MOLLbIO NMHEBMATUYeCKOro umnuHapa. KombuHnMpoBaHHbIE MOKM coyveTaloT NIOTKOBLIN 3aTBOP
C CEKTOPHbIM, NanbueBbIM UK LenHbIM.

Mpu paspaboTke C NOrpy3kon pyabl B AOCTABOYHbIE arperaTtbl UM OTKaTOYHbIE BaroHbI
MaLUMHaMK ee BbIMycKalT Ha noysy BbipaboTku. NMorpyska pyabl B TPAHCNOPTHbIE CpeacTBa
OCYLLECTBNAETCA NOrpy304HbIMW MaluMHaMmu, KombarHamu, norpy3vvkamym unuv manoraba-
PUTHBIMU 3KCKaBaTopamMu (CM. PUCYHOK 2.13).

PucyHok 2.13 — lNorpy3o4yHo-goCTaBoOYHast MallnHa

Morpy3o4YHble MalluMHbl MMEHT KOJNECHO-PENbCOBbLIA, M'YCEHUYHbIN U MHEBMOLLMHHBIN
XO[; MHEBMATUYECKUIA, INEKTPUYECKUIA, INEKTPOrnapaBrMyYeckuii Unu AmM3enbHbIi NPUBOA.
Ha Bbinycke pyabl U3 GrOKOB UCMOMb3YHT BUOPOTEXHUKY, CYLLIECTBEHHO MOBbLILIAET MPOMU3-
BOAMTENBHOCTL. NMepenBukHble BUOpPaALMOHHbIE YCTAaHOBKM, paboTatowue noa Haeanom py-
[bl, COKpaLlalT NoTepu pya B AHULLE Gnoka.

2.2.8 NoppepxaHme BbIpaboOTaHHOro NPOCTpaHCcTBa

B pesynbTaTte ropHbix paboT nepBoHavanbHOE paBHOBECHO-HAMPsSKEHHOE COCTOSIHUE
nopof HapyliaeTcsl. Bokpyr ropHbix BblpabOTOK BO3HWKAET MO HaMpsHKEeHWU — TopHOe
oaBneHve, doopMupyloLleecs noa BNUAHWEM rMyGuHbI 3aneraHns, TeKTOHUYECKON aeaTenb-
HOCTW, aHM3OTPOMNNM U YNPYroCT Nopos, AaBNeHNs ra3os 1 NOA3EMHbIX BOA U Ap.

B ckanbHbix nopogax npoyHocTbio oT 50-100 go 100-150 Mla B 30He HapyLUEeHHbIX
nopopn koagdpuumeHT ocnabneHna cHmxkaetcs ¢ 0,25-0,35 go 0,15-0,04. MOLHOCTb 30H BO-
Kpyr BblpaboTok manoro ceyeHunsa cocrtanset 0,5-2,0 M, BOKpyr KpynHbix — 5—10 M. BHyTpun
9TUX 30H BbIOENSAETCA MEHEEe MOLLHAA NPUKOHTYpPHAasi 30Ha CHWXeHus ocnabneHHoctn 0,5—
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1,5 M. B npegenax 30HbI NPOYHOCTb YMEHbLUIAETCA Ha BennymHy B 2,5—6,0 pas. Ha KoHTakTe
30HbI BNUSHUSA BbIpaboTOK HAaNPSXKEHNS1 YBENMUYMBAKOTCA 4O NEPBOHAYANbHOIO 3Ha4YEHUS.

HanpsikeHna B OKPEeCTHOCTSIX BbipabOTKM MOryT NpeBbICUTb MPOYHOCTb MOPOA, Toraa
Tam obpasyeTcsa ob6nacTb, B KOTOPOW NPOUCXOAST ropHble yaapbl U BbIOPOCHI.

YnpaBneHne ropHbiM OaBfEHNEM — COBOKYNMHOCTb MEPONPUATAA MO npeaynpexae-
HUIO HEeraTUBHbIX NOCNEACTBUA NPOSABNEHUA FOPHOro AaBreHunss. COXpaHHOCTb MOPHbIX Bbl-
paboTok obecneymBaeTcsa npuaaHnem UM Hambonee yctonumBon OpMbl NONEPEYHOro ce-
YeHus1 Unn Bo3BeaeHMEM B HUX Kpenu. Kpyrnas doopma npuHMMaeTcs Npyu BbICOKOM BCECTO-
POHHEM OaBrieHMun, cBogvaTas — npu AaBreHNn CBEPXY.

MopaepxaHne BbipabOTAHHOIO NPOCTPaHCTBA — COXPaHEHMEe ero yCTOMYMBOCTU My-
TeM nognopa 6OKOB 1 KPOBMM OYMCTHOrO MPOCTPAHCTBA LenMkaMu, 3aknagoyHbiM maTepua-
oM, OTOUTON pPyaoKn UK Kpenblo.

B ckanbHbIX nopogax Harpyska Ha kpenb hopMUPYyETCs 3a CYeT MacChbl TOM YacTu no-
pon B KpOBMe, KOTopas B npouecce oOpMMPOBAHNA CBOAA €CTECTBEHHOIO paBHOBECUS UC-
NbITbIBAET HEyNpyrue gepopmaunu.

[epeBsiHHas kpenb npeactasnsieT cobor NPAMOYrofibHble UK TpaneuneBngHble Kpe-
NeXHble paMbl, CTOMKN U KOCTPbI.

MeTannuyeckasi Kpenb — CTOWKW, LUTAHIN UMK CIOXHbIE MEXaHN3NPOBaHHbIE arpera-
Thl, ABNSAOLWMECH COCTAaBHOM YaCTbiO BbIEMOYHbIX KOMMEKCOB.

O6pyLieHre nopon OCYLLECTBNAT C LEenbio obnerdyeHns noaaep)kKaHusi OYUCTHBIX
BbIpabOTOK 3a cYeT nepepacnpeaeneHnst ropHoro gasneHus. OnTMManbHbIM cYMTaeTcsa Ta-
KOW nopsiaok paboT, npyM KOTOPOM CPOK CyLLeCTBOBaHUSA BblpabOTOK MUHMMarneH. bbicTpoe
noraiwueHne 6noka NO3BONHAET yBENNUMBATDL Pa3Mepbl OUNCTHbLIX KAMEP U YMEHbLLATb pacxo-
Abl HA UX nogaepxaHue.

Mpn kpenneHnn Nopoa NPUMEHSIIOT GETOHHYHO, KAMEHHYI), CMELLAHHYI0 1 MeTannun4ye-
CKYI0 Kpenb B BUAE MNEPEHOCHOM MW LUTAHIOBOW KPENuU, a Takke 13 NofIMMEPHbIX MaTtepua-
noB.

Mo KOHCTPYKUMK OEePEeBAHHOM KPenu pasnumyaloT TUMbl: pacrnopHas Kpenb — npocTas,
yCUNeHHas, COCTaBHas; KOCTPOBas Kperb; KpenexHble pambl; CTaHKOBas Kpenb.

Mo xapakTtepy paboTbl pasnuyaloT Kpenu: >XECTKas, NoAaTnmBasl, LWapHUpHas, KOM-
OMHMpOBaHHAasA; NO CPOKY CNyXbbl: MOCTOSAHHAA N BpeMeHHas; No hopme ceyeHust Bbipabo-
TOK: TpaneuueBuaHas, apoyHasi, KonbueBasd, annunTudeckasi, NonuroHanbHasi, cBoa4YaTomn
dopmbl; No BMAY BbipaboTknm — AN rOpu3OHTarnbHbIX, HAKITOHHbLIX U BEPTUKANbHbBIX FOPHbIX
BbIpaboTOK.

[na nogaepXaHNa OYUCTHLIX BbIpabOTOK NOCNe BbleMKU pPy4 NPUMEHSIOT 3aTBEPAEB-
LY CMECb pacTBopa LieMeHTa C neckom, webHem mnnu rpasmem. [ns M3aMeHeHUs1 CBOMCTB
GeToOHOB M pacTBOPOB (MOABMXHOCTU, CKOPOCTM TBEPAEHUS, BOOOHEMNPOHMNLLIAEMOCTI, JONTO-
BEYHOCTM) B X COCTaB BBOASAT JOOaBKM.

Kpenwn, BocnpuvHuMatlowme pacTtarnBarolime yCunus, U3rotosnsawT n3 6etoHa, apmu-
POBaHHOro cTanblo, — xernesobetoHa. LUnpnu-6eToH, HabpbI3r-6eTOH U TOPKPeT-BETOH, Co-
CTOSALINA U3 BOOAHOW CMECU LeMeHTa, Nnecka u Menkoro webHs, Ncnonb3yT AN NOKPbITUSA
nopoA C Lenbio 3awnTbl OT pa3pyLUEHNS, KOPPO3UKN N NPpUAAHNSA OTHECTOMKOCTMU.

MeTann wucnonb3yT peako, OObIMHO ONsi KpenfeHust YCTbeBOW YacTu LUTOSEH,
KBepLUnaroB 1 Apyrnx BbipaboTok C BOMbLIMM CPOKOM CNyxObl. HaxoasaT npuMmeHeHne HoBble
KOMMO3UTHbIE KpENeXHble MaTepurarnbl, B NEPBYO o4epenb CTEKNOMNACTUK.
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Ana kpenneHns kanuTanbHbIX BbIpaboOTOK C BOMbLWMM CPOKOM CryXbObl NPUMEHSAIOT
Kpenu: 6eToHHbIE, Xene3obeToHHble, COOpHbIE MeTannuyeckne n xenesobeToHHble (THOMH-
r), MeTannuyeckme pambl U ap., BOCNPUHUMAIOLLME Harpysky B npegenax ynpyrux gedop-
mMaumm 6e3 nameHeHns opmbl N pa3mMepoB.

XenesobeToHHasa Kpenb OTnM4yaeTca oT BETOHHOW HanuuMem MeTannn4yeckon apma-
Typbl, NO3BOSIAIOLWEN BOCNPUHUMATL pacTarmBatrowme ycunusa. Hapsgy ¢ moHonutHou Ge-
TOHHOW Kpenbio, NPUMEHSIOT COOpHbIE Kene300eTOHHbIE Kpenu: CMSOLWHYK THOMHIOBYHO,
apoyHble, KOMbLEBbIE UIK SNNIMNTUYECKME.

lMogaTtnuBble pamMbl N3roTaBNMBaKT N3 CNeunpoduns, COeanHAA X Mexay cobon Xo-
MyTamn 1 6ontamm, Kotopble obecneuvBaloT NOAATIMBOCTb KPEMWU 3a CYET CKONbXEHUS B
mMecTax coeamHeHns. CMeLlaHHble pamMHble KPenu COCTOAT M3 XKene3obeTOHHbIX NyCToTeNbIX
CTOEK N MeTannMyecknx BEPXHAKOB, COEANHAEMbIX MPY MOMOLLM NOLABECHON CKOObI.

XKecTkne metannuyeckme Kpenu TpaneuneBngHom, apo4yHON U KombLEBOW (POpMbl U3
ABYTaBpoOBbIX Banok n penbcoB C COeANHEHMEM 3NIeMEHTOB Haknagkamu n 6ontamu ycra-
HaBnuBalT Ha pacctosHum 0,5-1 m gpyr ot gpyra. Kpoento 1 6oka BbipaboTkM mMexay pa-
MaMM 3aKpbIBalOT 3aTsHKKaMN — Xene3obeToHHbIMWU NanTamMu, MeTanIndecknmmn peLieTkamm
N ceTkamu, JOCKaMMW.

[lepeBsHHYIO paMHy0 Kpenb MPUMEHSIIOT B BblpaboTkax HEOOMNbLLIOrO CevYeHus C He-
BonbWKM CpOKOM Ccnyxbbl. BbipaboTkM CO 3HaAYUTESIbHBIM CPOKOM CIyXbbl 3akpennsioTcs
HeroprouYnmMmn matepuanamu. Pambl yctaHaBnuealoT unu Bpasbexky yepes 0,5—-1 m ¢ oTwwme-
KOW KpOBNKU 1 60KOB BbIpaboTkn Mexay pamamn gepeBsHHbIMU 3aTSXKKaMu, UM BCISOLLHYHO.
lMonHble pambl C NEXHEM NPUMEHSIOT NPU AaBNEHNN CO CTOPOHbI MOYBbI BbIPpAbOTKM.

MeTannuyeckasa Kpernb MOXET OblTb XXECTKOW, NnogaTnMBon M wapHupHon. MNogatnu-
BOCTb €e Heobxoanma B YCNoBUSIX HeyCcTaHoBMBLUENCS Harpysku. LLlapHupbl kpenu obecne-
YMBAKT €€ COXPaHHOCTb N YCTOMYMBOCTb MPU KOCOHarnpaBneHHOW Harpyske. Tpaneumesna-
Hasg MeTannuMyeckasa Kpernb U3 penbCoB UNN ABYTaBPOBbIX H6anok, coefuMHEHHbIX Mexay Co-
Bbon yronkamum unuv AUTbIMKU COEAWHUTENbHLIMU AeTansaMu, npeacrtasnset cobor nosHble
WIN HEMOJSHbIE KpeNeXHble paMbl.

LUTaHroBasa (aHkepHas) Kpenb B LWNypax, NpobypeHHbIX B KpoBre n B 6okax BbipaboT-
KW, BbIMNOMHAET (PYHKUUM «MOABELUMBAHMUS» MOPOAHbLIX CIOEB UMM «CLUMBAHUS» UX B OOHY
nayky. lNpumeHsaT cTanbHble, Xene3obeTOHHble, AepPeEBSHHbIE U MOMMMEPHbIE LUTAHIN.
Hanbonee pacnpocTpaHeHbl CTalbHble LUTaHMM, KOTOpble C NOMOLLBbIO 3aMKa YKpennsoT B
KOHLIe Lnypa, a Ha UX KOHLUbl HAaBUHYMBAIOT ravkun. NMpUMeHSAT B3PbIBOMHBEKLMOHHBIN CNO-
cob aHKepoBaHuUS.

KpenneHne BepTuKasbHbIX BbIPAabOTOK MNP Manom cpoke Crnyxbbl npou3BoanTcs ae-
PEBAHHOWN Kpenblo, NpeacTasnstowen cobon BeHel U3 YeTblpex bpeBeH nnun 6pycbeB. BeH-
Ubl pacnonaratoT BNAOTHYIO APYr K APYry UK Ha HEKOTOPOM PacCTOSiHUM OOWH OT ApYroro,
NO3TOMY pasnu4yatoT CMMOLLHYI, HA CTOMKaX U NOABECHYHO Kperb.

ApmupoBaHMe BepTUKanbHbIX BblpabOTOK OCYLLECTBSETCA YCTAaHOBKOW BaHOPYTOB,
paccTperioB, HanpasnsoLWMX, NECTHUYHbIX NOMKOB U NECTHUL,.

BaHopyTbl ycTaHaBNuBalT ANA YCUINEHUS XXECTKOCTU BEHLIOBOW Kpenu NonapHo BOOb
ANUHHBIX CTOPOH BbIpaboTKM, NPUKPENMSIOT K BEHLAM M COeAMHSAIOT Mexay cobon pacctpe-
namu. PaccTtpenbl endart BblpaboTKy Ha oTaeneHus. B nogbeMHbIX OTAENEeHNsIX Ha paccTpe-
nax ycTaHaBnvBalT OepPEeBSHHbIE UMN MeTann4eckne NPoBOAHMKK, MO KOTOPbIM OBUXYTCS
HanpasnsaLWme NOAbEMHbIX COCYO0B.
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B necTHu4YHbIX oTAeneHusx vyepes 3—4 M ycTpavBaloT MOSIKU U3 OOCOK, OCTaBnss B
HUX nasbl pasamepom 600 x 700 mm ons nepenswxeHns nogen. JlectHuubl wmpuHon 400 mm
yCTaHaBnMBalT Mexay nonkamu nog yrnom 80°. JleCTHUYHOE oTAeneHne oTwmnBatT AocKa-
MU OT NOOBEMHBbIX.

MoppepxaHne Lennukamm — MCNonb30BaHWE YacTuU pPyoHOro mMaccuBa Ans nepepac-
npegeneHnsa HanpskeHnn B npoLecce ropHblx padbot. Lenukn no mepe gopaboTkm 3anacos
N3BMeKaTCs, HO NMPU Masion LEeHHOCTU pya UX ocTaBnaoT. MNogaepxaHue LenvkaMmy npume-
HAETCH, KaKk CaMOCTOATENbHbLIN cnocob nogaepxaHus, Tak n B KOMBUHAUUKN C KpenreHnem,
3aknagkon nycTtoT U MarasuHMpoBaHWEM pyabl.

Llenukn nogpasgensitoT Ha OXpaHHble, MEXAYaTaXHble, MeXaybrioKoBble U BHYTPUKA-
MepHble. OXpaHHble LIENUKM OCTaBMSAT B Heapax ANs 3awuTbl KanuTanbHbIX BblpabOTOK.
BblemMka NonesHoro Mckonaemoro M3 OXpaHHbIX LESIMKOB paspeluaeTcs TOMbKO Nnocre Toro,
Kak Heob6X0AMMOCTb OXpaHbl MMHOBana.

MexayaTaxHble UeSfiMKn COCTOAT U3 MOTONOYUHBI KaMepbl U AHWLLA Bbillenexallero
aTaxa. MexaybnokoBble LeNuku SBRSIOTCA ONopon. BHyTpukamepHble Lenvku oCTaBnsatoT
no Mmepe HeobxoaNMOCTH.

Mpn 6onblion rnmybuHe paspaboTkn 1 B psae OPYrnxX CrlydaeB OCTaBfEHUE LESNMKOB
CT@HOBUTCS OMNACHbIM M3-3a BO3MOXHOCTU FOPHbIX yAapoB. [103TOMy BO3BOAST MacCuBbl U3
OeToHa nnu TBEpAEOLLNX CMECEN.

MopaepxaHne marasmHMPOBaHHOW PYAOW — BpPEMEHHOEe coaepXaHue pyabl B OYMCT-
HOM NpPOCTpaHCTBe ANdA noggepxaHus 6okoBbix nopod. Nockonbky pyaa npu otbowke yse-
nnymsaetcsa B ob6bveme, 30 % — 40 % BbinyckatoTca 13 6roka no mepe oTbonkK, a 3amara-
3MHUpOBaHHas pyda BbiNyckaeTcsa nocrne noraweHus 6noka. NogaepxaHve pygoon ocy-
LecTBNAeTCA npu pas3paboTKe KPYTbIX U HAKMOHHbLIX PYOHbIX Ten B YCTOMYMBBLIX NOpoax.
Cnocob HeNpYMEHUM NpU CREeXNBAaIOLLMXCHA, BO3roparoLLNXCS U OKUCAISIOLWNXCA pya.

MoopepxaHue 3aknagkon - 3anoSfIHEHWE TEXHOSOrMYeCcKnx nycToT MycTou MOpPOoAOow,
XBOCTamu oboralleHus, TBepaeowmmm cMmecamm n 1. n. o npusHaky 3anonHeHust Bbipabo-
TaHHOro NPOCTPaHCTBa 3aknagka MOXeT ObiTb NOSIHOM UM 4YaCTUYHOW, a Takke KOMOUHUPO-
BaHHOW B6YyTOGETOHHOW 3aknagkou, T.e. COBMECTHOM Nnogadven B Kamepy nopoabl n TBepaeto-
wen cmecn. Mo coctaBy M cnocoby TpaHCNOPTUPOBaHUS pasnuyalroT Cyxyl, rmgpasnuye-
CKYl0, TBEPAEIOLLYIO M NHEBMATUYECKYIO 3aKnaakKy.

B 3aknagoyHbin MaTtepran BBOOATCS BSXKYyLUMe BellecTBa, B pe3ynbTaTe yero obpa-
3yeTCs MacCuB BbICOKOW YCTOMYMBOCTU M NPOYHOCTWU. Pacxoabl Ha Aobblvy 3aknagoyHoro
mMaTepuarna, ero nogrotToBKy, TPaHCMOPTMPOBKY M pa3MelleHne B OYUCTHbIX BblipaboTkax B
DOonblUIMHCTBE CriydaeB 3HauyuTenbHbl, OAHAKO 3TOT cnocob obecrneymBaeT 6e30MacHOCTb
paboT, pagukanbHOE CHWXKEeHMe NOoTepb MOSIE3HOr0 WUCKOMaAeMoro, a Takke NpensiTcTByeT
Aecbopmauunn nepekpbIBaloLLMX NOPOA 1 3EMHOM MOBEPXHOCTMU.

lMocne BbleMKX MOMNE3HOro NCKOMaAeMoro ropHble BbipaboTKn CO BpEMEHEM Mnu cpasy
3anonHATCA NopofamMu, KOTopble MNOCTENEHHO AeopMMPYIOTCA 1 06pyLIaloTCs, Bbi3biBas
oceaHve nnun paspyLlieHme 3€MHON NOBEPXHOCTH.

Pacxoabl Ha oobblvy, NpUroToBneHne, TPAHCMOPTUPOBKY U pa3MeLLeHne B OYUCTHbIX
BblpaboTKax 3aknago4yHoro matepuana gocturatoT 2/3 cebectoMmocTy pyabl, 0QHaKo 3TOT
cnocob obecneynBaeT 6e3onacHOCTb PaboT, MUHUMU3ALMIO NOTEPL NOSIE3HOIO NCKONAEMOro
N rapaHTUpPyeT COXPaHHOCTb 3€MHOW MOBEPXHOCTMW.
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B 3aknountensHOM ctagun BblEMKW 3anacoB OYMCTHbIE Bblpa6OTKVI norawarT Unnm
npuBOOAT B TaKOE€ COCTOAHUE, B KOTOPOM OHU 6y,EI,yT HaxoaunTbCA B Te4eHune HeonpeaerneHHo
OOJ1roro BpemMeHu.

2.2.9 TpaHcnopT U noaAbLEM

[Moa3eMHbI TPaAHCNOPT — KOMMSIEKC COOPYXEHUA W YCTPOWCTB, NpeaHasHaveHHbIN
ANs npyemMa u nepemMeLleHnsa rpy3oB 1 nogen. B ero sagaym BXxoaut TpaHCNOpTUPOBaHUE
pyabl 1 NOpoAbl OT MYHKTOB BbIFPY3KM U3 OYUCTHLIX BIIOKOB 1 Npoxoayeckmnx 3aboes Ao nepe-
rPY304HbIX KOMMSIEKCOB, OKOSIOCTBOSIbHbLIX ABOPOB M PyOHUYHOrO noabema, cHabxeHue Oo-
ObIYHbIX Y4ACTKOB MaTepuanamu, MHCTPYMeHTOM, 060pyaoBaHMEM 1 NepeBo3Ka Moaen.

Buabl pyaHWYHOro TpaHcnopTa: peribCcoBbIA C UCMONb30BaHNEM 3IEKTPOBO30OB U Baro-
HETOK; CaMOXOHbI Ha KONIECHOM X0AY; KOHBENEPHbIN.

Hanbonee pacnpocTpaHeH penbCoBbLIM TPAHCNOPT. JIOKOMOTMBHLIN TpaHCNOpT 06b-
€ONHAET KOHTaKTHble 3SIeKTPOBO3bl, BarOHETKM C rMyXuM AHuieM, 60KOBOW M OOHHOW pas-
rpy3kon, camopasrpyxatwmecs cocyabl. Pabota nokomoTMBoB obecnevmBaeTcs aBTomaTu-
3aumen NpoueccoB OTKATKW, BKIIOYAIOLLEN CUrHanmusaumio, LeHTpanusauuio n 6noknpoBky,
ANCTaHUMOHHOE yrpaBrieHne JTIOKOMOTUBAMU U ANCTIETYEPCKYIO CryxXoby.

Mogbem 1 Noa3eMHbIN TPaHCNOPT — 3NeMEHTbl eAMHON TPaHCMOPTHOM cucTeMmsl. o
TNy obopyaoBaHUS PYAHUYHBIA NOABEM NOAPA3AENSAOT Ha KNETEBOW, CKUMOBOW, KOHBENEP-
HbI, aBTOMOOUIBbHbINA, & NO HA3HAYEHUIO — Ha FMaBHbIA U BCNOMOraTebHbIN.

Mpn 3HaunTenbHOW rMybuHe pa3paboTkM UCNONb3YHT CKMNOBOW NOABEM Pyabl, BbICO-
Kag MNpou3BOOUTENBHOCTb CKUMOB OOBACHSAETCA UX BMecTUMOCTbi (4o 50 T), CKOPOCTbIO
asmxeHus (o 20 m/c n bonee), Torga Kak Knetn OBUXKYTCSA CO CKOPOCTbLIO He Boree 8 m/c u
aBTOMaTmu3aumen norpy3o4HO-pasrpy304HbIX onepauni.

KoHBenepHbIin nogbem adpdekTuBeH npu rnybuHe ropHbix pabot go 400-600 m un
npounssoguTensHocTn 6onee 4-5 MnH T/rog, a Takke Ans nogbemMa pyabl K KOMMMeEKcy 3a-
rpy3ku ckunoB. [na ncnonb3oBaHWst KOHBEMEPHOro nogbemMa Heobxoammo apobnexHune pyabl
Ha Kycku pasmepamu He Gonee 0,1-0,15 m. Yron HaknoHa BblpabOTKM HE OOMKEH NPEBbI-
wartb 16° — 18°.

Moabem pyabl Ha MNOBEPXHOCTb OCYLLECTBMAAT aBTOMOOUIbHBIM TPAHCNOPTOM Npwu
yrnax HakrnoHa ropHbIxX BbIpaboTOK 40 11°,

2.2.10 lWlaxTHbLIN BOAoOTNMB

MaBHbIN PYAHUYHBIN BOOOOTINB OCYLLIECTBNSAET OTKayKy BoAbl MO Tpy6aM Ha noBepx-
HOCTb, @ Y4aCTKOBbI BOAOOTNNB — Nepekayky BoAbl U3 OTAENbHbIX YY4acTKOB LIaXTbl K BO-
[0CGOpHMKaM rnaBHOro BogooTnunea. Cxema BOAOOTNMBA ONpeaensieTcs CXeMoW BCKPbITUS,
nopsiAKoM pa3paboTKu U rMaporeonornen MecTopoXaeHus.

Mpy 3HaYUTENBHON rMyOUHE NPUMEHSIIOT CTyNeH4YaTblii BOOOOTNNB, KOrAa U3 HUXKHUX
rOpU3OHTOB BOAA NepekaynBaeTcs B NMPOMEXYTOYHbIE BOOAOCOOPHUKM BhILLENEXALLUX FOpPU-
30HTOB 1 3aTE€M Ha MOBEPXHOCTb.

CucTtemMa LWaxTHOro BOAOOTNMBa 06beanHsAeT BOAOOTBOAHbIE KaHaBKWU, BOJOCGOPHM-
KW, HAcOCHble CTaHLMU C BOA03aGOPHBLIMM KOMOALAMU M BOAOOTNMBHBIMK YCTaHOBKaMU, C
BCaCbIBaOLLIMMUN U HAarHeTaTenNbHbIMU TPYGONPOBOAAMM.
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[na rmaBHOro BOAOOTNAMBA NPUMEHSIOT B OCHOBHOM LIEHTPOOEXHbIE MHOrOCTYMNeHYa-
Tble CEKLMOHHbIE HACOCbl B FOPU3OHTaNbHOM WUCMOMHEHUN, OOMNyCKaloLWwme cogepxaHmne me-
XaHu4eckux npumecen B Boge kpynHoctbio 0,1-0,2 mm go 0,2 %. [na nogadm Boabl Ha no-
BEPXHOCTb B CTBOJIE LWAXTbl NPOKMaabiBaloTCa paboyne n pesepBHble TpyObl.

2.2.11 PyaHu4yHasa BeHTUNAUMA

MpoBeTpuBaHME FOPHbIX BbIPAabOTOK OCYLLECTBRSIETCA ANl CO3[4aHUs B NOA3EMHbIX
BblpaboTkax yCrNOBWUI, UCKMOYAOLWMX BPEAHOE BO3AENCTBUE Ha YerloBeka SO0BUTbIX rasos,
BbICOKMX U HU3KMX TeMnepaTyp.

MprHUMN NpoOBETPMBAHMSA TOPHbIX BbIPabOTOK — CO34aHUE CKBO3HOW BEHTUMSLIMOH-
HOW CTpyM 3a cyeT obLLeLlaxTHOM Aenpeccum n nNpornycka cTpyu no BblpaboTkam. Mcnonbay-
€TCs HarHeTaTenbHbIN, BCACbIBAOLLMIA UM HAarHeTaTenbHO-BCaCbIBaOLLMIA CNOCO6 BEHTUNSA-
uun. Bosgyx nogatoT B WAxXTy MO 0AHUM BbipaboTkam, a OTBOAAT Ha MOBEPXHOCTb MO ApY-
rmm. CBexun Bo3ayx no BolpaboTkamM pacnpenenstoT ¢ MOMOLLBbI aBTOMaTUYECKUX BEHTUNS-
LUMOHHbIX ABEPEN, LLUIO30B N NepeMblyek.

[BXeHne Bo3ayxa No ropHbiM BbipaboTkam obecnevmBaeTcs BEHTUNATOPaMU rnaB-
HOrO M MECTHOro NpoBEeTpUBaHUSA. [NaBHbIE BEHTUNATOPHbLIE YCTAHOBKM CHabXatTca cucte-
MOW ANCTAHLUMOHHOIO ynpaBneHns NPUBOAOM BEHTUNATOPA N KOHTPOA napamMeTpoB paboThbl
C NynbTa rMaBHOroO gucrneryepa LwaxTbl 1 06OPYyAyHTCA CUCTEMON PEBEPCUMPOBAHNS BEHTU-
NAUMOHHOM CTpyu. NMpn paboTe BEHTUNATOPOB Ha HarHeTaHWe UCMOoSb3yeTcs yCTaHOBKa AJ1s
nogorpeBa Bo3yxa B 3UMHee BpeMsi UCMOSb30BaHWEM MPUPOAHOro rasa, aneKkTpuyecTBa,
napa unu HarpeTon Boabl.

Mpy NpPOXOXOAEHUN BEHTUNALMOHHOW CTPyW MO BbipaboTkam K pyaHUYHOMY BO3OYXY
NPUMELLMBAIOTCA Mblb, pasnuyHble rasbl U T. N. OcHOBHaa mepa 6Gopbbbl C npumecsamu
BPeAHbIX ra3oB — pPas3XmXKeHne UX CBEXUM BO3QYyXOM A0 NpenernibHO SOMYCTUMbIX KOHLEH-
Tpauun.

Ons adpdekTnBHOro BelHOCA NbIM M3 32608 CKOPOCTb BO3AyXa AOSMKHA OblTb HE Me-
Hee 0,3 m/c. [insa 60pbObl C NbINbO NPUMEHSAOT KOMMMEKC MepP, Cpeaun KOTOpbIX NPUOPUTETHO
rmgpoobecnbiniMBaHme.

OcHOBHble 3arpsaA3HUTENM B BbiOpocax B atmocdepy — rasoobpasHble M MNbifieBble
npymMmecu B npoueccax 6ypoB3pbiBHbIX paboT, OYMCTHOM BbIEMKN 1 OP.

2.2.12 O6pawieHune ¢ nycTbiMm nopogamMmm

Ha 3eMHy0 NOBEpXHOCTb M3BMEKaT He TOMbKO MOfie3HOe UCKonaemMoe, HO 1 NycTble
noponbl U HEKOHANLMOHHYIO pyay. YAenbHbIn pacxo BbipaboTok Ha 1000 T pyabl JocTuraeT:
FOPHO-NOArOTOBUTENbBHBIX BbIPaBOTOK 2—6 M°, HapeaHbix 8—14 M. MycTble Nopoabl BblAAT

Ha NOBEPXHOCTb U CKNaaMpytoT B OTBasibl (CM. PUCYHOK 2.14).
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PucyHok 2.14 — CknagmpoBaHue nopog B oTearne

YacTtb nycTton nopodbl C NPOXOAKN rOpHbIX BbIpabOTOK MOXET MCMNOoNb30BaThbCA B Ka-
yecTBe Cyxon unm 6ytobeToHHOM 3aknagkn oTpaboTaHHbIX KaMep Npu cuctemax paspaboTkm
C 3aKkragkon BblpabOTaHHOro NPOCTpaHCTBa. Takke NycTyr NoOpoay UCMONb3YHT ANs NPon3-
BOACTBA 3arnofiHMTens MpwW  MU3roTOBMAEHUW  3aKnagodYHOWM CMecu Ha  ApobusibHo-
COPTMPOBOYHbIX YCTAHOBKaX.

Pyabl, He oTBevaloLme B HacTosLee BpeMSA KOHOMLMAM, U HE UCNONb3yeMble MonyT-
Hble NnoresHble UcKonaemble yKnaabiBaTCAa B OTAENbHbIE OTBasbI.

XpaHeHne nopoa BMMSET Ha SKOCUCTEMbI OKpyxatowen cpenbl. MacwTabbl 1 3Have-
HWe 3TUX BO3OENCTBUN 3aBUCAT OT 06 bEMOB ropHO400bIBatOLLIEN AEATENBHOCTM B COMETAHUN
C Tonorpaduen n KIMMmaTU4eCcKUMN yCnoBuAMM pamoHa, 0COBEHHOCTSMN 3arneraHns MecTo-
POXAEHNSA, TEXHOSOrMN A06bIYN, CENTbCKOXO3AMCTBEHHON OEATENBHOCTU B perMoHe 1 apyrux
drakTOpOB.

NcTouHMKamm 3arpsasHeHns aTMocepbl SBASOTCSA ra3onblfieBble BbIOPOCHI C NoBepx-
HOCTW NOPOLHbIX OTBANIOB M PyAHbIX CKNagoB. Mcxoaswmm Bo3gyx COOEPXUT TBepable Ya-
CTUUbl, OKUCb yrriepoga, okCuabl asoTa M neTydme opraHudeckne coegumHeHusi. MuHummsa-
unsa BbIBPOCOB TBEPAbIX YacTuL, BKNOYAET: UCNoNb3oBaHMe TyMaHoobpasoBaTenen, opolle-
HWEe rOpHOM MaccChbl, UCMONb30BaHME ad3pPO30SeN.

2.3 OGorauieHue pyAa LUBETHbIX MeTannoB

2.3.1 NoarotoBUTEnbHbLIE MPOLIECChI
2.3.1.1 Qpo6neHune pya

Poct 06bemoB nepepaboTkn MUHepanbHOro cbipbd, pa3paboTka 6eHbIX MECTOPOX-
OeHun, HeobXOANMOCTb KOMMSIEKCHOIO MCMOMb30BaHUS Cbipbsi U OXPaHbl OKpyXatoLen cpe-
Obl, 3KOHOMUYECKME acrnekTbl TPebyT Ka4yeCTBEHHO HOBOrO NnoaxoAa K rnpoueccam nepepa-
6oTku [24]-[32].

Tonbko HebonbLas YacTb NOME3HbIX MCKOMaeMblX NpUrogHa Ans HenocpeacTBEHHOM

nepepaboTkn MeTannypruyeckuMm, XMMUYECKUMU Wnn ApyruMmui metopaamu. bBorblias xe
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4YacTb MX B €CTECTBEHHOM BMAE HE MOXEeT OblTb MCMOMb30BaHa ANA 3TUX LeNen, Tak Kak He
yaoBneTBopsieT TpeboBaHMAM Nocneayowmx TEXHONOrMYEeCKMX NpoLeccoB. B cBs3m ¢ aTum
AN NpuaaHnsa nonesHblM UCKonaemMbliM CBOMCTB, HEOOXOOUMBIX OS5 TEXHUYECKN BO3MOXHOM
N 9KOHOMMYECKN BbIFOAHOM TEXHOSOrM4eckon nepepaboTku, OHM nopsepratoTca oboraule-
HMt0. OCHOBHbIMW 3aayvyamMu, BO3HUKAKOLWMMKM Npu oboralieHnn, aBnsTcsa oTaeneHme no-
ne3HblX MMHEeparoB OT MyCTOW NOPOAbl N BPeAHbIX NpUMecen U pasgeneHne nonesHblX KoM-
NMOHEHTOB Ha PS4 NPOAYKTOB, Hanbornee NPUrogHbIX ANs AansHeunwen nepepaboTku.

MeTannypruyeckast MPOMbILLIIEHHOCTb B HACTosLLee BpeMs NnpeabsaBnseT OYeHb Bbl-
cokue TpeboBaHWUA K pyaM B OTHOLLIEHMM COOEPXaHUSA B HUX OCHOBHbIX METarnsmoB 1 npume-
cen. Bmecte ¢ Tem pyabl, KoTopble MOrnun 6bl yA0OBNETBOPATb 3TUM TpeboBaHUAM, BCTpeya-
I0TCA PeaKo M KONMMYECTBO MX He MOXeT obecneynTb COBpeMEHHOW noTpebHOCTM B MeTarn-
nax. MNMoatomy BO3HMKAeT HEOBXOANMMOCTb MOBLICUTL Ka4yecTBO 40ObIBaeMbIX pya No coaep-
XXaHWIO B HUX MEeTansmoB N BpegHbIX NMpUMecen.

HeobxoauMOCTb MOBbLIWEHUS COAEPXaHMS OCHOBHbIX METansoB B pyaax WNCTpU-
pyeTcsa AaHHbIMK Tabnuubl 2.7, B KOTOPOW CPaBHUBAETCS MPOLIEHTHOE COAEP)KAHME HEKOTO-
pbIX MeTannoB B AobbiBaeMbIX pydax U cogepXxaHue metansnos, Tpebyemoe ons metannyp-
rMyeckoro nepegena.

Tabnuuya 2.7 — CogepxaHne MeTannoB B pygax M copep)xaHue meTannos, Tpebyemoe
ANs MeTannypruyeckoro nepegena

HanmeHoBaHne metanna Copepxanue B pyae, % ;Fmp:izemﬂ AR MeTannyp-
CsuHel 2-4 50-60
LnHk 3-5 50-60
Menob 0,7-1,5 20-30
OnoBo 0,3-1,0 60-70
MonubaeH 0,1-0,5 50-60

N3 Tabnuubl 2.7 cnegyeT, 4TO cogepkaHne MeTasnmnoB B Cbipbe, NOCTynawLwemM Ha Me-
Tannypruyeckyto nepepaboTky, OIMKHO B 4ECATKM M COTHM pa3 NpeBbilaTh cogepXaHue me-
Tannos B fobbiBaembix pyaax. B psage cnyyaes pyabl MoryT nepepabaTbiBaTbCAa Npu cogep-
XaHun meTtannos, 6o5ee HU3KOM, YeM 3TO YKasaHO, HO NpU 3TOM PE3KO CHUXAKTCA TEXHU-
YecKne 1 IKOHOMUYECKME NnoKasaTesnu.

TexHonornyeckne atanbl NpyM oboraweHMn Nosie3HbIX UCKOMaeMbIX OCTaKTCA Hens-
MEHHBIMW Y)X€ B TEYEHNE ONUTENBHOIO BPEMEHMU, HECMOTPS Ha TO, YTO TEXHUKA N TEXHOMO-
MK yLWNn ganeko Bnepen ¢ TeM, YTobbl U3 KaxJoro Knacca KpynHOCTM U3BMEYb MaKCUMyM
LleHHOW KOMMOHEHTbI (CM. PUCYHOK 2.15).
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SALLIUTA
U3MENbYEHVE
HIGBHINA. " OBOTALLEHVE [OBOOKA |
= KIACCH- |
OUKALMS

TPAHCMOPTUPOBKA MATEPMAIIOB

Pl/lcyHOK 2.15 — TexHonornyeckme atanbl NOBbILLEHUS cogepxXaHna OCHOBHbIX
MeTarnsoB B pyaax n yoganeHuna BpenHbIX npvlmece|7|

[Jobblya — HayanbHbIN 3Tan 0bpaboTkM MonesHbIX Uckonaemblx. [ApobneHue, n3-
Menb4YyeHue U Knaccudpmkaums — nNOAroTOBUTENbHbIE MNpoLecChl (pyaonogroTtoBka),
HanpaBfieHHble Ha nonyyeHne Tpebyemoro pacnpegeneHus gobbiTon pyabl MO KPYNHOCTMW.
Ob6oralieHne — OCHOBHbIE MpoLecchl, obecnevnBatoLLne yBenNnMYeHne coaepXaHns LLEHHbIX
KOMMOHEHTOB MyTEM cenapaumm MU3MenbYeHHOW pyabl PU3NKO-MEXAHUYECKUMU U U3MKO-
XUMUYECKNMUM METOAAMMN Ha NPOAYKTbl, O6oraweHHble LEHHbIMU KOMMOHEHTAMU — KOHLEH-
TpaTbl U 0begHEeHHble MU — XBOCTbI. JloBogKa — BCnoMoraTenbHble npolecchl, obecne-
yYnmBaoLLMe MOfyvYeHMe KOHLEHTpaTOB B BMAE TOBapHbIX MPOAYKTOB M XBOCTOB B BMAE NpoO-
AyKTa, NPUrogHoro And CKnagupoBaHUS U XpaHeHus. TpaHCnopTUpPOBKa mMatepuanoB —
TEXHONorMyeckne onepaumm (goctaeska AobbITon pyabl Ha oboratutenbHy (abpuky, 6y-
depHOe HakonneHue pya (C BO3MOXHbIM YCpeaHEHMEM), 3arpy3ka annapaToB UCXOL4HbLIM M-
TaHMeM C 3agaHHOW NPOW3BOAMTENBbHOCTLIO), NpefHa3HayYeHHble AN NPOABMXEHUS BCEro
rOpHOro npouecca Bnepes ¢ MMHUMaNbHbIMU HapyLIEHNAMU NPOM3BOAUTENBHOCTM U NOTOKA
MaTtepuanos.

[ocTtaBky A06bLITON pyabl OCYLLECTBASIOT XeNe3HOAOPOXKHbIM UN aBTOTPAHCMOPTOM.
[Morpyska n pasrpyska rpy3oBoro TpaHcnopta — OCHOBHOW WUCTOYHMK Mblrieobpa3oBaHns B
rOPHOM Liexe.

Llenamn OGydepHoro HakonneHusa pya (CM. pUCyHOK 2.16) SIBRSieTCA CrinaxuBaHue
pasnuuuin B Temnax Npous3BoACcTBa, NEPEXO0B CMEH, NEPEPLIBOB AS11 PEMOHTA, Bapuauuin:
nogayn maTepuarnoB C PYAHWUKOB, YY4aCTKOB pasHbiX MECTOPOXAEHun, oboraTumocTu pya,
coAepKaHns LieHHbIX U BPeAHbIX KOMMOHEHTOB B pyAax, KPYNHOCTU pyAa.
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PucyHok 2.16 — Hakonnenwue pya

PaBHOMepHOe NuTaHve annapaToB UCXOLHbIM NPOAYKTOM obecneunBaeT apPeKTUBHOCTb
ero paboTbl (CM. pucyHok 2.17).

MNACTUHYATBIE . ObecneyrBaloT TOYHOCTL NUTAHUS Mpou3so-
MaKC. KpYNHOCTb OKOMo 2.0 m UyBCTBUTENbHL! K MENoYM -5MM YcTonumBb! [vTEnNL-
K SIANKUM HOCT'b
marepuanam 6onee
50T/
BUBPALIMOHHbIE (C 3KCLEHTPMKOBbLIM Barom)
MaKC. KpynHocTb okono 1.0 m N Mpou3eo-
He ycronumes! avTernb-
K NANKUM HOCTb
BUBPALIOHHDIE (c HecbanaHcupoBaHHbiv asurateneml oo . ’
varepuanam Bonee
MaKC. KpYNHOCTL 0Kofo 400 mMm L
4 20T/
i
3 BUBPALIMOHHBIE (3nekTpoMarHuTHbIe) OOG'C”?
MaKC. KpYMHOGTb 0Kono 150 MM 4MBAIOT
4.__._ TOYHOCTb
NUTaHUs
JNIEHTOYHbIE ObecneuunsaioT TO4HOCTL
MiKC KDYNHOCTH OKONMO S0 MM niuTaHua IMpon3BOAUTENBEHOCTL
Ycronumeb! K nunkum 0 - 350 T/4
marepuanam
1 Mm 100 mukpoH 10 mukpoH 1 MuKpoH

KpynH. oo 1m 1am

PucyHok 2.17 — Twvinbl nnTaTenen B 3aBUCMMOCTN OT KPYNHOCTU MaTepuana
3awmTta — Mepbl MO 3almTe TexHonornyeckoro obopyaoBaHns OT U3HOCa U Nepco-

Hana oT BO34eNCTBMS Mbifn 1 LWyMa.
Ecnu nsHoc onaceH ans o6opynoBaHUst U KOHCTPYKLMIA, TO Mbifb U LWYM NpeacTaBns-
0T OMacHOCTb rMaBHbIM 06pasom Ans onepatopos. Mbib NpeacTaBnsieT cobo npobrnemy u
Ans obopyaoBaHus, 1 AN onepaTopoB Npu CyxXux npoueccax
LLlym siBnsieTcst npoGremMoi Ansi onepaTtopoB Kak B CyxMX, Tak U B MOKpPbIX NpoLieccax
TpaauumMoHHO 3konorms pyaooGoratuTenbHbiX habpuk MMEeT NNoXyk penyTauuio.
B HacTosiLLee BpeMsi 3TO NonoXeHne MeHsietTcs bnarogapsi 6onee ecTkMM 3akoHaMm

1 bornee XecTKUM TpeboBaHMAM CO CTOPOHbI OPraHM3aTopoB NPOU3BOACTBA
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LleHbl Ha Npou3BOAMMbBIN NPOAYKT peaKko ycTaHaBnMBaeT CaM NPOM3BOAUTENb, Yalle
9TO AenaeT pbIHOK, nNpuobpeTatowmnn aToT npoaykt. OgHaKO Bceraa nmMeeTcs BO3MOXHOCTb
YBEMNYUTb A0X04 OT AEATENbHOCTM NPEeanpUATUS 3a CHET pe3epBOB, 3aIOKEHHbIX B CAMOM
BbINOSIHEHUN paboTbl. Hanpumep, ynyywasa KomgopT onepaTtopoB, MOXHO MNOAHATb UX MOTK-
BaUMIO N YMEHbLNTb Nomexu pabote And yBenUYeHUs NpoM3BOAUTENBHOCTU, YryylleHUs
KayecTBa NpoayKkumm (CM. pUcyHok 2.18).

OBBbEM X LUEHA M3OEPXKM + MOTUBALMUA = B
MpousBoAUTenbHOCTL KavectBO KonTponb 3arpar
3KCNNYATALM- S
QHHAS FOTO: KP):,,;,JA KATIUTANBHBIE BE3OMACHOCTb,
BHOCTb BNOXEHUA
(akTusHOE Bpems)
NPOU3BO- YUCTOTA/ akonorus
[AMTENBHOCTb W3BNEYEHWE SHERIVA
YMNOTHEHME / MATEPUANE B3AUMO-
FMBKOCTb NAOTHOCTL OTHOWEHUA

PucyHok 2.18 — PesynbTaTbl X0351MCTBEHHON OEeATENbHOCTH

Cpeoun noctaBLIMKOB M nonb3oBatenen obopynoBaHNa ecTb YyCTONYMBas TeHAEHUMS
rOBOPUTb Ha SA3blke «CUCTEMY», T. €. pewatb Npobnembl Ha ypoOBHE pasnU4YHbIX MPOM3BOL-
CTBEHHbIX NPOLECCOB, a He MPOCTO MOHTaxa obopygoBaHUA. ATO aPPEKTUBHO NogHUMAET
Ka4yecTBO paboTbl (CM. pUCYHOK 2.19).
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PucyHok 2.19 — YpoBHu cuctem npu oborawieHumn pya

Mpouecchbl opobneHns, namenbYeHnss U Knaccugukaumm OTHOCAT K NOAroTOBUTENb-
HbIM (B KOTOPbIX HE MPOM3BOAAT cenapauum nosiesHbIX UCKonaeMblX Mo hmn3nyeckum CBON-
CTBaM), Ha3Ha4YeHne KOTOpbIX — paspyLlleHue MNAOTHOrO MOHOMUTHOIO MOMEe3HOro nckonae-
MOro 1 npeBpaLleHne ero B pbiXnyd CMeCb C UCMOMNb30BaHMEM TaKUX MEXaHUYeCKUX curl,
Kak yoap, coxaTtue, coBur, packanbiBaHue u uctnpanuve [33]-[48].
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Onepauuun gpobneHnsa NpMMeEHAITCS AN NOATOTOBKU pya K U3MENbYEHUIO B MESTbHU-
Lax Unu NOAroTOBKWN ero HeEMOCPeACTBEHHO K onepauusam oboralleHuns, B criydae ecnv pyga
C KPYMHOW BKPanSI€HHOCTbIO NOMEe3HbIX MUHEpPanoB. B cxembl Apobnennsa obbIYHO BKIOYaOT
onepaunn nNpeaBapuTENbHOTO M NOBEPOYHOrO rPOXOYEHUS. VX MPUHATO OTHOCUTL K TOW ore-
pauun gpobneHuns, B KOTOPYHO NOCTYNaeT BEPXHUI NPOAYKT rpoxoTa.

Onepauusa opobneHns BMecTe C OTHOCALWMMUCS K HEN onepaumsamMm rpoxodeHus co-
cTaBngeT crtaguio OpobneHusi, a COBOKYMHOCTb CTagun OpobneHns — cxemy gpobneHus.
Cxembl opobneHus BkNo4aloT OAHy, ABe, Tpy 1 bonee ctagnn apobneHns, BbINoHAEMbIE B
rMpauMoHHbIX Apobunkax nepBon ctagun OpoOneHusi, LWEKOBbIX ApOoBUnkax, MOSOTKOBbIX
Apobunkax, KOHYCHbIX Apobunkax Anga KpynHoro, CpeaHero u Menkoro gpobnexHus, ponnep-
npeccax.

Bce onepaumn No ymMeHbLUEHUIO KPYMHOCTM — APOOMAEeHns U n3MenbvyeHns — onpe-
OENATCA XapakTepucTukamm NUTaHus, KoTopoe nopaetcs B npouecc. [obbitas ropHas
Macca Bcerga COCTOMT U3 KYCKOB, 3HAYUTENbHO OT/NYAOLWLNXCA NO CBOMM pa3smepam. Haps-
Ay C KPYNHbIMK Kyckamu (OOCTuUralowmmmn npu otkpbiTon goboive 1,5 m n go 350 mm — npm
Noa3eMHON), B HEWN coaepXaTcsl YacTuLbl B HECKONbKO gonen munnmmeTpa. OCHOBHbIM MC-
XOOHbIM NapamMeTpoM SBMSAETCA «APOOBMMOCTb MK M3MENbYaeMOCTb» Matepuana, UMmeto-
Lasa Takke Ha3BaHWEe «MHAOEKC paboTbl» U «NPoduib M3HOCAY», Ha3blBaeMbli MHOEKCOM ab-
Pa3nNBHOCTMW.

2.3.1.2 U3amenbyeHue pya

Bce opobwvnkn, Bkntoyas ApoGUNKM yaapHOro AEWCTBUS, AAT OrpaHUYEHHbIe
3Ha4YeHus cTeneHn ApobreHns. B cuny Mx KOHCTPYKUMM MMeETCs orpaHuvyeHne no BpeMeHu
npebbiBaHMSA MaTepuana B Apoburke: Ans YMeHbLUeHUs KpynHocTn Huke 5-20 mm npubera-

0T K npoLeccam n3mMmenbyeHns (cM. pucyHok 2.20).

MepekarbiBaHuem MepemMewmnBanmem Bubpaunen
maTtepuana

PucyHok 2.20 — MeToabl namernbyeHns

Llenbto npouecca uaMenbyeHus SBNsSeTCs BbICBOOOXAEHME MHAMBUAOYaANbHbIX MUHE-
panoB, 3akNoYeHHbIX B Kyckax BmeLlatoLen nopoapl (pyapl), U, Takum ob6pasom, Ux packpbl-
TWe ans nocneaytowero oboralleHunst B popme cenapauun. Pyabl noasepratotcs oborate-
HUIO Npu KpynHocTh o 0,1 MM 1 Menbye.

YMeHbLLUEHNE KPYMHOCTM MyTeM W3MErNbYeHUs Takke MPOU3BOAUTCA ONTUMAanbHO,
cTagusiMuM C UCMNonb3oBaHMEM 6apabaHHbiX MeNbHWUL: caMo- U MoNycamousMerbyYeHus,
CTEPXXHEBbIX, LUAPOBLIX U raneyHblX, cneumanbHblx 6apabaHHbIX MeNbHUL, — KOHYCHbIX LUa-
POBbIX MENbHUL, U MefbHUL, Ha 0Bpe3nHeHHbIX ponukax. BepTukanbHble MenbHULbI C nepe-
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MelumBaHuem gpobsiwen cpeapl Tuna VertiMill npuMeHsa0T Ansi CBEPXTOHKOIO M3MenbYeHus
(cMm. pucyHok 2.21).

Ha nocnieay- Ha nocneaywouwue
> oupe >onepayvu

onepayumn
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|
\
‘ ‘
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1. 2.

PucyHok 2.21 — TunoBas cxema usMmenbYeHns: MernbHuua
nonycamMmomnamMesribyeHus + waposaa MenbHuua + menoHuua tuna VertiMill

OcHoBHble 3aTpaTbl HA U3MenbYeHe COCTaBNAIT 3aTpaTbl HA 3HEPrU0, YTEPOBKY U
apobswyto cpeay (CM. pUCyHOK 2.22).

MenbHuUbl camouamenbyeHus (AG) MenbHuubl nonycamouamensyenus (SAG)

L 07 Lpobsiwas cpeda
®ymeposka 37% — 21% e

& N OHepausi " OHepaust
63% @ymeposka 58%
T 21% e

Lpobsiwas cpeda 0%

LlapoBbie MenbHULbLI NEePBOA CTaaMU U3MeNbYeHUs

Lpobsiwas ¢ /)( 0a ( N OHepausi
711 ~ / rU“/

@ymeposka 1. f ()

Mane4YyHble MenbHUUbI

UJapoable g BTOPOW CTagun U3MenbYeHus

BTOpOM crTagun namMernbYyeHus

Apobswasi 1 BN OHepausi ®ymepoeka 40%
cpe@al\\ | 49%
45%

®ymeposka 6% Lpobswasi cpeda 0%

PucyHok 2.22 — CTOMMOCTb U3MENbYEHUA — TUMNUYHbIE 3aTpaTbl
2.3.1.3 Knaccudmkauua matepuanon

Mog knaccudumkauuen NoHUMMaKT Mpouecc pasgerneHns TBepaon dopakumMm Ha OBa
nnn 6onee nNpoaykTa Ha OCHOBE KPYMHOCTU 3epeH. PasgensaTtb no KPynHOCTU MOXHO U MOK-
pbIN U CyxOon maTtepuan.

Llenb knaccudukaumm:

- NpefoTBpaTUTL NepensMenibMeHne matepuana roToBon KpynHOCTU Ha cregytoLlen
cragum namensyeHna SR (npegsaputensHoe rpoxoveHne SC);
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- NpegoTBPaTUTL MPOXOXKAEHUE KPYMHbIX pakuuin Ha criefyloLlyo cTaguio M3merb-
YEeHUs1 UNN Ha CreayoLLy TEXHOOrMYeckyto onepaunto (op) (pasgeneHue no KpynHoOCTU B
3aMKHYTOM LIMKNe);

.| SC op

- NONYyYNTb NPOAYKT 3agaHHoOm KPYNHOCTU (pas,u,eneHVle npoaykra rno prI'IHOCTM).

SR

SC —

B npaktuke oborawieHns nonesHbIX MCKOMaemblX CyLeCTBYHT ABa OOMUHUPYIOLWNX
MeToa Knaccuukaumm:

- FPOX0OYEHME, B KOTOPOM ANSA pasgeneHnsa NCnonb3yTcs NpocenBatoLLne NoBEpPXHO-
CTWN C OTBEPCTUAMM PA3HOWN reOMETPUN;

‘ ,
£

i . E
b o
I . i
Ui ‘
i o |
: ' RERREBER
i1t -

-

PeLweTo ¢ kBagpatHbIM1 PeLueTo ¢ npamoyronbHbiMy - PELLETO C NpAMOYronbHbIMM

OTBEPCTUAMU OTBEPCTUAMM OTBEPCTUAMM

- Knaccudmkaums, B KOTOPOW ANs pasfernieHnst no KPYMHOCTU UCMONb3YHT ABMKEHME
yacTul,.
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[HenictBue rpoxoTa onpenensercss TPeMS OCHOBHbIMW MapamMeTpamu: AOBMKEHUEM,
HaKNOHOM 1 BUOOM NpoceunBatoLLen cpeabl (CM. pUuCcyHok 2.23).

Kpyrosas
Bt

pauMﬂG |

\ J\. /“‘.‘\ AEAY. g N Nk 4

opvBoHTaNBHOE
cuTo

"OPVIBOHT:

ansHOE
cnuTo "
I MHEHaA
Buopauns

OnmgTnieckas /
Bubpauyma /

PucyHok 2.23 — [1BmXeHune npocensBaroLLen cpeabl

MpocenBaHue c cerperauunen

Ecnn Ha noBepxHOCTU cuTa co3gaTb MUHEparbHYH MOCTeNb, TO ABWXEHWe cuta Oy-
[EeT CHWXaTb BHYTpEeHHee TpeHue B maTepuarne, U matepuan byaeTt pasaensaTbcsl Ha Crou.
OT0 03HayaeT, YTo Goree Menkve 3epHa CMOryT MPOXOAUTb MEXAY KpYnHbIX, obecrneynsas
peskoe pasgerieHne Knaccos.

Cerperauus
S, o W
- . ° - -
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- Qe v o
Pa3peneHue
-ve W \
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NMpocenBaHue 3a cyeT cBOO6OAHOIrO NageHus
Ecnu HaknoH cuta, ncnonb3yembin Npu cerperauun, ysenmunts Basoe (ot 10-15 go
20-30°), To nony4Ynm pexmnm cBobOAHOro NageHUs 3epeH, YTO O3HaYaeT, YTO CIOM 3epeH He
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CMOXeT HapacTaTb Ha MpoceuBaloLle NoBepxHOCTU. 3epHa OyayT HanpsiMylo NPOXOAUTb
yepes NpocenBaloLLyto cpeay, YTo AaeT Gonee BbICOKYH MPOU3BOAUTENBHOCTL (MK Gonee
KOMMNaKTHYIO YCTAHOBKY), HO NPV 3TOM MEHEee pe3Koe pasferieHune KrnaccoB. Takoh pexum
onTMMarnbHO MCMONb30BaTb, korga HeobxoAMMo GbICTPO yaanuTb 60MbLLOK 0GBEM MENOoYN.

[Mpu pasgeneHun No KpyrnHOCTU YacTuL, MeHbLUMX Yem 1 MM, Mbl BbIXOAUM U3 rpaHuL,
NPUMEHNUMOCTU TPAAMLMOHHBIX TPOXOTOB U UCMONb3yeM Crieayolmne MeToabl Knaccuduka-
Lnn:

- MOKpas knaccudukaums npu nomoLiM rmapoumKrioHOB, B KOTOPbIX WCMOMb3yeTcs
pasfeneHune 3a c4eT LEeHTPOBEXHOM CUMbl N KOTOPbIE OXBaTbIBAOT AnanasoH KpynHocTn 10—
100 MUKPOH (TUNUYHBIN);

- MOKpas Knaccudukauusa npyv noMOLWM crnvparnbHbIX KnaccudukaTtopoB, B KOTOPbIX
ncnonb3yeTcsa pasgerieHne 3a CHeT CUMbl TSHXKECTU U KOTOpble OXBaTbiBAKOT AManasoH Kpyn-
HocTn 100—1000 MUKPOH (TUNNYHBLIN);

- cyxas knaccuduvkauus, B KOTOPOW MCMONb3yeTcs pasferieHne 3a cveT ueHTpobex-
HOW CuIbl U KOTOpas oxBaTbiBaeT AvanasoH 5—150 MUKPOH (TUNUYHLIR).

2.3.2 OcHOBHbIe MeTOAbI obGoraweHus pya

Mocne BbICBOOOXAEHUS LIEHHBIX MUHEPANOB, COAEPXKALLMXCS BO BMELLAKOLLEN nopoae
unu pyae nytem gpobneHns u n3aMenbYeHusl, X MOXHO pasgenntb MHAMBUAYAnbHO, Bblge-
NMB X B CaMOCTOATENbHbIE (CENEKTUBHBLIE) KOHLEHTPATbI, HA OCHOBE pasnnunsa ux usnye-
ckux cBouncTtB (cm. Tabnuuy 2.8) [49]-[52]. MNMocne BbloeneHNsa KOHLEHTPATOB OCTaBLUYHCS
YacTb pydbl, a TaKkke MpMMecK, OKasbiBalLMe BpeaHoe OeNCTBMe NMpu nocnegyolen me-
Tannypruyeckon nepepaboTke KOHLEHTPATOB, — XBOCTbl — HaNpaBfsalT B OTBan, pasme-
LLasi B XBOCTOXPaHUINLLAX.

Tabnuuya 2.8 — duanyeckme CBOMCTBA MUHEPArbHbIX YacTUL, U CPOCTKOB, UCMOMb3yeMble
Ans cenapauuun npu oboraileHnn

Ne . O6oratntenbHble NPOLECCHI, B KOTOPbIX CBOWCTBO UC-
dusmyeckoe CBOMNCTBO
n/n Nnosib3yeTcs Kak rnaBHoe
1 ‘poxoyeHune, knaccudukaums (B HEKOTOpPbIX an-
KpynHocTb /, MM P Ppukaums ( P
napaTax BfuSET eLle 1 NSIOTHOCTb)
2 |lnoTHOCTb p, rlem®, T/m® [paBuTaUNOHHbIE METOAbl — OTcagKa, TAXKero-

cpeaHas cenapaums, Wo3bl, CTpyrHble Xxernoba,
BUHTOBbIE cenapaTtopbl (B psae annapaTtoB OkKa-
3blBaeT BMSIHUE KPYMHOCTb)

3 |MarHutHaa BOCNPUMMYMBOCTL X, |MarHutHasa cenapaums

oM/
4 | ®dnotupyemocTb k, m/c dnotauus
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Ne . O6oratntenbHble NPOLECCHI, B KOTOPbIX CBOWCTBO UC-
dunanyeckoe CBONCTBO
n/n Nnonb3yeTcs Kak rnaBHOE

5 |YpenbHas 3M1eKTPONPOBOAHOCTL | ANeKTpuyeckasa cenapaums
yactuy A, Om em™
6 |YOenbHbI 3nekTpuYeckun 3aps | AnekTpuyeckasa cenapaums
(HaBeOeHHbIN) q, Kn/cm®
7 |CBeTMMOCTb, OTpaxaTenbHas cno-|Pagunometpudeckas cenapauma — doTomeTpu-
COBHOCTb, M3nyyatenbHas Cnocob-|4yeckue, peHTreHONMOMUHECLIEHTHbIE U ApYyrne ce-
HOCTb U T. N. @, pa3fnyHble eQuHU- | napaTopsbl

upl
8 |PactBopumoctb p, pasnuyHble | BoiwenaymsaHue
eauHULbI

PasHuua B onm3nyecknx CBOMCTBaxX MMHEPANOB MOXET OblTb YCUNEeHa UCKYCCTBEHHbIM
nytem. Hanpumep, pasHuua B ugeTe 1 6rnecke MMHepanoB yCUMBaeTCs NOCne NPOMbIBKU UX
BOA4OM NMBO npu crneynansHoM ocBelleHun. MarHuTHas nNpoHMLAemMoCTb MOXEeT BbiTb Mo-
BblLUEHA MarHeTU3NpyLWNM 0BXxMroMm. GnoTMpyemMocTb M 3NEKTPONPOBOAHOCTbL MUHEPAnoB
N3MeHsoT 06paboTkor cneynanbHbIMU peareHTaMu.

OboraTntenbHble cenapaTopbl «4yBCTBYHOT» MMEHHO 3TO pasnuymMe 4actuu no usu-
YeCKOMYy CBOWCTBY ¢, a He pasnuyne B coaepXxaHun LeHHoro (BpegHoro) KOMNoHeHTa B Ya-
cTuuax (CM. pUCyHOK 2.24).
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PucyHok 2.24 — OcHoBHble MeToabl oboraleHus
2.3.2.1 PazpeneHue no KpynHocTu

Mpn pasgeneHnn UcxogHOro npoaykra no KpynHocTw |, Hanpumep pyg u pocchinen
LUBETHbIX METANOB Ha rPOX0OTax (CM. PUCYHOK 2.25, @), Ha HWKHUI NOAPELUETHBIA N BEPXHUN
HagpeLweTHbIN NPOAYKT, OOUH U3 HUX oborallaeTcd, a Apyrom obegHAeTCs LEeHHbIM KOMMOo-
HEHTOM.

2.3.2.2 N'paBUTaUMOHHbIE MeTOAbI ObGoraweHus

B rpaButaumoHHom metoae oboralleHus, HanpumMep B KOHYCHOM TSKENOCPEOHOM Ce-
napatope (CM. pucyHok 2.25, 6), MvHepanbl C 6OMbLWON NAOTHOCTBIO, HANPUMEP raneHuT,
nonagaroT B HUKHUIN TSXKENbIN NPOAYKT, a OCTanbHble — B BEPXHWIA NErkuin NpoaykKT.
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paBUTaALMOHHbIE METOAbLI UCMOMb3YOT B CXeMax oboralleHus pyn LBeTHbIX MeTan-
NOB U 30510Ta, UMK oborallaT POCChInu.

2.3.2.3 MarHuTHble MeToAabl oboralleHus

Mpn mMarHMTHOM MeToae oboralleHns, HanpuMmep 4OBOAKE BONbPPaMUTOBLIX KOHLEH-
TpaTtoB Ha 6apabaHHOM cenapaTope (CM. pUCYHOK 2.25, 8), MarHUTHbIA BOSNbppamMnT nona-
AaeT B MarHUTHYH ppakuuio, a octanbHble MUHEeparbl — B HEMArHUTHbIA MPOOYKT.

MarHutHelM MeTogoM oborallaeTcs nogasnswwas 4actb BOIbPaMUTOBLIX U TUTA-
HOBbIX pya, OHM 06A3aTenbHbI NP AOBOAKE 30510TOCOAEPXKALLMX LUTNXOB.

a 6 8 3
UcxonHbli Hiexomsit O<y, <
Imin <l< [max )‘ Pmin <P < Pmax NpOAYKT Yo Xm < Xm max
" o NPOAYKT PP ——> Y. HgradH
PO Ane HanpeuerHpiii 00 «— ,
MEEt IpQAYKT Uoxp p/R
NpoAYKT \ Jlerxuit
NPOAYKT ° o
0 L3k P<Pp . HemMaruurHbIf
MarHuTHbIA NMPOAYKT NPOLYKT
l XI" > Xﬂl P Xm < me
e
I<l,
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qfi—: __ ] mpomyxr Mncx(?ﬂ“}?;"l 0< Q< Progy
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& pukn/O V@ l «Hecsersiuuicsy
KamepHsrit NPOAYKT
k< kg n;dmrl)yKT 9>q, 49<gq, ¢<o, poay

PucyHok 2.25 — MeToabl oboraweHus (cenapaunm) MuHepanos
2.3.2.4 dnotaumMoHHbIe MeToAbl oboralleHus

ProTaumMoHHbIN meton  obGoraweHus, Hanpumep  neHHas  dnoTaums
(cMm. pucyHok 2.25, 2), ocHOBaH Ha BO3MOXHOCTU 3aKpensieHNs Ha NOBEPXHOCTU BBEAEHHbIX B
nynbny U BCNSbIBAKOLLMX B MEHHbIN CAOW Ny3blpbKOB rMApodobHbIX MUHEPANoOB ¢ BOMbLUOW
NoTUPYEMOCTLIO (MCKYCCTBEHHO CO34aHHOW C MOMOLLBO XMMUYECKUX peareHToB) U OTCYT-
CTBUM NPUNUNAHNS NY3bIPbKOB K MOBEPXHOCTU rMAPOMUIIBbHBIX MUHEPASIOB C HU3KOW hnoTu-
pyeMOCTbl0 (B TOM 4YUCIi€ MUCKYCCTBEHHO CO30aHHOW C MOMOLLbID XMMWYECKUX peareHToB),
OCTalLWKUXCA B KaMepHOM npoaykte. Hanpumep, npy dnotauun mMegHbiX pyg YacTuubl C
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Bonblen pnoTMpyeMocTbio cogepxat bonblue megm n HaobopoT. NoaToMy B MEHHOM NpPO-
AYKTe cpegHee coaepXaHue LLeHHOro KOMMNOHEHTa Bbille, YeM B UCXOOHOW pyae.

dnotaumoHHbIN MeTog oboraweHnsa npeobnagaeT Ana py4a UBETHbIX METansoB, HO
€ro MOXHO NMPUMEHSATb NS CaMbiX pa3HbIX PyA, Tak Kak onoTMPYyeMOCTb MUHEPANOB MOXHO
N3MEHSITb C MOMOLLbIO XUMUYECKNX PEAreHTOB.

2.3.2.5 dneKkTpuyeckue Metoabl oborawieHus

Mpu anekTpuyeckom MeToAe oboraileHusi, HanNpuMep B cenapaTtope C KOPOHHbIM
paspsiaoM (CM. pucyHok 2.25, 0), pasnensitoTcs MUHepanbl-NPOBOAHMKK, MOMYNPOBOAHUKA U
LN3NEKTPUIKN.

2.3.2.6 CneumanbHble MeToAbl NOArOTOBKU U oborallueHus

K cneumanbHbiM MeTogamM oboralleHUs OTHOCAT:

- YCpeaHeHune py[;

- PyAoCOPTUPOBKY paavoMeTpUYeckumMmn meTogamu;

- nsbupatenoHoe OpobneHve, u3MesnbyYeHne, UCTUpaHue U cneuunarbHble MeToAbl
pacKkpbITUS MUHEParoB.;

- 0GXur pya;

- oboraileHre no TpeHuo, opmMe 1 ynpyroctu, oboralieHne Ha XMpOBbIX NOBEPXHO-
CTAX;

- KOMBMHUPOBaHHbIE MpoLecChl — hroTorpaBuTaunio, MarHUTOrMaApOANHAMUYECKYHO,
MarHUTOrMapoOCTaTUYECKY0 U MarHUTOrpaBUMETPUYECKYIO cenapaumio.

YcpeaHeHue pya npu gobelde n oboraweHnn obecrneynmBaeT yBeNUYEHUE TEXHOIO-
rMYeckMx nokasaTenen npouecca. Ms3bupatenbHoe packpbiTUe MUHEpanoB AOCTUraeTcs
NPUMEHEHNEM COBPEMEHHOrO ApOoBUIbHO-pas3MonbHOro 06opyaoBaHNA B OCHOBHOM 3apy-
BGeXXHOoro Npon3BoaCcTBa.

Mpn paguomeTpuyeckom (thrnoToMeTpUYECKOM, PEHTIFeHONIIOMUHECLIEHTHOM
M Ap.) metoae oboralleHus (CM. pUCYHOK 2.25, ) MUHeparnbHble YacTulbl C BbICOKOW CBe-
TUMOCTbIO (M3ryYaTernibHOM CMOCOBHOCTLIO) NonagarT B «CBETALMNCA» MPOAYKT, ocTalb-
Hble — B «HECBETALLMNCS».

dnoTorpaBuTauus — 370 nNpouecc oboralleHns Ha KOHUEHTPaUUMOHHOM CTONe Mnu
APYroM rpaBuTaUMOHHOM annaparte C npeaBaputenbHon ob6paboTkon Nynbhbl peareHTamu,
obecneynBaroLLMMN BCrblBaHNE OIIOTUPYEMbIX MUHEParibHbIX 3€peH MPW KOHTaKTe UX C
BO34yxoM. dnoTorpaButTaunsa OCHOBaHa Ha pasnmyunn OusmKo-XMMMUYECKUX CBONCTB MOBEPX-
HOCTU 1 pa3HuLe NIOTHOCTEN pasaensemMbix MMHepanos. [penmyLecTBo notorpasmTauum
nepen neHHon cpnotaumern — BO3MOXHOCTb oborawaTb KPYnHO3EpHUCTbIM MaTtepuan (3—
0,1 mm). MpumeHsT onsa BblgeneHusa cynbduUaHbIX MUHEPanoB U3 rpaBUTaALUOHHBLIX BOSb-
PpamMUTOBBLIX N OMOBSAHHBLIX KOHLEHTPATOB, NPU AOBOAKE KaCcCUTEPUTO-LUEENNTOBbLIX rpaBu-
TAUNOHHbIX KOHLIEHTPATOB.

MaruutorngpoamHamuyeckasa (M) cenapauma — 9TO npouecc pasgeneHusi B
XWUOKOCTU TBepAbIX 3ePHUCTLIX MaTepuarnoB Mo NMOTHOCTU C YY4ETOM WX 3NEKTPOMarHUTHbIX
cBoWCTB. [pumeHseTca, Hanpumep, AN U3BNeYeHns orosa 13 pya.

Marnutorngpoctatnyeckasa (MIC) cenapaumus — 3TO npouecc pasgeneHna MvHe-
panoB B NapaMarHUTHON XWAKOCTU B HEOAHOPOAHOM MarHUTHOM Mosie Mo MAOTHOCTU C yye-
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TOM MX MarHMTHOW BocnpunmMmymBocTu. B oTnnume ot npouecca Ml -cenapaumn, B 4aHHOM
cny4yae anekTpuyeckoe nomne B XUOKOCTU (BOAHbIX pacTBOpax rasioreHnaoB) He co3gaeTcs.

MaruutorpaBumeTtpudyeckaa (MIM) cenapauums — pasgeneHve MuHepanos Mo
NMNOTHOCTU C y4ETOM UX MarHUTHOW BOCMPUUMYMBOCTU B Croe oeppoOMarHUTHON XNOKOCTMU,
YTSDKENEHHOMW A0 HeOBX0AMMOM NITIOTHOCTM M «BUCSLLEN» MEXAY MomtcamMu 3NeKTpoMarHu-
Ta. T. e. M'M-cenapaTop npeacTtasnsieT cobon csoeobpasHoe «rpaBUTALMOHHOE peLleTo,
Ha NOBEPXHOCTN KOTOPOro OCTalTCA ferkue MuHeparbl, a TSXenble (raneHuT, KacCUTepur,
30510TO U T. 4.) NOrpy>atTcsa U NPOXoaaT Yepes Con XNaKocTu.

[MpuMeHeHe Toro unM MHoro mMetoaa oboralleHus onpeaenseTcs Takke pasMepom
BKITHOYEHUIN MUHEPArioB N XapakTepoM nx cpactanus (cm. Tabnuuy 2.9).

Tabnuya 2.9 — O6oratTMMOCTb MMHEPANoOB pa3HON KPYNHOCTH

Pasmep BKoYEHNN MUHEPANOB PekomeHayembin meToa oboraiueHns

1 Pyabl ¢ Becbma KpynHbIMK BKItoYeHUsiMM — | OboralleHne no KpynHOCTW, cyxasi mar-

(200-20) mm HUTHasA cenapauusi, NPoMbIBKa
2 Pyobl ¢ KpynHbiMM  BKNOYeHUsMn — | OTcagka, KOHUEHTpauuss B TSXKenbIX
(20-2) mm CYCMeH3usiX, MOKpas MarHuTHasi cena-
pauus
3 Pyobl ¢ Menkumn  BKNOYEHUs MU — | KOHLEHTpaumsa Ha cTonax, Mokpas mar-
(2-0,2) mm HUTHasa cenapauus, 3rnekTpocTaTuye-

ckoe oborauleHne

4 Pyabl c TOHKUMU BKNOYeHnamMun — | dnotauma, uWHOrga rpaBuUTaUUOHHbIE
(0,2-0,02) mm MeToAbl

5 Pyabl ¢ cybMmukpockonMyeckummn BktoYeHu- | He oborawaroTcs

amu (MeHee 0,002 mm)

2.3.3 XumMnyeckue npoueccbl B KOMOMHMPOBaAHHbLIX CXeMax oboraiieHus

Monyymnu passBuTve TEXHOMOMMMU, B KOTOPbIX, HApsiQy ¢ oboratuTenbHbIMM METOA4AMMU,
MPUMEHSIIOT MMPO- U rMApoOMeTannypruyeckne npoueccbl U pasnuyHble BUAbl XUMUYECKOM
obpaboTkn. Takme cxeMbl BeCbMa 3(pEKTUBHBI AN CIIOXHBIX KOMMMEKCHbIX 1 6GeaHbIX pya,
nepepaboTka KOTOpbIX MO OObIYHBIM CxemaMm oboralleHuss He OaeT YAOBMNEeTBOPUTENbHbIX
pe3ynbTaToB. BOMNbLIMHCTBO NpouUeccoB BbiwenavmBaHus TpebyoT NOArOTOBKM NUTaHUA ny-
TeM OpobneHnsi, n3amMenbyYeHns 1, B HEKOTOPbIX CriyYasx, npeasapuTenbHoOro oboraweHms u
obxura.

Hwke npuvBeneHbl Krnaccuyecknme Cxembl BbllenadnBaHus: Ky4yHOe BbllenadynBaHue
ANs KPYMHbIX opakumii (TonbKo nocrne ApobrneHns) HU3KOCOPTHBIX pya W BbilwenavvMBaHue ¢
nepemMeLluBaHNEM AN Menkux pakLmin BbICOKOLEHHbIX pya.

Mpu Ky4yHOM BbiWwenavyMBaHUM 3eMIl0 3almLarT BOOOHENPOHULAEMON MNOBEPXHO-
CTblo, cobupatowernt Ha cebe BbiwenavvBaroLme peareHTbl. Korga pactBop «cospeeTt», ero
OYMLLAIOT OCaXKAEHNEM UNN NecyaHon unbTpaumen, 3aTteM U3BneKatoT MeTann afekTponu-
30M (CM. pUCYHOK 2.26).
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PucyHok 2.26 — Cxema Ky4HOro BblLLieNnayYnBaHns

B cxeme BblwenaymBaHus nepemMelinBaHMeM (CM. pUCYHOK 2.27) NUTaHue Menbye
(06bI4HO 200 MUKPOH), a Nynbna ABMXETCHA B TOM XXe HarnpasneHun, YTo 1 peareHTbl (NpsiMo-
TOYHasa cxema).

MuHyc 0.2 MM
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—
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BO3AYWHbLIN ®UNLTPMPECC )
(PA3OENEHVE TBEPOOWUNKWUAKON ®PAKLIUW)

WU3BNEYEHUE METANA

MYTEM 3NEKTPOMU3A XBOCTbI

PucyHok 2.27 — Cxema BblLLeNlaynBaHus nepemMeLllmBaHmem

2.3.4 BcnomorarenbHble npouecchl

K BcnomoraTenbHbIM npoueccamMm OTHOCAT 06e3BOXnBaHME NONE3HbLIX UCKONae-
MbIX CrylieHnem, (bI/IJ'IpraLI,I/IeIZ n CyLIJKOIZ, a TakXxe nblneynasjiMBaHne n obecnbinueaHue.

lMog obesBoxuBaHmem criegyeT MoOHMMAaTb AarnbHenwyo obpaboTKy KOHEYHbIX Mpo-
AYKTOB, MONYYEHHbIX Ha cTaguu oboraieHns. Ob6e3BoXnBaHNE KacaeTcsl Kak MNOMe3HbIX MU-
HepanoB (KOHUEHTpaTa), Tak U MMHeparbHbIX OTXOA40B (XBOCTOB).

B nepsom cnyyae o6e3BOXMBaHME O3HA4YaeT ynyylleHWe KayecTBa npoaykra nytem
npvBeAEeHNS KOHLIEHTpaTa B COCTOsIHME, NPUrOAHOE ANs TPAHCMOPTUPOBAHWS, UK B NOJSHO-

115



UTC 23 - 2017

CTblo cyxyto cpopmMy. OBe3BOXMBaHNE XBOCTOB O3HaYaeT Haanexallyto obpaboTky matepua-
na oTxogoB (MPOMbIBOYHOW BOAbI, TEXHOMOMMYECKUX CTOKOB M T. M.) C LeNblo 3aunTbl OKpY-
Xawowen cpeabl, AN BOCCTAHOBNEHUS TEXHONMOIMYECKOW BOAblI M ONSA NpeBpalleHnsa onpe-
AeNneHHOM YacTn OTXOA0B B MOME3HbIN MaTtepuarnn.

CryweHue 0OCHOBaHO Ha €CTECTBEHHOM OCaXAEHUWN B XXUOKOCTU MESNKUX U TOHKMX Ya-
CTWL, TBEPAOrO NoA AENCTBMEM CUSbI TSXKECTW.

PunbTpaumsa sBASETCA NPOLLECCOM OTAENEHNA TBEPAbIX YacTuL, OT XXUAKOCTU Yepes
NMOPUCTYIO MEPEeropoaky, MPOHULAEMYIKO ONS XKUAKOCTU, HO HENpoHMUaemy Ond TBepAbiX
yacTuu.

Cyuika npumeHsieTca B Tex cnyyasx, korga obpaboTtka matepmana TeM U UHbIM Me-
TOAOM BO BII@XHOM COCTOSIHAM HEBO3MOXHA, 3aTpygHUTENbHA UM 3KOHOMUYECKN MeHee
BbIroAgHa.

Mpwn apobnenunn pya 0o kpynHoctn 10 mm B Bo3ayxe coaepxuntca 100-150 /M Nbinu.

MbiNbl0 Ha3bIBAOTCS OUCMNEPCHbIE CUCTEMbI, 0Opa3oBaHHbIE TBEPALIMM YacTuLaMMU,
B3BELLEHHLIMW B ra3oBou cpee. B 6onblnHCTBE CrydaeB Mbiflb COCTOMT M3 YacTul, pasme-
poM OT 50 MKM 1 HMXe.

Mbinb NnpeacTaBnsieT N3BECTHYO OMNACHOCTb B CAHUTAPHOM WU NOXXapHOM OTHOLLUEHUW.

PacnpocTpaHeHue nbinn B aTMocepe BpeaHO CKkasblBaeTcs Ha 300poBbe pabounx, B
0COBEHHOCTN ecnn NbiNb cCOAepXnUT KBapu. MNpeaensHo gonyctumoe cogepxaHue noinum (6e-
CKBapLEBOW) B BO34yXe HE AOMKHO npeBbiwaTtb 10 Mr/M°, @ Npu cogepkaHWK B Mbinu KBapLa
cebie 10 % — He Gonee 2 mMr/m°.

MeToabl ynaBnmBaHus Nbisu:

- oCaxgeHue NbinnM nog AencTBMEM COOCTBEHHOro Beca B MblfieocaguTernbHbIX Kame-

pax;

- ocakgeHue Nbinu noa OENCTBUEM LEHTPOOEXKHON CUMbI B LIMKITOHAX UK MYIbTULMK-
noHax;

- unbTpaums rasa Yepes pUNbLTPYIOLLYIO Neperopoaky (Hanpumep, pykasHble usib-
Tpbl);

- NPOMbIBKa rasa B ckpybbepax n LeHTPOBEXHbIX NblfieynoBUTENAX-Ae3MHTerpaTopax;

- ANeKTpocTaTUYECKOe ynaBnMBaHue Nbifiv B MPOCTPAHCTBE MeXAy anekTpogamMu nog,
AENCTBMEM KOPOHHOIO (MOHHOr0) paspsaa.

O6ecnbinuBaHue NpMMeHseTCa AN OTAENEHUS MbIN OT KYCKOBOro MaTepwmana.

2.3.5 Annapatbl gna ob6oraweHus pya LBeTHbIX MeTannoB

2.3.5.1 Annapatbl rpaBMTaLMOHHOro oboraieHus
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Knaccudmkaumio annapaTtoB rpaBuTaLMOHHOIO oboralleHunsl, pasgensowmx yacTuubl
MO NAOTHOCTU P, MOXHO NPOU3BECTN HA OCHOBE Pa3fMYHbIX NPU3HAKOB: MO MPUHUMNY Oen-
CTBUA (OTCagovHas MaluvHa, TSKenocpedHbld cenapatop v Ap.), NPOM3BOAMTENbHOCTH,
KPYNMHOCTWU nNuTaHms U T. 4. Ho npuoputeT aormkeH ObiTb 3a cenapaunoHHOW XapakTepucTu-
KOM €(p) — Yem Brnmke oHa K naeansHon €.4(p) = 1(p — pp), Tem ny4ywe annapat. Cenapauu-

OHHas xapaKkTepucTuka £(p) 3aBUCUT OT CyMMbl cun Y Fj, OEACTBYIOLWMX HA YacTuLbl B 30HE
cenapauun. Hanbonblwnn puandecknun cMmbICi UMeEET Knaccudukaumsa no Buay AOMUHUPY-
IOLLIMX CUI B 30HE cenapauuu:

1) annapaTbl C €CTECTBEHHOW pa3fenstowen cpeaon nepemMeHHon NI0THOCTKN C cuna-

MW rpaBuTaUnn Fpas, CPEOHECTATUCTUYECKON apXuMenoBont F - 5 = —gp(x, t), rpagneHTHom F

rpan VI CONPOTUBIEHNSA Feonp, HANPUMEP OTCAA0YHAA MaLLMHA C eCTECTBEHHOW MOCTENbIO;
2) annapaTbl C UCKYCCTBEHHOW pasfensolen cpefon NoCTOAHHOM NIIOTHOCTU C CU-

— —

namu Frpas, Fr-a = —=9p(X, t), Feonp, HANPUMEP OTCaA0YHAS MALLKMHA C UCKYCCTBEHHON MOCTe-
Nblo;
3) annapatbl C HEECTECHEHHBbIMU YCNOBUSIMU OBMXKEHMS YacTUL, — BMECTO CUI rpagu-

€HTHOWN Fpan = 0 1 conpoTmenenns Feonp = 0 nosBnsetca cuna Ctokca Fero, HANPUMEDP pas-
AerieHne B XXNOKocTu (TSKenon) npyn Manown npon3BoguMTenbHOCTH.

Ha pucyHke 2.28, a noka3aHO U3MeHeHne KoHueHTpauun C(x, f) Tshkenoro MmHepana
CMeCcu B MPOCTPAHCTBE —Xm<X <+ X, U BO BpeMeHun 0 <{<//u. B HayanbHbln MOMEHT
t =ty =1/u =0 koHueHTpauusa C; apnseTcss HekoTopon dyHKumen x, T. e. Ci(x, fy); Ha pUcyHke
B34TO Ci(X, to) = Ciucx = cOnst B NpeanosioXXeHnn, YTo UCXOOHbIN MaTepuarn uaeasnbHO nepe-
MewaH. [lanbHenwee naMeHeHne KoHUeHTpaumm npu t > ty nokaszaHo noBepxHocTbio Ci(x, o).

>

Ci(x,1) 0 C(x,1) 4

4

PucyHok 2.28 — Xop rpaBuMTaumoHHON cenapaunmn B NPOCTPaHCTBE U BO
BpEMEHU

B koHUe 30HbI npu t=//u paccnovslUasca CMecb pasfenserca B Touke X =X, = 0.
YacTb Tshkenoro KoMnoHeHTa, nonaswasi B obnactb 0 < x < X, OTBOAUTCA B TSXKENbINA NPO-
AYKT, a YyacTb, nonaswas B 0bnactb —xy, < x < 0, — B nerknin. AHanorm4yHas KapTuHa Ha pu-
CyHke 2.28, 6: noKa3blBaeT N3MEHEHME KOHLEHTpauun nerkon dopakuum y(p;, X, t) dp.

CenapauunoHHble XapakTeEPUCTMKM annapaTtoB NpubnumxkarTcsa K naeanbHbIM N0 Mepe

YMEHbLUEHNS pONN «BPedHbIX» CUM — rPagMeHTHON Fran, @ Takke No Mepe nepexoda oT
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CT€CHEHHbIX K HE€CTECHEHHbIM YCI10BUAM B 30HE, YTO CBA3aHO C YMEHbLUEeHMEM Nnpon3sogn-
TEINNbHOCTU.

2.3.5.2 Annapatbl Ans pasgerieHus YacTtuly No KPYyrnHocTuU

[ns nepunogmyeckoro rpoxodeHus obosHaumm: y(/, t) — rpaHynomeTpuyeckasa xapak-
TEpUCTVKa MaTepuana Haa cutom; m(t) — macca maTtepuana Hag 1 M? cuta; h = const —
cpegHsasa TomnwmHa cnos matepuana Hag cutoMm. [1oToK aneMeHTapHOro Merkoro knacca [/,
I + dI] yepes cuto 6yaem cumTtaTb paBHbiM W(/) = -uch™'my, Torna ypaBHeHue cenapauum no-
ny4yaeTcs U3 3aKoHa COXpaHeHUs Ha rpaHuLe 30HbI (Ha ceTke) B Buae

0

m
6_>( = -uch 'my,

T. €. CKOpPOCTb YObINM Macchbl anemMeHTapHoro knacca [/, I + dlf] us HagpelweTHOro matepuana
nponopunoHanbHa ero Macce my n CKOpoCTU NPOCENBaHUS U M 0OpaTHO NponopunoHanbHa
TonNwwmHe cnos h. PeleHne ypaBHEHUA OTHOCUTENBHO My UMeeT BU4

m(t)y(l, t) = mmchMcx(l)eXp[_Uc(/)h_1/].

OHo nokasbiBaeT M3MeHeHne macchl nboro knacca [/, I + df] Hag cMTOM C TeYEeHMEM
BPEMEHM rPOXOYEHUS.

2.3.5.3 Annapatbl Ans pasgerieHns 4YacTtvy No KPYNHOCTU U NAIOTHOCTU

TunnyHOn MoAenbto, OTpaxawLllen MHOrme npouecchbl pasgernieHna Mno KpyrnHOCTU
(knaccudukaumm) U NAOTHOCTU B MOfie 3EMHOM0 TArOTEHUS, SABNSAETCHA rpaBUTaLMOHHO-
Knaccudpuumpyrowmm ctonbuk (cMm. pucyHok 2.29). OH mMoaenupyeT: MexaHu4yeckne cnu-
parnbHble N peeyHble KnaccudgukaTopsbl, rmapaBnmyeckme KnaccuukaTopbl, CycneH3MOHHbIe
cenapartopsbl, cryctutenn. XXnagkocTtb (cpeaa) B ctonbuke aBmxeTcss BBepx. Ecnu Hapsagy ¢
XMOKOCTbIO NOAaBaTb MaTepuarn B 30HY B TOYKE X = Xp, TO fIerkme u Mesnkue 4actuubl BCnIbl-
BalOT BBEPX, KPYMNHbIE U TAXKENbIE TOHYT, @ CpeaHNEe MMEKT TEeHAEHLMIO OCTaBaTbCs B CTOS-

Buke, obpasys copTUPYHOLLMIA CITOMN.
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PucyHok 2.29 — ['paBuUTaUMOHHO-KNaccUuumnpyoLwmin ctonbuk

Ha pucyHke 2.29 Havano koopguHaT OCU X HaXo4UTCHA B cepeauHe 30Hbl, Toraa Bepx
30Hbl 0603HAYUM X = —Xpy, @ HU3 — X = X

B NpoMBbIWINEHHbIX YCNOBUSAX MMaBHbIN PeXUM cenapaumm — namuHapHbId Ong cny-
Yyasd, Korga UCXOOHbIM MaTtepuarn COCTOUT M3 YacTul, pasHOW MMOTHOCTU (P =var) u pasHon
KpynHocTwn (/ = var). B BepxHUin NpoayKT yXoAAT YacTuubl, ANA KOTOPbIX P U | yAOBNEeTBOPSAOT

COOTHOLLEHUIO Uep + [9(p - ocp)f / ac] <0, a B HUXKHUA — COOTHOLLEHWIO
Uep + [g(p - pcp)l2 / Gc] > 0.

paHnua pasgeneHus Ha CrivB U NEeCKU ONUCbIBAETCHA PaBeHCTBOM (CM. pucyHok 2.30)
u(p, /) = 0 UMM Pp = Pep = UepQc / gFp.

A 1 B — TOHyLWMe 1 BChfblBaloLmMe YacTulbl
PucyHok 2.30 — Mpadhmk, xapakTepuayoLwmin rpaHnYHble CBOMCTBA YacTuL

KoHeyHasa CKOpOCTb CTECHEHHOro NageHusa 4acTul, U 3HAYUTENbHO HWXKE CKOPOCTU
cBOOOOHOro NageHus U: Ug = K U (rge kK — KO3(MULMNEHT CHUXEHUS CKOPOCTU). 3HaYeHune
KoadhdumumeHTa k 3aBUCUT rnaBHbIM 06pa3oM OT CTeneHu paspbIxieHnsa 8 aBmxyLienca mac-
Cbl YacTuy, T. e. 0T OTHOWEHMS obbemMa XMAKOCTU Mexay Yactuuyamm Kk obuiemy obvemy
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B3Becu: O = KWT1\/Z2 roe Vi — obbewm B3Becu; Vo, — 06beM, 3aHATbIN TBEPAbLIMM YacTuLa-
MW.

Mpn cTecHeHHOM NageHun ckopocTb coctaenseT ot 0,15 go 0,6 ckopocTn ceBo6ogHOro
nageHusi 3epeH TOM e KPYMHOCTU U NIIOTHOCTH.

MwuHepanbHble 3epHa, MMeoLWMe pasHble pa3Mepbl U MNMIOTHOCTb, HO obrnagatowmne
OAMHAKOBOW KOHEYHOW CKOPOCTbH MageHusi B BOAE MU B BO34yxXe, Ha3biBalOTCA paBHoMa-
paowmmn. OTHOLEHNE OMameTpa YacTuubl NIerkoro MmHepana /1 K guameTpy Yactuubl Ts-
Xenoro MuHepana b, UMerLen Ty e CKOPOCTb NafeHusi, HasblBaeTcs KodpdpuumeHToM
paBHonagaemocTn. KoagpdumumneHT paBHONagaeMoCTy NokasbiBaeT, BO CKOSbKO pa3 vyactuua
nerkoro MuHepana 6onblle YacTuubl TSXXENOro MMHepana, UMeoLWen Ty XXe CKOpoCTb nage-

L (p2- 120’5

HUA: E = (p1 _ 1)0,5.
2.3.5.4 Annapatbl MarHuTHOM cenapauum

MponsBogaT cenapaTopbl C MNOCTOSIHHbIMM MarHMTamum W anekTpomarHuTamu: bapa-
BGaHHble ans cyxon cenapauuu, 6apabaHHble onsi MOKpoKr cenapauuu, 6apabaHHble ¢ LeH-
TPOOEXHbIM PEXMMOM, BasnkoBble Afs MOKPOW WU CyXOM cenapaumm C HWKHUM MUTaAHUEM,
BasikoBble C BEPXHMM NMUTaHUeM, nonurpagneHTHole un ap. Cenapatopbl Cyxoro oboralleHns
NPUMEHSAOT NS HEMbINALWMX KPYNHO3EPHUCTLIX MaTepuanos, cenapaTtopbl MOKporo obora-
LLEeHNs — NPW HanM4yuMn TOHKUX KnaccoB. B nocnegHem crnyyae Mcnonb3ylT: NPSIMOTOYHbIN
PEXUM NPU ManoM COAEPXaHUM TOHKMX U MarHUTHbIX OpPakuuin; NPOTUBOTOYHBLIN — MNpWU
B6onbloM nX cogepkaHuun; NonynpoTUBOTOYHBIN — MNPU HANUYMU UNUCTbIX CUIIbHOMArHuT-
HbIX opakumn.

CenapaTopbl co crnabbiMm nofem MNPUMEHSOTCA NS cenapaumm CUNbHOMArHUTHbIX
pyad, cogepXalmnx deppomarHuTHble MmHepansl. CenapaTopbl C CUMNbHBIM MNONEM MPUMEHSI-
0T 419 cenapauum napamarHUTHbIX MUHepanoB, MarHUTHas BOCMPUMMYMBOCTb KOTOPbIX X Ha
3—4 nopsigka MeHbLue, YeM y doeppomMarHeTKoB.

Pa3oMKHyTble MarHUTHbIE CUCTEMbI C YepeayrLLEencs NoNsipHOCTLIO JatoT 6onee yn-
CTble KOHUeHTpaTbl Gnarogapsa adekTy aneKTpoMarHUTHOro nepemeLumBaHus. JnekTpo-
MarHMTHOE nepemMellvBaHue 6erywmum nnu BpawarowmMmMcsa NonemM MOXET OOMNOSTHUTENBHO
BBOAUTBLCS B cenaparop.

3aMKHYTbl€ MarHuUTHbIE CUCTEMbl MPUMEHSOTCA ANns TpyaHooboraTuMbIX pya: pyaa
TpaHCNOPTUPYETCA MeXAY MOMKCHBIMM HAaKOHEYHUKaAMM C NMOMOLLIbIO BarikoB, AUCKOB, POSn-
KOB (MHOYKUWOHHbIE MarHuThbl).

MarHuTHble cenapaTtopbl pa3gensitoT YacTuubl MO MarHUTHOW BOCTNPUUMYMBOCTHY X, a
Takke no NNoTHOCTH P.

Ona ponukosoro mnu 6apabaHHoro cenapatopa (CM. pUCyHOK 2.31) npu HECTECHEH-
HbIX YCIOBUAX OBWMXXEHUS YacTuy B paboyer 30He rmaBHbIMK cuniaMmu B ypaBHeHun bGanaHca

2 _
cun Y F; sBnsatoTcs marHuTHas F, = X H grad H v ueHTpobexHas F s = uOKpR 'p.
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[TpoayxTsi

PucyHok 2.31 — PonukoBbIN MarHUTHbIN cenapaTop C 3aMKHYTOW MarHUTHOW
cMcTemMon
BanaHc cun
2 -
X Hgrad H - u, R =0.

Mogenn neHTouHbIX 6GapabaHHbIX cenapaTopoB Ha pUCYHKe 2.32, a n 6 pasnuyatTcs
TeM, YTO B MEPBON pasaeneHne BeaeTcs B TONCTOM Croe, a BO BTOPOM — B MOHOCHIOE.

a
30Ha paccnoeHus '
.................. ¢
HcxonHoe ;/ ~\ 3oua otae-
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/ \, NIeHHA
\
\
- -‘—
\
]
]
]
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[TponyxTsi

PucyHok 2.32 — Mogenu ¢ TonctbiM cnoem (a) u MoHocnoem (6) ans
neHTo4Horo 6apabaHHoro cenaparopa

B nepsom cnyyae TpebytoTcs npeaBaputenbHble MarHuTbl A U BUGpauus cMecu, BO
BTOPOM — [0CTaTOYHO MarHuToB 5. B 30He oTaeneHus npoaykToB B AeNCTBME BCTynaeT
TPeTbe Mnone — UEeHTPOBEXHbIe CUIbl, KOTOPblE MOCTOSIHHBbIE MO BENUYMHE U HamnpaBreHbl
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nepneHAVKYNSpHO K CNo. B KOHUE 30HbI 0TAENeHnsa BHYTPW Crost eCTb rpaHmua X, rae LeH-
TpobeXHble CUNbl U CUMbl rpaBUTauUn, OTpbIBaKOLLME YacTULbl OT OHULLA, YPaBHOBELLMBAOT-
CSl MarHUTHbIMUK CUNaMM.

Mogenb Ha pucyHke 2.32, a UWToCTPUPYeT OTCYTCTBUE apXMMeOoBbIX CUS, CuUn Tpe-
HUS N rpagneHTHbIX cun. MIMetoT BNnAHME TOMNbKO CUMbl NONA TATOTEHUS g, MarHUTHOrO Nons
a n ueHTpobexHble a,. B ropusoHTanLHOM HanpaBneHun pasgenutenbHOro nepeHoca Aen-
CTBYIOT TOMbKO [iBE CUNbl — MarHUTHas n LueHTpobexHas: ax u a,p (rae a, = const).

B mogenu ¢ moHocnoem vactuubl, 4ns Kotopbix (ax — ayp) > 0, npwkumatoTcs K 6apa-
6aHy 1 yxoOoaT B MarHUTHbIA NPOAYKT, @ YacTuubl, Ans KOTopbiX (ax — ayp) < 0, — B Hemar-
HUTHBIN NpoAyKT. CooTHoweHue (ax — ayp) = 0 xapaktepusyeT «AeMapKauMOHHY» rpaHny-
Hyto NuHuo. OHa paspesaeT PYHKUMIO Yucx(P, X) aHarorMyHo ToMy, Kak B Krnaccudpuumpyo-
Lem cTonbuke rpaHnyHas NnMHUA paspesaeT QYHKUMIO Yuox(/, P).

2.3.5.5 AnnapaTtbl 3NeKTpu4ecKkoun cenapauum

CxeMbl pacnpOoCTpaHEHHbIX 3MEKTPUYECKNX CenapaToOpoB MoKa3aHbl HA PUCYH-
ke 2.33. B KOpoHHbIX cenapaTopax (CM. pUCYHOK 2.33, a) YacTuubl 3apsiKkatoTCs MOHM3aUnen
n fanee pasgensTca nog gencrtenmemM cun KyrnoHa n 3epkanbHOro oTpaXeHus; B NpoBOAS-
LWy dpakuunio BblAENsTCA cynbduabl, apCeHnabl N Apyrve MyHeparnsl, a Takke 30J10TO,
cepebpo ¢ yamenbHon npoBoagMmocTbio A > 1 Cm/M. B anekTpocTaTUdeckux cenapartopax
(cM. pucyHok 2.33, 6) YacTuubl 3apsKatloTCca pasHbiMM cnocobamun u pasgensaTca nog geu-
CTBMEM CUSIbl 3ePKaNbHOr0 OTPaXKeHUd; Npu 3TOM MUHepanbl-auanekTpukn ¢ A <0,1 Cm/m
oTaenatTcA oT MWHepPanoB-nNPOBOAHNKOB. B kOMOMHMPOBaHHbIX KOPOHHO-
ANeKTpoCTaTU4YECKNX cenapaTopax B NPOBOLHMKOBYK (PpakUmMio BbIOENSTCA MUHepansbl C
A > 10% Cw/m.

B TpnboagreanoHHbIX cenapaTtopax (CM. pucyHok 2.33, 8) HarpeTasi CMeCb nogaeTcs
Ha XONOAHbIN POSIMK-3NEKTPO, HA KOTOPOM KBapL, NONApuU3yeTcs n yaepxxmBaeTcs.

iy

PucyHok 2.33 — O630p aneKkTpuyeckmx cenapaTtopoB: @ — KOPOHHbI
GapabaHHbIn; 6 — KOPOHHbIN 3NEKTPOCTATUYECKNN; 8 — TPUBOAAre3NOHHbIN;
2 — TpPUBO3NEKTPOCTATUYECKNIN KaMEPHBIA C CETMEHTHBIMU 3f1eKTpo4aMU

B TpnboanekTpocTatudeckux cenaparopax (pucyHok 2.33, 2) ucnonb3yeTcs pasnuu-
Hasi CNOCOBHOCTb MUHEPAIoB K 3NeKTpu3aumm TpeHeM. ATUM NyTem nony4varT ANCTEHOBbIE
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KOHUEHTpaTbl, YACTbIN KBapu 1 T. 4. ObpaboTka NOBEPXHOCTEN MUHEPANOB peareHTamu 3Ha-
YMTENBHO pacwmpsaeT o6racTb NPUMEHEHMNS ANEKTPUYECKON cenapaumm.
Mpn pasgeneHnn cmecen B IMEKTPUYECKOM Mone MOXeT ObiTb MCNonb3oBaHa cuna

KynoHa, fgencreylowlas Ha 3nekTpuyeckn 3apsikeHHble vactuubl (Fyn = qE), u cuna, pew-
CTBYyIOLAA Ha  MNONAPU3OBaHHbLIN  OMANEKTPUK  (Fun = €oXeE grad E = €oX:E (dE / dX).
B cTecHeHHbIX ycnosusax oboraieHns [obasnsaoTca cunbl CONPOTUBMNEHUS Feonp U Fpagm-

eHTHasa Frpan.

MoMnmMo pr3nyecknx CBONCTB q U Xe, HA NPOLECC ANEKTPUYECKON cenapauun BnmsieT
NAOTHOCTb YacTuL P, TaK KaKk BO MHOMMX KOHCTPYKLMAX cenapaTtopoB AEWCTBYIOT CUIbl rpa-
BUTaALUMM U LLEHTPOOEXHbIE.

3aTpygHsaoLllee 06CTOATENbCTBO CBA3AHO C TeM, YTO (PM3NYECKMe CBOMCTBA G U Xe
(ocobeHHo 3apsag q) YacTtuubl npuobpeTatloT B paboyem npoctpaHcTBe annapaTa. OHM He Tak
TECHO CBSA3aHbl C BELLECTBOM YacTuL, Kak, Hanpumep, NnoTHOCTb p. [pu KOHTakTe YacTtuy
3a3emMreHHbIM GapabaHoM Ha 3apsg YacTuy, OOMOMHUTENBHO BUSET UX 3MEKTPOnpoBOa-
HOCTb. OTO He MO3BONAET TaK fIErkO OXxapakTepu3oBaTb (PPAKUMOHHbBIN COCTaB CMECU (PyHK-
unen suga y(q), kak doyHKUMen y(p) Nnpu oTcagke, HO NpUMepbl n3mepeHunst Y(q) N3BECTHBI.

B pabouen 30He BapabaHHOro cenapaTtopa C KOPOHHbLIM pa3psiaoM (CM. pUCYHOK 2.34)
NPOUCXOAAT cpa3dy ABa rMaBHbIX Nnpouecca. NepBbii NpoLecc — NoAroTOBUTENbHbIN.

Hcxonnoe »é'
Up

PucyHok 2.34 — bapabaHHbI anekTpuyeckuin cenapatop

OH BKNtoYaeT 3apsaaky Yactuubl, T. e. npuobpeTteHne npusHaka g, nonapusaumio u
3NEKTPOCTATUYECKYH UHAYKUMIO (ANMNONbHBIX MOMEHTOB Xe). BTOpOI npouecc — 3710 ABMXe-
HWe YacTuubl C NPUOBPETEHHBIMU NPU3HAKaMN Xe, § U P B CUIIOBOM none E n g. dnektpuye-
ckoe none E cosgaeTtcda ¢ nomoLbio UcTodHuka U, mexay anektpogom-6apabaHom 71 um ko-
POHMPYIOLLMM 3MEKTPOAOM 2, NPeAcTaBNALWLMM cOO0M TOHKMIA NPOBOAHUK, NapannenbHbIv
ocu GapabaHa. MimeeTcs elle «OTKIOHSAOLWMA» 3MekTpon 3, Ha3HayYeHne KOToporo — yBe-
NNYNTb HeogHopoaHOCTb nonsa dE/dl n OTKNOHUTL K cebe YacTmubl ¢ 6oNbWNMKU ANNOSbHbI-
MK MOMeHTamu. [Npu nonagaHUn MCXOOHOWM YacTULbl B 30HY OHa MOYTU MIHOBEHHO npuobpe-
TaeT NPU3HaK Xe, C HEKOTOPLIM 3ana3abiBaHUEM BO BPEMEHM NPU3HAK . ANeMeHTapHbIe 3a-
psabl, BO3HUKAOLWME M3-3a MOHM3ALMN OKOJTIO KOPOHMPYIOLLEro 3MeKkTpoaa, Npu OBUXEHUU
BCTPEYalTCA C YacTMuamMu Matepuana n ocaxaarTcs Ha HUX.
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Ha aTom nepBbI NOAroTOBUTENbHLIW 3Tan 3akaH4YnBaEeTCs, U Jaree yactmua co CBoM-
CTBaMM Xe, § WU P OBWXETCA NoA AencTBuem curnosblx nonen E, E(dE/dx), g, a,: QE — anek-
Tpuyeckasa KynoHoBckas cuna; €oXsE (dE / dXx) = agXs — 3neKTpunyeckas NoHAepoMOTOpHast

cuna; gp — cuna rpaBuTaumm; ayp = (UiKpR)p — LleHTpobexHas cuna nHepumm.

MNepBble ABe cunbl — 3MNeKTpU4eckue, octanbHble — MexaHuveckue. NocnegHssa cu-
na — ueHTpobexHas. OCHOBHOM npouecCc pasfernieHnss NPoucXoamT nog OTKIOHAKLWUM
anekTpogom. YacTtuupl, Ha KoTopble Npeobnagatollee BO34ENCTBNE OKa3blBaeT KyNOHOBCKas
cvna + qE (OUanekTpukn), NMET TEHOEHLUMIO NPUTArMBaTbCA K anekTpoay-6apabany 7, ya-
CTUUbl ¢ nNpeobnagatoLlen SNeKTPUYECKon CUMomn (MPOBOAHUKN) — K OTKIMOHSOLLEMY 3rek-

Tpoay 3.
2.3.5.6 Annapatbl ¢prioTauMOHHOM cenapauum

Yactuubl maTepuana, obnagarowime noBepXHOCTHbIMU rMapPodOoOHbIMU CBOR-
CTBaMu, NpUIMNatoT K Ny3blpbkam (MUHEpanu3aums ny3blpbkoB) U, BCMNIbIBasi, CENapUpYyOTCA
B NEHHbIN KOHUEHTpaTHbLIN NPOAYKT, a YacTuubl, obnagawwme rmapodunbHbIMU CBOUCTBA-
MU, OCTalOTCA B «KaMepHOM» MPOAyKTe M rnonajatT B XBOCTbl. TakoBa KapTWUHA, BKIIOYalo-
Lasa aBa rnaBHbIX cybnpouecca droTaunn: MMHepanu3auuio ny3bipbKoB U rpaBUTALMOHHYHO
cenapauuio (CM. pucyHok 2.35).

MogoBHO rpaBMTaLMOHHBIM annapartam, pasgensaowmnmM YacTuLbl Cbipbs NO NIIOTHOCTU
P Ha KOHUEHTpAT P > Pp U XBOCTbI P < Pp, PrIOTALMOHHbBIE MALUNHBI Pa3faenstoT YacTuLbl Cbl-
pbs MO UX PrOTMPYEeMOCTU K Ha KOHLEeHTpaT Kk > k, 1 XBOCTbI Kk < k,. Bo Bcex Tunax dnorta-
UWNOHHbIX MaLlMH (MexaHUYecKux, MHEBMOMEXaHNYECKUX, MHEBMATUYECKNX, KOSTOHHbLIX 1 Ap.)
cenapaumsa NpoONCXOAUT Npexae BCEero Ha rpaHuue pasgerna ny3blipbku — nynbna.

MpombiBOYHasA BOAA
-

MeHa~»—- _ﬂ_ 4
\‘ S

30Ha o4MCTKN

>

Mopaya nynbnbl ———__

Mynbna =~

3oHa cobupanus

i A_ . Bozayx

8 |9 OcesLuwit <>
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AsTOMaTU4ECKUN
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unu
Hacoc nepemeHHon
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BoaayX™~
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PlllcyHOK 2.35 — dnoTaunoHHbIE A4ENKN YAaHOBOIO N KOJIOHHOMO TMna

124



UTC 23 - 2017

®dnoTMpyemMocTb 4acTuubl MOXHO OLUEHUTb WU3MEHEHUEM MOBEPXHOCTHOW 3SHEpruu
(E1 - E2) po v nocne npunuvnaHnsa K ny3blpbKy, OTHECEHHbIM K eauHuLEe oBpa3oBaHHOM Mno-
BEPXHOCTW ras-TBepaoe Sr::

ko = ﬁ%) = Orx(1 — cos 8),
rae cos 8 = (Orr = Oyr) / Grx — KOCMHYC KPaeBOro yrna cMadmsaHus;
o — NOBEPXHOCTHOE HaTsKeHUe Ha COOTBETCTBYIOLLMX rpaHuLax
pasgena gas.

OTa TepmoguHamuyeckas mepa — 4yeM 6onblle aHeprum ocBoboxpgaeTca npu 3a-
KpenneHun YacTuubl Ha Ny3blpbke, TEM Bbile ee (hnoTMpyemMoCcTb — XopoLla npu aHanuae
9NeMEHTapPHOro akTa 3akpensieHns OOQUHOYHOM YacTuLlbl Ha Ny3blpbKe, HO BCNeACTBME npak-
TUYECKON HEM3MEPUMOCTU MarionpurogHa gng npouecca npoMbIlSieHHOW ¢noTtaumm bec-
YNCIIEHHOIro MHOXECTBAa YacTuL.

Bonee npaktuyHoOn, Grnarogaps N3MeEpUMOCTU, ABRAsSieTCa Mepa PnoTUPYEMOCTHU, CBS-
3aHHasi Co CKOPOCTbK KMHETUKN U3BMEYEHUsI B NEHHbIA NPOAYKT Y3KON (pnoTaunoHHOW 3Hep-
run No ypaBHeHuto benornasosa

eft) = 1 - exp(-f),
roe ¢; = const — proTMPYEMOCTb Y3KOi i-i (hrIoTaLMOHHOI dpakLmm, ¢ .

Mepa @ He yunTbIBaeT BaXKHENLLIEro «MaLUMHHOIo» akTtopa — CTeneHn aspaumm, no-
3TOMY MNpenrioXeHa HEeCKONbKO M3MEHEHHas Mepa prioTupyemMocTun k (Mm/c), dourypupyrowlas
B ypaBHeHun benornasosa B Buae g(t) = 1 — exp(—k;St), rae S — nnowaab NOBEPXHOCTU Ny-
3bIpbKOB B eauHULe obbema nynbnbl (MK yaenbHasi NOBEPXHOCTb pa3gena XWAKOW U raso-
obpasHon hasbl), M%/M°. Takoe pasbuenvie @ Ha ABa COMHOXUTENs k 1 S nossonseT y4yecTb
BNMsSiHME S Ha CKOpPOCTb prioTaumMmM M UCKMOYUTb 3aBUCUMOCTb MPEXHEeNn hnoTnpyemoctm
yacTuy @ OT cTeneHun aspauuun. drnoTupyemMocTb ki (Unu ¢;) yakon dopakumm [ki, ki + dk] moxeT
ObITb HangeHa NO KPMBOW KMHETUKM cbrnioTauum ee (6e3 cmecu ¢ apyrummn dopakumsimin).

dnotnpyemocTb Kk Ans 4aHHOM 3neMeHTapHoW dorioTaumMoHHon dopakuumn [ki, ki + dk]
paBHa yCpeaHEHHOW CKOPOCTU MEXaHMYECKOro ABMXKEHMUS YacTul, opakumm 13 xungkon dasbl
K rpaHuLe C ra3oBon oas3on, T. €. U3 NysbMbl HA Ny3bIpbKK (B YCPEOHEHNE CKOPOCTEN BXOAAT
N cnyyam coygapeHun 6e3 3akpenneHus n cnydam obpaTHoro nepexoda C My3bipbKOB B
nyneny, T. €. K CcyMMuUpyeT BCe NPOMEXYTOYHbIE CTaaun npoLecca MUHepanusauumn nysbipb-
KOB).

2.3.5.7 Annapatbl gna 06e3BoXNBaHNA

B HacTosilee BpeMsi MMeTCA NPUHLUNMANBHO HOBblE BO3MOXHOCTU Ansi 06e3BOXU-
BaHMs NpPoayKToB oboralleHums.

XKeCTKyt0 KOHKYPEHUMIO C BaKyyMHbIMU (PUNbTPALNOHHBIMA CUCTEMaMU BblaepXXanu
GunbTp-npecchl. PunbTP-NPecc COCTOUT U3 MeTaNIMYECKON pambl U YCTAHOBIEHHbIX HA HEN
GunbTpoBarnbHbIX Kamep, KOTopble 00pasylTcs npwxatbiMU OpYr K Apyry OB6TAHYTbIMU
GuUnbTPOTKaHbIO (candeTkamn) NAMTamu, rge nog 4ENCTBUEM BbICOKOW Pa3HOCTU AaBreHUn
nocnefoBaTeNibHO peanuayloTcs npouecchl punbTpaumMm nynbbl, NPOMbIBKM 1 CyLKM obpa-
3yrouierocs keka (CM. pucyHok 2.36).

[(MaBHbIMM [OCTOMHCTBaAMU Mpecc-PuUrbTPOB SABMASIOTCA BblCOKas 3(EMEKTUBHOCTb
06e3BoXuBaHWNA Nynbnbl, HeGonbLaa OCTaToyHaa BNAXHOCTb KeKa, HU3KMe aHeprosaTparhl,
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BO3MOXHOCTb MOMHOW aBToMaTudauuun. MNpoyHble NonNMacTepoBble U NonmMakpunosble urb-
TpoBasbHble TKaHW HaALEeXHO 3afepXUBaKT YacTuubl pasmepomMm 0o 5—10 MKM, cBOASA K MU-
HUMYMY cofiepkaHue TBepaon dasbl B hunbtpaTe.

dbuabTpyoman

IVIMTa

duasTpoBaIbHaA canderka
TKaHb U3 IOJUIIPONWICHA

Ll
}.}4 AN

3l-li-li-l-l.

OTBOJ,
dpuasrpara

—

nojgaya
CYCTIEH3UH

OTBOJ,
¢puabTpaTa

PucyHok 2.36 — lNpuHumnuanbHaa cxema ounbTpoBaribHOW KaMepbl Npecc-

dunbTpa

Ha npounsBoacTBeHHbIX nnowiagkax Hopwunbckoro, YyanuHckoro, Manckoro, CpeaHe-
ypanbCKoro ropHo-meTannyprmyecknx KomomHaToB, Ha KombuHaTte [leyeHraHukernb yCTaHOB-
neHbl npecc-punbTpbl TMNa ®rAKM, nssectHble Takke nog mapkamu LaroxPF, FPM u gp.

(cm. Tabnmuy 2.10).

Tabnuuya 2.10 — lNokasaTtenu domnbTpoBaHUsa pNoTaLMOHHbBIX KOHLEHTPATOB

HanmeHoBaHne 006e3BOXMBaEMO- 0 CkopocTb dunbTpauuu,
ro KOHLUeHTpaTa BriaxocTe keka, % Kr/M>-4 MO CyxoMy NpoayKTy
MeaHbin 5-8 140-900

Kob6anbToBbil 7-8 200-600

HukeneBbin 5-7 250-800

LinHkoBbIV 4,7-8 200-1150

CBUHLOBbIN 6,5-9 300-900

OnoBsAHHbIN 45-8 450-650

MarneTutoBbIN 7,5-10,5 200-400

AnaTtuToBbIN 6—-10 400-550

KanbumntoBbin 5,5-9 200-450

TanbKoBbIN 7,9-14 250400

Bbicokun akoHomuuecknin addekt obecneymBaeTcsl UCKMIOYEHMEM U3 TEXHOoMornye-
CKOM cxeMbl Cylwkn B BapabaHHbIX CyLuurkax, CHUMaroLwen HeobxoammocTb B UCMONb30Ba-
HUK TONnMBa W, cnefoBaTenbHO, BbiIbpoce B aTMocepy rasoB 1 Mbifin, a COOTBETCTBEHHO, U

TAXenbIX meTasnrioB.
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lMpouecc cryleHnsa XxBocToB oboraleHnst 4O COCTOSHMS NacTbl OCYLLECTBASETCA Cry-
CTUTENSIMN 0COBON KOHCTPYKLUKM, NO3BONSAIOLWEN MaTepmany AOMblle HaxoauTbCA B CryCTu-
Tene n ynnoTHATLCA OO0 HY>KHOW KOHCUCTEHLMN.

[MpenmyLLecTBa NacToBOro CryLLeHns XBOCTOB (CM. PUCYHOK 2.37):

- UCKIMOYEHNE BO3MOXHOCTU BO3HUKHOBEHUS rMApOANHAMNYECKNX aBapui;

- pagvKanbHO€e COKpallleHWe KanuTarbHbIX 3aTpaTt Ha CTPOUTENBLCTBO U NogaepXxaHune
orpaxgaroLmx KOHCTPYKLNIA, KOTOPblE MOTYT U OTCYTCTBOBATb;

- yBENMYEHME NOoNe3Horo o6 bema XBOCTOXpPaHUNLLA;

- oNnTUMM3auunsa o6opOTHOro BoAoCHabXXeHUs habpuKu;

- CHWXKEeHWe aHepro3aTpaT Ha nepekayky XBOCTOB;

- OTCyTCTBME CBOOOAHOM BOAbI HA MOBEPXHOCTM XBOCTOXPAHUNULLA;

- MMHMMarbHOE npocavnBaHue;

- CHWKeHue nbineobpasoBaHus;

- BbICTpas pekynbTUBaUUS;

- MMHMMarbHbIE 3aTpaThbl HAa NMMKBMAALUMIO.

B kayecTBe anbTepHaTMBbI 4OPOrocTosiLWEN punbTpaumMm nacta aBnseTcs ontumarb-
HbIM OCHOBHbIM KOMMOHEHTOM 3aKrnago4YHON cMecu aAnsg obpaTHOro 3anofHEHNs rOpHbIX Bbl-
paboTtok (waxT). Ecnn TpebyeTcs nacta NOBbILEHHOM MPOYHOCTU, ee nepemMeLuvBaloT Cco
CBSA3YIOLWNM BeLEeCTBOM (Hanpumep, noptnaHguemeHTom). CMecb nacta — CBsA3yoLLee Be-
LLIeCTBO NMepekaynBaeTCs K LWAaXTHOW CKBaXXMHE U Mo AeUCTBUEM CUIbl TSHXKECTU TpaHCcnop-
TUpyeTcs K MecTy 3akrnagkn. ObpaTHoe 3anofiHEHWE TFOpPHbIX BbIpabOTOK MacToM — 3KOHO-
MUWUYHbIN METO yaaneHus (3aXOpOHEHNS) XBOCTOB.

TpasCIOET Py K JaKnanka BeIpatoTAHHONC
HECOC

Haces
KNALCHPMKETOpA

Eyureg
B XPAHEHUR
LEMEHTE

Tpaucnop-
T HMLARA

rRACCwhMKATOPa

PucyHok 2.37 — lNpuHumnmanbHble CXeMbl NPUMEHEHNSA CryCcTUTENEN C
BonbLIMM BpeMeHEM 3afepXKKn 06e3BoXMBaEMOWN Nynblbl

Hawnu LLUNPOKOE NMpMMEHEHNE BapUaHTbl peann3daunn aByxctaguaribHbIX CXemM nac-
TOBOIo cryweHuna B cnyyaax yaaneHHoro pacnonoXxeHmnd XBOCTOXpaHUNma
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(cm. pucyHok 2.38). Ha cryctutensax nepBov CTaguu, ycTaHaBnuBaeMbliX Ha dabpuke, ans
MUHUMM3aUMK 3aTpaT Ha nepekayvky rnyboKOCryleHHOro npoaykra npon3BoaaT npensapu-
TenbHOoe CrylieHne nynbrbl, YTO NO3BOMSET COKPATUTb €€ NOTOK U, COOTBETCTBEHHO, SHEPrO-
3aTpaTbl Ha ee nepekayvky B 4—6 pas. [lanee cryweHHas nynbna TpaHCNOpTUPYeTCsa Ha BTO-
pyt0 CTaauio NacToBOro CryleHns, obopygoBaHme KOTOPOW pPacrnonoXeHo Ha BopTy XBOCTO-
XpaHunuuia.

MacTy MOXHO CKNnagupoBaTb B YXKe MMeLLMecs npyabl: OHa ynsbkeTcs Ha gHO un By-
OET COXPaHsiTb MMOTHOCTb, HE NOAAABasCb BNMSHMIO BOAbl B BEPXHEW 4acTu npyaa, gaxe
npu ee akTMBHOM oTbOpe.

Mopaua
Koarynamra

Mopayua

Bosapss  PNOKYNAHTa
Touka CKNnagmMpoBaHua nactbl

Wedlucr
MacToBeliii cryctutens

[para

CyuiecTByolLee XBOCTOXPAHUNMULLE
N

A Mopavya
nonuMepa  Bosa ann WeTiecn

Cryctutens

NPOMbIBKY

. Bopa
~ B obopoT

\J

Mpya-oTcTonHMK 1

Pa3rpy3ka soab!

PucyHok 2.38 — lNpuHumnuanbHasa cxema NacToBOro CryLleHusi XBOCTOB
2.4 TexHonorua ob6oraweHua pya UBeTHbIX MeTannos

2.4.1 Npouecchbl pyaonoaroToBKU

Mpy noaroToBKe MOMeE3HbIX UCKoNaeMblX K oborawleHuto B npouecce nx gpobneHus u
N3MenbYeHNUs N3MEHSIOTCA PU3MYECKME U XMMUYECKME CBOMCTBA MUHEpPAsibHbIX KOMMSEK-
COB: YBENUYMBAETCSH YUCIO AeEKTOB KPUCTaNSIMYECKON peLueTKn, N3MEHSIOTCA CTPYKTypa
MUHepanos U oopma 4acTtul, yBenuyunsaeTcsi MOBEPXHOCTb, PACKPbIBAKOTCA CPOCTKN LEHHbIX
N nopoaoobpasyomx KOMMNOHEHTOB, 00pa3yloTCa MWUKPOMOPbl U MUKPOTpeLwmHbl. Cyule-
CTBEHHO BO3pacTaeT peakLMOoHHasa CNOCOBHOCTb TBEpPAbIX TEMN, YBENMUYNBAETCA KaTanutnye-
CKasi akTUBHOCTb NOBEPXHOCTU, CKOPOCTb MPOTEKAHUS XUMUYECKMUX PeakLnin Ha MexdasHbIxX
rpaHuuax. NprnobpeTeHHas akTUBHOCTb BO BPEMEHU U3MEHSAETCS, NPOLOIMKUTENBHOCTD MakK-
cMMyMa akTuBHocTM 107°=107" ¢ [49]-[57].

PeareHTbl WMHTEHCUUUMPYIOT M3MENbYEHNE — MOBbILLAKTCA MPOU3BOAUTENBHOCTb
MEeNbHUL, M TOHMHA U3MENbYEeHUA N oboraTuTenbHbIN (PNOTAUNOHHBIA) Npouecc. PeareHTbl
MOryT BNUATb Ha U3MerbYeHne, CHXKas TBepOOCTb U MPOYHOCTb U3MeSlbYaeMoro maTtepua-
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na, NnpeaoTBpallas KkoarynsumMio BHOBb 06pa3oBaHHbIX TOHKUX YacTul, 3akpbiBasi MUKpOTpe-
LLMHbI HA NOBEPXHOCTAX W BHYTPM YacTuUL, MaTepuana, U3MeHsist BA3KOCTb Nynbnbl.

O PEKTMBHOCTL NMPUMEHEHUS peareHToB 3aBUCUT OT UX Tuna u pacxoga. [Nonoxu-
TenbHble pe3ynbTaTbl NPU PYAOMNOAroTOBKE AAl0T OpPraHNYeckne U HeopraHU4Yeckne pearex-
Tbl. VI3 opraHuyeckmx peareHTOB PEKOMEHAYHTCSH HU3KOMOMNEKYNsSIPHble COeAUHEHUS U3
Knacca CnMpToB, KETOHOB, aMUHOAIKOronen, NonuranouaHbIX NPOM3BOAHLIX arkaHoB U Kap-
BGOHOBbIX KACMOT, U3 HEOPraHNYeCKNX — CON MEeTarnnoB.

2.4.2 MegHble cynbcpuaHble pyabl

Mpun dnotaumm cynbuabl Nerko oTaenaArTca OT NycTon nopodbl. [Ans nogasneHna
CUMUKaTHbIX MUHepanoB (OCOBGEHHO rpynnbl NMUMPOKCEHOB) PEKOMEHOYETCA B NEPEYUCTHBIX
onepauusix UCNONb3oBaTb CMECb JTUNEHOWAMUHTETPAYKCYCHOM KUCMNOTbl W peareHTa
®JIBUOEKC [53], [57], [58].

Cynbduabl mean nyyuwe ¢noTupyrotTca B n3sectkoson cpefe (pH 8-12); ogHospe-
MEHHO u3BecTb nogasnseT nuput. MNpu Hanuyuu B pyae cBOBOAHOro 30510Ta BMECTO U3BECTU
pekoMeHayeTCs NPUMEHATb COAy UNKU «MSArKoe» nofaBrieHne nupuTta aspaument nynbnbl U
A03UPOBKOWN UMaHnga npy Hebonblumx pacxoaax (adpdekTnBHa nogadya B NepeyncTHble one-
pauun). nga yBennyeHnsa n3BrneyYeHnsa 305n0Ta UCNomb3yT MeAHbIA KyNnopoc Kak akTuBaTop
xanbkonuputa n nuputa unu onoTUpyrT Npyn HU3KoM pH (Nnogaya cepHoun KUCnoThl). MHorga
NMPUT B MEOHOM LMKIe nogasnsieTca npu 60nblUMX pacxogax U3BecT Unu umaHunga (Mnu nx
coyeTaHneM, B psiae CnyyYyaeB — C LIMHKOBbIM KyNnopoCOM).

OddekTnBHble cobupatenu Bcex CynbdUOOB Mean — KcaHToreHaTbl (3TUNoBbIN,
N30NPONUMIOBLINA, BYTUMOBLIN, aMUIOBLIN) N aspodnoTbl. XanbkonupuT nyywe donoTnpyet
anbytungutmnodocdat HaTpus (asapodnioT 238), BTOpUYHbIE Cynbduabl (6OPHUT, XanbKO3uH,
KOBENNMH M Ap.) — 3TunoBbiA (cogoBbi) aspodnioT M cmecb 1:1 guatmn- n gubytun-
antnodgoccpara Hatpusa (aspodpnot 208). lMpun ucnonb3oBaHUM a’poOdIOTOB CEMEKTUBHO
pasgensalTcs MMHepansl meau u nuputa. Pacxogbl cobupatenen peako npesbiwatoT 50 r/T.
OdbbekTnBHLIN cobupaTenb-neHoobpasoBaTens CynbMOUAOB Mean — LMaHOSTUNANITUN-
anTnokapbomat (cnocobCTByeT CHMXKEHUIO pacxoda WU3BECTU M OPYrMX peareHToB, Marioak-
TMBEH K apCeHONpuUTY).

B npombilwneHHOM npakTuke cnotaumm pyn, B KOTOpbIX MeAb NpeAacTaBneHa npe-
MMYLLLECTBEHHO XarnbKOMMpUTOM, Haubonee 4acTto NPUMEHSAIOT cobupaTtenu: M3onponuno-
Bbli, OYTMMNOBbLIA N aMUIOBbIA KCAHTOreHaTbl, CIMPTOBbIE a3podnoThl, peareHT Z-200 (130-
nponunaTunTMoHokapbamart). B kadecTBe AONOMHUTENbBHbLIX cobupaTtenen UCNONb3yT MU-
Hepekun n Aapo-404 (mepkantobeHaoTnason). NeHoobpasoBatenn — cocHoBoe Mmacno u [Jo-
ydpoc.

Pyaobl, cogepalime npenmMyLLecTBEHHO BTOPUYHbIE MUHEPanbl Mean, ny4dwie gnoTu-
PYIOTCA COYeTaHMeM pasnuyHbIX cobupaTenenm npu OTHOCUTENbHO OOonMbLUMX pacxonax.
Hanbonee pacnpocTpaHeHbl COMETaHUS HU3LWNX KCaHTOoreHaToB unu aspodnoTtoB ¢ 6onee
CUMbHbIMK peareHTamu nMbo ¢ anonspHbiMn Macnamu. O6blMHO ONOTUPYIOT NpU nogade
cunbHbIX neHoobpasoBatenen — OlCB, Joydpoc, TOb, cocHoBoe macno, aspodnoTt 25
n ap.

Pyaobl, B KOTOpbIX Medb NpeacTaBrieHa Kak NepBUYHbIMA, Tak U BTOPUYHBIMU MUHEpPa-
namu, yawe noTMpyT C NPUMEHEHMEM KOMOMHaLMKM cobrpaTtenen: coveTaHns 3TUNOBOro
N aMUNOBOro KCaHToreHaToB, 3TUIIOBOro KcaHtoreHata n Z-200, n3onponmnnoBoro KcaHtore-
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HaTa n Z-200 n gp. OcHoBHble NeHoobpasoBaTenm — COCHOBOE Macsio, rekcaHos, MeTunm-
300yTunkapbuHon, aspodnor.

TexHonormyeckne cxembl rnoTaumMoHHOro oboraweHna MegHbIX cynbuaHbIX pyg C
ManbiM cogepxaHueMm nuputa Hanbonee npocTbl. [pn HanMuum B pyae nNMputa BO3MOXHbI
TPY TEXHONOMMYECKNX BapuaHTa:

- nocnegoBaTenibHas cenekTMBHasa notaunsa MMHepanos Meau u NUPKUTa;

- KONNekTMBHaa MeaHO-NMpuUTHaA cnoTtaunsa ¢ nocnegywllen drortaumen mean ms
KONNEKTUBHOIO KOHLIEHTpaTa;

- NONyKONMeKTMBHasa notaumnsa npu NogaBfieHUN YacTu NMpUTa B KONINTEKTUBHOM LIMK-
ne, yactn nupuTa — Npu pasgeneHum MeaHo-MMPUTHOrO KOoHLUeHTpaTta (npy driotaunmn me-
an).

MopaBneHve u13BeCTblO NUMpUTa B LUMKMIe pasgeneHna KONNekTUBHOro MeaHo-
NMMPUTHOIO KOHLEHTPpaTa ycunueaeTcs aspaumen nynbhbl NpogormkKuTenbHOCTbo 25—30 MUH
(Hanpumep, B NTHEBMOMEXaHNYECKNX (ONIOTOMALUNHAX).

MeaHo-NUpUTHbIE pyabl C BbICOKMM COAEPXXAHWEM [TINH, OKUCMEHHbIX (hOopM nupuTa n
MeLHbIX MUHepanoB — TpyaHodnoTupyemsle. OTpuuatensHoe AeiCTBME MMNH yCUNnMBaeTcs
B psdy: CepuuMTOBble, KaoNMHWUTOBbIE, MOHTMOPWUIIIOHUTOBbIE MWHbI. ObBpasyemble VMK
LWnamMbl agcopoupyoT peareHTbl, B3aMMOLENCTBYHOT C NOBEPXHOCTHLIO CyNbUa0B, yBENNYU-
BalOT BA3KOCTb Mynbnbl. ONa nentusaumm rvHUCTLIX WnamMoB (06pasyoT rmapodunbHble
xnonbs; cogepxat go 70 % BoAbl) N YMEHbLUEHNSA BA3KOCTW MyrbMNbl MCNOMb3YOTCA CUNNKa-
Tbl U CynbduUabl HATPUA, PNOKYNSHTLI NOAMaKpuIaMmmaHoro Tuna, a Takke rpybosepHucTas
dpakuus xsoctoB driotaumn. MNupnut pekomeHayeTca pnoTMpoBaTb U3 KOMIIEKTUBHOIO KOH-
LUeHTpaTa C UCNONb30BaHMEM CEPHUCTOro rasa Ansa cHuxeHuss pH npy nogorpese Nyrnbmbl.
Mpy HanNU4MM OKMUCNEHHBbIX POPM MeOHbIX MUHEParioB pekoMeHAyeTCa ONUTeNbHOe KOHOM-
LUMOHMPOBaAHME NynbMbl C CEPHUCTBIM HaTpuMeM neped chrnotaumen pyabl KCaHTOreHaTamu.
Bo3amMoXxHO mncnonb3oBaHue cobupatenen Apyrnx TUMNOB ((KUPHOKUCITOTHbIX, KATUOHHbIX, Xe-
naToB). OPPEKTUBHOCTb orioTauumn NOBbIWAKT NpeaBapuTenbHbI 0BXUr pyabl C cepon B
BOCCTAHOBUTENBHOW cpefe, AByxcTaguanbHOe M3MernbyeHue u knaccudpukaumsa. Ona pya,
OoTNMYaloLWnNXcs n3bmpaTenbHOCTLIO pacnpeneneHns MMHeparoB Mo Knaccam KpynHOCTU Npu
namenbyeHun (NUpUT— B Kracce +44 MKM, XanbKonuput — B Kracce —44 MkM), adhdeKkTnBHa
pasgenbHas ornotaumsi NeCKoB U LLMaMOB.

2.4.3 MegHble OKUCINEeHHble pyAbl

N3 okncneHHbIX MeaHbIX MUHepanoB Havbornee pacnpocTpaHeHbl ManaxuT, asypuT,
KynpuWT, TEHOPUT, XpPM30KOSNa, aTakamuT, AUoNTas, XanbKaHTUT, OpOLIaHTUT.

Mo pnoTauMOHHBIM CBOMCTBAM MeLHbl€ OKUCIIEHHbIE PyAbl YCAOBHO AENAT Ha OTHO-
CUTENbHO NEerkonoTupyemble — «HeEyrnopHbIe» N TPYAHOIOTUPYEMbIE — «YMOPHbLIEY PY-
abl [53], [59]-[61].

YCNOBHbIN KPUTEPUNA «YNOPHOCTU» — KONMYECTBO Meaun, nepexogsuiee B 4%-HbIn
pacTBOpP LUMAHUCTOroO Kanusa npu BbillenaymBaHuM TOHKOU3MENbYEeHHOW HaBeCKU pydbl B Te-
yeHue 2 4 npu T:K = 1:100.

K «HeynopHbIM» OTHECEeHbl pyabl, N3 KOTOPbIX B LWAHUCTLIN pacTBop nepexoaut 60-
nee 75 % Bcen cogepxawenca B HAX megun. «HeynopHbie» MeaHblE OKUCINEHHbIE pyabl NpU-
YPOU€EHbI K LleHTparibHOM 4YacTu OKUCAEHHOW 30Hbl MecTopoxaeHun. OHM cnararoTcs CUMbHO
OKBapLOBaHHLIMW CUEHUTAMWU U TPpaHUTNOpPUPaMn, 4acTo nepexoasumMm B CrSIOWHbIE
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KBapuuTbl. Medb B «HEYNOpPHbIX» pygax npeactaBrieHa ManaxmtoMm, a3yputom, atakaMmTtoM
N HE3HaAYUTEIbHOW JONEeNn Kyrnputa n Xpu3oKonsbl.

ManaxuT n asypuT JOCTaTOYHO XOpOoLo (broTMPYTCA nocne cynbduansauumn ¢ npu-
MeHeHneM cynbrnapunbHbiX cobupaTtenen. B cnydyae kBapueBov nopoabl 3TM MUHepansbl
MOXHO PfIOTUPOBaTh KapOOHOBBLIMMK KMCRIOTaMu Unn nx meinamm npu pH 8,5-9. MHoraa no-
nesHo gobaeneHne coabl U XMOKOro cTekna Ans nentusauuun WwnamMmoB, CEPHUCTOrO HaTpUA B
KayecTBe cynbuansaropa n nentusatopa v anonspHbIX Macen Kak AoMNOMNHUTENbHbIX cobu-
paTenen; nogaya neHoobpasoBatensa He Tpebyetcda. dnotauma manaxuta u asyputa 6es
cynbuamsaumm BO3MOXHa MNpU NpUMeHeHMn cobupaTtenen Tuna MepkanTobeHsoTnasona
(apobHas nogava). APGEKTMBHO NPUMEHEHNE codeTaHust cobupartenen: rmgpokcamoBas
Kncnota — kcaHtoreHaT. OObI4HO OCYLLECTBNAIOT pasgenibHyto dnoTaunio cynb@uUaHbIX U
OKUCNEHHbIX MUHEpPAarioB.

dnoTtaums pya, cogepxawmx cunukaTtel megun (Xpusokonna), B NPOMbILUNIEHHOM Mac-
wrabe He npoussoaunTca. MNMpeanoxeH psa cnocobos notTaumm pya, cogepX)aLlimx Xpmu3oKo-
nny: cnotaums xpusokonnbl 6e3 cynbduamsauum amMmmMOHUAHOW KapbGOHOBOW KWUCNOTOW;
dnotaumnsa XpM30KONSbl KCaHTOreHatom unv kapboHOBOW KMUCIOTOM nocre ee obpaboTku
pacTBOPOM KOMIMMEKCHbIX aMMOHUIMHBLIX cornen n cynbduansaummn; obpaboTtka nynbnbl 40
NOCTYNSfIeHNs ee Ha pnoTaunio CEPHUCTBIM HaTpPUEM, MepKanTobeH30TNa3oNoM U MeaHbIM
Kynopocom; chrnotaumss Xpu3oKonsbl nocrne ee cynbdunansauum B HEWTpanbHOW Unn cna-
oollenoyHom cpede ¢ nomMmouwbio aspodoTta 31, mepkanTobeH3oTMasona U ero NPouM3Boa-
HbIX; dorIoTaLMa XpU30KObl MepkanTaHoMm. [NepcnekTnBHa pnotaumsa ¢ NPUMEeHEeHNEM KOM-
BGuHaummn cobunpaTtenen — rmgpokcamoBon kncnotbl Cz — Cg 1 6yTMNOBOro KCaHToreHaTa.

2.4.4 MeaHO-LUUHKOBO-NMUPUTHbLIE PyAbl

OCHOBHOWM NPOMBILLIIEHHbLIA MUHEpan UuHKa — cdanepuT (umHkoBast obmaHka). No-
CTOSIHHblE MUHeparibHble CMYTHUKM — XarnbKOMUPUT U MUPUT, YaCcTO — XarnbKO3WH, BOPHUT K
NMPPOTUH. B pesynbTate oboraleHns MOXHO nosiydaTb TPU KOHLEHTpaTa — MeaHbIN, LiMH-
KoBbIW, NMpuUTHLIN [53], [59]-[69].

Mpn cdnoTaynoHHOM pasgeneHun cynbmuaoB Mean, LUMHKa U xKenesa Haubonee 3a-
TPYAHEHO OTAENEeHne MefHbIX MUHEPanoB OT LUMHKOBbIX. CchanepuT OT XenesHblX MUHepa-
NOB OTAENSeTCA OTHOCUTENBHO NErko ¢ NOMOLLBIO M3BECTU, NOAABNLAIOLWEN NMUPUT U NUPPO-
TVH (cchaneput noTUpyeTCsa B LUMPOKOM AMana3oHe pH, B TOM yucne B M3BECTKOBOW cpe-
ae).

CenekTBHOE pasfgerieHne MuHepanos Meau u cdanepuTta 3aBUCUT OT BUOA NPUCYT-
CTBYHOLMNX MeAHbIX MUHepanoB. Hambonee nerko pasgenutb drotaumen XanbKonmpuT u
cchanepuT, CriokHee — cdpaneput U BTOPUYHbIE MUHEpanbl Meau, KoTopble obnagarT no-
BbILUEHHOW PaCTBOPMMOCTLIHO.

Mpn Hanuumn B Nynbne MOHOB MeOM eCTECTBEHHOEe pasfnmyune BO hrioTUPYEMOCTU
ccthaneputa U MegHbIX MUHeparnoB nucyesaeT (0OMeHHas agcopbumsi MOHOB Meau U LiMHKa B
NOBEPXHOCTHOM crioe cpaneputa n obpasoBaHve Ha HEM MNMIEHKN KoBennuHa). dnotupytot
cynbunabl Mean obbl4HO B n3sectkoBon cpege (pH 8-12).

HeakTnBrvpoBaHHbIV chanepuTt xapakTepusyeTcs NOHWKXEHHOW (PNOTOaKTUBHOCTLIO.

AkTMBaTOpblI Chaneputa (NMOMUMO COMen Meau) — CONu CBUHUA, cepebpa, pTyTwu.
B npakTtuke cnotaumm NpUMEHSIOT TONBbKO MeAHbIA Kynopoc, ero pacxon Heobxoaumo CcTpo-
ro KOHTpoNupoBaTb (NPU HEQOCTAaTOYHOM pacxoe CHUXKaeTcs uasnedeHne cdaneputa, npu
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N30bITOYHOM — aKTUBHO PNOTUPYETCS NUPUT, YBENUYMBAETCH HENPOU3BOAUTENbHbLIA pac-
X0 KcaHToreHata un ussectn). [pn n3bbITKe MOHOB Mean pacxoq KCaHToreHata MOXHO CO-
KpaTuTb, BBEOS CEPHUCTLIN HaTpuKn (MepeBo MOHOB B 0CafoK). [Ns CBA3bIBAHUSA aKTUBUPY-
OLLIMX NOHOB Meau MOAAEPXKUBAIOT BbICOKMN pH, NpuMeHsT unaHng npu 6onblwmnx pacxo-
Aax.

[nsa noBblleHMs cenekTMBHOCTU drnoTaumm cdaneputa B NPUCYTCTBUM nuputa u
NMPPOTUHA pekoMeHaytTcsa obpaboTka nynbnbl SO, (0,5-2 Kr/T) unu cynbUTOM HaTpuUs B
nspectkoBon cpene (pH 8-9), MHTEHCUBHOE nepemelumBaHne nynbnbl 6apboTUpoBaHMEM
BO34yxa B NpUcyTcTBumM megHoro kynopoca (0,5 Kr/T) n nocnegytowias umHkoBas roTtaums ¢
NpUMeHeHnem aTunoBoro kcaHToreHata (8o 100 r/T) n neHooGpa3oBaTens.

Mocne pobaeneHnsa SO, nnu cynbuta HaTpPUA B Nynbne co3gaeTcsa CUNbHO BOCCTa-
HOBUTENbHasA cpefa, cchanepuTt 1 cynbduabl xenesa nofaBnsaTCA; NPU UHTEHCUBHOM ne-
pemMeLMBaHnMmM Nynbbl CKaTblM BO34YXOM MOBEPXHOCTb NMpUTa ObICTPO OKUCASIETCS No pe-
akumm

2Fe?" + SO, + 0, = 2Fe®" + S0,%,

NMPUT NNOX0 PNIOTUPYETCS aHMOHHBLIM cobupaTenem, CENEKTUBHOCTb dnoTauun ccaneputa
MOBbILLIAETCA.

lMepcnekTuBHa akTuBaums cdaneputa YCTONMYMBBLIMU B LLENOYHON cpefe KOMMekc-
HbIMW MOHaMU [Cu(NH3)4]2+ (Do3npoBKa MeQHOro Kynopoca B LEenoYHY nyrbny COBMECTHO
C amMmavHom Boaon npu cooTHoweHun Cu:NH; = 1:4).

Mopasutenu ccanepura:

- UnaHung Hatpus (nepeBoq KaTMOHOB Mean C NOBEPXHOCTM MUHepara B pacTBop) no-
AaBnsieT Takke cdaneput, obpaboTaHHbIN cobMpaTenemMm UM akTMBUPOBAHHLIN MOHaAMU Me-
aw;

- LIMHKOBbIN Kynopoc (Mpu OTCYTCTBMM B Nyfnbne pacTBOPUMbIX COEN);

- KOMBUHaUMA LMaHuga HaTpUst U LIMHKOBOIO Kynopoca (nogaBneHne cBs3aHo ¢ obpa-
30BaHMEM KONMOWOHOMO ocagka unaHuaa uuHka). [Ina cBasbiBaHUA uMaHuaa Hatpus B uma-
HUA UMHKa pacxond LWHKOBOro Kynopoca AOSMKeH NpubnuavTenbHO B TpU pasa npesblaTb
pacxo4 unaHuga HaTpma (Npu YCRNoBUK, YTO KONIMYECTBO pacTBOPMMbIX COMENn B pyae Mano u
LUNAHUCTbIE MOHbI HE CBA3bIBAKOTCS CONAMU U3 NyNbIbl);

- )XXenTasa KpoBsiHasi conb, cynbdut HaTpus (unn SO,), CepHOKUCNOE Xenes3o B co4e-
TaHUM C AEKCTPMHOM, CEPHOKMUCIOE 3aKUCHOE Xene3o (KenesHbl Kyrnopoc) B codeTaHun C
CynbUTOM HaTPUs, CEPHUCTbIN HATPUIA B COYETAHMM C LIMHKOBbLIM KYNnOpOCOM UNn Cynbdu-
TOM HaTpus, BucynbuT UnHKa u ap.

Mo TeKkCTypHbIM npu3HaKaM BblAENAT [OBE pPas3HOBUOHOCTU MeLHO-LMHKOBO-
MUPUTHBIX PyA: CNIOWHbIe (MaccuBHbIE) CynbdUAHbIE C CyMMapHbIM COAEpXXaHWeM Cyrb-
duaos 6onee 70 % v BkpanneHHble ¢ cogepxaHmem cynbdunaos 0o 50 %. MaccuBHble pyabl
Hanbonee TpygHooboraTUMbl (HanMyne pacTBOPUMMbIX COMEN TAXKenbIX MeTannoB, BTOPUY-
HbIX MUHEpanoB Meau, TOHKOE B3aMMHOE npopacTaHue cynbuaos).

MuHepanormyeckun coctaB MeaHO-LMHKOBO-NUPUTHBIX pya OKasbiBaeT NpsiMoe BnUS-
HME Ha TEXHOMNOIMYECKY0 CXEMY N peareHTHbIN pexum noTaumm.

Ecnn meab B pyae npeactaBneHa npeMmMyLLeCTBEHHO XalnbKOMMPUTOM, pEKOMEHayeT-
CA Cxema nocrefoBaTeNnbHOW CenekTUBHOW bnoTauun xanbkonuputa n cdaneputa. Ons
NOBbILLEHNSI TEXHONOIMYECKMX NokasaTenen oboraleHnsa TOHKOBpanieHHbIX MaCCUBHbIX py4,
c GnaronpuATHBIM COOTHOLLEHNEM Meau U UnHKa (OCOBEeHHO NMpu He3HauuTernbHOM codep-
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XXaHUN BTOPUYHBbIX CynbMAOB Meaun) pekoMeHAyeTcs npsamMasi cenektmBHaa dnotauus ¢
AOBOOKOWN LIMHKOBOIO KOHLUEHTpaTta MeToaoM obpaTHoM dnoTaumn: KOHUEHTpaT 3 LUMHKOBOM
nepeymncTku crywaetcsa o 60 % TBepaoro, KOHAUUMOHUpYeTcs B TedeHne 20 MyuH ¢ Gucyne-
dutom HaTpusa (300 r/T) npu HarpeBaHun napom go 85 °C — 90 °C (nogasneHue cdanepu-
Ta), pasbaBnseTcs xonogHon sBogon oo cogepxanus teepgoro 40 % n temnepatypbl 50 °C 1
nogsepraetca obpatHon dnotauumn ¢ gobaBrneHnem KcaHToreHaTta (GnoTUPYKOTCA MUPUT,
XanbKonMpuT 1 CPOCTKM chanepuTta ¢ NMPUTOM, CoaepKalline NnoBbILLEHHOE KONMYECTBO ce-
pebpa). lNMeHHbIN NPOAYKT AOM3MENbYaeTCa M BO3BpaLlAeTCa B LMK MeaHon droTaumu;
XBOCTbl 06paTHOM hfioTaumMm — LUHKOBbIN KOHLIEHTPAT.

Ecnu megb B pyae npeacraBneHa pasHbiMuM MUHepanamm (ocobeHHo ecnu cynbguapl
XapaKTepU3YTCA TOHKUM B3aUMHbIM MpopacTaHMeM U MOryT ObiTb OTAENEeHbl OT Nopoabl
NPy OTHOCUTENBHO FPYBOM M3MenbYeHNn), PEKOMEHOYETCS CXema KOMNEeKTMBHON chnotaumm
BCEX CyNbunaoB (Mnun GonbLen Nx 4acTn) ¢ NocneaywmmM pasaeneHnem.

He[ocTaToK KOSMNEeKTUBHO-CENEKTUBHON (bnoTaumn: B KOSINEKTUBHLIM KOHUEHTpAT ne-
pexogar nerkognoTupyemble MUHepansl Megu U TpyaHodnoTupyembln caneput, ecre-
CTBEHHOE pasfnmune B ux prnoTMpyemMocTn CTMpaeTcsl, pasgefnieHme KONNeKTUBHOIO KOHLEH-
TpaTta ycnoxHsietca. [Ana ynyyweHus ycnoBuin nogasneHusi caneputa B UMKNe pasgene-
HUS U YMEHbLUEHNS NOTEPb UMHKA C MEAHLIM U NMUPUTHBIM KOHLIEHTpaTaMu pekoMeHayeTcs,
MO BO3MOXXHOCTW, NMPOBOAUTbL KONMEKTUBHY chnotaunto cynbduaoB 6e3 npegsapuTenibHOM
akTuBaumm ccaneputa MegHbIM KynopoCcoM C nocneayowen gognotaumen MMHepanos Me-
AN N UMHKa M3 XBOCTOB B BbICOKOLLENOYHOW cpefe C A03UPOBKOM MeaHoro kKynopoca (30—
60 r/T).

Ecnu kpynHoCTb n3MmenbyeHna nepeq onoTtaumen No KONIEKTUBHON UM CENEKTUBHOMN
cxeme npubnmuanTenbHoO oAuHakoBa, Hambornee uenecoobpasHbl BHa4yane CeNnekTUBHbLIN
CbEM «TONIOBKM» NErkonOTUPYEMbIX MELHbLIX MUHEPASIOB, 3aTEM BblAENEHNE KONNTEKTUBHO-
ro MegHoO-LUMHKOBOrO KOHLEHTpaTta (Mpomnpoaykta) u ganee, no BO3MOXHOCTU, BblAereHne
LIMHKOBOIo MariloMegucToro KoHUeHTpara.

MeaHO-LMHKOBO-NUPUTHBIE pyabl — OA4HM U3 Hanbomnee CroXHbIX C TOUKM 3peHns pe-
Xuma doriotaumm no ToM UM MHOM CXEME.

[na obneryeHnsa npoBeAeHUss CenekTUBHOM hnoTtaunm pekomeHLyeTca NnpumMeHeHue
cnabbix peareHTOB-cobupaTenen (NPeMMyLeCTBEHHO MaroOakTUBHbIX K MUPUTY) NPU MUHU-
ManbHO BO3MOXHOM pacxofe: 3TUIOBOro KcaHToreHata (cpegHun pacxog 160 r/T), coueta-
Hue aTmnosoro aspodnota n Aspo 404 (80 r/T), ammmna4Horo KpesmnoBoro aspodnorta 242,
cnmptoBoro aspodinota 208 (cmecb 1:1 gmatun- n gubytunantnodocdara HaTpus); BO3-
MOXHO MpUMeEHeHne TuoHokapbamara, M30nponuIoBoro, GYTMNOBOrO M aMUITOBOrO KCaHTO-
reHaTa, TnokapbaHunuaa, muHepeka (30—60 r/T). AspodnoT 208 yenecoobpasHee MCNosib-
30BaTb B UMHKOBOM (priotauuun. B uukne megHowm cnotaunm pekoMeHOyeTca NpUuMeHeHue
COYeTaHUs Kakoro-nmbo aspodrioTa M aMUIIOBOro KcaHToreHata, adodekTUBHa TpOWHas
koMbBuHauusa cobupatenen — aspodnot 238 (10-15 /1), amunoBein KcaHToreHat (60 r/T) n
Z-200 (25 r/T). Npun nogaBneHumn caneputa SO, B MeQHOM UUKNe 3P(PEKTUBHO coveTaHue
KCaHToreHata u gutmokapbamaTta, B LMHKOBOM — NPUMEHEHWEe KCaHToreHara.

Mpn KONNeKTMBHOM brnoTaumMm MeLHO-LUUHKOBBLIX Py4 ANS yyylWeHUs KayecTBa Kon-
NEKTMBHOTO KOHLIEHTPAaTa M MNOBbILLEHWS U3BNEYEHMSI B HEMO Mean pekoMeHayeTCs B coveTa-
HUK 1:1 ¢ KCaHTOreHaToM ucnosnb3oBaTb peareHT JOPK (gumeTunoBbIn 3dmp AUITUNANTUNO-
kKapboMannmeTnngocoHOBON KUCNOThI); peareHT JOPK moxeT ObiTb Takke adhdeKkTnBeH
Ansa cenektnsHon doriotaumm (3ameHa 25 % — 30 % kcaHToreHara).
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N3 peareHTOB neHoobOpa3oBaTenen pekoMeHayeTcs NpUMeHeHne coveTaHnsa Kpeoso-
Ta n metununsobytunkapbuHona (80 r/T), cocHoBoro macna (25 r/t), metTunnsobyTunkapbm-
Hona, doydpoca, TAb, T-66, dnotomacna, M-68.

Ha peareHTHbIN pexum pasgeneHnss MMHepanoB Meau U LiMHKa BNNAET NPUCYyTCTBUE B
pyaax 3onota u cepebpa.

Mpu HM3KOM cogepxaHun B pyae 6naropofHbIX MeTanioB OCHOBHbIMW NOAABUTENAMMU
cchanepuTta MOryT ObiTb LMaHug Kanbuus Nnpyu OTHOCUTENBHO BbICOKMX pacxogax (MO r/T) n
unanung Hatpus (15 r/T), KOTOpbIN 4O3MPYETCA B Onepauuio nepeMeLllnBaHus nepes MeaHbIM
UMKnom. LInHKOBBIN Kynopoc NpUMEHSAT peako (4O3MpyoT B COMeTaHuMM C UMaHngom B one-
pauuio nepemelInBaHNA nepen nepeynctkamm MegHoro KoHueHTpaTta). [pyn TeHgeHuuu
cthanepuTa K (pnotaumMm n3BecTb U COAy B LMKINEe MeOHOM hnoTaumm He ucnosnbaytoT. [pu
dnotauun meam pH 7-7,3. 3BeCTb NPUMEHSIIOT TOSbKO B LIMHKOBOM LMkne. CylleCTBEHHO
BNUSIET Ha pe3ynbTaTthl orioTaumm BbIGOp onTUManbHOW TOYKM nogadnm ussectu. [ns Heko-
TOPbIX PyA Nydwure pesynbTaTbl NOMyYeHbl NpU NepemMeLllnBaHnn Nynbbl nepes LMHKOBbIM
LMKITIOM C MeaHbIM KynopocoM 1 cobupaTtenem npu OTHOCUTENbHO HU3Knx pH (6,7-7) ao no-
Aayun U3BECTM.

Mpu BbICOKOM coaepXaHun B MeQHO-LUUHKOBO-MMPUTHBIX pygax 3oMnoTa u cepebpa um-
aHua HaTpus B KavecTBe NnogaBuTens cdaneputa B CenekTMBHOM orioTauum pekoMeHayeTcs
NpUMeHsTb npu Hebonbwnx pacxogax (5—20 r/T) B codeTaHUn C OpyrMmu nogaBUTESNSIMUA.
maBHbIM nogaBuTenieM caneputa B MEOHOM LMKe MOXeT OblTb CynbduT HaTpusa (250—
450 r/T). OpdekTnBHO oTaeneHne noTtaumen MmMHepanoBs Meam OoT cdaneputa, nuputa u
NMPPOTMHA C NPUMEHEHMEM CynbduTa HaTPUA 1 ManbiX 403MPOBOK UnaHuaa (okono 10 r/T) B
COA0BOM cpeae Npy BBeAEHUN onepaumm AONOMNHUTENBHOW aspaunn Nynbnbl.

Ansa ynyyweHnsa ycrnosumn pasgeneHus KONNMeKTUBHbIX KOHLEHTPaToB LienecoobpasHo
nepemeluvBaTb Nynbny C aKTUBUPOBAHHBLIM Yrriem (NOrfoLweHne 13 Xuakowm yactu nynbnbl
n36bITKa peareHToB) N CEPHUCTLIM HaTpmem (aecopbums), a 3atem crywatb nynbny (OTMbIB-
ka). [Ons nosblweHns 3pdekTMBHOCTN onepaumn gecopbumm pekomeHayeTcss npegsapu-
TeNbHO CMelMBaTb CEPHUCTBIN HaTPUA C aKTUBMPOBAHHBLIM YyriemM (CokpaljarTca notepu
LMHKA C Me4HbIM KOHLEHTPaTOM Npu pasaeneHnn KONnekTMBHOro KOHUEeHTpaTa).

Mpun pasgeneHnn KONNEKTUBHbIX MEOHO-LIMHKOBO-MUPUTHBIX KOHLEHTPATOB BO3MOXHbI
TpY BapuaHTa TEXHOMNOMUIA:

- NpsAAMasi cenekTnBHasa noTauns MuHepanos Mmeagu u cdaneputa; obpaTtHasa dnoTa-
una — BHadvane cdaneputa, 3atem MuHepanos meau (nogaesneHne 6opHuTa eppoLmaHm-
aom nubo 6GespeareHTHOe MoAaBneHve CcynbpuaoB Meau W xenesa: BblAepXuBaHue Cry-
LLIEHHOro N OT(PUNLTPOBAHHOIO KOMNSIEKTUBHOMO KOHLIEHTpPaTa Ha BO3Ayxe B TedeHne 3—4 OH,
C nocneaywouwien penynsnaunen Tenson Bogon go cogepxanuna 35 % — 40 % TBepOoro u
dnotauuen cpaneputa npu pH 7,2—7,4 ¢ nomoulbto aspoconoTa 243 1 COCHOBOro Macna);

- coBMecTHas dnoTtauusa cynbpunaos meaun u xenesa (pH 8-8,5, cobupartens — n3o-
NPONWMOBLIN KCAHTOreHaT) C NOyYeHNEM LIMHKOBOrO KOHLIEHTpaTa B BUOE KaMEpHOro npo-
AYyKTa KOHTPOSIbHOW MegHO-NMpUTHOW donoTaumm (nogaBneHne cdaneputa CEepPHUCTbIM
HaTPUeM N LIMHKOBbLIM KyNMopOCOM C MX COBMECTHOM [O3VMPOBKOW B orepauuio gonsmenbye-
HWUS CTYLLEHHOrO KOSMMEKTUBHONO KOHLEeHTpaTa nepes ero pasgeneHvem).

[Ba nocnegHux BapuaHTa TexHOMormn Haubonee a3dpdeKTUBHbI Npu  droTauum
CNOLWHBbIX PYA C 3aMETHbIM COoAep)XaHMEM BTOPUYHLIX CynbdUOoB Mean u HebnaronpusT-
HbIM COOTHOLLUEHNEM COAEPXXaHUSA Meaun U UMHKa. [1na NoBbILLEHNS N3BNEYEHUS LUHKA U3 Ta-
KX TpygHooGoraTUMbIX pya M OAHOBPEMEHHOIO CHWXKEHUSI COAEPXXaHUSA LMHKA B FOTOBOM
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MeAHOM KoHueHTpaTe Ha 1 % — 2 % pekomeHayeTca 06eCLUMHKOBaHME YEPHOBbLIX MeLHbIX
KOHLIeHTpaToB — Aou3MenbyeHne (0b6ampka) B NPUCYTCTBUM CEPHUCTOrO HAaTPUSA U LIMHKOBO-
ro Kynopoca v nepecnortaums (ABe NepeyYncTkn) ¢ HanpaBneHNEM XBOCTOB Ha KOHTPOSbHYHO
MeLHO-NMNpUTHYO chnoTauunio. Ansa 6onee npocTbix pya addeKTMBHA TexHonormsa obecumnH-
KOBaHWS, npegycMmaTtpuBalollas Aou3MeNbYeHne YepHOBOro MEeAHOro KOHLUEeHTpata U ero
nepednotaunto (nepeunctky) npm pH 4,5-5 (cHmxkatoT gobasneHnem SOy).

2.4.5 MegHo-HUKeneBble pyAabl

Hanbonee pacnpocTpaHeHHbIN HUKENEBLIN MUHEpPAN — NEHTNAHAUT (Kene3oHunKene-
Bbl KONYyenaH), KOTopbl 06bIMHO HAaXOAMUTCHA B accoumauun ¢ NUPPOTUHOM U XarbKOnupu-
TOM. 10 bnOoTUPYEMOCTU NEHTNAHANT 3aHMMaET NPOMEXYTOYHOE MNONOXEHNE MexXay NMppo-
TMHOM U Xanbkonuputom. lNMpu cnoTaumMoHHOM pasgernieHnn xanbkonuputa v neHTnaHauTa
nocnegHun NoaBnsaT U3BECTbIO, MHOrAa ¢ AobaBneHneM unaHnga unu eKcTpuHa.

OTHOCUTENBHO pacnpoCTpaHeHbl MUMNEPUT N HUKENEHOCHbIM NUPPOTUH. B cocTtas
NMUPPOTUHA HUKENb BXOAUT B BUAE M30OMOPGHOM npumecun. N3 HMX xyxe pnotmpyetcs HUKe-
NEHOCHbIW NMUPPOTUH. PasnuyHble obpasubl NMPPOTUHA, OTNAMYaKLWMeCs No COCTaBy COOT-
HOLLEHMEM cepbl U Xenesa B MMHeparie (aTOMHOe OTHOLUEHWE Cepbl K Xenesy B NMPPOTUHE
nameHsietca ot 1,00 go 1,25), obnagaoT HeogMHAKOBOW (PNOTUPYEMOCTLIO. Yem Bbille Co-
AepXxaHve B NUPPOTUHE TPEXBANeHTHOro Xenesa, TeM nyywe roTUpyeTca MUHepan KcaH-
ToreHatamu.

Bce wenoyn, kak npaeBuno, OenpeccupyloT HUKENEHOCHbIM NUppoTUH. Munneput (1
NeHTNaHanT) U3 BCeX Lenoyen nogaBndeT TOMbKO U3BECTb. XOPOLUMIA akTUBaToOp NUPPOTU-
Ha — MeHbIN Kyrnopoc.

Ha oboratutenbHbix dabpukax NpUMEHSAT TpU PasHOBUOHOCTM MPOMbILLSIEHHbIX
cxem nepepaboTkn meaHo-HukenesbIx pya [53], [59], [66]-[71].

1) KonnektuBHasa dnotauus MMHepanoB Meau U HUKENS U3 UCXoaHon pyabl 6e3 no-
crneayloLwero pasgeneHns KONMeKTUBHOrO KOHUEHTpaTa; NpoAaykTbl dpnioTauun B xoae npo-
uecca WHorga noasepravT MarHUTHOM cenapauuun. M3 KONMekTUBHOMO KOHUEeHTpaTa Bblae-
nAT MeTansbl NPy MeTannyprudieckoMm nepegene.

2) KonnektuBHaga cnotaums MMHepanoB Mean U HUKeNs U3 UCXOL4HOW pyabl C nocne-
AYOLWMM pasgeneHneM KOMNMEeKTUBHOIO KOHUEHTpaTa Ha MeOHbIN U HUKeneBbin. Konnektune-
Hbl KOHLEHTpaT Bcerga pasgendaioT npu nofaBfieHUU NUPPOTUMHA M NeHTnanguta (dproTa-
UMs MUHeparnoB Mean).

[MpoMbILLnEHHbIE CNOCOBLI pasaeneHna MegHO-HUKENEeBbIX KOHLUEHTpaToB (drioTaumns
MUHeparnoB Mean npu nogaBneHnn NeHTnaHanuTa U HUKENEeHOCHOro NUPPOTUHA) — pearex-
Tbl-NO4AaBUTENN: N3BECTb, N3BECTb U peareHT 633, N3BeCTb N UnaHua, N3BECTb U LEKCTPUH.

Hukenb, nonaBwnin B MeAHbIA KOHLEHTPAT, TepsieTcs Npu MeTannypruiyeckom nepe-
aene; Meapb, nepewlelias B HAKENEBbIA KOHLEHTPAT, U3BEKaeTCcHa 3aTeM nNpakTU4eckun nos-
HOCTbIO.

[Mpn cenekTBHOM (pnoTaumMm BO3MOXHO MNodaBrieHue neHTnaHgMta n nuppoTuHa nu-
HOCYNb(pPaToOM B BbICOKOLLENOYHOW cpeae.

3) MarHuTHasa cenapaumsa MCXOOHOW pyabl C NocneayLwen gpnotaunen HUKENEHOCHO-
ro NMMPpPOTMHA N3 MArHUTHOW (ppakumMm (HUKENEBbIA KOHLEHTPAT) W KONNEeKTUBHas MegHo-
HUKenesas rioTaunsa HeMarHMTHOM (PpakLmMK; KONMEKTUBHBIA KOHLEHTPAT pasgensior.
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MarHutHoe oboralieHne NpUMEHUMO AONA HUKENeBbIX pyd, codepXaliuxX MUPPOTUH.
MarHutHasa BOCMPMMMYMBOCTb NUPPOTUHA Konebnetcsa B LUMPOKMX npegenax. [NunppoTuH
CynbUAHbIX Me4HO-HUKENEBbIX pyn OOblMHO NpeacTaBfeH CMEChb CUIIbHOMAarHUTHbLIX MO-
HOKMMHHBIX MMPPOTUHOB M CNaboMarHMTHbIX reKcaroHasnbHbIX.

KpynHocTb namensyeHus pya nepepn konnektusHon cnotaunern— 50 % — 80 % —
74 mkm. B konnektusHoM uukne pH 7,8-9,5; Bo3aMOXHa rioTaumsi B eCTeCTBEHHOW UMW KUC-
nown cpepe. Perynatop cpefbl — KanbUuHUMpOBaHHas coja n 25%-Hbli pacTBOp aMMuaka
(0,8—1 kr/T, po3npoBka B naMesnb4veHne). Npn MCnonb3oBaHMM aMMMUaka CHUXaETCHA 3arpsis-
HeHne oBopOTHOM BOAbI.

B kayectBe cobupartenen apeKkTnBHbI aMuoBbln (cpeaHun pacxog 85 r/t), bytuno-
Boin (100-150 r/T), nsonponunosbii (80 r/T) KCaHTOreHaTtbl, coveTaHue TpuTuokapboHaTa
LenoyHoro metanna u HatpunbytTunmepkantnga (ot 10:1 go 1:1). [Ina aktmBauumn neHTnax-
AnTa U HUKENEHOCHOro NUPPOTMHA NCNOSb3YeTCA MeAHbIN Kynopoc.

N3 neHoobpasoBaTtenen B MPOMBbILISIEHHbIX YCOBUSAX 3PMEKTUBHBI peareHTbl Tuna
COCHOBOro mMacrna (CocHoBoe macrno, droTton), keuneHon, 6ytunoBbii aspodnoT, Joydpoc,
T-66, meTunmnsobyTtunkapbuHon, TOb. B kayecTtBe perynatopa ueHoobpasoBaHusa (M 0gHO-
BPEMEHHO Kak [OMOnHuUTEmNbHble cobupatenu) addeKTUBHbI  ANMHHOLENOYEYHbIE
antnodocdaTtel U MepkanTobeH30Tnason.

[na nogasneHuss (pnoToOakTUBHOW CUMMKATHOM MNOPOAbl MPUMEHSIOTCA Kapbokcume-
TMNuennonosa, KkapbocynbmuTt 1 KapboTuocynbdaTt, TpuHaTpundgocdart, OEKCTPUH, Kpax-
Man, XXuakoe cTekno, KombnHauum nupodocdaTt — ryaptek. [pu oboraweHnn BKpanieHHbIX
MeLHO-HUKEeNEeBbIX pya C BbICOKMM cofepXaHneM hfioTOaKTUBHOW MyCTOM Nopoabl peKoMeH-
ayeTca ee npefsaputenbHas griotaums ¢ O3MPOBKOM OAHOro neHoobpasoBaTtens, ¢ no-
cneayroLwmnM JOU3BNEYEHMEM LIEHHbIX MUHEPArioB U3 NEHHOro NpoaykTa npu genpeccum mu-
HepanoB NOPOAbl OPraHNYEeCKMMN NOAABUTENSMM.

[ns noBbIlWEHNA NokasaTenen KomnnekTMBHOM driotaummn uenecoodbpasHo BBeAEHME
onepaumn NHTEHCUBHOIO KOHANLMOHMPOBAHUS Nynbnbl ¢ peareHTamun (10—-15 MuR).

OnTmaneHbIN peXnM pasgenieHnst KONMNEeKTUBHOrO MeaHO-HUKENEeBOro KOHUEeHTpaTa
BKMOYAET aspaumio nynbnbl BO3OYXOM B U3BECTKOBOW cpefe ¢ fobasneHnem Bo hnoTaumio
unaHuga ans ycuneHus nogasneHnsa neHTnaHguTa U HUKENeHOCHOro NMppoTUHa. Bbicoko-
COPTHbIN HUKENEBbBIN KOHLEHTPAT NoslydaeTcs B BUAEe XBOCTOB OCHOBHOW MeHOW dornoTaumm,
HW3KOCOPTHbLIN — B BMAE XBOCTOB MEPEYUCTOK (B NEPEYMCTKM NS YMEHbLUEeHUsa noTtupye-
MOCTM MUPPOTUHA W NeHTnaHauTa Josupyetcs uvanua). MNpu gobasneHun unaHupa He-
CKOJTbKO CHMXaeTCHa (OfI0TOaKTUBHOCTb XalibKONMpUTa; Nocne A03UPOBKN LUMaHuaa pekoMeH-
AyeTca aspauma nynbnbl A5 BOCCTAHOBMAEHUSA (PNIOTAUMOHHbBIX CBOMCTB XanbKonNupuTa.

[ns noBbIWEHNA CeneKkTUBHOCTU drioTaummn pekoMeHayeTca nogorpesaTb nynbny Ao
38 °C. [Ins CHMXEeHUA OCTaTOYHOM KOHLIEHTpaLMM KCaHTOoreHaTa BMECTO alpaumm nynbnbl
BO3MOXHO NPUMEHEHNE peareHToB-OKNUcnnTenen (nepekncb BoAopoaa, rmnoxnopuT HaTpus);
ahbbekTnBHO fobaBneHne B Nynbny APEeBECHOrO YIs.

deppoHuKeneBble NMMPPOTUHOBBIE KOHLEHTPaTbl pekoMeHayeTcs nepepabaTbiBaTb C
NPUMEHEHNEM KOMOMHMPOBAHHOIO npouecca (rmgpomMeTannyprus — roTaums): OKACK-
TenbHOe aBTOKMAaBHOE BbillenadnBaHne KOHUEeHTpaTa C UCMONb30BaHWEM B Ka4eCTBEe OKWUC-
NUTENs KUCNOPOoAa; OCaXAeHUe TsKenblIX LBETHbIX MeTansnoB B BuAE Cynb(punaos; cepHo-
cynbungHas cdonotaums nynbnbl C NPUMMEHeHneM (apobHas nogadva) anbytungutmnodocdaTta
N KepocuHa, Takke neHoobpasosaTens npu pH 4 n cogepxanun tBepgoro B nynene 30 %;
cenekTMBHaga ge3vHTerpauus cepHocynbmMUOHOro KOHUeHTpaTa nyTeM HarpeBa Ao Temnepa-
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Typbl Bbllle TOYKW nnaeBneHus cepbl. KOHe4YHbIn cynbUOHbIA KOHLEHTPAT COAEPXUT OO
12 % Hukena (npy nasnedeHun okono 90 %). 3 cepHoro koHueHTpaTa (copgepxut 70 % —
75 % cepbl) NrIaBKoW NOsly4aoT TOBAPHYHO Cepy.

2.4.6 MegHo-KObGanbTOBbLIE PyAbI

OcHoBHble cynbduaHble MUHeparnbl kobanbTa — kobanbTuH (kobanbToBbI Hneck),
rnaykogoT, KobanbTnvpuT, NMMHHENT, WManbTuH). KobanbTnnput 1 rmaykogoT npeacTtaBnstoT
cobon COOTBETCTBEHHO MNUPUT U aAPCEHOMUPUT C M3OMOPGHOM NpuMecblo KobanbTa. U3
OKMCNEHHbIX MUHepanoB Hanbonee pacnpoCTpaHeHbl reTEPOreHUT, SpUTPUH, acbonaH.

Mpn cbnoTaumm No KONMeEKTUBHOMN CXEMe B KayecTBe cobupaTtenen NCnonb3yoT KCaH-
TOoreHaTbl Ans CynbuUaHbIX pasHOCTEN MUHepanoB M KapbOHOBbIE KMCMAOTbI (TannoBoe U
nanbMOBOE Macrio) 1 ankunrmgpokcamaTbl 45151 OKUCIIEHHbIX; B Ka4ecTBe 4OMNOSTHUTENbHOro
cobvpartens B KONMNEKTMBHOM LMKIe PEKOMEHAYETCA UCMNONb3oBaTh anonspHele macna. Me-
HoobOpasoBaTefib — CcocHoBOe Macno. [lpu notaumum okKucneHHbIX 6oraTtblXx MegHo-
ko6anbToBbIX pya (cogepxaHue meaun 4,5 %, kobanbta 1,5 %) ¢ NnpuMmeHeHnem nayporug-
pokcamaTa (200 r/T) gocturaeTca nssnevyeHme meam B koHueHTpat 88 %, kobanbta — 70 %.

Mpn cenekTnBHON cxeme (nocnegoBaTenbHas pnotaumss MMHepanoB meam n kobanb-
TNnupuTa) B UMKNe MeaHoW dorioTauMm UCMOoMb3yT CNUMPTOBblIE adpodsioThbl, OTHOCUTENBHO
cnabo dnoTupyowmne NUMpUT, B NMUPUTHOM LIMKNE — KcaHToreHat. Xopowwun cobupatens u
O[HOBpPEMEHHO NeHoobpa3oBaTenb KobanbTcogepalmnx MuHepanos (IMHHENUT, KobanbTnn-
pUT) — Kpe3nnoBbin asapodrioT 25. NeHoobpasoBaTenb Npu cenekTMBHON doriotTaunm — me-
TMnn3obyTunkapbuHon. KobanbT B HEGOMbLIOM KONMYECTBE MOXET NPUCYTCTBOBATb B CBUH-
uoBbIx pyaax (cogepxaHue okono 0,008 %); pekomeHayeTcsa n3Bnekatb N3 XBOCTOB CBUHLO-
Boro uukna npu pH 10,5-11, ncnonb3ys amuHbl (NEPBUYHLIE, BTOPUYHbIE) M anonspHble
mMacna (M3srnedeHne kobanbTta 50 % — 65 %).

OpbekTnBHbIE NogaBUTENN CynNbPUAHbLIX KOBANbTOBLIX MUHEPArNoB LMaHuabl U U3-
BECTb, TAKXXE€ CEPHUCTbIN HaTpun (Npu Bonblumx pacxogax). dnortauna MmHepanoB kobanbTa
MOXET ObITb NpeAoTBpaLLEHa ANUTENBHOW aspaunen nynbnbl.

AKTMBaTOpP MUHepanoB kobanbTa — MeAHbIN Kynopoc U cepHas KucroTa.

2.4.7 MeaHO-CBUHLOBO-LIMHKOBO-NUPUTHbIE pyAbl

B nonumeTtannunyeckux pygax megb MOXeT ObiTb npefcrtaBneHa pa3HooOGpasHbiMU
MUHEpanamm, UMHK — 4alle Bcero ccaneputom, CBMHEL, — raneHnTomM. Kak npasuno, rane-
HUT BCTpeEYaeTcsa B napareHesnce co caneputomMm; OCHOBHOE KONMMYECTBO CBUHLA B MUPO-
BOM MPOM3BOACTBE MOMy4alT U3 MeOHO-CBUHLOBO-LMHKOBbLIX WU CBUHLOBO-LIMHKOBBIX PyA.
B 30He okucneHuss cynb@uAHbIX NONUMETANSINYECKUX MECTOPOXOEHUN CBUHEL, Hambonee
YacTo NpeacTaBreH LepyccuToMm, pexe — aHrnesumtom [53], [57], [59], [62]-[66].

FaneHnT — oauH M3 Hanbonee nerkonoTUpyemMbix CynbUOHbIX MUHEpanoB. Xopo-
LuMe cobupaTenu raneHnTa — KcaHToreHaTbl U a3podnoThl. KcaHToreHaTbl HU3LWIKMX CNMPTOB
bonee acbpekTMBHLI B craboLlenoyHomn cpeae; KcaHToreHaTbl Bbicwmnx cnnptoB (C4 1 6onee)
AocTaTovHo adpdpekTmBHbl Npyn pH > 10. CenekTuBHbIM cobupaTens raneHuTa — Tuokapba-
HUNKUA, (andeHnnTnomoydesmHa) npu pH 7,6—7,8.

Cneumnduryeckun nogaButens raneHMTa — ABYXPOMOBOKMKCIbIE conun. Kpome Toro, ero
noAaBngalT Kpaxman, TaHHWH, dpocdaTHble CONM, Nepekncb Bogopoaa, CynbdUT HaTpus B

coyeTaHunm C CyJ'Ib(*)aTOM UWHKa, TaKkXe unaHngbl (I'IpI/I OYeHb BonNbLUNX pacxoaax, He Xapak-
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TEPHbIX ANA MUHeparoB Meau, UUHKa W xernesa). AHanor4Ho apyrum cynbdugam dnorta-
Una raneHnTa Moxet 6bITb BpEMEHHO NOAABIEHA CEPHUCTBIM HaTpueM (Npu ero KoOHUEeHTpa-
U1K, NpeBbILIaloLWEN KPUTUYECKYD ANA AaHHoro cobupatens), a Takke SO, (Npy 60nbLUmMX
pacxodax) unu cynbMuUToM, UCMNONb3yeMbiIMM B COYETaHUM C TMOMOYEBWHOW (dpnoTmpye-
MOCTb BOCCTaHaBNUBAOT aapauunen nyrnbmbl).

HekoTopoe nogasnswowee OAENCTBUE HA raneHuUT, 0COBEHHO 3aTPOHYTbIN OKUCHEHMU-
eM, OKka3sblBaeT n3BecTb. Yem bonblue pacxon U3BecTu B CBMHLIOBOM LIMKME Npy ee J03UPOB-
Ke B U3MenbyeHue, TeM curibHee JomkeH bbITb cobupartens. MNonyvaoTcs NpUMMepHO oauHa-
KOBble pe3ynbTaTtbl, €CNn NpU Manom pacxoge U3BecTn NpUMeHAeTCs aapodnoT, 6onbliem
pacxofe — aMuIioBbIM KcaHToreHat. [Ana npefoTepalleHusi NoAaBfeHnsa raneHuTa usBe-
CTbt0 cobupaTenb JO3UPYIOT B U3MENbYEHME.

Mpn HanNnuMn B NoNUMeEeTanIMYeckUx pyaax oKMCNeHHbIX MUHepanoB CBMHLUA UX dorio-
TUPYIOT KCaHTOreHaTamu rnocrie npeaBaputensHoOn cynbuansaumm CEpHUCTLIM HAaTPUEM.

MO TeXHONOrM4yeckon CroXHOCTU MeAHO-CBUHLOBO-LMHKOBbBIE pyadbl Kak 0ObeKT dro-
TauMOHHOro oboralleHnst YCIOBHO KnaccuduumpyoT Ha Tpy Tuna:

- cynbduaHbIe pyabl, COAepXallme XanbKonupuT, raneHnt n canepur;

- cynbduaHble pyabl, cogepxalwue pasfvyHble MefHble MUHepanbl, raneHuT n cda-
nepwur,

- pyA4bl, NOABEPrHYBLUNECS UBMEHEHUIO N OKUCIIEHMIO C NOBEPXHOCTH.

CenekTuBHOe oboralieHne pyq YCNoXHAETCH, eCfiv B HAX NPUCYTCTBYIOT NMUPUT, Map-
KasuT U MapmaTuUT UK OTMeYaeTcs TOHKoe B3auvmonpopacTtaHue MuHepanos. Npu dnoTa-
U1 nNonuMeTaniMyecknx pya LMPOKO MNPUMEHSIOT CNUPTOBblE alspodnoTbl (NpeumyLue-
CTBEHHO B LMHKOBOM LMKIEe pnotaumm) — aTunosbin, 6ytunosbin, 208 n 238. CpegHui pac-
Xo[4 cnupToBbIX aspodnoToB 15—-60 r/T. 3 dbeHonbHbIX a3podrioTOB OTHOCUTESIbHO pacnpo-
cTpaHeHbl aspodnoTbl 242 n 31 (cpeanun pacxog 20-60 r/T).

B NpOMBbILNEHHOCTU NPUMEHSAIOT TPU Pa3HOBUAHOCTU TEXHOMOMMYECKUX CXEM nepe-
paboTkN MegHO-CBUHLIOBO-LMHKOBO-MNMPUTHBLIX pya.

1) NocnepoBaTtenbHasa cenekTMBHas rioTaumsa MUHEpanoB Meaw, CBUHLA, LMHKa U
Xernesa ns nonvMmeTannnM4yeckon pyabl (Cxema He nosny4dmna LWMPOKOro pacrnpoCTpaHeHus B
npakTuke pnotauun).

Mpn nepepaboTke No cxeMe NPSIMON CENEKTUBHOM onoTauumn TOHKOBKPANMEHHbIX pya
¢ BbicokMM (80 20 %) cogepxaHnem nNMpuTa BHavane nposoadat npu pH 6,5 megHyto dnota-
uuio nocne gobasnexHmss SO, MNU CEPHUCTON KUCIOTbI (OCHOBHas A03UPOBKA B U3MEnbYe-
HMe) ONna akTuBaumm XanbKonvpuTta (pekomMeHOyeTCca Takke BBedeHuWe B nynbny metabu-
cynbuTa HaTpus), 3aTeM (PNoOTUPYIOT raneHuT ¢ gobasneHmem umanmaa (250 r/T) n nssectu
(150 r/T) pns nopaepxaHus cdaneputa U nNuputa B OENPecCUpPOBaHHOM COCTOSHUM.
B kayecTtBe cobupartensa B MegHOM LuMKnie npuMeHsitoT Aapo-404 nnmn aTUNoBbLIN KCaHToreHat
N coaoBbI adponoT, B CBUHLIOBOM LMKIIE — 3TUSMOBbLIA U BTOPUYHBIA BYTUNOBbLIN KCaH-
TOreHaT Npu ManbIX pacxogax. XBOCTbl CBMHLIOBOrO LMKNa crywatT n obpabaTeiBaioT mea-
HbIM KynopocoM (800 r/T) npu nogorpese, 3aTeM 3TUIOBBLIM KCAHTOFEHATOM B COYETaAHUN C
aMunoBbIM (B LIMHKOBOM LuKNe fo6aBnsaioT Takke COAOBbIN adpodnoT UM BTOPUYHbBIA By-
TUNOBbIN KCAHTOreHaT) nocreaoBaTernibHO (hnoTUpPYT chanepuT 1 NUPUT, UCNONb3YS B LIMH-
KOBOM LMKIe B KayecTBe peareHToB-perynatopoB ussectb (450 r/T), cogy (200 r/T) n KML,
(nocnegHo pekoMeHayeTCa J03MPOoBaTh TakkKe B MEOHbIN U CBMHLIOBbLIV LKLl dorioTaumn).

Mpn HegocTaToOYHO 3PdEeKTUBHOM OTAENEeHUM donoTauMen raneHuta oT nupuTta u
cthanepuTta pekoMmeHayTca nogorpeB nynbnbl o 85 °C (Hanpumep, ¢ NOMOLLbKO napa) u
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obpaTHasa pnoTtaunsa CBMHLOBOro KOHUeHTpaTa 6e3 nobaBneHns peareHToB C BblAeneHnem
XBOCTOB OCHOBHOW (pnoTaumm B BUAE CBMHLOBOIO KOHLUEeHTpaTa. [NeHHbI NpoayKT OCHOBHOM
dnoTaumm gaxabl nepeunwaetca ¢ npumeHeHnem KML, SO, n metabucynegputa HaTpus.
Megbcoaep>xalun KOHUEHTPAT NEPEYNCTOK PEKOMEHOYETCS HanpaBnATb B MEAHbIA LMK,
CBUHeLcoAepKaLLmMe XBOCTbl — Ha KOHTPOSbHYH CBMHLIOBYHO (OrIOTaLMIO.

2) KonnektuBHasa dnotauus BCeX CynbpunaoB C Nocrneaylwmm pasgeneHnemM Kon-
NEeKTUBHOro KoHueHTpaTa. lNpn Hanuuuu B pyae cdaneputa € pasnmnyHon OrnoTOaKTUBHO-
CTbi0 BO3MOXHa A0(noTaums n3 XBOCTOB KOMSIEKTUBHOIO LKA LUHKOBbLIX MUHEPAoB 1 nu-
puTta.

KonnekTuBHbii MeAHO-CBUHLOBO-LMHKOBO-NMUPUTHBIA KOHUEHTpaT pasgenstT pas-
NNYHBIMK cnocobamu:

a) N3 KONNEKTUBHOMO KOHLEHTpaTa (nocne onepaumm gecopbumm CEpHUCTbIM HaTpUem
N OTMbIBKM) C ucnons3osaHueM umanmaa (80 r/T) n umHkoBoro kynopoca (400 r/T) kak noga-
BUTENen ccaneputa U nuputa NPOBOAAT MEeOHO-CBUHLOBYIO drioTaumio, U3 XBOCTOB [O-
cnegHen U3BMekawT BHavane MuHeparnbl LMHKA, 3aTeM — >Xernesa; MegHO-CBMHLIOBbIN KOH-
LUeHTpaT Takke pasgensatoT. [na cokpalleHns pacxoda CEPHUCTOro HaTpusa B onepauun ge-
copbuumn pekomengyetcsa nogorpes nynbnbl 4o 40 °C — 50 °C;

6) KONNEKTUBHbIN KOHLEHTPAT pa3aensatoT C NOMOLLbIO LmaHuga U LIMHKOBOIO Kynopo-
ca Ha MeAHO-CBMHLOBbIA N LIMHKOBO-MMPUTHbIN KOHLEHTPAaTbI, KOTOPbIE Aanee pas3nensioT;

B) M3 KONMEKTUBHOIO KOHLIEHTpaTa nocrneaoBaTernibHO (boTUPYOT MUHEpPanbl Meaun u
LUMHKa (XBOCTbI UMKNa pasgeneHns — CBUHLOBbLIA KOHLEHTpaT); MeOHbIn KOHUEeHTpaT obec-
CBUHLOBbIBAIOT. B kayecTBe nogasutens CynbmuaoB B MeOHOM LMKIE NPUMEHSIOT TOSMbKO
n3eectb (12,5 Kr/T KOHUEHTpaTa), cobupaTenb-n3onponunoBbIn kcaHtoreHat (50 r/T KOHUeH-
TpaTta); B UMHKOBOM LMKIIE raneHuT genpeccupytot bmxpomatom Hatpusa (900 r/T KOHUEHTpa-
Ta) n peareHtom 610 (35 r/T koHUeHTpaTa); cobupaTenb — W3ONPONUIOBLINA KCaHTOreHaT
(45 r/T KOHUeHTpaTa);

r) U3 KONMEKTUBHOINO KOHLEHTpaTta, CnOTMPOBAHHOIO B CEPHOKWUCIION cpeae npu
pH 5,5, nocnegosatensHO m3BnekawT: npu pH 6,3 — XanbKOMUPUT U TEHHAHTUT (raneHuT
noaaBnsalT OEKCTPUHOM, cdanepuT — LMHKOBBbIM KyNmOpPOCOM M CEPHUCTbIM ra3om), npu
pH 8,5-9 — ranenut (ccanepuT nogaBnAT UMAHMOOM U LIMHKOBBIM KYNmOpPOCOM), Mpwu
pH 11-11,5 — cdanepuT; nocnegHum proTnpytoT npu pH 2—-3 nuput.

3) KonnektnBHasa dpriotaumsa MMHeEpanoB Meau M CBUHLA M3 UCXOL4HOW pyabl Npu no-
AaBneHuu canepuTa u nupuTa ¢ Nnocrneaywmm pasgeneHmem MeaHo-CBMHLIOBOMO KOHLEH-
TpaTa; U3 XBOCTOB MeHO-CBUHLOBOIO LIMKIa U3BnekalT cdanepuT, nHorga nuput. Mo Takon
cxeme paboTaeT 60MbLUMHCTBO NoNMMeTannnyeckmx adbpuk.

KonnekTuBHyto MegHO-CBMHLIOBYO chrioTaumio npoeogsaT npu pH 7,5-9,5 ¢ npumeHe-
HMEM B KayecTBe cobupaTtenen pasnnyHbiX KcaHToreHaToB, aspodnoTtoB 31 n 242, Aapo-404
(MepkanTobeH3oTMason), TMokapbaHunuga, TMoHokapbamaToB U AUTUOGOCHUHATOB; YacTo
MCNonb3ylT coyeTaHusa cobupatenen. lNeHoobpasoBaTenu MeAHO-CBMHLIOBOrO LMKIa —
Kpeson, CUHTeTUYeckue peareHTbl (UnknorekcaHon, Aspodpoc), T-80 u gp.

N3 perynsaTtopoB cpeabl Hanbonee 4acto npumeHstoT cogy (100-300 r/1). MNpu Hanu-
4nmn cpanepuTta N NUpmUTa ¢ HU3KON (PrIOTOAKTUBHOCTBLIO PEKOMeHAyeTCH BBECTU B NpoLecc
HEMHOro M3BecTu U prnoTMpoBaTb MeAHblE U CBUHLIOBbIE MUHEparnbl MpU HU3KOM pacxone
cnabbix cobupaTenen. MNMepeyncrka KONMEKTUBHOMO MeAHO-CBMHLOBOrO KOHLEHTpaTa B OT-
KPbITOM LIMKNE MOBbILLAET U3BNeYeHne Mean 1 CBMHLA B KOHLEHTpaT.
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MogasuTenun MmHepanoB UuHKa 1 nuputa — umanug (2—100 r/T) n UMHKOBLIN Kynopoc
(100-1300 r/1). NpucyTtcTBre B nyrnbne TMoCyrnbdaTHbIX NOHOB yCUNMBaeT AenpeccupyoLlee
AencTeMe uMaHngoB Ha cdaneput n cynbduabl xenesa, B 15—20 pa3 cokpawaeT pacxon
unanngos (oo 2—10 r/1). KcaHToreHaTHyt0 MegHO-CBUHLIOBYIO dorioTauumio B 3TOM criyvae pe-
KomeHayeTcs nposoauTb npu pH 7,2—10 ¢ go3nposkon Tnocynbgara HaTpua 100—-1000 r/T,
cynbdaTta umHka 100-300 r/T u makcumansHo 15 r/T uMaHmgos.

Ana HekoTopbix pya (cogepxaHne meaun 0,3 %, ceuHua 3,2 %, umHka 4,5 %, Kpyn-
HOCTb n3aMenbyeHns 57 % — 44 Mkm) adpdpekTnBHa BecumaHngHas TEXHONOMMS NoLaBreHns
LUMHKOBbLIX MWHepanoB c npumeHeHneM SO, n Kpaxmarna; MegHO-CBMHLIOBYKO hrnotaumto
npoBogAT npu pH 7,2 ¢ npumeHeHnem anTnodocmHaToB.

YnydweHne (pnoTaumoHHbIX CBOMCTB MUHEpPanoB Meau U CBUHLA C OQHOBPEMEHHbIM
nogasrieHMEM LIMHKOBbLIX MUHEPanoB JOCTUraeTCsl UCNOSIb30BaHWEM B KONNEKTUBHON MeOHO-
CBUHLOBOW hrioTaumm TUOMOYEBUHbBI B COMETAHUN C CEPHUCTLIM ra3om unu cynbcutom. Pe-
KomeHayeTcs nocnegoBaTenbHas o6paboTtka nynbnbl: BHavane SO, unu cynbputom, 3atem
TMOMOYEBUHOW NPU ManbIX pacxogax.

Mpn nepepaboTke TpyaHooboraTMMbIX MNONUMETANMMYECKMX pya Ons obneryeHus
pasgeneHns MegHO-CBMHLIOBbIX KOHLEHTPATOB LienecoobpasHa cenektuBHasa griotaums ms
NCXOOHOW pyabl BTOPUYHBLIX CynbuaoB Mean (Xanbko3vH, B0pHUT) B COOAOBOW cpeae npwu
pH 9,5-10 6e3 cobupartens B NpUCyTCTBUM TUOMOYEBUHLI. Bblaensembin 3aTeM KONeKkTuB-
HbI KOHLEHTpaT NpeAcTaBneH NPeMMyLLECTBEHHO XanbKONMUPUTOM U rasieHUTOM.

Bbibop mMeToaa pasgeneHus MegHO-CBMHLIOBOMO KOHLEHTpaTa 3aBUCUT B NEPBYHO o4e-
pedb OT BELEeCTBEHHOro cocTaBa KOHLEeHTpaTa.

UwnaHng Hatpusa — adpdekTMBHbIN NofaBuTerNb XanbKonuputa U TEHHaHTUTa — AOns
noAaBneHnss XxanbKo3vHa 1 KoBennuHa HenpumeHuM. CynbuT HaTpUst B COYETaHUU C XKe-
ne3HbIM KynopoCOM MUCMonb3yeTcs ANA NOoAaBfeHus raneHvTa, ecnu Medb npeacraBrieHa
XanbKONUPUTOM; NPUCYTCTBUE BTOPUYHBIX MUHEPANoB Mean (BOPHUT M XanbKO3WH) HapyLua-
eT pasgeneHue. CepHucTasa kucrnota B kKoMOUHaUMM ¢ BUXxpomMaToMm Unu Kpaxmanom nogas-
ngeT rioTaumio rafieHnTa B OCHOBHOM MPU HanuMyuu B pyae Xanbkonupurta, B MEHbLUEN CTe-
NEeHN — XarnbKo3uHa.

CepHUCTBIN ra3 NpakTUYeCKN He BNUsieT Ha dnoTauuio cynbuaoB Mean (xanbKonu-
PUT, XanbKO3WH, BOPHAUT) 1 CyLLLECTBEHHO BNMSET Ha brnoTaumio raneHuTa, ccanepurta n nu-
puta. Cdaneput, akTMBMPOBAHHbIN MOHaMK meaun, aenpeccupyetca SO, B npucyTCTBUM
MOHOB LMHKa nnn kanbuma. MNMupuTt n 3aTPOHYTLIN OKUCIIEHMEM FaneHnT nogaBnalTCa OOHUM
SO,. CenektnBHoCTb bnoTtaumm npu ucnonb3oBaHum SO, perynupyetcs TemnepaTtypown
Nynbnbl; NP pasgeneHnn KOMNEeKTUBHOIrO KOHUEeHTpaTa, coaepKaLlero rafeHuT U xanbkonu-
PUT, raneHnT cenekTUBHO AenpeccupyeTca KoHanumMoHposaHnem nynbnsl npn 70 °C.

LinHKkoBblE MWHEpanbl, cogepxalimecs B MegHO-CBMHLOBOM KOHLEHTpaTte, npu uma-
HUCTOM pasfeneHnn NepexoasaT B MeAHbIN KOHLEHTPAT, NPU CEPHUCTOKMUCITIOM UAN CyNbgpnUT-
HOM — B CBMHLOBbIN. B cnyyae noBbILWEHHOrO coaepXaHust UMHKa B MEAHO-CBMHLOBOM KOH-
LeHTpaTe MOXeT BO3HMKHYTb HEOOXOAMMOCTb B MPUMEHEHMM onepaumm 0GeCUMHKOBaHUS
COOTBETCTBYHOLLEINO KOHUEHTpaTa (BNMsieT Ha BbIOOp cnocoba pasgeneHns MegHo-
CBUHLOBOrO KOHLeHTpaTa). PekomeHayembli pexxum 06eCLMHKOBaHMS YePHOBbBIX CBUHLOBbIX
KOHLUEHTpaToB (XBOCTOB MeLHOro uukna): obpaboTka nynbnsl npu nogorpese o 20 °C —
25 °C megHbIM Kynopocom (0,7 Kr/T KoHueHTpaTa) 1 doriotaums UMHKa ¢ 04HOM NepedncTkon;
peareHTbl; B OCHOBHYIO (priotaumo — 6ytunoBbii kcaHTtoreHat (90 r/T KoHueHTpaTa) n byTu-
noBbIN a3podnoT, B nepednctky — masectb (4o pH 11-12). CBUMHUOBO-LIMHKOBBIA NPOMMPO-
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AYKT pekomeHayeTca obpabaTtbiBaTb CEPHUCTBIM HaTPUEM U aKTUBUPOBAHHBLIM Yriem 1 BO3-
BpawaTb B CryCTUTENb KOMNNEKTUBHOMO MeEOHO-CBMHLIOBO-LMHKOBO-MMPUTHOIO KOHLEHTpaTta
(OTMBbIBKa peareHToB).

MpakTuyeckn npu Bolbope MeToha pasaeneHns pykoBoACTBYHOTCS COOTHOLLIEHWEM CO-
AepXXaHnn meaun 1 CBMHLUA B pyae (M KoHUeHTpaTte). PekomeHayeTtca pnotnpoBaTtb MuHepan,
HaxogsAWMNCA B MeHbLleM KonuyectBe B pyae (Ans MeaHO-CBMHLIOBO-LMHKOBbLIX pyd —
00bl4HO MegHble MUHeparbl).

aneHnT 0BbI4HO AenpeccupyroT NPU COOTHOLLIEHMM CBUHLA W Meau B KOHLUeHTpaTe
bonee 1. ManeHUT Takke NOAABNSAOT B Cryvyae NPUCYTCTBUA B pyae XanbKo3vHa 1 KoBensnu-
Ha B NPOMBbILMEHHbIX KONU4ecTBax (BTOPUYHbIE Cynbduabl Mean He NOAaBnSTCA LnaHu-
AOM) U Mpu ero okncrneHuwn. NMogasuTtenu raneHnta — Guxpomart HaTpus, OUOKCUA cepbl U
Kpaxman B pasnu4yHbix KOMOMHaUuMsx, Takke codeTanHne 1:1 GuxpomaTa HaTpus U cunukata
HaTpus. [Ns ycuneHnsa nogaBneHns raneHnTa B NpOMbILLSIEHHBIX YCNOBUSAX UCNONb3YOT yr-
nekucnbl ras. NepcnekTMBHO noaaBfeHue raneHnTa LUMHKOBBbIM KynopoOCOM, CEPHUCTbIM
HaTPUEM U yrnekncrbiM razom (nocrnegoBatefibHas o6paboTka Nynbnbl KaXXAbIM PeareHTOM).
YposneTBoputenbHble pesynbTaThl obecneunBaeT cynbdaTHbI MeTo pa3faeneHns raneHu-
Ta 1 xanbkonupuTta: obpaboTka KONNEeKTUBHOIO KOHLIEHTpaTa B Te4yeHne 5 MUH CepHON Kuc-
notoun npu nogorpese nynbnbl o 30 °C (cynbdaTudauunsa raneHuTta) n pnortaumnsa xanbKonm-
puTa KCaHToreHaToM; BO3MOXHO NpUMeEHeHWe codveTaHus cynbdarta xenesa (1,8 kr/T), TMo-
cynbaTta HaTpus (1,8 kr/T), cynbdaTta yuHka (1,5 Kr/T).

Mpn 6nM3kOM MCXOOHOM coAep)kaHUM Mean n CBUHUA Bonee adhdeKkTMBHA peanusa-
UM cxeMbl ¢ dpnioTaunen raneHnTa u3 KonnekTMBHOro KOHUEeHTpaTta ¢ nogasneHnem MeaHbIX
MUHeparoB LMaHUCTbIMU CONAMU (LUMaHMAOM UMK LUMHK-UMaHUOHLIM KoMMnekcom). Mpu mc-
NoNb30BaHUN B Ka4eCcTBe NnogasuTenen LuMaHuaa unuv umaHnnasa Bo3pacrtatoT notepu 3050-
Ta (8o 15 % — 20 %) 3a c4yeT ero pactBopeHus. Pacxoq umaHuga HaTpus MOXHO CHU3UTb
TENnoBbIM KOHANLUNOHUPOBaAHMEM NynbMbl Nepea pasgeneHneM MegHoO-CBUHLOBOrO KOHLEH-
Tpata (HarpeB go 85 °C — 90 °C u nocneagywuwee oxnaxgeHne go 25 °C — 30 °C); ogHo-
BPEMEHHO COKpaLLaeTCsl pacxo CEPHUCTOro HaTPUSA U aKTUBMPOBAHHOIO YIis.

lMoTepun 30M0Ta YMEHbLUAKTCS, €CNN B Ka4ecTBe NodaBUTENSA UCMONb3YOT KOMMMEKC
unaHnga umHka. OnTMManbHbIN peXMM NynbrnonoAroTOBKU Nepen pasfeneHveM: nepeme-
LUMBAHWE KONMEKTUBHOIO KOHUEHTpaTa B TedeHue 3 MUH C CEPHUCTbIM HaTpueM, akTUBUPO-
BaHHbIM Yrnem, LMHKOBbIM KynmOpOCOM U LMaHMAOM (LMHKOBbBIA Kynopoc 4O3UPYHOT 4O noa-
4n umaHmga).

Mpn nosbiweHHOM (6onee 5 %) copepxaHnn CBUHLA, U3BMEKAKOLWErocsd B MeaHbIn
KOHLIEHTpaT B npouecce MeaHowm cnotaumm, pekomeHayeTcs obeccBMHLUEBaAHUE MeAHbIX
KOHLIEHTpaToB (HannyMe CBUHLA B MEOHOM KOHLIEHTpATe OCMOXHAET MeTannypruieckni ne-
pegen v npuMBoauT K MOBbILWEHHLIM MNOTEPSAM Meau C OTBanbHbIMKU LWnakamu). Mpu obec-
CBUHLEBAHNN MEHbIX KOHLEHTPATOB MOXET OblTb MCMNOMb30BaHa eCTeCTBEHHast hnoTupye-
MOCTb CBUHLOBbIX MUHeparoB. PeareHTbl onepauun o6eccBMHLEBAHUSA: CEPHUCTBIN HATPUK
n T-66. [lna pasgeneHus oboraweHHOro CBUMHLOM MEOHOrO KOHLEHTpaTa BO3MOXHO UCMNOSb-
30BaHMe Xene3ocMHEPOaMUCTON conu (nogasneHne cynbuaoB Mean) ¢ NoslyYeHneM CBUH-
LoBO-MeaHoro npoaykra mapku NMNCM (copepxaHune cBuHua — okono 20 %, megm — OKono
20 %).

Mpun GonblMX NOTEPSX MeaM N CBMHLA B Pa3HOMMEHHbIX KOHLEHTpaTax (TOHKOBKpan-
NeHHble pyabl, coaepXalume TEeHHAHTUT, XanbKOMUMPUT, KOBENNMH W Ap. cynbduabl Mean)
KONNEKTMBHbIN KOHLEHTPAT pekoMeHAYeTCA HanpaBnATb HA MeaHyto dnotauuto ¢ gobasne-
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Hnem SO;, U3BECTU N aKTUBUPOBAHHOIO YrNsA; XBOCTbI MeQHOW hnotaunn nocne gonsmerb-
YeHNss — Ha YepHOBYIO CBUHLOBYHO hrnoTtaunto ¢ gobaBneHnem coabl, UmaHnga n akTuBMpoO-
BaHHOIO Yrns; YepHOBOW CBMHLOBbIA KOHUEHTpaT cnefyet obe3amexuBaTb (driotaums Ko-
BennuHa) npu 65 °C — 70 °C B npucytcTBuM yrnekucrioro rasa (5 Kr/T), akTMBUpOBaHHOIO
yrns, Guxpomarta Hatpusa u aspodnota 208 ¢ nony4eHMeM rotToBOro CBMHLIOBOIO KOHLEHTpa-
Ta B BUOE KaMepHOro npoaykTta (MeHHbIn NpoAyKT NpucoefuHSeTcs K roTOBOMY MeaHOMY
KOHLUEHTpaTy).

Mpu cnoTtauMoHHOM pasgeneHnn MenHO-CBUHLUOBbLIX KOHLEHTPATOB MOXET MNposB-
NATLCA oTpuuaTenbHOe BNUAHUE HeceneKkTUBHOW driokynsaummn dactuubl — 30 MkMm. Peko-
MeHayeTca npumeHeHne ancnepratopa Aucnekc 40 (no6o4HOro 4ENCTBUA Ha CENEKTUBHOCTb
dnoTtauuun cynbduaoB He okasbiBaeT). Pexum pasgeneHna mMeaHo-CBUHLOBOIO KOHLEHTpa-
Ta: pacxoq gucnepratopa 20 r/T, BpeMsi nepemMelunBaHns 3 MUH, NogaBneHne MegHbIX Mu-
HeparoB LUMHKOBbIM Kynopocom (875 r/T) u ynaHmagom Hatpus (750 r/T), pnoTtaums raneHuta
6e3 nogaun cobupaTtens B MNpUCYTCTBUM NeHoobpasoBaTenss MeTunmn3obyTunkapbuHona
(2 r/T).

Cdhaneput 1 NMpUT N3BNeKaT U3 XBOCTOB KOMNEKTUBHON MEeAHO-CBUHLIOBOW (bnoTa-
UMM No ABYM CXemaM: KOSNeKTUBHas orioTaums UUMHKOBbLIX MUHEparioB M nuputa c garnb-
HEeNnWNM pasgeneHnem noslydYeHHOro KoHUEeHTpaTa 1 npsimasa cenektmBHasa gnotaums cda-
neputa n nuputa. Belibop cxembl onpegenseTcs cpaBHUTESNTbHON (PNOTOAKTUBHOCTLIO LIMHKO-
BbIX MMHEPANOB 1 NMpPUTa U UX COAEPXXaHNEM B pyae.

KonnekTnBHyO LIMHKOBO-MMPUTHYIO (brioTaumio U3 XBOCTOB MeLHO-CBMHLIOBOW NPOBO-
AAT C NPUMEHEHWEM KCaHTOreHaToB, aspodnoToB, meaHoro kynopoca (50-500 r/T), Takke
cobl U Horaa nsBecTn (8o 2 Kr/T). N3 LMHKOBO-NUPUTHOrO KOHLEHTpaTa Bceraa onotmpytoT
chanepuT, gobasnasn nssectb (0,5—3 Kr/T) n MeaHbI Kynopoc.

Otpenexne ccaneputa notaumen oT nupmutTa M NyCcTOM NOPOAbl XBOCTOB MEOHO-
CBUHLOBOIO LMKNa NpoBOAAT ¢ AobaBneHnem nU3Bectu U MegHoro Kynopoca (MHorga Takke
unaHuga). lNMocnenytollee n3BreyYyeHMe nNupmuTa M3 XBOCTOB LMHKOBOW hrioTauum BO3MOXHO
npwv yCnoBun NUKBUAAUUN BANAHNA U3BECTU. DTO JOCTUrAeTCs CryweHmem nysnbnbl co cobpo-
CcOM crnvBa un pasbasneHnemM neckos BoAoOW neped donotaunen nnu noHmwkeHem pH nyneno
C MOMOLLBIO KMCMOTbI; MHOTAAa AN akTuBauumn nuputa ncnonbaytot cogy (15—400 r/T).

B0o3MOXHO nonyyeHne NMpUTHOIO KOHLUEHTpaTa B BUAE KaMepHOro Npoaykra.

2.4.8 CBMHUOBO-LMHKOBbIE pyAbl

Hanbonee pacnpoctpaHeHa TEXHOMNOrMs nocriegoBaTenbHOM CENEKTUBHOM hroTaumm
MUHeparnoB CBMHUA U UMHKa. CyLLeCTBEHHYIO YaCTb CBMHLOBO-LMHKOBbLIX pya nepea doTa-
unen oborawarT rpaBUTALUOHHBIMM MeTodamMu. ATO CNOCOOCTBYET CHMKEHUIO PacXOAoB
dnotopeareHToB. KONNekTMBHYO rioTauuio ¢ nocnegylwmmM pasgenieHneM KoHUeHTpaTa
NPUMEHSIOT peako (NpenmyLLecTBeHHO npu nepepaboTke pya C KBapueBO-kapOoOHaTHOW U
nonesownaTtoson nopogon). Pyay nameneyatot oo 70 % — 0,074 MM, pexxmm KONNeKTUBHOM
dnotaumm pH 7-7,5 (cepHasa kucnota), 8,5-9 (coga) nnn 11 (M3BecTb), M30NPONUNOBBIN
(165 r/1) unun 6yTrnosbin (100 r/T) KCaHTOreHaTbl, 3TUIOBbLIA KCaHToreHart (25 r/T) n MuHepek
201 (30 r/1), meTnnusobyTtunkapbuHon (30 r/T), MeaHbIN KynopoC, CEPHUCTbIA HaTPUK, Xua-
Koe cTekno. KonnekTuBHbIN KOHUEHTpAT gonamensyatoT 4o 95 % — 0,074 mm u dpnoTtupytoT
ranennt npu pH 9-12 4 ¢ nogaeneHnem cdanepuTta umaHngomM HaTpus 1M cynbdaToM LUHKa
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(otaenbHo 70-150 r/T n coBmectHo 100-300 r/T); npu HEOBXOAUMOCTU M3 XBOCTOB (pnoTu-
pytoT chaneput [53], [57], [59], [62]-[66].

CBMHLOBO-UMHKOBbIE pyabl (bnOTUPYOT BYyTUNOBBIM KCaHTOreHaTtoM, aspodhrnotamum
(31, 211, 242 n 3TUNOBbLIA), HU3LLUMK KCaHTOreHatamu (3TUMOBLIN U W3OMNPOMUMOBLIN).
CpenHuin pacxopg aspodnoTtoB 35 r/T, kcaHToreHaToB 30—60 r/T. A3podioThl MPUMEHSIOT Kak
B CBMHLIOBOM, TaK U UWMHKOBOM Uuknax. CoyeTaHusa cobupaTenen B OOHOM U TOM Xe LMKIe
CenekTMBHOM prioTaumm UCnonb3yoT peako (3PdeKTUBEH 3TUMOBbLIA KCAHTOreHaT B OCHOB-
HOW KOMNEeKTUBHOW hrioTaumm, N30aMmUNoBbIN KCAHTOreHaAT — B KOHTPOJSIbHOR), Yalle npak-
TUKyeTCs NpUMEHEeHne pas3HOMMEHHbIX cobupaTtene B CBWHLOBOM M LIMHKOBOM LMKNAx
(Hanpumep, aspodnoT 1 KcaHToreHar). [na cepebpocoaepawmnx pya nNepcnekTMBHO npu-
MeHeHue peareHTa MUTM-43.

N3 neHoobGpasoBaTenen Hambonee pacnpoctpaHeHbl Aspodpoc 77, MeTunns3obyTun-
kapbuHon, Joydpoc, rekcunosbli cnupT, aumeTtundTanart ([-3), cocHoBoe macno, TeprnuHe-
on, Kpeaunosas KucnoTta, kpesorn. K cuHTeTnyeckum neHoobpasoBaTensam AN ynydlweHus
KayecTBa neHbl fobasnsaetca gpesecHbln (15—20 r/T) nnm KaMeHHOYronbHbIn Kpeo3oT. O6-
nagaeT cnocobHOCTbIO 06pa3oBbIiBaTh BA3KME MEHbI, B pe3ynbTaTe HEeCKOSbKO MOBbILAETCS
n3BrieYeHne CBUHLOBbLIX MUHepanoB (OCOBEHHO Ans pyd, 3aTpOHYTbIX okucneHuem). Npu
NCNoSb30BaHNN B KadecTBe cobupaTtenen aspodnotoB gobaBka CaMOCTOATENbHOMO MEeHO-
obpasoBartens 4YacTto He TpebyeTcs.

Perynatop cpegbl npu ceuHuoBon dnotaumm — copga (50-1400 r/T) unn umsBecTb
(100-1000 r/T). Pacxon vn3BeCcTn OOSMKEH CTPOro KOHTPONMpOBaTbCA BO u3bexaHwe nonas-
neHus ranenunta (Takke 3onota). [JobaBneHne akTMBMPOBAHHOIO Yris B NEPEYUCTHYIO CBUH-
LoByto doriotTaumto cnocobereyeT adhdekTMBHOM Aecopbumm n3bbiTka cobrupatensa n NeHooo6-
pasoBaTens, yny4laeT Ka4eCTBO KOHLUEeHTparTa.

B npombIwneHHOM NpakTuke canepuT 1 NUPUT B CBMHLIOBOM LMKIEe NOAABASIOT cre-
AYOLWMMN peareHTaMm U X codeTaHusaMU: umaHug Hatpusa; Okod P-82 n unaHma Hatpus;
LUnaHng HaTpUst U LUHKOBLIN KyNOpOC; CyNbUT HaTPMa N LMHKOBbLIA KYNOPOC; LIMHKOBBIN KY-
nopoc. Hanbornee wrpoko ncnonbayT umMaHug Hatpus (8o 150 r/T) u cynbdaT umHka (8o
200 r/T) oTAenbHO 1 CoBMECTHO. NMepCnekTMBHO NpMMEeHeHMe nepMaHraHaTa Kanus (B3ameH
unaHuga Hatpus), FeSO4 B covetaHmm ¢ NaCN npu nx cootTHoweHun 2:1 (B3aMeH LIMHKOBOroO
Kynopoca v unaHuga Hatpus).

[nsa nosbiweHna usBnevyeHnsa 6rnaropogHbIX MeTannoB (B accoumaumsix U CpoCcTKax c
PyOHbIMU MWHEpanammn) nNpyu cenekTUBHOM broTtaumm CBUHLOBO-LIMHKOBBIX PY4 PEKOMEHAY-
€eTCs COBMeCTHasi nogada 6yTnnosoro aspodrota U nepeknucy Bogopona B OCHOBHYKO osio-
Tauumio.

B uMHKOBOM UMKNe ANa akTMBauum cdaneputa nNpUMeEHSAT MegHbi Kynopoc (50—
1000 r/T); nynbny nepemeLwnBaloT C MeAHbIM KynopocoM nepen drioTaumen oT HECKOSTbKUX
MUHYT o 14. lNogasutens nuputa — u3Bectb (pH 8-10). OnTuManbHy0 TOYKY noga4vu
MEeLHOro Kyrnopoca ycTaHaBnMBatoT ONbITHbIM NyTeM (40 Nofgayn M3BeCcTun, Nocne nogadn ns-
BECTWN, COBMECTHO C u3BecTbto). Cchaneput conotupytot npu pH 10-12. Cobupatenu B LmH-
KOBOM LMKI€ — W30MPOMNUMOBbIA, 3TUIMOBbLIA, M300YTUMOBBLIN M aMUIIOBLIA KCaHTOreHaThl,
WMHoraa B codeTaHum ¢ gutnodocdaramm.

Mo oboraTMmMocT METOAOM CENEKTUBHOM hfioTaumm B Nopsiake Bo3pacTaHust TpyLaHO-
CTV pasfeneHnsa Bce CBMHLIOBO-LMHKOBLIE PyAbl YCNOBHO AENAT Ha YeTblpe Knacca:

- cynbugHble pyabl;

- OKUCIEHHbIE pyabl B KUCNOW NOPOAE;
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- OKMCINEHHble pyabl B OCHOBHOW Nopoae;

- pyabl, cogepalume npumMecu BTOPUYHbBIX MUHEParioB MeaMu.

[nsa cynbmaHbIX CBMHLOBO-LUMHKOBbLIX Py XapakTep BMeLLatowen nopoabl He umeeT
60nbLWOro 3Ha4YeHus.

Hanbonee npocTtbl gns oboralwieHns cynbuaHble CBUHLOBO-LMHKOBbIE pyabl, HE CO-
aepxawme cynbuaoB xenesa. B aTux pygax cdaneput HeakTMBUMPOBAH; CeSieKTUBHaA
drioTauma MoXeT npoBoauTbCcA 6e3 nogaBuTeEnen UnM MpuM HU3KOM pacxoje uuaHuaa
HaTpusa (Heckonbko r/T). B kavyecTBe cobupaTtenst 06bIMHO UCMONb3YIOT 3TUMOBLINA KCaHTOre-
HaT (15-50 r/1), pexe asapodnoT. NeHoobpasoBaTenn — MeTUNN306yTUNKApPOMHON U Kpesun-
noeaga kucnota (CBUMHLOBLIWN LIMKM), COCHOBOE Macno u Kpeson (UuHKoBbIN UMK). Pacxopg
megHoro kynopoca 300-500 r/T. Jo6aBka weno4ym obbl4HO He TpebyeTcs (HU B CBMHLIOBOM,
HW B LMHKOBOM LMKIIE).

CynbunaHble CBUHLOBO-LMHKOBBIE pyabl, coAepKalume NMpuT unu gpyrue cynbdunab
Xenesa, BCTpeyvalTca Hanbonee 4acTo.

CopepxaHue >xenesa B pygax MOXeT konebatbCa B LWMPOKMX npegenax (06bl4HO
2% — 7 %, B otAenbHbIX criydasx 15 % — 20 %). B pesynbtate BO3pacTaHus coaepXaHus
CynbUAOB Xenesa yBenMunMBaeTCs pacxofd nopaBuTerNien U HEeCKONbKO YMeEHbLuaeTcs ce-
NEKTUBHOCTb pasfesieHMsi MMHepasioB CBUHLA U LMHKA. M3 perynsatopoB cpedbl Ha oboratum-
TenbHbIX pabpurkax NPUMEHSIIOT U3BECTb U €OKUA HaTp (J03MPYIT B U3MENbYEHME), TaKkkKe
coay. B uukne cauHuyoBon cnotauumn pH coctasnset 8—11. Pacxoq uMaHnga HaTpus B npak-
Tvke peako npesblwaeT 120 r/T (06bi4HO 30-80 r/T); HOrga uMaHug HaTpusa MPUMEHSIIOT B
coYeTaHUN C LUHKOBbLIM KyNnopOCOM. XOpOLUMMK MOAaBUTENAMU AN pyad C BbICOKAM copep-
XaHnem cynbpunaos xenesa MoryT ObiTb cynbuT U Gucynbput Hatpusa. Pacxog megHoro
Kynopoca gns aktmsauumn caneputa — 200-350 r/t (go 550 r/T). N3 cobupaTtenen Hanbo-
nee pacnpocTpaHeHbl KCAHTOreHaTbl (3TUMOBbLIA N U3ONPONUIOBLINA), a3podnoThl 25 n 242,
anatunautmokapbamat HaTpus. ASpodrioThbl HacTO NMPUMEHSIIOT B CBUHLOBOM LUKIE.

Mpn cpnoTtauumn cynbUOHbIX CBMHLIOBO-LMHKOBBLIX pyn raneHnT B CBMHLIOBOM LMKNE
N3BNeKarwT AOCTAaTOYHO MOSHO (NONYyYalLWMACA LMHKOBBLIN KOHUEHTpAT COOEpPXWUT Maro
cBuHUa). BoamoxHO obecumHKOBaHME CBUHLIOBOrO KOHLUEHTpaTa. Pacxon peareHToB npwu
obecumHkoBaHuK, r/T; buxpomat Hatpua 30; meaHbli kynopoc 130; n3sectb 175; nsonponu-
NOBbIV KCaHTOreHar 5.

Mpn NoBbILLEHHOM coaepXaHuu B pyae Mblwbsika (bonee 0,5 %) pekomeHayeTca ans
noAasreHnss apceHonMpuTa Npyu KCaHTOreHaTHOW (pnoTauum NMpuTa MCNonb3oBaTbh U3BECTb
(pH >8,5) n nepmaxraxar kanusa (300 r/T).

Mpn dnoTaumm OKMCNEHHbIX CBUHLOBO-LIMHKOBBLIX Py B KUCIOW NOpPOAE AN HeuTpa-
nusaumm KACOTHOCTM M nogasneHnsa cynbduaos xernesa JO3MPYT B U3MenbYeHne Kallb-
UWMHMPOBaHHY0 COAYy WM U3BeCTb. [penmMyLllecTBo KanbLUMHUPOBAHHOW cOAbl — npenoT-
BpallleHne akTusauum cpanepurta consMmm CBUHLA.

B cnyyae cnabokucnbix pyg xopowwue pesynbTaTbl gaet aspodsiot 31 (4o3upyloT B
N3MernbYeHne); KCaHToreHaT He MPUMEHSIOT UMM UCNOMb3YHT NpU HEBOMbLUMX pacxodax.
Xopowme nopgasuTenu Ans cnabokucnelix pya — cynbdutbl U Bucynbdutbl (B OTM4Me oT
UnaHuga HaTpusa COXpaHAT Aenpeccupytoliee AeNcTBME Ha NUpuT B kucnon cpege). Una-
HKA YacTo bornee ahPEKTUBEH B MEPEUNCTHBIX Onepaunsax, a He B OCHOBHOM dorioTaumn. ns
OTAeNeHus raneHuTa oT cdaneputa 1 nupuTa B psige crnyyvyaeB 3PEKTUBHO CoYeTaHue uu-
aHmnga HaTpus ¢ conbio Jkoh P-82.
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B cunbHOKMCIBIX pyaax (BblcOKas KUCMOTHOCTb XapakTepHa AN CTapbiXx OTBaroB)
cynbduna CBMHLA YacTMYHO npeBpallaeTcs B cynbdaT n donotnpyetca ¢ Tpygom. Cogepxa-
HWe pacTBOPUMBbIX COMen B pyae MOXeT LOCTUraTb HeCKOSTbKMX KurorpammoB Ha 1 T (pH 4—
5). MNMpwn Hanuumm B nynbne kucnoTsbl U FeSO4 cynbduamsauma HeBo3mMoxHa. Ecnv cogepxa-
HWe PacTBOPUMbIX CONEN B CUNbHOKUCIION pyae He CIIMLIKOM BbICOKO, pyay nepen cenexktuns-
HOW donoTauunen crnegyeT NPOMbITb UK obeclwnamutb. Ecnn npombiBKa 3aTpyaHeEHa, peko-
MEeHLYyeTCHa Cxema KOSINeKTUBHOM hrnoTauumn B KUCHOW cpee B NPUCYTCTBUN BCEX pacTBOPU-
MbIX COSiEN; B KadecTBe cobupaTtenss MOXHO MCMNoNb3oBaTh a3podrioT Unn MuHepek. Muput
YaCTUYHO MOXHO AenpeccupoBaTb cynbduTamun. PasgeneHve KoHUeHTpaTa 3aTpyaHeHO.

OKMCNEeHHblEe CBWMHLIOBO-LMHKOBbIE pyAbl B OCHOBHOM (OObLIMHO KanbuuT-GapuT-
AOSIOMUTOBOWN) MOPOAE XapaKTepuayrTcs TPYOHOCTbIO pasferieHUss MUHepasioB CBUHLA U
uuHKa. Pyabl cogepxXat raneHuT, ccpanepuT 1 LepyccuT, MHorga CMUTCOHUT U KanamuH. [pu
oboralieHnn pya 3Toro TMna NPUMEHSIOT CXeMy, MO KOTOPOW raneHuT pnoTUpyrT COBMECT-
HO C LuepyccuToMm, 3atem — cdanepuT (MHorAa CMUTCOHUT U KariaMuyH).

BO3MOXHO npuMMeHeHne TeXHONOrm4eckom cxemMbl nocnegoBaTesnibHOW donoTaumm B
nopsgke raneHnt — cdaneput — uepyccut. Boibop cxembl hnotaumm MoXeT 3aBUCETb OT
COOTHOLLUEHNS MUHeparoB: Npu Manown gone uepyccuTta uenecoobpasHo ¢notupoBaTb €ro
COBMECTHO C rafieHUToM, B NPOTMBHOM Cllydae npeanodytuTenbHee BHavane pnotuposaTb
cynbungbl. MNpu dnotauum chaneputa nepeq rortaunen OKCMOoB CBMHLUA NpeaoTepalla-
eTca BTOPUYHOE nopasrieHune caneputa, CoKpallaeTca pacxof peareHToB, obnerdyaertcs
KOHTPOJSIb peareHTHOro pexunma.

B kauecTBe cynbduamsaTtopa OKUCIIEHHbIX MUHEPAaroB CBMHLA MNPUMEHSIOT CEepHU-
ctoin Hatpun (0,2—1,7 kr/T). Cynbcdmansaumo pekomeHayeTcs NpoBOAUTb B MPUCYTCTBUM
XnaKoro ctekrna. Xopowme pesynbTathl JaeT ApobHasa nojaya cynbduaa HaTpust U KCaHTo-
reHaTa. OdeKTUBHbIN cobupaTenb CynbOUANNPOBAHHBLIX CBUHLOBbLIX MUHEPANOB — LMK-
norekcaaMmHHbIM asponioT. B kayecTBe nogasuTensa cganeputa UCNONb3yT OANH LMaHUA
nnbo unaHug COBMECTHO C LIMHKOBBIM KYNMOPOCOM unn peareHTom P-82. B CBUHLOBOM LMKIe
pH 7-9,5, B cynbdmaHom umHkoBoM pH 8-9,5. Pacxog megHoro Kynopoca Ansg aktMsaumm
cthaneputa — o 1 kr/T. Ona nsBnedYeHns OKUCHEeHHbIX MUHeparoB LuHka 6e3 npegBapu-
TenbHOro obecwnamnuBaHua pekoMeHOyeTCca [O03upoBKa rekcameTtadocdaTta HaTpus
(npegoTBpalleHe BpegHOro BAWSHUS LWINAaMOB U pacTBOPUMbIX COMeEWn), cunmMkata HaTpus
(aMcneprmpoBaHue WNamMoB W MNoOAABfIEHNE CUNMKATHbIX MUHEeparioB MycTonm noponbl),
amynbcum OKkTagekaammHa un cynbduga HaTpus B cooTHoweHun 1:50 (noBblweHne cobupa-
TenbHOW CNOCOBHOCTU U CENEKTUBHOCTM aMMHa MO OTHOLLEHMUIO K OKCUMAAM LIMHKA).

lMepcnekTnBeH KOMOWHWPOBAHHLIM MeTon nepepaboTkn OGeaHbIXx  CynbdUOHO-
OKUCINEHHbIX CBUHLOBO-LIMHKOBbLIX PYyA4: NpeaBapuTenbHaa TepMoxmmMmmnyeckas obpaboTka npu
350 °C — 500 °C B aTMOCtepe CepHUCTbIX NapoB, 06pasyloWnXca Npu auccounaumm ane-
MEHTapPHOW Cepbl NN NUpUTaA, N KCaHTOreHaTtHasa cnotaums (Mo aHanormm ¢ NpUpPOSHbLIMU
CynbUAHBIMM MUHEPaNnamm).

MNpw dnotaunm CBMHLOBO-LIMHKOBBIX PYA, COAepXallmX MPUMECH BTOPUYHBLIX MUHepa-
noB Mean (ManaxuT, asypuT, XarbKO3WH, KOBENMVH), BO3HMKAKOT TPYLHOCTWM BCreacTBUE
BO3MOXHOW akTuBauuwn caneputa conamu megu. [ina yooBneTBOPUTENBHOIO nogasrieHns
cthaneputa B nynbne Heobxoamm m3bbITOK CBOBOAHBIX WMOHOB LUMaHuaa; pekoMeHayeTcs
Takke nogaya cynbduga Hatpusa (unu cynbduta HaTpus). Horaa nydwme pesynbTaThbl Aa-
eT agpobHas nogaya unaHuga.
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2.4.9 CByHUOBbIE pyAbl

Yucto cBMHLOBbIE pyAbl, HEe coaepXalime APYrnx TsHKembiX LBETHbIX MeTarnrsos,
BCTpeYalTcss oTHoCcuTeNbHO peako. OCHOBHbIE MUHEparnbl CBUHLA B pyae — raneHuT, ue-
pyccuT, aHrnesut [53, 57, 59, 62—66].

OpbekTnBHblEe CcobMpaTenu ranenHnta (OQHOBPEMEHHO W neHoobpasoBaTenun) —
aspodonotbl 25 n 31 (30-60 r/T), pasnuyHble KcaHToreHaTbl. [Jnsa cdnotauum raneHuTa ¢ ms-
MEHEHHOW NOBEPXHOCTbID PEKOMEHAYETCHA NPUMEHEHNe MepkanTobeHsoTrnasona (Aapo 404).
lMeHoobpa3oBaTenn — KpesunoBas KMcnoTa, COCHOBOE Macso v ap.

OkucneHHble MUHepanbl CBMHUA (PrnoTUpYyOT KCaHToreHatammn nocrie npenBaputenb-
HOW cynbdunamnsauum unm cobmnparensammn tTuna mepkantobeHsoTnasona 6e3 npeasapuTenb-
HOW cynbduamsaumm; mepkantobeHsoTmasonbl Hambonee 3PEKTUBHbI B COYETAHUMN C
docdaramu.

[Mpn OTHOCMTENBHO BLICOKOM COAEP)KaHUN B PyAe OKUCINEHHOro CBMHLA OObIYHO BHa-
Yane noTUpyT cynbhunabl.

Mpn roTtaumMm OKUCNEHHbIX CBUHLOBbLIX PYy4 YrydlWeEeHUO nokasaTenen npolecca
cnocobCeTBYEeT ocaxaeHne na pabpudHbix BO4 Conen — Kanbuus, Xenesa u uuHka (C nomo-
Wwblo coabl); gobasneHne MedHOro Kyrnopoca nocrie cynbuamsaumm ¢ Lenbio akTueaumm
CyNb(OUAN3MPOBAHHbBIX CBUHLIOBbIX MUHEPANOB M CBA3bIBaHMSA U30bITKa CEPHUCTOrO HaTpUs;
NPUMEHeHNe covyeTaHna cobupatenen — asapodnoToB, KCaHTOreHaToB, MepkanTobeH30Tua-
30/10B.

2.4.10 TutaHoOBbIe pyAbl

OcCHOBHbIE TUTaAHOBbIE MUHEPArbl — UNbMEHUT U pyTun. Hanbonbluee NpomMbiLneH-
HOe 3HayeHne B MMPOBOM A0OblYe TUTaHa MMEIKT POCChINHbIE MECTOPOXAEHUS, U3 nocnen-
HUX — NPUBPEKHO-MOPCKME POCCHINU (FNaBHbLIA UCTOYHWUK 406bIYM pyTUNna); MOMUMO UIbMe-
HUTa N pyTuna cogepxart LMPKOH, MOHaUMT, MarHeTuT, rpaHat un ap. [53], [57], [59], [62—-66].

3 KOpEeHHbIX MECTOPOXAEHMI B MPOMbILLIIEHHOM OTHOLLEHUN Hanbornee BaXHbl TUTa-
HOMarHeTUTOBbLIE (MOMMMO TUTaHa W Xemnesa cogepxaT BaHagumn). CogepxaHue guokcuaa
TuTaHa B pygax — 5 % — 15 %.

O6orawatoT pocchinu B ABa Nnpuema — BHavane npemMmMmyLlecTBEHHO rpaBUTaLMOHHbI-
MK MeTofamMu (BMHTOBbIE CenapaTopbl, CTPYMHbIE U KOHYCHbIE KOHLEHTpaTopbl 1 Ap.) Bblae-
NAT BCE TAXKeNble MUHeparbl B YHepPHOBOW KOJSINEKTUBHBINA KOHLUEHTpAT, 3aTeM Npou3BOAsT
ero A0BOAKY, MPUMEHSAS MAarHUTHYIO UMW SNEKTPOCTaTUYECKYHO cenapaumio, rmapaBinyeckyto
NN MHEBMATUYECKYIO KOHLEHTPaUUIO Ha cTonax; Ans pasgeneHns TOHKO3ePHUCTbIX KOnmekK-
TMBHbIX KOHLIEHTPAaTOB UCNOSb3YIOT hnoTauuio.

dnotaumoHHoOe pasgeneHne MernKO3ePHUCTbIX KOMMEKTUBHBLIX KOHLEHTpaToB, MOony-
YEeHHbIX 13 POCCbINEN, OCYLLECTBAIOT MO TPEM CXEMaM.

dnoTtaums UMpKoHa C NogaBneHnem pyTuna u uibMeHuTa:

a) XNOKMM CTEKNIOM MMM Kpaxmarnom B LUENOo4YHOW cpede; cobupartenb UMpKOHa —
MbIfIOHaT. M3 XBOCTOB LIMPKOHOBOIO Lukra ¢ AobaBneHnem cepHom KucrnoTbl Ao pH 7 drno-
TUPYIOT PYTUN (UIbMEHUT);

0) rasoobpasHbiM a30TOM; cobmpartenb UMpPKOHa — MblnoHadT npu pH 8-9;

B) cepHomn kucnotor npu pH 1,5-2 nocne o6paboTkm KOMMEKTMBHOIO KOHLEHTpaTta
0,5%-HbIM pacTBOPOM MbIST HACbILWEHHbIX KAPOOHOBLIX KMCNOT Npu pH 9 1 NpoMbIBKM BOOOW.
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dnotaums MMHeparnoB TUTaHa — pyTuna v unbMeHuTa — TannoBbIM Macriom C Kepo-
CYHOM C NoJaBfieHMEM LUUPKOHA U MUHeparioB Nopoabl KpeMHETOPUCTBIM HAaTpPUEM B cep-
HOKWCIION cpeae.

dnotaums UMpKoHa U pyTuna katmoHHbelM cobupatenem MM-11 ¢ nogaBneHnem unb-
MEHU/Ta LaBesieBon KUCIIOTON; NepeMeLllnBaHme KOSINEKTUBHOIO KOHLEHTpaTa ¢ peareHTamm
ocyuwlectBnaT 6e3 goctyna Bo3gyxa. PyTuno-uUMpKOHOBbLIA KOHUEHTpaT pasfenstoT ¢ no-
AAaBNEHNEM pyTuria CEPHOM KUCNOTOW MPU MHTEHCUBHOW alapaumn nynbhbl (LWMPKOH GonoTu-
pytoT npu pH 2).

MpumeHeHne noTaumMm BO3MOXHO NMpu nepBmMyHOM oborawieHumn neckos. Llenecoob-
pa3Ha cxema KOJSINEKTUBHOM (pnoTtaumm BCeX LEHHbIX MUHEpanoB U3 pocchbinen nocre ux
AewnamMauun. KonnektTueHyo doriotauyuio NpoBOAAT ONIEMHOBOW KUCITIOTOM U KEPOCUHOM NpU
pH 5,9-6,4; nogaButens nopoabl — kKpeMHedTopucTtbin HaTpun (150-500 r/T).

N3 KonnekTnBHbIX OrIOTALMOHHbIX KOHUEeHTpaToB 6e3 aobaBneHns cobupartens gno-
TUPYIOT MUHeparnbl TutaHa npu pH 3,8—4,8, nogaBnas UMPKOH KpeMHETOPUCTbIM HaTpUem
npu 6onblwmnx pacxogax (1,5-2 kr/T).

TuTaHomarHeTUTOBbIE pyabl oborawatT KOMOUHNPOBAHHLIMM METOAaMN — 3NEKTPO-
MarHUTHOW cenapauven (oTaAeneHne marHetTuta OT WUIbMEHUTa U MYCTOW MOopoAbl, TaKkke
NrbMeHUTa OT NYCTOW Nopoabl), KOHUEHTpaumen Ha ctonax (BblaeneHme MenkoBKpanieHHo-
ro unbMeHuTa), dnotauuen (M3BrnevyeHne TOHKOBKpPAMeHHOro unbmMeHuTa KapboHOBbIMU
Kncrnotamu B criabokucnon cpene npu nogasneHnn nopoasbl PTOPUCTBIM UM KpeMHEePTOPU-
CTbiIM HaTpuem c pobaBneHnem cepHon KucnoTtbl). PekomeHayeTcs obeclunamnvmBaHue
nynenbl nepen ¢donotauven. NonesHa npenBaputenbHas obpaboTka unbmMeHuTa u pyTtuna
cepHon kucnoton. PerynaTtopbl cpeabl — enkumn Hatp, coga (pH 6-8); npu pH 10,5 n Bbiwe
drioTauma unbMeHuTa 1 pyTuna npekpawaetcs. [logasutens pytuna — consgHas Kucnorta.
[N NoBbIWEHWS CENEKTUBHOCTU (OrioTauuun pytuna pekoMeHayeTcs UCnosib3oBaTb CoYeTa-
HMe kapOOHOBbLIX KMCIOT ¢ amuHamu. MNpu pnotauum pytuna 13 xenesuctbix pyn nepcnekx-
TUBHO npuMeHeHue npu pH 1-2,5 B KadecTBe cobupatens pacTtBopa
N-6eH3un-N-ceHnnrngpokcunaMmmHa B 3TUI0BOM CnnpTe.

TutaHoBble KoHuUeHTpaTbl cogepxat 40 % — 45 % TiO, npn unssnevyeHun 60 % —
70 %.

B cnyyae TOHKOro B3aMMHOro npopacTtaHus UnbMeHuTa n marHeTuta (ToOHKoamMcnepc-
Hble 3MYJIbCUOHHbIE BKMIOYEHUS UIbMEHUTA UM OKCuaa TUTaHa B MarHeTuTe) BblaeneHue
XXEene3Horo n TMTaHOBOrO KOHLIEHTPaToOB MeToAamMun oboralleHns HEBO3MOXHO. Takue pyabl
oborawaloT No NPOCTbIM MarHUTHO-TPaBUTALMOHHBIM CXeMaM C NocrneayrLwumM nupomMeTarn-
nypruyeckum pasgeneHuem.

2.4.11 BonbdpamoBbie pyabl

OcCHOBHble MUHeparnbl Bosfibpama — Leennt U BoNbPPaMnUT, MEHbLUEE MNPOMbILL-
NEeHHoe 3HayeHue umelT epdbepnt n NobHepuT. MNaBHbIE€ CNYTHUKM — MUHEparnbl Monnb-
AeHa, onoBa, Meau, BUCMYTa, KBapL, KanbuuTt, donoopuT, Tonas, anatut u ap. CogepxaHve
Tpuokcuaa sonbdpama B pygax — oT 0,08 % oo 10 % (npeumywiectseHHo 0,2 % — 1,0 %)
[53], [57], [59], [62]-[66].

OcHoBHOM MeToa oboralleHns NobHepuToBbIX U hepbepnToBbIX pya — rpaBuTaums.
LWeenutoBble 1 BonbpamnToBble pyabl oborawiatoT rpaBuTaumen n nortaumen (TOHKOB-
KpanfeHHble LeenuToBble pyabl — MpeMMyLecTBeHHO drotaumen). KomnnekcHole Lwee-
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nutcogepxawue pyabsl oborawaloT KOMOUHUPOBAHHBLIMU FPaBUTaALUOHHO-(PNOTALNOHHBIMU
MeTogaMn C MpUMEHEHMEM B AOBOLOYHbIX onepauusax ¢notorpaButTauun, MarHUTHON WU
9NEeKTPOCTaTUYECKON cenapauunn.

PekomeHngyemble cobupaTtenu weenuta — OnevHOBas KUCMOTa, oneaTt HaTpust U Ux
3aMeHuTenn (HaTeHOBbIE KWUCIOTbl, MbITOHAMT, OKUCIIEHHbIN MNEeTPONaTyM, OKUCHEHHbIN
pUCankI, XronkoBoe MbIfO, COANCTOK, AUCTUNIMPOBAHHASA XUPHasA KMCNoTa KopeaHapoBOro
mMacna, HeAUCTUNNMPOBAHHAsA U ANCTUNNNPOBaAHHANA XUPHbIE KACIOTbI KalanoToBOro Xupa,
peareHT OPCO, anacton, R-708, R-710, R-765, S-2043, TannoBoe macno u dpakumsi ero
pasroHku, copepxawasa 3 % KaHUMOMbHbLIX KACIOT), KaTUOHHble cobupaTtenu (Hanpumep,
aodeunnamMmuH), ankuncynbdgoHatbl, cobnpatens LRM (cocTtouT n3 AByx pasnuyHbIX aHWO-
HOOCHOBHbIX OKMCMEHHbIX cobupaTenen Ha OCHOBE HEHACbILWEHHOW XUPHOW KUCNOTbl U MU-
HepanbHOro macna, CMeLLaHHbIX A0 crnabolienoyHon peakumm). OpdpekTMBHO coyeTaHne
cobvpartenen — cMeCb ONEMHOBOWN, NIMHONEBOW KUCNOT M TannoBoro macna. XMpHoOK1cnoT-
Hble cobupaTtenu pekomeHayeTCca A4o3vMpoBaTh BO (brioTaumio B BUAE IMYNbCUA, cTabunuaun-
poBaHHbIX asposonamn OT unn 18.

OddekTnBHBIE NEeHoobpasoBaTtenn npu roTaunn LLEEennToBbIX pya — COCHOBOE
Macno, Kpesor, TEPNUHEOS, BbICLUME CMUPTDI.

[na nogaBneHns CUNMKaTHbIX U KanbUMEBbIX MUHEpAnoB npwu dnotauun Leenuta
pPEKOMEHAYTCS KapboHaTbl LWENOoYHbIX MeTannoB (40 7 Kr/T pyabl), Xuakoe cTekno (mo
5 Kr/T), TaHHWH, NANKOTaH M NankoHaT (3KCTPaKTbl N3 KanMAOPHUICKOro aBkanunTa).

Weenut pekomeHayeTcs dnotuposate npu pH 9-10,8 (npegnovtutensHo npu
pH 9,5-10).

OddekTnBHble cobupatenu BonbdpamuTta — KapbOHOBbIE KUCMOTHI U KX Mbina,
R-710, R-765, R-825, kyndepoH, xenatoobpasyoLwmne peareHTbl (a-HUTpPO30-|3-HadpTton un
9TOT XXe peareHT B cOMeTaHUK C anonspHbIMU Macnamu, ankunrmapokcamoBble KACNOTbI, OK-
CMM B COYETaHUN C anonsdpHbIMU Macnamm), ToryonapcoHoBasi n 6eH303TuneHgochmHoBas
KACNOTbI, MeauanaH (OONONHUTENbHbLIN cobupaTenb), aMUHbl B COMETaHMM CO LLaBENEBOM
kncnoton (¢ gobaskamu B nynbny HyO»).

lMeHoobpasoBaTenu BonbdpamMmTa — BbIClUME anudaTudeckme CnupTbl, Kpes3on,
OrncCeb.

[nsa nogaesneHust Nnycton nopoabl Npu rotauum Bonb@pammnta NCNOonb3yKT XUAKoe
CTEKMO (Mpy Manbix pacxogax), KpeMHeTOPUCTLIN HATpUin, coay, buxpomat, OEKCTPUH 1 Ap.

Bonbdpamnt pekomeHayetcs dnotnposatb npu pH 10 kapboHOBbIMM KMCNoTamu U
Mbinamu u npu pH 6,5-8,5 xenatoobpasyowmnmmn cobmnpatenamu.

Mpn onoTauuun WwWeenuToBbIX Pya Nepen BonbgpamoBon driotaumen LenecoobpasHo
yaanutb cynbduabl (kcaHToreHaTHas cnoTtauus). MNpu pasgeneHun cynbpuaHoro KOHUEeH-
Tpata B crniydae o60OpOTHOro BO4OCHabXeHNA pekoMeHayeTca 6e3bi3BeCcTkoBasi TEXHONOMS
mMegHon dnoTtaumm (NnpegoTBpalieHme obpasoBaHns B Nyrbne TOKCUYHBIX apCeHaToB Karb-
LUMSA 3a CYET PacTBOPEHNA MUHEPAarioB Mbllbsika). PekomeHayembln pexum: obpaboTka Kon-
NEKTMBHOTO Cynb(UAHOrO KOHLEHTpaTa akTUBMPOBAHHbBIM YrieM U HaTPUEBOWN ABY3aMeLLEeH-
HOW COnblo POCHOPHOM KMUCNOTbI (NnogaBreHne nuppoTmHa). KoHueHTpaT OCHOBHOW BOIb-
hpamoBON hnoTauun pekomeHayeTcs nogsepratb O4HOM — TpeM nepedncTkam 6e3 pea-
reHToB unu ¢ gobaBkoW XWOKOro crtekna. [ns yganeHust u3 LeenuToBbIX KOHLEeHTpaToB
dochopa Bo3mMOKHa 0b6paboTka KOHLEHTpaTa a30THOW UM CONAHON KMCOTOWN.

UepHoBOM BONbGPaMOBbLIA KOHLEHTPAT AN nodaBneHus KanbLMeBbIX MUHEpanoB
(kanbuuT, hNooOPUT N Op.) pEKOMeHAyeTCa NogsepraTb 4OBOAKE — nponapke B TedeHne 30—
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60 muH B pacTtBope xunakoro ctekna (3 % — 4 %) npu temnepatype 80 °C — 85 °C ¢ nocne-
aywowen dnotaumen (npouecc Netposa). Nponapky cregyeT NpoBoAUTb B ABYX-TPEX Mo-
crnefoBaTenlbHO YCTaHOBMIEHHbIX YaHax. [locne nponapku nynbny pas3baBnalT XONo4HOW
Bogon o 25 °C — 30 °C v npoBoasT BoSibhpaMoByto prioTaumio (OCHOBHYIO, KOHTPOSTbHYHO
N OOHy-OBe nepeuncTtkn). KoHUeHTpaT KOHTPOMbHOM dhrioTauumn Lukna OBOAKN PEKOMEHAY-
€TCs HanpaBnATb Ha CryLieHue 1 nponapKy COBMECTHO C YePHOBbIM KOHLEHTPATOM OCHOBHO-
ro umkna. Npu BbICOKOM coepxaHun B pyae qorioopuTa NoslyYeHHbI KOHUEeHTpaT Leneco-
obpasHo noaBepratb BTOPUYHOW Mponapke C XUOKMM CTEKIIOM C AanbHeEWLen AOBOOKOWN B
OTAENbHOM LMKIe, a XBOCTbl 9TOro UMKNa nogasaTb Ha rmapomMeTaniypruiyeckui nepegen.
Ansa yoaneHus 6apuTta 13 WeenMToBOro KOHUEeHTpaTa npoBoanTcsa dnotauunsa ankuncynoda-
TOM B KMCMoW cpeae (nocne nponapkn B pacTBOpe XUOKOro CTeKna, NepeyncTki 1 Bblllena-
YMBaHMSA B PpacTBOPE CONMAHOM KUCNOTbI).

CeneKkTMBHOCTb (hnoTauun weenuTa 3aBUCUT OT COOTHOLUEHUS COAEP)KaHUN KanbLn-
Ta 1 weenuTta B pyae (NpakTn4eckn aTto cooTHowweHne namensetcsa ot 0,4 go 145). MNpwu co-
OTHOLIEHUM KanbuuT:weenut = 1 4-5 pyga nerkooboratmma, n nonydeHne KOHOAMLMOHHbIX
BONbdPaMOBbIX KOHLEHTpaToB (He MeHee 55 % WOs3) cnoxHocten He npeactasnset. Mpu
COOTHOLUEHUN KanbuuT: Wweenut >15 nonyyeHne BONbmpPamMoBbIX KOHLEHTPATOB C coaepxa-
Hnem WO3 6onee 35 % 3aTpygHeHo.

[na nNoBbIWEHWS CEMNEKTUBHOCTU hnoTauum Leenuta npu BbICOKOM COOTHOLLEHUU
coaepXaHun B pyae KanbuuTa u leennta pekoMeHayeTcs:

1) npumeHeHne cenekTnBHoro cobupartena weenuta — peareHta LRM (60-80 r/T),
KOTOpPbIN BBOAAT B Nynbny nocrne ee o6paboTkM COOON U XXMUAKUM CTEKIOM; NpU Hanuyum B
pyoe 6aputa B kadecTBe nogasutenen LenecoobpasHo ncnonb3oBaTb Kpaxman u cynbgaT-
Hbl€ LLEernoKu;

2) NpMMEHEHNE CeNneKTMBHOro noJaBuTeNnd Kanbuuta — peareHta coctaBa, % no
mMacce: HaTpueBoe xungkoe ctekno 87,4; FeSO4 6,3; CaSO,4 6,3; nogasutens (2,3 Kr/T) [oau-
pyeTca nepepn nogadven cobupatens u B kombuHaumm ¢ cobupatenem LRM obecneunBaet
n3snedeHune sonbdpama Ha 93,5 % npu cteneHn koHueHTpaumm W03 522.

PekomeHayemble pexnmbl Hanbonee addekTUBHbI Npu HeBbICOKOM (nopsaka 0,1 %)
abcontoTHoM cogepxaHum B pyae WOs;.

MonyyeHne 6Goratbix (6onee 70 % WOs3) LweenuToBbIX KOHLEHTPATOB BO3MOXHO
C NPUMEHEHMEM peareHTHbIX PEXUMOB, BKNOYaOLWMX nocnegosaTenibHyto 06paboTKy nyrnb-
nbl (20 % — 40 % TBepooro) kapboHaTamMu LLENOYHbIX MeTannos (2,2—6,8 kr/T pyabl) npu
pH 10-11 ansa nogaBneHust CUNUKaTHbIX MUHEpPArioB; UMaHWOaMU LLESOYHbIX MeTasifioB U
egkum HaTtpom npu pH 10-11 gna genpeccun cynbduUAoB; Xuakum cteknom (1,4—4,5 kr/T)
ANS NogaBneHns KanbuneBbiX MMHEParioB NyCcToON NOpPOAbl; cobupaTenemM XXMPHOKNUCIIOTHOMO
Tuna (NpegnoyYTUTerNbHO CMECHLIO ONIEMHOBOW, NMMHOMNEBOMW KUCNOT U Tannosoro macna, 0,02—
0,12 kr/T). Nocne MHTEHCMBHOIO NepemMeLLvBaHuns (paspyLlleHune pnokyn weenuta) n gobas-
neHuns neHoobpasoBartensa weenut dnotupytoT npu pH 10,5-10,8.

Mpun hnoTaumm BonNbppPamMmnToBLIX pya 1 NPOAYKTOB UX oboralleHus (Wwnambl, XBOCTbI
rpaBuTaumm 1 ap.) nepea BonbdpamoBon drotaumen uenecoobpasHo yganutb cynbduabl.
OpbekTnBHa KCaHTOreHaTHasa notTaunsa cynbuaoB C NPUMEHEHNEM B KavyecTBe NoaaBu-
Tens XnaKoro cTekna, KpeMHedTOPMCTOro HaTpUst U Coapl; B Criydae OKUCMEHHbIX pyn PeKo-
mMeHayeTca gobaeka cynbdarta Meam B KayecTBe akTuBaTopa (Mpu NOAKUCNEHUU MNynbnbl).
Hanbonee 3aTtpygHeHo oTaeneHne BonbgpamuTa OT roopuTa, OKCUO0B XKenesa, Tonasa u
cnog.
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Mpn donoTauum OTHOCMTENBHO NPOCTbIX BONbPaMUTOBLIX Pya B KadecTBe cobupare-
N BO3MOXHO MCMNOSib30BaHNE KapOOHOBLIX KUCMNOT, HAaNnpMMep onenMHoBou, 1 nx conen. Oc-
HOBHasa BoSibppamoBas notaums nposogutca npu pH 7-10. B yepHOBOW KOHUEHTpaT
Hapsay € BoNbpaMUTOM M3BreKatTcs IOpPUT, anaTuT, YaCcTUYHO Croabl, Tonas, Kanb-
UUT, OKCUAbl Xenesa 1 ocTaTku cynbduaos. NepeyncTHble onepaumm pekoMeHayeTca npo-
BOOUTb B HenTpanbHOM mnu cnabollenodHon cpene ¢ gobaBkamm HoBoro cobuparena —
TONyonapcoHOBOM uUnNu 6eH303TUNEeHdOCHMHOBOM KMUCIOThl, NMnbo B cnabokucnon cpene
(peareHTbI-perynaTopbl — CepHas, LaBenesas unu nnasukoBas kucnota). B npouecce ne-
PEYNCTOK M3 YEPHOBOrO KOHLIEHTpPaTa MOXHO yOanuTb KBapl, MOMEBOW LINAT, 4aCTUYHO
cntogbl 1 xnoput. Onsa addekTUBHOro yaaneHus M3 KOHUEeHTpaTa OCHOBHOM rnoTtauuu
KBapua, NoneBoro wnarta un cnoopuTta nepes nepevymcTtkamm pekoMeHayeTcsa ero nponapka
C KpeMHedTopUCcTbiM HaTpmnem npun 80 °C — 85 °C.

Mpn nepepaboTke TpyaHooGoraTUMbIX BONb(PaMUTOBBIX pya (Hanpumep, copepxa-
lwnx docdaTtbl) B Ka4eCTBE OCHOBHOIO cobupartens pekoMeHOyeTCcsl UCnonb3oBaTb TOMyo-
NapCcOHOBYO M BEH303TUNEHPOCKHMHOBYIO KUCNOTY, B Ka4ecTBe AOMONHUTENBHOro cobu-
patens — meaunaH. /13 peareHToB-perynatopoB 3(pekTUBHbIMU ABMAOTCA KpeMHedTopu-
CTbi HaTpuh 1 cepHasa kucnota (pH 2—4). BoamoxHa nocnegoBatenbHas aHMOHHAA U KaTu-
OHHas corioTauus ¢ UCNOSIb30BaHMEM B Ka4eCcTBe perynstopa kpaxmana.

Mpu dnoTauumn BonbpamMmTOBbLIX NPOAYKTOB PEKOMEHAYETCA MCMNOoMb3oBaTh cobupa-
Tenb VIM-50. B cnydyae cunukaTHOW nopoAbl OCHOBHAA U nepeyvymcTHasa doriotauumn npoBoaaT-
cs npu pH 8-9, npu Hannuum dnooputa 1 anngota — npu pH 6-6,5. [Ina gosogku nony-
YEeHHble KOHLEHTpaThbl LenecoobpasHo nepecnoTupoBaTb B cunbHokucnonm cpege (pH<1,5)
c pobaskamn MIM-50. N3 npoaykTos, cogepxawmx 0,1 % — 0,4 % WOz, BO3BMOXHO nonyye-
HWe koHueHTpaTa ¢ cogepxannem 30 % — 50 % WOz (npu nssnedeHnn 65 % — 75 %).

2.4.12 OnoBsiHHbIE pyAbl

Hanbonee BaxHbIW B NPOMbILLIEHHOM OTHOLLUEHUX ONOBOCOAEPXKALMMA MUHEpAN —
KacCUTepUT, MeHbLLee 3HayYeHne MMeeT CTaHHUH. Kaccuteput pasnuyHbiX MeCTOPOXOEHUN
XapakTepusyeTcs Heo4MHaKoBOM (bnoToakTUBHOCTLIO [53], [57], [59], [62]—[66].

Mpn noTayMOHHOM MNOTy4EHMM ONOBSAHHBIX KOHLEHTPATOB PEeKOMEeHAyHTCa Tuia-
TenbHoe obeclnamnMBaHme NUTaHus riotTaumm, npeaBapuTenibHoe yganeHune cynbgunaos,
npomMbiBKa FMMUHUCTBIX pya. Cobupatenu kaccuTeputa — peareHTbl XXUPHOKUCIIOTHOIO Tu-
na — OfleMHOBas KMUCMNoTa, TanfioBOE Macho, XXMPHOKUCIIOTHas opakums TannoBoro mMacna,
OKUCNEHHbIN pucankn u gp.; bonee cenekTUBHbI apCOHOBbIE M (POCEHOHOBLIE KUCMOTHI,
cynbdocyKkunHamaTtbl. TEXHONOMMYECKUIN HEQOCTATOK — YYBCTBUTESbHbBI K MOMIMBANEHTHbLIM
KaTMoHaM, NNoxo oroTUPYOT KACCUTEPUT KPYMHOCTLIO +50 MKM.

O dekTnBHBIN cobupaTenb — ankaHaukapboHOBbIE KUCNOTbl (onTUManbHbii pH 4—
4.5), pnotnpytoT Kaccuteput KpynHocTbto 100 MkM. TexHONormyecknum HegoCcTaTok — Maro-
CENeKTUBHbI B NPUCYTCTBMM TOMa3sa; CENIEKTUBHOCTb MOBbLILAETCS MPU UCMOMb30BaHMUM Kak
nogasutens Tonasa aMWHOHaTONCYIbOHOBbLIX Kncnot (Hanpumep,
1-amunHOo-8-HadpTON-3,6-4MCYNIbGOHOBON KNCIOTHI).

CenekTuBHbIN cobupaTenb Kaccuteputa B NPUCYTCTBUMM OIIOOPUTA — auunMpoBaH-
Hble amuHokMcnoTbl (cobupatens AAK). OH Hanbonee ahdheEKTUBEH B NEPEYMCTHBIX onepa-
LMsIX.
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HdononHutenoHble cobupatenn — anonspHble Macna. CenekTnBHble NOKYNAHTbI
TOHKMX YacTul, Kaccuteputa — anudaTtndeckme XnpHole nsocnnptol opakumm Co_Cg, KaTU-
OHHbIN pnokynaHT MMNC, peareHT MM-50 B codeTaHun ¢ acnapanomMm-® (BO3MOXHa UX KOM-
BGuHauusa ¢ nsocnmptamm).

[MoBbIWEHMIO NOoKasaTenen roTaumm KaccutepuTa ns WiaMmoB cnocobCTBYeT MHTEH-
CMBHOE KOHOWLUMOHMPOBaHWE Nyrbbl C peareHTaMu (NPoaomKUTENbHOCTb A0 50 MUH).

MogaBuTenu KaccuTepuTa — anus3apuvHOBbIE KpacuTenu, Myka Copro; KaccutepuT He-
KOTOPbIX MECTOPOXAEHUN NOAABNAETCH XNOKUM CTEKITOM.

Hanbonee 3aTpygHeHa cenektMBHas orioTauus Kaccuteputa ns TypManuvHcoaepxa-
LWMX pya 1 NpoAayKToB. D dEKTMBHbIE NOAABUTENN TypManuHa npu noTtaumMm Kaccutepu-
Ta — Xunakoe CTekno (0COBGEHHO B COYETAHUM C CEPHOKUCIbIM antoMUHMEM), rekcameTa-
doocat HaTpus, KpeMHEeTOPUCTLIN HAaTPUK (OAMH U B COMETAHUN C NUPOransiosiom), CEpHO-
kncnas cpega (pH 2,8—4,8).

MogaBuTenb xenesocoaepXallumx MMHeparnoB npu notauum Kaccuteputa — Liase-
neBas KMCoTa; NogaBuUTenb Kanbuuta — KapboHMNIMEeTUNLENIoNo3a HaTpus.

BoraTble onosocoaepxawme pyabl (1,3 % — 1,9 % Sn) oborawiatotcs no gByxcrtagu-
anbHOM cxeme donotaumin (nocne obecLunamnmMBaHms no Knaccy 3 MKM):

1) donotauusa nycton nopogbl npu pH 6 ¢ gosunposkon 150 r/T cobupatens Katadgnot
KPJ1 (HaTpueBas cofb ankmnaMmmHonponmoHOBOW KUCIOThI) U NeHoobpasoBaTens MeTunmn3o-
OyTunkapbuHona;

2) pnoTtauma kaccuteputa npu pH 2,4 ¢ goauposkon 900 r/T cobupatensa cynbdocCykK-
unmHamaTtHoro Tvna (Katadnot KCT), 100 r/t kpemHedTopucToro Hatpud, 200 r/T cunukaTta
HaTpms N MeTunmaobytunkapbuHona. KoHeuvHble koHUeHTpaTbl cogepxat 11 % — 18 % Sn
npw ns3snedvenHnn 77 % — 85 %.

Pyabl co cpeagHum cogepxanunem onosa (0,5 % — 0,6 % Sn) oborawatotca no ogHo-
cTagnanbHon cxeme dnotaumm (nocne obeclunamnmBaHus XBOCTOB cynbdumaHon dnoTa-
LK) C 4OBOOKOW ONOBSIHHOMO KOHLIEHTpaTa:

1) dnotauusa kaccuteputa npu pH 7 oneuHoson kucnoton (200 r/T) ¢ gobasneHnem
Xngkoro ctekna (450 r/1);

2) TepMmnyeckada obpaboTtka nepeuniLeHHoro koHueHTpata npu 300 °C — 325 °C B Te-
yeHune 30 MuH (gecopbuusa cobupatens) n obpaTHasa roTaunsa CUNMKaTHbIX MMHEPANoB Npwu
pH 11 KaTMOHHbIM cobupaTenem (Hanpumep, gogeumnaMmmoHunxnopmaom, 50 r/T) B n3sect-
KOBOW cpefe; nogasuTenb kaccuteputa — mMyka copro (5-50 r/T). KoHeyHble KOHUEeHTpaThI
cogepxat 40 % — 60 % Sn npu nssneveHmm 60 % — 75 %.

OtHocutenbHo 6egHble (0,2 % — 0,3 % Sn), TOHKO BKpanneHHble pyabl (Npeobnaga-
towasa KpynHoctb 3epeH Sn0O,_0,1 MM) C KBapLeBO-NOSIEBOLWNATOBO-CIIOANCTON MOPOAON,
ocobeHHOo npu nosblweHHOM (6onee 10 %) cogepXaHuu Tonasa, Npu HaNUYUKU FAIMHUCTBIX K
XenesncTbix (remaTuT, MMMOHNUT) N OpYrMx MMHepanoB, oborawatTcsi N0 KOMOMHMPOBAHHOM
cxeme: rpaBuTauuoHHas cenapauus kpynHoro (—-0,6 mm) kaccuteputa (oboraweHmne Hagpe-
LUETHOro NPoAyKTa rpOXOYEHNS pyabl NOCNe U3MenbYeHNs1 B CTEPXKHEBOW MeNbHULE) 1 hno-
Taumsa OCTanbHOro KaccuTeputcogepkaiwlero martepmana. dddekTmBHa pasgenbHas dno-
Taumsi NeCKOBON 1 LWaMoBoOKn dopakuumn kaccutepuTa (oba umkna npym Heob6xoauMOCTU BKIHO-
YatloT cTaguo cynbduaHon dpnoTauumn B ronioBe npouecca). Cxema NneckoBoro 1 LWaMmoBOro
LUMKNa — OCHOBHasi chnoTaumsi, KOHTponbHast 1 Tpyu nepeynctkn. Cobupatenb kaccuTepu-
Ta — ctupeHgocdgoHoas kucrnota (go 200 r/T), neHoobpasoBaTenb — oktaHaunon (150 r/1),
MoandukaTop — KpemHedTopucTbin HaTpur (300 r/T). BO3MOXHO nonydeHne grioTaumoH-
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HbIX KOHLIEHTPATOB C cogepxaHneM 8 % Sn (npurogHbl 4na bOMUHI-NpoLiecca) npu nsene-
yeHuun 50 %. MpaBUTaUMOHHBIN KOHUEHTpaT coaepxuT 40 % Sn npu nssnedeHuu o 20 %.

N3 6egHbix pya (0,1 % — 0,15 % Sn) ¢ KBapLEBO-XNOPUTO-CEPULMTOBON MOPOLON
roTupyoT kaccuteput npu pH 7-7,4 cobupartenem XumpHokucrnoTtHoro Tuna (go 0,5 kr/T)
B npucytctBun kcurneHona (40-75 r/T) n xugkoro crekna (75-150 r/t). KoHeYHbIN KOHLEH-
Tpat copepxnt 8 % — 10 % Sn npu nssneveHumn 60 % — 65 %.

Mpu dnotaumm kaccuteputa (0,6 % — 0,7 % Sn) U3 xBOCTOB rpaBUTALMOHHOIO 060-
ralieHms pekoMeHayeTcs npeasBapuTenbHOe KOHAULMOHWPOBaHME Myfblbl C TONUNAPCOHO-
BOW KMUCNOTOM (cobupaTtenb kaccutepuTta) n KapboHUIMETUNLENON030M HaTpusa (nogasu-
Tenb kanbumta). KoHeuHbIn KoHUeHTpaT cogepxut 25 % — 30 % Sn npu nssneyveHum 90 %.

Wnambl rpaBuTaumoHHOro oboraweHus (CnmMBbl MEXaHUYecKUX U rnapaBnnvecKmnx
KnaccudgukaTopoB) 06e3BOXMBAIOT M NPOBOAAT NocnefoBaTeNbHYO dhnoTaumio cynbpnaos
(6yTnnoBbin kcaHToreHaT, T-66) n kaccuteputa [pH 5,2-5,6, peareHTbl: cepHas kucnota, Ac-
napan-® (10-15r/t), T-66 (20—40 r/T)]. KoHeuHbI KoHUeHTpaT cogepxuT 0o 30 % Sn npu
nssneyeHuun 83 %.

Mpn nepepaboTke ONOBAHHbLIX KOHLEHTPATOB (Ha AOBOLOYHbIX habpukax pekoMmeHay-
eTcqa pasgenbHoe oboraljeHne NeckoBoW (MarHUTHas cenapaumst U dprotorpasvTaumsl) m
LamMoBoOKn (KcaHToreHaTtHasa pnoTtaumsi) dpakuum ¢ nonyyvyeHmem 6oratoro (50 % — 68 %
Sn) koHueHTpaTa cnotorpasutaumm n 6egHoro (10 % — 15 % Sn) pnoTayMOHHOrO KOHLUEH-
Tpata B BuAe kamepHoro npoaykta. lMpomnpoaykTbl ¢noTorpaButaumm pekoMeHayeTcs
HaNpaBnATb B LUNAMOBLIN LMK (B Onepaumio CryweHus wnamoB nepeg dnotaumen). Pea-
reHTbl — KCaHToreHat, anongpHoe macno, OlNCB, cepHas kucnota. CymmapHoe n3BrevyeHme
onosa — 00 98 %. Kpome TOro, Bo3amoxHa pnotaumsi kaccutepmuta U3 XBOCTOB LUSTAMOBbIX
KOHLEHTPaLMOHHbIX CTONOB. PeareHTHbIN peXumM — cepHasi KUCIoTa B OCHOBHOM brnoTaumnm
(pH 3,9-4,3), cobupatens — OP-HOO (5-8 kr/T), neHoobpasoBaTeslb — COCHOBOE Macso
(100-120 r/1). KoHueHTpaT coaepxut 8 % — 15 % Sn.

2.4.13 BokcuThbl

BokcuTbl npeactasnsaoT cobon cmeck rmgpaprunnuta (Al,03-3H,0), anacnopa n be-
muta (pasHosuagHocTn Al,O3-HpO) ¢ KaonuHUTOM, KBapueM, MUHepanamm xenesa (SIMMOHU-
TOM, reMaTtuTOM, CUAEPUTOM, NMUPUTOM), TUTaHa (UNIbMEHUTOM, pyTunom). OboralleHne mnx
NO3BONSET YNyYlNUTb NOKa3aTenn XMMNYECKOro U MeTanyprmieckoro nepenenoB n 3a cyeT
BOBMEYEHNSA B SKCMNyaTauuo HEKOHOMUMOHHbIX BOKCUTOB pacluMpuTb CbipbeBYto 6asy anto-
MUHMEBOW npombliwneHHocTn (KysHeuoB B. . v gp.). bokcntoBble KOHLEHTpaThl, NOCTyna-
oLmne Ha Npom3BOACTBO MMMHO3EMA U TMMHO3EMHOIO LEMEHTA, OOMKHbI coaepxaTb HE Me-
Hee 28 % — 30 % Al,O3 npu oTHoweHun Al,O3:Si O, = 4:5,6, a npeaHa3Ha4yeHHble Ans npo-
n3BoacTBa anekTpokopyHaa — He wMeHee 49 % — 52% AlbO; npu  OTHOLWEHUN
Al,03:SiO; = (6-15):1 [53], [57], [59], [62]- [66], [72].

Hanbonee adbdekTnBHbIM cobupatenem rmgpatupoBaHHbIX OKCUOOB antoMUHUA SIB-
ndaetca oneuHoBas kucnota (0,4-0,6 kr/T). Ha npakTuke 4acto nonb3ylTCsl €e CMECb C
TannoBbiM M MalIMHHLIM MacrioM (Mnu kepocuHoM). Obsi3aTenbHble ycrnoBus npu ¢noTta-
LUUN — CHUXXEHME COAEPXaHUs pacTBOPUMbIX COnen (KanbLms, MarHus, xenesa, antoMmHus)
n gucneprupoBaHve nynbnbl. [Ana 3TOM Uenuv Ucrnonb3yloT cody, €OKUA HaTp, CePHUCTbIN
HaTpun, pocdaTHble coeamHeHns (MeTadocdaTt, rekcametadgocdart, nnpodocdar HaTpus),
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XMOKOEe CTEeKIo U Kpaxmar, okasblBatoLimMe 0gHOBPEMEHHO U Aenpeccupytollee AeACTBUE Ha
MUHeparnbl nopoasbi.

MpenBapuTenbHoe BBeaeHWe B nynbny peareHta Ol1-7 crnocoGcTBYyeT peskomy
YMEeHbLUEHNO pacxoda cobupaTens v ycunvBaeT AENPECCU0 FMUMHUCTLIX WrnamoB. OnTu-
marnbHoe 3HayeHue pH 7,5-9,5. bonee BbicokMe 3Ha4YeHMs1 pH nynbnbl cO34al0TCsA NPU BbICO-
KOM cofepkaHun B pyae KaonvHuTa.

Mpn  KOHAMUMOHMPOBAHMM  OOKCUTOB M3 HUX yOanswT  MUPUTHYKO  cpeay
CynbrnapunbHeIMK cobupaTensiMm, opraHMYeckMe nNpMMecu — anosnsipHbiM cobuparenem,
kapboHaTbl »xenesa — XMpHbIMU KucnoTamu. MNpu oboralieHun GOKCUTOB BO3MOXHO MOMyT-
HOe nony4yeHve psaa NPOAYKTOB: KAOMMHUTOBOIO, JKENne3opyaHoro, TMTaHOBOrO, MUPUTHOMO
C NPOMBbILLIIEHHbIM COAEpPXXaHWEM B HUX METanfoB MM 3NIEMEHTOB, T. €. KOMMIIEKCHOE MC-
NoNb30BaHNE ChIpbSi.

2.5 Cto4Hble BoAbl oboratutenbHbIX habpuK, X OYUCTKA U UCNOSb-
3oBaHue npu oboralieHuun pya

2.5.1 CtouHble BoAbl oboratutenbHbIX ¢habpuk
2.5.1.1 O6wme cBegeHuns

CTto4yHble BoAbl oboratuTernbHbiX (habpuk copgepxaT TBepAble YacTuubl pasfn4yHoOn
KPYMHOCTW, @ TaKkkKe pacTBOPEHHble U AMCrneprMpoBaHHble B Boge BewlectBa. OCHOBHbIMU
NCTOYHMKaMU 3arpsi3HEHUSA CTOYHbLIX BOJ, SIBIIAIOTCH OpraHMyeckne n HeopraHudeckune dno-
TauMOHHbIE peareHTbl, a TaKkKe NPOAYKTbl X B3aMMOOENCTBUA C KOMMOHEHTaMu pyabl [73-
76].

PagukanbHoe pelweHve npobrnemMbl OXpaHbl BOAOEMOB OT 3arpsi3HEHUs CTOYHbIMU BO-
Aamu oboratutenbHbIX abpuk — opraHm3aumss 060poTHOro BOAOCHABXEHMS, NPKU KOTOPOM
CTOMHblE BOAbI, NOMy4YeHHbIe Npu oboralleHnn pyasl, He cbpacbiBaloTCA Ha penbed MecTHo-
CTW, a BO3BpaLLaloTCA AN NOBTOPHOIO UCMOSb30BaHNS €CTECTBEHHON ee ybbinu (ucnapeHune
B XBOCTOXpaHunuue, ybbinb Bnarv ¢ npogykramy oboraileHus), a Takke rnpm orpaHM4eHHOM
pacxoge Ansa npoBefeHUs HEKOTOPbIX NEPEYNCTHBIX onepauni.

3arpsisHeHne CTOYHbIX BOA 3aMETHO CHWXaeTcs Mpu 3aMeHe B npoueccax oboralle-
HUSA 0COBO TOKCUMYHBLIX (UnaHuabl) 1 TpyaHoyaansemsix (Kpeson, deHon, NUpuanH) BeLecTs.
BaxHoe 3HaveHue umeeT cosgaHuve ycrioBui, npefoTBpaliatowmx rnonagaHve B CTOYHble
BOAbl Macer, NpUMeHsieMbIX ANA CMa3ku MenbHUL 1 Apyroro obopyaoBaHus.

2.5.1.2 YcnoBua c6poca CTOYHbIX BOA B BOAHbIE BO4OEMbI

CTouHble Boabl 3anpeLlaeTtca copacbiBaTb B BOAHbIE OOBEKTHLI MPU CriegyoLwmx ycro-
BUSIX:

1) ecnn Npy pauMoHanbHOW TEXHOMOrMM 3TN BOAbl MOTYyT OblTb MCMNONbL30BaHbI B CU-
ctemax 06opoTHOro BOAOCHAOXEHUS;

2) ecnn CToYHasi BO4a COLEPXKUT LieHHble 0TX0Abl, KOTOpble MOryT ObITb YTUNN3NPO-
BaHbl HA JAHHOM WX APYrNX NPEeaNPUATUSX;

3) ecnn B CTOYHOWM BOAE coAaepXaTcsa BpeaHble BELLEeCTBa, ANA KOTOPbIX HEe YCTaHOB-
neHbl NpegenbHo gonyctumble kKoHueHTpauun (MAK).
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O6wwme TpeboBaHUA K COCTaBy M CBOMCTBAM BOAbl BOAHLIX OOBEKTOB B MYHKTaX XO-
3NCTBEHHO-NUTBLEBOIO U KyIbTYPHO-ObITOBOrO BOAOMOMNBb30BAHNA U K COCTaBy U CBOMCTBAM
BOAbl BOOHbIX OOBLEKTOB, MCNOMb3yeMbIX AN PbiOOXO3ANCTBEHHbIX LeNen, npuBeaeHbl B

Tabnuuax 2.11 n 2.12.

Tabnunua 2.11 — O6wme TpeboBaHUA K COCTaBy U CBOWCTBaM BOAbl BOAHbIX 0OBEKTOB
Y NYHKTOB XO35MCTBEHHO-NNTLEBOIO N KYNbTYPHO-ObITOBOIO BOAOMNONb30BaHUSA

HanmeHoBaHune
nokasartens

KaTeropvm BOAOMNOJ1b30BAHUA

ONsl UEHTPanuM30oBaHHOIMO WK HeueHTpa-
NU30BaHHOIo XO3SINCTBEHHO-NMNTHLEBOIO
BOJOCHa0OXeHUsa, a Takke Ans BoAocHab-
XKEHMS NULLEBbIX NpeanpusTun

AN KynaHus, cnopTa u oTAbixa
HaceneHus, a Takke Ans BoAo-
eMOB B 4epTe HaceneHHbIX
MYHKTOB

B3BelleHHble Belle-
cTBa

CogepxaHne B3BELUEHHbIX BELLECTB He [OOJPKHO YBennymMBaTbCA
oonblUe Yem Ha:

0,25 mr/n ‘0,75 Mr/n

[lna BogoemoB, cogepxalmx B MexeHb 6onee 30 mr/n npupogHbIX
MUHepanbHbIX BeLeCcTB, [AO0MNyCKaeTCs YBefIMYeHMEe CcoaepXXaHus
B3BELUEHHbIX BEeLWeCTB B Boae B npeaenax 5 %.

BaBecu co ckopocTbio BbinageHnsa bonee 0,4 mm/c onst NPOTOYHbIX
BogoemoB n 6onee 0,2 mm/c ons BOOOXPaHUIMLL, K CMYCKY 3anpeLia-
toTCA

MnaBatowme npume-
cu (BewecTBa)

Ha noBepxHOCTU BogoeMa He A0MmkHbI 0OHapYyXmnBaTbCs nnasatowme,
NNeHKKN, NSTHA MUHEparnbHbIX Macers 1 CKOMNMeHne Apyrux npumecen

3anaxu, NpuBKycChbl

Booa He pormkHa nprobpeTaTb 3anaxm U NPUBKYCbl MHTEHCUBHOCTbLIO
bonee Byx 6annos, obHapyxuBaeMble:

HemnocpeAcTBEHHO WM Npu Mocneay-
tOLLLEEM XJTOPMPOBaHUM

HenocpeacTtBeHHo

Booa He pomkHa coobiaTb MOCTOPOHHMX 3anaxoB WU MPUBKYCOB
MsACY pbI6

Okpacka He pormkHa obHapyxuBaTbCs B CTON6UKe:
20 cm 10 cm

Temnepatypa JleTHAs TemnepaTypa BoOAbl B pe3ynbTaTte Crnycka CTOYHbIX BO[
He JOMmKHa npeBbiwaTb 6onee yem Ha 3 °C No cpaBHEHUIO CO cpea-
HEMECSAYHON TemnepaTypon BOAbl CaMOro XapKoro mecsiua roga 3a
nocnegHue 10 net

Peakuunsa He pomkHa BbIxoguTb 3a npeaensl 6,5-8,5 pH

MwuHepanbHbIl  co-|He gormkeH npeBblwaTb N0 cyxoMy oc-| Hopmupyetcs no  npuvBe-

cTaB Tatky 1000 mr/n, B TOM 4ncrne Xxropu-|OEHHOMY Bbille MoKasaTesnto

pos 350 mr/n n cynscaTto 500 mr/n «MPUBKYCbI»

PacTtBOpeHHbIN  Kunc-
nopof

He pomkeH 6biTb MeHee 4 mr/n B nobon nepuopg roga B npobe, oTo-
O©paHHom oo 12 4 gHs

Buoxnmunyeckasa no-
TpebHOCTb B KuUCHO-
poge (Br1K)

MonHaga notpebHocTb Boabl B kncnopoae npu 20 °C He gomkHa npe-
BblLLATb:

3 Mr/n 16 mr/n
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OkoHyaHue mabnuupbi 2.11

HavnmeHoBaHune
nokasartens

KaTerole;l BOOOMNOJ1Ib30BaHUA

ANS UEHTpanu3oBaHHOIO WNN HeueHTpa-
NN30BaHHOIo XO39NCTBEHHO-NNTLEBOIO
BOOOCHAOXeHNs, a Takke Ans BogocHaob-
YKEHUS NULLIEBLIX NPEeAnpUATUIA

ANs KynaHusi, cnopTa 1 oTabixa
HaceneHus, a TaKke Ansa BoAoO-
eMOB B YepTe HaceneHHbIX
MYHKTOB

Bosbygutenn 3abo-
neBaHnn

Booa He pgormkHa cogepxaTb Bo3byautenen 3abonesaHnn. CTouHbIe
BOAbl, cogepxawme Bo3byauTenu 3aboneBaHun, OOMKHbI NoaBep-
ratbcs o6e33apaxmBaHUIO Nocne nNpeaBapuUTENbHON OYNCTKU

ApoButble
cTBa

Belle-

He OoOmKHbI coepXxaTbCA B KOHUEHTPaUNAX, MOrywmnx oka3aTb npd-
MO UJIn KOCBEHHO BpeaHoe nencTeme Ha opraHn3m un 3goposbe Hace-
JIeHn4

Tabnuya 2.12 — O6wme TpeboBaHUA K COCTaBy M CBOMCTBaM BOAbl BOAHbIX OOBLEKTOB,
Ncnonb3yemblX A5 pblOOX0O3ANCTBEHHbIX Liefnen

HavnmeHoBaHune
nokasartens

KaTeFOpI/IFI BOOOMNOJ1Ib30BaAHUA

BoaHble 00beKkTbl, Mcronb3yemble Ans
COXpaHeHus1 1 BOCMPOM3BOACTBA BWOOB
pbl®, obnagarolmx BbICOKOW YyBCTBU-
TENbHOCTLIO K K1cnopoay

BogHble 06beKkTbl, Mcnonb3ye-
Mble OnA BCeX Opyrnx pblbo-
XO3ANCTBEHHbIX LEeren

B3BelleHHble Belle-
cTBa

CopepkaHue B3BELUEHHbIX BELLECTB, MO CPABHEHMIO C NPUPOAHbLIMMU,
He JOIMKHO yBenununBaTbcs b6onee yem Ha:

0,25 mr/n 0,75 mr/n

[lna BoooemoB, cogepxalwmnx B MexeHb 6onee 30 Mr/n NpupoaHbIX
MUHeparbHbIX BELLECTB, OOMNYCKAeTCs yBENUYEHME COLEPXaHUSA MUX
B Boge B npegenax 5 %. B3aBecu co ckopocTbio BbinageHus bonee
0,4 mm/c onst NPOTOYHbIX BogoemoB n 6onee 0,2 mvm/c ans Bogoxpa-
HUIWLL K CNYCKY 3anpeLuarTcs

MnaBatwwme npume-
cu (BewecTBa)

Ha noBepxHOCTM Bogoema He [OOMMKHbI OBHapyXMBaTbCA MNINEHKU
HegTENPOAYKTOB, Macen, XXUPOB U APYrMX NPUMECEN

Okpacka, 3anaxu u
NPUBKYCbI

Boga He gomkHa npuobpeTaTb MOCTOPOHHMX 3anaxos, MPUBKYCOB U
oKpacku n coobLaTb UX MACY pbld

Temnepatypa

TemnepaTypa BOAbl HE OOSMKHA MOBLILIATLCA MO CPaBHEHWIO C ecTe-
CTBEHHOW TemnepaTtypon Bogoema bonee 4em Ha 5 °C ¢ obwmm no-
BblleHNneM Temnepatypbl He 6onee yem go 20 °C netom n 5 °C —
3MMOM Ons BOOOEMOB, B KOTOPbIX OOMTAKOT XONOAHOBOAHbLIE PbiObl
(nococesble n curosble) n 6onee yem o 28 °C netom n 8 °C 3u-
MOW — [nsi OCTanbHbIX BO4OEMOB. Ha mMecTax HepecTunuy Hanuma
3anpeLlaeTcsa NoBbilWaTb TemnepaTypy Bogbl 3umMon Gonee vem Oo
2°C

Peakuus

He pomkHa BbIxoauTb 3a npegensl 6,5-8,5 pH

PacTtBOpeHHbIN  KuC-
nopoa

B 3umMHun (noanegHbin) nepnog He JOMKeEH BbiTb HUXKeE:

6 Mr/n ‘4 M/
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HavnmeHoBaHune
nokasartens

KaTerole;l BOOOMNOJ1Ib30BaHUA

BoaHble 06beKkTbl, MUCMoNb3yemble AOns
COXpPaHEeHUs1 U BOCMPOM3BOACTBA BWAOOB
pbl®, obnagarolmx BbICOKOW YyBCTBU-
TENbHOCTbLIO K K1cnopoay

BogHble 06bekTbl, MCnonb3ye-
Mble [Ons BCeX Apyrux pblbo-
XO3SMCTBEHHbIX Lenen

Apnosutble Belle-
cTBa

He momxHbl cogepXaTbCsl B KOHLUEHTpaUMsSX, MOTyLMX OKasaTb npsi-
MO€E WM KOCBEHHOEe BpeaHoe Bo3delcTBMe Ha pblb U BoAHbIE opra-
HM3MbI, CrnyaLlne KopMoBoW 6ason Ans pbio

B Tabnunuax 2.13 1 2.14 ykasaHbl NpegenbHO OONYCTUMbIE KOHUEHTpauuM B BoAe
BOOHbIX OOBEKTOB HEKOTOPLIX BPEAHbIX BELLECTB (MPUMEHUTENBHO K CTOYHbIM Bogam obora-

TUTENbHbIX habpuk).

Tabnuuya 2.13 — lNpegensHO AONYCTUMbIE KOHLIEHTPALUUM HEKOTOPLIX BPeAHbIX BELLECTB B
BOAE BOAHbIX OOBEKTOB XO3ANCTBEHHO-NUTLEBONO N KyNbTYPHO-ObITOBOrO BOAOMNOSIb30BAHUSA

JiInmutnpytowmin MNpeaensHo onyctmmas
KomnoHeHT n0KaaaT2¥1bu;penHocm KOpHL?eHTpaLl,VIFI, Mmr/n o
BeHson CaHuTapHo- 05

TOKCUKOMNOTrNYECKUIA ’
Bepunnuin To xe 0,0002
Banagun » 0,1
BucmyT » 0,1
Bonbgpam » 0,05
"enTunosbIn CcNnpPT » 0,005
Kagmunn » 0,001
KobanbTt » 0,1
Kpeson » 0,004
MeTaHon » 3,0
MonnbaeH » 0,25
MbibsAK » 0,01
3-HadTonN » 0,4
Hukenb » 0,02
HuTtpaTtbl (no a3oty) » 45,0
Hunobun » 0,01
HoHunoBbIn cnnpT » 0,01
MupunaonH » 0,2
Popanunasbl » 0,1
PTyTb » 0,0005
CsuHel, » 0,01
CeneH » 0,01
CTpoHuumn » 7,0
CypbMma » 0,05
Tennyp » 0,01
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(Cs — C20)

»

KoMAOHEHT Jinmutunpyrowmn MNpeaensHo gonyctumas
rokasaTenb BpeaHOCTH KOHLEHTpauus, mr/n

deppounanuabl » 1,25

dTop » 1,5

LnaHngbl » 0,1

LinknorekcaHon » 0,5

LlnknorekcaHoH » 0,2

AmMmuak (o asoTy) Ob6LwecaHnTapHbIN 2,0

N306yTrnoBbIv cnupT To xe 1,0

CUHTETMYECKME XKUPHbIE KUCNOTbI B npepenax, AOonyctumbIX

pacyeToM Ha coAepxaHue op-
raHW4YecKux BeLLeCTB B BoAe
BOJOEMOB, W NO rMokasaTensam
BINK n pactBOpeHHOro Kucro-

poaa

Cynbduabl » OrtcytcTBHE
TutaH » 0,1
Xnop akTUBHbIN » OtcyTcTBHE
LUnHk » 1,0
Annunosbin cnupT OpraHonenTuyeckun

AMWHBI XXMPHOro psaaa To xe

C;—Cy » 0,1
C10 — C16 » 0,1
Ci6 — Cyp OpraHonenTnyecknin 0,04
Bapuin To xe 4.0
Bytunosbin cnupT » 1,0
AnTnogocdat KpesnnosbIn » 0,001
M3onponunosbin cnvpT » 0,25
KepocuH » 0,1
KcaHToreHaT GyTnnoBbin » 0,001
Kennon » 0,05
Meab » 1,0
HadTeHoBbIE KNCMOTHI » 0,3
a-HadpTon » 0,1
HedTb MHOrocepHucTas » 0,1
HedTb npocTas » 0,3
Mponunosbin cnvpT » 0,25
CanoHuH » 0,2
Cepoyrnepog » 1,0
Tonyon » 0,5
deHon » 0,001
Xpom » 0,1
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Jinmutnpytowmn MpenensHo ornyctumas
KomnOoHeHT n0Ka3aT2Y1bu;penHocm KOpHL,I,JeHTpaLl,VIﬂ, Mmr/n o
[MoBEpPXHOCTHO-aKTUBHbIE  BeLLe-
ctea (MAB):
AnkunbeHsocynbgoHatbl (ABC) | » 0,5
ArnkuncynbgoHaTbl » 0,5
AnkuncynedaTsl » 0,5
[AnHaTprneBas conb MOHOAnKU- ) 0.5
cynbosHTapHom kucnotsl (QHC) ’
®roTaumMoHHbIE peareHThbl:
AHI-2 » 0,4
AlNH » 0,05
on-7 » 0,4
ori-10 » 1,5
orc-b O6LiecaHnTapHbIn 2,0
oric-m CaHuTapHo- 05
TOKCUKOSOrNYECKUN ’
T-66 To xe 0,2
Mmaponn3oBaHHbIN OyTunosbIn OpraHonenTieckwii 0,001
aspodnoTt
PNoKyNAHTbI:
BA-2 (NONMCTUPOIbHBIN) CaHuTapHo- 05
TOKCUKOIOTNYECKUN ’
BA-2-T (nonvsBuHUNTONyonbHbIN) | To Xe 0,5
BA-102 » 2,0
BA-212 » 2,0
Monnakpunamug » 2,0

* TpeboBaHMe He OTHOCMTCS K OCTaTOMHOMY XJIOpYy, COAepXXallemycsi B OYMLLEHHbIX
CTOYHbIX BOAaX.

Tabnuuya 2.14 — lpeaenbHO AONYCTUMbIE KOHLEHTPaLMU HEKOTOPbIX BPeAHbIX BELLECTB
B BOAE BOOHbIX OOBEKTOB, UCMOSIb3YyEeMbIX AN PbIOOXO3ANCTBEHHbIX Lienen

KOMMOHEHT ﬂl/lMI/ITIApy}OLLI,VIIZ nokKasaTteslb I'Ipe,u,eano agonyctunmas
BpeaHOCTH KOHLUEHTpauusi, Mr/n

AmMmunak ToKCUKONOrn4yeckum 0,05

benson » 0,5

Bytunosbi cnupT » 0,03

Kagmun » 0,005

KobanbT » 0,01

E:;HToreHaT oyTuno- , 0,03

O-kpeson » 0,003

158




OkoHyaHue mabnuuybl 2.14

UTC 23 - 2017

JInmntnpyowmnn nokasatens | [peaensHo onyctumasi
KomnoHeHT Bpe,u,HocF:)Tym : KOpHL?eHTpaLI,VIFI, mr/n o
Marnumn » 40,0
Menb » 0,001
Hukenb » 0,01
on-7 » 0,3
or-10 » 0,5
MupunonH » 0,01
CsuHel, » 0,006
Xnop cBo60aHbIN »
LinHk » 0,01
LUnanunabl » 0,05
Tonyon » 0,5
Hegrb,  Hedprenpo- PbI60X035MCTBEHHbIN 0,05
AYKTbI
deHonebl » 0,001

2.5.1.3 XapaktepucTuka CTo4YHbIX BoA oboratutesibHbIX ¢pabpuk

O6pa3sytowmeca Ha oboratuTenbHbIX abpukax MPOM3BOACTBEHHbIE CTOYHbIE BOAbI
MoryT ObITb pa3geneHbl Ha ABe OCHOBHbIE HEPABHbIE IPYMMbl: XBOCTbI B BUAE NySibMbl U pas-
NMYHbIE CMKMBbI, B TOM YMCE CNMBbI CTYCTUTENEN KOHLEHTPATOB.

XBOCTbI cocTaBnalT nogasnsawowyo yactb (60 % — 90 %) obwero obvema Bcex
CTOYHbIX BOA, (pabpukn. B HUX KOHLEHTPUPYIOTCS HEpPyAHble KOMMOHEHTbI B BUAE TBEPObIX
yacTuy, pasnuyHon KkpynHoctu. CoaepxaHue TBepaoro B xsoctax coctaBnseT 20 % — 40 %.

CnuBbl cryctutenen npeactaBnsAloT cobon pasXmkKeHHble Nynbhbl U coaepXaTt pac-
TBOPEHHbIE U ANCMNEPIMPOBaHHbIE BELLECTBA.

B tabnuue 2.15 npuBeaeHbl cpegHne gaHHble N0 COAEPXKaHMK OCHOBHbIX METasnsoB m
aHMOHOB B CTOYHbIX BoAax oboratutenbHbix habpurk LBETHOW MeTannypruu.

Tabnuuya 2.15 — XuMmundeckuin coctaB CTOYHbIX BOA oboratutenbHbix dabpuk (cpegHue

AaHHbIE)

CopepxxaHue, mr/n
Crouas sona P Na* [Ca* |Mg* |Cu* |Zn?* |Pb* |Fe |[CI' |SO,* |COs* |CN'"
MonumeTannuyeckne (MegHO-CBMHLIOBO-LMHKOBbLIE) pyabl
Cnue cryctutens
KOHLEeHTparTa:
- MEAHOro 96 |435(220 |30 (18 (1,5 (1,1 |0,17 330|120 |213 |160
- CBUHLIOBOrIO 9,3 1280192 (11 8 1,4 (3,2 |0,30(145 (210 [{121 |110
- LIMHKOBOIO 10,4 (156 |140 |7 2 2,7 |1,1 10,30 (38 |215 (140 |38
XBOCTbI 9,9 (100 (104 |8 4 2,0 |0,6 |0,70 |80 (400 (150 |110
Cnus XBOCTO-|8,5 150 (100 |15 |0,5 (0,8 (0,1 |0,30 |75 (410 |160 |5
XpaHunuua
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CopepxaHue, mr/n

Na® |Ca®* |Mg* |Cu®* |Zn** |Pb®** |Fe |CI'"™ |SO4 |COs* |CN'"™
MonumeTannuyeckue Gaputcogepxawime pyabl

Cnus crycrurtensd

CrtoyHas Boga pH

KOHLUEeHTparTa:
- MEAHOro 10,2 |(— |32 |15 |47 |34 |01 |— |277 |— 100 |200
- CBMHLIOBOIO 8,8 |14 |74 |21 9 8,0 (1,2 |0,34 (21 [127 |58 64
12,2

- LLMHKOBOIO — 173 |196 |1 95 (3,3 |0,8 |57 [293 |50 4

- bapuToBoro 8,7 |31 (82 |55 |05 (1,2 |04 |0,25|34 (330 |51 1,5
XBOCThI 9,7 |24 (84 |75 |56 |6,1 (1,5 (0,7 |38 |339 |3 10
Cnus xBocTo-|9,0 |30 |80 (70 |0,7 |0,5 [0,3 |0,2 |40 |400 |7 5
XpaHunuiia

BaxkHOM xapakTepuCTUKOMN CTOYHLIX BOA ABNSeTCs BennimHa pH, kotopas konebnerca
B npegenax ot 8 go 12. Cogep>kaHMe MOHOB KanbLMsl U1 MarHus oByCcroBnMBaET XECTKOCTb
CTOYHbIX BOA. KOHUEHTpauus MOHOB TSXKENbIX METannoB (4acTo B BMAE LMAHUCTBLIX KOM-
NNeKcoB) cpaBHUTENBbHO HeBenuka. OgHako oHa 3HauuTenbHo npesocxoauT MAOK. Cymmap-
HOe cofepkaHue cynbgaToB U XSIOPUA0B cocTaBnsaeT okosio 1 r/n.

Mpu npaBunbHOM BegeHUN npouecca oboraweHna Takme onoTaunoHHbIE peareHThl,
Kak KcaHToreHatbl, AgutnodocdaTtsl, BcneHnsaTenb T-66 1 T. n., cogepXxatcsi B CTOYHbIX BO-
Aax B konuyecTtse okono 1 mr/n.

XBocTOBas nynbna, 0TAENbHO UMM B CMECU C APYrMMU CriMBaMu, NOCTynaeT B XBOCTO-
XpaHunumLie.

XBOCTOXpaHUnNuwie npeactaBnseT cobon rmopoOTEXHUYECKOE COOPYXEHMe B Buae
BGonbLION OTKPLITOM Yawmn. 3aecb Nog AENCTBUMEM CUMbl TSXXECTU TBEpAbIE YacTuubl ocena-
0T — NPOMCXOANT yKIadka XBoCTOB. YKugkas gpasa XBOCTOBOM MyJibMNbl — CAUB HENPEPLIBHO
BbITEKAET M3 XBOCTOXpPaHUNULLA N UCNOSb3YeTCcs B KadecTBe 060pOTHOM (MOBTOPHO UCMNOSIb-
3yemMou) BoAbl, a Korga 3To HEBO3MOXHO, YacTMYHO cbpacbkiBaeTcda Ha penbed ¢ cobnoge-
HWEM CaHUTaPHO-TUIIMEHNYECKUX TpeboBaHWN.

B xBocTOXpaHunviie nog Bo3genctBneM GUoMornyecknx n atMmocepHbix akTtopoB
NPOTEKAIOT CIOXHbIE XMMUYECKME NMPOLIECCHI, BIMSOLWLME HA COCTAB XUOKOM ¢dasbl CTOYHbIX
BOA: CyLLUECTBEHHO cHuxaeTcs pH (¢ 11-12 go 7-8, a nHoraa n HUXe), yMeHbLUaeTcs Co-
AepxaHue TsXernblX MeTannoB, Cynb(uaoB, UMaHMOOB, KCaHTOreHaToB, AnTnodocdaTtos,
CHMXaeTcs okncnsaemoctb. CoegnHeHNst TAXKENbIX METanNNIoB nepexoadar B ocagok. Cynbdu-
AObl OKUCNATCA OO CynbdaToB UMK A0 NPOMEXYTOYHbIX coeaunHeHnin. KoHueHTpauma uma-
HWOOB CHWXaeTca bnarogapsa aspauuy BO3gyXOM, a Takke GUOXMMUYECKOMY OKUCHEHUIO C
nocnegyowmm rugponmsom. KcaHtoreHatbl 1 gutnodocdaTbl OKUCAATCS PpacTBOPEHHbLIM B
BOJe Kucnopoaom [47].

B Tabnunue 2.16 npuBeaeH coctaB CTOYHbIX BO4 A0 M MOCHE XBOCTOXPaHUMMLLA Ha He-
CKONbKMX oboraTuTenbHbiX habpukax, nepepabaTbiBaloWNX NOAMMETaNNIMYECKNE pyabl.
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Tabnunuya 216 — WN3meHeHne cocTaBa CTOYHbIX BOA B XBOCTOXpaHunuuiax
oboraTutenbHbix habpuk
CopepxxaHue, mr/n
CtouyHas Boaa H
A P Owucnsemocte, ur cv** |zZn* |Pb* |CN- |KkcaHToreHaToB
O/n
CBUWHLOBO-LMHKOBLIE pyabl
O6bwasn, noctyna-
towaa B xsBocTto-|11,0 |38 — 0,42 (0,08 |2,8 1,3
XpaHunuiie
C7MB  XBOCTOXPA" g7 |7 — |023 |0,01 |OTc. |01
HUNULwa
O6wasn, nocrtyna-
towas B xBocto-|11,5 |38 0,3 0,3 0,02 |2,0 0,3
XpaHunuiie
Crms  xBoCTOXPR-\; ¢ 1) Otc. 0,06 |OTc. |0,03 |Otc.
HUNULwa
O6wagqa, noctyna-
owaa B xBocto-|11,8 |77 0,1 0,18 (0,09 |Otc. |8,0
XpaHunuiie
CnueB xBocTOXpa- 8.3 43 0.1 . . . .
HUNULa
CBWHUO0BO-LIMHKOBO-0apunTHbIE pyabl
XBOCTbI 8,7 67 10,0 (11,6 |Otc. |— —
Cnus  XBOCTOXPa-|7 4 |3 40 |047 |OtCc. |— |—
HUNMLa
XBOCTbI 10,8 |31 1,2 0,7 1,5 4.8 —
Crme  xBOCTOXPA- | 4 |5 002 |04 (008 |23 |—
HUNMLa

2.5.2 OuncTKa CTOYHbIX BOA
2.5.2.1 OuncTKa CTOUYHbIX BOA OT rpy6oamncnepcHbIX BewecTB - OCBeTIIEHMe

XBocToBas nynbna cogepxut 0o 40 % TBepAablxX YacTul, KOTOpbIE ocaxaarTcs
B XBOCTOXPaHUNULLE.

Mpn oTCcTamMBaHMM B XBOCTOXpaHUNULLE NoBefeHue TBEPAbIX YacTul 3aBUCUT OT CTe-
NeHn Mx OUCMEepPCHOCTU, TemnepaTypbl, pH cpeabl n coctaBa Xuakon dasbl. XBOCTOBasA
nynbna, rnonyydeHHas npu cnortaumMm ¢ NpUMMEHEeHUeM U3BECTU B CUJSTbHOLLEINOYHOM cpene
(pH 10-12), 06bI4HO OCBETNSAETCA B XBOCTOXpaHWUNuLLE BbICTPO 1 XOpoLlo. Xyxe ocBeTnseT-
Csl XBOCTOBas nynbna, nony4yeHHas npu notauum B cpeae, 6nm3kon K HemTpanbHown. Mpu-
MEHEHME B Ka4yeCTBe peareHTa XXUAKOro cTekna (B 4acTHOCTU, Npu NponapKe KOHLUEHTpaToB),
Kak npaBuno, NpuBoauT K 0bpasoBaHUIO B Nynbhe KOMSIOMAHbLIX YacTul, yXyAlawwmx ee
OCBETNEHME.

[nsa onpegeneHnsa cTeneHn OCBETMIEHUSI XBOCTOBOMW MyJfibMbl UCCREAYT KUHETUKY

ocefaHus TBepaon dasbl. [na aToro namepsotT o6beM ocagka, BbiMaBLUEro B TEYEHUe 3a-
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AAHHOro BpeMeHu B npobe nasectHoro obbema (onpegeneHne no obvemy). MoxHo Takke
HaxoOuTb MacCOBbl€ KOMMYecTBa OCedaloLmMX BELLECTB MO Pa3HOCTU MexXay CoaepXaHuem
nx B Npobe Ao n nocrne ee oTctanBaHus (onpegeneHune no macce).

Mpn MeaneHHoOM oTCTaMBaHMM XBOCTOBOW MyribMbl MPUMEHSIIOT KOArynsHTtbl, YCKOpPS-
lolMe ocefdaHMe TOHKMX YacTuy M crnocobCTBylOWME Takke YNMOTHEHMIO BbiNadatoLlero
ocajka.

B oTeyecTBeHHOM MNpaKTUKE B KayecTBe KoarynsHTa Ha oboratutenbHbix dabpukax
MCNoNb3YyT rMaBHbIM 06pa3om n3BecTb. Pacxon ee 3aBUCUT OT COCTaBa CTOYHbIX BOA U KO-
ne6netcs ot 0,05 o 1 kr akTmeHoM CaO Ha 1 M° XBOCTOBOM nynbnbl.

[Mpn OoCBETNEHUN CTOYHbIX BOL U UX OYUCTKE Ha oboraTuTenbHbIX pabpukax Kpome
N3BECTU NCNONb3YIOT CrieAytoLne peareHTbl:

1) cynbdpaTt xenesa FeSO4 7H,O — >xenesHbin kynopoc (I n Il copta, NTOCT 6981—
75);

2) cynbpat  anoMumHmna  Alx(SO4); 18HO B BMae CEPHOKMCNOrO NMHO3eMa
(TOCT 5155—74), cogepxawero 9 % Al,O3; nnn B Bnge ounweHHoro (14 % — 16 % Al,O3)
TexXHu4eckoro cepHokmncrnoro antoMmmHusa (FOCT 12966—75).

N3BecTb, cynbdaThbl Xenesa v antoMUHUSA, Hapsay € KoarynmpoBaHMeM TBepAblX Ya-
CTUL, CHWXKaIOT coaepXaHne B CTOYHbIX BOAAX HEKOTOPbIX BPeOHbIX BELLECTB, B YAaCTHOCTMU
XVMPHbIX KUCOT.

OcBeTneHno CTOYHbIX BOA MOryT cnocobcTBoBaTb (OSOKYNAHTBI: NONnakpunamua,
MAHIT (rmaponusoBaHHbIA  MONNAKPUIIOHUTPUI), BbICOKOMOSEKYISIpHbIE MONUMepbl Tuna
KOAT v gp.

2.5.2.2 XuMuyeckasi ouMnNCcTKa CTOYHbIX BOJ,

Hanbonblee pacnpocTpaHeHne Ha oboratutenbHbix habpurkax nonyymnm pea-
FeHTHblE MEeTOAbl OYMUCTKU, CBA3AHHbIE C MPUMEHEHMEM TralleHON W3BECTU, WU3BECTHsIKA,
XNIOPHOWM W3BECTW, MMNOXNOPUTA Kanbumsi, XXMOKOro Xrnopa, >KenesHoro Kynopoca u Apyrux
XMMUNYECKNX BELLIECTB.

OuncTtka OT MOHOB TSXKENbIX MeTannoB (Meaun, HUKenNs, UMHKa, CBMHLA, KaaMunda) Mo-
XeT BbITb OCyLLEeCTBEHA OCaXaeHNeM X B Buae TpyAHOPaCcTBOPUMbIX B BOAE COEAMHEHUN.

Jlyqwnm peareHTOM Ons ocaxaeHuss MIOHOB Mean sisnaeTca ussecTsb |l copTta, coaep-
xawas Hapsagy ¢ CaO n CaCOs; (Hegoxor).

Mpn ocaxageHun NOHOB HUKenst n3secTbio Il copTa gns 6onee NONHOro KoarynMposa-
HUS obpasyolerocs ocagka HeobxoaMmo [o6aBnATb COMb  TPEXBaNeHTHOro >xeresa
(Hanpumep, xnopHoe xeneso). [ns O4NCTKM CTOYHOM BOAbl, coaepxallen 25 Mr/n HUKensa un
nmetrowien pH okono 6, onTUManbHbIA pacxon COCTaBNseT: U3BECTU MpU nepecyeTe Ha ak-
TMBHY0 CaO 100 mr/n n TpexsaneHTHOro xenesa 25 mr/n.

CTOYHble BOAbI, COAEPXaLLME WOHbI LMHKA, TaKkKe MOXHO oyuwatb U3BecTblo. Jlyu-
Lee ocaxgeHue npoucxoaut npm pH 8-9.

OumnCTKY OT MOHOB CBUHLLA OObLIYHO OCYLLECTBNSAIOT N3BECTHAKOM UM HEODOXOKEHHBIM
ponomutoM. OQHAKO ecnn B CTOMHOM BOAE MPUCYTCTBYHOT TakkKe MOHbI Mean U UMHKa, Ons
COBMECTHOM NX OYUCTKM NpeanoyvTuTensHee nonb3oBatbca nssectbto Il copta (pH 8-9).

OuuncTKka OT MOHOB KagMus MOXET BbITb OCyLLEeCTBNEHa Takke n3BecTbto (pH okono 9).
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LleHHOe CBOMCTBO M3BECTU — CMOCOBHOCTb NEPEBOAUTL ONIEUHOBYIO KACIOTY, Tanmno-
BO€ Macno 1 gpyrue XupHble KACNOTbl (MpUMeHsieMble 06bIYHO B OMbINIEHHOM BUAE) B TpyA-
HOpaCcTBOpPUMbIE KarnbLMEBbIE COMW, BbiNagatowme B ocagok. [pu aTom, Hanpumep, cogep-
XaHuMe TannoBoro macrna cHwkaetcs Ao 3—5 Mr/n. Xummuyeckas OYMCTKa U3BECTbIO MOXET
ObITb COBMeLLeHa C onepaumen ocseTneHus. Hannume tBepaon gasbl cnocobeTByeT nyu-
LLEMY OCaXOEHUIO TSHXKENbIX METAsOB.

OuuncTka oT umaHngoB M poaaHMaoB Ha oboraTuTenbHbIX dhabprkax NPoOBOANTCS B OC-
HOBHOM peareHTHbiIM1 MeTogamu. B cTouHbIX Bogax oboratuTenbHbix habpuk MoryT B Oc-
HOBHOM HaxOoAMTbCS MPOCTblE PaCTBOPUMbBIE LiMaHUObl — UOHbI CN'", NpoCTble HepacTBOPU-
Mble, uaHngsl mean CuCN, KOMMMEeKCHbIe pacTBOpPUMbIE LiMaHUObl Mean 1 UuHKa, npenmy-
LLleCTBEHHO B BMAe aHNOHOB [CU(CN)3]2_ n [Zn(CN)4]2‘.

[MpakTnyeckn B CTOYHbLIX Bogax oboraTuTenbHbiX Pabpuk Bce BO3MOXHble (POPMbI
MOHOB TSKENbIX MeTanfnoB M LMaHMAOB OOHOBPEMEHHO He npucyTcTBYHOT. lMpn n3bbITKe
ceobogHoro umaHuga (Hanbonee pacnpoCTpaHEHHbIW cry4van) cBOOOAHbIE KAaTMOHbI Meaun
UMM UMHKA OTCYTCTBYIOT, TaK Kak B 9TOM Clly4yae MeTansbl CBA3aHbl B BUAE aHMOHHbLIX KOM-
nnekcos. [Npu n3bbiTke KATUOHOB MeaM UNKN LMHKa cBOBOAHbIE LMaHNObl OTCYTCTBYIOT.

B kayecTBe peareHTa Ansi O4YMCTKN CTOYHbIX BOA OT LMaHWOOB B OCHOBHOM MCMOSb3Y-
eTca xnopHasa nsesectb CaOCl,. Bo3aMoXXHO Takke UCnofib3oBaHWE rMnoxsiopuTa Kanbuus Unm
creumnanbHO MPUroTOBNEHHOro (Hanpumep, anekTponusom) runoxnoputa Hatpua NaOCI.
B nocnegHee BpeMsa NpUMEHSETCS XNOKUIA XI0p.

B pesynbTtate O4UCTKM XIMOPHOW MU3BECTLIO, MMMOXIOPUTOM HATPUSA UMK XKUOKAM XI10-
POM LMaHMabl NOSTHOCTBIO Pa3pyLLaloTCs, a TsKemnble MeTansbl OCaXaalTcsa B BUAE TPYAHO-
pacTBOPUMbIX COEaUHEHUN.

CTo4HbIe BOAbBI OYMLLAOT OT UMaHMA0B C NPUMEHEHNEM:

1) 030Ha B KA4eCTBE OKUCINTENS;

2) NOHHOro obmeHa € BbICOKOOCHOBHbLIM aHMOHUTOM AB-17;

3) MeToda OTrOHKWN AN OYMUCTKN CTOYHbIX BOA C BbICOKUM CoAepXXaHueM LmaHuaos;

4) anNeKTPoOXMMUYEeCKoro MeToga ¢ aHogaMun u3 rpadouTta Unn MarHeTuTa;

5) cynbaTa gByxXBaneHTHOro xeneasa.

Ponannabl CNS'™, Tak e Kak 1 uMaHuabl, OKUCHSIOTCS aKTUBHBLIM XJ10pOM:

CNS'™ +4CIO" + 20H" — CNO' + SO,% + 4CI"" + H,0.

OkucneHve pogaHMaoB OCyLWeCcTBNAT n3secTtblo npu pH 10-12.

OuuncTka OT KcaHToreHaToB, guTModocdaToB, CynbUAOB OOCTUrAETCS C MOMOLLBIO
aKTMBHOrO Xropa.

AuTtnodocatbl (a3podnoThbl) OKUCIISAIOTCA aKTUBHBIM XJITOPOM € Obpas3oBaHMeM oOp-
TOGPOCHPOPHON KMUCNOTbI. PEHON N KPe30n OKUCHSATCA aKTUBHBIM XJTOPOM 3HAYUTESTbHO XY-
xe.

OumncTtky OT BOMbLIMX KONMYECTB KUCIOPOACOAEPKALLUNX COEANHEHNA MbILbSKA MNPO-
BOOAT OCaX[deHWeM ero B Buae TPyAHOPACTBOPUMbLIX comnen. [pakTtnyecku nonb3yoTcs ns-
BECTblO Npu MaccoBom cooTHoweHun CaO:As,03 = 1:1. bonee NONHOMY BblAENEHNIO Mbl-
lWbsiKa cnocobCTBYET coocaxaeHme ¢ rmapokcngammn NpuCyTCTBYHOLLMX B BOAE TAXKENbIX Me-
Tannos, B 4YaCcTHOCTU Xene3a. APPEKTUBHOCTb OUYUCTKM MOXET ObiTb MOBbILIEHA NpenBapu-
TenbHbIM OKMCIEHNEM TPEXBANEHTHOIO MbllbsiKa 4O NATUBANEHTHOrO MMPOSIO3UTOM.

OuuncTKy conamu TpexBarieHTHOro »ernesa MpoBOAAT MNP MACCOBOM COOTHOLLEHUN
Fe:As = 5:1 B cnyyae apceHat-moHoB 1 10-15:1 B cny4yae apceHuTt-noHoB. CoaepxaHue ns-
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TMBAIEHTHOIO MbllbsAKa B BOAE CHWXaeTcsa [0 npedenbHO AONYyCTUMOW KOHLEeHTpauuu
(0,05 mr/n), a cTeneHb OYUCTKM OT TPeXBaneHTHOro Mbllwbsaka He npesbiwaeT 93 % — 94 %.

MbIWbSAK, HAXoOAWMNCA B BoAde B (bOpME aHMOHOB TUOCOMEN, yaanstoT C NOMOLLbHO
Xernes3Horo Kyrnopoca unm cynbuaa xenesa.

PaspaboTtaH KOMOMHMPOBaHHbLIA CYNb(OUAHO-KYNOPOCHbLIN METOL OYUCTKA CTOYHbIX
BOA OT MblLLUbSAKA.

B pesynbTate OYMCTKM CTOYHbIX BOA MeToaMu OCaXOeHWs MNOMy4alTCH MblbSAK-
copgepxawume otxoabl. MNMepepaboTka MX C LEeNbl yTUNM3aUMM Mbllbsika CYMTAETCA IKOHO-
MUYECKM HeuenecoobpasHon. Npuemnembln cnocob cknagnpoBaHUsa 3TUX OTXO4O0B — 3aXxo-
POHEHME B crieumanbHbIX KOHTEMHEpPaX.

Mpn ouucTtke OT (pTOpa npedycMaTpMBaETCA CHWXEHUE coepxaHus dTopa [o
10 mr/n npn o6paboTke CTOYHOW BOAbI ralleHon U3BECTbio (B BMAE M3BECTKOBOrO MOJIOKA).
(nMybokasa o4ncTka OoT bTopa AOCTMraeTcs NPUMEHEHMEM CMECU, COCTosLWEeNn n3 cynodara
antoOMUHNA U ralleHon N3BeCTu.

KoHueHTpauna HedTenpoayKTOB B CTOYHbIX BOAax OObIMHO COCTaBNSE€T OKOSo
10 mr/n. OuncTka OT HedPTENPOOYKTOB MEXaHW4YEeCKUM OTCTaMBaHMEM B TaK HasblBaeMbIX
HeddTenoByLLKax Unn unbTpoBaHNEM Yepes KBapueBble PurbTpbl, a Takke rioTalMOHHbIE
MeTOAbl B 3TOM Clly4ae HenpueMsneMsbl, Tak Kak OHU NpedHasHadYeHbl Ana OTHOCUTENBHO He-
rny6oKom O4YUCTKN OT HEPTENPOAYKTOB OrpaHNUYEHHbIX 06 HEMOB BOAbI.

Buoxmmunyeckas oumcTka No3BONAEeT CHU3UTL coaepxaHne HedpTenpoayKToB Nub 40
5-10 mr/n. Vicnonb3oBaHue 030Ha ANs rnyboKom OYMCTKN OT HedpTenpoaykToB — Headdek-
TUBHO.

N3BeCTHble MexaHU4ecKkne, Xmummyeckne n BUoXMMmnyeckme MeToabl OYUCTKU CTOYHbIX
BoA oboratutenbHbiX habpuk B TEX cnyyasx, korga Tpebyetcsa BecbMa rnybokas o4mMcTka oT
HedTENPOAYKTOB, OKa3bIBAOTCA NPaKTUYECKM HenpurogHoiMn. 3agada 3gEeKTUBHON N 3KO-
HOMMWYHOM rNYyOOKOM OYMCTKM BonbLINX O6BEMOB CTOYHbLIX BOA oboratutenbHbix dpabpuk oT
HedTeNnpoayKTOB OCTaeTCs NOKa HepeLLEeHHOMN.

2.5.3 Ucnonb3oBaHne CTOYHbIX BOA B npoueccax oboraweHusi (06opoTHoe BO-
AocHabXxeHue)

2.5.3.1 CxeMbl 0OOPOTHOIro BOAOCHabXeHUA

Mpn nepepaboTke MOHOMETANMNYECKOW pyAbl cxemMa 0BOpPOTHOro BOAOCHAGXEHMUS
OTHOCUTENBHO NMPOCTa — BCE OCBETIIEHHbIE BOAbI M3 XBOCTOXpaHUNuwa n ot obe3Boxnsa-
HUSA KOHLUEHTpaTa BO3BpaLlaloTCs B Npouecc oboraweHus.

O6opoTHOe BoAOCHabxXeHne MOXeT BbITb OpraHM3oBaHO Takke nNpu nepepaboTke no-
nMmeTannMyYeckux pya.

B cnyyae npsimon cenektuBHon doriotauumn npMMeHnMMa nouukosasi cxema obopoTHO-
ro BoOAOCHabXeHus, Npu KOTOPOM BOAA OAHHOMO LMKMAa MOSMIHOCTLH BO3BpaLLaeTCsa B TOT Xe
LMKIT HENOCPELCTBEHHO UMM MOCNE NPOMEXYTOYHOM OYMCTKM OT MeLlaloLnX BELLECTB.

B cnyyae KONNeKTMBHO-CENEKTUBHOM hnioTaunm BO3MOXHbI pasfnyHble cxeMbl 060-
POTHOro BOoAocHabxeHnuns. Hanpumep, npu donotaymoHHOM oborallieHnn CBMHLOBO-LIMHKOBOW
pyabl XBOCTbl KONIEKTUBHOM PrioTaLMM HanpaBnawTca B XBOCTOXpaHunuwe. Cnne XBOCTO-
XpaHnnuiia kak obopoTHaa BoAa BO3BpaLLaeTCs B LMKI KOMMEKTMBHOW donotaumn. CnmBbl
CrycTuTenen ToBapHbIX KOHLEHTPATOB BO3BpaLLalOTCs B CBOW LMKMbI, NpU HEeO6XoammocTn
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NPOXOAst OYMUCTKY OT MellatoWmx npumecen (B 4aCTHOCTU, OT LUMAHUAOB) XMMUYECKUMUN Me-
TooaMu nNMbo NyTemM ANUTENbHOIO BblAEPKUBAHNS B OTKPbITbIX EMKOCTSIX.

2.5.3.2 NMogrotoBKa CTOYHbLIX BOA OJIA MCNONb30BaHUA UX B 060poTe — KOHAM-
LUOHMpPOBaHME

Mpn 06opoTHOM BOAOCHAGXEHUN MCnonb3yemble B 060pOTe CTOYHbIE BOAbI HE OOSXK-
Hbl cogep’kaTb BeLlecTB, yXyaLWaroLmx TeXHonornyeckme nokasarenu oboratlieHums.

BrnivsHme pasnuyHbixX BellecTB (npumecen) B 060poTHOM BoLe Ha npoLlecchl obora-
WweHus pyn onmcaHo B nutepatype [10]. OeneHne npumecen Ha «MHOUGEPEHTHbIE» WU
«cneundunyeckn JencTeyowmMe» HOCUT YCINOBHbINM XapakTep. B 3aBMCMMOCTWN OT cocTasa py-
AObl U MPUMEHSEMOW TexHoMormm oboralweHns HekoTopble «MHAnMdepeHTHbIEY BelecTBa
(Hanpumep, CI1‘) oKasblBalTCA «cneumduyeckm AencTeyowmnmMm». NoaTomMy B KaXXaoM KOH-
KPETHOM criyqae crnegyeT NpoBOAUTb MUCMbITaHNA Ha 060POTHOM BOAE pas3fIMYHOro CocTaBa.

Ecnun okaxeTcsa, YTO CTOYHblE BOAbI HE MOryT GbITb MCNOMb30BaHbl 6€3 OYMCTKM, yCTa-
HaBMNMBalOT, Kakne BellecTBa HeobBXOAMMO yaanuTb U Kakasa npu aTom TpebyeTtca rnybuHa
OYUCTKM.

B BosBpalLaemon B onepauuto doriotaumn Boge O0MyckaeTcs MUHUManbHoe Kosimye-
ctBo TBepabix Yactuy (0,2—-0,3 r/n). OcobeHHO BpeaHbl TOHKOAMCNEPCHbIE YacTuLbl — Lna-
Mbl. [TO3TOMY M3 XBOCTOBOW MynbMbl HEOO6XOAMMO 06513aTeNbHO BbIAENATb TBEpAble NpuMe-
CW €CTECTBEHHbIM OTCTaMBaHNEM MO0 C MOMOLLIbIO KoarynsiHTOB.

Ocoboe BHMMaHWe crnenyeT yaensTtb BenuunHe pH Boabl nocne aobasBneHuss koary-
NsHTOB. YacTo nocne ocBeTnieHns u3BecTbto pH BOAbl NOBbIWAETCA HACTOMbLKO, YTO nepen
HanpasreHmeM B 06OpPOT ee HeobxooMMO noakucnUTb. Ecnn ana koarynauumn npuMeHATb
CMeCb U3BECTU U Cynb(aToB xenesa unu antoMuHua pH Boabl OCTaeTcs B yCTaHOBIIEHHbIX
npegenax.

B HekoTOpbIX criyyasix B OOOPOTHOW BOAE HexernaTerbHO AaXe CpaBHUTESIbHO He-
bonbloe coaepxaHne MOHOB Kanbuus. Toraa B KadecTBe KoarynsHTa npegnoytuTternbHee
Nonb30BaTbCA HE W3BECTbIO, a APYrMMM peareHTamu, Hanpumep cynbdaTtoMm xenesa unu
antOMUHNA.

Ecnu B ounLLEHHONM CTOYHOM BoAEe Coaep KaHme XUPHbIX KUCIOT COCTaBnsieT He bonee
1 Mr/n, Takasi Boga MoXeT ObiTb HanpaBfeHa B Ha4ano TEXHOMOrMYecKkon cxembl (B onepa-
uunio cynbduaHon driotauun).

Mpn 06opOTHOM BOAOCHAGXKEHUN NOABMPAKOT KOarynsaHTbl C TaKMM pacyeToMm, 4YTOoObI
OHW NPV MUHUMAaNbHO BO3MOXHOM pacxofe obecneuymBanu xopollee OCBeTMeHWe BOAbl U
OLHOBPEMEHHO He yxyALlanu nokasartenu oboraweHnsa pyapl.

CTOuYHble BOAbI C BbICOKOW KOHLIEHTpaLUmMen BpeaHbIX BELLECTB (Npexae BCero CrvBbl
CryCTUTENEN KOHLEHTPaTOB, MOSlydyaeMblX MO LMaHMOHOM TEXHOSOormm), Kak npaBurio, noa-
BEprarT NoKanbHOM Xnummdeckon odnctke. O6bemM 3TUX CTOYHbIX BOJ OTHOCUTENbHO HeBe-
nuK. N3 HMx ygansawT unaHngbl Hanbonee pacnpocTpaHeHHbIM MEeTO40M OKUCIIEHUSI aKTUB-
HbIM XJTOPOM.

[Mpn OTHOCMTENbHO HEBLICOKOW KOHLUEHTpauun UnaHuaoB M OPYrMX OKUCNSEMbIX Be-
LecTB (Hanpumep, KCaHTOreHatoB M ANTMOMOCKAaTOB) XMMUYECKAs OYMCTKA MOXET ObITb
3amMeHeHa anutenbHbIM (0kono 20 CyT) BblAepXXMBaHMEM CTOYHOM BOAbl B OTKPbITOM NpyaKe-
oTcTorHuMKe. Ecnn cTtovHas Boga Bo3BpallaeTcs B NPOLLECC, MUHYSA XBOCTOXPaHUMMLLE, Bbl-
AepXnBaHMEe B NPyaKe-OTCTOMHUKE CNY>XUT LOMOSHUTENbHON onepaumen ans OOYUCTKM OT

165



UTC 23 - 2017

UnaHngoB (M OpYyrux OKUCNSEMbIX BELLECTB), a Takke And AexropupoBaHna o6opoTHOM BO-
Abl.

WHorga c¢notaumm BpeguT MOBbILWEHHAs KOHUEeHTpauuss B 06OpOTHOW BOAE XI1Op-
MOHOB, 06pa3yoLLNXCA NPU OYNUCTKE aKTUBHbIM XIOPOM. B 9TOM cnyyae npuxoamtcsa oTkasbl-
BaTbCA OT XJIOPUPOBAHUSA N MNOMb30BaTLCA APYrMMU OKMCNUTENsSMU. Bo3aMoOXHO npumeHeHne
COpPOLMOHHON OYUCTKM METOLOM MOHHOro obmeHa. [pu BbLICOKOM cofepXaHuu LuaHngoB
uenecoobpasHo NpUMeHeHNe MeToaa OTIOHKN.

Ecnu B TexHonornyeckom cxeme oboralleHns nmeeTcs onepaumsa gecopbuumn peareH-
TOB C NpUMeHeHueM cynbduaa HaTpus, HeobxooMMo MNpeaycMOTpPeTb OYUCTKY OB6OpPOTHOM
BOAbl OT cynbcunaoB. MoxeT OblTb MCMONBb30BaH METoA OTFOHKW, NPUMEHSEeMbIN ONs Bblae-
NeHns uMaHuaos.

B o6opoTHOM Boae 0ObI4HO coaepxaTtcsa cynbdathbl 1 xnopuabl HaTpua u kanusa. Pac-
yeTamn YyCTAHOBMNEHO, YTO ONACHOCTb BECKOHEYHOro HaKOMNIeHUs 3TUX conen HeoboCHOBaH-
Ha. HakonneHue conen B BOAe OrpaHNYeHo 1 Nocne onpeaerieHHoro Ynerna umknos obopota
BOAbl CTAHOBMUTCH CTabunbHbIM. YCTaHaBnuMBaloLWanca B pesynbrarte AnuTernbHOW paboTbl
Gabpukn KOHUEHTpaLMa COMen, Kak nokasana npaktvka, He yxyalwaeT nokasaTtenen obora-
LLEeHWS.

JkcnnyaTaums cucteM o60poOTHOro BOAOCHabXeHUA Ha oboratutenbHbIX habpukax
BbICOKOW rMapaTHOW KarnbUMEBOW LWENOYHOCTbIO OOOPOTHOM BOAbI COMPOBOXAAETCHA 3apac-
TaHnem TpybonpoBOOOB OTNOXEHUSMU KapboHaTa Kanbuusa. ITO NPOMCXoAUT OCOBEHHO
CUNBbHO B 3UMHee BpeMs roga, Korga BCreAcTBME 3akpbiTUA 3epkana XBOCTOXpaHunuvia
NbAOM 3aTPYAHSETCH KOHTaKT C YIMEeKMCNOoTON BOo3dyxa U yBeNnuuMBaeTCHa COoAepXaHue B
obopoTHOM BoAe okcuaa Kanbums. MHTEHCMBHOCTbL 06pa3oBaHms OTNOXEHUA HA BHYTPEHHEN
noBepxHocTn Tpyb cHmxaetcsa (bonee yem B 15 pas), ecnn obopoTHass Boga obpaboTaHa
NOSIMKOMMSIEKCOHOM C aMUHOMETUN(OCHOHOBLIMU rpynnamu.

Pasgen 3. Tekywme ypoBHM 3MUCCUN B OKPYXaKLLYH cpeay

3.1 Bo3gencTBue Ha OKpyxaroLlyto cpeay npu aobbive pya

3.1.1 MNbinerasoBbigeneHne npu paspadboTke MeCTOpPOXAEHUU OTKPbLITbIM CMO-
cobom

YpoBeHb BO3AENCTBUS HA OKpYXKatoLLyto cpeay npu paspaboTke MecTopOoXaAeHU orT-
KPbITbIM CNOCOOOM CYLLIECTBEHHO 3aBUCUT OT NPUMEHSIEMOI TEXHUKM U TEXHOMOIMMU BeAeHNs
FOpHbIX paboT. YXyaleHne COCTOSIHUS OKpyKatoLlen cpeabl Npu BeAeHUM OTKPbITbIX FOPHbIX
paboT CBA3AHO C HEYKMOHHbIM yBenn4eHnem rnybuHbl kapbepoB. [Jobblya pya B rnybokmx
Kapbepax co34aeT WCKIMYMUTENBHO CITOXKHYK 3SKOMOMMYECKYd TEXHOTMEHHYK Harpysky Ha
oKpyXatowyto cpeay [77]-[88].

OpueHTaums TEXHOMNOMMN OTKPbITbIX FTOPHbLIX PaboT Ha NPUMEHEeHMe BbICOKONPOU3BO-
ANTENbHbIX BYPOBbIX, NOrPY304HbLIX, TPAHCMOPTHbLIX CPEACTB, @ TakkKe MCMNOfb30BaHMe MNpu
MacCOBbIX B3pbiBax O0nbLUMX KONMMYECTB B3pbiBYaTbIX BewlecTs (BB) npuBoasaTt k yBenuye-
HWUIO BbIBPOCOB B aTMOCKEpPHbI BO34YX BPEAHbIX BELLECTB.

B pyAaHbIX Kapbepax MCTOYHUKN BblAENEHNsS] BPEAHOCTEN HOCAT HEOPraHM30BaHHbIN U
HecTaunoHapHbIN xapaktep. MMn aBnA0TCA: MaccoBble B3pbiBbl, NMPOU3BOAALMECHA B Npe-
Aenax pasMeLLeHns TexHonorndeckoro obopyaoBaHnsa — OypoBbIX CTAHKOB, 3KCKaBaTOpPOB,
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APOOMIOK; NoKanbHble UCTOYHUKN — XBOCTOXPaHUIULLA, cKnagbl, OTBarbl; MbineBblaeneHns
C NOBEPXHOCTM [OPOTr, XXeNe3HOAOPOXHbIX BaroHOB U T. M. 3HAYUTENbHbIM NbiNeBblAENeHNEM
COMPOBOXAAETCs TPAHCMOPTMPOBKA FOPHOM Macchbl B Kapbepax, 0COBEeHHO BENWKO OHO Npu
ncnonb3oBaHun asTomobunen (cm. Tabnuuy 3.1).

Tabnuua 3.1 — MapameTpbl 3anbIIEHHOCT BO3AyXa NPV NPOBEAEHUN FOPHbIX paboT

MeTeonapameTpbl

PaccTogaHune
TexHonornyTexHono- |OT  UCTOMHMKA | Cko- OtHocu- SarbineHHoCT5Bo-
rMYeckuii npowecc nbineobpasosa- |poctb, Te""”fpa' TenbHas 3anbmeHHOCTI§

s M " Typa, °C  |BRaxHocTb, |BO34yXa, Mr/m

%

BypeHune ckBaxuH 5 1,1 -37 - 1027

8 1,1 -36 - 421

12 1,1 -37 - 298

5 1,2 26 27 224

8 1,2 26 27 123

12 1,2 26 27 104
Morpyska ropHom | 3 1,5 -34 75 342
Macchl 12 1,5 -34 75 161

20 1,5 -34 75 96

5 1,35 16 51 2,7

20 1,95 16 63 4,0
Morpyska pyabl 3 1,4 -34 75 886

8 1,4 -34 75 801

20 1,4 -34 75 501

5 0,62 27 29 50

10 0,62 26 32 40

20 1,2 26 31 21
TpaHcnopT ropHomn |3 1,0 -52 20 52
Macchl 12 1,5 31 46 200

NCTOYHMKN NbINeBblAENEHNA U KOHLUEHTpauus BPeAHOCTEN Npu pasfiMyHbIX TEXHOMO-
rMYecKMX npoueccax B kapbepax B 3aBUCMMOCTU OT adppekTUBHOCTM cnocoboB Mbirerasono-
OaBreHUsI XapakTepusylTcs creaylwmnmm BennymHamn. Npu 6ypeHun ckBaXkMH CTaHKamu
LuapoLleyHoro bypeHust KOnMM4ecTBO MNbiNK, NocTynawwen B atmocdepy, CocTaBnseTr 3—
200 r/m°, cTaHkamMu Tepmuyeckoro GypeHunst — ot 2 Ao 170 r/mM°, a KOHUEHTpauus B Bo3gyxe
BpeOHbIX ra3oB Mpu nepecyeTe Ha YCNOBHY OkuChb yrnepoaa gocturaet 10 %.

Mpn pa3paboTke MecTOpPOXAEHUA OTKPbITbIM CNOCOOOM Ha AONH0 B3PbIBHbIX paboT u
3KCKaBauuIo ropHon maccel B cymme npuxoantcsa 60 % — 80 % ot obuiero konuyecTtsa 4a-
CTUL NbIK, NOCTynawwmux B atmocdepy kapbepoB. Hanbonee HebGnaronpuaTHbIMKW NO Npu-
3HaKy BbIXo4a Mbinn ABNATCS OypoB3pbIBHbIE paboThl: Npu 6ypeHun BbigensieTcss B aTMo-
cchepy 50 % — 60 % obuwiero obbema nbinu, npu B3pbiBHbIX paboTax — 30 % — 40 % wu
nmwb nopsgka 10 % npuxoguTca Ha BCe OCTalnbHble TOPHblE npouecchl (norpyska
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nT. 4.). Beibpockl nbinu npu npoeefeHnn 6ypoB3pbIBHbIX paboT B Kapbepe npeactaBrieHbl

B Tabnuue 3.2.

Tabnuuya 3.2 — BeiGpocsl Nbinu npu npoeegeHnn 6ypoB3pbIBHbLIX paboT B Kapbepe

WNcTouHmk BbIGpoca nbinm

MakcumanbHO-pa3oBbiii  BbIOPOC OAHOW €AMHULIbI  TEXHUKU
Ansi 0QHOro MaccoBOro B3pbiBa, I/c

MbineHne npu GypeHun ckea-
XKWH

326,54

Bbibpochkl nbinu npu nposeae-
HUM B3PbIBHbIX paboT

8485,01

[ns norpysku ropHom macchl mcnonb3ytoTca akckaBaTtopbl OKI. lNMepeBo3ka ropHoOu
pyabl Ha abpuky M BCKPbILWHBIX NOPOA B OTBanbl NpoM3BOAUTCA aBTocamocBanamu. Ons
paboT B oTBanax ucnonb3ytTcs Oynbao3epbl. JKChnyaTupyemble y4acTku SOPOrn MMeroT
LwebeHoYHoe 1 rpyHTOBOE MOKpbITUE. BbIBPOCH! NbINU NpY BbIEMOYHO-MOMPY304HbIX paboTax
N TPaHCNOPTUPOBAHUN FOPHOW Macchl NpeacTasneHbl B Tabnuue 3.3.

Tabnuuya 3.3 — BbiGpochkl NbiNK Npu OTKPLITOM cnocobe pa3paboTku MCTOPOXOEHUS

MakcumanbHO-pa3oBbIv BbIGPOC
WNcTouHmk BeIGpOca Nbinu g
AN OOHOW eAVHULbI TEXHWKM, T/C
BapbiBHbIE paboThI 2466,7
[Torpy304HO-pa3rpy30uHbie paboThI 12,4
TpancriopTHpOBaHME TOPHOU MACChI 14,9
MeineHve npu paboTte akckaBaTo- 512
POB: 3,78
MbineHne npu pabote 6ynbaose- 0,95
pOB: 1,02
0,25
lMbineHne Bo Bpe e ca-
bifleHne BO BpPeMSA OBUXEHUS 266,84
mMocBana:
- goporu 2,02
- Ky3oBa 2,02

Mbinb pasmepom 100 MKM NOAHMMAaETCA C MecTa NbineobpasoBaHMs N NEPEHOCUTCS
Ha paccTosiHne 500—2000 m npu ckopocTM BeTpa OKOJo 5 M/c n Ha paccTosiime 6onee 2000—
4000 m npn ckopocTu BeTpa okonio 9 m/c. MNpu aToM MenkoamcrnepcHasa Mbiflb 3arpsisHAeT
BO34yX B TeYeHne Heaernb U gaxe mecsues. [bineBblaeneHne 0CHOBHbIX MCTOYHUKOB Ha OT-
Banax u OTKpbITbIX CKNagax npeacTaBneHbl B Tabnvue 3.4.

Tabnuuya 3.4 — BbiGpochl NbINN OT UICTOYHMKOB Ha HaCbIMHbBIX TEXHOrEHHbLIX MaccuBax

McTouHuk Beibpoca nbinm

MakcrmanbHO-pa3oBbIn BbIOpOC
ONS OOHON eOUNHULIbI TEXHUKK, T/C

oTBalla

lMbIneHne NOBEPXHOCTM CBEXEOTCbINaHHOM YacTn

143,00
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VGTOUHIK BLIBPOCA NbNH MaKCVIManbHO-paSOBbIVI BbIGpOC
Ons OOAHOM eAuHULIbI TEXHUKW, T/C

[MblneHne NoBepXHOCTU, UCMOSIb30BaHNE KOTOPOW 1401.40

npekpalleHo MeHee Tpex neT Hasag

lNbIneHne Hencnonb3yemoun YacTu oTeana 910

MbineHune npu paboTte 6ynbaosepa 0,82

[MbineHne goporn BO BpeMs OBUXKEHUS aBTOCaMO- 74.88

cBarnos

MbineHne Ky3oBa BO BpeMs ABWMXEHUS aBTOCaMO- 2.02

cBarnos

CrteneHb 3arpA3HeHMs aTMOCKEpPHOro Bo3gyxa B Kapbepe W npuneratwwen K Hemy

TEPPUTOPUN BO MHOIOM ONpeaenseTcs xapakTepucTukaMu Mnbinesoro obnaka, dopmupyto-
Lerocsa B pesynbTaTe B3pbiBa, CKOPOCTbIO BbiMaAeHWs MNblfiEBbIX YacTUL, Npy 3a4aHHON CKO-
POCTU CHOCa MbineBoro obnaka.
Mpwn oTKkpbITOM JOObLIYE pya, ApobneHne ckanbHbIX NOPO4 NpY NMOMOLLM B3PbIBOB COMPOBOX-
aaeTcs obpasoBaHmeM nbinn B konnyectee 45—110 /T pyabl, a ee aanbHenwas nepepaboT-
Ka B Kapbepe CBsi3aHa C AOMOJSIHUTENbHbLIM BblAENEeHNeM nbinn B konudecteax 50-150 r/T1.
OpHako BblaeneHHada Mbifib NPY TEXHOSTOMMYECKNX Npoueccax Norpy3kn M TpaHCNOPTUPOBKM
FOPHOWM Macchl SIBMAKOTCA MCTOYHUKaMK, Gonee paccpegoToueHHbIMM MO Nowanmn B kKapbepe
N Ha NPOTSXKEHUN BPEMEHU Mexay OBYMSA MacCOBbIMW B3pbiBaMu (Nepuoa ABe-Tpu Hepe-
nn). MNpun npoBegeHMN MacCOBOro B3pbiBa MPaKTUYECKM TO XKe KONMYECTBO MblIM BMECTE C
NblferasoBbiM 061aKoOM YHOCUTCS U3 Kapbepa B T€YEHNE HECKOMbKMX MUHYT MOSIOCON OKOMO
nonyTopa-aAByx COTeH MeTpoB. Bce 310 NnpnBOAUT K TOMY, YTO BpeaHble NpUMeCH B Nblnera-
30BbIX 06nakax nocne MaccoBbIX B3pbIBOB aKLEHTUPOBAHO NPOSBAOT cebst B bonee kopoT-
KA Nepuod BPEMEHU, Kak MpU 3arpa3HEHMAX BO3LYLLUHOW cpenpbl, Tak U 3eMerbHbIX pecyp-
coB. B 3aBucMMOCTM OT Konu4yecTea B3pbiBaeMoro BB 1 Tvna ropHbIx nopoa, noBepxXHOCTHadA
MMOTHOCTb OCEBLUEN MbinK, /M2, U3MEHSIETCS B AOBOMbHO LIMPOKUX Mpedenax, ofHako no
Mepe yaaneHusi ot brnoka ee 3HaveHue ybbiBaeT (cM. Tabnuvuy 3.5).

Tabnuua 3.5 — 3HadyeHnMe NOBEepPXHOCTHOM MSIOTHOCTM OCEBLWIEN nMbiNMM B crege
nbinerazoBoro obnaka B kapbepe 1 3a ero npegenamm

Macca BB (130 1)

PacctosHune oT
Bnoka, m
lNoBepxHOCTHas
MNOTHOCTb, I/M?
Macca BB (76 1)
PacctosaHune oT
Bnoka, m
[NoBepxHOCTHas
NNOTHOCTb, /M2

50 100 250 500 800 1200

670 312 66 31,8 16,7 4,0

50 100 200 300 400 600

310 160 41 30,6 28,0 26,4

Ha rpaHnue CaHnTapHO-3alWUTHbLIX 30H Kapbepa NoBepXHOCTHAaA MIIOTHOCTb OCeBLUEN
Nbiyin B COTHU pa3 MeHbLle OT ee nepBOHaqaanon NNOTHOCTU U OOCTUINraeT B 3aBUCUMOCTU
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OT KonuyecTtea BB, Tnna n snaxHocTtu nopog 3HayveHnn 4—20 I'/M2, npoaoskas yMeHbLLaTbCA
no Mepe yganeHus oT MecTa B3pblBa.

Mpn maccoBbix B3pbiBax B aTMocdepy Bblgensietca 0,03-0,18 Kr/M> NbInK, Konuye-
CTBO MbININ B NPOAYKTax AeToHauun — 10 2 r/M°, BpeaHbIX ra3oB B nepecyeTe Ha YCIIOBHYHO
okucb yrnepoga — o 0,3 %.

Mpy BegeHUM BbIEMOYHO-MOrPY304HbIX PaboT KOHUEHTpauusa nbifin B KabuHax akcka-
BaTOPOB M3MEHSETCH B 3aBUCUMOCTUM OT BMaXHOCTM TOPHOW Maccbl B npegenax 20—
200 mr/m>. Mpn TpaHCnopTMpOBaHMM FOPHOW MacChbl 3anbIIEHHOCTb BO3dyxa B kabuHax
TPaHCMNOPTHLIX CPeaCTB HaxoauTcs B npegenax 3—25 MI'/MS, a Ha aBTogoporax — o1 10 go
100 mr/m°. B BbIxyionax kapbepHblX aBTOCaMOCBaroB Npu OTCYTCTBMW HENTPANM3aTopoB CO-
aepxutca: okuen yrnepoga — 10 %, okucun aszota — 0,5 %, anbgermgos — 1,0 %, yrneso-
aopoaHbix razoB — 1,0 %, caxm — 1,0 %.

Mpn apobneHnn ropHOM Macchbl KOHLEHTpauusa Nbinv B kKabnHax apobunbHbIX arpera-
ToB cocTaensieT 3—75 mr/m>. Tpy NpUMeHeHUM cpeacTB 0BechbINIMBaHMS BO3AyXa Konmye-
CTBO MblneBblAeneHuii cHkaeTest Ao 5 mr/m. Mpu nogbeMe NbiAv ¢ NOBEPXHOCTH OTBArNoB
ee KoHueHTpauma gocturaet 300-500 Mr/m>,

MpepenbHo gonyctumast koHueHTpaums (MAK) no nbinv gocturaeTcs npu paccenBa-
HUW NblnerasoBoro obraka B Kapbepax Ha paccTodaHun 2,5—8 kKM OT MecTa B3pbiBa. Pacnpo-
CTpaHeHue nbinera3oBoro obnaka Ha 2,5-3,5 KM OTMEYeHO Mpu HeyCTOMYMBOM COCTOSIHUK
aTtmocdepbl. Hanbonblwaa ganbHOCTb pacceyMBaHUs NPOLYKTOB AeTOHAUUM Npu MacCoBbIX
B3pblBax B Kapbepax gocturaet 8 KM, Npu WTUAEBON Noroge AanbHOCTb MX pacrnpocTpaHe-
HUSA He npeBblwaeT 4,5 KM.

BbicTpoe pasBuTMe OTKPbITbIX FOPHbBIX pa3paboToK CTano BO3MOXHbIM B CBSI3U C OCBO-
€HMeM NPOMBbILLSIEHHOCTBIO NPOU3BOACTBa COBPEMEHHbIX BOMbLIErpy3HbIX aBTOCaMOCBasioB,
TENMOBO30B, MOLLHbIX KOMECHbIX CKpenepoB, TPaKTOPOB M APYrnxX TPaHCMOPTHbIX CPeacTB
C AnsenbHbiMK apuratensamn. OgHako M3BECTHO, YTO npu paboTe AM3enbHbIX MaLIWH B aT-
mMocdpepy Bbigensietca 6onblioe konnyectso (cebiwe 1000) BpeaHbIX KOMMNOHEHTOB: OKMC-
noB yrrnepoga, OKMACIOB asoTa, YrneBogopOAoB, anbAernaoB, aHUMMHA, aueTUneHa, caxu
nT. N

B npoaykTtax Bbixnona AM3ens cogepXatcs KaHUeporeHHble BellecTBa: 6eH30nmnpeH,
KPOTOHOBbIV anbgerng, aHunuH n gp. NMpucyTcTBue caxu B BbIXIOMHbIX rasax gpuratenem
BHyTpeHHero cropanuna ([BC) npuBoguTt Kk 06pas3oBaHUI0 B kapbepax CMOroB, KOTOpble ak-
TMBHO aAcopOuMpyloT KaHUeporeHHble BellecTBa. B oTcyTcTBME NpoBeTpMBaHUSA Takas aTMo-
chepa aBnseTcsa YpesBblHanHO onacHom Ans paboTarLwmx B Kapbepe. 3ara3oBaHHOCTb BO3-
Ayxa B Kapbepax Hambonee Bbicoka (8o 0,05 % B nepecyete Ha ycrnosHoe CO) npu wtune-
BOW noroge U MoxeT 6bITb OnacHOW ANndA 300pOBbsA, €CnNn He ByayT OCyLLeCTBATLCA Mepo-
NPUATUA MO €€ CHWXKEHUID. K HUM OTHOCATCSA: NnokarbHoe NpoBeTPUBAHNE 3aCTOMHBIX y4acT-
KOB Kapbepa, NpMMeHeHne ans razonogasneHnsa BOA0OBO3AYLLHOM CMECH, BKITHOYAsS aKTUBHYO
CMeCb, U T. 4. BaxHoe 3HayeHne Ons CHUXEHUS TOKCUYHOCTM OTpaboTaHHbIX ra3oB MMeeT
BbIOOp TMNa ABuUratens n kamepbl CropaHusl, KOTOpble€ KOHCTPYKTUBHO MOTYT ObiTb BbIMOMHE-
Hbl COBMECTHO unu pasgernbHo. [NpumeHeHne Takux OBuraTernen MNo3BONAeT CHU3UTb B
2 pasa BblgeneHne B atmocdepy okucrnoB a3oTa. TypboHaays B 4—5 pa3 cHUxXaeT Bblaene-
HWe An3enbHbIM ABUraTeneM caxu, a Takke yMeHbLUaeT BblAeNeHne OKUCK yrrepoaa 1 anb-
aerngos. B 3apybexHon npakTtuke nogasnstollee 60MbLINMHCTBO aBTocamMmocBanos obopyao-
BaHbl OM3eNbHbIMU ABUraTeNsiMM C BO3AYLUHbIM OXNaXaeHnem, 4YTo crnocobcTtByeT bonee
NMOSIHOMY CropaHuio Tonnuea u, 6narogapsa 3TOMy, CHUKEHUIO BbIOPOCOB BpeaHbIX BELLECTB
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BbIxJfiona B pyaHn4Hyto atmocdepy. Peunpkynsauma o 30 % obbema oTpaboTaHHbIX ra3oB n
nx obpaTHasa nogadva B KOMMEKTOpbl ABUraTens AaloT BO3MOXHOCTb YMEHbLUTb BbIOpPOCHI
BpeOHbIX KOMMOHEHTOB Bbixfiona B atMocdepy A0 25 %.

3.1.2 NbinerasoBbigeneHne Npu NoA3eMHON pa3paboTke MeCTOPOXAEHNN

OCHOBHbIMW UCTOYHUKAMW 3arpsa3HEHNA aTMOCHEPHOro Bo3ayxa MNbifibio U BpegHbIMU
rasamuv nNpu noaseMHon paspaboTke pya SABNATCH BbIOPOCH BEHTUNSATOPOB [MaBHOrMoO Npo-
BETPUBaAHUA NPW HOPMArbHOM pexunme paboTbl WwaxT u 0cobeHHO Mocrne MaccoBbIX B3pbl-
BOB, @ TaKXe HeopraHu3oBaHHbIe BbIOPOCHI NbINW NpU CKNagnpoBaHuy pyabl U Norpyske ee
B aBTO- N Xene3HOo40POXHbIN TPaHCMOoPT.

MNoasemHasn paspaboTka MECTOPOXAEHU CONPOBOXAAETCH 3HAYMTENbHBLIM 3arpsi3He-
HMem aTmocdepHoro Bo3ayxa. OCHOBHbIMU UCTOYHUKaAMM 3arpA3HEHUs ABNSAOTCHA rasoribl-
neBble BbIGPOCHI N3 NOA3EMHbIX FOPHbIX BbIpabOoTOK, ra3onbineBble BblAeNEeHNS U3 NOPOOHbIX
OTBarnoB W CKNagoB NomnesHbIX uckornaemblx (cMm. Tabnuuy 3.6).

Tabnuuya 3.6 — lNapameTpbl 3anbIfIEHHOCTX BO3ayXa Npy NpoBeAEHUN ropHbIX paboT

MeTeonapameTpbl
PacctosiHne ot
TexHonormnyeckni NCTOYHMKA Cko- OtHocu- 3anbInNeHHoCTb
npoLecc nbineo6pasosa- | pocrb, Temn(zpa- TenbHan Bo3ayxa, mr/m®
HASE, M /e Typa, °C BNaXXHOCTb,
%
BypeHue ckBaxuH 5 1,1 -37 - 1027
8 1,1 -36 - 421
12 1,1 -37 - 298
5 1,2 26 27 224
8 1,2 26 27 123
12 1,2 26 27 104
Morpyska ropHom |3 1,5 -34 75 342
Macchl 12 1,5 -34 75 161
20 1,5 -34 75 96
5 1,35 16 51 2,7
20 1,95 16 63 4,0
Morpyska pyabl 3 1,4 -34 75 886
8 1,4 -34 75 801
20 1,4 -34 75 501
5 0,62 27 29 50
10 0,62 26 32 40
20 1,2 26 31 21
TpaHcnopT ropHomn|3 1,0 -52 20 52
Macchl 12 1,5 31 46 200

B gaHHOMm cnyyae nog BbIGpOCOM MOHMMAaETCHA MOCTynfneHne B aTMocdepy mM3 noa-
3€MHbIX FOpPHbIX BbIPpabOTOK pyAHUYHOrO (LUaxTHOrO) BO3gyxa; Macca 3TOro Bo3gyxa MOXeT
ObiTb BECbMa 3HAYUTENbHOMW, @ KOHLUEHTpauuM B HEM 3arpsi3HSoLWMX BewecTB OObIYHO
He CTonb BeNnukW. PygHWMYHbI BO34yX NpeacTaBnseT cobor cMecb aTtMocqepHOro Bosayxa
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C pPasfuyHbIMU ra3oobpasHbIMU MPUMECAMU, BblAeNSeMbIMM N3 NOPO4, NOSIE3HbIX UCKonae-
MbIX UK WaxTHbIX Bog (Hanpumep, CH4, CO3, Ha, N2, HoS n gp.), a Takke obpasyembimn npu
B3pbIBHbIX paboTax u B psae apyrux npoueccoB (CO,, CO, SO,, H,S, NO2 n ap.).

CocTtaB BO3ayxa, NOCTynawLlero B NOA3EMHbIE rOpHble BbipaboTku, N0 Mepe NpoaBu-
XEHUs1 UIBMEHSIETCS B pesynbTaTe:

1) mencrteusa okucnutenbHbIX Npoueccos (CO,, CO, SO,, NO, n ap.);

2) BblaeneHus ra3oB 13 paspyaemMbix nopog (CHy);

3) BegeHus B3pbiBHbIX padoT (CO,, CO, SO,, HeS, NOy 1 ap.);

4) npoueccoB ApobreHns ropHbIX Nopoa (Mbifb);

5) noxapos., B3pbIBOB MeTaHa u nbinn (CO,, CO, SO,, H2S, NO»);

6) rTHNEeHNA opraHMYecKMX BELLECTB, pa3rfoXeHns BOOOW CepHUCTOro kondeaaHa (H»S
nap.).

Mpn noasemHon pas3paboTke pyaHbIX MECTOPOXAEHUN rasoBas COCTaBMAOLWAA Bbl-
BGpocoB NpenmyLLecTBEHHO MpeacTaBneHa rasoobpasHbiMu NpoaykTamu, BblAenAoLwmMMncs
npwn B3pbiBax, MPOU3BOAUMbIX NPU MaccoBon OTOOMKe NonesHbiX Mckonaembix. MNocne mac-
COBbIX B3PbIBOB PE3KO YBENMYNBAETCH N COAepXaHWe MNbifiv B BblAaBaeMOM Ha NOBEPXHOCTb
PYOHWUYHOM BO3AYyXe.

3anbINeHHOCTb UCXOASALWEro N3 WaxT BO3ayxa Npu HOpMaribHbIX peXnmax HaxoguTcs
B npegenax ot 0,2 o 0,5 mr/M® BcreacTBMe TOro, YTO BO3AYXOBbIAANOLIME CTBOMbI NPU
HanNU4MM B HMUX KanesribHOro NOTOKa BOAbl ABMSKOTCS XOPOLUMMU €CTECTBEHHBIMU (PUbTpaMMm.
Mpn npoxoxaeHnn BO3dyxa No BO34yXOBblAAKOLWMM CTBOSIaM €ero MeTeoposiormyeckne napa-
MeTpbl U3MeHsTca. Npu gsmxkeHun no cteonam Bosgyxa co 100%-HOWM OTHOCUTENbHOW
BMNaXXHOCTbIO Bfiara KOHAEHCUpyeTCs Ha TOHKoAucnepcHon nbinu. Hambonee aktuBHoe
YKpYMHEHWe nbinn npoucxogut Ha nepeblx 100 M noabema BO3gyxa B BEHTUMSALMOHHbLIX
cTBonax, rae guameTp nbinvHoK gocturaet 10 mkm 1 6onee. Ha ypoBHE BEHTUNSALMOHHOMO
KaHana Konm4yecTBO KoHAeHcaTta coctaBnser 1,5-2,0 r/m>. YkasaHHble npoueccbl cnocob-
CTBYIOT OCEAAHMIO MbIfIM HA CTEHKaX NOA3EeMHbIX BbIpaboTOK.

MOLLHbIM MCTOYHMKOM OOpas3oBaHWsl MbINM U BPEeAHbIX ra3oB B LUAXTax SABMASKOTCA
B3pbIBHble paboTbl. KOHUEHTpaumsa nbinv B BO34yxe Npu AeToHauuu 3apsgos BB B noasem-
HbIX BblpaboTkax gocturaet 1500 Mr/M3, a B oTAenbHbIX criydasix n bonee. Ma3oBblgeneHve
oTaenbHbIX TMNoB BB B waxTtax HaxoauTtcsa B npegenax 20—-80 n ycnosHoun okucn CO ¢ 1 kr
BB.

Mpouecc BblaeNeHns BpeaHbIX ra3oB BKOYAET MIHOBEHHbIE BblOPOCH! UX B PyAHWUY-
HbIN BO34yX NPWU B3pbiBE, a TakKe MNoCTeneHHoe BblgeneHne n3 B3opBaHHOW ropHOW Macchbl,
B KOTOpon HaxoamuTcs okono 50 % — 60 % obwero obbema npoaykToB AeToHaumn. Uccne-
AOBaHMA OMHAaMUKM BbIOPOCOB BPEAHbIX ra3oB M MbIX Npu NPOU3BOACTBE MACCOBbIX B3pPbl-
BOB CBMAETENLCTBYIOT O €e HecTauMoHapHOM xapakTepe. KonnyecTtBo BpeaHbIX ra3oB U MNbl-
N B rMaBHbIX BEHTUNATOPHbIX ycTaHoBkax (FBY) Bo3pacraet B TedeHne nepBbix 15—-20 MyH
nocrie Ha4ana B3pblBa, a 3aTeM UX KOHUEHTpauna CHUXaeTCs A0 YPOBHA HOPMaribHOro pe-
Xnma paboTbl WaxTbl. B CBSA3M C BbICOKON OTHOCUTENbHOW BNAXXHOCTBIO PYAHUYHOrO BO3gyxa
M KOHOEHCauMen BOAsHbIX NMapoB B BO34yXONOAAwLWMX CTBOMAx 4aCTb OKCMOOB a3oTa —
npoaykToB AeToHauun BB — nornowaeTtca Bogon ¢ obpaszoBaHnem crnabbix a3oTHOM M a30-
TUCTOW KUCNOT, YTO CYLLECTBEHHO CHWXaeT YPOBEHb BbIOPOCOB a30THOM Fpynnbl OKUCIOB B
aTMocdepy. YunTbiBas, YTO OKACb Yrrepoda SBMSiETCS YCTOMYMBBLIM ra3oM B peakumsix
C APYrMMmn KoMrnoHeHTamu, obliee ee KONMYeCTBO, BbibpacbiBaemoe B aTMocdepy, paBHO
nepBoHa4anbHO obpasyroLlemycs npu geToHauum 3apsaos BB.
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KoHueHTpaunsa BpefHbIX ra3oB M Nbinn B Bblbpocax No 06BOAHEHHbLIM rMy60KUM BEH-
TUNSUMOHHBIM CTBOSNIaM 00bI4HO He npeBbiwaeT MOK. MoBbIWeHHbIN YpoBEHb BbIGPOCOB B
LWaxTHY0 aTmocdepy Mbiv U BpeaHbIX ra3oB HabnwogaeTca HenpoaoSPKUTENbHOE BpeEMS,
TOMbKO MOCNe MOMEHTa NPOM3BOACTBA MacCOBbIX B3PbIBOB, a KONMYECTBO BbliOpackiBaeMbIX
BpeAHbIX BELLECTB 3a 3TOT nepmoa He npesblwaeT 20 % obuiero konuyecTsa BblAENAIOLLNX-
CH BpeHOCTEN B LLaxTax.

[Mpu pasrpyske CKUMOB B NpUEMHble ByHKepa Ha NOBEPXHOCTU LaxT, ApobreHun py-
Obl, €e COPTUPOBKE U TPAHCMNOPTUPOBKE B LWITabenn Ha OTKPbITbIX CKNagax, 3arpyske B Xe-
Ne3HOAOPOXHbIE BaroHbl NPOUCXOANT MHTEHCMBHOE MblneBblaerneHe B atmocgepy. VIHTeH-
CMBHOCTb MOCTYNSIEHUS NbININ B OKPYXKatoLLYyt0 cpeay Npy BbiNONHEHUN 3Tux onepaumi (0,01—
0,08 mr/c) 3aBucuT OT KoNM4yecTBa NepepabaTbiBaeMon pyabl, METEOPOSTOMMYECKMNX YCIOBUN,
a Takke OT NPMMEHSEeMbIX CpeaCcTB 60pbObI C NbIbHO.

MO NHTEHCUBHOCTM MbINEBBIAENEHNI B OKPY)KatOLLYI0 Cpedy MCTOYHMKM NblneBblaene-
HUA Ha NpOMMSOLWaAKax WaxT MOXHO pa3fenntb Ha ABe rpynnbl: UICTOYHUKN C NpeaBapu-
TeNbHON OYMCTKOM BblOpacbiBaeMoro B aTMocdepy 3anblifIeHHOro BO34yXxa; UCTOYHUKU Mbl-
nesblaeneHn 6e3 o4NCTkM (HEOPraHM30BaHHbIE).

K nepBon rpynne OTHOCATCS KOHBEWEPHbIN TPaKT Nogadn pyabl B HagwTabenbHyto ra-
nepeto ckrnaga n apoburbHO-COPTUPOBOYHBINM KOMMMEKC (Npu Hanuyuu). Bce TexHonornye-
CKMe onepaumn BbINOSTHAKTCA B 3alUMLLEHHbIX OT BeTpa MOMELLEHUAX, @ OCHOBHbIE MecTa
NbliNeBbIgENEHNIN YKPbITbl aCNUPaLMOHHBIMU YCTAaHOBKaMM C OYUCTKOM acnupauuoHHOro BO3-
Ayxa npu nomMoLmn unbTpoB.

Ko BTOpOW rpynne oTHOCATCA OTKpbITble CKaAbl pyAbl, HA KOTOPbIX BCE BbINOSTHAEMbIE
NpoLieCcChbl CONPOBOXAAKTCA aKTUBHbLIM MNbINIEBbIAENEHNEM B OKPY)XatoLLYIO cpeay.

B oTKpbITble cknagbl pyaa noctynaeT No NEeHTOYHbIM KOHBenepam ¢ HagwTabernbHbIX
ranepemn, pacnosioXXeHHblx Ha BbicoTe 20 M OT noBepxHOCTU cknaga. MNpu ceBobogHOM nage-
HUW pyabl 3HAYUTENBbHOE KONMUYECTBO Mblfv B3METbIBAETCA M NOMNadaeT B OKPYXatoLLylo cpe-
Ay, 3arpssHas Bo3gyx 40 KOHUeHTpauuin, npesblwatowmx MAK.

3.1.3 lWym n BUGpauusa npm oTKpbITON U NOA3EMHOU pa3paboTke

YpoBHu 3ByKa, ABA, 1 BUBpaUMOHHON cKopocTu, Ab, NpakTuyeckn npu BCcex TEXHOMNO-
rMYecKnx npoueccax OTKPbITbIX U NOA3EMHbIX FOPHbIX paboT, akcnnyatauun 6ypoBbIX U NO-
rPYy304HO-OOCTaBOYHbIX MALUMH, XOTb U HE3HAYUTENBbHO, HO NPEBLILWAKT AOMYCTUMbIE CaHU-
TapHble ypoBHU. PaKkTU4ECKME YPOBHN BUOPALIMOHHOW CKOPOCTM NIOKanbHOM 1 obuien Bubpa-
unun Npu paboTe ropHbIX MalMH U MEXaHU3MOB Ha Kapbepax HaxogaTcs B npepenax 65—
108 ob, a Ha pyaHbix waxtax — oT 70 go 112 b, yto Ha 10-15 gb npesbiwaeT gonycTu-
Mbl€ CaHUTapHbIE YPOBHM BMOPOCKOPOCTU AN151 OTAESNbHbIX aKTUBHbLIX NOSIOC BUBpauumn.

(maBHOW NpUYMHOW 3TOro sBNsieTca HeygosneTBopsowee TpebosaHuam OCT no
YPOBHSIM LWymMa U Bubpauusam Bbinyckaemoe obopyaoBaHue Ofisi OTKPbITbIX M NOA3EMHbIX
rOpHbIX paborT.

3.1.4 CpaBHeHMe OTKPbITbIX U NOA3EeMHbIX pa3paboTok

CornacHo npuBeaeHHbIM B Tabnuuax 3.7 n 3.8 gaHHbIM, yaenbHasi MHTEHCUMBHOCTb ra-
30BbIAENEHNS] Ha OTKPbITLIX FOPHbLIX paBoTax B nepecyeTe Ha 1 M> CKanbHOW rOPHOI Macchl
coctaensieT 3,3-1072m°/m>, a Ha nogaemHbix — 1,05-107* m*/m> ycrioBHOM okucyn yrnepoga
(6onee yem B 300 pa3 Huxe). NPUYMHON 3TOrO SABMSKOTCA aAKTUBHbIE OKUCNUTEMbHbLIE NPO-
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Leccol, npoTekatowmne mexay npoayktammn getoHaumm (CO, NO2) n Bnaron, cogepxatiencs
B PYAHVWYHOM BO3ayxe, Kak MUHUMYM B konnyectse 85 % — 90 %. B cBs3u ¢ nokanusaunemn
NPOAYKTOB AeToHauMm U TepMUYeckon auccounaumen Bofbl, HaxXoOsWencs B NOA3EMHbIX
BblpaboTkax, 4actb CO n yactb NO, okMcnawTcsa OO0 CBOMX BbICLLUMX OKWUCIIOB U 3aTeM Mo-
rNoLlaTCa BOAOW, T. €. NepexoasT B criabble YyronbHyK M a30THYHK KMCNOTbl. Ha OTKPbIThIX
e ropHbIX paspaboTkax, B CBA3M C MTHOBEHHbIM pacLUMPEHMEM B3PbIBHbIX FA30B N ObICTPbIM
nageHMem ux TemnepaTypbl, aKTUBHOCTb OKUCIUTENbHbLIX MPOLECCOB CYLLECTBEHHO HUXE.
OTHOCUTENbHas BNaXXHOCTb BO3Ayxa B Kapbepax Bcerga MeHblle, YeM B LUAXTax, NO3TOMYy
CHMXXaeTCsl KONIMYECTBO OKUCINTENS (TMAPOKCUMbHbIE TPYNMbl), NOCTYNaloLWero B pyaHUYHbIN
BO3yX 3a cyeT TepmMmuyeckon anccoumaumm sogbl. Okono 50 % npoayKkToB B3pbliBa BblOAKOT-
Cs BEHTUNATOpamMn 1M agcopbupyroTcst ropHOM Maccomr, a NOTOMY ANMTENbHOE BPEMS Haxo-
ASATCA B NOA3EMHbIX BblpaboTkax, co3gaBast 4ONONHUTENbHbIE BnaronpusTHbIE YCNOBUS AN
X HENTpanusauuu.

Tabnuuya 3.7 — CpaBHUTENbHbIE XapaKTEPUCTUKN MO SKOMOMMN OTKPbLITLIX M NOA3EMHbIX
ropHbIX paboT (raszoBbin dpakTop) [77-81].

NCTOYHMKM KoHueHTpa- NHTeHcnB-
BbieneHms WA BPOAHBIX YpenbHas WH-|cTtouHnkn  Bblge- | KoHueHTpa- HOCTE Fa30-
BPELHbIX ra-| rasos, % 061L- TEHCUBHOCTb NeHna BpeaHblX ra-|uum4a BE)e,EI,HbIX BbIAENEHNS
30B Ha OTKDb-|eMa  FOHOV ra3oabé,u,e;'|e- 30B Ha NOA3eMHbIX |ra3oB, % 00b- 8 aTMochepy,
Tbix paboTax | Macchbl HIs, M/ paborax eva m*/m®
BypeHune BbligeneHue
B3PbIBHbIX BpeOHbIX  rasoB
CKBaXXUH npwm B3PbIBHbIX
CTaHKamu paboTtax Ha nog-
TepMUNYECKO- rOTOBUTESbHbLIX W
ro 6ypeHus: BCKPbIBAEMbIX [O-
PU30HTaXx:
-okucb  yr-10,12-0,15 - okucb yrnepoga |0,2-0,35
nepoga
- aByokucb  |0,12-0,15 1,04-107° ycn |- okucnbl a3oTa 0,02-0,04
asoTa .CO
- akpeonivH | 0,001— - ycnosHoe CO 0,35-107°
0,0001
- BOgopoa 0,15-0,20
- BYOKUCb 4-8
yrnepoga
MaccoBble MaccoBble B3pbl-
B3pbIBbI B Bbl B LUAXTaXx:
Kapbepax:
-okucb  yr-10,003-0,089 |[do 0,033 |- oknckb yrnepoga |1,0-3,0
nepoja ycn. CO
- OBYOKMCb 0,03-0,04 - OKucnbl a3oTta 0,9-1,5
asoTa
- aKpeosvH - ycnosHoe CO 6,7-107
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McTOYHMKM
BblaeneHuns
BpedHbIX ra-
30B Ha OTKPbI-
TbiX paboTax

KoHueHTpa-
uMs BpeaHbIX
rasos, % 06b-
emMa  ropHou
Macchl

YpenbHaa wH-
TEHCUBHOCTb
rasoBbloene-
Hus, M3m®

NcToyHukn  Bbige-
neHust BpeaHbIX ra-
30B Ha Noa3eMHbIX
paboTax

KoHueHTpa-
uus  BpPeaHbIX
rasoe, % 00b-
emMa

MHTeHcunB-
HOCTb  raso-
BblOeneHns

B aTmocdepy,
m3/m3

B3opBaHHas
ropHas
macca:

B3opBaHHas
Has macca:

rop-

- OKUCb
nepoga

yr-

0,005-0,008

- OKWCb yrnepoga

0,03-0,15

3,9-107°

- ABYOKUCb
asoTa

0,001-0,009

1o
3,5- 107 yen
.CO

- ycnosHoe CO

MpupogHble
rasbl, no-
KannsoBaH-
Hble B Mac-
CMBE TOpHbIX
nopoa:

MpupoaHble rasbi:

- MeTaH

0,05-0,1

- MeTaH

0,05-0,1

- BOAopon,

0,1-0,5

- BOAoOpoAa,

0,1-0,5

- CEPHUCTbLIN
ra3 (B Tom
yucne oT
asuratenemn
BHYTPEHHEro
cropaHusa Ka-
PbEPHOTO
aBTOTpaHC-
nopTa)

0,0005

- CEPHUCTLIN ras

0,0005

UTtoro
yCIrnoBHOE
CcO

3,3:1072

1,05-107%
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Tabnuuya 3.8 — CpaBHUTENbHbIE XapaKTEPUCTUKM MO 3KOSIOMMU OTKPbITLIX U NOA3EMHbIX
ropHbix paboT (Nbinesoun gakTop)

OTKpbITblE FOpHbIE pa3paboTku MoasemMHble pyaHuUKK
YpenbHas YaenbHas
I/ISTGHCVIB- VIHTeH- MﬂTeHCVIB-
NHTen- cuB-
TexHornorun- 3aneinet- CUBHOCTb HoCTb TexHornoru- Sanbinet- HOCTb HocTe
yeckue HocTe nbinesbl- | oC yeckue HOCTE mbine- | oS
npoLecchl 503”3y xa, Aenexus, BblAene- npowecchl B°3ﬂ3y xa. Bbl- BblAene-
Mr/M HUS B art- Mr/m HUS B aT-
r/c nene-
mocdepy, Mocdepy,
r/im® Hus, rfc r/m®
BekpbiwHble [ 18,2-147 |0,0025— |0,0046— |BbypeHue 2-50 0,001- |0,0005
paboTbl WU 0,0071 0,013 LINypoB npwu 0,05
0TBanoo6t- npoxoake
pasoBaHue noa3eMHbIX
C NpUMEHe- BblpaboTokK
HUeMm po-
TOPHO-
KOHBeuep-
HbIX KOM-
NyeKkcoB
Y3nbl nepe-|{1-712 0,00015—0,00027- | B3pbiBaHne |1000-1500|0,008- |0,0005
rPy3Kkn rop- 0,0055 |0,01 LLUNYPOBbIX 0,012
HOW Macchl 3apsagos BB
Ha 9KCKaBa- npu npos.e-
TOope, KOH- AeHun nog-
Benepax, 3€MHbIX Bbl-
oTBanoob- paboTok
pasoBarersne
OtBanoo6b- |1,7-11 0,0023- |0,0066— |TpaHcnop- |1-3 0,0001 10,0003
pasoBaHue 0,202 0,3 TUpOBKa ny-
C pasrpys- CTbIX Mopoa
KOW aBToO- n3 npoxoa-
camMocBaros YyecKnx 3a-
boeB B OT-
Banbl
BypeHune 869-2422 |0,054— |356— BypeHue 3-5 0,0002-|0,0003
B3PbIBHbIX 60,2 110370 |B3pbIBHbIX 0,007
CKBaXXUH CKBaXXUH
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OkoHyaHue mabnuusi 3.8

OTKpbITble FOpHbIE pa3paboTku MoasemMHble pyaHUKK
YpenbHas VIHTEH- YaoenbHas
MHTEHCUB- MHTEHCUB-
NHTen- cuB-
3anbineH- HOCTb 3anblinekx- HOCTb
TexHonoru- CUBHOCTb TexHonoru- HOCTb
HOCTb nbine- HOCTb nbine-
4yecKune NnblneBbl- 4yecKkune nbine-
npouecchl Bo3nyxa, AeneHus BIACTIe- npoveccsl Bo3Ayxa, Bbl- BEIAGTe-
P MF/M3 " |HMa B at- MF/M3 HUNA B aT-
r/c nene-
Mocdepy, Mocdepy,
3 HK4, r/c 3
r/m r/m
BblemoyHo- (2,9-100 |0,5-0,8 |[11,5— Maccosble |1000-3000|0,01— |0,0006
norpy3ou- 15,1 B3pbiBbl B 0,08
Hble paboThl OYMCTHbIX
no cxeme B6nokax
«9KCKa-
BaTop —
aBTOCaMO-
cean»
TpaHcnop- |9,5-720 (4,7-7,8 |586-980 |Pasrpyska |[1000-2000|0,01— |12-15
TUPOBKa CKMMNOB B 0,08
ropHom NnpUeMHble
Macchl OyHKepbl
aBTo-
camocBa-
namu
Pasrpyska |6-8 2,7-3,6 |25-30 HOpobnenwne, 500-700 |0,03— |13-15
aBTOCaMo- COpPTUpPOBKa 0,1
cBarioB unu n  cknagwm-
XenesHopgo- poBaHue
POXHbIX Ba- pyabl
rOHOB B
NPUEMHYHO
BOPOHKY
Apobunkm
Maccosbin | 1000— 0,015~ |0,03- Morpy3ka 6-8 2,5 30-35
B3pbiB 2000 0,021 0,18 pyabl B Xe-
nesHono-
pOXHble Ba-
FOHbI

B pyaHbIX WwaxTax u kapbepax OTMeYeHbl MHOFOYMCIIEHHbIE CyYan BblAeMNeHns npu-
POAOHbIX ra3oB, CepoBOoAOpOaa, YrnekMcrnoro n cepHuctoro rasa. Npudem, ecnn HyS, SO, m
COg, yunTbiBasi X BbICOKYO pacTBOPUMOCTb, B LUAXTaxX MpPakTU4EeCKM MOMHOCTbIO nornowa-
t0TCA BOAOM U B aTMOCKEPHbIN BO3ayX HE BblIbpachbiBalOTCA, TO HA Kapbepax OHW MOCTynaoT
B atmocdepy. O6BOAHEHHbIE BbIPAabOTKM LLUAXTHOM BEHTUNALMOHHON CETU SABMAKTCS XOpO-
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LIMMM eCTeCTBEHHbIMU (bMnbTpamm, NO3TOMY U MbiNEBbIE BbIOPOCHI B aTMocdepy He3Hauu-
TenbHbl: yaenbHas WHTEHCUBHOCTb MNblNEeBbIAENEHNA B BO3OYLIHbIA H6accerH Ha OTKpbITbIX
paspaboTkax gocturaet 111 695 r/mM°, a Ha NOA3EMHbIX — A0 66 /M°, T. €. Ha HECKOMbKO Mo-
PSOKOB HwKe Bnarogaps koarynsiuMm U HanunaHumioo pygHUYHOW MbIIM HA MOKPYK MOBEpX-
HOCTb NOA3EeMHbIX BblpaboTOK M nocneayLlemy cmbisy ee Bogon. OcobeHHO akTUBHO Npo-
TeKalT NMPoLEeCChl Koarynauum n cMbiBa MblfI C NOBEPXHOCTM BbIPAabOTOK B BOCCTAOLLMX M
BEHTUNSALMOHHO-BbIAAKOLNX CTBOMAX.

OueHunBas ypoBHM 3BYKOBOTrO AaBEHNSA U BUOPALMOHHON CKOPOCTM TEXHONOMMYECKOro
obopynoBaHus, cnegyeT OTMETUTb, YTO OBLWMIA ypoBeHb 3aboreBaemMocT ropHopaboumx
TYroyxocTbto U BMOpauUMOHHON GONE3HbI0 Ha OTKPbITbIX FOPHbLIX paboTax CyLweCTBEHHO Bbl-
e, YeM Ha NoA3EeMHbIX.

3.1.5 Copocbl B BoAHble 06bEKTbI Npy A0ObLIYe pya

Cneundukon TeXHOMNOMMYECKOro npouecca Aobblun KonvyedaHHbIX pya sBnseTca o6-
pas3oBaHne XUOKnMx oTXo40B — KUCIbIX AebanaHCHbIX 3arpsa3HeHHbIX BOA: APEHaXHbIX U UH-
u1nbTPaUMOHHBLIX (B 3anagHon nutepaTtype HasbiBaembix acid mine drainage (AMD)). Bogpl
ABNAIOTCA OCHOBHbIMW MOCTaBLUMKaMWU TSXKembIX MeTansioB B OKpyXaloLyo cpedy (Hanpu-
Mep, akonorndeckun ywepd ot copoca AMD B NoBepXHOCTHbIE BOAOTOKM BaccenHa p. Ypan
OLleHMBaEeTCA B HECKONbKO AECATKOB MunnuapgoB pybnen B roa). Nommmo pacxogoB Ha
BO3MeLLeHMe 3Konornyeckoro yuepba npeanpuatus HecyT yObITKM U3-3a notepu co cbpo-
COM 4acTu LieHHbIX KOMMoHeHTOoB [82]-[113].

Mo mecTy 1 npoueccam 06pas3oBaHUSA TEXHOrEHHbIE BOAbI FOPHbIX NPEANnPUSATUN MOX-
HO pasgenuTb Ha cnegyrowue rpynnbi:

1) TEXHONOIrM4YEeCcKMe CTOYHbIE BOAbI MOPHOrO nepeferia — KapbepHbli BOOOOTNUB,
LWaxXTHbIN (PyAHWYHBIN) BOAOOTNNB, APEHAXHbIE BOAbI;

2) nogoTBanbHble BOAbl — U3-NMOA4 OTBasoB NycTon Nopoabl 1 3abanaHCoBbIX pya, U3-
noA OTBarioB OTXOAOB ObOraleHnsa n meTannyprium, ¢ NoLWaaoK CKNaanpoBaHus Chlpbs;

3) BOObI, NpPoAYyUMPOBaHHbIE aTMOCHEPHLIMU OCaKkaMu, — AOXAEBble C MPOMMIIo-
LWaaokK (IMBHEBLIE), OT TastHUA CHera ¢ NPOMMNIIOLWAaoK (Tanblie).

KapbepHble Bogbl — 3TO CMeCb NMBHEBbLIX, TamnblX U NOBEPXHOCTHbIX BOA, nonagato-
LWMX HENOCPenCTBEHHO B BblpaboTaHHOE NMPOCTPAHCTBO Kapbepa, a Takke Nog3eMHbIX Bof,
NOCTynalwLWmMX B NOA3EMHYHO APEHAXHYI0 CUCTEMY MW HA OTKOChI U OHO Kapbepa.

Mo cucteme BHYTpUKapbepPHbIX BOAOOTBOAHbLIX KaHaB 1 TpybonpoBoaoB (NMpy OTKPbI-
TOM BOLOOTIIMBE) UMK MO creumanbHbIM PeHaXXHO-BOAOMNPUEMHBIM BblpaboTKaM 1 CKBaXu-
Ham (Npu NOA43eMHOM BOOOOTNMBE) OTBOAATCA B rMaBHble BOOOCOOPHMKM U 3aTeM OTKayu-
BalOTCA BOAOOTNIMBHLIMM YCTaHOBKaMK Ha NoBepxHOCTb. B Tabnuue 3.9 npmBeneHbl xapak-
TEPUCTMKN KapbepHbIX BOA HEKOTOPbLIX NpeanpuaTuii MeaHO-LUMHKOBOrO Kommnekca Ypana
[114].

KauecTBeHHbIN COCTaB KapbepHbIX CTOYHbIX BOA Ha KaXX4oOM U3 KapbepoB cneumnduryeH
N 3aBUCUT OT YCNOBUA (POPMUPOBAHMUS, KIMMaATUYECKuX ¢pakTopoB, crocoba oTpaboTku B
rpaHuLax onpeneneHHoro KapbepHoro nons.

[MprOpPUTETHBIM 3arpA3HAIOLLMM KOMMOHEHTOM KapbepHbIX BOA, HanpasnsembIX C Tep-
pPUTOPUI KapbepoB B BOOOEMbI, ABMASIOTCA B3BELUEHHblE MUHEpParbHble, MMUHUCTbIE U Nblne-
BUOHbIE YacTuubl. B MakpOKOMNOHEHTHOM aHMOHHOM cocTaBe npeobnagarT cynbdartbl, B
MUKPOKOMMOHEHTHOM COCTaBe XapaKTepHbIMU AOMUHAHTAMWN ABASKOTCSA Meab, LMHK, XXeneso.
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O6beMbl CTOKOB KapbepoB 4OCTAaTOMHO MacliTabHbl (cMm. Tabnvuy 3.10), yawe Bcero
OHM 3arpsi3HEHblI HECKONBbKMMW 3arpsA3HUTENSMN N n3-3a BonbLUMX 06BHEMOB CUMNBHO BNUSAIOT
Ha 3KOCMCTEMY, KapANHANbHO CHMXaA Ka4yeCcTBO OKpY)KatoLLen cpeapl.
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Tabnuuya 3.9 — Xapaktepuctuka kapbepHbix Bog [114]

HasgaHue £ 3HayeHue xapakTepucTukn (cogepxaHue)
Nen/n | xapakTepucTuku Mgg::;“: " 3anagHoe- KamaraHckuii | YyanuHckui MonogexHoe TapHbepckoe me-| LLlemypckoe
(komMnoHeHTa) O3epHoe Kapbep Kapbep MECTOPOXAEHNE | CTOPOXOEHME MEeCTOpOXAEeHNE
1 pHpH 7,4 6,00 4,7-7,15 5,8 3,29-7 1 3,61—4,14
5 B3BelueHHble |Mr/gm® 68,4 25,500 275,0 H/A, 5,6-129 16,3-54,2
BellecTBa
3 Cyxol octaTok | mr/am® 2278 303,00 2660,0 400,0 489,6-2712,5 |685,8-3056,4
4 CynbdaThl mr/om® 1249,6 111,38 1532,4 H/A, 167,9-2056,9 587,6—-1059,4
5 Xnopwugbl Mr/am° 56,7 49,63 115,8 42,6 1,6-80,1 6,91-33,9
6 Meab Mr/am° 0,85 0,014 67,0 0,38 0,018-5,32 30,12-64,4
7 LUnHk mr/om® 27,19 1,611 189,0 10,8 0,357-37,4 1,8-5,2
8 >Keneso mr/om® 5,29 0,067 240 H/A, 0,171-100,1 23,0-124,5
obuiee
9 Kanbuun MMOJb- 118 2,40 20,0 H/n, 5,5-15,3 1,5-15,4
ake/am®
10 MbiLbsK mr/am® H/n H/n H/A H/n, Menee 0,002 MeHnee 0,002
Tabnuya 3.10 — lNoTepn UBETHLIX METANMOB C TEXHOrEHHbIMW BoAamu [114]
CpeaHue 3HayeHus koH- | Macca MeTanna

3
Mpepnpusitue HaumeHoBaH1enoToka SSEGM’ KoHueHTpaLws, Fi LeHTpauui, r/m’° B MoToke, T/rof
Cu Zn Cu Zn Cu Zn

MepgHoropckui CT1ok 6pukeTHOM habpurkm 150 10-65 1-30 37,50 15,50 49,41 20,42
MCK lMopoTBanbHbIE BOAbI 3 40-1100 20-3500 570,00 1760,00 14,98 46,25

O6beanHEHHbIN NOTOK LUAXTHBLIX W

nogoTBarbHbIX BOL MecTopoxae-|625 7,7-495 67,1-953,2 |250,00 510,00 1368,75 |2792,25

HUA «Y4anuHckoe»

LL0Z—€Z J1M
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CpegHue 3Ha4YeHus1 KoH-

Macca

mMeTanna

KoHueHTpauus, r/m® N
MpeanpusiTue HauMeHoBaHWenoToka SS:E’M’ HerTpat LeHTpaLmi, r/m® B noToke, T/rop
Cu Zn Cu Zn Cu Zn
Kucnein npya 250 0,01-2,2 4,2-251 1,11 14,65 2,42 32,08
Yyanuuckun NOK |Boga kapbepa «O6beanHeHHbIn» |50 0,01-0,25 |0,1-1,97 0,13 1,04 0,06 0,45
KapbepHble Boabl M- «Monogéx- (176 0,38-33,0 4.5 -78,0 17,0 41,0 26,2 63,2
Hoe»
LLlaxTHble Boabl M-a «Cubanckoe» [359 0,042-0,65 |0,227-2.35 10,35 1,09 4,05
MopoTBanbHble BOAbI uMHKcoaep- (109 18-350,0 68,1-985,0 184,00 527 100,80 503,2
PKaLLye
KapbepHbIe BOALI MECTOPOKACHUS | 4 0,014-0,059 |0,11-1,91  |0,04 1,01 0,01 0,41
«KamaraH»
Famcku TOK | Kucnas pyAnniHas Bona MeCTo-| ;g 219,00 160,00 21900 |160,00  |300,04 |219,21
poxgeHna «lanckoe»
MNopoTBanbHbIE BOAbI 89 220-760 415-420 490,00 417,50 382,02 325,50
KapbepHble BOAb! MECTOPOXACHUS | ) 0,05-0,19 |0,05-0,19  |0,12 0,12 0,21 0,21
«OceHHeex
KapbepHble BObl MECTOPOXAEHNS 54 063 114 063 114 0.30 0.54
«JleTHee»
MopoTBanbHsie Boabl MeCTOPOX-| 6.00 470 6.00 470 0.89 0.70
aeHus «JleTHeey
Eé‘l’(”GaeBC"”"' MopoTsantHele 4 284,30 125,00 284,30 125,00  |6,02 2,65
NToro 2227,59 |3639,51
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LaxTHble Bogbl — BOAbl, MOCTynawLwme B NOA3EMHbIE TOpHbIE BbIpabOTkM M3 noapa-
BGaTbiBaeMbIX BOAOHOCHbLIX FOPU30OHTOB, NOBEPXHOCTHbLIX BOOOTOKOB (BOAOEMOB) N ApEHaX-
HbIX BblpaboTOK. DTN BOAbI OKa3biBaAOT OTpULUATENbHOE BIIMSIHAE HA TEXHUKY U TEXHOMNOIMIO
BeAEHWsI TOpHbIX paboT 1 yxyalwatoT KayecTBo 4obbiBaeMOro nonesHoro nckonaemoro [114].
MpoHukatoT B BblpabOTaHHOE NMOA3EMHOE MPOCTPAHCTBO M MPOXOAAT Yepe3 BOAOOTNIMBHOE
XO35MCTBO LLAXThI.

LLlaxTHble BOAbl XapaKTepU3YyTCS 3HAYMTENbHBIMU pacxogamum — Ao 359 m/4®, lwmpo-
KnM amnanasoHoM pH cpeabl — OT CUIBbHOKMCIIONO 40 crnabolenoyHoro ¢ MMHepanuaaumen
oTr0,5004 r/p,lvl3. Mo cTeneHn MMHepanusauumn WwaxTHble BOAbl OTHOCATCS K KaTeropum cna-
60CONOHOBATLIX.

B MakpOKOMNOHEHTOM aHMOHHOM cocTaBe npeobriagatoT cynbdaTtbl B ME30- U MUKPO-
KOMMOHEHTOM KaTMOHHOM COCTaBaXx, XapakKTePHbIMW OOMWHAHTAMMU SBASKOTCA Mefb, LMHK,
Xeneso.

B Tabnunue 3.11 npuBedeHbl XapakTePUCTUKU LIAXTHbIX BOA NpeanpusTtui MeaHo-
LMHKOBOIro KoMnsiekca Ypana
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Tabnuuya 3.11 — XapakTepucTtuka WaxTHbiX Bog [114]

HavnmeHoBaHune

3HadeHne XapaKTepucTtukn (cop,ep>|<aHV|e OCHOBHbIX KOMI'IOHeHTOB)

Ne XAPAKTEPUCTHIN (KOM EavHuupl bepesosckoe PY CvBaiCKMi y .
n/n " [ usmepeHus T Brok FroK nbaiickui 3eMbrMHCKUN
NOHeHTa) w. «KOkHas» w.  «Cesep PYAHMK PYAHWK

HaaA»

1 pH 7.8 8,2 3,5-6,1 1,9-7,1 8,1 4-79

2 Sf:aeme””b'e BeWe vr/om 219 16,9 W 56,6 20,6 32-37551

3 Cyxom ocTaTok mr/am® 711,0 595,0 2277,1-3860,0 |4025,0 1257,0 2242-10210

4 Cynbdarhl mr/am® 342 190 745-1818,0 1916,0-34770 |606,8 1176,6-5963,3

5 Xnopwuapl mr/am® 44,0 50,2 327,5-709,0 376,4-1164,0 |54,2 102-340

6 Megb mr/om® 0,52 0,001 3,15-16,0 0,369-1920 0,042 0,07-46,1

7 UnHk mr/om® 0,120 0,01 3,50-18,0 0,075-0,3 0,227 8,89-322.2

8 YKeneso obOLiee mr/am® 6,6 1,4 1,43-37,5 0,067-10080 0,436 0,2-438

9 Kanbumn mr/am® 96,93 180 H/Q 29,04-32,4 5,4 338,7-691,3
Knacc 3arpsisHeHHo- QkcTpemarnbHo | OyeHb AKCTpemMarnbHO | QKCTpeMarbHO | QKCTpeMarnbHO | QKCTpeManbHO
CcTU rpsi3Has rpsisHas rps3Has rpsisHas rpsi3Has rpsi3Has
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CopepxaHne Mmeam N UMHKa konebnetca B WKMpokux npegenax (cm. tabnuuy 3.11) ot
3HayeHun cootBeTcTBYOWMX MOK ans pbiboxo3sancTBeHHbIX BogoemoB (bepesoBckoe) Ao
necsitkos mr/am® (Bypubaesckuin TOK). KoHUeHTpaums UBETHbIX METasSIoB B LWAXTHbIX BO-
pax npeebiwaeT MNOK B COTHM, TbiCAYM pas, U C STUMM NOTOKAMU TEPSIETCA 3HAUYMTENbHOE
konuyectBo MeTannos. CoaepxaHne Meaun konebnetcs B npegenax oT 0,001 (MOKpw6xos)
(MecTopoxaeHue «BbepesoBckoe») ao 1920 mr/am® (Maiickuin FOK).

Mpun exerogHom cbpoce bypmnbaesckum TOKom LwaxTHbIXBO4 B 06beme 56,6 TbiC. M
B peky noctynaet npumepHo 0,1 1 mean, 0,351 uuHka, 0,1 T xenesa, 360 T cynbdaTos,
238 1 xnopugos [114].

Boabl, npoayunpoBaHHble aTMOCEpPHbIMM Ocadkamu, ABNAKOTCSA Hanbonee onacHbl-
MU AN oKpyXKatowen cpenbl. Tanble U NMMBHEBbIE CTOYHbIE BOALI C NPOMMSOLWAL0K OTAnYaeT
CMOHTAHHOCTb 0Opa3oBaHMst U CaMOMPOM3BOSIbHOE CTEKaHUE C TEPPUTOPUN B NPUPOAHbIE
BOAOTOKM. JloKanmM3aumsi Takmx NOTOKOB MOXeT ObiTb OCyLLEeCTBNEHa Nub YacTUYHO. KoH-
LeHTpaumu meTannos B NogobHbix Boaax npesbiwatoT MK, ex0s B HECKOMBKO AECATKOB pas.
KoHueHTpauns Meamn u unHka B 3Tux Bogdax npesbiwaeT MNAOK.exos B AECATKN U AaXe TbICAYU
pa3 v gocturaet 600 u 900 mr/am® (Cnban) n paxe Heckonbkux rpammoB B nutpe (Cesep-
HbI MeaHO-UMHKOBbIM pyaHuK (CLIMP)) (cm. Tabnunuy 3.12).

Mpyn Hanuuun NPOMIMBHEBOW KaHanua3auum Ha npeanpuaTuax Tanble U NIMBHEBLIE
CTOYHbIE BOAblI OTBOASATCHA MO KONSIEKTOPY HA OYUCTHBIE COOPYXKEHUSI.

lMogoTBanbHble BOAbI — 3TO BOAbI, COCTaB KOTOPbLIX 00YCMNOBMNEH LMKIIMYECKMMU NPO-
Leccammn oCaxaeHus n pacTBOPEHUS MUHepanbHbIX a3 B pesynbTate MHPUNbTpauun ye-
pe3 Teno oteana (TBepable 3ackrnagnpoBaHHble 0TXo4bl U 3abanaHcoBble pyabl) aTMocdep-
HbIX OCadKOB.
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Tabnuuya 3.12 — lNokasatenu kadecTBa NOAOTBaSbHbLIX BOA rOpHbIX Nnpeanpuatni [114]

HassaHue

3HayeHue xapakTepuCcTukK (cogepxaHue)

EavHuya | Co YIOK YIOK BIroK MOK OAO «Cegartorop» CMLP
Ne | xapaktepuctu- HaMEpe- -
n/m K”) (komnoHeH-| EQS;HMCCK?: M K-y anumcroe MakaHckoe laickoe TapHbepckoe LLlemypckoe
Ta
MECTOPOXIEHNS MecTopoxaeHune MecTopoxXxaeHune MecTopoxaeHue MecTopoxaeHune MecTopoXxaeHune
Cyxon ocTa- 3 10000,0-
1 oK mr/gam° | H/g 40250 35794.,0 25000.0
CynbgaTbl 3 19917 69645,0— 49340,0-
2 mr/om®  [10793 4 18069,0 2463770339 | o 20 127362.0
3 [Xnopuael mr/am® [1773,0 86,8 106.4 82,4-582,6 425 993
4 |Menp mr/am®  |350,0 234,7 382.0 219,23-248,01 |402,5-2082 626.4—2900
5 |LnHk mr/am®  |600,0 985 1595 160,41-163,56 |2156,0-8680.0 |43,12—300
6 |/Keneso mr/am® 3737 722 849.0 216,270-785,1 |5459,0-9334,0 |3126,0-1545,0
7 |pH mr/am® |33 3,3 1,75 264 221-2.94 1,9-2.4
g |/Kecrocte ;"ISB’;;;AS 288,0 184,8 356,6 38,4-44,02 796-1000 260-298
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[MopoTBanbHble BOAbI CBOMM COCTaBOM FEHETUYECKM CBA3aHbl C 3acKriagMpOBaHHbIMU
B oTBanax maTtepuanamu. MetannbHas Harpy3ka obycrioBfieHa CKOPOCTbK OKUCIEHUs Ma-
Tepvana, onpefensieMoro COOTHOLLEeHUeM nrowanen KaTogHbIX (MMPUT M XanbKONUPUT) U
aHoAHbIX (CdanepuT U raneHnT) y4acTKOB Ha NOBEPXHOCTU CynbduaHbIX MUHepanos. dop-
MUPOBAHME KUCIbIX BOA C BbICOKOW TSXKeroMeTansfibHOM Harpyskon uenukom obycrnoBneHo
npoueccaMmm XMMUKO-DakTepnanbHOro OKUCIEHUNA CynbpunaoB B oTxogax Aobbium u obora-
LLeHns pya.

[MoTeHuManbHY0 9KOMOrMYeCcKyto ONacHOCTb MO COOEPXKaHUIO XKere3a U 0T4acTu LMH-
Ka NnpeacTaBnstoT OTBarbl, CHOXEHHbIE UCKITIYNTENBHO Cynbuacoaep)aliMmm nopogamu,
3abanaHcoBbiMK pygamn, a Takke 6e3bydepHbiMM MeTacomMaTuTaMu KBapLCEPULMTOBOIO
COCTaBa, rge nupuT ABNAETCA KUCNOTONPOAYLMPYOLWLMM MUHEPATIOM N UCTOYHUKOM TSXKenNbIX
meTannoB. Ocobyto 3KONOrMYECKY0 ONacHOCTb NPeacTaBnAlT cynbduacogepxailume 6pek-
YW, TEKCTYPHO-CTPYKTYPHbIE OCOBEHHOCTM KOTOPbIX CMOCOBCTBYIOT nepexony B pacteop Fe
nZn.

B Ttabnuue 3.13 npuBeaeHa obwan xapakTepuctmka KapbepHbIX, LWAXTHbIX U NOOOT-
BanbHbIX BOA, rOpHbIX Npeanpuatun Ypana, a B Tabnuue 3.14 — cpaBHeHWEe KOHLEeHTpaunm
MeTarnmnoB B HMX C KIapkom Ang Bof, 06pa3oBaHHbIX B 30He runepreHesa.
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Tabnuya 3.13 — O6Las xapakTepuctmka TEXHOTEHHbIX BOA rOpHbIX npeanpuaTtnin KOxHoro Ypana [114]

Cwubawckuin
AO «Yuanunckun MOK» dvnman Cwnbanckmn ounuan OAO «YIOK» OAO «bypubainckun TOK»
OAO «YIOK»
lNokasaTenb LLlaxTHble BOAbI LLlaxTHble
. Bogbl Kama- lNopoTBanbHbIE BOAbI
MNopgotBanb- | Y4yanuHcKoro OTtcTon- MNopoTtBanb- Boabl Cu- MpomnueHe-
. - raHcKoro MakaHcKkoro MecTopoXae-
Hble BOAbl MecTopoXxae- HblA NPy4 | Hble BOAbI balickoro Bble BOAbI
Kapbepa HUA
HUA pyaHvKa

Cyxon ocr., 28852 7400 4908 H/Q 1257,0 303,00 2431,0 35794,0
mr/om®
Cynedatsl, 12573,6 4630 2082 10793,4 606,8 111,38 167,9 18069,0
mr/gm®
Xnopuagl, 86,8 296 215,0 1773,0 54,2 49,63 651,9 106,4
mr/gm®
Menp, 119,7 67,0 0,3 350,0 0,042 0,014 0,029 382,0
mr/om®
Lk, 68,1-985 406 2,6 600,0 0,227 1,611 0,842 159,5
mr/gm®
Keneso, 168,0 388 0,54 373,7 0,436 0,067 0,083 849,0
mr/gm®
pH 3,3 4.7 7,5 3,3 8,1 6,00 7,700 1,75
KectkocTb, 184,8 24,1 H/p 288,0 7.3 5,00 15,90 H/p
Mr-ake/om®
Ceuiy/Cznqy 0,68 0,354 0,115 0,58 0,18 0,22 0,034 2,4
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Tabnuuya 3.14 — CpaBHeHUE KOHLEHTPaALNN METANSIOB C KNapKoM Ans TeXHOreHHbIx 8o [114]

HassaHue

Knapk, mr/om®

KoHueHTpauwus, C, mr/gm® (umcnurens)
KnapkoBas koHueHTpauus, C/K; (3HameHaTerb)

Eponnnya
Xapaktepuctmkm
(fomnozeHTa) M3MEPEHMS |5 MOBEPXHOCTHBIX B N043eMHbIX Bodax | KapbepHble LaxTHble NopgoTBanbHble
30HbI runepreHesa,| _ _
Bogax, Kns K min max min max min max
pH ea. pH - - 3,87 7,15 3,5 8,2 1,75 3,3
BaseLWeHHbIE | ; ; 25,5 275.,6 16,9 56,6 434  |3485
BellecTBa
Cyxoit ocTatok | mr/am’ : : 303 26607 5955  |4025 10000 |35794
Cynbdato! 5 111.38 15324 |190 34770  |2463.7 |85364.2
mr/am 8,25 76,6 1.45 20,01 248 45392 (3216 |1114.42
Xropuap! 5 18.17 115.8 4412|1164 824 1773
mr/am 5,75 59,7 0.30 1.04 074 1950 |138  |29.70
Meab Z 0014 67 4 0,001 1920 219.23 |1308.4
/ 0,007 0,0558
MIAM ’ ! 0.25 1207.89 0,02 34408.60 |3928.85 | 23448 03
LMK 5 1.611 189.7 0.01 18 116,04 |4818.9
2 414
mr/am 0.0 0.0 38,91 458213 0,24 43478 |2802.90 | 116398 .55
Keneo obuee | 004 0461 0,067 2403 0067  |10080 |21627 |6920
A ’ : 014 49958  |0.14 2095634 |449.63 | 1438669
XecTKkocTb MOIb . . 24 20,9 4 85 32,4 38,4 356,6
aks/am®
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KoHueHTpaunm meTannoB He BO BCeX MOTOKax MpeBbIalT Knapk, HO MOryT NpeBbl-
WaTb U B OECATKM ThiCAY pa3. BonbLUMHCTBO NMOTOKOB ABMAAKTCA METANNOHOCHBIMU, @ YacTb
MOTOKOB UMEIOT BbICOKYIO TSHKENIOMETanbHYI0 Harpy3ky — Gonee 10 Mr/AM> Mo Kaxaomy n3
TSOKENbIX MeTasnsos.

Bce xapaktepuctuku Bog onpenensiTca NpUpoaHbIMU U MCKYCCTBEHHBIMU (hakTopa-
mu. MNpupoagHble bakTopbl BKHOYALOT:

a) KnMmaTu4eckme (Konnm4yecTBO BbiNadatoLmx aTMocEepPHbIX OCaAKOB);

0) reomopdornormnyeckme (penbed MeCTHOCTU, CTENEHb OBHAXXEHHOCTU KOPEHHbIX NO-
poA, Hanmyne MHOroneTHen MepanoTbl, NOBEPXHOCTHbLIX TEKYLUMX BOA U Ap.);

B) rmgporeorniornyeckne (KonmyectBO BOOOHOCHBLIX MOPU3OHTOB, MX MOLLHOCTb, Hamo-
pbl, rMMapaBnMyeckas CBA3b C MOBEPXHOCTHbIMM BOAAMW, M3MEHEHWE BOLOMPOHMLAEMOCTU
nopog ¢ rnyéuHon v ap.);

r) reonormyeckne (NUTONOMMYECKMA COCTaB BMELLAKOLWMX pyaHble MUHEpanbl nopoa,
CTPYKTYPHble OCODEHHOCTU, TEKTOHNYECKAs HAPYLLUEHHOCTb);

K 4yncny McKycCTBEHHbIX (hakTOPOB OTHOCATCS:

a) cnocob 1 cuctemol paspaboTku;

0) cxeMbl BOAOOTBEAEHMUSA PYAHUYHbBIX BOL;

B) UCNOSNb3yeMbl€ TEXHOMOIMN OYMCTKN BOA, M YTUNU3ALMM LLNTAMOB.

Maponornyeckne n TEXHOIOrMYEeCKNe XxapakTepuCcTMkn no pyaHukam KOxHoro Ypana
npuBegeHsl B Tabnmue 3.15.
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Tabnuuya 3.15 — 'Mgponornyeckne n TEXHONOMMYECKNE XapakTEPUCTMKN TEXHOTEHHbIX BoA [114]

Ha ak-|6uHa |Twn Bog no |Koaddu- MNpowuns- H
3ana- N MeTanmnos
MecTo- by TMBHOW |Kapb- |YCMOBUAM |LMEHT Boponpu- |Cnocob Cuctema BOOMUTENb- Cu/Zn/Fe
poXaeHve ’ LUMpKy- |epa UMPKYNsi- | unbTpa- |[Tok, M4 | pa3paboTky pa3paboTkn |HOCTb,
ThIC. T | Hay. | KOH. B PyAHUYHbIX
nauun, | (wax- | umm uuu, m/cyT ThIC. T
BOAOax,
M Thbl), M 3
Mmr/om
YYanuHCKuUn pyaHbIn panoH
YyanuH- |77449 |350 |bo- |250 352 MopoBo- |0,14-0,58 |243,5 KomMOuHu- KamepHo- 3500 1400 |67,0/189,0/
cKoe nee TpeLUnH- POBaHHbIN Luenukosas 240
600 Hble, C 3aKnagkom
TPELUMH- Bblpabo-
Hble, TaHHOro
TPEeLUnH- npocTpaH-
HO- cTBa
XUnbHblE
BepxHeypanbCckuii pyaHbii panoH
Y3enbrmH- | 30989 130 | 1600 (202 771 MnacTtBo- |M3meHsa- [280-350 |[loa3emMHbii | OTa)KHO- 2200 0,07-
ckoe TPEeWmH- [t0TCcs no- KamepHas, 46,1/8,89—
Hble, rnybuHe KamepHo- 322,2/
TpewwmHo- [oT 0,005 LenukoBas, 0,2-438
*unbHble |go 0,074 ropn3oH-
nfacro- TanbHblE
Bble cnov c 3a-
Knagkou
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lpodomxkeHue mabnuusi 3.15

Ha ak-|6uHa |Twn Bog no |Koaddu- MNpowuns- H
3ana- - MeTanmnos
MecTo- by TMBHOW |Kapb- |YCMOBUAM |LMEHT Boponpu- |Cnocob Cuctema BOOMUTENb- Cu/Zn/Fe
poXaeHue ’ LUMpKy- |epa UMPKYNsi- | unbTpa- | ToK, M°/y pa3paboTku pa3paboTkn |HOCTb,
TbIC. T | Hay. |KOH. B PYAHNYHbIX
nauun, | (wax- |umm uuu, m/cyt ThIC. T
BOAax,
M Thbl), M 3
Mmr/om
Monopex- | 15909 |70 (480 |175 260 TpewwuH- |M3BecT- |60 KoMbuHupo- |3TaxHo- 400 0,38/10,8/
Hoe Hble, HAKN — BaHHbIN KamepHas, H/A
TpelwunHo- (4,5, KamepHasi C
XunbHble |nopdu- JOCTaBKOW
pbl, pyabl CUIoW
Tydbl, B3pblBa "
Oasanb- 3aKnagkomn
Tbl —
0,02—-
0,026.
Pbixnble
oTnoxe-
HUA —
0,0067—-
0,257
Anex- 6242,4 |30 (300 |H/g 80 pyHTO- |HA 112 MoasemHbin | C obpywe- (400
CaHOpWH- Bble BOAbl HUeM pyabl 0,18/2,4/4,7
cKoe n nopon
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lpodomxkeHue mabnuusi 3.15

Ha ak-|6uHa |Twn Bog no |Koaddu- MNpowuns- H
3ana- . MeTanmnos
MecTo- by TMBHOW |Kapb- |YCMOBUAM |LMEHT Boponpu- |Cnocob Cuctema BOOUTENb- Cu/Zn/Fe
poxaeHue ’ LUMpKy- |epa UMPKYNsi- | unbTpa- | ToK, M°/y pa3paboTku pa3paboTkn | HOCTb,
TbIC. T | Hay. |KOH. B PYAHNYHbIX
nauun, | (wax- |umm uuu, m/cyt ThIC. T
BodaXx,
M Thbl), M 3
Mmr/om
Banmakcknin n Cnbanckmii pyaHble panoHbl
HwxHas 6419,4 1300 |750 |124 525 TpewnH- |N3mena- |359,5 MNop3emubin  |[MoaTaxHoe |400
3anexb - Hble, oTCs Mo obpyLieHne
Cubawncko- 400 TpewmHo- |rnybuHe C TopLEeBbIM 54,2/0,042/
ro »XunbHole |oT 0,018 BbIMyCKOM 0,227
MeCTO- no 0,05
pOXaEeHUN
Kamarah- o (135 [105 150 |TpewwuH- [U3meHs- 230 OTKpbITbIN C yrny6kon |300
cKoe 250 Hble, l0TCA MO Kapbepa 0.014/1.611/
TpewwmH- |rnybuHe 0.067
HO- ot 0,055 ’
»unbHble |go 0,14
Bypubaesckuin pygHbIn panoH
OkTtabpb- |9700 |50 |542 |H/g H/O "pyHTOBO- |H/A 176 MoasemMHbii | OTaxHoO- 218
ckoe nopoBble, KamepHas 16,0/18,0/3
TpeLmnH- C 3aKnagkomn 7,5
Hble

["ancknn pygHbI panoH
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OkoHyaHue mabnuuypbi 3.15

Ha ak-|6uHa |Twn Bog no |Koaddu- MNpowuns- H
3ana- . MeTannos
MecTo- by TMBHOW |Kapb- |YCMOBUAM |LMEHT Boponpu- |Cnocob Cuctema BOOMUTENb- Cu/Zn/Fe
poxaeHune ’ LUMpKy- |epa UMPKYNsi- | unbTpa- | ToK, M°/y pa3paboTku pa3paboTkM | HOCTb,
ThIC. T | Hay. | KOH. B PyAHUYHbIX
nauun, | (wax- |umm uuu, m/cyt ThIC. T
BoJaXx,
M Thbl), M 3
Mmr/om
lanckoe 32700 {100 (1750 (170 1532 |TpewmHo- |3meHa- |310 KoMbuHupo- |3TaxHo- 3800 0.369
’ oo B0 | myuHe T | sacankon 19200075~
A OTy13ﬂo A 0,3/0,067—
0,24 10080
JleTHee 1200 |W/g |H/g  |141 140 |IpyHTOBO |0,19-0,2 |54 OTKpbITbIN C yrny6kon |200
nopossble, Kapbepa
rPYHTOBO-
TPELIMH- 5/1,2/2,5
Hble,
TpewmH-
HO-
KUIbHblE
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O6bem 0bpasyloLmNXCs TEXHOrEHHbIX BOA, NPU COMOCTaBUMbIX MPOM3BOOUTESNTbHOCTAX
pyaHWKoB Gonblue npu Nog3eMHon oTpaboTke MeCTOpOXAEHNA. 3aBUCUMOCTN MeXay Kaye-
CTBOM BOA W NpeAcTaBneHHbIMU rMOpOSIOrM4eckKMMn U TEXHONOIMYECKUMU XapaKTepucTmKa-
MK He HabntogaeTca. KayecTBo BoA 3aBUCUT OT COBOKYMHOCTU XapaKTEPUCTUK.

K dbopMrMpoOBaHUIO arpeCcCcuBHbIX OKUCIIMTENbBHbBIX BOA W NEpexoay B pacTBOp NeMEH-
TOB, BXOAALMX B COCTaB CynbduOoB MONMMETAnNIoB M nopogoobpasyrowmnx MUHeEpanos,
NPUBOAMWT NPUCYTCTBME KONOMOPHOro nupuTa.

B 30He BNMAHMSA rOpHbIX BbIPAOOTOK M TEXHOrEHHbIX 0bpasoBaHU o0bpasyoTcs aHo-
ManbHO KuUCIble Cynb(aTHble BOAbl, XapaKTepusylLwmecs yBeNMYeHWeM KOHLUEeHTpauun
XanbKOMUITbHbIX 3fIEMEHTOB CaMUX OKUCHSIOLWUXCH cynbduaos, (K HUM oTHocsaTes Fe, Cu,
Zn, Pb, Cd, Co, Ni, As, Mo, Se, Te) 1 anemMeHTOB, NepeEXOasiLLMX B arpeCCUBHbIE KUCTIbIE BO-
Aabl n3 nopog: Al, Be, Si, Sc, Ga, Nb, Li, Cs n gp.

B nopoTtBanbHbiXx BOAAax MOHOPACTBOPEHHaA Medb MPeuMMyLLECTBEHHO HaxoauTcs B
cdopMe HerngpaTMpoBaHHoro uoHa Cu?*, a umHk B copme Zn?*. [ons mean B dopme
[CuOH+] Bo3pacTaeT B pyAHU4YHbIX BOA4AX U €€ coaep)XaHue CpaBHMBAETCA C cofepXaHnem
Meau B popme Cu?* (tabnuua 3.16).
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Tabnuuya 3.16 — PacnpeaeneHne meTannoB B TEXHOIEHHbIX BOAAX MeXAY MOHHOM 1 B3BELLEHHON hopmamm [114]

HanmeHoBaHMe noToka

pHpH

Eh, mV

KoHueHTpauusa

MOHOPACTBOPEHHOTO

MeTanna, Mr/am

(1)

MpoueHTHOe COOTHOLWEHNe MeTannoB B pacTBopeHHon (l)
BO B3BeweHHowu (II) dpopmax, %

megbMegb UMHKLIMHK KenesoXeneso
Cuy, Zn,. Feosu obuiee

(1) (1) (1) (1) () (1)
S‘r’gima”"”b'e BOARlI3 35 434  [69,01  |17047 |288,00 |9465 |5,35 9948  |0,52 36,20 |63,80
LLaxTHble Boabl YITOK 3,57 |256 12,00 142,50 117,60 93,17 6,83 98,91 1,09 4515 |54,85
laxTHele Boasl YTOK 6,20 |157 29,30  |103,00 19,20 9155 8,45 97,12 |2,85 4726 |52,74
MogoTBanbHble BOAbI Me-
CTOPOXEHNS 27 |498 9207 |7956,5 |8904,69 |9625 375 9923 0,77 5822 (41,78
«TapHbepckoe»
rlO,D,OTBaJ'IbeIe BOAbl Me-
CTOPOXEHNS 224 (520 |2001  |8600 |16512,83 |98,17  |1,83 9923 0,77 643 |357
«LWemypckoe»
KapbepHble BOALI MECTO- | o7 151y |34 4 372  [1726 92,4 76 9923  |0,77 5226 |47,74
poxgeHna «LLemypckoe»
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B tabnuue 3.17 npuBeaeH ananasoH CoaepXXaHnin OCHOBHbBIX KOMMOHEHTOB KATUOHHO-
r0 M aHWOHHOro CcocTaBoB U pH, kak 0606LEeHHan xapakTepucTMka pyaHNYHbIX U NogoTBarb-
HbIX BO, rOpHbIX npegnpuaTtui KOxHoro Ypana.

Tabnuuya 3.17 — O606LEHHAs XxapaKTepUCTUKA PYAHNYHBIX U NO4OTBANbHbBIX BOA FOPHbIX
npegnpuaTtui KOxHoro Ypana [114]

Hassauue TexHoreHHble BoAbl FOPHbIX NPEAnpUATUNA
EannHunupl
XapakTepuCTUKU KapbepHble LaxTHble MogoTBanbHble
N3MepeHns
(komnoHeHTa) min max min max Min max
pH en. pH 3,87 7,15 3,5 8,2 1,75 3,3
B3BelleHHble 3 25,5 275,6 16,9 56,6 43,4 348.,5
Mr/am
BellecTBa
Cyxown octaTok mr/am® 303,0 |2660,7 [595,5 |4025,0 10000,0 357940
CynbgaThl mr/am® 111,38 [1532,4 |190,0 [34770,0 |2463,7 85364,2
Xnopuapbl mr/om° 18,17 [115,8 4412 [1164,0 |82,4 1773,0
Menb mr/om° 0,014 |67,4 0,001 |1920,0 (219,23 1308,4
LnHk mr/om° 1,611 189,7 0,01 18,0 116,04 4818,9
YKeneso obwee |mr/gm’ 0,067 |240,3 0,067 |10080,0 |216,27 6920,0
YKecTKoCTb Mr-aks/am° | 2,4 20,9 4,85 32,4 38,4 356,6

N3 aHanusa reoakonornyeckon 0GCTAHOBKM B paiioHax ropHoAoGbIBaoWMX npeanpu-
ATUA cnegyeT, 4To hopMUpYOLWMECS PYOHWYHbIE M NOAOTBaNbHble BOAbl MPeACTaBnsioT
OFPOMHYH 3KOJTOTMYECKYH0 ONMACHOCTb, NMOCKOMNbKY 3arpsi3HEHbl TSHXKENbIMU MeTannaMm, KoTo-
pble He acCUMUMMPYITCS GUOTON NPUPOAHBLIX BOAOEMOB. TexHOreHHble BOAbl Mpu OTCYT-
CTBMM MpUTOKA MOBEPXHOCTHbIX M MOA3EMHbLIX BOA C BOAOCOOPHbLIX TEPPUTOPUIA B PEKU-
BOOOMPUEMHUKN MoasiexaT o4YMcTke 4O HOpM, KoTopble npubnumxkatotcs kK Hopmam MOK ans
BOJOEMOB PblGOX03ANCTBEHHOIO 3HAYEHWSI.

3.1.6 Bo3gencrBue npu NnMKBUAaLmMmn

C npekpaweHnem OeATenbHOCTU ropHodobbIBatoWEero npeanpuaTnsa npekpawaeTcs
BO3JENCTBME €ro Ha OKpYXKaloLLyto cpefy, B TOM Yucne:

1) 3bsATME NONE3HbIX UCKONAEMbIX U3 Heap;

2) N3bATUE N HapYyLUEHNE 3eMernb;

3) BbIGPOCHI 3arpsi3HSOLLMX BELLECTB B aTMOCeEpy;

4) oTKayka n cbpoc CTOYHbIX BOA B rugpocdepy;

5) paamelLeHne BCKPbILLHOM NOpOoAbl U OTX040B 06oraleHus;

6) wym n Bnbpaumnsa ot 6ypoB3pbIBHbIX 1 ApYyrux pabor.

C 3TOro BpeMeHu NposiBRATCA NOCNeACTBMA Npeablaywmx cTaguin OCBOEHUSA MECTO-
POXOEHNS:

1) Npy NpekpaLleHnn BOA4OOTNMBA NOAHUMAETCH YPOBEHb FPYHTOBLIX BOZ;

2) BbllenavYmBaHme XMMU4ecknx KOMMNOHEHTOB, BbiMbiBaHWE MX U3 OTBasrioB U MuUrpa-
LS B BOQOHOCHbIE FOPU3OHThI;

3) noctynneHne B atmocdepy MeTaHa, NPOAYKTOB CropaHus yrnem v nopog B OTBa-
nax;
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4) akTuBM3aLmMsl NpoBarnoB, oceaaHn, ONon3Hen, NPOMOUH, 3po3uni, cMbiBa, 3abona-
YMBaHUS;

5) BbIBOA 13 NOSIb30BaHUSA HAPYLUEHHbIX 3€MESb.

OcHoBHble BUAbI paboT Npu NUKBUOALMK FOPHbIX NPeanpUsaTUA, OKasbliBatowme Hera-
TMBHOE BO3ENCTBME Ha OKPYXKatoLLyO cpeay:

1) KOHCepBaUMa 1 NNKBUAALMSA FOPHbIX BbIpabOoTOK;

2) DEMOHTaX 34aHUN U COOPYXKEHUN;

3) TyLleHne XpaHunumLy XBoctoB Aobblum 1 oboralleHus;

4) pekynbTBaLnsa HapyLUEHHbIX 3eMErb;

5) akcnnyatauma TexHukn 1 ob6opyaoBaHuS.

Mpn nukBMgauMm BO3MOXHO 3arpsi3HeHMe aTMocepHOro Bo3ayxa TBepabiMu U raso-
obpasHbiMK BellecTBaMn, pa3MeLLeHNE OTXOL40B OT AEMOHTaXa 34aHnn N COOPYXeHUn, 06-
pas3oBaHWe 3arpsi3HEHHOro NOBEPXHOCTHOIO CTOKa NMPOM3BOACTBEHHbIX BOA B BOAHblE 00bEK-
Thl.

OCHOBHbIE aMUCCKM 3Tana NUKBUAALUNMN:

1) BbIBpOCHI ra3006pasHbIX U TBEPAbIX 3arpA3HAILLNX BELECTB;

2) XMMun3aums cpefbl 3a CHET NPUPOLHOrO BhiLENavymMBaHus;

3) cObpocChbl 3arpsA3HEHHbIX BOA;

4) pa3MeLLeHne CTPOUTENbHbBIX OTXOA0B OT AEMOHTaXa 34aHUN U COOPYKEHUN;

5) wym, Bnbpauus, anekTpoMarHuTHoe nU3nyveHue.

3.1.7 Bo3gencrteue npu pekynbTuBaLmm

PekynbTuBaumMs MMeeT LeNbio BOCCTAHOBMEHUE 3eMefb, HapyLleHHbIX B npouecce
A06bI4n 1 oboralleHnst NoNesHbIX UCKoMaeMbIX.

OcHoBHble BMAbl paboT, OKasbiBalOLMe HeraTUBHOE BO3AEWCTBME Ha OKpYXKatoLlyto
cpeay:

1) NnaHMpoBKa, CHATME, TPaHCMOPTMPOBaHWE 1 pacnpeneneHme noYB 1 NNoLOPOLAHbIX
nopon;

2) arpoTexHuyeckme n butoMennopaTMBHbIE MEPOMPUATUS MO BOCCTAHOBIIEHUIO MIO-
A0POANS;

3) akcnnyaTtauma TeXHUKU 1 06opyaoBaHNS.

[Mpy BbINONHEHUM PEKYIbTUBALMOHHBIX PaboT BO3MOXHO 3arpsisHeHne aTMocgepHoro
BO34yxa TBepAbIMU 1 ra3oobpasHbiMU BeLeCTBamMu, NepeynyioTHEHNE U 3arpAa3HeHMe NoYBbI
N TPYHTOB B pe3ynbTaTte NpUMeHeHNa TEXHUKU. BO3MOXHO camoBO3ropaHue yrrepoacoep-
Xawmx nopog u Bblbpoc B aTMocdepy rasoB u caxu. MoxeT ObiTb onacHbIM (PU3NKO-
XMMUYECKOE BO3LOENCTBME NPU BHECEHUN MUHEPANbHbIX U OpraHN4yecknx yoobpeHun, a Tak-
Xe NpuBHeCceHWe HexernaTenbHbIX Ans cpedbl BUAOB (Propbl U dhayHbl.

3.2 O6oraueHue pyAa LUBETHbIX MeTannoB

3.2.1 BbiObpocbl B aTMocepy 3arpA3HAIOLWMUX BelecTB

McTouHnkamm neineobpasoBaHus npu oboraweHnn pya sBnsoTCs:
1) 4pOBUNBLHO-COPTUPOBOYHBLIN BIIOK C yCpeaHUTENbHbIM CKNagoM WM y3namu nepe-
rpy3Ku pyabl, OpraHNM3oBaHHbIE Ha OTKPbITOM nnowagke. MNMpun NCnonb3oBaHUKM 3aKpbITbIX NO-
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MeLeHnn (NaBUITbOHOB) BbIOPOCHI MbIf MPOUCXOOAT M3 CUCTEMbI acnvpauun (yganeHus
nbinn). isamenbyeHne gpobneHbix pyn NpoM3BOASAT B BOAHOW cpeae 6e3 nbinieBon Harpysku
Ha OKpYXatoLLyLo cpeay;

2) nnowagka gnst NpUroToBrEHNUsI PacTBOPOB peareHToB, Ha KOTopon obpasyoLlinecs
rasel MOryT ObiTb SAOBUTbIMM M FIErKOBOCMNSIAMEHSEMbIMU, UMETb HEMPUATHbIA 3anax
(Hanpumep, cepoBOAOPOA NPU PaCTBOPEHMM CEPHUCTONO HATPUA U CynbrnapuribHbIX cobu-
patenen). N3rotoBneHve HeraweHoW M3BECTM COMpOoBOXAaeTCs BblOpocamu yrrnekucroro
rasa, a ralleHon — Tenna n BoAsHOro napa.

3) npouecchbl oboraweHmsi ¢ UCNOSb30BaHMEM XMMUYECKUX peareHToB, B TOM 4uUche
Tpebylowme Harpesa nynbmnbl, YTO CONPOBOXAAETCHA BbIOPOCOM ra3oB — OKCMAOB a30Ta, Yr-
neKncnoro rasa, oMokcuaa cepbil;

4) npouecchbl KUCNOTHOrO U BakTepmnanbHOro BbllLenayYnBaHnsa pya ¢ BbIbpocom B aT-
Mocdepy Yrnekucnoro rasa u cepoBogopoaa;

5) npouecc pereHepaumm KepaMmnyecknx (uUnbTPYHLMX NOBEPXHOCTEN a30THOM KUC-
NOTON, B3aMMoOAeNCTBYyHOLWEN C CyNbpPuaHbIMM MUHepanamu ¢ obpasoBaHMeM LuoKcuaa
asoTa — A40BMTOrO rasa, okasblBalLero BpeHoe BrUAHWE Ha OKpYXaloLly cpegy U Ha
3[0pOBbE YENOBEKA;

6) CyLLKa KOHLIEHTpATOB B HarpeBaeMom Ma3yToM b6apabaHe ¢ BbIGpOCOM AbiMa, Mbinn
N OMokcuaa cepsbl;

7) cknagbl TOBapPHbIX KOHLEHTPATOB, Y3rbl 3arnofiHeHUs Tapbl NpyU OTrpy3ke NoTpedbu-
Tento. Mpn cknagnpoBaHuK, NOrpyske M TPaAHCMOPTUPOBKE KOHLIEHTPATOB BbIOPOCHI Nbinn
AOMNOJTHAKTCA BbLIXNOMNHBLIMK ra3aMn TPaHCMOPTHbLIX cpeacTs. [Mpu cknagMpoBaHUN KOHLIEH-
TPaToOB B 3aKPbITbIX XpaHUNMLLIAX BbIOPOCHI OrpaHNYMBAOTCS BbIXIIOMHLIMU ra3aMm TpaHC-
MOPTHLIX CPEACTB NpW NOrpy3ke 1 NepeBo3Ke;

8) XxBOCTOXpaHMMLLLE MOXET BbI3biBaTb NblfieBble BbIOPOCHI, 3arpsi3HEHNE BOAOEMOB U
pacnpoCcTpaHATb HENPUATHbLIN 3anax.

Mo nbinblo nogpasymeBaloT TBepable YacTuubl pasmepom meHee 0,1-0,5 mm. lMopg
NPOMbILLIIEHHOW MbIfbI0 NMOHUMAKOT AUCMEPCHbIE CUCTEMbI, COCTOSLLME U3 TOHKUX TBEPAbIX
yacTuu 1 Bo3gyxa (aspo3ofb).

MbiNb Nogpa3gensoT Ha AO0BUTYIO U HESA0BUTYHO. K nepBown rpynne OTHOCUMTCS Mbifb
CBUHLOBbIX PYA, MbILWbSAKOBAs, PTyTHas, pagvMoakTUBHAs Mbifib ypaHa, Topus, Tennypa, ac-
Becta n 1. 4., KO BTOpoW rpynne — nbifb, cogepxawias csobogHyo SiO, B ee kpuctannmye-
CKOM Moaudpukaumm (kBapu, Kpuctobanut, Tpuammut un ap.). AucnepcHeln coctaB Mbinn 3a-
BUCUT OT €€ BMAa, MMHEPANoOrM4eckoro coctaBa MCXO4HOro MaTtepuana u TeXHONOrMYEeCKNX
npoueccoB, Bblaensawwmx noiib. B Tabnuue 3.18 npuBeaeH ancnepcHbli COCTaB Mbinn, B3si-
TOW 13 BO3A4yXa B MecTax Nnepecbinky pyabl 3 opobunku Ha KoHBenep.

Tabnuya 3.18 — [ucnepcHbin COCTaB MbIM B BO34yXe Ha MeCTe Nepechbinku pyabl
n3 gpobunkn Ha KoHBenep

Paamep yactumu, MKm
Konnyectso nbinuy, |Yncno vactuy, nNbin Conepxarme dpakLun, %
mr/m® B 1 cm® Boaayxa AP paKLin, “o
<1,2 1,2-4.,8 4,8-9,6 >9,0
1138 36475 80,1 18,7 1,0 0,2
— 15120 76,3 23,4 0,3 He obHapy-
979 17065 78,4 19,6 2,0 XKEeHOo
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3anblNeHHOCTb BO3ayxa okono paboTatowero obopyaoBaHUsa pasnmMyHa U 3aBUCUT OT
CBOWCTB nepepabaTbiBaeMoro Cbipbs, €ro BMaXXHOCTU, FrepMETUYHOCTU KOXYXOB U YKPbITUN
obopyaoBaHus, HanNnU4Mss MECTHOM acnvpauum u gp. 3anbiieHHOCTb Bo3dyxa Mpu rpoxoye-
HUW kone6netcs: ot 20 Ao 150 mr/m>. Mpu OTCYTCTBMU YKPbITUW TPOXOTOB 3anblfIEHHOCTb
Bo3ayxa gocturaet 800—1000 Mr/M>, a ¢ yKkpbITUAMU — cHkaeTcs B 5-10 pa3. Bonbluoe
KONMYeCTBO MbINM BblgensieTcs npu paboTte BMbpaunoHHbIX rpoxoToB. Npu apobneHnn no-
Ne3HbIX NCKOMAaeMbIX TaKKe NPOUCXoaNT curbHoe nbineBblaeneHne. OcCobeHHO aTO OTHOCUT-
CS K MOSIOTKOBbIM Apobunkam, npyu paboTe KOTOPbLIX BHYTPU KOXyxa co3gaeTcs n3bbIToYHoe
AasreHuve, paBHoe 2—-3 Kr/M?., [Mpn paboTe WapoBbIX N CTEPXKHEBLIX MESbHUL, €CNU N3MENb-
YeHue NPonCXoaMuT B CyXOM BuAae, Takke obpasyetca 60nbLuoe KonmyecTBo nblfin. KoHycHble
1 Bankosble Apobunkn paboTaloT ¢ MEHbLUMM MNblneobpasoBaHMeM. Ha NeHTOYHbIX KOHBeWe-
pax 6onblue BCEro BblAenseTcsa nblfiv B XBOCTOBOM U rofioBHOM Yactsx. OcobeHHOo cunbHoe
NbineBblgeneHne NPoNCXoanMT B MecTax nepenagoB Mckonaemblx. Takmm obpa3om, OCHOB-
HbIMW MpUYMHaMM 0Bpas3oBaHUA MbiNW ABMAKTCSA APOONEeHne n namenbvyeHve B npouecce
A06bI4N MMHEPANbHOTO Chipbsi, @ TaKke TeXHONorm4eckom obpaboTkm N TPaHCNOPTUPOBAHMS.
MosiBneHue nbinu B Bo3ayxe obycnoenvBaeTcs paboTon TEXHOMOMMYEeCKOro n TPaHCNopTHO-
ro obopygoBaHus 1 y6opKon nbiniu.

B cuny Toro, 4to XBOCTOXpaHUNULLLA NUMEIOT BOMbLUYIO OTKPbITYIO MOBEPXHOCTL (OeCAT-
K/ U COTHU ThbICSIY KBagpaTHbIX METPOB), CIIOXEHHYH MENKOAMCNEPCHBIM MbIISWNM MaTepu-
anoMm C pasnUYHOM KPYMHOCTbIO YacTul (Mecku, Wnbl), OHO SIBMSETCA MOLLHBIM NPU3EMHbIM
MCTOYHMKOM HEOPraHM30BaHHOIO MOCTYNNEHNSA 3arpsA3HAOLLMX BelecTs B aTmocdepy B pe-
3ynbTaTe:

1) 3arpsa3HeHMa aTMOCEepPHOro Bo3ayxa 3a CHYET MNbIfIEHNS;

2) 3arpsi3HeHns 3emerb Yepes3 BETPOBOM YHOC MbifN.

MbineHnto cnocobCTBYIOT: PaCMONIOXEHHbIN Bbille YPOBHS 3€MN NASXK XBOCTOXPaHU-
nuwa Gonbluon nnowaan, cyxaa U BeTpeHas noroga, cyxme boprta orpaxgarowmx gamo wm
y4yacTkm mexagy aambon obsanoBaHWA M ype3oM BoAbl Npyaa-oTCTOMHMKA. 3anax (Hanpu-
Mep, CEPOBOAOPOAA) MOXET UCXOOUTb OT BO3MOXHbIX XMMUYECKMX U BUONOrMYecKknx peak-
LM, NPOUCXOAALMNX B NPYAE-OTCTONHUKE.

OCHOBHbIMM UCTOYHWKaMW 3arpsi3HEHUs1 aTMOCKEpPHOro BO34yXa XBOCTOXPaHWUIMLL,
ABNAOTCSA BbICOXLUME MOBEPXHOCTU MIISHKEN, HAMbBITbIX U3 HECBA3HbLIX TPYHTOB U OTKPbITbIE
NOBEPXHOCTU Orpaxgarowmx coopyxeHun (rpebHmn n otkocbl gamb un nnotuH) [41]. Hanbonb-
LY ONAaCHOCTb NPeACTaBNAT XBOCTOXPaHUNMLLA, HAaXO4sLWMeCs B CTaaMM HapalMBaHus.
OnbIT akcnnyaTtaumm nokasbliBaeT, YTo obecneynTb NOABOAHYIO YKMaAKy XBOCTOB MO BCEN
nnoLaan XBOCTOXpaHUNULLa NpakTudeckn He ygaetcs. [1oaToMy aaxe B HanMBHbBIX XBOCTO-
XpaHunuiax no nepudgepun obpasytoTca HaaBOAHbIE MKW, KOTOPbIE B CYXYH U BETPEHYIO
norogy siBASAOTCA NOCTOAHHBIMU UCTOYHUKaMK Nbinu [79].

MoaHMMatowasncsa ¢ NOBEPXHOCTU Mbiflb HE TONMbKO OTpUUATENbHO BAUSIET HA CaHuU-
TapHO-TUTMEHNYECKNE YCITOBUSA XWIbIX MACCMBOB U NMPOMbILUNEHHBIXNPEANPUSATUI, HO U Ha
COCTOSIHME OKPYXKaOLLMX CENbCKOXO3ANCTBEHHbIX YrOAWWA, KOTOpble 3aCOpsItOTCS MblneBua-
HbIMW MaTepuanamu.

3.2.2C0Opochbl 3arpA3HALWUNX BeWweCcTB B BOAHbIE OO BLEKTbI

3.2.2.1 O6wume nonoxeHus
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NcToyHnkamun 3arpsisHeHns BOAHbIX OOBEKTOB Mpu oborawleHnn ABNATCA OTXOAb!
oboralleHnsa pya, ckrnagvpyemble B XBOCTOXpaHUNULLIAX, Xuakasa dasa KoTOpbIX COAEpXUT
XMMUYeckne BellectBa — (PrioTauMOHHbIE peareHTbl, UCNOSIb30BaHHbIE MpU pasgeneHun
MuHepanos [89]-[114].

YpoBeHb BOAbl B XBOCTOXPaHUIULLE PeErynvpyloT nyTeM yaaneHusa sodbl (cnvea) u3a
npyaa Yepes BogocOpocHbIn konoaew. Cnue 06bIYHO HanpaBnAT B OTCTONHUK, U3 KOTOPOro
BOAY MOCne KOHOMLMOHMPOBaHWA BO3BpaLaloT B 060poT (Mpy Hannumm o60poTHOrO BOAO-
CHabXxeHuns) unm oumatoT 1 copacbiBaloT B BOAOEM UNKU Ha pernbed MEeCTHOCTH.

Kpome nnaHoBOro perynupyemoro cbpoca CTOYHbIX BOfA, Yepe3 famby XBOCTOXpaHU-
nuua MoXeT npocaymBaTbCs MHpUNbTpaT. [Ans ero cbopa cylectsyeT oOBOAHON KaHar, 13
KOTOpPOro BoAy BO3BpaLLalOT B XBOCTOXpaHMMMLLE nnu cobpacbiBaoT B BOOOEM, €CIM MO CBO-
€My KayecTBy OHa npurogHa ans atoro. VIHpunbTpauma BO3MOXHa B NOA3EMHbIE BOAbI Ye-
pe3 OHO XBOCTOXPaHUMuLLA, eCrii OHO He YMIOTHEHO UCKYCCTBEHHbIMU NMPOTUBOGUbTPaLIN-
OHHbIMW MaTepuanamu (Hanpumep, NOSIMMEpPHoEe MfIEHOYHOE MOKPbITUE, BEHTOHUT, FMUHA-
HbIA 3aMOK M T. M.), @ FPYHT OCHOBaHMUS XBOCTOXPaHUNULLA SBISETCA BOAONPOHULIAEMbIM.

3akncrneHne BOA4 M UX 3arps3HeHue TsXenbiMM MeTasnnamu HeraTMBHO BAUAIOT Ha
BOAHbIE OpPraHN3Mbl, @ TakKe Ha XO35IMCTBEHHOE U peKkpeauoHHOEe UCMOob3oBaHe BOA.

lMponsBoacTBeHHas AeATENbHOCTbL oboraTuTensHon habpukn MoXeT BbiTb NPUYNHON
YXYALUEHUSA COCTOSIHUS BOAHbIX OOBEKTOB M MOYB B pe3ynbTaTe YTEYKN roptove-CMasouHbIX
MaTepuarnoB C MECT X XPaHEeHUS 1 NpY 3KCNyaTaumMm TeXHONorm4yeckoro obopyaoBaHus.

3.2.2.2 XapakTepucTUKa TeXHOreHHbIX BOA

Mo uctovHnkam n npoueccam oboralleHns TEXHOreHHble BOAbl MOXHO pasfennTb Ha
cnegyowme rpynnbi:

1) CTOYHbIE BOAblI OCHOBHbIX TEXHOJOrMYEeCKMX npoueccoB oboralleHns — Xugkas
¢hasa KOHLIEHTPATOB 1 OTBalbHbIX XBOCTOB;

2) CTOYHblE BOAbl BCMOMOraTenbHbIX TEXHOSNIOrMYECKMX npoueccoB oboralleHns —
CNMBbI CrYCTUTENEN N BOAAHON Nap CynnbHbIX 6apabaHos;

3) CTOYHbIE BOAbLI NPOLIECCOB rMApooBecnbiNMMBAHNA, ra3004UTCKU U Ap.;

4) cTOYHblE BOAbI OT CMbIBa NOSIOB U CTEH;

5) cnnB XBOCTOXpaHUNMLLA;

6) CTOYHbIE BOAbI Y3Ma NPUroToBMEHNA PpaCcTBOPOB XMMUYECKMUX peareHToB;

7) CTOYHbIE BOAbI, 0OpasyoLmnecs Ha TeEpPUTOPUN NPOMbILLIIEHHOW NSOWAAKM Kak pe-
3ynbTaT UHPUIbTPaUMM aTMOCHEPHbLIX OCAAKOB (NMBHEBbLIE M Tanble BOAbl C OTKPbITbIX
NPOMMIIOLLIAA0K YCPeoHEHMS U CKNaanpoBaHna pya).

KonyenaHHble MeHO-LUMHKOBO-NUPUTHBLIE pyabl (pPa3MeLleHHble B OCHOBHOM Ha HOx-
HOM Ypane) saBnatTca Hambonee TpygHooboratumMbiMn. [Onsa BblOENEHNA U3 HUX TOBapPHbIX
KOHLEHTPATOB LBETHLIX METANMOB NMPUMEHSIIOT CINOXHbIE TEXHOSIOrMYEeCcKne cxembl U 6ornb-
won Habop noTaumoHHbIX peareHToB. [lpyvyem ygenbHbIM pacxon drioTopeareHToB —
rMaBHOMO0 MCTOYHMKA 3arpsA3HEHNSA CTOYHbIX BOA4 — 3HAYUTENbHO MPEBbILIAET pacxod aHarno-
MMYHBIX XMMUYECKNX BELLECTB, MCNOSb3yeMbiX Npu oborawieHun, Hanpumep, Cu-Ni- mnm
Cu-Mo-pya. B pesynbtate cToyHble Bogbl O®, nepepabaTbiBalomx KonyedaHHble pyabl
LBETHbIX MeTasnoB, N0 CBOMM XMMUYECKMM CBOMCTBAM, KOHLEHTpALMN MEeTansoB, Makpo- U
MWKPOKOMMOHEHTaM 3Ha4YMTENbHO OT/INYAKOTCA OT BOA MNPUPOAHLIX BOAOEMOB — PEK N 03ep
[11], [14], [15].
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JKonormyeckni yuepb oT CTOYHbLIX BOA onpenenderca ux nonagaHMem B nNog3eMHble
N NOBEPXHOCTHbIE BOAbI.

Xapaktepuctmka BOAHOW COCTaBMSOLWEN OTBaNbHbIX XBOCTOB W TEXHOFEHHbLIX BOA
ropHbix npeanpuatnin KOxxHoro Ypana npuBegeHsl B Tabnuuax 3.19, 3.20.

Mcnonb3oBaHWe CTOYHbIX BOL CO CHOXHbIM XMMWUYECKUM COCTaBOM B 3aMKHYTOM BO-
[0060poTe Yepes XBOCTOXPaAHUIMLLE CAEPXKNBAETCSA HEOOXOANMOCTbIO:

1) o4nCTKM 0BOPOTHLIX BOA OT MHAMADEPEHTHBLIX NPUMECEN;

2) 04YNCTKM 0OOPOTHBIX BOA, OT Cneunduyeckn 4eNCTBYOLLMX NOHOB,

3) KOHOMLMOHNPOBAHUSA 0BOPOTHLIX BOA MO COAEPKAHMIO OPraHNYECKUX NPUMECEN;

4) yaaneHusi pacTBOPEHHbIX ra3oB;

5) KOHOVLMOHNPOBAHNSA NOHHOIO COCTaBa BOZ, B XBOCTOXPaHUIULLE;

6) ounCcTKOM OT TBEPAbIX B3BECEMN;

7) CHXeHUA cynbaTHOWM MUHepanuaauuu, MpUMBOASALLEN K OTMOXEHUI runca Ha
obopynoBaHun.
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Tabnuuya 3.19 — XapakTepuctuka BOAHOM COCTaBNAOLLEN OTBaNbHbIX XBOCTOB [114]

Ne

EonHnua

3HauveHne xapakTepUCTUKK (coaepxaHue)

n HaseaHue xapakTepucTuku, KOMNOHEHTa MaMEpeHIS gg)e,(caHﬂpMHCKa;. VATTHCKOR O Facinit FOK Cob VIOK
1 BopgopoaHbin nokasatens pH 11,65-11,787 10,0-12,1 8,8-11,0 8,15-11,65
2 B3BeLleHHble BeLlecTBa |v|r/,u,|v|3 13-17 25,7-96,9 70
3 Cyxom octatok npu t =105 °C mr/am° 944-1130 4242-6208 4423 29700-3422
4 Xnmunyeckoe notpebrneHne kucnopoaa mr/gm® H/n 236,7-345,0 H/A, H/O

(XTIK)
5 buonornyeckoe noTpebneHne Kucno- Mr/,L'l,M3 H/A 128,0-312,5 H/A, H/O

poga (BI1K)
6 YKecTkocTb obuias MMOJTb- 13,5-14,9 38,5-50,4 36,1 20,4-34,0

ake/gm®

7 HedTenpoaykrbl MI'/,EI,M3 0,03-0,07 0,0-0,07 0,58
8 Xnopuapbl mr/om® 412,6—494,2 82,4-9100,3 49,5-251 187,8-205,6
9 CynbgaThl mr/om® 1620-1800 1727,9-2551,9 1845,1-2023,2 [1106,6-1535,6
10 |A30T aMMOHUNHBLIN mr/gm® 0,09-0,19 0,22 H/n, H/O
11 | XKeneso obuwee mr/am° 0,13-0,25 0,1-3,19 0,45 0,26-0,158
12 |Cu Mr/am° 0,014-0,024 0,011-0,099 0,16-0,0044 0,025-0,095
13 |Zn mr/am° 0,2-0,06 0,016-12,613 0,063-0,00 0,34-0,35
14 |Kx mr/om® H/n 0,025-0,353 0,036
15 |Mn Mr/am° <0,05 H/O 0,002 0,049-0,018
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Tabnuuya 3.20 — TexHoreHHble BoAbl rOpHbIX NpeanpuaTum KOxHoro Ypana [114]

AO «YyanuHckun MOK»

Cwubanckun dounman AO «YTOK»

OAO «bypubainckun TOK»

OTBanbHble  XBOCTbI

Cnus

CnuB

MNokasaTternb 0BOrATUTENBHOI OTcTonHbIn | OpeHax MeLHOrO MpomnueHeBble MeLHOro XBOCTOXpaHunumLLe
chaBpuKn npya XBOCTOXpaHunuwia SryCTHTONs BOAbl CrycTHTOns Bypunbaesckoro PY

fgf:ﬂ;;;a' 5225 2142,0 7248 872,0 2431,0 800,0 Win

ﬁi’;;:ﬂqﬁam’ 1582,2 1130,0 41242 149,0 167,9 226,0 1004,0

ﬁ’:/‘;‘;";ﬂb" 105,3 215,0 84,2 355,0 651,9 35 1857,6

Menb, mr/om®| 0,013 0,3 20,6 15,0 0,029 11,42 491,67

Linkk, mriam® 2,2 2,6 172,6 2,08 0,842 117 73,6

L‘i?:;?o’ Win 0,1 53,5 4,2 0,083 0,64 112

pH 15 75 3,3 11.4 7,700 10,9 2,8

;fe:j;;;’;;; Win Win 47,4 318,0 15,90 Win Hin

CeuttyCznay 0,005 0,115 0,12 78 0,034 9,76 6,4
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NcTouyHmnkom BogocHabxeHus Manckon O senaoTca o6opoTHas BoAa U3 XBOCTOXpa-
HUNULLA, CBEXasa BOAA U3 apTe3nMaHCKMUX CKBaXXMH M WwaxTHasa Boda. Kpome Toro, Ha dabpuke
CyLLEeCTBYeT BHYTPEHHMI BOOOOOOPOT: YCMNOBHblIE YUCTble CTOKM MaBHOrO Kopryca, Apo-
BUNbHOro OTAENEHMSA U CIIMB MEOHOMO CryCTUTENSA UCMNONb3YTCA B 000pOTE, MUHYSA XBOCTO-
XpaHunumLue.

XBocTtoxpaHunuuie Manckon OP pacnonoxeHo B 1,5 km oT cbabpumku B nory, cykeHHas
YacTb KOTOPOro neperopoxeHa gambon. XBocTbl habprkm camoOTEKOM TPaHCMOPTUPYOTCA
[0 HaCOCHOW CTaHuuu, OTTyda nodatTcs B XBOCTOXpaHunuvuwe. Yawa XBocToxpaHunuviia
pacnpegenutensHon gambon pasgenieHa Ha ABe YacTu, NpegHa3HadYeHHble AN pasnenbHom
YKNagku MUPUTHBIX U GecnmpuTHbIX XBocToB. OBe YacTu XBOCTOXpaHWNuLia MMeET caMo-
CTOATENbHbIE CNUBHbBIE COOPYXXEHUS (KoroAubl U kornnekTopsbl). OcBeTneHHas Boga no Kor-
nektopam noctynaeTt B COOpPHbIA pe3epByap HAaCOCHOW CTaHuMm 0BOpPOTHOro BOAOCHabXe-
HUa. OpeHupylowme yepe3 gamby XBOCTOXpaHMnMLLa BOAbI yNaBnvBaloTCa cneunanbHbIMU
YyCTPOMCTBaMMN N OTBOASATCA B TOT e pe3epByap 060pOTHOM BOAbI.

B cuctemy o6opoTHOro BogocHabxeHnsa BxogsaTt cbopHbIM pe3epByap 0O60pOTHOWM BO-
Abl, HAcOCHasa cTaHuus, TpybonpoBoAbl OT HACOCHOM CTaHUMKW A0 BOAOHAMNOPHOW GaluHW K
Aanee 0o pasBoAsLlero BogonpoBoaa B raBHOM Kopnyce.

LLlaxTHble BoAbl MMEKOT BbICOKOE coaepkaHne pactsopeHHon meaun (o 360 mr/n). OHu
NOCTyNnalT Ha CTaHUMIO OYUCTKW, TAe MeOb U3BMeKaeTcs uemeHTaunen. VissneyeHne meam
pocturaet 90%. XBOCTbl Nocne LeMeHTaumm nocTtynarT B OTCTOMHUK KUCMbIX BOA, OTTyAa
KMCnble BOAbI MAYT B XBOCTOXpaHMNMLWE ANSA HeWTpanmM3aumm LLEenoYHbIX CTOKoB [ranckom
0.

Ha dpabpuke ncnonbayetca 60 % obopoTHon, 10 % — 15 % waxTHoM n okono 30 %
cBeXxen Boapbl.

YacTb cnuBa XxBOCTOXpaHunuuia cbpacbiBaeTca BO BHYTPEHHWA OTCTOWHLIN Mpya U
nocre SONOSTHUTENbHOrO OTCTanBaHUSA U €CTECTBEHHOW OYMCTKM HanpaBnseTcs B p. TalukyT.

O6opoTHasa Boga ¢abpukm xapakTepudyeTcs BbICOKMM CoAepKaHWMEM pPacTBOPUMbIX
conen (no cyxomy octatky 4554 mr/n). 3to rmaBHbiM obpasom cynbdat (2553 mr/n) n xnop-
noHbl (498 mr/n). CogepxxaHue kanbums coctasnseT 760 Mr/n, 4To npesbIWAeT npeaen pac-
TBOPUMOCTM cyrnbdaTa kanbuus. KcaHtoreHaT B 060pOTHOM BOAE OTCYTCTBYET, 3TO 4aET OC-
HOBaHMe nomnaraTtb, YTO B OTCTOMHOM MNpyAy XBOCTOXpaHunMLa BOAblI BblAepXXuBatoTcs O0-
CTaTO4YHOE BpeMS Afsl MOSIHOrO pasnoXeHus 3Toro peareHTa. LaxTHble Boabl gaxe nocne
LeMeHTauum MMeT BbICOKOE cofepXaHne pacTBoOpuUMbIX conen (22 382 mr/n), B TOM 4Yucne
NMOHOB TsKenbIX meTannos, mr/n: Cu — 32, Zn — 558, Fe — 3827 npwu pH 2.

CmMelleHVe WaxTHbIX BOA CO CTOKamMu habpuku Ona HemTpanusauuMum Mno3BOMseT,
C OQAHOW CTOPOHBI, CHM3UTb pH 06opoTHOM BoAbl, NnogaBaemon Ha O, ¢ opyrom — OYUCTUTb
LWAaxXTHble BOAbl OT MOHOB TSXKESbIX MeTasnsos.

KonuyecTtBeHHOE pacnpegeneHme CTOKOB U coaepKaHne npumMecen B HUX 3aBUCUT OT
TEXHONOrM4eckon cxembl oboralleHuns, coctaBa U Tuna nepepabartbiBaembix pyd. Pacnpe-
AeneHne npumecen B CTokax oboratutenbHbix pabpuk, nepepabaTbiBalowmx nonumMmeTanm-
yeckue pyabl, npuBegeHo B Tabnvue 3.21.
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Tabnuya 3.21 — PacnpegeneHne CcTOKOB W nNpumeced B HUX Ha dabpukax,
nepepabaTbiBaloWMX NnonumMeTannuyeckme pyabl, %

Honsa B|Teepable NHand- Cneumnduyeckum OpraHunye-
Crtoku obwem |B3BecU n|depeHTHbIE | OENCTBYOLWNE cKue

NnoTOKe Konnowuabl NOHDbI MOHbI coegunHeHunsA
XBOCTbI hrioTaumm 79-85 |95-99 78-96 4-10 40-60
Cnuebl cryctutenen | 3-20 3 3-20 90-96 40-60
Mpoyne Boabl 1-2 2 1-2 0 0

Ha KnunykuHckon O® nepepabatbiBaloT CBUHLOBO-LUUHKOBbIE pyabl. OboralleHne Be-
AeTCs Mo CXeme MpsiMON CEeNeKTUBHOM hrioTaummn C NOyYEHMEM CBUHLOBOIO M LIMHKOBOIO
KOHUEHTpaToB. [pUMEHSIOTCA peareHTbl: UMaHug, LWMHKOBbLIA Kynopoc, KCaHToreHaT, u3-
BECTb, ME[HbIN Kyrnopoc, BcrneHnsaTtenb T-66.

McTouyHmkom BogocHabxeHust habpurkm aBnsieTca Boaa U3 CKBaXKUH.

CTo4Hble BoAbl (habpukm COCTOAT U3 XBOCTOB (habpuku n cnueos cryctutenen. Konu-
yecTBO nocnegHux coctasnseT 2 % — 3 %.

CocTtaBbl BCcex CTOKOB (habpuKku CyLLLeCTBEHHO He OTNMYarTcs Apyr OT gpyra: obuwas
MUHepanu3aums gaxe crnmBa XBOCTOXPaHUNULLA NPUONMKaeTcsa K NPOMbILLMEHHbIM BOAaM
N3 BOAOUCTOYHUKOB. Kpome TOro, 3a BpeMsi HaxOoXOeHWsl CTOKOB B XBOCTOXPaHUIULLE KOH-
LeHTpaums OTAENbHbIX MPUMECEN 3HAYUTENBHO CHWXaeTcs, HanpuMmep unaHnga Ha 40 % —
50 %, meaun Ha 60 %, unHka Ha 40 % — 60 %.

CnoXHOCTb B UCMOMb30BaHMM CNBa XBOCTOXPaHUIMLLA B Ka4yecTBe 0O0pPOTHOM BOAbI
CBsi3aHa C HakonneHMem BcrnenuBaTens. B cBMHUOBOM uukne dnotauun Habnoganoch 3Ha-
YnTenbHoe neHoobpasoBaHue 6e3 4ONOMNHUTENBLHOW NogaYn BCneHmBaTens B npouecc. LnH-
KOBbIN LMK — NPpY COOTBETCTBYHOLLEN KOPPEKTUPOBKE peareHTHOro pexnma He HapyLiancs.

C uenbto pa3paboTkm Cxembl KOHAMLMOHMPOBAHUA BOAbl ObiINM NpOBEpPEeHbl cnefyto-
LMe MeToAdbl OYMCTKN OT BCMEHUBATENS: OKUCINIEHNE XINIOPOM U aspaumen, agcopbums akTum-
BUPOBaHHbIM yrrnem. Hanbonee adpdeKkTnBHbIM OKasancss Metoq agcopbuum akTuBmpoBaH-
HbIM Yrnem npu nogade ero B NepPeYNCTHbIE onepaunm CBUHLOBOW dorioTauun.

OcTaToyHas KoHUeHTpauus BcneHuBaTenst T-66 B 0OOpOTHOW BOAE TaK BENuKa, YTo
npu pabote Ha obopoTHon Boae Aaxe npu pacxoge yrna 1000 r/t pygbl Habnwoganocb
0bunbHoe neHoobpa3oBaHme, NPU 3TOM Ka4eCTBO KOHLEHTpaTa pe3ko nagano (cogep)kaHue
CBMHLA B CBUHLOBOM KOHLIeHTpaTe cHuaunochk ¢ 50 % o 5,8 %).

bes cHMXeHnsa TexXHONOrnM4yecknx nokasaTtenen oboralleHns B CBUHLOBOM LIMKNE BO3-
MOXHO mcnonb3oBaTb 30 % 060pPOTHOM BOAbI, @ UMHKOBas protaums yaoBneTBOPUTENBHO
npoxoanTt n npn 100%-Hom obopoTe BoabI.

Ecnun B npouecc nogasatb 150—-200 r/T akTMBMPOBAHHOIO Yrnsi, KONMYeCTBO 060POT-
HOM BOAbl MOXHO goBecTn 0o 70 %.

NcTtounnkom BogocHabxeHus LleHTpanbHon O® [danbHeBocTtoyHoro NOKa asnstoTcs
p. TeTioxe U HexgaHkMHCKOE BOAOXpaHUNULIE, Haxogsuleeca Ha p. HexgaHke (npuTok
p. TeTioxe).

Ha ¢abpuke cnmBbl CrycTutenen KOHUEHTPATOB HanpaBnsATCA B COOCTBEHHbIE LIMK-
nbl donoTaumn, YTo CHMXKaEeT obwmin pacxoq Boabl Ha 3 % — 5 %. CogepkaHue B CnvBe XBO-
CTOXpaHunMLLA NpaKkTUYECKN BCEX MPUMECEN 3HAYUTENBHO BbIlLE, YeM B cBexen Boge. Co-
AEepXXaHne poaaHnaoB yBENMUMBAETCS npakTudecku Ha 3, megu — Ha 0,55 mr/n, yBenuuu-
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BaeTCHa cofep)XaHue Kanbuus U MarHus, cynb@aT-moHoB. OKMCNAEMOCTb MOBbLIWAETCH C
3,13 po 8,8 mr O,/n. KonnyectBo pacTtBOpeHHOro knucnopoaa cHwxkaetcs ¢ 10,6 go 7,1 mr/n,
obHapyxunBatoTcs HeddTENPOOYKTbI U KCAHTOreHaTbl, yBenunymsaeTcs pH cToKoB.

NcTtouHnkom BogocHabxeHns Musypckon OO, nepepabatbiBatoliern CBMHLIOBO-
LUMHKOBbIE pyabl, asBnaeTtca p. bag (npasbin npuTtok p. ApaoH). Boga Ha dabpuky noctynaet
CaMOTEKOM.

CnuB Konnektopa XBOCTOXpaHwunuwia, cbpacbiBaemMbln B peky Cynap-L[loH (npuTok
p. ApAoH), coaepxuT, Mr/n: umanngos — 8,2, cemHua — 3,25, umHka — 0,5, 4To 3HauYuTEnNb-
HO MpeBbIWaeT NpeaesibHO A0NYCTUMbIE CaHUTapHbIE HOPMbI.

Mcnonb3oBaHue WaxTHbIX BOA4 W CNMBOB cryctutenen B cobectBeHHoM uumkne (70 %
0b0pOTHON BOAbI) NO3BONAET yaAepXaTb TEXHONOMMYEeCcKMe nokasartenu oboralleHuss NpakTu-
YeCKN Ha ypoBHe NokasaTenen, NonyyYyeHHbIX Ha CBEXeWn Boje.

Mpn oboralieHnn HOPUNBbCKUX MeOHO-HUKENEBbLIX Py B XBOCTOXpaHunuuwe «Jleba-
Xbe» MOCTyNatT TEXHONOrMYeckne CTokM ¢ xBoctamu nepepabotkun pya Hopunbckon n Tan-
Haxckon oboraTMTenbHbIX habpuk, CrMBbI CryCTUTENEN KOHLEHTpaTa, BoAa C OYUCTHbIX CO-
opyXeHun MeagHoro 3aBoga M eCTeCTBEHHbIM NaBogoK. OCHOBHbIMM 3arpsA3HNUTENSAMMN CTOKA
ABNAIOTCA OpraHu4eckne driotopeareHTbl, NPUMEHAEMble Npu oboraweHnn pyabl, a Takke
Tsbkenble meTannbl. CocTaB CTOKOB, HanpaBnsieMblx B XBOCTOXpaHunuue «Jlebsxee», B Ya-
e nNpyaa A00OYUCTKM CTOKOB NpuBeaeH B Tabnuue 3.22.

Tabnuuya 3.22 — CTto4dHble npu oboraweHnn HOPUMbCKUX MeOHO-HUKENEeBbIX pyna
(x/x «J1ebskbe»), mr/n *
HanmeHoBaHue Epurnua 3Ha4eHune
n3MepeHuna

B3BellueHHble BeLlecTBa |v|r/,1:|,|v|3 36
Cyxoif ocTaTok mr/gm® 5639
CynbdaThl Mr/am° 3427
Xnopwvabl Mr/gm° 512
>Kenes3o obuwee mr/om® 5
Hukenb mr/gm® 0,26
Hatpui mr/gm® 1313
CsuHel, mr/gm® 0,021
ByTtunkcaHToreHat Mr/,D,M3 3,494
AnbytnngutmnodocdaTt Mr/am° 2,101
BMK nonHoe Mr/am° 6
XMK mr/am° 30

* TexHnyeckoe 3agaHne Ha BbinoniHeHne OTP no teme: «PaspaboTka TexHonorum
OYUCTKM CTOUHBIX BoA No Bbinycky Ne 26 Hopunbckon oboratutensHon cpabpukn», 2016

O6opoTHasa Boda ¢ x/x «Jlebsxbe» B HacTosiLee BpeEMS MCMNONb3yeTCcss Ha OCHOBHOM
nnowaake Hopunbckon OP B TexHomornyeckom npouecce. TpeboBaHUsA K KadecTBy perna-
MEHTUPOBaHbl CTaHAAPTOM NpeanpusaTus (tTabnuua 3.23).
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Tabnuuya 3.23. — TpeboBaHuMs K cOCTaBy CTOKOB npu chnoTaumMm MegHO-HUKENEBbIX py4 *

x/x «J1ebspkbe»

HanmeHoBaHMe KOMMNOHEHTa EAnHmMub! CTN  44577806.14.52—2—34—

n3mepeHusi SR

2009

pH en. OT 6,5 0o 10 Bkntou.
MnoTHOCTb r/cm® He Gonee 1,002
LLlenoyHocTb: cBOGOAHAA Mr-3KB/OM> He 6onee 1,5
O6Lwast Mr-ake/omM°  |He Gonee 3,5
Cyxoit ocTaTok r/igm® He 6onee 8,5
OcTaTtok nocne npokanueaHus r/lam® He 6onee 7,5
CopepxaHne MOHOB Kanbuns /oM’ H 6onee 0,7
CopepxaHne MOHOB MarHus mr/am® He 6onee 50
CopepxaHue xnopua-moHa r/gm® He 6onee 0,75
CopepxaHue TmocynbdaT-noHa r/igm® Ot 0,3 go 0,6 BKkntoOu.
CopepxaHue cynbdaT-noHa r/am® Ot 2,4 po 3,8 Bkntou.
CopgepxaHue opr. coeanHeHun (HedTenpo- —— He Gonee 8.0
AYKTbI)
CopepxaHue  OYyTMOBOrO  KCaHTOreHarta P He Gonee 1.5
Kanus
CopepxaHue 6yTnnosoro aspodiota Mr/am° He 6onee 2,5
CopepxaHue BcrneHmsatensa (T-92) mr/am® He 6onee 3,0
Copnepxanve OMOK mr/am® He 6onee 1,5
CopepaHue B3BELLEHHbIX YacTuLy r/igm® He 6onee 0,5

* TexHnyeckoe 3agaHve Ha BbinonHeHne OTP no Teme: «PaspaboTka TexHOnoruu
OUYMCTKM CTOUHBbIX BOA No Bbinycky Ne 26 Hopunbckon oboratutensHon dabpukny, 2016.

3arpssHstoLLMe BeLwecTBa MOXHO pa3fgennTb Ha crneaytoLwmne rpynmbi:

1) pacTBOpPEHHbIE HEOpraHM4yeckMe BeLLecTBa, Oonpedensoume NoBblLLEHHOE corne-
cogepxaHue Boapl (CynbdaTthbl, Xnopuabl 1 np.);

2) cneundnyeckne opraHn4eckue sarpsasHsolme BewecTsa (OyTunkcaHToreHat, gu-
oyTunamntnodgocdar);

3) TaKenble meTannbl (HUKENb, CBUHEL,, XXENeso).

[nsa cbpoca BoAbl B MPUEMHUK KyNbTYpHO-ObITOBOro Has3Ha4yeHUs HeobXoaUMO CHU-
3UTb conlecoaepkaHne CTokoB ¢ 5,6 0o 1 r/n ¢ npMMmeHeHneMm, Hanpumep, o6paTHOro oCMo-
ca, MOHHOro obmeHa, anekTpoananuaa, BbinapuBaHus. [daHHble MeToabl obecconvBaHus
NO3BOMSAIOT TaKKe CHU3NTb CoAepKaHne TshKenbiX MeTansoB B BOAE.

CHMXeHME KOHLUEHTpauum crneumnguyeckmx opraHM4ecknx 3arpsisHuTenem B CTOYHbIX
BOAAX MOXHO 0b6ecneynTb pasfMyHbIMWU METOAAMUN OYUCTKU: XMMUYECKMMM (OKUCHEHME pea-
reHtamn), cusmyeckumm (otgeneHme Ha obpaTHoOCMOTUYEecKoW membpaHe) u huamko-
XUMUYECKMMUN (OKUCNEHME (Nepekncbio BoAopoaa) C (U3NYEeCKOW akTuBauuen npouec-
ca Y®-obnyyeHunem, koarynauyus, copoums).

3.2.3 PasameweHune otxonos oboraweHus pya
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"opHogo6bIBaloLWaa NpoMbILLIEHHOCTL Poccnn aBNsieTCs rmaBHbIM MCTOYHUKOM 00-
pa3oBaHUs MPOMbILLIIEHHbIX TBEPAbIX OTX0A0B B cTpaHe. OueHKM Konnyectea obpasyroLmnx-
CS W HaKOMMEeHHbIX TBEepAblX OTXOA0B B ropHoAobbIBaOLLEN NPOMBILLNIEHHOCTU, UX OOMU B
obwem konnyectee MNTO B pasnnyHbIX UCTOYHMKAX HE COBMagalT M KONebnioTca B 3HaA4n-
TenbHbIX Npeaenax [115]. o MHeHMIO pa3HbIX aBTOPOB, B Poccumn exerogHo obpasyeTcs oT
2,45 po 4,76 mnpa. T. oTxo4oB [oObiuM 1 oboralleHnsi, a B oTBanax U xpaHunumiax ropHo-
pobbiBalolen oTpacnum cTpaHbl HakonneH 1 mnpa. T TBepablx oTxogoB. CuuTtaetcs, 4To
B 3TON oTpacnu obpasyetcsa n Hakannusaetcsa 85 % — 90 % Bcex NPOMBbILLNEHHbIX TBEPAbIX
OTX040B CTpaHbl [115].

OTun cBeaeHnsa He coBnagatoT ¢ coobueHnammn CanmoHa NMay — pykoBogutens rpyn-
nbl nNpoekta «[llogaepxka geaTenbHOCTU B obnactu obpalleHns ¢ otxogamun B Poccum»
B paMkax nporpammbl «Tacucy», puHaHcupyemon EBpONencKknumMm cOo30M U MpoBeSeHHOM
C Uenblo okasaHus cogenctens MuHUCTEPCTBY NPUPOLHbLIX pecypcoB Poccum B mocteneH-
HOM CO3[aHMN KOMMJIEKCHOW cucTeMbl obpalleHnsa ¢ otxogamu. o mHeHuto C. lMay, rogosomn
obbem obpasoBaHnga oTxoadoB B Poccumn coctasnseTt 7 mnpa. T, U3 Kotopbix 2 mnpa. T (29 %)
NCNonb3yTCs NOBTOPHO n/unu nepepabartbiBatotca. [115]. 3K gaHHbIe coBnagatT Co cBe-
aeHvsmun B. ®. MNpoTtacosa [116], 4To Hecny4anHo, Tak Kak B. ®. lNpoTacoB ncnonbayet aaH-
Hble, XapakTepuayoLwme MakcumasbHO BO3MOXHble 06 beMbl 06pa3oBaHns TBePAbIX OTXOA0B
B Poccun.

OTxoabl ropHo-o6oraTuTenbHOr0 NPOU3BOACTBA HEraTMBHO BO3AEWCTBYIOT Ha OKpY-
Xarwwy cpefy 1 obycrnoBnmMBalrT CyLLeCTBEHHble 3aTpaTtbl, CBA3aHHblE C COOepXaHWem
XBOCTOXPaHUNULL, TPEBYIT M3BATUSA U3 XO3ANCTBEHHOrO 060pOTa 3HAYUTENbHbLIX 3EMESb-
HbIX nnowagen, HeobxoauMbIX ANs BeAeHUS ropHbIX paboT, Ha yaaneHne u xpaHeHne oTxo-
A0B 3aTpayvmnBaeTcs B cpeaHeM oT 5 % A0 8 % CToOMMOCTM NPOM3BOANUMON NPOOYKLMN.

OTxoabl oboralleHnss kKonyegaHHbIX pyn LBETHbIX MeTannoB HelenecoobpasHo BTO-
PUYHO UCNOSIb30BaTbCA B KayecTBe CTPOUTESbHbIX MaTepuarioB, MOCKOMbKY OHW coaepXxar
MeTanmnbl U CEPHUCTbIE COEANHEHNS, CO BpEMEHEM ocrnabnstouime NPoYHOCTb KOHCTPYKLUUA.

PacnonoxeHHble BONn3n ypbaHn3mpoBaHHbIX TEPPUTOPUIA OTXOAbl oboralweHmst npu-
BOAAT K CEPbE3HOMY YXYALUEHUNIO COCTOSIHUA OKpYXXatoLen cpeabl, YTO oTpuuaTenbHbiM 06-
pa3oM CKasblBaeTCsl Ha coumasribHO-OKOHOMUYECKON M CaHUTapHO-3aNNgeMmNosiormyeckon ob-
CTaHOBKE B permoHe.

Hanbonblee KONMMYEeCTBO OTXOLOB HAKOMMEHO B perMoHax ¢ pasBUTON ropHoaobbl-
BalOLLEN U MeTannypruieckon npomMblinieHHoCTLo (Ypan, MNpumopckun kpan, MypmaHckas,
Benropoackasn, KemepoBckas, Tynbckas obnactu). ExxerogHoO nx HakonmeHMe Ha nNpoMmMo-
Wagkax npegnpuaTmn LBeTHOM MeTannyprum coctaBnseTt 374 MnH T. TONbKO Ha TeppuUTopun
Ceepanosckor obnactn Ha 188 TexHOreHHO-MUHepanbHbIX 0ObEKTaxX CKNaaMpOBaHO CBbille
8,5:10° T 0TX00B AO6LIUM U NepepaboTky PasMUUHBIX NOME3HbIX NCKOMAeMbIX, B TOM YMCHe
1,7-10° T oTxonoB oboraLeHus pyAa, n3 kotopblx Tonbko 10 % BoBnekaeTcda B nocnegywoLlee
NpOn3BOACTBO.

B xBocTax oborawieHna nonumeTtannuyeckux pya tepsietcs, % otH.: 31,64—80,36 Mo;
6,36-18,57 Cd; 14,64-81,48 In; 67,78- 97,87 Ga; 69,37-92,48 Ge; 51,09-95,88 TI; 18,67—
80,29 Sb; 22,93-57,38 Se; 52,25-94,09 Te; 71,75-93,66 Re; 39,88-83,58 Bi; 58,01—
78,27 Hg. B cnyyae opraHusaumm nuputHOM prioTaumm MOXHO 3HAYUTESTbHO MOBbLICUTH U3-
Bne4veHne Se (o1 10 % 0o 47 %), Te (o1 5 % Ao 22 %) n B Ton unu nHon ctenenun (o1 5 %
no 15 %) nssneyenune paga gpyrmx komnoHeHTos (In, Tl, Bi v gp.).
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Mpn oboraweHnn megHbIx pya n3sneveHne Mo, Cd, Sb, Se, Te, Re konebnetca B fo-
CTaTOYHO LUMPOKOM AuanasoHe 3HayeHwn. pakTnyecku MOMHOCTbK OCTalTCH B XBOCTaXx
dnotaumm In, Ga, Ge, Tl, Bi, Hg. B xBocTax oboraweHnss meaHbix pya Tepsetcs, % OTH.:
28,72-92,59 Mo; 22,54-92,08 Cd; 79,09-97,31 In; 81,42-99,54 Ga; 92,08- 98,44 Ge; 92,08—
98,35 Tl; 56,49-96,88 Sb; 6,28—-49,33 S; 43,43-99,54 Se; 73,24-97,00 Te; 47,88-96,18 Re;
89,59- 97,15 Bi; 89,44-99,9 Hg.

XBOCTbI 06oralleHsi COCTOAT B OCHOBHOM U3 coepKalumxcs B pyae nopogoobpasy-
OLLIMX MUHEPAnoB U pyaHbIX MUHEParoB B BUAe CPOCTKOB CynbdnaoB Mean, CBMHLA, LIMHKa
n xenesa. OHM CKNMaguMpyloTCa B XBOCTOXpaHUnuwa Ans xpaHeHus. B xBocToxpaHunuiie
CPOCTKM Cynb(uAOB NOABEPralTCH BbIBETPUBAHWUIO U BbllenaynBaHuio. [pudem atn npo-
Leccbl B XBOCTOXpaHUIMLLE U3-3a MESKOro pasmepa 4yacTtuy, oTxoaos nayTt 6onee MHTEHCUB-
HO, YeM BO BCKPbILLIHOM NOpOAe, He NoABEepPrHyTON BCKPbITUIO u3MenbyeHnem u obpaboTke
XUMUYECKNMUN peareHTamu.

Okonornyeckasa cutyaumsi, obycnosneHHas 0oOblYe MUHEPANbHOro Cbipbsa U pasme-
lweHmem otxogoB 6oree 4em Ha 25 % Tepputopum YpanbCKoro 3KOHOMWYECKOrO parnoHa,
OLeHMBaeTCAa Kak KpuancHas. Heckonbko MeHbLue nnowaan Takmx 3emenb B HOxHom [Mpu-
Mopbe, XaHTbl-MaHcuinckom AO, TromeHckon obnactu, KpacHosspckoM Kpae n apyrux pamo-
HaxX WHTEHCUBHOM J00bIYM N NepepaboTKkn NonesHbIX UckonaembiX. B 3HaunTensHon mepe ¢
OTXO4aMU CBsi3aHa OLEHKa COCTOSIHMSA BOAHbLIX PECYPCOB KaK «IPA3HOE» U «OYEHb IPSA3HOE»
Takux pek, kak JleHa, Amyp, Obb, AngaH, B 6acceriHax KOTOpPbIX HApYLLUEHHbIE N 3arpA3HEH-
Hble TeppuTopumn 3aHnmatoT 6onee 10 %.

HakonneHHble oTxoapbl, NpeacTaBnsasa 3KONOrMYECKyt0 ONacHOCTb, TEM HE MEHee HecyT
B cebe 3Ha4UNTENbHYK PECYPCHYK LEHHOCTb: CpefHee coaepaHue Meau B XBOCTOXpaHU-
nuwax coctasnsget 0,37 %, unHka — 0,39 %, cepbl — 21,9 %. 310 3a4acTyto Bbiwe 6opTo-
BOr0 UX COAEPXaHUA Ha MHOrMX, BHOBb BOBMEKaeMblX B pa3paboTKy MeCTOPOXAEHWMN.
B cooTtBeTcTBUM C nNporpammon nepepaboTkm TexXHOreHHblx obpasoBaHur CBepasiOBCKOM
obnacTtun, ytunuanpoBaHo 6onee 44-10% 7 pasnnyHbIX OTXOA0B, B TOM YuUCne 26,2-106 T OTXO-
n0B 1o6blun 1 0BoralLeHVs pys ¢ peanusauyeit npoayKLmm Ha cymmy caebite 13-10° py6.

OTxoabl oboraleHnsa pya XapakTepuayTcs U3MEHEHHbIMU (PU3NKO-MEXaHUYECKUMM
N PUINKO-XMMNYECKMMN CBONCTBAMM MWHEpPArnoB, NpeacTaBfieHbl arpeCcCUBHOW MyNbMow,
HacbILWEeHHOMN hfIOTaUMOHHBIMK peareHTamn 1 nmetowen pH cpeagbl 10—11, ¢ NpoLEeHTHbIM
cogepxxaHmem TBepgoro B cpegHem 20 %.

OTxoabl nepepaboTkn Takke pasMeLLaloT Kak Ha NOBEPXHOCTU, Tak U B Hegpax 3em-
nnm.

CknagmpoBaHue TEKYLLUMX OTX040B nepepaboTkm Hanbonee TpygHooboraTuMbIX Men-
HOKOMYedaHHbIX pya, UMerLWwmnx 4 Krnacc onacHOCTKU, OCyLecTBNAT 6e3 npeaBapuTenibHOM
NOArOTOBKM B ChNeuManbHO MOCTPOEHHbIE MOBEPXHOCTHbIE €MKOCTU — XBOCTOXPaHUnuLia.
Knaccuyecknm siBNieTca ckrnagMpoBaHMEe B XBOCTOXpPaHMMMLLA HaMbIBHOMO Tuna. 3akntouya-
eTCsl B MepekaunBaHMM XBOCTOBOW MNynbfbl Mo Tpy6onpoBogaMm Ha cneumanbHO NogroTos-
NEHHYI NowaaKy, OorpaxaeHHyto aambon, — xBocToxpaHunuuwe. Cnocob otnuyaetcs
HaMMeHbLLEN CTOMMOCTbIO CKNaaupoBaHus, HO TpebyeT cTpouTenscTBa gambbl, CNOCOBHOM
BblAepXXaTb Hanop 0TXo4o0B (CM. PUCYHOK 3.1).
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1 — oboratutensHasn dabpuka; 2 — nynbLNONpPoBoS;
3 — pamba HanMBHOrO XBOCTOXpaHUnMLLa

PI/IcyHOK 3.1 — pryI'IHeHHaFI TEXHOJ10rn4yeckad cxema CKnagmpoBaHmUA XBOCTOB oborauieHuns
B XpaHununiia HaMbIBHOIo TUMa

M'mppaBnnyeckmin cnocob pasmMeLLeHnsa TEKYLLMX XBOCTOB nepepaboTkn pyq 6e3 npea-
BapuTENbHON MOArOTOBKM B €MKOCTb XBOCTOXPaHWNULLA, PacrofioKeHHOro B Henocpepn-
CTBEHHOW pacyeTHon 6nm3octn ot oboratutensHon gabpukm (OP) n kapbepa, Hambonee
pacnpocTpaHeH B OTEYECTBEHHOW M MWPOBOM MNpakTuke paboTbl oboraTUTENbHbLIX NPOW3-
BOACTB. OTO 06BACHAETCA TEM, YTO AaHHAs TEXHOMOIMS:

1) npocTa B UCNONHEHUN N MEHee 3aTpaTHa B NiaHe MexaHu3auuu;

2) poctatodHo oTpaboTaHa MU MMelTCa anpobupoBaHHbIE MHOMOMIETHUM OMbITOM pe-
lWeHMa No (OPMMPOBAHMIO M 3SKCMflyaTauun XBOCTOXPaHUMMLL, pasnuyHoro Tuna. Tak,
HanpumMep, OCYLLECTBNAETCS CKNagupoBaHME OTX0O0B Ha Y4yanuHckoMm, Cubanckom, Bypu-
6aesckom 'OKax, a Takke Ha oboraTuTenbHbix pabpukax KaHagel, CLUA, AnoHnn, ABcTpun
n ap.

3) no3BonsieT obecneynTb OTCTON TEXHONOIMYECKNX BOA M UX BO3BpaAT B OOOPOTHYHO
ceTb BogocHabxeHus oboratutensHon gadbpukn (OD).

OCHOBHbIM HEQOCTAaTKOM Takoro cnocoba pasmelleHns OTXOL40B ABNSIETCS NOBbILUEH-
Has 3Konornyeckasl onacHOCTb 3KCNyaTaumm NOBEPXHOCTHbLIX XBOCTOXPAHWUIULL, TaK Kak npu
nx popmMmpoBaHNN N PYHKLMOHMPOBAHUN NPOMUCXOOUT 3arpsa3HeHMe BO3ayxa, NOA3EMHbIX U
NMOBEPXHOCTHbIX BOA, NOYBEHHOrO MOKPOBA Ha OOLIMPHbLIX TeppuTopuax. Ha aonto nbinsawmx
NMOBEPXHOCTEN CYXUX HaMbIBHbIX MMISHKEN, OTKOCOB AamMb n nnoTuH npuxoamtcsa 54 % ot 0b-
Lero KonuyecTtea BbIOPOCOB ropHOro npeanpuaTus. NpUKOHTYpPHbIE NASXXU Menkoamcnepc-
HOro necka sIBMSTCA MOLLHbIM MCTOYHUKOM MbIfIN, KOTOpPasi B XapKoe N Cyxoe Bpems roa
NepeHoCUTCa BO3AYLUHbIMW MOTOKaMK MPU CKOPOCTM Gornee 2 M/CHa OKpyXatoLwme TeppuTo-
pun, ocegasn B ropogax, Nonsix U Ha CenbCKOXO3ANCTBEHHbIX yroabsX. bineBble NOTOKM 3a-
FPA3HAIOT NIIOAOPOAHYIO MOYBY MeTannaMmm n yxyaLarT 3KONIOrm4yeckoe COCTOsIHME BO3ayLU-
Horo 6accenHa B ropHogobbiBatowemM permoHe. Noatomy npobnema npefoTBpalLeHUs MNbl-
NEeHNs1 XBOCTOXpaHUNULL, TpebyeT apDEKTUBHBIX TEXHUYECKNX PELLUEHW.

YacTnyHbIM peleHnem npobnembl NbifIEHUs SABMSETCS UCMNONb30BaHUE TEXHOMOormu
HaNMBHbIX XBOCTOXPaHUMWLL, KOrga BCS Nnowaab XBOCTOXpaHUnuwa nokpbita sogon. OgHa-
KO peanusaumsa Takon TexHonormm tpebyeT 3Ha4YuTenbHOro BOAHOIO pecypca, YTo camo no
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cebe HaHOCUT akonornyecknin yuepb nog3eMHon BOAHON cpede M K TOMY e TpebyeT Beco-
MbIX MatepuanbHbIX CPEACTB Ha peanusaumio.

3 oueHkn HeraTBHbIX (pakTOpOB pasmeLLeHns 06BOAHEHHbLIX XBOCTOB Ha NMOBEPXHO-
CTW cnefyeT, YTO opraHn3aumsa XBOCTOBOIrO X034MCTBa Ha roOpHOAO0ObIBaOLLMX NPeaNPUATUSIX
CBsi3aHa CO 3HAYMTENbHbIMU 3aTpaTamMu Ha NOCTOSIHHOE HapalwMBaHWe Aamb XBOCTOXpaHM-
nnwy. Kpome TOro, noBEPXHOCTHOE CKIaaMpOBaHUE OrpoOMHbIX O6BHEMOB arpecCuBHOIO TeEX-
HOFEHHOrO CbIpbs, COAEPXKALLEro TshKenble MeTansbl, BfeYeT YHUYTOXEHNE eCTEeCTBEHHOM
NPUPOAHOW cpeflbl PperMoHa, Kak Ha OTYYXXAEHHOM NOA4 XBOCTOXPaHUMULLE TEPPUTOPUM, TaK U
Ha npunerawLlemM NoYBEHHOM MOKPOBE U B BOAHbLIX cucTeMax. Becbma BbICOKO HeraTtuBHOE
BNUsiHWE Takux obpas3oBaHW Ha IKOSTOrMYeCcKyto 06CTaHOBKY ypbaHN3NPOBaHHbLIX PaiOHOB U
3[0pOBbe HaceneHus. 3HadynTenbHa BEPOSATHOCTb BO3HUKHOBEHUS HECTAbUNBHOM rMapoTex-
HUYECKON CUTyaummn B pernoHe gobblum n yrposbl npopbiea gamb. OueHnTb BeCcb Maclutab
BO3AENCTBUS BECbMa CrOXHO. CyllecTByolmMe METOANKA HOPMUPOBAHUA AOMNYCTUMbIX KOH-
LeHTpaunin 3arpsisHAoLLNX BELLECTB B cOpocax u BbIBpocax XBOCTOXPAHWUINLL HE YYUTbIBAOT
BCEX COBOKYMHbIX (DAKTOPOB, BMUSAIOLMX Ha YCINOBUS XU3HEOEATENbHOCTN B pernoHax go-
ObluM M nepepaboTKN MUHEPANBHOIO CbIpPbS.

C y)XecTo4YeHneM 3KONOrMYECKMX NraTexen 3a cknagnpoBaHue OTXo40B, B CyMMe CO-
cTasnsowyo 0o 15 % 3aTtpat Ha gobbiuy 1 nepepaboTky pyd, ANa npeanpuaTnini ocobo ak-
TyanbHbIM CTarn BOMPOC pa3MeLleHUs Nopon BCKPbIWW, OT MPOXOAKM FOpPHbIX BbipaboTok,
TOHKOOMCMNEPCHBIX 0TX0A0B oboralleHns pya B BbipaboTaHHOM NPOCTPaHCTBE Heap.

Ha oTevecTBeHHbIX M 3apybexHbIx NpeanpuaTusx (Belcokoropckom, Manckom n gpyrnx
FOKax) npuMeHAT TexHonorvi pasMelleHus (HambiBa) oTxodoB oboralwleHus pyn 6es
npeaBapuTEenbHON NOArOTOBKM B OTPabOTaHHbIX NPOCTPaHCTBax KapbepoB Mo 3alyuTomn
BO3BE4EHHOI0 MCKYCCTBEHHOrO Maccua. B aTom cnyyae kapbep BbINOSHAET pPoOSib NOBEPX-
HOCTHOrO XBOCTOXpaHunumwia (CM. pucyHok 3.2).

3 — BbIpaboTaHHOE KapbepHOe NPOCTPaHCTBO

PucyHok 3.2— YKpynHeHHasi TEXHONornyeckasi cxema yTunusaumm otxonos nepepaboTku
pya B BblpaboTaHHOM NPOCTPaHCTBE Kapbepa

Hepocratkamu aToro BapuaHTta yTunmsaunm sSBnsitoTCs:

1) HM3Kas NPOU3BOAUTENBHOCTL MO TBEPAOMY;

2) BO3MOXHOCTb 3aSnoBOro NpopbiBa NynbMbl B NOA3EMHbIE FOpPHbIE BbIpaboTku;

3) orpoMHble 3aTpaTbl Ha BO3BeAeHNe GapbepHOro Lenvka u rmaponsonupyoLmx ne-
peMbIYeK, a Takke Ha OTKayky BoAbl;
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4) akonornyeckme nNpobnembl — UCNapeHne BOAbl, HACbIWEHHON peareHTamu, c no-
BEPXHOCTU XpaHWUnuLia, runepreHes n TexHoreHe3 oTxoAoB nepepaboTtku, BeayLme 3a cobom
NoTepW LLeHHbIX KOMMOHEHTOB.

Mo coBpemMeHHbIM oueHKkaM, Ha HOxxHOM Ypare nnowagu no oTBoAy 3emsiM nog XBo-
cToxpaHunua 3aHumatot 6onee 503,7 ra n UMEIOT YCTOMYMBYIO TEHAEHUMIO K YBENNYEHNIO,
Npun exerogHoM NpupocTe TEeKyLUMX OTXOA0B A0 15 MIH T XBOCTOB (CM. Tabnuuy 3.24).

Tabnuuya 3.24 — XapakTepuCTUKN XBOCTOXpaHUNNLL oboratutenbHbix habpuk Ypana [81]

HanmeHoBaHue Cwubaickaa OO YyanuHckas . ranckas
Bypubaiickas OO

nokasarens HOBOE cTapoe ol o

finowags  no  OTBOAY)y ¢ - 23,5 113 31 190

3eMnu, ra

flepuon  akennyaTaunm, s 2005 1959-1966 19692010 || o+o— 1970, !

net 1971-HacT. Bp

OpEHTUPOBOYHbIE 14 45 40.8 5.5 10

3anacbl, MIH T.

CopepXaHne OCHOBHbIX 311eMeHTOB, %

Menb 0,2 0,24 0,22 0,45 0,3

LinHk 0,25 0,43 0,63 0,21 0,23

XBOCTOXpaHUNuuia SBNAKTCA OObEKTaMM MOBbLILLEHHOW 3KOMOrMYECKOW OMACHOCTW.
COBOKYNHOCTb HEraTUBHbIX SABMIEHUI, BIIMSIOLLNX HA 3KOMOrMYecKoe COCTOAHWE cpefbl, Npo-
ABMSETCA B Crieayowmnx gaktopax: 3arpsi3HEHHOCTb BO3AYLIHOro 6accenHa (C NnoBepXHOCTH
nnowaabto 1000 ra nopblB BeTpa MOXeT cHecTu okoro 60 000 M® neckoB); Bbicokast arpec-
CYBHOCTb TE€XHOreHHbIX BOA, WX HacCbIWEHHOCTb peareHTamm U NpoaykKTamMu rmnepreHHoro
pasnoXeHns oTxoaoB oboraleHns B NPOLECCe XpPaHEeHUs; TOKCUYHOCTb BOA U BbICOKas Be-
POATHOCTb @aBapUMHbIX CUTYaLUUn Ha 0ObEKTax, BXOASALLMX B COCTaB XBOCTOBbIX XO3SANCTB.

Mpn npopbiBe gamb BO3HMKAKOT CEPbE3HbIE TEXHOMEHHbLIE aBapun, CONpPoBOXaatoLLme-
Csl pacTeKaHMEM YINOXEHHOro B COOPYXEHME TOKCUYHOrO Matepmana u 3arpsi3HEHHbIX BOA.
AHarnormyHas cutyaums HabngaeTcs U B MMPOBOW FOPHOWN NpakTUKe.

KayecTBeHHOM M NPUHLMMIMANbHOM HOBOW SBMSIETCA MAes 3amMeHbl CyLLeCTBYHLEro
noaxoda K CKragupoBaHUKO OTXO40B B XBOCTOXPaHUIMLLIAX Ha UX pa3MeLleHne B KapbEPHOM
N NoA3eMHOM MpocTpaHcTBe. B BONbLIMHCTBE pa3BUTbIX CTPaH 3aKOHOA4ATENbCTBO HE MNO3-
BONSieT pa3MeLlatb 0TxoAbl oboraweHns B Mecrax, rge OHM MOryT HAaHECTU Bpefd OKpyXato-
LLEen cpene u XnBOW NpUpoLEe, YTO CYLLECTBEHHO MOBLIWAET CTOMMOCTb NPOLIECCOB ynpas-
neHus oTxogamm n obs3yeT Heapononb3oBaTenen oTkasaTbCa OT CKNaaupOBaHUS XBOCTOB
oboralleHunsa pya nyteM NpugaHus UM OOMOMHUTESNbHbBIX NOSIE3HbIX CBOMCTB.

CknagmpoBaHne XBOCTOB B BbipabOTaHHOM MPOCTPAHCTBE PYAHMKOB MO3BONSET U3-
B6exaTb HeobxoauMoCT oTBOAA AOMONHUTENBbHBIX TEPPUTOPUIA AN CTPOUTENLCTBA XBOCTO-
XpaHU1LL, 1 cnocobCTBYET peKynbTUBaALMM HApYLLEHHbIX 3eMeSb. Takas TEXHONOMMS Xapak-
Tepun3yeTca HEBbLICOKMMW 3aTpaTtamu Npu OTCYTCTBUM pUCKa NpopbiBa XBOCTOXpaHunuw,. Oa-
HaKo ONs yCTpaHeHus Npobrnembl BO3MOXHOMO 3arpsi3HEHNS rPYHTOBbLIX BOA TpebyeTtcs npo-
BOOUTb 06E3BOXMBaHME XBOCTOB.

[MepcnekTuBHbIE U LUMPOKONPUMEHAEMbIE TEXHOMNOIMMU pasMeLleHnst 0TXxoqoB obora-
LeHns pya paspaboTaHbl C NOSIBIIEHMEM HOBOIO Krnacca o6opyaoBaHus ana o6e3BoXnBaHus
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TEKYLLMX OTBaNbHbIX XBOCTOB 4O COCTOSIHWS NAaCTbl — NIIaCTUHYaTbIX (CM. pucyHok 3.3) u na-
CTOBbIX (CM. pUCYHOK 3.4) crycTUTENemn.

1 — pa3srpy3o4HbIn NaTpyboK; 2 — ByHKep HakonuTenb; 3 — 3arpy304Hbi Tpybonposos,
4 — BxogHou natpybok; 5 — npMemHas eMKOCTb;

6 — HaKMOHHbIV MOAYIb; 7 — CNUBHOWN NOTOK; 8 — naTpybok BepxHero cnmea; Qucx —
pacxop nynbnbl HA BXO4E B CrycTUTENb; Qcr — pacxop CryweHHon cmecn; Qgn — pacxoa
OCBeTNEHHOMN BOAbI; hoc — BbICOTa 30HbI OCBETIIEHUS; her — BbICOTA 30HbI CryLLEeHUs; He —
BbICOTa CrycTuTens; 3 — yron HaknoHa mMogyns niacTuH

PucyHok 3.3 — O6wun Bug n napameTpbl NNAaCTUHYaATOro Cryctutens

PucyHok 3.4 — O6wmnin Bng nactoBOro cryctutenst

TexHororvs nNacToBowv 3aknaaku No3BoSsieT NCMNONb30BaTh BblipaboTaHHOE NPOCTpaH-
CTBO Kapbepa, B TOM YuMcrie Npu KOMOUHUPOBAHHOW reoTeXHONOMmu, B Ka4eCTBE EMKOCTM AN
cknagmpoBaHus oTXxofoB oborawieHus pya. MuHMManbHoe BbiaeneHne BOAbl M3 MacToBOWA
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3aKnago4yHOM CMeCU CHUXaeT PUCK 3aToMfeHus yyacTka BedeHus noaseMHbix paboT nof
AHOM Kapbepa, 4TO NO3BONSAET NPOBOAUTb PEKYNbTMBALMIO €ro BblpaboTaHHOro NpoCcTpaH-
CTBa Ha aTane pasBuUTUSA NOA3EMHbIX FOPHbIX paboT.

OcobeHHOCTb TEXHONMOrMN pasMeLLeHNs TeKyLMX XBOCTOB oboralleHus pyad B Bblpa-
6oTaHHOE ropHOe NPOCTPaHCTBO COCTOUT B TOM, YTO OHW MOAAIOTCH B KapbepHoe Mnu noa-
3eMHOoe NPOCTPaHCTBO B BuAe NpoaykTa, 06e3BOXEHHOro (CryLleHHOro) 40 COCTOSHMS NacThbl
(npoueHT TBepgoro okono 70 %), a Ana M30NAUUK COOPYXKaAeTCHA WUCKYCCTBEHHbI MaccuB
Tpebyemon mowHOCTU. Takke AN 3awuTbl OT 3aTOMMEHUs NOA3EMHbIX BblpaboToK, NMeto-
LWMX CBA3b C KapbepoM, HeobXOAMMO CTPOUTENBCTBO BOOOHEMNPOHMLIAEMbIX MepeMblyek
(BHIT), obecneunBaroLLMx BO3MOXHOCTb OTKAYKM TEXHOSTOMMYECKNX BOA, NpeaoTBpaLLaoLmx
NpopbIB BOAbI U XXWUAKOW MynbMbl XBOCTOB B NoA3eMHble BbipaboTku pyaHuka. Peanusauns
[AHHOW TEeXHOMOrMu ComnpsiXeHa C yBennyeHnemMm BOLONPUTOKOB B MOA3EMHble BbIpaboTku,
4YTO TpebyeT YyCTaHOBKM OOMNOSTHUTESbHBIX HACOCHbBIX YCTAHOBOK B MOA3EMHOM PYAHWUKE W
NnaBy4YMX HACOCHbIX CTaHUM B 0Opasylwmxca B Kapbepe npydkax OTCTOs BoOAbl
(cMm. pucyHok 3.5).

1— oboraTutenbHas ¢gabpuka;2 — nynbNonpoBon; 3 — NacToBbIN CrycTUTENb; 5 —
BblpaboOTaHHOE NPOCTPAHCTBO Kapbepa; 6 — NoA3eMHbIe ropHble BbIPpaboTKW.

PucyHok 3.5 — lNpuHumMnmManbHas TEXHONOrMYecKasa cxema pas3MmeLLeHns nactoobpasHbixX
XBOCTOB B BblpaboTaHHOM MPOCTPaHCTBE Kapbepa npu KOMOBMHMPOBAHHOM Fre0TEXHOMOMMN

Ncnonb3oBaHne oTpaboTaHHbIX KapbepoB ANs BHYTPEHHEro oTeanoobpasoBaHusa sB-
nAeTcA NPUMEPOM KOMMMEKCHOro Noaxoaa K OCBOEHUI0 y4acTkoB Heap 3emMnu. [aHHbli cro-
co6 npuMeHsieTca ONA pelleHus Npobnem CcoKpalleHus 3aTpaT Ha TpaHCnopTUpOoBaHue
BCKPbILLIHbIX NMOPOA U YMEHbLLEHUS U3bATbIX TEPPUTOPUM HA NOBEPXHOCTM 3eMnu Ans pas-
MELLEHNS OTXOA0B A0GbIYMN MONE3HbIX NCKONaeMbIX

Ncnonb3oBaHne BbIpaboTaHHOrO MNPOCTPAHCTBA KapbepoB ANA pasMelleHUs npo-
MbILLUMNEHHbIX OTXOA0B Pa3NuYHbIX OTpacnei NPOMbILLNEHHOCTU NO3BOMNUT peLlnTb Npobnemy
N3bATUSA 3eMernb, B TOM YUCME CEeNbCKOXO3ANCTBEHHOTO HasHa4eHus, HeobXoaMMbIX Mo,
CTPOUTENBLCTBO CreLUnan3npoBaHHbIX NOMMUIOHOB.

CBOI0 0COBEHHOCTb MMEEeT pa3MeLLleHe XBOCTOB 060ralleHnst B BbipaboTaHHOM noj-
3eMHOM npocTpaHcTee. OpraHu3auus Takoro cnocoba ytunusauum TpebyeT Ana cBoel pea-
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nmnsaumn OByx ycnosun — BanaHca o6bemMoB NoA3eMHbIX MYCTOT U CKNagupyeMblx OTXOLO0B,
HanNn4ns N3BeCTHbIX TEXHOMNOMIN pasMeLLeHnsa 3TOro BMaa oTxo4oB B N0A3eMHOM NpoCcTpaH-
ctee [10]-[13]. NepBoe ycrnoBme cBA3aHO C COCTOSIHUEM BblpaboTaHHOro NpocTpaHcTea. Mpu
cucTeMax C OTKPbITbIM OYUCTHBbIM MPOCTPAHCTBOM CyLLEeCTBYeT MOTeHumnaribHas BO3MOX-
HOCTb nocneayLwero noraweHnsa NycToT nyTemM 3anosIHeHUst OTXo4aMu NPoOn3BOLCTBA.

Mpu cuctemax c 3aknagkon BblpabOTaHHOrO NPOCTPaHCTBA MCMOMb3YKT OTX04bl ne-
pepaboTkM pya Kak npu hopMnpoBaHMM HECYLLMX MACCMBOB, TaK U B Ka4ecTBe Cbiny4en 3a-
knagku [46]. OrpaHMyeHus B NMOSIHOM WMCMOSb30BaHMM XBOCTOB ANSA 3aKnagku noA3eMHOro
BblpabOTaHHOro NPOCTPaHCTBa CO3A4aeT UX WraMoBas YacTb. [1peogonesarT aTO orpaHuye-
HMe nyTemM COBepLIeHCTBOBaHMSA crnocoba nogaynM TEXHOreHHOM cMecu B BblpaboTaHHOe
noA3emMHoe NPOCTPaHCTBO, UCNONb3ya A06aBKW, CBA3bIBAKOLLME BOAY W LUMAMOBYIO 4acTb,
COOTBETCTBYHOLWNM 0b6pa3om MoAroTaBnmBasa 3aknagouyHyto maccy. cnonb3yloT MmexaHuye-
CKYIO UM MHEBMATMYECKYO nogadvy 00e3BOXEHHbIX MaTepuanoB, rmapaBfnYecKylo nogady
TUKCOTPOMHbLIX CMECEN.

OpHa n3 Hanbonee pacrnpoCTpPaHEeHHbIX CXEM YyTURM3auUuKn TekyLMx XBOCTOB obora-
LLeHnsa B BblpabOTaHHOM NOA3EMHOM NPOCTPAHCTBE — 3TO nacTtoobpasHas 3akrnajka Bblpa-
BoTaHHOro NPOCTpaHCTBa pyAHWKa C YCTaHOBKOWM y3ra o6e3BOXnBaHUS Ha JHEBHOW NOBEpPX-
HocTU. [laHHas TexHomnorus npegycmaTtpuBaeT CTPOUTENbCTBO Yy3na o06e3BOXMBaHUA Ha
npomnnowagke noa3eMHOro pyaHWKa, CTPOUTENbCTBO MAPOUSONSLUMOHHBLIX MepeMblYex.
MperMyLLecTBOM JaHHOW TEXHOMOMMN SABMSIETCA OTKa3 OT CKNaaMpoBaHUS TEKYLLMX XBOCTOB
B XBOCTOXPAHWUIIMLLA, CHUXXEHMNE 3KONOMMYECKOW Harpy3ku Ha oKpyXawLime Tepputopun, nc-
nonb3oBaHne o0b6opoTHon BoAbl. OCHOBHLIM HeOOCTAaTKOM SIBASKOTCS BbICOKME 3aTpaTtbl Ha
CTPOUTENBLCTBO KOMMeKkca 06e3BOXUBaHUSA, Nog3eMHoOro 3akrnagovHoro komnsiekca (M3K),
Ha TpaHCNopTUpPOBaHWE NacToobpasHON 3aknago4yHOM CMeCH.

Ha pucyHke 3.6 npuBegeHa npuHUMNuanbHag TEXHONOrMYeckas cxema yTunusauum
B BblpabOTaHHOM MNOA3EMHOM MPOCTPaHCTBE OOE3BOXEHHbIX A0 BNaXHOCTM 8 % XBOCTOB
oboratieHus.
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1 — oboraTutenbHas abpuka; 2 — nynbLNonpoBoa; 3 — paguarnbHbIi CrycTuTens; 4 —
ANCKOBbIE BaKyyM punbTpbl; 5 — BapabaHHas cylwunka; 6 — norpy3o4yHo-40CTaBoOYHas
MalUnHa; 7 — BbICYLLUEHHbIN KeK; 8 — oTBan; 9 — NOBEPXHOCTHbIN 3aKnago4Hbl KOMIMMEKC;
10 — uemeHTHbIEe cunoca; 11 — 3aknago4Hbli Tpybonposoa; 12 — konep; 13 — npuemMHas
BOpPOHKa; 14 — 3aknagbiBaeMoe noaseMHoe NpoCTPaHCTBO

PI/IcyHOK 3.6 — TexHonornyeckasi cxema yTunnsaumnm nofmHOCTbHO 06€e3BOXXEHHbIX XBOCTOB
oboraweHna B Bblpa6OTaHHOM MPOCTpPaHCTBE NoA3eMHbIX KaMep

[aHHasa TexHonornyeckas cxema npumMeHsinacb Ha YdanuHckom FOKe npu nogrotoBke
TEeKyLMX XBOCTOB OboraleHnsa ansa ux ganbHenwen yTunmsagmm B LWaxTe.

AnbTepHaTMBHBLIM BapMaHTOM YyTUnM3aumMm 06BOAHEHHbIX TOHKOOUCMEPCHbIX OTXOO0B
oboralleHnsa B LIaxTe ABNSETCA — pa3MelleHune y3na 06e3BoXMBaHNA HENOCPEACTBEHHO B
Hegpax 3emnun, ocobeHHo korga pabpuka HaxoauTCA Ha 3HAYNMTENBbHOM PaCCTOSAHUM OT Noa-
3eMHbIX BblpaboTok (Hanpumep, AnbkoHcknin MK). PasmelleHne obopynoBaHus ans obes-
BOXMBaHMA B Hegpax 3emnu sBNAeTCA MHHOBALMOHHBLIM HarnpaBfieHMeM, NO3BOSSOLLMM:
TpaHCnopTMPOBaTb MNysfbMy MO rOPU3OHTaNbHbIM BblpaboTkamM Ha [anbHUE PacCTOSHUS;
CKrnagumpoBaTb BpefHble TOKCUYHblE BELLECTBA HEMNocpencTBEHHO B Hedpax; BbiICBOOOAMTb
nnowaan 3emernb, 3aHUMaeMblX No4 pa3MelleHne oTxoaoB oboralleHuns; ocBouTb 06beMbI
NoA3eMHOro NPOCTPaHCTBA; BOBMEKaTb XBOCTbl 0OOraleHnsa ang npurotToBneHnsa 3aknagoy-
HbIX cMecen BONM3n 3aknagbiBaeMblX Kamep; UCKIOYUTb KanuTanoBnoXeHNa Ha CTpoUTenb-
ctBo 3K n yana o6e3BoxmBaHMsl Ha NOBEPXHOCTU. ECTECTBEHHO, NpX peanusaumm AaHHON
TEXHOMNOormM HeobxoaAMMO yBenMYEeHNe MOLLHOCTM HAacoCOB ANt 060POTHOro BoOOCHabXeHMWs
N OTKa4ku BOAbl Ha habpuky.

[na pygoHbIX MECTOPOXOEHWA pacnpoCTpaHeHWe Mnony4vmMna 3acbinka BHYTPEHHEro
NpoCTpaHCTBa pacnonaratwmxcs Bonunan otpaboTtaHHbIX kapbepoB. Takon cnocob ucnosnb-
30BaHNA BblpabOTaHHOrO NPOCTpPaHCTBa NpUMeHeH Ha kapbepe «CTapbin Cubany» bawkup-
CKOro MegHO-CepHOro kombuHaTa, KOro-BoCToO4HOM yyacTke kapbepa «OO0beauMHEHHbINY Ha
YyanuHckom FOKe, kapbepax o6beanHeHnin «KOxypanHukenb», «CeBbokcutpyaay, [JoHCKo-
ro FOKa v gp.

[Mpu cuctemax ¢ OTKPbITbIM OYUCTHBIM NPOCTPAHCTBOM U C 3aKnagkon BblpaboTaHHOrO
NPOCTPaHCTBA CyLLECTBYET MOTeHUManbHasd BO3MOXHOCTb MOCHeayolero noraweHms ny-
CTOT NMyTeM 3arnofiHeHNs Nx oTxogamun npounssoacTea. Mpu cuctemax ¢ 3aknagkom BO3MOXHO
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MCNonb3oBaHMe OTXOAOB, Kak Npu (hPOPMUPOBaAHMM UCKYCCTBEHHbIX TBEPAEHLWNX MacCUBOB,
Tak 1 B Ka4eCTBe 3aKrafloMHbIX MaTepuaros.

BoBneuyeHne otxogoB fobblun 1 oboraweHusa pyn B NpOM3BOLACTBO TBepAerLwmnx 3a-
KnagouvHblX CMeCceln sIBMseTCA BaXHbIM HanpaBfeHWeM Mo MNyTW K COoKpaweHuio ob6bemoB
HaKOMMeHMs OTXOLOB.

TBepaetowlas 3aknagka nonyvuna wmpokoe npumeHeHve bnarogaps cBoeMy OCHOB-
HOMY NpPeuMyLLecTBy — BO3MOXHOCTW CO3[aHUS MOHOSMIMTHOMO MaccuBa Heobxogumon
npoyHocTu. LLnpokoe npuMeHeHMe OaHHOW 3aknagkn caepXuBaeT TOSIbKO 3KOHOMWYECKUI
dakTop. C noBbILLEHNEM Ha MUPOBOM PbIHKE LiEeHbl HA NPOAYKLMIO FOPHOW MPOMbILLNIEHHOCTH
M C UCMONb30BaHWEM B COCTaBe 3aknagodHou cmecu BGonee [eLleBOro BSXKYLLEro crano
BO3MOXHbIM NPUMEHEeHne JaHHOro cnocoba 3aknagku u npu gobblde HU3KOLLEHHOrO ChipbA.
TBepaetoLwlas 3aknagka Ha OCHOBE OTXOAOB Ao6bl4M Tak ke npumeHsieTcs Ha bypubaes-
ckoM, ["anckom n KpacHoypansckom [FOKax.

[na cobctBeHHbIX HYXA YyanuHckoro OKa Ha 6ase oTBanoB gvMabas3oBOro KamHs
AEeNCTBYeT [OPOXHO-CTpOUTENbHOE MNPOU3BOACTBO, Mpou3Boasilee (pakuMOHUPOBaHHbIN
webeHb mapkn «1100-1200» n apobneHbin necok mapku «700—-800», Ans NpuroToBneHus
1w 3aknagoydHon cmecu ucnonb3ytoT 1400-1600 kr gnabasosbix nopod. 3a rog Ans 3a-
Knagkn BblpaboTaHHOro NPOCTpPaHCTBA YYanuHCKOW LWaxTbl U NPOU3BOACTBA CTPOUTESNbHbIX
paboT ncnonbaytoT ot 600 oo 850 ThiC. M° IMaba30Boro kKaMHs B rog.

Ob6s3aTenbHbIM YyCroOBMEM ANA NPUMEHEHUS TBepAeLWen 3aknagkm sBnseTcd, no-
MUMO Hannynga B otxogax oboratutensHon abpukn mnHepanos Ca, Mg n A1, cogepxaHue
TOHKOrO Kracca KpynHocTtu okono 50 % — 70 % knacca -74 MKMm.

XBocTbl oborawieHna Cubarnickon oboratutenbHon abpukm cknagupoBaHbl B OBYX
XBOCTOXpaHUnMLax — craporogHem, nnowaasto 23,5 ra, 3akoHcepBMpoBaHHOM B 1965 r u
HOBOM, COCTOSILLMM M3 Tpex OTcekoB obuwen nnowagbo 146,2 ra. XBOCTbl NpeacTaBnsaoT
cobori ToHKOM3MenbYeHHbIM MaTepuan (Tabnuua 3.25), npeactaBneHHbIn Ha 95 % knac-
com -0,044 + 0 mm.

Tabnuuya 3.25— [paHynomMeTpuyeckui COCTaB TeKylWMX XBOCTOB oboralieHus
CwubanckonoboratutenoHon gabpukm [81]
XBOCTOXDaHI- PacnpegeneHne no knaccam KpynHocTu, %
e 10.074 -0,074 + -0,044 + -0,028 + -0,014 + 0,007

’ 0,044 0,028 0,014 0,007 ’
CtaporogHee (8,1 17,1 8,5 23,5 23,0 19,8
Hosoe 0,08 4.8 20,4 34,8 12,3 26,9

XBocToxpanunuuie oboratutenoHon ¢abpukn Ne 1 kombuHaTta «[levyeHraHukenb»
AO «Konbckasa TMK» B r. 3anonspHbin MypmaHckon obn. akcnnyatupyetca ¢ 1965 r. O6bem
XBOCTOB cocTaBnsieT 6onee 250 mnH T. [1na XBOCTOB XxapakTepHO npeobnagaHve gpakumm c
pa3mepom 3epeH -0,1 MM, BO MHorux crniydasix o 50 % 3epeH nmeet kpynHocTb -0,044 mm.
B coctaBe xBocToB oboraiieHus npeobnagatot cepneHTuHbl (60 %). B 3ameTHbIX Konuye-
CTBaX MPUCYTCTBYKOT NUPOKCEHbI, ampnbonbl, Tanbk, XNOpUTbI, kBapL, nonesble wnatbl. Oc-
HOBHbIMW PYAHbIMW MUHEpanamu SBNATCA MarHeTUT, NMUPPOTUH, NEHTNaHOMT, XanbKonu-
put. ObLwee cogepxaHme cynbduaHbix MmHeparos coctaenseT 1 % — 3 %.
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Ha TpaHcnopTupoBaHue 3aknagoyHon cmecu no TpybonpoBogam okasbliBaeT NOoXu-
TenbHOEe BNUAHME codep)KaHue rMMUHUCTLIX U NbiNeBuAHbIX YacTuu. [aHHbii dakT obycnos-
NeH TeM, YTO KpyrHble (PpakumMmM MHEPTHOro 3anosiHUTenst HaXOA4ATCS BO B3BELUEHHOM CO-
CTOSIHUK, NPENSTCTBYS PACCIOEHUIO pacTBOpa BO BPEMS ABUXEHUS ero no Tpybonposoay.

OcHoBHasa Macca TeKylmx XBOCTOB oborawieHnsa megHokondeaaHHblx pya (90 % —
92 %) npegcraBneHa Yyactuyamm KpynHoctbeto -0,044 mm. Knacc kpynHocTu -0,044 + 0,02 mm
coctaBnsieT 43,44 %, a knacc kpynHoctu -0,074 + 0,044 mm — 8 % oT obLien maccbl XBO-
CTOB, NpPWU 3TOM CpeSHUN MeauaHHbIN pa3mep 3epeH coctasun 0,022 mm. NoaTomy Tekyuwime
XBOCTbl oboraleHns no NUTONOrM4YEeCcKOMY TUMY KIacCUULNPYIOTCH Kak TEXHOTEHHbIN nec-
YaHO-TMUHUCTBIN aneBpuT [9] n MoryT, nocrne npenBapuUTenbHOro 06e3BOXMBaHUSA, UCMOMb-
30BaTbCH B Ka4eCTBEe OCHOBHOIO MaTepuana ang ruapaBnnyeckon 3aknagku unm Kak Komno-
HEHT 0118 NPUroToBNEHNA TBepAetoLlen 3aknagodyHon cMecu npu 3aknagke BbipaboTaHHbIX
npocTpaHcTB (CM. Tabnuuy 3.26).

Tabnuuya 3.26 — [paHynomeTpuyeckass xapakTepucTuka oTxodoB oboralleHns MegHo-
KonyegaHHbIX pys YyanuHckon oboratutensHon dpabpukm [81]

TekyLine XBOCTbl
Knacc kpynHocTn, MM Boixon, v, % z v z v
-0,1 + 0,074 2 2 100
-0,074 + 0,044 8 10 98
-0,044 + 0,02 43,44 53,44 90
-0,02 + 0,01 20,12 73,56 46,56
-0,01 + 0,005 10,52 84,08 26,42
-0,005+0 15,92 100 15,92
NToro 100

MpuMmeHeHne XxBOCTOB oboralleHns ans npon3BOACTBa TBepAeLen, nactoobpasHom
NN rMapaBnNMYECcKoOn 3aknagku Nno3BOMnsieT, C O4HOM CTOPOHbI, YNPOCTUTb TEXHONOMMYECKYHO
CXeMy Npou3BOACTBa 3aKnago4HOM CMEeCcK 3a CHET OTCYTCTBUSE HEOOXOANMMOCTM ApOobNeHns n
N3mMernbYeHnst MOpPoA, a C APYrov — YyTUNM3MpOBaTb XBOCTbI 00OraweHnsa B nog3eMHOM npo-
CTpaHcTBe, n3bexas, TakMMm 00pa3oM, OMACHOCTEN, CBSA3aHHbLIX C HEraTMBHbIM BIUSIHUEM
MaTepuana XBOCTOB Ha OKpYyXXatoLLyto cpeny (cm. Tabnuuy 3.27).

Tabnuya 3.27 — O6bembl NyCTOT OTpaboTaHHbIX KapbepoB KOxHoro Ypana [81]

HanmeHoBaHune O6bem BblpaboTaHHOroHanmeHoBaHue O6bem BblpaboTaHHOIO
Kapbepa NpocTpaHCTBa, MIH M>  [Kapbepa NpOCTPaHCTBa, MMH M>
Manckum Ne 1 139,5 YyanuHckun 150,9

Mancknin Ne 2 12,3 Cunbanckun 190, 8

Manckmm Ne 3 57,5 KamaraH 12,4

B Poccun B HacTosiLee BpeMs TOMbKO OrpaHMyeHHast YacTb 06e3BOXEHHbIX XBOCTOB
ncnonb3yeTcsa Ang 3aknagku BblpaboTaHHOro NPOCTPaHCTBA Ha NPeanpuaATUsaX Hopunbckoro
rOPHO-MeTannypruyeckoro KombuHaTa, YpanbCKOW TFOpHO-MeTanypruyeckon KommnaHum,
noA3eMHbIX pyaHukax KazaxctaHa u gp. (CM. pucyHok 3.7).
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1— oboraTutensHas abpuka; 2 — nynbnonpoBoj, 3 — BepTUKarnbHbIN Cryctutens; 4 —
ropHas BblpaboTka; 5 — BEHTUNSLUMOHHbLIA BOCCTAIOLLNNA;
6 — TpybonpoBoL ANs CryLEeHHbIX XBOCTOB; 7 — A03UpYyOLWmMA ByHKep;
8 — koHBenep; 9 — cmecutens; 10 — 3aknagoyHbIi TpybonpoBos;
11 — 3aknago4vHbI MaccuB

PucyHok 3.7 — opHOTexHu4Yeckasi cuctema ¢ NPUroToBEHMEM 3aKafo4YHOM CMecKu Ha
OocHoBe 06e3BOXEHHbIX XBOCTOB oboralleHus pyq
B NoA3eMHbIX BblpaboTkax

N3 npaktukm paboTbl NOA3EMHbIX PYOHUKOB crieqyeT, YTO NpUMeHeHue TBepaetoLemn
3aKknagkn 3KOHOMUYECKM onpasgaHo npu paspaboTke MeaHO-KonYyegaHHbIX MEeCTOPOXAEeHWU
W1, KaKk NpaBumnio, NPUBOOUT K CHKEHUIO KanuTanbHbIX 3aTpaT Ha BCKPbITUE MECTOPOXAEHUA U
CBSA3aHHbIX C HUM 3KCMyaTauMoHHbIX pacxodoB. OgHAKO BbICOKass MeTanfoeMKocTb 3akna-
AOYHbIX KOMMMEKCOB npegonpegenser ux crauMoHapHoe pacronoXeHne u orpaHuymBaeT
obnacTb NpUMEHEeHUs CUCTEM C TBepAelwun 3aknagkon. pn 3ToM NOCTOSAHHOE nepeme-
LLleHWe OYUCTHbIX PaboT NPUBOAUT K YBENUYEHUIO PACCTOSIHUA TPaHCMOPTMPOBaHUA TBepae-
oLen cmecu, 4To TpebyeT AOMOMHUTENbHLIX 3aTpaT Ha COXPaHEHWe ee TEeXHONOrnyeckux
CBOWCTB M Ha nNepeMeLleHne CMecu.

YKasaHHbIX HeJOCTaTKOB NULLEHa ropHOTEXHUYECKast cuctemMa, npegycmaTpusaroLLas
NPUroToBEHNe 3aKrago4YHON CMecu B NoA3eMHbIX FOPHbIX BbipaboTkax € MCMONb30BaHWEM
OTXOO0B OT MPOXOAKWN FOPHbIX BbIpabOTOK U paaMOMETPUYECKOn cenapaunn pya B KavecTse
WHEPTHOro 3anofnHUTenNs (CM. pUcyHok 3.8).
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1— MNAM; 2 — npuemHbIn ByHKkep; 3 — WwekoBas gpoburka; 4 — pygocnyck; 5 — GyHkep-
HakonuTenb; 6 — KOHYCHasi MHEPLMOHHAaA Apobunka;
7 — cmecuTenb; 8 — LEeMEHTHbIN CUIoc; 9 — 3aknagoyHasa CKBaXMHa;
10 — 3aknagbiBaemMoe BblpaboTaHHOE NPOCTPAHCTBO

PucyHok 3.8 — [NopHOTEexXHU4Yeckas cMctemMa 3aknagku BbipaboTaHHOro NpoCTpaHCTBa Ha
OCHOBE OTXOAO0B rOpHbIX paboT, C NOArOTOBKOW HANOMHUTENSA B NOA3EMHOM BblpaboTaHHOM
NpoCTpaHCTBE

HecMoTpsi Ha OrPOMHbIV HaKOMMEHHbIN ONbIT B 06/1aCTU CO30aHNsA HOBbIX TEXHOMOMMI
cKnagMpoBaHUs 0TXoO0B A06bIYM 1 NepepaboTku pya, ropHOpPYAHbIE NpeanpusaTMs Becbma
MeANeHHO BHeAPSIOT B TEXHOMOMMYECKNIA NPOLIECC COBPEMEHHbIE HAPaboTKN. DTO OGBACHS-
eTcs TeM, YTO HOBOBBeAeHUs Bcerga TpebyoT 3HauMTerNbHbIX KanuTanoBnoOXeHWU, YTo 3Ha-
ynTenbHbIM 0Opa3om BNMUsieT Ha cebecToMMOoCTb OOOLITOM pyabl, Aa U TEXHONOMMN cKnaau-
pOBaHUS TPaAWMLUMOHHBIM criocobom yxe oTpaboTaHbl rogamu. 3TO NPUBOOAUT HE TOSbKO
K pOCTY MaclUTaboB HakoNmeHUs1 Ha JHEBHOW NMOBEPXHOCTU TEXHOMEHHbIX 00pa3oBaHUI, HO U
B NMOCNEACTBUM MOXET NPUBECTYU K rrobGanbHOM 3KONornyeckon katactpode.

Ha pucyHke 3.9 npuBegeHa knaccuduKkaumusi TEXHONOMMYECKUX U KOHCTPYKTUBHbIX pe-
LLUEHWI MO pa3MELLEHMIO OTXOA0B ropHO-060raTUTeNbHbIX NPEANPUSTUIA, NO3BONSIOLLANA Bbl-
OpaTb pelleHne, COOTBETCTBYIOLLEE KOHKPETHbIM YCNoBUSAM A00blMM M oboralleHuns pya.
TexHonorMn npegnonaratT pa3meLleHne TEXHOTEHHbIX OTXOA40B B OTKPLITOM U MOA3EMHOM
NPOCTPaHCTBE U B MOSIHON Mepe y4uUTbIBatOT 0COBEHHOCTU (PU3MKO-MEXAHUYECKUX, XUMUYe-
CKUX 1 TEXHONOIMMYECKMX CBOMCTB OTXOA0B.
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Pazgen 4. OnpegeneHne HaunyyluxX AOCTYNHbIX TEXHONOMMM

TepMnH «Haunnydwmne [ocTynHble TexHonornny (HOT) onpepeneH B ®epepanbHOM
3akoHe Ne 7-03 [1].

Moa TexHonorven B LENOM MOHUMAKT COBOKYMHOCTb MeTogoB 06paboTku, M3roTos-
NeHns1, N3BMEHEHNSI COCTOSAHUS, CBOUCTB U hOPMbI Cbipbsi, MaTepmanos UNu nosnynpoayKTos,
NPUMEHSAEMbIX B npoLecce Npou3BoAcTBa Npoaykuuun. 3gecb MMeT B BUAY M COBCTBEHHO
TEXHOMOrM, N cNocob, C MOMOLLBbI KOTOPOro OMnMUCbIBaeMbli OOBEKT CNPOEKTUPOBaH, Mo-
CTPOEH, 3KCnnyaTupyeTcsl U BbIBOAUTCA U3 3KCnslyatauuu. 3TO He TOSbKO TEXHOMOrMsa npo-
N3BOACTBA, HO U Pa3fiMyHble TEXHUYECKME N HETEXHUYECKME MEeTOoAbl NOBbILLEHUS 3KOMOru-
YEeCKOW pe3ynbTaTUBHOCTU (SKOSTOMMYECKUA MEHEPKMEHT, YrpaBfieHYeCcKne peLLeHus).

Moa AOCTYNHOW NOHUMAKOT 3KOHOMUYECKM LienecoobpasHyto U HeYHUKaITbHYIO TeXHO-
norvo, KoTopasa AocTurna ypoBHs, No3sonstoLero obecrneynts ee BHeApeHUe B TOM OTpac-
N TOPHOro NPOU3BOACTBA, KOTopas oTBevaeT 3a JoOblyy 1 oboralleHne pyn LBETHbIX Me-
Tansnos, C y4eTOM 3KOHOMMUYECKOM N TeXHNYECKON 060CHOBAHHOCTU, 3aTpaT U NPEUMYLLECTB;
npwv 3TOM TEXHONOMMS SOMMKHA ObITb peann3oBaHa XoTsa Obl Ha ABYX NPeanpuATUSX OTpacru.

Mog Havnydwen NoHMMAaKT TEXHONOrM, obecnevymBalolLyrd OXpaHy OKpYyXatoLlen
cpeabl 1 pecypcocbepexeHus (B 4aHHOM Cllydae pecypcbl — Cbipbe, BOAa, 3HEPrUs) B Mak-
cuManbHou mepe.

Mopsagok onpeneneHuss TexHonornn B kadectse HAT onpefeneH noctaHOBIEHUEM
MpaButenbctBa Poccurckon depepaumm ot 23 gekabpsa 2014 r. Ne 1458 «O nopsigke onpe-
AeneHnsa TEXHOMOMMM B KayecTBe Haunydllen JOCTYNHOW TEXHOMNOMMN, a Takke paspaboTku,
akTyanusauumm 1 onybnukoBaHus MHMOPMaLMOHHO-TEXHUYECKMUX CNPAaBOYHUKOB MO Hausyy-
WM OOCTYMHbIM TEXHOMOrMsM [2], Ha OCHOBAHWU KOTOPOro MUHUCTEPCTBO MPOMBILLSIEHHO-
ctn n Toproenu Poccuinckon depepaumn paspabotano Metogumyeckune pekomeHgaumm rno
onpeaenieHno TEXHONOMMN B Ka4ecTBe Hauny4ylen JOCTYMHOM TEXHONOMUNY.

CornacHo nepeyncrieHHbIM OOKYMEHTaM MNpu OTHECEHMM TEXHOMOTMMYEeCKMX npouec-
COB, TEXHMYECKNX crnocoboB n metonos, obopyaosaHus k HOT Heobxoanmo pykOBOACTBO-
BaTbCS CrneayrLwuMm KpuTepuamu:

a) HaVMEeHbLUNIN YPOBEHb HErATUBHOIO BO3AENCTBUSA HA OKPYXaloLLylo cpedy B pacye-
Te Ha eanHULY BpeMeHU unm obbemMm Npon3BoguMon Npoaykuumn (ToBapa), BbINOSIHAEMON pa-
60Tbl, OKasblBaemMon ycnyrm nubo cOOTBETCTBME APYrMM MoKasaTensmM BO3L4eNCTBUS Ha
OKpy)XalLyo cpeay, nNpeayCMOTPEeHHbIM MeXayHapoaHbiIMu gorosopamu Poccuickon de-
aepauuu; nNpuopuTeTHLIM, OKa3blBalLWMM HauMeHbllee OoTpuuaTeribHoe BO34eNCTBMe Ha
OKpYXXaloLyo cpeay, peKkoMeHAOBaHO cyMTaTb BO3AENCTBME OT OTXOAOB, 3aTeM BbIOPOCOB
B BO4Y W 3arpsi3HeHWe MnouyBbl; BO3AENCTBME OT BbIOGPOCOB B BO34YyX PEKOMEHOOBaHO pac-
cMaTpuBaTb Kak hakTop, MMeoLL M HanbonbLMA OTpULaTENbHbIN 3AEKT;

6) akoHOMMYecKasa 3PPEKTMBHOCTb BHEAPEHUS U AKCNyaTauun, aHann3 aKoHOMuYe-
CKOW 3hPEKTUBHOCTU 3aKmo4aeTCsa B OUEHKe 3aTpaT Ha BHeAPEHME 1 aKcnnyaTaumio TEXHO-
NorMn 1 BbIrOAbl OT €e BHeAPEHUs METOAOM aHanusa 3aTpaT M BbIrof; B Npouecce OLEHKM
LenecoobpasHo pasfensitb 00beKTbl HA HOBbIE N OENCTBYHOLLME;

B) NPYMEHEHME pPecypco- N aHeprocbeperaLwmx MeToaos;

r) nepnopg BHeApEHUS;
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A) NPOMbILLNIEHHOE BHeApeHUe TEXHONOIMMYEeCcKUx npoueccoB, 0bopyaoBaHUs, TEXHU-
Yyecknx cnocobos, MeTofoB Ha ABYX U Bonee obbekTax B Poccuiickon denepauumn, okasbl-
BalOLLMX HEraTMBHOE BO3AENCTBME HA OKPY>KAKOLLYHO cpeay.

B kauecTBe MCTOYHUKOB MHPOPMALMKN O MPUMEHSIEMbIX Ha NPAKTUKE TEXHOMNOMMAX, OT-
Hocsawmxca K HOT, ncnone3oBaHbl NPOEKT eBponenckoro cripasovyHmka HOT no Hauny4vwmm
9KOMOrMYeckuM npakTnkam B ropHoA00ObIBaOWENn NPOMBILLNEHHOCTU (MeTannmMyeckune pyabl),
CcBefeHUs, MorlyYyeHHble B pesynbTaTe aHKeTUPOBaHWUS NPeanpuaTUn oTpacnn, pesynbTaTbl
Hay4HO-UccnegoBaTenbCkux paboT, a Takke MHopmauus, nonydeHHas B Xo4e KOHCyrbTa-
UMM C NpodUnbHbIMU 3KCNepTaMu.

HOT v meToabl, a Takke — B HEOBXOOMMBIX Crlydasix — COOTBETCTBYHOLLUME UM TEXHO-
nornyeckme nokasatenu (3HavyeHust KOHUEeHTpauum BbIOPOCOB) onpeaeneHbl TEXHUYECKOM
paboyen rpynnon NPUMEHUTENbHO K OCHOBHbIM Mpoueccam [obblum 1 oboraweHus pya
LBETHbIX METanMoB, NPUBEAEHHbIM HUXE:

1) npoekTMpoBaHne n GesonacHoe (YHKLUMOHMPOBAHME TFOPHOTEXHUYECKUX CUCTEM,
OCHOBaHHbIX Ha KOMOBMHUPOBAHHbBIX (PU3MNKO-TEXHUYECKUX U PUINKO-XMMUYECKUX FEeOTEXHO-
NOrnsiX OCBOEHWSI NPUPOLHBIX U TEXHOMEHHbIX MECTOPOXOEHUN;

2) npouecchbl NOArOTOBKM Cbipbsi K OboralleHuto u ero onpoboBaHMe: rpoxoyveHue,
ApobneHne, knaccudgukaumsi B BOOHOM 1 BO3AYLIHON cpenax, U3MesnbyYeHue;

3) oCHOBHbIe Npouecchl oboralleHns: rpaBsuTaumoHHoe oboralleHne (npomMbiBka, 060-
rawieHvme B TSXKenbIX CYCNeH3usX, oTcagka, KOHLUEeHTpauusa Ha ctonax, oboraweHne Ha BUH-
TOBbIX U LEHTPOBEXHbIX KOHLIEHTpaTopax), MarHUTHOE N anekTpuyeckoe oboralleHune, drio-
Taumsa (pbnoTtaumoHHbIe peareHTbl, POTAaLMOHHbIE MALLUMHBI, CXEMbI U PEXUMbI hroTauun);

4) cneuunarnbHble U BCNOMoOraTesbHble MpoLuecchl oboraleHus: ycpegHeHue pya, py-
A0COPTUPOBKa — pyaopasbopka, pagmomeTpudeckme metoabl oboralleHns, nsbmnpartensHoe
ApobnexHune, namenbyeHne, UCTUPaHUE W chneumanbHble MeTOAbl PacKpbiTUS MUHEpPanos,
KOMBUHUPOBaHHbIE Npouecchbl — brnoTorpaBnTaund, MarHuTorngpoguHaMmmyeckas, MarHuTo-
rmgpocTaTuyeckas U MarHMTorpaBumMeTpuyeckasa cenapaums, o6e3BoxmBaHne — CryLieHue,
punbTpoBaHME, CyLLIKa, XMMUYECKME MPOLECCbl B KOMOMHMPOBAHHbIX Cxemax oboraiieHus
PYA;

5) cTouYHbIE BOAbI, MX OYMCTKA M MCMONb30oBaHME Npu oboraleHnn pya;

6) KOHTPOSIb U YNpaBneHne npoueccammn oboraweHus;

7) HOBble HanpaeneHus B obnactu gobblum n oboraweHns pya LBETHbIX METaNsoB.

TpeboBaHnss MMHMMYyMa 3aTpaT MaTepuarbHbiX U TPYAOBbIX PECYpPCOB, MOSIHOMO U
KOMMMEKCHOTO WCMNOMb30BaHMSA 3anacoB Heap, OXpaHbl APYrMx MNpUPOAHbLIX PecypcoB U
CNOXHOCTb FOpPHbIX 3agay obycrnoenuBaT npu onpeaeneHmn HOT npumeHeHne meTonoB
9KOHOMMKO-MaTEMaTMYECKOro MoAenmMpoBaHusi, pacyeToB Ha OBM cuctembl aBTOMaTU3nNpO-
BaHHOIO NPOEKTMPOBaHNS PYOHNKOB.

OcHoBHble 3aga4m ropHOro NPON3BOACTBA:

- nobblva Heobxo4MMOro KonMyecTea pya;

- obecneyveHne npuemMnembix SKOHOMUYECKNX NOKasaTenewu;

- obecneyveHne 6esonacHoOCTM Ansa paboTHUKOB 1 OKpYXXatoLLen cpeapl.

OcHoBHas 3agaya npu onpegenednn HOT 3akntodaeTcs B yyete daktopos, obecne-
YMBAIOLLMX OOCTMXKEHME BbICOKMX MOKasaTenen npyu UCnofib30BaHMN TEXHUYECKUX PeLLEHUN
Ha OCHOBE y4yeTa ropHO-reosIorMYecknx, TEXHUKO-TEXHONOMMYECKMX NapaMeTpoB U 3KOHOMMU-
YeCKUX napameTpoB M BO3MOXHOCTEN pelueHusi Npobnem pasBuUTUSA FOPHbLIX NpeanpuaTUi:
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KOMMSIEKCHOE OCBOEHWEe Heap; MHOronpoMunbHOCTb; 3TaNHOCTb pa3paboTkn; BO3MOXHOCTb
MOHUTOPUHIa COCTOSIHUA OKpY>KatoLLen cpeabl; NepcrnekTuBbl MOAEPHU3aL UK.

TexXHMKO-3KOHOMMNYECKME MOKa3aTenun TeXHONOrmmn paspaboTkn opMupyoTCa cucTe-
MaTu3aunen n aHann3om CTaTUCTUYECKUX OaHHbIX, HATYPHbIX U labopaTopHbIX uccnegosa-
HUA N ONbITHON OTPaBOTKM MECTOPOXKAEHUN.

MponsBoacTBeHHas MOLWLHOCTb NPeanpuUsaTUss — MakCUMaribHO BO3MOXHbIW BbIMyCK
NpOoAYKUUN NpU NOMIHOM MUCMNOMb30BaHUN 000OPYAOBaHMA U Nnowanen ¢ y4eToM npuMmeHeHns
nepenoBor TEXHOSOMMU N OpraHu3auun NpomM3BoACTBa B 3aBUCUMOCTU OT BeNUYMHLI 6anak-
COBbIX 3anacoB. [na pyaHMKOB M LLAXT OHa COCTaBMSET OT AECHATKOB ThICAY OO HECKOSIbKUX
MUIIMOHOB TOHH, A115 KapbepoB — AECATKA MUSISTMOHOB TOHH.

TpeboBaHWst K TEXHOOMMKN NO OXpPaHe Heap M OKPYXXaloLLen cpeabl:

- MakCUMarbHO MOSIHOE U3BMEeYeHne U3 Heap U pauMoHanbHOe UCMonb30BaHWe 3ana-
COB OCHOBHBbIX M COBMECTHO 3arieratoLmx nosiesHblX UCKonaeMbix;

- HegonylleHne BpeagHoro BnvsiHMS paboT, CBA3aHHbIX C NOfb30BaHMEM HegpaMu, Ha
COXPaHHOCTb 3anacoB MOfe3HbIX UCKOMaeMblX;

- OXpaHa MeCTOPOXAEeHUS OT 3aTonfeHns, o6BOAHEHNS U APYrnX (PakTOpPOB, CHWMXa-
OLLIMX Ka4eCTBO MOSIE3HbIX UCKONAeMbIX Y NPOMbILSIEHHYIO LLEHHOCTb MECTOPOXAEHUSA UMU
OCINOXHSOLWMX ero pa3paboTky;

- NpefoTBpaLleHe BpeaHOro BrMsiHUS paboT, CBA3aHHbIX C NOMb30BaHWEM Heapamu,
Ha COXPaHHOCTb JKCMNSIyaTUpyEMbIX N HaXOOALWMNXCA Ha KOHCepBaUMW ropHbIX BblIpaboTok n
CKBaXVH, a Takke NoA3eMHbIX COOPYXXEHUN;

- NpefoTBpaLleHre 3arps3sHeHns Heap npu cbpoce CTOYHbIX BOA, MPU 3aXOPOHEHUU
BpeAHbIX BELLECTB 1 OTXOAOB NMPOM3BOACTBA, a TakkKe Npy NoaA3eMHOM XpaHEHUN HedTwn, ra-
3a U UHbIX BPedHbIX BELWECTB U MaTepuarnos;

- obecneveHne oxpaHbl aTMOCKEPHOro BO3ayxa, 3eMHON NOBEPXHOCTU, NeCOB, BOA U
APYTMX NPUPOAHBIX PECYPCOB, @ TaKKe 30aHUN U COOPYXXEHUA OT BPEAHOro BAUSIHUSA FOPHbIX
pabor;

- NpuBegeHne 3eMerbHbIX y4acTKkoB B 6e3onacHoe n npurogHoe Afis MCNofb30BaHUSA
B HApO4HOM XO35IMCTBE COCTOSAHNE B COOTBETCTBUU C 3E€MESIbHBbIM 3aKOHOAATENLCTBOM.

Paspen 5 Haunyywune goctynHble TEXHONOrMu

TexHonornyeckme npoueccol, obopygoBaHMe, TeXHUYeckne crnocobbl, MeToabl, onpe-
AENEHHbIE B Ka4yecTBE Haumnyylwux AOCTYMHbIX TExXHomnornm ans obrnactm npuMeHeHus
HacTosiwero cnpaBoyHuka HOT He sBRAOTCA NpeanucbiBalOWMMN NN UCYEPTbIBAOLUMN.
MoryT NnpUMEHATLCA U UHbIE MEeTOAbI, 0becneunBaroLLne, N0 MEHbLLEN MepPe, TaKoM Xe ypo-
BEHb OXpPaHbl OKpYy>atoLleun cpeapl.

5.1 Cucrembl aKonornyeckoro meHegkmeHta (CIOM)

HOT 1 Cuctema 3KkONOrM4eCcKoro MeHeakMeHTa

HAOT coctouT B paspaboTke, BHEOPEHUN M NOCNeoBaTENbHOM COBEPLLUEHCTBOBAHUN
CUCTEMbI 3KOJTIOMMYECKOr0 MEHEeKMEHTa UMM OTAENbHbIX €e 3reMeHToB, obnacTb oxBaTta
KOTOpPbIX onpefensieTcs npeanpuaTmem ¢ y4ETOM NPUOPUTETHBIX IKONOMMYECKUX Npobnem.
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HecmoTpsa Ha TO, 4TO Bornbluas YacTb KOMMNAHWIA, peanuayowmx Buabl AesaTenbHOCTH,
OTHECEHHble K obnactu npumeHeHus Hactoswero UTC HAOT, coobuwaeTt o ceptudumkaumnm
(pecepTndmKaummn Mnu K NOAroToBKe K cepTudmnKaumm CUCTEM IKOSTOMMYECKOrO MEHEAXKMEH-
Ta), HOT 1 He npeanonaraet obs3aTtenbHon cepTudukaumm COM Ha cooTBeTcTBUE Tpebo-
BaHWAM MeXAyHapoaHOro unu HauuoHanesHoro crtangapta (1ISO 14001 wnmn TOCT P NCO

14001).

5.2 HOT, HanpaBneHHble Ha CHMXXeHMEe HEeraTUBHOIro BO34euCcTBUA Npu [oObIYMn

pyA uBeTHbIX MeTansioB

5.2.1 HOT, HanpaBneHHble Ha CHWXXEeHUe BbIOPOCOB Npu A00bLIYU pya UBETHbIX

mMeTannoB

5.2.1.1 OTKpbITbIN cNOCO6 pa3paboTKNn MeCTOpOXAeHUN

HAOT 2 CHuxeHne BbIGpOCOB Npu BypoB3pbIBHLIX paboTax
HT[ 3aknoyaeTcsi B CHUWKEHWUM MbINEBBLIX M ra3oBbiX BbIOPOCOB Npu npoBefeHun 6y-
POB3pPbIBHbIX PaboT NyTeM NPUMEHEHUSI OTAENbHO UM COBMECTHO CreayLNX TEXHNYECKMX

peLleHni:

Ne

o/ MeTon/o6opynosaHue MpuMeHuUMocCTb

1. OcHaweHne 6ypoBon TexHuku cpea- | ObwenpumMeHnm ans npeanpuaTui, UMeto-
CTBaMM MNbiNEenogaBneHns u nbinie- | wux copochbl
ynaBnmBaHus

2. MpumeHeHne rmapo3abonkn B3pbIBHbIX | [IPUMEHMM KpOME PErMOHOB C HU3KUMU 3UM-
CKBa>KWH HUMKW TemnepaTypamu

3. Mcnonb3oBaHue 3aboeyHoro matepu- | O6wenpMmeHnmMmo
ana ¢ MMHMManbHbIM NblneobpasoBa-
HUem

4. OpolueHne 30Hbl BbiNaAeHUs Nbiv n3
nblnerasoBoro obnaka

ObwenpumeHnm Ons NpegnpuaTui, UMeto-
LLnX cbpochbl

5. MpumeHeHne cuCcTeM 3NEKTPOHHOrO | [pMeHUM NpenmyLLecTBEHHO npu paboTax
WHULUUNPOBAHWS B3PbIBOB BOGNN3N oxXpaHAeMbIX TepPUTOpPUI
6. MpumMeHeHne HeanekTpuyecknx cu- | NMpumeHMm npu HeobXxoaUMOCTM MOBbILLEH-

CTeM B3pbliBaHUA

HOW Ge30MacHOCTM B Kapbepax W LaxTax, He
onacHbIX Mo rasy v nbinu

7. BHedpeHne KOMMbIOTEPHbIX TexHomo- | [IpuMeHuM npu NOBbIWEHHbLIX TpeboBa-
M BbibOpa napameTpoB OypOB3PbIB- | HUAX K APOBGMEHWI0 TOPHOW  Mopoabl,
HbIX paboT Hanpumep, Npu BbienadnBaHum

8. lMpuMeHeHVe B3pbiBYaTbLIX BELLECTB C | [IpMEeHUM Mpu CROXHbIX YCIOBUAX MPOBET-

HyneBbIM KMCITOPOAHbIM 6anaHcom

puBaHMs BbIpaboTok

HAOT 3 CHmxeHne BbIGPOCOB Npu XpaHeHUu, neperpyske 1 TPaHCNOPTUPOBKE ChIpPbs
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HOT 3akntoyaeTca B CHMKEHUM BbIOPOCOB NMpu XpaHEHUs!, NOrpy304HO-Pa3rpy304HbIX
paboT M TPAHCMOPTUPOBKN PyA NyTEM NPUMEHEHUS OTAENbHO MM COBMECTHO CrneaytoLmx
TEXHUYECKUX PELLUEHNN:

Ne

o/ MeToa/o6opynoBaHue [MpumeHnmocCTb

1. CokpalleHune ynucna MecT neperpysok MNpumeHseTca ang
NbIIAWKUX MaTepu-
anos, npu ncnornb-
30BaHUUN OTKPbITbIX
NEHTOYHbIX  KOH-
Benepos

2. YNnoTHeHne BepxHero crios pydbl B TPaHCMNOPTHbIX cped- | [pumeHum ansg

CTBax, BKNOYas ene3Ho4OPOXHbIE BaroHb! BCEX TUMNOB pyA
3. PaunoHanbHaa opraHusauus npoueccoB xpaHeHus, norpy- | ObwenpumeHnm

304YHO-Pa3rpy30yHbIX PaboT M TPaHCMOPTMPOBKM M Hanpas-

JIEHHaA B TOM 4YUCI1€ Ha CHUXEeHne Bbl6pOCOB NblJn

HAOT 4 OpolweHne NbiNAWwmx NoBepxXHOCTEN

HOT 3aknoyaeTca B OpoLUEHME U yKpensieHMe BHELLHEro Cros MblfswmMx nNoBepxHo-
CTEN C LUesibio COKpaLLEHUS MbINIeHUsT MOBEPXHOCTEN OOPOXHOro NoSsiIoTHa, CKagoBs, Nopoa-
HbIX OTBarioB, 3eMefNb, Noanexalunx pekynbTuBaunn, cayBaHus U yHoca maTtepuana npv ne-
peBoO3ke B OTKPbITbIX BaroHax v Ap., NyTeM NpUMeHeHUs OTAENbHO UM COBMECTHO Creayto-
LLIMX TEXHUYECKNX PeLLEHU:

Ne
o/ MeTon/o6opynosaHue MpuMeHnMocCTb
1. | MNbinenogaeneHMe BOAOW C UCnonb3o- | He npumeHym Ons npoueccoB, B KOTOPbIX
BaHMEM MOSIMBOYHbLIX MAaLLUMH, YCTaHO- | UICNOMb3YTCA PyAabl/KOHUEHTpaThl, coaep-
BOK, pacnbiniMtenemn Xawue [OOoCTaTtovyHoe KONMMYecTBO ecTe-
CTBEHHOW Bnaru, 4tobbl NpPegoTBPaTUTL Mbl-
neobpasoBaHue. [lpumeHeHMe Takke orpa-
HUYEHO B perMoHax C HexBaTkoW BoAbl UNN C
0OYeHb HU3KMMW 3UMHMMM TeMNepaTypamm
2. | lNbinenogaBneHne pactBopamn Heop- | NpumeHsieTca B MecTax cknagupoBaHus Mbl-

raHMYEeCKUX N OpraHNYecknx BeLLECTB,
MAB, nonumepHbiMM  BeLlecTBaMy,
AMYNbCUAMU U OAPYIMMN XUMUYECKUMN
peareHTamu, co3galroluMmn Ha NoBepx-
HOCTW MaTepuarna KopKy

nawmx matepuanoB. OrpaHuyYeHnemM npume-
HUMOCTUM SIBNSIETCS 3KOHOMMUYEcKasi Leneco-
obpasHoCTb

CHwmkeHne BbIGpPOCOB Mpu OPOLUEHUN MbINECBA3BIBAOLLMMM XUOKOCTAMN COCTaBMsAET
85-90 %. YBnaxHeHne LOOPOXHOro MofioTHa He TOMbKO CHWXKAaEeT MblnieobpasoBaHne, HO U
YNAOTHSET NOMIOTHO JOPOrK, YTO NpeaoTBpaLLaeT BETPOBYO 3PO3UI0.
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[MepeyeHb MapKepHbIX BELLECTB U TEXHOMOIMMYEeCKUX nokasaTternen ans aobblun pyn
UBETHbIX MeTannoB (4ocTuraeTca nytemM npuMeHeHUa COBOKYMHOCTU BbILLIEONMUCAHHbIX UIn
OTAEenNbHbIX TeXHUYecknx pewennni HOT 2, 3, 4) npuBeaeH B Tabnuue 5.1.

Tabnuua 5.1 - MapkepHble BellecTBa M TEXHOSOMMYeckMe nokasatenn BblIGpocoB npu OT-
KpbITOM criocobe pa3paboTkn MecTopoXaeHun

TexHonorn4yeckmm
HanmeHoBaHuMe BellecTBa EonHuubl nsmepenus
nokasarternb
B3BelleHHble BeLecTBa
> mr/m® <0,5
(kog 3B 2902)

3amepbl ocyLLecTBNAKTCA Ha rpaHuue C33 npegnpustusi cornacHo nporpammMme npomus-
BOLCTBEHHOIO 3KOOMMYECKOro KOHTPOSS

5.2.1.2 Nopa3eMHbIN cNOCO6 pa3paboTKn MeCTOpPOXKAEHUN

[Moa3eMHble ropHble paboThl, Noa3eMHas pa3paboTka MeCTOPOXAEHMIA NOME3HbIX NC-
KonaeMbix - cnocod AoOblun NoMe3HbIX MCKoMaeMbiX B Hegpax 3emnu nyTém npoBedeHus
CMCTEMbI NOA3EMHbIX FOpPHbIX BblpaboToK 6e3 HapyLleHUss AHEBHOW noBepxHOCTU. K ocHoB-
HbIM npoLueccam NOA3eMHbIX FOPHbIX paboT oTHocATCA: BypeHue, oTbowka, KpenneHme KpoB-
nn, gocTaeBka, noa3eMHasa oTkaTka, NoAbEM Ha NOBEpPXHOCTb M Ap. MNoasemHasa paspaboTka
pyL4 BKMOYaAET COBOKYMHOCTb paboT MO BCKPbITUIO, MOLATOTOBKE MECTOPOXOEHUS U BblEMKE
NnonesHoro muckonaemoro. MHom TexHonorven otnuyaeTcsl Noa3emMHas paspaboTka npu no-
MoLM BYypOoBbIX CKBaXXMH (Hanpumep, Npyv MOA3EMHOM BbiwenadnBaHum). BckpbiTne ocy-
LLEeCTBNAT BEPTUKANbHbIMU M HAKITOHHBbIMWU LLIAXTHLIMW CTBOMAaMU UNW WTONbHAMMK. Noagro-
TOBKA COCTOMT B pasfdeNieHUn LLIAaxTHOro Monsi Ha BbleMOYHble Yy4YacTku (Onoku, naHenw,
cTonGbl 1 T.M.), Heobxoaumble anst obecneyeHns OYNCTHOM BbleMkU. OUNCTHasI BbIEMKA CO-
CTaBnsieT CYLIHOCTb MOA3EMHON pa3paboTkM M BKMOYaeT KOMMIIEKC NpoLeccoB no otaene-
HMIO MONIE3HOro MCKOMAemMoro OT MaccuBa, A4OCTaBKe (BbIMYCKy) K MecTaMm MOrpysku B TpaHc-
NOpPTHbIE CPEACTBA, KPENneHMo 1 NoaaepXaHuio BbipaboTaHHOro NpocTpaHcTBa U ap.

HAOT 5 lNMpoBeneHne cuctembl NOA3EMHLIX BbipaboTok 6€3 HapylieHust 3eMHOW Mno-
BEPXHOCTHU

OcHoBHble rOpHble BbipaboTkM NOA3EMHON NepepadoTKn MECTOPOXKAEHUN: LUAXTHbIE
CTBOSIbI, KBEPLUMArM U WUTONbHW, OTKPbIBalOLME OOCTYMN C NOBEPXHOCTN KO BCEMY MECTOPOX-
OEHUI0 MONe3HbIX MCKoNaeMbIX UMM ero Yyactm n obecnevnBarolne BO3MOXHOCTb NpoBeae-
HUA MOArOTOBUTENbHbLIX BbIPAOOTOK M OYUCTHOM BLIEMKW B 3amnnaHWpOBaAHHbIX OObEMaX;
LUTPEKN, YKMNOHbI, Bpemcbepru, BoccTalowme, opTbl, KOTOPbIMU BCKPbITast YacTb MECTOPOX-
AeHVs pasgensieTcss Ha 060CcobneHHbIe BbIEMOYHbIE Y4aCTKM (3TaxuM, BroKK, NnaHenun, kame-
pbl, CTONObI), NPeAYCMOTPEHHbIE NPUHATBIM CMOCO60OM MOArOTOBKN U CUCTEMOW pa3paboTKu;
noasTaXHble U Ccnoesble BblpaboTku, BbipaboTkn GypoBble, NOrpy304HO-4OCTABOYHbLIE, NOA-
CEYKN, BEHTUNSUMOHHbIE, OTPE3Hble BOCCTalLlme u apyrne, obecnedmBatoime BbieMKY Mo-
Ne3HbIX UCKOMaeMbIX.

HAOT 3akntoyaeTca B pasgeneHun pyaoBMeELLaloLLero MaccmBa Ha y4yacTku, B npene-
nax KoTopbIX NPUPOAHbIE N TEXHOTEHHbIE HANPSXKEHUS1 HE Pa3BMBAOTCA A0 KPUTUYECKOW Be-
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JIN4YNHbI, NO3TOMY OYUCTHbIE BblpGGOTKVI MoryT ObITb 3aKpenreHbl Kpenblo yMeHbLUGHHOVI
NPOYHOCTU UMK OCTaBI1E€HbI 6e3 KpenneHna.

I'IpM npuMmeHeHn"n HOT 3oHa obuTaHmna otaeneHa oT 30Hbl NOA3EMHbIX FOPHbIX pa60T Cc
COoXpaHeHnem Bcex YCHOBMVI and (byHKLI,VIOHI/IpOBaHI/IFI (bJ'IOpr, CbayHbI N 4yerioBeka.

HAT 6 CokpalleHne oTBanoB NycTbiX Nopog ANs No43€MHOM A06bI4YM

HOT 3aknovaeTcsa B cokpalleH o6 bEMOB pasmellaeMblX Ha NOCTOAHHOE XpaHeHne
NyCTbIX NOPOS, WU/Un XBOCTOB OboralleHns, NCNonb3ys UX A5S 3anofIHEHUSA NOA3EMHbIX My-
CTOT pyAHMKa U BOPOHOK OOpYLLUEHUS Ha MOBEPXHOCTM NyTEM MPUMEHEHUS CyXOW 3aKnagkw,
rmapaBnMYecKkmMx 3aknagoyHbiXx cMecen (CryleHHas nynbna, nactoobpasHblin maTepuan), ¢
TBEepaerowmnmm (unu 6e3) gobaskamm (HaNnpUMep: LEMEHT, ZOMEHHbIN LNak, 3ona).

Mpn npumeHeHnn HOT cokpalyeHne oTBanoB NycTbix Nopog coctasnseT Ao 15 %.

HOT 7 Wcnonb3oBaHue HE3NEKTPUYECKUX CUCTEM MHULMUPOBAHWA ONA BeOeHUs
B3pPbIBHbIX paboT B NOA3EMHbIX YCITOBUSAX

HOT cocTouT B NpUMEHEHUU CUCTEMbI YCTPOMUCTB N METOA0B Nepeaayvn HearnekTpuye-
CKOr0 MHMLUMMPYIOLLErOo MMMyfbCa OT MEPBMYHOINO MHMUMATOpPa 4Yepes yOoapHO-BOSHOBYHO
TPYOKYy K NPOMEXYTOYHOMY HESNEKTpU4YeckoMy AeToHaTopy. Heanekrtpuyeckume cucTeMmbl
WHULMMPOBAHNA B CPaBHEHUU C TpaauuMOHHbIMKU OBycnoBrieHbl 6onee BbICOKOM HaAeXHO-
CTblo, 6e30NacHOCTLI0O M MO3BONAT CO34aBaTb CXEMbl KOPOTKO3aMeNeHHOro B3pbiBaHUA
3apsiioB C BbICOKMMU BO3MOXHOCTAMM yNpaBneHns SHepruen B3pbiea.

He cmoTps Ha To, 4yTO HacTtoswaa HOT He nmeeT NpsiIMOro akonormyeckoro adpdekTa,
OHa ABNSAeTCs Haunyywen AOCTYNHON TEXHOMOrMen BegeHus ropHolx pabot n obecneymsaeT
CTabunbHy0 U HagexHy paboTy, CHMXAA TEM CaMbiM PUCK BO3HUKHOBEHWUSA HELUTATHbIX W
aBapuiHbIX CUTyauui, NOCNEeACTBMS KOTOPbIX CaMbliM HebGnaronpusiTHbIM CKasblBalOTCA Ha
OKpy>KatoLen cpege.

5.2.2 HOT, HanpaBneHHble HA CHWXXEeHUe HeraTMBHOro BO34eNCTBUSA Ha BOAHbIe
pecypchbl Npu fooblve pyA UBETHbIX MeTansoB

basoBble NPUHLMMBI OYMCTKM CTOYHbIX BOA PacCMOTPEHbl B crnipaBodHukax HOT UTC
8-2015 «O4ncTka CTOYHbLIX BOA MpW NPOU3BOACTBE MPOAYKUUWU (TOBaApOB), BbINONHEHUN pa-
60T 1 okasaHun ycnyr Ha KpynHbix npeanpuatnax» n MTC 10-2015«0O4unctka CToOYHbIX BOA C
NCNONb30BaHMEM LIEHTPanuM30BaHHbIX CUCTEM BOAOOTBEAEHMS NOCENEHUN, ropoaCKUX OKPY-
roB».

HOT 8 n 9 npuMeHuMbI Kak ons OTKPbITOro, Tak U Ansa noa3emHoro cnocoba paspa-
BOTKM MECTOPOXOEHW.

HOT 8 YnpasneHue BoAgHbIM BanaHCOM ropHOAO0OLIBAOLLErO NPeanpusaTns

HOT npeaoycmatpuBaeT pa3paboTKy BOAOXO3SAMCTBEHHOro HanaHca ropHogobbiBato-
Lero NpeanpuaTna ¢ Uenbio ynpasneHMs NoTokamu BoA, BogonotpebneHmem m BogooTBe-
AeHnem npu Jobblye pya, B TOM Yucne gn4:

- KOHTPOSS 32 NPUTOKAMU LLIAXTHbIX N KapbepHbIX BOA;

- BO3MOXHbIMN U3MEHEHNS pexrma BogonoTpedneHuns n B yBaske ¢ 6anaHcowm;
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- NPeJoTBPALLEHNST UCTOLLEHUS N 3arpsi3HEHUST TNMYOUHHBIX U MOBEPXHOCTHbLIX BOAHbIX
0OBbEKTOB;

- pauMoHanuM3auMM BOAOMONb30BaHUSA C MUHMMU3ALUMEN NOTPebneHust NMMTLEBOW BO-
Aabl;

- BO3MOXXHOCTU PeLUpPKYsLmMM, OYUCTKA M MOBTOPHOIO MCMOSb30BaHNst OTpaboTaHHON
BOObI;

- yyeTa BOAOXO3ANCTBEHHOW OOCTAHOBKM C LENbl0 BbISBIEHUS YS3BUMbIX BOAHbIX
0OBEKTOB M 3aBMCMMOCTU HaceneHus OT BOAHbLIX PECYPCOB.

HAT 9 CokpawieHne ob6bema BO4OOTNMBA

HOT 3akntoyaeTca B NPUMEHEHNE paLMOHaribHbIX CXEM OCYLLEHUS FTOPHbIX BbIpabOTOK
C UEenbl COKpalleHWss BO3OEWCTBUS Ha MNOA3EMHble BOAbl, CHWXEHUS TMApaBriMyecKon
Harpy3kM Ha OYUCTHbIE COOPYXXEHUS MyTEM NPUMEHEHNSA OTAENbHO UM COBMECTHO Criefyto-
LLIMX TEXHUYECKNX PeLLEHUI:

Ne

o/ MeTon/o6opynoBaHue MpmeHnmocTb

1. OnTummnsaumsa paboTbl ApeHAXHON CUCTEMbI ObwenpnmMmeHnm

2. Mcnonb3oBaHue 3alUUTHbIX COOPYXEHUA KU Mep, Hanpu- | ObwenpMmeHnum
Mep, NPOTUBOUNbTPALNOHHBIX 3aBEC

3. N3onaumsa ropHbiX BbipaboTok nyTeM perynnpoBaHus no- | O6wenpMmeHnm
BEPXHOCTHOrO CTOKa M 0TBoAa pek

4. HeponyuieHne onepexarowero NoHMWKeHns ypoBHSA nog- | O6enpumeHnm
3€eMHbIX BOA

5. MpepoTBpalleHne 3arpA3HeHUst LaxTHbIX U KapbepHbiX | ObLenpumeHnm
BOA Npuv OTKa4vke

Tabnuua 5.2 - MapkepHble BellecTBa M TEXHONOMMYECKMe nokasatenu gnsa cbpocoB B no-
BEPXHOCTHbIE BOAHbIE OOBEKTLI NMPU OTKPLITOM M NoA3eMHOM criocobe pas3paboTkM MecTo-
pOXOeHUI

HavnmeHoBaHue Belle- TexHonornyeckum
EonHuubl nsmepenus 1
cTBa/nokasarens [NokasaTenb
pH en. pH 6-9
B3BelueHHble BellecTBa mr/n <20

[lononHUTEeNbHO ONPeaenstoTCsl U KOHTPONUPYKOTCSA MNokasaTenu no TemM BellecTBaM, KOTO-
pble Kak npegnonaraeTcs MOryT coaepXatbcsl B cOpocax B KOHLEHTpaLUsiX, NpeBbilLatoLLmX
KOHLLEHTpaLMu:

KagamMuin < 0,05 mr/n
xpom (V1) < 0,1mr/n
Meab < 0,3mr/n
CBUHeL, < 0,2mMmr/n
xeneso <2 wmr/n
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HUKerb < 0,5 mr/n
LIMHK < 0,5 wmr/n
MapraHeL < 0,08 mr/n
cynbdaT-noH <1300 mr/n
antoMuHUn < 0,85 mr/n
MpumeyaHue:

1. 3HayeHunsa KOHLI,eHTpaLI,I/IIZ MeTarnfoB OTHOCATCA K UX COBOKYNMHOMY COAEpP>XaHUKO

5.2.3 HOT, HanpaBneHHbIe Ha COKpalleHue BO3AeMCTBUA OTXOA0B

HOT 10-12 npMMeHUMbI Kak ansi OTKPbITOro, Tak U Ans noasemMHoro cnocoba paspa-
BOTKM MECTOPOXOEHWUM.

HOT 10 OpraHusauusa nNpoTMBOUIBTPALMOHHBIX 3KPAHOB OOBLEKTOB pasMelleHus
XMOKMX OTX0O0B

HOT 3aknioyaeTcs B 9KpaHMPOBAHUKM HA W OrpaxgaroLmx NoBepXHOCTEN OTCTOWHU-
KOB CTOYHbIX BOZ, XBOCTOXPaHWMULL, LUNAMOXPaHUNULL U T.M. NPOTUBOPUIbTPALNOHHBIMU
rMOpPOn30NALNOHHBIMU NOKPLITUAMMU.

HAOT 11 OpraHusaums CUCTEMbI O4YUCTKN BOA, NOPOAHbLIX OTBAIOB

HOT npegycmatpuBaeT opraHu3aumio CUCTEMbl BOOOOTBOAHbLIX KaHaB MO KOHTYpPY
BHELUHWX OTBaSioB C y4eTOM pernbeda TeppuTtopuu, NEPBUYHOE OCBETNEHME BOA B OTCTON-
HUKE N UX OYUCTKY.

HOT 12 BoeneyeHne 0Txo40B BO BTOPUYHOE MPON3BOACTBO

HOT npeaoycmaTpuBaeT MCNonb3oBaHWE OTXO4O0B A00bHM M nepepaboTku B Npons-
BOACTBE, HanpuMep, CTPOUTENbHbLIX MaTepmnasoB, a Takke B KayecTBe CpeAcTB peKyrbTuBa-
uunn.

5.3 HAOT, HanpaBrneHHble Ha CHWXEeHWe HeraTUMBHOro BO34eucTBMA npu obora-
LWeHUn pya UBeTHbIX MeTannoB

5.3.1 HAOT, HanpaBneHHble Ha CHUXEeHNe HeraTUBHOro BO3AeNCTBUA NpuU noaro-
TOBUTENbHbIX Npoueccax, XpaHeHUU, TPAHCNOPTUPOBKU U NepepadboTKn Cbipbs, NOMy-
YeHUN CeNleKTUBHbIX KOHLEeHTpaToB

HAT 13 CokpaleHne HeraTMBHOrO BO3OENCTBUSA MPU NOSTYYEHUN CENEKTUBHbLIX KOH-
LleHTpaToOB LIBETHbIX MeTannoB MeToAoM chnotauum

HAOT 3aknioyaeTcs B COKpalleHMe HeraTMBHOrO BO3AEWCTBUSI MPU MONyYeHUN cenek-
TUBHbIX KOHLEHTPaTOB LIBETHbIX MeTannoB MeTogoM noTaumm 3a CHET CHMXKEHUS pacxoaa
TOKCUYHBIX (PNOTAUMOHHBIX peareHToB (Hanpumep, uuMaHuga HaTpusi), NPMMEHEHUsST HOBbIX
HETOKCUYHbIX peareHToB, CHMKEHMS NOTEPb LIEHHbIX KOMMNOHEHTOB C 0TX04aMW, NPUMEHEHNS
6e30TX04HbIX TEXHOMOMMI, NOBLILLEHNS KOMMIEKCHOCTM MCMNOMNb30BaHNS Cbipbsl, NPUMEHEHNS
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¢NoTaUNOHHON TEXHUKN C BONbLION yAENbHON NPOM3BOAUTENBHOCTLIO U 06OPOTHOrO BOAO-
CHaOXXeHWNs, OYNCTKN CTOKOB.

MpuMeHMMO Npu UCMOMb30BaHUM MeToda dnoTauun Npy MONyYEHUN CENEKTUBHbIX
KOHLIEHTPaTOB AN crieayloLwmx TUNoB pya;

- MefHble pyabl;
- MeHO-MonMbaeHoBbIE pyabl;

- MEAHO-LIMHKOBO-MMPUTHbIE Pyab;

- CBUHLIOBbIE NonMMeTannmyeckme pyasbl;
- MeHO-HUKeNeBbIE pyabl;

- py4bl M POCCbINKU TUTaHa;

- LUeenMTOBbIE U BONb(PaMUTOBbIE PYAbI;
- PyAbl ¥ POCCLINK OSI0Ba;

- aNtOMUHMEBOE CbIpbE.

HAOT 14 YnasnuBaHne BbIBPOCOB NO BO3MOXHOCTN MakcUMasibHO 6/IM3KO K MCTOYHUKY
C nocriegyrowen nx O4NCTKOMN.

HAOT 15 CHwxeHne BbIBPOCOB NpU XpaHeHUU pya 1 NPOAYKTOB UX nepepaboTku
HOT 3akntoyaeTcs B CHMXXEHUN BbIOPOCOB NPU XpaHEeHUW pya 1 NpPoLyKTOB UX nepe-
paboTKkn NyTeM NPUMEHEHNSA OTAENBHO UM COBMECTHO CIieAyHLWMX TEXHUYECKUX PeLUEeHNN:

No
o/ MeTon/obopynoBsaHue MpuMeHuMocTb
1. | Vicnonb3oBaHue 3akpbITbiX MOMeLleHe nnu | NpumeHseTcs Ang Nbingwux matepua-
GyHkepoB nos
2. | CoopyxeHue yKpblTUM Hag nnowagakamu | NpumeHsieTcs ons Bcex BUOAOB MaTtepua-
XpaHeHus nos
3. | FepmeTnyHas ynakoBka MpumeHsieTca AN XpaHeHus NbIAswmnX
mMaTepuanoB, CoOAepXaliMx pacTBOpU-
Mble B BOOE HEOpraHm4eckue u opraHu-
Yyeckune coemHeHus
4. | CoopyxeHue yKpbITU Hag nponetamm MpumeHsieTca Npu cylwke maTtepuana
5. | Pasbpbl3rnBaHue Boabl He npumeHsieTcs ans npoueccos, B KO-
TOPbIX UCNOMNb3YITCA Cyxue pyabl, KOH-
LeHTpaTbl M MaTepuanbl, coaepxalume
AO0CTaTO4YHOE KONMMYECTBO €CTECTBEHHOM
BMnaru, 4tobbl NpegoTBpaTUTb MNblNeob-
pasoBaHue. [NpuMeHeHne Takke orpaHu-
YeHO AN pPervMoHOB C HexBaTKOW BOAbI
WU C OYEHb HU3KUMU 3UMHUMK Temne-
paTtypamu
6. | PasmeweHune yctponcTte gnsi ynaenueaHua | [NpumMeHseTcss B MecTax CKnaampoBaHus
Nbinn/ra3oB B MecTax 3arpy3ku 1 neperpys- | Nbinawmx matepuanos
Kn
7. | Ucnonb3oBaHne ceptudunumnpoBaHHbiX co- | ObwenpumeHum
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Cy[0B MoA OaBfeHneM ONns XpaHeHUs raso-
obpasHoro xrnopa WnM CMecei, KoTopble
cogepxat Xrnop

8. | Vcnonb3oBaHne [N COOPYXEHUS eMKO-
CTEN CTPOMUTESbHbLIX MaTepuanos, YyCTONYN-
BbIX K 3arpy>kaeMbiM mMaTepuanam

9. | lNpuUMeHeHU HagexHbIX cuctem obHapy-
XEeHUs yTeyek U MHOuKauum ypoBHS 3anon-
HEHUS eMKOCTEN C nogayen curHanos Asis
npenoTBpaLleHnst UX nepenosiHeHNs

10. | XpaHeHne arpeccuBHbIX MaTepuanoB B
€MKOCTSIX C BONHbIMU CTEHKaMW U B M-
KOCTSX, pa3MeLLEeHHbIX BHYTPU YCTOMYNBOrO
K BO3OENCTBUIO arpeccuBHbIX cpen obsano-
BaHMA OBOMHOW BMECTUMOCTM

11. | lNpoekTnpoBaHe NNowanoK Ans XpaHeHus
Takum obpasom, 4YToObl NOObIE yTeykn u3
€MKOCTEM W CUCTEM [JOCTaBKU YyAep>XuBa-
nuce BHYTpU obBanoBaHusi, CnocobHOro
BMECTUTb O0O0beM >XMAKOCTW, paBHbIA, MO
KpanHen mepe, o6bemMy HanbonbLUEN EMKO-
CTW, pasMeLLEeHHOM BHYTpWM OOBanoBaHWUS.
Mnowagka AN XpaHeHus [oSmkHa ObiTb
obBanoBaHa M MMeTb MNOKPbITUE, He noa-
BEpPXXEHHOE BO3AENCTBUID  XpaHSLLErocs
arpeccuBHOro matepuana

12. | C6op n obpaboTka amuccuin, obpasyowmx- | ObenpuMeHnM npu XpaHeHuu rasoB.
Cs NPU XpaHeHUKW, C MNoMoLbio cucteMm, | [pn XpaHeHU XXNaKoCcTen nobble yTeuku
npegHasHa4yeHHbIX Ans obpaweHus ¢ Xu- | gormkHa cobupartbca n obpabaTtbiBaTbCs
MWUYECKMMM BeLLLeCTBaMU, KOTOpble noane-
XaTt xpaHeHuo. Boga, ncnonb3oBaHHas aons
CMbIBa MbINK, Takke O0IMKHa cobupaTtbes 1
ounwaTbcs nepea copocom

13. | PerynspHaa ybopka n, npu Heobxogmmo- | ObenpnmMmeHnm
CTK, YBNaXHeHWe NnoLwanku XxpaHeHus

14. | XpaHeHue martepuanoB Tam, rae 3To BO3- | O6enpumMeHnm
MOXHO, B OQHOM Ky4ye BMECTO HECKOJNbKNX

HAT 16 CHwkeHne BbIGpOCOB Npu nepepaboTke 1 TPaHCMOPTUPOBKE Chipbd
HAOT 3aknio4aeTca B CHMXEHUM BbIOGpOCOB Npu nepepaboTke M TpaHCNOPTUPOBKE Cbl-
pbsi NyTEM NMPUMEHEHMUS OTAENbHO NN COBMECTHO CIeayLWMX TEXHUYECKUX PELLEHWNIA:

Ne

o/ MeTopn/obopynosaHue MpuMeHumMocTb

1. | CoopyXeHune 3akpbITbIX KOHBEVNEPOB UMK NHEBMaTU4ecknx | ObLienpumMmeHnm
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cUCTEM ANs1 TPAHCMOPTMPOBKM U nepepaboTku MaTepua-
nos

YcTaHoBKa YCTPOWCTB Ansi cbopa Mbinu B NyHKTax AOCTaB-
KM, BEHTUMAUMOHHBIX OTBEPCTUAX, MHEBMAaTUYECKUX
TPaHCMOPTHbIX CUCTEMAX M TOYKax Neperpyskn Ha KOHBEW-
epax nepegayu, n Ux NOAKIMOYEHME K cUCTeEMe hunbTpa-
Lmm

MpumeHsieTca
NONb30BaHUN
MaTepuarnos

npu  wuc-
NbINSALWMX

Mcnonb3oBaHne C M3MENbYEHHbIMU  UMN BOAOpacTBOpU-
MbIMWN MaTepunalriaMn 3aKpbiTblX €MKOCTEN

Pa3bpbl3rnBaHne BoAbl NS YBAaXHEHWsT MaTtepuarnoB B
MecTax nx obpaboTkm

Ncnonb3oBaHne MakcumarnbHO
TPaHCMNOPTUPOBKM

KOPOTKMX ~ MapLUpyTOB

YMeHbLIEeHNE BbICOTbI NageHus ¢ KOHBeﬁeprIX JIEHT, Me-
XaHn4ecCKux Jsionat Ui 3axsaToB

ObwenpumeHum

PerJ'IMpOBKa CKOPOCTN OTKPbITbIX NIEHTOYHbIX KOHBeﬁepOB
(<3,5 m/c)

MpumeHsieTca npu uUc-
NOMNb30BaHUN  OTKPbITbIX
NEeHTOYHbIX KOHBENEPOB

lMpnmeHeHne NnaHoBbIX KOMMaHu No ybopke gopor

PasgeneHne HecOBMECTUMBbIX MaTtepunarnons (HaI'IpI/IMep,
OKUCIIUTENEN U opraHn4yeckunx MaTepmanoa)

10.

MuHMMKH3auus MaTepuaribHbIX NOTOKOB MeXay npouecca-
MU

O6LwenpumMmeHnm

HAOT 17 OnTnmMm3auma napameTpoB U CUCTEM yNaBNMBaHUSA N OYNCTKU BbIBPOCOB

HOT 3akniovaeTtcsa B npeaynpexXaeHnn nnu cokpalleHmm BbIGpocoB nyTem onTumMmaa-
UMM NnapameTpoB M CUCTEM YNaBfIMBaAHUSA U OYUCTKM OTXOAALLMX ra3oB NyTeM NpUMeHeHns
OTAENbHO UM COBMECTHO CrieAyoLWnNX TEXHUYECKNX PeLLUEHWI:

Ne

o/ MeTon/o6opynosaHue MpuMeHuMocCTb

1. | cnonb3oBaHWe 3akpbiTbiX CyLWUIbHBIX 6a- | [pyMeHeHne MoxeT OblTb OrpaHuyeHo
pabaHoB/neYen, OCHALLUEHHbIX CUCTEMaMU | COOBpaXKeHNIMU ©e3onacHocTu
NblfieynaBnnMBaHUsA, UM OCHaleHne neyewn | (Hanpumep, TUMNOM/KOHCTPYKUMEN  Cy-
N OpYyroro TEXHONOMMYECKOro obopyaoBaHus | WNMbHbIX neven/6apabaHoB, HaNnU4Ynem
BbITS>KHbIMW CUCTEMAMM Yrpo3bl MNblfiera3oBbix BbIOPOCOB)

2. | OcHaleHve cywunbHbIX HapabaHos/neyen
BTOPMYHBbIMW CUCTEMaMK OTBEAEHUS ra3oB B
MeCTax 3arpy3ku 1 BbIrpy3Ku

3. | Cbop mbinM M ucnapeHun B MecTtax nepe- | ObenpumeHnm
rPy3KM MbINAWNMX Matepuanos (Hanpumep, B
MeCTax 3arpy3Kku 1 BbIrpy3Ku neyen)

4. | ONTMMMU3aUMN KOHCTPYKLMM W TexHonormn | ns  cywecTBylOWMUX  NpeanpusiTum

SKCnyaTaunn BbITAXHbIX yCTPOVICTB n raso-
XoaoB C uenblo ynaelimBaHUA ra3oB, BO3HU-

npuMeHeHne MoOXeT ObITb orpaHun4yeHo
nMverwwmmca npocTpaHCcTBoOM W CJO-
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KaloLLMX NpU 3arpy3kn MaTepuarnoB U OTXO- | XKMBLUEWCS
AALNX OT pasorpeToro matepuana

5. | CoopyXeHue yKpbITUIA CywnnbHbIXx Bapaba-
HOB/NeYern Ansa ynaBnMBaHus BbIGPOCOB Npw
3arpy3oyHbIX onepauusix U Bblgaye Cyxoro
npoaykTa

NIaHMPOBKOMN pa3MeLLeHunst

0OBEKTOB B Liexax

6. Vcnonb3oBaHne cuctem, obecneymBatoLmx
NOPLMOHHYIO 3arpy3Ky cywunbHbix Gapaba-
HoB/ne4ven

MNpumeHsaeTcs Ana Nony3akpbITbiX CYy-
LWnnNbHbIX 6apabaHos/neven

5.3.2 HOT, HanpaBneHHble HAa CHMXXEeHNe BbIOPOCOB Npu NPOU3BOACTBE KOHLEH-
TpaToOB LBETHbLIX MeTannoB

HAOT 18 CokpalleHne BbIOpPOCOB OT onepauun pyaonogrotoBku (rpoxodeHue, opob-
neHuwe, knaccudgukaums B BO3AYLHOW cpefe, ycpeaHeHue pya, pyaocopTUpOBKa, OBXUr m
CyLLKa)
HOT 3akniovaetca B cOKpalleHun BbIOPOCOB B aTMOCeEpPY OT onepaunin pygonoaro-
TOBKM (rpoxoyveHune, apobrieHune, knaccudukaums B BO3OyLUHOW cpeae, yepeaHeHue pya, py-
[OCOPTUPOBKA, OOXUI U CyLlKa), NyTeM NPUMEHEHUS OTAESbHO UMM COBMECTHO CreayrLmnX
TEXHUYECKUX peLLUEHNN:

Ne MeTon/o6opynosaHue MpuMeHMMoCTb

n/n

1. 3akpbiTe pabouymx 30H annapaTtoB pyaonoarotoBkuM W | [IpUMEHMMO TOMbKO Ans
CUCTEMbI TPAHCMNOPTUPOBKU NbINAWNX MaTepmanos

2. OpraHmnsauus cucTembl MbineynaBnMBaHna B uexax py- | [IpumMeHnmMo Tonbko Ans
OOMOArOTOBKM M MpUM  NPOBEAEHMM  MOrpy304HO- | NbINALWMX MaTepuanos
pasrpy3oyHbIX paboT

3. OnekTpobnokmpoBka, obecnednBatoLlas HEBO3MOXHOCTL | [1na nobbix maTtepuanos
akcnnyaTauun obopyaoBaHus 6e3 cucTembl Nbineynas-
nnBaHus

HAOT 19 CokpaweHue BbIOPOCOB Npy NPOBEAEHMM XMMUYECKMX NPOLLECCOB B KOMOMU-
HUPOBaHHbIX cCxemax oboralieHuns pys LUBETHbIX MeTannos
HAOT 3akntoyaeTcst B COKpaLLeHUN BbIBPOCOB Npy NPOBEAEHUN XMMUYECKUX NPOLIECCOB
B KOMOWHMPOBAHHbLIX CXeMax oborawleHns pyn UBETHbIX MeTannoB NyTeM npuMeHeHusa oT-
AENbHO UM COBMECTHO CReAyoLNX TEXHUYECKUX PeLUEHU:

Ne n/n MeTopn/o6opynosaHue MpymeHnmocTb

1. 3akpbiTble pesepByapbl/annapatbl U U3onupoBaHHbie | [ns Bcex npoLeccos
TpybonpoBog bl ANs TPAHCNOPTUPOBKM PacTBOPOB

2. Mepbl N0 yMeHbLUEHMIO YPOBHA BbIOPOCOB, Takmx Kak | [lns Bcex npoueccoB

NPUMEHeHWEe 3aKkpbITbIX €MKOCTEN, pe3epByapoB, an-
napaTtoB 1M 6akoB C perynstopamv YpPOBHSl, U30MMPO-
BaHHbIX TPYD, 3aKPbITbIX APEHAXHbIX CUCTEM, MIaHU-
poBaHue nporpaMmM o6CnyXuBaHUs 06opyaoBaHus
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3. PeakunoHHble cocyabl U pe3epByapbl, NOAKMOYEHHbIE | [1ns BCex NpoLeccos
K obien cmcteme BO3QyxoBOAOB ANS YTMAM3aumMn OT-
X0OAWMX ras3oB (pesepBHasi cMcteMa aBTOMaTU4eCKu
noaKrioyaeTcs B criydae oTkasa OCHOBHOMW)

HAT 20 CHwkeHne BbIGPOCOB MbIfiM OT CTaUMOHAPHbIX NCTOYHUKOB

HAOT 3akntovaeTcst B CHWXXEHUN BbIBPOCOB MbIfIM HA BCEX y4acCTKax, r4e BO3MOXHO ee
obpas3oBaHue, B TOM 4YuCre rpoxoyeHune, apobrneHure, Kknaccugukaums B BO3ayLUHOW cpeae,
ycpeaHeHune pya, pyaocopTMpoBKa, ODXWI 1 cyllka, NyTeM NMpUMEHEHUs OOHOro U3 crneayto-
LLMX METOLOB:

Ne

o/ MeTon/o6opynoBaHue [MpuMeHnmocCTb

1. PykaBHbIN unbTp ObLwenpumMmeHnm

2. Mokpbii ckpy©66ep MpmeHeHne MOKpoOro ckpybbepa numuTupyeTcs B cnegyto-
LUMX CriyYasx:
- OYeHb BbICOKas CKOpPOCTb Nnofauyu rasa, u3-3a yero obpasy-
eTcs 6onbloe KONMYecTBO OTXOA0B, B TOM YMCRE BOAHbIX
OTXO[0B;
- B 3aCyLNMBbIX MECTHOCTSAX, Korga Heobxoaumo 6GonbLioe
KONN4eCcTBO BOAbI A5 NepepaboTkn 0TX040B, N CBA3AHHLIE C
3TUM PaKTopbI

3. LinknoH O6LwenpnmMmeHnm

4. Mokpbivi anekTpo- | O6wenpuMeHnm

dunbTp

[MepeyeHb MapKepHbIX BeLWeCcTB U TEXHONOMMYEeCcKUX rnokasartenen gng obdorawieHus
py4 UBETHbIX MeTannoB (gocTuraeTcst nyTeM NpUMeHeHUs1 OTAENbHO UM COBMECTHO BblLLe-
OMUCaHHbIX TEXHNYECKNX peLLeHnin) npuBeaeH B Tabnuue 5.3.

Tabnuua 5.3 - MapKeprle BelleCTBa N TeXHOJNIorm4eckme nokasartenun ansd Bbl6pOCOB npu
oborawieHnn pya UBETHbIX MeTasnrioB

TexHonormyeckumm
HaumeHoBaHue BellecTBa EanHuubl namepeHmus
nokasaTternb
Meinb HeopraHnyeckas (20-70 %
. r/’c <0,3
SiOy)

5.3.3 HOT, HanpaBneHHbIe CHMXeHNe HeraTUBHOro Bo3AeNCTBUA Ha BOAHbIe pe-
cypchbl

HAT 21 MNpepoTBpalleHne 06pasoBaHNSA CTOYHbIX BOS,
HOT 3aknovaetca B npefoTepalieHm obpasoBaHnA CTOYHbIX BOA MyTeEM MpUMeEHe-
HUSA OTAENBHO NN COBMECTHO CreAytLmMX TEXHUYECKNX peLUEeHUI:
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Ne

o/ MeToa/o6opygoBaHue NpuMeHumMocCTb

1. Mcnonb3oBaHue LWaxTHbIX BO4 [MpumeHsieTca B 3aBUCUMOCTM OT CO-
2. Mcnonb3oBaHue KapbepHbIX BOL, AepXaHust MeTansnos 1 TBepAblX B3Be-
3. Mcnonb3oBaHne nogotBanbHbIX BO4 Cen Ha npeanpuATUSX, UMELWKnX
4. Bo3sBpaT B TEXHOMOMMYECKMX NPOLECC CTOKOB, | COPOCHI

obpa3syoLmxcss B MOKPbIX 3neKkTpocTatuye-
CKMX ounbTpax n MOKpbIX CKpy6bepax

5. Micnonb3oBaHMe NOBEPXHOCTHbLIX CTOKOB

ObwenpumeHnm gnst  NpeanpusTun,
nmetroLmx copochl

6. [MoBTOpHOE Mcnonb3oBaHME BOAbI, NPOXoad-
LLeN Yepes OYUCTHbIE COOPYKEHUSA

MpumeHsieTca B 3aBUCUMMOCTM OT CO-
aepxaHus conen

B cBsis3u C npuvMeHeHvem BceMu MpeanpusTUSMKM 3aMKHYTOro uuMkna BogoobopoTa
cOGpoc B MOBEPXHOCTHbIE BOAHbLIE OGBEKTHI OTCYTCTBYET M TEXHONOIMYECKME MoKasaTenu He

yCTaHaBJ/IMBAKOTCA.

5.4 TexHonorum ob6paileHus ¢ otxogamum oboraweHus pya

HAOT 22 Beibop TexHONOrMn pasmeLLeHnsa oTxogos oboraweHus pya

Hﬂ,T 3aKr4yaeTcAa B CKilaanpoBaHnm oTxoaoB C paSHMHHOVI BJINIaXXHOCTbO B COOTBET-

cTBUKU CO cnegyrowinmmMmn rnpuHUmnamm:

XapaktepucTtuka otxoqoB oboralleHus
pyAa

TexHonornsa pasmeLleHuns

Tekywme xBoCTbl oOborawieHna pyg c
Brna)kHocTbio A0 90 %

- CKnagupoBaHWe B XBOCTOXpaHUNuLle
HaMbIBHOIO 1 HaNMBHOIO TUMOB;

- CKNnaaupoBaHue B BblpaboTaHHOM Mpo-
CTPaHCTBE Kapbepos;

O6e3BoOXEHHbIE XBOCTbI oborawleHus pya
¢ BnaxxHocTtbto 40-50 %

- CKnagupoBaHue B XBOCTOXPaHUIMLLE;

- ckrnagupoBaHue B BblpaboTaHHOM Mpo-
CTPaHCTBE Kapbepos;

- ckrnagupoBaHue B BblpaboTaHHOM Mpo-
CTPaHCTBE PYOHUKOB.

MacToobpasHble xBOCTbl 0boraweHus pyg
¢ BnaxHocTtbto Ao 30 %

- CKnagupoBaHue B BblpaboTaHHOM MNpo-
CTpPaHCTBE Kapbepos;

- WCMONb30BaHME B KayecTBe 3aKnagku
BblpaboOTaHHOrO MpPOCTPaHCTBaA Kapbepa
npyv KOMBUHNUPOBAHHON pa3paboTke;

- UCNONb30BaHME B Ka4YeCTBE KOMMOHEHTa
3aKrnagodHon cmecu

Cyxmne xBocCTbl oboralleHus pyg C Bnax-
HocTblo 10-12 %

- cKnagmpoBaHue B oTBan Ha AHEBHOW MO-
BEPXHOCTY;

- UCMNOSb30BaHNE B Ka4ecTBe KOMMOHEHTa
3aKknago4vyHon cMmecu
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HAOT 23 Pa3smeleHme 0TX040B Ha HapYLUEHHbIX TOPHbIMKU paboTamMn TepPUTOPUSIX

HOT 3aknioyaeTca B opraHM3aumm pasMelLeHUs OTXOOOB Ha paHee MCMNosSib3yeMblX
TeppuTopmax nog pasmeLleHne NnopoAHbIX OTBanoB, MOpPOOTBaNoB M Ap., BKAYaa 3anon-
HeHne BblpaboTaHHOro NPOCTPaHCTBA PYAHMKOB M KapbepoB NOpoAaMu (pekyrnbTuBaumnen).

HAOT 24 3aknaaka BbipaboTaHHOro NpoCTpaHCTBa

HOT 3aknto4vaeTcs B NPUMEHEHNE FTOPHOTEXHMYECKOW CUCTEMBI 3aKnaakn BoipaboTaH-
HOro NPoCTpaHCcTBa oTxod4amu AobbluM C NOArOTOBKOW HAMOMHUTENS B NOA3EMHOM Bblpabo-
TaHHOM NPOCTPaHCTBE.

HAOT 25 MpurotoBneHune 3aknagodHom cMecn Ha OCHOBE 06e3BOXKEHHbIX XBOCTOB 060-
rawieHus pya

HOT 3aknovaeTca B NPUMMEHEHUN TEXHOSTIOMMYECKOM CXEMbl NPUrOTOBIIEHUSA 3akna-
AOYHON CMeCK Ha OCHOBe 06e3BOXEHHbIX XBOCTOB oboralieHns pya B BblpaboTaHHOM Mpo-
CTpaHCTBE NOA3EMHOr0 pyaHUKA.

5.5 HOT B o6nacTtu aHeprocbepexeHus n pecypcocbepexeHus

BasoBble NpuHUMNBLI 3HeprocbepexeHnst YCTaHOBMEHbl B CUCTEME HaLMOHamNbHbIX
ctangaptoB TOCT P Pecypcocbepexerue [118, 119].

HAOT 26 YnpasneHue cuctemon notpebneHns aHepreTM4eckux pecypcos

HOT 3akntovatecs B ypaBreHun cuctemomn notpebneHuns aHeprum, obecneymsatoiemn
COKpalleHne pacxofda TOMSIMBHO-3HEPreTUYEeCKUX PecypcoB MyTeM MCMNOSIb30BaHUSA 3HEpPro-
MeHe)KMeHTa, 1 NpegycMmaTpuBaeT:

- MOLEPHU3aUMIO SHEPreTUYECKON NONUTUKM;

- NpodeCcCnoHanbHbI YPOBEHb OTBETCTBEHHOINO 3a 9QHEPreTUYECKUM MEHEKMEHT
nepcoHana;

- HanM4ue pecypcos;

- onpegeneHne obnactu CUCTEMbI AHEPreTUYECKOrO MEHEKMEHTA;

- COOTBETCTBME NoKasaTenen aHepreTu4eckon pesynbTaTMBHOCTU LIENSM 1 3aga4am;

- obecneyeHne JONrOCPOYHOro NIaHMPOBAHUS HEPreTUYEeCKon pesynbTaTUBHOCTY;

- obecneyveHne n3MepeHns n permctpauun pesynbTaTtoB MEHEAKMEHTA;

- onpeaenexHne NpMoOpUTETOB AN YNyYLLeHNs SHepreTU4ecKon pesynbTaTUBHOCTY;

- aHanu3 NCNonb30BaHUA N NOTPebneHnss IHepruu.

YnpaBneHne cuctemMon noTpebneHns 3JHepreTudecknx pecypcoB CnocobeTByeT
YMEHbLUEHNIO BbIOPOCOB B aTMOC(epy MapHUKOBBIX ra3oB U APYrMX BO3OENUCTBUA Ha OKpY-

XatoLyto cpeay.

HAOT 27 CokpalieHune aHepronoTpebneHnsa npn gobbiye

HOT npegycmaTpuBaeT cokpalleHne aHepronoTpebneHnsa npyu gobblye nytem:

- CO30aHUSA CMCTEMbI MOHUTOPUMHIa 3HepronoTpebneHus;

- NPOBEOEHUS IHEePreTUYecKoro ayauTta TeXHOSIOrM4eCcKknx npoLeccos;

- NMPUMEHEHMS COBPEMEHHOro obopyaoBaHWs, aBToMaTU3aunsa CUCTEM U 3NIEMEHTOB
yrnpaBieHns A5 NoBblLUEHNS 3HEPro3adPEKTUBHOCTY;

- UICNOMb30BaHMs aBTOMaTUYECKUX CPEACTB U3MEPEHNA N y4eTa SHEPropecypCoB;

- NPUMEHEHNST MEPONPUATUN, HAaNpPaBfEHHbIX HA COKpaLLEeHNe NOTEPb SHEPTUY;
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- 06yyeHuns nepcoHana.

HAOT 28 MuHMMU3aums noTepb NOMe3HbIX UCKOMaeMblX B Heapax

HOT HanpaBneHa Ha pecypcocbepexeHne 3a cH4eT MUHUMU3aUUK NOTePb NOSE3HbIX
McKonaemblX B Heapax nyTem NnpUMEHeHUs:

- 9(pbeKTUBHBIX TEXHONOIMI pa3BeaKkM MECTOPOXAEHWUA, B TOM 4YuCrie JKCnnyatauu-
OHHOW;

- OLYEHKW 3anacoB pyf C y4eTOM NPOrpeCCUBHbBIX TEXHOMOMN UX NepepaboTKu;

- NpeaBapuUTENbBHOrO BO3LENCTBUA HA NPOAYKTMBHbIE MAACTbl AfS1 CHMXXEHUSA NOTepb
PYA;

- 3PP EeKTMBHbBIX CNOCOOOB pa3paboTKM MECTOPOXKAEHMSA ONSI CHUXKEHUSI NOTEPb Pya;

- NpeaBapuTenbHoro aogabpnyHoro oboralleHus;

- cneymanbHbIX TEXHONOMMIN BOBIIEYEHNSA B XO35MCTBEHHbIN 060POT XBOCTOB.

HAOT 29 lNepecmoTp koHAULMIA

HOT npenycmaTtpuBaeT nepeoueHKy 3anacoB MECTOPOXAEHUA C USMEHEHNEM COCO-
6oB oboralleHunsa pya, TEXHUYECKUX pelleHurn n obopyaoBaHUs, NO3BOMAIOLWMX U3BNEKaTb
MeTansbl U3 HEKOHANLMNOHHOIO pPaHee CbIPbsA M OTXOAOB C Lefblo pecypcocbepexeHus.

HAOT 30 YTunusauyusa

HOT HanpaBneHa Ha pecypcocbepexeHne u npeaycmaTpyMBaeT MCNONb30BaHWE MNo-
poA U XBOCTOB J00bI4M ANg:

- JOM3BreYeHNs1 MeTasnoB 1 CONYTCTBYHOLLMX KOMMOHEHTOB;

- NPON3BOACTBA CTPOUTENBbHbLIX MaTEPUanos;

- peKyrnbTUBaLMOHHbIX paboT.

HAOT 31 CokpawieHune notepb pya Nnpu TPaHCNOPTUPOBKE

HOT nHanpaBneHa Ha pecypcocbepexeHne n npegycmaTpmMBaeT CoKpaleHne noTepb
NOMne3HbIX MCKOMaeMblX NyTeM:

- YKPbITUS Xene3HOAOPOXHbIX BaroHOB M Ky30BOB aBTOTPAHCNOPTA;

- obecrneyeHns LEenoCTHOCTU BaroHOB KOHBEWEPOB N APYrMX BUAOB 3aKPbITOro TpaHC-
nopTa;

- YNSIOTHEHNS BEPXHErO CNos py4 Mpu TPAHCNOPTUPOBKE B XeNe3HOLOPOXKHbIX Baro-
HaXx.

HAOT 32 CokpaweHune 3abopa Boabl U3 NPUPOAHBIX NCTOYHMKOB

HAOT HanpaBneHa Ha pecypcocbepexeHne n npegycmaTpmBaeT CokpalleHue 3abopa
NMMTLEBOW BOAbI N3 NPUPOLHBIX NCTOYHUKOB NyTEM:

- NPUMEHEHNST cucTtem 0BOPOTHOIO BOAOCHABXEHUS;

- CENEKTUBHOM OTKAYKMN LIAXTHbIX U KapbepHbIX BOA;

- UCNOMb30BaHMs TEXHOIOrMYECKOM BOAbI B MPON3BOACTBEHHbIX Npoueccax;

- cBop 1 ncnonb3oBaHME NOBEPXHOCTHbLIX CTOYHbIX BOA, €CIU MPUMEHUMO.

HOT npegycmatpuBaeT crnocobbl U CXeMbl NPOBETPUBAHUSA FOPHbLIX BbipaboTok Ans
yAareHus rasos:

- HarHeTaTenbHOE — HarHeTaHwe Bo3gyxa BEHTUIATOPOM,;

- BCacblBalLlee — BCacblBaHME BO3ayXa BEHTUNATOPOM;
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- HarHeTaTtesibHO-BCacCbiBaloLlee, Unn KOM6VIHVIpOBaHHOG;
- eCTeCTBEHHOE — 0becneyveHne OBUKEHNS BO34yXa C NOMOLLbIO €CTEeCTBEHHOM TArN.

HAOT 33 Npoun3BOACTBEHHbIN KOHTPOSIb

HOT obecneuvBaeT KOHTPONb TEXHOSMOMMYECKUX MNPOLECCOB W onepauun, BO3gewn-
CTBUS Ha OKPYXXKaloLyo cpefy nyTemM NPUMEHEHUS CUCTEM WMHCTPYMEHTOB M CPeACTB aBTo-
MaTU3aLmMm C LLenbio 3HeprocoepexxeHnst n pecypcocoepexxeHns.

5.6 HAOT B o6nacTtu pekynbTvBaLum 3emesb

HAOT 34 Tekywasa pekynbTnsauma HapyLEHHbIX 3eMeflb

HOT npenoycmaTtpuBaeT npoBefeHne Tekylen pekynbTuBaunm HapyLleHHbIX 3eMefb B
npouecce aKcnnyaTauumn ropHogobbiBaroLero npeanpuaTna ¢ LUenblo COKpalleHUsa HeraTue-
HOro BO34ENCTBUSA Ha OKPY>XKaloLLYyHo cpeay 1 Bo3BpaTa 3emernb B 060poT.

HOT 35 BoccraHoBneHue penbeda Tepputopun
HOT npegycmatpmBaeT BOCCTaHOBIIEHWE penbeda TeEpPUTOPUN FOPHLIX paboT nyTem
peKynbTUBaLMW HapYLUEHHbIX 3eMeSlb C BOCCTaHOBMEHNEM CTabunbHbIX B1oreoLeHO30B.

HOT36 Vicnonb3oBaHne 0TX040B Npu peKyIbTUBaALMN HAPYLLUEHHbBIX 3eMefb

HOT npeaycmaTtpyBaeT MCNONb30BaHWE OTXOAO0B O00bIMM pya Mpu pekynbTUBaLUK
HapYLLEHHbIX 3eMefb, B TOM YMCIE:

- BCKPbILLHbIX 1 BMELLAKLWMX NOPOL;

- XBOCTOB A00bI4K;

- OTXOAO0B LBETHOW MeTannypruu;

- 30/10LUSIAKOB;

- npoymnx otxogos IV 1 V knaccoB onacHOCTH.

HAOT 37 Co3gaHne NpoayKTMBHOIO Cosi NPU pPeKynbTUBaLUm

HOT npegycmatpuBaeT co3gaHve GnaronpusTHOro KOpHeobMTaemoro cros Ha pe-
KyNbTUBUPYEMOWN TEPPUTOPUN C YY4ETOM arpOTEXHUYECKMX U PUIUKO-XMMUYECKUX CBOWCTB
NOYB M BO3MOXXHOCTEN TEXHONOMMN PEKYNbTUBaALUN NyTEM:

- COXpaHeHne TEeXHOSIormyeckmnx rpedHen, 6yrpos 1 BnaguH Npu BbINOSTHEHUW NNAHU-
POBOYHbIX PaboT peKynbTuBaumm, obecnevnBaroLmnxX YCNoBUS HAKOMSEHUS BNarn 1 nutaHns
pacTeHun;

- MOCMOWMHOIO0 HaHeCEeHNS NNOLOPOAHbLIX CNOEB NOYBHI;

- UCNONb30BaHMA OTXOA4OB AN ynydweHus BydepHbiX, BOAOYAEPKMBAOLWNX U NUTa-
TernbHbIX CBONCTB KOPHEOOMTaEMOro Cnos.

HAOT 38 lNpoBeaeHne arpoTeXHUYECKNX U PUTOMENMOPATUBHBIX MEPONPUATUI

HOT npeaycmaTtpmBaeT npoBegeHne arpoTeXHUYECKNX U puToMenmopaTUBHbLIX MEPO-
NPUSITUIA B NpoLecce GMonornyeckon pekynbTneaumm, npeaycMaTtpmBaoLLnX:

- cO34aHMe MHOroBMA0BOro coobLlecTsa nyTem nocesa ceMsiH abopureHHon nopel;

- BHeceHue ynobpeHuin, cnocobCTBYIOLMX YCKOPEHUIO Mpouecca BOCCTaHOBMEHMS
nnogopoamus 3emMenb.
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HAOT 39 TexHuka n obopynoBaHne Npu pekynbTUBALMOHHBIX paboTax

HOT npegycmaTtpvBaeT NpUMEHeHue creumanu3MpoBaHHbIX MalWH N MeXaHU3MOB
ANS NPOM3BOACTBA PEKYNbTUBAUMOHHbLIX paboT, B TOM Yncne:

- UCMONb30BaHMEe MaLWMH C HU3KMM [aBfieHWEM Ha rpyHT BO m3bexaHue nepeynnoT-
HEeHWs NOBEPXHOCTU Cros;

- UCMNOJSIb30BaHWe CpeacTB rmapoMexaHusaumm Ans nogadm Ha noBepxHOCTb OTBana
PEKYNbTUBALMOHHbLIX MaTepuanos

MuHUMM3aUUA HEeraTUBHOIO BO3OEWCTBUS Ha NaHgwadTbl, No4Bbl U GuopasHoobpa-
3ue gocrturaetcsa nytem npumeHeHna HOT, HanpaBneHHbIX Ha:

- pecypcocbepexxeHne 1 cokpallleHMe SMUCCUIN B OKpYXatoLLyto cpeay;

- YMeHbLUEeHMe nnowiagm Hapylwaemblx 3eMerb;

- BOCCTaHOBIEHWE penbeda TeppuTopmm ropHbiX paboT;

- COXpaHeHne MarnbiX BOAOTOKOB B paioHe ropHoaobbiBatoWwen AesaTenbHoCTH, nepe-
HOCa WX pycen 3a npegenbl ydactka 0Obl4M, MCKYCCTBEHHOro pycna BOAHOro obbekTa,
dopmMupoBaHue 1 ykpenneHne B6eperoB, KOHTPOSb PYyCroBbIX U 6eperoBbix gedopmaumi,
opraHusauus BOAOOXPaHHOW 30HbI, CO34aHue YCNOBUA AN1S pacTUTENbHOCTY;

- COXpaHeHne BOAHO-OOMOTHLIX Yrogun Npunerawwmx TeppUTOpuMn nNyTemM npuMeHe-
HUSA pauMOHanbHbIX CXEM OCYLUEHUSI FTOPHbIX BblpabOTOK M HanpaBneHHbIX Ha COXpaHeHue
BOAHOro 6anaHca 3alMTHbBIX COOPYXXEHWUN;

- COXpaHeHne No4vB NocpenCTBOM CENEKTUBHOIO CHATUS, CKNagupoBaHus U AanbHen-
LLIero Ncnonb30BaHus NIIOAOPOLAHOrO Crosi MOYBSI;

- nNpefoTBpaLLeHne 3arpA3HeHUst NoYB nNyTem NPoUNaKTUKM aBapuUnHbIX MNPOSIMBOB
FCM, peareHTOB M ApYrnx 3arpasHSOLWNX BeLecTB, coKpalleHre BbIBpOoCoB BeLLECTB B aT-
Mocdpepy 3a CHET NPUMEHEHUS BbICOKOIGGEKTUBHOIrO 060pyaoBaHNS NO OYMCTKE BbIOPOCOB
OT 3arpAsHSAOLWNX BELWeCTB U T. A.;

- NCNONb30BaHNE PANOHUPOBAHHBLIX ANSA AAHHbIX YCMOBUA BUOOB PacTUTENbHOCTMW,
npeaynpexaeHne BHeAPEHNS BULOB, YIPOXaloLWnX 3KOCUcTeMam;

- co3faHve COoeaMHSOWMX HEHApYLUEeHHbIe y4aCTKU 9KOMOrMYeCcKnx Kopnaopos, nos-
BONSIOLWMNX XPaAHUTb FrEeHeTMYecKoe U BUAOBOE pasHOObpasvMe MeCTHbIX MOonynsaumMi n nyTtu
MUIrpaLnn XXMBbIX OPraHN3MOB.

5.7 NMpoTnBoaBapunHbLIE MEPONPUATUSA

HAOT 40 NoBbileHne 6e30nacHOCTM OTBAsIoOB:

- OMON3HEeBble CKMOHbI, OTBANOB U XBOCTOXPAHWUMULL, YKPEMAST MexaHuyeckn nubo
BMONOrMYecKkn BbiCaXXmnBasi KYCTapHUKM C MOLLHOW KOPHEBOW CUCTEMOWN;

- Ha Ornon3HeonacHbIX y4YacTKkax OTBaroB M XBOCTOXPaHWUIIMLL, NMOBEPXHOCTHbIE BOAbI
OTBOAAT cneumanbHbIMN pPEeHaXXHbIMU KaHaBKaMMU;

- Ans oTBanoB Heobxoguma pekynbTMBaLMS HE TOSMbKO rOPU3OHTasbHbIX MOBEPXHO-
CTEN, HO N OTKOCOB C LIESTbI0 NPOTMBO3PO3NOHHBLIX MEPONPUATUMN;

- BO3MOXHa KOHcepBaLMsi TOKCUYHbIX OTXOAO0B C Mocreaylowen Npucbinkon nx 3 m
NNO4OPOOHON 3EeMNM U UCMONb30BaHNEM PEKYNbTUBMPOBAHHbLIX MNowazgen B 1necoxo3dan-
CTBEHHbIX UNN peKpeaumnoHHbIX Lensdx;

HAOT 41 lMNoBblweHne 6€30NacHOCTM XBOCTOXPAHUINLL
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- Ha XBOCTOXpaHWUnMLiax, rae NoTeHumManbHO CyLLecTByeT ONacHOCTb NpPopbiBa Orpa-
Aawowen aambel, HUXKe No penbedy CoopyXarT eLle OAHY«CTPaxoBOYHyO»AamMby U3 MecT-
HOro rpyHTa Anga nepexasaTta BO3MOXHOIo NpopbiBa OCHOBHOW Aamb6bi;

- B NTOXXEe XBOCTOXPaHWNULL, OOSDKHbI OTCYTCTBOBATb FOPM3OHTbI MOA3EMHbIX BOL XO-
3NCTBEHHO-NUTLEBOIO Ha3HAYeHMS;

- NoAcTuUnarLwue nopoabl AOSMKHbI UMETb Manyt BOAOMNPOHULAEMOCTb (3TO Xapak-
TEPHO AN [MWH U CYTNVHKOB);

- XBOCTOXpaHUnuLia OOSMKHbI pacnoniaratbCs rMNCOMETPUYECKM HMKe oboratuterb-
HbIX pabpuvK 1 ApyrMx NoTeHumanbHbiXx 06BHEKTOB yLlepba.

HOT 42TexHonornyeckoe cobniogeHne banaHca

HOT cocTtouT B TexHonorm4eckoM cobrnogeHnn 6anaHca mexgy obbemMom noctyna-
OLLIMX CTOYHbIX BOA (OTXOA0B) B OTCTOMHBLIN MNPy XBOCTOXpaHMnuMLia U BO3BpPaTOM OCBET-
NEHHbIX BOA B TEXHOSTOMMYECKUA NPOLECC C Y4eTOM KONMM4ecTBa aTMOCKEpPHbIX OCALKOB U
obbema ncnapeHuns n ncknoveHnem cobpoca gebanaHcHbIX BO4 U3 XBOCTOXpaHUNuLa.

HAOT 43 TexHonornsa akCTpeHHoro cbpoca B parioHe XBOCTOXpaHUIMLLA

HOT cocTtouT B TOM, YTO 3KCTPEHHbIN COPOC CTOKOB OCYLLECTBASKT B CheunanbHbINn
3ymndp Heobxoammoro obbema ¢ nocrneayowmm BO3BpaTOM U3 HEr0 BOA, B TEXHONOMMYECKNI
npouecc unun yganeHmem mx B COOTBETCTBUWN C CaHUTapHbIMW TpeboBaHUsMKU (OYMUCTKA, He-
obxogumoe pasbasneHue 1 T.M.)

HAOT 44 YyeT oporpadunyeckmx 0CoO6eHHOCTEN MECTHOCTH

HOT coctouT B TOM, 4TOGbLI NoLiagka XBOCTOXpaHUNULa n TePpUTOpUsS ero caHuTap-
HO-3aLUUTHOW 30HbI HE NOABEPrannchb 3aTONMEHNI0 NaBOAKOBLIMM BO4AMM 3a CYET:

- nepexsaTa MOBEPXHOCTHbIX BOA C MOMOLLbIO AOCTATOYHOMW N0 06beMy OTBOLHOM
HaropHoOW KaHaBbl;

- COOpPYXXEHUS MO NepUMETPY XBOCTOXPaHUNULLA Y OCHOBaHUA AamMObl ApEeHaXKHON Ka-
HaBbl UM COOPYXEHNA ANg nepexsata (ounbTPaUNMoOHHOIro NOToKa U Bo3BpaTa ero B XBOCTO-
XpaHUmuLLe Nnu B TEXHONOMMYECKUI npoLecc

HOT 45 TexHonorna nukeMgaumm aBapuinHbIX CUTYyaLmin

HOT coctonT B npyMeHeHn npu oboralweHnm pyn KoMnnekca MeponpuaTuim:

- [Nop, emKoCTAMM C peareHTamMu NpegycMaTpmBaeTCcsl yCTaHOBKa NogaoHOB C Hacoca-
mMu. [pu noBpexageHnn eMKoCTU, BbITEKLINA pacTBOp nonagaeT B NogaoH, OTKyAa HacocoM
nepekavymMBaeTcs B ApeHaxHble eMKOCTU (pe3epBHble). MNMoaaoHbl obessapaxmnBatoTcs CooT-
BETCTBEHHO BUAY peareHTa.

- Ha cnyyan yTeykun npegyCcMOTpeHa cuctema BTOPUYHOIO yaepXXaHnsa pacTBOPOB XU-
MUYECKMX peareHTOB ANd fokanuaaumm nx Ha nnowazgke oboratutensHon oabpukmn n Heno-
nagaHue 3a eé npegensbl. MNMpegycmMoTpeHa ceTb COOPHbLIX KaHaB NMPUHMMAKLWKMX U 0TBOAS-
LLIMX pacTBOpPbI B NPYA-OTCTOMHUK OS5 UX OYUCTKM NO Mepe HeobXoauMOCTw.

- Ha cny4ai BO3HMKHOBEHUS MOXapoB NpeaycMOTPEHO YCTPONCTBO NPOTUBOMOXAaPHO-
ro BOOONPOBOAA, MUTAIOLWErocs OT MNOXapHbIX pe3epByapoB.

- [Ana nukengaumMm nokanbHbIX O4YaroB BO3rOpaHUS Ha KaXAoM TEeXHONOrm4yeckom
y4yacCTKe MMEITCS NEHHbIE OrHETYLUIMTENN, EMKOCTU C NECKOM.
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- lna npegynpexaeHnsa noBpeXa4eHUn U yteydek M3 nynbnonposoga oT ¢abpukm K
XBOCTOXPAHWUITMLLY, OCYLLIECTBIISIETCA NNAHOBbLIN TEXHUYECKNN HAL30p 32 ero COCTOAHUEM.

- Npoknagka nynbnonpoBoga npegycMmatpmBaeTcs B /6 notkax, 4Tobbl KOHTPONMPO-
BaTb Ntobble yTeukn B MecTax, rae nynbnonpoBoj MAET He Mo Kpako AamObl XBOCTOXPaHUNK-
La, a Takke BECTU MOHUTOPUHI 3@ COCTOSIHUEM NYNbMOBOAOB, NPOBOAUTL 3aMepbl TOSNLWUHbI
Tpy6 (BbISIBNATL y4acTKM TPpyO C KPUTUHECKOW TOMLLMHON).

- Ha cnyyan npopsbiBa nynbnonpoBoAa npeaycMoTpeHbl EMKOCTU ANA CToKa Nynbmbl,
Kyga nynbna caMOTEeKOM CTeKaeT Mo M30NMpoBaHHOMY NOTKy. lNMepcoHan oboraTutenbHom
habpukn nonyvaet cooblieHne 0 NpopbIBE MO PaguNoCBA3N U aBTOMaTUYECKN nepekpbiBaeT
BbIXOZ MynbMbl B TPy6ONpoOBOA.

- Ons HabniogeHusa 3a paboymm COCTOSAHMEM XBOCTOBOMO XO35IMCTBa M Aamb npoBo-
ASATCA KOHTPOSbHbIE OCMOTPbI, C 3anM1Cbio B permcTpaLmMoHHoM XxypHane. Camo tenno gamb
Npwv NPOEKTUPOBaHMUM PaACCUYUTBLIBAETCA Ha HaMNoOpHbIe, CENCMUYECKNE U OpYyrne Harpysku, no-
9TOMY HenpenBUAEHHbIE CUTYaLUN UCKNIOYatoTCS.

- [poekTnpoBaHMe BCex KanuTasnbHbIX CTPOeHUn, obopyaoBaHUA U pe3epByapHOro
napka npoBefeHO C y4eTOM CEMCMUYHOCTM Ha nnowagkax B 8-9 6annos. Jliobble manosepo-
ATHbIE YTEYKM U3 3NEMEHTOB TEXHOMOMMYECKOro LMKna npu 3emneTpaceHnn dyayT nokanm-
30BaHbl BHYTPMY 34aHUsA pabpurkn 1 OKpyXaroLwen e€ nnoLwanku.

- Boonb Tpacchl nynbnonpoBoga nocteneHHo OyaeT BOCCTaHOBIIEH PaCTUTESbHbLIN
NMOKPOB, HapYyLUEHHbIN Npu CTpoUTENbLCTBE. B cnyyae aBapunHoOM cuTyauumn Ha Tpacce, pac-
TUTENbHbIA MOKPOB OyaeT AONOSIHUTENbHOW cTeneHbld 6e30nacHOCTU, T.K. MOXeT npeaoT-
BpaTUTb MUTPaLIMIO TSXKENbIX MEeTanoB Ha brnmnsnexalume y4acTku.

- [pun yrpose 3emMneTpsiceHnsa nepcoHan oboratutenbHOM abpuku COOTBETCTBEHHO
AOIMKHOCTHBIM MHCTPYKUMSIM N pacrnopsikeHUsiM OCTaHaBnMBaeT 3arpy3Ky pydbl, TEXHOMNOMm-
Yyeckune npoLecchl U BbiNyCK Nynbhbl B Nynbnonposoa. lNepen Bo3o6HoBneHnem paboTtbl BCe
TEXHOMNOrM4yeckne y4acTkm n XBOCTOBOE XO3AMCTBO TLLATENbHO NPOBEPSIOTCS.

HAOT 46 TpaHcnopTUpoBKa 1 XpaHeHWe peareHToB 1 MaTepuanos

HOT coctouT B TOM, YTO TPAHCNOPTUPOBKA BCEX XMMUYECKUX peareHTOB OCYyLLeCTB-
nAaT Npu cobnogeHnn cnegyowmx OCHOBHbIX YCITOBUMN:

- CocTaBneHust KapTbl MapLupyTa TPaHCMOPTUPOBKU XMMUYECKUX peareHToB, Y4uTbl-
BalOLLEeN MapLIpyT ABMXEHUS KOMOHHbI TPaHCMopTa M MallUH COMPOBOXAEHUS, CKOPOCTb U
WHTEepBan ABMXEHUS aBTOTPaHCMNopTa, BpemMs NpUbbITUS B MyHKT Ha3HaYEeHUS.

- Hannuve mnaeHTUUKaALMOHHBLIX 3HAKOB pasnuyuuMs MaluvH, NpeaHasHayeHHbIX Ans
TPaAHCMOPTUPOBKM PA3IIMYHbIX XUMUYECKUX peareHToB.

- Hanuune onepatmeHon BY cBA3M MalLMHbI CONPOBOXAEHUSA C AUCNETYEPOM MyHKTa
AOCTaBKMU.

- CTporoe BbINOMHEeHWe rpaduka ABMKEHUS KONOHHbI U CBOEBPEMEHHOCTbL BbiXO4a Ha
BY cBA3b Npu NPOXOXKAEHUN KOSTOHHOM KOHTPOSbHbLIX TOYEK MapLUpyTa ABMXXEHUS.

- [lpn BO3HMKHOBEHMW aBapuUWHOMW CUTyauuu TpaHCMopTa Ha MapLlipyTe - HeMeaJsieH-
HOe yBeZlOMI1eHNE O CNyYUBLLUEMCS NMNOEPOM KOJTOHHbI.

- MecTo cknagvMpoBaHUs KaXgoro peareHTa AOMKHO 6biTb 0603HaYeHO HaanUCblo C
HanMeHOBaHMEM XPaHUMOro peareHTa. XpaHeHWe peareHToB B HEpacCOpTUPOBAHHOM BuAe
3anpeLuaeTcs.
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- CpoKn XpaHeHMs1 1 UCMNOSb30BaHWSA peareHTOB Ha Cknadax He OOSMKHbI MpeBbILaTh
CPOKM FOAHOCTU peareHToB, yCTaHaBMBaeMble 3aBO4AMUN-U3TOTOBUTENSIMM.

- Xngkue dnotopeareHTbl pasrpyxarTcs MexaHU3MpoBaHHbIM crnocobom. [Mocne
CNMBa ropHYMX peareHToB M3 LUCTEPH UX OCTaTKM yOoansoT U3 LraHra, KoTopbli oTcoeau-
HSIOT M NPOoMbIBalOT BOAoW. Bo Bpemsi crnivBa roptoumnx riotopeareHToB U3 LMCTEPH Tpybo-
NpoOBOAbl U LUCTEPHbI A0MKHbI BbiTh 3a3emneHsbl. [epen nepekaykon Xnakux grnorTopeareH-
TOB NPOBEPSIOT HAAEXKHOCTb CUCTEMbI KOHTPOMS YPOBHS 3aMOSTHEHUS EMKOCTEMN.

Pazpen 6 JKOHOMMYecKMe acnekTbl peanu3auum Haunyvywumx Ao-
CTYNMHbIX TEXHONOrNM

6.1 O6wume nonoxeHus

MeToaonorma 3KOHOMUYECKON OLIEHKN 3(P(EKTUBHOCTU TEXHOMOMNKU, NPUHATON B Ka-
yectBe HAOT [126], 6a3upyeTca Ha conocTtaBneHun 3atpaT, CBsA3aHHbIX C BHEAPEHMEM KOH-
kKpeTHon HOT, n orpaHnyeHnin ee NCnonb3oBaHus, C OAHOW CTOPOHbI, U BbIrO4 OT BHEOPEHMS,
C ApYron CTOPOHHbI.

3aTpatbl Ha BHeapeHue HOT BkntovyatoT B cebsi:

1) KanuTarnbHble 3aTpaThl;

2) aKcnryaTtauMoHHble 3aTpaTbl — 3aTpaTbl Ha 3KCNyaTtaumio U TexHudeckoe obceny-
XMBaHMe YCTaHOBKWN, COOPYXEHUS, TEXHONOMK, npolecca, onpegensemoix B kayectse HOT
(onnaTta Tpyaa, 3aTpaTbl HA 3HEProHOCUTENN, Ha NpMobpeTeHne MmaTtepmanos 1 ycnyr, Heoob-
XOOUMbIX ANg 3KcnnyaTtaumm obopyaoBaHns U peanumsaumm TEXHOMNOMu).

Beirogamu ot BHeapenuna HOT sBnsoTca gonosiHUTeNbHble 40X0Abl, NpeaoTBpaLleH-
Hble N30epPXKKW, HaNoroBble NbrOTbl U rOCY4apCTBEHHAA (PMHAHCOBas NoAAEepPXKKa.

K gononHuTenbHbIM goxodam MOryT BbiTb OTHECEHbI: peanu3auus noboYyHOM NpoayK-
UMM N OKa3aHue yCnyr, 9KOHOMUS Ha UCMONb30BaHUMN B MPOM3BOACTBEHHbIX Mpoueccax no-
NYTHBIX PECYPCOB TENSI0-N INEKTPOIHEPTUN.

MpenoTBpalleHHble U3OEePXKKU MOFYT BKMAOYaTb COKpalleHue noTepb Mpy TpaHCcnop-
TUPOBKE NbINALWMX MaTepuanos (NPOAYKLMU, TOPHON MacChbl), CHWXEHWE 3aTpaT 3a CYeT Co-
KpaLleHns NpoCTOEB M ONTUMMU3aLIMM UCMONb30BaHNS MOLABUXHOIO COCTasa U T. A.

Beirogbl oT BHegpeHus HOT BkNoyaloT Takke YMEHbLUEHUE CYMM MPUPOAO0OXPaHHbLIX
nnaTexemn 3a cyer:

1) CHWKeHUa obbema aMnccum;

2) npumeHeHna koadpdpmumeHTa 0 K cTaBke nnaTbl 3a HeraTMBHOE BO3AENCTBME Ha
Kpy>KatoLLyto cpefy cornacHo n. 5 c1. 16.3 [1];

3) HanoroBbIX NbroT, NPeAyCMOTPEHHbIX CT. 17 [1];

4) rocyoapCTBEHHOM NOAdepXku (BbloeneHve cpenctB hepepanbHoro GropkeTta u
GropkeToB cybbekToB Poccuinckon degepaumm ¢ Lenbo COAENCTBUSA B OCYLLECTBNEHUMN MH-
BECTULIMOHHOWN AEeATENbHOCTU, HanpaBrieHHOW Ha BHeapeHve HOT v peanusauuio UHbIX Mep
MO CHWXXEHWUIO HEraTMBHOIO BO3L4ENCTBUS Ha OKPYXKatoLLyto cpefly) cornacHo ct. 17 [1];

5) nonyyeHnss AONOSMHUTENbHbBIX OOXOO0B OT MOBLIWEHUSA KavecTBa MNpoaykumm (3a
CYET NOBbILEHNSA KOHKYPEHTOCMOCOBHOCTMN NPOAYKUMN N paCLUMPEHNS PbIHKOB CObITA).
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[Mpn oueHke 3KOHOMWYECKOM LienecoobpasHOCTM BHELPEHUS TEXHONOrMM B KayecTBe
HOT Heo6xoamMMo yunTbiBaTb PS4 Cnenyowmx pakTopos:

1) ocoBeHHOCTM TEXHOMOrMYECKOro npoLecca n ucnonbdyemoro obopynoBaHusa (Tex-
HUYeCckMe BO3MOXHOCTM MogepHu3aumm obopyaoBaHus, TEXHUKO-OKOHOMUYECKNE NokasaTe-
1 NpoeKkTa MOAepHM3aLMK);

2) macwTtab Nnpon3BOACTBa;

3) KOHBIOHKTYPY pbIHKa, B TOM 4YuMCe 3MacTUYHOCTb Crpoca LieHbl Ha KOHEYHY Mnpo-
AyKUMio, LeHoBas AMHaMunka, o6bemM cnpoca;

4) Hann4Me TPaHCMOPTHON WMHMPACTPYKTYPbI, NOMMCTUKY, AOCTYMHOCTb MH(paACTPyK-
TYPHbIX U TEXHONOrMYECKUX 0O HLEKTOB;

5) npsimble onepaunoHHble 3aTpaTbl, 3aBUCALLME OT YPOBHS PECYPCOEMKOCTM TEXHO-
normm (K NpuMmepy, KnuMmaTuyeckue yCrnoBusi; cneumanbHble MeponpuaTnsa no obecneyvyeHunto
TexHuyeckon 6e3onacHOCTW; 3aTpaTbl Ha onnaTty TpyAa, CBA3aHHble ¢ MaclTabom geaTenb-
HOCTW, TpeboBaHUAMN 6e30MacHOCTUN U TPYAOBOro 3aKOHOA4ATENbCTBA, MECTHOMO PbIHKA TPY-
Aa; CTOMMOCTb nNoTpebnsaemMbix 06bEMOB 3HEPruKn, Boabl U T. 4.);

6) pvHaHCcoBbLIE OCOBEHHOCTUN NPOEKTa, CBA3aHHbIE C NEPUOAOM BHELPEHUS TEXHOSO-
N, HeoBXOANMOCTLIO MCMNONb30BaHUSA KPeAUTHbIX (PMHAHCOBbLIX pecypcoB, ANCKOHTUPOBAa-
HMeM nokasartenen;

7) CTagum XXM3HEHHOTO UMKNa NpeanpusTus;

8) ocTaTtoyHbIN 06BbEM 3anacoB MOME3HbIX UCKONAeMblX U BpeMda A0 MpekpalleHUs
A00bIYHbIX paborT;

9) B LESIOM 3KOHOMUYECKYHD CUTyaUuto B CTpaHe U ypOBEHb MHBECTULIMOHHOIO Kinma-
Ta B pervMoHe npucyTCTBuUS.

[nsa oueHKn JOCTYNHOCTM TEXHOMNOMMA, NpeAcTaBneHHbIX B pa3aene 5, ¢ TOUYKM 3peHus
9KOHOMMYECKoM LienecoobpasHoCTh Bbln MCNONb30BaH METOA IKCNEPTHBLIX OLIEHOK.

6.2 [lo6blya pya LBeTHbIX MeTansnoB

PesynbTatblakoHoOMUYeckonoueHknHOT gobblun pya npencraBneHbiB tabnvue 6.1.
NOYKPYMHEHHbBIMIPYNNaMTEXHOMOMNA.

Tabnuya 6.1 — OJOkoHOMUYeckume acnekTbl peanusauun HOT [obblum pya UBETHbIX
MeTannos

3arparbl,
Ne MeToa/obopynoBaHne/meponpuaTne ObdexT THIC. PY6.

MbinenogasneHne obypeBaemMbix B6NOKOB € Npu-| CHWXKEHNe  3arps3HeHns
MEHEHNEeM BOAbl U BSXKYLLMX pacTBOPOB aTMocepHOro  Bo3ayxa
nbinbto Ha 80 % Ha obpa-
BGaTbiBaeMbIX y4acTKax

MonnB akckaBaTOpHbIX 3ab0eB, aBTOAOPOr B Ka- | CHWXEHNe  3arpsi3HeHus
pbepe, Ha Tepputopun PY, UXX O®, YOK wn|armoctepHoro Bosgyxa
OOC, ACo nbinbio Ha 80 % Ha obpa-
BGaTbiBaeMbIX ydacTKax

10,3

67,1
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Ne MeTopn/obopynoBaHue/meponpuaTne OddekT Satparel,
TbiC. pyo.
MpumeHeHne nbinenogaBnawowero maTtepuana|CHMXKeHue  3arpsisHeHus
3 Ha aBTogoporax kapbepa, ACP, LIXX O, PY aTMocdepHoro  Bo3ayxa 125
Nbinbio Ha 85 % Ha obpa-|
BGaTbiBaeMbIX y4dacTKax
PekpeaunoHHble  nocagkm  u3  gpeBecHo-| CokpalieHne BTOPUYHOrO
4 KyCTapHWUKOBBIX KyNbTYp M MHOIONETHUX TpaB Ha | Nblfieobpa3oBaHus 0.8
TEPPUTOPUAX, 3aKPEMMEHHbIX 3@ CTPYKTYPHbIMU
nogpasaeneHnsmm

6.3 OGorawieHue pya uBeTHbIX MeTannoB

6.3.1 TexHMKO-3KOHOMUYECKMe nokasaTenu drnotTauuoHHbIX abpuk

B Tabnunuax 6.2 n 6.3 npeactaBneHbl CBEAEHNS O 3aTpaTtax KOMMNaHun, NPUMEHSIOLLINX
Hanbonee pacnpocTpaHEHHbIE PELLEHNS, HanNpaBeHHbIE Ha NpeaoTBpaLLEeHNE, COKpaLLeHme
HeraTMBHOIO BO3ENUCTBUSA U Ha NOBbILIEHNE PecypcoaPPeKTUBHOCTH.

Tabnuuya 6.2 — KanutanbHble 3aTpaTbl W roAOBble 3KCMfyaTaUMOHHbIE pacxodbl B
pacyeTe Ha O4HY MeNbHULY pasHbIX TUNOPa3MepoB

CtepxHeBas
Huga D x L, mm

Melb-

LLlapoBas menbHuua D x L, mm

roxasateny 3200 x 3600 x 3600 x
3200 > 4500 x3100  [x4000  |x 5000

O6beM MenbHULbI, M° 32 22,5 36 45

KanutaneHble 3aTpathl B pacyeTe Ha |92 411 51 150 79112 90 706

OAHY MenbHuLY, TbiC. pyb.

[ogoBble akcnnyaTauMoOHHble pac-|55 242 39 556 60 016 72 292

X0dbl B pacyeTe Ha OOHY MenbHuLY,

ThbiC. pyO.

Tabnuya 6.3 — OkcnnyaTauMOHHbIE pacxofbl, KanuTarnbHble 3aTpaTbl U pacxod SHeprum
Ans pnoTaumoHHbIX dabpuk npu rogoBOW NPOM3BOAUTENBHOCTM babpukm No pyae He
MeHee 4 MnH T/T

YEeHUA

QkcnnyaTta- KanutanbHbie 3aTpartbl,
Ne Onepaunn nepepaboTku LUMOHHbIE  pacxo- | py6./T rogoBon NPOV3BOAM-
abl, py6./T pyasl ! | TenbHOCTU No pyae
KpynHoe, cpegHee, mernkoe ppobne-
1 HWe, rpoxo4yeHne, TpaHcnopTuposaHue, |30,7-37,5 136,4—-204,6
3aTpartbl MO cknagy KpynHown pyabl
5 ByHkepoBaHue pyabl B Uexe U3Mernb- 171 11
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OkoHyaHue mabnuuybl 6.3

Okcnnyara- KanutanbHble 3aTpartbl,
Ne Onepaunn nepepaboTkn UMOHHBbIE  pacxo-|py6./T rogoBon Npou3BOAU-
abl, py6./T pyasl ! | TenbHoCTM no pyae
N3mvenbyeHne po 70% — 75 % —
3 74 MKM, Knaccuukaumss B MexaHuye- 156.9-245.5 238.7-293.3
CKMX Krac-cudgukaTopax unm B rmapo-
LMKITOHax
4 dnotauma (6es CTZ())MMOCTM donotayu- 17.4 56,3
OHHbIX peareHToB)
5 CrywweHue % B cryctutensix:
51 (@18 m 58,0-95,5 324,0-395,6
52 |@24-30m 37,5-64,8 221,7-306,9
53 |@50m 27,3-30,7 184,1-204,6
6 dunbTpoBaHve ¥ 443 44,3-109,1
7 Cywika ) (6e3 cToumMocTV Tonnmea) 78,4 Y443 436,5 V/184,1
3 ggg)nmposame N OTrpy3Ka KOHLEHTP- 17 1-34.1 68.2-136.4
9 YpaaneHue u yknazka XBocTos 34,1-68,2 170,5-409,2
Y Mpu onpenenenun 3atpat ctoumocTts 1 kBT npuHsita 3,16 py6. Ctonmoctb 1 M' Bo-
abl — 1,98 py6.

2 NokaszaTenu no dornoTaummn gaHbl Ans cryvas, koraa yaesbHbln 06beM ornoTaunoHHbIX
MaLumH coctasnsiet 0,05 m*/(T/cyT).

% Pacxogpl yoenbHble 3aTpaTbl N0 onepauusiMm 06e3BOXUBAHUS, CYLUKW, yoaneHusa u
YKnagKku XBOCTOB, CKNagMpoBaHMs U OTIPY3KM KOHLEHTpaTa AaHbl Ha 1 T npoaykra, nocTy-
naoLlero B 3Tn onepauumu.

4) B uncnuTene gaHbl yaernbHble 3aTpaTbl NpU NPOAOIMPKUTENBHOCTU Mepuoda CyLUKK
5 mec B rogy, B 3HameHaTtene — npu KpyrnorogoBoKn CyLUKe.

6.3.2 CenekTMBHOE U3BNeYeHUe MeTanmnoB U3 CTOYHbIX BOA

[ns agantaumm K CENeKTMBHOMY M3BMIEYEHUIO MeTarnmnoB B NepBylo ovepenb Npuroa-
Hbl Te MeToabl, 06nacTb NPUMEHEHMS KOTOPbIX BKMOYaeT BOAbI, aHaNoOrM4yHble No KayecTBy
TEXHOreHHbIM BOAAM rOpHbIX NpeanpuaTUin. AHanM3 MHOMOYUCIEHHbIX NIMTepPaTypPHbIX UCTOY-
HWKOB NO3BONUI BbISIBUTL 06NacTb NPUMEHEHNA MeTOL0B OYUCTKM CTOYHbLIX BOA U OcobBeH-
HOCTW yaaneHus Meau n uuHka (cm. Tabnuuy 6.4).
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Tabnuua 6.4 — DKONOro-3KOHOMMYECKas OLleHKa METOAO0B yAaneHUs MeTarnsioB U3 NPMPOAHbIX U TEXHOreHHbIX BoA [114]

Ob6nacTtb NPUMEHEHNS,
MeTon (+) HoctonHcTBa mMeToda. | MmakcumanbHas  adpdpek- | OcobeHHoCcT yaaneHus me- | CebecTtoMmocTb
(-) HepoctaTkm metoga TMBHOCTb YyAdaneHus Me-|auv 1 LMHKa (3HeprosaTparthbl)
Tannos (1)
OcaxpgeHnne nepe-|(+) Boicokas appekTMBHOCTL KOMNekcHo- | O6nactn  npumeHeHus | CoBmecTHoe  ocaxpaeHue |[o CTaHUMAM
BOOOM B TpyZHOpac-|ro M3BneYeHus; npocTtoTa annapaTypHOro [3aBUCAT OT COAEPXaHUA | TMAPOKCMAOB MeN N LMH- | HenTpanusauum
TBOpPUMbIE COeaNHe- | 0POPMIIEHUS Xernesa B KapboHaTHOW, |[Ka B TOYKE Havana oca-|LlaxTHbIX n
HUs (B Tom uucrie|(-) OOpasoBaHue 0OcCafKkoB KonrouaHon |brkapboHaTHon wnun | xgenna  mean  (pH 4,2) | nogoTtearnbHbIX
N3BECTKOBAHNEM) CTerneHun [AUCNEPCHOCTU, obOpa3oBaHue |CepHOKMCNON  dhopme, |BO3MOXHO npu MoribHoM |Bog Ol KOxHo-
3HA4YNTENbHOrO KONMMYecTBa LUNaMoB; MO-|Mapradua, LWenoYHOCTH, | OTHOLLEHUN Cu®*/zn*|ro Ypana 17-
BbILLEHHOE conecogepXaHne B ouuneH-|pH, okucnsiemocTy, | 1:445. TeopeTuyeckn pac- |23 py6./m°
HOW BOAEe; He Bcerga W3BECTKOBaAHME |[MPUCYTCTBMA B BOJAE | CYMTaAHHbLIN WUHTepBarn
obecneumBaeT rnybokoe ocaxaeHne me-|CO2 n H,S. Komnnekc-|mexagy 3HaveHusmn pH
TannoB; OONbLUOM pacxon peareHToB, B|HOE OCaX[deHuMe BO3-|Hayana ocaxaeHus meau
TOM u4ucre u3BecTu; TpebyeT OOonbLUMX|MOXHO MPaKTUYECKU MPU |1 LIMHKA NPU COOTHOLLEHUN
nrnowanen ons OoTCTOMHWKOB U punbTpo-|Nobon  KoHueHTpauwu | 1:1 coctasnseT 1,3
BanbHOro obopyaosaHus MeTasnioB B pacTBOpe.
M ~98 %
MOHHbIN obMmeH | (+) BbicOokas CenekTMBHOCTb M3BreyeHus |[na CTOKOB C 4YacoBbiM | QhdeKTUBHO u3BnekatoT | [Ons LaXTHbIX
(cmonbl) MeTannoB; MOXeT MPUMEHSITbCA MNpPaKTW-|pacxogom Ao 500 M>/4 1 |MOHBI LMHKa B LLMPOKOM |BOZ, o
Yecku AN BCEX BWAOB CTOKOB MpU pas-|KOHLEHTpauueil MeTan-|avanasoHe 3HaueHuin pH|120 py6./m>.

OenbHOM WITM COBMECTHOM WUX KaHalrin3o-
BaHUNN

nos go 50 mr/am®.

M ~98-99

CUNBHOKNCNOTHbIE
JPOKaTUOHUTI

Cynb-

OcHoBHOWM BKNag
B cebecToMMOCTb
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lNpodomkeHue mabnuubi 6.4

Ob6nacTtb NPUMEHEHNS,

MeTon (+) HocTonHcTBa mMeToda. | MmakcumanbHaa  adpdpek- | OcobeHHocTn yaaneHuss me- | CebectoMmocTb

(-) HepocTtaTkm metoga TMBHOCTb YyAaneHus Me-|au 1 LMHKa (3HeprosaTparthbl)

Tannos (1)

(=) TpebyeT npenBapuTENbHOM OYUCTKU BHOCUT cToun-

pacTBOPOB OT MeXaHUYEeCKUX MnpuMecen, MOCTb pereHepu-

Macesi U Xupos; npu Habnogatowencs pYIOLINX peareH-

TeHOeHUMM K yBenundeHnto obbema nepe- TOB

pabaTbiBaeMbIX pPacTBOPOB W CHUXKEHMUIO

KOHLeHTpaLnn n3BnekaemMbix MeTannoB He

BbIrOAEH NO KMHETUYECKUM XapaKTepucTu-

Kam: cTagun copdbummn n gecopbuumn Tpe-

OyloT 4YacoB M OECATKOB 4acoB; BbICOKas

CTOMMOCTb MOHUTOB

(+) BO3MOXHOCTb CeneKkTMBHOIO u3BneYe-| AKTMBMPOBaHHLIN yronb | Obnactu onTumarbHoOW | [aBHOW cocTas-

HWUA KOMMOHEHTOB; MPOCTOTa annapaTyp-|NpUMeHAeTCH ans (agcopbumMm MeTansnoB Ha|NdawLwen sBnseT-
Copbunsi (8 Tom HOro Od)OpMJ‘Iel-jl/IFI; BO3MOXHOCTb MOJSTHOM |OMUCTKM CTOYHBIX BOf, |YrnepogHblx  copbeHTax |cs CTOMMOCTb
ancne CopBLNOHHbIE WA  YacTUYHOM aBTOMaTU3aUUKM BCEro |3arps3HeHHbIX cnabbiMu | NpakTUYeckn coBnagatoT c|copbeHTa u 3a-
reoXAMUYECKME  Ba- npotecca; BblCOKas I'IpOl/I3BO,EI,I/ITevJ'IbHOCTb aneKkTponuTamun unu He- | obnacrtamum oCaXXdeHus | TpaTbl Ha ero pe-
obepbi) npouecca yganeHus 3arpA3HEeHWW Yronb-|3rekTponuTamMu. I}/Iyr rmapokcnaos.  CenekTus- | reHepaumto

HbIMW copBeHTamKn; HU3Kasi YyBCTBUTENb-|HOCTb MOCTYNalLWen Ha|HOCTb AOCTUraeTca Moau-

HOCTb K KonebaHusiM CKOpPOCTM MOTOKa |copbumio BO- | puumpoBaHmem  copbeHr-

CTO4YHbIX BOA

abl <10 mr/om® M ~98 %

TOB psg  copbupyemocTu

LL0Z—€Z J1M
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lNpodomkeHue mabnuubi 6.4

MeTton

(+) HocTonHcTBa
(=) HepocraTkm meTtona

meToaa.

Ob6nacTtb NPUMEHEHNS,
MakcumanbHaa  addek-
TUBHOCTb yAaneHuss me-
Tannos (1)

OcobeHHOCTM yaaneHus me-
OV U UMHKa

CebecTtommocTb
(aHeprosaTpaTbl)

(=) Bbicokag cToMmMoCTb COpBEHTOB; HWU3-
Kasi KOHUEHTpauusi meTanna B TBepaown
dase; CNoXHOCTb pereHepauun copbeH-
TOB, MOrMOTMBLUMX 3HAYMTENbHOE KOnnye-
CTBO MeTasnnoB; HeobxoaMMOCTb NpeaBa-
PUTENBHOrO OCBETIIEHUS CTOKOB

[0 KOHLEHTpaLum Me-
TannoB B pacTBOpe Me-
Hee 10 mr/gm®

cubamnckum LLeonnToM,
MOANULUMPOBAHHLIM  MO-
HO3TaHONaMUHOM —
Cu>Zn>Ni>Ag; Tuokapba-
mugom —  Ag>Cu>Zn>Ni
[212]

MoHHaga dnoTtaunsa

(+) WNs3BnekaeT npaktuyeckn nwodble Me-
Tannbl; 3KOHOMWUYHOCTb; BbICOKas MPOU3-
BOAMTENBHOCTb; MPOCTOTA peanu3aunm

(=) Ncnonb3oBaHne Ansi CENeKTUBHOIO n3-
BMEeYEeHUs MeTamnsfoB peareHToB, npo-
MbILUSIEHHOE MNPOM3BOACTBO KOTOPbIX B
Poccum otcyTtcTtByeT

MpumeHstoT ansa  pac-
TBOPOB C KOHLIEHTpauu-
e MeTannoB MeHbLUEe
1073...1072 monb/om®.
CteneHb  un3BNe4YeHust
MEeTasnsioB B MeHy npwu
ONTMMarbHbIX YCIOBUSX
donotaumm N ~99 %

MoHbl cobupartensa [onx-
Hbl ObITb MPOTMBOMOSIOX-
Hbl MO 3HAKy WOHaM, CO-
aepxawum — Medb  unm
UMHK, HeobxoaMmo co-
oniogeHne guanasoHa pH
cpegbl  (Hanpumep, no
AaHHbIM [213], BenuumHa
pH ansa donoTaumm
Cu(ll) — 1,
2-anaumnrnapasmHom —
6,5-12)

Lo 64 py6./m°

LlemeHTauus

(+) Mpoctota annapatypHoro odopmne-
HUS; OcCaxaeHne BO3MOXHO B LUMPOKOM
AnanasoHe KMCNOTHOCTM pacTBopa

MpumeHaT gna  oca-
XOoeHuss Oonee  anek-
TPOMNOSIOXKUTENBbHbIX Me-

AddekTnBHa LeMeHTaums
Mean Xene3oMm u3 CepHo-
KACIbIX pPacTBOPOB C CO-

Lo 69 py6./m°
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lNpodomkeHue mabnuubi 6.4

MeTton

(+) [ocTouHcTBa
(=) HepocraTkm meTtona

meToaa.

Ob6nacTtb NPUMEHEHNS,
MakcumanbHaa  addek-
TUBHOCTb yAaneHuss me-
Tannos (1)

OcobeHHOCTM yaaneHus me-
OV U UMHKa

CebecTtommocTb
(aHeprosaTpaTbl)

(=) ObpasoBaHue 3HaA4YNTESNbHBLIX 06BHEMOB
LUS1aMOB; BTOPUYHOE 3arps3HeHne MoHamm
MeTanna-ueMeHTaTopa; BO3MOXEH rmapo-
nun3 conen Al n Fe; 6onbwon pacxoqg me-
Tanna uemeHTatopa; TpebyeTcss 4OOYUCT-
Ka CTOYHOW BOAbl; BO3MOXHO oGpaTHoe
pacTBOpPEHME LIeMEHTHbIX OCaaKoB

TannoB, HaxogdALnxca B
paCTBOPEHHOM COCTOA-
HUN, HA MEeHee 3J1EKTPO-
NOJTOXUTESIbHbIX Me-
Tannax, HaxoaAawmnxca B
TBEpaom COCTOAHNMN.
M ~85% —90 %

aepxaHvem meanm ot 500
(1000 mr/am®) po 35 rigm®
npn pH2-4,5. Konuye-
CTBEHHOE ocaxaeHne me-
Tanna wu3 KOHUEHTpUpo-
BaHHbIX pPacTBOPOB MO3-
BONsSieT NpoBOAUTb Npen-
BapuUTENbHOE OCaXaeHue
Meanm LuemeHTaumen um3
pacTBOpOB

["anbBaHOKOaryns-
umnsa

(+) OTtcyTtcTBME peareHTOB; NpocToTa an-
napaTypHOro oopMreHusi; B Ka4ecTBe 3a-
rPy3KM UCMONb3YKTCA OTXOAbl; HU3KME
9KCMnfyaTauuoHHble  3aTpaTbl; BblCOKas
CKOPOCTb rMpoLecca MU3BrieYeHns metarn-
noB; BbicTpas aganTaunsa TEXHONOMMN Npu
M3MEHEeHUN cocTaBa W KOHUEeHTpauuu
npumecen

LUnpoko npumeHsieTca
NpU OYUCTKE CTOYHbIX
BO OT MOHOB TSKenbIX
MEeTanmnoB B LUMPOKOM
AnanasoHe KOHUeHTpa-
umn M ~98 % npu pH
cpenbl ~3—4, onTumarib-
Hoe 3HadeHune pH 2—4

Megb w©3  CEepHOKUCIIbIX
CTOKOB W3BfeKaeTcsi B Te-
YeHne nepBbIX HECKOIbKNX
MUHYT KOHTakTa C ranbBa-
HOMapon «xerneso — yr-
nepoa». Haubonee a-
eKTUBHOE  M3BMNeYeHue
Meagn Habnwgaetca npwu

Oo 51 py6./m°
(0,15-2 kBT"4 Ha
1M oumwaemon
BOAbI)
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lNpodomkeHue mabnuubi 6.4

Ob6nacTtb NPUMEHEHNS,
MeTon (+) HocTonHcTBa mMeToda. | MmakcumanbHaa  adpdpek- | OcobeHHocTn yaaneHuss me- | CebectoMmocTb
(-) HepocTtaTkm metoga TMBHOCTb YyAaneHus Me-|au 1 LMHKa (3HeprosaTparthbl)
Tannos (1)
(=) Pacxog anekTpoaHepruu; 3HadnTesb- pH wucx. 2,5-2,7. Mepgp
Hble pacxogbl Fe npu 6onbwmnx obbemax aphekTMBHO yaanseTca B
CTOYHOM BOAbI, HU3KOE coaepXaHue W3- LUMPOKOM AnanasoHe uc-
BnekaeMbIx MeTasnsioB B ocajke XOOHbIX KOHLIEHTpaumm
50-500 mr/am®.  LiMHK —
Npn  KOHUEHTpaumax Ao
500 mr/gm®
(+) Bbicokas 9ddEKTMBHOCTbL OYMCTKM|[ANA CTOKOB C KOHLUEH-|Bo3amoxHOCTb  cenektms-|[lo 50 py6./m°
(ounctka po MMAK); oumweHHas Boga MC-|Tpaumen MOHOB LBETHLIX |HOro pasgenenus meau u|(0,1-0,4 kBT-4 Ha
nonb3yeTca B 000poTe; UCKIKYaeTcs pac-| MeTannos [o|unMHka B nuTepatype He |1 m®
XO[ peareHTOB; He3HauuTenbHble nnowa-|100 Mr/amM® n  yacoBbIM | paccmaTprBanach
an nog obopynoBaHue; BbicTpas aganTta-|pacxogom o100 M3y
UMs TEXHONOrMM npu M3MeHeHUn coctasa
QnekTpokoarynauus y
N KOHUEHTpaumm NnpumMecemn
(=) Pacxon anekTpoaHepruu; HEeBO3MOX-
HOCTb OYMCTKM KOHLIEHTPUPOBAHHbLIX CTO-
koB 6e3 ux pasbaenenus. [laccuBaums
aHoadoB, NPUMEHEHWE MNOCTOSIHHOrO 3neK-
TPUYECKOro Toka
SnekTpodbroTaLus (+) MpocToTa akcnnyaTaumm; BO3MOXHOCTb | NS CTOKOB C KOHUeH- | [Ansa cynbdunaoB 1 rugpok- | Pacxon anektpo-

perynupoBaHus npowecca

Tpaunen NOHOB LIBETHbIX

cngoB cCTeneHb wu3Bne4ye-

3Heprun 1-
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lNpodomkeHue mabnuubi 6.4

Ob6nacTtb NPUMEHEHNS,
MeTon (+) HocTonHcTBa mMeToda. | MmakcumanbHaa  adpdpek- | OcobeHHocTn yaaneHuss me- | CebectoMmocTb
(-) HepocTtaTkm metoga TMBHOCTb YyAaneHus Me-|au 1 LMHKa (3HeprosaTparthbl)
Tannos (1)
(-) Bbicokuin pacxopn anekTpoaHepruu; o6-|meTannos 10—| Hus BO3pacTtaeT B|2 KBT'yHa 1 m>
pasoBaHue doToLlunama 100 mr/am®.  OnTumans- | psagy:CuS-ZnS-Cu(OH), - |[0o 47 py6./m>
Hasg nnotHocTb Toka|Zn(OH),. CteneHb anek-
<3 Algm® =90 % — | TpocbroTaLMoHHOrO  pas-
97 % (no Cu wn Zn|geneHns MakcumarnbHa B
98 % — 99 %) N303NEKTPUYECKON  TOUKE
ana Cu(OH), n Zn(OH),
pH 10
(+) KomnakTHOCTb YyCTaHOBKM; OTHOCU-|[na BewecTB, coaep-|Ana katogHoro ocaxae-| (300 kBT/u Ha
TenbHasg MNPOCTOTa 3JKCNyaTauuun; COKpa- |XKalux TsbKenble Me-|HUS MeTansa U pacTBOpPOB | TOHHY Meau)
LLleHNne peareHTHOro XO3sIMCTBA; BO3MOX-|Tanfbl, KoTopble paspy-|c [Me] 6onee 1000 Mr/am®
HOCTb MONyYeHus Ha katoge csobogHoro |watotea nog gencremem|([Cu] = 1-5 r/lam® ans
MeTansna, OTCyTCTBME BTOPUYHOIO 3arpsi3-|3feKTPMYECKOro ToKa C|anekrponunsa — HW3KO-
HEeHNs CTOoKa obpasoBaHMEM  HETOK-|KOHLEHTPUPOBAHHbIE pac-
AneKkTponus (=) Hu3kas Nnpon3BOAUTENBHOCTL annapa-|CUYHbIX  COeOWHEHUN, | TBOPbI):
TOB, 3HAYUTENbHbLIA PACX0Od 3MEKTPOIHEep-|ONTUMaribHoe 3HaveHue | 1. MakcumansHas noBepx-
rmmu pH 2, aHogHass nnoT-|HOCTb KaToAaa;
HOCTb Toka 0,2—2 A/gm? | 2. MHTEHCUBHOE nepeme-
luMBaHMe AN ycTpaHeHus
ONAPPY3MOHHBIX  OrpaHu-
YeHNN
(+) Bbicokas adpdekTMBHOCTL ouncTky; He |Obwee conecogepxa-|Bo3MoxHo  cenekTuBHoOe |Ha CHWXeHune
AnekTpognanms

TpebyeT NpMMeHeHMs peareHToB

Hue 3-10 F/,D,M3

pasgeneHne Mean n LIMHKa

conecopepxa-
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Ob6nacTtb NPUMEHEHNS,

MeTon (+) HoctonHcTBa mMeToda. | MmakcumanbHas  adpdpek- | OcobeHHoCcT yaaneHus me- | CebectoMmocTb

(-) HepoctaTkm metoga TMBHOCTb YyAaneHus Me-|auv 1 LMHKa (3HeprosaTparthbl)
Tannos (1)
(=) 3HauuTenbHbIN pacxon anekTpoaHep-|1 =96 % — 98 % npu onpeneneHHoOM COOT-|{HUA B ouyuLliae-
N, CAOXHOCTb 3aMeHbl MeMbpaH, nx 4yB- HOWeHUn (Hanpumep, No|MOW  BoAEe B
CTBUTENBHOCTb K W3MEHEHUI0 CcOCTaBa AaHHbiM  [190], pasgene-|50 pa3 3aTpauyu-
npumecen. PasBuTve KOHLEHTPaLMOHHOM HMe BO3MOXHO [0 COOT-|BaeTcs 9Hep-
nonspusaunm, 3apacTtaHue mMembpaH HOLLEHMUS nx 1:1,5|mm ~7 kBT-4
TPyaHOPaCTBOPUMBIMK CONMSAMU U OTpaB- (Ccumy/Czn(n) = 0,66) n
neHve coeauHeHnAMU Xenesa, pacxos NpakTU4eCKN HEBO3MOXHO
9Heprun; HeobxoaMMOCTb NpenBapuUTENb- npu OOCTUKEHUN COOTHO-
HOro OCBETNEHMNS CTOKOB LEeHWS 1:2,5
(Ccumy/Cznay = 0,4))
(+) BO3MOXHOCTb CenekTMBHOrO uasrieye-|PekomeHayeTcs npume-|Bo3MOXHOCTbL — cenektms-|[Ons Bogonogro-
HUS KOMNOHeHTOoB; oyucTka go lNAK; BO3-|HATb B BuAe NoKarbHOW |HOMO pasgesieHns Mean m | TOBKK 15—
BpaT OYMLLEHHOW BOAbI B OBOPOT, PereHe- |OYMCTKM CTOKOB C pas-|UMHKa B nuTepaType He |22 py6./m®> [ns
pauma pacTBOPEHHbIX BELLECTB; HEe3Ha4yu-|MIMYHOW KOHUEeHTpauuen | paccMmaTpusanach OYMCTKM CTOYHbIX
TESbHbLIM pacxoq 3NeKTPO3HEPInKn; KOM-|3arpsa3HeHumn nocne BOJ, HET JaHHbIX
. NakTHOCTb YCTAHOBKW; MPOCTOTa 3Kcnsya-|npeasapuTesibHoro

Ob6paTHbIn OCMOC
Tauun; nerko aBToMmaTnsnpyeTcs OCBETNEeHUs

ynbTpadunbTpauuns

(-) Bebicokas ctoumocTb MembpaH; He-
CTOMKOCTb MeMmbpaH B arpeccuBHbIX cpe-
Aax. Beixoa n3 ctpos membpaH B pesyrb-
TaTe 3aKkynopuBaHUsA nop ocagkom; Heob-
XOOMMOCTb MpeABapuUTeribHOro ocBeTne-
HUS
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OkoHyaHue mabnuuypi 6.4

Ob6nacTtb NPUMEHEHNS,
MeTon (+) HocTonHcTBa mMeToda. | MmakcumanbHaa  adpdpek- | OcobeHHocTn yaaneHuss me- | CebectoMmocTb
(-) HepocTtaTkm metoga TMBHOCTb YyAaneHus Me-|au 1 LMHKa (3HeprosaTparthbl)
Tannos (1)
(+) BO3MOXHOCTb CENEKTUBHOIO n3Brieye-| SKOHOMUYECKN Leneco-|Bo3MoXHO  cenekTuBHoe |[Mpn nasneyeHum
HUS KOMNoHeHToB; oynucTka ao [NAK; Bo3-|obpasHa Anst pacTBOPOB |pa3geneHne meam u umHka |lmegn B 1,2—
BpaT OYMLLEHHOM BOAbLlI B 0B6OPOT; pereHe-|C KOHUEeHTpauuen me-|npu cobnogeHnn ontu-|5 pas Bbiwe ce-
AKCTpakums pauus pacTBOPEHHbIX BELWeCTB; He3Hayu-|Tannos oonee | manbHoro pH BecTonmocTu

TEeNbHbIN pacxo 3aneKTpoaHeprnn

2000 mr/gm®

LeMeHTauMn Ha
)Xene3HoMm ckpa-
ne [225]
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PacueT kanuTanbHbIX 3aTpaT Ha peanu3auuio TEXHOIOIMU CENEKTUBHOIO OcaXaeHus
Mean 1 LUMHKa C nocreyroLlen JOOYMCTKOM noToka u3d nogoteanbHbix Bog CO OAO «YTOK»
npvBeaeH B Tabnuue 6.5.

Tabnuuya 6.5 — CmeTa kanuTanbHbIX 3aTpaT

Ne |HaumeHoBaHue o6opyaoBaHus Uena 3a en.,|Konuue- | Cymma,
TbiC. pyo. CTBO TbiC. pyo.
1 |Bak ncxogHoii Bogpl (V = 100 m°) 372 1 372
2 Hacoc nogayn cto4yHbix Bog AX 80-65-160 K-5 77 4 4 309.6
50/35
3 |Peaktop-oTcTonHuk (V = 25 m°) 640 4 2560
4  |l[anbBaHokoarynatop Kb 8 1000 2 2000
5 |lanbBaHokoarynatop Kb 2 2000 2 4000
6 |PesepByap-wnamoHakonuTenb Meabcoaepxa-
3 178 1 178
wero ocagka (V=10 m”)
7 Pe3epByap-LUJ'IaMOHaK03I'IVITeJ'Ib LMHKCoaepKa- 240 1 240
wero ocagka (V =30 m”)
8 |lepuctanbTU4ecknn Hacoc Ans nNepekadku 64.3 4 2572
wnama PT 10
9 |[Komnpeccop cxaTtoro Bo3gyxa BECKERDP
2.100 (3 x 230/380V) (Q = 100 m*/y) 131.2 4 5248
10 |CtaHuus I'Ip3I/IFOTOBJ'IeHVIFI pactBopa (pNoKynsH- 580 1 580
Ta, 1000 gm°/4
11 |lUHekoBbIM Hacoc pacTBopa  (OIOKYNsHTa 12 5 o4
(Q =400 oMy, H=10 m B. CcT.)
12 |Hacoc-gosatop LLIeNMOYHOro peareHTa 30 5 60
MS1B108C (Q = 120 gm/4, H = 5 6ap)
13 |Bak-aspaTtop (V = 15 m°) 185 2 370
14 | dunbTp-npecc P3M 630 x 630 650 2 1300
15 |Hacoc pgna nepekadkn dunbtpata AX
40-25-125 Ac 19,44 2 38,88
16 | CopOUMOHHbIN pe3epByap 410 2 820
17 |PacxoaHbin 6a|3< LLIeNTOYHOro peareHTa C gosa- 60 5 120
Topom (V=2 m”)
18 |WTtoro obopynoBsaHus 13 754,5
19 |HeyuTeHHoe obopyaoBaHue 0,15 2063,17
20 |[JokymeHTaumsa n NpoeKkTnpoBaHue 0,1 1375,45
21 |UTOoro kanutasibHbIX BIIOXEHUN: 17 193,1

3aTpaTbl Ha MaTepuansbl (cM. Tabnuuy 6.6) onpefeneHsl, UCxoas U3 rogoBoro odobema
nepepabaTtbiBaeMbIX TEXHOMEHHbIX BOA M yAENbHOro pacxoda Tpebyembix MaTepmanos.
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Tabnuya 6.6 — MaTepuanbHble 3aTpaTbl Ha peanuM3aumo TEXHONOormm

HanmeHoBaHue En. YAenbHbI Obbem BOA, | LleHa, CtoumocTb, Ha 1w
Ne maTepuana n3M. picxo,u,, Ha ThiC. M3/T py6./eq. |TbIc. pyb./r BOABI,
M3 pyo.
1 |’KenesHbIn ckpan |Kr 2 489 6 5868 12
2 |Kokc Kr 0,08 16 625,92 1,28
3 |['mgpokeng Kr 0,15 30 2200,5 45
HaTpua
4 | ®driokynaHT Kr 0,0017 250 207,825 0,425
5 | ®unbTpoTKaHb 2m 0,000 01 0,06 0,000 2934 |6E-07
Aans paMHOro
dunbTpa
6 |Wrtoro 8902,25 18,21
7 |HeyyTeHHble Ma- 890,22 1,82
Tepuansl, 10 %
8 |Bcero: 9792,47 20,03

OHeprosaTpaTbl (cM. Tabnuuy 6.7) onpegeneHsl No ABYCTaBOYHOMY Tapudy — Tapu-
dy 3a 1 kBT ycTraHOBNEHHOM MOLIHOCTU U Tapudy 3a 1 KBT/4 M3pacxogoBaHHOW 3MNeKTpo-
3Hepruu, py6.

Tabnuuya 6.7 — SHeprosaTpaTbl TEXHONOMM

YcraHoB- Pacxo

HavnmeHoBaHu Kon-B |neHHas Tapud aneKTpno- Tapud sa CymMmma,

Ne 3a 1 kBT, 1 kBT/\v,
obopynoBaHus 0, WT. | MOLL- 3Heprum, ThbIC. py®

HOCTb, KBT PYo. kBT/4 Pyo.

1 Hacoc nogaum cToYHbIX
Bog AX 100-65-315 K-5|2 15 63 360 270,512
50/35

2 ManbBaHoOKOArynaTop 2 4 23 040 98,368
Kb 8

3 "anbBaHOKOArynaTop 2 8 46 080 196.736
Kb 2

4 Komnpeccop 4 1,25 7200 61,48

5 OneKTpoMexaHNn4ecKuin
3aXuMm  NNuT  PunbTp- |2 3 200 17 280 2,1 73,776
npecca

6 Hacoc Ona nepekadku
dunbTpaTa AX|2 2,2 6336 27,4912
40-25-125 A-C[

7 CtaHuua npuroToBne-
HUs pactBopa noky-|3 3 2160 5,136
nsHTa, 1000 am/y

8 |Hacoc-posatop wenos-|, |4 4, 21312 9,099 04
HOro peareHTa
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OkoHyaHue mabnuusbi 6.7

YcTaHoB- Tapnd Pacxopn Tapud 3a
HanmeHoBaHu Kon-B | neHHas AMEKTPO- Cymma,
Ne 3a 1 kBT, 1 kB1/\,
o6opynoBaHus o, WT. | MOLL- 6 3Hepruum, 6 TbIC. py®
HOCTb, KBT Pyo- KBT/u Pyo.
9 MepucTanbTnyeckumn
Hacoc Ons nepekadku |4 0,18 1036,8 8,853 12
wnama PT 10
10 |WNToro 213120 751,4514

Pacxon anekTpoaHeprum ans ranbBaHOKOArynsaTopoB NPUHAT U3 yOenbHOro pacxoja
0,1 kBT-4/M obGpabaTbiBaeMbIX BOA. OHEpProeMKoCcTb npouecca coctaBndetr 1,53 kBT-y/m.
PacueTt 3apaboTHoi nnatbl (cM. Tabnuuy 6.8) npomsseaeH ¢ y4eTom paboTbl B TeYEHUE roga
1 onepartopa yctaHoBkM U 1 anekTpocrnecapsa B cMeHy. Pexum pabotbl 4 6purag — 7 gH
B HeZles1lo No 8 Y B CMEHY.

Tabnuuya 6.8 — Pacyer rogosoro doHaa 3apaboTHoOM nnaTbl OBCNYXMBAOLLETO
nepcoHana
No HanmeHoBaHwue UuncneHHocTtb, |KaTteropus CpeaHsin  3apabotHas | ®3I1,

" |npodeccumn yen nepcoHana nnarta, Tbic. pyb./mMec | TbIC. pyb./r
1 OnepaTtop ycta-|4 Cneuuwanunct 15 720

HOBKM

2 Cnecapb 4 Pabouunn 10 480
3 WUToro: 1200

Cymma amopTtusaumm npuHaTa 10 % OT CTOMMOCTU KanuTasbHbIX BIIOXEHWUA U COCTa-
BuUT 1,7 mnH py6./r. CmeTa aKkcnnyaTaunmoHHbIX 3aTpaT Ha peanuaauuio pecypcoBOCNpPOn3BO-
Asilen TexHonorum npeacrtaesneHa B Tabnuue 6.9.

Tabnuuya 6.9 — CwmeTta 3KcnyaTaynoHHbIX 3aTpar Ha peanusauuio

pecypcoBOCNpPON3BOAALLEN TEXHOOMMMN
Yoenb-

Ne |HawumeHoBaHWe cTaTbu 3aTpar TC::ZM;& :::Tb:a_ Ctpyktypa, %
py6./m°

1 |3apaboTHas nnarta, B TOM 4ncne: 1320 2,70 7,51

2 |OcHoBHas 3apaboTHas nnata 1200 2,45 6,82

3 |[JononHutenbHas 3apaboTHas nnaTta 120 0,25 0,68

4 |B3HOCbl Ha obGsi3aTenbHOE CTpaxoBaHWE U CTpaxo-

Bon Tapud ot HC n N3 492 1,01 2,80

5 |B3aTpatbl Ha maTepuansl 9792,47 20,03 [55,68

6 |OHeprosaTpaTbl 751,4514 |1,54 4,27

7 |AmopTusauus 1719,31 |3,52 9,78

8 |Ob6wenpon3BoacTBEHHbIE pacxoabl 1913,285 | 3,91 10,88

9 |Wtoro npomnsBoacTBeHHas cebecTonmMoCTb 15988,52(32,70 |90,91
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OkoHyaHue mabnuuybl 6.9

Yoenb-
Cymma, Hble 3a- o
Ne |HawumeHoBaHue cTaTbu 3atpart ThiC. py6. | Tpathl, CtpykTypa, %
py6./m>
10 |Kommepuyeckue pacxoapl 1598,852 |3,27 9,09
11 |UToro nonHas cebectonmocTb 17 587,37 35,97 |100,00

Takum oBpasom, cebecToMMocTb nepepaboTkm 1 M> NogoTBamnbHLIX BOA COCTaBWna
35,89 py6.

OueHka CTOMMOCTU TOBapHOW NPOAYKUUN NPOn3BEOEHA NCXOOA U3 ee HOMEHKNATYpbI,
obbemoB TOBapHOW NPOAYKUUKM, CpeaHen roqoBon LieHbl Ha MeTannbl No gaHHbiM LME, ko-
apomumenTa ueHsl (K, = 0,5), kypca gonnapa.

TosapHOW Npoaykumen, nony4aemMon B pesyrnbTate peanusalmm pecypcoBOoCnpon3Bo-
ASLLEN TEXHOMOMMN KOMMNIIEKCHOW NepepaboTkn nogoTBanbHbIX BOA, OyayT ABNATLCA: MeOb-
cogepxalwme U umHkcogepKawme eppuTHbie ocagku, KOTopble NOALUMXTOBLIBAKOTCS K OA-
HOMMEHHbIM KOHLIEHTpaTamMm.

PacuyeT ctoMmocTn ToBapHOM NPOAyKUUM nNpousseneH No MeTOAMKe pacdeTa u3Bre-
KaeMoW LLeHHOCTU pyabl U npeacTasneH B Tabnuue 6.10.

Tabnuya 6.10 — Pac4yeT CTOMMOCTM TOBapHOM NpOayKLmn

Konunyectso TOBapHOW | |lena |Kypc CTtonmocTb TOBapHOW Mpo-
Hanmetosa- npoaykumm, T Me- non- AyKUMK, ThiC. py6.
Ne |Hue Ky
npoaykumm B Yac B CYTKW |B rog Toqma, | nape, B Yac B oyT B ro,
$iT py6./$ Ki A
1 | ®eppuTHBIN MegbcogepKaLLmin ocagokK
Meab 0,017 77 (0,43 102,36 7901 |33 0,5 (2,32 |55,60 |13 343,69
UnHk 0,00343 |0,08 19,76 2051 |33 0,5 0,12 |2,79 |668,60
2 | OeppuTHBIN LMHKCOAEepXallunm 0cagok
LnHk 0,0388 0,93 [223,49/2051 |33 0,5 1,31 31,51 |7563,17
Menob 0,00063 |0,02 |3,63 |7901 |33 0,5 0,08 1,97 473,07
MToro ToBapHOn npoayKumm 3,83 191,87 |22 048,53

fopgoBon 0bbem peanusauumn coctaBut 22,05 mnH py6., n3Bnekaemas LEHHOCTb 1 m°
CTOYHbIX Bog cocTtaBuT 45,08 py6. Takum obpasom, yaenbHbi SKOHOMUYECKMIA 3PEKT Tex-
Hosformm nepepaboTkn MeTanIoOHOCHbIX MOAOTBaNbHbLIX BOA MO rarbBaHOKOArynsunoHHOM
TexHonornu coctaeut 9,12 py6./m>.

lopoBon pasmep HanoroBbIX OTYUCIIEHUN COCTaBuT 1758,9 ThIC. PYO.
(cm. Tabnmuy 6.11)
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Tabnuua 6. 11 — Pac4deTt 6rogKeTHON 3(PPEKTUBHOCTU PECYPCOBOCNPONIBOAALLEN TEXHOOMMMU KOMMIEKCHOM NepepaboTKn TeXHOrEHHbIX

Boag AO «YyanuHckum FTOK»

HanmeHoBaHne noka-
saTens 2013 2014 22015 2016 2017 2018 2019  [2020 2021 2022 2023 2024 2025 2026  |[2027
Hanor Ha umywiectso (3782 3782 [378,2 [378,2 [378,2 [378,2 [378,2 (3782 (3782 (3782 (3782 (3782 (3782 (3782 (3782
OTuncneHus Ha cTpa-

4104 4104 4104 4104 4104 4104 4104 4104 4104 4104 4104 4104 4104 4104 4104
XOBbl€ B3HOCbI
CtpaxoBon Tapud ot

78,0 78,0 78,0 78,0 78,0 78,0 78,0 78,0 78,0 78,0 78,0 78,0 78,0 78,0 78,0
HC n T3
Hanor Ha npnbbinb 892,2 1892,2 (892,2 [892,2 (892,2 (892,2 892,2 892,2 892,2 892,2 (892,2 [892,2 [892,2 (892,2 8922
WNtoro NOCTYNNeHnN

1758,9 |11758,9|1758,9 (1758,9 [1758,9 |1758,9 |1758,9 (1758,9 (1758,9 |1758,9 |1758,9 [1758,9 [1758,9 [1758,9 |1758,9
Hanoros
CtaBka cpaBHEHUS W
MHOEKCbI anc-0,9 0,8 0,8 0,7 0,6 0,6 0,5 0,5 0,4 0,4 0,4 0,3 0,3 0,3 0,2
KOHTMPOBaHNA
Unctbih  ANCKOHTUPO-

. 1599,0 |1453,5 |1321,4 (1201,3 [1092,1 [992,9 92,7 820,5 (7459 1|678,0 [616,5 [560,4 |[509,5 463,1 421,1

BaHHbIN JOXOA4
To >xe, HapacTalLwmm
ATOLOM 1599,0 [3052,5 |4374,0 [5575,3 |6667,4 [7660,3 [8562,9 (9383,5 [10129,4|10807,4 |11423,9 [11984,3 [12493,9 |12957,0|{13378,0
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PacueT nokasatenen apdekTMBHOCTN MHBECTULMOHHOIO NPOEKTa NPOBOAUIICS HA OC-
HoBe meToamkm UNIDO npu ctaBke cpaBHeHnsa 14 %.

CHWXeHne nnaTbl 3a 9KONOrM4yeckmi yepb paccunTaHo Ha CHWXKEHWE KOHLUEeHTpauun
3arpsAsHSOLWMX BELWeCcTB B COpoOce NO CpaBHEHUIO C AOCTUraeMbiMU pe3yribTaTaMu OYUCTKM
BOJ METOOOM N3BECTKOBAHUA.

PacyeT akoHOMMM NnaTbl 3a 3arpA3HEHME OKpYXXatoLLen NpUPOLHON cpenbl copocamm
BpeAHbIX (3arps3HAoLWmnX) BEWEeCTB B BOAHblIE 0O6beKkTbl NpeacTaBneH B Tabnuue 6.12. 3ko-
HOMMSA Ha nnatexax 3a cbpoc 3arpAasHALWMX BewecTB B BOAHble OObeKTbl And
AO «YvanuHckun TOK» coctaBut 1,9 MnH py6./r.
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OkoHyaHue mabnuupbi 6.12

Tabnuua 6.12 — JkoHOMUS NnaTexa 3a cOPOC 3arpsA3HSALLINX BELLECTB B BOAHbIE 0OBHEKTI

Xam

Koacp- Mnata | MnaTta
O6b- Hopma- |Hopma- |addm |Koadp- |lMnata 5 Hpe.
Hanm |em KoHueH TMB nna-|Tme nna-|du- addu | B npe- pe-3a
B npe |B npe npe- |ceepxnu |Bcero

€HO- | CTOY- LeHTpa Ceepx |[Thl B|Tbl B|UMEHT |u- npe-

Komno- Cbpoc, |[MNOC, |penax |nenax jenax |-MUTHoe |nnaTa,
BaHMe | HbIX Tpa- nuMmuTa, |Npege- |npeae- | 3KONo-|UMEHT |genax

HEHT Kr/r kr/rog |MAC, |numun- numu- | 3arpas- | Teic. py6
Bbl- BOA, ums, T nax nax nu-|ruye- |uH- nac,

Kr Ta - Ta, HeHue,
nycka |TbIC. M Mr/n nac, MUTa, CKOW |OdeKk- |TbIC. p
3 TbIC. p | TbIC. py0
py6./T py6./T cuTy- |cauun |yO. 6
auuu yo.

[lo ouncTku
Yua- |489 |Megb |0,72 352,08 0 0 0,35208 275481 |137740 |1,14 |2,2 0 0 1216,27 |1216,27
CTOK 5
dono- XKene- |1,97 963,33 0 0 0,96333 963,33 |275480 |1,14 |1,78 |0 0 538,505|538,505
Kyns- 30
umun UuHk  [1,2295|601,226 0 0 0,60123|601,226 (137740 (1,14 [2,2 0 0 207,695 207,695
MToro no Bbinycky 1962,47|1962,47
Mocne ouncTku
Yya- |489 |Megb |0,001 10,489 0 0 0,00049|275481 (137740 (1,14 [2,2 0 0 1,68927 |1,68927
CTOK 5
dono- YKene- |0,08 39,12 0 0 0,03912|55096 (275480 (1,14 (1,78 |0 0 21,8682 21,8682
Kyns- 30
umun Uuuk 0,01 4,89 0 0 0,00489|27548 (137740 (1,14 (2,2 0 0 1,68926 | 1,68926
MToro no Bbinycky 25,2468 (25,2468
OKoHOMMS MO nnate- 1937,22
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BbINofIHEHHbIE pacyeTbl 3KONOro-aKoOHOMUYeckon 3dPEKTUBHOCTN peanu3auumn pe-
CYpPCOBOCMNPOU3BOASALLEN TEXHOSIOMMU KOMMNEKCHON nepepaboTku TEXHOreHHbIX BOA C Mpu-
MEHEHMNEM ranbBaHOKOArynsaunoHHoO-copbLmMoHHOM TexHonormmn (cMm. Tabnuuy 6.13) nokasanu
€€ BbICOKYI 3(P(PEKTUBHOCTb.
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Tabnuuya 6.13 — PacyeT 3KOnoro-akoOHOMUYeckon 3pPEKTUBHOCTM peannsaunum pecypcoBOCnpOn3BOASALLEN TEXHOMOMMM KOMMIEKCHON

nepepaboTku kucnbix nogotBanbHbix Bog AO «YTOK»

HaumeHoBaHue 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
nokasarens 2012 2013 |2014 2015 2016 [2017 |2018 |2019 |2020 |2021 |2022 |2023 |2024 |2025 |2026 viroro
Obvem  nepepabarel-| yqg v | 489.0(489.0 |*8% 4890 (8% |480.0 [489,0(*8% |89 4890 |489 |489 14890 |agg0 |73
BaeMbIX BOA, TbIC. M 0 0 0 0 0 0 ,0
MpuToK cpeacTs
CHmxeHne nnaTtbl 3a 19372 1937, 1937 2 1937 ({1937, 1937|1937, |1937, 1937 (1937 {1937, [1937 1937 |1937, (1937, |2905
3KONOrnyeckunin yuiepo T2 1,2 2 2 2 2 2 2 2 ,2 2 2 2 7,7
Bblpyuka oT peanusa-|22048, |2204 (22048, 2204 2204 (2204 {22048 (2204 |2204 |2204 22048 2204 [2204 22048 |22048 | 3307
LK 5 85 |5 85 (85 (85 |,5 85 |85 |85 |5 85 (85 |[,5 5 28,0
1719, 17191719, (1719|1719, 1719, {1719 (1719 (1719, [1719 (1719|1719, [1719, |2578

AmMopTusauus 1719,3 3 1719,3 3 3 3 3 3 3 3 3 3 3 3 3 9.7
Vitoro 25705, (2570 |25705, 2570|2570 |2570 25705 |2570 |2570|2570|25705 |2570 (2570 |25705 |25705 | 3855

0 50 |0 50 (50 |50 |,0 50 |50 |50 |,0 50 |50 |[,0 ,0 75,4
OTTOK JEHEXHbIX
cpeacTs

17193, 1719
KanuTtanbHble 3aTparthl 1 3.1
JKcnnyaTaunoHHbIe 17587, |1758 [17587, |[1758 |1758 |1758 |17587 (1758 (1758 |[1758 |17587 (1758 |[1758 |17587 |17587 (2638
3aTpartbl, B TOM vncne |4 74 |4 74 |74 74 |4 7.4 74 |74 |4 74 |74 |4 4 10,5

1758, 1758 |[1758, (1758 |1758, |1758, |1758 [1758 1758, [1758 [1758 |1758, [1758, |2638

Hanorn v nnatexm 1758,9 9 1758,9 9 9 9 9 9 9 9 9 9 9 9 9 3.2
Vtoro 36539, (1934 (19346, |1934 1934 (1934 |19346 {1934 |1934 {1934 {19346 {1934 {1934 (19346 |19346 | 3073

3 6,2 |2 6,2 (6,2 (6,2 |,2 6,2 6,2 |62 |[,2 6,2 6,2 |[,2 2 86,8
Yuctbin notok AeHex-|-10834 |6358, 6358.8 6358 6358, |6358 |6358, |6358, |6358 |6358 |6358, 6358|6358 6358, 6358, [2066
HbIX CpeacTB 3 8 1,8 8 8 8 8 .8 .8 8 ,8 .8 8 8 17,0
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HanmeHoBaHue 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 ¥
nokasartens 2012 2013 2014 2015 |2016 |2017 |2018 [2019 |2020 |2021 |2022 [2023 |2024 |2025 |2026 Tore
To e, HapacTtawowmm [-10834 (-447 18832 8242 (1460 |2095 (27318 |3367 4003 4639 |52753 |5911 6547 (71829 [78188
NTOrom ,3 5,6 " 1,0 0,8 1|96 |3 7.1 59 |47 |4 22 |10 |7 5

CtaBka cpaBHeHUA W

WHOEKCbI  AncKoHTMpo-|0,9 0,7 10,6 0,6 |0,5 04 |04 03 1|03 (0,2 |0,2 0,2 |0,2 |01 0,1

BaHus

Uuncteim  anckoHTmpo- [-9380, |4766, 3573|3093, 2678|2319, [2007, 1738 |1505|1303, (1128|976, 2141
BaHHbIN AoXxo[ 4 6 4126.9 1 6 4 0 8 3 N 1 ,2 8 845,17 |732,2 4.5
To e, HapacTtawowwmm -9380, |-461 486.8 3086 (6179, |8858 (11177 |1318 [1492 164217731 |1885|1983 20682 (21414
NTOroMm 4 3,8 1,3 9 ,3 ,3 51 34 (85 |6 98 |66 |,3 5

Cpok okynaemocTu, net 3
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- YACTbIN OUCKOHTUPOBAaHHbIN foxon — 21,4 MnH pyo6.;
- BHYTpeHHASA cTaBka goxogHoctn — 18,9 %;
- CPOK OKyrnaemocTtn — 3 roga;
- HAaekc goxogHoctn — 1,15.
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OueHka nonyyeHHbIX Nokasatenen cengetenscTeyeT 06 acpdektnsHoctn HAT:

6.3.3 PasameweHne oTxonoB B BbipaboOTaHHOM NPOCTPAHCTBE PYAHUKOB U Kapb-

epoB

MimeeTcs oueHKa 3KONoro-aKoOHOMMYeckon ahPEKTUBHOCTU CKITaanupoBaHUA OTXOO0B
rOPHOro NPOM3BOACTBA B BblpaboTaHHOM npocTpaHcTBe. CymMMa nnaTexen 3a 3arpsi3HeHue
OKpyXatLen cpefbl No Bugam npuseneHa B tabn. 6.14 - 6.18:

Tabnuua 6.14 — PacyeT 3KOHOMMM Ha nnaTexax 3a HeraTMBHOe BO3OeWUCTBME Ha
OKpY>KaloLLyo NPUPOLHYI0 cpeay OT NePEeaBMKHbIX MICTOYHNKOB 3arpsi3HEHNS

Bug 3arpAsHALWEro
BellecTBa

Ownokeung
asoTa

Okeng
asoTa

Caxa

Okeng  yr-
nepoga

KepocuH

Mbinb
HeopraHu4e-
cKkas

CrtaBka nnatbl 3a Bbl-
Bpoc 1 T 3arpsasHaoLWEro
BellecTBa, pyb6./T

52

35

80

0,6

2,5

41

Bbibpoc 3arpssHsawowero
BellecTBa, T/t

8,98

1,15

1,25

8,34

1,86

0,03

KoadgpdomumneHT akosoru-
Yeckon cuUTyauum n 3Ko-
NOrMyecKkon 3Ha4YMMoCTU
aTtmocdepbl B permoHe

Ko

KoahdomumneHT, npume-
HAKLWMACA  NpU  OCy-
LecTerneHn BbiGpocoB
Ha TeppuUTOpPMM ropoaoB

I<rop

1,2

KoathpmumneHt  uHGpns-
Lnn

KMH

1,93

lMnaTtexun 3a HeraTMBHOE BO3AENCTBME Ha BO3AYLUHbIA HAcCeNH OT NepeaBUMKHbIX MC-

TOYHUKOB.

QCHKSKKZOPKUH

Ipoz.n =

i
i=5

’
C; - Zni - Kok - Kyu , py6/T
i=s

Ipozn = (52-898+35-1,15+80-1,25+0,6-8,34+2,5-1,86+41-0,03)-2-1,2-1,93
= 28,01 py6/T
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Tabnuua 6.15 — PacyeTr 3KOHOMMM Ha nnaTeXax 3a HeraTMBHOE BO3OENCTBME Ha
BO3YLUHbIN BaccerH OT pa3MeLLeHNs TEKYLLIMX OTXO40B oboralleHnss B XBOCTOXPaHUNLLE

) Mbinb
Bua 3arpasHstoLwero Bellectsa i Mbinb
HeopraHu4yeckas
CtaBka nnatbl 3a BbIOpOC 1 T i-ro 3arpsA3HAOLLErO Be- C 41 41
wecTsa :
BbIGpocC i-ro 3arpssHsaoLero sewecTsa M; 80,9 181,2

lMnaTexu 3a HeraTMBHOE BO3AENCTBME HA BO3AYLUHbLIN BacCenH OT CTauMOHapPHbIX UC-

TOYHUKOB:

i

i
Ipo3 = z C; z M;, py6/T
i=2

i=2

3BOS

= 49,77 py6/T

Tabnuuya 6.16 — PacyeT nnaTexen 3a BbIOPOCHI B OKPYXKaIoLLYH NPUPOAHYIO cpeay

Bug  3arpsasHsio-
LLlero BeLlecTBa

CtaBka nnatbl 3a cbpoc
1 T i-ro 3arpsasHsaoLLero
BewlecTea, Ccag, pyo./T

C6poc i-ro 3arpsisHsito-
Lwero Bewectsa Mgop

KoadhdpmumeHT

aKosnormnye-

CKoM CuUTyaunn mn sKornornye-
CKOW  3HAYNMMOCTHU noBsepx-
HOCTHOrO BOJHOrO OObEeKTa

KI/IH

B3BelueHHble 366 107
BellecTBa

Hedtenpogyktbl [5510 0,05 10°°
LInHK 27 748 0,01 10°°
Megb 275 431 0,001 107°
MarHwii 6,9 40 107°
Xnopuvabl 0,9 300 107°
dTOp 368 0,05 10°°
MbiWwbak 5510 0,05107°
CBuHeL| 45913 0,006-107°

O6wmnobem Boibpocos coctasun 4622,31 1/roa.
[MnaTtexu 3a HeraTMBHOE BO3OENCTBUE HA BOAHbLIN BacCenH:

Ipoy = [366-1077 + 5510 107 + 27748-0,01-107%+ 275431-0,001-10"°% + 6,9 - 40
-107%+ 0,9-300-10"%+ 368-0,05-107°% + 5510-0,05-107° + 45913 - 0,006
+1076]-1,12- 1,93 - 4622,31 = 55,99 py6/T

Tabnuuya 6.17 — K pacdeTy nnarexen 3a pasmeLleHne 0TXo40B

McxoaHbie gaHHble

CtaBka nnaTbl 3a pa3mMeLleHne 1 T j-ro otxoga, pyb./T Cni 0,4
KoadppmUMeHT 3KOMOrMYeckon cuUTyaumm u 3KOSTIOMMYECKOWN 3Hauu- Ks 17
MOCTM NOYB B JaHHOM pernoHe

dakTyeckoe pasmeLleHue i-ro oTxoaa M; orx 322
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[MnaTexu 3a pa3meLleHne OTX040B pPacCYMTbIBANUCh:
Ipasmorx = Cni"Ks *Mjorx * Kun - Kycn, pyo/t
Ipazmorx = 0,4 -322 -1,7 - 1,93 - 0,3 = 126,7 py6/T

roe 0,3 — KoadpPULMEHT, UCNONb3yeEMbIN NMPU pasMeLLEeHMN OTXOA0B Ha crneumanmsnpoBaH-
HbIX NOSIMrOHaX M NPOMbILLNEHHbIX Nrowankax, 06opyaoBaHHbIX B COOTBETCTBMM C YCTaHOB-
NeHHbIMK TpeboBaHMSIMU U PaCMONOXEHHbIX B nNpeaerniax npoOMbILWSEHHONW 30Hbl MCTOYHMKA
HeraTMBHOIoO BO34EeNCTBUA.

Mpu peanusaumm paspaboTtaHHoOM TexHonorum 3a 1 rog B nog3eMHOM BbipaboTaHHOM
npocTpaHcTBe OyaeT pasmelieHo Qotx = 96 600 T 0oTx040B oboralleHnsi, a CHUXKeHMe nna-
TeXewn 3a HeraTMBHOE BO3OENCTBME Ha OKPYXKatoLLYIO NPUPOAHYH0 cpeay OyayT paBHbI:

Z3an = Ipoz.n " IBo3 '3BO,£[ * Ipasmorx - Qorx ,PYy6/TO]

Z 35 = (28,01 + 49,7 + 55,99 + 126,7) - 96600 = 25154640 py6/rox

OKonoro-akoHoMu4eckas 3(PPEKTUBHOCTb TEXHOMOMMU YTUNN3aLMM TEKYLLNX
0TX040B nepepaboTkun pya B BbipaboTaHHOM NPOCTpaHCTBE Noa3eMHbIX pyaHukoB AO «Yua-
nuHckun TOKax» coctaBut 25,154 mMnH.pyo.

PesynbTatbl pacyeta 3HepreTM4eckom, 3IKONOMMYEeCKOM W TEXHUKO-IKOHOMUYECKOMN
3P EKTMBHOCTU NPUBEAEHbI B CBOAHOM Tabnuue akoHoMmn4eckoro agdekTa.

Tabnuuya 6.18 — CBogHasa Tabnuua 3KOHOMMYECKOro addekTa

Ne HanmeHoBaHWe napameTpa Mfﬁgggﬁjﬂ lMokaszaTtenu
3aTpaTHas 4YacTb

1 KanutaneHble 3aTpaThl pyo. 103 253 750
2 | OHepreTudeckue 3aTparhl pyo. 8425 900
3 |3kcnnyaTaumoHHble 3aTpaThl pyo. 50 736 105
UToro: 162 415 755
OKOHOMMYeckme adheKTbl

1 O eKT OT pekynepaumm aHeprum pyo. 10 800 000
2 | OMdEKT OT CHMKEHNSA IKONOIMYECKNX NnaTexen pyo. 25 154 640
3 | OddeKkT OT CHMXKEHUNA aKcnyaTaLMOHHbIX 3aTpaTt Ha Co- 6 28 571 428

AepXXaHne XBOCTOXpaHunumLa PYo.
UToro: 64 526 068

BHegpeHne TexHomnormm ytunmMsaumm OTXOAOB [[00blumM 1 nepepaboTkn megHo-
KON4ye4aHHOro Chbipbs NpW 3aknagke BblpabOTaHHOrO MPOCTPAHCTBA PyAHWMKA MO3BOSIUT CHU-
3UTb OKONOTrMYECKYHD Harpysky B pernMoHe npu OCBOEHUM MecTopoxaeHun «Hoso-
YyanuHckoro, «Y3enbrmHCKoroy, «O3epHoro» C  3KOHOMMYECKUM  apdpekTom
64,5 MnH py6./r, B TOM Yncne 3a cyeT peanu3auumn TEXHONMOrMM NPUroToBEHNS 3aKnaao4yHON
cMecu B noa3eMHbix BblpaboTkax — 28,9 mnH py6./r, 3a cyeT peanusaumm TEXHOMNOrmMM noa-
3€MHOro CryLieH1si XBOCTOB oborawleHns pyg — 25 mnH py6./r.
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Pasgen 7. NMepcnekTUBHbIE TEXHONOMMN

7.1 MNepcnekTUBHbIE TEXHONIONMU AO00ObLIYM pPyA LUBETHbIX MeTansoB

CrtpaTterus pecypcocbepexeHus ocHoBaHa Ha nonoxeHusx[118-134]:

- HEKOPPEKTHOCTb TEXHOSOMIN NPOSIBIISETCA B NOTEpe NPUPOLHbIX PECYPCOB;

- Jgerpagauus 3KOCUCTEM SABNSAETCH CreACTBUEM HEKOPPEKTHOCTU TEXHOMOMMn, no-
3TOMYy NpubbINbG OT peanu3auun TOBApHOrO MPOAYKTa AOSMKHA YMEHbLIATbCS Ha BENUYUHY
KoMneHcauun yulepba okpyxatowen cpege.

TpaguumnoHHble cuctembl pas3paboTkm He oTBeYvalT TpeboBaHUIO MOMHOTLI UCMOSb30-
BaHUS Hedp, MOCKOMbKY WUCKIYalT U3 cdepbl NpOoM3BOACTBa cocTaBndawwme 60nbLiyro
YacTb MecTopoXxaeHunsa 3abanaHcoBble 3anackl. Bolgaya Ha 3eMHy0 NOBEPXHOCTb AN nepe-
paboTkM BCEN OTAENEHHON OT MaccuBa OTBeYalLllen COBPEMEHHBLIM KOHOMUMSAM TFOpPHOW
MaccCbl U OCTaBfieHWe B Hegpax He OTBevalLlmMX KOHOULMAM 3anacoB sBNsieTcs HegocTaT-
KOM TPaaULMNOHHbBIX TEXHOMOMNA.

TexHonorun ¢ TBepAELWNMN CMECAMU ABMAKTCA 3(PPEKTUBHBIM CpeCTBOM ynpas-
NEeHns MaccMBOM 3a CHET KOHTPOSS HanpsKeHUr B MaccvMBe, HO OCHOBaHbl Ha 3aMeLleHuu
obbema BblAaHHbIX pyd 0OObIBaEMbIMU Ha NOBEPXHOCTU MaTepuanamu, n ons obbium KoMm-
NMOHEHTOB TBEPAEILIMX CMECEN CHOBA paspyLlaeTcs BEPXHUM crion niutocdepsbl. MNoaTomy
OCHOBHbIM HarpaBfieHWeM COBEPLUEHCTBOBAHUS 3aKNado4YHbIX TEXHOMOMMn ABNAETCA MUC-
NoNb30BaHNE YyTUIM3NPYEMOTO CbIPbS.

TexHonoruu ¢ BblwenaymBaHMeM MeTannoB U3 pya no3sonsaT nssnekatb Ao 50 — 70
% mMeTannoB Ha MecTe 3aneraHus pya. [Npy KOMOMHUPOBAHUKN 3TUX TEXHONOIMM BoraTble py-
Obl BbIOAKOT Ha NOBEPXHOCTb M NepepabaTbiBalOT Ha 3aBoAe, ocTanbHble — nepepabaTtbiBa-
0T B NOA3EMHbIX 6riokax n B wtabenax Ha noBepxHOCTU. M06OYHbIMM TOBaAPHBLIMW NPOAYK-
TaMy KOMOUHUPOBAHHOM TEXHOMOMMWN ABNAOTCA MeTanfbl, CTPOUTENbHOE Chipbe, obecco-
neHHasi Boga, Xrnop, BOAOPOA, KACNOPOa, KUCIOTbI U LLENOoYM.

KoHeyHOW uenbio passBuTuUs NpUPOAOOXPaHHOM KOHUeNuuu sBnsetca 6e3oTxogHoe
ropHOe MPOM3BOACTBO C MOSMHOW yTUNu3aumen XBoCTOB NepBUYHOM nepepaboTkm JoObiBae-
MOrO Cblpbsi. YTuUnmMsauus XBOCTOB BO3MOXHa MoOcCre W3BMeYeHUd U3 HUX MeTansnoB Ao
YPOBHSI caHuUTapHbIX TpeboBaHuin. TakoMy TpeboBaHMIO OTBEYaeT psif HOBbLIX TEXHOMOMNN,
HanpumMmep, TEXHOSOMMSA C BO34ENCTBMEM HA MUHEPArbHOE Cblipbe OQHOBPEMEHHO MeXaHuye-
CKOW U XMMNYECKOM IHEPINEN B aKkTUBaTopax.

[ns noBblLeHNa 3KOHOMUYECKON 3EEKTUBHOCTN HOBbIE U TPAAULMOHHbIE TEXHOSO-
rn otpaboTkn 6anaHcoBbIX U 3abanaHCcoBbIX 3anacoB KOMOMHMPYIOT Ha OCHOBE MCMNOJb30-
BaHWUS TPaAVMUMOHHOM TEXHOMOMMU N HOBbIX TEXHOSOMMIM NOA3EMHOr0, Ky4YHOrO U MEeXaHOXu-
MMYECKOro BbiLenaymMBaHus B paMkax eguMHoro npouecca.

OOHUM 13 NONOXUTENbHbIX Pe3ynNbTaToB KOMOUHMPOBaHUS SBNSIETCS UCNONb30BaHNE
XBOCTOB MOA3EMHOr0 BbillenavMBaHns, KOTOPbIE MO OKOHYaHUW U3BIEYEeHUs MeTasnnoB Ha
MeCTe 3aneraHusi eCTECTBEHHbIMU BSXKYLLMMWN BeLLeCTBaMU CKPENmSalTCsa B MaccuB, NpoyY-
HOCTb KOTOPOro CpaBHMMa C NPOYHOCTLIO TBEPAEHOLLMX CMECEN .

Pe3epBoM 3KOHOMUKM ABNAETCS BOBMNEYEHWEe B MPOU3BOACTBO HEKOHOULMOHHBLIX pe-
CYypCOB MyTeM WUCMOfb30BaHWUS TEXHOMOMMA C BblllenadnBaHneM MeTansioB, KoTopble uene-
coobpasHo KOMOBMHMPOBATE C TPAAULMOHHLIMU TEXHOMOIMSMU pa3paboTku.

Mpyn onTMManbHOM COYETaHUU FEONIOMMYECKUX, SKOHOMUYECKUX U TEXHONOMMYECKNX
¢rakTOpOB B MOBTOPHYK pa3paboTKy MeCTOpOXAEHUA BOBMEKaKTCA MeTannocogepxaiime
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nopodbl. YBenuyeHne npousBOLCTBEHHOW MOLLUHOCTU MPeAnpuUsTUN KOMMNEHCUpyeT yBenu-
YeHne 3aTpaT Ha pa3BefoydHble MeponpuUsaTUS U, HECMOTPS Ha CyLLEeCTBEHHOe yBenuveHue
3KCnsiyaTaunoHHbIX 3aTpaT, cnocobHo obecnevnTb Npmbbinb.

HopaboTka NOTEpPsIHHbIX 3anacoB CTAHOBUTCS 3KOHOMWUYECKM 3(PEeKTMBHOW, Koraa
TexHonormm 6yayT oueHMBaTb HE TOSbKO MO M3BIEYEHHOMY MOMIE3HOMY KOMMOHEHTY, HO U
noTepsiHHoMy npu aobbiye n nepepaboTke.

OnTumanbHOe 3HayeHwe nokasatenem KOMOMHMPOBAHWSA OOCTUraeTcs, Koraa MeHb-
Las YyacTb pyabl BblAaeTcs Ha NOBEPXHOCTb, a Bonblias YacTb pyabl BbillenaymBaeTcs nog
3emrnien. CKBO3HOM KOG PUUMEHT M3BREYEHUS NPU KOMOUHMPOBAHHOM TEXHOMNOMKN ConocTa-
BMM C M3Bie4YeHeM Nnpu TpaauLMOHHOW TEXHOMOIMMK, a MMHUMKU3auna 3aTpaT AaeT BO3MOX-
HOCTb MOMy4uUTb NPUBLINEG.

YTunusmpyembole 6e3 orpaHn4yeHnst No CaHUTapHbIM YCNOBUSAM MPOAYKTbl MEXaHOXU-
Mu4eckon nepepaboTkm opMUPYIOT CbipbEBYIO Ba3dy He TONbKO ANS rOPHOro NPOM3BOACTBA,
HO W ANA CMEXHbIX OTpacrien Xo3ancTea.

YTunusaums xBoctoB oboralleHus Ha OCHOBE TEXHOMOMM BbllernadymBaHusa obecre-
YynBaeT BO3MOXHOCTWU MoralleHusi NycToT TBEPAEOLWUMN CMECAMU, YTO BaXKHO npu paboTte
Ha 6onbLunx rmybuHax, B MaccuBax CO CKIOHHOCTbIO K AMHAMUYECKUM nepepacnpeneneHm-
SIM FOPHOro AaBMEHUSA N B APYTNX CAOXHbIX YCNOBUSAX.

OKOHOMWYECKOM KOHUENT HOBOW TEXHOSOrMM COCTOUT B TOM, YTO MPU CPaBHUMBbIX 3a-
TpaTax U3 yxxe pasBefaHHOro, BCKPbITOro, NOAroTOBIEHHOMO N U3BNEYEHHOIO U3 HeAp CbIpbS
n3pnekaetcs 6onbLuee KONMYECTBO MeTasnsna.

Mpn BbiWwenayMBaHMM B pacTBOP M3BIEKAKTCA NPakTUYEeCKn BCe copepkalmecs B
XBOCTax MeTansbl.

MonoxutensHbiM 3HPEKTOM KOMBUHMPOBAHUSA ABNAETCS UCKNIOYEHNEe Heobxoaumo-
CTM XpaHeHMs XBOCTOB nepepaboTkm ¢ MUHUMU3aumnen yuepba okpyxarLen cpeabl.

OKOHOMMKa FOPHOro NPOM3BOACTBA MOXET ObIThb yNnydlleHa Co3A4aHNEM CMEXHbIX Mpo-
N3BOACTB TOBApPHOW NPOAYKUUM U3 XBOCTOB BbillenaynBaHus pyg U XBOCTOB oboralleHuns
nocre n3snevyeHuss MeTansoB 40 YPOBHS CaHUTAPHbIX HOPM.

MeTannuyeckne MecTopoXaeHusa BKroYvalT 6anaHcoBble M 3abanaHcoBble 3anachl.
lMepecTporika Npom3BOACTBa Ha A0ObLIYY BbllleriaymBaHMEM TOSbKO 3abanaHCcoBbIX 3anacoB
He Bcerga BO3MOXHa, NO3TOMY pearnbHOe BOBrieYyeHMe 3abanaHcoBbIX 3anacoB B NPOU3BOa-
cTBO obecrneymnBaeTcss npyv KOMOBUHMPOBAHUM TPAOULMOHHOW N HOBOW TEXHOMOMMNA.

B nepsoin ctagun kombruHMpoBaHHOM pa3paboTkn NpuMepHo TpeTb GanaHcoBon pyabl
N3BneKkaeTcss OAHMM U3 BapWaHTOB TPaaMLUMOHHOW CUCTEMbI C CO34aHMEM KOMMEHCaUNOH-
HOro NPOCTpaHCTBa ANns 0TOOMKM OCTaBLUMXCA BanaHCoBbIX M 3abanaHCoBbIX 3anacoB pyabl.

Bo BTOpon ctragum coBmecTHO BanaHcoBble M 3abanaHcoBble 3anacbl OTOMBAKOT Ha
OTKpbITble KaMepbl NepBON CTaauu, YTO yCpedHAeT coaepxaHne MeTansioBs B pyae W ynyd-
LIaeT yCnoBus BblLLEeNadYnBaHunS.

3a cyeT pocTta macwTaboB NPomM3BOACTBA BO3MOXHO CHMXKEHNE ceBeCToMMOCTU npo-
AYKUNN.

OCHOBHbIMM NokasaTensiMn ynpaBfieHUs1 Ka4eCTBOM pyabl B pyaonoTOKax SBMSKOTCA
BopToBOE coaepkaHne NONe3HOro KOMMOHEHTa B pyae, NPy KOTOPOM NPOU3BOANTCSH OKOHTY-
puBaHWe 3anacoBs, U MUHMMarIbHOE NPOMbILLNIEHHOE COAepKaHMe MONe3HOro KOMMOHEHTA.

Bonblasa yactb nepepabaTbiBaloWwmnx NpeanpusaTUiA HEQOCTATOYHO 3arpy)XeHa MecT-
HbIM CbipbeM. Ecnn Ha 6a30BbIX pygHWKax yBENMYUTb NPOW3BOACTBO KOHLIEHTPATOB, TO 3a
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cyeT yNny4dleHUs UICNOoSb30BaHWUS MOLLHOCTEN pyaoHUKOB, habpuk, 3aBO4OB U TPAHCMNOPTHBLIX
CpeacTB BO3MOXEH SKOHOMUYECKUN 9P GEKT.

KoHBepcua ropHbix NpeanpusiTui Ha HOBbIE TEXHOMOMMU U KOMMMEKCHOEe MCMNOMb30-
BaHWe pecypcoB B 2-3 pa3a a(pekTBHEE NO CPAaBHEHUIO CO CTPOUTENBCTBOM HOBbIX Mpes-
NPUSATUA  U3-32 UCMNOSMb30BAHNA WUMEKOLLNXCH MPOM3BOACTBEHHbIX POHOO0B, 3anacoB U WUH-
dopacTpyKTypbl.

OhhekT OT NpUMEHEHN KOMOMHMPOBAHHOW TEXHOSOMMN MOXET BbiTb onpeaeneH Kak
cymMmma a¢ppeKToB y NPON3BOANTENS pya U KOHLEHTPATOB M Y X NOTPebnTens no CpaBHEHUIO
¢ 6a30BbIM BapnaHTOM.

KoHuenunsa TeXHONOrm4eckom KOHBEPCUM FOPHOro NPON3BOACTBA BKITHOYAET:

-MOBbILLIEHME Ka4YeCcTBa pya Npy TEXHOMOMMSX C TBEPAEIOWNMUN CMECAMU;

-MaKkcuMarnbHoe Ucnorb3oBaHue Heap npu nepepaboTke HEKOHONLMOHHbBIX PYA;

-MOMHOE U3BIieYeHNe LeHHbIX KOMMOHEHTOB MPU 3aBOACKON nepepaboTke.

BoBneueHune B nepepaboTKy NCTOYHMKOB XMMMU3aALMM SKOCUCTEM OKpYXatoLlen cpeapbl
pellaeT OAHOBPEMEHHO ABe Npobnembl rnobanbHOro 3HaA4YEeHUS: YNPOYHEHNE MUHEpPanbHO-
CbipbeBOM 6a3bl rOPHbLIX NPEANPUSATUIA N COXPaHeHMEe OT Aerpagauumn permoHa (OyHKLMOHU-
pOBaHWsi rOPHOrO NPOM3BOACTBA.

OueHnBaTb NepcnekTMBbl COBMECTHOIO pPa3BUTUA MuHeparnbHon 6a3sbl ropHOWM npo-
MBILLSIEHHOCTN U TeHAEeHUMI npupogocbepexeHna cnegyeT U3 TOro, YTO CNPOC Ha NPOAYyK-
LMI0 rOPHOro NPoM3BOACTBaA yOOBNETBOPATb OyaeT elle TpyaHee, HECMOTPSA Ha BOBIeYeHMe
B 9KCMMyaTauuio HOBbIX MecTopoxaeHun. byoyt ocBavBaTbCcA rnyboKMe ropusoHTbl Aen-
CTBYHOLUNX PYOHUKOB, MECTOPOXOEHUS CO CIOXHbIMW FOPHO-reoriorM4ecknmMmn yCnoBusiMu,
GenHble pyabl, YTO CONPSKEHO CO CHWXXEHMEM coaepXXaHusa MeTanna B AobbiBaeMbix pyaax,
yBenmyeHnem obbema OTXOA0B M YCUNEHNEM HArpy3Kkn Ha OKpyKatoLLyto cpeqy.

K HacTosileMy BpeMEHN HAKOMMEHbl OpraHM3auUMOHHbIE, TEXHUYECKNE U TEXHOMOrn-
YecKkne peLleHusi, KoTopble NO3BONSAT NPUMEHATb B LUMPOKMX MacluiTabax KOMOUHMPOBAH-
Hble TEXHONOorMM Ha ocHoBe TpaguumoHHoro (TC) cnocoba nepepaboTkn pya C UCNOSb30OBa-
Hnem metogoB nogsemHoro (MB) u kyyHoro (KB) BblwenadnBaHnsa nonesHbiX KOMMNOHEHTOB
(MK).

TpaanumnoHHasa TexHonorus goboium (TC).

MpeumyLlecTBa:

1) HesnauntenbHble notepu MK 13 6anaHcoBbix 3anacos (5 % — 10 %).

2) [locTaTOYHO TOYHbIM KOHTPOSb 3a ABWKEHMEM 3anacoB B npolecce 4obbiun.

3) Wunpokune BO3MOXHOCTM MaHEBPUPOBaHUSA npoueccammn Jo0blun.

HepocTtaTku:

1) BbiCcOKMe TpyaoeMKOCTb M cebecTommMocTb AobbluM, TPaHCNOPTUPOBAHNA N nepe-
paboTku pyabl.

2) 3HaunTenbHoe pasyboxusaHue pyabl (4o 30 %) 1, Kak cneacTeme, NOBbILWEHME Ce-
6ecToMMoCTn KOHEeYHOro npoaykra Ha MM3.

3) CunbHOe 3arpsisHeHnEe OKpyXKatoLen cpeabl.

KyyHoe BbiwenaumBaHue (KB)

[MpenmyuiecTsa:

1) BoamoxxHocTb ussneveHus MK n3 xsoctos pygooboratuternbHbix pabpuk (POD).

2) BO3MOXXHOCTb NPAMOrO KOHTPOMS rPaHynoOMeTPUYECKOro U BELLLECTBEHHOIO COCTaBa
BblLLEena4nBaemMon pyapbl.

270



UTC 23 - 2017

3) Wnpokas BO3MOXHOCTb MEXaHU3aL M1 1 aBTomaTM3aumm Npon3BoaCcTBa.
HepocTtaTku:
1) lononHuTenbHbIE TPYOOBbLIE U MaTepuanbHble 3aTpaTthl Ha Bblaadvy pyabl U3 Heap m

dopmupoBaHue wtabens.

2) HeobxoamMmMocTb B 3eMernbHbIX 0TBOAAX Mo CTpouTenbCcTBo wrabenen KB.

3) 3ameTHOEe 3arpsA3HeEHME OKpyXXatoLen cpeabl.

NonsemHoe BbiwenaunsaHue (MNB)

MpeumyLlecTBa:

1) B cpaBHeHUU ¢ TpaguLMOHHON TexHosornen Jobbium 6onee HU3KME TPYAOEMKOCTb

n cebecTtomMmocTb.

2) lWnpokas BO3MOXXHOCTb aBTOMaTU3aLUmm 1 poboTnsaummn nponssoacTBea.
3) BbicBoGoXaeHWe nepepabaTtbiBaloLMX MOLLHOCTEN MMOPOMETANYPruyecknx 3aBo-

pos (TM3).

0,8).

4) CoumanbHo bonee 6naronpusiTHble YCNOBMA rpyaa.

5) Manoe 3arpa3HeHne okpyxatoLlen cpeapl.

HepocTtaTku:

1) CpaBHUTENBHO HU3KOe nasrieveHue MK n3 pyabl (koadpdpunumeHT napnedenuns 0,6—

2) CnoXHOCTb NPSIMOro KOHTPOSIS 32 ABWKEHNEM 3anacoB B NPOLECCE BbilleiaymBaHus.
3) Heobxoaumoe cTponTenbCTBO LeXoB no nepepaboTke pacTBOPOB.
4) MoTpebHOCTb 3HaYMTENbHbBIX PYAHbIX Nrowaaen ana obecneyeHns 3agaHHOM Npo-

n3BoaANTESNTIbHOCTU pyaHUKA.

OCHOBHle yacTb 6anaHcoBbLIX 3aMacoB MeCTOpO)K,D,eHVIIZ npeanoyYTuTesribHO U3BJieKaTb

mMeTogaMn (PU3NKO-TEXHUYECKOW TeOTEXHONOrMK, a npu HeobxogumocTn ¢ nepepaboTkon-
py4oHON Maccbl Ha oboraTuTenbHbIX habpukax (CM. PUCYHOK 7.1).

PucyHok 7.1 —TwvnoBas ropHOTEXHMYECKasa cucTeMa, OCHOBaHHas Ha KOMBUHauuu

PU3NKO-TEXHUYECKNX U PUIMKO-XMMUYECKUX Fe0TEXHOMOMMIN, obecneymBatomx apdekTmB-
HOE OCBOEHME MPUPOLHbIX N TEXHOMEHHbIX MECTOPOXAEHN TBEPAbIX NONE3HbIX NCKONAEeMbIX
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Bonbluon nHTepec NpeacTaBnAlT Tak HasblBaeMble SpYCHble TOPHOTEXHUYECKUE CU-
CTeMbl OTPabOTKM MECTOPOXAEHUN. ApyC — y4aCTOK MECTOPOXAEHUS, B npeaenax HKHeN
N BEPXHEN OTMETKM BCKpPbIBAaEMbIN M NOAroTaBnMBaeMbl onpeaeneHHbiIM cnocobom — oT-
KPbITbIM, NOA3EMHbIM, OTKPbITO-NOA3EMHbIM, CKBaXXWHHbBIM, a TaKKe UX COMeTaHMEM.

TunoBblE rOPHOTEXHNYECKNE CUCTEMBI KOMOMHNUPOBAHHOW (PU3NKO-TEXHUYECKOW N Gou-
3MKO-XMMWYECKON reOTEeHONOMMN BKIOYAOT crieayrume coveTaHna (OU3MKO-TEXHUYECKUX
cnocoboB [06bIYM: OTKPbLITBIA, MOA3EMHbIN, OTKPbITO-NOA3EMHbIN, BblOypuBaHWe KepHa
CKBa>XWHHOW GornbLlIOro agnameTpa, rmapoaodbida n usnKo-xMMmnyeckne MeTtoabl — KyvyHoe
BblLLeriaynBaHme Ha NOBEPXHOCTH, B Kapbepe 1 B NOA3EMHbIX Kamepax, a Takke nogsemMHoe
N CKBaXWHHOE BbllLeNavMBaHne LIEHHbIX KOMMNOHEHTOB M3 PYyAHOr0 MaccuBa C BO3MOXHO-
CTbIO MX Bbldayn B NPOOYKTUBHOM pacTBope ANS nocnefylowen ruapomeTanyprmyeckon
nepepaboTkn Unn ¢ ocaXaeHMeM Ha ApYrux pydax c uenbto nx oboraileHus Ha mecTe 3ane-
raHna gnga gobblun ousnMKo-TeEXHUYECKMMU cnocobamu 1 Bblgaden B NOTOKE pPyAHOW Macchl
Ans nupomMeTannypruyeckoro nepegena.

OpHosipyCHblE rOPHOTEXHMYECKME CXeMbl nNpeanonaratoT BO3MOXHOCTb pPasBUTUA rop-
HbIX paboT B Npefenax ogHoro sipyca — OTKPbITOro uUnv noasemHoro. Npu aToM peanusyioT-
Ccs coyeTaHnsa aTux 6a3oBbIX cNOCcOOOB A06LIYM C KyYHbIM BbilleriaynBaHUEM B Kapbepe B
NoA3eMHbIX KaMepax BTOPOWN odyepean unn B 30He obpyLleHusi, C MOA3EMHbIM BbllLenaymBa-
HMem 6efHbIX TIMO0 ManoMOLLHbIX NPUBOPTOBLIX PYAHbIX 3anexemn, co cneumanbHOn TEXHO-
nornen fobblum Goratbix pya BbiOypuBaHMEM CKBaXXMH BGonblloro guameTpa nubo rmgpoao-
Oblden. [pumep OOHOSIPYCHOM FOPHOTEXHUYECKOW CUCTEMbl C KyYHbIM BbllenavymMBaHUEM
TEXHOIeHHOro Cbipbsi B KaMepax BTOPOW ovepean npeacraBineH Ha pucyHke 7.2.

PucyHok 7.2 — OgHosipyCHas ropHOTEXHUYECKasa cMCTeMa C TBepAEHOLLEN
3aKnagkon n BbllLEeNavynBaHNEM TEXHOMEHHOIO CbIpbsi B KaMepax BTOPOM
oyepean

B npencraBneHHoM Ha pucyHke 7.3 OOHOSIPYCHOW FOPHOTEXHUYECKOW CUCTEME KEKU
Ky4HOro BbilenavymBaHnsa Ha MOBEPXHOCTU pyAHMKa MCMNOMb3YKTCA ONs MPUroTOBMEHUS
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TBEPAEIoLLero 3aknagodyHoro maccuea, hopMUpyeMoro B kamepax nepBoi ouvepean. Ha
npoMnoLwaake pyaHMKa OpraHn3oBbLIBAETCSA Y4acTOK BbillenayvMBaHus XBOCTOB oboralie-
HUs1, 6eHbIX pya UMK OTXOA0B cenapauum.

PucyHok 7.3 — OgHosipycHasi ropHOTEXHUYECKast CUCTeMa C KYYHbIM
BblLlenaynsaHmeM oTxogoB oboralleHns Ha NOBEPXHOCTU N B KaMepax BTOPON
oyepean

MpMeHeHe OAHOSIPYCHOM FOPHOTEXHUYECKON CUCTEMbI, NPEACTaBEHHON Ha PUCYH-
ke 7.4, BO3MOXHO Npu 0TpaboTKe MOLLHbIX, BbITAHYTbIX B MfiaHe MECTOPOXAEHUSI C BOMbLLOW
nnowiaablo ocHoBaHuA Kapbepa. Npu gopaboTke MecTopoXxaeHusa B AHe Kapbepa hopmupy-
eTca wrabenb M3 0TXogoB oboralleHnsa NnponsBoacTBa unmn 6eaHbIX pya u3 oteanos. B oc-
HOBaHUKN Kapbepa POPMUPYIOTCA NPYAKM C rMapoun3onsumen nog npoayKTMBHbIE PacTBOpPSI.
Ha 6opTy kKapbepa ycTaHaBnMBaKTCA EMKOCTM AN nogayn pacTBOpoB Ha wrabens. Mo me-
pe HacbIWeHWs1 NPOAYKTUBHbIE pacTBOPbLI NOAAKTCA Ha MMAPOMETANNYPruyecknii KOMMNIEKC,
Haxo4sALWMNCA Ha NPpOMMNoLaaKe pygHuKa.

PucyHok 7.4 — OpgHosipycHas ropHOTEXHUYecKast CUCTeEMa C KyYHbIM
BblLLienaynBaHnem 6egHbIx pya nnv oTxoAos oboralleHnst B kKapbepe
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Mpn akoHOMMYeCKOW HeuenecoobpasHOCTM BecTU OoTpaboTKy NpMOOpPTOBbLIX 3anacoB
OTKPbITbIM UMW MNOA3EMHBIM CMOCOO0OM BO3MOXHO MPUMEHEHNE TUMOBOW FOPHOTEXHUYECKON
CUCTEMbI C NOA3eMHbIM BbllLenavymMBaHneM 3anacoB 3a KOHTYpOM B BOpTy kapbepa (CM. pu-
CyHOK 7.5). B ocHOBaHuM kapbepa dopmupytoTca 3ymndbl ¢ rmgpousonsumen ana cbopa
NPOAYKTUBHbLIX pacTBopoB. COOp MpOAyKTUBHbLIX PacTBOPOB OCYLLECTBNSAETCA 4yepe3 ceTb
CKBaXXWH NPOWOEHHbIX N3 NOA3EMHbIX FOpHbIX BblpaboTok. Ha 6opTy kapbepa ycTaHaBnuBa-
IOTCA €MKOCTU Afs noJavvn pacTBOPOB B OPOCUTENbHYH CUCTEMY, YIIOXKEHHYH Ha 6epmax
Kapbepa. 1o Mepe HacbllWweHUsa NPoAYKTUBHbIE pPacTBOPbI NOJAKTCA Ha rmapomMeTannypru-
YeCKUn KOMMMeKC nx nepepaboTku, HaXOAALWMINCS Ha NpoMNIIowanKke pyaHuKa.

PucyHok 7.5 — OgHosipycHas ropHOTEXHUYECKas cMCTeMa C NOA3EMHbIM
BbiLLlenavymBaHnem npmbopToBbIX 3anacoB

MpumeHeHne aBYXbSPYCHOM FOPHOTEXHUYECKON CUCTEMBI (CM. PUCYHOK 7.6) BO3MOXHO
npwv COBMELLEHHOM 0TpaboTke MEeCTOPOXAEHUSI OTKPbITbIM U NoA3eMHbIM cnocobom. Mpu oT-
paboTke Kapbepa napannenbHO Co30aeTcs UCKYCCTBEHHasi NoTonoYMHa nog3eMHbIM Cnoco-
6om. MNpu gopaboTke kapbepa B €ro 0CHOBaHMK hopmmpyeTcs Wwtabenb N3 0TXo40B rOPHOro
NPOM3BOACTBA WU MNepeMelleHne HEKOHOMUMOHHBLIX pyd W3 OTBanoB nNpeanpuatus.
B uckycctBeHHOM MaccuBe (hopMMPYIOTCA NPyaKM C rmapousonsumen nog npoayKTUBHbIE
pacTtBopbl. Ha 60pTy Kapbepa ycTaHaBNMBAKOTCHA €MKOCTU ANs No4ayn pacTBOPOB Ha LWTa-
6enb. Mo Mepe HacbleHNsa NPOAYKTMBHbIE PacTBOPbLI MOAAOTCS Ha KOMMEKC nepepaboTku,
Haxo4daLWMNCA Ha npomnnowagke pyaHuka. HanpasneHue OBUXEHUS NPOAYKTUBHBIX pac-
TBOPOB BblILLIENAYNBAHNA YKa3aHO Ha pUCyHKe 7.6 cTpenkamun. Huxkenexalume 3anacbl oTpa-
BaTbiBalOTCA TPAANLMOHHO NOA3EMHbBIM CIOCOOOM UMK C NPUMEHEHUEM TEXHOSOMN Ky4YHOro
BblLLenaynMBaHma B Kamepax BTopon oyepegu. Mo mepe mx oTpaboTKuM B OYMCTHOM Mpo-
CTpaHCTBE OCTalTCHA OTXOAbl BblleriaynBaHUs, KOTOpPble BbIMNOMHAT ponb 3aknagkvi. OHu-
e kamep obopyaylT cKkBaXxnHamu ans cbopa npoaykTUBHbBIX pacTBOpoB. [logaya pacTtso-
POB B KaMepy OCYLLECTBIISETCA Yyepe3 CeTb CKBaXWH, MPOMOEHHbIX U3 NOA3EMHbIX FOPHbIX
BbIpabOTOK BEHTUNALMOHHO-3aKMaA04YHOrO ropn3oHTa.
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PucyHok 7.6 — [1ByxbsapyCcHasa OTKpbITO-NOA3eMHasi FOPHOTEXHUYECKAS
CUCTEMA C KYYHbIM BhbiLenavymMBaHMEM B Kapbepe 1 B N0A3EMHbIX Kamepax
Il ouepean

B npeacraeBneHHoOW Ha pucCyHke 7.7 4eTblpexbspyCHOW FOPHOTEXHUYECKOW cucteme
oTpaboTka 3anacoB MOLLHOMO MecTopoXaeHus ¢ 6onbLion rnybruHon pacnpocTpaHeHus Be-
OEeTCa KapbepoMm, OTKPbITO-MOA3EMHbBIM SIPYCOM, MOA3EMHbIM CNOCOGOM cucTtemamu paspa-
6oTkM c TBepaetLen 3aknagkon.[lopaboTka BbIKITIMHUBAIOLIMXCA BHU3 3anacoB OCYLLECTB-
NAEeTCs C HWXHEro Nog3eMHOro ropusoHTa C UCMNOfb30BaHMEM CUCTEMbI OTKAYHbIX U 3aKau-
HbIX CKBaXWH. [0 3aKayHbIM CKBaXXMHaM B PyOHbLIN MaccuMB NogaeTca pacTBopuTerb, a no
OTKaYHbIM C MOMOLLbIO HACOCOB BbIgAETCA NPOAYKTUBHbLIN pacTBOp.
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1 — [Ho Kapbepa; 2 — BblpaboTkn 6ypoBoro ropmsoHTa B OlNA; 3 —
PYAOCNYyCKN; 4 — BEHTUNSLUMOHHO-3aKNag0uHbIN OPT: 5 — KOMbLIEBOM LUTPEK B
ocHoBaHun OlMA; 6 — nogataxHbin wWTpek OMNA; 7 — BEHTUNALNMOHHO-XO40BON
BOCCTalOLLNN; 8 — KOSbLIEBbIE LUTPEKM BEPXHENO N HMXKHErO roOpuU3oHTa LWaxTbl

PucyHok 7.7 — YeTblpexbapycHasi rOpHOTEXHMYECKasi cucTtemMa c

nocnegoBaTenbHOM OTPaboTKOM 3anacoB OTKPbLITOro, OTKPbLITO-NOA3EMHOrO,
NOA3EMHOI0 U CKBaXXMHHOTO SIpYCOB
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1 — 3emcHapsag; 2 — nynbnoog; 3 — oboratutenbHas abpuka; 4 — gosmpyowmnm ByHKep; 5 — gocTaBka KOMMNOHEHTOB
LWMXTbI U3 cknaga (6); 7 — okomkoBaTtenb; 8 — cuctema koHBenepos; 9, 10 — BpeMeHHbIN cknag okaTbiwen; 11 —
npuemHbIi ByHkep; 12 — wrabenb okaTaHHOro maTepuana; 13 — BblpaboTkm ana cbopa NpoayKTUBHOrO pacTteopa; 14 —
KOMMneKc nepepaboTkn NPoayKTUBHOIrO pacTtBopa; 15 — KoHconbHbIN Wtabeneyknaguuk; 16 n 18 — dopmupyembliii 1
BblLLenadYnBaemMbli WiTabenb okaTaHHOro matepuana; 17 — cknag OTXOAOB BbllenaymBaHna (Nocne n3BrneyYeHns nonesHbIxX
KOMMNOHeHTOB); 19 — cucTtema opoweHuns; 20 — Npyakm NpoAyKTUBHOMO U MaTOYHOrO pacTBOPOB; 21 — 3aKnago4HbIn
KOMMMeKc; 22 — konep; 23 — UCKYCCTBEHHbI MacCUB Ha OCHOBE TBepAetoLlen 3aknagoyHon cmecu; 24 — maccus
oKkaTblWwen; 25 — dopMmnpyemblin MaccmB rMapaBINYECKON 3aknagkm
PucyHok 7.8 — lNMpuHuMnuanbHasa cxema KOMMAEKCHOro OCBOEHUS MECTOPOXAEHNA paCLUMPEHHbLIM LIMKITOM re0TEXHOMNOMMim
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1 — obBoraTutenbHas gabpuka; 2 — NOBEPXHOCTHbIN 3aKNaA04YHbIN KOMMNEKC N0A3EMHOMO pyaHuka; 3—7 — BblpaboTKM NOA3EMHOro
py4HMKa C pacnonoXeHHbIMU B HUX 3aKagouHbIM TPyGonpoBOAOM, APEHAXKHBIMU Y3amMu n cuctemamm cbopa v UMpKynaumm
pacTBOPOB BbilenaymBaHus; 8 — oopMupyembin MaccuB rMapaBnnMYeckomn 3aknagkun; 9 — opocutenbHas cuctema ans
BblLLleNnavyMBaHnsa cneumansHo NnogrotosnieHHoro maceuea; 10, 11 — HanpaBneHue LUMpKynsauum pacTBOPOB BbilenavymBaHns Ha
OTKaTO4YHOM ropu3oHTe; 13, 14 — yyacTkoBble BOgOCOOpHMKM Ana cbopa COOTBETCTBEHHO APEHAXHbLIX BOA, U NPOAYKTUBHbIX
pacTBOpOB

PucyHok 7.9 — TexHonornyeckas cxema (oOpMUPOBaHUSA U KOMIMIIEKCHONO OCBOEHNSA TEXHOrEHHbIX MECTOPOXAEHUN U3
TeKyLmnx 0TXxoaoB oboraweHns ¢ opMMpoBaHNEM HAMbIBHbIX MAcCMBOB W BbiLLeNadnBaHMEM LIEHHbIX KOMMOHEHTOB
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1— cknag KOMMOHEHTOB LUMXTbl 41151 OKOMKOBAHWS XBOCTOB; 2 — [OCTaBKa KOMMOHEHTOB LWMXTbl B Jo3upytowmne ByHkepa (3)
okomkoBatens (4); 5 — cuctema KOHBENEPOB M KOHCOMbHbIN WTabeneyknag4yuk (6); 7 1 8 — cooTBETCTBEHHO (POPMUPYEMbIN 1
BbllLienaynBaeMbln wWrabenun; 9 — npyakvM NPoAyKTUBHOIO U MaTOYHOro pacTBopoB; 10 — komnnekc nepepaboTkn NpogyKTUBHOMO
pactBopa; 11 — cknag oTXoA40B BbilenavymeaHus (nocre u3BneyYeHms LeHHbIX KOMMNOHEHTOB); 12 — NOBEPXHOCTHbIN 3aKnagoyHbIN
komnnekc; 13—16 — BbIpaboTkM NOA3EMHOIO pyAHUKa; 17 — Maccus, ChopMUPOBaHHBIN Ha 6a3e 0TXO40B BbiLeradnBaHums

PlllcyHOK 7.10 — TexHonornyeckas cxema CpOpMVIpOBaHMﬂ N KOMIJTIEKCHOIO OCBOEHUA TEXHOINE€HHbIX MeCTOpO)K,EI,eHMVI n3
TEKYLLNX OTXO0O0B oboralueHuna ¢ (bOpMMpOBaHMeM mMaccunBa OKOMKOBaHHOIo TOHKOANCNepCcHOro nnbo KﬂaCCM(bMLI,MDOBaHHOFO
pyaHoro martepuana Ha noJfinroHe Ky4Horo BblllenavynBaHuA
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1 — 3emMcHapsa; 2 — nynbnoBog; 3 — oboratutenbHasa dabpuka; 4 — rmapoumnKnoHbl; 5 — BakyymM-punbTpbl; 6 — cuctema
KOHBenepoB; 7 — 00e3BOXXEHHbIE XBOCTbI; 8 — CKrag KOMMOHEHTOB LUMXTbI A5 OKOMKOBaHuUs; 9 — BGyHkep-go3artop; 10 —
okomKkoBaTenb; 11, 12 — BpeMeHHbIN cknag okaTblwen; 13 — konep; 14 — koMnnekc nepepaboTkn NpoayKTMBHOIO pacteopa; 15,
16, 17, 19, 20 — BbIpabOTKM NOA3EMHOrO pyaHuNKa; 18 — MaccuB okaTbILLEN

PucyHok 7.11 — TexHonornyeckas cxema paspaboTkm 4ENCTBYIOLLEro XBOCTOXpaHUMLLA
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1— XBOCTOXpaHunuLie Nnbo oTBan HEKOHANLMOHHBIX PyA; 2 — LENHOW 3KcKaBaTop; 3 — cucTeMa KOHBENepoB; 4 — cknag
KOMMOHEHTOB LWNXTbI ANS OKOMKOBaHUS1; 5 — ByHKep-A03aTop; 6 — OKOMKOBaTenb; 7 — KOHCOJbHbIN oTBanoobpasosaTesib; 8 19 —
COOTBETCTBEHHO hOpMMPYEMBIV U BbilLenadnBaembin WTabenb okataHHoro matepuana; 10 — cuctema opoweHuns; 11 — npyaku
NPOAYKTMBHOIO 1 MaTOYHOro pacTtBopa; 12 — Komnnekc nepepaboTkn NpoayKTMBHOro pacteopa; 13 — cknag oTxoaoB
BblLLieNaynBaHus (nocne nssrevYeHns LeHHbIX KOMMOHEHTOB); 14 — NOBEPXHOCTHbLIN 3aknagoYHbIv komnnekc; 15, 16, 17 —
BbIpaboTKM Noa3eMHOro pygHuka; 18 — 3aknagoyHble CKBaXkMHbl C UCMONb30BaHNEM OTXOAOB BbllLenavymBaHNa Ansa 3aknagkm
BblpaboTaHHOro NPOCTpaHCTBa

PucyHok 7.12 — TexHonornyeckas cxema paspaboTkm 3aKOHCEPBMPOBAHHOIO XBOCTOXpaHUNuMLLa
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7.2 NepcneKTUBHbIE TEXHONOrMM OGOralleHUsi pya UBeTHbIX MeTan-
nos

3a nocnegHue OecAatTuneTMs B NpovM3BOACTBE APOOUMBbHO-U3MENbYUTENBHOO U (ro-
TaumoHHoro obopyaoBaHus B P® AOCTUrHYTbI 3HaYMMble pes3ynbTaTtbl. AHaNM3 pasBuUTUS
TEXHVKM N TEXHONOIMMN oboralieHns nonesHbIX MCKONaeMblX YKa3blBaeT Ha LOCTUXKEHUS OTe-
YeCTBEHHOW (OyHAAMeEHTanbHOMW Haykum B 0OMNacTn pacKpbiTUs MexaHM3MOB pasferneHus
CMNOXHbIX MWHEpanbHbIX KOMMIEKCOB. ATO NO3BOMMUNO CO34aTb BbICOKOIMEKTMBHbIE NPO-
Leccbl U TEXHOMNOMMN ANs NepBUYHON NepepaboTku pya CIOXHOro BeLleCTBEHHOro cocTaBsa
N, Kak cnegcteune, obecneynTb MeTannyprudeckyto NPOMbILLIEHHOCTb HEOBXOANMOWN HOMEH-
KnaTypow KOHLUEeHTpaToB Tpebyemoro kayectBa. OgHako oTeyecTBeHHoe obopynoBaHme Bce
Xe ycTynaeT 3apybexxHoMy No KayecTBy, MeTanioeMKOCTU, 3HEProeMKOCTU U N3HOCOCTOMKO-
cTn. Bcnencteue atoro, a Takke B CBA3W C HEQOCTATOYHOM aBTOMaTu3aumen, KOMnbloTepu-
3aumen npoueccoB oboralleHus Nones3HbIX UCKOMaeMblX NPOU3BOAUTENBHOCTb Tpyda Ha
oTedecTBeHHbIX (habpurkax B pasbl OTCTAeT OT MUPOBbLIX aHanoroB. epexoa Ha HOBYHO CTpa-
TEervio NepBuUYHON NepepaboTkn MUHEParbHOMO Chipbst BO3MOXEH TONIbKO Ha OCHOBE HOBOW
TEXHONOro-MNHEPAriorM4eckon OLEeHKN MecTopoxaeHun. lNprumeHeHne coBpeMeHHbIX usun-
YeCKnX, PU3NKO-XMMUYECKNX U XUMUYECKUX METOLOB UCCEeAOBaHUA C U3yYeHneMm npupoa-
HbIX CTPYKTYPHbIX XapakTepuUCTUK Pyd, MUHeparibHbIX KOMMIIEKCOB, XapakTepa BKpanieHHo-
CTW, CTEMEHN packpbITUs a3 BO BCeX UMKNax nepepaboTkm NO3BOMSAOT noriyyaTb AOCTO-
BEPHYIO M MOJSTHY MHAOPMaLMIO O TEXHOSOMMYECKMX CBONCTBAX pyd, ONTUMM3MpOBaTb Npo-
Leccbl pyaoOnOArOTOBKM M pas3feneHnss MMHepanbHbIX KOMMOHEHTOB, OMpeaennTb HayyHo
0BOCHOBaHHbIN MPOrHO3 ONTMMAanbHOW TEXHOMOrMM oboraleHnsa NPUPOLHOIro U TEXHOTEHHO-
ro MMHEepPanbHOro Cbipbs.

TexHonoro-muHepanornyeckas nHopMaumst O CbipbeBbIX 0ObEKTax Mo3Bonuna co-
30aTb 1 OCBOWUTb PYAOMNOArOTOBUTENbHbBIE Npouecchl, obecneymBatoLLne BblaeneHme TeXHO-
NOrMYecknx TUMNOB KOHAULMOHHOW oboralleHHoOn pyabl And nocnegyowlen nepepaboTku ¢
nony4yeHvem oTBanbHOro npoaykta. lNpeaBapuTenbHas KOHUEHTpauus rOpHOW MaccChbl Ha
oboratutenbHbix abpukax, ocyllecTBngemas MeTogaMmn pasfeneHus B TsKenblX cpeaax,
CYXOW MarHUTHOW cenapawuuu, NPOMbIBKW, A€3MHTErpaLmm, pagnomeTpuyeckon cenapauumn mn
Apyrumum nporieccamu nossonseT: yganutb ot 20 % 8o 70 % oTBanbHOro npoaykra, KoTopbi
MOXHO MCMONb30BaTb Kak CTpOUTENbHbIA MaTepuan; nosbicutb B 1,3—1,9 pasa cogepxaHune
LEeHHbIX KOMMOHEHTOB, NOCTynawLwWwmnx Ha oboraweHue; cHuM3nTb B 1,2—1,5 pasa obbembl OT-
X0[0B; BOBMeYb B NepepaboTky 3abanaHcoBble pyabl. TEXHONOrMYeckne pexumel 1 annapa-
Tbl PaAMOMETPMYECKOM M OPpYrnX cnocoboB cenapauun paboTatoT B Poccumn Ha MHOrmx o6b-
eKTax LBEeTHOW MeTannypruu.

OcHoBHble 3aTpaTtbl Npu oboralleH MUHEPANbHOIO Chipbsa NPUXOAATCA Ha apobne-
HMe n namenbyeHne pyabl (0o 70 %). YBennyeHne TOHUHbI NMOMONia He Bcerga npuBOAUT K
MOBbLILLIEHWIO CTENEHN PacKpbITUS MUHEPAroB; B TO Xe BPeMsi YBENMYMBAETCS KONMUYECTBO
ToHKogucnepcHbix Yactuy, (—10 Mkm). AHanM3 OCHOBHbIX MOTEPb B Npoueccax nepBUYHON
nepepaboTkM nokasbiBaeT, YTo 35 % — 50 % Kn3 HWUX CBSA3aHbI C KPYNHbIMW U CpeaHUMKU
knaccamu n 50 % — 35 % — c yactmuamm meHee 30 MKM.

[na obecneveHnss packpbITUs CPOCTKOB 6e3 yBenuueHus nepensmenbyeHuss Tpagu-
LUMOHHbIE npouecchl 4pobneHns N namenb4YeHns B LEKOBbIX, KOHYCHbIX Apobunkax u wapo-
BblX MeSlbHMLAX B NOCneAHME roabl 3aMEHSIOT Ha annapaTbl CeNeKTUBHOM Ae3nHTerpauun. B
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nogobHom obopyaoBaHUM MCMNONb3YETCH 3HEepPrus cxxaTon raszoobpasHon cpenbl, aHeprus
B3pbIBa, ANEKTPOMMNYbCHAd, 3NeKTPOHHasA (nnasmeHHasi) obpaboTka.

OCHOBHbIMW HarnpaBfieHUAMM B PasBUTUN TEXHOMOMMM pygonoaroTOBKM SABMAKOTCS: CO-
BEpLLUEHCTBOBaHWE CTaguanbHOCTM B CXeMax paspyLUeHUs N CENIEKTUBHOIO packpbIiTUS MU-
HepanbHbIX KOMMOHEHTOB B LMKIax ApobneHns, namenbyeHus, knaccmpukaumum n dnoTa-
unn, obecneymBaloLLNX CHUKEHNE 3Hepro3aTtpart. [ns packpbiTUs TOHKOBKpPanneHHbIX MUHe-
parbHbIX KoMmmnnekcoB (—20 MKM) BeCbMa NepcrnekTUBHbIMU SBIISOTCA HEMEeXaHU4eckne cno-
cobbl paspyweHns. SPPEKTUBHbIM METOLOM CENeKTUBHOM Ae3uHTerpauumn sBnaeTca BO3-
AeNCTBMNE MYYKOM YCKOPEHHbIX 3fIEKTPOHOB, MOLLHBIMU 31IEKTPOMArHUTHbIMU UMMyNbcamMu Ha
pyoHoe cbipbe U npoaykTbl oboraiwieHus. NpumMeHeHne MOLLHbIX KOPOTKUX WMMMYIbCOB C
SHepruven, CyLecTBEHHO NPeBOCXOOSLLEN SMNEKTPUYECKYIO NPOYHOCTb BellecTBa B cTaTude-
CKOM nosie, NO3BoSIieT OCYLLECTBNATL BCKPbITME YNOPHbLIX TUMNOB Py MNyTEM CYLLECTBEHHOMO
N3MEHEHNA UX (PU3BNYECKUX U MEXaHUYEeCKUX XapakTepucTuk. [daHHbin MeTon nos3sonset
CHU3UTb 3HeprosaTtpatbl, NOBbLICUTbL CTEMEHb PACKPbITUS MUHEpParbHbIX KOMMNSIEKCOB, YBENU-
YNTb M3BMIEYEHNE LIBETHBLIX METassoB.

[na pasgeneHns MuHepanoB ¢ ONM3KMMU TEXHOMNOMMYECKMMIN CBOUCTBaMN Heobxoam-
MO MPUMEHATb CNOCOOLI MOBbLILLEHUS CENEKTUBHOCTU 0BoraTUTENbHbIX NPOLECCOB, CUHTE3N-
pOBaHHbIE peareHTbl HanpaBneHHOro 4enNCTBMA Ansa notaumm, rpaBUTaulmoHHbIe MeToabl U
annapartbl An8 BblAeNeHUss CaMOpPOAHbIX 30510Ta U NNaTuHbl, BUHTOBbIE LUSIO3bl, KOHLEHTpa-
TOpbl ANs U3BNEYEHUs KpynHbIX U TOHKUX YacTtuy (ot 0,03 go 3,0 mm), a Takke annapaTbl
KOMOUHUPOBaAHHbLIX BO3AENCTBUN — HanoXeHne LEHTPOOEXHbIX, MarHUTHbIX U 3NeKTpuye-
CKMX NOSieN Ha MUHEeparibHble CYCMNeH3UN C NOBbILWEHHBIMA MArHUTHBIMWU N 3NEKTPUYECKUMU
CBOWCTBaMM; co3aaBaTb U BHEAPSATb BbICOKO3(PEKTUBHBIETOTOMALUNHBI A8 KPYMHBIX U
TOHKMX YacTul,.

MpobnemHbiMM 3agadamm hnoTaumm ocTaloTca OTCyTCTBME 3GEKTUBHBIX annapaToB
N PEXMMOB CENEKTUBHOM (pnoTaumm KpynHbix Yactuy 6onee 0,5 MM U MEnNkKux KnaccoB me-
Hee 0,03 MM, OT 3P(PEKTUBHOCTN pasenieHns KOTOPbIX 3aBUCAT KayeCTBO MOHOCESNEKTUB-
HbIXKOHLIEHTPATOB M U3BMEYEeHNe MWHEPAnoB U3 pya C MOBbILEHHbIM CoAepXXaHueM Mnonu-
MUHeparnbHbIX CPOCTKOB M TOHYanLwmMX wnamoB. Ocoboe 3HadeHne npuagaeTcs nynsnonoaro-
TOBKE: a3pauMOHHO-OKUCIIUTENbHOE, TEensioBoe KOHAMUWOHMPOBaHWE, cynbguauvpoBaHue,
anekTpoxmmmyeckasi obpaboTka rnoTaynoHHbIX cucteM (BoAbl, Nynbnbl, pacTBOPOB HSIOTO-
peareHToB). [aHHble onepaumm obecneymBaloT HanpaBneHHoe OopMUpoBaHUE U3NKO-
XUMUYECKNX CBOMCTB, XUOKOW 1 TBEPAOWN dhasbl, MakCUManbHOe Ucnonb3oBaHne Bogoobopo-
Ta N B KOHEYHOM CYeTe MorlyYeHne BbICOKMX pe3yrnbTaToB pasgerneHns MmHepanos. [1oBbl-
LLIEHMEe KOHTPACTHbIX CBOMCTB MUHEpPasioB JOCTUraeTCs TakKe 3a CYET UCMONb30BaHUS 3Hep-
reTMdecKux BO3OENCTBUW, TakuMX Kak paguaunMoHHOe, YrbTpa3BYKOBOE, MarHUTHO-
UMMYNbCHOE, MeXaHOXUMU4eckoe, POPMUPYIOLLINX CBOMCTBA NOBEPXHOCTN.

[MepcnekTuBHbIMKM crnocobamn ynyyleHus pesynbTaToB pasferieHns MUHepanoB siB-
NATCA 3HEPreTUYecKne BO3LeNCTBUA HA MUHEpParibHble KOMMIIEKChI, KOTOpPblE HanpaBfieHHO
N3MEHSIIOT CBOMCTBA MMUHEPAIIOB, X KOHTPACTHOCTb, YTO obecneymBaeT NoBbILWEHNE cTene-
HW PacKpbITUS N N3BNEYEHNSA MOMNE3HbIX KOMMNOHEHTOB. 3HAYMUTENbHbIE YCNEeXU AOCTUTHYTbI
npy KOMOMHMpPOBaHUM NPOLECCOB oOboraweHns ¢ rugpomMmeTtannypruyeckumm crnocobamm,
NO3BONSAKLWMUMM BOBMeKaTb B nepepaboTky 6egHble, 3abanaHcoBble CrOXHbIE YNOPHbIE pY-
Obl N TEXHOTEHHOE Cbipbe. Pe3ynbTaTtoM NpYMEHEHNs AaHHbIX TEXHONOMMN B BONbLUMHCTBE
crnyyaeB SIBNSIeTCH MOBbILEHME KayecTBa NpoayKUMW, U3BIIEYEeHUS MeTanmnoB 1 yny4dleHue
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npoueccoB nepepaboTkn MUPUTHLIX NONMMeETanIMYecknx NpoAyKTOB C U3BNeYEeHNeM CBUH-
ua, Mmeau, uMHKa, 3o5oTa, cepebpa — 13 CNOXHbIX pya MmectopoxaeHun O3epHoro u npeg-
npuatnn «YIMK-XonguHr». MNMpobnema nepepaboTkm HAKOMMEHHbIX OTXO4O0B (4ECATKN MUSI-
nMapOoB TOHH), SBMSIETCA akTyanbHOM M TpebyeT HeoTnoxHbIx pewweHun. B CLUA 3a no-
crnegHve rogbl nopsiaka nonoBuHbI NpuMpocTa Ao6bluM 30M10Ta MOMYyYEHO 3a CHET KYYHOro
BblLLENaYMBaHma TEXHOreHHbIX MPOoAYKTOB. [MONOXUTENbHBIA OMNbIT MPUMEHEHUS OAHHOrO
MeTo4a M3BNeYeHns 30510Ta U LBETHbBIX MeTanoB nmeeTcs Ha psge obbektos PO.

BaxxHon npobrnemon, cBsA3aHHOW C OXPaHOW OKpYKatoLLen cpeapbl, ABNSETCs O4YMCTKa U
ncnonb3oBaHMe OBOPOTHLIX BOA MHOMMX rOpHO-oboraTuTenbHbIX nNpeanpuatuii. B HacTtos-
Lee BpeMsa ANs 3TUX Uenen Ucnonb3yT XMMUYECKMe peareHTbl, COPOLMOHHBIE, 3aneKTpoaun-
anusHble 1 KOMBUHUPOBaHHbIE METOAbl. ATU TEXHONOMMN AOPOroCTOSLLME N HE BO BCEX CYy-
yaax obecneynBaroT NofnyyYeHne onTUMaribHOr0O MOHHOIO cocTaBa AN NOBTOPHOIO UCMOfb-
30BaHNA B TEXHOMNOMMYECKOM npoLecce pasgeneHna mmHepanoB. Ha oboratutenbHbix dab-
pukax gonsi Bogoobopota B obwem 6anaHce notpebnenuns coctasnset 60 % — 90 %. lMe-
peBoa 000POTHOro BOAOCHAOXEHUs C caMOoperynupyoLencss cpefion K CUCTeMe C KOHOULUK-
OHUpoBaHMeMm obecredynBaeT BO3MOXHOCTb OTKa3aTbCs OT cbpoca CTOYHbIX BOA U 3HA4u-
TenbHO CHU3UTb pacxopn CBeXewn BoAbl.

Poccua B HacTtosiwee Bpemsi pacnonaraet 3deKTUBHbIMKM 3Heprocbeperaowmmm
BbICOKMMU TexHomnornsamu. [lansHenwee passutue MeToLoB KOMMSEKCHON nepepaboTkn mu-
HepanbHOro Cblipba AOMKHO OCHOBbLIBATLCA Ha (PyHOAMEHTarbHbIX UCCNegoBaHUSX npolec-
COB Ae3uHTerpaLmm, packpbiTua 1 pasgeneHns nonMMmnHepanbHbIX KOMNNeKkcoB. B kayvecTtse
BaXKHENLUNX NepCnekTUBHbIX TEXHOMNOMMN cnegyeT Ha3BaTb [126-133]:

1. pasBuUTUE TEXHOMNOMMYECKON MUHEPAOrMN U NPOrHO3HOW 3KCNPECCHOM OLEHKM 060-
raTMMOCTM MUHEPAarbHOMO N TEXHOTEHHOIO CbIpbs;

2. NpUMEHeHNe TEXHOMOIMMI PyaAONOAroTOBKM Ha Base pagmMomMeTpuyeckunx npoLeccoB
C pasgeneHnem ropHon Macchbl Ha y3kne NpUpoAaHbIe CopTa U OTBasIbHbIE XBOCThI;

3. pa3paboTky Teopun CENEKTUBHON AE3NHTErpaumm n BCKPbITUA MUHEParbHbIX acco-
unauun nepepq oboralleHeM Ha OCHOBE PasfnYHbIX BUOOB SHEPreTUYECKOro BO3AENCTBUS;

4. npumMeHeHne saepHO-PU3NYECKUX METOO0B KOHTPONSA 1 npefBaputenbHoro obora-
LLEHNS;

5. pa3paboTKky M COBEpLUEHCTBOBAHME METOAOB M3BIIEYEHUS TOHKOAMCMNEPCHbIX Ya-
CTUL UBETHbIX U GnaropoAHbIX MeTansioB C MCMNOMb30BAHNEM WHTEHCUBHbLIX rpaBUTaLMOH-
HbIX, PNOTaUMOHHBIX annapaToB 1 KOMOMHMPOBAHHbLIX NPOLIECCOB;

6. WKnpoKoe ucnornb3oBaHMe pas3paboTaHHbIX CENEKTUBHbIX PEXMMOB dnoTauun Ha
OCHOBE M3Yy4eHUS U NPUMEHEHUS PasNNYHbIX KOMMO3MLUMIA CEeNEeKTUBHbLIX cobupaTenen pas-
HOW CTPYKTYPbl 1 XMMUYECKOrO COCTaBa B COMETaHMM ¢ MogudmnkaTopamum, perynaropamu;

7. pa3BuUTME KOMOMHMPOBAHHbLIX TEXHOSMOMMN nepepaboTKn pasfnuyHbiX TUMOB pya,
KOHLIEHTpPaTOB, NPOAYKTOB MyTEM COYEeTaHUs cnocoboB oboralieHns 1 NMpo- 1 rmgpomeTarn-
Nypruyeckmx npoLeccos;

8. KOMMMEKCHbIM Hay4YHbI Nnoaxod K nepepaboTke MUHEeparnbHOro Cbipbsi U OXpaHe
OKpy)XatlLen cpefbl, 0O4MCTKA CTOYHbIX BOA M pa3paboTka nepcnekTnBHbIX cnocoboB nepe-
paboTKM TEXHOrEHHOrO ChiPbsl U OTXOAOB C U3BMEYEHNEM LIEHHbIX KOMMNOHEHTOB.

9. noBblWeHWe nokasaTenen KOMMMEKCHOMW nepepaboTkn NMPPOTUHOBLIX MeAHO-
HUKENEBbIX MNMIAaTUHOCOAEPXKALMX Pyd U MUPUTHBIX MEOHO-LMHKOBbLIX 30510TOCOAEpKaLlmX
py4 BO3MOXHO B YCrOBMAX ryO6OKOro aHepreTM4ecKoro BCKPbITUS MUHEPanbHbIX KOMMEK-
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COB C Nony4yeHMeM Ha ctagumn oboraiieHns 6oraTbiX KOHLEHTPaAToOB M TpyAHOpa3gensembix
CynbUAHbIX NONMMeTanIMYeckux MPOAYKTOB ANs nocrnegylowen mnx nepepaboTtkm ¢ umc-
NONb30BaHNEM NMPOrMAPOMETanypruyeckmx NpoLeccos;

10. OCHOBHOW pe3epB MOBbLILEHNSA U3BIEYEHNS LBETHLIX METannoB — KOMMSEeKCHas
nepepaboTka NMPUTHBLIX N MUPPOTMHOBBLIX KOHLEHTPATOB, NPOMMNPOAYKTOB, LUNAKOB U ApYrnx
oTxoaoB. PaspaboTaHHble HA AaHHbIN MOMEHT KOMOMHMPOBAHHbLIE MPOLECChl NOATBEPANN
TEXHOSMOMMYECKy0 pe3ynbTaTMBHOCTb U HAPOOHO-XO3ANCTBEHHYIO 3HAYMMOCTb U Lenecoob-
pa3HOCTb AN 9KOHOMUKM PP (yunTbiBas Npu ux peanusaumm 3HauuTenbHble KanuTanbHble
BINOXEHUS).

3aknouuTesnbHble NONOXEeHUs U pekoMmeHgaunun

Hactoawwmn cnpasoyHuk HOT nogrotoBneH B cooTBeTCTBUM C [MoaTanHbIM rpadomkom
cosgaHmna B 2015 - 2017 rogax crnpaBOYHUKOB HauMyudlWMX OOCTYMHbIX TEXHOMNOIMN, yTBEpP-
XOeHHbIM pacnopsibkeHmem lNpasutensctea Poccuiickon ®epepaunn ot 31 oktabpsa 2014 r.
Ne 2178-p [4], n MNpaBunamun onpeneneHnsa TEXHONOMMN B Ka4eCTBE Haumny4dlwen OOCTYMHOWN
TEXHOMOMMN, a Takke pas3paboTku, akTyanusaumm n onybrnmkoBaHUs WH(OPMaLNOHHO-
TEXHUYECKUX CNPAaBOYHUKOB MO HAUSyYLLUM OOCTYMNHbIM TEXHOSOMMAM, YTBEPXKOEHHLIMU MNO-
ctaHoBneHuem lNpasutensctBa Poccuinckon ®egepaunm ot 23 aekabps 2014 r. Ne 1458 [2].

OkoHyaTenbHbi coctaB TPIM 23 «[Jobblva n oboraweHne pya UBETHbIX MeTanmoB»
ObIN yTBEPXKOEH NPOTOKONIOM COBELLaHns nog npeacenartenscTBoM 3amectutens MuHuctpa
NpOMbILLNIEHHOCTU 1 Toproenu Poccuinckon ®egepaummn B.C. OcbmakoBa oT 18 masa 2017 ro-
na Ne 24-OB/12.

®. N. O. OpraHusauus
AHydpueBa CeeTtnaHa iBaHOBHa OrbyY «BUMC»
BpoHuukas Enena CepreesHa drey «BUMC»

Bapyesa Jlapuca lWapnyanesHa
BawnHwTok MaBen Muxannosuy

AkumnoHepHoe obuiectBo «IuteplOPnpoekT»
3A0 «AnbcTtpom Mayap CtaBaH»
YpanbCKuin rocygapCTBEHHbIN FOPHbLIN YHUBEPCU-

Banues Huas MNagbim ornbl

TeT
BapgukoB ApceH MeHpuxoBuy PocnpupogHaasop
Bopowwunos N'eoprun AnekcaHgposuy AO «YpanmexaHobp»
NowwuH EBreHnn NepmaHoBmy Orby «BUMC»

Mpuwaes Cepren ViBaHoBMY

MWHUCTEPCTBO NPOMbILLNIEHHOCTM W TOProBnu
Poccuinckon ®egepaunn

EsgokumoB Cepreni iBaHOBMY

®reoy BMo yrry

ExxoBa Onbra CepreesHa

oryrn BHUN «CMT»

EnbHukoBa CeetnaHa NaBnoBHa

AO «YpanmexaHobp»

Epemnn AHaTonun Mmnxannosuy

oreyY «BUMC»

3abonoTtHbi Bnagnmup Tpodumosmy

depepanbHoe cnyxba Mo 3KONOrM4EeCcKoMy, Tex-
HUYEeCKOMY U aTOMHOMY Hagsopy (PoctexHansop)

MBaHoB Butanun KOpbeBuy

My6bnnyHoe akumoHepHoe obuwectBo «lOpHO-
MeTannyprumyeckad komnaHus “HopurnbCkum Hu-
Kenb’»
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®. N. O.

OpraHusauus

WkpsiHHnkoB BaneHTuH Onerosuy

MWHNCTEPCTBO MPOMbBILINIEHHOCTM W TOPrOBMM
Poccunckon depepaunn

KpeuetoB AHapen AnekcaHaposuy

Kysbacckuin rocyqapCTBEHHbIN TEXHUYECKUIN YHU-
BepcuteT. Kya[ TY

KyseHkoB Makcum BavecnaBoBud

AO «Konbckaga TMK»

Kypkos AnekcaHap BacunbeBuny Orby «BUMCx»
Kypowes Unbsa Cepreesuy oryr BHUN «CMT»
NanwwvH OMutpuin AHaTonbeBUY OO0 BrkK
JInxHnkesuny Enena N'epmaHoBHa dIrby «BUMCx»

MakeeHko MaBen Anekceesuy

OO0 «YIMK-XonguHr»

MamoHoB Cepren Brnagnmmposuy

AO «YpanmexaHobp»

MawkoBuy KoHcTaHTUH Uropesuny

My6bnnyHoe akumoHepHoe obuwectBo «lOpHO-
MeTannyprmyeckaa komnaHus “HopurnbCkun Hu-
Kenb”»

Muxainos KOpun AnekcaHapoBumy

3A0 «PYCAIJIl Nmoban MeneHgxMeHT B. B.»

OuwenkoBa AHHa 3anbmMaHOBHa

dIreY YpanHUWN «3konormna»

MeTpoB MBaH Bacunbesuny

HIM TexHonorndeckas nnatdgopma TBepablX Mo-
Ne3HbIX MCKOMaeMblX

Moneccknn EBreHnn AHaTonbeBMY

000 YK «METAJTNNONHBECT»

Monuwyk Makcum Uropesny

Gesellschaft fur Internationale Zusammenarbeit
(GlIZ2)

MweHnyHmkos Oner Bnagummnposuy

OIrbyY YpanHUU «3konorus»

PasopeHos HOpuii MiBaHoBUY

CeBepo-KaBka3sckum roOpHO-MeTanyprmyeckmni
NHCTUTYT

CabsaHuH Neoprmnn BacunbeBuny

My6bnnyHoe akumoHepHoe obuectBo «lOpHO-
MeTannypruiyeckass komnaHus “HopunbCkui HU-
Kenb"»

CwuHeryboBa EneHa HukonaesHa

®rey «UYP3H»

Cobonb AmuTtpuin Buktoposuy

OO0 «YIMK-XonguHr»

Cokonosa Mapust AnekcaHapoBHa

000 «Ain Om Cun MoHTaH»

CraHoBoBa AnekcaHgpa Bnagucnaeos-
Ha

depepanbHoe  rocyaapCTBEHHOE  YHUTapHOe
npeanpuaTue «Bcepoccunckmin Hay4HoO-
nccnegoBaTenbCKUN  MHCTUTYT pPbIGHOrO  X034Mm-
CTBa 1 okeaHorpagumn»

CtedyHbko Mapus CepreeBHa

NMKOH PAH

CycnoHoBa NannHa HukonaesHa

AO «YpanmexaHobp»

TemHoB AnekcaHap Buktoposuy

MwuHnpupoabl Poccun

TomuH Anekcangp Bukroposuy

oryr BHUN «CMT»

TpeTtbskoBa HuHa BopucoBHa

OTKpbITOE aKunoHepHoe o6LLecTBO «YpanbCKum
Hay4HO-MCCneaoBaTeNbCKUM N NPOEKTHLIN UHCTU-
TyT oboraweHns 1 mexaHmyeckon obpaboTkm no-
Ne3HbIX UCKoMaembIX»

dopTbIrMH Anekcen Butaneesny

000 «Blrk»
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. . O. OpraHusauus

MI/IHVICTepCTBO NPOMbILLUIEHHOCTU W TOProBJIN

XaH Cperen Anekceesud . .
Poccunckon depepaunn

YepHbix KOpun BuktopoBuy AO «YpanmexaHobp»
LWop EBreHun JTrogsurosmny 3A0 «PYCAIl Nmoban MeneHgxmeHT B. B.»
LWopwukos ApTyp NMeTpoBuny AO «Konbckasa TMK»

Takke Hag cnpaBOYHWKOM paboTan OOKTOp TEXHUYECKMX HayK, npodeccop kadenpbl
«l"opHoe geno» CKIMWU (I'TY), He Bxogswmin B coctaB TPIM 23 — Nonuk Bnagnmup MeBaHo-
BWY.

My6nnyHoe obeyxaeHne cnpaBoyvHmka HOT npoxoauno ¢ 27 ceHTtabpsa 2017 r. no 27
okTa6ps 2017 r.

JKcnepTrsa npoekTa cnpaBoyHuka HAT 6bina nposBefeHa NpouIibHbIM TEXHUYECKUM
KomuTeToM no ctaHgapTusaumm TK 113 «Haunyywne goCTynHble TEXHOOrUm».

B uensx cbopa nHgopmMaummn o npUMeHsieMbIX Ha ropHOAO0bbLIBaOWNX NpeanpuaTnax
TEXHOJSIOrMYecKknx npoeccax, obopyaoBaHUKM, UCTOYHUKAX 3arpsi3HEHUSI OKpyXatwolen cpe-
Abl, TEXHONOMMYECKNX, TEXHNYECKNX U OPraHU3auNOHHbLIX MEPONPUATUSX, HaNpaBreHHbIX Ha
CHWXEHWe HeraTUBHOrO BO3LEWNCTBUS Ha OKPYXKaloLLy cpefy, NoBbllleHne 3Heproadpdek-
TUBHOCTM U pecypcocbepexennsa, 6bina noarotoBreHa YHUMUMUMPOBAHHAA aHKkeTa MU
HanpasrieHa B agpeca BCexX KPYMHbIX XONAMHIOB, OCYLLECTBNAOLWMX AeATENbHOCTb B cdepe
ropHogo6bIBatoLLen NPOMbILLIIEHHOCTU 1 NonagarLwmx nog obnacte pacnpocTpaHeHns gaH-
Horo cnpasoyvHuka HAOT. Mo pesynbTataMm aHKeTUPOBaHUSA OXBadeHbl Npeanpuatnd, obecne-
yusatowwme donee 50 % Banosoun 4obbIYM B paccmaTpuBaeMon oTpacin NpOMbILLIIEHHOCTH.

CBefeHus1, nonyyeHHble B pesyrbTaTe aHKeTUpoBaHMUs, OblM MCNOMb30BaHbl Mpu
pa3paboTke HacTosLero cnpasoyHmka HAT.

CnpasoyHuk HOT cornacoBaH uneHamun TP 23 B COOTBETCTBUM C YCTaHOBIIEHHOW
npouenypon. NpoTokosnbl ronocoBaHns UMeoTcs B aene cnpasovHnka HOT v xpaHaTtcsa B
Biopo HAOT.

CnpaBoyHuk HOT nogrotoBneH Takke ¢ y4eTOM MatepuarnoB crnpaBodHuka EBponen-
CKOro COK3a Mo HaumnyyLwmnm AOCTYNHbIM TEXHONOMMAM No obpalleHnto ¢ OTXo4amu 1 NycTbl-
MU nopogamu ropHo4o0bIBatoLLEN MPOMbILLNIEHHOCTH [3].

PekomeHayeTca npogomkaTb AanbHenwyo paboTy B cnegyowmnx HanpaBneHusx:

- cbop (HakonneHwe) OaHHbIX, YTOObl OLEHUTbL COCTOSIHME OnpefesieHHbIX TeXHUYe-
CKMX peLleHnn Ha YpoBHE NpeanpuaTum, ocobeHHo noteHumansHole HOT;

- cbop OaHHbIX MO CTOMMOCTU (MHBECTULUMK, IKCNIyaTauMOHHbIE pacxodbl), OTHOCS-
LLIMXCHA KO BCEM TEXHUYECKUM peLLUEHNAM, y4MTbiBaeMbIM nNpu onpegeneHuu HAT;
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MpunoxeHue A

(cnpaBo4HOe)

Koabl OKBI n OKINAO, cooTBeTCcTBYIOWME O6NAcCTU NPUMEHEHUA HACTOSA-
wero cnpaBovyHuka HOT

HaunmeHoBaHue npoaykuum o

HanmeHoBaHue Buga ges-

OKMA~ OoKnAa TenbHocTn no OKB3[ OKBIA™
Pasgen B Mpoaykuma ropHogobbiBato- | [Jobbiva nonesHbix wuc-|Pasgen B
LLIX NPON3BOACTB KonaemblIX
07 Pyabl meTannuyeckue Hobblya meTannuyecknx |07
pyA
07.2 Pyabl LBETHbIX MeTannoBs [ob6blva pya uBeTHbIx |07.2
MeTannos
07.29.1 Pyabl n koHueHTpaTtbl npoynx |Jobblva pya npoudnx|07.29
LIBETHbIX METanoB LBETHbIX MeTannoB
07.29.11 Pyobl n KoHueHTpaTtbl Mea-|[obbiva n oboraweHwue | 07.29.1
Hble MeOHou pyabl
07.29.11.110 Pyabl megHble Jobbiva n oboraweHune |07.29.2
HUKeneeson M kobanbTo-
BOW pyA,
07.29.11.120 KoHueHTpaTbl MegHble [obblva n oboraweHne |07.29.22
ko6anbTOBOW pyabl
07.29.12 Pyobl n KoHueHTpaTtbl Huke-|[Jobblva u oborawenue |07.29.3
neBble antoMnHUMcoaepXxatLe-
ro cblpbsi (6okcuTOB M
Hed)ennH-anaTUTOBbIX
pyA)
07.29.12.110 Pyabl HUKenesble [Jobbiva  antomuHumnco-|07.29.31
aepxawlero cblpbsi nog-
3eMHbIM cnocobom
oKnpg * HanmeHoBaHne npogykumm | HanmeHoBaHue Buaga | OKB3O[ **
no OKIA [eATeNnbHOCTHU no
OKB3[
07.29.12.120 KoHUEeHTpaTbl HUKeNeBblE [Jobbiva antomuHuinco-|07.29.32
aepxawero cblpbs OT-
KpbITbIM Cocobom
07.29.12.121 KoHueHTpaTbl HukeneBble |[Jobblva n oboraweHune |07.29.5
cynbmngHble C MacCcOBOW | CBUHLOBO-LIMHKOBOW
ponen Hukensa 6onee 8 % pyabl
07.29.12.122 KoHueHTpaTbl Hukenesble |[Jobblva n oboraweHune |07.29.6

OKMCIIEHHblE C MacCcOBOW J0-
nen Hukena meHee 6 %

ONOBSAHHOW pyAbl
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HanmeHoBaHMe npoaykuum o

HanveHoBaHue Buga ges-

OKMA~ oKng TenbHocTn no OKB3[ OKBIA™
07.29.13 Pyabl n koHueHTpaTbl anto-|[Jobblva n oboraiwenune |07.29.7
MUHMEBbLIE TUTAHOMarHMeBOro  Chbl-
pbs
07.29.15 Pyaobl n KOHUeHTpaTtbl cBUH-|[obbida n oboraweHme [07.29.8
La, UMHKa 1 ofioBa BOSibopam-
MonnbaeHOBOW pyabl
07.29.15.110 Pyabl CBUHLOBO-LIMHKOBbLIE
07.29.15.120 KoHuUeHTpaTbl CBMHLUOBbLIE
07.29.15.141 KoHueHTpaTbl UWHKOBbIE C
MaccoBOM Aonen uuHka 60-
nee 53 %
07.29.15.142 KoHUeHTpaTbl LUMHKOBblE C
MaccoBOW [JOnen LUMHKa OT
40 % po 53 %
07.29.15.150 Pyobl  onosBsiHHble  (kpome
ONTOBSIHHbIX MECKOB)
07.29.15.160 [Meckn onoBsiHHLIE
07.29.15.170 KoHueHTpaTbl OfIOBSIHHbIE
07.29.15.171 KoHueHTpaTbl OflIoBSAHHbIE C
MaccoBOW [OOnewn ornoBa He
meHee 60 %
07.29.15.172 KoHueHTpaTbl ONOBSAHHbIE
3epHOBbIE C MAacCOBOWM 0MeN
onosa o1 45 % no 60 %
07.29.15.173 KoHueHTpaThl OJIOBAHHbIE
3epHOBblE C MacCOBOM J0MEN
onosa o1 30 % 0o 45 %
07.29.15.174 KoHueHTpaTbl ONOBSAHHbIE
LUNamMoBble C MaccoBOW Ao0-
newn onosa ot 5 % Ao 15 %
07.29.19.131 Pyabl ko6anbToBble
07.29.19.141 Pyabl BonbpamoBble
07.29.19.151 Pyabl monnbaeHoBbIe
07.29.19.161 Pyabl TutaHoBble
07.29.19.171 Pyabl BaHagveBble
07.29.19.181 Pyabl umpkoHueBble
07.29.19.211 Pyobl HMoGMeBble U TaHTa-
noBble
07.29.19.221 Pyabl cypbMsiHbie

* O6LLEepOCCUNCKMIA knaccudurkaTop NpoaykuMm no BuaaM 3KOHOMUYECKON AeATerbHO-

CTW.

** ObLepoccunckmnin KnaccndukaTop BUOOB 3KOHOMUYECKOW AEATENBHOCTW.
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MpunoxeHune b
(obs3aTenbHoe)

nepequb MapKepHbIX BeleCTB U TeEXHOJIOrNYEeCKUX nokasareneu

B.1 Beibpochl B atmMocepy Bo3ayxa

Tabnuua B.1 — MapkepHble BellecTBa M TEXHOMNOMMYECKME MnokasaTtenu Onsi BbiIOpOCOB Mpu

OTKpPbITOM crnocobe pa3paboTkn MECTOPOXOEHUN

TexHonornyeckumn
HanmeHoBaHue BellecTBa EanHuubl nsmepeHns
nokasaTenb
B3BelueHHble BeLlecTBa Mr/m° 0,5

3amepbl ocywecTBnslTca Ha rpaHuue C33 npeanpusitus COrnacHo nporpaMme npou3Bog-

CTBEHHOro 3KOJ10rm4eCcKoro KOHTpos4.

T86HI/1LI,8 b 2— MapKeprle BelwectBa U TeXHOJNTIorm4eckme nokasartenu ansd Bbl6pOCOB npu

oboralieHumn pya UuBeTHbIX MeTarnnoB

TexHonorn4eckmi
HanmeHoBaHue BellecTBa EanHunubl nsmepeHmns
nokasartenb
Mbinb Heopranuveckas (20 % — 70 %
. r/c 0,3
SiOy)

B.2 COopocbl B BOAHbIE OOBLEKTbI

Tabnuua b.3 — MapkepHble BewecTBa U TEXHOMNOMMYeckne nokasatenu ana coépocos
B NMOBEPXHOCTHbIE BOAHbIE OOBLEKTHLI MPU OTKPLITOM M NOA3EMHOM cnocobe paspaboTku me-
CTOPOXOEHUN

HanmeHoBaHue Belle- TexHonorn4yeckumn
EanHuubl nsmepenus 1
cTBa/nokasaTtens MNMokasaTtenb
pH en. pH 6-9
B3BeLlueHHble BellecTBa Mr/n <20

[lononHUTEeNbHO ONPeaenstoTCsl U KOHTPONUPYKOTCSA MNokasaTenu no TemM BellecTBaM, KOTO-
pble Kak npegnonaraeTcs MOryT coaep)atbcsl B cOpocax B KOHLEHTpaLUsiX, NpeBbilLatoLLmX
KOHLIEHTpaLMu:

KagMmumn < 0,05 mr/n

xpowm (VI) <0,1mr/n
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Meab < 0,3mr/n
CBUHeEL, <0,2mr/n
xeneso <2 wmr/n
HUKerb < 0,5 mr/n
LIMHK < 0,5 wmr/n
MapraHeL < 0,08 mr/n
cynbdaT-noH <1300 mr/n
antoM1UHUn < 0,85 mr/n
MpumeyaHue:

3HayeHMs KOHLEHTPaLMI MeTanoB OTHOCATCS K MX COBOKYNMHOMY COAEPXKaHUIO
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MpunoxeHune B
(obs3aTenbHoe)

Mepeyenb HAOT

:jgn HI(-)IE'T'p HanmeHoBanne HOT

1 HOT 1 Cucrtema aKonorm4yeckoro MeHeg)XMeHTa

2 HAOT 2 CHwmxeHune BbibpocoB nNpu BypoB3pbIBHbLIX paboTax

3 HAOT 3 CHmxXeHne BbIBPOCOB MpU XpaHeHUU, neperpy3ke U TPaHCMOPTUPOBKE Cbl-
pbs

4 HAOT 4 OpolueHne NbINAWmnX NnoBepxHoCcTen

5 HOT 5 MpoBeaeHne cncTtemMbl NOA3EMHbIX BbIpabOTOK 63 HapyLUEHNA 3eMHOKN NOo-
BEPXHOCTH

6 HOT 6 CokpalleHue oTBanoB NycTbiX NOpoa And noa3eMHon 4o0bluu

7 HOT 7 Mcnonb3oBaHne HeanekTpuyeckux CUCTEM WHUUMUPOBAHWUA ONs BeAeHUS
B3pbIBHbIX paboT B NOA3EMHbIX YCITOBUSX

8 HOT 8 YnpasneHne BoaHbIM 6anaHcom ropHogo6bIBaloLLErO NPeanpuaTms

9 HOT 9 CokpalleHune obbema BogooTnmea

10 | HOT 10 | OpraHmnsauus NpoTUBOMUITbTPALMOHHBIX 3KPaAHOB OOBLEKTOB pasMeLLeHus
XMOKMX 0TX0O0B

11 HOT 11 | OpraHnsaumsa cMctTeMbl OMMCTKN BOA NOPOAHbBIX OTBAsoB

12 | HOT 12 | BoBne4yeHne 0TX040B BO BTOPUYHOE NPOM3BOACTBO

13 | HOT 13 | CokpalleHne HeraTMBHOINO BO34ENCTBUS NMPU NOMYyYEHNUN CENEKTUBHBIX KOH-
LEeHTpaToB LIBETHbIX METannoB MeToAoM dnoTaunm

14 | HOT 14 | YnaBnuBaHne BbIGPOCOB MO BO3MOXHOCTU MaKcMMarbHO On3Ko K NCTOYHN-
Ky C nocrneayroLlen nx 04NCTKon

15 | HOT 15 | CHuwxeHne BbIOPOCOB Npu XpaHeHUn pya 1 NPoayKTOB UX nepepaboTku

16 | HOT 16 | CHwkeHne BLIOPOCOB npu nepepaboTke N TPaHCNOPTUPOBKE Cbipbs

17 | HOT 17 | OnTMMu3aums napamMeTpoB U CUCTEM yNaBiMBaHUA N OYUCTKU BbIOPOCOB

18 | HOT 18 | CokpalleHune BbIGPOCOB OT onepaumin pyaonoaroToBku (rpoxoveHune, opob-
neHne, Knaccuukauma B BO3AYyLIHOW cpefe, yecpeaHeHue pya, pyaocopTu-
pOBKa, OOXMr 1 CyLLKa)

19 | HOT 19 | CokpalleHue BbIBpOCOB Npy NPOBEAEHUN XUMUYECKNX NPOLEeCCOB B KOMOU-
HUPOBaHHbIX cxeMax oboralleHnsa pya UBETHbIX MeTannoB

20 | HAOT 20 | CHwxeHne BbIBPOCOB NbIAN OT CTALMOHAPHBIX NCTOYHMKOB

21 HAOT 21 | MNMpegoTtepalleHne ob6pazoBaHNsA CTOYHbIX BOA

22 | HOT 22 | Buibop TexHonorMm pasmeLleHmst oTXxogoB oboraleHns pyg

23 | HOT 23 | PasmelleHne oTX040B Ha HapyLUEHHbIX FOPHbIMK paboTamu TeppUTOPUAX

24 | HOT 24 | 3aknagka BbipaboTaHHOIO NPOCTPaHCTBa

25 HAOT 25 | MNMpurotoBneHne 3aknagovyHOM CMECU Ha OCHOBE OOE3BOXXEHHbIX XBOCTOB
oborawienna pyag

26 |HOT 26 | YnpaBneHue cnctemom noTpebneHnsa aHepreTu4eCcKNx pecypcoB
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27 | HOT 27 | CokpalyeHune aHepronoTpebneHus B npoueccax Aobbiun

28 HOT 28 | MuHMMmn3auus notepb Nofes3HbIX MICKOMaeMbIX B HeAgpax

29 HOT 29 | MNepecmoTp KOHAMLUWIA

30 | HAOT 30 | Hanbonee nonHoe ncnonb3oBaHME NOPOa U XBOCTOB 400bIUM

31 HAOT 31 | CokpalieHne noTepb NOME3HbIX UCKOMAeMbIX NPU TPaHCNOPTUPOBKE

32 | HOT 32 | CokpalueHune 3abopa Boabl U3 NMPUPOAHBLIX MCTOYHUKOB

33 | HOT 33 | Npon3BoaCTBEHHbIN KOHTPOIb

34 | HOT 34 | Tekywas pekynbTuBauus HapyLeHHbIX 3eMenb

35 | HOT 35 | BocctaHoBrneHue penbeda Tepputopumm

36 | HOT 36 | Ncnonb3oBaHWe OTXO40B NpU PeKyrbTUBaLUUM HapyLLUEHHbIX 3eMenb

37 | HOT 37 | Co3gaHue npoayKTUBHOMO Cros Npu pekynbTuBaLmm

38 | HOT 38 | lNpoBeneHne arpoTexHn4eckux n UToOMeNnMopaTUBHbLIX MEPONPUSATUI

39 | HOT 39 | TexHuka n obopygoBaHme npu pekynbTMBaUMOHHbLIX paboTax

40 | HAOT 40 | MNoBblleHne 6e3onacHOCTX OTBaNoOB

41 HAOT 41 | lNoBbiweHne 6e30MNacHOCTM XBOCTOXPaHUIMLL,

42 | HOT 42 | TexHonornyeckoe cobnogeHne 6anaHca

43 | HOT 43 | TexHonorusi aKCTpeHHoro cbpoca B panoHe XBOCTOXpaHuUnuLia

44 HOT 44 | Y4yeT oporpadpunyecknx oCobeHHOCTEN MECTHOCTH

45 | HOT 45 | TexHonornsa nukengaunm aBapunHbIX CUTyaunn

46 | HOT 46 | TpaHcnopTUpOBKa N XpaHeHWe peareHToB U MaTepuanos
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MpunoxeHue I'
(obs3aTenbHoe)

AHeproacpdekTMBHOCTb

.1 KpaTkasi xapakTepucTMUKa OTpacsiv C TOYKU 3PEeHUsl pecypco- U 3HepronoTpebneHus

XapakTepHon 4epTon ropHogoObIBaOLLE MPOMBILIIEHHOCTM ABNSETCA onepexato-
LM POCT 3HepronoTpebneHnst N0 OTHOLLEHWUIO K TEMNAM POCTa NPOMBbILLIIEHHOM NPOAYKLNN.
YBenuyeHne anekTponoTpebneHms ropHoM NpPOMbILLNIEHHOCTLIO BbI3bIBAETCSA YCNOXHEHMEM
FOPHO-re0NIOrMYEeCcKUX yCnoBmm Ao0bl4M, MOAEPHMU3AUNEN TEXHOMOMMIN UYXXECTOYEHNEM MPU-
POLOOXPaHHbIX TpeboBaHNN.

MpeonpusaTua UBETHOW MeTansyprum MCMonb3yloT B CBOEN OEATENbHOCTU 3MeKTpo-
SHEPruto, TEMSOBYK 3HEPTUIO U IHEPIUIO OT CXKUraHMs TOMSMBHbBIX PECYPCOB (Knakoe Ton-
nuMBO, ras). OHepreTnyeckue 3aTpatbl B cebecToMmMoCTM MNpoayKuum ropHogobbiBatoLero
npegnpusTusicoctaenstoT ot 3 Ao 10%.

CTpykTypa aHepronoTpebneHns npeacraBneHa AByMSA OCHOBHbIMK Griokamu:

1. OHepronoTpebneHne TexHonorndeckoro obopyaoBaHUss —OYpUITbHbIX YCTAHOBOK,
OypUNbHbLIX CTAHKOB, MOrPY304HbLIX M NOrPY304HO-TPAHCMOPTHBIX MaLUWMH, PYAHUYHOTO TpaHC-
nopTa, BCnomoraTesnibHOro o6opyaoBaHus U ap.OHeproaddpeKkTMBHOCTb 3TOro 060pya0BaHMS
MOXeT ObITb yrnyylleHa 3a CYET COBEPLUEHCTBOBAHMSA KOHCTPYKLMM TOPHbIX MaLUWH, Hanpwu-
Mep, NPUMEHEHNE 3NeKTpPornagpaBnnM4eckoro npueoaa.

2. OHepronoTpebneHne BcnomoraTenbHOro o6opyaoBaHUsA — HACOCHbIE, BEHTUNATOP-
Hbl€ KOMMPECCOPHbIE YCTAaHOBKW, 3NEKTPOCUNOBOE 060pyaoBaHUA U Ap. OHeproaddeKkTmB-
HOCTb €ro noBbILLAETCANYTEM CUHXPOHHOIO COBEPLLUEHCTBOBAHWS OpraHusauun paboT un pe-
XMMOB paboTbl 3HEPreTMYEeCcKoro xo3ancTea. HanpaBneHus coBepLUEHCTBOBAHMSA: NUKBMAA-
LUMSl yTEYEK CKATOro BO34yXa;CHUXKEHNE adpOaNHAMUYECKOrO CONPOTUBIIEHUS TOPHbIX Bbipa-
6oTOK; oNTMMMU3aLms MeToauk Bbibop obopyaoBaHus.

2 OcHOBHble TeXHONIOrM4Yeckue MpOoLEecChl, CBA3aHHble C UCNOJIb3OBaHue
3Heprum

OcCHOBHbIE MPOU3BOACTBEHHbIE MPOLIECCHI BCKPLILWWM M A00bIYK BKIIKOYAOT onepaumm
OTOOWKN, BbIEMKW, TPAHCMOPTUPOBKK, Pasrpy3kn U CKnagupoBaHWsi NOMIE3HOr0 UCKONaemoro
n nopoa.

OcHoOBHbIE TexHonorMyeckue npoueccbl oboraleHuaBKAYaT onepauun apobne-
HWs1, cenapaumm, CyLLK/ U KOHLLEHTPUPOBAHKS.

KBcnomoraTenbHbIM MpoLeccaM OTHOCATCA CTPOMTENbCTBO U MoAAepXaHne nHdpa-
CTPYKTYpbl, 3HEpProcHabxXxeHvne, BEHTUNALMS, BOOOOTNUB nap.

Hanbonee cywecTtBeHHOe noTpebneHne aHeprum xapaktepHo ans bypeHuns, otbonku,
BblEMKM M TPaHCNOPTUPOBaHMA py4 M nopopn, pasmona, ApobneHnsa n oboraweHus pya, Bo-
Aootnmea un BeHTUNAuun. K mepam aHeprocbepexxeHms OTHOCATCS:

- ONTUMM3aLMS PEXNMOB paboTbl ABUraTenen OCHOBHOrO M BCNomoraTernbHOro o6o-
PyLoOBaHUA C pPerynimpyemMoi CKOPOCTbIO B YCITOBUSAX 3HAYUTENbHbIX M3MEHEHUI Harpys3ku;

- KOMOUHMPOBAHME UM COYETaHNE METOLOB CYLUKW, cenapaunmn n KOHLEHTPUPOBAHKS.

YpoBHU noTpebneHus
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KanutanbHble BNoXeHUa Ha NpupocT MolHocTu B 20 KBT anekTpoaHepreTuku coro-
CTaBMMbI C BIIOXXEHUAMM Ha NPUPOCT BbifMycka 1 T HEKOTOPbIX LUBETHbIX METansoB, BKIOYas
Ao6bIvy, oboralleHne n MeTannypruo.

Mpn nog3emHon foObIYEe pya LBETHbIX METANSOB YAENbHbLIN PAaCX04 3NEeKTPOIHEPrn
coctaBnsieT ot 22 go 85 kBT'4 Ha 1 T pyabl, B TOM yucne (kBT-4/T): Ha GypeHue 7-13, Ha go-
CTaBKy M oTKaTKy pyabl 3-4,5, Ha nogbemMm 1,5-4, Ha BEHTUNSAUWOHHbLIE U KanopudepHbie
yCcTaHoBKM 6-10, ocTanbHasa aHeprusa pacxoayeTcst Ha BOOOOT/IUB.

Ha nogsemHbIx ropHbix paboTax 3aTtpaTtbl BCEX BUAOB PECYPCOB 3HA4YMTENBHO BO3pac-
TalwT C rnybuHon pas3paboTkn, YTO BRe4vyeT yBenuyeHme cebecToMMOCTU [00blun pyabl.
Hanbonee 3atpaTHbIMK CTaTbsiMU B CTPYKType cebecToMmMocTn A4obblumM CTaHOBATCS pacxo-
Abl Ha npoLecchbl yrnpaBneHnsa COCTOSTHAEM MaccuBa (3aknagky BblpaboTaHHOro nNpocTpaH-
CTBa), NpoLEeCChl AOCTaBKN M NogbemMa ropHOM Macchl Ha NOBEPXHOCTb. CHMXeHne cebecTo-
MMOCTM 3TMX NPOLECCOB BO3MOXHO 3a CYET NPUMEHEHUs 3HEepro- n pecypcocbeperaromx
TEXHUYECKMX N TEXHOSOMMYECKNX pELLEHUI, KOoTopble Ha Gonblwnx rnybuHax npuobpetatoT
0COBYI0 3HAYNMOCTb.

3aTpaTbl Ha TONNMBO AN paboThbl AN3ENbHBIX CAMOXOAHbIX MaLLUUH cocTaBnsAoT 5-8%.
Mpsamble aHepro3aTpaTbl TONLKO Ha 00ObIYY pyabl He npeBbiwatoT 8%.

Mpu NHeBMaTMYECKON 3aKnaake pacxofd aHepru Ha 1 M 3aknapoyHoro matepuana
coctaBsnsieT B cpeagHem 10-16 kBT-4, a npn rmgpasnuyeckon 3,5-5 kBT-4. bonblume pacxogbl
SHEeprun Npu rnaposaknagke cBs3aHbl C OTKaykon Boabl. [Ans 6eTOHHOW 3aknagku Npo4vHO-
cTbto 120 Kr/cM? 1 UCNONb30BaHUEM B KA4YECTBE 3aMONHUTENs! LEeBHS KpynHocTbto o 20 MM
N necka aHeprosaTpaTbl B CTpykType cebectonmoctn pasHbl 0,7 % (uemeHTa 28,9%). NMpn
3aMeHe webHsa xBocTamu oboralleHns cebecTonmMocTb TBEpAEHOLEN 3aKNaaku CHUKaeTCs B
2,2 pasa, yaoenbHbI Bec 3Hepro3aTpaT nosbiwaetca 0o 1,4 % (uemeHTta go 58,8%). Kpome
TOro, TPaHCMNOPTHbIE pacxodbl (Ha webeHb U Necok) cHmxkatoTes B 25 pas (¢ 26,5 0o 2,2%
COOTBETCTBEHHO). B LLenom aHeprosaTtpartbl HA OCHOBHLIE Onepauun npoLecca Aodbiun pyabl
(bypeHwne, B3pbiBaHWe, AocTaBka) He npesblwatoT 10% obepyaHNYHbIX.

[anee cnepyeT nNoa3eMHbI TPaAHCMNOPT, NOABEM Ha MOBEPXHOCTb, NMPOBETPUBAHME,
BOOOOTNMB, OCBELLEHNEe NOA3EMHOE M MOBEPXHOCTHOE, TPaAHCMOPT MO MOBEPXHOCTW, MNIIHOC
3HeprosaTpaTbl PEMOHTHO-MEXaHUYECKMX MaCTEepPCKUX U aaMUHUCTPATMBHO-OLITOBOMO KOM-
GuHaTa. B pesynbTaTe cymma aHeprosaTtpaT B OOLMX SKCNNyaTaLMOHHbIX pacxodax pyaHuka
Bo3pacTtaeT Ao 15-20%.

Bce Bo3pactawouwme obbembl LIAXTHOW BOAbI NMPUXOOUTCA OTKayMBaTb Ha MOBEpPX-
HOCTb, 3aTpauunBas Ha BogooTnme 20-30% oT obLuen cebecToMMoCT ropHbIX paboT.

MpMHUMNManNbHO HOBOW MAEEWN UCMNONb30BAHNA HapacTalLWmMX 00 bEMOB LWAXTHbLIX BOA,
ABMAETCA BOBMIEYEHNE UX B MPOMBILISIEHHbIN 0BOPOT ANsi NMPOM3BOACTBA SNEKTPUYECKON
SHEeprun NyTem CTPOUTENbLCTBA NOA3EMHON M’MAPO3NEKTPOCTAHLNN.

N3 aHann3a 3apyGexxHon 1 0Te4YeCTBEHHOW NnMTepaTypbl, ONUCHLIBAOLLIEN NMPOEKTMPO-
BaHWE N CTPOUTENLCTBO NOA3EMHbIX 3NTEKTPOCTAHLUIA, N3BECTHO, YTO NOA3EMHbIE BbIpaboTKM
AN pa3MeLleHns Tapo3NeKkTPOoCTaHUMIA Npoxoannmck cneunanbHo. CTOMMOCTb UX NPOXoa-
Kn n kpennenus coctaenseT 4o 40% oT obLwux 3aTpaT Ha CTPOUTENBLCTBO.

B kauyecTtBe npumepa B Tabnuue r.1 npuBeaeH nepedeHb nokasaTtesien no CBUHLIOBO-
LMHKOBOMY Kapbepy U OLIEHKa UX BNUSHUSA Ha NOTpebneHme anekTposHepruum.
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Tabnuua .1 — QHepro3aTpaTHOCTb OTKPbLITON J00bIYK pya

Ne n/n | HammeHoBaHWe nokasaTens OueHka BnMSHMA MokasaTens Ha
notpebneHune anekTpoaHeprn, %
1. KnumaTuyeckue ycnosus 7,4
2. ["OpHO-reonornyeckue ycrosus 59
3. Booonputok 59
4. "opHOTEXHMYecKne cBoucTBa pya 1 nopog | 7,4
5. Cuctema paspaboTtku 7,4
6. HagexxHOoCTb cuctembl anekTpocHabxeHus | 8,8
7. Pa3smep KOHOMLMOHHOIO Kycka pyabl, no- 88
poabl ’
8. my6uHa kapbepa 10,3
9. OcHoBHOe TexHonorndyeckoe obopynosa- 103
HVe ’
10. Cuctema nposeTpuBaHus 1,4
11. Cucrtema BogooTnuBea 4,3
12. Cucrtema KapbepHOro TpaHcrnopTa 8,8
13. Cucrtema cxaToro Bosgyxa 5,9
14. BbipaboTka Tenna 7.4
NTtoro 100

Ha ropHo-oboratutenbHOM NpeanpuaTUn LBETHOW MeTannyprum cpefHuve 3HavyeHus
9HeproaaTpart npu gobbide pyabl coctaBnsaT 15 kBT 4/T mean, npu oboraweHum - 30 kBT y/T
Meau, TO eCTb B CTPYKType 3HEProeMKoCTU KOHLeHTpaTa oboralieHne JOMUHUPYET, ero Ao-
nga paBHa 66,7%.

MpakTnyeckne acnektbl oborawieHns pya — TpaguumoHHbIi noaxoa. [oTtpebnenue
9HEeprun Ha knaccudeckon cnotaynoHHom pabpuke moxeT nameHaTbesa ot 20 go 50 kBT-y/T,
B TOM 4YKnCne ee pacxoq Ha apobneHune n namenbyeHme coctasnset ot 10 go 20 kBT-u/T. Mpwn
9TOM 3aTpaThbl Ha ApobneHne HaMHOro MeHbLle, YeM Ha uamenbyeHue. NoaTomy B NpakTuke
9HEprul, 3aTpaynMBaemMytd Ha YMEHbLUEHME KPYMHOCTU, CTPEMSTCHA NepeHecTu Ha apobne-
HMe.

[MpakTnyeckne acnekTbl — camonsmenbyeHne. Ha ogHoOn 1 Ton e pyae B OANHAKOBbIX
yCnoBusx nNpu nony- nnu camomnsmernbvyeHmm notpebyetcs Ha 10-35 % aHeprum 6onblLue, Yem
nNpy n3mernbYeHumn ctanbHbiMK Wapamu. OgHako n3bbITouHoe NoTpebneHne anekTpoaHeprum
npyv camon3MenbYeHNN KOMNEHCUPYETCsl 3KOHOMUEN pacxoda cTanu.

B 3aBucumocTn oT Tuna pyg B ob6nactu onTMManbHOW 3arpy3ky MenbHUL, MOBbIBLUE-
HWe 3arpy3km MenbHUL, Ha 1 T/4 NPUBOOUT K CHUXKEHUIO YOENBbHOro pacxona aneKkTpoaHeprum
Ha 0,12-0,53 kBT1-4/T.

poxoyeHune. Ha rpoxoyeHne notpebnseTcs Mano SHEprum u ero peako OTAensT OT
ApobneHus.

Knaccudpvkauna. Bcerneacteue KpaTHOCTU UMKNA M3MeErbYeHUs U Knaccudukauumm
YacTb MaTepuana nocTynaeT B KPYMnHbIA NPOAYKT N BO3BPALLAETCs B LMK U3MeNbYeHus, Bbl-
3blBas JOMOMHUTESbHBIN pacxon 3Hepruu.
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®dnotauus. MNpaBunbHbIM Noadop hfOTaUMOHHBIX peareHToB MO3BOSIIET CIKOHOMMUTL
MHOrO QHEPrNK, TaK Kak Npu YMEHbLLUEHUN BPEMEHN NpebbiBaHNA Mynbhbl B KAMEpPax YMeHb-
LwaeTtcsa nx obwun notpedbnaemein 06beMm, a cnegoBaTesnbHO, U YCTAHOBOYHAS MOLLHOCTb.

Mcnonb3oBaHne ¢noTauMoHHbIX kamep 6onbworo obbema obycnaBnuBaeT YMeEHb-
LLIEHNE YMCcna MeXaHN3MOB NOTPeONeHns saHeprun.

NpaBuTaumoHHoe oborawieHune. oTpebneHne 3HeprMn CpaBHUTENBbHO YMEPEHHOE:
TsbkenocpegHoe oboraweHne — 1-6 kBT-u/T, otcagka — 0,03-1,3 kBT-4/T, KOHUEHTpauusa Ha
ctonax — 0,04-3,0 kB1-y/T.

MarHuTHoe n anekTpudeckoe oboraiieHue. NMpn marHMTHOM oboralleHnn 3aTpadnBa-
etcd ot 3 go 11 kBT1-y/T, anektpuyeckom — ot 0,4 o 1,4 kBT-u/T.

Xumunyeckasi nepepabotka pya. [loTpebrneHne aHeprum onpenenseTcs € pacxogom
Ha OpobneHne n namenbyeHune.

O DEKTUBHOCTL MOSIUTUKMA CHUKEHUSI pacxoda 3MEKTPOIHEepPrmm B TEXHONOMMYECKMX
npoueccax Aobblun n oboraleHns pyn LUBETHbIX MEeTasnsioB Xxapaktepusyrotca Tabnvuen IM.2.

Tabnuua .2 — Pacxoq anekTpoaHeprum npu gobblve n oborawieHnn pya LBETHbIX
MeTanmnos

Pacxog  anektpoaHepruum,
Ne n/n Onepauuun nepepaboTkm KBT-4/T pyab
1. [lo6blva pya:
1.1 noalemHas 35-45
1.2 OTKpbITas 10-15
2. O6oralueHune pya:
KpynHoe, cpeagHee, mernkoe apobneHne, rpoxoveHme,
2.1. TpaHCNopTMpOBaHWe, 3aTtpaTtbl nocknagy kKpynHou(1,0-1,12
pyabl
2.2. ByHKkepoBaHue pyabl B Lexe namenbyeHus -
N3amenbyeHne o 70-75% -74 MKM, knaccudpukaums
2.3. B MeXaHW4ecKux Krnaccugukatopax mnu B rugpounk-12,0-20,0
NoHax
®dnotauua (6e3 CcToMMOCTM (PNOTALUMOHHBIX peareH-
2.4. 1 2,6
TOB)
2.5. CryLeHne’ B CrycTUTensix:
2.5.1 J 18 m 2,4
2.5.2 @ 24-30 m 1,3
2.5.3 @ 50 m 1,0
2.6. dunbTpoBaHUe? 2,0-3,0
2.7. Cywika® (6e3 CTOMMOCTW TOMNMBA) 3,0

1 - nokasarenu no dnotauuu gaHbl ANAs Cnyyas, Korga yaenbHbii 06bemM OrOTaUMOHHbBIX
MaLLuH coctasnsieT 0,05 M>/(T/cyT)

2 - pacxodbl U yaesnbHblE 3aTpaTtbl MO onepaunam obe3BoxnBaHus, CyWwKu, yganeHuna m
YKIagkn XBOCTOB, CKIlaaunpoBaHUN N OTIPY3KN KOHUEHTpATa AaHbl Ha 17 npoaykra, nocry-
narwwiero B 3T onepauunmn
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K aHanuay notpebneHuns aHeprnm MoXXHO NOAONTN C TOYKM 3peHnsa noTpebneHus ma-
TepuvaroB, BKITOYEHHbIX B 3HepreTnyeckme 3atpartbl. Pe3ynbTtatbl Takoro nogxoga npuseae-
Hbl B Tabnuue IM.3.

Tabnuua .3 — QHepro3aTpaTHOCTb NPOLIECCOB OrboralleHust pya

Ne | HaumeHoBaHue cTtatbu 3aTpar Pacxon aHeprun Ha pygonogro-
n/m TOBKY 1 orioTauuio MeaHbIX pya
(1 % Cu), kBT-v/T
1. onekTpoaHeprua (15 kBT-y/T npu addekTMBHOCTHU 62.89
23,85 %) ’
2. M3BecTb (2 kr/T npn 1334 kBT-4/T) 2,67
3. | Tonnmeo (8 r/T npu 14 kBT-4/T) 0,11
4. dnotaunoHHble peareHTbl (5 /T npu 5 KBT-u/T 0,25
5. Boga (3 M°/T npu 2,6 kBT-u/T) 7,8
6. M3Hoc meTanna (100 r/T npm 60 kBT-4/T) 6,0
7. MawwnHHoe obopygosaHue (okonio 8000 T; moxeTt
nepepabatbiBaTb 60-10° T pyabl; 3Heprna Ha mare- 293
puanbl - 160-10° kBT-u/T; npomssoacteo - 16:10° |
KBT-4/T)
8. CoopyxeHust (400 M? OCHOBHbIX MPOMbILLMEHHbIX
apannii npu 10% kBT-u/M%; 1000 mM? yupesxaenuit, ao- | 0,15
por, Hacbineit v ap. npu 5-10° kBT-u/m?)
9. Bcero 82,8

Hwxe (Tabnuua M.4) yuyteHo kak npsmoe notpebrneHne aHeprum Ha oborawieHvne men-
HbIX py4 (ypoBeHb |), Tak N KOCBEHHOE Ha MaTepuarnsl U peareHTbl (ypoBeHb ).

Tabnuua .4 — Pesynbtathl ABYXYPOBHErO0 MeToAa onpenerieHns 3Hepro3aTpaTHOCTU Mpo-
ueccoB oborawieHns pya

YpoBeHs | YposeHsb |l
TepMuyeckas aHep-
CraTbs pacxoaa 1 5 MaTtepuan pacxon maTepuana, s
r/T 3 4
[pobneHne 2,04 |6,28 | dyteposka 30 11,63 0,35
LLapbl 750 11,63 8,72
N3menb4yeHne 9,8 30,15 dyTeposka 50 1163 0.58
N3BecTb 1500 2,65 3,97
dnoTtaumsa 1,28 | 3,94 | Cobupatenu 40 12,92 0,52
BcnenmBartenu | 35 12,92 0,45
dunbTpoBaHME 0,21 |0,65 |- - - -
Lapbl 20 11,63 0,23
HounamenbyeHne | 0,26 | 0,80 dyTeposka 5 1163 0.02
Csexasi Boga 1,8 3,08 |- - - -
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Ob6opoTHas BO- 10 308 | i i i
aa
Bcero 16,39 | 50,44 | - - - 14,84

1 — anekTpuyeckas aHeprus, KBT-4/T pyabl

2 — TepMuyeckas aHeprud, kKBT-u/T

3 - KBT-4/kr maTepuana

4 - kBT-4/T pyapl

5 — ahPeKTUBHOCTb TEPMOINEKTPUYECKMX NpeBpaLleHun npuHsaTa 32,5 %

MoTpebneHne aHeprum Ha yposHe |l coctaBnaet 6onee 20 % obuien TepmMumyeckon
9HEepruun, Ncnosnb3yemMomn npu odoralieHnn nerkoprioTMpyemMon MeaHom pyasbi.

Tabnuua .5 — CpegHee noTpebneHne saHeprum ans pasnuyHbiX TUNOB PyA4 LUBETHbLIX MeTar-
nos, KBT-u/T

MegHble 28.4 Bonbdpamo- 19.9
MonnbdaeHoBble

MegHo- 26.0 CBUWHLOBO- 34.7

MonnbaeHoBble LMHKOBbIE

MeaHo-CcBMHLIOBO- 30,0 CBWHLIOBO-LIMHKOBO- 31.1

LMHKOBbIE cepebpsiHble

MeagHo-LKnHKOBO- 38.6 LinHkoBble 25,5

NMUPUTHbIE

MepgHo-Hukenesble | 56,4 OnoBsiHHbIE 491

HasanektponotpebneHne B npoueccax gobblum n oboralieHnsa pya UBETHbIX MeTan-
NOB B nepcnekTuee OyayT BNUATL: NoBbilleHne 6e30nacHOCTN U KOMGOPTHOCTM Tpyaa, yBe-
NMYEHME rnyOuHbI U YCINOXHEHME YCNOBUA A00bluM pyabl, BOBMEYEHNE B NPOM3BOACTBO pe-
CYPCOB C HU3KMM COAEPXKAHNEM LIEHHbIX KOMMOHEHTOB, OCBOEHNE MECTOPOXAEHUN B HEKOM-
GOpTHBIX ANns paboT ycrnoBusix, NPUMEHEHNE MHHOBALMOHHbIX JNIEKTPOEMKUX TEXHOSOMN
Ao6blun 1 oborawleHnsa. YMeHbLUEHNIO yOenbHOro pacxoda anekTpoaHeprum 6yaet cnocob-
CTBOBaTb BHEAPEHNE MEPOMNPUSATUIA NO SKOHOMUM INEKTPOIHEPTUN.

.3 Hauny4dwwme AOCTYyNHble TEXHONOMMKU, HanpaBfeHHble Ha MNOBbIWEeHue
3HeproadheKTMBHOCTHN

OHeproapeKkTMBHOCTL Npu Aobbive 1 oboraweHnnpya UBETHbIX MeTannoB obecne-
4YMBaETCHA NPUMEHEHUEM TEXHOSMOMMIA pPecypcochepexeHns n aHeprocoepexeHnsi, paccmoT-
peHHbIXx B nogpasgene5.5 «HOT B obnactn aHeprocbepexeHus n pecypcocbepexeHns»
pasgena 5 «Haunnydwme 4oCTynHbIE TEXHONOTNNY.

Pas-
Ne Homep Aen/nyHKT
n/m | HAT Hanmenosarme HAT CnpaBOYHUKA
HOT
1 HOT 26 YnpaBneHne cucteMmon noTpebrieHns aHepreTM4eckmux pe- 55
cypcoB
5 HOT 27 CokpalleHue aHepronoTpebneHus B npoueccax goodbiun m 55
oboralleHnsa NonesHbIX MCKonaeMblxX
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3 HOT 28 | MnHMMmM3aumsa notepb NOSE3HbIX UCKOMaeMbIX B Hegpax 55
MakcumarbHO MOMHOE M3BMEeYeHUe LEeHHbIX KOMMOHEHTOB

4 |HOT29 . 5.5
13 nobbIBaeMOro nosesHo MCKONaemMoro

5 HAOT 30 | MiaBneyeHne conyTCTBYOLLMX KOMMNOHEHTOB 5.5
Mcnonb3oBaHne BCKPbLILWHbIX M BMELLAKLWKNX Nopod, XBO-

6 HAOT 31 5.5
cToB oboralleHus
CokpallieHne notepb MOMe3HbIX MCKOMaeMblX NpU TpaHC-

7 | HAT 32 pall P v TP 55
NOpPTUPOBKE

8 HAOT 33 | CokpalyeHume 3abopa BoAbl U3 NPUPOLHbLIX MCTOYHUKOB 5.5

.4 dxkoHOMUnYeckue acnektbl peanusaumu HAT, HanpaBneHHblIe Ha NOBLIWEHUe
3HeproadppeKTUBHOCTU, ONTUMMU3ALUIO U COKpaLLEeHUe pecypconoTpeodrieHms

3aTpaTtbl Ha ANEKTPOSHEPINIO N SHEPreTUYECKNE pecypcbl COCTaBNAT BonbLuyo Ao-
N0 pacxogoB ropHoA06LIBaOLWNX NPeanpUATUIA, 0COB6EHHO npn oTpaboTke MeCTopOXaEeHUI
noa3eMHbIM CNocOBOM C HEONTUMArbHbIM PEXMMOM PaboTbl SHEPrOCUCTEM.

OcHoBHOWM BKNag B NOBbILWEHME 3HEPro3ddEKTUBHOCTM BHOCUT BHELAPEHUE CUCTEM
9HEpPreTUYEeCcKoro MeHeKMeHTa, BHeAPEHNE NEPCNEKTUBHbLIX TEXHOMOMN, obecnevnBaroLLmnx
ONTMMU3aLMIO0 COOTHOLLEHUS NPOM3BEAEHHbIX LBETHBIX METAINOB N S3HEPreTUYECKNX 3aTpar.

.5 MepcneKkTUBHbLIE TEXHONOruUW, HanpaBfieHHbleé Ha NOBbIWEHUe 3Heproadcp-
peKTUBHOCTU N ONTUMU3ALUIO U COKpaLLEeHMe pecypconoTpebneHus

[ncTaHUMOHHOE 30HANPOBAHNE TEPPUTOPUN.

dopmupoBaHMe ropHOMPOMbILLIIEHHBLIX KOMMSIEKCOB (XaboB).

BHegpeHne UMKNNYHO-NOTOYHOMN TEXHOSOMNN.

MpumeHeHne BUOXMMUYECKMX METOAOB BbillenavyMBaHUsl METanNoB.

CoBepLUeHCTBOBaHNE NOA3EMHbIX TEXHOOrMA JOObLIYMN.
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Mpunoxexue [

(cnpaBo4HoOe)

TexHonorn4yeckoe oGopyn,OBaHMe

HasHayeHne TexHONorn4yeckoro O60pyﬂ,OBaHl/IFI OnAa OTKPbITbIX U NOA3EeMHbIX TOPHbIX

paboT npmeBeaeHo B Tabnuuax 0.1 n [.2.

Tabnuua [1.1 — NopHoe obopyaoBaHme Anst OTKPbLITON pa3paboTkm pyaHbIX MECTOPOXAEHNI

HanmeHoBaHue 060pyﬂ,OBaHI/IFI

HasHayeHune obopyanoBaHus

Poixnutenu; 6ynbaosepbl; GypoBble CTaHKW; 3MeKTPo-
cBepna, OypunbHble MOMOTKW; OypoBble arperarbl; Kam-
Hepes3Hble MaLUVHbI; MalnHbl AN 3apshkaHusa 1 3aboriku
CKBaXXWH; YCTAHOBKM ANs paspylleHns HerabapuTHbIX
KYCKOB; CpeAcCTBa MeXaHu3auuu OCYLUEHMSI TOpHbIX Mo-
pon (GypeHne OpeHa)KHbIX CKBaXXMH, HACOCHbIE YCTaHOB-
KW); TpaHLIEerHble 3KCKaBaTopbl; AparfnaviHbl U Apyroe
obopynosaHue

MogroToBka rOpHbIX NMoOpo 4 K Bbl-
eMKe

OKcKaBaTopbl; AparnanHbl; CcKpenepbl;
rpendepsbl; LUHEKO-OypoBblE MaLLMHbI U Ap.

Oynbao3sepsl;

BbleMo4Ho-Norpy3oyHble onepa-
Lmm

Bynbaosepsbl; CTpyru; rpeaepbl; Norpy3yvnky; ckpenepbl
v ap.

BblemMoyHo-TpaHcnopTupytoLwme
onepaumm

KoHBenepbl; KOHBENEPHbIE NeperpyxaTtenu; TpaHCnopT-
HO-OTBasibHble MOCTbI; CpeACcTBa rmapoTpaHcnopTa (3em-
necocsl, rmgpoanesaTopbl, TpybonpoBoabl, Cryctutenu)
N Op.; CpeacTBa XenesHoAOPOXHOro TpaHcnopTa (3nek-

TPOBO3bl, TArOBble arperatbl, TEMMOBO3bl, AyMMKapbl,
rOHOONbI, XOnnepbl, NNaTopMbl); aBTOTPAKTOPHbIN
TpaHcrnopT (aBTOCamocBanbl, aBTonoesna, [Ou3enb-

TPONNenBO3bl, TPAKTOPHbIE TArayy 1M noesga); kKaHaTHble
noaBecHble 0POrK U Ap.

TpaHcnopTupoBaHue
maccsl

rOpHON

JKckasaTopsbl; nNnyru; Bynbao3epbl; KOHCOMbHbLIE OTBaro-
obpasosaTtenu; MOrpy3yunKu; cKkpenepsl; rmapo-
OoTBarnbHble YCTAHOBKWU 1 Op.

CoopyxeHue oTBanos

[pobunku; rpoxoTa pasnU4YHbIX TUMNOB; rPaBUEMONKN, Ne-
CKOMOWKN 1 ap.

CopTurpoBoYHO-060raTUTENDBHLIE
onepauun

CamoxogHbIn arperaTc LWeKoBown Apobumnkon

OKcKa BaTop C rMapo-mMmoJsioTomMm

[pobneHne ropHon mMacchl

®poHTanbHbIN NOrPy34mNK

Morpy3ka apobneHoro matepua-
na; 3admcTtka 3abos; dopmupo-
BaHMe Mowanok Ans TEeXHOIo-
rm4yeckoro obopygoBaHus

CouneHEéHHbIN aBTocamocBarn

TpaHcnopTupoBka AapobreHoro
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maTtepvana

KpaHbl; nyTenepeasuratenu; 6ynbao3epsbl; MallvHbl Ans
PEMOHTAa Xene3HOAOPOXKHbIX MyTel; peMOHTHble noesaa
N e MacTepckue; rpenaepsl; KlBeTokonaTenu; kaTku; no-
NMBOYHBbIE U CHEroybopoYHble MalluvHbl; MalluHbl Ans
NOATOTOBKM U peKyrbTUBALMM NOBEPXHOCTU; 06opyaoBa-
HWe Ansi BOAOOTNMBA U 3HeproobecneyeHns u ap.

MalwuHbl ons BCroMoraTenbHbIX
paboT

PoTopHble 1 LUenHble 3KCKaBaTopbl; cKpenepbl; kKomban-
Hbl, CKpebKoBble 3KCKaBaTopbI

Ans BblEMOYHO-MOrPY304HbIX
paboT

EypOBaFI TEXHUKA OJ14 BbINOJIHEHNA OPEHAXHbIX pa60T

OcylueHne KapbepHbIX none

O6opy/:|,OBaH|/|e OnA CKBaXXMUH C NOrpy>XHbiIMn HacocamMmum

BeHTUNsAUNOHHbIE YCTaHOBKU

MpoBeTpMBaHUE KapbepoB

Tabnuua [0.2 — NopHoe obopyaoBaHve Ans noa3eMHom
HUN

pa3paboTkM PyAHbIX MecTopoXae-

YcTtaHoBku ons 6ypeHus ¢ oTbopom KepHa

PasBegka mectopoxgeHust

O6opynosaHnennst BypeHus LWNypoB U CKBAXXWUH

BypoBble MHCTPYMEHTbI

YcTaHOBKM M annapaTbl Ans 3apsikaHusl LUNypoB U
CKBa)KWUH

Mpoxogka BbIpaboToK M OT-
6orika pya

Mpoxoagyeckoe obopygoBaHue

O6opynoBaHue nst NPOXo4KN TOHHENEN

lMpoxogka BbipaboToOK

O6opynoBaHne onst yCTaHOBKM aHKEPHOM Kpenwu

Mo6unbHble aHKepPOYCTaHOBLLMKM

KpenneHne BbipaboTok

Komnnekcbl 1 KombGanHbl 4nsi NpOBEAEHMS BOCCTaOLLNX
BblpaboToK

MawwuHbl ans 6ypeHM$| BOCCTaAOLWNX BEePTUKAIIbHbIX WU
HaKNMOHHbIX CKBaXWH

lMpoxogka BOCCTalOWMX Bbl-
paboTOK U CKBaXXMH

Mpoxoayeckne kombanHbl

Mpoxoayeckne kombarHbl ANs KPEnKnx nopoa

KombanHbl 4nsa NpoXoakyu TOHHENen

Pexylwiee HaBecHoe obopynoBaHue

Mpoxogka cneumanbHbIX Bbl-
paboTok

nOprSOLIHO-,D,OCTa BO4YHble MaALLUNHbI

NoasemHble camocBanbl

Mawwunbl MAM n NTM 1, camoxogHble BaroHbl

Morpyska, AocTaBska n
TpaHCNOPTUPOBAHME TOPHOW
Maccbl 1 MaTepuanos

CneuuanbHble caMOXogHble YCTAaHOBKU

BcnomoratenbHble paboThl

Jlebenkn

[loctaBka ropHom macchbl

KoHBelepHble CUCTEMBI

TpaHcnopTUpoOBaHME TOPHOM
Macchbl

poxoThl, NIUTaTENN N APOBUIIKK

Bbinyck n nepepaboTka rop-
HOW Macchbl

BcnomoraTtenbHble MalunHbl K o6opy/:|,OBaH|/|e

BbinonHeHne BcnomoraTenb-
HbIX paboT
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BeHTunaToOp®LI

O6ecneyeHne ycnosun ans

O6opyanoBaHue onst OTKa4ku BoAbl

aKcniyaTaunn

Tannos npueeaeHo B Tabnuue .3.

Tabnuua [.3 — OcHoBHOe obGopyaoBaHMe Ans o6blum 1 oboraweHns pya UBETHbIX MeTan-

HasHayeHne TexHONorm4eckoro O60pyﬂ,OBaHI/IFI ans oboraweHus pyd UBETHbIX Me-

nos

Ne | HammeHoBaHue obopynoBa- HasHadeHne obopygoBaHus

n/n HUSA

1. lMoarotoBuTenbHbIE NPOLIECCHI

1.1 'poxo4veHune

1.1.1 | [poxoTbl HenoaBwXHble, Ya- | [Ina pasgeneHns (rpoxoyeHusi, pacceBa, OTCeu-
CTMYHO NOABWXHbIE, Bpa- | BaHMA) CbiNy4Yero KyCKOBOro 3epHUCTOro Martepu-
Lwarowpnecs arna Ha npoayKTbl PasfMyYHON KPYNHOCTK (Kracchbl)

1.1.2 | Mnockne rpoxoTbl C CUMMET- | C NMOMOLLIbIO NMPOCEUBAIOLLNX MOBEPXHOCTEN C Ka-
PUYHBIMW NPOAONBbHBIMUA KO- | IMBPOBaHHBIMU ~ OTBEPCTUAMMN  (KOFTOCHUKOBbIX
nebanuamm peLeToK, JIMCTOBbIX peLleT, NPOBOSIOYHbLIX U MNO-

1.1.3 | Tngpasnuyeckune rpoxoTbl NNYpEeTaHOBbIX CUT)

1.2 | ApobneHwue

1.2.1 | WekoBble  gpobunkn  co | nsg goBedeHns MUHeparnbHOro cbipbs (U Opyrnx
CMNOXHbIM M MNPOCTbIM ABW- | MaTepuanoB) 40 HEOOGXOAMMOW KpPYMHOCTW, Tpe-
XEHNEM LLIEKM BGyemoro rpaHynioMeTpuyeckoro coctasa unm 3a-

1.2.2 | KoHycHble apoOunku Kpyn- | AAHHOW CTEMNeHU PacKpbITUA MUHeparos
HOro gpobneHus

1.2.3 | KOHycHble pgpobunku cpeg-
Hero apobneHnsa

1.2.3 | KOHyCHble ApoBUnkM Mernko-
ro opobnenus

1.2.4 | MonoTkoBble APOOUIIKM
PoTopHble apobunku

1.2.5 | BankoBble gpodunku

1.3 Knaccudumkaumsa B BOOHOW M BO3AYLIHOW cpeaax

1.3.1 | KnaccudukaTtopbl  rpasuta- | MawwuHbel n annapatbl Ana knaccudgukaumm npeg-
LUNOHHbIE MexaHu4yecKkne | HasHadeHbl [Ans  pasgeneHnss TOHKO3EPHUCTbIX
(cnupanbHble) MaTepuanoB no paBHOMNALAEMOCTM Ha dpakumm

1.3.2 | Knaccudpmkatopbl rpaBuTa- | pasnmyHon KPYNHOCTU U NITOTHOCTU B XXWUAKOW UM
LUMOHHbIE  rMapaBnMyeckue | BO3AYLLHOW cpeae
OLHO- N MHOrOKaMepHbIle

1.3.3 | Bo3gyLwHble cenapaTopsbl

1.3.4 | TMOPOLMKIOHDI

1.3.5 | UeHTpudpyrun

14 N3menbyeHmne
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1.4.1

Bpawatwwmecs bapabaHHble
MerbHULbBI A1 MOKPOro m3-
MenbYeHusi, B T.4. LUAPOBbLIE
C pasrpy3komn yepes peLleTky
M C LEeHTpanbHOW pasrpys-
KOW, CTEPXXHEBbIE MENbHULbI
C UEeHTparnbHOW pasrpys3KkoMu,
raneyvHble N pyaHoraneyHble
C pasrpyskon 4epes peluet-
KY, MeIlbHWLbl MOKpOro ca-
MO- W MonycaMmounsmesnbye-
HUA C pasrpy3kon vepes pe-
LIETKY, TPYOHblIe MenbHULbI

1.4.2

lMnaHeTapHble N rMpPOCKOMNK-
yeckme OapabaHHble Menb-
HULbI

1.4.3

LleHTpoGexHble
Hble MEeNbHULbI

6apabah-

1.4.4

BubpaunoHHble
Hble MenbHULbI

Oapabah-

1.4.5

MenbHUUbl  yaapHoOro aeun-
CTBUSA

YMeHbLUEeHNE pa3mepa YacTul nytem gpobneHus
MMeeT orpaHu4eHme no KpymnHOCTM ApobneHoro
npoaykta. MenbHyubl  NpeaHasHayeHbl  Ans
YMEHbLUEHNA KPYNHOCTU 4YacTul OO pas3Mepos,
NPy KOTOPbIX LEHHble (M3BNEKaemble B TOBAPHbIN
NpoAyKT) MUHepanbl ocBoboXaalTCcs U3 BMeLLa-
toLen nopoabl

OcHoBHble NpoLecchl

2.1

'paBuTaunoHHoOe oboraweHne

211

MPOMbBIBOYHbIE MaLUMHBbI ©
yCTponCTBa

21.2

MaluvHbl U MexaHu3Mbl Ans
oboralleHnss B TsKenbiX
CyCneH3unsx

213

OTcago4Hble MaLUUHbI

214

MallunHbl 1 MexaHu3Mbl Ons
KOHLEHTpaLMK Ha cTonax

21.5

MaLunHbl 1 MexaHn3mbl Ons
oboralieHnsas B CyxuBato-
LMXcs Kenobax

MawwuHbl 1 MexaHuambl onga
oboraueHns Ha BMHTOBbLIX U
KOHYCHbIX cenapartopax W«
Lo3ax

[na pasgeneHnss MUHepanbHbIX YacTuy, oTnnya-
IOLLNXCA MNOTHOCTbIO, pasMepoM unm ¢opMon,
00yCrnoBneHHoe pasnuMuneMm B XapakTepe W CKo-
POCTU UX OBWXEHUS B cpeae nop AEWCTBUEM CU-
Nbl TSXKECTU U CUI COMPOTUBIIEHNS

2.2

MarHnTtHoe oboralleHue

2.2.1

MarHuTHble u anekTpomar-
HUTHblIE  cemapaTopbl  CO
cnabbiM nonem ansg cyxoro
oboratieHus

222

MarHuTHble cenapaTopbl CO

[na npoueccoB MarHWTHOro oGoralleHusi, OCHO-
BaHHbIX Ha PasnUYUM MarHUTHbLIX CBOMCTB pasge-
NAEMbIX KOMMOHEHTOB
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cnabbiM nonem Ansi MOKPOro
oboratieHus

223

OnekTpoMarHuTHble cenapa-
TOpbI CO cnabbiM MonemM Ans
pereHepauum deppomar-
HUTHBIX YTSXKenuTenen

224

OneKkTpoMarHuTHble cenapa-
TOpPbI C CUIbHBIM MoriemM Anis
cyxoro oboratleHus

2.2.5

MarHuTHble W anekTpomar-
HUTHble cenapaTopbl Ans
MOKporo oboralleHus

2.2.6

AnnapaTtbl ANs HamarHW4u-
BaHWs W pa3MarHuyMBaHus
py4d M MarHWTHble gelunama-
TOpbI

2.3

AnekTpuyeckoe oboralleHue,

KJ'IaCCI/I(*)I/IKaLI,I/IFI n obecnblinueBaHne

2.3.1

CenapaTtopbl Ansa pasgerne-
HUSI MMHeparnoB Mo 3MNeKTpo-
NPOBOAHOCTU

232

TpuboanekTpuyeckme cena-
paTopbl

233

nMpOSHGKTpI/I‘-IeCKVIe n aun-
ANEeKTpn4ecKmne cernapaTtopbl

234

MalumHbl 1 MexaHu3Mbl Ans
ANeKTpuyeckon  Knaccugu-
KaLmm

2.3.5

BbICOKOBOMbTHBIE  YCTPOU-
CTBa 41151 9NEKTPUYECKUX ce-
napaTtopos

Ana anektpuyeckon cenapaumm (oboralwleHus,
Knaccudoukaumm n obecnbinMBaHnsa NONE3HbIX UC-
KonmaemblX U mMaTepuanoB), OCHOBaHHOMW Ha pas-
NUYnM  SNEKTPOPU3NYECKNX CBOWCTB pasgense-
MbIX KOMNOHEHTOB

24

dnoTtaunoHHble MeToabl oboraweHns

241

MexaHuyeckne cnoTaunoH-
Hble MaLUUHbI

242

NMHeBMOMexaHn4eckme no-
TauMOHHbIE MaLUUHBbI

243

MHeBMaTUYeckme droTauu-
OHHble MalUVHBbI

244

®dnoTaumMoHHbIe MaLUVHbI
ANA KpynHo3epHUCTon dorio-
Taumm

24.5

KonoHHble bnoToMalLmvHbl

246

MalwmnHbl 1 MexaHnambl Ans
npuroTosneHnAa n go3npoBa-
HUA (*)J'IOTaLI,I/IOHHbIX peareH-
TOB

Ons ocywecTBneHus ¢roTauMoHHOro npouecca
oboralleH1s NonesHbIX CKONaeMblX, OCHOBAHHO-
ro Ha n3bupaTensHOM NPUNMNaHUN YacTuL, MUHE-
parnoB K MOBEpPXHOCTW pasadena AByx a3
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2.4.7 | MalnHbl 1 MexaHn3mbl Onsa
armtTauum mn aspaummn dno-
TaUMOHHOW Nynbnbl
3. CneumnanbHble 1 BcnomMoraTesnbHble NPoLEeCcChl
3.1 YcpenHeHve pya
3.1.1 | lWTabeneyknagumk pyabl B | NS OCyLLECTBNEHMSI COBOKYMHOCTU oOnepauun
wrtabenb NnaHMpOBaHMS M yNpaBfeHNs KayecTBOM pya B
3.1.2 | 3abopHas poTopHasi ycpef- | Npouecce ropHO-TPAHCMOPTHLIX paboT u onepa-
HUTENbHaA MallvMHa And 3a- | UM NO CMEeLLnBaHUIO pya Ha pyaHuke n dabpuke,
Gopa pyabl MO Bcemy rnore- | B pe3ynbTate KOTOpbIX YMeHbLUaeTcs n ctabunu-
peYHOMY ceyeHuto WTabens | 3upyeTcs B 3aaHHbIX npegenax pasMmax koneba-
3.1.3 | OkckaBaTopbl AN dopMu- | HAM MokasaTenen Kadectsa pya B CMEHHbIX U
poBaHuUA wWTabenen u no- | BHYTPUCMEHHbIX MapTUSAX B TeYeHue onpeneneH-
rpy3ku pyapl HOro nepuoaa BpemMeHu
3.1.4 | CamocBanbl Aana  camo-
CcBanbHOM OTCLINKKM CMNoeB
pyAbl
3.2 PynocopTtupoBka
3.2.1 | Cenapatopbl ang amuccu- | [Ana ocywecTBreHns npoueccoB pyaoCOpTUPOB-
OHHbIX METOAOB paduMOMET- | KM, OCHOBAHHbIX Ha pasnuuMn B LBeETe, bnecke,
pudeckoro oboralleHns pyn | eCTECTBEHHOW M HaBEeAEHHOW pagMOaKTUBHOCTU
3.2.2 | CenapaTtopbl Ans abcopb- | pasgenseMblX MUHeparnos, pasfvyHon cnocobHO-
LMOHHbIX paguoMeTpuye- | CTU UX ocnabnaTb pagnoakTUBHOE MU3ry4YyeHue u
CKMX METOA0B oTpaxaTb 3NIEKTPOMAarHUTHbIE BOJSTHbI Pa3fnUYHOMN
3.2.3 | PagunomeTtpuyeckne KOH- | ONWUHbI
TponbHble cTaHumm (PKC)
3.3 KoMbuHupoBaHHbIe npouecchl oboralleHus
3.3.1 | MawuHbl n mexaHnambl gnga | [lna ocywecTBreHna NpoLeccoB pasgeneHna Mu-
dnoTorpaButTaumm HepanoB MO HECKOSIbKUM CBOMWCTBaM, Hanpumep,
3.3.2 | MawuHbl 1 MexaHn3mMbl And | MarHUTHOM BOCMNPUMMYMBOCTBIO UM MAOTHOCTHIO,
MarHUTOrMapoANHaAMMUYECKON | ANEKTPONPOBOAHOCTLIO U NNOTHOCTLIO
cenapauum
3.3.3 | MawmHbl 1 MexaHn3mbl Ons
MarHMTormapocTaTn4ecKom
cenapauum
3.3.4 | MawuHbl 1 MexaHu3Mbl Ons
MarHMTorpaBUMETPUYECKON
cenapaumm
4. O6e3BoxunBaHue
4.1 CryweHne
4.1.1 | Cryctutenn c ueHTpanbHbiM | [INg ocyllecTBfeHMs npouecca CryweHus - no-
NpPUBOAOM BbILLEHMSI KOHLEHTpauuKn (cogepkaHusi) TBepaoro
4.1.2 | Cryctutenu c nepudpepuye- | B nynbrne, NPoUCXoasLlen B pesynbtate ocaxie-
CK/M MPpUBOLOM HUA (NepemeLleHuns) B Hen TBepabIX YacTuy nog
4.1.3 | MMacToBble cryctutenu AEeVCTBUEM CUIbl TAXKECTU
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4.1.4 | MnacTMHYyaTble cryctutenm
4.2 | dunbTpoBaHue
4.2.1 | bapabaHHbie BakyyM- | [Ina ocylwiecTBrneHns npouecca purbTpoBaHUS -
PunbTpbI pasfgeneHus TBepaou M Xugkon a3 nynbnbl C
4.2.2 | OnckoBble BakyyM-(UNbTpbl | MOMOLLIbIO MOPUCTOM NEpPEeropoakv noa AencrsmemM
4.2.3 | JleHTOYHbIE BaKyyM- | pa3HOCTM AaBneHui, co3naBaemont paspexeHnem
dunbTPSI BO34yXa MUnv n3bbITOYHBIM JaBNEHNEM
4.2.4 | KapycenbHble BaKyyM-
onnbTPLI
4.2.5 | KamepHble ounbTp-npecchl
4.3 | Cywka
4.3.1 | Cywwnkn, paboTtatowme npu | [INa ocyLleCcTBnEHUs npouecca CyLKn matepua-
HenocpeacTBEHHOM KOHTakK- | IOB - npouecca ux 06e3BoXnBaHMs, OCHOBaHHOMO
TUPOBaHUN BbICYLUMBAEMOrO | HA UCNapeHUn Brarn B OKpYXalollyto cpedy npu
mMaTtepuana v TensIoHOCUTe- | HarpeBaHuu
ng, B TOM 4ucCrie: CYLUUIKN
bGapabaHHble,  TypOMWHHbIE,
KMNSLWero crnosi, pacnbinm-
TenbHble, TPYObI-CYLUNIKA
4.3.2 | Cylwmnkn ¢ HarpeBoM mare-
pnana yepes pasgenvrenb-
HYI0O CTEHKY (C KOCBEHHbIM
HarpesoM), B TOM u4ucre:
CYWWNKN C Bpawarwmmcs
bapabaHoMm, LUHEKOBbIE CY-
LLMIIKN
5. XvMu4yeckme npoLeccbl B KOMOMHMPOBaHHbBIX CxeMax oboralleHus
5.1 MawwuHbl 1 MexaHuambl onsa | Ona ocCyLecTBNEeHUs XMMWUYECKUX NPOLIeCCOB B
NOAroTOBKM MCXOAHOr0 Ma- | cnegyrowmnx HanpasneHusx:
Tepuana K BbllLenaynsaHuio | -npegsaputenbHas obpaboTka pya wnamM npowm-
5.2 | MawwuHbl 1 MexaHM3Mbl Ons | NpoaykToB Ans obpasoBaHusa (unu, HaobopoT,
BblLLenavymBaHus LEeHHbIX | yaaneHnsa) MOBEepPXHOCTHbIX MfIEHOK Ha 3epHax
KOMMOHEHTOB PYAHbIX MWHeparoB, cerperauuMmM TOHKOAMUCNepC-
5.3 MallunHbl 1 MexaHu3Mbl Afig | HblX YacTul U ApYrnX XUMUYECKUX U3BMEHEHUN OT-
OTAEneHnss U OYUCTKU pac- | AefbHbIX KOMMOHEHTOB C LUEerblo  MOBbILLEHUS
TBOPOB pasnuuusa  usndecknx n  PU3NKO-XUMUYECKNX
54 MaluvHbl 1 MexaHu3Mbl Ans | CBOWUCTB MUHeparnoB U CO34aHuUA BO3MOXHOCTU
pasfgeneHns u ocaxaeHus | PasaeneHns nx obbi4YHbIMU MeToAamu;
MeTanmnoB U3 pacTBOPOB -noBoaka 6oraTbIX KOHUEHTPaTOB, HO HEKOHANLM-
55 MaLluHbl U MexaHun3Mbl ang | OHHbIX NO coAep>XaHMilo OCHOBHOIO KOMMOHEHTa
pereHepaLmn peareHToB UM nNpumMecen, NyTeM 4acTUYHOro WUIIM MOJSTHOro
56 MaLluHbl U MexaHun3Mbl ans vyoaneHna m3 HUX XxmMm4ecCckmmm MetogamMun HeKO-

[IOM3BNeYEHNst MeTarnmoB u3
oTpaboTaHHbIX pacTBOPOB

TOPbIX COMYTCTBYHOLLMX MUHEPAIIOB;
-nepepaboTka YepHOBbIX, KONNEKTUBHbIX KOHLEH-
TpPaToB MNN TPYAHOAOBOAMMBIX NMPOMMNPOAYKTOB C
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Uenbo npakTn4eckn MnoJsyiHoro CenekTtMBHoro wus-
Brne4vyeHnAa noJyie3HbiIX KOMMOHEeHTOB B OOHOWMEH-
Hbl€ NPOAYKTbI

6. BcnomoratensHoe o6opygoBaHue
6.1 lNuTtaTtenb nnacTuHYaTbIn Mogaya pyabl B 4pobunku
6.2 | lNuTatenb NEHTOYHbLIN MexaHunyeckoe nepemelleHne pya n matepmanos
6.3 | lNuTtatens Tapenb4yaTtbin Mopaya pyabl B MeNbHULY
6.4 | Bubponutatenb MNopayva pyabl B MenbHULY
6.5 | KpaH mocTtoBown PeMoHT 1 o6cnyxumBaHne o6opygoBaHus
6.6 | Tenbdep PeMoHT 1 obcnyxumBaHne o6opynoBaHus
6.7 Cywunku Bosgyxa KoHanumoHupoBaHue Bo3ayxa
6.8 | JleHTO4Hble Becbl ONA KoH- | BaBewwmBaHue pya n matepmuanos
Benepos
6.9 | Arutatopsbl [MepemelunBaHue nynbn 1 pacTBOPOB
6.10 | KOHTaKTHbIe YaHbl [MepemelunBaHue nynbn 1 pacTBOPOB
6.11 | CtaTmyecknii cmecutenb [MpurotoBneHne peareHToB
6.12 | JleHTO4YHble TpaHcnopTepsb! MexaHunyeckoe nepemelleHne pya n matepmanos
6.13 | LLUHekoBble TpaHcnopTepbl MexaHunyeckoe nepemelleHne pya n matepmanos
6.14 | NoporpeBaTenb pacTBOPOB KoHanumoHnpoBaHue pactBopoB
6.15 | BeHTunstopsl [ns nepemelleHns rasa CO CTeneHblo cxXaTus

MeHee 1,15 (Unu pasHOCTLIO AaBNEHUN Ha BbIXO-
ae n Bxoge He b6onee 15 klla), BeHTUNALMK NO-
MeLLeHUR, oxnaxaeHnss obopyaoBaHus

6.16 | BosgywHble komnpeccopbl [na Bo3gyxocHabxeHus npoueccoB oborawieHus

6.17 | Bo3gyxogyBku [na Bo3gyxocHabxeHnsa npoueccosB oboraleHus

6.18 | LleHTpobexHble Hacochl M'mapoTpaHcnopT nynbnbl

6.19 | Hacocbl MmopoTpaHcnopT NoTaunoHHbIX peareHToB

6.20 | MNuTtatenu cpnotopeareHtoB | [ns gosmpoBaHus rnotopeareHToB

6.21 | MarHuTHble Wwanosbl [Onsa ypaneHns meTannMyeckux npeamMeToB U3
PYA

[ns npupoaooxpaHHbIX MepPONpUATUA NPUMEHSOT obopyaoBaHue, npuBegeHHOe B
Tabnuue A.4.

Tabnuua 0.4 — MNMpupogooxpaHHoe obopyaoBaHne ans gobbium n oboraweHuns pya UBETHbIX
MeTannos

HanmeHoBaHue obopynoBaHus HasHaueHne obopyanoBaHus

[o6blva pya nog3emMHbiM cnocobom

OpolieHne (BT.4. npenBapuTerb-
HO€) pyaHOro MaccuBa, OYUCTHbIX
3aboeB W Opyrvx NbINAWMX MNo-
BEPXHOCTEN

CraumoHapHble opocuTenbHble, pacnbiuTenb-
Hble, OPOCUTENbHO-BEHTUNSALIMOHHbIE YCTaHOBKMW,
BOASIHblE OpOCUTENU
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HanmeHoBaHue obopyaoBaHus

HasHauyeHne obopyaoBaHus

BoaoBo3ayLUHbIN 3XKEKTOP

MbinenogasneHne npu nepeasuxke
CeKuMn MexaHM3NpoBaHHOW Kpenu

CTBON BO3AYLUIHO-NMEHHbINA, NEeHoreHepartop, ne-
HoobGpasoBaTerb

lNbinenogasneHne neHoun

OYUCTHbIX paboTax

npu

MbineynaenueatoLas ycTraHoBKa

YnaBnuBaHue Mbinu npu npoBege-
HUK 6ypoBbIX, BblEMOYHO-
NOrpy304yHbIX paboT M TpaHCnopTU-
POBKe py[ KOHBeNepHbIM cnocobom

LaxTHbI BOgOCOOPHMK

lMpenBapuTernsHoe ocBeTIieHne
BoAbl (yoaneHue B3BELUEHHbIX 4a-
cTny)

Mpya-oTCTOMHUK WM aHarorMyHble YCTPOWCTBA
(OTCTOMHUMK, OCBETNNTESb C B3BELLUEHHBIM CNoeM
ocagka)

OcBeTneHve Bofgbl (yoaneHwe Ta-
XEnNbIX B3BELUEHHbIX YacTuL)

HedTtenosywka wn aHanorMyHble YCTpPOWCTBa
(6oHoOBOE 3arpaxgeHune, 6oHOBLIN PUNBTP)

OuncTtka CTOYHbIX BOO OT HedTe-
NpOOYKTOB

dnoTtaunmoHHaa MalumHa

OumncTKka CTOYHbIX BOA OT B3BELLEH-
HbIX BewecTB (KPYNHbIX U MerKo-
ANCMEepPCHbIX), HedTenpoayKTOB,
xenesa, macen u NAB

YcTaHoBKa ans obessapaxuBaHusi BOAbl XIOpu-
poBaHMeM

Ob6es3apaxmBaHne CTOYHbIX BOf
(yoaneHue 6akrepui)

YcTaHoOBKa OKMCNEHNS aKTUBHBIM UITOM

Buonornyeckaa ou4McTKa CTOYHBIX
BOA

YcTaHOBKa 030HUPOBaHUSA

Ob6es3apaxmBaHne CTOYHbIX BOA,
yaaneHue xenesa

YctaHoBka obe33apaxuaHus Y ®-usnyvyeHmem

Ob6es3apaxxmBaHne CTOYHbIX BOA

3acbINHON COPOBLMOHHBIN PUNBbTP

[loouncTka CTOYHbIX BO4

YcTaHoBKa aspauuv Boapl (aspatop)

OuuncTKa CTOYHbIX BOA OT Kenesa

YctaHoBka donoTtaumn, unbTpauum n obessa-
paXknBaHusi

KomnnekcHas
BOA

O4YNCTKAa CTOYHbIX

OTBanoobpasoBaTtenb HENPEPLIBHOIO AENCTBUSA

dopmunpoBaHmne oTBasnos

[lo6blya pya OTKpbITbIM Cnoco6om
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HanmeHoBaHue obopyaoBaHus HasHauyeHne obopyaoBaHus

3auncTtka 6noka npu GypoB3pbIB-
HbIX paboTax, MexaHW4YecKkoe pbix-
neHwe, BbIEMOYHO-MOrPy304HbIE
Bynbaosep paboTbl, pEMOHT aBTo4opoOr, nepe-
MeLleHne pernbcolunanbHoOn  pe-
LWETKN, CKNagmpoBaHMe u OTrpy3ka
py4, NNaHMpoBKa OTBaNoB

EypOBaFI yCTaHOBKa EypeHl/le B3PbIBHbIX CKBaXWH

BaKyyMHaﬂ MalinHa, nepegBmkHad HaCOCHaA

yCTaHoBKa OcyLuKka CKBaXXuH

ﬂ,OCTaBKa B3pbIiBYaTbIX BeLLECTB U

CMeCI/ITeJ'IbHO-3ap9|,D,HaFI MallnHa
3apAXaHne CKBa>KnH

3aboevyHas mawmHa 3aborka CKBaXXuH

TpaHcnopTupoBka 6GypoBOM TEXHU-

TpakTop o

pysonogbemHoe obopygoBaHue:kpaH (Ko3no-
BOW, MOCTOBOW, KpaH-
banka);nebepka;Tanb;Tenbdep;aBTONOAbEMHUK

nO,D,beMHO-TpaHCI'IOpTHbIe M MOH-
TaXHble pa6OTbI

Mmapaenuyeckoe paspylueHue mno-

MmaopomoHuTOp oon

OOHOKOBLUOBbLIA 3KCKaBaTOp C MexXaHU4YeCcKon

y BbleMoYHO-Norpy3oyHble paboThbl
nonaTou

OOHOKOBLLUOBbLI 39KCKaBaTOP C KAHAaTHOW CBA3bIO

y BblieMoYHO-norpy3o4yHbie paboTsl
(oparnaviH)

BbIeMO‘-IHO-I'IOpr30‘-IHbIe pa60TbI

MHOrokoBLLOBbIN 3KCKaBaTOpP
HenpepbIBHOIO Xapakrepa

Ob6ecneyeHne cBsA3N MeXay MHOro-
KOBLLOBbIM 3KCKaBaTOPOM W KOH-
BerepoM (Mnu oteanoobpasoBate-
nem)

MeperpyxaTtenb

Bblemo4yHo-norpy3oyHble  paboThl,
Morpy3ymnk KONECHbIN CKnaguMpoBaHMe W OTrpyska yrns,
dopmmpoBaHMe oTBanoB

KapbepHblii aBTocamocsar TpaHcrnopTupoBka ropHOW Macchl
(nepemelLeHne KapbepHbIX rpy30B)
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HasHauyeHne obopyaoBaHus

aBTOMOOWIbHBIM TPAHCMOPTOM.

ABTOCamMocBarnbl  Manou  rpyso-
NOABEMHOCTM  MOTYT  UCMOSMb30-
BaTbCA ANA BCNoMoraTenbHbIX pa-
6ot (Hanpumep, AONA OOCTaBKK
B3pbIBYATbIX BELLECTB).

penpep

PemoHT aBTOg0OpOr

Ckpenep

CTpouTenbCTBO M PEMOHT aBTOAO-
por: CHAATME NOYBEHHO-
pacTUTENbHOrO  CMosl,  CHATME
CHEXHbIX HaHOCOB, AoCTaBKa Lueb-
HS AN peMOHTa aopor

MoxeT orpaHn4YeHHoO MNMpPpUMEHATLCA
npn BblEMOYHO-NOINPY304HbIX pa6o-
Tax

LLlebHepasbpacbiBatoLias MallmnHa

PemoHT aBTOOQOpOr

JlokomoTMB

TpaHcnopTupoBKa rOPHOW Macchl
(nepemelLeHVe KapbepHbIX rpy30B):
obecneveHne TArM XxenesHogopoX-
HbIX COCTaBOB C AyMMKapamu

YKene3HogopOoXHbIN BaroH

TpaHcnopTupoBKa rOPHOW Macchl
(nepemelLeHre KapbepHbIX rPy30B)
XXEeNne3Ho4OoPOXKHbIM TPAHCNOPTOM

Tonkatenb

ObecnevyeHne MaHeEBPOBbIX paboT
Ha »KeNne3HO40POXKHOM TpaHcnopTe

YCTpOMNCTBO MaHEBPOBOE

ObecnevyeHne MaHeEBPOBbLIX paboT
Ha »Kene3HO40POXXHOM TpaHcnopTe

[MyTeBas mawmHa

O6cnyxmBaHue XXenes3Ho4OPOXKHbIX
nyTeun

KoHBenep

TpaHcnopTUpoBKa rOPHOM Macchl
(nepemelLeHre KapbepHbIX rPy30B)
KOHBEMEPHbIM TPaHCMOPTOM

HacocHas yctaHoBKa

BooooTBoa, OcCyluka CKBaXuH AOns
OypoB3pbIBHbIX paboT, rmagpasnu-
4yeckoe paspyLueHume
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OTrpyska pya B >ene3HO4OPOXHbIe
COCTaBbl, B TOM 4ucne ¢ npensapu-
TenbHON COpPTUPOBKOW K Apobne-
HUeM

[Morpy30o4HbIN KOMMNIIEKC

MepemelieHne kabenen Ha y4acT-

KaGenenepenBumx4ink
Kax OTKPbITbIX FOPHbIX paboT

PemoHT 06opynoBaHus

l/I3|\/|epeHV|e CoCTaBa 1 napamMeTpoB
npo6 pyA

TpaHcnopTupoBka ob6opyaoBaHus
ABTOMOOUIbL cneymnalrnibHOro Ha3Hav4yeHus TpaHCI'IOpTMpOBKa CTPOUTENBHbIX
MaTepuanos

TpaHcnopTupoBka ToMfMBa W 3a-
npaBka ob6opyaoBaHus

OTkayka 1 TPaHCMNopPTMPOBKa una

ObecneyeHne NMHEBMAaTNYECKOro

KomnpeccopHoe obopyagoBaHme
P P PyA npuBoga obopyaoBaHus

KoHTponb napameTpoB Bo3adyxa Ha

CucTtema a3porasoBoro KOHTPOJs
yyacTkax OTKPbITbIX FOPHbIX paboT

MogrotoBka nabopaTopHbiX Mpob

MawwnHa npobopasaenoyHas
PODOP pya

JTabopaTopHbIn KOMMNNeKCc ¢ npubopamn ans uns- | lamepeHne coctaea 1 napameTpoB
MepeHus cocTaBa BeLLecTBa npo6 pya

Moporpes Bo3gyxa, NMOCTyNaroLLEro

Kanopudepsbl
pucpep B NOMELLeHUS

O6oralieHune pya

nyme MHEPUMOHHbIE N KaMepHbIe MNbINeyJIOBUTENN

MbineynaenueatoLLmne Kamepbl
YnaBnuBaHWe nNbinnM TeXHomnormye-

YKantoaumrHble nbineynosuTenu CKMX Tras3oB UM BO3dyxa B UexaX
Apo0neHus, Ha CyLWUNbHbIX YCTa-
LlI/IKJ'IOHbI, B TOM 4ucre 6aTape|/|Hb|e HOBKax, B CUCTEMax MNPOMbILLMEH-

HOW BeHTUnaumm n acnmpaumm O
MpAMOTOYHbIE NbINEYNOBUTENN
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HasHauyeHne obopyaoBaHus

Mokpble MbineyrnoBuTenu

[neHoYHble nblieynoBuTesnn

OpoluaeMble MbifieynoBUTENn

rlpFIMOTO‘-IHbIe MOKpbI€ MbIN1eyIIoOBUTENN

Ckpyb66epbl, B TOM 4mucre UeHTpPobexHble n ¢
Hacazkon

Ll,eHTpO6e)KHbIe croeBble MOKpbIE nMblfieyfioBu-
TEeln

BapboTaxHble 1 neHHble nbineynosuTenu (6ap-
boTepbl)

CkopocTHble (TypbyneHTHbIe) MblrieynoBuTenu

OkoH4aTenbHasa OYUCTKA 3anblieH-
HbIX ra30B MOKPbIM COcoboM B cu-
cTemax acnupauun u npoMbileH-
Hon BeHTUNAUMn OP

Masoxoabl 1 AbIMOBbIE TPYObI

[na BbibpocoB rasoB (Bo3gyxa) B
aTMocdepy Ha onpegeneHHon 3a-
AAHHOW BbICOTE, KaHanusauusa ra-
30B, A4S NONyYeHNs MUHUManbHO-
ro runapaBnM4eckoro CconpoTuBre-
HUSE 1 paBHOMEPHOro pacnpenene-
HUS Ta30B MeXay OTAeNbHbIMU Mbl-
neynoBnTensamm

PykaBHble (TKaHeBble) hunbTpbl, B TOM YUCHE C
pereHepaumen TKaHNW MeXaHUYEHCKUM BCTPSIXU-
BaHMeM u obpaTHOM MNpOOYyBKOMW, pykaBaMn U3
CTEKIOTKaHen U CUHTETUYECKUX TKaHen, Cco
CTPYMHOM W WMMYNbCHOW MPOAYBKOW, pPaMHble
GunbTpbI

[ns ocywecTBneHmss npoLeccoB
OCaXaeHus YacTuy Nbinn Ha unb-
TpyloLen nOBEPXHOCTU, 3akroya-
IOLLMXCA B TOM, YTO KpYyMHble 4a-
CTUUbl OcedalT Ha Hen, T.K. pas-
Mepbl ux Bonble nop unbTpyto-
LLlen neperopoaku

ONeKTpounbTpbl (CyXme U MOKpbIE)

Onsa nonydyeHus nwbon creneHn
ounctkn (8o 99 % u pgaxe po 99,9
%), ecnu He cuynTaTbCHA C HEOobXo-
AVMOCTbIO B Takux cry4yasax ycTa-
HOBKM (punbTpoB BGOMbLUIMX pa3mMe-
poB

3ymndp

MpeaBaputenbHoe ocBeTneHue
BOAbl (y4aneHue B3BELUEHHbIX 4a-
cTny)

Mpyo-oTCTOMHUK WM aHarnorMyHble YCTPOWCTBa

OcBeTrneHve Boabl (yoaneHve Ts-
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eM ocagka)

(OTCTOVIHVIK, OCBET/INTENMb CO B3BELUEHHbLIM CI10- | XESbIX B3BELLUEHHbIX “IGCTVILI,)

HedTtenosywka wn aHanorMyHole yctponctea | OumcTka CTOYHbIX BOA4 OT HedTe-
(6oHOBOE 3arpaxkgeHune, 6OHOBLIN UNBTP) NPOAYKTOB

dnoTtaumMoHHasa MalluMHa

OuncTka CTOYHbIX BOA OT B3BELUEH-
HbIX BeLLEeCTB (KPYMHbIX U MerKo-
ANCMEepPCHbIX), HedTeNnpPoayKTOB,
xenesa, macen u NAB

poBaHMem

YcTtaHoBka gns obessapaxvBaHus Boabl xnopu- | O6essapaxmnBaHme CTOYHbIX BOA

(yoaneHue baktepui)

YCcTaHOBKa OKMCNEHUSI aKTUBHBIM UITOM

Buonormyeckas oO4YMCTKA CTOYHbIX
BOf,

YcTaHOBKa 030HUPOBaHNSA

O6e33apaxumBaHMe CTOYHbIX BOA,
yaaneHue xxenesa

YcTaHoBKa o6es3apaxmBaHuna Y O-nsnyyeHmem O6e33apaxmBaHme CTOYHbIX BOA

3acbIinHON COpOBLMOHHBIN UNBbTP

JloouncTka CTOYHbIX BOA

YcTaHoBKa aspaunn Boapbl (aspartop)

OumncTKa CTOYHbIX BOA OT Xenesa

paXxmBaHUs

YcTtaHoBKka donotauun, cdounbtpauumn n obessa- | KomnnekcHasd O4YuMcTKa  CTOYHbIX

BOA

TexHonornyeckoro o6opyaoBaHMs Ha NPEANnPUSATUSIX LBETHOW MeTannyprumaorikHO
COOTBETCTBOBATb KPUTEPUIO PECYPCO- U 3HeprocbepexeHnst. OLueHKa YpOBHS COOTBETCTBUS
o6opyaoBaHUs 3TOMY KpUTEpPUIO 3aTpyAHUTENbHA MO NpUYMHE pa3Hoobpasus BUAOB U Mapok
€ro Ha ropHoAo6bIBaloOLMX NPEAnPUSTUSX U OTCYTCTBMEM AOCTATOYHOW OnepaTMBHOM WH-

dopmauuu.

Tabnuuya [1.5 — TexHnyeckasi xapakTepucTvka OCHOBHOMO TeXHoMorn4eckoro obopyaosaHus

Bug pabot

HanmeHoBaHueob0-
pyLoBaHUS

TexHn4eckasxa paKkTepucTtmnka

[lobblva noasem-
HbIM CNOcobom

Bce Buabl obopyno-
BaHUA

CymmapHasi ycTaHOBSIEHHast MOLLHOCTb 3S1EKTPO-
neuratenen 500 - 1000kBT; yaenbHbIM pacxon
QNIEKTPUYECKON 3JHeprun Ha wussnedeHwe 1T Mo-
Ne3HoOro UCKOMaemoro npu HOMUHAarbHOW MPOU3-
BOOUTENBLHOCTU - Hebonee 0,7kBT-u/T
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KombGainHbl npoxoaye-
CcKkue

CymMmapHasi MOLUHOCTb 3rfeKkTpoasuratenen uc-
NOMHUTENBHbIX opraHoB HeMeHee
340kBT;y0enbHbIN pacxod 3f1EeKTPUYECKON 3Hep-
Mu Npu HOMMHANbHOMW NPOU3BOAUTESNBLHOCTU MO
nopoae npo4yHocTblo Ao 15 MlMa - <11kBT-u/T

No6blya OTKPbITbIMOKCKaBaTopbl  04HO-O6beM koBwa HeGonee 10M°; yaenbHbIN pacxon
cnocobom KOBLLOBbLIE Ha ryce-pnekTpUYeckon 3Heprm npu HOMWUHANbHOW NpPO-
HWYHOM XO4Yy C 9NeKk-U3BOAUTENbHOCTU - Hebonee 0,41KBT'H/M3
Tpuyeckum unu  au-0O6bem KoBLLA 10—15M3; yOerbHbIN pacxon 3riek-
3emMb-3NeKTPUYECKUM TPUYECKON SHEPTMM MPU HOMMHANbHOW MPOU3BO-
npMBOLAOM auUTenbHOCTU - Hebonee O,82KBT'H/M3
O6beM koBLaA cBbile 15M°; yOernbHbIN pacxon,
9NIEKTPUYECKON SHEeprum npu HOMMUHANbHOM MpPo-
n3BOAUTENbHOCTY - HeGonee 1,22kBT-uy/m°
O6beM KoBlwa go 20m°; yOernbHbIN pacxon anek-
TPUYECKON 3HEPrMM NpU HOMMUHANbHOW MPOU3BO-
ANTENbLHOCTU - HEDoONee 1,22KBT"-I/M3
O6bem koBwa 20-40m>; yOernbHbIN pacxon arek-
TPUYECKON 3HEPrMM Npu HOMMUHANbHOW MPOU3BO-
auTensHocTY - Hebonee 1,95kBT-u/m°
O6beM koBwWwa cBbile 40M°; yOenbHbIN pacxonq,
ANIEKTPUYECKON SHEprum npu HOMUHANbHOM Mpo-
M3BOAUTENBHOCTU - HEDONee 1,95|<BT-l-|/M3
OKCKaBaTOpbl MHOrO-YAenbHbIN pacxoq 3MeKTPUYECKOW 3IHeprum npu
KOBLLOBbIE Kapbep-HOMMHANbHON Npou3BoanTenbHOCTM - Hebonee
Hble  poTopHble  c0,6KBT.u/M>
ANEKTPUYECKMM MNP
BOZIOM
O6oraiueHne KoHycHble apobunkmKpynHocTb AgpobneHoro Mmatepuana - 6004

KpynHoro ApobrneHuns
pa3mep 500-1500

1000mMm; npegen MPOYHOCTM MpU  CxXaTum Oo
300MTa; cogepxaHne Bnarmn 0o 4%

KoHycHble apobunku
cpeaHero ApobnexHus
Tunopasmep 500-900

KpynHocTb gpobneHoro matepuana - 100-300mm;
npegen npovHoctn npu cxatum go 300MrMa; co-
nepxaHue snarn 0o 4%

KoHycHble apobunku
Menkoro ApobneHus
pa3mep 1750-3000

KpynHocTb agpobneHoro matepmana - 50-100mwm;
npegen npovHocTtu npu cxatum go 300MIMa; co-
nepxaHue snarm 4o 4%

[pobunkn ygapHoOro
nencTeua cepum «Tu-
TaH O»

MpounssogutensHocTb - 150-500T/4; ycTaHOBMEH-
Haa MowHocTb - 110-500kBT; ckopocTb ygapa -
35—-100Mm/c

LlekoBble  apobunku
nns  gpobneHus rop-
HbIX NOpPoA

KpynHocTb gpobneHoro matepmana - 150-500mm;
NPOU3BOAUTENBHOCTL 0 550Mm°/y; npegen npou-
HocTu npu cxatum go 300MIMNa
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[(pOXOTbl  MHEPLMOH-
Hble camobanaHCHble
cepun TNCT, TCI

MpounssogutenbHocTb 96-800T/4; obbemHas macH
ca HackInHoro rpysa 1,4-2,81/m°

MenbHWUbl WapoBbIe
MWL w»n MWP pans
MOKPOro  M3Mmerbye-

HUS PYAHbIX U Hepya-
HbIX MOME3HbIX MCKOH
naembIx

Pa6ounit o6bem - 36-82M°; MOLWHOCTb ABuraTe-
na1000-2500«kBT; npoussogutensHocTsb - Ao 3040
T/Y

MenbHUUbI  MOKPOrQ
caMon3MernbYyeHuns
Tuna MMC

Pa6ounit o6beM - 80M°; MOLHOCTb ABMraTens -
1600kBT; nponssoguTensHoCcTb - 80—600T1/4

JINHEeNHbIe rPOXOThI

Pa3mep rpoxota - 12M%; paamep punbTpoBarbHOM
TKaHn - 3500/(12250-13000)

OTcago4Hble MaLLUHbI

MpounsBoanTENBHOCTL 450-72071/y;

dopakuum - 0,5-150mMm

pasmep

OTcapgo4Hasa maluuHa
MO-318

Pasmep dpakumm oo 4mm n 4-100mMm
MponssoguTenbHocTb no pyge 180-270T/v

TspkenocpegHue  ce-
napaTopbl BaHHOrO|
Tnna

Pasvep dpakummn - 6-250mMm; npoussBoauTesb-
HOCTb MO MCXOAHOMY Cbipbto - 90-590T/4; npouns-
BOOMTESIbHOCTb MO  MCXOOQHOW nynbne 235-
1500Mm°/4

MawwnHa noTaumnoH-
Has MdY-12

BmecTumocTb kamepbl 12,5Mm°;
Mpon3BOOUTENBHOCTL MO WCXOAHOMY TBEPLOMY|
NpoaykTy (Mpu coaep>xaHun TBEpPAOro NpoaykTa B
ncxogHou nynene 120r/n) - HemeHee 80T/4
Ob6bemHass NpPoOM3BOAUTENBHOCTb HemeHee
700T1/4

YCTaHOBNeHHaa MOLLHOCTb afiekTpoasuratenemn
Ha ogHy kamepy - 38,03kBT

MawwnHa noTaumnoH-
Has

MponsBoauTENbHOCTL MO nynbne 900Mm®
no TBepgomy 90T/y

MarHuTHbIn  cenapa-
Top cepuun NBM

Mpoun3BoanTENBHOCTL MO TAXKENOW cpeae 160M°/y
[nameTtp pabouen 4actm 6apabaHa 900mm
[nvnHa 6apabaHa 2500mMm

MaruuntHasa nHaykuma 0,16Tn

MowHoCTb anekTpoasuratens 4kBT

INeHTOYHble  PUNbTP-
npeccol

HomuHanbHasi Npou3BOAUTENBHOCTL MO CYCMEH-
3umn - 0o 110-140m°/y

MowHoCcTb anekTpoasuratens npueoga, kBT - oo
2%8,5

CpeoHunn pacxod BOAbl ANS OYUCTKM punbTpo-

BOYHOM TKaHW - 40 26M°/y
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Tabnuua [.6 - TexHnyeckasa xapakTepucTnka BCnoMmoraTtenibHOro obopygoBaHus

y HanmeHoBaHneobopyao-
TexHonornyeckmmaTan TexHn4YecknexapakTepmucTmukm
BaHUS
1 2 3
MpoBeTpuBaHue rop-BeHTunatopbl oceBble NpUKOIHPUUNMEHT MONE3HOro OEUCTBUS He-
HbIX BblpaboTOK npoussoauTenbHocTn  60-MeHee 85%
nee 5000m°/y
BeHTunatopsbl WaxTHbleKoaMUNEHT MONE3HOro OeUCTBUSA He-
rmaBHOro NpoBeTpuBaHus MeHee 84%
BeHTunatopobl LWaxTHble Koo MUNEHT MONE3HOro OeUCTBUA He-
MeCTHOro nposeTpuBaHna MeHee 70%
TpaHcnopTnpoBaHne [KoHBenepbl WaxTHble nex-lUupuHa neHtel - ot 1200 fgo
FOPHOM MaccCbl U MO-TOYHbIE 1600MM;HOMMHaNbHaA CKOPOCTb FEHTHI
Irne3Horo nckonaemoro 3,15 -4,5m/c; cymmapHas MOLLHOCTb

anektpoasuratenen 1200 - 3500kBT;
yOernbHbIN pacxoq 3NeKTPUYeckon 3Hep-
Mun no nepemelleHnto 1T rpysa Ha 1M -
Hebonee 0,0017kBT-4/T'M

KoHBenepbl NEHTOYHbIE
ANa OTKPbITbIX FOPHbIX pa-
6ot

WWnpuHa neHTbl - 6onee 1600MM; HOMM-
HanbHas CKopocTb neHTbl 3,15 -4,5Mm/c;
CyMMapHasi MOLUHOCTb 3feKTpoasuraTe-
nen3500 - 5500kBT;

yOernbHbIN pacxoq 3NeKTPUYeckon 3Hep-
Mun no nepemelleHnto 1T rpysa Ha 1M -
Hebonee 0,00038kBT-4/T'm
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