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BBeneHue

HacToswmii MHHPOPMaLMOHHO-TEXHUYECKNA CNPaBOYHMK MO HaMMyYlMM LOCTYMHbIM
TexHonoruaM «Jobbiva 1 oboralleHne xenesHbix pya» (ganee — cnpasodHvk HOT) npea-
cTaBnsAeT cobon [JOKYMEHT HaLMOHanbHOW CUCTEMbl CTaHAapTU3aLmmM, CoaepXalliuii cucTe-
MaTU3MpoBaHHbIE AaHHbIe B 06nacTy AoObI4M, 0BoralleHnst 1 oKyCKOBaHWS JXeneaHblX pyd, a
TaKKke NPsSMOro BOCCTaHOBMEHWS Xenesa, Bkoyarowmn B cebs onncaHne TeXHONormnim, npo-
LiecCoB, METOA0B, CrOCOBOB M UHbIE faHHble. [JaHHbIN CnpaBOYHMK paspaboTaH Ha OCHOBe
aHanu3a TEXHOMOMMYECKMX, TEXHUYECKUX U YNPaBNEHYECKUX PELLEHWI, NPUMEHSIEMbIX 4N
ofecnevenHns BbICOKOM 3MEKTUBHOCTA NCNOMB3OBAHUA MaTepuanbHbIX U SHEPreTUYEeCKUX
PECYPCOB U 9KOMOrMYECKOW PesynbTaTUBHOCTU B JOObIYe XenesHbIX py4, NPy Npon3BoacTee
XKEene3opyaHOro Cbipbs M Kenesa NPSMoro BOCCTAHOBMNEHUS.

Kpatkoe copgepxxaHue cnpaBo4YHuKa

BsepeHue. lNpeacraeneHo kpaTkoe cogepxanne cnpasodHunka HAT.

MNpenucnosue. YkasaHa uenb paspaboTtkm cnpasoyHuka HOT, ero crartyc, 3akoHoaa-
TeNbHbIA KOHTEKCT, a Takke B3aUMOCBA3b C aHanorMyHbIMU MEXAYHAPOAHBIMU LOKYMEHTa-
MU,

O6nactb npumeHeHnsi. OnncaHbl OCHOBHbIE BUAbI AESTENBHOCTY, Ha KOTOpblE pac-
npocTpaHsaeTcs aencTane cnpasoyHuka HAOT.

B paspene 1 npeacraeneHa MH@POpMaUMs O COCTOSIHAM U YPOBHe pa3suTus B Poc-
cuickon depepauum TexHonorui fobelum 1 oboralleHus xenesHbix pya. Takke B pasgene 1
NPUBELEH KpaTKWin 0630p 3KONOrM4ECcKUx acnekToB Ao0bIuM 1 oboralleHns KenesHbIX pya.

B pa3spene 2 paHbl KpaTkMe ONMCaHUsA OCHOBHbIX TEXHOSOTMYECKMX NPOLECCOB U TEX-
HUYECKNX PELLIEHUI, NPUMEHSEMbIX NPU NPON3BOACTBE XENEe30pyaHOro KoHLEeHTpaTa, 060x-
JKEHHbIX OKaTbILLEN 1 enesa NpsamMoro BoccTaHoBneHns. NHdopmauma cucremartnsnposaHa
Takum 06pa3om, 4ToObl, C OAHOM CTOPOHbI, CPOPMMPOBATEL OCHOBY AN @aHanM3a TUMNUYHbIX
YPOBHEWN 3MUCCUI 1 NOTPeBNeHnsa pecypcos, a ¢ Apyro — npeacTaBUTb CMEKTP NOAXOA0B,
U3 KOTOPbIX MOTYT BbITb BblA€NEeHbl HaUnyylwmne AOCTYMHbIE peLleHus Ans obnactyu npume-
HEHWS1 CpaBoYHMKA.

B paspene 3 npeacraeneHa goctynHas nHgpopmaumsa o dakropax BO3gencTena npo-
LeccoB Ao6biun, 0OoraeHNs U OKYCKOBaHUS XKENesHbIX pyd, a Takke NPSMOro BOCCTaHOB-
TNEeHUs Xenesa Ha OKpYKatoLLyto cpefly, NpeAcTaBrneHbl CBEAEHUS O XapakKTePHbIX 3MUCCUAX
1 0 NoTpebneHnn pecypcoB, 3aTPOHYTLI BOMPOCHI BO3L,ENCTBUSA Ha NPUPOSHbIe naHawadThI.

Pazpen 4 nocesiweH o6CykaeHNO nopsaka uaeHTUUKaUMM Hamnydwmx AOCTYMNHbIX
TEXHOMNOMUIA (TEXHOMOTUYECKNX, TEXHUYECKUX WU YNpPaBNEHYECKUX PELUEHUA), XapaKTepHbIX
Anst obnactn npyuMeHeHus cnpaeodHuka HAT.

B paspene 5 npuBegeHbl Haunydwmne JOCTYMHbIE TEXHOMOMMU WU, TAEe 3TO BO3MOXHO,
TEXHOMNOMMYECKME NoKasaTenn, onpefeneHHble B pe3ynbTaTe CPaBHUTENBLHOMO aHanmn3a SKo-
JIOTUYECKON Pe3ynbTaTUBHOCTU U PecypcoadeKTMBHOCTN POCCUICKUX NMPEANPUATUN, pea-
NnayroLLmx npouecchbl Ao6blun, 06oralleHNst N OKyCKOBaHWUS XENe3HbIX pya, a Takke Npsamoro
BOCCTaHOBIEHWS Xeneaa.

B pa3sgene 6 onucaHbl CBEAEHWA, XapakTepU3yoLMe 3KOHOMUYECKUE acnekTbl Aes-
TENbHOCTW MpeanpuUsiTUA, UMEIOLME OTHOLLEHWE K BHEAPEHWIO HAUMy4YLUMX JOCTYMHbIX TeX-
HOMOTWIA U (UNK) K AOCTUXKEHMWIO MoKa3aTerneln 3KONorM4eckon peaynbTaTUBHOCTM U pecypco-
3P HEKTUBHOCTU, COOTBETCTBYIOLLMX TEXHOMNOrMYeckum nokasarensm HOT.

\'
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B paspene 7 cobpaHa nHbopMaums O NEPCNEKTUBHBLIX TEXHOMOMMYECKUX, TEXHUYE-
CKUX 1 yMpaBneHYecknx peLueHusix B obnactu obeium, oboralleHns n oKyCKOBaHWS Kenes-
HbIX Py, @ Takke NPsSiMOro BOCCTAHOBIEHMWS ernesa.

VI
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MpeaucnoBue

Llenwn, ocHOBHbIE NPUMHUMMBI U NOPSAOK paspaboTku cnpasoyHuka HAT ycTaHoBnNeHbI
nocraHoeneHnem lNpaeuTtenscrea Poccuiickon ®egepaumm ot 23 gekabps 2014 r. Ne 1458
«O nopsigke onpefeneHns TEXHOMOTMW B KayecTBE Haunydllen [OCTYMHOW TexHomorum, a
Takke paspaboTky, akTyanusauum un onybnmkoBaHus MH(POPMAaLMOHHO-TEXHNYECKMX Ccnpa-
BOYHWMKOB MO HAMUNy4LIMM 4OCTYMNHBbIM TEXHONOIMAM».

1 Ctatyc BOKYMeHTa
HacTtoswwmn cnpasovHuk HAOT sBngeTca JOKYMEHTOM MO cTaHaapTM3aumn.

2 UHcpopmanmna o paspaboTumkax

Cnpaeoynvk HOT paspaboTtaH TexHudeckon padouen rpynnon «[obei4a 1 oborawe-
Hue xenesHbix pyay (TPl 25), cospgaHHoM npukasom Poccrangapta ot 30 gekabps 2016 r.
Ne 2061.

MepeyeHb OpraHM3aumin, NPMHUMAaBLLKX yYyacTue B paspaboTke cnpaBoYHMKA, NpvBe-
LEH B paszene «3aknioumTenbHbIe NMOMOXEHVSA U PEKOMEHAALIMNY.

Hactoawmin cnpasoynmk HOT npeacraeneH Ha yTeepxaeHue bBropo Hannyywnx aoc-
TYMHbIX TEXHOMorni (ganee — bropo HAT) (www.burondt.ru).

3 Kpatkas xapakrepucrtuka

CnpaBoynvk HOT copepxut onvcaHue npuMeHsembiXx nNpu Aobblve XenesHblX pya,
NPy NPOM3BOACTBE XENe30pyAHOro KOHLEHTpaTa, 0B0XKEHHBIX OKaTbIWEN 1 Xenesa Npsmo-
ro BOCCT@HOBMEHWUS] TEXHOMOTUYECKMX MpoLeccoB, o0opyaoBaHUs, TEXHUHYECKUX CnocoCoB,
METOZO0B, MO3BOMSAOLLMX, NPEXAE BCEro, CHU3NTL HEraTMBHOE BO3AEACTBUE Ha OKPY>KatOLLLytO
cpeay, BogonoTpebneHme, NoBbICUTE 3HEpreTUdeckyo adeKkTMBHOCTL, pecypcocbepexe-
Hve. Cpean onmMcaHHbIX TEXHOMOMMYECKNX NpoLeccoB, 0BopyaOBaHUS, TEXHUYECKUX CMOCO-
0B, METOAOB OnpeAeneHbl PelleHUs, ABMAWMECH HaUIyYLMMU LOCTYMHbIMA TEXHOMO-
rvavm (HAT). Onsa kntovesbix HAT B HacToswem cnpaeoyvHvke HOT ycTraHOBNEHbI COOTBET-
CTBYIOLLME UM TEXHOMOTMYECKNE NOKasaTenm.

4 BzaumocBs3b C MeXxayHapoaHbIMU, perMoHarbHbIMU aHanoramu

Cnpasoynuk HOT paspaboTaH B pesynbTaTe NPOBEAEHUs] CPABHUTENLHOIO aHanuMaa
TEXHOJSOTMYECKMX MPOLIECCOB, TEXHUYECKUX PEeLUEHUN, yNpaBneHYeckMx (OpraHu3auyoHHbIX)
NMOAXOA0B, NMPUMEHSIEMbIX POCCUACKMMM NPEANPUATUSMU NpU A00bIME XKEnesHbIX pya, npv
NMPOM3BOACTBE XKENE30PYAHOrO KOHLEHTpaTa, 0OOXCKEHHbIX OKaTbIWEW U Xenesa MpsiMoro
BOCCT@HOBMEHWS, ANS LOCTWKEHWUSI BbICOKOW 3KOINMOMMYEeCcKon pesyrnbTaTUBHOCTM U addek-
TMBHOCTM MCNOMb30BaHNA NPUPOAHbIX pecypcos. lNpu paspabotke cnpasoynvka HAT npyHsa-
Tbl BO BHUMaHWe NoAxoAbl U MHopMaums 0 HaunyyLlwmnx NpakTUKax B COOTBETCTBYHOLLMX 06-
NacTsiX NPUMEHEHUS, CUCTEMAaTU3NPOBAHHbIE TakMMU OpraHu3aumsaMKy, Kak ABCTPanvAUCKUA
KOMOrMYeckuii  boHL MPOW3BOAUTENEN MUHEparbHbIX W 3HEPreTUYECKUX PEeCYPCOB
(Australian Minerals and Energy Environment Foundation), XXeneaHopygHas komnaHusa Ka-
Hagpe! (Iron Ore Company of Canada), MMHWCTEPCTBO NpefnpUHMMATENLCTBAE, SHEPTUM U
komMmyHukaumia Leeupn (Swedish Ministry of Enterprise, Energy and Communications), Je-
napTameHT NpupoaHbIx pecypcoB KOxHo-AdpurkaHckon Pecnybnvku (Department of Mineral
resources, Republic of South Africa). B yacTHOCTW, Ucnonb3oBaHsl MaTepuansl aHanuTnye-
CKOro M3[aHNsA «OKONMOrMYecknin MeHeIKMEHT B obnact Jo6blun MUHeparnbHbIX U 3Hepre-

Vi
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TUYeckux pecypcoB B AscTtpanuu. MpuHUMnbl n npaktrkay (Environmental Management in
the Australian Minerals and Energy Industries: Principles and Practices, 1996).

5 Coop paHHbIX

WHdbopmaLmsi 0 TEXHOMOTMYECKMX Mpoleccax, 06opyAoBaHUM, TEXHUYECKUX CroCco-
Bax, meTogax, NnpuMeHsieMbIx Npu fobbive 1 oBoraleHun XeneaHbix pya, Npy Npou3BoACTBE
XenesopyaHoro ceipbsi B Poccuiickon depepaumm, 6bina cobpaHa B npouecce paspaboTkum
cnpaeoynuka HAT B cootBeTcTBMM C MopsigkoM cbopa gaHHbIX, HeoOXxoauMbIX ANs paspa-
60TKM UHEPOPMALIMOHHO-TEXHUYECKOIO CMPaBOYHMKA MO HAWUIYYLLIUM AOCTYMHBIM TEXHONOMM-
SIM 1 aHanuMsa npuopuTETHBLIX Npobrem oTpacny, yTBepXaeHHbIM npukasom PoccraHaapTa
ot 23 miona 2015 r. Ne 863.

6 B3aumocBs3b ¢ Apyrumu cnpasouHukamv HOT

BsanmocBasb HacToswero cnpasoyHuka HOT ¢ apyrumu cnpasodHukamm HAT, pas-
pabaTbiBaeMbIiMM B COOTBETCTBUM C pacnopsikeHneM lNMpaBuTtensctBa Poccuiickon deaepa-
yum o1 31 okTsbps 2014 r. Ne 2178-p, npmBeaeHa B pasgene «Obnactb NpUMEHEHNS».

7 UHdopmaumsa o6 yTBepxaeHun, onybnukoBaHuM u BBeieHUU B eUCTBUE

Cnpasounuk HAOT yTBepxaeH npukasom PoccraHgapTta ot 15.12.2017 Ne 2845.

Cnpasoynvk HAOT BBeneH B gevicteue ¢ 1 uong, oduumansHo onybnukosaH B UH-
dopmaLmoHHol cucteme obLLero nonb3oBaHWa — Ha oduumansHoMm cante degepansHoro
areHTCTBa Mo TEXHNYECKOMY PErynMpoBaHuio 1 MeTponormmn B cetn UHTepHeT (www.gost.ru).
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MHOPOPMALUMUOHHO-TEXHUYECKUN CNPABOYHUK
NO HAMNYYWUM AOOCTYNHBIM TEXHONOIrMAM

Jo6blvya u oboralleHue xenesHuIx pyn

Iron ore mining and concentration

Hata BBegennna — 2018-07-01
O6nactb npuMeHeHusA

Hactoawuin cnpasodHnk HAT pacnpocTpaHseTca Ha Cneaylowe OCHOBHbIE BUfbl
AEATENbHOCTY, ONpeAensemMble B COOTBETCTBUM C OOLLEPOCCUACKUM KnaccudmKaTtopoM Bu-
A0B 3koHoMUYeckon festensHoct (OKB3[ 2) OK 029—2014 (KAEC Pega. 2) n B cooTeeT-
CTBMN G OBOLLEPOCCUINCKUM KNMACCUPMKaTOPOM MPOAYKLUMX MO BULEM 3KOHOMUYECKON Aes-
TensHocTn (OKMA 2) OK 034—2014 (KMNEC 2008) (npuHATbI 1 BBEAEHBI B AEACTBUE NPUKa-
30M PegepanbHOro areHTCTBa MO TEXHWYECKOMY PEerynMpoBaHU0 W MEeTporormm oT
31 sHBaps 2014 r. Ne 14):

- fobblva 1 oboralleHne XenesHbIxX pya, BKIoYas:

- OTKPbITYHO J0ObIYY XXenesHbIX pya;
- NOA3EMHYI0 [00bIYY XKEeneaHbIX PYA;
- oboralleHve xenesHbIX pya;

- OKYCKOB&HWe, NPOn3BOLCTBO XKENe30pyAHbIX OKaTbILLER;

- MPOW3BOACTBO Xeneaa NPsSMOro BOCCTAHOBMIEHMS,

- AOMONHUTENbHbIE BUALI AESTENBHOCTU C LiENbo NOAFOTOBKW XKENE30PYAHOrO ChipbS:
ApobneHue, namenbyeHve, knaccudukauus, pUnbTpoBaHUe, CyllKka U COPTUPOBKA Xenes-
HbIX PyZ, OKOMKOBaHWE.

CnpaBoynmk HOT Takke pacnpocTpaHseTcsa Ha NPOLECChl, CBA3aHHbIE C OCHOBHbLIMU
BUAAMUN AEATENbHOCTU, KOTOPbIE MOTYT OKasaTk BIUSHNE Ha 06beMbl SMUCCUA U (UNN) Mac-
LWTabbl 3arpsA3HEHNS OKPY>KatoLLEen cpeab!:

- MPOLIECCHI, UCMOMNb3YIOLME METOAbl NPEeAOTBPALLEHNA U COKPALLEHUS SMUCCUIA 3a-
rPA3HAIOWMX BELLIECTB U NapHUKOBbLIX ra3oB, yTUNN3aLMmM OTXOAO0B;

- XpaHeHWe 1 TPaHCMOPTUPOBKA XKeNe30pyAHOro Chipbs.

Cnpasoynvk HAT He pacnpocTpaHsieTcs Ha:

- MPOU3BOACTBO YePHbIX METAINNOB;

- BEATENbHOCTb, KOTOpasi KacaeTCsl WUCKMIOYMTENbHO obecrneyeHns NPOMbILLNEHHOW
6e3onacHOCTV MU oxpaHbl Tpyaa.

Bonpockl oxpaHbl Tpyaa paccMaTpyBaloTCA YacTUYHO U TONBKO B TEX Cryyasx, Koraa
0KasblBaloT BMNSHME Ha BUABI AEATENBHOCTY, BKIOYEHHbIE B 06NacTb NPUMEHEHUS HacTosA-
wero cnpasovHuka HAT.

JononHutenbHble BUABI AEATENBLHOCTU U COOTBETCTBYHOLME UM cnpasoyHukn HAT
npvBeaeHsl B Tabnuue O.1.



UTC 25-2017

Tabnuya 0.1 — JononHuTenbHble BULbI AEATENIbHOCTU U COOTBETCTBYHOLLME VM

cnpaBoyHukn HOT

Bug peatenbHocTn

CooTBeTcTBYIOWMIA cnpaBoyHuk HOT

JoObl4a nonesHbIX nckonae-
MbIX

UTC 16—2016 «lopHopoObbiBatowasi NpPOMbILLIIEHHOCTb.
O6Lwwue npouecchl M METOAbI»

Ouncrka BbIGPOCOB BpPeAHbIX
(3arpsasHAOLLMX) BELLECTB
B aTMOCHEpPHbIN BO34YX

NUTC 22—2016 «OQumnctka BbLIOPOCOB BpeaHbIX (3arpsia-
HSFOLLIMX) BELLECTB B aTMOCEpPHbIA BO34YX NPWY NPOM3BOA-
CTBE NPOAYKLUMKX (TOBAPOB), a TakKe Npu NpoBeAeHUN pa-
60T 1 OKasaHWK YCRyr Ha KPYMHbIX MPesnpUsTUSIX

OumncTKa CTOYHbIX BOA

NTC 8—2015 «Ounctka CTOYHBIX BOA MPU MPOU3BOACTBE
NPOAYKUMK (TOBaPOB), BbINOMHEHUN paboT 1 okasaHuM yc-
NyT Ha KPYMHbIX NPesnpusaTUsX»

NTC 10—2015 «O4ncTka CTOYHbIX BOA C UCMOMb30BaHUEM
LEHTPanM3oBaHHbIX CUCTEM BOAOOTBEAEHMA MNOCENEHUN,
FOPOACKMX OKPYrOB»

XpaHeHne n obpaboTka maTe-
pvanos

UTC 46—2017 «CokpalieHne BbIGPOCOB 3arpAsHAOLWMX
BELLECTB, COPOCOB 3arps3HAIOLMX BELWECTB NPU XpaHEHWUN
1 CKNagMpoBaHMM TOBapoB (rpy3oB)»

ObpaLleHne ¢ otxogamm

UTC 9—2015 «ObesBpexuBaHne OTXOAOB TEPMUYECKUM
crnocoBom (CKuraHne OTXoa0B)»

UTC 15—2016 «YTunmsauma n obesppexmBaHne oTxonoB
(kpoMe oBesBpexmnBaHMA TEPMUYECKUM CNOCOBOM (Cxura-
HWe OTX0[0B)»

UTC 17—2016 «Pa3smelleHne OTXOAOB NPOU3BOACTBA U
noTpebnenns»

Mpon3BoACTBO YyryHa, ctanu v
eppocnnasos

NTC 26—2017 «[Mponseoacteo 4yryHa, cranu u deppo-
CnrasoB»

MpounssoacTBO N3genvin Aans-
HelLero nepeaena YepHbIx
mMeTansnos

UTC 27—2017 «[Mpou3BofCcTBO UM3AenvMin AarnsHenLero
nepenena YepHbIx MeTasnsoBy

MPOMBILLNEHHBIE CUCTEMBI OX-
naxpeHus

NTC 20—2016 «MNpoMbILLNEHHbIE CUCTEMBI OXNEXKAEHUSA»

Mpon3BoOACTBO SNEKTPUYECKOM
N TENNOBOW 3HEPrnm

NTC 38—2017 «CxuraHve Tonnmea Ha KpyrHbIX YCTaHOB-
Kax B Liensix npovsBoacTea SHeprumy»

MoBbILLIEHWE 3HEPreTUYECKon
3P PEKTUBHOCTH

NTC 48—2017 «lMoBblweHne 3HepreTnyeckon adekTms-
HOCTW MPWU OCYLLECTBINEHNN XO3SINCTBEHHOM U (UNN) MHOWN
LBEeaTensHOCTUY
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Pasgen 1. O6wan nHcopmMaumsa 0 COCTOAHUN U YPOBHE pa3BUTUSA
TEXHOIOTUI A006bLIYN N 0BOraLleHNA XENME3HbIX pya

Poccusa 3aHMMaeT BTOpoe MECTO B MMPe MO 3anacam XenesHoi pyAbl, ycTynas Tosb-
ko Bpaswnuu. 3anackl kateropuit A+B + Ci + C:, yuTeHHble «[0CyfapCTBEHHbIM 6anaHCcoM
nonesHbIX uckonaembix. >XenesHble pyapl» no coctosHuio Ha 01.01.2016 pocturairoT
110 mnpa T, pecypcbl Hambonee AOCTOBEPHON kateropum Pi oueHusawTcs B 95,4 mnpa T.
Mpy 3TOM Ka4ecTBO Xe/le30PyAHOro Chipbsi B POCCUM 3aMETHO HUXeE, YeM B ApPYrnx cTpaHax,
o6naganLmnx 3HaunTeNbHbIMK 3anacaMu 3TOro Cbipba (Hanpumep, Bpasunuu, AscTpanuu u
Wugun).

Pacnpegenerne 3anacos XenesHbiX pyA U WX NPOrHO3HbIX pecypcoB KaTeropuu Pi no
OCHOBHbIM cybbekTam P® npeactaBneHo Ha pucyHke 1.1.
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PucyHok 1.1 — PacnpegeneHue 3anacoB XeJsie3HbIX pya U UX MPOrHo3HbIX
pecypcos kateropuu Pi no 0CHOBHbIM cy6bekTam P®, mnpg T

OCHOBY POCCUIACKOW xene3opyAHOi 6a3bl COCTABAAOT Xene3ncTble KBapuuTbl (6onee
52 % 3anacoB kateropuii A + B + Ci 0T 3anacoB xesne3Hbix pys Poccuiickoli ®egepaumn),
pyAbl CO CpefHVMM cogepxaHueM xenesa obuiero okono 34 % u Tpebyolie oboratleHus.
3anacbl MecTopoXaeHuii 6oraTbix rematut-cuaepuT-MapTUToBbIX pya KypcKoil MarHUTHOM
aHomanuun (KMA) coctaBnsaoT okono 30 mnapg T (kateropum A + B + Ci + C:;), HO 13-3a C/IOX-
HbIX YC/I0BUIA 3aU1eraHns TONbKO LWecTas WX YacTb MOXET ObiTb BOB/IEYEHA B pa3paboTky.

PyAbl TUTAHOMarHeTMTOBOTO MPOMbILLIJIEHHOTO TUNa 3aHWMaloT BTOpoe MecTo B poc-
CUIACKON CbipbeBO 6ase xenesHbix pya (6onee 15 % 3anacos kaT. A + B + Ci cTpaHbl). Py-
Obl NpenmyLLecTBeHHO 6efHble— cpefHee cofepxaHue xenesa obuwero okono 17 %. Mo
mMacwTaby 3anacoB TWUTAHOMArHeTUTOBbLIX Pyf Ypanbckas >XenesopygHas MpOBUHLWA
HE MeeT aHa/oroB B M1pe.



UTC 25-2017

Pyabl MarHeTuToBOro MpPOMBbILLIEHHOTO TUMNa COCTaBNAKT OKoMo 14 % 3anacos
kat. A + B + Ci Poccun (8,4 mnppg T). Pyabl ux, Kak npaBuio, erkooboratumbl 1 OTIMHAKTCA
CpaBHUTENbLHO BbLICOKMM COAepXaHMeM Xenesa obuero (cpegHee cogepxaHune 33,1 %).
Bonblas yacTb 3anacoB MeCTOPOXAEHUIN MarHeTUTOBbIX PyJ CKApHOBOrO Tuna passejaHa B
Cubupckom hegepanbHom okpyre B FopHoli LWopun, KysHeukom Anatay u FopHom Antae.
Ha Tepputopumn okpyra 3anacbl kat. A + B + Ci cocTtaBnsT 12,6 % o6wmx 3anacos, A06bI-
ya — 4,4 % oT gobblun no Poccum.

Pyfbl oCTanbHbIX NPOMbILIIEHHbIX TUNOB 3aHUMAT 3HAYUTE/IbHO MEHbLUYIO [0/110 B
CbipbeBOil 6a3se xenesHbix pyg Poccun. CydeTom npupocTa B pesynbTare reosoropasse-
[OYHbIX paboT, AO6LIYM M NOTepb NpKU f06bIYEe 3anackl XenesHoblx pya kateropuii A + B + Ci
B 2014 r. BbIPOC/IN OTHOCUTENBLHO Npeabigyuiero roga Ha 908 mnH T, unn Ha 1,5 %; guHamu-
ka 3anacoB kateropuu Cr nokasana 60nee CylleCTBEHHbIA pocT — Ha 2,5 MApA T, wm
Ha 5,3 %.

Poccus 3aHnmaeT naToe MecTo B Mupe Mo A06blue Xene3opyaHoro cbipbs. [Jobblya
CbIpbIX Xene3HblX pysa B 2016 r. coctaBuna 298,1 mnHT, uto Ha 0,1 % 6osbwe, 4yem
B 2015 .

Mo 3anacam u go6blye B Poccun OCHOBHbIM PErMoHoM siBnsieTcs LieHTpanbHblli de-
OepanbHbIl  OKpyr, Ha [On0  KOToporo npuxoawmtces 57,7 % Bcex 3anacoB KaTero-
puii A + B + Ci 1 54,9 % fo6bIuun.

OCHOBHble MECTOPOXAEHNS XenesHblX pya 1 ux gobbiva B cybbekTtax PO npeacrtas-
NeHbl Ha pucyHke 1.2.

MecTopoxaeHus

= pa3pabaThiBaembie
O ocBavBaemble

PucyHok 1.2 — OCHOBHble MECTOPOXAEHUS XEEe3HbIX PyA U pacnpegeneHne
nx Aobblun no cyobektam PO, MaH T

UeTblpe XOoNguHra KOHTPOAMPYKT 0Koso 80 % poccuincKoro Npou3BOACTBA Xene3o-
pygHoro cbipbs un 6onee 60 % NuMUEH3MPOBaHHbLIX 3anacoB XenesHbix pyg. OO0
YK «MeTannonHeecT» 3aHMMaeT Befylive Mo3uuuvM B XenesopyaHoi otpacnm Poccun un
CHI. XonguHrn «Espaslpyn C. A.», TIAO «HJ/IMK» u IMNMAO «CeBepcTasb» N0 NPOM3BOACT-
BEHHbIM MOLLHOCTAM 60JiIee YeM BABOE YCTynawT nngepy otTpaciu.
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XapaKTepuCTVKa OCHOBHbLIX MECTOPOXKAEHNIA XEeNe3HbIX Py4 v nepeyeHs SKCryaTu-
PYHOLLMX UX NPEAnpUATUIA NpeacTasneHsl B Tabnuue 1.1, [7], [8], [9].

Tabnwuuya 1.1 — OCHOBHbIE MECTOPOXAEHNS XKENE3HbIX PYA N NepeyeHs

3KCMMyaTUPYHOLLMX UX NMPeanpUsTUi

(UpkyTckas o6-
nacTb)

CKapHax

3anack! pyasl, | flonsi B 6a- | Copep- | HoGblua
leonoro- MIH T naHcoBbIX |XaHve Fe| pygbl
MecTopoxaeHue .
NPOMBILUMEHHbIN TUM | A + B + 3anacax | Bpygax, [B2016r
Cs Cz P®, % % LMIAHT
MAO «Mwuxainosckuin FTOK»
Femarut-
Mwuxannosckoe MarHeTUTOoBbLIV B 8052 | 4764 117 39,5 51.0
(Kypckas obnacTb) |»kenes3uctbix kBap-
uuTax
AO «JeBeaunHckmin FOK»
Cromnno-
JlebeaunHckoe (ben- . 2199 109 2.1 35
MarHeTnTOoBbIV B
ropogckas obnactb)
- KeneancTbIx KBap- 51,2
NebegmHckoe rax
(Benropoackas 06 | 3613 | 1789 | 49 34,6
nactb)
AO «Kapenbckuii okaTbiLL»
KocTomykuuckoe, MarHeTuTOBbIV B
KopnaHrckoe (Pec- |xenesucTbix kBap- 926,7 | 86,8 0,7 32,1 35,1
nybnuka Kapenusa) |unrax
AO «Kospnopckuii FTOK»
Kosaopcoe * bagaenevt-anatut-
(Mypmatickas 06- AR ! 7435 | 730 1,3 251 | 19,3
MarHeTUTOBbIN
nacrb)
AO «Espaspyaa»
LWeperewweBckoe
(KemepoBckas 06- 1402 | 14,5 0,1 36 46
nacrb)
TawrTaronbckoe * MarHeTuToBLIN B
(Kemepoeckasi 06- | ckapHax 410,3 | 296,4 0,6 455 2.1
nactb)
Kaackoe (Kemepos- %1 | 12| 003 | 433 | 13
ckasi obnacTb)
MAO «KopuiyHosckui FOK»
PyaHoropckoe * .
MarHeTutoBLIV B 205 37 02 32 8.2

OAO «CronneHckuin FTOK»
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lpodomkeHue mabnuypsi 1.1
3anacel pyAbl, | flonsi B 6a- | Cogep- | [obbiua
["eonoro- MITH T naHcoBbIX |xaHve Fe| pyabl
MecrtopoxaeHue o
NPOMBILLNEHHBIA TUN | A + B + 3anacax | Bpygax, |[B2016r
(o Ce PO, % % S MAHT
o . remaTuT-
Croiinerckoe MarHeTUTOBLIN B
(Benropogckas 06- 6506 | 4645 10,2 35 33,9
KENE3NCTLIX KBap-
nactb)
uuTax
OAO «Kombunar KMApyaa»
Kopo6koeckoe (ben- MarketuToseiii B
P xeneaucTeix ksap- | 2942 | 673 | 33 332 | 50
ropoackan obnacrtb) ’ J
uuTax
OAO «MarHuToropckmin MeTannypruieckin kKomouHaT»
Mpwuockonbckoe MarHeTuToBbIV B ]
(Benropoackasn 06- |xenesncTbix KBap- 1560 678 2 37,1 0 **
nactb) umTax
000 «Metann-I'pynny» R
Flkosnesckoe * Fematut-cnaepu-
(Benropogackas 06- MapTATOBBI 1861 | 7740 8.8 60,5 0,4
nacrb)
AO «KaukaHapckmin TOK «BaHaguiny
['yceBoropckoe
(Ceepanosckas ob6- 2427 | 2410 4,4 16,6 5992
nacTb) BaHagveso-
CobcTBeHHo- TUTAHOMarHeTuUTo-
Kaykanapckoe BbIA
(Ceepanosckas 06- 3603 | 3270 6.3 16,6 0
nacTb)
000 «JIEKC SJIEKTA»
BaHaawneso-
Cyposamckoe (Hena- | omarHeTy- 1791 | 1918 | 34 143 0
OuHckas obnacTb) . '
TOBbIN
OAO I'MIN «3abankancransMHBECT»
qMHeMCKf)e (3:‘36814— TMTaTOMaFHeTVI- 4641 | 4724 0.8 335 0
KanbCKUI Kpaw) TOBbIN '
000 «3Heprotexmawt XXI B.»
Focmwesckoe * ematut-cuaepuT-
(Benropoackas o6- Aep 2506 | 7559 | 9,3 616 0
MapTUTOBLIN '
nactb)
3AO «'MK "Tumup"»
Hecosckoe (Pec- MarHeTuToBbIN B
nybnuka Caxa, fky- |XenesucTbIx Ksap- 430,2 [ 1348 0,7 27.9 0
T™SRA) umTax
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OkonyvaHue mabnuypl 1.1

Banacel pyasl, | flonsis 6a- | Cogep- | Jobbiua
MecropokaeHue leonoro- i} MITH T naHcoBbIX |XaHve Fe| pyabl
NPOMBILLUNEHHBIN TUN | A + B + 3anacax | Bpygax, [B2016r
Ci C PO, % % S MIAHT
Taexos (Pecnyb- 7982 |5904| 1.4 383 0
nvka Caxa, AkyTus) '
TapbIHHaxckoe
(Pecnybnuka Caxa, 1093 | 2115 1,2 28,3 0
AxkyTns)
lopkutckoe (Pec-
nybnvka Caxa (Aky- 971 942 4 1,7 28,3 0
T™A))

000 «[lapuHCKMIA FOPHO-METanyprm4ecknin kKomomHaT»
lapuHckoe (AMyp- | MarHeTuTOBbLIN B 2114 | 1773 0.4 417 0
ckas obnacTb) ckapHax
000 «KumkaHo-CyTapckumin FOK»

KnmkaHckoe (EB-

. MarHeTuToBbIV B 184,5 32,3 0,2 35,6 3
petckast AO)
Cyrapckos (Espein- KeneancTbIX KBap-

y umTax 2895 |201,7| 05 32,6 0
ckas AQO)

HepacnpeaeneHHbint doHg,
Bucnoeckoe (ben- | [emaTtut-cupeput-
ropoackas obnactb) | MapTUTOBbIN 1453 | 2500 36 60,7
* YacTb 3anacoB HaxoauTCsi B HepacnpeaeneHHoM oHae.
** «0» B nocnegHem cronbue osHavaet, yto B 2016 r. aobblva Ha AaHHOM MECTOPOXAe-
HWUM HE Benacb MO PasnUYHLIM NPUYMHAM.
*** O6bembl A0ObIMM C YHETOM OKUCMEHHbIX KBaApUMTOB (B HACTOsLLEE BPeMs He nepe-
pabatbiBaemblXx).

OcHoBHasa f06blMa MECTOPOXAEHWUI XKENE3HON PpyAbl BEAETCS OTKPbITbIMK cnocobamu
pa3paboTku — Kapbepamu. Kapbepbl Xene3How pyabl XapakTepuaytoTCH 3HaYUTENbHbIMU
pasmepaMu U NPOU3BOAUTENLHOCTAMM, MO3BONSIOWUMM UMETH OTHOCUTENBHO HEBLICOKYHO
ce6ecToMMOCTb pyAbl C YY4ETOM CHIDKEHUS! PbIHOYHBIX LiEH. PasBuTe OTKPbITLIX FOPHbIX pa-
60T MaeT No NyTU HapalmMBaHUa NPOVU3BOACTBEHHOW MOLLHOCTW, Mepexofa OT Xene3HOAo-
POXHOro TPaHCMOPTa Ha KOHBEWEpHbIW, YBENMUYEHUS rabapuTHbIX PasMepOB FOPHOTPaHC-
noptHoro oGopygosaHna. Camble KpyrHble kapbepbl pacronoxeHel B paoHe KMA: JleGe-
avHckuin TOK, CroineHckmin TOK, Muxainoeckuin TOK. CymmapHbii o6bem gobblun 3Tmx
kapbepoB 3a 2016 r. coctaBnseT 135,9 MIH T ene3Hon pyAbl, YTO coctaenseT 456 % or
Bcero o6vema fobblun pyabl B Poccum 3a 2016 r. JlingepomM nNo npousBOACTBY XKenesHom py-
abl B 2016 r. senseTcsa Kaukanapckuii TOK, pacnonoxeHHbin B ropoae Kavkanap Ceeppnos-
ckoit obnacTu, cymMMapHbIi 06beM A06biMK € 4 kapbepoB coctasun 59 MnH T pyawl. MNpea-
npuATUs, BXxoaswme B rpynny «Cesepcranby» OneHeropckuii u Koctomykiuckuin FOKu ao6bi-
nm B 2016 r. cymmapHO 49 MIH T xene3Homn pyael. B LenoM Ha OTKpbITble ropHble paboTbl B
Poccum npuxoautca Bonee 87 % oT Bcel A00bIYM xenesHon pyab [9].
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B HacTosiLee Bpems fons nogsemHoro criocoba Aobbiun kenesHbix pya B PO nocro-
AIHHO CHWXXAETCH, TaK Kak He BbI3blBaeT J,OCTaTO4HOr0 MHBECTULIMOHHOTO UHTEpeca, NOCKOSb-
Ky ee cebecToumocTb, 3a PEAKMM WCKMOYEHneEM, B 2—4 pasa npesbiluaeT cebecToumocTb
pyAbl, AOBLITOM OTKPBITLIM criocobom. Mpy 3TOM MMeEOLWAsaca B cTpaHe CbipbeBas asa xe-
nesHbIX pya Becbma obluuvpHa ana Toro, YTtobbl HapalmBaTb TEKYLMA ypoBeHb A06bIun.
B Poccun nopsemHas pobblua cocpegoToyeHa B OCHOBHOM Ha CEMU KENe3opyaHbIX npef-
NpuATUAX (06beANHEHMAX), BKCNNyaTUPYIOLUMX OAMHHaALAaThL pyaHvkos. MoasemHble npen-
npusTUs no pAoOblMe KEenes3HOW pyAbl pacronoxeHbl: B LleHTpanbHOM — pervioHe
OAO «KombuHat KMApyna» (nobbiBaet 20 % oT obulero obbema noa3eMHou Aobbium),
000 «Metann-rpynn SAkoenesckuin pyaHuk»; OAO «OnkoH» B MypmaHckon obnactu Ha
OneHeropckom MectopoxaeHun ¢ 2005 r. npousBoauT noa3emMHyto oTpaboTky 3anacos; Ha
Ypane OOO «Bbakanbckoe PY», OAO «Bbicokoropckut FOK» B coctaee HIMPO «Ypany,
OAO «borocnoeckoe» PY (obecneunmaetr 30% pobeiau); B 3anagHon Cwubupu
OAOQ «EBpasPyna», skntovarowee TawTaronbckuii, MopHo-llopckuin u Kasckuid ounmans! v
000 «Pypa Xakacum» AbakaHCKUI pyAHUK, HA A0S0 KOTOPbIX NpuxoguTcs 41 % noa3eMHom
[06bn. Mpu atom npeanpusaTnsa 3anagHon Cubnpu u Ypana ao6biBaloT B OCHOBHOM MarHe-
TWUTOBbIE pyAbl C MPMMECLI0 remaTuTa U CUAEpUTbl C COAEPKaHMEM Xernesa B Heppax oT
27 % po 49 % B 3anagHon Cubupu n ot 32 % Ao 46 % Ha Ypane. OAO «KombuHat KMApy-
Aa» paspabaTbiBaéT MECTOPOXAEHUE XKENEe3UCTbIX KBapUWUTOB C COAEpXaHUEM Xernesa
32 % — 34 %, flkoBneBCKMIN pyaHWK AoObiBaeT npmpoaHoboraTeie XenesHsle pyasl. Mo reo-
TIOTMYECKMM YCIOBUSIM MECTOPOXAEHNA >KeneaHblX pyd OTHOCSATCS B OCHOBHOM KO BTOPOW
rpynne cnoxHocTu. TawTaronsckoe u Leperewckoe mectopoxaenusa B 'opHon Llopum oT-
HeceHbl K yaapoonacHeiM, a AbakaHckoe, EcTionmHekoe, Beicokoropckoe, NecuaHckoe, No-
pobnarogatckoe u Kasckoe MeCTopoXXaeHUs — K CKITOHHBIM K FOpHbIM yaapam. »Kenesopya-
Hble MECTOPOXAeHUs1 Poccumn No cpaBHEHUIO C 3apyBeskHbIMU XapakTepuaytoTca Gonee Hu3-
KAM Ka4eCTBOM pPyf, 3Ha4YiTenbHoW rnybuvHoM oTpaboTkm W CNOXHBIMW - FOPHO-
reonorndecknMm ycrnoesusimm nx paspabortkm. OtpaboTtka nx Ha NpeanpuaTAaX NPon3BoaUTCA
cucTeMaMu: STaKHO-KaMePHBLIMU, 3TXKHOTO MPUHYAMTENBHOO 06pyLLIEHUSA C OTOOMKOW pyabl
Ha KOMMEHCaLMOHHbIE KaMepbl U 3aKUMaIoLLYO cpeay, NoAaTaxHoro obpylweHus ¢ TopLo-
BbIM BbIMYCKOM pyAbl C MPUMEHEHUEM CaMOXOAHOro 000pyoBaHUs, STAXHOrO KaMEPHOro
obpyLLEHNs C 3aKnagkon BblpaboTaHHOro NPOCTPaHCTBa TBEPASHOLLMMN CMecaMn. SKoBneB-
CKWA pyAHWK oTpabatbiBaeT GoraTeiiee mectopoxaeHve Kypckor MarHutHoW AHomanum
C NMPUMEHEHNEM CUCTEMBI OTPABOTKM HUCXOAALLMMU CNOSIMU C TBEPAEIoLLEN 3aknaakomn [9].

YTto KacaeTcsi MMPOBOIo PblHKa, TO OH XapaKTepu3yeTCsl BbICOKOW CTEMEHBIO KOHCOMN-
daumn. Yetblpe Bepywme komnaHum (Vale, BHP Billiton, Rio Tinto 1 FMG) koHTponupytot
Gonee 70 % MMPOBOI TOProBNM XenesHowu pyaon. Beaywmmu crpaHamu-nponssoanTenamm
TOBAPHOW XenesHou pyabl AensioTcs Asctpanus, bpasunua, Kutan, UHgua n Pocensa, koto-
pble BMecTe npousBogat Gonee 75 % xenesHon pyabl. B 20152016 rr. B pasnuyuHbIx pe-
rmoHax Habniwoganack pasHoHanpaBneHHasi AMHaMuka OObEMOB MPOM3BOACTBA XKENE3HON
pyabl, koTopas 6bina cBsidaHa C HU3KUMW LieHaMM Ha KOHLeHTpaTbl. MMpoBoe npousBoaCcTBO
enesHoun pyabl NnpeacTaeneHo B Tabnuue 1.2 [10].
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Ta6nuya 1.2 — Mpon3BOACTBO KOHLEHTPATOB XEeNe3HOW pydbl BeAyLMK cTpaHamu
Mupa, MAH T

Y. Bec
HanmeHoBaHve 2010 2011 2012 2013 2014 2015 2016 20;'2 ;
%

ABcTpasinsa 404 449 496 581 641 759 809 41,1 %
Bpasnnus 349 373 372 366 401 383 380 19,3%
Kuraii 310 340 355 377 317 246 161 8,2 %
NHama 192 164 133 126 157 116 159 81 %
Poccus 89 94 97 98 105 95 95 4,8 %
Mpoune 367 397 410 456 489 403 363 18,5 %
Bcero 1711 1817 1863 2004 2110 2002 1967 100%

B 2016 r. NpoAo/IXanocb MOHMXEHME LEH Ha XeNe3Hyl pyay; MUHUMasbHbIX 3Hade-
HWI LeHbl JoCTUrann B Hadane roga — Ao 39,51 Aonn./tT, 4To CyLLeCTBEHHO HMXE aHanormy-
Horo nokasatens 2015 r. — 61,75 gonn./T. B TeyeHune 2016 r. Habnwganca He6ONbLLIOA pPoCcT

ueH. MupoBasa guMHamuka LeH Ha xenesHyto pyay B 2012-2016 rr. (62 % Fe) npeacrasneHa
Ha pucyHke 1.3 [11].

PucyHok 1.3 — [IuHamMuKka UeH Ha xenesHyt pyay B 2012-2016 . (62 % Fe),
nonn./t *

CHWKEHME LieH Ha XenesHyl pyfy npexje BCero cBA3aHo C cuTyauuell B 3KOHOMYKe
KnTasi kak KpynHeiillero B Mupe npov3BoAuTENS CTa/X, Ha A0/ KOTOpOro npuxoamtcsi 2/3
MUPOBOro MMMOPTa XenesHoi pyabl. [Ba taktopa: 3HauynTeNbHbIl AOMOHUTE/IbHBLIA 06beM
npeasioXeHns xenesopyaHoro cbipbsd (KPC) 13 ABCTpasiMm B CBA3U C POCTOM A06bIUM KOM-
naHuamn Rio Tinto, BHP Billiton n FMG n 3amegneHne TemMnoB pocta 3KOHOMWUKM Kutas —
oKa3blBaloT Hanbonee CyLLeCTBEHHOE [JaB/ieHNe Ha LiEHbI.
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JononHutensHoe aaeneHmne Ha LeHbl XKPC okasano ycraHoeneHHoe B 2014 r. ans
KUTaNCKMX NPOM3BOAUTENEN CTanu OrpaHWYeHUe Ha JOCTYN K KPeAWUTHbIM pPEecypcam, 4To
NPUBENO K YBEMWUYEHUIO 3anacoB pyAbl B nopTax. [onrocpoyHbie TPeHAbl PasBUTUA pbIHKa
>KPC cdopmupytoTcst noa BnnsiHuem pasnuuHbix dpakropos. C 04HOW CTOPOHbI, KA4eCTBO py-
Abl HA MUPOBOM PbIHKE MOCTEMNEHHO CHWKAaeTCH. YXyALUeHVe Ka4yecTBa BXOASALIErO CbipbA
NPUBOAWT K YBENUYEHMIO cebeCTOMMOCTM BbIMyCcKa CTanu W NOBLILLEHUIO 06beMa BpegHbIX
BbIBpocoB MeTannyprum. Bmecte ¢ TeM HapacTaroen TeHASHUMEN B MUPe SIBINAETCA yKe-
CTOYEHMEe 9KOJIOMMYECKON nonuTukn. B yactHocTu, Kutan, no-npeskHeMy SBMSAIOLLWMIACA NOKO-
MOTMBOM MupoBoro cripoca Ha XKPC, no npumepy passutbix ctpaH (CLUA, ctpaHbl EBponbl)
B35iN KyPC Ha YKeCTOYEHME 3Korormyecknx TpebosaHui, npeanonararowmx CHXEHNE Bpea-
HOro BO3AEVCTBUS METaITyprmyecknx NPOM3BOACTB Ha OKPYXAIOLYHO Cpeay, B TOM uucne
nocpeacTBOM yny4lleHns kavectsa notpednsemoro XKPC.

PocT akonornyecknx TpeboBaHuniA K MMPOBOWN YE€PHOW METanIyprum U CHPKEHNe Kade-
CTBa Xene3HbIX Py CO3Aal0T NPEANOCHINKA K POCTY MapXUHaNbHOCTU CbiPbA C BLICOKUM CO-
aepxaHuem Fe. YTOUHUM TEpMUHOMOMMIO.

YKenesopynHoe Cbipbe — BUA METarypruyeckoro Cbipbs, KOTOPOE WUCNOMb3yeTcs B
YepHOW MeTannyprum Ans NPOM3BOACTBA YyryHa U MeTannusupoBaHHoro npoaykta (DRI u
HBI), a Tawkke B HE3HAYNTENBHOM KONMYECTBE B BbiMNaeke cranu. YKenesopyaHoe cbipbe
noapasaensieTcs Ha ABa Buaa — MOAroTOBMEHHOE (arfioMepypoBaHHOE) U HENOArOTOBMEH-
Hoe (HearnoMepupoBaHHOE) Cbipbe.

MoaroroBneHHoe XPC — 3T0 Cbipbe, rOTOBOE AfNS UCMONbL30BaHUSA B AOMEHHbIX Ne-
Yax Ans NPOM3BOACTBA YyryHa.

HenogrotoBnenHoe XKPC saBnseTca CbipbeM ANSA NPOU3BOACTBA arnoMepupoBaHHOro
cbipbs. HenoarotosneHHoe XXPC — 3TO KOHUEHTpaT, AoMeHHasa v arnopyaa. KoHueHTpar
NMpOM3BOAMTCS B OCHOBHOM B pe3ynbTare MarHUTHOM cenapauum U3MenbYeHHON KenesHou
pyabl C HU3KMM cofepxaHneMm xenesa. MsBneyeHne xenesa B KOHUEHTpAT cocraBnsieT B
cpepHem okoro 80 %, cogepxaHue xenesa B KoHueHTpare 60 % — 65 %.

>KenesopypHoe cbipbe AN AOMEHHOrO npoLecca NoaBepraeTcs arfiomepawmm u oky-
CKOBaHMIO. ArnomMepar nosy4yaroT M3 arnopyabl U KOHUEHTpaTa, a ans NnpoussoacTBa okaTbl-
LUE MPUMEHSIOTCS TONMBKO KOHLEHTpaThI.

K NoaroToBneHHOMY XXEnesopyAHOMY CbIPblO OTHOCAT arnomepar v XenesopyaHble
OKUCIEHHbIE OKaTbILLW.

ArnomepaTt — OKYCKOBaHHbI PYAHbIA KOHLEHTPAaT, NOMyYeHHbIN B NpOoLEecce arnome-
paumn. Cnekwascs B KyCkM Menkas (4acto nmeinesvaHas) pyaa pasmepamm 5-100 MM € He-
3HaYUTENBHBIM COAEPKAHMEM MENOYN.

OkaTbIWy NpoM3BOAATCA M3 XKENe3opyaHOro KoHueHTpara ¢ fobaBneHveM CBsi3yto-
WX 1 conrocytomx AoBaBOK B pe3ynbTare OKOMKOBAHUS CMEcU (rpaHyribl AuamMeTpom S5—
18 MM) 1 MOCNeayrLEro ynpoYyHsioLLero obxura.

>Keneso npsiMOro BOCCTAHOBIEHNS ABNSETCS XEne3opyAHbIM ChipbeM ANS cTanenna-
BUINbHBIX NeYer B anekTpomeTannyprim. KoHuenuus sarpysku anektpogyroebix neven (340M)
npoaykumen DRI-HBI gaeT BO3MOXHOCTb MCNONb30BaTb OONEe BbICOKYIO 3HEPruIo MnaBku
npy yBENMYEHUA NPOUN3BOAUTENBHOCTM NeYn. OfHAKO €ro MOXHO TakKe 3arpyxarb B MapTe-
HOBCKME N KOHBEpTEPHLIE MeYn (BMECTo Metannonoma). JJoMeHHbIn npouecc B TakoM npo-
W3BOJACTBE MONHOCTLIO UCKNoYeH. [MoaTtomy ceipbe DRI-HBI nossongeT cHU3UTL HeraTuBHoOE
BIIMSIHWE METannypru4eckoro NpousBOACTBa Ha OKPYXKaloLLyto cpeay, B TOM ynicne 3a cyeT
YMeHbLLEHNA BbIBpOCOB 3arpAsHAOLLMX BeLecTB B atmocdepy [12], [13].
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[vHamuka NpOW3BOACTBa XKENE30pYAHOro chipbs B Poccum npeacraeneHa B Tabnu-
ue 1.3.

Tabnuuya 1.3 — CratucTvka NPOM3BOACTBA KENEe30PYAHOro Chipbs, ThiC. T
2009 2010 2011 2012 2013 2014 2015 2016

KoHueHTpat
xenesopya- |91956,9|95272,0 | 103607,3|104010,0| 102156,5|102018,5 | 101926,8| 103525,8
HbIA
OkaTbim 33455,0 [ 37378,4|38419,7 | 38999,7 | 39410,9 | 39684,5 | 40972,3 | 42823,7
Arnomepar
xenesopya- |52916,6 | 56984,4 | 57802,1 | 58783,0 | 58762,4 | 59271,7 | 60392,0 | 59350,0
HbIA

OkaTbiwm
meTanmm3o- | 2438,4 | 2431,8 | 2732,7 | 2765,8 | 2730,0 | 2866,3 | 2833,6 | 3035,1
BaHHbIe
X 2164,8 | 2271,0 | 2418,4 | 2408,1 | 2578,9 | 2408,5 | 2601,9 | 2663,0
WUtoro MBX | 4603,2 | 4702,8 | 5151,1 | 5173,9 | 5308,9 | 5274,8 | 5435,5 | 5698,1

AHanma craTucTnyecknx AaHHbIX nokassisaet, 4To 2009 r. 6bin KPU3MCHBIM ANA Yep-
Hon meTannyprum. OgHako 3a nocnegHve cemb NeT HabnpaeTcs CTabunbHbIA POCT NPons-
BOACTBa MpPaKTUYEeCKM BCEX BUAOB Xene3opyaHoro cbipbs. Mo utoram 2016 r. aToT NpupocT
o6ycrnoBneH B NepByto ovepedb peanusaumenl MEpONpPUATUA PEKOHCTPYKLMM U MOZEpPHU3a-
unm pewncteytolero npomssogctea. OCHOBHbIE YCUIMA NPOM3BOAMUTENEN HarnpaBneHbl Ha
MNoBbILLEHME Ka4eCTBEHHBIX xapakTepucTuk XKPC, n npexae Bcero, cofepxaHue xenesa.

C 2010 r. akTvBM3MpOBanach peanusauus pasnuyHbIX MHBECTULIMOHHBIX NPOEKTOB.
Tak, komnaHus «MetannonHsect» B pernoHe KMA Ha Muxannoeckom n JlebegmHckom FO-
Kax peanuayeT nporpaMmy MOAEPHU3ALMN FOPHOTPaHCMOPTHOrO KOMINIEKCa C Lenbto yBenu-
YeHVsi 06BLEMOB MEPEeBO30K B Kapbepax TEXHWKOW MOBbILLIEHHOW MPOM3BOAUTENBHOCTY, a
TakKe NPeTBOPSAET B XMU3Hb CTPATErnio yBenuYeHns A0N1M NPOAYKUUA C BbICOKOM AoOaBneH-
HOM CTOMMOCTbIO, Bo3BoAs Ha fleGeguHckom MOKe kpynHeWmwmin B MyMpe mMoayrb Mo npoums-
Boactey NBX (uex MBXX Ne 3 mowHocTeo 1,8 MnH T/r). 3anyck ycTaHOBKM COCTOSANCA B an-
pene 2017 r.

Ha Muxannoeckom MOKe B 2015 r. 3aBepLUeHbl CTPOUTENLCTBO U BbIXOA HA MPOEKT-
HYO MOLLHOCTb 06xMroBo MawwmHbl OM-3, 4TO No3BONMIO KOMBMHATY 3a CYET YBENUYEHUs
NPON3BOACTBA OKaTLILEN CTaTb CaMbIM KPYNHbIM WX npounssoguTenem B CHI n yeTBepThbiM B
Mupe.

Mpynna HNMK, peanunsys «Ctpatermo 2017» pacwumpsieT mMowwHoct CTOUNEHCKOro
FOKa Ha 12 mnH T/r pyabl — o 42 mnH 7/r pyabl (19,5 MnH T koHUeHTpaTa), B 2016 1. 3a-
BEPLLEHO CTPOUTENLCTBO habpuki OKOMKOBaHUS MOLLHOCTbLIO 6 MIH T/r okaTbiwen. dabpuka
UMEET NoTeHUMan yBenuueHns 06beMoB NPOV3BOACTBA OKaTbILEN A0 7,2 MITH T/T.

OAO «KombuHat KMApyaa», asnsowmiics dnarmaHom B 06rnactv OTeYeCcTBEHHOW
nop3emHon  pa3paboTkm  kenesHbix  pyA, coBmectHo ¢ YK «[pombiluneHHo-
MeTannypruieckuin XONAUHI» PeanuayroT CTpaTerMyeckyto 3ajady Ha wwaxre um. MN'ybkmHa —
BCKPbITUE TPEMA HOBbIMW BEPTUKANbHBIMW CTBOMIAMM M OCBOEHME 3anacoB HOBOro 3KCrnya-
TaLWOHHOrO 3TaXa MPOEKTHOW MPOU3BOAUTENBHOCTLIO 7 MIH T/T Cbipoi pyabl. Bbixoa Ha
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MPOEKTHYO0 NPOM3BOAUTENBHOCTL HaMmeudeH k 2023 r., cpok oTpaboTku 3anacoB 3Taxa C npo-
€KTHOW Npou3BoaMTENbHOCTEHO — S0 neT.

Ha ceeepo-3anage ctpaHbl 06pa3umkomM aueepcndukanmm nponssoacTea (Bbl3BaHHON
W NPUPOAHBIMW YCMOBUSMW, N TEXHOMOrMYECKMMN BO3MOXHOCTAMW) ABMSETCS KOBAOPCKWNA
FOK «komnaHum «EBpoXum». Bbinyckas »enesopyaHbii KOHUEHTpaT B obbemax
5,7 mnH T/roa, Koepopckuin TOK sBnsieTcs ele M BTOPbIM MO BENUYMHE MPOU3BOAUTENEM
anatutoBoro koHueHTpata B Poccum (Bonee 2,7 mnH T/r), @ Takke €4UHCTBEHHbIM B MUpe
npoussoguTeneMm 6annenenToBoro koHueHtpata (bonee 8,8 Thic. T/r). [anbHenwee passu-
Tne OKa cBsisbiBaeTCs C yBenunyeHnem B Gnivkanilee aecaTunetTne obsemos AobblHMK pya
13 OCHOBHOrO kapbepa ¢ 18-19 g0 22 MnH T/r 1 pOCTOM NPON3BOACTBA U XXenesopyaHoro (4o
7,6 MIH T), 1 anaTuToBOro (40 4 MJIH T) KOHLEHTPAaTOB.

KomnaHusa «CeBepcTanby Ha kombuHaTte «Kapenbckuin okaTbIW» peanuayeT Hanpas-
JNEHHBIA Ha NOoBbILLEHWE 3PPEKTUBHOCTN NPON3BOACTBA B pamKax BCEA XONAWNHIOBON CTPYK-
Typbl MPOEKT, NpefycMaTpuBatoLLMA pasferbHyto nepepaboTky nerko- n TpyaHooboraTtMmbix
Py4 M BbINyCK OKaTbILLEW MOBbILLEHHOro kadectsa (¢ 63,2 % ao 64,3 % Fe v panee — po
66 %) pns Hyxa YepenoBeLkoro MeTanmyprmyeckoro koméuHara.

B Ypanbckom pervioHe koprnopauma EBPAS3 Tpynn c uenbio yBenudeHns Ha 20 %
moLHocTen CeBepHoro kapbepa KadkaHnapckoro FOKa no pobbive xenesHbix pya npy 3Kc-
nnyaraumm gencteyrowlero Nycesoropckoro mecropoxaeHus (80 30 MnH T/r) npeanpuHana
PEKOHCTPYKLMIO TPaHCMOPTHOM CXeMbl, MPOEKT nepeBoja Ha KOMOWHUPOBaHHYH (aBTOMO-
OMNbHO-XENe3HOAOPOXHYH) CXeMY AOIPKEH BbITb peanu3osaH k 2018 .

PocT 1 coBepLUeHCTBOBaHUE MPOU3BOACTBEHHbIX MOLLHOCTEN CTanensaBuiibHOro
Npon3BoACTBa NpeaonpeaenseT, Yto ByaeT pactu cnpoc Ha martepuan ¢ BbICOKUM (>90 %)
cofepXKaHEM Xernesa, NOMyYeHHbIA NO TEXHOMOMMN, OTNIMYHOM OT JOMEHHOro rnepeaena, Ko-
TOPYIO HasblBalOT MPsSMbIM BOCCTaHoBneHuem xenesa (MBXX) unv metannusauuen. 31o B
NnepByo 04epeb CBA3AHO C YXKECTOUYEHMEM 3KOonormvecknx TpebosaHmn — kak B Poccum, Tak
1 3a pybexom.

000 YK «MetannouHeecT» SBNAETCA efuHCTBEHHbIM B Poccum npowmssogutenem
MeTannmanMpoBaHHbIx okatbeiwen n MBXX. Obwme mowHocTn OO0 YK «MetannouHeecT» no
npomuseogcTey MBXX/MBX ¢ yyetom mogepHusaumm LIFBXK-2 n crpoutensctea LUITBXK-3 co-
CcTaBaT 7,2 MIH T B rop,.

BaxHbIiM ycnoeuem passutus npounssoacTtea 'bBXK sBnaetca Hanuume BbICOKOKaYecT-
BEHHOTO Xene30pyAHOro Cbipbs U AOCTYNHOCTL 60onblumMx 06beMoB NpupoaHoro rasa. ledu-
LMT 9TUX PECYpCOoB NPEnATCTBYET POCTY NponssoacTea [bXX Bo MHOrMX permoHax mupa.

Bricokne notpeburtensckme kadectsa BXK cnocobCTBYIOT NMPOABWKEHMIO 3TON NPO-
AyKUUM Ha MMPOBOM pbiHKe. o oueHkam Midrex, aBTOpUTETHOrO NCTOYHUKA CTaTUCTUKK MO
pblHKaM METanIM30BaHHOIO CbIpPbs, NMPUPOCT MOLWHOCTEN no npoussoactsy BXKITBX B
bnvkanilee AecATUNeTUE COCTaBUT HE MeHee SMAH T B rog, a obbeM MNPOUM3BOACTBA K
2030 r. BolpacteT go 200 MnH T.

MupoBoe npousBoaCTBO ropAYebpUKETUPOBAHHOIO Xene3a npeacraeneHo B Tabnu-
ue 1.4[12], [13].
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Tabnuua 1.4 — Muposoe nponssoacTeo BXK, mnH T *

HavmeHoBaHne 2010 2011 2012 2013 2014 2015 2016

MwupoBsoe nponssoacT-
Bo BXX

51,82 55,41 55,55 | 58,85 | 59,16 | 57,39 59,8

'BXXK — BaXHbIA KOMMOHEHT MPW NPOU3BOACTBE BbICOKOKaYECTBEHHbIX MApOK cTanu,
CMNOCOOCTBYIOLLMIA CHIDKEHWMIO CEDECTOMMOCTU MPOAYKUMN METanmnypruyeckoro npou3BoACT-
Ba. 'BXX sBnsieTca npoaykumMer ¢ BbICOKOM AOOaBNEHHON CTOMMOCTbLIO, YTO OByCcnoBneHo
3HEProahEKTMBHOCTLIO U 3KONOMMYHOCTBLIO MpoLuecca npoussoactea [BXK, HM3kum cogep-
XaHem BPeAHbIX NpuMecer, cTabunbHOCTBIO XUMMYECKOro cocTasa (Mo KavecTBy MpeBoc-
XOASILLEro MeTanmnonomM), a Takke BbICOKOW HaChbIMHOW Maccol WU OTCYTCTBMEM CE30HHOCTU
MoCTaBOK.

B Lenom MoxHO caenaTtb BbIBOA, YTO CMPOC Ha XENE3Hyo pyay kak B Poccun, Tak u B
Mupe OyaeT pacTu. To CBA3AHO C MMPOBLIM POCTOM HACENEHNs, OCBOEHMEM HOBbIX TEPPU-
TOPWIA, C 3aMEHOWN N3HOLLEHHBLIX OCHOBHbIX (POHAOB.

Haunbonee BbICTpble TEMMbI POCTa YMCMEHHOCTM HaceneHus oxuaaroTcs B Adpuke.
N3 2,4 mnpa npupocta mmpoBoro HaceneHus k 2050 r. 1,3 mnpa npuaetca Ha AdpuUky,
0,9 mnpa — Ha Asunto. Hanbonee BbICOKME TEMMbI POCTa HabnoJaroTCs B CTpaHax, Haxoas-
LWMXCS Ha CcTagusix, npepllecteyromx BypHoMy skoHomMYeckomy pocTy. CyuiectBeHHoe
BMUSHWE Ha M3MEHEHWe reorpadmmn Cnpoca OKaxyT PacTyLume CTpaHbl, UMEeKoLMe JOCTaTou-
HO BbICOKME [0OXOAbl AN ocylecTBneHus moaepHusaumm: WHagus, Wpan, Hurepus.
B 6nwkaniume rofbl pOCT YUCIEHHOCTU HaceneHns B 3TUX permoHax byaet conpoBoXaaTbes
macliTabHo uHaycTpuanusaumen n MHTeHcudunkaumen notpebneHma Metannos, TemM ca-
MbIM CO3[aBas HOBbIA PbIHOK CObITa YepHbIX U UBETHBIX MeTannoB. MoaepHM3auus 3KOHO-
MWKM, NPOVCXOASILLAs B Ha3BaHHbIX CTpaHax, OydeT okasblBaThb CyLECTBEHHOe MO3UTUBHOE
BMMSHWE Ha TeMmnbl pocTa rnobanbHbIX PbIHKOB MeTannoB. MHAMA B MeHbLUMX macwuTabax
Yem KuTal BrnornHe MOXET MOBTOPWTE POCT CMpOCa Ha MPOAYKUMIO MeTanmyprim no mepe
BXOXAEHWSA B aKTUBHYIO asy MHaycTpuanusaumn n ypbanmsaumun. lNpun atom gonsa kpyn-
Henwwnx notpebutenen metannos (EC, CLUA, Kutain) 6yner ymeHblaTbCa Ha poHe pocTa
cnpoca B HOBbIX perMoHax.

HblHeLWHee CHWKEHWE MUPOBbLIX LIEH HA >XeneaHylo pyay He BMUSIET Ha ypoBEHb A0-
Oblun XKenesopyaHbIX KBapuuToB B P®. 31O CBA3AHO Kak C Pe3KMM pPOCTOM Kypca MHOCTpaH-
HbIX BaNOT MO OTHOLIEHMIO K pyOnio B NOCNeAHNE rofbl, Tak U C POCCUACKUM PErynMpoBaHn-
€M KBOT 1 TapndoB Ha BBO3 rOCyAapCTBOM 3aMEHSIOLLIETO Cbipbs, T. €. UMNOPT cTanu u3 Ku-
Tas B Gnwkanwmne roapl He NpegycmaTtpusaeTcsa. B yactHocTw, Takoln nogxog Gbin NpyMeHeH
B 2015 . B CLWA, korga Tapud Ha umnopt ctanu us Kutas cocraesun 6onee 200 %, 4to npu-
BEJIO K PE3KOMY CHWXEHWIO NOCTaBOK XenesHow pyabl s Kurtas.

Ho mM1poBoOe CHWXKeHWE UeH, MyCTb AaXe B MOCTKPU3WCHBIN Nepuog, MOXET oTpula-
TEeNbHO CKasaTbCHA Ha BHYTPeHHEM pbiHke PP. B cBSian € aTMM yxe cerdac paccMmaTpuyBaroT-
CA rocyfapcTBeHHble Nporpammbl (0O6OpPOH3aKas, AOPOXHOE CTPOUTENBCTBO, XUULLHOE
CTPOUTENBCTBO, MALLUMHOCTPOEHME) NO POCTY METanmnonoTpebneHns Ha BHYTPEHHEM PbIHKE.
Ha ocHoeaHun aaHHbIX Rusmet u PBK 06beM HeobxoavMbIX pecypcoB AnSA cTapTta npo-
rpamm — ot 1 TpnH py6.

OCHOBHbIMK NOTPEBUTENAMM NPOAYKLMW METANNyPruyeckon MNPOMbILLNEHHOCTU SB-
NAOTCA CNeaytoLme OTPacnn: XUMLLIHOE U NHPPaCTPYKTYPHOE CTPOUTENBCTBO, TPAHCNOPT-
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HOe MalUMHOCTPOEHWE, MPOU3BOACTBO MalUMH W o6opynoBaHusl, XMMUYeckas NMpoMbILLMeH-
HOCTb, OOOPOHHO-MPOMBILLNEHHBIN KOMMIEKC, MPOU3BOACTBO NOCYAbl, ObITOBOM TEXHWUKN U
MELMLMHCKUX m3genuii. MNporHosupyembii CpeaHerogqoBo TeMM npupocTa CTpouTensCcTea
10 2030 r. coctaenseT 1,6 %. OH BygeTt obecneyeH 3a CYET BbINOMHEHWS NNaHOB NO nepe-
CENeHNIo rpaxaaH U3 aBapuiHbIX U MOAMEeXalmx CHOCYy AOMOB, peanusauuy nporpammbl
«Knnbe Ans poccunckon cembUuy rocyaapcTBeHHoN nporpamMmbl «ObecnedeHre AOCTYNHbIM
N KOMMOPTHBIM XUIBEM M KOMMYHanbHbIMU ycryramu rpaxgaH Poccunckon degepaymm».
TpaHcnopTHasa cTpaterns Poccuminckon ®epgepaunm o 2030 r. npegycMaTpuBaeT passutue
TPaHCMOPTHBLIX CUCTEM KPYMHLIX FOPOACKUX arnomMepauunin, obecneyeHne TpaHCNOpTHOM JOC-
TynHocTn KpawnHero Cesepa, Cubupu, JaneHero Boctoka. B 2015r. B HOByO pepakumio
CXeMbl TPYBONPOBOAHOrO TPaHCMNOpTa CTpaHbl Bbinv BHECEHBI ra3onpoBoabl « Typeukui no-
Tok», «Cuna Cubupuy», «Antan», «KpacHogapckuin kpan — KpbiM», a Taicke npesycMoTpeHa
BO3MOXHOCTb PEKOHCTPYKLMK Gonee 2 ThbiC. cyliecTBytowmx obbekToB. MporHo3vpyembin
CcpefHerofoBoM TEMN MPUPOCTa TPaHCMOPTHOrO MalumHocTpoeHusi go 2030 r. coctaBnsieT
8 %. OH GasupyeTtcs Ha peanvsauun noanporpaMmbl «Passutue TpaHCMOpPTHOrO U creuu-
anbHOro MalUMHOCTPOEHMSA» roCyAapCTBEHHOW NporpaMMbl « PasBntue NPOMBILLIIEHHOCTU U
MOBbILLEHNE €€ KOHKYPEHTOCNOCOBHOCTUY. MporHo3upyemsIi cpeaHErofoBoM TEMM NpUpoc-
Ta Npov3BOACTBa NpPOoAyKUMK aBuacTpoutenbHon otpacrim ao 2030r. cocraensiet 2,0 %.
[aHHbIN NporHo3 GasvpyeTca Ha NPOrHO3NPYEMOM OBHOBNEHUN POCCUINCKOTO aBUALIMOHHOMO
napka B pamMKkax peanvsauuv rocyaapcTBeHHOW nporpamMmbl «Paseutre aBuaumoHHOW npo-
MblILNeHHOCTN Ha 20132025 rr.». MNporHo3npyembii CpeaHerof0BOV TEMN NPMPOCTa Npomns-
BOACTBa MPOAYKLMM Tsbkenoro mawmHoctpoeHua k 2030 r. coctasut 7,1 %. [NporHosupye-
MbI CPEAHEro4OBOM TEMMN NMPUMPOCTa NPOM3BOACTBA anekTpoobopyaoBaHus Ao 2030r. co-
craensieT 4,7 %. JaHHbI NpOrHo3 6asmMpyeTcs Ha NPOrHO3MPYEMOM POCTE CRpoca Co CTOpO-
Hbl MPOMbILLNEHHOCTH, OBHOBNEHUUM MOLLHOCTEN W peanu3auyuy NNaHoB NO CTPOUTENbLCTBY
aTOMHbIX 3MEeKTPOCTaHLMA Ha OCHOBe JHepreTudeckon crpartermm Poccum Ha nepuog Ao
2030 r. 1 rocynapcreeHHoM nporpammbl Poccuiickon depepaumm «Passutne aTtoMHOro
SHEPronpPOMBILLIIEHHOTO KOMIMEKCay.

MeponpusiTusa no paseuTHIO Cpoca Ha NpoaykuMio oTpacnen metannypri. Hemano-
BaXHbIM hakTopoM siBRsieTcs paspaboTka v peanusauns MeponpuaTUA No Pas3BUTUIO Cnpoca
Ha NPOAYKUMIO MEeTarnnypruyeckmx oTpacren, npuHumaembix Ha yposHe [paButensctsa
Poccuiickoli depepaumm n peannsyemMbix deaepanbHbMU OpraHamMmyn UCNONHUTESNBLHOW Bna-
CTW COBMECTHO C NpeacTaBuTensMm brusHec-coobLyectsa.

ApkrM NpuMepoM ABRSETCA NPUHATUE U peanu3auma MNnaHa MeponpusaTun nNo CTUMy-
JNINPOBaHMIO CNpoca Ha NPOAYKLMIO BbICOKMX MEPEAENOB U3 antoMuHua Ha 2016-2017 rr., yT-
BepxaeHHoro MNpexcenarenem MpaeutensctBa Poccuiickon ®epgepauym [1. A. Measeaebim
oT 28 Honbpsa 2016 . Ne 9311 n-M9, koTopLIN NpepnonaraeT yTBEPXASHWE MHMLMATMB NO
TapuHbIM U HeTapuHLIM METOAAM PEryNMPOBaHNS BHELUHE3KOHOMUYECKON AEATENbHO-
CcTW, paspaboTKky NpeanoXeHUd No Mepam, HanpaBneHHbIM Ha yBenuyeHue notpebneHus
antoMUHKS B pasnuyHbIx cepax AesTernbHOCTM, COBEPLUEHCTBOBAHWE AOKYMEHTOB MO CTaH-
JapTu3aummn 1 NoaaepKKY OTEYECTBEHHbIX NMPOU3BOAMTENEN NPOAYKLMN N3 antOMUHUS.

OueHka cymMmmapHOro npupocta obuiero notpedbneHns anioMmHUA U antoMUHUEBBIX
NPOAYKTOB B pesynbTare BbIMNOSIHEHUSI yTBEPXKAEHHOro naHa MeponpuaTUA COCTaBUT He
mMeHee 505 Tbic. Tk 2020 T.

Takke UMEelT JelCTBUE roCyflapCTBEHHbIE MPOrpaMMbl CTUMYNMPOBaHKMA cripoca 3a
CYeT CTMMYyNMPOBaHNs OOHOBNEHNS YCTapEeBLLEro nNapka M CO3AaHns MOTUBALMK y BNagenb-
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LUeB ciaBaTb CTapyto TEXHWKY (BaroHOCTPOEHWE, Cy[OCTPOEHNE, aBTOMPOM, CENbCKOXO35M-
CTBEHHOe MalumHocTpoeHmne). O6beM HeobXxoauMbIX PECYpPCOB ANS CTapTa Nporpamm — oT
500 mnpg pyb. (Ha ocHoBaHuMM gaHHbIx Rusmet 1 PBK) [14].

OdmumansHbIe cBeaeHUs1 0 BO3AENCTBUM NpeanpuAaTUil o6nactu npuMeHeHus
UTC 25 Ha okpyxatowyto cpeay

Bozgencterne Ha OKpyXatoLlyto cpeay OTAelbHbIX OTpacnen 3KOHOMWUYECKOW Aes-
TENBHOCTM MonyyaeT oTpaxeHue B [ocypapcTBeHHbIx poknagax «O COCTOAHUM U OxpaHe
okpyxarowen cpeabl Poccuickon depepaummny, exerogHo nybnukyemblx MuHucTepcTeom
npupoaHbIX pecypcoB u akonornm PO (http://www.mnr.gov.ru/regulatory/list.php?part=1101,
nanee — locgoknaapl). lNepexop k onMcaHWio BkNaga pasnuyHbiX UCTOYHWKOB B 3arpsisHe-
Hne OC Ha ocHoBe OKB3][ ckasancsa Ha noaxoaax K aHanuay u cucrteMmartmsauum HdopmMa-
uum. dakTopsl Bosgernctema Ha OC npoueccoB A06bIMM 1 oBoraleHns XenesHbIX pyg, nony-
YaloT OTPaXKEHWE MPEMMYLLECTBEHHO B paspenax, NMOCBSALWEHHbIX OnucaHuio npobnem Bbi-
BpocoB 3arpssHAOLLMX BELLECTB, BOLOMONBL30BaHMA M obpalleHns ¢ oTxoaamu; creuparnbs-
HOM rnaebl No Aobblve xene3Hon pyabl B [ocaoknaaax Het [15], [16]. Tem He meHee pac-
CMOTpETh cBeaeHus, nybnunkyemble B Aoknagax deaepansHOro U peruoHanbHoro ypoBHeN,
WUMEET CMbICI, TaK KaK UMEHHO 3TV [OKYMEHTbI COCTaBMNSOT OCHOBY pasHoobpasHbIX cykae-
HAA O BKNage TOro WM MHOrO BUAA 3KOHOMUYECKOW AESTENbHOCTU B 3arpsi3HEHWE OKpPY-
Xarolwen cpelbl N OTHOLLEHUS K SKOMOrMYECKOWN AESTENLHOCTU NPeanpuUsSTUA Kak Ha ypoBHE
06bILEHHOr0 CO3HaHMWS, Tak U (Hepeako) B Kpyrax nuy, NpUHUMAaOLWMX pelueHus. 31o o6-
CTOSATENBbCTBO CNefyeT Yy4uTbiBaTb NPU aHanuse NpUOPUTETHBLIX (PAKTOPOB BO3LEVCTBUA U
BbISIBNIEHUW HAUMYYLLNX LOCTYMHBIX TEXHOMOMNA.

B MNocgoknage 3a 2015 r. ykasaHo, 4to Hanbonbwme ob6bembl BoIBPOCOB 3arpsi3Hsito-
LMX BELLECTB B aTMOC(epHbId BO3AYX OT CTaUMOHAapPHbIX UcTouHukos B 2015 r. npuxoaun-
NIMCb Ha Takue BUAbl SKOHOMUYECKOW AeATerbHOCTM kak obpabaTtbiBatoime Npou3BOACTBa
(34,5 %) w pobblya nonesHbIx nckonaembix (27,5 %). detanusaumn CBEAEHUN HET, OAHAKO
aHanu3a obcyxgaemoro pasgena [locgoknaga (tabnvua 5) no3sonaT caenartb 3akniodeHue,
410 Bonee 90 % BbIGpocos (0T BbIGpocoB B[ B Lierom) NpMxoanTCs Ha Aono AoBbiun Ton-
NBHO-3HEpreTnyeckux pecypcos [15, c. 197].

OTHOCUTENBEHO NONE3HBIMU MOXHO CHUTaTh TaKKe CBEASHUSA O 3HAYUTENbHOM BKnaje
[0oOblMKM NonesHbIX MCKonaembix B 0Owmn Boao3abop n ero Bo3pactaHun (4,0 mnpa v B
2014 r. n 4,4 mnpa m® B 2015 r.). Cuutaetcsa, 4YTO BOAOMONL30BATENW, OCYLLECTBNSAIOWME
A00bIMy MOMe3HbIX UCKOMAeMbIX, UMEKT OTHoCcUTENbHO Hebonblon obbem 060pPOTHOrO M
NOBTOPHO-MNOCNeA0BaTENbLHOrO BogocHabxeHus: 8,4 mnpa m® B 2014r. n 87 MnpA M B
2015 r., 4TO cocTaBnsieT NPMMEPHO 6 % OT 06LLEl CyMMbI MO BCEM BUAAM 3KOHOMUYECKOW
AEeATeNbHOCTU B KaxaoMm roay [15, c. 196]. B aTom xe pasgene ynomMaHyTO nocnejosartens-
Hoe cokpallieHe cbpocoB CTOYHBLIX BOA (NpuBefeHbl B eanHULEax obbeMoB exxerogHo cbpa-
CbiBaeMbIx BOA Mo A0ObIYE MOME3HbIX UCKOMaEMbIX B LIENIOM, EXErofHOE CHWDKEHNE MOXET
pocturate 5,5 % — 5,8 % [15, c. 196].

B lNocpoknage oTMEYeHO Takke, UTO HavbonbLuasi 4ons 06pasoBaHMs OTXOA0B Npo-
W3BOACTBA U NOTpebneHns NPUXOAUTCS Ha BUI, AeATENBHOCTU «A00bIYa NoneaHbiX Uckonae-
MbIX», T. €. HA OTXOAbl, BO3HMKAIOLLME NPU U3BMNEYEHNN N3 HEAP MOMNE3HbIX UCKONaemblX B
BMAE BCKPbIWHBLIX W/nnv BMeLaowmx nopog v ap. [15, ¢. 198]. 3a nocnegHue rogbl sta 40-
ns BapbupoBana B npegenax 89 % — 92 % ot obuwero konuuecTsa 06pa3oBaBLLMXCS OTXO-
AOB. BHUMaHus 3acnyxuBaeT Takke yTBEPXKAEHME O TOM, UTO Mnpu A06bIMe NONE3HbIX UCKO-
naemblx BO3HMKAIOT HEOMacHbIE OTXOAbI, OTHocsAWwmecs Kk V knaccy onacHoctu (okono 95 %
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OT BCel MaccChl AaHHOro Knacca OTXoAOB B CTpaHe). Bmecte ¢ Tem ykasaHo, 4to npexae
BCero oTxofbl 0bpasytoTcs npu f4obblb4e TONIMBHO-9HEPreTUHECKNX PecypcoB (Mpu nssnede-
HWW U3 Heap 1 oboralyeHn KameHHOro 1 Byporo yris).

[ns Buaa OesTenbHOCTU «4o0blda NonesHbIX MCKOMaeMbIX» XapakTepHbl Camble Bbl-
cokme maclTabbl nepepaboTkn OTXOAOB: Ha 3Ty OTpacne npuxoautes cebiwe 90 % Bcero
o6bemMa MCNonb3oBaHHbIX U 06e3BpeXeHHbIX OTXOA0B. B X cocTaBe OCHOBHYHO AOMHO0 3aHU-
MaHT BCKPbILLHbIE U BMELLAIOLLIME MOpOoAbl, a Takke OTX0Abl oboralieHus (BKIHYas Necok,
IMWHBI, CKanbHbIE NOpoAbI, Wnamel U T. 4.) [15, c. 232].

Bonpock! pausoHansHOro UCMosb30BaHUs PECYpcoB paccMaTpuBaloTcst B paspene
«OCHOBHbIE 3KONOrnyeckmne npobnemsl MUHEPaNbEHO-ChIPLEBOro komnnekcar [15, ¢. 91-102].
OTMeYeHO, YTO MPOLEHT U3BMEYEHUS OCHOBHBIX MOME3HbIX KOMMOHEHTOB U3 MUHEPanbHOro
Cblpbsa Npy fobblye Ansa xenesa coctaensan B 1991-2007 rr. 73,5 % — 74,8 % no Fe obwy;
Gonee ceBexue fgaHHble He npueoasTcs. OTMEYeHO, YTO BECbMAa BENWKN NOTEPU MOMYTHO A0-
OblBaEMOro MUHEPanbLHOro Cbipba — BCKPbILWHBLIX NOpoA. B kayectBe npumepa npveeaeHs!
cBeaeHnNst 0 Kapbepax Kypckon MarHMTHOW aHoManuu, rae eXerofHoO U3BneKaloTcs U3 Heap
LECHATKA MUNIMOHOB TOHH BCKPbILLHBLIX MOPOZ, COAEPXKaLLMX CnaHLbl, KBapUWTbl, Necku, rmu-
Hbl, CYrTIMHKA, MEn M Ap., KOTOpble MOrMKU Gbl HaWTN NMPUMEHEHVE B NPOV3BOACTBE CTPOU-
TenbHbIX Marepuanos 1 B cenbckoM xossnctee. K 3agavam paspabotkm n BHEAPEHUSA HO-
BEMLLMX pecypcocbeperaroLmx TEXHONMOMUIA (8 3TO OAMH U3 KPUTEPUEB OTHECEHUS TEXHOIO-
rvin k HOT) no Bcemy LuWkny — oT fobblum Yepes oboraleHne, MeTannyprudeckuin nepegen
W [0 NPOV3BOLCTBa KOHEYHON MPOAYKLIMK, a TakKe NCNONb30BAHNS BTOPUYHOTO ChiPbS OTHE-
CeHbl, B 4aCTHOCTU:

- COBEpLUEHCTBOBaHME CUCTEM pa3paboTkn PyAHbLIX MECTOPOXAEHUNA C LIENbIO CHUXKE-
HUS MOTEpPb MOME3HbIX UCKOMAaeMbIX B Hegpax U ux padyboxvBaHusa (Nepexoj Ha CUCTEMBI
noA3eMHbIX paboT C 3aKknafKol BblpaboTaHHOro NPOCTPaHCTBa BMECTO OOpYLLEHWS NOPOA),

- MPOMBbILLNEHHOE BHEPEHUE METOAA CKBAXKMHHOW rMapoaobeibm 6oraTbix xenesHbix
pya Kypckon MarHUTHOM aHoManum;

- LUMPOKOE BHEAPEHWUE TE0Noro-TEXHONOMYECKOr0 KapTUPOBaHWUS 3KCMNyaTUpyeMbIx
pYAHbIX MECTOPOXAEHWI ANS NMNaHUPOBaHUA Tekylwen Ao6blun 1 ycpeaHeHUs kadecTsa pya,
nepesn oboralleHVWeM, YTO 3HaYMTENbHO MOBLIWAET Mokasatenu paboTbl 06oraTUTEnNbHBIX
habpuk 1 CHDKAET NOTEPU MONE3HbIX KOMMOHEHTOB;

- nepexoa Ha rnybokoe oboralleHne C LenbHo MOBbILLEHNA KavyecTBa KOHLIEHTPATOoB,
arromepara, oKaTbILel, Npy 3TOM AOMOJSHATENbHbIE 3aTpaThl AOHKHBI OKYMNaTbCs Ha nocre-
LyOLLMX CTaaguax nepeaena (3KOHOMUS Terna, Kokca, (IICOB, MOBbLILLEHME KayecTBa Me-
TannawT. 4.);

- KOMMNMEKCHOE MCMONb30BaHNe A0OLITOr0 PyAHOrO Chipbsi C LENbH0 M3BMEYEHUS Ha
paLnoHanbHON S3KOHOMMYECKOM OCHOBE MOMYTHbIX LieHHbIX koMmnoHeHToB — Cu, Zn, Ni, Co,
Se, Cd, Ta, Zr, Au, Ag, Pt, anatuta, HedenuHa, S;

- PEBU3NOHHOE anpobupoBaHME XBOCTOXPaHWIWLL, U OTBaroB Ha COAEpPKaHWE B HUX
MOMNYTHbIX LEHHbIX KOMMOHEHTOB, MEPeoLeHKa MX WU NMPU MONOXUTENbHbIX peayfbTarax —
npoBefeHWe reonoropaseefoyHbix paboT ¢ pa3paboTkon TEXHWKO-3KOHOMMYeckoro o6ocHo-
BaHWs NOBTOPHOro oboralleHns HakomMeHHbIX XBOCTOB ODoralleHns U 3acknagmpoBaHHbIX
nopoa;

- Bonee MoNHOE MCMOMb30BAHME HA 3KOHOMWYECKOM OCHOBE MOMyTHO LOObiBaeMbIX
BCKPbILLUHBIX MOPOA.
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JononHutensHo B pasgerne, NOCBSLLEHHOM BO3LENCTBUIO PasnuyHbIX BULOB 3KOHO-
Mudeckon aesitenbHocTn Ha OC, npvBeaeHa MHGOPMauMs O NPOBEAEHUN MPUPOLOOXPaH-
HbIX MEPOMPUSATUA KOMM@HUSIMK, 3aHUMaLMMUCA A0ObIMEN NONe3HbIX uckonaemblx. Cre-
LYeT OTMETUTb, YTO OCHOBHbIE 3aTpaThl B BUAE AEATENbHOCTM, OnpeaeneHHOM kak «aobbiua
MONe3HbIX UCKOMaeMbIX, KPOME TOMMMBHO-3HEPTETUYECKMXY, NPUXOAATCA Ha OXPaHy BOAHbIX
pecypcos (3,95 mnpg py6. B 2014 1. n 2,8 mnpa py6. B 2015 1.) n oxpaHy OC oT 3arpsisHeHns
otxogamwu (0,53 1 0,95 mnpa py6. B Te e rogbl). Ha MmeponpuaTna no oxpaHe atMocepHo-
ro Bosgyxa 3atpaumsaetcs go 0,13 mnpa py6. exerogHo [15, ¢. 199]. CooTHOLWEHMe 3aTpaT
MOXET CMYXUTb OAHUM U3 KOCBEHHbIX MoKasaTenen nopsaka NpUopuTETOB B NPUPOA0OXpaH-
HOW AesTenbHOCTN BCEX MPEANPUSTUN, A00bIBaOLMX NONEe3HbIe UCKoMaeMble, KpOME 3HEp-
reTuyeckmx (Kak pyaHble, Tak U HEpyAHbIE).

Taknum oBpasom, cneupansHbIX YNOMUHaHWA 0 aobbive xeneaHbix pya B Focpoknagax
dhenepanbHOro ypoBH HEMHOTO, Yallle OHU MPUCYTCTBYIOT B AoKnagax, Nybnukyembix agmMu-
HUCTpaumamm cybbekToB Poccuiickon defepayum. Mpu 3TOM K OCHOBHBIM MCTOYHUKaM BO3-
LENCTBMSA Ha aTMOC(EepHbIA BO3AYX, KaK NPaBumo, OTHOCAT Kapbepbl Mo A0ObIME XKene3Hon
pyabl U KBapuMTOB, APOOUNBEHO-060OraTUTENbHBIE KOMMMEKCHI, XBOCTOXpaHUNMLLA, OTBanbl
BCKPbILLUHBIX MOPOA W OTKPbITbIE CKNaabl roToBoW Npoaykuun. HekoTopble ropHooboraTtu-
TenbHble KOMOWHaTbI OTHECEHbI K YUCIY KPYMHBIX UCTOYHUKOB 3arpsi3HEHUs1 BOAHbLIX 0Obek-
TOB 1 UCTOYHUKOB 0OpasoBaHnst OTXOA0B NPOM3BOACTBA PErMOHANLHOrO YPOBHS (Hanpumep,
[18], [18], [17], [18]).

CnepoBatensHO, aHanManpys TeKyLue YpoBHU 3MUCCUMIN U NOTpebneHna pecypcos n
NLEHTUDULMPYA PELLEHNS, KOTOPbIE MOXHO OTHECTM K Haumny4LwmMM AOCTYMHLIM TEXHONOMUAM
(cm. pasgenbl 3 n 5 HacTosLLEro CnpaBoYHMKA), CreayeT paccMmatpuBarb kak cbpockl 3a-
rPABHSIOLLMX BELECTB CO CTOYHLIMW BOAAMW U UX BbIBPOCHI B aTMOCHEPHBIN BO3AYX, Tak U
B3aVMOCB$3aHHbIE BONPOCHI PaLMOHaNbLHOMO MUCMONb30BaHNUS PECYPCOB M oOpaLleHus ¢ oT-
xopamun npowussoacTea. OTNIMYMTENBHON YEPTON NPeanpUATUNA, 3aHATbIX Ao6biMen n obora-
LLEHMEM XENE3HOW pyabl, SBNASTCH TakKe BO3LENCTBME Ha MPUPOAHbLIE SKOCUCTEMBI, BHU-
MaHWe KOTOPOMY YacCTU4YHO YAENEHO B «rOPU3OHTanbHOM» cripaBovHuke UTC 16—2016
«lopHoaobLIBaroLWwas NpoMbILLneHHocT. OBLLMe NpoLecchl N METOLbI».
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Paspen 2. OnucaHue TeXHONOrMYECKUX NpoLeccoB, UCNONb3YeMbIX
B HacTosilee BpemMs Ha npeanpuaTusix obnactu npumeHeHusa UTC 25

2.1 OTKpbITas Ao6blva Xxene3HbIX pya

PaspaboTka MecTopOXAEeHNA XenesHbIX pya — 3TO COBOKYMHOCTb B3aMMOCBSI3aHHbIX
TEeXHOMOMMYECKMX npoLeccoB. PaspaboTka MECTOPOXKAEHWI KeneaHbIX pya BeaeTcs B npe-
fenax NULEH3NOHHOIo yYacTka Ha OCHOBaHUM YTBEPXKAEHHOMO NPOTOKOSA 3arnacoB 1 B COOT-
BETCTBMW C pa3paboTaHHbIM 1 NPOLLEALLNM rOCYAAPCTBEHHbIE 3KCMEPTU3bI MPOEKTOM.

OCHOBHbIMW MPOLIECCaMUN OTKPbITbIX FOPHbIX PaboT SBMSKOTCH: CHATUE MIIOAOPOAHOIO
CMNosi MOYBbI, MPOU3BOACTBO BCKPbLILWHLIX paboT, OGypoB3pbiBHbE paboTbl, AoGblua pyabl,
TPaHCNoPTUPOBKA, NePBUYHOE ApobreHne, cknagupoBaHne OTBanbHbIX MOpPOA,.

CHsiTUe 1 CKagupoBaHue NiIogopPoaHOro Criosi NOYBbI

B cooTBETCTBUM C OCHOBHBLIMM MONOXEHUSIMI MO BOCCTAHOBIIEHWIO 3EMENb NPEAnpU-
ATUS, paspabaTbiBatole MEeCTOPOXKAEHUS MOME3HbIX MCKOMAeMblX OTKPbLITbIM criocotoMm, a
TakKe NpoBoAsLUME Apyrue paboThl, Bbi3biBatoLLME HapyLLUEHNE NOYBEHHOIO MoKpoBa (Mexa-
HUYECKOoe MOBpEeXaeHWe, 3arpsis3HeHne, 3aTtonseHue), obsidaHbl CHUMAartb U TPaHCNopTUPO-
BaTb K MECTY YKNagku (N1 BPEMEHHOIO XpPaHEeHWs!) NOAOPOAHBIA CIOW MOYBbI U HAHOCUTL
€ro Ha BOCCTaHaBMNMBaEMbIE 3EMIN UM MarnonpoAyKTUBHbIE yroabsl. [OpHOTEXHUYEecKas pe-
KynbTUBaLUSI 3eMeNb, HapyLUEHHbIX rOpHbIMU paboTamu, HaUMHAETCA CO CHATUS NIOAOPOA-
HOro Crnos NoYBbLI Ha BCEX NMOLaAsX, OTBEAEHHbIX NOJ NPOM3BOACTBEHHbIE 00BEKTLI Npes-
npusitusa. CHATUE MNOLOPOAHOrO Crosi MOYBbI C UCMOMNb30BaHWMEM Oynb03€pOB pasnUyHbIX
Mozenen sensieTcs Hanbonee pacnpocTpaHeHHbIM. MnogopoaHbIA Cno cHUMaeTCs nocrne-
L0BaTenbHbIMM 3ax0KaMu, Y CO34aeTCA BPEMEHHbIN NoYBEHHbIN WwTabenb. Morpy3ka nousbl
NPOV3BOAMTCS 3KCKaBaTopaMu WnW NOrpysyMKammn B TPaHCMOPTHbIE cpeacTBa. bynbaosep
paboTaeT no criefyloLlel CxeMe: MallvMHa Cpe3aeT N NepemMeLLaeT crnomn noyssbl B Wrabens
Ha paccTosiHne, He MPEBbILLAOLLEE ONTUMAanNbHOE PacCTOSHWE TPaHCTIOPTUPOBAHUS, UCXOASN
U3 KOHCTPYKTUBHbIX ocobeHHocTen obopyaoBaHus, a 3aTeM BO3BpaLLaeTcsl B UCXOAHOE MNo-
TIOXEHWE, Y LWKI NOBTOPSIETCS.

Bonee cnoxeH npouecc CHATUS NNOAOPOAHOrO CNOS NOYB Ha TEPPUTOPUSX NECHOro
doHAa, NPoBEeAEHNIO KOTOPOro NPENATCTBYET Hann4Me APEeBECHON U KyCTapHUKOBOW pacTu-
TENBHOCTM C XOPOLLO pasBUTON, ryOGOKO NPOHVKaOLWEN KOPHEBON CUCTEMON. 1osTOMy CHS-
TUIO MAOAOPOAHOMO CMOSI C MIOWAAEN, 3aHATLIX JIECOM, AOMKHA MNpenLIecTBoBaTh ydopka
[LeNOBOU APEBECUHbI U MENKOMNECHS, PackopyeBKa TEPPUTOPUN OT NMHEN U KYCTapHUKOB, pas-
pbIB KOpHEW. NS BbINONHEHUS 3TUX paboT NPUMEHSIOT KopyeBaTenu, Kyctopesbl, Bynbaose-
pbl U peixnuTeny. CHATUE MIOAOPOAHOrO Crosi C NOArOTOBNEHHOIO TakMm obpasom ydactka
npon3soaaT Oynbao3epoM. [JOCTOMHCTBO TaKOW CXEMbl COCTOUT B BO3MOXHOCTU NPUMEHEHNA
€e B ropHbIX YCMNOBUSIX.

B nepvion akcninyatauum MeCTOPOXAEHUA NPU NPOM3BOACTBE BCKPbILUHbIX paboT nno-
AOPOAHLIA CrOM NnoYBbl cpe3aeTca Oynbao3epom napannensHO UM NornepeyHO BCKPbILLHO-
My yCTyny u cbpacbiBaeTcs Ha pabouylo Nnowaaky, 3aTem rpysuTcs OCHOBHBIM TEXHOMOMM-
YeckrM 0BOpyA0BaHMEM W BLIBO3UTCA TPAHCMOPTHLIMWU CPEeACTBaMN BO BPEMEHHbIN OTBarn
UNu Ha pekynbTUBUpYyeMyto nrowagb. Mpu paspaboTke BCKPLILLHOMO ycTyna AparnanHom
MOCNeAHNA CHUMAaET MNOJOPOAHBIV CION NOYBbLI U CknagupyeT B wrabens BAOMb XKENe3Ho-
JOPOXHOro MyTW C MocneayoLwen norpyskon B TEXHONOrMYeckmin TpaHenopt. OaHako apar-
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nanH MOXHO MCMOoNb30oBaTh NUWb ANS CbeMa MIIOAOPOAHOMO CMOS MOYBbI MOLLHOCTBIO He
meHee 0,5 m.

Mpy Hann4Mn asTOTpaHCNOpTa ero LenecoobpasHo ucnonbL3osBare ANA NEPEBO3KU
NNoAOPOAHOrO rpyHTa. B aToM cnyyae cHsTbIV 6ynbAo3epoM MNOAOPOAHbLIN Crov cobupaeT-
cAa B Wrabenb ¢ nocneayroLLen Norpyskon B TpaHCNopT norpysynkom. Mcrnons3osaHue ckpe-
nepa B Nepuoj NPoBEeAEHNSA FTOPHOTEXHUYECKON PEeKyNbTUBALWMN NO3BONSET BbIMOMHUTL PSA
nocneaoBaTerbHbIX Onepauyin OAHON MALUMHOW: CHATWUE, MOrPysKy U TPaHCMOPTUPOBAHME.
TexHonormsa paboT cneayowas: NNoAOPOLHbBIN CIOM NOYBbLI CPE3aeTCA NPU ABWKEHUN CKpe-
nepa no npsmMon. inuHa y4yacTtka BblibupaeTcs ¢ yyeTtoM obecneyeHms NomnHoro 3anonHeHns
KOBLLIA ckpenepa 3a oguH npoxoa. LienecoobpasHo cpesatb cnou mowHocTeio 0,1-0,15 M n
wmpuHon, pasHon 0,3—0,5 anvHel koBwa. NoAOPOAHBIN CMOW NOYBbI TPAHCMOPTUPYETCA HA
paccTosHue, He npesbiwatoee 2 kM. Ckperniep pasrpykaeT NpUBE3eHHbIA IPYHT Crnosmu 3a-
JaHHON MOLHOCTW. [Ans yBenM4eHna npov3BOAWTENBHOCTU CKperepa CHUMaeMbIA Nnopjo-
POAHBIN CNOW MOYBLI PLIXASAT NAYrOM UNK pbixnutenem. Ckpenep MCMonb3yoT Takke Ans
NNaHMPOBKN NIIOAOPOAHOIO rPYHTa Ha PEKYNbTUBMPYEMOW NIOLLAAM.

CbemM nnogopoaHoOro Cnos NOYBbl W MOTPy3Ky €ro B aBTOTPaAHCMOPT MOXHO OCYLUECT-
BWTb MOrpy3dMkamMn Ha TyCEeHWYHOM MNWU MHEBMOKONecHoMm xoay. [Morpysumku obnapgatot
OOnbLUON MaAHEBPEHHOCTLIO, BLICOKON MPOV3BOANTENBHOCTLIO U MPUMEHSIIOTCH Ha BbIEMOY-
HO-NOrPy30YHbIX paboTax B kapbepe. 10 TEXHUYECKUM napameTpam Morpy3ynk MOXET CHU-
MaTb MNOAOPOAHLIE CMOM NOYBLI U yKNaabiBaTh UX B LWUTabens ¢ nocrneayowen norpyskon B
TpaHcnopT. MNpu ncnonb3oBaHWM NOrpy34MKOB NNoLWaab, OTBEAEHHAs ANA Cbema NouBbl,
paspabaTbiBaeTcs OTAENbHbIMU yyacTkamn. O6bINHO AnvHa yyacTka He npesbiwaeTt 100 m.

CknapvpoBaHne nNnogopOAHOro Cnos NoYBbl OCYLLECTBSIETCA BO BPEMEHHbIE OTBarbI
unm BypTbl. B BypTax nnoaopoLHbIA CoM NoYBbl MOXET XpaHuTbesa B TedeHue 20 net. Mog
OypTbl OBLIMHO OTBOAATCA Y4aCTKM, HEMPUrOAHbIE ANA BEAEHWS CENbCKOro XO35IMCTBa, UNnv
ManonpoAyKTVBHbIE Yrofibs, Ha KOTOPbIX WMCKMKOYaETCs MOATOMNMEHWe, 3aconeHne munu 3a-
rpS3HEeHNe MPOMBbILLNEHHBIMW OTXOAaMW, TBEPAbIMU MPEAMETaMu, KaMHeM, WwebHeMm, ranb-
KOW, CTPOUTENBbHBIM MYCOPOM.

CHATWE 1 cknagupoBaHWe NoAOPOAHOIO Crosi NMOYBbI OCYLLECTBISIETCS B COOTBETCT-
BuK ¢ TpeboeaHmem FOCT 17.5.3.06—85 n NOCT 17.4.3.02—85. BpemeHHble oTBasbl Mrno-
AOPOAHOrO Crosi MOYBbl pasMeLaloTCA B OCHOBHOM MOMEPEeK CKIMOHOB, YTO MPEensTcTByeT
BbIHOCY MMOAOPOAHOrO CrOS MOYBbI JIMBHEBBLIMW NOTOKAMU 3a Npeaenbl y4acTka, CMbIBY U
pa3mbiBy y4acTka cknagmpoBaHua. CHATMe, TPaHCMOPTUPOBKa W CKNaaupoBaHWe Nnogoposa-
HOrO C0s MOYBbI BbINOMHAETCA B MEPUOL €CTECTBEHHOIO YBNAXHEHWS MOYBbI, YTO UCKMHOYa-
eT nbineHne. B cnyyae AnuTenbHOrO XpaHeHUsi MPOM3BOAUTCS 3aceB MOBEPXHOCTU OTBana
(6ypTa) ceMeHamMyn MHOFOMETHKX TPagB.

BckpbIwHbIE paboThI

BekpbilwHble paboThl NPeACTaBnAoT coOO0OM KOMMNEKC NPOLECCOB MO YAANeHWUo nyc-
TbIX NOpoA Ans obecrneyeHus focTyna k pyae. BekpbllwHble paboTel nogpasgensoTca Ha
roOpHo-KanuTanbHele 1 Tekywme. FopHo-kanuTanbHble paboTel 0ObIYHO BbIMOMHATCA Ha Ha-
YanbHOW cTaaunm oTpaboTkM Kapbepa v npegcTaBnaoT cobon komnnekc paboT no obecneve-
HUIO NEPBMYHOTO AOCTYNA K MONE3HOMY MCKOMaeMOoMy MyTEM MPOXOAKWU KanuTarbHbIX TpaH-
LIen 1 APYTMX MOCTOSHHBIX BCKPbIBAOLWMX UMW TPaHCNOPTHBIX BblpaboTok. Ha Tepputopun
Poccumn 60nbLUMHCTBO KPYMHbIX XKEeNe30pyAHbIX KapbepoB BCKPLITO KENE3HOAOPOXKHBIMM
TpaHLEeaMW, NPEANPUATUS C MEHbLUE MPOM3BOACTBEHHON MOLLHOCTBIO BCKPbITbI aBTOMO-
OunbHLIMM TpaHweaMu. Takke NpU PacLLUPEHUN KapbePOB W YBEMUYEHUM UX MPOU3BOACT-
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BEHHbIX MOLLHOCTEW K rOpHO-KanuTanbHbIM BCKPbILHBIM paboTam OTHOCST HOBbIE BCKpPbI-
BatoLme BblpaboTkun nnun paboTbl NO PEKOHCTPYKLUM U PaCLUMPEHWIO AEUCTBYOLWMX Bbipabo-
TOK.

K Tekylwimm BCKpbIWHLIM paboTaM OTHOCATCS paboTbl, MPOM3BOAMMbIE Ha Npeanpu-
ATUN B Nepuog ero akcnnyarauun. K Hum oTHocutea obecnederre u nogaepxaHne Ha Hop-
MaTUBHOM ypoBHe 06BbEMOB U NIOLWaLel BCKPbIThIX 3anacoB pyAbl, noaaepkaHue poHToB
ans pobbium pyabl.

Mopopabl BCKPbILLW MOAPA3AENAOTCS Ha PhIXAYH U CKanbHyo BCKpbiWwy. K pbixnbiM no-
poAaM OTHOCHATCH NErkoaKCKaBMpyeMble MOpoAbl, BbIEMKA KOTOPbIX MOXET NPOU3BOAUTLCS
©e3 npenBapuTenbHOrO pbixnenna OypoB3pbiBHbIM MeToAoM. [ns paspaboTkm MArkux
BCKPbILLHBIX NMOPOS B YMEPEHHBIX KIIMMATUYECKUX YCIOBUSIX MPU BbICOKOW NPON3BOAUTENb-
HOCTW Kapbepa NPUMEHSAHOT MHOFOKOBLLIOBbLIE POTOPHbIE, LiENHbIE 3KCKaBaTOpbl U AparnanHbl
C MOrpy3Kor Ha KOHBENEPHbIW, XXeNe3HOLOPOXHBIA UMW aBTOMOBWMBHLIN TPaHCMOPT.

PoTopHble akckaBaTopbl NpeAcTaBnsAtoT cobol skckaBaTopbl HENPEPLIBHOMO AEUCTBUS
Ha ryCeHNYHOM WK LIararoLe-penscoBoM XoA0BoM 06opyaoBaHvK, paspabartbisarome no-
poay € MOMOLLBI0 pabounx 3NeMEHTOB (KOBLUEW, CKPeBKOB MM pesuoB), YKPENMeHHbIX Ha
poTopHoM konece. KoM, pacrnonoxeHHble Ha poTope, BO3AENCTBYIOT Ha 3abol pbIXnon
BCKPbILLM, Cpe3asi CTPYXKWU NOPOAbI, TPaHCMOPTUPYEMbIE BHYTPM 3KCKaBaTopa no KOHBenep-
HbIM TPaKTam [0 pa3rpy304HOl koHconu. [lanee nopoza ¢ pas3rpy304HOI KOHCOMM NOCTynaeT
Ha BHELUHWIA KOHBEWep, Mo KOTOPOMY OHa TPaHCMOPTUPYeTCA Ha oTBarbl unu cknagbl. Mpu-
MEHEHME POTOPHbIX IKCKaBaTOPOB ODYCNOBMEHO BONBLUOA MOLLHOCTLIO PbIXIIbIX OTNIOXKEHWUN
N BO3MOXHOCTBIO CenekTmBHoOM oTpaboTku nnacta. lNpuMeHeHne POTOPHBLIX 3KCKaBaTopoB
LNS1 BbIEMKW PbIXIbIX MOPOA MPOUCXOAUT CE30HHO B TEMIbIA MEPUOA roAa, YTO UCKNKYaeT
CMEep3aHue 1 HanunaHue pbixbIX NOpo B 3UMHWUIA NEPUOA,.

Hapsagy ¢ poTopHbIMK 3KckaBaTopamu Ans pa3paboTky Nopos, PIXON BCKPLILLX NPpU-
MEHSIETCS TMAPOMEXaHNYECKUA cnocob. MapomMexaHndeckum cnocobom HasbIBalT paspa-
BOTKy rpyHTa, ero TPaHCNOPTUPOBKY U YKNaAKy npy nomowm Boabl. MOWHLIM Hanop BOAbI,
pa3smbIBatOLLMIA pbIXMble MOPOAbI, CO3AAETCH MAPOMOHUTOPHON YCTaHOBKOMW, B KOTOPYIO BXO-
OWT TMAPOMOHUTOP (CTanbHOW CTBOM, C HAacaakaMWn 3aKpenneHHbIA Ha LIapHUPHOM coeauHe-
HWKM), MOAKMIOYEHHBIM K MarMcTpanbHeiM Tpybonposogam, nojarowyM BOAY W3 HACOCHOW
cTaHuun. WapHupHoe coeanHeHWe AaeT BO3MOXHOCTb MOBOpauMBaTh CTanbHOW CTBOM B
BEPTUKASbHBIX W FOPU3OHTamNbHBLIX MAOCKOCTAX nofd GonblmMMK yrnamu, Bbibupas HyxHoe
HanpasneHue 3abos. Hacaaky cnocoGCTBYOT (HOPMUPOBAHWIO CTPYM C BOMbLUION KMHETUYE-
CKOW SHeprven. 3Ta CTpys CMELUMBaeT NOopoAbl BCKPbILUM C BOAOW U MOMNyyaeTcs rmapo-
CMEecb — nyrbna, KoTopasi CamOTeKOM CTekaeT B npuemMHble 3ymndsbl. [lanee ns symndos
npy NMOMOLLM FPYHTOBLIX HACOCOB Nynbna no TpybonpoBogam (MynbrnornpoBogam) TPaHcnop-
TUPYETCA K MecTam pasMeLleHns. [ns noBbILLEHNs NPOM3BOAUTENBHOCTU MAPOMOHNUTOPHBIX
YCTaHOBOK MPUMEHSIETCA NMPeABapUTENbHOE PbIXMNEHNE TOPHBIX NOpoA OypoB3pbLIBHLIM UK
MEXaHMYeCKUM MeToAOM. YKnagka nopos BCKpbIW, pa3pabaTbiBaeMbiX rMapOMOHUTOPaMK,
NMPOVCXOAWT B crieumanbHble OTBarbl — MMapooTBanb! UK Npu OTCYTCTBUM TaKOBbIX B XBO-
cToxpaHunua oboratutenbHbix dabpuk. MopooTBansbl 0BbIMHO pacrnonararoTes B eCTecT-
BEHHbIX MOHMKEHUAX penbeda (bankax), orpaHnYeHHbIX HaMbIBHBIMM gaMmbamu, npu oTcyT-
ctBuM Banok fambbl pacrnonaratoT Co BCEX CTOPOH. YKnagka rpyHTa npomcxoauT 3a cyeT
CHWKEHUSI CKOPOCTM €ro NepeMeLLieHna u oceganns TBepabix YacTul. [nsa otBoaa BoAbl 13
TMAPOOTBANOB yCTpanBatkoT creupanbHble ApeHaxHble KonohLbl, C KOTOPbIX BOAA No Tpybam
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OTBOAUTCA 3a NMPeAErbl y4acTka Unn ncnornb3yeTcs B 060pOTHOM LMKINE, T. €. BO3BpaLlaeTcs
o6patHO No HamnopHbIM BOAOBOAAM K MMAPOMOHUTOPaM.

lMopoab! pbIXION BCKPbILIM Takke paspabaTtbiBaloTCA 3KCkaBaTopaMu-AparnaiHamu.
JparnaviHel npeacTaBnaoT cobol OfHOKOBLUOBbIE KaHATHbIE 3KCKaBATOpbl HA LuararoLem
unu ryceHnyHom xogy. Mbkas nogsecka KoBLIA@ M nerkas pelueryaras crpena gparnanHa
obecneumBatoT HanbonbLuniA paguyc, HanbonbLuyto rMyOuHy KonaHus, a Takke HambonbLLyo
BbICOTY BbIFPY3KW MO CPaBHEHWIO C APYrMMK Buaamm paboyero o6opynoBaHusi 3KCKaBaToOpOB.
Kpome Toro, gparnavHsl o6nagatoT BbICOKOW NMPOU3BOAUTENLHOCTLIO. OgHako rmbkasa noa-
BECKa KoBLUA He oBecrneuMBaeT [OCTarOYHOM TOYHOCTM KOMaHUsi U BbIrpy3ku. B ocHOBHOM
AparnanHbl NPUMEHSIIOTCA Ha BEeCTPaHCNOPTHOM cxemMe pa3paboTkm N TOMNbLKO B OTAENbHbIX
cny4Yasix ¢ norpyskol B TpaHcnopT. Paarpyska nopog, paspabartbiBaeMbix gparnanHamu,
NPOUCXOAUT B XKEME3HOAOPOXHBIA UMM aBTOMOOUNbHBIN TpaHcnopT. [JparnanH cnocobeH
o6ecneYnTb BbICOKOE yCUIME KOMaHWsi, NPy YCroBuKM, YTO B Ha4yarne xofa KoBLU 3arnybutcsa B
rPYHT (KOBLU 3arnyOnsieTca B rPyHT TOMbKO 3a cYeT COBCTBEHHOW Maccehbl), MO3TOMY €ro uc-
nonb3yroT A5 0TPabOoTKM PhIXIbIX MOPOS,.

CkanbHble MopoAbl NPeacTaBnaloT coboi NopoAbl, ANS 3KCKaBaumm KOTOpbIX Tpeby-
eTCcs nNpefBapuTensHoe pbixneHve. MNpeaBapuTensHoe phIXNeHWe CKanbHbIX MOpof, Ocylle-
crensietcs 6ypoB3pbiBHEIM cniocobom. OTpaboTka nopoa pbIXION U CKanbHOW BCKPbILLIW TaK-
Ke MPOM3BOAUTCS MMAPABIIMYECKMMIN 3KCKABATOPaMM U KCKaBaTopaMu TUna MexaHuyeckas
nonata. OHW NpeCTaBnsStoT COG0N OHOKOBLLUOBbLIE 3KCKABaTOPbl HA MYCEHUYHOM XOAY U OT-
M4YaloTcs Mo TWUMY MPMBOAA KOBLUA: Ha MEXaHWYECKUX ronartax UCMOSb3YKTCA KaHaTbl U
penku, a Ha rMapaBnNYECcKNX dKCKaBaTopax — ruapasnuyeckue Lumnmnapbl. Morpyska nopos
OCYLLECTBNAETCS B aBTOCAMOCBAabI UMW XKENEe3HOAOPOXHbIE AYMMKAPbI.

BypoB3pbIBHbIe paboThl

BypoBspbiBHble paboTbl NpeacTasnsaoT cobor komnnekc paboT, cBA3aHHbIX C NOAro-
TOBKOW CKanbHOro Maccuea nopog K akckasauun. Beuay Kpenoctu ckanbHbIX NOpog UX 3KC-
kaBauusa 6e3 npeaBapuTEnbHOrO 6YPOB3PLIBHOMO MNWU MEXAHWUYECKOTO PbIXIIEHUS HE MOXET
ObITb NPOM3BEAEHA: COBPEMEHHBLIM KaHaTHbIM, PEEYHBIM UMK MM PaBIUYECKMM 3KCKaBaTO-
pam He xBaTaeT yCUNWS Ha KOBLUE AN pa3pyLleHUs ckanbHoro maccuea nopog. MNoatomy
AN NOJrOTOBKM K 3KCKaABALMW NMINOTHBIX, PhIXSbIX, CMEP3LUMXCH UM CKarnbHbIX FOPHBIX NOPOA,
K BbleMKE MPUMEHSIETCH NMPeaBapuTENibHOE PbIXIIEHNE UMM MexaHUYeckum crocobom (dpe-
3bl, PbIXIUTENKM), NN BypoB3pbIBHLIM criocobom. Benay GonbLUOA NPOU3BOAUTENBLHOCTU U
KOHCTPYKTMBHbIX MapaMeTpoB, TakMx Kak BbicoTa 3abos Ao 15 M, kene3opyaHbiX Kapbepos
MEexXaHM4eckasi NoAroToBKa Maccmea HelenecoobpasHa n manoadekTMBHa, a NoOpon U TeX-
HUYECKN HEBO3MOXHA.

Pa3ssutne 6ypoBapbiBHbIX paboT B Kapbepax NPOUCXOAMITO B 3aBUCUMOCTU OT COBEp-
LUEHCTBOBAHWNS CPEACTB B3PbIBAHNS WU METOA0B OypeHWs CKBaXKMH ANA 3aKNajku B3pbiBYa-
TbIX BellecTB. PacueT napameTpoB B3pbIBHOIO pbixNeHUs H6asvpyeTca Ha npornopumoHanb-
HOWM 3aBMCUMOCTW paspyLLeHHOro obbema onpeaeneHHo ropHOM Nopoasl OT Macchl 3apsaa
B3pbIBYaTOro Belecrsa. CBOMCTBA MaccuBa B 3TOM pacyeTe yUUTLIBAOTCH Yepes yaenbHbIN
pacxop B3pbIBYaTOro BELLECTBA, BENUYMHA KOTOPOro yCTaHaBNMBaeTCs pacyeTHbIMW METO-
Aamy unv smnupudeckn. B HacTosiLLee BpeMs Ha BCEX XENe30opyaHbIX Kapbepax MCnonb3y-
eTcs 6ypoB3pbIBHOM CNOCo6 PbIXNEHUS MacCMBa, OCHOBaHHbLIA Ha METOAE CKBaKMHHBIX 3a-
psAoB. BapbiBuaToe BeLLECTBO 3aknaabiBaeTCsl HEMOCPEACTBEHHO B CKBaXWHbI, NMpoBypeH-
Hble BypoBbLIMW CTaHKaMW1 B Maccuee Nopog.
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BypeHue ckBaXMH MPOU3BOAUTCH MPEUMYLLECTBEHHO CTaHkaMu LiapolueyHoro bype-
Hust (CBLL), koTopble nony4nny Hanbornbluee pacnpoCTpaHEeHNe Ha OTKPbITBIX FOPHbIX pabo-
Tax npu Aobbive xeneaHon pyabl. LlapowedHoe ypeHne — cnoco® BypeHnst CKBaXkuMH € UC-
Monb30BaHMEM LuapoLleyHoro gorota. CTaHkM wapoleyvHoro 6ypeHns no npuHUmny AencT-
BV OTHOCHATCH K BpaliaTenbHbIM, paspylleHne nopoasl B 3a60e CKBaXKWHbLI NPOVNCXOAWT B
pesynbTate cKkanbiBaHWs MOpoAbl B MECTaxX KOHTAKTa NMOBEPXHOCTHOrO ¢rnos ¢ 3ybbAmMu ro-
noBku paboyero opraHa craHka — Lwapowku. Lapowka npuBnHYnBaeTcs Ha 6yposon cTae
TpybuaThix WTaHr. KOHCTPYKTUBHO LUAPOLLKMA BLINOMHAKOTCA TPEX BUAOB: C 3yByaTbiMu BEH-
Lamu, LITbIpEBLIE U3 TBEPAOrO CrnraBa U KOMOUHMPOBaHHble. MepBble NpesHasHa4eHbl Ans
OypeHus cpeaHMX No KPemnocTy Nopos, BTOPbLIE — KPEMKUxX, TPETbU — pasHONpPOoYHbIX. Cammn
LWTHIPY B 3aBUCMMOCTU OT KPEMOCTU U BSASKOCTU NOPOA NUMET pabouyro NOBEPXHOCTL B BUAE
KnuHa unu nonycdepbl. OuMCTKa CKBaXWHbI OT OypOBON MENoYM U oOXNnaxaeHue LiapoLuek
NpOV3BOASTCA NPOAYBKOW CXKaTbiM BO3AYXOM, NOAaBAEMbIM K LUAPOLLKE NO NonocTsam Bypo-
BbIx wWTaHr. MpoaykTbl GypeHns ynaBnvMBaroTcs cneumarnbHbIMU YCTPOUCTBAMM, YCTaHOBNEH-
HbIMW Ha cTaHke. CTaHku MoryT 6ypuTb BEPTUKASBbHBIE U HAKIOHHBIE CKBEXKWHBI 4UAMETPOM
oT 150 go 320 mm. [laBneHne Ha 3aboli 3aBUCUT OT BECa M KOHCTPYKTUBHBIX 0COBEHHOCTEN
ctaHka. OHO nepepaeTca OT cTaHka yepes BypoBor cTaB. [InaMeTp B3pbIBHBIX CKBaXWH 3a-
BMCUT OT MHOTMX (DaKTOpPOB: Kateropum GyprMOCTM MOpofbl, PACCTOAHUSA MEXAY CKBaXKMHA-
MW, Hanuuus TPELMH B MacCUBE FOpPHbIX MOPOJA, XapaKTEPUCTUK B3PbIBYATOrO BELLECTBA,
o6bemMa 3anonHEHNs CKBXKUHbI B3pbIBYaTLIM BELLECTBOM U Ap. FopHOpYAHbIe NpeanpusTUs
onpeaenstoT ansa cebs onTMManbHbIM guameTp BypeHus, ncxoaa us onbita nposegeHns Oy-
POB3pbIBHBIX PaboT M HayyHO-UCCneaoBaTenbCkMx pabor. 3ayactylio Ha NpeanpusATUA UMe-
FOTCHA CTaHKM C pasHbiM AMaMeTpOM OypeHusi, NMPUMEHSIEMbIE B TEX UMW UHbIX YCIOBMSIX U
4nst BypeHust onpeAeneHHoro Tuna ropHeIx Nopog. bypeHue ckBaxuH NPONCXOAUT Yepes on-
peneneHHoe paccTosiHWe, HasbiBaeMoe CETKOW CKBaXKUH OypeHusi. Pasmepbl cetu GypeHus
OTNMYaIoTCS B 3@BUCMMOCTW OT TUMA NOPOS, ANameTpa CKBKUH, MPUMEHAEMOro B3pbIBYaTO-
ro BELLECTBA M BapbMPYIOTCA B LUMPOKOM AmanasoHe oT 4 x4 m a0 9 x 8 M. Ha npaktuke
npoBypeHHble CKBaXWHbI 0ObEANHAIOTCA BO B3pbiBHbIE Onoka, T. €. NPOUCXOAUT B3pbiBaHWE
He eAVHNYHOW CKBaXKWHbI, a B cocTase 6510ka ¢ NpYMeHeHeM KOpOTKO3aMeaNeHHOro B3pbl-
BaHWs, YTO MO3BOMAET MakcMmarbHO 3PEKTUBHO MCNOMNBb30BATL 3HEPIUIO, BbICBOOOXat0-
LLYHOCS MPY MIHMLMUPOBaHWN B3PLIBYATOrO BELLECTBA.

Mpy GypeHnn CKBaXKWH C BbICOKOM 06BoAHEHHOCTLIO (Bonee 80 %) npumeHsieTcst 6eH-
TOrNWHAa AN 3aTUPKU YCTbS U KOMNOHOK CKBaXUH. [Ins npepoTepalleHna obpyLueHus BepxHen
4YacTW YCTbSl CKBaXWHbI NpUMeHstoTca obcagHble TpyObl: rodppupoBaHHbIE NNACTUKOBLIE U
Tpy6bl M3 nnoTHOro kapToHa. AnameTp Tpy6 — ot 140 o 311 mMm.

CyLIHOCTb MeTOofa CKBaXWHHbIX PSAOB 3aKMIOYaeTCA B pasMeLLeHMU B3pbiBYaTOro
BELLEeCTBa B HaKMOHHBIX UMW BEPTUKamNbHbIX CKBaXKUHaxX ¢ 3a60NKon (3anonHeHneM) BEpXHeN
4acT! MHEPTHBIMU MaTtepuanamu n3 necka, Gyposon menoun unm 3aboeyHoro mMarepuana
cneyunansHoro coctasa. CKBaXXWHbI pacrnonaralTcsl B OAWH UMW HECKONBbKO psifoB naparn-
nenbHO BepxHel BpoBKe ycTyna v pasmellatoTcs Apyr OT Apyra Ha pac4YeTHOM pacCcTOSHAM
No NPAMOYroribHOW CETKE UMW B LLIAXMaTHOM ropsiake. PaccTosHue oT nepBoro psiaa ckea-
XVH 00 BepxHewn BpoBku ycTyna fomkHo obecneunBars 6e3onacHoOCTb pasmelleHust BypoBo-
ro CTaHka Ha yctyne n paboumx rno 3apskaHuio CKBaXMWH. PaccrosiHme Mexay CKBaXXMHaMU
BbiBMpaeTcs TakuM 0BpasomM, UTOObl paspyLLeHUS B MAacCUBE OT KaKAO0W CKBRXKWUHbI Nnepe-
KpblBanu apyr apyra. 3apsskaHme CKBaXKWH, MOMELLEHME BHYTPb CKBXKUHbI B3PbIBYATOrO BE-
LecTBa OCYLLECTBMSIETCH CreuuanmsupoBaHHbLIMU CMECUTENBHO-3apsAHBIMU - MalLnHaMK,
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[LOCTaBMAOWMMM KOMMOHEHTLI B3PbIBYaTbIX BELLECTB U3 LieXa MO MX WU3roTOBMEHWUIO HEMO-
CPenCcTBEHHO Ha NOATOTOBMNEHHBIN ANA 3apshkaHna 6nok. MNMaTpoH-60eBuMK, KOTOPbLIN CIYXUT
ANS MHALMaLUmMnM B3pbIBYATOrO BELLECTBA B KaXAOW CKBaXMHE, pacrnonaraeTca BHyTPU CKBa-
XMHbI 0BbIMHO B CAMOM HM3y. OTO obecneyrBaeT COBNageHne HanpasneHns LeToHaumm 3a-
psAa B3pbIBYATOro BELLECTBA W HanpaBneHUs paspyLleHns MaccuBa, a Takke nyuLlyo npo-
paboTky nofoLBbl. 3apsas B CKBaXWHE MOXET ObITb CMMOWHBLIM WU paccpefoTOYeHHbIM Mo
BbICOTE BO3AYLUHBIM MPOMEXKYTKOM MW MHEPTHBIM Martepuanom. Paccpenotodenne 3apsaa
No3BONSAET yBENUUUTE 3PEPEKTUBHOCTL UCMOMNB30BaHUS B3pPbIBYATOrO BellecTBa Ang Apob-
NeHust 3a cueT Gonee paBHOMEPHOro pacnpefeneHns B3pbiByaToro Bewectsa (BB) B mac-
cuse. 3abonka CKBaXWH, T. €. 3anonHeHne npocTpaHcTea mexgy BB, npomssogutcs 3aboeu-
HbIMW MalMHamMu UK Bpy4dHyto. B kayectBe 3aboeyHOro matepuana NpUMEHSIETCH MeCOK,
oTces, Byposon Wwnam unu Boga (rmaposabonka). [Joctaska BB co cknapa wnv 3aBoja B
Kapbep obecneymBaeTCs cneumansHbIM U cneLmanavpoBaHHbIM aBTOTPaHCTIOPTOM.

[ns npon3BogCTBa B3pbIBHLIX PaboT MOryT npuMeHsiTecsi BB, nocraensieMble npea-
NPUATUAM CneumanM3npoBaHHbIMIN 3aBogamMun-narotosurensmm, unu BB cobctBeHHOro uaro-
TOBIEHNSA, ECNN Ha NPEANPUATUN CyLLIECTBYIOT 3aBoAbl Mo narotoeneHuio BB. MNpu stom ans
BEEHNA B3pbIBHbIX paboT MOryT npumeHsATsCA U apyrve BB, aonyuweHHble PoctexHaasopom
ansi paboTbl B xene3opyaHbIX kapeepax. Hanbonbluee pacnpocTpaHeHe Ha OTKPbITbIX rop-
Hbix paboTax B Xenes3opyAHbIX kapbepax nonyyuno npumeHenve 3OBB (amynbcuoHHoe
B3pbIBYaTOe BeLlecTBo) 99,9 % ot oblero obbema BB — BofOyCTOMYMBOE, C KUCNOPOAHBIM
BanaHcom, 6nuskmM K HynesomMy. BapbiBaHne nNpousBOAMTCH MPY NMOMOLLM AETOHUPYIOLLIErO
LLUHYPa N HE3NEeKTPUYECKNX CPeACTB MHULMMpOBaHuS. [pMMeHsieTca MHOropsigHoOe, KOPOTKO-
3amMeAnieHHoe B3pbiBaHWE C UCMOMb30BAHVEM MUPOTEXHUYECKUX 3ameanutenen. UHnummpo-
BaHMe CKBEXWHHbIX 3apsA0oB NPOU3BOAUTCA MOCPEACTBOM MPOMEXYTOUHbIX AETOHATOPOB,
W3roTOBMEHHbIX M3 LUALLIEK-AETOHAaTOPOB WU U3LENUA HEINEKTPUHECKUX CPEACTB MHULMUPO-
BaHWUS U AETOHUPYHOLLEro LUHYpa.

B cooTBeTCcTBMM C npoueccamu, MPOM3BOAUMBLIMA B Kapbepe, B30OpBaHHas ropHas
macca No KpYnHOCTK ApobneHus AoimKHa COOTBETCTBOBATL CneaytowmmM TpeboBaHusaM:

- MakcumarnbHbIA pasmep KycKOoB, MCXOASA U3 BMECTUMOCTU KOBLUIA SKCKaBaTopa;

- MakCumanbHbIA pasmep KycKoB, MCXOAS U3 BMECTUMOCTU TPAHCNOPTHBLIX COCYA0B;

- MakCUMarnbHbIA pa3mep KyCKOB, UCXOAS M3 MPUHSATON TEXHOMOMMWU MONYyYeHUs] KOH-
LeHTpaTa, Hanpumep, OT pasmepa 0TBEPCTUS MPUEMHOro ByHkepa Apobunku.

B3pbiBHble paboTbl Ha Kapbepax OCYLLECTBMSIOTCA HA OCHOBaHWM TUNOBOFO MpoekTa
OypoB3pbIBHLIX PabOT ANS 30HbLI Kapbepa C OAMHaKOBbIMU CBOMCTBaAMW. [N KOHKPETHOro
B3pblIBaeMoro 6mnoka CocTaBnaloT nacnopT OypoB3pbiBHbIX PaboT, KOTOPLIA yTBEpPXKAAETCA
rnaeHbIM MHXeHepoM kapbepa. OCHOBOW TUMOBOro MPOEKTa SBNSIOTCSH YTBEPXKAEHHbIA TeX-
H/YECKNA MPOEKT paspalboTkM MECTOPOXAEHWSA, Pe3ynbTaTbl SKCMEPUMEHTanbHbIX U Npo-
MBILLUMEHHBIX B3pbIBOB, HOBEWLIWE NUTEPATYPHbIE AaHHbIE, MPOVM3BOACTBEHHBLIA OMbIT MO
B3pbIBHbIM paboTam B aHanornyHbIx ycnosusax u degeparnbHblie HOpMbI U Npasuna B obnac-
TV NpoMblWwneHHon 6esonacHocTn «[lpaBuna Ge3onacHOCTM Mpu B3pbIBHBIX paboTax».
B nacnopte o6s3arensHo npefycMaTpuBaeTCs pacHeT BenMYMHbI OMacHOW 30HbI MO Ceunc-
MW4ECKOMY BO3ENCTBUIO MACCOBOrO B3pbiBa Ha 34aHVA U CoopyxeHus. Ecnu paguyc 30HbI
CEeNCMNYECKOro BO3ENCTBMS B3pbIBa OONbLUE PACCTOSHUS A0 coxpaHsiemoro obbekTta, npe-
AycmartpusaeTcsa pasgeneHune obuero sapsfa Ha 4acTu C UHTEpBanoM 3amefneHns B3pbl-
BOB.
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OpraHunsauums BypoB3pkIBHLIX paboT nNpefycMaTpuBaeT Takon NopaLoK MX NPOou3Boa-
CTBa, KOTOpbIN 06ecneynBaeT MUHMMATbHBIE NMPOCTON FOPHOTPaHCMNOPTHOrO 0GopyaAoBaHUA
N CBA3AHHBIE C HAM TEXHOMOrMYeckne Lenodkn. Beero B TedeHne roga Ha kapbepe ocyLLecT-
BNAETCH MHOXECTBO MAacCOBbIX B3PbIBOB, YacTOTa B3PbIBOB MEHSIETCS B 3aBMCUMMOCTU OT
NpoM3BOAMTENBHOCTU Kapbepa W opraHmnsaummn paboT, NoAroTOBKM nrowanok nog SypeHue u
©rnokoB nog B3pbiBaHWe. O6beMbl B3pbiBaeMoro 6rioka NpocyYnTaHbl Ha YCpeaHEHHbIE FOpHO-
reonorn4eckme ycrnoeus, B NMPOLECCe JKCMIyaTaumm pacCyHMThIBAETCH KaKAbIN KOHKPETHbIN
B3PbIB, MPY KOTOPOM 06BEM MAaCCOBOro B3pbIBA W KONIMYECTBO B3PLIBYATOrO BELLECTBA COOT-
BETCTBYHOT NPOEKTHBIM NapameTpam. lNpeaycmaTpuBaeTcs NposefeHue B3pbiBHbIX paboT B
LBe CTapum:

- NepBUYHOE (OCHOBHOE) B3pbiBaHMe, obecneumBaroLlee Tpebyemoe kavyecTBo pbixrie-
HUS BCKPbIWHBIX NOPOA MEPEA UX 3KCKaBaLMel; OCYLUECTBIAETCH C UCMOMb30BaHWEM CKBa-
XWHHbIX 3apALoB B3pbiBYaThiX BellecTts (BB);

- BTOpUYHOE (BCnomoraTensHoe) B3pbiBaHue. MpoussoguTca B cnyvyae Heobxoaumo-
cTW, ANs ApobneHns HerabapuTHBIX KyCKOB MOPOALI, BbIPABHNBAHWNSA MOLOLLBLI YCTyna U T. M.

[o6bIua pyabl

JobbiuHble paboTbl NpeAcTaBnsAT cobo KOMMMEKC NPOLIECCOB MO U3BMEYEHNIO PYabl
13 MaccuBa ropHbIix nopoa. fobeiHa pyabl B )Kene3opyhHbIX Kapbepax OCYLLECTBIASTCH 9KC-
KkaBaTopHbIM cnocobom. OCHOBHOE pacnpocTpaHeHne Ha A4oObl4e pyabl MNONYYUIN OLHOKOB-
LoBble akckapaTopb! TUNa OKIM (akckaBaToOp KapbEPHBIN FYCEHWYHBIN) C 0ObemaMm KoBLLA OT
5 10 20 M® 1 rMapaBIMYEcKVe SKCKaBaTOPbl TUMa MPAMas fonaTa ¢ BMECTUMOCTBIO KOBLUA
10 30 m°.

Mpouecc akckaBaumn pyabl N3 MaccBa 3akiovaeTCs B CPE3aHUN CTPYXKKM PEXYLLEN
KPOMKOW KOBLUa, MOBOPOTE SKCKABAaTOPa K MECTY pasrpy3ku, pasrpyske KOBLLA U BO3BpaLle-
HUM pabouero opraHa B 3a6oW. Belemka B30pBaHHOW rOPHOA Macchl Kpernkux nopog ocyLle-
cTenAeTcs 3arnybneHnem koBLwa B passan. o cpeacrsam nepemMeLLeHNs PyKOSITU C KOBLLOM
COBpPEMEHHbIE 3KCKaBaTOPbl Pa3fAensoTCsl Ha kKaHaTHbIe U rmapasnuyeckme. YepnaHue y ka-
HaTHOrO 3KcKaBaTopa npovcxoauT brarofaps yCUnmio HaropHOro MeExXaHW3ama, PacronoKeH-
HOro Ha CTpene, U ero NoOAbEMHbIX KAHaTOB OT NoAbEMHbIX Nebeaok. TpaekTopus YepnaHus
NPpM STOM COXPaHSeTCs MOCTOsiHHOW. HauvHaeTcs oOHa B HWkHEW dactn 3abos.
Y rmapaBnvyeckoro aKckaBaTopa TPaekTopusi YepnaHns MoXeT ObiTb pasHoobpasHon bna-
ropaps ocoboMy COEAMHEHWUIO PYKOSITU CO CTPENOW U AOMONHUTENBHOMY MEXaHW3My MOBO-
poTa KOBLLA Ha KOHLIe PyKosTU. ITUM obecneunBaeTcs 6onee adheKTMBHOE NCMoNb30BaHNE
3HEPrvM ANsl BHEAPEHMWS 1 HanonHeHns koslia. Bo B3opBaHHOM maccvee pyabl YepnaHue
HaYMHaeTCs C HWXKHEWN YacTu 3abos, Npyu 3ToM obpasyeTcs kak Obl BpyS AnsS AONOMNHUTENL-
HOro pa3spbIXNeHUsi rOpHON Maccbl camoobpyLueHreMm. MNpu obopyaoBaHWK rMApPaBINYECKOro
3KckaBaTopa obpaTHOW ronaro OH UMEET BO3MOXHOCTbL 0GecneqnTb HKHEE YepraHune.
CyLecTBEHHbIM JOCTOMHCTBOM FMAPaBNYECKUX IKCKABATOPOB ABNSETCA WHdopMauma ve-
pes pbiyar yrnpasneHns 06 ycunmsx Ha UCMONMHUTENbHBIX OpraHax MawwuHel. 310 obecneyn-
BaeT OonMbLUy0 HAAEKHOCTb UX paboTbl U MO3BONSET MALMHACTY BbIOUPaTh ONTUMarbHbIe
TpaekTopun Ans YepnaHuns. KoBLUM rMApaBrnYECcKUX 3KCKABaTOPOB LUMPE, YEM KaHaTHbIX,
noaToOMy npm pacyete OypoB3pbIBHLIX PAbOT AN NONYyYeHUA ONTUMAaNbHOrO COCTaBa ropHON
Macchl Ans 3KCKaBaLMW MAPaBMYECKUM 3KCKABaTOPOM HEOOX0ANMO MPUHMMaTL MEHBLLUWA
pa3smep koBLLa B nnaHe. Pasrpy3ka y ruapaBnmyeckoro SkCckapaTopa OCyLLECTBMNAESTCS Onpo-
KMAbIBAHMEM UINM PacKpbITUEM KOBLUA. Y KaHaTHOrO 3KCkaBaTopa pasrpy3ka OCyLLEeCTBNSETCs
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OTpbIBaHWEM JHULLA KOBLUA HaA MECTOM pasrpysku. Pasrpyaka pyabl OCYLLECTBNSETCA B aB-
TOCaMoCBarbl UMW KeNe3HOA0POXKHbIE AyMIKapb!.

[nsa kaHaTHbIX MEXaHWYECKUX NonaT paguychl U BbICOTbI YEPMNAHWA 1 Pa3rpy3kn name-
HSILOTCS C MBMEHEHWEM Yria HaknoHa CTpenbl, KoTopas ycTaHaBnmMBaeTca nog yriom 45°
[abapuTtbl ONpensenstoTcs N0 MakcyMaribHO BbICTYMNatoWMM YacTsm akckaBaTopa. Pabouve
napamMeTpbl 3KCkaeaTopa o0ycnoBnMBatoT napaMeTpbl 3a60sS U TEXHOMOrMYECKYHO CXEMY €ro
paboTbl. Mpn yCcTaHOBNEHWUN LLMPWHBLI 38608 MEXaHMYECKON nonaTbl ONpPesensaowmm ABns-
€TCsl pafuyc YepnaHvsl Ha ypoBHE CTOsiHUS. MakcumMarbHas npon3BOAUTENBHOCTL 3KCKaBa-
TOpa AOCTUraeTcs MpY MUHUMYME MepeiBMKeK B 3a00e M BO3MOXHO MEHBLLIEM CPEAHEM YT-
e NMoBOpOTa SKcKaBaTopa OT MeCTa YeprnaHusi K NyHKTY pasrpysku. [Mpu norpyske pyasl B
cpeacTBa TpaHCnopTa Ha YPOBHE CTOSHUA 9KCKaBaTopa LUMPMHA TYMMKOBOW 3aX0fKu Onpe-
LENsSeTcs C y4eTOM pasMeLLEHUA TPaHCMOPTHBLIX KOMMYHMKaALMA M CXeMbl Mofadn TpaHc-
MOPTHLIX CPencTB Mo norpysky. BeicoTa 3abosi orpaHMYMBaeTCs BLICOTON YeprnaHnst aKkcka-
BaTopa. MyHMMarnbHasi BbicoTa 3a00si MexaHU4YeCcKoW nonarkl NPUHUMaETCS U3 YCINOBUS Ha-
NMOMHEHWS KOBLUA 3a OAHO YepnaHune. Yron oTkoca NOBEpXHOCTM 3ab0s 3aBUCUT OT CBOWCTB
paspabaTbiBaeMoro Maccumea u coctaenset 70°-80°. Mpu paspaboTke 3abos ¢ NOrpyskown
FOpPHOW MaccChbl B CPeAcTBa >Xene3HOLOPOXHOrO TPaHCMopTa OCb JKENe3HOLOPOXKHOro MyTu
pacnonaratoT Ha paccrtosHuy 0,8 MakcuMansHoro paguyca 4YeprnaHns OT OCK 3KckasaTopa.
Mpy aBTOMOBUIBLHOM TPAHCMOPTE aBTOCAMOCBAaIbI MOryT pacnonararsca cOoKy Unm nosaau
3KCKaBaTopa B 30HE pasrpysky KOBLUA C MUHMMaMNbHBIM YriioM pasBopoTa OT MecTa Yepna-
Hus. Mo ycnoeuto 6e30MacHOCTM KOBLU He LOMKEH nepemellatbcst Hag kabuHoW BoauTens.
Mpn KOHBEMEpPHOM TpaHCMOpPTE ropHasi Macca 3arpyxaeTcsi 3dKkckaBaTopoM B OyHkep-
nuTaTtenb, KOTOPbIA pacrionaraeTcs cOOoKy 3KCkaBaTopa WM BHYTPU 3axXOAKM Mo3afun SKcKa-
BaTopa.

TexHuyeckass NPOM3BOAUTENBHOCTb MEXAHUYECKUX NonaT 3aBUCUT OT BMECTMMOCTU
KOBLUA, JUTENBHOCTM LKA U CBOWCTB paspabarbiBaeMbix rOpHbIX MOPOod, KOTOpbIE BANAIOT
Ha ANUTENbHOCTb onepauumn YeprnaHvs 1 HanorHeHust koewa. Pabouni uykn skckaeaTtopa
cknaablBaeTca U3 onepauumin. YepnaHusi, BbiBeAeHUs KoBLua 13 3abos, NoBopoTa ero k MecTy
pasrpy3ku, nogbema UM onyckaHuUs KOBLUA Ha YPOBEHb pasrpy3ky, BO3BpaLLEHNA KOBLUA B
3abon 1 ycraHoeku ero ansa Yepnanus. Onepauum BbiBeAeHUs KOBLIA 13 32605 N yCTaHOBKN
€ro Ha ypoBeHb pasrpy3ku BbIMOMHSIOTCA BO BPEMsi MOBOPOTA €ro K MecTy pasrpyskun. Bo
BPEMS NOBOPOTA SKCKaBaTopa B 3a00W BLIMOMHASTCA onepauust onyCckaHUs KoBLla K MecCTy
Ha4ana 4yepnaHusi.

TpaHcnopTupoBka

TpaHCnopTUpOBaHWe KapbepPHbIX FPY30B SBASiIETCS Haubonee 3HEepProemMkum npous-
BOACTBEHHbLIM MPOLIECCOM Ha >XenesopyhHblX kKapbepax. Ucxoaa ua cywecrtsa OTKPbITbIX
ropHbIX pa3paboTok, nepeBo3ke MoANeXaT: BCKPbIWHbIE MOpPoAbl, pyAa U martepuansl gns
NPON3BOACTBA ropHbIX paboT. [na nepeBo3kn KapbepHbIX rPy30B UCMONb3YHOTCA NOYTU BCE
W3BECTHbIE BWAbI TPAHCMNOPTA: HEMPEPLIBHOMO AENCTBUA (KOHBEMEPHBLIN, TPYOONPOBOAHLIN);
LMKNNYHOTO AENCTBUA ()KEeNEe3HOAOPOXKHBIN, aBTOMOOMNbHBIA). Kaxabi Bug TpaHcnopta o6-
napaet cBoel cneumdUYHOCTBIO, NO3TOMY ANA 3MEKTUBHOIO NCMNOMNbL30BaHUS B 3aBUCUMO-
CTW OT FOPHOTEXHUYECKMX YCIOBUMA OH MOXET NPUMEHSATLCA B rPY30NOTOKaxX B €ANHCTBEHHOM
BMZE UNW B KOMOMHaLWK C APYrMA.

B HacTosilee Bpems HaubomnbLuee KONUYECTBO FOPHOM MacChbl Ha Xene3opyAHbIX
Kapbepax NepeBo3nTCs aBTOMOOUIBHBIM U KENE3HOA0POXHBIM TPAHCMOPTOM N X KOMBUHa-
LMEN, B MEHbLLIEN CTEMEHN UCMONb3YETCA KOHBEUEPHBIN M TPYOONPOBOAHbIA TPaHCMOPT.
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KoHBelepHbIn 1 TpybonpoBogHLIN TPAHCNOPT OTHOCUTCS K TPAHCTOPTY HEMPEpPLIBHOMO
nenctems. OH obecneuvBaeT MOTOYHOCTb MPOM3BOACTBA OPHLIX pPaboT, aBToMaTM3aumto
YyNPaBneHns 1 BbICOKYHD MPOU3BOAMTENBHOCTL TpyAa. CoyeTaHMe ero C BbIEMOYHO-
MOrpy304HOM 1 0TBanoobpasyroLLell TEXHUKOA NO3BONSAET CO3AaBaTh MOSIHOCTLIO aBToMaTh-
3MpOBaHHbIE BbICOKOMPOM3BOAUTESNBHbBIE KOMMMEKCH! Ans pas3paboTkm ropHbix nopog. Mpu-
Mepbl TaKMX KOMMIEKCOB — POTOPHbIE UM MHOTOKOBLLOBbIE 3KCKABaTOPbl C KOHBEMEPHbIM
TPAHCMOPTOM, C TPaHCMOPTHO-OTBamNbHLIM MOCTOM UK OTBanoobpasoBaTeneMm, rmapasnu-
YECKMEe KOMIMMNEKChI U3 TMAPOMOHUTOPOB NN 3eMCHAaPSL0B M TPyOONpoOBOLHOIO rMapasnye-
cKoro TpaHcnopTa. [MprMeHeHe KOMNNEKCOB HENPEPLIBHOMO AEUCTBUSA ANsi pa3paboTku rop-
HbIX MOPOZ Ha kapbepax ynpoLyaeT rpy30rnoTOKA M MOBbILLAET CTeMNeHb UCMorb30BaHust 06o-
pynoBaHWA Ha kapbepe. KoHBENEPHBIN TPEHCMOPT SABNASTCH OTHOCUTENBHO MOMOLLIM BUAOM
TpaHcrnopTa Ha Kapbepax, XOTa AN nepemMeLleHnst nopod, 0CoBeHHO Cbinyynx, OH UCMoMb-
3yeTcs faBHO. Ha kapbepax ANnsi TPaHCNOPTUPOBaHUS MSTKUX, APOBneHbIX, ckanbHbIX U No-
nycKanbHbIX FOPHBLIX MOPOA MOMYYWNN PacrpOCTPaHeHWe NEeHTOouYHble koHBewepbl. MpuHLmMN
nx paboTbl 3aKNYaeTCs B NepPEMELLEHNN TOPHOM NOPOAbl HA KOHBEMEPHOW NEHTe, KoTopas
NPUBOAMUTCS B ABWKEHME TArOBLIM YCTPONCTBOM. JIeHTa Npy CBOEM ABWKEHUM ONUPAETCH Ha
POnUKOBLIE OMOpPbLI, KOTOPbLIE 3aKpenneHbl Ha pame koHeenepa. KoHeeliep COCTOMT U3 OT-
AENbHbIX CeKuM (CTaBOB) C MPUBOAOM W HATKHBIM YCTPOMCTBOM. [NMHA KOHBEMEPHOro
CTaBa 3aBUCUT OT MPOYHOCTU NIEHTbI U KOHCTPYKTUBHBIX OCOBEHHOCTEN KoHBenepa. Mo Ha-
3HAYEHMIO N MECTOPACHMONOXEHNIO B KAapbepe KOHBENEPHbLIN TPaHCNOPT pa3fenseTcs Ha 3a-
B©OMHbIA, COOPOYHBIN, NMOABEMHBIA, MarucTparnbHbIi U OTBanbHbIN. 3ab0MHbIe KOHBENepbI
pacnonaratoT Ha paboyen nnowaake ycryna. OHn npegHasHaveHbl NS TPaHCNOPTUPOBaHNA
rOPHOM Macchl OT 3KcKaBaTopa Ao cOOPOYHOro KoHeenepa. Beneacreme Toro, YTo OPoHT pa-
00T B kapbepe NOCTENEHHO NOABUraeTCsi, KOHCTPYKLUMUN 3a60MHbIX CEKLMI KOHBEWEpOB npe-
LyCMaTpuBatoT naparnnesribHoe ux nepemellenre. C6opoyHbie (MepepaToyHble) KOHBeWepbI
pacnonaratoT B TOpLEBbIX YacTsax kapbepa. OHM npeaHasHayeHb! ANs TPaHCNopTMPOBaHUA
rOPHOM MOPOAbl OT OAHOIrO UMY HECKONbKMX 3ab0MHBIX KOHBEEPOB K NogbeMHuKy. C6opoy-
Hble KOHBENepbl NepemeLatoT Bcrnes 3a 3aborHbIMM KOHBEnepamu napasnnesnibHO UX OCK.
MoabeMHble KOHBEWEpPLI pacnonaraloT B Hepaboyein nnu BpeMeHHo Hepabouyeit 30He Kapbe-
pa (B TpaHLWeax unm noa3eMHbIX HaKIMOHHbIX BbipaboTkax). OHu npegHasHayeHbl ans goc-
TaBKW FOPHOM Macchbl U3 paboyel 30HbI kapbepa Ha MOBEPXHOCTb. [oabeMHbIN KoHBEWEp
NMPVHUMAaET FOPHYI0 Maccy oT CBOPOYHOro KoHBerepa npy OBbIMHOM KOHCTPYKLUW MOA YriioM
no 18°, a npu cneumansHon — Ao 50° n TpaHcnopTupyeT ee no 6opTy kapbepa Ha NoBepx-
HocTb. lMNMoabeMHbIN koHBEWEP nMeeT Gonee MOLLUHBIA NPMBOA U KOHCTPYKLUIO, npesycmar-
PYBaIOLLYIO MPaKTUYECKN CTauuoHapHOe ero pacnonoxeHue. dddekTmBHOCTL M 6e3onac-
HOCTb TPaHCMOPTMPOBaHWS CKanbHOW FOPHOM Macchl nog yriioMm 6onee 14° u MSArkUx ropHbIx
nopog nog yrnom 6onee 18° obecneunsarotca pudneHMeM NOBEPXHOCTU MEHTbI, UCMOMNb30-
BaHWEM NMPWKUMHOWN NEHTbLI SN LIEMHOW CETKM, KOTOPbIE NPENATCTBYIOT CKATLIBAHMIO MOPOAbI
npu ABWKEHUM €e Mog HaknoHoM. MaructpaneHbele KOHBEWEPbI pacronaratoT Ha NOBEPXHO-
CTW Kapbepa U UMEKT CTaLMOHaPHY KOHCTPYKUMIO. OHU npeaHasHayeHbl Ans TPaHCNopTy-
pOBaHMA MOpoA BCKPbILM K OTBanam, a MoJIe3HOr0 WUCKOMaeMoro — Ha oboratutensHyro
thabpuky nnm k cknagam. OTearnbHbIe KOHBENEpPLI pacnonaratoT Ha oTeanax. o xapakrepy
cBoen paboTbl OHWM aHanorMyHbl 3aboMHEIM KOHBEepaMm, T. €. MEPEMELLAKTCS BCres, 3a OT-
BanbHbIM (OpoHTOM. WMccnefoBaHuWs MoKasbiBaloT, 4TO Haubonblen 30dMEKTUBHOCTLIO
TPaHCMOPTUPOBaHNS FOPHOW MaccChl U3 kapbepa nof HoMbLWNM YrioM HakroHa UMEKT KOH-
BErepbl C MPWKUMHOW NEHTON, ¢ NonepeYHbIMU Neperopoikamm 1 ropprposaHHsiMn BopTa-

26



UTC 25-2017

MU 1 TpyBuaTble. KpyTOHaKNOHHBIN KOHBEMEP C MONepeYHbIMM NeperopoikaMm umeet 6enb-
TWUHIOBYO OCHOBY C apMUPOBaHHOW CETKOW M3 CTanbHOro kopaa Ans NonepeYHON KeCTKOCTU
npu 60OnbLIOA LUMPWHE NeHTbI. [OpU3OHTaneHas yCTOMYMBOCTL AOCTUrAeTCs 3a CYET none-
PEYHbIX MEPEropofoK PasnnyYHOA HOpPMbl B 3aBUCMMOCTU OT KOHKPETHBIX YCIOBUWA, BUAA v
yrna noabema ropHoi maccbl. 1o kpasiM neHTbl No BCeW ee ANMHE UMEKOTCH Pe3VHOBbIE
BopTa. 3arpysoyHas yacTb Takoro KOHBerepa pacnonaraeTcs Ha ropusoHTanbHOM y4yacTke,
YrON HaKnoHa NOAbEMHOro y4acTka MoxXeT gocturate 90°, CKOPOCTb ABWKEHWSA NEHTbI OT 2,3
no 8 m/c.

TpyBonpoBOAHLIN TPAHCMOPT SBMSETCA TPAHCNOPTOM HenpepbiBHOrO AencTBus. Ha
KenesopyAHbIX Kapbepax OH NPeACTaBneH rmapaBnmMyeckuM TPaHCnopToM. ABNSsSCb caMmbiM
3 DEKTMBHBIM, HO UMeeT BonbLUME OrPaHUYEHNS MPUMEHEHUS MO KNMMAaTUYECKUM YCIOBU-
AM (CE30HHOCTb PaboThl), CBOMCTBAM TPAHCMOPTMPYEMBIX MOPOS, (MArkMe ropHble nopogbl 1
4YacTu4HO ApobneHble nomyckanbHbIE) W HanMYuMlo BOAOUCTOYHUKOB. [MApaBnnyeckvn
TPaHCMOPT rOPHbIX MOPOA Ha Kapbepe, kak M KOHBEWEepHLIW, Nno3sonsieT obbefnHUTL B He-
NpepbIBHBIA MOTOK BLIEMKY, [OCTaBKy W oTBanoobpasoBaHve, co3gaBas aBTOMaTuYecKun
TMAPABINYECKUA KOMMMEKE. MMApOTPaHCNopT — 3TO MEPEeMELLEHNe CMEeCK MATKUX Wn
ApobneHbIX nomyckanbHbIX FOPHbIX MOPOA Mo Tpybam B BOAE C KPUTUYECKOW CKOPOCTLLO,
cosgaBaemMon paboTon rMAPOMOHUTOPA M FPYHTOBOrO Hacoca. CMeCb BOAbI C MOPOAOWA Ha-
3blBaeTca Nynbno. Mynbna TpaHCnopTMpyeTes OT 3a00eB N0 HanopHbIM TpyOGonpoBoAam K
MecTam pasrpy3ku (oTeanoobpasoBaHusi, 3aMbIBa).

>KenesHofopOXHbIA TPaHCMopT sABnAeTcA Hanmbonee pacnpoCTpaHEeHHbIM TPaHCMop-
TOM Ha >XenesopygHbIx kapbepax 6narofaps ero BbICOKOW HaAeXHOCTW B NMOBbIX KnumaTu-
YECKUX YCIOBUSIX, BbICOKOM NMPON3BOANTENBHOCTU N 3PPEKTUBHOCTM B aKcnnyaTtaumu. MNpuH-
umn paboTbl KENE3HOAOPOXKHOIO TPaHCMopTa 3aKMivaeTcs B NepeMELLEHUN SNEKTPOBO3aMn
U1 TEMMOBO3aMM FOPHbIX MOPOA B AyMrKapax 13 3aboeB k MecTy pasrpysku. Yucno aymn-
KapoB B COCTaBE pacC4MTbIBAETCH MO TArOBbIM XapakKTEPUCTUKaM JIOKOMOTUBA U rEOMETPUN
nyTu (YKNOHbI U paanycbl). XKenesHoaopoXHbIe NyTU pasaensaoTca Ha NepeaBmkHbIE U No-
cTosiHHble. K nepeaBWKHBIM OTHOCATCS MyTW Ha pabounx nnowjagkax B kapbepe v Ha oTea-
ne. K nocTosiHHBIM OTHOCATCA NyTW B TpaHLUesX, Ha TpaHCMopTHbIX 6epmax 1 Ha NOBEPXHO-
CcTU kapbepa. [epeaBUXKHOW MyTb NEPUOANYECKN NEPEMELLASTCH BCNEA 3a NepeMeELLEHNEM
poHTa paboT B kapbepe unu Ha oTBane. CKOpPOCTU KENe3HOAOPOXHOrO TpaHcnopTa B
Kapbepe Mo MOCTOSIHHBLIM MyTSM NeperoHoB coctaensoT 35—40 km/4, No 3a6oMHBIM U CTaH-
LUOHHbIM nyTsaiM — 15-20 km/u. lymnkap npeacraBnseT coBon MOLLHY nnatgopmy, Cro-
cobHyto BbliaepxmBaTh GonbLIME AUHAMUYECKNE HArpy3Kkn NPW pasrpy3ke KOBLUEW SKCKaBaTo-
pa. Pasrpyska gymrnkapa oCyLeCTBNSETCS HakNnOHOM €ro B OgHy UNW APYryt0 CTOPOHY C Mo-
MOLLbI0 MHEBMAaTMYECKUX LmnunHapoB. Mpu aTtom 6opT gymnkapa B CTOPOHY HaKMoHa OTKU-
[bIBAETCS UM NOAHMMAETCH PbIYaXHBIM MEXaHW3MOM. B kayecTee NMOKOMOTVMBOB Ha Kapbe-
pax NPUMEHSIIOT TArOBbIE arperarbl (3NeKTPOBO3bl CNeLnansHOro Buaa) U B HEKOTOPbIX Cry-
Yyasix TeNnoBo3bl. TArOBbLIN arperat UMeeT cneumanbHyo KOHCTPYKUMED, CnocobHyto obecne-
unTh 3apeKkTUBHYIO paboTy XKenesHOAOPOXHOro TPaHCMopPTa B KAapbEePHbLIX YCIOBUSAX, Xapak-
TepuayroLMXcsl 60MbLIOA MHTEHCUBHOCTBIO ABWKEHUS, CIIOXHOCTBIO TPace ¢ ManbiM1 pauy-
camu 3aKpyrneHvr, 6oMnbLLIMMK YKNOHaMKN Ha Nogbemax, Hann4nem nepeaBmKHbIX 3a60MHbIX
W oTBarnbHbIX MyTeW, GOMbLLIOW rPy30NOALEMHOCTBIO COCTABOB U HEBNAroNPUSATHLIMU KNMMa-
TUYECKUMM yCTOBUAMM. MUTaHME TAroBbIX arperaTtoB OCYLLECTBMSETCSA OT KOHTAKTHOW CETu
(unn Tponnewn) Yepea TOKOMPUEMHVKU (naHTorpadpbl). B mecTtax norpyskm ropHom macchl B
3ab0s1x Tponsnes pacnonaraetcs c6oKy OT KEeNe3HOAOPOXKHOro NyTW, NOSTOMY TSAroBbIE arpe-
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ratel oGOpyAyKTCH AOMONHUTENBbHBIMUA BGOKOBBIMM TOKOCHEMHMKaMU. UTODBbI UCKIOYUTL
TPYLHOCTU SKCMIyaTaumm KOHTaKTHOW CeTu Ha paboyelt nnowaake U Ha oTeare, TAroBbIA ar-
perat MOXeT UMeTb HeBOomnblLUYHO AM3enb-reHepaTopHYH YCTaHOBKY, KOTOPOW AOCTaTOuHO,
4TOObI NEepemeLLaTb cocTan no 3aboMHbLIM FOPU3OHTanNbHbLIM NYTSM C HEBONBLLIOW CKOPOCTLIO.
TexHonorns paboTbl KENe3HOAOPOXKHOrO TpaHCnopTa 3aknto4yaeTcA B MEpPeBO3KE FOPHOM
Maccbl K MecTam pasrpysku. o npubbITuK rpyKeHOro cocTasa OT 3KckaBaTopa Ha CTaHLMIo
obMeHa ¢ Hee Kk 3KCkaBaTopy B 3a001 HanpaBnseTcs Nog norpy3sky NoOpoxHuNi coctae. Benay
TOrO, YTO Ha Kapbepe B paboTe Haxo4MUTCs MHOTO SKCKaBaTOPOB, MHOPMAaLUS O COCTOSHUN
Morpysku cocTaBoB LeHTpanusoesaHa. OHa HakannuBaeTcsl y AWCTNeTYepa Yepes CUCTEMbI
AVCNEeTYEpMN3aLIM 1 NO3ULIMOHNPOBaHWUST NOABUXKHOrO coctasa. CocTaBbl NOA MOrpysKy B 3a-
©ol 1 nop BbIrpy3ky Ha OTBan MojaroTcs BaroHamu enepes. Norpysky HauMHalT ¢ nocnea-
HEero BaroHa W MepUOAMYECKN MEPEABUIatoT COCTaB MO CUrHasny MaluMHUCTa 3KcKaBaTopa.
Pasrpy3ka Ha oTBane Ha4MHaeTcsi ¢ NepBOro BaroHa noezaa. lMocne oTpaboTku 3axoaku Ha
rOPU3OHTE UMW 3anoNHEHWA MOMOCLI Ha OTBane Xenea3HOA4OPOXHbIE NYTU NEepeaBUratoTcs.
MepeaBwxka NyTn Npu pa3paboTke ckarbHbIX NOPOA SBMSETCA MHOIFOOMNEPaLMOHHBIM TPYAO-
emMkuM npoueccoM. OH BbINOMHSAETCA B 3aBUCUMOCTU OT MEXaHu3aumm ¢ pasbopkon nytu
unu 6e3 Hee. MNpouecc nepeaBKKMA NyTW ¢ pa3bopKON 3akmovaeTcs B MNaHMPOBKE Tpacehbl,
pa3bopke 3BEHBLEB MyTW WM MOCMNEAOBATENBHOM WX MEPEMELLEHWMN KENE3HOLOPOXHBLIM Kpa-
HOM Ha HOBYH Tpaccy, NepemMeLLeHUM ONOpP KOHTAKTHOW CETU, COEAMHEHUN 3BEHBLEB, PUXTOB-
KE MO OCK W BbIPaBHUBAHUM MYTU B FOPU3OHTANBHOW MIOCKOCTW, MOALUTOMNKE M YCTPaHEHUN
NOBPEXAEHUA KPEMNNEHUS PeSibCoB K LUNanam, KOTopble NpoOUCXOAAT MPW OTPbIBE LUNanbHON
KINeTKM OT 3eMMAHOro NonoTHa (0Co6eHHO B 3UMHEE BpeMS).

ABTOMOBWMBHBIN TPAHCNOPT MMEET LUMPOKOE PAacnpoCTPaHEHNE Ha XEene3opynaHbIX
Kapbepax Gnarogaps ero aBToOHOMHOCTU, MOBUMNBHOCTY, BbicokoM addekTnBHOCTHN paboTbl B
CMOXHbIX TOMorpacuyecknx, reosiormyeckMx U CypoBbIX KnuMaTtudeckux ycnosusx. Hanbo-
nee apdpekTnBHan obnactb NpUMEHEHN1 aBTOMOBUIBHOIO TpaHCNopTa — Kapbepbl Manon u
CcpefHeln MpPOM3BOAUTENBHOCTM, FyboKMe FOPU3OHTBI KPYMHBIX KapbepoB B KOMOMHaumm ¢
KEeNe3HOA0POXKHbIM TpaHcrnopTom. MpuHUmMn paboTbl aBTOMOBUIBHOMO TPaHCMopTa 3akmto-
YyaeTcAa B NepeMEeLLEHMN TOPHOW Macchl M3 3a60eB K MyHKTam npuema ropHol Maccbl Nno ae-
TOZOpOre U ee pasrpyake. ABTOMODUMbHbIE AOPOrM B Kapbepe pasfensitoTes Ha Kkanutanb-
Hble 1 BpeMeHHble. KanuTanbHble 0pori CoopyXatoTcsl Ha CTauMOHapHbIX y4acTkax Tpaccesl
Ha MOBEPXHOCTM Kapbepa, B TpaHLIesiX U TPaHCMOpTHbIX 6epmax. BpeMeHHbIMU ABNSKOTCS
3aboiHble aoporu B 3abosx, Ha paboyel NnoLlaake, Ha CKONb3SALMX Cbe3fax U Ha oTBanax.
TexHonorma paboTbl aBTOMOBMNBHOrO TPAHCNOPTa Ha Kapbepe 3aKMo4acTCca B NepPeBo3ke U3
Kapbepa BCKPbILLKM, HEKOHAWLMOHHBIX PyA Ha OTBanbl U CheLcKnagbl, pyabl — Ha neperpy-
30YHble MyHKTbI, B Crydyae KOMOGUHUPOBAHHOTO aBTOMOBWMBHO-KENE3HOAOPOXHOMO TpaHC-
nopta — Ha cknafbl, ApobunbHbIE KOMMMEKCH B Kapbepe unu k byHkepam oboratutensHon
tabpukn. BcneacTBue BbICOKOW CTOMMOCTU @BTOTPAHCMOPTHBIX CPEACTB €ro NPOCTON, Kak n
NPOCTON BbIEMOYHO-TMOTPY304HON TEXHWUKWU, AOIDKHBI ObiTb MUHUMAnNbHBIMKU. [ANa nx ymeHb-
LWEeHNs Ha Kapbepax UCMOonNb3yloT ABa Buaa opraHvsaumm paboT aBToTpaHcrnopTa: ¢ 3akpen-
NeHneM onpefeneHHoro KonMyecTsa CaMmoCcBarioB 3a 9KCKaBaTopoOM B TEYeHUe CMeHbI 1 6e3
3aKpenseHns ¢ nofaqei MallMHbI NoA NOrpy3Ky KaKAbIA pas Mo KoMaHAe AMCreTyYepa Ucxo-
A5 Y3 CUCTEM AucneTyepm3aumu M nosvMUMOHMPOBaHUS astocamocBanoB. OCHOBHbIM Ha-
NpaBneHNeM COBEPLUEHCTBOBaHMS aBTOMOOUITBHOIO TpaHCnopTa sIBNSIETCA YBENUYEHNE ero
rpy3onogbLEMHOCTM U HAAEXKHOCTM paboThkl, yMeHbLLEHME Bbibpoca B atMocdepy BpeaHbIX
KOMMOHEHTOB BbIXNTOMHLIX ra30oB. YBEnM4eHne HafeXXHOCTM paboTbl aBTOCaMOCBanoB pa3su-
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BaeTCs B ABYX HaMpaeneHWsiX — COBEPLUEHCTBOBaHWE KOHCTPYKLUMIA MalLWH U UX Y3roB U
ynyulLeHWe AOPOXKHbIX YCNOBUA. [Ina yMeHblUeHUA BbiBpoca B atmocdepy BpeHbIX KOMMO-
HEHTOB MPUMEHSIIOT PasnunYHbIE KOHCTPYKUMW MOTNOTUTENEN UNWN JOXUraTeNen BbIXIOMHbIX
rasoB. K yMeHbLUEHUIO 3ara3oBaHHOCTU B Kapbepe BeAeT NpPUMEeHeHWe rasoTypOuHHbIX ABU-
ratenen 1 Tponneneo3oB. OAHUM U3 KOPEHHBIX NYTEA YMEHBLUEHWSA 3ara3oBaHHOCTU SABMSA-
€TCSsl MPYMEHEHNE B KAYECTBE TOMNMBA CKUKEHHBIX FOPIOYNX rasoB, NPU CKUraHWM KOTOPbIX
o06pasyeTcsi MeHbLLEE KONMYECTBO BLIGPOCOB BPEAHbIX BELLECTB.

MepBuyHOE gpobneHue

Moz npoueccom nepesuYHOro ApobneHrs NOHUMaEeTCa Hanuyme B Kapbepe Unu Ha ero
6opTy ApPOOMNLHOrO KOMIMNEKCA, KOTOPLIN CNYXWUT ANS NEPBUYHOrO ApobneHns pyabl unm
BCKPbILLHOW nopogbl. B >kene3opyaHbix kapbepax nepsudHoe apobneHuii cnonbayercst Ans
BO3MOXHOCTU TOCIeAyoLel TPaHCNopTUPOBKM ApoGreHoro Matepuana KOHBEWepHbIM
TPAHCMNOPTOM UMW BO3MOXHOCTU NEPBUYHOrO 060ralleHna pyabl HENOCPEACTBEHHO B Kapbe-
pe nnu Ha ero 6opty. KoMnnekc nepBu4HOro ApobneHns cocTouT U3 NpUeMHbIX ByHKepoB,
NMPUHUMAIOLLMX PYAY MW NMOpoAy OT aBTOCAMOCBANOB, Noa NpuemMHbIMU ByHKkepamu pacno-
nararTca Apobunkn KpynHoro ApobneHns (KOHYCHbIe, pexe LeKoBbIe), No3Bonsiowmue apo-
OuTb pyay wnu nopogy kpynHocTeto go 1500 mm. Ha Bbixoge ¢ ApOOUnbHBIX YCTaHOBOK
KpynHOCTb pyabl He npesbiwaeT 300—400 MM, YTO NO3BONSAET NPOU3BOAUTL €€ AanbHENLLYIO
TPaHCMOPTUPOBKY KOHBENEPHBLIM TPaHCMOpTOM. Takke nocne Apobunok Nepeoi CTagmum Mo-
ryT pacnonararbCsi F[poOXoThl UNM Apobunku BTOpol ctaaum, obecneunBaiome apobneHve
pyabl 4o kpynHoctn 150200 MM, YTO NMO3BONSET TPaHCNOPTUPOBATL €€ KPYTOHAKMOHHLIMU
koHBenepamn. MNepeuyHoe apobrneHre Ucnonb3yeTcs nNpu KOMOMHMPOBAHHOM aBTOMOOWUIb-
HO-KOHBEWEPHOM TPaHCMOPTE U SIBMSIETCS YaCTbi0 KOHBENEPHOro komnnekca. Pyay vnm no-
poay 13 3abos AOCTaBnAT aBTOMOBWUIBHLIM TPaAHCNOPTOM A0 Apobunkn n nocne Hee
TPaHCMOPTUPYIOT MOABEMHBLIM KOHBENEpPOM Ha 6opT kapbepa W Aanblue MarucTpasbHbIM
KOHBEMEpOM Ha oTBar, pyay — Ha oboratutencHyro dabpuky.

O6paleHne co BCKPbIWHLIMU NOPoAaMu

OTtBanoobpasoBaHve 1 CKNaaupoBaHMe SBNAIOTCA 3aKMHOUUTENbHBIMU TEXHOMOrnYe-
CKMMW MpoLeccamn B pa3paboTke ropHbIX Nopoa Ha kapbepax. Hackinb nycTbix nopos Hasbl-
BaeTCH MOPOAHbIM OTBAsIOM, HachiNM NOpPoA NNOAOPOAHOTO Crnosl, HEKOHAULIMOHHBIX PYA W
MONEe3HOro UCKOMaemMoro — cknagamv unu cneyoteanamu. MNopogHeie oTBanbl pasnuyaroT
Mo MeCTOPaCMONOXEHNIO OTHOCUTENBHO KOHTYpa Kapbepa, Yncry SpycoB OTCbINKM U CPEACT-
BaM MexaHu3auum oTeasnbHbIx paboT. Mpn paspaboTke ropu3oHTanbHbIX U MONOrMX MecTo-
POXAEHWNIA OTBarbl pacrnonaratoT B BblpaboTaHHOM NPOCTPAHCTBE BHYTPW KOHTYpa kapbepa.
OTn oTBanbl HasbiBalOTCH BHyTPEHHUMU. [pun paspaboTke HaKMOHHbIX U KPYTbIX MECTOPOX-
LEHWI OTBanbl pacronaratT Ha NMoBEePXHOCTU 3a KOHTYPOM kapbepa, NMosToMy OHW HasblBa-
toTCA BHELWHMK. OTBanbl OTChINAKT B OAMH UM HECKOMNBKO ApycoB. BeicoTa apyca onpeae-
NASTCH YCTOMYMBOCTLIO, KOTOPasi 3aBMCUT OT CBOWCTB CKNagupyembix nopoa, penseda no-
BEPXHOCTW, MIPOrecnorMiyeckmnx, KnumMaTn4eckmx ycroBmin 1 TEXHONOrMn oTeanoobpasosa-
HUSA. B KaXZoM KOHKPETHOM criyyae C y4yeToM 3TuX (DakTOpOB yCTaHaBMMBaETCA BbICOTA
Apyca, OHa yKasblBaeTCA B NPOEKTE. YBENUYEHNE BbICOTbI ApyCa CHWKaET 3aTpaTkl Ha OTBa-
noobpasoBaHne 3a CYET YMEHbLUEHWS MyTeBbIX paboT M NOBbILEHNS MPOU3IBOAUTENBHOCTM
CPeacTB MexaHusauum oTearnoobpasosaHuns. CKnagvMpoBaHWe MONe3Horo UCKOnaemMoro
06bIYHO MPOM3BOAMTCS C LIENbi0 YCPEAHEHUS] Ka4yecTBa W CO3LaHusA pesepBa Ans nocne-
AyroLlen nepepaboTku Unu oTrpy3ku notpedutento. MexaHnsauus oTeaneHbIX paboT u ckna-
AVPOBaHME 3aBMCUT OT CBOWCTB FOpHbIX MOPOJ M CBA3aHa C BUAOM TPaHCMNOpTa, NCnonb3ye-
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MbIM ANSi NePEeBO3KN rOPHONM Macchl U3 kapbepa. OTeanoobpazoBaHme MArKMX ropHbIX MNOPOoL,
NPV KOHBEMEPHOM TPaHCMNOpTEe MNPOU3BOAUTCH TPAHCMOPTHO-OTBAlMbHLIMU MOCTaMW, KOH-
COnbHbIMM OTBanoobpasoBaTensamm, NPy Xene3HoAOPOXKHOM TpaHCnopTe — AparnanHamu,
npu aBTOMOBUNBHOM TpaHcrnopTe — Bynbao3epamn. TeXHONOrMsA oTBanoobpasoBaHUs Npu
KENesHOA0POXKHOM TPaHCMOPTE 3akrovaeTCs B 3KCKaBaLMW PasrpykaeMon 13 Aymrnkapos
nopoAbl U yknaake ee B OTBarn OAHOKOBLLOBBIMUW 3KCKaBaTopamun agparnanHamy. JkckasaTop
pacrnonaraeTcsi HKe YPOBHS XENe3HOAOPOXKHBIX MYTEN Ha BbICOTY Pasrpy3ku SKCkaBaTopa.
Mopona n3 aymnkapoB pasrpyxaeTca B yrrybneHue, coopyxaemoe CaMUM SKCKaBaTOpOM.
Mocne pasrpysku Nopoabl 3KCKaBaTop NPOM3BOAUT YKNAAKy ee cHavana B HKHUA nogycTyn,
a 3arem B BepxHUA. C y4yeTOM ycaaku Nopoj B OTBane BEPXHWUM NOAYCTYMN OTCbINAETCH Bbl-
COTOW, HECKOINbKO MPEBbLIAOLEN YPOBEHb XENE3HOAOPOKHOro nyTu. [NpuMeHeHne ogHo-
KOBLLIOBbIX 3KCKaBaTOpPOB OBecrneuMBaeT HafeXHOCTb 0TBanoobpa3oBaHUS KPEMKUX MOPOA,.
MyTn coBepLueHCTBOBaHMA 3TOro cnocoba cBsidaHbl C NPUMEHEHUEM HOBbIX CXEM OTBanoo6-
pasoBaHns, NPUMEHEHNEM 3KCKaBaTOPOB C yBENMYeHHbIMU pabourmm napameTpamm 1 no-
BbILLEHMEM CTEMEHM UCMOMb30BaHNA OTBalbHbIX TYMMKOB. YKnagka Kpenkux ropHbIX nopos B
oTBanbl Npy AOCTaBKE aBTOMOBUIbHBIM, @ MHOTAA U XENEe3HOAO0POXHbLIM TPaAHCMOPTOM Npo-
N3BOANTCH MOLUHbIMK Oynbaosepamu. ABTOCamocBarsbl pas3rpyXaroTcA Ha HEKOTOPOM pac-
crosHum ot BpoBkn No nepudepun otBana. bynbaoaepbl NnepemeLLaloT ee noa OTKOC, OC-
TaBnssa Ha 6poBKe NpefoxpaHnTensHbIA Ban. [ns 6e30nacHOCTV MOBEPXHOCTL OTBana uMe-
€T NoAbeEM B CTOPOHY OTkoca, paBHbi 3°. [Ins obecrneyeHns BO3MOXKHOCTU OfHOBPEMEHHON
paboTtbl aBTOTPaHCNopTa 1 OynbA03epoB OTBan pasfensoT Ha ydacTkn. Ha ogHux yyactkax
NPON3BOAMUTCH pasrpyska aBTOCaMoCBaroB, Ha APYMMX — NEpPEMELLEHNE YKE Pa3rpy>KeHHON
nopoAbl NOA OTKOC. BbicoTa oTBana 3aBnCUT OT CBOWCTB CKITAANPYEMBIX MOPOA N OCHOBaHWS
oTBana. B paBHWHHOM MECTHOCTU BbICOTa Bynbao3epHOro oTeana NPMHUMAaeTCs paBHOW 25—
30 m.

Pyabl, N0 CBOMM KOHAMUMAM HE OTBEvarolime B HacTosiee Bpems TpeboBaHUsIM rne-
pepaboTkm unmn notpedbuTenen, yknaabiBatoTCcs B OTAENbHbIE OTBarnbl. TEXHOMOMMSA OTBarno-
o6pazoBaHus 1 KOMMMEKCHas MexaHu3auumsl aHanorMyHbl 0TBanoodpa3oBaHMo NyCcTbiX Mo-
poa. OTBanbl HEKOHAMLMOHHBIX MCKOMaeMbIX OTNNYalOTCsi MEecTopacronoXeHneM 1 napa-
meTpamn. MecropacrnonoxeHne BblbupaeTcs BOnnan Oyayllero npeanpusTis no nepepa-
B0TKe, MCX0ASA U3 BO3MOXHOCTWN TPAHCMOPTHOW CBA3W ¢ HMM. BbicoTa oTBana aormkHa ObiTb
KpaTHOW BbICOTE ycTyna npu ero paspaboTke. AHANOMMYHO CKNaaMpPYHOTCS MOMyTHbIE Mones-
Hble MCKoMaeMble, He UCMOoNb3yeMble B AaHHbIA MOMEHT noTtpebutenem.

Mpn TPy6ONpOBOAHOM TPEHCMOPTE MYCTbIX MOPOA VX Pa3meLleHMe NpOou3BOAUTCA B
rmppooTeansl. [mapooTtsansl NPeAcTaBnsAloT COOO0M OropoXeHHble BOLOHENPOHULAEMbIMU
famMbamn eCTeCTBEHHbIE MOHWKEHUS penbeda, Banku, oBparu, BelpaboTaHHbIE MPOCTPaHCT-
Ba KapbepoB, W pacnonaratoTCs B rpaHunLax 3eMerb, ManonpurogHbiX Ans CenbCKOXO3ANCT-
BEHHbIX Lenen. 3anonHeHue (3aMbiB) rmapooTBanoB NMPOMCXOAUT U3 HAMOPHbIX TPyBonpoBo-
[OB, KOTOpbIE MEepemMeLlaroT no Teny ruapooTsana Ans ero paBHOMEPHOro 3arnosfiHEeHWs.
TBepable YacTuLpbl M B3BECH MOCTEMNEHHO OCaXAATCA Ha AHO, @ OTCTOsIBLUAsCS BOAa BO3-
BpaLyaeTca obpatHo B Lukn paboTbl HanopHoro ruapoTpaHcnopTa [1], [2].

Taioke NpUMeHSeTCs COBMECTHOE CKIMaaAMpOBaHME PbIXJION N CKanbHOW BCKPbILLMK, OM-
pefeneHHoe NMPOEKTOM, 1 BbIMNONHAETCS cornacHo nacnopTy oteanocobpasosaHus. COOTHO-
LLEHWE PBIXION N CKanbHOW BCKPbILLIW, CKNaaMpyemor B OTBanbl, B COOTHOWEHUN 25 % pbix-
TIOW BCKpbIWK K 75 % CkanbHOW, NPW CKOPOCTU NPOABWKEHNUA (DPOHTa oTBana He 6onee 3 M
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B CYTKMW, C Lienbio obecneyeHunsi yCTOWUMBOCTM OTBaNoB 1 6€30nacHoro COBMECTHOrO CKna-
AVPOBaHMS.

O6as Bnok-cxema NPOLECCOB OTKPLITLIX FOPHLIX PpaboT NpvBeaeHa Ha pyUcyHke 2.1.
B tabnvue 2.1 npuBegeH nepeyeHb OCHOBHOrO 0GOpyAOBaHWUA, NPUMEHSIEMOTO MPU OTKPbI-
ToW pa3paboTke xene3opyaHbIX MECTOPOXKAEHWUNA.

OtkpbiTas paspaboTka xenesopyAHbiX MECTOPOXAEHWUN BRUAET Ha aTMOCKhEpPHbI
BO3AYyX, NOBEPXHOCTHBIE N NOA3EMHbIE BOAbI, FEONOMNYECKYIO Cpeay, OTUYKAEHNE 3eMENb.

NcTouHukamn 3arpsisHeHust atMocdepbl ABNATCA rasonbiiesble BbIGpockl, obpa-
3ylowmecs rmaeHbIM 06pa3om npu BeAeHUM OypoB3pbiBHLIX U [0ObIMHBIX paboT. a3kl u
Mblb BbIAENSAOTCA Takke C MOBEPXHOCTM MOPOAHbLIX OTBamNOB M CKNagoB NOME3HbIX UCKO-
naembIx.

WHTEeHCMBHOE Mbine- 1 rasoobpasoBaHWe NPOUCXOAUT BO BpeMS CNeayloLmx npouec-
coB: OypeHVe CKBaXXWH, B3pblBaHUE M NOrpy3ska B30pBaHHOW rOPHON Macchbl, TPaAHCNOPTUPOB-
Ka, norpyska v neperpyska pyasl v nopoabl, apobneHve.

OCHOBHOW hakTop BO3AENCTBUS HA BOAHYIO cpeay — cOpPOC NOBEPXHOCTHbBIX W LLAXT-
HbIX BOA, 3arpsi3HEHHbIX B3BELUEHHBIMU YacTULaMK U PaCTBOPEHHBIMUA XMMUYECKUMW BeLLe-
CTBamu, U eCTECTBEHHbIA CTOK C MOPOAHbIX U PyAHbIX oTBanoB. KpoMe Toro, npu ocyLueHun
KapbepOB [PEHAXHBIMU LUAXTaMW B MOA3EMHbIX YCNOBUSX 3arps3HSAIOTCS APeHUpyemble
rPYHTOBbIE BOAbI, @ NPW OTKauKe LUaxTHOW BOAbI 06pasyoTca AenpecCUOHHbIE BOPOHKNY, pa-
LMNYC KOTOPbIX MOXET AOCTUraTb JECATKOB KUITOMETPOB.

[OpHbIA 1 3eMenbHbIN OTBOA C MOBEPXHOCTHBIM KOMIMIIEKCOM 34aHUA U COOPY>KEHUN,
OTBarbl, OYUCTHbIE COOPYKEHUSI M MP. 3aHMMAatOT 3HAYUTENbHLIE TEPPUTOPUK, KOTOPLIE UC-
Monb3yTCs MPOAOITKUTENBHOE BPEMS.
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PucyHok 2.1 — O6uias 6/10k-cxema MpoLeccoB OTKPbITbIX TOPHbIX paboT
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Tabnuua 2.1 — OcHoBHoe 06opyAOBaHNE OTKPLITON paspaboTku XKene3opyLHbIX

MECTOPOXLEHWNI

HaumeHosaHue ob6opyaosa-
HUA

HasHaueHue o6opyaoBaHis

CyLLecTBeHHbIE XapakTEPUCTUKN TEX-
HOMOrMYecKoro 06opya0BaHNUS

Bynbaosepbl

CHsATne NnoAopOAHOro
CnoA noYBbl, NOAroTOBKa
nnowanok noa OypeHune
CKBaXKWH, 3auyncTka 3abo-
€B, NoAAepXaHNe LOpOX-
HOW ceTn

Macca o6opyaosaHns
MowHocTb aBurarens
FeomeTpuyeckne pasmepbl oTBana

Ckpenepbl CHsaTre nnogopoaHoro | MoLHocTs aBuraTens
Crnosi noYBbl EmkocTb Ky3oBa
CKOpPOCTb ABWKEHMA
BypoBbie CTaHku Bypenne ckBaxuH ansa|Ycunue Ha maccuB

NMpOM3BOACTBA B3pPbIBHbIX
paboT

mybunHa 6yperus
Ckopoctb BypeHus

Okckasaropel

OkckaBauma ropHoM mac-
Cbl U NOrpy3ka B TEXHOMO-
rMYECKVUIN TPaHCNopT

Ob6bem koBwa
nybuHa (BbicoTa) YepnaHma
Hanop Ha 3a6on

dpoHTanbHbIe NOrPy34MKK

JKckaBaums rOpHOW Mac-
Cbl U MOrpy3ka B TEXHOMO-
rYecKnin TpaHcnopT,
BCnomoraTensHble pabo-
Tbl

O6bem koBwa
CKOpPOCTb ABWXKEHMA
BbicoTa paarpysku

>KenesHon0poxHbIA

TpaHcnopTupoBaHve rop-

CuenHasa macca

TpaHcnopT HOM Maccel (pydbl Ha|Yron noabema
habpuky, BCKPbILLHBLIX MO-
pog Ha oTBanbl)

ABTOCamocsansl TpaHcnopTvpoBaHue rop-|Fpy3onogbeMHOCTb

HoM Maccel (pyAbl Ha
Gabpuky, BCKPbILLHbLIX MO-
pog, Ha oTBanbl)

CKOpPOCTb ABWKEHMS
MpeoponeBaembi yron nogLemMa

KoHeelepHbI TpaHcnopT

TpaHcnopTupoBaHue rop-
HOM Maccel (pyAbl Ha
abpuKy, BCKPbIWHBLIX MO-
poa Ha oTBanbl)

MpounsBognTensHOCTL
LnpwuHa neHTbI
CKOpOCTb ABWKEHMS
Yron noavema

Opobunkm

MepsuuHoe  gpobneHue
pyabl ANA  BO3MOXHOCTU
TPaHCNOPTUPOBAHUA  KOH-
BEMEepHbIM TPAHCTMOPTOM

MponsBoanTENEHOCTL
MakcumaneHbIi pasmep Kycka nu-
TaHus

Pasamepsbl BbIxogHOM dopakLmm
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2.2 NopsemHan Aodbiva xenesHbIX pya

Mox3emHas paspaboTka MECTOPOXAEHUN XENe3HbIX pya (KaK 1 NPoYMX MonesHbIX 1Uc-
KONaembIx) OCYLLECTBMNAETCA C UCMONbL3OBaHWEM MNOA3EMHbIX FOpHbIX BbIpaboTOK nog Ton-
LLier NepeKpbIBAOLLMX NOPOA.

B ropHOM Aene akcnnyartauvsa Kaxaoro pyaHuKa sIBNSIETCA YHUKaNbHON.

Moa3emHeIM cnocobom paspabartbiBaloT pyAHble Tena pasfmyHbiX OpPM, MOLLHOCTH,
YI1oB NageHuns, 3anerarLme Ha pasHbix rnyouHax.

B HacTosiLee BpeMS NOA3EMHYI0 A00bIMY XKENe3HbIX pyA OCYLLUEeCTBNAIT Ha rnybuHe,
N3MepaeMol COTHAMW METPOB, Tak 1 6ornee kunomeTpa.

Mop3emHas paspaboTka MECTOPOXAEHVNIA COCTOUT U3 TPEX CTaAWI: BCKPbITUSA, NOAro-
TOBKW M OYUCTHOWM BbleMKK. B Havane pa3paboTkn MecTopoxaeHusi 3TU CTagun BbINOMHAOT-
Cs1 BO BPEMEHU MOCneaoBaTerbHO, a 3aTeM COBMELLaloTCA.

MnaHomepHas 1 acddekTnBHan paspaboTka MECTOPOXAEHNA BO3MOXHA MPU YCNOBUN
CTPOron yBSA3KN BO BPEMEHU U MPOCTPAHCTBE BCKPbITUSA, NMOATOTOBKA U OYUCTHOWN BbIEMKU W
npu 06ecne4YeHHOCTN PyAHWKa AOCTATOYHBIMU 3anacammn BCKPbITOro, MOAFOTOBMNEHHOMO U ro-
TOBOrO K BbIEMKE MONE3HOrO NCKONaeMoro.

Tabnuuya 2.2 — BxoaHble 1 BbIXO4HbIE NMOTOKU U OCHOBHOE TEXHONOMMYECKOE
obopynoBaHWe BCKPLITUS (3Tarbl NOA3EMHOM pa3paboTku Kene3opyaHbIX MECTOPOXAEHWA)

Otanbl npouecca | BbixoaHbie OcHoBHoe TexHo-
BxoaHble NOTOKU Smuccum noruyeckoe 060-
(nognpouecchbi) NOTOKM
pyaoBaHue
OnekTposHeprus BBP lopHble BbI- |[ycTas nopoga |lMogbeMHbie
CxartbIn BO3AYX Bbiemka, TpaHc- | paboTkm Mbinb MaLLWHbI
TexHuyeckas Boga nopt nnogbem |[opHas lasoobpasHole |Jlebepku
byposas ctanb n FOPHOM Macchl macca NPOAYKTbI Mornku, nepe-
TBEpAble cnnasbl MposeTpuBaHue B3pPbIBHbIX paboT |ABWkHbIE ona-
BeToHHbIe cmecu 1 OTkauka BoAbI CToKM (WaxTHble |nybku
»kene3obeToH Bossenenve BOAbI) Hacocbi
BapbiBUaThle Bele-  [kpenu BeHTunsaTopsl
cTBa MoHTax meTan- Mpoxoguyeckoe
MeTannoKOHCTPYKLMN | MTOKOHCTPYKLNA, BypoBoe 1 no-
KpenexHble mate- MEXaHN3MOB U rpy3o4yHoe o6o-
pvansl obopyaoBaHus pyaoBaHve
Ceexuii Bo3ayx

BckpbiTve 3akntoyaeTcs B NPOBEAEHMN FOPHbIX BblpaboTOK, OTKPbIBAKOLMX AOCTYM C
MOBEPXHOCTW K PyAHOMY Terny v o6ecneunBalolmx BO3MOXHOCTb MPOBEAEHUS MOAroTOBU-
TenbHbIX BbIPaBboTOK (CM. PUCYHOK 2.2).

BbIpaGoTku BCKpPBITUA — LUAXTHBIE CTBOIMbI, OKOSIOCTBOSIbHBIE BbIPAOOTKK, KBEPLUNary,

LUTONbHK, KanuUTanbHbIE PYAOCTYCKU U 4p.
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BckpbiTne

MNpoBseTpuBaHue BbypeHue, sapskaHue, OTkauka BoAbI

(BeHTUnaLmS) | B3pbiBaHve (BBP) nw <: (BogooTnue)
MexaHu4eckas oTbonka

7

AV 4

CHabxeHne obopy- Y6opka, norpyska TpaHcnopTMpPOBKa
JoBaHneM, mate- => rOpHOW Macchl ::> rOpHOW Maccel

puanamu, sHeprmen
\l AV 4

MoHTax <: BosasegeHue kpenu MNoabem

KOHCTPYKLUMA, rOPHOW Macchl
MEeXaHN3MOB U
obopynosaHuns R 40
Mpoknagka CknagmpoBaHue
KOMMYHUKaLmiA MycTOM NOPOAbI
B OTBarbl

PucyHok 2.2 — OBLasn Bnok-cxema npoLeccoB aTana BeKpbITUS

BekpbITME MECTOPOXAEHMIA OCYLLECTBNSIOT MMaBHLIMU W BCTIOMOraTenbHbIMU BhIpa-
BoTkamu. MaeHble BckpbiBatoLme BbIpaboTKM (CTBOMbI, LWUTOMBHW) CryKaT ANS TPaHCNopTU-
pOBaHMA Xene3Hon pyabl (CbIpoN) U MyCTOW NOPOAbl Ha NOBEPXHOCTb, BEHTUNALMMK, nepe-
MeLLeHMA Noaen, AOCTaBkn Matepuanos U obopyaoearHns. BernomorarenbHble BbipaboTky
cnyxaT Ans BEHTURSLMM, TpaHcnopTa 00opyAOBaHus, a Takke B KAa4eCcTBe AOMOSMHUTENbHO-
ro BbIXx0Za Ha MOBEPXHOCTb U ApYruxX Lienen.

BsavmMHoe pacnonoxeHue rnaeHbIX M BCOMOraTerbHbIX CTBOSIOB ONpefenseTcs npu-
HSTOW CXEMOW NPOBETPUBAHWS.

MaBHble BCKpbIBatOLME BbIPAOOTKA MPOXOASAT: MO MECTOPOXAEHUIO, MO MyCTbIM MO-
poAaM CO CTOPOHBI nexadero nubo Bucsyero 6oka unu ¢ raHros; No NycTbiM nopoaam u
pyAe, nepecekas pynHoe Tero.

Beuay oTBETCTBEHHOIO HasHayeHWsi BbIPabOTOK BCKPbITUSI U ANUTENBHOMO Cpoka UX
cnyx6bl 6onbWoe 3HaYeHne nNpuaarT 060CHOBaHMIO U BbIGOPY MX (DOPMbI, pa3MepoB, ceve-
HWUIA U cNocoBOoB NPOBEAEHNS, KPEMIEHNS U PACXOA0B MO PEMOHTY Kpenu 3a BCe BpeMsl Cy-
wecTteoBaHus. Pasmepbl BbipaboTkn NpYHYMAIOT AOCTaTOYHLIMU ANt HOpManbHOW paboThl
TpaHcnopTa, 6e3onacHbIMM 1M yaoOHbIMW AN NepeaBUKEHUs NIOAEN, OCTABKM MaTtepuanos
n obopyaoBaHus, a Takke Ansa obecneyeHns NpoxoxaeHns HeoBxoAMMOro KonmyecTsa BO3-
ayxa.

B 32B1CMMOCTW OT MecTa PacronoXeHUs MMaBHbIX BCKPbIBAOLWMX BbIpaboTOK Crnoco-
Obl BCKPLITUA MECTOPOXAEHNS PA3AENsoT Ha NPOCTbie U KOMOMHMPOBaHHbIE. CyliecTByeT
[OCTaTo4HOE pasHoobpasne NPOCTbIX U KOMBUHUPOBAHHBLIX CNIOCOBOB BCKPbITUS.

K npocTbim cnocoGam OTHOCATCS BCKPLITUSA: BEPTUKANbHBLIM LUAXTHLIM CTBOMIOM MO
pyaHOMy Teny, no nopoaaM nexavero boka, No nopoaam BucsYero 6oka; HakMoHHbIM LLIAXT-
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HbIM CTBOMOM MO Mopojam nexadero 6oka n Ha rnaHrax MecTopoXAeHWS;, BCKPbITUE
LUTONBHEN NO PYAHOMY Teny, no nopogam nexadero 6oka, No nopopaam Bucsyero 6oka.

KoMBuHMpoBaHHble cnocobbl coyeTatoT Asa unmn Bonee cnocoba BCKPLITUA, Hanpu-
Mep: BepTUKanbHbIl LaxTHbIA CTBOS C MOBEPXHOCTU C NEPEXOAOM B BepTMKanbHLIN CNenoi
CTBOM, BEPTMKAmNbHBIN LWAXTHBIA CTBOST C MOBEPXHOCTU C MEPEXOfOM B HaKNOHHbIA Crenon
CTBOM, LUTOMbHA C MEPEXOLOM B BepPTMKanbHbIA CRemoi CTBOM; LUTOMbHA C MEepexofom B
Crenow HaKMOHHbIA CTBO.

MprBeaeM XapakTepUCTUKN MMaBHbIX BCKPbIBAOLWWX BbIPabOTOK.

LTonbHs Kak BckpbiBaroLlaa BblipaboTka B BUAY OCOBEHHOCTEW 3aneraHnsi pyaHbIX
TEeNn U Mo YCrnoBUSM pernbeda Ha XenesopyAHbiX MecTopoxpeHusx B PP umcnonbayetcs
kpaviHe peako (bakansckoe PY, OnkoH). 3ddexT1BHO NCNOMb3oBaTh LUTONbHEBOE BCKPLITUE
npy KOMBUHMPOBAHHOM OTKPLITO-NOA3EMHbBIM cnocobe oTpaboTkn. Koraa He BKIOYEHHbIE B
KOHTYP OTKPbITON pa3paboTku 3anackl XenesHon pyabl noh AHOM U 3a 6optamu gopabarbi-
BaeMOro Kapbepa BOLUIM B LLIAXTHOE MOMe MOA3EMHOro pyAHUKa.

YCThbA WITONEH pacnonaratoT B MecTax, He NMOoABEPKEHHbIX 3aTOMNNEHNIO BECEHHUMN U
nMBHeBbIMM Boaamu. Paamepb! nnowagku nepepn yCTbEM LUTOMbHW AOIMKHBI obecneunsaTs
pasMeLLeHrie HeoBX0AMMbIX NOBEPXHOCTHBLIX COOPYXEHUI; K NNoLWaake AOMKHbI bbb ya06-
Hble NOAbEe3AHbIE NyTW, TaM, FAe 3TO TPYAHOBLINOHNUMO, PYAY TPaHCNOPTMPYIOT OT LUTOSLHU
Mo KaHaTHbIM LOporam Unn KoHBenepamu.

CTOMMOCTb MPOXOAKA U KpernneHus 1 M LTonbHM 0BXoaUTCA B pasbl (B 3aBUCMMOCTU
OT NPUTOKa BOAbLI) AELUEBNE, a CKOPOCTb Npoxoakn GypoB3pbiBHBIM COCOBOM ropasno Bbl-
we. TpaHcnopTupoBaHne pyabl HAMHOro aelueene n oT AobbluHbIX 6510KOB A0 oboratuTens-
HoW habpukn MOXeT ocyLlecTBnsATbCs 6e3 neperpyskn pyael. [NepeaBukeHne nogen n rpy-
30B GesonacHee. CTOMMOCTb BOAOOT/IMBE 3HAYUTENMBHO HWDKE, 3a4acTylo ABWKEHWE BOAbI
MPOVCXOAWUT CaMOTEKOM, U BOAOOTIIMBHBIX YCTAHOBOK He TpebyeTtcs. CTOMMOCTb NMOBEPXHO-
CTHBIX COOPYKEHWUI Y YCTbSI LUTOMBHU 3HAYUTENBHO HWKE, Tak Kak He TpebyeTcsa coopyXeHus
Konpa, HaALaxTHOro 34aH1s U NOABbEMHON MaLUWHbI. PEMOHT Kpenu LUTOMbHN NPoLLe.

LUaxTHble CTBOMbI MMEIOT KPYrMy OpMYy CeYeHUsl, NMPSAMOYTONbHYIO U SINUNTUYe-
ckyto. Ha BonblUMHCTBE Kene3opyAHbIX PYAHWKOB MPEeAMnoYMTaloT NPOXOAUTL CTBOIbI KpYT-
110 OpMbl ANAMETPOM B CBETY B OCHOBHOM 6—8 M.

Pa3amep ceyeHns cTBONna 3aBUCUT OT €ro HasHa4YeHusa. KanutaneHsie CTBOMbl 0OLIMHO
cnyxaT OLHOBPEMEHHO ANs MogbeMa PyAbl M MOpoAbl, MOgbEMA N CryCcKa FIOAEN, Criycka
KpenexHbIX MaTepuarnos, BEHTUNSLUMM. B HUX ke pasmeLlaroT BOAOOTNUBHLIE U BO3AYLUHbIE
Tpy6bl. UHOraa cTeOn npegHasHavaeTcs TOMNbKO ANs NOAbEMA PyAbl U MOPOAbl UM TOMBKO
LNs cnycka-nogbema nofer, TONbKO 4NA BEHTUNSUMN.

BckpbIiTue BEpTMKanbHLIM CTBOOM BO3MOXHO MPY BECbMa pasHOOBpasHbIX YCNOBUSAX
3aneraHunsi pyaHbIx Ten n Haubonee pacnpocTpaHeHo B NpakTyKe.

BONbLNHCTBO ene3opyAHbIX MECTOPOXAEHUA BCKPBITO BEPTUKANBLHBIMA CTBOMAMU,
NPOMAEHHBLIMY B Nneskadem GOKy 3@ 30HOW CLBYDKEHNS FOPHBIX NMOPOA.

BckpbiTne cTBOMNOM, NPOMAEHHBIM B BUcsSYeM GOKy, mpuMmeHsieTca pexe. Hanpumep:
3anoxeHne cTBona B nexavyeM Goky HEBO3MOXHO WM HEBLIFOQHO MO YCMOBUAM penbeda;
3anoXeHne cTeona B BUCSYEM OOKy MO3BOSIAET COKPaTUTb Pacxofbl HA MOBEPXHOCTHbIN
TPaHCMOPT M 3aTpaThl Ha COOPYKEHNE MOABLE3AHbIX MYTEN; CUIbHAs BOAOHOCHOCTb UMW Ha-
PYLUEHHOCTb NMOpog, nexadero 6oka 3aTpyfHAET NPOXOAKy CTBOMA; U3-3a HANM4us BOROEMOB
UM KPYMHBbIX COOPYKEHWUIA Ha MOBEPXHOCTU U Mp.

36



UTC 25-2017

BcKkpbITWE HaKMOHHBIM CTBOMIOM, Kak MpaBWmio, OCYLLECTBSOT B nexadem Ooky 3a
npesenamMun 30Hsl CABWKEHWS NOPOA MW MO MECTOPOX EHWIO.

Ot cTBONA WaxThl 4O PYLHOrO Tena MPOXOAST KBepLunarv, AfvHa KOTOPbIX 3Hau4u-
TeNbHO MEHbLUE, YEM MPU BCKPbITUN BEPTUKarnbHbIM CTBOMIOM, OCOBEHHO Ha HWDKHUX FOpu-
3oHTax. PasHvua B AnvHe kBepLUnaroB TeM OLLyTUMEE, YeM MEHbLLE Yron NajeHus MecTo-
POXOEHUA UMW Yron CABWKEHUS ropHbix nopoa. Hebonbluas anvHa kBepLunaroB fBNseTCH
OCHOBHbIM JOCTOMHCTBOM BCKPbITUS HAKIMOHHBIM CTBOJIOM.

OLHUM 13 BaXHbIX MPEUMYLLECTB HAKIOHHBLIX CTBOMOB MO CPaBHEHMWIO C BEpTUKanb-
HbIMW SIBNAETCH BO3MOXHOCTb NMPUMEHEHNSI B HUX KOHBEWepHoro TpaHcnopta. Ucnonb3osa-
HVE BbICOKOMPOM3BOAUTENBHOMO TPAHCMOPTa B HAKIMOHHbIX CTBONAX CYLUECTBEHHO pacLumps-
€T MepcneKkT1Bbl UX NPUMEHEHUS ANt PYAHUKOB CO 3HAYMTENbHBIMU 06beMamMmn NPOU3BOACT-
Ba MpW pasnn4yHbIX YCIOBUSIX 3aneraHyst pygHoro Tena, B TOM YMCre W A KpyToro nageHus.

Mpv BCKPLITUM HAKIOHHBIM CTBOSIOM, MPOMAEHHLIM MO MECTOPOXAEHUIO, KBEpLUnarn
OTCYTCTBYIOT, M CTOMMOCTb MPOXOLKA CTBOSI@ 4YacTUYHO OKynaeTcsi nornyTHO AoObiBaemon
pygon. OpHako mpu STOM, KPOME MPUCYLLMX HAaKIIOHHOMY CTBOJSTYy HEJOCTaTkoB, BO3HWKaET
Heo6x0AMMOCTb OCTaBIEHUS OXPAHHOTO Lienvka ¢ o6erx CTOpoH oT cteona. Pasmep (Lumpwu-
Ha) 8TOro Lienunka Bo3pactaeT C rnybuHoi.

Cnocob BCKPLITUA HAKMOHHBLIM CTBOJIOM MpUMeHEH Ha bakanbckom pypHuke, AnvHa
HaknoHHoro cTeona coctaensiet 1000 M, pyaa BblAAETCS Ha NOBEPXHOCTbL KOHBENEPOM, Yron
nogbema 12°. MpumMeHaTCA KOHBENEPLI C LUMPUHOM NeHT 1000 mm.

Pyaonuk nm. Aptema B KpuBopoxckom 6accerHe mmeeT obLyyto AnVHY HaKMOHHbIX
CTBOJIOB U YCTAHOBINEHHbBIX B HNX NEHTOYHbIX KOHBEMEPOB OKOJIO 4 KM.

Ha kaHagckom pyaHuke BabaHa nogbem pyabl OT NOA3EMHON ApOOUNKM OCYLLIECTBNSA-
€TCHA NEHTOYHLIMN KOHBEMepamm Mo HaknoHHOMY cTeony (yknoH 8°). [nuHa koHBerepoB
4 TbIC. M, Npon3BoauTensHocTs 1000 T/u.

KomBuHMpoBaHHbIe cnocobbl BCKPLITUS COYETAOT B cebe pasHOTUMNHbIE BCKPbIBAO-
Wyre BblpabOoTKM, HanpUMeEpP: BEPXHIOI YacTb MECTOPOXAEHUS BCKPLIBAKOT OAHOW rMaBHOU
BblpabOoTKOW, @ HWKHIOK — [PYroi, MpUYeM pyaa C HUMXKHUX FOPU3OHTOB BbiJaeTCA Ha Mno-
BEPXHOCTb NocrnegopaTenbHO no obemm rnaeHbiM BblpaboTkaMm. HeobxoaMMocTe B Takom
BCKPbITUM BO3HMKAET, B YaCTHOCTU, B TEX CryyasiX, KOrha NMpOTSKEHHOCTb MECTOPOXAEHUS
no NageHuto BEnuMka M Nogbem Mo O4HOMY CTBOSY BCREACTBME ero Bonblon rnybuHbl He
obecneymBaeT 3afaHHOW NPOn3BOAUTENBHOCTU. KOMBUHMPOBaHHOE BCKPLITUE XapakTepHO
Takke AN MECTOPOXLEHWN, 3areratolmx B ropuCcTbiX MECTHOCTSIX U PacrpoCTpaHsItoLMXCS
HIKE YPOBHSA BO3MOXHOIO BCKPbITUS LUTOMbHEN. B 3TOM Cniy4ae Huxe ypoBHS LUTOMBHN Me-
CTOPOXAEHNE BCKPLIBAIOT CrenbiM CTBOMOM.

myBuHa kaxAoro CTeONa onpeaensieTcs MakcumansHO AOMNyCTUMON BbICOTON noabe-
Ma no ogHomy cTeony. Kpome yBenuueHusi npom3BoMTENbHOCTM NOABEMAE, NPU CTyNeHYa-
TOM BCKPbITUWN YMEHbLIAETCS ANMHA KBEPLUNAroB, 0COOEHHO Ha HXKHUX TOPU3OHTAX.

Ons BckpbITUA cBEPXTNYO0KMX FOPU3OHTOB BMECTO OFHOMO LUAXTHOrO CTBOMA MPOXO-
LAT [Ba, HO MEHbLUEro ceyeHns. JTO Bbi3biBAETCS HEOOXOAUMOCTBLIO NPUHATUSA Mep Mo npe-
LOTBpaLLEHWIO NPOSIBNEHUIA TOPHOTO AaBneHus Npu nepexope Ha bonblumne rinyduHb!.

PynHble Tena kpyToro nageHvsi MoryT ObiTb BCKPbITbI BEPTUKaNbHBIMW CTBONaMn B
COYETaHMN C HaKMOHHbLIM CbE30M A1l CAMOXOAHOr0 0O0PYAOBaHUS.

BO3MOXHO Takke BCKPbITUE BEPTUKAlbHbLIM CTBONIOM C MOBEPXHOCTU, NMEPEXOAALLMM
Ha rnybuHe B HakMoOHHbIA. BCKpbITME HaKMOHHBIMU CTBOMAMM B CPaBHEHWU C BCKPLITUEM
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BEepTUKaNbHbIMW CTBONAMWN UMEET Kak Psf Cepbe3HbIX HEJOCTaTKOB, Tak U AOCTATOYHO npe-
UMYLLIECTB.

BbIGOp 1 3KOHOMUYECKOE COMOCTaBfIEHWE CXEM BCKPbITUSI NMPOU3BOAST HE TOMbKO C
YYETOM rE0NOrMYECKMX YCNOBUIA U Tomnorpaduyeckon 06CTaHOBKM, HO M BOMBLUIOrO NepeYHs
BaXKHbIX acnekToB MyHKUMOHMpoBaHus ByayLuero NpeanpuAaTUS: NPOU3BOAUTENBHOCTU, CPO-
Ka CyLLecTBOBaHUA U T. 4., B TOM YACNE NPUMEHEHNS CaMOXOLHOM TEXHUKN U ee 0COBEHHOo-
cTen. icnons3oBaHne BbICOKOMPON3BOANUTESNBHOM CAMOXOAHON TEXHUKM OKaablBaeT CyLecT-
BEHHOE BMNUSHWE Ha TEXHUYECKUE PELLEHNS NMPU NPOEKTUPOBAHNM U CTPOUTENBCTBE NOA3eM-
HbIX COOPYXEHUA U TexHonorMn aobbium 1 TpebyeT COOTBETCTBYIOLMX CXEM BCKPbITUS U
pacrnonoXeHWs NoBEPXHOCTHBIX COOpyxeHu. B cBA3n ¢ atum Gonblioe pacnpocTpaHeHue
npu paspaboTke PyAHbLIX MECTOPOXKAEHMWI B NocrnefHee BPeMS MOMyYnv HakMoHHbIE aBTo-
MOBUMbHbIE Cbe3bl, CNyXallme ANs BCKPbITUSI 1 NOAFOTOBKMN 3anacoB HDKHUX FOPUSOHTOB U
naHroB LaxTHeIX NOMeN, BbiAayv pyabl, NPOBETPUBAHWSA, AOCTaBKU CaMOXOLHOro obopy-
LOBaHWSA U MaTtepuarnos K MecTy paborT.

OnbIT BCKPLITUS PYAHBIX 3anexeln HaknoHHbIMU cbesgamu B Poccum 1 3a pybexom
f0Ka3an BbICOKYH 3(P(EKTUBHOCTL MX MPUMEHEHMS. Bo MHOMMX crniyyasix 3amMeHa BepTuKarb-
HOro pyAOBbILAYHOro CTBOMAa HaKMOHHLIM CbE3A0M MO3BOMSET MPU OTHOCUTENBbHO Hebonb-
Wwow rnybuHe paspaboTky cokpaTuTb 0ObeMbl BCKPLIBaKOLLMX BbIpaboTOK 3a CHET UCKMYe-
HUA NPOTSXXEHHbIX KBEpLUnaroB 1 00ecneymTs XOPOLLYH TPaHCMOPTHYIO CBSA3b C NOA3TaX-
HbIMW BbIpaboTKkamy, YTO COKpaLLaeT pacxofbl, Kak Ha BCKPbITUE, Tak W Ha 3KChnyaTauumio
MECTOPOXAEHMS.

MpoBeaeHne KBepLUnaroB W APYrux KanutanbHbIX BblpaboToK, COOpY)KeHWe OKOmno-
CTBOSbHbIX [BOPOB, MPUEMHbIX MNSOWAA0K, KanUTanbHbIX PYAOCMNYCKOB, KOMMMEKCOB MOA-
3eMHoro gpobnexus (KMNO) — ocHoBHble 1 BCrOMOraTerbHble BCKpbIBaOLWUE BbipaboTKu.

Bce oHM nMetoT AnnTesbHBIA CPOK CyLLIECTBOBaHMS 1 TPebyoT GonbLuoro konuyectea
NPOXOAYECKMX N MOHTaXHbIX paboT. Tak, HanpuMmep, Tonbko 0b6bem ApPoOBUNEHO-OYHKEPHOMO
KOMMMEKca KPYNHOWM KOHYCHOW UMK LLIEKOBOW APOBUIKM COCTaBMSET, Kak NPaBuno, HECKOSLKO
ThIC. M°.

B GonbluMHCTBE CnyYaeB OKONOCTBOMbHbIE ABOPLI C NOJHLIM KOMIIIEKTOM BbIpaboTOK
yCcTpavBalT Ha KaxaoMm 3Taxe. JTO cosjaeT GnaronpusiTHble yCcroBusi ANA MOA3EMHOrO
TPAHCMOPTUPOBAHNA PyAbl, AOCTABKM Marepuarnos M 000pyoBaHusl, BEHTUMALMU 1 MOAIO-
TOBKW, 0COBEHHO AN MECTOPOXAEHMUIA C BONbLUMMMK 3anacamu pyabl Ha aTaxe.

B HekoTOpbIX crnyvasix NPOXOoAWUTb Ha KaXKAOM STaKE OKONOCTBOSbHbIE BbIPaboTkM 1
LNWHHbIE KBEpLUnarn OKasbiBaeTCsi 3KOHOMMYECKU HELIeNecoobpasHo M TEXHUYECKU OYEHb
TpyaHO. B aTom cnyyae keseplunary oT CTBOMa AO PYAHOrO Tena MPOBOAST HE Ha KaKAOM
aTaxke, a Jepes ABa-Tpu aTaxa (peako Goree), T. €. NPUMEHSIIOT BCKPbITUE PYnMnoBbIMK
kBepLunaramu. lNpn 3ToM CBA3L MEXAy CTBOJIOM W OTKaToOYHbIMK BbipaboTkammn aTaxa ocy-
LLIECTBISIETCA Yepe3 BEPTMKAbHbIE U HAKITOHHbIE BbIPaboTky, KOTOpble 06ecneumBaroT Cryck
(pexe noabeM) pyabl 4O MMaBHbIX OTKATOYHLIX BbIPAOOTOK, NEpemMeLleHne nioaen, 4oCTaBkKy
mMaTtepuanos 1 o6opya0BaHUs, MPOBETPUBAHUE.

Ina pocraeku matepuanos U 060pyaoBaHUs, NepeMELLEHNA NOAEN COOPYXatoT Mno-
NEBbIE UMW PYAHbIE KanuUTarbHbIE BOCCTaIOLLME, KOTOPbIE 060PYAYIOT KNeTeBbiM nnu nudTo-
BbIM NOABEMOM.

OavH keepLunar (OAWH KOMMMEKC NOA3EeMHOro ApobreHus) MoxeT obcnyxmusaTs He-
CKOMBKO 3TaXKEW, C BEPXHUX 3TaXeWN pyaa MocTynaeT Yepes pyAaocnyckin, a C HUKHEro pyay
NoAHVMMALOT MO CrernoMy CTBOMY UMW YKMOHY. BckpbiTMe rpynnoBbIMW KBEpLUNaraMn 3Haqu-
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TeNbHO CHWKaET 3aTpaTbl Ha ropHoKanuTasnbHele paboTkl U NO3BONAET UHTEHCUULMPOBATL
pa3paboTky MecTopoxaeHus. Kpome Toro, Hanvdme 3anaca pyabl B NepenyckHbIX BOCCTaK0-
LLMX MONOXMTENBHO CKasblBaeTCs Ha paboTe TpaHcnopTa v nogbeme. Takow cnocod LWMPOoKo
NMPUMEHSIETCA Ha XXEnNe3opyAHbIX MeCTOpoXAeHUsX 3anagHon Cubupn n Ypana (Beicokorop-
ckun FTOK, AGakaHCKuii pyaHWK).

BmecTe ¢ aTUM BCKpbITUE FPyNNoOBLIMM KBEpLUNaraMmm UMEET N CepbesHble HeaocTaT-
kM. Kux umcny OTHOCATCS: HEeOOXOAMMOCTbE NMPOXOAKM AOMOMHUTENBHBIX BbIPaAbOTOK (BOC-
CTaloLuMX, PyJOCTYCKOB M ApP.) ANSA CBA3WU 3TaXHbIX OTKATOYHbIX BbIPabOTOK C KanuTansHbIM
LUTPEKOM WU KBEpPLUNaroM, 3HauMTenbHble 3aTpaThl Ha NoAAEepPXKaHWe pyaoCryCcKoB, [OMOon-
HUTEmMbHbIE PacxXoAbl Ha Neperpysky U (MHorAa) Ha OTKaTKy pyAbl, AOCTaBKy MaTepuanos u
obopyAoBaHUS, YCNOXHEHWE cnycka W nogbema pabounx, 3aTpygHeHne NoArOTOBKY, YCIOX-
HEeHVe BEHTUNSALMM.

Korpa HeoBxoavma HenocpeCTBEHHas CBA3b C LUAXTHLIM CTBOJIOM Ha KaXK40M 3Taxe,
06bemM ropHoKanuTanbHbIX BblIpaboToK CokpalLatoT NyTeM MPOXOLKU OKONOCTBOMbHbIX Bbipa-
DOTOK Yepes HECKOIbKO 3Taxen. B cBsian ¢ HabnioAaroLLMMCSt YCNIOXHEHWEM U YBENNYEHNEM
o6bemMa OKONOCTBOSBHBIX ABOPOB 3TO NPAaKTUKYETCA LOBOSLHO YacTo.

OcobeHHocTW 3aneraHus NoneaHbIX NCKonaembix U Tornorpadms MECTHOCTU Aonycka-
HOT BO3MOXHOCTb NMPUMEHEHNSA ABYX NN [aKEe HECKOMBKMX BAPWNAHTOB BCKPbITUS.

Bce MHOroobpasne TEXHUYECKMX U TEXHOMOMMYECKUX PELLEHUA, UCMOMb3yeMbIX Npu
OCBOEHUM MECTOPOXAEHUI XEMesHblX pyd, MOABEpraeTCs OLEeHKe Ha OCHOBE TEXHWKO-
3KOHOMMYECKOro CPaBHEHWUSI BO3MOXHbIX BapuaHTOB. BapuaHT BbibupaeTcs TOT, MpyU KOTo-
pom obecneumBaeTtcs Hanbornbluas ©e3onacHOCTb paboT n AOCTUraloTCA HaUMEHbLUNE CyM-
MapHbIe 1 3KCMMyaTauMOHHbIE 3aTparbl.

B cootBeTcTBUM C BLIGPAHHOW CXEMOW MPUHMMAETCH PELLEHME O MECTe pacronoxe-
HWS Ha 3eMHOIN NOBEPXHOCTU YCTbA FMABHOM BCKPbIBatOLWEN BbIPaboTKM U KOMNNEKca TEXHO-
TIOTVYECKMX COOPYXEHWUIA 1 oTBanoB. MecTo 3anokeHusi rnaBHOW BCKpbIBatoLLen BbipaboTku
No NVHUM NPOCTUPAHNS MECTOPOXAEHNA [OSMKHO ObITb ONTUMANbHLIM B OTHOLEHUM Haw-
MeHbLLEen paboTbl NOA3EMHOrO TpaHCNopTa B TEYEHUE BCEro BPEMEHU oTpaboTkM 3anacos,
obecneumBaTb BO3MOXHOCTb WM YAOGCTBO PaCMONOXEHWUS MOBEPXHOCTHLIX COOPYXKEHUA W
noAbe3aHbIX NyTen, ObiTb He 3aTONNAEMbIM NABOAKOBLIMU U AOXAEBLIMU BOAAMMW, WUCKIHO-
YaTb BEPOSITHOCTb ONOM3HEN, CNON3AHNA CHEXHBIX NaBUH U T. 4.

JomkHO ObiTb HE MeHee ABYX HE3aBWCUMbIX BbIXOAOB Ha 3€MHYH NOBEPXHOCTb, NPW-
YeM BTOPbIM BbIXOAOM MOTYT CIyXWUTb BCNOMoraTesbHble BbIpaboTkn BCKPLITUS, B TOM Yncne
npegHasHayeHHble ANns BeHTUnAUMK. PacnonoxeHue BbipaboToK yBA3LIBAETCS CO CXEMOW
LLIAXTHOW BEHTUASALMUN.

MogrotoBka (nogrotoBuUTENbHbIE PaboTkl) — 3TO MPOBEAEHUE FOPHbLIX BbIPABOTOK —
LUTPEKOB, BOCCTAOLLMX, OPTOB U AP., KOTOPbIMW BCKpbITasi YaCTb MECTOPOXAEHUS pasgens-
eTcs Ha 060COBMNEHHbIE BbIEMOYHBIE YHACTKN — 3Taxu, B6rnokun, naHenu (CM. pucyHok 2.3 U
Tabnuuy 2.3). BeleMOYHBIN y4acToK B CBOKO 04epeab AEnUTCS NOArOTOBUTENBHLIMU U Hapes-
HbIMW BbipaboTkaMyn Ha OTAENbHbIE 4acTW: NOASTAXW, CROM, MPUPE3KW, KaMepbl, MeXay-
3TaXkHble, MeXXayKamepHble, MexaynaHensHble LUenvku u ap.
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[NopgroToBka
MposeTpuaHe «| Bypenue, sapsaxanue, |, OTkauka Bogb!
(BeHTURALMS) v] B3pbiBadue (BBP)umn N (BogooTnue)
MexaHudeckas otbolka
il
CHabxeHune o6opy- Y6opka, norpyska TpaHcnopTupoeka
nosarmem, mate- | FOpHOIA MacCh ——  ropHoit maccel
pvianamm, aHepruen

AV 4 <y
MoHTax <: BoaBegeHnue kpenu MoabeM ropHon
KOHCTPYKLN, Macchbl
MeXaH1U3MOB
v o6opyaosaHus uys uys
Mpoknagka CknagupoBaHue
KOMMYHMKaLWIA MyCTON NOPOAbI
B OTBanbl

PucyHok 2.3 — O6wwas 6nok-cxema npoLeccoB NOAroToBUTESNbHbIX paboT

CrocoGbl NOArOTOBKA OCHOBHbIX FOPU3OHTOB OMPeAensatoTCA TEXHUKO-9KOHOMUYECKM
CPaBHEHWEM BO3MOXHbIX BAPWUAHTOB, YUYUTLIBAOLLMX reosiorMyeckne, TEXHUIECKNe, TEXHONMO-
rMYecKue 1 3KOHOMUYECKME (PaKTOPbI U 3aBUCAT OT xapakTepa PyAHOro Tefla — ero MOLLHO-
CTW W yrna nageHus, oT (hn3NKO-MeXaHUYEeCKNX CBOMCTB Pyabl U BMELLAIOLWMX NOPOA, NPUHS-
TOro MOPsiAKa OYUCTHOW BLIEMKMN B 3TaXe, OT cnocoba TpaHCNopTUPOBaHWS NOMIE3HOTO UCKO-

naemoro.

Tabnuuya 2.3 — BxogHble 1 BbIXO4HbIE NOTOKM N OCHOBHOE TEXHONOTNHECKOE
oBopyaoBaHmne npouecca NoAroToBku (3Tanbl NOA3EMHON pa3paboTkn)

. 3ran npouecca BbixoaHown OcHOBHOE TeXHONOMU-
BxogHow noTok Smuccum
(noanpouecc) NoTOK yeckoe oGopyaoBaHue
OnekTposHeprus EBP [opHble BbI- [lMycTtas no- |MogbemHbie MawwmrHbI
CxaTbIn BO3AyX Bbiemka, TpaHc- | paboTku poaa Mpoxop4yeckoe Gypo-
TexHuyeckasn Boga nopt unoavem |lFopHas Mbinb BOE W NOrpy3o4Hoe
BypoBas cranb ropHoW Macchbl macca asoobpas- |obopynoBaHue
BeToH, xxene3obetoH |lMposeTpuBaHue; Hble npo- MawumHbel n o6opyno-
BapbiByaTble Bewe- | OTkayvka BOAbI AYKTbI BaHWe Ans BO3Beje-
cTBa BoseeaeHve B3pbIBHbIX | HUS Kpenu
MeTannoKkoHCTpyKLuK | Kpenu pabot Hacocbl
KpenexHble mate- MoHTax meTan- CTo4HblE BenTtunatopel
puansl TIOKOHCTPYKLMA, (waxTHble)
CM MEeXaH13MOB U1 BOAbI
Ceexuin Bo3ayx oBopyaoBaHus
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HasHaveHve nogroToBUTENbHLIX BbIPabOTOK 3aKMNOYaeTCs B CrEAYOWeEM:

- OKOHTYpVBaHWe (BbiAENIEHME) aTaxa, LaxTHOro nons, 6rokos nnu naHenew;

- cosgaHue ceaam 6noka (naHenu) ¢ obLLEepyLHUYHOM TPaHCNOPTHOW CEThIO;

- oBGecneyeHve aeKTMBHOrO NPOBETPUBAHNS paboYnx MecCT,

- oBecnevenHne ceobogHoro fgocTyna B 3abov M aBapunHOro BbiXoAa U3 HUX, CHabxe-
Hue 3aboeB o6GopyaoBaHMEM, Matepuanamy, SHEPrMen, BbICOKONPOU3BOAUTENBHOW Bbigauu
13 HUX 4OObLITON pyAabl.

MpWHATLIN cnoco® NOArOTOBKK, PaCcnoNOXEHWE U PasMepbl MOArOTOBUTENbHLIX Bblpa-
6oTok porrkHbl obecneuynBaTh: 6esonacHoe NpPOM3BOACTBO OYUCTHBIX paboT; addeKkTUBHOE
NPOBETPUBaHNE OYUCTHBIX 3ab0EB; CBOEBPEMEHHYIO NMOATrOTOBKY 3TaxeWn M Gnokoe Ana co-
XPaHeHVs MOCTOSHHOTO pe3epBa NOAroTOBMNEHHbIX M rOTOBbLIX K BbIEMKE 3anacoB pyabl C On-
peAeneHHbIM CPeAHUM COAEPXKaHUEM MOMNE3HbIX KOMMOHEHTOB; yA0OHble 1 BesonacHble yc-
TNOBMWS NEpPEeABKEHUS NMIOAEN, loCTaBka Matepuanos u obopyaoBaHus No BblpaboTkaM; Mu-
HUMarbHbIE NMOTEPU pyAbl B LENuKax, NpefoxpaHsitolLMX MoAroToBUTESNbHbIE BbIpaboTkM,
yaobHble 1 npou3BoavTenbHbIE CNOcoBbl JOCTaBKA PyAbl, NOTPY3KN N OTKaTKM, MUHUMArb-
Hble pacxofbl Ha NnoaaepKaHne BbIPaboTOK U PEMOHT Kpenu.

B pamkax noAroToBkM CO34a0TCA KOMMYHMKaALMKM U MarucTpany gns BeHTUNAUMK, Ka-
HanM3aummn SneKTpOSHEPINW, NEPEABVIKEHNS NIOASN N TPaHCNIOPTUPOBAaHUS rPY30B.

B ycnoBusix 3HauMTENBLHOTO NMPUTOKa BOAbI NPOBEAEHME NOArOTOBUTENbHBIX Bblpabo-
TOK AOMKHO oBecneurBaTb CBOEBPEMEHHLIN APEHaX MECTOPOXKAEHNS.

MogroToBneHHbIE 3anackl pyAbl — 3anacbl BbLIEMOYHbIX YY4aCTKOB, B KOTOPbIX MOJHO-
CTbI0 MPOWAEHbI MOArOTOBUTENbHbIE BbIPABOTKM, MPEAYCMOTPEHHbIE MPUHATON CUCTEMOWN
paspaboTku.

PasgeneHune pyaHWYHOrO MOS HA 3TaXu NPOM3BOASAT BbIPabOTKamMM OCHOBHOMO ropu-
30HTa — OTKaTOYHbIMM LUTPEKaMWU U opTamu. BoccTatolmmm 1 HaknoHHbIMK BbipaGoTkamm
3TaXKN Pas3fensoT Ha BbIEMOYHbIE BNOKM, B HEKOTOPBIX CRyYanx 3TaXu AensaT no BbICOTE Ha
noaataxun. Beicota ataxa cocraensetr 50-100 m (peako 6onee) B 3aBUCUMOCTU OT rOPHO-
reoniorM4Yeckmx yCroBumin U TexHomnormm Lobbiuu.

[na nepeaBkeHNs MEXaHN3MOB Ha y4acTKax OHYUCTHOMN BbIEMKM UCMONb3YHOT CUCTE-
MY rOpPU3OHTanbHbIX BbIPaBOTOK OTKATOYHOMO 1 BEHTUNALMOHHOTO FOPU3OHTOB, BOCCTAROLLMX
W PYLOCMYCKOB, MPW MOLFOTOBKE HaKMOHHBIMA CbEe34aMn UCMONb3YOT Cbe3fbl CNMpPansHON
U1 MHOW hOopMbI U PYROCTYCKM, cOUTbIE C NoaaTaxamu. Ucxoaa us HasHauYeHna n xapakre-
PUCTUK MPOXOAYECKMX MEXaHU3MOB, Hanbonee 4acTo BCTpevatoLmecs ceveHust BbipaboTok:
BEPTUKAMbHbLIX U FOPUIOHTaMbHBIX 3,5-24 M?, cbeanos 9—13 M2 ¢ yrnom HaknoHa 12—-15°.

Mpw GonbLUOK MOLHOCTM PYAHBLIX TEM B Nopojax nexadvero 6oka NpoxoAsT nonesble
BOCCTaloLLMe, COeAVHSIIOLLME NOMeBble dTaxXHble LWTpekn. NMoMUMOo 3Toro, NPOXoAsiT BCMOMO-
ratenbHble BOCCTAMLLME Yy KOHTaKTa BUCsAYero 6oka unm BoccTarlme, nepecekarolme pya-
Hoe Teno.

OTpesHble, pyAOCMYCKHbIE, BEHTUMSALMOHHO-XOAOBLIE BOCCTAOWME MEXAY MoA3Ta-
KaMu U JyYKU NpoxofsT 6ypoB3pbIBHLIM CMOCOGOM CEKLIMOHHOMO B3PbIBaHWUSA CKBaXKWH, LUMY-
poBbIM UNK BypeHnem (paclunmpeHnemM) ckBauH Gonblwioro guametpa. Hambonbliee pac-
npocTpaHeHne crnocob NPOXOAKM BOCCTAKOLMX CEKLUMOHHBIM B3PbIBAHMEM MOSy4un mnpu
0hOpMNEHUN OTPE3HBIX BOCCTAIOLLMX UIW LENen Npu 3TaXHOW U NOASTaXHON oTOoMke pya.
YacTo npoxojka BOCCTAOWMX CEKLMOHHBIM B3pbIBAHUEM OCMOXHAETCH TEKTOHWMKOW U Npo-
SBMEHVAMM FOPHOro AaeneHus. Ecnu B ManoHapylleHHbIx nopogax GypeHue B3pbIBHbIX
CKBa&)XWH 3aflaHHOro HanpaeneHust yaaetes (Hanpumep, GyposbiMu ctaHkamn HKP-100M ¢
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YBEMUYEHHBLIM KOMNWYECTBOM MOAATYMKOB ANSt rNyBoKoro nm TOYHOro BypeHust Unmn camoxoa-
HbIMW yCTaHoBKaMu f,06bl4HOro 6ypeHust), TO NMpU MHTEHCUBHOW HapyLLEHHOCTW UCKPUBREHWE
CKBEXXWH CHWKaeT 3PEKTUBHOCTE UCMONb3OBaHMs cnocoba. Kpome Toro, cnydaercs,, 4Tto
nof BO3AEWCTBUEM MPEefbIfYLLUMX B3PLIBOB W FOPHOrO JABMEHUSI CKBEKWHbI CTAHOBSITCS He-
NpUrogHLIMU ANS 3apsiKaHus.

Mpoxogka BoccTaroLmx BbIPabOTOK — OAWH U3 TPYAOEMKMX M OMacHbIX MpPOLEeCcCoB.
Ans MexaHusauum npoLeccoB NPOXoaKM BblpaboToK ¢ yrnomM HaknoHa 60°-90° npumeHstoT
komnnekckl KIMNB. MNonok nepemeLLaeTcs N0 MOHOPENbCY C MOMOLLBHO NMPUBOLAHLIX 3BE3404€EK.
BypeHue ¢ nonkos ocyLlecTengeTca nepdopartopamu. OgHako cnocob He UCKMIoYaeT rnae-
Horo HepocrtaTtka npebbiBaHWA NPOXOAYMKOB B OMacHbIX YCNOBUSX M B MocnegHee Bpems
NMPUMEHSIETCS BCE PEXE.

Cnocob npoxogku BypeHeM 1 pacLUMPEHMEM BEPTUKANBbHBLIX N HAKNMOHHBIX CKBAXWH C
ncnonb3oBaHneM BypoBbIX CTaHKOB — Ge3ntofHbIA U OAWH UX CaMblx NepcnekTMBHbIX. Cko-
POCTb MPOXOAKM BOCCTaOLLMX YBENNYMBAETCA NO CpaBHEHUO ¢ BypoB3pbIBHLIMK cnocobamum
B pasbl. CTaHku 3TOro TMna npefHasHayeHb! AnA NPOBEASHNA BEPTMKaIbHBIX U HaKMOHHbIX
BbIpaboTok Anametpom o 3 M, 4o 100 M B AnnHy 1 nog yrnomM ao 70° B nopoaax ¢ Ko3d-
dmuymerHTom kpenoctn o 12 no MNpoToabAKkoHOBY, 0AHaKO NpUMEHSEeTC N B Bonee kpenkmx
nopogax. MNpUMeHsIoT TakKe CTaHKU ANA NPOXOAKA BOCCTaOWMX CHU3Y BBEPX CMIIOLWHbIM
3aboem unv B ABE CTaAMM € NEPBOHaYanbHbIM BypeHnem onepekaroLLen CKBKUHDI.

lopHble BblpaboTkX, MPOBOAMMbBIE B YK€ NOArOTOBMEHHLIX y4acTkax U Heobxoaumble
LN NPON3BOACTBA BbIEMKM PyAbl U3 STUX Y4acTKOB, NPUHATO HasblBaTb Hape3HbIMK Bbipa-
©oTkamu, a BbINONHAEMbIE NPY UX NpoBeaeHUN paboTbl — Hape3HbIMK paboTamu.

HapesHbie BbipaboTkM MPOXOAAT B Npeaenax 6nokoB, NaHenen HenocpeaCcTBEHHO ANs
OYNCTHOW BbIEMKU:

- NOA3TaXHble ropU3oHTasbHbIe BbipaboTkn pasaenstoT 6nok Ha oTAenNbHbIE BblEMOY-
Hbl& MOASTaXM;

- BbIpabOoTKN rOPU3OHTa CKPEMNepoBaHWUs — LUTPEKU UNWN OPTbl CRyXaT ANA AOCTaBKW
oTOUTOM pyAbl A0 BbIPabOTOK OCHOBHOIO FOPU3OHTA, a Takke ANS BTOPUYHOrO ee apobne-
HUS;

- BbIPabOTKN FOPM30HTa FPOXOYEHUST — Kamepsl, LUTPEKWU, OPTbI CNYXaT AN BTOPUYHO-
ro apobnenHns pyabl U nepenycka pyabl Ha OCHOBHOW rOPU3OHT;

- BbIpaboTKM rOpU3OHTa MOACEYKM CNyKaT ANs MOAPE3KU MaccueBa pyAbl B fHuLle
Bnoka;

- OTPEe3HbIe BOCCTAlOLLME CryXaT A4S OTPE3KN MaccvBa pyAbl B 3agaHHOM MecTe 6no-
Ka;

- Wenw, XoakuW, cOorkn 1 psg apyrmx BelpaboTok oGecneymBaloT onTMMarbHOE passu-
Tne pabor.

Ansa Hapeskn gHuwa 6rokoB UCMOSb3YHOT CaMOXOAHbIE BypoBbIe YCTAHOBKN U MOrpy-
304YHO-AOCTaABOYHbIE MaLLUMHBLI UM NeptopaTopbl HA NMHEBMONOAAEPKKE N CKPEMNEPHbIE YC-
TaHOBKM PasnuyHbIX MOAUUKaALWNA.

B BblpaboTkax BbIEMOYHOrO y4acTka OCTaBMSAKOTCA PyAHbIE LENUKW, BO3BOASTCS pas-
HOOOpasHble NUCKYCCTBEHHbIE COOPYXEHUSI U YCTPOWUCTBA. Kperb, MPOXOThl B kamepax apob-
TNEHWS, MIOKOBbIE paMbl UM 3aTBOPbI, MOrPY304HbIE MOMKW, GETOHHLIE, METanMueckne unm
Xene3obeToHHbIe OBMULOBKM COMPSDKEHUI BbIpabOTOK BbIMyCKa M BTOPUYHOIO ApobneHus

n ap.
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loToBble K BbleMke — 3anacbl pyfAbl NOAMOTOBMNEHHbIX BbIEMOYHBLIX Y4acTKOB, B KOTO-
PbIX MOMHOCTLIO MPOWAEHBI HApe3Hble BbIpaboTkM, HeobxoauMble Ans NPOM3BOACTBA OYUCT-
HOW BbIEMKM.

Co3paHne 1 NoCTOSIHHOE COXpaHeHWe pe3epBa BCKPbLITbIX, MOAFOTOBMNEHHbIX U roTo-
BbIX K BblEMKe 3anacoB Heobxo4MMOo ANs TOro, YTobbl:

- NNaHOMEPHO M CBOEBPEMEHHO MO Mepe OTPaboTKM OAHUX y4acTKOB MECTOPOXAEHUS
passuBaTh 400bIMY pyabl HA APYIUX yHacTkax B HEOOXOAUMOM KOSIMYECTBE,

- UMETb 3anac BPEeMEHW ANs 3KCMMyaTaulMOHHOW pasBedku M ApeHaxa BBOAUMBIX B
3KCMyaTauuio YacTel MeCTOPOXKAEHUS;

- NOAAEPXKMBATL PaBHOMEPHOE COLEPKaHWE MONE3HbIX KOMMOHEHTOB B pyne, Ha-
npaensemMon Ha nepepaboTky, NyTeM MMaHOMEPHOro BBOLA B OYMCTHYHO BbIEMKY Y4aCTKOB
MECTOPOXKAEHMWS C Pa3NWNYHbIM COCTaBOM pyabl;

- UMETb pe3epBHble Y4acTKM Ha cryva BPEMEHHOro npekpalyeHusi paboT no BCKpbI-
TUIO U MOAFOTOBKE MM HEOBXOAMMOCTM yBenuueHuss fo6blun pyfbl CBEPXYCTAHOBNEHHOMO
nnaxa.

OuuncTHana BbleMKa — TEXHOMOMMYECKUIA MPOLECC U3BMEYEHUS PYAbl U3 BbIEMOYHOMO
y4acTka 1 nopaepxaHus oBpasytoLMxca Npu STOM OUUCTHBIX BbIPaboOTOK M OYMCTHOrO MpPOo-
CcTpaHcTBa (CM. pUCYHOK 2.4 1 Tabnuuy 2.4).

OuncTHasn BbleMka

MposeTpuBaHve :> BypeHue B3pbIBHbIX <: Otkauka Bogbl (Bo-

(BeHTMnALMS) CKBEDKWH [OOTNMB)
2
Bbinyck, oTkaTka, 3apsokaHwve, B3pbl- Beinyck, norpyska

ckpenepoBaHue, <: BaHue => nycToit nopoasbl
norpyska pyas!

A L AV 4 \7Z
TpchnomepOBKa YnpaBneHue cocToaHNEM TpaHCﬂOpTMquKa,

ol BblpaboTaHHOro noabLEM NyCcTOW No-

PyA npocTpaHcTea poap!
JpobneHve 3aknafouHble paboThl CknagunposaHue nyc-
o TOW nopoasl B OTBa-

I I (cnctembl ¢ 3aknapkon) bl
Moabem

PucyHok 2.4 — O6wwas 6nok-cxema NpoLeccoB OYUCTHBIX paboT

QOuunctHoe (BblpaboTaHHOE) NPOCTPaHCTBO MOXET B MPOLECCe OYUCTHOW BbIEMKU OC-
TaBaTbCA OTKPbLITLIM, T. €. CBOOOAHBIM, 3aroNHATLCA OTOMTON pyAOW, 3aknagkon unu obpy-
LEHHbIMK Nopoaamuy Nbo NoAAEPKMBATLCS KPENbHO.
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Tabnuya 2.4 — BxogHble U BbIXOAHbIE NOTOKN U OCHOBHOE TEXHONOIMYECKOe
060pyaoBaHNE OUNCTHOW BbIEMKM (STarnbl NOA3EMHOW paspaBoTKX Kene3opyaHbIX

MECTOPOXIEHNI)
o OCHOBHOE TEXHO-
. Oran npouyecca BbIXOAHOM
BxoaHou notok Smmccnm noruyeckoe 060-
(noanpovecc) noToK
pyaoBaHue

OnekTposHeprus EBP Culpas pyaa |MycTtas nopoga |MogbemMHble
CxaTbIl BO3ayx Bbinyck, TpaHc-  [Myctas no- |Mbinb MaLLUHBI U KOM-
TexHu4eckan Boga nopT nnogLem |poaa FasoobpasHble  |nnekchbl
bypoeas ctanb pyAbl 1 Nopoabl nNPoAYyKTbI bypoBoe, 3apsaa-

B3pbisyaTble maTe-  |lMposeTpuBaHue B3pbIBHbIX paboT [Hoe 1 norpy3ou-
pvansl OTkayka Bogbl CTOuHble (WwaxT- |Hoe obopypoBa-
C™M MopaepxaHue Hbl€) BOAbI Hue
Cexun BO3gyx OYUCTHOrO NpPo- JlokomoTuMBbI, Ba-
CTpaHcTBa rOHbI, ONPOKMN-
BtopuyHoe AblBaTenu
ApobneHve KoHycHble, Wwe-
KOBbI€ ApOOUKu
Hacocbl
BeHTmnaTopbl

OnpeaeneHHbIN NOPsAOK MOArOTOBKM M OYUCTHOW BbIEMKW BO BPEMEHU 1 NPOCTPaHCT-
BE MPUHSTO HasblBaTb CUCTEMOW pas3paboTki, BO BCEM MHOroobpasum CUCTEM KaKOOW CuC-
TEeME MPUCYLLW: KOHCTPYKTUBHBIE XapakTePUCTUKA, NOPSAOK OUMCTHOW BbIEMKU, TEXHONOMMS
OYNCTHOM BbleMkM. OunCTHasA Bblemka Mpu obor cucteme paspaboTky BKNOYAET TpU OC-
HOBHble onepauun: oTOoWMKY pyAbl — OTAENEHWE ee OT Maccusa; [OCTaBKy pyAbl — nepe-
MeLLeHne oTOUTON pyabl OT 320051 4O OTKATOYHOrO ropM3OHTa; COCTABHOWM YacTblo 3TON one-
pauumn SBASIOTCH BbIMYCK W NOrpy3ka pyAbl; NogAepKaHne BbipaboTaHHOro NPOCTpaHCTBa.

M3 TexHONOrMYeCknx NPOLECCOB OYUCTHOW BbIEMKN HauborbLUee BAMSHUE Ha pacro-
NOXeHue BbIpaboToK OTKATOMHOrO ropu3oHTa OKasblBaeT AOCTaBKa pyAbl, BKNOYas ee no-
rpy3ky. Hepenko nameHeHne TOro nnv MHOro SNeMeHTa TEXHONMOrMYecKoro npoLecca Bbi3bl-
BaeT M3MEHEHME CXEMbI PACMONIOKEHNST OTKATOYHBIX LUTPEKOB M OpTOB. Hanpumep, nepexon
OT CKpenepHOn [OCTaBkM K BUBPOBLINYCKY UMM CamOXogHOMY 060pyaoBaHUIO CyLLeCTBEHHO
MEHSIET KaK CXeMy, TaK 1 napameTpbl BbIpaboTOK OCHOBHOIO ropu3oHTa.

Mpu pa3paboTke MOLUHBIX MECTOPOXAEHWUN, CIOXEHHbIX cnabbiMK Unn TpelmHoBa-
TbIMW MUHEparnamu, crnoCobHbIMM Npy OOHEKEHMM Ha OOCTATOYHOW Nnowaan nog AevcTeun-
€M rpaBuTaLMn 1 AaBNEHWUA HaneratoLwen TONWm obpyLaTsCs, UCNonb3yT PEeHOMEH camo-
0bpyLeHmsi. Cnocob xapaKkTepusyeTcsi BbICOKOW NMPOM3BOAMUTENBHOCTLIO U AELLEBU3HOMW, Of-
HaKo yCroBusl ero NPMMEHEHUs KpaiHe OrpaHNYeHbI.

BypoB3pbiBHOM Cnocob ABnAeTcs YHUBEPCanbHbIM ANst OTOOMKM XenesHbIX pyh cpef-
Hell 1 BbICOKOM KPenocTu, oTOoMKy BedyT C nomoLllsto 3apsgos BB B wnypax, B3pbiBHbIX
CKBaXXMHaX M MUHHBIX BbipaboTkax. B3apbiBHOM cnocob paspyLleHUs OCHOBaH Ha NPUMEHEHWN
B3pbIBYaTbIX BELLECTB, NPpW BbICTPOTEUHOM PasNOXEHUN KOTOPbIX OCBODOXAANLAACH 3HEep-
s B3pbiBa OTAEMAET OT MaccuBa U OCYLLECTBNSAET ApobneHne ropHom maccehl.
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Ina 6ypeHnst B3pbIBHbLIX CKBEKWH W LUMYPOB MCMONb3yoT pasHoobpasHbie BypoBbie
nepdgoparTopbl, CTaHKW, KAPETKN U YCTaHOBKN £0BbIMHOrO BypeHuns.

MpumeHsitoTcst OypoBble CTaHKW C NMHEBMATUYECKMM UM MM PAaBINYECKUM NPUBOLOM,
C 3neKkTpofBuraTenem, ABuraTenemM BHyTPEHHEro CropaHusi, 4M3enb-3neKTpUYeckUM NpuBo-
[IOM, CaMOXOAHbIe, NepeaBMKHbIE Ha cneLmaneHbIX Tenexkax. bypunbHsie malmHbl ¢ NHeB-
MaTU4eckMK aBuUratensimm HeobxoamMmo obecneymBaTb CKaTbIM BO3AYXOM, NOAABaEMbIM OT
KOMMpeccopa Mo BO3fyxoBofaM, OypunbHble MalUMHbI C SNEKTpoaBUraTeENnsamMmn cHabxaroTes
ANEeKTPO3Heprmen no kabensm, dypunbHble MallWHbI C ABUraTeNsMmn BHYTPEHHErO CropaHus,
KaK npaeumo, NoTpebnatoT Au3ensHOe TOMMMUBEO.

PacrnonoxeHue ckBaxMHbI MOXET ObITb napannenbHbIM, napannensHO-CONMKEHHbIM,
BeepHeIM. [Ana pasmelleHus 3apsgos BB o HepaeBHero BpeMeHn caMbiMn pacrnpocTpaHeH-
HbIMW BbINK ckBaXUHBLI AnameTpom 105—110 MM, KoTopble BypsAT OTEYECTBEHHBIMM CTaHKaMu
C NOrpy>KHbIMM MHEBMOYyAapHMkamn. B nocnefHee BpemMsa AN NoaroToBkn Maccuea k obpy-
LEHUIO 3HAYUTENBHYIO 40N OypoBbIX paboT NPon3BOASAT CaMOXOLHbLIM UMMOPTHBIM 060pYy-
A0BaHMEM C aAnamMeTpoM ckBaxmH 89—102 mm.

Ha HekoTopbIx pyaHukax Crbupu npu noarotToske GroKOB K MaccoBOMY 06pyLLEHUIO B
YCINOBUSIX BbICOKOrO rOPHOro AaBneHnst 3HauuTernbHble 06beMbl paHee OTOYpPEHHbBIX CKBaXKUH
105 MM NPMXOAMIM B HEMPUIoAHOE AN 3apshkaHus coctosHme. Kak cnepcreue, npuMeHs-
JINCb B3pbIBHbIE CKBaXXWUHbI BOMbLIEro AUaMeTpa. YCMeLwWwHbIA OfbIT UCNONb30BaHNA CKBaXUH
8o 300 mm umeeT AbBakaHckmin pyaHuK, FopHo-Llopckuin dvnmnan. PasbypusaHne maccusa
MexaybrnoKoBOro Lenunka oCyLEeCTBNANN, PaCLLUMPAS MUIOTHLIE CKBEXXWMHbI AnameTpom 105—
130 mm pgo amnametpa 250-300 mm. Kpome Toro, AoctatouHo 3deKTUBHO NPUMEHANCS Cno-
cob paspyLueHns MexayBrnoKOBbIX LIENNKOB Ha BCHO BbICOTY 3TaXa BEPTUKANbHBIMU KOHLEH-
TpypoBaHHeIMM 3apsgamu (BK3). Mo 3TOM TEXHONOIMU KOHLEHTPUPOBAaHHbLIE 3apsabl pas-
MeLlann B «Chenblx» BOCCTAKOLWMUX Manoro ceYeHusl, NpoMAEHHbIX CriocoboM CEKLUMOHHOIo
B3PbIBAHUS CKBEXXWH, U pacnonaranu B ueHTpe bnoka. BK3 B3pbiBanv nocnegHnMmn cryne-
HSMW 3amefeHUs NOCcre B3pbiBa MyYKOBbIX CKBAXWMHHBIX 3apsiioB U 0OpasoBaHus Maccuea
cTon6oobpasHoi hopMbl, CO3[AIOLLErocs B MPOLIECCE KOPOTKO3aMEASIEHHOTO B3pbIBaHUS.
MpymMeHANMch 3apsabl C MHEPTHBEIMK NPoMeXyTkamn aAns 6onee paBHOMepHOro ApobnenHus
rOpPHOro Maccvea.

Mo ycnoBuAM TEXHONOMMYECKOro npouecca otbutas pyaa AomkHa MMETb KyCkU onpe-
LENeHHoN KpymHoCcTU. Pa3amepbl MakcuMarbHO AOMyCTMMOrO Kycka BO B30OPBAHHOW FOPHOM
Macce onpeaensalTcs napaMeTpamm TPaHCMOPTHBLIX CPEACTB, APOOUNOK U APYrMX NPUEMHbIX
YCTPOWCTB, a Takke ycrnosusimn paboTbl o6opyaoBaHus.

MakcMmansHO AonNyCTUMBIA pasMep KyckoB 00bI4HO npuHuMatoT ot 300-400 ao 800-
1000 MM, npu oTGOMKe pyAbl B3pbiBHLIM CNocobom oBpasyeTca HEKOTOPOE KONMYECTBO He-
KOHAMLMOHHBIX KyckoB — Herabaputos. [Ins npobneHus Herabaputa NpUMEeHsIoT B3pbiBYa-
Thble BELLECTBa NN MeXaHWYeCcKne ycTponcTaa (apobunku, 6ytobon).

Ons ynydwenns apobnenns pyabl M CHUKEHUS cencmmndeckoro addekra Heobxoamumo
ucrone3osatb AuddepeHumpoBaHHoe pacrnpeneneHne BB B pyaHom maccuee (reomeTputo
pacnonoxeHsa BEEPOB U My4KOB CKBaXKMH) M KOPOTKO3aMeANeHHOE B3pbiBaHWE 3apafoB, Ha-
npumep, ¢ nHtepsanammn: 25, 50, 75, 100 n 150 mc.

Kak mpaeuno, xenesopyfHble LWaxTbl HE OTHOCATCA K OMacHbIM MO rasy W Mbinn, Ha
HMX LUMPOKO MPUMEHSIIOTCA MPOMbILLNEHHbIe BB Ans noaseMHbIX ropHbix paboT, oTnnym-
TenbHOW NOMNoCON KOTOPbIX SBMAETCH KpacHbIN LBeT 060M04KU NaTPOHOB Unn ApnbIKoB. Pac-
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npocTpaHeHbl aMMUaYHO-CENUTPEHHbIE TPaHyNMPOBaHHbIE, MOPOLLKOOOPasHsLIe U 3MyIbCU-
OHHble BB.

AMMUaYHO-CenUTpeHHble BB — mMexaHudeckme cmMecn amMrMavyHoOn CenuTpbl ¢ HUTPO-
COEOVHEHVSIMX UMW C FOPHOYMMU U PaspbIXNSoWuMM fobaBkamn: aMMOHUTLI, aMMoHanb|,
AVHaMmoHb!. LLIMpoKko NpUMEHSIFOTCA: rPaMMOHUTbI, rPaHynuTbl, amMMoHWTLI N2 6 XKB, uraaHu-
Tbl, 3MYNbCUOHHbIE BB.

B cBSIaM C TUrpOCKOMMYHOCTBH0 aMMUavHO-CeENUTPeHHbIX BB BO3HMKaeT Heobxoau-
MOCTb B MpuaaHuM UM CBOMCTBa BOAOYCTONYMBOCTY, KOTOPOE AOCTUraeTcs BBEAEHNEM B ro-
TOBbIM cocTaB BB vnun B avmuayHyto cenutpy HebonbLLOro konu4ecTea cneuuansHbix Aoba-
Bok. CopTa BB, n3rotoBneHHble 13 BOAOYCTOMYMBON aMMWEYHON CENMUTPLI, UMEHT MapKy
KB. K BogoycTonumebeiM BB oTHOCcATCs: ammoHuTel N2 6)KB, a Takke TpoTun U Apyrve HuT-
pOCOEANHEHMS.

Onsa nog3emHbIx paboT npumeHstoT BB Tonbko ¢ kMcnopogHeim 6anaHcom, 6nmsknm k
HynesoMmy (3 %), npu B3pbiBaHUM BM no makcmmymy aormkHoO BbiTb COkpalleHo obpasoBa-
Hue okemaa yrnepoga CO m okempos asota NO, NO2, N2Oz 1 npounx BpeaHbix rasos.

Ons 3apsikaHns MCMONb3YIOT CrneumanbHble CamoxoaHbIe, NepeaBUKHbIE N NEPEHOC-
Hble 3apsigHble MallWHbI, Kak NpaBumo, C NMHEBMATUYECKON Nojaven B3pbiBYaThIX BELLECTB.
Mpn 3apskaHn B3pbiBYATOE BELLECTBO 3aChINAETCA B 3arpy304HY0 EMKOCTb MAlUMHbI, 3a-
TeM noctynaeT B nuTartens (6apabaHHbI, KaMepHbIN UNN HKEKTOPHBIN), Aanee TpaHCnopTu-
pyeTcsi oKaTbiM BO3JYXOM (OT LUAXTHOM MHEBMOCETW) MO rMbKoMy [OCTaBOYHO-3apsaHOMY
LUNaHry B CKBa)KMHbI MNA LLNYPbI.

MexaHunyeckas oTOolka NPUMEHAETCA B OCHOBHOM MpU BbIEMKE PyA U MOPOJ, HU3KON
KPenocTu, UCMONb3YHTCA CaMOX0AHbIE KOMBalHbI C LIApOLLEYHbIMK paboymmmn opraHamu.

MexaHunsnpoBaHHasi  JocTaeka NMpoOV3BOAUTCA  CKpenepamu, Morpy3o4Ho-
LOCTaBOYHbIMY MaLLMHaMK, KoHBeliepamy. IHorga focTaeky OCyLeCTBISIIOT CUMOW B3pbiBa.

Bbinyck pyabl U3 O4YMCTHOIO NPOCTPaHCTBa Yepe3 BblpaboTkM aHULLY Briokos, o6opyao-
BaHHbIX BUOPOLOCTaBOYHBIMY YCTAHOBKaMM, MPOM3BOAMTCS! HEMOCPEACTBEHHO B OTKATOYHbIE
cocyabl. Bbinyck Ha nouBy BbipaboTok 0ObIMHO COMPOBOXAAETCH BTOPUYHBLIM ApoGreHnem
pyabl, KOTOPOE 3a4yacTyto ocyllecTensercs BOnmau 3abos B crnieyyarnbHbiX BbipaboTkax Ha
rOpuU3oHTE AOCTaBkK (rpoxoyeHust). [lanee npousBoAST Nepenyck pyAbl Yepe3 pyaoCcnycku Ha
OTKaTOYHbIA FOPU3OHT W 3arpy3Ky B NMOABWDKHOW COCTAB Yepes Ik, Bubponurtarenu v apy-
re ycTpouncTea.

Tpaf UMOHHO Ha kenes3ono0biBatoLMX PYAHMKAX UCTIONb3YIOT CKPEeMnepHYH AOCTaBKy
1 BMOPOBbLINYCK, OAHAK0 B HACTOsILLEE BPEMS LLUMPOKO MPUMEHSIIOTCSI CAMOXOAHbIE MOrpy304-
Hble MalWHbl. MOLHbIE NOA3EMHbIE KOBLLOBBIE MOTPY3UMKA BbICOKOMAHEBPEHHbI. OHN CKOH-
CTPYMPOBaHbI M caenaHbl ANS TsKembIX YCMOBUA 3KCMMyaTtauum B OrpaHUYeHHOM NPOCTpaH-
cte. Mo Gonbluen YacTn oHn obopyaoBaHbl AM3enbHbIMU ABuratenamu. Hago npusHarte,
YTO NOrpy304YHO-40CTABOYHbIE MALUMHbBI C SNEKTPUYECKMM NPUBOAOM 06ecneumBaroT nydwune
YyCnoBusi TPYAa 3@ CYET OTCYTCTBUSA BbIXJIOMHbIX rA30B, MEHbLLIErO yPOoBHS BUGpaumun 1 wyma.

Ha MOLLHbIX Xene3opyaHbIX MECTOPOXAEHUSX LUMPOKO MPUMEHSIIOTCA CUCTEMbI pas-
paboTkn ¢ obpyLueHMeM pyAbl U BMELLAOWMX NOPOA, KOTOPbIE XapakTepuaytotcs obpylue-
HMEM MOLCEYEHHOro CHM3Y Mnn cOOoKy Maccuea pyAbl B NOASTaXe MNW aTaxe. Bbinyck oc-
HOBHOW Macchl PyAbl NPON3BOAUTCSA NOA4 OOPYLUEHHBIMK, ONMyCKarWUMNCS B NMpoLecce Bbi-
nycka nycteIMU MOPOAAMMK, KOTOPbIE 3aMnOnHSAIT BbipaboTaHHOe NMpocTpaHcTBo. Hambonee
LLMPOKOE pacnpoCcTpaHeHne npu paspaboTke KenesHblX py4 NOoNyqMno STaKHOE N NOLSTaXK-
Hoe obpyLUeHne ¢ 0TOONKOWN pPyabl rMyBOKNMK CKBaXKMHAMU.
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CuCTeMbl C MPUHYAUTENBHBIM 3TaXHbIM 0BpyLLUEeHMEM Ha BepTMKanbHble KOMMeHca-
LMOHHbIE Kamepbl NpuMeHsItoT Ha Bbicokoropckom, ABakaHckoM, TaluTaronbCKoM enesHblx
pyaHvkax. Pasmepbl LennkoB npuHMMaroT Gonblle, Yem pasmepbl kamep. lNocnegHue Bbi-
NOMHAT (OYHKUMIO KOMMEHCAUMOHHOrO npocTpaHcTBa. ObpasoBaHMe KOMMEeHCaUMOHHbIX
Kamep BEAETCA aHanorMyHo BblEMKE WX B 3T&KHO-KaMepHbIX cucTemax pas3paboTku
(OAO «KombuHat KMApyga). MNocne Nnpoxofku OTPEe3HOro BOCCTALLEro 1 PaclUMpPEHUs ero
B OTPE3HYH LeNb NocneaoBaTensHO OTOMBAaKOT Ha HEE BCTPEYHbIMU BEEPaMU CKBXKVH BEP-
TUKarnbHbIE CNOU PyAbl.

MpuHyauTENBHOE 3TaXHOE U NoaaTaxHoe obpylleHne 6e3 KoMNeHCALUMOHHbIX KaMep
npegnonaraet oTOOMKY CEKUMSIMM Ha MaccuB paHee obpyLLEHHON pyabl UMW MyCTOW NOpozbI.
EnnHas TexHonormsi oYMCTHOW BbIEMKU ANt BCEX yvacTkoB 6rnoka sTaka xapakrtepHa Ansi
aToN cmcTeMbl. [103TOMY ee OTHOCST K CMCTEMaM C OAHOCTafMMHON BbIEMKOW B OTNUYME OT
3TaXKHO-KaMepHbIX CUCTEM, CUCTEM 3TaXHOrO OOpYLUEHWS Ha KOMMEHCALMOHHBIE Kamepbl U
psaa Apyrvx, B KOTOpbix oTpaboTka 6rnoka ocylleCTBNSeTCA B ABE UMW Aaxe TpU CTaguu
(BblemMKka kamep, OTpaboTka MOTOMOYMHBI U MEXAYKaMEpPHbIX LENUKOB, BblEMKA AHWLLA).
Cnepyet oTMETUTB, YTO B HE[OCTATOMHO YCTOMUMBLIX pyfAax OTOOMKa B 3aKaTou cpefe Mo-
XKET Bbl3BaTb HapyLUeHWe MaccvBa pyabl U NPONAEHHBIX B HAX BbipaboTok. Moatomy npume-
HEHWe MoaSTaKHOro obpyLueHns 6e3 KOMMeHCaUMOHHOro NpocTpaHcTBa TpebyeT B KaKaoM
OTAENbHOM Cryyae NpoBeAEHUs! OMbITHbIX PpaboT.

B psige cnyyaeB nepexop Ha cuCTeEMbl C OTOOMKOM B 3aXaTon cpepe B COueTaHum C
npuMeHeHvem Goree MPOM3BOAUTENBHOMO MOrPy304HO-A0CTAaBOMHOIO CamoxXoAaHoro obopy-
[,0BaHWs NO3BONSIET NMOBbICUTL 3EKTUBHOCTL CUCTEMBI STAXHOMO U NOASTEXKHOIO MPUHY-
antensHoro obpywenns. MopHo-lopckuin dunman OAO «EspasPyaa» B nocnegHue rogpl
3anycTun B 3KCrnyaTaumio 04epeaHon KOMMMEKC NOA3EMHOro ApobneHns n ysenmuun obns-
embl foBblun ¢ 2 0 5 MIH T B rof, NOCTENeHHO 3ameHss OTOoWKy Ha KOMNeHcauuMoHHoe
NPOCTPaHCTBO W BUOPOBLINYCK TOPLEBLIM BbINYCKOM C UCMOMb30BAHMEM CaMOXOAHOro 060-
pyLoBaHus.

BapuaHT ¢ 0BpyLueHneM pyabl Ha NOYBY NOASTAXKHBIX ([OCTABOYHbIX) BbIpaboOTOK, Ha-
3bIBEMbIA YACTO LUBEACKAM BapUAHTOM MNOA3TaXHOro oOpyLLEHUs NN BapuaHTOM C TOPLO-
BbIM BbIMYCKOM, AIBMSIETCA OAHMM 13 Hanbosee NpocTbIX U MPOU3BOAUTENBHBIX.

lopHble BbIPabOTKM M MYCTOThI, 06pPa30BaBLUMECH MOCNE BbIEMKA MOME3HOr0 WUCKO-
Maemoro, 3anosHSATCS CO BPEMEHEM UK cpa3y 00pyLIaLLIMMUCS NOPOAaMK1, B pesynbTtaTte
Yero MaccviB Nopog Hag MecTopoxieHvem aedopmupyeTcs n oceaaeT. CaBuKeHUe nopoa
06bI4HO BbI3bIBAET MNaBHOE OCEAAHNE 3EMHOWN NMOBEPXHOCTK, 6e3 paspbiBa ee CnnowHOCTY,
UM Pe3Koe, CO 3HaYUTENBHLIMU CMELLEHUAMM 1 NpoBanamm.

B ropHoi npakTtuke Ha 3apybexHbIX U OTEeYECTBEHHbLIX NPEANPUATUSX UMEKT MECTO
TEXHOMNOrM4Yeckme cxemMbl OTPaboTKN Kene3opyAHbIX MECTOPOXAEHNIA, NCMOMNb3YOLWME CMo-
cobbl ynpaefeHWsi COCTOSIHUEM FOPHOrO Maccusa W NOAAEPXKaHWE €ro B yCTOMYMBOM CO-
CTOSIHVW 3a CYET OCTaBIIEHWUS PYAHBIX LIENIMKOB 1 3@ CYET 3aMeHbl PYAHOTO Maccuea UCKyC-
CTBEHHbIM (CUCTEMbI C 3aKINafKown).

3aknagka MycToT — 3anofiHeHME WX 3aKnafgoyHbIM MaTtepuanom: nycTol Nopoaow,
XBOCTaMn oboratuTenbHbIX hadpuKk, TBEPASHOLWNMN CMECAMN U T. .

Cnoco6 mncnonb3yeTca B NOA3EMHON pas3paboTke XenesHbIX pya npyu HeobxoaMmocTm
COXPaHATb 3EMHYH MOBEPXHOCTb OT PaspyeHUs UM MUHUMU3MPOBAaTb BUAHWME TFOPHBIX
paboT Ha BaXHble 06bEeKThbl. TO OCOBEHHO BaXXHO W3-3a HANWMYMA BOAOHOCHBIX FOPU3OHTOB,
BOZOEMOB MM KPYMHbLIX COOPYKEHUIA Ha MOBEPXHOCTM 1 Mp.
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3aknagovHbIM MaTepuanoM Yaile BCero SBhsTCS MOMyTHO UMW creuumarnbHo 406kl
BaeMble Nopofbl, XBOCTbl oboratutenesHbix dabpuk. Mo npusHaky 3anonHeHWs BblpaboTaH-
HOro MPOCTPaHCTBA 3aknafka MOXET ObITb MOMHOM MK YacTUYHOKW. Yalle Bcero ncnonbay-
tOT:

- TBEPAESIOLLYIO TMAPaBNNYECKYIO 3aKNagKy — 3aKknafodHbld MaTepuan BKMYaeT Bsi-
Xylme BellecTBa. B pesynbtate TBepaeHua 3aknafgkum obpasyeTcs MOHOMUTHBIA MaccuB
3HaYNTENBHOW YCTONYMBOCTY U NMPOYHOCTH,

- CyXyH0 3aKknafKy — 3aKnafjouvHblil MaTepuan He COAEPXUT BOAbl CBEPXbECTECTBEH-
HOW BNaXHOCTH.

Pacxopapbl Ha fobblvy 3aknafovHOro marepuana, ero rnoAroToBKY, TPaHCNOPTUPOBKY U
pa3meLleHre B O4MCTHBIX BbIpaboTkax B OOMbLUMHCTBE CryYaeB 3HAYMTENbHBI, O4HaK0 3TOT
cnocob obecneunBaeT BesonacHOCTb paboT, paguKansHOe CHUXKEHME NOoTEepPb MOME3HOro 1C-
KOMaemoro, a Takke NpensTcTByeT AedopMaLn NepeKpbIBatoLLMX NOPoS U 3eMHOMN NMOBEpX-
HOCTW.

B 3aknioumMTensHOM CTagunn BbIEMKM 3aMacoB OYMCTHbIE BbIPAOOTKM MOrallarT WUnu
NPUBOLAT B TAKOE COCTOSHNE, B KOTOPOM OHW BYAYT HaxoauTLCS B TEYEHNE HEONPEeAENneHHO
LONroro BpeMeHw.

Cuctembl € 3aknagkod  BbIpabOTaHHOTrO  MPOCTPaHCTBa  MPUMEHAKOTCA B
OAO «EBpasPypa» (TawTtaroneckun dunman), B OAO «Kombunar KMApyaa» B kadectee
3aKnagky WMCMomnb3yrTCA CryLeHHble XBOCTbl oborauieHna 6e3 BsKYLMX KOMMOHEHTOB,
000 «Metann-rpynny — FKoBneBCkMN pyAHVK oTpabaTbiBaeT pyAHble 3anacbl CUCTEMOM
HUCXOAALMMW CNOSMU C TBEPAEIOLLEen 3aknaakon. Takon cnoco® BeaeHWA ropHbIx pabot
MO3BONAET YMNPaBnsaTb COCTOSHMEM BbIpabOTAHHOrO MPOCTPAHCTBA, ONPEeAEnsoWero Bnms-
HME Ha 3EMHYIO MOBEPXHOCTL, Y UMEET BbICOKYHO 3KOMOTMYECKYHO 3HAaUMMOCTb.

Kaxabih u3 aTux crnocoboB UMEET CBOW CUMbHbIE U cnabble CTOPOHbI, 6anaHc KoTopbIX
B BUAE SKOHOMWYECKUX U IKONOrMYECKNX NoKasaTenen u onpeensieT B KaXA0M KOHKPETHOM
cnyyae Bbibop npuMeHsiemMbix TexHornorurn. OcHoBHoe obopyaoBaHue, MCnonb3yemMoe npwm
NOA3EMHON pa3paboTke XernesopyAHbIX MECTOPOXAEHWI NpuBeaeHo B Tabnuue 2.5.

MNoz3eMHbIN TPaHCMOPT — KOMIIIEKC COOPYKEHWI U YCTPOWUCTB, NpeaHa3HayYeHHbI
ANs NpyemMa n nepemMeLLeHNst pasnnyHbIX rpy3oB 1 nogen. B 3agaun waxTtHoro TpaHcnopTa
BXOAUT (POPMMPOBaHME U peanu3aumsi BCTPEYHbIX rpy3ornoTokoB. OcHoBHas! Lienlb — TpaHc-
nopTUpoOBaHWe pyabl U NOPOAbl OT MyHKTOB BbIFPY3KN U3 OYUCTHbIX BGNOKOB, MpPOXOAveCcKMX
3ab0eB A0 neperpy3oyHbIX KOMMIMEKCOB, OKONMOCTBOMbHBLIX ABOPOB N PYAHUYHOrO Noagbema.
Kpome Toro, TpaHCnopT ocyuwiecTtBnsieT yHKUMIo cBoeBpemeHHoro u BecnepebonHoro
cHabxeHnst LOObIMHLIX Y4acTKOB Marepuanamuv, UHCTPYMEHTOM, 060pyaoBaHMEM U NP He-
06Xx0anMOCTY AN NEpEeBO3KN NMIOAEN K MecTy paboTel n obpaTtHo.

48



UTC 25-2017

Tabnunya 2.5 — OcHoeHoe 060pyaOBaHUE NOA3EMHON pa3paboTku xene3opyaHbix

MECTOPOXAEHUN
HavmeHoBaHue CyLecTBEHHbIE XapaKTepuUcTUKn
HasHaueHue o6opyaoBaHus
obopyaoBaHUA TexHornornyeckoro o6opyaoBaHus

MoabemHble MawnHbI

Bblgaya Ha noBepxHOCTb
pyAbl ¥ NOPOAbI; CryCK —
noabLEM noen, marte-
pwanoB, MHCTPYMEHTA,
obopynoeaHus

Limnunapuyeckue 6apabaHHbie
ByumnmMHapokoHnyeckme
CoO WKNBOM TpEHUS

BeHTunsTopsl rnasHoro, | [ns nposeTtpmBaHud rop- [Ocesble
BCNoMoraTensHoOro N Me- | Hbix BelpaboTok, yaane- | LleHTpoGexHbie
CTHOrO NPOBETPUBAHMNS HUS BPEAHbIX U SA0BUTBIX
rasos, nbinu
Byposeie nepdpopartopsl | Ans 6ypeHus wnypos MHeBMaTUyeckne
Mppaenuyeckme

CamoxogHble bypoBble
KapeTku

Ons 6ypeHns wnypos

Ha nHeBMOWWHHOM X0ay

Ha penbcoeom xoay

C nHeBmonepgopaTopamm unm
rmaponepdoparopamu

CTaHKkn 1 camoxoaHble
yCTaHOBKM 4,06bI4HOro By-
peHus

[Ans BypeHnst B3pbIBHbIX
CKBaXWH

C 1cnonb3oBaHNEM 3HEPIUM CXaTo-
ro Bosgyxa

C mapaenuyeckummn 6ypoBbIMK
MOnoTKamMu

C aunsenbHbIM U 3MEeKTPONPUBOLOM

CkpenepHble n Bubpoao-
CTaBOYHbIE YCTAHOBKU

Ons nepemelleHus n no-
rpy3Kku oTOUTOWN ropHOM
MacChl Ha MPOXOAYECKMX U
Aob6bIuHbIX paboTax

C 3nekTponpuesoaom
C ucnonb3oBaHnem SHEeprum cxarto-
ro Bo3gyxa

KoBLuUeBble Norpy3oyHo-
[0CTaBOYHbIE MaLLHBI

[nsa nepemelueHuns v no-
rpy3km OTOUTON roOpHOM
Macchl Ha MPOXOAYECKMX U
[0ObIYHbIX paboTax

C 1Cnonb30BaHMEM 3HEPIMN CKaTo-
ro Bosgyxa
C AusernbHbIM U 31EKTPONPUBOLOM

KoBLueBble Norpy3oyHo-
JOCTaBOYHbIE MaLLWHBbI

[ns nepemelleHus u no-
rpy3ku oTOUTON ropHOM
Macchl Ha MPOXOAYECKMX U
[06bIuHbIX paboTax

C 1CnonbL30BaHWEM 3HEPrMN CKaTO-
ro sosayxa
C AusenbHbIM U 3NEKTPONPUBOLOM

KOHTaKTHbIE 3NeKTPoBO3bI

lMepeBo3ka rpy3oB — py-
Abl U NOPOAbI, NI0LEN, Ma-
TepvaroB, UHCTPYMEHTa,
obopyaoBaHusi

PenbcoBas kones B OCHOBHOM
750 mm

Mcnonb3ytoT KOHTaKTHYHO CEeTb C
HanpshkeHNneM NOCTOSHHOrO Toka
250B

LaxTHble camoceans!

lMepeBo3ka rpy3oBs — py-
Zbl M MopoAbl, Marepua-
0B, MHCTPYMEHTA, 060-
pyZoBaHus

LLlapHMPHO-COYNEHEHHOE YCTPON-
CTBO pambl
[uszenbHbit npysog
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OkoH4yaHue mabnuupi 2.5

HavmeHoBaHne CyLyecTBeHHbIE XapaKTEPUCTUKU
HasHaueHue obopygoBaHus

obopygoBaHus TexHonoru4yeckoro obopygoBaHuns
Lpobunkn OpobneHve n namenobye- |KoHycHble
HWe martepuana LLiekoBble
Hacocel TpaHcnopTupoBaHue xua- | LleHTpobexHble: CTauMoHapHbIe,

Kux cpeq (Boga, nynbna) | MHOrocTyneHYaTble NPOXoaYeckue
nofBecHble, 3yMNdOBbIE MOrpyX-
Hble

Ha pyaHukax, AobbiBaroLLmX KeneaHble pyAbl, NCNOMb3yHoT:

- PenbCOBbIA TPAHCMOPT (KOHTaKTHBIE SNEKTPOBO3bI, PYAHNYHBIE BAarOHETKN);

- camoxogHoe obopyfoBaHME Ha NMHEBMOLLMHHOM XOAY;

- KOHBEMEPHYHO [ OCTaBKY.

B HacTosLLee BpeMsa HambonblUee pacnpocTpaHeHNe HaxoaMT PENbCOBLIN TPAHCMOPT.
JIOKOMOTVBHBIN TPAHCTIOPT — KOHTAKTHBIE 3IIEKTPOBO3bI, BArOHETKM C MMyxXvMM AHUWLEM, 6o-
KOBOM W [OOHHOWM pasrpy3kon, camopasrpyxarowmecss cocyabl. bonblwoe pasHoobpasve
BCMOMOraTenbHbIX MEXaHW3MOB: OMPOKUABIBATENN BaroHETOK, nebefku, Tonkarenu, pasnuy-
Hoe nyTesoe obopyaosaHue U T. 4. YenelwHas paboTta 60nbLIoro Yncna nokomoTmeos obec-
neYnBaeTCs aBToMarm3aumen npoueccos otkatku. OHa BKIHOYAET CUrHaNM3auumio, LUeHTpa-
nmsauuio 1 Bnokupoeky (CLB), ANCTaHUMOHHOE ynpaBneHne NoKOMOTUBaAMN U AUCNeTYeEp-
CKyHO Cryx0y.

BeapenbLcoBoe TpaHCNopTMPOBaHWE C MCMNONb30BaHNEM CaMOXOAHOr0 06opyAoBaHUS
npumensieTcs peako. OCHOBHOW B TpaHCnopTa — aBTocaMocBarbl BbICOKOW rpy30mnoab-
E€MHOCTH.

JIEeHTOYHbIE KOHBEMEPHI MPUMEHSIFOT TOMBKO ANS TPAHCNOPTUPOBaHWSA pyabl, nNpoLues-
wew cTaauto 4pobrneHnst B MOA3EMHbIX KOMMNIeKcax apobneHus.

Mogbem 1 Noa3emMHbIA TPaHCMOPT — 3TO 3BEHbS1 OAHOW TPaHCMOPTHOW cuctemsl. Mo
TUNy 06opyA0BaHUS PYAHNYHBIM NOABEM PA3AENSIOT Ha KIETEBOW, CKUMOBOW, KOHBEWEPHBIY,
aBTOMOBMINBHBIN, @ NO HA3HAYEHNIO0 — Ha MAaBHbI (4519 BbAaYM PyAbl) U BCIOMOraternbHbIv.
[ns BcnomoraTensHOro NogbEMa No BEPTUKanbHbIM CTBOMAM UCMONb3YOT TO e obopyao-
BaHuWe, YTo 1 ANs rnaBHoro. Ero HasHaveHWe 3aknoyaeTcs B Bbijaye Ha NOBEPXHOCTb NOpPo-
Ibl (BaroHamMu B KNETSIX UM CKUMaMmu), Crycke-nogbeme niofen (B KIeTsx), Crycke B LUaxTy
MaTepuanos, UHCTPYMEHTa (B KNeTHAX), cnycke paboyero n nogbeme HeucrnpaeHoro obopy-
foBaHus (manorabaputHoe — B KIEeTSX, KpynHorabapuTHoe — Ha NMoABECKE Mof KNeTsamu,
LIeNMKOM MN YacTaAMM UN Ha cneupanbHbIX rPy30BbIX Nnardopmax B Hepa3obpaHHOM Buae
Nno OTAEMbHbLIM CTBOMAM).

Ha >kenesHbIx pyaHMKax Npy 3HAYUTENLHOW rnybuHe paspaboTkvM UCNonb3ytoT CKUMNO-
BOV MOABEM pyabl. Bbicokas NponsBoaUTENBHOCTL CKMMOB OBBbSCHAETCA MX Gonbluen BMe-
cTumocTbio (go 50 T), ckopocTbio aABwkeHUA (Ao 20 m/c n Bonee, Toraa Kak KneTu ABWKYTCA
CO CKOPOCTbIO He Bonee 8 M/c), a Takke NOHON aBToMaTM3aUmen Norpy304HO-PasrpPy30UHbIX
onepauvr n nogbema — Cnycka ckunos.

KoHBeliepHbit noabeM 3MEKTUBHO NPUMEHATL HA CPaBHUTENBLHO HernybokvMX pya-
Hukax (ao 400-600 M) GOnbLUON NPOM3BOAUTENLHOCTU (CBbIlLe 4-5 MNH T/rog), a Takke C
MeHbLLEWN NPoM3BOAMTENBHOCTLIO NPY AopaboTke rnyboKnx ropu3oHTOB ANA NOABEMA PYAbI
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Ha BblIeNeXaluiA KOMMIEKC 3arpy3kuM ckunos. Kak npaeuno, NpUMEHSIIOT MOLLHbIE NEHTOM-
Hble KOHBEeNepbl. [Ans MCnorb3oBaHNS KOHBEMEPHOro nogbeMa HeobxoamMmMo CpaBHUTENBHO
mMenkoe apobneHve pyabl Ha Kycku pasmepamm He 6onee 0,1-0,15 M. Yron HaknoHa cTeona
He AomkeH npesbiwaTb 16°—18°,

ABTOMOBUNLHBIN NOABEM PYAbl MPUMEHSIETCA B HALLEN CTPAHE B €AMHWNYHBIX CNyYasnx.
Yron HaknoHa aBTOMOBUITbHBIX YKITOHOB, CbE3A0B, CTBONOB COCTaBnAeT 6°—8°.

LLlaxTHbIN BOAOOTNMB NpeaHasHaueH A OTKaYku BOAbI U3 FOPHbIX BbIPAOOTOK LLAXThI.
naBHbIN PyAHUYHBIA BOAOOTANB OCYLLECTBMSET OTKa4Ky OOLeLaxTHOrO NpUToKa BOAbl NO-
cpencTBoM nogbemMa Bogbl Mo TpyGam Ha NOBEPXHOCTb, YHaCTKOBbLIN BOJOOTNMB — Nepekad-
Ky BOAbl U3 OTAEMNbHbLIX Y4acTKOB LWaxTbl K BOAOCOOPHMKaM rMaBHOTO BOAOOTNMBA (pexe —
HenoCcpeACTBEHHO Ha MOBEPXHOCTb 3eMnu). Cxema BOAOOTNMBA ONPEAENSETCA NPOEKTOM B
3aBMCUMOCTU OT criocoba BCKpbITUA, rMopsiaka paspaboTkM U rMaporeonorm4ecknx ycnosum
MECTOPOXA EHMS.

BONbLWHCTBO Xene3opyAHbIX LWAaxXT UMEKT 3HAYUTENbHBIE MMYOUHBI, HA HUX NpUMe-
HSIETCH CTyNeH4YaTtbli BOAOOTNIMB, KOrga U3 HWDKHMX FOPU3OHTOB BOAA MEpEeKaunBaeTcs B
NMPOMEKYTOYHbIE BOAOCOOPHMKM BbILLENEKALLMX FOPU3OHTOB U 3aTEM Ha NMOBEPXHOCTb.

B cuctemy LWaxTHOrO BOAOOTIIMBA BXOAAT: BOAOOTBOAHbIE KaHaBKW, BOAOCOOPHUKMN,
HacoCHble CTaHLuM ¢ BoA03abopHBIMW KONMOALAMMU 1 BOAOOTIIMBHLIMW YCTaHOBKaMK, C BCa-
CbIBAIOLLUMKN M HarHeTaTenbHbiMn TpybonposBogamu. B ctBonax obopyaytotca 3ymndosble
BOZAOOTNVBbI, NMepeKkaunBatoLLme BoAY B LUAXTHYH BOAOOTIIMBHYIO CETb.

LlaxTHble BOAOCOOPHWKM 1 HACOCHbIE KaMmepbl pacrionaratoT ¢ y4eTOM CXEM BCKPbITUSA
W APYTUX FOPHO-FE0NOrMYECKNX N FOPHOTEXHUYECKMX YCNOBUIA. [Ins rnaeHOro BOAOOTNMBA Ha
LaxTax NpUMEHSIIOTCS B OCHOBHOM LIEHTPODEXHBIE MHOMOCTYNEHYATbIE CEKLMOHHBIE HAcOChI
B FOPU3OHTAIIbHOM UCTMOMHEHWM, AONYyCKaoWmMe CoAepaHNe MexaHU4YeCckux NpUMecen B BO-
ae (vactuypl go 0,1-0,2 mm) go 0,1 % — 0,2 %. KonnyectBo HacCOCOB CTPOro pernameHTu-
pyeTcs.

[ns nogaun BoAbl Ha MOBEPXHOCTb B CTBONE LIAXTbl NPOKNAALIBAKOTCA HECKOMNBbKO
CTaBOB HarHeTaTenbHbIX TPY6 — paboyne 1 pe3epBHbIe.

BopooTnmeHble ycTaHoBKM 0GOpYAYHOTCS annapaTypor aBToMarvaaumn, KOHTpona w
3awuThl. Annapatypa asToMaTusaumm obecneyvBaeT aBToOMaTUHECKYH0 3anmeky, nyck n oc-
TaHOBKY HaCOCOB B 3aBMCMMOCTU OT YPOBHS BOAbI B BOAOCOOPHMKE, MOOYEpeaHyto paboTy
HaCOCOB, aBTOMaTUYECKOE BKITOYEHNE PE3EPBHbIX HACOCOB NPU aBapuUiHOM NogbEME YPOB-
Hs1 BOAbl B BOAOCOOPHUKE M HEWUCNpPaBHOCTM paboTatoero Hacoca, AUCTaHLUMOHHBIA KOH-
TPOMb U cUrHanuaauuo o6 ypoBHE BOAbI B BOJOCOOPHUKE.

PynHW4Has BEHTUNSUMA WM NPOBETPMBAHME LUAXT MPUMEHSETCA ANS CO34aHUs B
NMoA3eMHbIX BblpaboTkax HOPMarnbHbIX aTMOCHEPHbIX YCIOBUA, WCKIOYaoLLMX BpeaHoe
BO3JEACTBME Ha 4enoBeka SAOBWUTLIX ra30B, BbICOKUX WM HU3KMx Temnepatyp. OCHOBHOW
NPUHLUMN OpraHmnsaummn nNpoBETPUBAHUSA FOPHBIX BbIPaboTOK WaxTbl (PyaHWKA) — COo3faHue
CKBO3HOW BEHTUIMSALMOHHOM CTPYW 3a CYET OBLLELLaxTHON AEeNPeccn 1 Nponycka STOW CTpym
Yyepes nocrnefoBaTenbHO CoeauHeHHble BblpaboTku. UcnonbayeTcs HarHeTaTenbHbIA, Bca-
CbIBAKOLLMIA MM HarHeTaTernbHO-BCaChIBaNOLLMI cnocoG BEHTUNALMM 1 cnieumarnbHbIi nops-
[LOK pacripefeneHns n ABWKEHWA BO3ayxa no BeipaboTkam. Bosgyx nopatoT B LIaxXTy No o4-
HUM BbipaboTkaMm, a OTBOAAT Ha MOBEPXHOCTbL MO ApyrnM. CBexXUA BO34yx no BblpaboTkam
pacnpefensitoT B COOTBETCTBUMU C NOTPEBHOCTLIO C MOMOLLBI BEHTUMSLMOHHBIX YCTPOWCTB:
aBTOMaTUYECKNX BEHTUMALMOHHBIX LBEPEN, LUMIO30B N NEePEMbIYEK.
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NCTOYHNKOM OBWXKEHWUS BO3LYXa B FOPHbIX BbipaboTKax ABMSAOTCA LUAXTHbIE BEHTUNA-
TOpbI MaBHOrO M MECTHOrO NPOBETPUBaHWUS. Mcnonb3ayloTCH LEHTPOBEXHbIE BEHTUNSATOPSI
Tuna BL n oceeble BeHTUNsTopsl Tvna BO/. LLnpoko npumMeHsieTcs 4acToTHOe perynuposa-
HVWe MPUBOAHbIX 3nekTpoaBurateneil. naeHble BeHTUNATOPHbIE ycTaHoBku (TBY) cHabxa-
HOTCA CMCTEMOW AMCTAHLMOHHOIO ynpaBneHUs MPUBOAOM BEHTUNSATOPA WM KOHTPOnsA napa-
MeTpoB paboTbl C NynbTa rNaBHOro aucneTtyepa waxTel. [BY obopyayoT cucremon peeep-
CUPOBaHUSA BEHTUNAUMOHHOM cTpyw. [pu pabote BEHTUNATOPOB Ha HarHeTaHwe B BY po-
NOMHWUTENBHO YCTpamBaeTCsi kanopudepHas ycTaHoBKa AN MOJOrpesa Bo3jyxa B 3UMHee
Bpems. Mo Tmny TennoHocuTens kanopudepHble YCTaHOBKM MOryT BbiTb C NPSMbIM Harpe-
BOM BO3AyXa C MCMONb30BaHNEM MPUPOAHOrO rasa, dNeKTPUYECKMMI, NapOBLIMU UM BOASA-
HbIMM.

Mpw npoxoxaeHun No Noa3eMHbIM BbipaboTkaMm BEHTUNSILMOHHON CTPYM K PYAHWUYHO-
My BO3[YyXy MPVMELUMBAIOTCS MbiMb, Pa3nUYHbIe rasbl, NOABNAIOWMNECA BCNEACTBUE NPOU3-
BOACTBA B3pbIBOB, paboTbl AN3ENbHBIX MallWH, THUEHWA AepeBsHHON kpenu U T. 4. OcHoB-
Has mepa GopbObl C MPUMECSMUN BPEAHBIX A30B — Pa3KWKEHUE UX CBEXUM BO3ZYyXOM A0
npefensHO AOMNyCTUMbIX KOHLIEHTPaLWIA, HanpuMmep: razoobpasHbix NpoaykTos B3pbisa BB (B
nepsyto ovepeab CO — 0,0017 %, NO2 % — 0,00026 %); BbIXNOMNHBIX ra3os, paboTarwmx B
BbipaboTke mawwvH ¢ [BC. Bce mawwHbl ¢ ansencHeiMu ABC pomkHel 6biTe 060pyaoBaHbI
LBYXCTYMNEHYaTON CUCTEMOWN OUYNCTKM BbIXITOMHbLIX rA30B (KaTanuTu4eCckon 1 KMAKOCTHOWN).

Ana apdekTUBHOro BbiHOCa Mbi U3 326051 CKOPOCTL BO3Ayxa AOMKHa ObITb HE Me-
Hee pacyeTHOW, Kpome Toro Anst 6opbbbl C 3aNbINEHHOCTLIO LLIAXTHOrO BO3AyXa NPUMEHSAOT
cneunanbHbIA KOMMMEKC Mep, CPeau KOTOpbIX Hanbonee pacnpoCcTpaHeHo rnapoobecnbinu-
BaHue.

Mpn noasemHon fobblue XKene3HoN pyabl OCHOBHBIMU 3arpsi3HUTENSMU SBNAIOTCSA ra-
3oMbineBble BbIBpockl B aTMochepy — CMech atTMOC(EepHOro Bo3ayxa C pasnuyHbIMU raso-
06pasHbiMM 1 MbINEBLIMU NPUMECAMK, BbIAENAOWLUMUCA NPU NPOM3BOACTBE OypOB3PbIBHBLIX
paboT, OUMCTHOM BBIEMKM M Np.

B nepvofbl NpoBeAEHUST MACCOBLIX B3PLIBOB KOHLIEHTPALMA rasornbineBbiX npumMecen
B MCXOASILLEN CTPYE MHOrOKpaTHO BO3pacTaer.

OGpauieHue ¢ NyCcTbIMM nNopoaaMu. B 3aBMCMMOCTM OT yCnoBuiA 3aneraHna nssne-
KatoT He TOmNbKO MOMEe3HOe UCKOMaemoe, HO U MyCTble NOPOAbI UMM HEKOHAWLIMOHHYIO pyAy.
Kpome TOro, cosgaHue M MocTOsIHHOE COXpaHEeHME pe3epBa BCKPbITbIX, MNOATOTOBIEHHBIX U
rOTOBbIX K BblIEMKE 3amnacoB TpebyeT 3HauuTerNbHbIX 00LeMoB Npoxoavecknx pabot. 3To cy-
LecTBeHHble 06beMbl TOPHOM Macchl NPX roaoBon AoOblMe B HECKOSIbKO MUITIIMOHOB TOHH
XKENesHoW pyabl. YAenbHbIA pacxof Bbipabotok Ha 1000 T Cbipon pyAbl:  FOPHO-
NOAroTOBUTENLHBLIX BbIPAbOTOK MOXET AocTuratb 2—6 M3, HapesHbIX — 8-14 m°. Bo BpemMs
aKcnnyataumMm MecTopoXaeHus 6onbLUyo YacTb HapeaHbIX BbIPAOOTOK NPOBOASAT MO PYAHO-
My MaccuBy (ronyTHasi 4oOblya), KanuMTanbHbIe U FOPHO-NOATOTOBUTENbHbIE BbIPABOTKN, Kak
npaBusio, NPOXoAAT Mo BMeLarowmm nopoaam. lNyctsie nopoasl n3 4o6bIMU U OT MPOXOAKW
rOpHbIX BbIpabOTOK HEOGXOAMMO TPAHCMOPTUPOBATL OTAENbHLIM NMOTOKOM, BbiAaBaTb Ha No-
BEPXHOCTb U CKNapgupoBaThb B oTBanbl. [ns 3TOro MCnonb3yeTcs PYAHWYHBLIA TPAHCMOPT U
noabeMm, Ha NOBEPXHOCTU UCMONb3yeTCA aBTOMOOUINbHAA 1 OynbaosepHas TexHuka. TexHo-
norna oTBanoobpasoBaHNs M KOMIMMEKCHas MexaHusaums aHanordHel npoueccam oTBarno-
06pasoBaHMA NyCTbIX NOPOA Ha OTKPbITbIX FOPHbIX paboTax.
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Pyabl, MO CBOMM KOHAMLMAM HE OTBEYaloLMe B HacToswee Bpems TpeboBaHusm ne-
pepaboTku unu noTpebuTenein, NoNyTHLIE NONE3HbIE MCKOMaeMbIe, HE NCNONb3yeMbIe B aH-
HbIA MOMEHT, YKNaAbIBaloTCsA B OTAENbHbIE OTBanbI.

CyLecTByeT MOMOXUTENbHASA NPaKTVKa NPUMEHEHUS NMyCTbIX NOPOAbI B KAYECTBE CY-
XOW 3aKnafku noa3eMHoOro BbipaboTaHHOIO NPOCTPAHCTBA, 30H CABWKEHUA U BOPOHOK 0Opy-
LLUIEHWS Ha 3€MHOW NOBEPXHOCTW.

BxoaHble 1 BbIXOAHbIE MOTOKM U OCHOBHOE TEXHOMOrn4Yeckoe obopyaoBaHune, UCrorsb-
3yeMoe npu obpalleHnm ¢ NyCcTbIMU NopoaamMu, npeacraeneHsl B Tabnuue 2.6.

MopseMHas paspaboTka KenesopyaHbIX MECTOPOXKAEHUA BRUSIET Ha aTMocdepHbIN
BO3lyX, MOBEPXHOCTHbIE W MOA3EMHbIE BOAbI, TEOSIOTNYECKYHO CPeay, OTYYKAEHUE 3eMerb.
Macwtabbl 1 3HaYeHUE STUX BO3LENCTBUA Ha OKPYKaloLLylo cpepy 3aBUCAT OT pasMepa 1
WHTEHCUBHOCTM ropHoAoObIBaloLLEen AEATENBHOCTM B COMETaHNM ¢ Tonorpaduent u knumaTu-
YECKUMW YCNOBUAMW paioHa, 0COOEHHOCTAMU 3aneraHnsi MECTOPOXAEHWS, MeTogamun [o-
Oblun, CENbCKOXO3ANCTBEHHON A EATENBHOCTLIO B PEMMOHE, HAaNMYMEM NECHbIX 3anoBEeAHNKOB
UT. 4.

Tabnuya 2.6 — BxogHble 1 BbIXOAHbIE NOTOKM M OCHOBHOE TEXHOMNOIMYECcKoe
obopynoBaHue, ucnonb3yemoe npu obpalleHnun ¢ nycTbiMu NOpoaamMm

Otan npouec- | Bbixoa-

. . OcHOBHOE TexHonoruieckoe
BxopHoum noTok ca (nognpo- | How no- Smuccnn

Lecc) ToK obopyaoBaHue

OnekrposHeprua |Tpancrnopt |Otsanel |[lycTtaa nopoaa MoabeMHble MaLNHDBI 1
Cxatbh Bo3gyx |Mogvem Mbinb KOMMNEKChbI
TexHunyeckas Bo- | OTBanoo6- BbiBpockl TpaHc- | JIokOMOTUBbI, BaroHbI, on-
aa pasoBaHue nopta pokuabiBarenm
rC™m EcrecTBeHHbIN AsTtoTpaHcnopT, 6ynbaose-

CTOK C NOpOoAHLIX | pbl

oTBarnoBs

UcTouHuKamMn 3arpssHeHns aTMocdepbl SBNATCA rasonbinesble BbIGpockl, obpa-
3ytoLMecs rnaBHbIM 06pasoM OT BeaeHWsA BypoB3pbIBHbIX U A0BLIMHbLIX paGoT. a3kl U Nbinb
BbIAENAOTCH TakKe C NOBEPXHOCTU NOPOAHbLIX OTBAMOB 1 CKNafoB MOMe3HbIX NCKONaeMbIX.

NHTEeHCMBHOE nbine- 1 rasoobpasoBaHne NPOVCXOANUT BO BPEMS CNEAYIOLLMX MpoLec-
coB: GypeHue LUMypOB W CKBEXWH; B3pblBaHWE M MOrpyska B30OPBaHHOW TFOPHOW Macchl;
TPaHCNOPTUPOBKA, MOrpy3Kka W Neperpyaka Cbipoli pyabl U NOpoAbl; rpoxodeHue, ApobneHue;
pabota npoxopyecknx, HOBbIYHBIX K NPOYMX MalMH K MexaHuamoB. OfHako, noaBeprasch
npoueccy MbiNenogaBnenunss U rnapoobecnbiiMBaHNA U NPOXOAA NO FOpHbLIM BbipaboTkam,
3anblNeHHbIM BO34yX NOYTU NOSMHOCTLIO camooumLyaeTcs. Mcxoasawmin Bosgyx MOXeT UMETL
noTeHuMarnbHble BbIGPOCHI TBEPAbIX YacTWL, OKUCK Yriepona, OKCUAOB a3oTa U NeTyumx op-
raHu4eckmx coeanHennn. Obwme MeToabl AN CBEeAEHMSI K MUHUMYMY BbIOpPOCOB TBEpabIX
YacTuL, BKNHOYAIOT: 1CMONb3oBaHne TyMaHoobpasoBaTenel, OpPOLLEHME rOPHOM Macchl, pac-
MbINeHWe BOAbI A4S NOAAEPXKaHUS AOCTaTOMHOMO YBMaXKHEHWSI, UCMONb30BaHNe dKomornye-
CKM NMPUEMMEMbIX XUMUYECKMX a3pos3ofiel Ans crtabunmsauum noeepxHocten. B mpouecce
0TBanoobpazoBaHNs PEKOMEHAOBaHbI: PEKyNbTUBALWSA y4acTKoB, KOTOpble He ByayT Hapy-
WeHbl B ByyLieM; NOKPbITUE CaMOCBaNoB UM XeNe3HOL0POXHbIX BaroHOB ANS CBEAeHUS K
MWUHUMYMY BbIOPOCOB BO BPEMS TPaAHCMOPTMPOBKM MaTtepuana; yCTaHOBNEHNe OrpaHnyeHns
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CKOPOCTW Ha rPYHTOBbLIX MOBEPXHOCTAX, YTOObI CBECTU K MUHUMYMY BbIOPOCHI NbINuv Npu ABU-
KEHUN TPAHCNOPTHBIX CPEACTBA, YYUTbIBas MECTHbIE MNOroAHbIE YCIIOBUS.

OcCHOBHOM (hakTOp BO3AENCTBUSA Ha BOAHYIO cpeay — COpOC LWaxTHbIX BOA, 3arpsia-
HEHHbIX B3BELUEHHbIMU YacTULI@MU U PacTBOPEHHLIMU XUMUYECKUMUM BELLLECTBAMU, U €CTECT-
BEHHbI CTOK C MOPOAHLIX U PyAHbIX OTBanoB, rAe BO3MOXHO BeckoHTponbHoOe pacnpocTtpa-
HeHVe MHUNBTPYOLWMXCH BoA. Kpome Toro, B MOA3EMHbIX YCIOBUSIX 3arpA3HATCA APeHU-
pyemble rpyHTOBbIE BOAbI, @ MPU OTKaYKe LLIAaxTHON BOAbl 06pa3ytoTCs AENPECCUOHHBbIE BO-
POHKW, Pafuyc KOTOPbIX MOXET A4OCTUraTh JECATKOB KUIOMETPOB.

LLUaxTHbIN oTkauBaeMbih 06GbEM A0BONMLHO CTabunbHbIN. KonnyecTso BoAbl 0ObIMHO
He MEHSieTCs Aaxe Ce30HHO. Boga MoxeT ObiTb Mnoxoro kayecrTBa v CoaepXaTb OCTaTku
B3pblBYATLIX BELLECTB, TBEPAbIX 4acTul, pPacTBOPUMbIE COEAWHEHUSI METarrnoB U MOXET
UMeTb HU3KUA pH. MoTeHUManbHO He NCKITIOYEHO NPUCYTCTBUE HEPTENPOAYKTOB, 06e3XMPU-
BaOLLMX U MOIOLLMX CPEACTB U APYrMX BpeAHbIX BELECTB, KOTOPbIE MOrYT MOBMUATL Ha Ka-
4YECTBO BOAbl Y BOAHbIE 3KOCUCTEMBI.

Bce npeanpusatua ¢ noasemHon Ao6blMen xenesHbix pys 06si3aHbl OCYLLECTBISATb
OYUMCTKY LLAXTHbIX U CTOYHbIX BOgA. CrnegoBatenbHO, YCTPOUCTBO OBOPOTHBLIX CUCTEM BOAO-
cHabXeHus, NMUKBUAALNA OTBanoB, COKpaLLEHWE MOCTYMIEHNA NPUMECEN B CTOYHbIE BOAbI
nyTeM COBEPLUEHCTBOBaHUSA TEXHOMOMMYECKUX MPOLIECCOB SBMNAOTCA NepBOOYepeaHbIMU 3a-
AayaMum KOMIIIeKca MepONpUATUN, NPEaYNPEXAAoLNX 3arpsi3HEHNE BOAOTOKOB U BOAOEMOB
CTOYHBbIMU BOAAMM.

[OPHbIA 1 3eMEerbHBIM OTBOJ C MOBEPXHOCTHBLIM KOMMMEKCOM 34aHUA U COOPYXKEHWH,
OTBarnbl, OYMCTHbIE COOPYXEHUA U MP. 3aHUMAIOT 3HAUUTESNbHbIE TEPPUTOPUN, KOTOPbIE UC-
Nonb3yHTCH NPOACIDKUTENbHOE BpeMs. [oasemHasa nobbiva BCNeaCTBUE U3BNEYEHUS Pyabl
W BMELLArLWUX MOPOos COMpPOBOXAAETCA NMABHbIM UMW MHTEHCUBHBLIM (PEAKO) CABUMKEHNEM
ropHoro maccviea. B GonbLUMHCTBE CriydaeB 3TW Npouecchl ABMNATCA NpUYnHOW aedopma-
LM y4acTKOB 3E€MHOM MoBepxHOCTU. Ha Takmx yvacTkax o6pasytoTcsi BOPOHKM 0BpyLLeHUs,
NPOUCXOAST OMNON3HW, obeanbl. OgHako AoBblMa Xene3How pyAbl NOA3EMHbIM CnocoboMm
TpebyeT CyLIEeCTBEHHO MEHBLLENO OTYYKAEHUA 3EMENb M HE BbI3bIBAET CTOJb 3HAYUTENBHbIX
HapyLUEeHNA N NBMEHEHWI MHPACTPYKTYPbl M NaHAWATOB, Kak OTKPbITLIE FOpHbIE paboTbl.
Kpome Toro, o6bembl pasmellaemMbix Ha NOCTOSHHOE XpaHEHNE NyCThIX MOPOA MOXHO BCE Xe
YMEHBLUWTbL, UCNOMb3Ys ANS 3arnonHeHWs NOA3EMHbIX NYCTOT PyLHUKA U BOPOHOK 06pyLUeHns
Ha NoBEpPXHOCTU.

Mapkwengepckumum cnyxbamm kaxxgoro npeanpuatns B obasatensHoM nopsake npo-
N3BOANTCH KOHTPOSb 06pa3oBaHUsi NOA3EMHOrO BbIpaboTaHHOro MPOCTPaHCTBA, a TaKKe COo-
BMECTHO C 3KOMNOTMYECKMMA 1 CMELMANN3MPOBaHHBIMI MOAPa3sAENeHNAMN U OpraHM3aLmsmm
OCYLLECTBNAETCH MOHUTOPUHT BVSIHUS €F0 Ha OKPY>KaIOLLYO cpefy.

2.3 O6GoralueHue xene3HbIX pya

2.3.1 O6wme cBeaeHUs

O6oralleHne pyn — COBOKYMHOCTb METOAOB pasfeneHns MeTannoB 1 MUHepanos
APYr OT apyra no pasHuLe Ux husnuecknx imnnm XmuMmn4ecknx CBONCTB.

B pesynbTaTe oboralleHns cocTaBHbIe KOMMOHEHTbI PyAbl BbIAENSATCA B OTAEMNbHbIE
NPOAYKTLI: KOHUEHTPaThl (OAMH MMM HECKOMbKO) U XBOCTbI (CM. pUCYHOK 2.5). Ecnn 13 pyabl
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nony4yarT agea 1 6onee KOHLEHTpaToB pa3finyHbIX Nnone3HbIX KOMMNOHEHTOB, 060rau4eHv1e Ha-
3bIBAETCA KOMMMEKCHbIM.

Pyna

l

Ob6orawueHune

KoHueHTpart XBOCTbI

PucyHok 2.5 — lMNpuHuunuansHas cxema oboralleHrs ¢ BbiaeneHnem aByx
NPOAYKTOB — KOHLEHTpaTa 1 XBOCTOB

TexHonorns oborawleHunsi pyabl NpeacTaBnsaeT cobon psa nocrneaoBaTenbHbIX onepa-
LU (MpOLECCoB), B pesynbTare KOTOPbIX MPOUCXOAUT OTAENEHNE OAHOrO WM HECKOMBKUX
NonesHbIX KOMNOHEHTOB OT npumecei. Mpouecchl oborallieHns No CBOEMY Ha3HaYeHUo ge-
NATCA Ha NOArOTOBUTENbHbIE, OCHOBHbIE (COGCTBEHHO NPOLIECCHI pa3feneHus MuHepanos) 1
BCMOMOraTesnbHble (CM. PUCYHOK 2.6).

MogroToBuTenbHBIE NPOLECCH — APOBMNEeHNE, N3MENbYEHNE, TPOXOYEHNE M KIacCu-
drKauma npefHasHaveHbl AN NOonyYyeHUs NpoaykTa 3ajgaHHOW KpynHocTu, Tpebyemon ang
nocneayoLLero npotecca.

OpobneHne 1 namenbyeHne — NPoLEeCcChl YMEHBLUEHUS PA3MEPOB KYCKOB MOMNE3HbIX
UcKonaemblX Nof BO3LEUCTBUEM BHELHMX cunl. MNpy gpobneHun nony4aoT NPoAyKThl Kpyn-
Hee 5-8 MM, NpK U3MeNbYEHUN — MeHee 5 MM.

Ons paspenenns pyabl, ApobneHoro unM U3MenbYeHHOro MaTepuana Ha npoayKTbl
PasnnYHON KPYNHOCTW NMPUMEHSIFOT FPOX0OYEHME U Knaccuukaumio.

poxouyeHne — pacceB pyAbl Ha KNacchbl KPYMHOCTU Ha peLueTax unn cutax ¢ kanvo-
poBaHHbIMU OTBEPCTUSIMU.

Knaccudukauns — pasgeneHve ApobneHon unm namenb4eHHoON pyabl NO KPYMHOCTY,
OCHOBaHHO€ Ha BbIHOCE MEJTKUX YacTuL, [|BKYLLMMCS BOAHBIM UMW BO3AYLLUHBIM MOTOKOM.
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PucyHok 2.6 — O6obualoLias cxema TEXHOIOIMYEeCKoro npouecca
oborauieHuns

K OCHOBHbIM OTHOCSITCS MpoLEecChbl COGCTBEHHO O6OraleHns — pasgeneHns MuHepa-
0B, B pe3y/sibTarte KOTOPbIX Mofie3Hble KOMMOHEHTbI BbIAENSATCS B BUAE KOHLEHTPAToB, a
nopoga u npuMecy yaansioTcs B BuAe XBOCTOB. lpouecchl ob6oraileHns (pasgeneHust) oc-
HOBaHbl Ha pasNnuMax B (OU3NYECKUX WM DU3MKO-XMMUYECKUX CBOMCTBAax pasgensembix
MWHEepasioB: KPynHOCTW, d)opme, MIOTHOCTW, MarHWTHOW BOCMPUMMYMBOCTMW, 3/1EKTPONPO-
BOAHOCTU, CMauMBaeMoCTy 1 ap.

B rpaBUTaLMOHHbLIX MpoLeccax UCMoMb3ylTcs pas3nuust B MIOTHOCTW, KPYMHOCTU W
cdhopme 3epeH.

MarHuTHbli MeTog, (MarHWTHas cenapauusi) oboralieHusi OCHOBaH Ha pas/mumsx
yAenbHol MarHWTHOW BOCMPUMMYMBOCTU W MarHWTHOM MNPOHMLL@EMOCTU MWHEpasoB, cna-
rawoLwmx pyay.

dnekTpuuecknii MeTof (snekTpuyeckasa cenapauus) oboralleHus Ucnonb3yeT pasnu-
Yns B 3/IEKTPOMNPOBOAHOCTM M CMOCOBHOCTM MMHEepanoB npuobpeTarb NoA BO3AelCTBUEM
TeX UM WHbIX BHELUHUX CU/T Pa3/IMYHble MO BEJIMYMHE W 3HAKY 3NeKTpuYeckne 3apagbl.

dnoTaynoHHbli MeToa (chnoTaums) oboraweHnsi OCHOBaH Ha pas3nnunsix B IM3MKO-
XUMUYECKNX CBOMCTBAX MOBEPXHOCTWM MWHEPAIOB, 06yCNaBAMBalOLUX UX Pa3/IMYHY0 CMa-
4YMBaEMOCTb BOAON, XapakTepusyeMbiX CBOWCTBAMU TMAPOGUALHOCTU WUAM TMAPOOBGHOCTH
NMOBEPXHOCTU pas/IMYHbIX MUHEPA/IOB, onpeaensieMbIX KpaeBbiM Yr/IOM CMadvMBaHUsS.

CneuunanbHble MeToAbl 060ralleHNsi OCHOBaHbl Ha pPa3/iMuusix B ONTUYECKUX (oTo-
MeTpuyeckas cenapauusi), TIOMUHECLEHTHbIX (JIIOMUHECLEHTHaA cenapauus), pagvomeTpu-
yecknx (paguomeTpuyeckas cenapauus) U HEKOTOPbIX APYrUX CBONCTBaX MUHEPasoB.

K BcnomoraTenbHbIM OTHOCATCA MpoLecchl 06e3BOXMBaHWSA, MNblieynaBnvBaHns, CyLl-
Kn. CyllKa SBNseTcs 04HUM 13 CNoco60B 06€3BOXMBAHNS.
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MoaroToBUTENLHBIE, OCHOBHBIE U BCMOMOraTerbHbIE NPOLECChI B COBOKYMNHOCTU 00pa-
3YIOT TEXHOMOMMYECKYI0 JIMHUIO, MW TEXHONOrM4Yecknn npouecc oboraweHusi. Cxema npo-
Lecca oboraleHnsi NpeacTaBneHa Ha pucyHke 2.7.

Oco6oe MecTo Ha oBoraTutensHon abpuke 3aHMMaOT NPOLIECCHI NPOU3BOACTBEHHO-
ro o6cnyxunBaHus, NpegHasHavYeHHble AN HOPManbHOro OYHKLMOHUPOBAHUS TEXHONOrNYEe-
ckux npoueccon. Kuncny npoueccos Npou3BoACTBEHHOro O0BCNY>XUBaAHUA OTHOCATCH BHYT-
pydhabpryHbIA TpaHCNopPT pyAbl U NPOAYKTOB oboraleHust (KOHBerepbl, Mynbronposoasl),
BOAOCHabeHue, anekTpocHabxeHne, cHabkeHe cxaTbiM BO3LYXOM, KOHTPOMb TEXHOMOoru-
YECKUX NapameTpoB MpoLecca, TEXHONOMMYECKUIA KOHTPOMb KavecTBa NpoaykTos oboralle-
HAS U T. A.
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tics caHas pyfaus kapb3pa C pasmMrpom
Kycka M3H3r L200mi

PycyHOK 2.7 — 0606LeHHas CTPYKTYpHas CXema TEXHOMOMYECKON LIENOYKA
oboraleH\s xenesHoiX pya
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2.3.2 [pob6neHune, usmenbyeHue, knaccugpmkaumns

[pobneHne — ymeHblUeHNe KPYNHOCTM MaTepuana noj Bo3eiCTBUEM BHELUHWUX CWJI.
Mo cBoemy Ha3HayeHuto npouecc APo6/seHNss MOXeT ObITb NOArOTOBUTE/IbHBIM U CAMOCTOSI-
TefbHbIM.

B 3aBMCMMOCTM OT KPYMHOCTU WCXOAHONW pyAbl U KPYMHOCTM APO6GAEHOr0 NpoAyKTa
pasnuyaloT Tpu cTagum ApobneHns:

1) kpynHoe — o1 1500-300 o 350-100 mm;

2) cpegHee — o1 350-100 go 100-40 mm;

3) menkoe — ot 100-40 go 30-5 mm.

Mpouecc gpobneHns SBNSAETCA SHEPrOoeMKMM W LOPOroCTOSLLMM, NO3TOMY PEKOMEH-
dyetca cobnogaTtb NPUHLMN «He APO6UTb HUYEro NINLWIHEro», MPUMEHSA npeasapuTesibHoe
WM KOHTPOJIbHOE FPOXOYeHMe.

[na ocywecTBneHnsa 3TOro npuHUMna nepes Kaxpaow cragvein apobneHus cnepyet
nyTeM rPOXOYeHUs BbIBOAUTbL MESIKWIA Knacc. B 3aBMCMMOCTM OT codeTaHus onepauuii 4po6-
JIEHNS1 N TPOXOUYEHMSA CXeMa pPyAonoAroTOBKM ObiBAeT OTKpbITasA W 3aMKHyTas.

Mpu gpo6neHun B OTKPLITOM LMKIE KaxAblli KyCOK pyfbl NPOXoAuT uepes3 Apo6uky
JaHHOl cTagun TONbKO oAuH pa3 (CM. pucyHok 2.8). Mpu Apo6NeHMU B 3aMKHYTOM LMKe
Hambosiee KpymHble W 4Yalle TPYAHOAPOOGMMbIE KYCKM pydbl BblAENSANTCA W3 ApO6aEHOro
NnpoayKTa Ha rpoxote (KOHTPOJIbHOE rpOoXOYeHre) 1 BO3BpallalTCcsa Ha goapabsmsaHue B Ty
Xe apobusnky (CM. puUcyHokK 2.9).

I
Lpobnetme TTPeABAPHTENLHOE TPOXQYEHME

PucyHok 2.8 — CxeMbl 04HOCTaANaNbLHOTO AP06/IEHUS B OTKPLITOM LMK/e
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MpegBapuTenbHOe rPOX0YeHNe —>
T
[pobneHne
[pobreqve I
I KOHTPO/IbHOE FpoxoyeHune

KOHTpO}'IbHOE rpoxo4vyeHve

PucyHok 2.9 — CxeMbl 04HOCTaAnabHOro pPo61EeHNS B 3aMKHYTOM LMKE

M3menbyeHne — MpoLecc paspylleHua (ae3uHTerpauumn) KyckoB (4acTuu) TBepAoro
mMaTepuana gns AOBeAeHMs MX pasMepa 40 TpebyeMoW KpymHoCcTM (0T 5 MM [0 AeCSTKOB
MWKPOH), TFpaHy/IOMETPUYECKOro cocTaBa, 3afaHHON unm Tpebyemoil, B 3aBMCMMOCTU OT
BKpanIeHHOCTW MOIe3HOr0 M1Hepana, CTeneHn pPackpbiTUS MUHEpPasioB.

Knaccugukaums cbinydnx maTepuanoB — 3T0 pas3fefieHne OMCNepCcHOro marepuana
Ha Knaccbl KpymHOCTM.

Knaccugukaumss MoXeT 6bITb Kak CaMOCTOSITENIbHOW, Tak U MOArOTOBUTENbHOI WK
BCMomorartenbHoi onepaumeii. CaMOCTOSATENLHYHO Onepauuilo HasbliBaloT COPTMPOBKON. Llenb
COPTMPOBKM — MONyYeHNe TOBApPHOro NPOAyKTa C 3afaHHbIM 3€pHUCTbIM COCTaBOM A/1s1 OT-
npaeBkn noTpebuTento. Knaccudukauns sBASETCA NOArOTOBUTENIbLHOW, €C/M HeobXxo4umMo
BbIAENNTb MMEKLNIACA MENKUIA Knacc, YToObl He HanpaBNATb ero B NPoLecc A4po6aeHns nnu
n3menbyeHus. Knaccudpmkauma sBnsieTcA BCnomorartefibHOV onepauuen, korga KpynHble
thpakumn oTAeNsAT 4158 BO3BpaTa Ha NOBTOPHOE APO6EHUE UK U3MeNbYEHNe.

CyLecTBYOT TpU BuAa Knaccugukaumm: MexaHuyeckass — rpoxoyeHue, nHeBMaTude-
ckas — cenapauus 1 rmapasamyeckas.

FpoxoyeHne— 31O cnocob pasgeneHuss martepuana Mo kKnaccam KpynHOCTU nyTem
npocenBaHns 4Yepes pasfennTesnibHyl0 Neperopoaky, HasbiBaemyl npocenBaioLleii noBepx-
HocTbl. Cenapauusi — 3TO pasfefieHne 3a CYET pas/INYHbIX CKOPOCTEN ABUXEHUS YacTul B
BO34YLWHOM noToKe. MmuapaBnuyeckas knaccudpukayums OCHOBaHa Ha pas/iMynMu CKOpPOCTEit
OCaXKAEeHUS UK ABWKEHUS BXUAKON cpege.

TOHKOe rpoxoyeHne, NpYMeHseMoe A41a pasfenieHns YacTuy, B gnanasoHe KpYmHOCTU
oT 10 Mm o 38 MKM, 6asvpyeTcsl Ha NPYMEHEHUN BUOPALMOHHBLIX FPOXOTOB, COBEPLUAOLLNX
3NNMNTUYECKOE WU NPSAMOMIMHENHO HanpaBfieHHOe ABWXeHue. TOHKOe rPoXo4veHune O6bIYHO
OCYLLLECTBNSAETCA C BbICOKON 4acTOTON W HWU3KOW aMnauTyfoi konebaHwii BMOPALMOHHBLIX
rPOXOTOB.

B TexHonornyeckoM npouecce 06OralleHnst XenesHblX pya Hanbosnbliee pacnpo-
CTpaHeHWe NOyYnU/IN FPOXOYEHNE U TnapaBnyeckast knaccmgukauma (cm. pucyHok 2.10).
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PucyHok 2.10 — Cnocobbl knaccugukaumm matepmana

2.3.3 O6oraueHue

O6oralleHne — 3T0 NPOLECChl pasfeneHnss MUHEpanoB Ha MONe3Hblli KOMMOHEHT ©
nyCcTyi0 NOPOAY.

K OCHOBHbIM MeTofam 060ralleHnsi OTHOCATCA:

paBUTALMOHHbIe— 3TO TakMe MeToAbl, B KOTOPbIX pa3fefieHne MuHepasbHbIX Yac-
TUL, OT/IMYAIOLLMXCS MIOTHOCTLIO, pasmMepom 1 DOpMON, 06YC/OBAEHO pas/IMYMEM B Xapak-
Tepe ¥ CKOPOCTW UX ABWXKEHUSI B TEKYUMX cpefax nof AeiCTBMEM CW/bl TSHXECTU U CUA Co-
npoTvBneHns. OHW MOTyT ObiTb COGCTBEHHO FpaBUTALMOHHLIMU (pa3feneHve B Nnone cunbl
TSXKECTN — 06bIYHO A1 OTHOCMTENBbHO KPYMHbIX YacTuL) U LEeHTPOGEeXHbIMU (pa3geneHve B
LLeHTpo6GeXHOM none — AN Menkux vactul). Ecnn pasgeneHve npoucxoguTt B BO3AYLLHOM
cpege, TO MPOLECCHl HA3bIBAKT MHEBMATUUECKUMUW; B OCTaslbHbIX C/ydYasx — ruapaBavye-
ckumu. Hawbonbluee pacnpocTpaHeHve B oborawieHuy noayynnm cobCTBEHHO rpaBuTauu-
OHHble MPOLECCHI, OCYLLEeCTBNSIEMbIE B BOE.

Mo Tuny ncnonb3yembix annapaToB rpaBUTALMOHHbIE MPOLECCHI MOXHO pa3fenvnTb Ha
oTcafKy, oboralleHve B TSKeNbIX cpefax u 06oralleHne Ha Hak/OHHOW M/I0CKOCTU B MOTOKE
BOAbI: KOHLEHTpauuio Ha cronax, oboralleHve Ha Li3ax, B Xenobax, BUHTOBbLIX cenapa-
Topax. [MPVMMEHSIOT TakKe OTHOCMTE/NIbHO HOBble rpaBMTaLMOHHbIe NpoLecckl — oboratleHve
B BMOpAUMOHHbIX KOHLEHTpaTopax, NpPOTMBOTOYHLIX CemapaTtopax, 060raTUTeNbHbIX LMKI0-
Hax Cc BOAHOW cpepoli u ap.
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$noTaunoHHbIe MeETOAbI OBoralleHnss — METOAbI, OCHOBaHHbIE Ha pasnuunax B ¢u-
3MKO-XUMMYECKNX CBOWCTBax MOBEPXHOCTU MUHEpAaroB, KOTopble obycnaenuvBaloT WX pas-
JINYHYIO CMaYnMBaEMOCTb BOAON. PrioTaumsa OCHOBaHa Ha Pa3fnMYHOM 3aKpenneHun Yactuy
pasgensieMbiX MMHEpanoB Ha MexdasHOW rpaHuLe, YTO OMpeaensieTcs pasnMyuMeM B no-
BEPXHOCTHbIX CBOMCTBax MuHepanos. [py neHHon dnotauyum, Hanbonee NpUMeEHSEMON B
NPOMBILLIEHHOCTU, MyJbMY HACLILLAKOT ra3oM, U YacTuLbl HEKOTOPbIX MUHEPanoB NpUIUNalT
K Ny3bIpbKam rasa u BCNIbIBAKT Ha MOBEPXHOCTb, 0OPa3ysi MUHEPAanNM3oBaHHYHO NEHy, KOTO-
pas nerko yaanaeTca MexaHU4eckum nytem. [ipyrme MmHeparns! He NpuUnunaroT 1 OCTalTCs B
o6veme nynbnbl. Mo cnocoby HacbIWEHUs NynbMbl FA30M pa3fnuMuYaloT HECKONMbKO BUAOB NEH-
Hol conoTaumm, oaHako HanborsbLuee pacrpoCTPaHeHUe Nony4YUno HacbkILeHe Nynbnbl BO3-
LYXOM.

MarHutHble MeToabl oforaweHns OCHOBaHbl Ha Pas3nnYMsaX B MarHUTHbIX CBOWCTBaXx
pasgensieMbiX MUHeparoB, YTO NMOMy4YMIIO LLIMPOKOE pacnpoCcTpaHeHne B NPoOU3BOACTBE Mar-
HETUTOBbIX KOHLEHTPaTOB.

OnexTpuyeckoe oboraljeHne OCHOBAHO Ha PasnMuMaxX B SMEKTPUYECKMX CBOMCTBaX
pasfensieMbIX MUHEparnoB N OCYLLECTBAETCS NOA BIMSHUEM SNEKTPUYECKOro Nons.

CneupmaneHble MeToabl oboralleHns BKNo4aloT pyyHylo pyaopasbopky, pagvomeTpu-
Yyeckoe oboraweHne, oboraweHre no Tperuio u hopme, oboraweHre no ynpyrocty, Tepmo-
afaresvoHHoe oboralleHre, a Takke oboraleHne, OCHOBaHHOE Ha CENEKTUBHOM U3MEHEHUU
pasmepa Kycka npu gpobnexHnn. Hambonbluee pacnpocTpaHeHne n3 NepevncneHHbIX MeTo-
[OB NOMy4YMno pagmoMerpuyeckoe oboralieHne, 0CHOBaHHOE Ha pasfnivyun B CnocoOHOCTU
MWHEpPAIoB OTPaXaTb, UCMyckaTb W MOrMowarts pasfivyHble Buabl nanyyeHus. PagnomeTtpu-
Yeckoe oboralleHre LUMPOKO NPUMEHSIIOT NPy NepepaboTke pya LBETHbLIX METANNOB.

KomBuH1poBaHHble METOAbI UCMOMb3YIOT NUPO- UNW MIMAPOMETanNNypruyeckme onepa-
LMK, NPMBOSALLME K U3MEHEHMIO XMMUYECKOro cocTaBa chipbsi. Mcnonb3ayemble nupoMeTan-
nyprudeckue onepauum — obxur, nnaeka, KOHBEPTUPOBaHWE; ruapomMeTannypruieckue —
BblLenaynBaHne, ocaxneHue, aKcTpakuums, copbuus. Hanpumep, obxur npuMeHsoT pns
N3MEHEHWSI MarHWTHbIX CBOWCTB criabomarHUTHbIX MUHepanoB xenesa (kapboHaToB, oKcu-
nos, rmgpokcuzos). MNMpu HarpeeaHun o 600 °C — 800 °C rematuT (KpacHbIA XernesHsiK
Fe;03) BoccTaHaBnmeaeTcs rasoobpasHbIMM U TBEPAbIMA BOCCTAHOBUTENAMWU (OKMUCH Yr-
nepofa, BoAOpOA, NPUPOAHBLIA ras, yronb 1 Ap.) A0 CUNbHOMarHUTHOro MarHetuta FeszOs.
[Mpouecc 3TOT MHOrAa HasbIBAKOT BOCCTAHOBUTESbHBIM 0GXMroM. OBoXOKEHHYHO pyay obora-
LLAIOT Ha MarHUTHBIX cenaparopax co cnabbiM MarHUTHBIM NONEM aHanorM4yHo oboraLleHuo
NPUPOLHBIX MAarHETUTOBBIX PYA.

MarHuTHbIN MeToAa oboraueHus pya

JT0T MeToa Hanbonee LWMPOKO NPUMEHSETCS AN oboraleHns pya YepHbIX U 40BOA-
KM HEKOTOPbIX LIBETHBIX U PEAKNX METANMOB.

Paspenexve pyabl B MarHUTHOM MOMe NoJ, BASIHUEM MarHUTHBIX M MEXaHNYECKUX CUI
OCYLLECTBMAETCA B PEXUME M3BIIEYEHUS MArHUTHBIX MUHEPanoB (HWKHEE NuTaHue) unn B
pexume nx yaepxumeaHus (BepxHee nutaHne). Cpefon, B KOTOPOM OCYLLECTBASETCS pasge-
neHne MMHepanoBs, MOXeT ObiTb BO3AyX unv Boga. B cooTBeTCTBUMM C 3TUM NpoLecc Haabl-
BaETCA CyXOM UMW MOKPON MarHUTHOW cenapavuen.

MarHuTHblEe CBOMCTBA MMHEPANOB XapakTepM3yloTCs YAENbHON MarHUTHON BOCTIPUMM-
UYMBOCTBIO ¥, KOTOPYIO U3MEPSIIOT B KyBuueckux caHTuMeTpax Ha rpamm. Mo ee aHaveHuto Bce
NPUPOAHbLIE MUHEpPanbl pasaeneHbl Ha TPW rpynmbl: CUMbHOMAarHUTHble, cnabomarHUTHeIE Y
HEeMarHuTHbIe.
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K cvnbHOMarHUTHbIM, MU eppoMarHUTHLIM, OTHOCATCA B OCHOBHOM kenesocopep-
Xawpme MuHeparnb! (MarHeTUT, NUPPOTUH M ApP.) C YAENbHON MarHUTHON BOCMPUMMYUBOCTBIO
He meHee 31072 cm/r, 3Bnekaemble Ha cenapaTopax co cnabbiM NoNeM HaNPSKEHHOCTLIO
H <1500 3 (no 120 kA/m).

K cnabomarHWTHbIM OTHOCUTCA Gonbluas rpynna MuHeparnoe (HanpyMep, remarwr,
WNBbMEHWT, rpaHaT) ¢ MeHbLUel yAenbHON MarHWTHOM BOCMPUAMYMBOCTLIO oT 3-107° fo
15:10™® cM3r. M3BneuyeHme STUX MUHEPANOB MPW MarHUTHOM OBOraLLEHU NPOMSBOAWUTCS Ha
cenapaTopax C CurbHbIM ronem HanpsbkeHHocTso 10 000—20 000 3 (ot 800 fo 1600 KA/M).

K HeMarHUTHbIM OTHOCHATCA MUHEepansb! (KBapu, anaTtut v ap.), obnagarowme yaensHon
MarHUTHOW BOCTMPUMMYMBOCTBLIO MEHEE 15-1078 eM3r 1 He n3Bnekaemble MEeToaamMu MarHuT-
HOI cenapaLmm Ha COBPEMEHHbIX cenapartopax € NoneM HanpshkeHHOCTLH Ao 20 000 3.

MuHeparnbHble 3epHa, AN KOTOPbIX MarHUTHas cuna 6onblue cyMMmbl NPOTUBOAENCT-
BYIOLMX MEXaHUYECKMX CUN (TSHKECTU, MHEPLMW, LEHTPOGEXHON, COMPOTUBNEHNA CPEabI
U T. 4.), ByayT npuTArMBaTbCA K NONOCAM MarHUTHOM CUCTEMbI Cenapartopa 1 U3BreKkaTbCa B
MarHUTHbIN NpoaykT. MyUHepanbHble 3epHa € HU3KOW MarHUTHOM BOCMPUUMYNBOCTBIO NPaKTU-
YEeCKU HEe MEHSIIOT HaMarHUYEHHOCTU, He B3aMOAENCTBYIOT C BHELUHUM MarHWTHbLIM MOneM,
W ABWXYTCS B MGrHUTHOM MOJIE MO TPaekTopun, 3aBnCALLEN OT BO3AENCTBUSA TOMBKO MEXaHU-
YeCKMX cun. AT MUHEparibHbIE 3epHa BbIAENSIOTCA B HEMarHUTHBIA NPOAYKT.

B 3aBvcMMOCTW OT TWMNa YCTPOWCTBA ANS TPaHCNOPTUPOBAHUA MarHUTHOroO MpoaykTa
U3 30Hbl AEUCTBUS MarHUTHOW cunbl pa3nudatoT 6apabaHHble, BankoBble, PONUKOBbIE, AMC-
KOBbI€, NTEHTOYHbIE, LWKUBHBIE U Apyrne cenapatopbl. B cBoto ovepeab 6apabaHHbie, Banko-
Bbl€, POSIMKOBbIE M NEHTOYHbIE cenapaTopbl ObIBAT C BEPXHEN U HWXKHEN nogayen obora-
Lwaemoro matepuana. Takve cenapaTtopbl MOXHO UCNONb30BaTh ANS CYyXOW M MOKPOW cena-
pauun. bapabaHHble, BankoBble, LUKUBHBIE W NIEHTOYHbIE CenapaTopbl NMPeaycMOTPeHb! ANS
oboralleHus CUNbHOMarHUTHbIX py4, PONMUKOBbIE, BankoBble U AUCKOBbIE — AN crnabomar-
HUTHBIX PYy4.

MaTtepuan B cenapaTop MOXHO NOAaBaTk B CyXOM UMM B MOKPOM BuAeE (B BUAE NyIb-
nbl). Tak Kak BO BTOPOM Criydae ycTpaHsieTcsi nbineobpasoBaHne, TO OH UMEET ropasao
fonbluee pacnpocTpaHeHue.

Ons oBoralweHuns pya KpynHOCTeI0 6onee 6 MM MPUMEHSAETCS Cyxas MarHuTHas cena-
pauua. Pyabl KpynHOCTBIO MeHee 1,6 MM oBoralaroTca NpeanoyTUTENLHO MOKPBLIM CMOCO-
6oM. Kpome nogasneHns nbineobpasoBaHmst STO NO3BONSET NOBbICUTL 3DEKTUBHOCTL 060-
ralleHus, Tak Kak B BOAHOW cpene pasgeneHve Menkux Yactuy, 6onee nonHoe.

Ons cyxoro oboralleHns KpyrnHOKYCKOBbIX MarHETUTOBbLIX Pyh NPUMEHSIOT Tpexbapa-
BaHHble cenapaTtopbl C BEPXHEN 3arpy3koin pyabl.

Mpu Mokpom oBoralleHun npoLecc NPoXoauT B 3—5 cTagni, Ha KaxKLOW 13 KOTOPbIX
pyAa M3Menb4aeTCsl M MOABEPraeTcA MarHWTHOM cerapauun. JTO nos3sonseT uabexartb
OonbLUMX PaCXOA0B Ha M3MenbYeHWe MyCTOM nopoabl. Ha nepsbix cragusax ANS pyAbl Kpymn-
HOCTbIO 5-50 MM MPUMEHSIETCA Cyxasn cenapauus, Npu 3ToM yAanaeTcs 3HauynTenbHasa YyacTb
HEeMarHUTHbIX KOMMOHEHTOB. MpoMMPOAYKT Cyxolr cenapauun Ans Gonee NOMHOro packpbl-
TUSI 3€PEH PyAbl HANPaBnsOT Ha MOKPOE U3MENbYEHNE U MarHUTHYIO Cenapaumio B BOAHON
cpege.

MpuHUMNVansHbIe CXembl YCTPOWCTBA MarHUTHbIX cenapaTopoB Ans mokporo obora-
LLEHNs1 pYA C HKHEN Nojadvent Matepuana nokasaHbl Ha pucyHke 2.11. B npsMoTO4YHbIX Ce-
napartopax (a) HanpaeneHus ABwkeHns BapabaHa 1 NoToKa Nynbnbl COBNaAaroT, B NPOTUBO-
TOYHbIX (6) — HanpaBneHbl HaBCTPeYy ApPYyr ApYry, @ B MOnynpoTUBOTOYHLIX (B) — Mynbna
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nofaeTcs CHW3Yy W pasfenseTcsl Ha ABa MOTOKa: NO HanpaeneHuo AsvxkeHns GapabaHa
(MarHMTHas YacTb) U NPOTUB, C HWKHEW nojadven matepuana.
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1 — 3ePHUCTBIN HEMATHUTHBIA NPOAYKT; 2 — MarHUTHLIN NPOAYKT; 3 —
TOHKO3EPHMUCTBIN HEMArHUTHBIA NPOAYKT; 4 — 3EPHUCTBINA U TOHKO3EPHUCTLIN
HEeMarHTHbIe NPOAYKTbI

PucyHok 2.11 — CxeMbl MarHUTHbIX CenapaTopoB Ansi MOKPoro oGoralleHns
pya

OCHOBHbIM Y35IOM MarHUTHOro cenaparopa sasnsetca 6apabaH, U3roToBNEHHLIN K3
HEMarHUTHOro Marepuvana, C pe3MHOBOW OBKIENKOW, B KOTOPOM pacronoXxeHa HENoABWKHaN
MarHuTHas cuctema. McxoaHblA MaTepuan B BUAE NynbMbl Yepes 3arpy304Hyto Kopooky no-
LaeTcs Ha 3arpy3oudHbIv NIOTOK M HanpaensieTcs B MarHUTHOE Mnore.

HemarHutHbie YacTvubl (0TX0Abl) NOA ASUCTBMEM CUMbl FPaBUTaLMKU NONaaaroT BHUS,
a MarHuTHble (KOHLEHTPAT) — NpUTArMBaroTca K 6apabaHy 1 yBnekarTcs UM [0 pasrpy3ou-
Horo noTka. Mo BbIXOAY M3 30HbI AEACTBUS MArHUTHOrO NOMSA KOHUEHTpAT oTcTaeT ot Gapa-
©aHa 1 nonagaet Ha noTtok. Kpome Toro, Ha 6apabaH nogaeTcs Bofa Yepes Tak HasbiBaemoe
©pbI3rano, ¢ paBHOMEPHBIM 1 Ge3HaNOPHBIM NEPENMBOM Yepes Nopor No BCEN AfIMHE noTka
1 Ha noBepxHocTe BapabaHa cenaparopa BbILE KOHUEHTPALMOHHOrO NOTOKa ANA CMblBa OC-
TaBlerocs Ha GapabaHe KoHUeHTpaTa.

B HacTosLLee BpeMsi B NPOM3BOLCTBE KOHLEHTpaTa NPUMEHSOTCS cenapaTopbl YeTbl-
pex Tunopasmepos 90/250, 120/300, 150/200 n 150/300, rae nepsas umdpa COOTBETCTBYET
AvameTpy OapabaHa B caHTUMeTpax, a BTopasi obosHavaeT anuHy 6apabaHa B CaHTMMET-
pax.

MpounssoauTensHoCTL cenapatopa ¢ 6apabaHom gnameTpom 120 CM OpUEHTUPOBOY-
Ho coctaenseT 120 T/v, a ¢ HapabaHom 150 cm — 250 T/4. OaHaKO NPOU3BOAUTENBHOCTD
cenapaTopa CUIbHO U3MEHSETCS B 3aBUCMMOCTW OT KPYMHOCTW, MarHUTHbLIX CBOWCTB Mare-
pvana, NnoTHOCTW NynbMbl.

Mpw oboralleHn TOHKOM3MENBYEHHOTO MaTepuana B NpAMOTOYHBLIX cenapaTopax He
BCE 4acTuLbl PYAHOrO MUHepana ycneBaroT NputaHyTbCa K 6apabaHy n nonaaarT B OTXOAbI.
[MpyMeHeHe npPOTMBOTOKA yCTpaHAeT STOT HEeJoCTaToKk — MOTOK WCXOAHOro marepwana
LABWKETCA HaBcTpedy Bpalatowlemycs 6apabaHy. OH yBnekaeT HaBepx KOHLEHTpar, KOTo-
pbIA CNVBAETCH Yepes creupancHbI Nopor, a HemarHUTHbIe YacTulbl NpoxoaaT nog 6apa-
faHoOM Yepes BaHHy W CrivBaroTCs BHW3., Takve cenapatopbl No3sonsoT obecneunTs masne-
YeHue xenesa 8o 90 %.
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MpAMOTOYHBIA pexmnM cenapauum adekTUBEH, Korga CoaepXaHne 4acTul knacca
mMeHee 74 Mkm He npesbiwaeT 30 %, Kak npaBuno, 3To nepsas cragusa oboraeHms.

Ecnn B nutanun cenapatopa cogepxutcsa ot 30 % o 70 % vactuy knacca MUHYC
74 MKM, NPUMEHSIOT MOKpble BapabaHHble MarHUTHblE cenapaTtopbl, paboTaroLme B pexuve
npoTuBOTOKA, T. €. cenapatopsl MNBM-I (Byksa 1 nocne Tupe nokasbiBaeT, 4YTO cenapaTop
paboTaeT B NPOTMBOTOMHOM pexuMe). MNPOTUBOTOUHBLIA PEXUM OPraHU3yeTCs Tak, YTo MUC-
XOA4Has nynbna ¢ cogepxarHvem TBepgoro 35 % — 40 % nofjaeTcsa B BaHHY cenaparopa,
HEMarHUTHbIV NPOAYKT ABWKETCS B TOM Ke HarnpasneHuu, YTo U UCXofHoe nutaHue, a 6apa-
GaH BpaljaeTca HaBcTpedy. lNpy 3TOM YacTb MCXO[HOW NynbMbl yBnekaetca GapabaHom
(T. €. B OCHOBHOM MarHUTHbIN NPOAYKT), @ Apyras 4acTb Nynbhbl ABUKETCS B CBOEM Hanpas-
neHun. B cBAsn ¢ TeMm, 4TO rnybuHa paboyelt 30Hbl He MEHSIETCH, TO MMAPOAVUHAMUYECKUIA
PEeXUM B BaHHE CTAHOBUTCS UHTEHCUBHBIM, TaK Kak CKOPOCTb Mynbfbl BO3pacTaeT.

MonynpoTMBOTOYHLIN pexxM paboThl 6apabaHHbIX MOKPbIX CenapaTopoB NPUMEHSIET-
Csl, KOrga cofepXaHue krnacca mMeHblle 74 MKkM ctaHoBuTcs 6onee 70 % 1 MOXeT yBenuun-
BaTbCsa A0 95 %.

O6o03HaveHne cenapatopa 3anuckiBaetcs kak MNBM-MIM. Oee Gykebl 1 nocne Tupe
o60o3HavaroT, 4TO cenapaTop MMEET KOHCTPYKLMIO BaHHbI, NMPU KOTOPOW UCXOAHOE NMUTaHne —
nynbna — nogaeTcs CHU3y BaHHbl, a bapabaH ¢ MarHATHOM CUCTEMON BpaLwaeTes B HanpaB-
TNEHWK, MPOTUBOMOIOXHOM ABWKEHUIO HEMarHUTHOrO NMPoAYyKTa.

Kaxgbld U3 3TUX TUMOB CenapaTopoB MMEET CBOM 0BNnacTv NpUMEHEHWs, rae OHW
Hanbonee ahPeKTUBHBI.

2.3.4 O6e3BoxuBaHue: cryueHue n unbTpoBaHue

Ob6e3BOXMBaHMEM Ha3bIBAETCHA MPOLECC yaaneHus Boabl (Bnarv) U3 npoaykros o6o-
ralieHus.

Mpouecc 06e3BOXMBAHNS COCTOUT M3 OMepaLmin MEXAHUYECKOTro yaaneHns BoAbl 13
npoayKkToB OBOralleHVs — CrylieHusi, ouneTpaumMm 1 TEPMUYECKON cywkn. B pesynbtare
CryLLIeHNS NOMyYaloT KOHLEHTPAT C CoAepXXaHeEM TBEPAOro KOMMNOHEHTa B Neckax CryLleHns
80 60 % — 75 %. MNpn mnbTpoBaHMU CopepXaHUe Bnarn B KOHUEHTpaTe CHUXaeTca Ao
7% — 15 %, npn cywke — o 0,5 % — 7 %.

Ha npouecc 06e3BOXMBaHMSA OKa3blBaKOT BIIMSHNE CBOWCTBA MOBEPXHOCTU MUHEpa-
OB, X MWHEPAanOrn4YecKMin 1 rpaHyNIoOMETPUYECKMIA COCTaB, yAenbHasi NOBEPXHOCTb, CO-
LepxaHne TBepAoro KOMMOHEHTa B MCXOAHOW MNynbre, NNOTHOCTb TBEPAOW dasbl, 3Ha4YeHue
pH cpeabl, TemnepaTypa nynensl U 4pyre akTops!.

CryLeHne — npoLece MOBbILLEHWSA COLep)KaHWs TBEPAOro KOMMOHEHTa B Nynbne ny-
TEM OCaXAeHWS U YyNNOTHEHUS TBEPAbIX YacTuL, C BbITECHEHWEM crosi Bogsl. Kak npasuno, B
CryCTUTENsIX MnapannensHO MPOUCXOAUT YCPedHeHWe KOHLEeHTpaTa, MoCTynatowero ¢ He-
CKOJBKMX TEXHOMNOMMYECKMX NNHUIA oBoralleHns.

PUnNLTPOBaHMEM Ha3bIBAKOTCS onepauum oOe3BOXUBAHUS MENKO3EPHUCTLIX NyMbA U
CYCMNEH31iA, OCHOBaHHbIE Ha NPUHYAUTENBLHON, Mo, LaBneHWEM U BakyyMOM, punsTpaumm
cofepxallenca B HUX BOAbl 1Yepe3 UnbTPYHOLLYHO MOPUCTYIO NMeperopoaky (MOBEPXHOCTb),
HenpoHMLaemMyto Ans TBepAbIX YacTul nynsnbl (CycneHann). Teepable YacTuubl, 3agepxaH-
Hble OUNBTPYIOLLEN NEPEropoOAKON, HasbIBaKTCS OCaAKOM, a BOAa, MPOXoAsiLasi CKBO3b Mne-
peropogky, — unsTpatoM. PUNLTPOBaHME OCYLLECTBNSETCS Ha AWUCKOBbIX BaKyyM-
dunbTpax, neHTouHbIX, 6apabaHHbiX U npecc-punbTpax. Pabounm 3neMeHToM AUCKOBbIX

65



NTC 25-2017

BakyyM-(punbTPOB ABAsieTCA (hunbTpylowas NoBepxXHOCTb — neperopogka. Mo o6enMm cTo-
poHam uAbTPYIOLLE/ NMEPEropodkn Co3[aeTcs PasHOCTb AaBNeHWi AN NPUHYAMTENbHOM
hmnbTpauum BoAbl 3a CYET Bakyyma — pas3pexeHusi Bo3ayxa — NyTeM OTKauMBaHWsl ero uns-
noa chunbTpylouweid neperopofku. B kauecTBe hunbTpyloWeldi Neperopofku MUCnosb3yTcs
cneuunanbHas TkaHb, NOPUCTas KepaMuka.

dunbTpOBaHME NPONCXOAUT cregylowym obpasoM. ynbna nogaeTcsi B BaHHY, B KO-
TOPYI0 NOrpyXarwTcs AUCKU C CeKTopamu M3 hunbTpylolleid noBepxHocTu. lMog AeicTBrem
BakyyMa Bofa W3 nynbnbl (hUIbTPYeTCS Yepes ocafok U3 TBEPAbIX YacTul, U UIbTPYIOLLYI0
NMoBepXHOCTb. [locne HakomneHus JOCTAaTOYHOro CAos ocagka nogadva Mnynbfbl HA PUAbT-
pyloLLyl0 MOBEPXHOCTb MpekpallaeTcsi M 0CafoK elle HEeKOTOpoe BpeMsi MpocyLUMBaeTcs
NMpococoM BO34yXa Yepe3 Hero, a 3aTemM CHUMaeTcs ¢ hunbTpylolleiica NoBEPXHOCTU
(cm. pucyHok 2.12).

dunbTpoBaHMe B npecc-hunbTpax NPoOUCXOAUT 3a cHeT M3BbITOYHOTO AAB/IEHNS, CO3-
[aBaemMoro cxaTblM BO34yXOM. VICXOAHYK CyCMeH3vio Nog AaBfieHueM nojalT OAHOBpe-
MEHHO BO BCe Kamepbl. [py 3anonHeHnn Kamep NpoucxoauT npouecc punbTpoBaHus. Xna-
kasi chaza, npoxofsa yepes cnoil unbTPOTKaHWU, yaanseTcss No cneuvasbHbIM KaHanam Mex-
Ay pe6paMu nnacTuH U OTBEPCTMSIMU B NaMTax. TBepAble YacTuupl yaepxusarTcst B (UNbT-
poTkaHn. ®unbTpoBaHWE NPOAOIHKAETCA A0 MOSHOrO 3arnosiHEeHUs Kamep 0cagkoM, 3aTem
OCYLLeCTB/IAOT OTXAaTWe Keka M OTAYBKYy OCajka CxXaTbiM BO34yxOM. o OkOHYaHun unbT-
poBaHWs MNaCTWMHbI Pa3ABWUraloTCsl, U TOTOBbIA KOHLEHTpAT pa3rpyXaeTcsi Ha JIEHTOUHbIN
KoHBeilep. [locne OKOHYaHWA pasrpyskM U NPOMbIBKA NAACTUH UMK (PUIbTPOBaHWSA MOBTO-
psoT.

KoHTponbHas Bpauatowyecs Aucku Kepamuueckue nnacTuHb

Pama .
[NaBHbII Ban

Pasrpy3ouHblii xenob Ckpebku anq Keka Pe3epByap C Mynboit

PucyHOK 2.12 — [UCKOBbI BakyyMHbI uabTp

dunbTpauus KOHUEHTPATOB Ha o6oraTuTenbHoi habpuke OCyllecTBasieTca Ha
(hbunbTPOBaILHOM yuacTke.
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2.3.5 Cywka KkoHUeHTpara (arnopyabl)

CylKa — LUMPOKO pacnpoCcTpaHeHHbIN (XOTS M BCnomoraTtenbHbIn) npouecc npu obo-
raleHMn TBepAbIx NonesHbix uckonaembix. Cywka — nocnepHss cragnsi o6e3BoXmMBaHuA
TBEPAbIX MaTepunarnos.

BnaxHOCTb BbICYLLEHHbIX NPOAYKTOB OBOraleHna fOmkHa UCKIIOUUTL BO3MOXKHOCTb
MX CMep3aeMOoCT/ B 3VMHee BPEMsi Npy NepeBo3Ke UNW XpaHeHun. JJonyctumas ans TpaHc-
NOPTUPOBKM BNAXKHOCTb NPOAYKTOB PYA U UX KOHLUEHTpaToB coctaenaeT 3 % — 5 %.

[nsi CcyLKkn xene3opyaHoro KoHUeHTpaTa (arnopyabl) MOryT npumeHsaTbes: 6apaban-
Hasi KOHBEKTMBHAA CyLLKa, TPYObI-CyLUMIKW (Yallie BCEro NpUMEHSETCs ANA martepuana Kpyn-
HOCTBLIO A0 15 MM), CYLLMIIKK C KUNALLMM CrloeMm (Cyllka matepuana KpyrnHocTbio 6—10 mMm).
Mpn KOHBEKTVMBHOW CyLLKe B KayecTBe TENNOHOCUTENS U OJHOBPEMEHHO areHTa CYLLKU WC-
MOSb3YHOTCA ropsiume AbIMOBbIE rasbl OT CropaHvs MasyTa Unu NpUpPOAHOro, AOMEHHOIO U Ap.
rasos.

[Ns KOHTaKTHOM CYLLIKM MCMOMb3YIOT NMOAOBbLIE CYLUMIKU, B KOTOPbIX FTEHEPaTOPOM Ter-
na sBNSLoTCA anekTponeysb, 6apabaHHiie TpybyaTble cylunnkn. Npu KOHTaKTHOM CyLLUKE B Ka-
YecTBe TEMNMOHOCUTENSA MCMONb3yeTcs OTPaboTaHHbIM Nap, TeNno OT KOTOPOro nepeaaeTcs
areHTy CyLlku (BO3AYXY) U Marepuany Yyepes HarpeTbie NapoM NOBEPXHOCTW.

Ha o6oratutenbHbix habpukax HanbonbLlee pacnpocTpaHEHNE NOMyYANU CYLLUITKA C
KOHBEKTVBHbIM CNOCOBOM CYLLIKM C NPAMbIM TENNO0OMEHOM (CM. pucyHok 2.13).

MapoBbie CYLUMNKN HAXOAAT OrPaHUYEHHOE NPUMEHEHWE.

B uensx nHTeHcndmrKaumm TennoobMeHHbIX NPOLIECCOB BHYTPU CyLUMIbHbIX Gapaba-
HOB YCTaHaBNMBAaIOT BHYTPEHHWE HACaAKMN Pa3NUYHON KOHCTPYKLMW, B peaynbTaTte Yero Ten-
no matepuany nepeaaeTcs He TONbKO KOHBEKTUBHBLIM CMOCOBOM OT ra3oBOro MoToka, HO M
KOHT@KTHbIM CNocoBOM OT HarpeTbIX Hacafok.

Mpu cywike npoaykTbl oboralieHns 06e3BOXMBAIOTCA 32 KOPOTKUMA NPOMEXYTOK Bpe-
MEHM JO BO3AYLUHO-CYXOro cocTosiHuA. lNpouecc CyLlku 3aBUCUT OT BREXKHOCTU MPOAYKTA,
NnoABepraemoro CyLke, ero rpaHyrioMeTpyM4eckoro coctasa, napameTpoB TEMNOHOCUTENS.

["a30BO3AYLLHbLIE NOTOKW HANPABNAKOTCA B CUCTEMBI OHYUCTKM.

Ynaenveaemas nMbinb rmapoTPaAHCNIOPTOM HaNpPaBsS€TCs B XBOCTOBOW NOTOK. Bo u3-
BexaHve NnoTepb KOHLEHTPATOB (arnopyabl) APeHaXHbIE CMbIBKU U3 OTAENEHWIA CYLLKM Nepe-
Ka4mBaroTCH pasfernbHO B CryCTUTENM OTAENEHUS CTYLLEHNS.
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PucyHok 2.13 — Tunosas cxema CYLLKU KOHLEeHTparTa

[bimoBble rasbl ¢ Temnepartypoit 600 °C — 900 °C nocTynatT B CyLWW/bHbI 6apabaH
B BUAe rasoBo3yLUHOA CMecu 1 NPOXoaaT BAOb 6apabaHa B pasrpy304vHyto kamepy, OTkyaa
BEHTUNATOPOM MOJAIOTCH B OUMCTHbIE YCTPOMCTBA, a 3aTeM BblGpachkiBaloTcA B aTtmocdepy
WM YaCTUYHO HanpassATCA CHOBa B npouecc (CM. pUCyHoK 2.13).

Mpu BpaweHun 6apabaHa matepuasn NOCTENEHHO NepemeLLaeTcs K pa3rpy304HOiA ka-
mepe. CylWnbHbIA areHT gBuxeTcs B 6apabaHe nop AeiicTBMEM pa3pexeHusl, co3faBaemo-
ro ibIMOCOCOM.

CywunnibHble 6apabaHbl BbinyckaloT guameTpoMm 1-2,2 m, gauvHoli 4-16 M 1 guamet-
pom 2,5-3,5 M, AnvHoi 14-27 M. VIMerTcs Takke cyluibHble 6apabaHbl agvameTpoMm 4 1
4,5 ™M wn pgnvHon 28-35 wm.

[na ymeHblueHns noTepb Tensaa HapyXHyl MOBEpPXHOCTb H6apabaHa MOKPbIBAT KO-
XYXOM U3 NINCTOBOI CTanu, 3amnosiHEHHbIM TEN0U30MMPYIOWMM MaTepuanoM. pu 3Tom
Temnepartypa HapyXHOW CTEeHKM He Ao/xHa npesblwatb 40 °C. Ha KoHuax cywuabHoro 6a-
pabaHa ycTaHaB/MBaKT YNIOTHUTE/IbHbIE YCTPOCTBA C LeNbio NpegoTBpaLleHns noacocoB
BO3/yXxa.

CTteneHb 3anofiHeHua obbema 6apabaHa B cpegHem coctaBnset 10 % — 12%, Bpe-
Ms npebbiBaHMA matepuana B 6apabaHe — o1 15 o 40 MWH B 3aBMCUMMOCTW OT €0 Havaib-
HOM 1 KOHEYHOI BNaXHOCTW.

JocTonHcTBa ra3oBbix 6apabaHHbIX CYLUW/IOK: BblCOKas HafeXHOCTb B paboTte, npu-
MEHVWMOCTb /19 CYLUKU MPOAYKTOB LUMPOKOro Auvanas3oHa KPYMHOCTM — OT TOHKOU3MesIbYeH-
HbIX KOHLEHTPATOB A0 KYCKOBOrO MaTepuasna, Cyllka NpoAyKTOB Mpu BbICOKMX TeMnepartypax
HarpeTbIX ra3os, BblCOKas Npov3BOAUTE/IbHOCTb.
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2.3.6 CknagupoBaHue, TpaHCMOpTUPOBaHue

MoprotoBka KOHLUEHTPATOB K OTIPY3KE OCYLLECTBMAETCA Ha CKMNagax KOHLEHTPAaToB.
Cknagapl KOHLEHTPaToB NpefHa3HaueHbI:

- ANA pasgenbHoOro XpaHeHWsi roTOBbIX KOHLEHTPaToB nocfe o6e3BOoXMBaHWUA Wnn
CYLUKW;

- ANS WNXTOBKN HEKOHAMUMOHHBIX KOHLIEHTPATOB MO COAEPXaHUKO OCHOBHBIX KOMMO-
HEHTOB 1 MO COAEPKaHNIO NPUMECEIA.

Cknagbl BbINOMHAT 3aKPLITbIMUY, pacnpeeneHne KOHLEHTPATOB NPOU3BOANTCA NeH-
TOYHBLIMW KOHBENEpaMK C NepeaBIPKHLIMM CAMOXOAHLIMUY LWUTabeneyknagymkamu.

Pa3arpyska kKOHLUEHTpaTOB M3 CKNaja, LUMXTOBKA HEKOHAMLUMOHHBLIX KOHLEHTpaToB Npo-
N3BOANTCH rpendepHbIMU KpaHamn, poTopHbIMU 3abopluvkamu, peknarimepamu. Bobigava
KOHLEHTPaTOB U3 cknaga Mpov3BOAMTCSI NIEHTOYHBIMU KOHBENepaMu C NepeaBukHbIMU ca-
MOX0AHbIMK ByHkepamu, 060pyA0BaHHLIMM NIEHTOYHLIMU NUTATENAMMU.

Morpyaka KOHLIEHTPATOB MpeAyCcMaTpyBaETC B OTKPbITbIE MOSYBaroHbl NEHTOYHBIMU
KOHBeVepaMu, ynpaensemMbIMU AUCTAHLIMOHHO U3 MOMELLIEHWS XKEeNE3HOAOPOXHOW BECOBOM.

2.3.7 O6opoTHOE BOAOCHabXeHue, XBOCTOBOE XO3ANCTBO, CTOYHbIE BOAbI

B npouecce oforalyeHns nonesHelx uckonaembix Ha oboraTutensHon dabpuke nony-
YalT KOHLEHTPAT KenesopyAHbIA U XBOCThI (OTXOAbI MOKPOW MarHUTHOW cenapauuv, AeLu-
namauum), KoTopble Mo XBOCTOBLIM FOTKaM M3 LiexoB oboratutenbHbix abpuk nocTynatoT B
Kamepbl pacnpeserneHuns XBOCTOB Liexa XBOCTOBOIO X03siicTea. B kamepax npoucxoanT rug-
paenuyeckas knaccudukaums XBOCTOB B 3yMndyax — OTCTOMHUKAX Ha NEecku (KPYrHyto
dpakLmio) n cnme.

Mpn cryweHMn XBOCTOB OCHOBHOW 3ajadven ABMAETCA BblAENEHUEe U3 Nynbhbl €€
TBEPAOW COCTaBISIOWEN M NOSlyYEeHMEe OCBETIIEHHOW BOAbI, KOTOpasn Bo3BpawaeTca Ha 060-
ratutensHyto dabpuky AnsS NOBTOPHOrO UCMOMb30BaHUS B TEXHOMOMMYECKOM npouecce 060-
raweHms. CrylieHHble XBOCTbl TPaHCTMOPTUPYHOTCH M CKNaaUPYHOTCA B XBOCTOXpaHWUSMLLE.
Takum oBpasom, Ha oboratuTenbHoOn habprke NPUMEHNETCA 3aMKHyTas cxema 060pOTHOro
BOAOCHaGXEeHWS.

TexHonornyeckas Bofa U3 HacoCHbIX 060POTHOro BoLOCHaGXeHNA TpaHCNoOpTUPyeTCS
B uexa Od no sogoBoaam.

XBOCTOBbIM XO3AWCTBOM Ha3bIBAETCA KOMMIEKC COOPYXKEHUA U YCTAaHOBOK ANA Ma-
paBMYECKOro TpaHcnopTa M rMAPaBANYECKON YKNaaKM XBOCTOB oboratutensHon dabpuku.
B cocTaB XBOCTOBbLIX XO3SIMCTB BXOAST CHEAYHOLME COOPYKEHUS: HacbIMHbIE U HaMbIBHbIE
NNOTKHBI, faMbbl 06BaNOBaHUS XBOCTOXPAHUIULL, M BTOPUYHBLIX OTCTOMHMKOB, BogocbopHbIe
COOPYXEHNA ANs OTBOAA BOA W3 XBOCTOXPaHMUIMLL, XBOCTOBbIE HACOCHBIE CTAHLUMM U HAcoC-
Hble CTaHUum 060pOTHOrO BOAOCHAOXKEHUS] C SHEPreTUYECKUM U MMEPOMEXaHN4YecknuMm 060-
pyfoBaHMEM, XBOCTOMPOBOAbL! M COOPYKEHUSI MO Tpacce XBOCTOMNPOBOAOB (dcTakanbl, AoKe-
pbl 1 Ap.), BOAOBOALI 060POTHOrO BOAOCHaBXKEHNSA, SNEKTPUYECKNe nogcTaHymm o6opoTHOro
BOAOCHAOXEHWNS, CTyCTUTENW AN XBOCTOB, COOPYXEHWSA AMA XMMUYECKOW OYMCTKM XBOCTO-
BbIX BOJ, aBapuiiHble GacceiHbl, BOAONPUEMHbIE N BOAOCOOPHbIE, COOPYKEHUA ANA OTBOAA
PYyYbEB N peyeK, MoACOOHbIE COOPYXKEHUS, CKnaabl U MoMeLeHns Ans obCnyXuBaroLero
nepcoHana, CBsidb M CUrHanmusauus.
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OTBOA, OCBET/IEHHLIX BOA U3 Mpyfa XBOCTOXpaHWIMLA 06bIYHO NPOU3BOAUTCS C MO-
MOLLbIO BOAONPUEMHbIX KOMOALEB LIAHAOPOHIO WU CUGPOHHOIO TUNa M BOAOCOPOCHOro Kos-
nektopa (CM. pucyHok 2.14).

1— cTaHuus 060pOTHOrO0 BoAOCHAGXeHUS; 2 — BOA0GOIHbIe Konoaubl; 3 —
HacbInHasi NI0TWHA; 4 — Aambbl 06BasI0BaHNsA; 5 — BOAOMNPUEMHbIE KOMOALbI;
6 — BOAOCOPOCHOI KOMIEKTOP

PucyHok 2.14 — Cxema 0TBOAa OCBET/IEHHOW BOAbl U3 XBOCTOXPaHUAMLLA

OcBeTneHHas BoAa M3 npyJa Yepes CAVBHbIE OKHAa NOCTynaeT BHYTPb BOAONPUEMHbIX
Konogues M no BOAOCOOPHOMY KOMNEKTOPY, YIOXEHHOMY C YK/IOHOM, nepeTekaeT Ha CTaH-
LMo 060pPOTHOr0 BOAOCHAGXEHUSs,, nepes KOTOPOi npefycMOTpeHbl BOAO6OWHbIE KOMOALUbI
ON1A1 CHDKEHNA 3Heprumn ABUXKYLLErocs notoka.

Bofoc6opHble COOpYXeHUs pacnonaratTca TakuMm obpas3om, 4Tobbl obecneyvBanacb
BO3MOXHOCTb OTBOJa OCBET/IEHHOWN BOAbl NPYAa-OTCTOMHMKA C Pas/iMYHbIX €e FOPU30HTOB B
npouecce HapawmsaHua fam6 ob6sasioBaHus. [onoXxeHne BOAOMNPUEMHBIX KOMOALEB onpe-
gensetca TonorpaddMyeckummn ycnoBusIMM MECTHOCTM U obecrnevyeHneMm Tpebyemoro OcBeT-
NleHns BoAbl. JTO AOCTUraeTcs TeM, YTO B /1060 MOMEHT aKcnayatauuy XBOCTOXpaHuamLLa
paccTosiHMe OT TOYKM MoAaqn XBOCTOBOM Mynbhbl A0 c6Opa OCBET/IEHHOW BOAbl Yepe3 OT-
BEPCTUA B CTEHKax BOLOMNPUEMHOrO Kosiogua LO/HKHO ObiTb AOCTATOYHbIM A1 OCaXAEeHWUS
TBEpAbIX YacTul. OTBOA OCBET/NIEHHOW BOApl M3 MpyAa NPOU3BOAUTCA C NOMOLLBbIO BOAOMPU-
€MHbIX KONOALEB LIAaxXTHOro TUna, KOTOpble BbIMOMHATCA C KOMbLeBbIMKU naockumu LLaHao-
pamu.

BogonpremHble Konogubl ¢ OTBEPCTUAMWU WM NasamMu B CTEHKaX pacnosarattcs Ta-
KUM 06pa3oM, 4ToGbl MpU COpPOCe OCBETEHHON BOAbl Yepe3 BepxXHee OTBEpCTUE OfHOro KO-
nogua MOXHO 6blNO0 Mpou3BecTU CO6POC BOAblI Yepe3 HWKHee OTBepCTUe CreaytoLero.
OO6bIYHO BOZONPUEMHbIE KOMOALUbI NEepekpbiBalT ApYyr Apyra He MeHee yem Ha 1,5 M. Bbico-
Ta nepenuBaroLWEerocs cfnos BoAbl Haj OTBEPCTUAMW BOLONPUMEMHOrO Kosodua coctasnser
0,15-0,6 M. MuHMManbHaa rnybmHa BoAbl Y BOAOMNPMEMHONO Kosogua C y4eToM TOMLWMHbI
NbAa fomkHa 6bITb He MeHee 1,5 M.

Ecnn yepes cnvBHOE OKHO KOMoAua HauvHaeT NnocTynarb HefoCTaTO4HO OCBET/IeHHas
BOJA, €ro nepekpbIBalT LIAHAOPON M MprYeM BOAbl NPOWM3BOAAT CO CeAyioLllero no BbicoTe
okHa. Mo mepe 3annuBaHus Gawxaiiero K nNoTUHe BOAONPUEMHOrO KOI04LUA W NOBbILEHNSA
YPOBHSA BOAbl B MpyZe NPUMEM OCBET/IEHHON BOAbl NMPOW3BOAWTCS CO C/EAYIOLLEr0 KOMoALA.
BogonpuemMHMK NOHOCTLI0 3aKpblBAETCHA MOC/e TOro, Kak B BEPXHWIA psfd OKOH HauMHaeT no-
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CcTynatb MyTHas BOAAQ, YTO MoKa3blBaeT Hanuune B Hel TBephow dasbl. Mocne atoro kono-
AeL NNoTHO NepeKkpbiBaeTCcA U 3annBaeTCcqa XBOCTaMW.

CTeneHb ocBETNEHNsI BOAbBI B MPyAEe XBOCTOXPAHUITULLA 3aBUCUT OT KPYNHOCTW YacTul
TBEpAoW asbl Nynbrbl, BPEMEHW OTCTauBaHUS, PpeareHToB, MPUMEHSAEMbIX Ha oboratuTens-
Hom dabpuike, 1 0BbIMHO ONpPEefEeEnsAeTCs KCNepPUMEHTabLHO.

CoBpeMeHHble npoLiecckl oboraleHs NoNe3HbIX MCKOMaeMbIX OCHOBaHbI Ha UCMOMb-
30BaHUM 3HAYNTENBHBIX KONMYECTB BOABI HA TEXHONormyeckune uenu. NMommmMo pacxoaa sogbl
Ha TEXHOMNOTMYECKME HyXAbl, BOAA NOAAETCA AN BCMOMOraTesibHbIX U NOACOBHLIX onepa-
uuiA, AnA rmapoTpaHcropTa MPOAYKTOB, a Takke Ha OXNaxpeHue macnooxnagutenev n
NOALUMMHMKOB ApOBUNOK, MACNsHbIX CTAHUMI MESNbHUL, BakKyyM-HacoCOB, AbIMOCOCOB, rMa-
poyGOopKy MPOCHINEN, MbINENOaBNEHNE, acnMpaumnoHHble YCTAHOBKW, MOKPYHO YOOpKy nome-
LLeHUN, Ha pacTBopeHue HONOTaAUMOHHBIX peareHToB.

Ha oboratutencHyto cdabpuky MOXeT nopaBaTbCA CBEXas BOAa U3 eCTECTBEHHOro
BOgOeMa, NOBTOpHasA Boda nocne ncnonb3oBaHUAa ee Ha Apyrux npeanpuatuax unn B 6bITy n
obopoTHasa Bofa, nofaBaemMasi U3 XBOCTOXPaHUNULLA U OTAENbBHLIX nepeaenos oborave-
HUA.

Tabnuya 2.7 — OcHoBHOe o60pyaoBaHne

HanmeHoBaHne ob6opyaoBaHus

HasHauyeHue o6opyaoBaHus

OnuncaHue

Opobunkm

OpoGneHvie n nsmenbyeHne
maTtepuana

KonycHele KK, 1500/230,
KPJ] 700/100, KCJ 2200,
KMAT-2200, wekoBble,
BasikoBbIE

40 pasmepa meHee 0,1 Mm

KnaccudukaTtopbl PasgeneHuve TBepabix Yactuy | CnvpanbHoro Tuna, rua-
no pasmepam POLMKNOHDI, BUOpaLNOH-
Hble rpoxoTa
MenbHULbI NamenbyueHre Teepabix YacTul, | MenbHULbI MOKPOro rnony-

caMOou3MerbYeHUs, Menb-
Hgel MMC90 x 30, MMC
9350 x 3100, MMC

9500 = 2900, pyaHo-
raneyHole MPI 55 x 75,
LIApOBbIe MENbHMLbI
MLLUPIY45 x 60,

500 x 6000, MLULL

45 x 60, MLLUP 40 x 50,
CTEPXKHEBLIE MENBHNLI
MCL,

MarHuTHbIA cenapatop

OboraLleHve — otaeneHne
MarHUTHbIX YacTuL, )kenesa oT
HEMarHWTHbIX YacTuL, MyCTON
nopogbl

MarHWTHble cenapaTopb!
BapabaHHoro Tna
MNBM-M90/250, MBM-M
120/300, 150/200

MarHuTHble AelnamaTopsl,
rmapocenaparopsi

Ob6oraLleHne namenbYeHHbIX
YacTuL, METOAOM rpaBuTaumm

MA-9, MIrc-9
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OkoH4yaHue mabnuuypi 2.7

HaumeHoBaHue o6opyaoBaHusa

Hasnauenune o6opypoBaHms

OnucaHue

dnneTp

O6es3BoxMBaHNE KOHUEHTpaTa
[0 coaepxaHusa Bnaru meHee
11 %

BakyymHble dounbTpil LU
100-2,5Y, Al 63-2,5Y,
Kepamuyeckue punbTpbl

CywunbHbi 6apabaH

O6e3BOXMBaHNE KOHLUEHTpaTa
[l0 cofiepxaHusi Bnarn MeHee
3%

CywwunbHbii 6apabar Cb
3,5 x27-NC, Cb
3,5 x27-HY 03

Cryctutens CryweHune nynbnbl, KOHUEH- PaawnansHeie LI-50, M-50,
TparToB, XBOCTOB C NoBbiweHu- |L|-100, KPX-2, nepndepu-
€M coaepKaHnsi TBEPAOro Yyeckue, NnacTuHYaTbIe
KOMIMOHEHTa crycrutenu

Hacocebl TpaHcnopTupoBaHue xmaknx | LleHTpobexHble, o6bem-

cpep (Boaa, nynena) HOro TUNa, nepucTansTu-

Yeckue u ap.

2.4 OkyckoBaHue. NMpon3BoACTBO Xene3opyaHbIX OKaTbiwen

2.4.1 O6bwme cBegeHun

OkyckoBaHMe — NPoLEeCcC YKPYNHEHWUS PYZHOW MENOYM UM TOHKOU3MENbYEHHbIX KOH-
LIEHTPAaTOB C NOJYYEHNEM KYCKOBbIX arperatoB pasnuyHon opmbl 1 pasmMepoB nyTem dusn-
YECKOro, XMMWYECKOTO, TEPMUYECKOrO MM KOMOWHUPOBAHHOIO BO3AECTBUS. MpumMensioT
AN NOATOTOBKM CbIpbsi K METannyprudeckomy nepeaeny, NpoMbILLNIEHHOMY UCMONb30BaHUIO
UM TPaHCMOPTMPOBKE MOJyYEHHbIX MPOAYKTOB. PocT npomsBoacTBa TOHKOM3MEIbYEHHbIX
KOHLEeHTpaToB 06ycrnoBneH pocTOM BOBEYEHWS B NPOMbILLNEHHYHO nepepaboTky pya C co-
AepaHneMm Mone3Horo KOMNoHeHTa meHee 35 %.

OkyckoBbIBalOTCA MaTepumarsl KpynHOCTBH0 YacTuy, MeHee 5 MM, Tak Kak Mcrnosib3oBa-
HME WX B TaKOW KPYMHOCTU YXYALUAET rasonpoHULEEMOCTb LMXTbI U YBENUYMBAET BbIHOC Ma-
Tepvana gyTbem m3 metannypridecknx neden. Npumensor 3 cnocoba OoKyCckOBaHWS: arno-
Mepauuto, BPUKETUPOBAHNE M OKOMKOBaHME (MN OKaTbiBaHWe). B pesynbTarte okyckoBaHWUsi
YacTuL, NoMy4YaroTCs: Npu arnoMepauum — arfoMepar KpyrnHocTeo 5-60 MM, Npy OKOMKOBa-
HUWM — OKaTbILLM B OCHOBHOM KPYMHOCTBK 5—18 MM, npu BpukeTMpoBaHum — BpukeTbl pas-
JINYHOWN reOMETPUYECKON hOPMbI HEOBXOAMMbIX rabapuUToB 1 Macchl.

OkoMKOBaHWE (OKaTbIBaHWE) — METOZ OKYCKOBaHUSI MbINEBULHOM PYAHON MENOYM Unn
TOHKOM3MEIbYEHHBIX KOHLIEHTPAaTOB, CrekaHne KOTopbIx 3aTpyaHuternsHo. OkomkoBaHue co-
CTOWT M3 ABYX CTaAUA: NOMy4eHNE ChbIPbIX OKaThILLEN B pe3ynbTaTe CWMNaHns BaXKHbIX Yac-
TUL, MCXOJHOIO Chipbsi B TPaHYNSATOPax W BbICOKOTEMMEPaATYpHOE YMPOYEHWE OKaTbILLEn
(mopcyLwka n ooxur).

ObLasn cxema TEXHOMOrMYECKoro npoLecca npeacraeneHa Ha pucyHke 2.15.

2.4.2 UcxopHble cbipbeBble MaTepuanbl

LWwuxTa ans Nnpon3BOACTBA KENe30pyAHbIX OKaTbILLE COCTOUT U3 XKENe3opyAHON Yac-
TN — KOHUeHTpaTa, ceasylowen fobaskm — GeHTONopoLLKa, WHorga ¢ fobaBneHMem nonu-
MEPHOro CBA3YHOLLEro 1 (orioCoynpPOYHSIOLLMX [0GaBOK.
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Onpegensowmm nokasarenem rnpu BbIBope KOHLUEHTpaTa Ansi OKOMKOBaHWS ABNSETCA
Xmmmyeckun coctaB. OBbIMHO AN OKOMKOBaHWUSA UCMOMb3YHOT KOHLEHTPAaThI, cogepxalyye
Bonee 60 % xenesa.

Bbicokve TpeboBaHUs NpeabSBRSIOT K rPaHyNOMETPUYECKOMY COCTaBY KOHLEHTPATOB,
nenonb3yeMbix ANS NPOU3BOACTBA OKaTbienh. ITO CBA3AHO C TeM, YTO Havbonee BaXHbIM
chakTopoMm, onpeaensitoLM MEXaHUYECKYHO NPOYHOCTL OKaTbILLEN, SBMSIETCA pa3Mep 3epHa,
yAenbHas NOBEPXHOCTb KOHLIEHTPaTA: NPOYHOCTE ChIpbIX OKaTbILLEN TEM BbilLe, Yem BornbLue
KOHTaKTOB MeXAY OTAEMNbHBIMWA YacTULaMN.
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PucyHok 2.15 — O60o0LyeHHas CTPyKTypHasa cxema Npon3BOACTBa OKaTbILLEN

Borblioe 3HaueHve UMET PopMa N MOBEPXHOCTb 3E€PEH KOHLEeHTpara nocrne us-
MenbyeHUs. dopMa M MOBEPXHOCTb 3€PEH OMPEeAEnstoTCs MUHEPArorMyeckum 1 XumMmnde-
CKUM COCTaBOM, a Takke npefsapuTtensHoi 06paboTkol KoHUeHTpaTa. PopmMa 3epeH pasHo-
obpasHa: MHOTOrpaHHUKK, Cepbl, MNacTUHKK, PasBeTBIeHHbIe 4eHAPUTLI. OCHOBHOE BNUS-
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HME Ha MPOYHOCTL ChIPbIX OKATLILLEN OKa3blBaET CyMMapHasi NroLajb KOHTaKTOB 3€PeH, KO-
TOopasi MakcumarbHa Mnpu MHororpaHHol dopme 3epeH. HexxenaTenbHon siBnseTcs LeHa-
pyTHas PopMa 3epeH, Tak Kak Npy OKOMKOBAHMN OHW 0BpasytoT TOMbKO TOYEYHbIE KOHTaKTbI.
OLeHKy NOBEPXHOCTM YaCTUL, KOHLUEHTPaTa BEAYT MO €€ LIEePOXOBaTOCTM.

[ns nonyYeHWs CbipbIX OKaTbIeN 3Ha4YeHWe MMEET BMaXHOCTb KOHLeHTpaToB. Cun-
TaeTCs, YTO ONTUMAanbHOW BNaXHOCTBIO ABMSAETCA TaKOoe COAEepXKaHWe Bnarv B LUMXTE, KOTO-
poe obecrneyvBaeT MakCUMarnbHbIA BbIXOA CbIPbIX OKaThILLEW 3ajaHHOro pasmepa. Bnax-
HOCTb KOHLUEHTPAaToB, WCMOMb3yeMbIX AN9 NPOM3BOACTBA OKaTbILWEW, COCTaBrisieT
8,5 %+ 10 %. KonebaHuve Bna)kHOCTW KOHLEHTPATOB XenatensHo He 6onee 0,20 %+ 0,25 %.

YKenesopyaHbIN KOHUEHTPAT NPy AOCTaTOYMHON TOHKOCTU MOMONa B COMETAHMM C HEKO-
TOPbIM KONMYECTBOM BOAbI Be3 kakmx-nnbo Ao6aBOK MOXET KOMKOBAaTLCS ¢ 0BpasosaHmemM
CbIpbIX okaTbiwen. OfHako nocne BbICYLUMBAHWS TakMe OKaTbIWM UMEKOT Manyo MexaHude-
CKYI0 MPOYHOCTb NMpU yaape W pasgasnuvaHuun. [oaToMy ANs NpuaaHWUs CbipbIM OKaTbllam
L0CTaTOMHOM NPOYHOCTU UCMONb3YOTCH Pa3nMYHOro poAa CBS3ytoLMe BeLecTsa.

B coBpemMeHHOM NpakTuKe B Ka4eCTBE CBA3KM HaMbonee 4acto Ncnosnb3yT GEHTOHWUT.
BeHTOHMTOBbIE MMWHLI HEOBXOAMMBI KaK CBA3YIOLME MaTepuansl Ans AOCTWXeHUs Tpebye-
MO0 rpaHyrioMeTPUYECKOro COCTaBa W NPOYHOCTHBLIX CBONCTB OKaTbILLEWN.

[lBa OCHOBHbIX CBOWCTBA, NpUCyLUMe BEHTOHWUTY, ONpeaenunu ero LWMpoKoe NUCMOonb-
30BaHNe B METannyprmyeCckon NPOMBILLIIEHHOCTU AT MONyYeHus okaTbiwen: HabyxaemocTb,
unn cnocobHocTb copbupoBaTb BOAY, W TUKCOTPOMHOCTb — CMOCOBHOCTL CyBcTaHumm
YMEHbLUaTh BSI3KOCTb (pa3XmKaTbC) OT MEXAHWYECKOro BO3LENCTBMSA U YBENUUMBATL BS3-
KOCTb (CryLlatbCs) B COCTOSHMM MOKOSA.

3ayacTyio B LUMXTY XKEne3opyAHbIX oKaTbilen AobaBnsoT GrocoynpoyHsaoWmeE A40-
GaBkn. OCHOBHbIM HasHayeHWeM AaHHblx AobaBok ABnseTcs opMmupoBaHue Tpebyembix
MeTasnnypriyeckux CBOWCTB OKaTbIleW, TakuxX Kak. «ropsdasiy NpovHOCTb, HabyxaemocTb,
BOCCT@HOBMMOCTb, YCajika B MPOLIECCE BOCCTAHOBMEHWS.

2.4.3 NMogroroBkKa WUXTbI

OcHoBHasa 3ajaya TEXHONMOMMYECKOM onepaumn NPUroTOBNEHUN LUKNXTbI 3aknovaeTcs
B NPaBWbHOM M TOYHOM A03UPOBaHMN €€ KOMMNOHEHTOB U TWareneHOM cMelumBaHuu. Mpa-
BMMBHOCTb J03MPOBaHNs 06ecrneynBaeTca pacyeToM LWNXTbI, @ TOYHOCTb [03MPOBaHUA —
paboTor 4O03UPOBOYHOrO 060pYyAOBaAHUS.

M3 pacxogHbix GyHKEPOB KOHUEHTpaT, 6eHTOHWT, nonnmep, nocoynpoYHSIOLWUIA Ma-
Tepuan [Jo3MpyTCA Ha COOpHble KOHBEMEPLI NMOCPEACTBOM PasnuyHbIX NUTaTenen: ANCKo-
BbIX, JTEHTOYHbIX, LUHEKOBbIX (BUHTOBbLIX), BECOBbLIX A03aTopoB. [pon3BOAUTENBHOCTL TEXHO-
TIOTMYECKOWN NUHUM [03MPOBaHUS PEryrnvpyeTcst konuyecTBoM paboTalowmx nuratenem m mx
NPON3BOAUTENBHOCTbLHO.

Onepauunsa cMelLMBaHUs LUMXTOBbIX MareprarnoB SBMASETCH OAHON U3 BaXKHbIX, Tak Kak
onpeaensieT O4HOPOAHOCTb LUMXTbI, U XapaKTepuayeTcs CTeneHbo U KoadmULMEHTOM ne-
peMeLIBaHns.

Mog cTreneHblo NepeMelLnBaHna B o6Lem criyqae criefyeT NoHMMaTk B3anMHOE pac-
npegeneHne asyx nnn BonbLuero KonM4ecTea BELLECTB Nocne COBEPLLEHHOro nepemeLlnea-
HUst Bce cuctembl [1]. CTeneHb nepemMelunBaHns ABRSETCS, TakuMm 06pasoM, nokasaTenem
3pPEKTUBHOCTN NEPEMELLMBAHMS.
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[na pacyeTa cTeneHn nepemelumMBaHma /| Ha OCHOBE aHanvaa B3ATbIX NPOS NpUMeEHs-
t0TCA pasnunyHelie dopmynbl. Yalle Bcero ucnonesyetca opmyna XukcoHa n Tenu [28]:

I=X1 + X0+ ...+ X,

n )
roen — YMCno B3ATLIX NPOG;
X1, X2 — OTHOCUTENBHBIE KOHLUEHTPAaLMKM B3ATbIX NPOG, paccunTbiBaeMble no dpopmyne
(DA
Xi= g0
0

rae ¢, ®jp — obbemHble LONMW aHaNM3MPyemMoro KOMNOHEHTa B i-1 npobe 1 Bo BceM annapa-
TE COOTBETCTBEHHO.

Kpome Toro, cyLlecTByeT MHOrO CTarucTUYeCKMX METOL0B ANS OLEHKM CTeneHn nepe-
MeLUMBaHMSA CMEeCY Ha OCHOBE aHanuaa B3siTbIx Npob.

CMmeluvBaHne MOXeT OCyLLeCTBNATECA B O4HY UINU HECKONBbKO CT&AI/II;I B 3aBUCMMOCTIU
OT B/Aa NPUMEHSEMOro CMecUTenNs. B NpMroToBNeHUN WKXTbI A4S OKOMKOBaHWUSI UCMOMb3Y-
HOTCS LUHEKOBbIE, POTOPHble, GapabaHHble CMecUTenu, CMeCcUTENU MHTEHCUBHOMO nepeme-
LLInBaAHNA.

2.4.4 OkomKoBaHue, knaccudukaums

TOHKOM3MEnbYEHHbIE BNaXHbIE ChiMy4Me mMaTtepuansl, MO rpaHynoMeTpU4eckoMy Co-
CTaBy npeacTaBnsalowme coboi NonuaMCnepcHyro cuctemy, obnafarT SpKO BbIPKEHHON
CrnocoBHOCTLIO K CaMOMPOM3BONBHON arperaumm, 0COBEHHO Nocne NPUNoOXeHNs COOTBETCT-
BYHOLLMX MEXAHNYECKUX BO3AEUCTBMA. [Py 3TOM OKOMKOBaHME MPOMCXOAUT B TOM Cryvae,
korga obpasyrolmecs arperatsl NOABEPraloTCs MEXaHUYECKUM BO3AEUCTBUSM, MEHBLUMM NO
BENUYMHE, YeM paspyLuarolme CTPYKTYPY yCunusi, LeNCTByOLME Ha 3TU arperatbl B Npo-
Lecce nx AedopMmMpoBaHUS.

Mo pesynbTaTam 3HAUMTENBHOMO KONMUYECTBA UCCHEA0BaHUA M MPaKTUKU yCTaHOBMe-
HO, YTO 3hPEKTMBHOE OKOMKOBaHME ChIMyuMX MaTepuaroB BO3MOXHO TONbKO Mpu onpege-
NEHHOM (ONTMMarbHOM) YBNaXXHEHUM NOCMEfHUX, KOTOPOE, B CBOKO O4epeib, onpeaensaeTca
rpaHynoMeTPUYECKNM COCTaBOM, CTEMEHBLIO PasBUTUSI MOBEPXHOCTM, COAEPXKaAHWEM KOMMo-
WOHOM Ppakumm 1 yCroB1AMWN B3AUMOLENCTBMSA CMaYMBAaIOLLEN XUAKOCTU C KOMKYEMbIM Ma-
Tepuanom.

Mpouecc nony4eHns CbipbiX OKaTbILIEN U3 LUMXThI NPOTEKaeT B ABa aTana. Ha nepsom
aTane 13 UCXOAHOW LUMXThI, 3arpy’kaemoln B OKOMKOBaTenb, 06pa3sytoTca Hebonbwne KoMoY-
KM — 3apojblluM okaTbiwel. Ha BTopoM aTtane nmpouecca NpoMCXOAnUT POCT U YyNpOYHEHWe
OKaTbIWeN: 3apoAbilLv HaKaTbIBaloT Ha cebsl CrnoW KOHLEHTpaTa ¢ YacTuLaMm CBA3YHOLLIEro U
(hrIFOCOYNPOYHSIIOLLLErO KOMMNOHEHTOB, NpeBpaLLasch B rpaHynbl WwapoobpaaHon dopmel. Mog
LENCTBMEM AMHAMUYECKNX HAarpy30K MPOUCXOAUT YMIOTHEHME OKaTbIWa.

OKOMKOBaHUE LUUXTbl MOXET MPOM3BOAUTLCH B KOHYCHbIX, YalleBbiX (Tapenbyartbix)
unu 6apabaHHbIX OKOMKOBATENSX U UX PasNUYHbIX COMETaHUAX (CM. pUCyHkm 2.16, 2.17).
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PucyHok 2.16 — BapabaHHble OkOMKOBaTesn

PucyHok 2.17 — JIMHMA YalleBbIX OKOMKOBaTenNei

Mony4yeHHble Cbipble OKaTbILLM NOABEPrarTCa Knaccudukauum Ha POSIMKOBBLIX FPOXO-
Tax. Kak npaBuno, NpoucxoauT pasfefieHns Ha Tpu Knacca KpynHOCTU: MeHee 5 MM, CBbile
16 (18) MM, rofHbIA Knacc KpynHocTM — MeHee 16 (18) mm 1 6onee 5 mm. OkaTbIWK Knacca
mMeHee 5mMM ©n 6Gonee 16 (18) MM  SBAAKOTCA  BO3BpPATOM B OKOMKOBaTenw,
T. €. UMPKYNAUMOHHOW Harpyskoii. OkaTblluM KpynHOCTbI 60nee 16 (18) MM nNpoxogAaTt yepes
paspyLwmTenu.

K 06Xn1roBoii mMaluMHe TFOAHbIA KNacc CbIpbIX OKaTbiWel TpaHCNopTUpyeTcs no NeH-
TOYHbIM KOHBEEepHbIM TpakTam.

LLInprHa NeHTOYHbIX KOHBEepoB, Kak npaswuso, coctaensetr 1200-1500 MM, a wupwu-
Ha 06XWroBbIX Tenexek — 3 unm 4 M. PacnpefeneHve okaTblleil Mo LUMPUHE OBGXUIOBOM
TENEeXKN OCYLLECTBNSAETCA MaATHUKOBLIM WM YeSTHOYHbIM yKnagumMkoM. [lanee okatbiwn oa-
HAM 13 ABYX CNOCOOGOB YKNaAblBAOTCA Ha POMVKOBBIA NuUTaTeNlb — HEenoCPefCTBEHHO YK-
nagunkom nNubo nocpeacTBOM KOHBelepa C LUMPWMHOW neHTbl 4600 mMm. [AvHa POSMKOB Nu-
TaTens COOTBETCTBYET LUMPUHE OGXUIoBOM Tenexku. Kavawlwmecs ykiaguvky yctaHas/u-

77



UTC 25-2017

BaKOT Haf PONMKOBLIMW MUTaTENsIMKU Tak, YToBbl MOTOK CbIPbIX OKaTbILLEA nonagan Mexay
nepBbIM 1 TPETBMM POTMKaMM.

PonwvkoBbI nuTaTenks (Yknagymk) BbINOSHAET HECKOBbKO 3a4a4: OTCEB Menoun Yepes
3a30pbl MEXAY PONMKaMK, OKOHYATENbHOE pacrnpefeneHne okaTbIer Mo WMpUHe MalluHbI
N yKNapKy Crios Ha 06XWroBble TENEXKM.

PonwvkoBble yknag4uku npeacTaBnatoT coboW HaKMOHHBINM POMMUKOBLIN KoHBenep. Po-
JIMKOBOE MOMOTHO YKNaA4MKa no TEXHOMOrMYECKOMY Ha3Ha4YeHUI0 pasfensieTcs Ha akTUBHYIO
(MpoceunBaioLLyto) U TPAHCMOPTUPYHOLLYHO 30HbI. OKaTbILM C MOMOLLBIO MasTHUKOBOIO yKrag-
YMKa WINK LLMPOKOrO KOHBEMEpa 3arpykatoTCa Ha akTUBHYHO 30HY PONMKOBOTO yKNaauuka, rae
NPOVCXOAWT pacnpefeneHne NoToKa ChbipbiX OKaTbILLEN MO LWMPUHE M OTCEB MENoYn pasme-
poM MeHee 5-7 MM. 3a CYeT BpalLeHWNsi BCEX PONMKOB B OA4HY CTOPOHY OKaTbILLW NepeaarT-
CS B pa3rpy304Hyt0 30Hy 1 Jarnee CChiNaroTCs Ha TENEXKN 0GXKUIOBOW MaLUMHbLI C MUHMMATb-
HOW BbICOTbI, YTO NPEOXPaHAET OKaTbILLUM OT Pas3pyLUEHUS.

PonukoBble yknaguvky pasnuuyatoTcst YrioM HakroHa TPaHCMOPTHOW 30HbI, AJNIMHOM
aKTUBHOW 30Hbl, AVaMETPOM POSIMKOB M, COOTBETCTBEHHO, MIOL@AbI0 OTCEMBAIOLWEN MO-
BEPXHOCTU.

2.4.5 TepMUUYECKUI YNPOUHSAIOWMNIA OGXKUT

OpHuM 13 Hambonee CnoXHbIX TEXHOMOTMYECKMX MEepenenoB NPOV3BOACTBA OKaTbl-
Wen aBnseTcs Mx ooxur (CM. pucyHok 2.18). OCHOBHOWM Lenbio ero sIBNSETCs MnornyyeHne
0BOHKEHHBIX Kene30pyAHbIX OKaTbILLEW, MakcuMansHO oTBedvaromx TpeboBaHMaM MeTan-
TNypPry4eckoro nepegena, CoXpaHsoLWmMX CBOW CBOWCTBA MPW TPAHCMOPTUPOBKAaX, Neperpys-
Kax 1 XPaHEHWM Ha OTKPbITLIX CKNaaax.

OGXMr oKaTbILLeN MOXET OCYLLECTBMSTECH B PasnMuyHbIX arperarax, Hambonbluee
pacnpocTpaHeHne MonyyYMnn OGXKWUroBble MallMHbl KOHBEMEPHOro TWMa, pexe ycTaHoBKa
«pelueTka — Tpybyaraa neys — KoJbLEBOW XOonoaunbHuky. OcTanbHble arperaTel oTnvya-
FOTCH HEBbLICOKOW MPOU3BOANTENBHOCTLIO.

BbicokoTemMnepaTypHbIA TENMOHOCUTESb, UCMONBb3YEMBIR B npouecce TepmoobpaboT-
KW, MOMy4atoT Npu CKUraHnmM NPUpPOLHOro rasa.

B npouecce Tepmudeckon 06paboTkm OkaTbIWKM MPOXOAST NOCNeaoBaTenbHO cne-
LYHOLLME TEXHOSIOTMYECKME 30HbI: CYLLKY, HarpeB, YNPOYHSIOLLMIA BbICOKOTEMMNEPATYPHBIA 06-
XKUr, peKynepaumio 1 oxnaxineHne. B kaxaon TexHONormyeckon 3oHe noaaepxvsaercs on-
peaeneHHbI TeMnepaTypHbii U aspoaUHAMUYECKUA PEXWUMbI, PernameHTUpyemble KapTon
TEXHOJIOMMYECKOro npoLecca.

30Ha CyLLKM NpegHasHa4eHa Ans yAaneHus BNarv n3 Cbipbix OKaTbILLEN U MOATOTOBKA
WX K BbICOKOTEMMEPATYPHOMY HarpeBy.

MexaHnam CyLLKW1 OKaTbILa MOXHO pasfenuTb Ha 3 cTagunm:

- andbdyana Boabl U3 LieHTpa oKaTbiLla B HanpasneHnM K NOBEPXHOCTY;

- YcnapeHve BoAbl C MOBEPXHOCTU, T. €. MEPEXOA U3 XKULKOro COCTOSHUS B rasoobpas-
Hoe;

- ancbdpyansa napoe Bogsl B 06bEM rasda, HaxoA4ALLEerocs BOKpYr oKaTbilua.

B cooTBeTCTBUM C NpeACTaBneHHbIM MEXaHNU3MOM CKOPOCTb MPOLECCca CyLUKWN 3aBUCUT
OT CKOPOCTW MepeaBukeHus BoAbl B 06beMe okaTtbilla, B MPOCTPaHCTBE MEXAy 3epHamu
KOHLIeHTpaTa, CKOpoCT! 06pa3oBaHUA BOASIHOMO Napa U CKOPOCTW nepemelleHns obpaso-
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Basueroca napa C NOBEPXHOCTH OKaTblWa B NOTOK TENNOHOCHUTENA, T. €. 0T TPAJUEHTOB
TEMNNEDATYPH W BNAKHOCTH.

| MasooumcTka
[Jpmococ

Abimococ

PucyHok 2.18 —06o6uennasd cxema Tepuuyeckoi o6paboTku okaToued Ha
00KXKUToBOW WaLKMHKHE KOHBEHepHOTO TUNA

30Ha Harpesa npefHasnavyena And YAANEHUS 0CTATOYHON BAATA U3 CPEAHUX M HUX-
HiXx cnoes oKaToued M NOZTOTOBKN OKaTHued Kk obkury. B 30He akTUBHO WLYT npoyeccs
OKWCNEHUA MArHeTUTA, PasnoKxeHne kapbonaToB W FMAPaTOB KOHLEHTpPATA, BANCYDLUX AO-
GaBOK i GEHTOHUTA, BOPHUPOBAHUE NPOYHOCTHEHX CBONCTB B BEPXHEH NONOBAKHE CAOA.

30Ha ofxura o6byHo 3aHumaeT 25% — 30% nnoLagh MAUMHE. B 30HEe yCTaHoB-
Nens ropenku. O6Kur WAeT npococoN TENNOHOCUTENA CBEPXY BHU3. B 30HE o6KAra 3akaH-
YUBAKNTCA NPOLUECCH Pa3NOKEHUA rMApatTos u KapbowaTos, MAET NPOLECC BHCOKOTENNEpA-
TYPHOTO ynpouHeHWs okaToued. 0CHOBHAA Lenb 00KMra okaThued CBOAATCH K ynpoyne-
Hil X 40 Takoit cTenenn, 47064 OHM B JaNbHeliLen BuAepPKUBAAKH TPAHCNOPTUPOBKY, Ne-
PETPY3KM M LONEHHYN® nNnagKy 06e3 3HaYMTeNbHHX paspyueHwnit. Ynpouwewue okaToued
(Cnekanne 4acTuy B NPOYHYND TFpakyny) NPOUCXOAUT NPEUNyLECTBEHHO NyTen Toepaodas-
Horo (6e3 yyacTua XMAKOH Gas3s) cnekawns. TBepgohasnHoe cnekaHue HayuHaeTcs npu
Tennepatypax 800 °C — 900 °C. Kupgkoba3Hoe cneKkaHue HayuHaeTca npu Tewnepatypax
1200 ° C— 1350 °C, B 3aBUCHNOCTH OT WHHEPANOTrMHYECKOTO COCTABA XKENE3OPYAHOTO KOH-
LeHTpaTa M COQepXanus dnucoynpoyrHanLux f06aBoK.

Mpu 370N B OTAUYME OT arnomepauuh Henb3d LOBOAUTL NpoLecc fo nepexopfa 3Ha-
YUTENbHON YacTh UMXTH B KUAKOE COCTOAHME. ECAU He OTpPAaHWYMTL BEPXHUIl npefen Tew-
nepatyps (1320 ° C— 1350 °C), To npon3ofigeT onnasneHne oKkatTuued u cBapuBaHnie ux
BKpynHse rnubs. B TO Xxe Bpews nNOHWAXeHwe Tewunepatyps obxura wuxe 1200 °C —
1250 °C npuBOAUT KNOKUKEHUND NPOYHOCTH OKaThUeEd.

30HA OXNaKpeHWs NpefHas3nayeHa ANA OXNAKZeHMA oKkaToued Jo TeunepaTyps ne-
Hee 150 °C.
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AdpdpekTMBHOCTL paboThl 30HbLI OXNaXAEHWUS ONPEeAEnsSeTCA KONMMYECTBOM U TeMnepa-
TypOW BO3/lyxa, NpOocackbiBAEMOro Yepe3s CroW, yCNoBUSMM TENNooOMeHa MexXay BO3LYXOM U
okaTbiwamMn. [Ana AOMONHUTENBHOMO OXNEKAEHUA OKaTbILIE B XBOCTOBbIX YacCTAX OGXMro-
BbIX MaLUWH YCTaHOBMEHbI ByHKEPbI — OXNaAUTENW, B KOTOPbIX MPOU3BOAUTCA JOOXNaXae-
HWe 1 BblpaBHMBaHWE TEMMNEpaTypbl OKaTbILLEN.

2.4.5.1 ®DU3nKO-XMMHUYECKHEe Npouecchl, NpoTeKalowme npyu TepMmnUecKon
obpaboTke okaTbiwen

B 30He cyLuku npotekaeT pmanyeckuin NpoLEece yaaneHus Briarm us okartbieni. Mexa-
HM3M MpoLecca CyLIKW B MEPBYI0 Ovepefb ONPEeAenifeTcs CBA3bI0 BrarM C marepuanom.
CsAsb Brarm € marepvanom MoxeT ObiTb xumuyeckas, (uUanKo-xummyeckas, OU3nKo-
MeXxaHu4eckas!.

Mpouecc TEPMUYECKOM CYLUKM — 3TO CIOXHbIN Tennodusnyeckin 1  ¢usmko-
XUMUHECKNIA MPOLECC, B KOTOPOM MPOUCXOAUT TEMIO- M MaccoobMeH Mexay NOBEPXHOCTLIO
oKatbIWa n OKpyxXaroLlen rasoomn cpegon. Cyliky MOXHO NpeacTasuTe B BUAS ABYX OCHOB-
HbIX MPOLECCOB: NepeHoca Tenmna u Bnarm BHYTPU MaTepuana K NOBepxXHOCTU UCNapeHus 1
nepeHoca Macchl BellecTBa (napa) ¢ NOBEPXHOCTM MaTepuana B okpyxatowlyo cpeay. JaH-
HbIA NPOLIECC MPOTEeKaeT BCMEACTBUE PasHOCTVN AABMEHWA BOASHBLIX MApOB y NOBEPXHOCTH
oKaTbIlwa 1 B MOTOKE TEMMOHOCUTENS, a TakKe PasHOCTU TeMnepaTtyp y NOBEPXHOCTU U BHYT-
pv Matepuana.

Mpouecc nepeHoca Briarv BHYTPU MaTepuana onpeaenaeTcsa ero nopucTocTso, hop-
MOW CBSI3W BNaru C TBEPLAbIM BELLECTBOM U TENNOPUINHECKUMUN XapaKTepucTukamm. BHyTpu
BMNaXXHOro Matepuana Boga NepemMeLLaeTcs B BUAE XMAKOCTM (NO4 ASNCTBUEM KanNUNNAPHBIX
N OCMOTUYECKNX CUn) W napa (noa ennsHneM anddyaHbix cun).

B npouecce cyLku yaanseTca TONbKO Bnara, cBA3aHHas ¢ MarepuanomM MexaHU4eckn
N DOUINKO-XMMUHECKN.

Xummyeckas Bnara unm pasnoxeHne rmapatos, NPOUCXOAWT, KaK NPaBuno, B 30HE Ha-
rpeea npu AOCTUXEHUM TEMNEpaTypbl, XapakTepHON ANA KOHKPETHOrO rmapara, Hanpyumep
pasnoXxeHue rugpokcumaa kanbums (ralleHoW W3BECTU) HauMHaeTCa npu Temnepartype
580 °C, Toraa kak pasnoxeHue rmgpokcuaa MarHua MOXeT NPOUCXOAUTL B 30HE CYLLKW Npu
TemnepaTtype 350 °C, ecnv OH NpUcyTCTBYET B WNXTE. MOHTMOPUNNOHWT, CoaepXaLummnca
B GeHToHUTax, — AlsMg[Sis010](OH)2nH20 moxeT yaepxusaTtb Bogy fo 800 °C — 1000 °C.

B 30He HarpeBa npoTekaeT psa XMMUYECKUX PeakLuii B 3aBUCUMOCTU OT JOCTUraeMomn
TemnepaTtypbl Harpeea martepuana v KOHLEHTPaLMN XMMUYECKUX KOMNOHEHTOB. Mpn Temne-
paTypax Hwke 800 °C B 3aBMCMMOCTW OT COCTaBa 1 KONNYECTBa NyCTON NOPOALI B LUMXTE MO-
ryT NpoTekaTb CreayroLLmne peakumu:

2Fe0 + SiO2 — FesSiO4
2Fe304 + 1/202 — 3Fex03
MgCO3; — MgO + CO,
Ca0 + Si0; — CaSiO;
2Ca0 + Si02 — CasSiO4
MgO + SiO; — MgSiO;
2MgO + SiO2 — M@»SiO4
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2MnO + Si02 — Mn3Si04
4FeS, + 1102 — 2Fex03 + 8802
MpW noBbILEHN TemnepaTypsl Harpesa Bbie 800 °C po 1100°C MOMMMO BbiLLe
NPVBEAEHHLIX Peakumii MOryT NPOUCXOANUTb cnegyrowme xummyeckme B3ammoaencTensa Kom-
MOHEHTOB LUNXTbI:
Ca0 + Fe 03 — CaFez0,4
2Ca0 + Fe;03 — CaxFexOs
MgO + Fe,03 — MgFe;04
MnO + Fe203 — MnFez04
CaCOs — Ca0 + CO2
4FeS + 702 — 2Fex03 + 4502;

Mpu Harpese Bbile 1100 °C 06pa3ytoTCA HOBbIE MUHEparnkHbIE COCTaBnsoLe cuc-
TEMbI, MPOUCXOAUT B3aUMHOE crekaHve OTAeNbHbIX YacTuu, obpasytoTca xuakve gasbl ner-
KOMnaBKMX 3BTEKTUK. MpoucxoanT ynpodYHeHNe okarbilla.

CnekaH1e peanuayeTcs nocpeacTsoM TeepaodasHon Anddysun, pesynsTaTom 3Toro
npoLecca SBRSIETCH ycaaka U yMeHbLLEHWE MOPUCTOCTK okaTbilua. C NosiBneHmem Xuakon
hasbl MPOUCXOAUT CMaYMBaHWE pacnnaBoM KOHTaKTUPYHOWMX NMOBEPXHOCTEN MUHEPATbHbBIX
3epeH BHYTPU oKaTbILLa, MPOUCXOAUT XUAKOa3HOe criekaHue.

PesynbTatoMm npoTekaHusi U3KO-XMMUHECKMX NpoLecCoB npu TepMuueckon obpa-
BOoTKe oKaTbILLEN ABMSETCA MX NPOYHOCTb Ha cxartue, yaap 1 uctmpaHue.

Kpome Toro, B 30He ofura MPOTEKAKT peakuuy PasmokeHus CynbgatoB MarHus
(1200 °C) n kanbuma (1300 °C).

CaS0, — Ca0 + SOz + 0,502
2CaS04 + Si0; — CaZSiO4 + 2802 + 02,
CaS0, + Fe;03 — Ca(Fe02)2 + SO2 + 0,502
MgSO4 — MgO + SO + 0,502

JIns nonyyeHna OAHOPOAHBIX MO MPOYHOCTU U MOPUCTOCTU OKAaTbIEW, a Takke CHU-
XEHUA UX paspyLlaemMOoCTV MPW BOCCTaHOBMNEHWN CMON HeOBX0AUMO HarpesaTb Ha BCHO rny-
6vHy 4O AOHHOM NOCTENMU.

Mpouecc oBxura NONHOCTLIO 3aBEPLIAETCS B 30HE peKynepauuu, rae HWKHWA ropu-
30HT CIOsi OKaTbILLEN NPOrpeBaeTca A0 TeMNepaTypbl 30Hb! 06XVra 3a cHeT nepeHoca akKy-
MYTMPOBaHHOIO BEPXOM CIOs TeMNna K rpaHuLe «okaTbium — noctenby». MNpu aTom nponcxo-
LVT OXNaxaeHne Bepxa Crosi, Tak Kak B CMOW NOLaeTCA TEMNOHOCUTENb U3 30HbI OXMaxae-
HMA 1. OKaTbILLM HW3a Cros NpUobpeTaroT HEOOXoAMMYIO MPOYHOCTL 1 MaccoByto foso FeO.
Temneparypa HWKHUX TOPU3OHTOB CIOSA MPW 3TOM JOJDKHA NPUBMMKXATECS K 3HAYEHNAM Tem-
nepatypbl Hag cnoem B 3oHe obxura. KOHTponb Haj CTeneHbio nporpesa HWWKHUX ropusoH-
TOB CMNOSi AO/MKEH OCYLIECTBMATLCA MO TemrepaTtype OTXOAAWMX ra3oB B BaKyyM-Kamepax
30HbI peKynepaumm n NoAAEPKMBATLCA B COOTBETCTBUMN C YCTAHOBMEHHBLIM PEXVMOM TEPMO-
o6paboTku.

OxnaxpeHne okaTbllLel, Kak npaBuno, NPOU3BOAUTCS B 30HaX OXNaxaeHUa oBxuro-
BOW MaLLWHbI, A TAIOKE MOXET OXNaKAATHCA B NPUCTPOEHHbIX K MaLUMHE XONoANNbHUKaX.
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2.4.5.2 YCTpONCTBO 06GXMUTrOBOI MaLlUHbI

B HacToslee Bpems A1 0OXura okaTtbilei yale BCEro NpUMeHSOTCS O6XUroBble
KOHBeliepHble MaluuHbl. Bbiio paspaboTaHO HECKOMbKO TUMOB KOHBEWEPHbIX MalluuH, pasnu-
YalLWMXCS LIMPUHON OGXWIOBbIX TENEXEeK, ANHOW, PacrnofioXXeHMeM ropesok, cnocobamu
CXKWUraHusi TONAMBa U pekynepauuy Tenna, KOHCTPYKUMeR nepeTovyHOro KOMIekTopa, Crnoco-
60M oxnaxgeHus (cm. Tabnuuy 2.8).

Mpouecc TennoBoii 06paboTkM oOKaTbllleli Ha KOHBENepHO MaluvHe 3ak4vaeTtcs
B MOCTENEHHOM KX HarpeBe [0 3a[aHHOi TemnepaTtypbl ¥ nocneayowem oxnaxaeHun. Ons
3TOr0 oKaTbilK, a Takke MOCTe/lb PaBHOMEPHO YKNaAblBAlOT Ha KOJIOCHUKOBbIE TE/IEXKM
(cm. pucyHok 2.19), obpasytowme NeHTy KoHBeliepa, HenpepbiBHO ABWXKYLLYIOCS MO 3aMKHY-
TbIM HanpaBASOLLMM.

1 — HWXHASA Hecywasa YacTb; 2 — 60opTa; 3 — KOSIOCHUKY;
4 — oTnMBKN BOKOBbIE; 5 — X00BblE POSIMKN; 6 — rPy30Bble POSIVKM;
7 — nnacTvHa ropusoHTanbHas

PucyHok 2.19 — O6xurosasi Tefiexka
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Tabnuya 2.8 — OCHOBHbIE TEXHNYECKNE NapaMeTPbl M TEXHONOMMYECKMUE rnokasaTeny 4encTBy WX 06XKMroBbIX MaLUvH

Tun oGXXUroBoW MaLLMHbI
HaumeHoBaHue nokasarens
OK-108 OK-228 OK-306 OK-520 OK-592 OK-520 J1-480 0-768
Pa6ouas nrowanb MauHbl, M° 108 228 306 520 592 520 480 768
BbicoTa cros CbipbIX OKaTbILLER, MM 300 330 320 325 420 430 310
ocuTenbHa -
KOMTHO " UTEIEHAs noLLaAkL 30 cyll 17,2 10,5 228 20,0 243 224 15,0 18,7
OtHocMTeneHas nolaas 3osl Ha- | -, 5 316 17,1 15,4 10,8 15,0 225 18,7
rpeea, %
OTHOC:ITeJ'IbHaH nnowaab 30HbI 06- 207 26.3 143 12,3 16.2 15.0 20 220
xura, %
OTHOCI/ITerIb:iaH nroLaab 30HbI pe- 6.9 79 8.6 6,15 8.2 9.0 75 6.3
Kynepauun, %
OrHocuTeneHas nnoLyage 30K ox- 31,0 237 37.1 4615 405 386 35,0 345
naxgeHus, %
MokasaTeny Npu NPoV3BOACTBE HEOMIIOCOBAHHBIX OKaTbILLEN
:’l‘(‘j’;ﬂ';;'a” MPOUSBOAUTENLHOCTE, 0,875 0,855 0976 | 12875 | 1,066 0,913
- 3
YaoenbHbIi pacxog rasa, Mo/t 145 145 11,84 9,52 10,0 HeTt paH
HbIX
YoenbHbIA pacxog 3NeKTposHeprm HeTt pan- He npu- Mycxo-
A pacxoa POSHEPTM, | 324 29,0 39,951 | 34,98 36,0 MeHsieTcs | Hanaaka
KBT-u/T HbIX
[ d _ _
YaenbHbI pacxos Bogbl, M°/T Het pan- | Het paH 28 8,32 8.4 HeTt pan
HbIX HbIX HbIX
Bpems TepmoobpaboTtin, MUH 39,5 425 35,17 35,3 38 453
MokasaTenu npy NPOU3BOACTBE OIIOCOBAHHBIX OKaTbILLIEN
YaenbHas nponssoauTensHOCTb, He npu- He npu- 085 115 He npu- He npu- 10
/(4 M) MEHSIeTCs | MeHaeTcsa ' ' MeHsieTcs | MeHsieTca '
YnenbHeIl pacxon rasa, Mo/T 13,85 13,78 9.4
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OkoHYaHuUe mabnuupi 2.8

HaumeHoBaHue nokasarens

Tun 06>KUroBOM MaLLVHbI

OK-108 OK-228 OK-306 OK-520 OK-592 OK-520 J1-480 0O-768
YrenbHbI pacxof aneKTposHepriu, 478 38.84 39.9
KBT-u/T
YaenbHbI pacxog, Bogbl, M 2,8 8,16 0,326
YrenbHbI pacxof CKaToro Bo3ayxa, HeT nam-
M7 (ans J1-480 yuTeHbl 3aTpaThbl Ha 2,56 H:llx 22,3
NMHEBMOTPAHCMOPT W PUNbLTPaLMIO)
Bpems TepmoobpaboTkn, MUH 378 He:b;IlXaH- 40,0
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M3 Bcex netanel oGXUroBOM TENEXKN KONMOCHMKN UCMbITLIBAKOT BO3eNCTBNE Hanbo-
nee BbICOKNX TeMMNeparyp, NO3TOMy UX M3roTaBMMBalOT U3 BbICOKONErMPOBaHHbIX MaTepura-
OB UK YyryHa.

Hap pabouel BeTBbIO NEHTHI OOXKMIOBLIX TEMEXEK C OKaTbIaMM pacnonoXeHo neY-
HOe npocTpaHcTBo, 06pasoBaHHOE ropHammK K konnakamu, a nog paboden BETBbIO KOHBEWE-
pa — rasoBO3AyLUHbIE KAaMEpbI, CryXallue AN Npococa U NpofyBa rasoB W BO3fyxa yepes
CMOWV OKaTbILLEN.

Tenexkn ¢ okaTbIamm NocnegoBaTesibHO NPOXOAAT BCE TEXHOMNOMMYECKNE 30HbI 00-
KWUroBOW MalluHbI.

OGxMroBble TENEXKN ABUraroTCs MOL FOPHOM MO penbcaM, NepeBopaqvnBatoTcs Ha
pasrpyske, BbICbINas 0BONOKEHHbIE OKaTbIWM B ByHKEP, 1 MO XONOCTON BETBU, PACMONOXEH-
HOW nop pabouen BETKOW, BO3BPALLAKOTCS B FONIOBHYIO YacTb Ha 3arpysky.

opH nNpefcTaBnseT METaNMYECcKUn KOXyX, PyTepoBaHHbIA U3HYTPU OrHEYNMOPHbLIM U
TEennoM3onAUMOHHBIM MaTtepuanom. Mo anvHe ropH pasaeneH Ha oTAenbHble TEXHOMOorMYe-
CKMEe 30HbI. B BOKOBBIX CTEHKaxX ropHa yCTaHOBIEHb! rOPEnoYHbIE YCTPOUCTBA ANA Monyye-
HUS OMpefeneHHoro KOnMMYecTBa TEMnOHOCUTENs C 3ajaHHOM TemnepaTtypolr. [openku
B 30HEe OXNaXAEHWNS NCMOMb3YHOTCH NPU CyLLKE PyTEPOBKM 1 pasorpese 0GKWUroBON MalluHbI
nocne OCTaHOBKM.

Moz oBXMroBeIMM TENEXKAMN PACTIONOXKEHbI ra30BO3YLLUHbIE KaMEpPbl, CO8ANHEHHbIE
naTpybkamm C KonnekTopamu.

MonepeyHble Neperopofkn B ropHe MallMHbl yCTaHaBNMBaoT MEXAY 30HaMU Harpesa
n obxura, obxura n pekynepaumm n oxnaxaeHns 1 n 2. Ha mawmnHe ycTaHOBNEHbI TEXHOMO-
TMYECKMEe BEHTUNSATOPBI AN 06eCNeYeHNs ABWWKEHNS ra3oBbIX MOTOKOB NO 30HaM 0GXMroBown
MaLLUMHbl Yepes Cron okaTbilwen. bineoyncTka rasoB NPeaycMOTPEHa HE TOSLKO ANs ra3o-
BbIX NOTOKOB, cOpachbiBaeMbIX B AbIMOBYIO TPyDy, HO U ANS peuypKyrnMpyeMbIX MOTOKOB Ter-
NOHOCUTENS, NofaBaeMbIX B 30HY CyLLKM (Cylika 1, 2), n BO3ayxa U3 30H OXNaKAEHUS.

2.4.5.3 TennoBble cXxeMbl 0GXUIroBbIX MallUH

KayecTBeHHblE MOKa3aTenM roTOBbIX XENe3opyAHbIX OKaTbillen OnpefensloTca He
TOMBKO COCTaBOM LUMXTOBbLIX Marepuanos, HO U TeMreparypHO-BPEMEHHBIM PEXUMOM Tep-
MUr4ecKkon o6paboTkM, KOTOpLIN onpeaenseTcs paboTon OGKUroBOW MalLMHbI, €€ TEMIOBON
CXEMOW.

OcobeHHOCTE 0BXUIoBbLIX MaLUMH KOHBEMEPHOro TUMa 3akIio4aeTca B pasnuuum Ten-
noBbIX cxeM. Tennoeas cxema OGKWUroBON MaluMHbI yYTbIBAET pacnpefeneHve pabouer
nnowaamM MallumHbl MO TEXHONOMMYECKUM 30HaM M CUCTEMy obecneyeHnst 3TMx 30H Heobxo-
AVMMbBIM U OCTATOYHbIM KONIMYECTBOM TEMNJIO- U XNaAareHToB C 3afjaHHON TeMnepaTypon Ang
KOHKPETHbIX YCIOBUI NPOU3BOACTBA U TpeBoBaHWI K Ka4ecTBY rOTOBOW NPOAYKLUM.

TennoBasi cxeMa 0GXMroBOM MalUWHbI ONpPeAenseT HanpasneHne nepemeLLeHns ra-
30BbIX MOTOKOB: MoAayy B OTAEMbHbIE 30HBI MalLMHBLI HEOBXOANMOTO KONMMYeCcTBa TENMOHO-
CUTENSA UMK XNajareHTa, a Ha ropenku — BTOPUYHOrO BO3[YXa; OTCOC HU3KO- N BbICOKOTEM-
nepaTypHOro NOTOKOB rasoB U3 BakyyM-kamep 1 Heobxoaumyto acnvpaumio pabouunx nnowa-
AOK. ®YHKUMOHUPOBAHUE TEMNMOBON CXEMbl OCYLLECTBNAETCA MyTEM NEpPEMELLEHNS NOTOKOB
Mo OTAErbHbIM rasoBbIM TPaKTaM.

Tennosas cxema BKIOYaeT B Ce0SA: BEHTUNATOPbI M AbIMOCOCHI ANA Nofaqn Bo3ayxa
W TPaHCMNOPTUPOBKW rasoB; NEPETOYHYIO CUCTEMY AN Nepeaayn HarpeToro B 30He oxnaxae-
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HWUA BO3JYXa; ropenoyHble YyCTPOMUCTBA; ra3o0unMcTHoe 0b0opyaoBaHMe; ra3oxoabl; APOCCESb-
Hble 3acCfOoHKWU ANA PerynupoBaHua pacxofa Bo3gyxa M TEnnoHOCUTENSN, NoaaBaemoro
B KOHKPETHYHO TEXHONOMMYECKYHO 30HY MaLUMHbBI UMK y4aCcTOK Fa3oxofHON CUCTEMBI.

OcHoBHoOW 32a4ell TENNOBON CxeMbl SIBNSIETCS peanuaauus HeoOxoauMoro pexmuma
TepmoobpaboTkM Ana nonyyeHus Tpebyemoro KonmuuectBa OBOMNCKEHHbIX OKaTbIEW C 3a-
AaHHbIM ka4ecTBOM. OUeBMAHO, YTO OT TEMNMOBOW CXeMbl U OTAEMbHbIX €€ 3neMeHToB ByayT
3aBUCETb M OCHOBHbIE MoKasaTenu 3ddeKTUBHOCTM NPOM3BOACTBa 0B0XOKEHHBIX OKaTbILLEN:
yAenbHas NPou3BOAUTENLHOCTb, YAEMbHBIA PAcxXof, 3HEProHOCUTENEN, COCTaB U KONUYECTBO
rasos, cOpacbiBaeMbix B aTmocdepy.

OcHOBHbIE TEnnoBble CXEMbl OOXUIOBbIX MalIMH NPeACTaBneHbl Ha pucyHkax 2.20—
2.26.

/- \L
N i HATPEB OBRIT FERVIT ] OXIARIEAVE |
n-18 CZ) o[ T2]s]a]5|5] 78] n]w=]=[]s]e]17 13|19|20|21|22A|%§|5|EW

Bopos ATY | | | | |
“‘_ ! H-6500 BM-160/850
|—— b rA-20
- \ 4 ra-20
3

PucyHok 2.20 — Tennoeas cxema aencraytoLent OK-108

86



NTC 25-2017

PrcyHok 2.21 — TeryioBas cxema AelCTBYHLEN MOAepHU3MpoBaHHO OK-228

PrcyHOK 2.22 — Cxema ra30BbX MOTOKOB 0OXUIroBO MalwmHbl OK-306
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PucyHoK 2.23— TernioBas cxema OK-520

PycyHOK 2.24— Cxema rasoBblX NOTOKOB OOXMIOBOIA MallWHbI
MOK-1-592M
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PrcyHOK 2.25— Cxema ra3oBblX NMOTOKOB 0GXMIOBOI MalwmHbl J1-480

PrcyHOK 2.26— Cxema rasoBblX NMOTOKOB OGXMIMOBOM MallHbl 0-768
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2.45.4 TopenoyHble ycTpolicTBa

OGXUroBble KOHBEWEpHble MalluHbl 41 NPOU3BOACTBA XENe30PYAHbIX OKaTbILen,
UMEIOT 3HaUYUTE/IbHblE MEePETOKU BTOPUYHOIO BO3AyXa W3 30H OX/TXAEHUA B 30HbI TOpHa U
Harpesa. Kpome TOro, nogorpetbiii BO34yX MCNOJIb3yeTCA B kKayecTBe BO3Ayxa, NojaBaemMoro
Ha ropesioyHble YCTpolicTBa. [OpenoyHble YCTPONCTBa ABASOTCA HEOTHEM/IEMON YacTbio
ropHa n paboTaloT COBMeCTHO C chopkamepoli, B KOTOPYI M3 NEpPeTOYHOro KonnekTopa mno-
AaeTcsl Bo3fyx Cc TemnepaTypoii oT 800 °C go 1200 °C (CM. pUCYHOK 2.27).

["OpH MaLLMHbI

dop-Kamepa

["openoyHoe
YCTPOIACTBO

PrcyHok 2.27 — lMonepeyHoe ceyeHne ropHa 06XMroBoii MallmnHbI

Buapbl ropenok, NpUMeHsieMbIX Ha 06XUIroBbIX MalLVHaX:

- VHXXEKLIMOHHbIE TOPESIKU FTOPHOB O6GXWIOBbIX MALLVH;

- BUXPEBbIE TOPESIKY;

- BUXpEBbIE Ta30MasyTHbIe rOpesiky;

- KOMBVHVPOBAaHHbIE TOPESKY;

- TOPeNkKN ANs CKUraHusl rasa B Crioe.

B 3aBMCMMOCTU OT 3(PPEKTUBHOCTM PabOTbl TOPE/IOYHOT0 YCTPOKCTBA W3MeHsieTcs
cOCTaB [bIMOBbLIX ra3oB, c6packliBaeMbix B atMoctepy. Hanbonee npeanoytuTesibHbl Moge-
Ny, obecneuynBaiolLe MOSIHOE CXWUraHue ropryMx KOMMOHEHTOB, 6e3 06pa3oBaHuUs OKCUAOB
asota.

B nocnepaHue rofpl BbICOKYIO MONY/ISIPHOCTb 3aBOEBA/IN WHXEKLMOHHbLIE TOPESKUA W TO-
penoyHble YCTPOICTBa ¢ ABYXCTyNneHuaToli nogavein Bosayxa.
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2.4.5.5 XonoaunbHUKN

Pexxum oxnaxaeHus okaTbilel ABMAETCA OYeHb BaXKHbIM (DakTOPOM, BAUSIOLMM Ha
CBOWCTBA OKaTblILEN, KOHCTPYKLMIO U MPOM3BOANUTENBHOCT 060pyAOBaHMS, NPUMEHSEMOrO
anst obxura. C TOUKM 3peHMs MakCUMaribHOW NMpPOM3BOAUTENBHOCTM Bonee BbIrOAHON ABMS-
€TCS BbICOKas CKOPOCTb OXNaXLEHUS, MPUYEM 3Tan OXNaXKAeHUs1 OKaTbILIEN He ABNAETCA Or-
paHUYMBaKOLMM 3BEHOM TexHomornyeckoro Luukna. OfHaKo Mpu BbICOKOW CKOPOCTWU OXNaXx-
[EHVS CBOMCTBA NMpoayKkTa yxynwatotes. MpoTBOpeYMBOCTL STUX ABYX CNeacTBui Tpebyet
ornpeaeneHns onTMManbHOM CKOPOCTU OXMaXAEHUS, NMPU KOTOPOKr 060pyaoBaHNe gns 0OXu-
ra OyAeT NPOM3BOAUTL KaYeCTBEHHbIE OKaTbILM MPU OAHOBPEMEHHOW BbICOKOW MPOU3BOAU-
TEnbHOCTW.

HanBonbluyto NpOYHOCTL MNPV pasfaBnvBaHMN MMEKT OKaTbIWW, OXNaxAeHHble CO
ckopocTbto 70 °C/MuH — 80 °C/MuH. U3meHeHMe CKOPOCTU OXNaxAaeHus B UHTepBane
20 °C/mMyH — 100 °C/MUH COMPOBOXAANOCh HE3HAYUTENbHLIMA U3MEHEHUAMU MPOYHOCTU
oKaTbILWen Npu pa3fasnmnBaHnm.

MPUYMHOR CHKEHUS] MPOYHOCTU OKaTbIWEN, OXNaX[aembix ¢ GOMbLUON CKOPOCTLIO,
ABMSIETCA BO3HUKHOBEHME BHYTPEHHMX HAMPSPKEHWUNM, BbI3BAHHOE U3MEHEHWUSIMW CTPYKTYpb,
0 yeM 0BbI4HO CBUAETENLCTBYET U UBMEHEHUE NMOPUCTOCTU OKaTLILLEN.

Boay ans oxnaxaeHns okaTbiLLEN NPUMEHSATL HE PEKOMEHAYETCS.

30Ha oxnaxaeHus

30Ha oxnaxaeHus npegHasHadeHa Ans OXNaxAeHUsl OKaTbILLEN 40 TeMnepaTypbl Me-
Hee 160 °C. OxnaxaeHue npoucxoauT B aBe ctaguu. OxnaxaeHne ocylecTBRseTCA nyTemM
NpoJyBK1 aTMOCEpPHOro Bo3gyxa. 30Ha pasfeneHa Ha ABe CekLuu:

- 30Ha oxnaxaeHus 1, rae dopMUpyeTcs TENNOHOCUTENb — NEPETOYHbIA BO3AYX;

- 30Ha oxnaxaeHus 2, rae GopPMUPYETCS TENNOHOCUTENDb — BO3AYX FOPEHUSI 1 BO3AYX
oxnaxaeHus 1.

XnafareHToM A1 30H OXMaXAEHUS CRYXUT aTMOChepHbIn BO3LyX.

O pheKkTUBHOCTL PaboThl 30HbI OXNAKAEHWUA onpeaensieTcs KONMMYeCTBOM U Temnepa-
TYpOW BO3ayxa, NPOCackIBAeMOro Yepes Cnou, ycrnoeusammn TennoobmeHa Mmexay Bo3gyxom 1
oKaTbILamuy.

Pa3srpyska 060XKeHHOro npoaykTa npoussoautcs B OyHkep — BblpaBHUBATENb TEM-
nepaTypbl, Kyfa nogaetca aTMocgepHbI BO3ayX U NPOUCXOAUT AOOXMaXKAEHWE U BbIpaBHU-
BaHWe TeMnepaTypbl OKaTbILLIEN.

BbIHOCHLIE oxnaguTenu

CyLLecTByeT HECKOIBbKO BUL0B OXNaguTenen, Hanpumep:

- OXNaAUTENN C HEMOLABWKHBLIM CIOEM.

TakMm oxrnaguTenem sSBUNCS KaMEepHbIA BPAaLLAIOWMNCS KPYriibid OXNaauTenb, KoTo-
pbili pacnpocTpaHeH Ha 3apyBexHbix habpukax (CM. pUCyHOK 2.28).
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1 — ByHKep oxnaguTens; 2 — Xanan; 3 — HanpaenawLme BO3AYXa;
4 — flOHHas Kpbilwka; 5 — Bo3ayxoBof; 6 — OCEBOW BEHTUMATOP

PucyHok 2.28 — KamepHbIli oxnaguTens C 4yTbeM BO3AyXa CHU3Y

KamepHbI oxnaguTtens ¢ 4yTbem BO3ayXa CBEPXY NokKasaH Ha pUcyHke 2.29.

Al

1 — nyTbeBon BEHTUNATOP; 2 — ByHKep arnomepara; 3 — xantosu;
4 — [OHHaA KpbILKa; 5 — LieHTpanbHasn KorNoHka; 6 — 3arpyaka oxnagurtens

PucyHok 2.29 — KamepHbI 0xnaautens 4MCNepCcHOro Matepuana ¢ AyTbem
BO34YyXa CBepXy

KonbueBown oxnagurens

Konbueson oxnaautens yHKLMOHaNBHO @HANOrMYeH KONOCHMKOBOMY KOHBENepy, 3a
UCKITIOYEHNEM TOrO, YTO MMEET (hopMy KombLia. [opsuMe OKaTbiMv, BbIXOASLME U3 Meuu,
pacnpefensoTca B KOMbLEBOM OXNaguTene paBHOMEPHBIM Croem BbICoTON 750-800 Mm.
XonogHbIi atTMocepHbI BO3AYX HAarHETaeTCsl MO BOCXOASLLEH Yepes TpaHCnopTUpyoLme
3MEeMEeHTbI B CMOW oKaTbIllel (CM. pucyHok 2.30).
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PucyHok 2.30 — KonbLesow oxnaanTens

KonbLeBoln oxnagutens oBbMHO pasfeneH Ha HECKOMbKO 30H BO3AYLWHbIX kopobos
NOA COEM OKaTbILeH, Npy 3TOM OXNaKAAMOLWMIA BO3AYX NOJAETCA B K&KAYI0 30HY He3aBu-
CYMbIM BEHTUNATOPOM. [POCTPaHCTBO Haj, CroeM Takke pasfeneHo Ha COOTBETCTByHLLEee
KONMMYECTBO 30H, YTO MO3BOMSIET OCYLLECTBNATbL PALMOHANBLHYIO PeKynepaLmio HarpeTtoro
BO3AYyXa.

OxnaxaeHHble OKaTbILM BbIFPYXAOTCA Yepe3 pasrpy3oqHbii OyHkep oxnagurens
C perynmpyemMon CKopoCTbH Ha KOHBEEP KOHEYHOrO MPOAYKTa.

2.4.6 CopTupoBKa, cknagupoBaHue, TPaHCNOPTUPOBaHUe, OTFPy3Ka roToBbIX
060XKeHHbIX OKaTbIWen

CopTupoBka 060X¥0KEHHOro NPOAYKTA OCYLLECTBNAETCA METOAOM rpoxoyeHus. Ha rpo-
X0Tax MpoVCXOAUT pacnpedeneHne nNpogykTa Ha: Kracc KpynHOCTM meHee 5 MM (OTCeB Xe-
NEe30pyAHbIX OKaTbIWER), Kacc KPYNHOCTU MeHee 16 1 cBbiwe 5 MM (TOBapHbIe OKaTbIlWmK) U
knacc kpynHocTt Gonee 10 MM («noctenb»). OTaeneHne MenKoro Knacca okaTbIlen OT To-
BapHbIX MPOU3BOAMTCSA HE Ha BCEX OGXKMUIroBbIX MalLnHaX.

ToBapHble OKaTbILLW OTTPYXKAKTCH B XKENE3HOAOPOXHLIN TPaHCNOPT NOCPEACTBOM MO-
rPy304HbIX OYHKEPOB UMM KOHBEMEPHBLIMW TPakTaMu B CRefYyHOLLMA TEXHONOMMYECKUA nepe-
aen. B crnyyae HeoBXOAMMOCTWU OKaTbIWW MOTYT CKNagupoBaThbCs Ha CKMnage ¢ NMoMoLbH
wrabeneyknaguyvka.

2.4.7 BoponoarotoBka, 060poTHOe BOAOCHabeHue

OcHOBHbIMK NOTpebuTensMK Boabl Ha habprke OKOMKOBaHMUS ABMSIHOTCA OBXMUroBble
MallUMHbI, TAroayTbeBoe obopynoBaHWe, CUCTEMbl MACIOCMasky, rasoouucTHbIE M acnupa-
LMOHHbIE cucTeMbl. Bopa Takke necnone3yeTcs AN CMbIBa NPOCkINen ¢ OTMETOK, YGopK/ pa-
Oounx mecT. Mcnonb3yeTcsi TEXHUYECKass BOAA M3 cucTembl 0OOpPOTHOro BOJOCHaGKeHUA
npeanpusaTus.
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Cuctema BOAOOXNaXAEHNA OOXUrOBOM MalUVHbI MpeAycMaTpuBaeT NOABOA BOAbI
K BOAOOXMaKAAEMbIM OMOPHBLIM NIIMTaM rOpHa, cekumsiM GOPTOBOro yNsoTHEHWs, nonepey-
HbIM BOAOOXNaXAaeMbIM Gankam oT obLiel MarucTpanu BOASHOrO OXNaKAEHWUS MalLVHbI.
CnvB BOAbI OCYLLECTBIAETC Yepe3 CNMBHbIE BOPOHKM, COEAUMHEHHble TpyGamm ¢ MarncT-
pasbHbIM CIIMBHLIM TPYGOMPOBOAOM.

2.4.8 ObpaueHue ¢ aMUCCUAMU

O6xMroBble MallWHbI SABMSKOTCA OCHOBHBIMU UCTOYMHUKAMW BbIAENEeHUsA TEXHOMOornYe-
CKWUX ras3oB 1 MNbinu.

OT 06XMroBbIX MaLUMH AbIMOBBIE ra3bl Yepe3 cOOpPHbLIN KOMNEKTOp OTCAaChIBAKOTCS Abl-
MOCOCaMM 1 OYNLLEHHBIMUM BbIOpachiBaloTCs B AbIMOBYHO Tpyby. OuuncTka rasos, cbpacoiBae-
MbIX B aTMocdepy, OCyLLECTBNAETCS MOKPbIM cnocoBom B ycTaHoBkax «Tpyba BeHTypy —
ckpy6bep — kanneoTaenuTenb», B LMKNOHax. Ha coBpemeHHbIx drabpurkax OKOMKOBaHMWS
B KA4YeCTBE ra3004MCTHbIX YCTaHOBOK MPUMEHSIIOTCA SnekTpodunbTpel, obecneunBaroymne
3P PEKTMBHOCTL OYUCTKM ra3os OT Nbinn Ao 99,8 %.

[a3004MCTHbIE YCTPOWMCTBA NpefHasHaqeHbl AN OYUCTKA A0 CaHUTapHbLIX HOPM Bbl-
OpacbiBaeMbix B aTMocepy rasos, 3allMTbl POTOPOB AbIMOCOCOB OT abpasvBHOro usHoca
nbinblo. OTKMOYeHWe BOAbI, MOAABAEMOW Ha rasooyUCTHbIE YCTPOUCTBa, paboTtarowme no
MOKpomy crnocoBy, npu paboTtarowmx abiMococax He aonyckaeTtcs. OTkMoYeHe BOAbI MOX-
HO NPOU3BECTU TOMBKO NO ncteyeHum 20—30 MUH Nocne OCTaHOBKM AIMOCOCOB.

B uexax LUMXTONOArOTOBKW, HA NUHUAX U3MENbYEHUS KOMOBbLIX Marepuanos, a Takke
MpV A03MPOBAHUN U3MENBYEHHBIX MAaTepPUanoB ANA OYUCTKM OTXOASILLMX ra3oB NPUMEHSAIOT-
CA SMeKTPOMUNBTPDI, LUKIOHBI, pyKaBHble (unbTpbl. B kauecTBe acnmpaumoHHbIX YCTaHOBOK
MCMOSB3YHOT «MOKPbIE» LIMKNOHHbIE YCTaHoBKkN. Ha HekoTopbix habpukax eLle ncnonb3yerca
MOKpasi ra3oouMCTKa C MPUMEHEHEM YCTaHOBKM «Tpyba BeHTypuy — ckpybb6ep — kanneot-
penutenby. OgHaKo UCMOSb30BaAHNE MOKPOW rasoouUCTKA NMPUBOAUT K 3HAYUTENbHBIM TEX-
HOMOrMYECKNM NMOTEPSM N3MESNBYAEMOro Marepuana.

Lnambl abpukn OKOMKOBaHUS, Kak NpaBuno, CoaepXar fOCTaTOuHO BbICOKOE KOMu-
YyecTBO Xenesa — Gonee 60 %, NO3TOMy AaHHbLIN MaTepuan NGO BO3BpaLLAETCA B OTAENE-
Hne duneTpaumn dabpukn oboraieHus, NMBo B LUNXTY OKaTbILeR, NPV 3TOM PEeLMpPKYn-
PYIOLLMIA LWIaM MOXET NMPOXOAWUTL AOMOSNHUTENBHOE U3MenbyeHne, YTo Bonee npeanoyvTn-
TeneHo. OBo0LLeHHAs CXeMa PeLmMKuHra LWNamMoB NpeacTaBneHa Ha pucyHke 2.31.
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Bopaa ¢ xonoaunesHU-

ko OM

O6xuroseie mawumHbl POK |

A 4

HacocHasn

060poTHOrO

A\ 4

LUnambl, NPOMCTOKN

» BopocHabxe-

OcBeTneHHas soaa

Cnuvs

Cryctutens

> XBOCTOBOE XO3FUCTBO

l LWnam

LWapoBas menbH1La n3-
MesbYeHns

Mynbna

v

dunbTpoBanbHoOe oTae-

nexve O

A 4

A 4

$OK

B wunxTy okaTbIen

ToBapHbIN KOHLEH-
Tpar

PucyHok 2.31 — OBobLeHHas cxema ABwKeHUs wnamos dhabpuk

OKOMKOBaHUA

Tabnunuya 2.9 — OcHoBHOe 0b6opyaoBaHue

HaumeHoBaHmne
HasHaueHune obopyaosaHus Onwucanne
obopygpoBaHus
JpobneHve 1 nsmensyeHne
Opobunkn KOMOBbIX IMIMHUCTLIX Matepua- | MonoTkoBble, BankoBbIe

ioB

CywmnnbHbIn 6apabaH

CHWXeHNe MaccoBol 40NN
BNnaru B rMMHUCTbIX Matepua-
nax

BapabaHHoro Tnna

M3menbYyeHne KoMOBbIX FINHK-

MenbHWLpI LWapoBoro namens-

MenbHu1up! CTbIX Marepumanos o pasmepa
YeHus1, BepTUKarbHbIe

yactuy meHee 0,071 mm

CHwXeHWe maccoBon Jonm BakyymHble unbTpbl (TkaHe-
PunbTPbI Bnarv B KOHLEHTpaTe MeHee Bbl€, KEpamMmn4yeckume).

10 % Mpecc-punbTpbl

Mony4eHne WnxThbl 3agaHHoro | JleHToYHbIe, LWHEKoBbIE, ANC-
[Hosatopbl

cocTtaBa

KOBble
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OkoH4yaHue mabnuupi 2.9

pasmepos

HaumeHoBaHune
o6opya0BaAHYS HasHaueHue obopygoBaHus Onucanne
MepemMelmBaHme WnXTbI, PotopHble, 6apabaHHblie, UH-
Cmecutenm obecneyeHne ogHOPOAHOro TEHCUBHOIO NepeMeLLBaHUS,
cocTasa LUKXTbI LLIHEKOBbIE
dopmupoBaHue rpaHyn B Buge
OxkomkoBarenu LLIAPUKOB onpeaeneHHoro pas- |Yawwesble, 6apabaHHbie
Mepa
Knaccudpukaums cbipbix oka-
poxoT ThILLEN B 3ajaHHOM Anana3soHe | Ponukosbin

YKknaguvk cbipbIx okaTbl-
wen

Yknagka cbipbiX OKaTbILLEN Ha
0BXUroByl0 MaLUMHY

MasATHUKOBbLIN, YENHOYHOIO
TVNa, ponuKoBbIN (paboTaer B
KOMNNEKTE C BbllleyKasaHHbI-
MWn)

O6xuroeas MalLMHa KOH-

Tepmuueckasa obpaboTka oka-

Cm. Tabnuuy 2.8

cknage

BENepHOro Tuna ThILLEN C LENbIO YNPOYHEHUSA
OxnaxpaeHmne 000oXOKEHHbIX
Oxnagutenb okatbllwen A0 TemMnepaTypbl KonbueBown, nepeckIinHOro Tuna
Hwxe 150 °C
. TpaHcnopTUpoBaHMe CbipbIX U . .
KoHBeliep . JIeHTOouHbIN, NnacTMHYaThIn
0BOHOKEHHbBIX OKaTbILLEN
Knaccndpunkaums o60xeKkeHHbIX
poxot oKaTbILLen B 3aaaHHOM guana- | BubpaumoHHbIn
30HE pasMepoB
YknagKka roToBbIX OBOMOKEHHbBIX
o CTpenoBoro nnmn peBepcmBHO-
LLItaGeneyknagumk okaTbiwen B wrabenb Ha

0 YenHo4HOoro Tnna

PoTopHbI 3abopLuyuk

Meperpy3ka 060XKeHHbIX OKa-
ThiLLEeW CO CKnaga Ha KoHBele-

pbl

CTpen KOBOro nnm moctoBoro
Thna

[bIMOCOChI, BEHTUNATOPSLI

TpaHCcnopTUPOBaHME rasoBbIX
MOTOKOB

LleHTpobGexHoro Tvna

2.5 NMpoun3BoACTBO Xerne3a NPsiMoro BOCCTaHOBIEeHUS

2.5.1 Obwume ceegeHuns

B ocHoBe npou3BoACTBa METANMN30BAHHOIO NPOAYKTa MEXUT NpoLecc NpsMoro Boc-
cTaHoeneHua xenesa (MBXK), 3aknovarowmncs BO B3aMMOAENCTBMM MOTOKOB BOCCTaHOBU-
TENLHOro rasa v pyabl UNK okaTbILeRn, NPOUCXOAALLMIA Npu TemnepaTtype okorno 900 °C. Uc-
XOAHBIM CbIpbEM ANS MOMyYeHWs Kenes3a NpAMoro BOCCTAHOBIIEHWS B LWAXTHbIX Nevax sB-
NATCH 0doNIOCOBaHHBIE OKaTBLILLM C MACCOBOW Aonen xenesa 6onee 66,5 %.
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Mo cBOMM Ka4yeCTBEHHbIM XapaKTEPUCTMKaM XKeneso NpsMoro BOCCTaHOBMEHUS npe-
BOCXOAMUT YYryH U UCMONb3YETCA HA MHOTMX CTanennaBuUnbHbIX NPEANPUSTUSX MUpa Hapsaay
¢ nomom. OpHako, B OTNUYME OT METannMYecKoro noma, UCMonb3yHLErocs B HacTosiLee
BPEMS KaK OCHOBHOE CbIpb€ ANSA MOMyYeHUs CTanu B SreKTpocTanennaBumbHbIX nevax, Me-
TannmnsoBaHHbIN NPOAYKT SBNSETCS NEPBOPOAHLIM ChIPbEM, HE COAEPXKaLLMM NPUMEcH nna-
CTMacce 1 LUBETHbIX METaNMO0B, CyLLECTBEHHO YXYALLArOLLMX Ka4eCTBO CTanu.

Mpouecchl MeTanM3aLmMm B LLIAXTHBIX NeYax BO MHOTOM MOXOXW Ha NPoLEecChl, NpoTe-
KaroLme B LuaxTe JOMEHHbIX neYen B obnactn ymepeHHsix Temnepatyp. OfgHako nmeroTesa u
3HaYUTENbHbIE OTNNMYMA: B LUAXTHOW NEYM OTCYTCTBYET KOKC; BaXKHYIO POfb B NpoLieccax BoC-
CTaHOBIEHMSA OKCULOB Xernesa UrpaeT BoJoposa; BOCCTAHOBUTENbHBIN ras ABMAETCA €4UNHCT-
BEHHbIM UCTOYHMKOM Tenna, obecneynsaroLm BCce TennoBble NoTpebHOCTM npoLecca [5].

OcHOBHBIMM MpoLEecCamy, NPOTEKALWMMN B LLUAXTHOW MeYun, SBNSTCA TennoobmeH
MeXay rasoM-TEMMOHOCUTENEM W BOCCTaHaBNMBaEMbIM MarepuanoM, BOCCTaHOBMEHNE OK-
CULOB Xene3a U gMHaMNYECKOe B3aMMOLENCTBME MEXAY OMYCKalOWENCs LMXTOM U NogHW-
MaroLmmes rasoMm. Kpome Toro, Ha nokasaTtenu paboTbl LUAXTHOW NMeYn oKasbiBaroT BUSHUE
paspyLLeHne Xenes3opyaHbiXx MaTtepranos B NPOLECCe HarpeBa M BOCCTAHOBMNEHUS, Hayrne-
poXunBaHue 1 cnekaHmne rybyaToro xxenesa [6].

B munpoBon npaktuke nponasoactaa NBXX razoBbiMmn BOCCTaHOBUTENSIMM HanbonbLuee
pacnpoctpaHeHne nonyumna TtexHonorms MIDREX-60 %, TtexHonorma HYL/Energiron —
14 %, ocTtanbHoOe Konn4ecTBo (25,5 %) NpoM3BOAUTCA arperatamm NPAMOro BOCCTAHOBNEHNSA
Xenesa, OCHOBaHHbLIMW Ha UCMONb30BaHUA YINS UM MbINEYronbHON CMECU U APYrUX TEXHO-
normnyeckmx npoueccax (0,5 %).

B Poccuiickon depepaumm NpoMbILLNEHHbIE YCTAHOBKKU Mo npouseoacTey NBXXK pabo-
TaroT no asym texHonormam: MIDREX n HYL-IIl. Otnnumne sTux TexHonormn saknoyaeTcs
B MCMOIMNb30BaHNM PasnunyHbIX cnocoboB pedopMMPOBaHNS NMPUPOLHOrO rasa, OTNUHUTENb-
HbIX rasofMHaMUYEeCKNX WU TeMnepaTypHbiX pexumax paboTsl neyen, yto obycnaBnvBaeT
KOHCTPYKLIMOHHBIE PasnmMums Neyen u yCTaHOBOK B LIENOM.

Ob60obLeHHaa TexHonormyeckas cxema npousBOACTBA METannM30BaHHOIO MPOAYyKTa
npepcraeBneHa Ha pucyHke 2.32.
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Marepuan
NOKPbITUSA

Ob-NVNAHBHM bl C

oKaTu wum

IHie.Hu

PucyHok 2.32 — 06006LeHHasa TeXHOorMyeckasi Cxema npon3BoacTea
Xesnesa npsMoro BOCCTaHOB/EHNS

TexHonornyeckasa cxeva HYL-111 npeacTtaeneHa Ha pucyHke 2.33.
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PeunpKynmpyowmum
rOCCTAHOBMUTENbHbI ra3
Tpy6uaThblii N
N 3arpy3ouHblii GyHKep Komnpeccop
Konsenep OKWUC/IEHHbIX OKaTbllweii BOCCTaHOBK-
c dOK r

TEeNbHOIO rasa

1

Ab6copbep COr -

ycTaHoBKa Touka cmewnBaHnA

yhaneHua COa

AbimoBas
_1 Tpy6a
Konow Huk mmekynepaTop
KOBbIWA
ras
MpupoaHsbIi
ras
dypmeHHa?
30Ha .
BoccTaHOBUTENbHbIN ras
BawHa oxnaxaeHus
pnucopMupoBaHHoOr
MpupoaHbIn rasa
ras .
. Bapa6aHHblii
T=260°C
nosartop
MpupoaHbIi
MpomMexXyTo4YHble ras
O6yHKepa
BbITPY3KM
ByHkep - Fnsonnposoili pucopmep
pacnpegenutenb
BpukeT- npecca
Y3en oxnaxpeHus
6puKeToB -
BKOponxnmxanwwme
KOHBeliepbl
rpoxoT roToBbIl OTrpyska
MeTann30BaHHbIl noTpeéuTento
NPOAYKT Ha cknapg (k. K. +9Mm
+5MMm)
-5MM  MeTannusoBaHHaA -9 +5mM Bo3BparT B neub wim
Meno4vb Ha cknaj OTrpy3ka noTpeéuTesnto

PucyHok 2.33 — TexHonormyeckada cxema HYL-II

TexHonornvyeckas cxema MIDREX npepactasieHa Ha pucyHke 2.34.

OKMCNEHHblE

PucyHok 2.34 — TexHonormnyeckasa cxema MIDREX
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[lona xenesa, BOCCTAHOBNEHHOro A0 Metannuyeckoro, a-Fe (FesC), %, HasbiBaeTcA
CTEeMNeHbI0 MeTannusauumn 1 ONPeaensieTcs kak OTHOLLEHWE Xenesa MeTannmnmyeckoro K xe-
nesy obwemy B DRI nnn HBI:

iE?."IE!T

M -100%

Fel}ﬁlll,

_ Féuwer

= Feoow 100 %,

roe M — cTeneHb Metannusaumm, %;

Feyer — X€nes3o MeTannnyeckoe, KoTopoe BKMoYaeT a-Fe n coegnHeHne xenesa C yr-
nepogom (FesC), %;

Feopu, — 0BLLEee xeneso B Kenese NPsMOro BOCCTAHOBMEHMS, SABNAIOWEECA CYMMOWN Xe-
nesa MeTannn4eckoro, xxenesa B Buge kapbuaa xenesa (FesC) n ocratodHoro
xenesa B Buae okmcnos, %.

B 3aBncuMOCTM OT cTeneHn MeTannusauum NpoaykT AenAT Ha npeaBapuTensHO BOC-
CTaHOBIEHHbIV MaTtepunan (pemMeTbl) 1 xeneso npamoro socctaHosneHnsa (DRI vnn HBI).

Ecnu ctenenb metannmsauum coctaenaet meHee 85 %, npoaykT asnaeTca npeasa-
PUTENBHO BOCCTAHOBMNEHHBIM, @ €CNY MeTannm3auma He meHee 85 %, Takon NPoayKT ABNS-
etca DRI (HBI).

BoccraHoBneHue:

CTeneHb BOCCTaHOBMEHUS MNPOAyKTa OMNpeAenseTca OTHOLEHWEM Kucnopopa, yaa-
NEHHOro U3 XXEeNe3HoW pyAbl UM OKaTbIWen, K NepBoHaYansHOMy KONUYECTBY, coaepXxalle-
MYCSl B UCXOLHOW KeNnesopyaHOU LLUMXTE:

Ozy,na.JIEHHLIi‘:

R = -100%

2 pexoaHEL

0o
= #& - 100 %,
2 mnex
rae R — cTeneHb BoccTaHOBMEHUS, %;
O2ys — KMCropog, yAaneHHbIN 13 XXene3opynHoW LWNXTbI (OKaTbien unm pyast), %;
O2 yex — KONUYECTBO KMUCIOPOoAa, CoAepXKaLLEerocs B UCXOAHOM xenesopyaHon wnxre, %.

2.5.2 du3nKo-xuMmunyeckue npoueccol, nporexKarowme npm Mmetannmsauuv B
WaxTHbIX neyax

[Mpouecc npAMOro BOCCTAHOBMEHUSA 3aKkNOYaeTCca B yAaneHuM Kucnopoga M3 OKUC-
NEHHbIX OKaTbILWEW NPV TeMNepaType HKE TOUKM NNaBneHns xxenesa, npyu 3ToM nony4yaeTcs
NPOAYKT C BbICOKUM COAEPKAHNEM METAaNNMYECKOro Xenesa, N3BECTHbIN KaK XXene3o npsmo-
ro socctaHosneHus (DRI).

Kncnopog ynansieTcs ¢ NoOMOLLBb0 BOCCTAHOBUTENBHOIO rasa, KoTOpbIA COCTOUT B OC-
HOBHOM M3 CMECU BOAOPOAA M OKeuaa yrnepoaa.

B npouecce npsaMoro BOCCTaHOBNEHMST OKUCIEHHBLIX OKaTbILLEN ra3oM MexXay TBEPAON
1 razoobpasHon paszamm NPOTEKAIOT reTEPOreHHbIE PeaKLmu.

a) Teeppas dasa
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OKWCIIEHHbIE OKaTbIWM HarpeBaloTCA A0 TEMMepaTypbl BOCCTAHOBMEHWS rOPSUYMM
BOCCTaHOBUTESbHLIM Fa30oM. YaneHne KUCNopoaa M3 oKaTbIlen OCYLeCTBNAETCS C NoMo-
LB XUMUYECKMX peakLuii C BOAOPOAOM M OKCUIOM yrrepoaa.

MexaHn3M BOCCTaHOBREHNS MOXHO NPEACTaBUTb NPUBEAEHHBIM HIKe CrocoBoMm.

LLlarn BOCCTaHOBNEHUS TBEPAbIX OKUCTEHHbIX OKATLILLEN:

Fe,O3 — Fe304 — FeO — Fe

BoccraHosneHve BogopoaomM

MonHas peakuus:

Fe 03 + 3Hz = 2Fe + 3H0

BoccraHoBneHve okcMaoM yrnepoaa

MonHas peakuus:

Fe,03 + 3CO = 2Fe + 3CO;,

BoccTaHoBNeHWE OKCMAOB XXenesa BOAOPOAOM ABMAETCHA SHAOTEPMUYECKUM NpoLec-
COM, @ BOCCTaHOBIEHME OKCUAOM Yrnepoaa — 3K30TEPMUYECKMM MPOLIECCOM.

HayrnepoxvBaHne oKCMAOM yriepoaa:

3Fe +2CO =Fe3C + CO2
2CO0=C +CO2
CO+H,=C+H0
HayrnepoxveaHve MeTaHoM:
3Fe + CHy = FesC + 2H2
CH4 =C+ 2H2

6) MNazoobpasHasn dasza

la3oobpasHasi hasa B nmpouecce NPSAMOro BOCCTAHOBNEHUA SIBNSETCH CMEChI0 He-
CKOJSbKWX rasoB, KOTOPble AOSDKHbI 00MagaTh BbICOKOW BOCCTAHOBUTENLHOM CMOCOGHOCTLIO,
OPYTMMM  CriOBamK, AOSDKHO ObiTb BbICOKOE COOTHOLIEHWE BOCCTAHOBUTENbHOW CMecu
K okucnuTensHom (6onee 85 %).

Ele oaHMM o4eHb BaxHbLIM acnekToM NpoLecca BOCCTaHOBNEHWs siBnsetcs pabovas
TemnepaTypa. BoccTaHoBUTENbHbIE rasbl JOIDKHBI MOAABaTLCA C BbICOKOW TemmepaTtypown,
YTObbI peakuym BOCCTaHOBNEHWUSA MOrNK BbiTb HE TONBKO TEPMOAUHAMNYECKN BO3MOXHbI, HO
Y KMHETWKa peakuui Bbina yaoBneTBopuUTeNIbHON.

B rasoobpasHon dase mMexay KOMNOHEHTaMy MOryT NPOU3ONTU HEKOTOpbIE peakLmK,
B 3aBUCUMOCTM OT TeMnepaTypbl, AaBneHua 1 cragum npouecca. OHWM MOryT MPOU3OUTH Ha
cTagmmn pedopMrHra, BO BpEMSA YaCTUYHOTO CropaHus, €Cfin OHO BKIHOYEHO B NpOoLEece, U BO
BpEMS BOCCTAHOBIEHUS.

B ocHoBHOM B rasoo6pa3sHou daze NPoxoasT CrneayoLmne peakuum.

Peakuus pedopmuHra:

CH4 + H20 =CO + 3H2
Peakuus BogsHOro rasa:
CO +H0 =Hx+CO2
B 3aBMCUMOCTM OT TEMMepaTypbl U 4aBMeHVS 3TU peakLmn MOoryT cTaTtb 06paTUMbIMK.
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npe,D,CTaBJ'IeHHI:Ie BbilLe XMMUYECKME peaKkLmn BOCCTaHOBMNEHUA NPOTEeKarT B LUaxXT-
HbIX Ne4vyax meTtanin3aumm He3aBMCMMO OT BUAa TEXHONOIrM4YeCcKoro npotecca.

2.5.3 TpeboBaHMA K UCXOQHOMY CbIPbIO

B cBs13M ¢ TeM UTO MpoLEeCcChl MeTanNnNM3aummM Npu NonyyYeHnn rybyaToro xenesa npo-
TeKaT Npu ymepeHHblx Temnepartypax (6e3 pacnnaBneHus), nycras nopoja v npumecu
B CXOAHOM CbIpb€ MOMHOCTBIO NEPEXOAAT B METANNM30BaHHbIM NPOAYKT. N3BECTHO, UTO CO-
JepXaHune xenesa 1 KACMoW NycToM Nopoabl B rybuaToM Xenese CyLeCTBEHHO BNUSIKOT Ha
CTOMMOCTb BbINIaBKM CTanu, pacxof, SNeKTPO3HeprnM And pacnnasneHnsa obpasyrolerocs
LUnaka, pacxof MU3BECTU, NoTepu xenesa co wnakoM. C aTux Nosvumii CopepaHune xenesa
JOIMKHO BbITb MakCUMarnbHbIM, @ COAEPXKaHME KPEMHE3EMa MUHVUMATTbHBIM.

PacuyeTbl 1 npakTvka npou3BOACTBa MOKasanu, YTO COoAepKaHue Xenesa B Xeneso-
PYAHbIX MaTepuanax xenareneHo MMETb B npegenax He meHee 66,7 %, a KonnM4ecTBO KUC-
NbIX OKCULOB HE AO/MKHO npeBbiwaTtb 3 % (B MeTannmMsoBaHHOM npogykte He bonee 5 %),
Tak Kak B MPOTMBHOM Crly4ae UCMonb3oBaHWe MeToaoB Be3goMEHHOro nNonyyYeHnsa metanna
CTaHOBUTCS 3KOHOMUYECKN HEBbLIFOLHbBIM.

[MpucyTCTBME B LUMXTOBBLIX Marepuanax OKCWAOB KanbUWA M MarHus MoBblIAeT KX
BOCCT@HOBUMOCTbE WU MPOYHOCTb MPU BOCCTaHOBUTENbLHO-TEMMOBON 0bpaboTke, yMeHbLuaeT
paspyLleHne 1 CKIOHHOCTb K CIUMaHWIo B MPOLEecce BOCCTAHOBMEHWUS, yIydllaeT yCroBus
HayrnepoxusaHua MBXX. MNpucyTcTBre LLEnoYHbIX OKCUAOB yXyALlaeT npouecc Hayrnepo-
XNBaHNSA BOCCTAHOBIIEHHOTO Xenesa.

O eKkTMBHOCTL NpoLiecca BOCCTAHOBMEHNS B ABWKYLLUEMCS CMOE B 3HAYUTENbHON
CTEMNEHN 3aBUCUT OT BbICOKOM rasonpoHMLaeMocT cTtonba LWnMXThl, CNOCOOCTBYHOLEN XOPO-
LIEMY KOHTaKTy rasoBov un TBepaon ¢as. Beicokas rasonpoHUL@eMoCTb LOCTUraeTcst npu
NPUMEHEHUN MaTepnarnos C y3KUM (OPakLMOHHbIM COCTaBOM M BbICOKOM NMPOYHOCTBIO Ha CXKa-
TNe 1 uctmpanmne. Tak, Ans WaxTHbIX Nevyern MetTannmsaumm Aons okatbiwen dpakyun 9,5—
16 mm gomkHa coctaenate 93 % — 95 %. [NpoYHOCTb OKaTbIWEW Ha CKaTue A0MMKHa Co-
ctaenate 250-300 kr/ok. LLunpokuin ananasoH sapunagnmn obbsacHAeTCs 0COBEHHOCTSIMU KOH-
KPETHOro TEXHONOMMYECKOro NPoLEecca, HanMymMeM B NeYn BHYTPEHHMX TONMKATENen, BbICOTON
ctonba WnxTbl (MOLLHOCTLIO neun). Kpome Toro, AaHHbIn NokasaTenb He BCeraa cornacyeTtcst
C MokasaTteriem «ropsyen» MpPOYHOCTU, KOTOPbIA ABNAETCA ONMPEeAensiownM AN LWaxXTHbIX
neyen metannusauun. o pesynstTatam UCMbITAHUA UCXOAHOMO Chbipbsi BO BpAaLLALLEMCS
GapabaHe gons dppakunn Gonee 6,35 MM AOMKHa COCTaBNSATb HE MeHee 95 %, gons dpak-
umm meHee 0,63 Mm — He 6onee 4 %.

MopucTocTb okaTbiwen gomkHas 6biTb He MeHee 20 %.

MeTannypruueckue xapakTepucTUKN UCXOOHOIO Xerne3opyaHoro Chipbs:

a) NHAEKC crnekaemocTH:

- npy 950 °C HenokpbITbie — He Bonee 30 %;

- nocne nokpbITua — He 6onee 45 %.

OnpenensaeT TEHAEHLMIO KYCKOB XENE3HOW pyAbl UMK KENe30pyAHbIX OKaTbILEN cre-
KaTbCsa 1 06pa3oBbIBaTb KPYMHbIE KOHINOMEpaTbl — CMeKW, a TakKe HanuMnaTtb Ha CTeHbl BOC-
CTaHOBUTEMBHOW NeYu.

CnekaemocTtb obycnaBnmBaeT cepbesHblie NpodrnemMbl, CBA3aHHbIE C MOTOKOM TBEpAbIX
Ten v rasa KaHanbHbIM XO40M B Croe, NPUBOASA K HeogHopoaHoMy kadvecTtsy DRI,
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6) nHaekc HabyxaemocTu:

- npu 800 °C — He Gonee 10 %;

- npu 950 °C — He 6onee 10 %.

Bo Bcex xeneaHbIx pyAax Npy BOCCTAHOBIMEHWUU MPOUCXOAAT U3MEHEHUs1 B oObeme,
Tak Kak B MONEKYJISIPHOW CTPYKTYpe MPOUCXOANAT KpucTannorpaduieckme UamMeHeHus1 B 3a-
BMCMMOCTIN OT PasnmyHbIX COCTOAHWIA BOCCTAHOBUTENLHOMO NpoLecca.

Pa3HocTb HayanbHOro M KOHeYHoro 06bLEMOB, OTHECEHHasi K HadanbHOMy OObemy,
HasBaHa UHAEKCOM HabyxaeMOCTH, BbIP@KAETCH B NPOLEHTAX U OTPaXaeT NPOLEHT U3MEHe-
HusA obbema.

fBneHne HabyxaeMmocTn HabniogaeTcs B Havane BOCCTAHOBUTENLHOIMO npolecca, A0
30 % — 40 % ypoBHS BOCCTaHOBMNEHMsi. Ha 3TOM ypoBHE BOCCTaHOBMEHMSI AOCTUraeTcst
MakcumanbHas cteneHb HabyxaeMoCTU, KOTopasi HAXOAUTCS B TAKOM COCTOSIHUM 10 TEX Mop,
noka BCe OKCMABI XKenesa, Coflepallmecs B UCXOAHOM Martepuvarne, He nepenayt B hopmy
BtocTuTa. [Nocne aToro HaunHaeTcs ycaaka obbema crosi, NPOAOIKAOLLAACH O OKOHYaHUs
BOCCTaHOBINEHWS,

B) HU3KOTEMMepaTypHOe paspyLUeHue:

- 500 °C; +6,3 MM — He MmeHee 88 %;

-500 °C; -3,2 MM — He 6onee 10 %.

OHo onpepenseTcs kak 06pasoBaHue Menoym B NpoLecce BOCCTAHOBIIEHNUS U BbI3Ba-
HO BOCCTaHOBUTESTbHLIMWN PeaKLMsIMU.

2.5.4 TpaHcnopTUpoOBKa UCXOOHOrO ChIpbs, €ro Knaccudukaums, nokpbiTue
nepen BOCCTaHOBNEHUEM

Cucrema of6opynoBaHUs TPaHCMOPTUPOBAHNS XKENe30pyAHOro Chipbs — ONoCcoBaH-
HbIX OKaTbILLEN (fanee — okaTbIlWW) NpefHa3Ha4YeHa ANs 3arpyskyM okaTbilen B nedb me-
Tannmsaumu.

OkaTbIM CUCTEMOW KOHBEMEPHBIX TPaKTOB nepenarTcs ¢ abpukn OKOMKOBAHWUS
B LieX MeTannmsauum 1 sarpyxartcs B ByHkepa CyTOYHOrO 3anaca, KoTopble HeobxoauMbl
Ans obecrneyeHns HEMPEpPbLIBHOM MOAAYN ChbipbA B MeYb B CNy4ae HEnnaHoBOW OCTaHOBKU
KOHBEMEepHOro TpakTa.

Bbirpyska okaTbiwen n3 ByHKepOB CYTOYHOrO 3anaca OCyLLeCTBNAETCA nocneaosa-
TENbHO Yepe3 BMOpaLWOHHbIE NMUTaTenw, rpoxoThl, BaBeluMBawome ByHkepa, B3BelLIVBalO-
LMe NEeHTOuYHbIE nuTaTenu. Ha rpoxotax NponcxoAuT OTCEB MENoYu — Krnacc MeHee 5 MM.
OTceB okaTbIWel HakannueaeTcsi B OyHkepe oTceBa, Mo Mepe 3anonHeHus ByHkepa npons-
BOAWTCS €ro BbIrpy3ka B aBTOMOGMBHBIA TPAHCMOPT, Aanee OTCEB BbIBO3UTCA Ha CKNaa,.

BseelunBatome GyHKepa U NEHTOYHBIE NUTATENW NpefHasHaYeHbl ANA perynuposa-
HUS MogaBaeMoW Harpysku Ha cOOpHbIN KOHBeWep, a 3ateM B neyb. Konuyectso nopasae-
MbIX OKaTbILIEN 3aBUCUT OT NPOU3BOAUTENBHOCTM YCTaHOBKM MeTanmsauun. COopHbIe KOH-
Belepbl cHabxeHbl MeTannoynaenueaTensMn ANA MNpefoTBPAaLEHUs NONafaHUa MEenkux
MeTannuyecknx npeametoB. Mexay cOOpHbIM KOHBEMEPOM U BepTUKanbHLIM KOHBENEPOM
nogayn okaTbilwen B nevb unu nepej atMocdepHbIM GyHKEpPOM pasMelLaloT yCTaHOBKM
OLEMEHTOBaHNA, NpeaHa3HaYeHHbIe ANA NOKPbITUSI OKaTbILLEN MHEPTHBIM MaTepuarnom ne-
pepn nogayen B nevb.
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B kayecTBe MHEPTHOro marepvana UCnornb3yT LEMEHT, MEN UIMU U3BECTHSIK B BUAE
BOAHOW cycneHauun. NnoTHocTb cycneHsumn Bapbupyetca ot 1,15 no 1,3 kr/n B 3aBucvmMocTun
OT NPUMEHAEMOro MaTtepmana n 0CoOOEeHHOCTEN TEXHONOrMYECKOro npoLecca.

MokpbITHE OoKaTbIWEN UHEPTHBIM MaTepuanoM npesoTepallaeT ux CrunaHue B KOHT-
nomepartbl. O6pasoBaHne CNekoB B NeYn MeTannmMsauum HapyllaeT npouecc BOCCTaHoBMe-
HWS 1 PaBHOMEPHbIN CXOA LUMXTbI, NPU BbICOKOW fone o6pas3oBaHUs CNEKOB MOXET NPOM3on-
TW OCTaHOBKa neyu.

2.5.5 OnucaHue neyen BOCCTaHOBIEHUA

LaxTHas neys meTannuaaumv SBRSETCH LEHTPanbHbIM ONOKOM YCTaHOBKU MPSIMOro
BoccTaHoBneHns. OkaTbiln TPaHCMOPTVPYIOTCH JIEHTOYHbIMK KOHBENEPaAMM B BEPXHIOHO
YacTb MEeYN BOCCTAHOBIEHWUS U MOCTYMNAKOT Npu atMOCEPHOM LaBMEHUN B OTKPbITHIA OyH-
Kep, 3aTeM nepefalroTcs B MPOMEXYTOYHbIN OyHKep noa fLaeneHueM, OTKyAa MocTynaroT
B MNeyb.

lopsauni BoccTaHoBMTEnNbHBIM ras (Temneparypa 900 °C — 930 °C), npuxoasawmn n3
pedopmepa unn razoHarpeBaTens, BXOAUT B MeYb MeTannmMsaumm Yepes KonbLEBOW KaHar,
rae OTHAMaeT KMCNopog OT OKCUAOB XKeneaa, NPy 3TOM YacTb BOAOPOAA W OKeuaa yrnepoaa
OKUCMAOTCH A0 BOASIHOMO Mapa W yrnekvcnoro rasa. a3 pacnpegensercs paBHOMEPHO Mo
KaHany 1 nocTynaeT B Nevb Yepe3 KOHMYECKMe OypMbl, KOTOPbIE HAaNPaBnsaloT ras NPOTUBO-
TOKOM K JXENe30pyLHOM LUMXTE — KEene3opyaHeIM okaTbiliaM. Tak Kak BOCCTaHOBUTENbHLIA
ras NnogHMMaseTCA BBEPX, OH BOCCTaHaBMUBAET >KEMNE30PYAHYHO LUMXTY, WAYLLYIO MOTOKOM
BHM3. [py Takom METoLE BOCCTAHOBUTENbHLIA MOTEHLUMAN ras3a UCMomnb3yeTcH MakCumarb-
HO.

Mocne 30HbI BOCCTAHOBMEHWA METalNU30BaHHblE OKaTbiluM C  Temneparypow
840 °C — 860 °C nonapatoT B KOHWUYECKYHO CEKLMIO NeYu, PacriofioXEHHyo cpasy nog BOC-
CTaHOBUTENBHOW 30HOW. Ecnin MpomnsBoaMTCA XONofHbIM MeTannmaoBaHHbIM NpoaykT (DRI),
B KOHYCHYHO 4acCTb MeYn nojarT OXNapKAaloLwmMi NPUPOAHBIA a3, eCriv NeYn C ropsyen Bbl-
PY3KOW, TO B KOHYCHYIO YacTb NOAAIOT NOAOIrPEThIV NPUPOAHBIA UMM BOCCTAHOBUTESbHbIN a3
C LieIbo HayrnepoXvBaHns BOCCTAHOBIIEHHOMO NpoayKTa.

B HWKHEN 4acTn neun pacnonaraeTcs yCTPOWCTBO pasrpysku, B 3aBUCUMOCTU OT Tex-
HONOTMN OHO UMEET Pa3NUYHYO KOHCTPYKLMIO. HesaBuCMO OT TEXHONMOMMYECKoro npouecca
pasrpysoqHoe yCTPOMCTBO MpeAHasHavyeHo Ans obecrneyeHusi paBHOMEPHOIO BbIXOAa BOC-
CTaHOBNEHHbIX (METaNNMM30BaHHbIX) OKaTbILIEN.

LaxTHas neub metannu3sauum B TexHonorum HYL-II

LlaxTHan neyb meTannmsaumm npeacraensieT cobor cocyn, CKOHCTPYMPOBaHHbLIA U3
NINCTOB yrnepoaucTol cranu. BepxHas uactb npepcraenseT coboi ceog, jarnee uaeT uu-
NMHAPUYECKan CeKUMs, KOTopas COEAMHSIETCA C KOHWYECKOW 4acTbio, KoTopas nepexoauT
B APYFYIO LIMNIMHAPUYECKYIO CEKLMIo, Bonbluero aguameTpa, Yem npeabiayLas, v B KOHUE Ha-
XOAUTCA HUXKHAA KOHMYecKas cekums (CM. pucyHok 2.35).
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PucyHok 2.35 — O6wuii Bug waxTHon neun metannmaaumm HYL-II

3a UCKIMIOYEHNEM HIDKHEN KOHWUYECKOW CEKLMM, Nevb yTepoBaHa BHYTPU U3OMNSLIMOH-
HbIM GETOHOM U OrHeynoOpHbLIM KUPNUYOM. Yepes BEpXHUI CBOA B NeYb BXOAAT YeTbipe Tpy-
Obl AN5 NogauM 1 AN PaBHOMEPHOro pacnpeaeneHns XenesopyaHon WNXTbI.

>KenesopynHas LUMXTa U3 OKaTbIWEN UNn KYCKOBOW pyabl UnM cmecn obonx 3arpyxa-
eTcsl Yepes BEPXHIO Y4acTb MNeYu, U MNOTOK CAMOTEKOM HanNpaBnseTcsi BHU3.

lopsauve MeTannmu3oBaHHble OKaTbIWM BbIrpyxatoTcs uyepe3 HapabaHHbIi fo3aTtop,
pacnonoXeHHbIN Ha Noae HWKHEN KOHUYECKON CEeKLMN.

Meyb MeTannusaumm pasgeneHa Ha 4Be 30HbI:

a) 30Ha BOCCTaHOBJIEHNA — 3TO 4acTb Me4n, rae NPOTeKarT peakuuyM BOCCTaHoBIMe-
HUS.

lopsiuuniA BOCCTAHOBUTESbHbBIN Fa3, NMPUXOASLLMIA U3 rasoHarpeBaTens, BXOAMT B Neyb
yYepes dypMbl KONbLEBOTO KaHana. [lBukeHue rasa v LWNXTbl NPOTUBOTOYHOE.

Mpexae Yem BbIMTU U3 neyw, ra3 cobnpaeTcs B BEPXHEN HYaCTU B PA3PEXKEHHOM NMPoO-
cTpaHcTee 6e3 xene3opyaHON LUNXTbI — Ha KOMOLUHUKE;

©) nopoBas 30Ha — 3TO KOHUYECKAs! CEKUUS, PacnonoXKeHHasi B HWKHEN YacTu LWaxT-
HOW Me4n cpasy noj BOCCTaHOBMTENIbHOW 30HOW. OHa He dyTepoBaHa BHYTPW U NpeacTas-
nseT cobowv rnagkyro MeTannmM4eckyto NoBepxXHOCTb, YTOObI chenaTb BO3MOXHbLIM cBOBogHOE
NPOABWKEHMNE OKaTbILLEN.

KoHycHasi yacTb neun cHabxeHa Bo4oOXNaxaaeMon pyGaLLKo.
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CucTembl 3arpy3km WM pasrpy3kM LWAXTHOW Meys UMEeKT BaxkHOe 3HauveHue
(cm. pucyHOK 2.36). WX HasHauyeHme— o06ecneynTb HEMNpepbiBHbIA MOTOK Xene30pyLHOW
LUMXTbI BHYTPWU Neyn. B cekummn 3arpysku xenesopygHas Wnxra nogaeTtcs no BepTUKa/ibHOMY
KOHBeiepy 1 nonafaeTt B 3arpy30uHblii ByHKep LWKXTbl, a B CUCTEME pasrpy3kn mMeTannso-
BaHHble OKAaTbILN BbIFPYXAOTCA W NOJAOTCA B repMeTUYHble OYHKepbl MPOAyKTa, 3aTeM Ha
6puKeTPOBOYHOE 060pyAOBaHME.

ab
PucyHok 2.36 — Cuctembl 3arpysku (a) v pasrpysku (6) neumn

CucTtema 3arpysky pabotaeT B LUKIMYHOM pexume, HO Meyb Npu 3TOM MnosyyaeT He-
NPEepPbLIBHbIA NOTOK Xene3opyaHol LWwuxTbl. Cuctema 3arpysku nony4vaeTt >XenesopyaHyro
LUMXTY Npy aTMoChepHOM AaBfieHn 1 nofjaeTt ee B Meyb Npu padoyem AaBfieHUN B neyum —
4 aT™ n36bITOYHOrO AaBneHus. [ns Toro 4tobbl 06ecneynTb 3To, cUCTEMA UMeEeT cneuuanb-
Hble YNIOTHAIOLWMNE MEXaHN3MbI.

PaboTta cuctembl pasrpy3ks nofobHa paboTe cuCTeMbl 3arpysku, HO B 3TOM Cryvae
NPoOVCXOANT cOpOC AaBreHus B ByHKepe M pasrpy3ka uAeT NpepbiBACTO, OAHAKO LlaxTHas
neyo pabotaeT HenpepbIBHO.

BapabaHHbIii [03aTOp, PacrnofIOXEHHbIA B HWKHER 4acTu neun, perynupyeT Henpe-
prBHbIVI rpaBMTaLI,VIOHHblﬁ NOTOK LIKXTbl Yepes3 neyb. BoccTaHOBNEHHbIE OKaTbILWN yAanawT-
CcA aBTOMATM3MPOBAHHLIMU MeXaHU3Mamu, COCTOSWMMU K3 ByHKEpOB NoA AaB/IEHWEM WU
KOMOVHALMM OTCEYHbIX KlanaHoB TBEPAbIX YaCTWL, M NPOBKOBbIX KnanaHoB.

Tak Kak B neun noAfepXvBaeTCsl BbICOKOE AaBfieHue, Kaxablii 6yHkep npofykta nog
JaBneHnem o0b6opyaoBaH KOMMIEKTOM YNIOTHUTE/IbHBIX KNanaHoB, KOTOPbIE M30AUPYIOT nedb
oT atmocdepbl. Kpome ymiOTHUTENbHbIX K1anaHoB, 3T OYHKepbl CHaGXeHbl OTCEeYHbIMU
knanaHamu, QYHKLUSI KOTOPbIX 3ak/oyaeTcsi B MPefoTBpalleHMn KOHTakTa BOCCTAHOB/EH-
HbIX OKaTbILEN C YyNIOTHUTENbHBIMU KNnanaHamm.

ByHKepbl NpoAyKTa nog AaBfeHNeM pasrpyxalTcs B 06LmiA NPOMEXYTOUHbIA ByHKep-
HakonuTenb, B KOTOPOM Bcerga NoAAepXuBaeTcs HeKOTOpOoe KOMYeCTBO BOCCTaHOB/IEHHbIX
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oKaTbILLEN ANs HENPEPLIBHOW 3arpy3kn martepuana B BpukeT-npeccel. IToT OyHKep BCeraa
pabotaeT ¢ n3bbIToYHbIM faBneHnem 0,15 kr/em?,

MpomexxyToYHbIN OyHKep-HaKoNUTENb NUTAET pacrnpeaenvTenbHbii ByHkep. 3TOT
OyHkep 0OopyaoBaH NATLIO BbIXO4HLIMY KaHanamu: YeTbIpbMSA ANS Kaxporo 6pukeT-npecca
¥ NATbIM Ans obxoaa ux Harnacom, korga Matepuan nocTynaeT HernocPeACTBEHHO Ha oxna-
XzaroLme KoHBenepbI.

LWaxTHaa neus Metannusaumm B TexHonorum MIDREX ¢ ropsuen Bbirpy3kon

Meyb YCNOBHO COCTOMUT M3 HECKOMbKMX CEKUMIA MAN 30H, KaKAAs U3 KOTOPbIX UMeeT
CBOIO cneuunanbHyo yHKLMIO. B BEpXHEN YacTn neun pacrnonoXeHa cucteMa 3arpysku, Ko-
TOpas COCTOUT U3 3arpy3oqHoro OyHkepa, LieHTpanbHOW 3arpy304HoOn TpyObl, BEPXHEro oT-
ceyHoro wnbepa, BEPXHEro rasoanHaMMYECKOro 3aTBopa, pacnpeaenuTensHOro yCTpoucT-
Ba.

OkaTbILn NOCTynatoT M3 3arpy30vHOro GyHkepa B LieHTparnbHylo 3arpy3oudHyio Tpyoy,
cHabXxeHHyo komneHcaTopoMm. [ns npeaoTBpalleHns Boibpoca rasoe U3 neyn cucrema 3a-
rpy3ku cHabxeHa rasoguHaMUYECKM 3aTBOPOM W1 OTCEYHBIM LLMBepom, paboTarwmm aBTo-
MaTUYECKN.

M3 ueHTpansHoOW 3arpy3oqHoi Tpybbl Yepes pacnpeaenuTensHoe YCTPOUCTBO OKaTbl-
wu nonagatot B 16 3arpy3oyHbix TPYO, BXOAALMX B KYMOn Me4yn, YeMm JOCTUIaeTCa paBHO-
MEPHbIA YPOBEHb 3aChInu.

OB NonesHbIN 06BbEM LAXTHOW NeYn YCNOBHO AENNTCA Ha 5 30H:

1) KONOLWHUK (NycTas 4acTb);

2) 30Ha BOCCTaHOBMEHUS,

3) nepexofHasi 30Ha;

4) 30Ha NOBTOPHOrO HarpeBa;

5) nepeparoyHas 30Ha.
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PucyHok 2.37 — O6wuii BUA, WaxTHO neun metanamsauun MIDREX

Meub BHYTPW BbIIOXEHA OrHeynopHbIM MaTepuasioM. BoccTaHOBUTENbHbLIA ras Mo
TpPy60MpoBOAY BOCCTAHOBUTE/NBHOTO rasa noctynaeT B KOMbLEBONM rasonpoBoy, (ypMeHHbIi
MosiC) LWaxTHOM neun Ha OTMeTKe. [ paBHOMEPHOro pacnpejeneHnsi notoka BOCCTAHOBU-
TENbHbIA rasz uU3 KOMbLEBOro razonpoBoja NocTynaeT B Meyb yYepes KaHasbl (PypMmbl), pac-
NOJIOXKEHHbIE MO MEepMMETPY neun B ABa psga. MNepsblii (BepxHUiA) psag ypM COCTOUT U3 Ka-
HanoB gnameTpom 98 Mm B konmyecTBe 90 LWIT., BTOPOW (HWXHWIA) psg COCTOUT M3 KaHanoB
AnameTtpom 127 mm B Konmnyectse 90 wr. Bcero 180 doypm, pacnonoXeHHbIX nog yrsiom 48°
K BEPTUKa/IbHOM OCK LUIAXTHOM nmeun. 3a cuyeT AaBfieHus B rasoBOli CMCTEME YCTaHOBKM BOC-
CTaHOBUTE/bHBIA a3 NPOHWKAET B [TyGUHY CMOs CXOAALEro MaTepuana U NogHUMaeTcs
BBEPX, BCTynas B peakuuio C OKCuaamu xenesa, B pesynbTare yero obpasyerca MeTasl/in3o-
BaHHbIA NPOAyKT. [lanee meTan/iM30BaHHbIA NPOAYKT ABWXKETCA B NepexofHyl0 30HYy LaxT-
HOI neun.

[ns obecneyeHns paBHOMEPHOro ABWXEHUA MaTepuasia B Neyn YCTaHOB/IEHbl: BCTaB-
Ka BblpaBHMBaHWA MOTOKA LUMXTbl, BEPXHME NUTATeNN MOCTOSAHHOrO AEWCTBUS, cpefHue nu-
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TaTenu NocToAHHOrO AENCTBUSA, HWXHUE NUTATENN NOCTOsIHHOrO Aevicteus. Mutatenu ycra-
HOBMEHbI NEPNEHAVKYNAPHO K BepTMKanbHON ocu nevn. [ins obecneyenns paborocnocobHo-
CTU nuTateny obopyaoBaHbl CUCTEMON ryCTON CMasKu.

[na HayrnepoXusaHna MeTansM30BaHHOroO NPoAyKra Ha OCY BEPXHUX nuUTatenen no-
CTOSIHHOIO JeNCTBUA NoABEAEH NPUPOAHLIVA ra3 NepexoqHoN 30HsI LWaxTHOM neun. OCHOBHOM
MOTOK MPUPOAHOrO rasa pasfenseTcs Ha YeTbipe notoka Ans oGecneyYeHna paBHOMEPHOrO
pacnpegeneHns rasa no CE4EHUIO Nneyn.

Ona KOHTpONs TemnepaTtypbl BHYTPY LIAXTHON MeYn BePTUKANbHO YCTAHOBNEHbI TEp-
Monapbl B kOnu4ecTse 16 LWT., KOTOpbIE 3aKpbIThl NATHIO 3aWUTHLIMK TPpyBamu. Mepudepuin-
Hble 3awuTHble TpyObl (4 WT.) cHabXeHbl Tpemsa TepMonapamu pas3HoOW ANWHbI.
B ueHTpansHom 3awmTHON TpyGe ycTaHoBMNEeHb! 4 TepMonapbl PasHON ANMUHLI.

Fops4Mii MeTanIM30BaHHbLIN NPOAYKT BbIAAETCS U3 NEYM Yepe3 HWKHUN rasoanHamu-
Yeckuin 3aTBop. Mexay KOHYCHOW 4acTbio MeYu U HWKHWMM rasojMHaMUYECKM 3aTBOPOM
pacnonaraeTcsi HXKHUIA KOMMEeHCcaTop, KOTOPLIN NpegHasHaveH Ans KOMNeHcaumn TeMnepa-
TYPHBIX PacLUMPEHUA. [opsYMe METanMM3oBaHHbIE OKAaTLILIM BbIFPYXXAKTCA C NOMOLLBIO Ma-
ATHUKOBOTO Pa3rpy3o4yHOro YCTPOMCTBA M NONAZa0T Ha PONUKOBLIE FPOXOTa, KOTOpbIe oTAe-
NAKOT KPYNHBIA MaTepuan oT cTaHAapTHbIX okaTbiwen pasmepomM 5-30 mm. Kamepa Beirpy3sku
NPOAYKTa BbINOMHEHa N3 OrHEeyrnopHOro marepmnana n obopyaoeaHa CTUMYyNATOPOM MOTOKa,
ABepuamMun ana cbpoca HEeKOHAMUMOHHOrO martepuana, LumbepHon 3acrnoHkon GarnacHoro
nuTaTens, nNaTblo WWMBepHbIMK 3acrnoHkaMK OTBETBIEHUS 3arpysku 6pukeT-npeccos. U3 ka-
Mepbl BbIFPY3KW MPOAYKTa CrEKLMINCs Matepuan yaansarca 4epes3 CUCTeMy pasrpysku Hafg-
PELLETHOro NPOAYKTa, a rogHeId Mo pasmepy martepuan (pasmvepom 5-30 MM) BblaaeTcs
B NSATb 3arpy304HbIX TPYO BOPMKET-NMPeccoB, a Takke Npu 3anycke WK OCTaHOBKE neun —
B 3arpy3oyHyto TpyOy BannacHoro nutartens.

LLaxTHas neyb metannusauum B TexHonornm MIDREX ¢ xonogHon BbIrpy3kon

Meys MIDREX ¢ xonogHoW BbIrpy3KOW OTNMYAETCH OT BbILLEMNPELCTABIEHHON Neyn
Hannymem 30HbI OXNaXAEeHUs B KOHYCHOM 4acTu (CM. PUCYHOK 2.38).

lopaYuii MeTannMaoBaHHbIN NPOAYKT, OMYCKAOLMNCS U3 30HbI BOCCTAHOBMNEHNS BHU3,
B 30He OXNaxAeHUs oxnaxaaeTcs Ao TeMnepatypbl okono 50 °C. Oxnaxaarowmn NHepTHBIN
ras npyM STOM HarpeBaeTcs A0 TeMnepartypbl okono 440 °C. Oxnaxaalowuin ras nocrynaer
B 30Hy OXNaXXEeHWNA Yepes COOTBETCTBYIOLMIA pacripeaerMTenb, KOTOpbI pasaensieT obLwmn
MOTOK OXNaXAAOWEro rasa Ha OTAenbHble KOMnbUEBble MOTOKW, HamnpaBneHHble BHU3
(cm. pucyHok 2.39).

BbixoA OXNaXzatoLwero rasa HaxoAUTCA Noj BepXHUM MUTaTenemM NoCTOsHHOTO Aew-
cTBMA. 3aTtem oxnaxzgarLmiA ra3 nocTyrnaeT B ckpybbep oxnaxparowero rasa, rae oH o4un-
LaeTcs oT Mbinu 1M oxnaxaaetcs fo Temnepatypbl 10 °C — 20 °C. OxnaxaeHHbIN ras kom-
NPECcCOPOM OXIaXAaloLLEero rasa BO3BpaLLaeTCs B 30Hy OXITKAEHUS.
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BGYHKEep 3arpy3ky neum

BEPXH Ui A HaMUYeC KN
3aTBOp

pacnpefenuTesb okatbilleit

E:KQD, KOOLLH/KOBOO 30Ha BOCCTaHOB/EHUA
OKCMAOB XXesne3a

KOnexKTop
BoccraHoBuTeNbLHOIO rasza
BEPXHWIA nuTaTenb
NMOCTOSIHHOTO [eNCTBUSI

30Ha OX/laXaeHus EbNXQOL,
oXNaxaatoLLero rasa

BX0/[, BOCCTaHOBUTEJIbHOIO
rasa

BXO[, CPeaHNn N HWKHWI
ox/laxaaloLero rasa nuTatenn NoCTOSIHHOTO
aelicteuma

HIDKH UIA INHA M YECKN 14
3aTBOp Neun

ebIMPy3Ka OKaTbLLEM
U3 neun

PucyHok 2.38 — O6wWwunin BUA WwWaxTHON neun metannusaumn MIDREX c
XO/I0AHOW BbITPY3KOW oKaTblL el

Bbirpyska MeTan/iM30BaHHbIX OKaTblWeid M3 neyn Npou3BOAUTCA MasiTHUKOBbIM pas-
rPy304YHbIM YCTPONCTBOM, Pacno/IOKEHHbIM B HMXKHEW yacTu neuyu.

[ns npepoTBpal,eHNss YTEUKM FTOPHOYUYUX FA30B W NbIIN U3 LWAXTHON MeyYn yCcTaHOB/EHbI
BEPXHUIA M HUXHWUIA rasogumHamuyeckne 3atsopbl — BIA3 u HA3, ocHalWeHHbIe OTCEYHbIMU
wmnbepamm.

MeTannn3oBaHHble OKaTbIWW pacnpefensioT B Tpu OyHKepa XpaHeHus npoaykTa ne-
pef anekTpocTanennaBu/ibHbIM LEeXoM KoM6uHaTa M B TpU GyHKepa NMPOMEXYTOUYHOro xpa-
HEeHNUs nepepg OTrpy3KoW noTtpebutensam (Ha ycTaHOBKE OTIPY3KM OKaTblWeh yCTaHOBNEHO
euie agBa byHkepa).

PemeTbl — MeTan/IM30BaHHble OKaTbIWW, MMEKLWNe HU3KYH CTeneHb mMeTannnsauunu
(meHee 90 %), TpaHCNOPTUPYKTCA OT WaxTHOW NeynM Ha 3akpbITbli cknaj pemMeToB WM Ha
OTKPbITbIA CKNaf OKUCNEHHbIX OKaTbllwel ANa NOBTOPHOW meTannusauun (T. e. pemeTbl [o-
3POBaHHO HaMpPaBAAKTCA B MOTOK LWKXThl, 3arpy)xaeMoi B yCTaHOBKY MeTannuMsauuu).
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1 — npomexyTouHbIli ByHKep; 2 — LuaxTHas neyb; 3 — 3arpy3oyHas Tpy6a;
4 — pacnpegenutenbHble Tpy6bl; 5 — BOCCTAHOBUTE/bHbIN ras;
6 — KOJIOLIHUKOBbIN ras; 7 — cKpy66ep; 8 — TEXHOMOrMYECKUiA ras;
9 — TONNMBHBIN ra3; 10 — komnpeccop; 11 — KanneoTaenuTens;
12 — cmecutens; 13 — pekynepatop; 14 — npupoaHbIli ras;

15 — peakuMoHHble Tpy6bl; 16 — pedhopmep; 17 — rnaBHas BO34YyXO4YBKa;
18 — BcnomorarensHasa Bo3gyxoayska; 19 — xonoaunbHukK; 20 — AbIMOBbIE
rasbl; 21 — AbIMOcocC; 22 — AbiMoBas Tpy6a; 23 — UHEPTHbIN ras;

24 — cmecuTeNb UHXEKUMU KMcnopoda; 25 — oxnaxaalolmin ras;

26 — KMUCopog, 27 — MasiTHUKOBOE pasrpy304yHoe YCTPOICTBO;

28 — rasoBble AMHaAMMYeCcKMe 3aTBOPbl; 29 — OTCeYHOI Lnbep;

30 — cmelaHHbIi ras3; 31 — gecynbdypusaTop

PucyHok 2.39 — Cxema ra3oBbIX MOTOKOB yCTaHOBKM MeTasninmnsauun MIDREX c
X0N0AHOWN BbIrpy3koin DRI

Menoyb MeTa/lNIM30BaHHbIX OKaTbilel nogsepralT GpUKeTUPOBaHUIO (CMeLUMBaHWE
CO CBSI3YHOLMM BeLLEeCTBOM — Menaccoit 1 npeccoBaHve B 6pukeTobl). Mpy npeccoBaHun me-
TasI/IM30BaHHOM MEJIOUM 3HAUUTESILHO CHMKAETCS aKTMBHAs MOBEPXHOCTb BOCCTAHOB/IEHHO-
ro xenesa. BpukeTbl, kak U MeTa/IM30BaHHbIe OKaTbIWKW, NOAANT B CTa/IENIaBUMbHbIN LiEX.

Mutatenn NoCTOsIHHOrO AelCTBUS NpeAHasHaueHbl A1 o6GecneyeHnss paBHOMEPHOTO
[OBWKEHUs1 MaTepuana BHYTPU MNeuu.

[na npefoTBpalleHust BblAENEHUS TOPYEro OX/1aXAA0LEro raza Ha HWKHEM KOHLE
LUAXTHOM Meyn B HMKHWIA AMHAMUYECKUIA ra3oBblii 3aTBOP TakXe BAYyBaeTCS MHEPTHbIN ras.

Ons co3gaHus LMpKynsauMn B LMKIE TEXHOMOrMYECKOro M OXaxatolero rasos ycra-
HOB/EHbl POTALMOHHbIE KOMMPECCOPbI.

Komnpeccusi TeXHOMOMMYecKoro rasa npoMcxoanT B TPeX KOMMpeccopax TexHonornye-
CKOrO rasa B iBYX CTYMEHSIX.
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[ns NoBbILLEHWA AaBNEHNS OXNaxAaroLLEero ra3a UCnomnb3yeTcs oAnH KOMNPeccop.
2.5.6 NeHepauusa BOCCTaHOBUTENLHOrO rasa

OTAnMYUTENLHON OCOBEHHOCTLIO YCTaHOBOK MPAMOrO BOCCTAHOBMEHUS SBMASTCA UC-
NoOnNb30BaHME rasoBOro BOCCTAHOBUTENS, KOTOPbIA (hOPMMPYETCH YCTaHOBKOW reHepuposa-
HWUA BOCCTAHOBUTENBLHOIO raza — pedopmMepoM.

CyLiecTByeT Tpu TMNa KOHBEPCUM NPUPOAHOrO rasa: NapoBas, YrneKUCnoTHas, KUCo-
poaHas.

Mpyyem nornyveHne BOCCTAHOBUTENS MOXET MpoTekaTb Kak B OTAENbHOM arperare,
Tak U B cCaMOM arperate BoccTaHoBneHus. Tak, cnocobel Apmko un Mypodep Mcrnonbaytot
Tonbko pedpopmep. MNMpouecckl Muapekc n Xull couetatot B cebe o6a npuHumna. 3aece npu-
POAHbLIV ras NofaeTca OAHOBPEMEHHO N B pedpopMep, 1 B LLAXTHyO neyb. MHorve npoueccsl
MCMONb3yT 0BOPOTHBLIM LMKN BOCCTaHOBUTENS. KOMOLWHMKOBBIM ra3 ouMLLaeTcsa OT napoB
BOAbI N APYrMX BpeAHbIX BELECTB, a 3aTeM HanpasnaeTca B pedopmep Ui KOHTYp BOCCTa-
HoBuTenbHOro rasa. Mcnonb3osaHne o60OpPOTHOrO LMKNa NOBbILWAET NPOU3BOAUTENBHOCTD,
CHWXaET pacxof NPUPOAHOro rasa, UCKMoYaeT HeoBxoAMMOCTb NMPOU3BOACTBA KUCMopoaa.
Mo npuHUMNY peuvpkynsaumm pabotatoT npoueccsl Muapekc, Xull, Mypodep. B cnocobe
ApMKO BHadane vcronb3oBanacb KAUCNopoaHas KOHBEPCUS B LLAXTHOW Meyn, a 3atemM KOH-
BEPCUSA YIIIEKUCIIOTON OTXOAALLEro rasa.

Ha ycraHoekax meTtannusauum, Aercteytowmx B Poccuiickon depepauum, TexHonorus
Nnony4YeHnss BOCCTAHOBUTENbHOMO rasa OcHoBaHa Ha yrnekucnoTtHour (npouecc MIDREX) nnu
naposo (HYL) koHBEpCHMU NPUPOAHOrO rasa, KOTopble NPOTEKaloT N0 peakumsim:

AH peakuym (KIk/m°)
CH4 + H,O — CO + 3H, -8650
CH4 + CO2 — 2CO + 2H, -10 500

[na paBHOBECKSI NPOTEKaHWA B yKa3aHHOM HarnpaBrieHUW BbilLeykasaHHble peakumn
He JOmKHbl ObiTb 3aBeplueHbl. Beerga gormkeH 6bimb n3bbirok H.O n CO2 B rasosoii cmecu
ANA  pedopMmuHra BO usbexaHue OTNOXEHUs yrnepoga Ha Tpybax pedopmepa.
B pesynbTarte uero B ropsyem pedopmmposaHHoM rase ocraetca H,O nmoc CO, (CO mn Hy
okoro 95,0 % nntoc CO2 1 H20 — 5,0 %).

Katanutuueckmin petopMUHr (KOHBEPCUA) NPUPOAHONO rasa MPOVMCXOAUT Ha HUKene-
BOM KaTanmaaTope B peakumoHHbIX Tpybax pedopmepa npu Temnepatype B npefenax or
900 °C go 1000 °C. Peakuyum KoHBepcuW BbisbiBatoT npubnuantensHo 30 % yBenuyeHus
B o6beme rasa.

PedopMurpoBaHHbIA ras xapakTepuayeTcs BOCCTaHOBUTENbHOWM cnocobHocTsio (BCI),
KOTOpas onpenenseTcs OTHOLLEHWNEM:

_ Ozy,aa.nenumﬁ

R -100%

02 MCXOAHBIIK
)

rae Hx0, CO,, Hy, CO — copepkaHne COOTBETCTBYIOLMX KOMMNOHEHTOB B BOCCTAHOBUTENb-
HOM rase, %.

[nsa sdpdekTnBHOrO NpoLecca BOCCTaHOBNEHUA BOCCTAHOBUTENbHASA CNIOCOBHOCTL ra-
33, MOCTYMaoLLEro B Nevs MeTannmsaumm, AomkHa bbitb He Hke 93 %.
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MpombILWnNeHHbIE NeYr AN KaTanMTUYecKoW KOHBEPCUN NPeACTaBnsoT cobon arpera-
Tbl ¢ 6ONbLUMM YUCIIOM BEPTUKanbHbIX TPYO C BHYTpeHHUM anameTtpoM oT 130 ao 260 mm,
B 3aBMCUMOCTM OT MOLLHOCTU pedopMepa, u oborpesaeMon 4actbio anvHon 5-15 m. Meu-
HO€ NPOCTPAHCTBO 06/IMLOBAHO OrHEYNMOPHbIM KUPNUYOM; 000rpeB neven BeayT A4bIMOBbLIMU
rasamu, o6pasyonMICa NPU CKXUraHMM YrieBoAOPOAHbIX Fa30B B CrieLmanbHbIX ropernkax.
PacnpegeneHue notoka UCXOAHOrO rasa no oTAernbHbIM TpyGaMm, 3anofHEeHHbIM KaTanMaaro-
pom, a 3aTem c60p KOHBEPTUPOBAHHOIO rasza o6ecneumBaroTCs CUCTEMOM ra3onoBOASLLMX U
rasooresoaawmx Tpyd. B KOHBEKTMBHOM TennoobMeHHWKe MAEeT BTOPUYHOE MCMOSb3oBaHUe
Tenna BbIXOAALWMX U3 NEYN AbIMOBbLIX Fa3oB.

TonNbKO BbICOKONENMPOBaHHbLIE XPOMOHUKENEBLIE CTanM C OTHOCUTENBHO BLICOKUM CO-
AepXaHuem yrnepoga JaroT BO3MOXHOCTb MPUMEHSATb CPaBHUTESNIbHO BbICOKME AaBreHWs
B COBPEMEHHbIX npoueccax Tpybuyaton koHeepcun. B ycnoBusix akcnnyaTtauumn Tpybbl nog-
BEpraloTCs BO3AENCTBUIO BHYTPEHHENO AaBNeHWs, Macchl TpyObl, TEPMUYECKNX HANPSHKEHWIA.
MoMeHTbI HanpsxeHWs, BO3HUKaloLme Nnoj BO3ENCTBMEM Macchl TpyD, 3anofnHEHHbIX KaTa-
NN3aTOPOM, AENCTBYIOT B aKCUaNIbHOM HanpaBneHUU 1 JOMKHbI ObITb, HACKONBKO BO3MOXHO,
nofHee CKOMMNEHCUMPOBaHbI COOTBETCTBYIOWMM MPOTUBOBECOM UMK MPY>XKUHHOW NOABECKOW.
WUckniountensHoe 3HaveHue B TpyOuaTon KoHBepcum umeeT GesoTkasHaa pabota konnek-
TOPHON CUCTEMBI, NUTATENEN U HEKOTOPbIX APYINX Y3I0B TEXHONOorm4eckoro obopyosaHus.

MepsbIM 3TanoMm nBOro BapnaHTa KOHBEPCUM METaHa SIBMSETCA yAaneHne U3 Hero
CEPHUCTbIX COEAUHEHWNIA, KOTOpble SBMAIOTCA KaTanvTUYeckumn saamm ans GonblUMHCTBA
UCMONb3yeMbIX KaTanMsaTtopoB U AeNCTBYOT HeobpaTumo.

HeobpaTMoCcTb OTpaBfeHWs KaTanuaaTopa BblpaXaeTcs B TOM, YTO Mpuv npekpalLe-
HUM NOCTYMNJIEHNST CEPOBOAOPOLAA HA KaTannsaTop B COCTaBE MCXOAHOW CMECH, aKTUBHOCTb
KaTanusaropa He BOCCTaHaBNMBAETCS.

Hanunune B ncxofHOM rase CEpHUCTLIX coeauHeHU oByCrnoBnNEHO kak onpeaeneHHbIM
nX coepxaHnem B CaMOM NPUPOLHOM rase, Tak U HannMuymem B TPaHCNOPTUPYEMOM NpUpoa-
HOM rase COeAWHEHWU TUNa MepKanTaHOB — CUMbHO MaxHyLLUMX BELLecTB, KOoTopble fobas-
NS0T B LOObIBAEMBIV NPUPOAHBIN ras.

YnaneHue cepbl, cofepxallenca B NPMPOLHOM ra3e B BUAE CEpoBOAOPOAa, NMPOUCXO-
VT B pe3ynbTaTe CrneayoLwen peakumm:

ZnO + H,S =ZnS + H0

[JaHHas peakumsi ocyLLecTBRsieTCa B AecyNbdypaTopax, 3anofHeHHbIX LIMHKOBBLIM M0-
rnoTuTenem.

MepeBog cepocoaepalmx CoeaANHEHNN (MEpPKanTaHoB 1 CepoyriepoAoB) B CEPOBO-
L0pOoL NPOUCXOAUT B rMaporeHnsaTope ¢ koGansToMonmbaeHoBBIM KaTanm3aTopoMm Mo crie-
LYHOLLUM peaKLmsim:

RSH + H; = RH + H,S
COS +Hy=CO + HxS

3Tn peakuun npoTekatoT npu Temneparype 330 °C — 370 °C, koTopas gocturaetcs
nyTem MOAOrpEeBa NPUPOAHOrO rasa B 3MEEBMKax pekyneparopa, WCMonb3yroLlero Tenno
AbIMOBbIX rasoB, obpasyromxcs B pepopmepe npu CKUraHnm Tonnmea.

Boapopog, HeobxoaMMbI AN peakuuid raporeHmsaummn, noctynaet nmbo ¢ yacTeto
pedopMMPOBaHHOro rasa, NGo 13 GannoHoB (NPY NepBoHaYansHOM nycke), NGO ¢ YacTbo
KOMOLLUHMKOBOrO rasa W mnpy MOMOLLM KOMMpeccopa ruaporeHuaaropa rnojaeTca B IUMHUIO
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NPYPOAHOro rasa, CMellMBasCb C HUM. [a3oBas CMecCb [0/hKHA cofepxaTb He meHee 4 %
BOAOpOAa No obbemy.

OTpaboTaHHbIl afAcopbeHT pereHepupyroT ¢ NoyyeHnem cBo60AHOro CepoBOAOPOAA,
1CMosib3yemoro A5 nNpov3BoACTBa rasoBoil cepbl.

CopepxaHve cepbl B OYULLEHHOM MPUPOAHOM rase He AO/HKHO npesbiwarts 0,5 1076 %
(no o6bemMy), NpU NPEBbLILEHUN MACCOBOV AONN Cepbl BbiE YKA3aHHOI0 3HAYEHUsi, MPOU3-
BOAAT 3aMeHy LIMHKOBOro nornotutens (Zno).

Pedopmep Ha ycTaHOBKe MeTannusauum B TexHonornm HYL-II

YyacToK no npov3BOACTBY pethopMMPOBAHHOrO rasa BK/YaeT B cebs rasonaposoii
pedopmMep NPMPOAHOro rasa, yCTaHOBKY Aecy/bdypaumn nNpupoaHOro rasa, pekyneparopbl,
naporeHepaTtopbl 1 BallH0 oxnaxaeHns pehopMUpoBaHHOro rasa (CM. pucyHok 2.40).

pehopMupoBaHHbIii Tas cyxoit

PucyHok 2.40 — YyacTok no npou3BoAcTBY pehOpMMpPOBaHHOrO rasa Ha
yctaHoBke HYL-III

Cuctema fgecynbdypaunn BkaoyaeT 6apabaHHblii cenapatop MNpUPOAHOro rasa,
3MEEeBMKOBbI NoforpeBateslb NPUPOAHONO rasa, PacnoIOXEHHbLIA B KOHBEKTMBHOWM CeKLMK
pechopmepa, OAUH rmaporeHusaTop, fBa kKoMmnpeccopa rMaporeHnsauun n ABe YCTaHOBKU
aecynbypauuu.

MpupogHbii ra3 nog, AasneHnem 11-12 kr/cm2 noctynaeT B 6apabaHHbIi cenapatop
npupoAHOro rasa 1, rae NpouCXoauT yAaneHue KOHAeHcaTa, cogepxaiierocs B rase. lMpu-
pOAHbIN ra3 CMeLIVBaEeTCa € YacTbio pethOpMUPOBAHHOTO rasa (B MepBOHAYasIbHbIE MOMEHT
3anycka BMecTo pethopMMPOBaHHOTO rasa MCnosb3yloT BOAOPOA) W NPOXOAMT Yepes 3MeeBU-
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KV NOZOrpeBa CMELLAHHOTO rasa, PacronoXeHHbIe B KOHBEKTUBHOM cekummn pedopmepa (C8),
rae oH HarpeeaeTtcs 4o Temnepatypsl 370 °C.

Mocne nopgorpesa ras NnocTynaeT Ha YCTaHOBKY AeCyNbdypaLmm, COCTOSLLYI U3 -
poreHusatopa 2 1 AByX AecynbdypaTtopoB 3, rae NPOUCXOAWUT YAANeHWe Cepbl, Coaepxa-
Leics B MPUPOAHOM rase, 40 MaKkCUMarnbHO 4OMyCTMMOro ypoBHs (He Gonee 0,510 % (no
obbemy)) AnNA NPeaoTBpaLLEHUs OTpaBneHus kaTtanuaatopa B Tpybax pedopmepa. lMocne
3TOr0 CMELUaHHbIM ra3, He CoaepXallMi Cepbl, NMOCTYNaeT B TOYKY CMELUMBaHWS C neperpe-
TbIM NMNAPOM B COOTHOLLEHWW nap/yrnepos npubnmantensHo 2,2:1 no obwemy.

CMecb HanpaBnsieTcs B 3MEEBUKN KOHBEKTUBHOW cekumm pecdopmepa (C2), rae no-
porpesaetcs Ao Temneparypbl 550 °C, n pganee B Tpybbl pedopmepa, 3anofiHEHHbIE KaTa-
M3aTOPOM Ha HWKENEBOW OCHOBE, HaxXOASLLMECH B CEKLMN PafMaLMOHHON cekuun pedop-
Mepa, B KOTOPLIX MPOXOASAT peakumn KOHBEPCUM MPUPOAHOro rasa ¢ napom. B pesynbtarte
3TUX peakuuii nonyvaeTcst pedopMupoBaHHkIA ras. MNMoTpebHocTb B TEMNOBOW 3HEprUM AnA
CeKLuM reHepupoBaHmns pedopMUPOBaHHOrO rasa yAoBMeTBOPSETCS 3a CYET CropaHusi raso-
06pasHOM TOMNMBHON CMECH, COCTOSLLENA U3 NPUPOAHOro rasa n cOpoCHOro rasa ¢ uykna
BOCCTaHOBMEHMS.

Tak kak ANs npefoTBpaLleHVs OCaxXAeHVUs yrmepoja Ha katanusatope KOHBepcus
NPOUCXOAUT MPU 3HAYUTENBHOM M3DbITkE OoKMCIUTENnsA (mapa), pedopMMpoBaHHbIA ra3 Ha
BbIXOAE U3 pedpopmepa coaepkmT ConbLIOe KONMYECTBO BRarn, KOTOpyro Heobxoaumo yaa-
NUTb NYTEM KOHAEHCauun B pesynbTarte oxnaxaeHus rasa. PedopmmpoBaHHbIN ras, BbIXO-
Aswmn n3 pedopmepa npu temneparype 830 °C n paenenum 7 Krfcm?, nNpoxXoAnT Yepes Ko-
Ten-yTunusartop 7 1 Nojorpesarterlb KOTNOBOW BoAbl 5, rae npovcxoaut yTunusaumsa Tenna
rnoToka pedPopMMPOBAHHOIO rasa C LENbI FeHEPUPOBAHUS HACBILLEHHOrO napa. 3atem pe-
POPMMPOBAaHHBIN Fa3 NMPOXOAUT YEPE3 CUCTEMY OXINaXAEHUS C Lenblo yaarneHust BoAbl: OX-
nagutensHas guadparma 6, 6aluHio oxnaxaeHua u rasocenapartop. Mocne yaaneHns snarm
pedOpMMPOBaHHBIN ra3 HanpaBnseTcs K TOYKE CMELUMBaHMA C peLypKynUpyHoLLUM BOCCTa-
HOBUTENBHBLIM rA30M M MOCTYNaEeT B CEKLMIO BOCCTAHOBIEHUSI.

Tvn pecdopmMepa — paanaLmMOHHO-KOHBEKTUBHBIA C AYTHEBLIM U BbITSXKHbIM BEHTUNSA-
Topamy, paboTarWwmmMm OT 3MNeKTpoaBUraTenel, TeEXHNYECKUE XapakTepUCTUkn pedopmepa
npeacraeneHsl B Tabnmue 2.10.

Tabnuua 2.10 — TexHuyeckne xapakrepuctuikm pecdopmepa HYL-III

EavHnya YcpeaHeHHoe

Mokaarens msnﬁepe:im 3pHap~‘4eHme
Pacxopn npupopgHoro rasa Kr/y 13 400
CooTHowweHune nap/ras Monb/aT 22
OBwmii pacxog cmecu (ras + nap) Kr/4 45 355
MonspHas macca (BxOA/BbIXog,) 17,33/11,25
MnoTHoCTb (BXOA/BLIXOA) Kkrim® 2,49/0,94
Pabouas Temnepatypa (BX0A/BbIXOA) °C 550/830
Konwnyectso Tpyo LT, 180
Konnuecteo psigoB L. 6
BHyTpeHHWI fruameTp MM 127
MakcumansHas Temnepartypa Tpyo °C 874
MpoekTHoe faBneHue kr/om? 12
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OkoRryaHue mabnuupi 2.10

Mokasarens EanHuya YcpepHeHHoe
nsMepeHus 3HaveHue

MpoekTHan Temnepatypa °C 933
O6beM kaTanusaTopa M° 25,1
Tun kaTanusaTtopa DYCAT 890
Paamep n dpopma karanmsaropa MM 16 x 16 x 7, konbLO
Maccopasi NNoTHOCTL kr/m> 1050
Tonnueo:
- pacxo NpupoAHoro rasa Kriy 3870
- HU3Was TeNNoTBOpHas cnocobHOCTb Kkan/kr 11770
- N36bITOK BO3ayXa % 10
- pacxop TonnMeHOro (c6pocHoro) rasa Kr/y 5690
- HA3LWas TennoTBOpHAas CroCOBHOCTb Kkan/kr 5745
- n36bITOK BO3AYXA % 10

PaanauvoHHas cexuns pedopmMepa COCTOUT M3 KOMNEKTa HePXKaBetoLMX CTarnbHbIX
TPpy6, HANOMHEHHLIX HUKENEBLIM KaTanu3aTopoM, rAe NpoTeKkaloT peakuumn pedopmuHra. Te-
nnota, Heobxogumas ANS 3HAOTEPMUYECKMX peakumii pedopMmuHra nopaeTcs ropenkamu
NPUPOAHOro rasza 1 cOpoCHOro (OCTaTOYHOrO) rasa, pacrioNOXKEHHLIMU B BEPXHEN YacTn pe-
dopmepa, a BO3ayXx ANS FOPEHNA NOJAETCH AYTLEBLIM BEHTUINIATOPOM pedopmepa.

Tak KaK AbIMOBbIE rasbl, BbIXO4AWME U3 pagnalvoHHON cekumm pedopmepa, nepeHo-
CAT HEMArOo TeNna, B KOHBEKTUBHOMW CEKLMUN pedopMepa YCTaHOBMNEHO HECKOBKO 3MEEBUKOB
yTunusayum Tenna gns ynydwenus ero tennoeoro K.

B KOHBEKTMBHOWM CEKLMW Takke eCTb ropernky NpUPOAHOro rasa, PacrosioKeHHbIe Me-
XAy NOAOrpeBaTeneM peareHToB 1 BbICOKOTEMMNEPaTYpPHbIM NaponeperpesaTenem, BHyTPU U
Ha noje pagunaumMoHHOro skpaHa bonnepa.

JbIMOBbIE ra3bl BbIXOAAT U3 pajguaLMoHHOW CekUuMn pedopMepa, NPOXOAAT 4depes
3MEEBWKM, PACMONOXEHHbIE B KOHBEKTUBHOW CekLMK, 1 cOpacbiBatoTcsl B aTMocdepy AbIMO-
cocom pegopmepa.

Tenno peopMMpPOBaAHHOrO rasa MCMONb3yeTcs AN NonyyYyeHus napa BbICOKOro LaB-
NEHWA B KOTNe-yTunmu3aTope v AN NpefBapuTensHOro Harpesa KOTMOBOW BOAbI B NpefHa-
rpesarene. a3 oxnaxgaetcs fo 61 °C B oxnaguteneHoW guadparme B pesyneTtare npsmMo-
ro KoHTakta c BogoW. [anee ras oxnaxpaerca Ao 31 °C B OawHe oxnaxaeHus
(cm. pucyHok 2.40), rae yaansaeTcs Bnara us peopMmpoBaHHoro rasa. Ha seixoge ns 6au-
HW OXnaxaeHnsi B peopMMpPOBaHHOM rase cofepxmntca meHee 1 % soabl.

Mpu ycTaHoBmBLLENCA paboTe yCTaHOBKM AaBneHne pedopMMPOBAHHOro rasa Ha Bbl-
Xo4e 13 BallHy OXNaxxAeHVs NoALEPKNBAETCSA Ha ypoBHe 6,2 Kr/cm?,

lopayne AbiMOBbIE rasbl, BbIXOASALLME M3 BbICOKOTEMMEPATYPHOW YacTu pedopmepa,
UCMOSb3YHTCA ANA HarpeBa 3aMEeEeBVKOB KOHBEKTMBHOM CeKLMM pedopmMepa.

Ons perynupoBaHus nNpou3BOACTBA Napa M ANA aBapUMHOrO NpOM3BOACTBa napa
B 3VMHUX YCNOBUSX, Korga pedopmep B XONOLHOM COCTOSIHMM, MCMOMb3YeTCs BCrOMOora-
TeNbHOE rOpeHne C MOMOLLbIO MATU FOPEerioK, PacrnonOXEHHbIX B KOHBEKTUBHOW CEKLM.
B cnyyae oTcyTCTBUS NPUPOLHOro rasa B KayecTBe TOMMMUBA MOXET MCMONb30BaTLCS Kepo-
CUH.
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OT0 Tenno ucnonk3yeTca ANS reHepauyn napa B 3MeeBuMkax BcrnomMorarensHoro 6om-
nepa, 3meeBukax Gonnepa ll, aveesnkax naponeperpesarens.

OcraBlueecs Tenno MCronb3yeTcs ANA MOLOrpeBa KOT/IOBOA BOAblI B 3MEEBUMKax W
BO3AyXa Ans ropeHus. JbiMoBble rasbl Npu cpeaHer Temnepatype 160 °C BbibpackiBatoTcs
B aTMocdepy Yepes AbIMOBYHO TPyBy Npy MOMOLLM AbIMOCOCE.

TpeGoBaHus K ra3oBbIM cpegam, nocTynamowmm B pechopmep

MpupoaHbIA ras, NOCTYNawLWMn Ha YyCTaHOBKY aAecynbdypaumn, LOMKEeH OTBevYaTb
crnegyrowmM TpeboBaHmaM:

Xummyeckmin coctaB, % (no obvemy):

CHg4, He meHee 98,6
CoHsg, He Gonee 0,4
C3Hs, He Gonee 0,1
N, He Bonee 0,9
Sosuee, He Bonee 91078
SnpoeKT, He Oonee 251 O_6
[laBneHvie, He MeHee Kr/cm? 12
Temnepatypa, °C (cpenHss) 25
Temnepatypa makcumansHas, °C 40
Pacxof MUHVMMarbHBIA, M3/ 7180
Pacxoa, M3/u (cpeaHuii) 17 950
Bbicwan TennoTa cropanus, kkan/kr 11770

MpupoaHbIA ras, NOCTynaroLWmi K TOHMKE CMELLMBAHUA C NapoM nocne aecynbdypa-
LW, AOIMKEH copepKaTh cepy He Gonee 0,5-10 % © % (no o6vemy).

OxnaxaeHHbIN pedpOpMUPOBaHHBIA ras, NOAABaEMbIA K TOUKE CMELUMBAHUS C TEXHO-
TIOTMYECKM Fra3oM, AOJDKEH OTBEYaTb CriefyowmumM TpeboBaHAM:

Xumuueckui coctas, % (no obbemy):

Ho 73,6
CcoO 16,75
Ho, 73,6
CO; 5,8
CHa 3,0
H0 0,62
[\ 0,23
[aenenue, kricm? 6,2
Temneparypa, °C 31
Pacxon, HM3/u 70 200

[na otonneHus pedopmepa 1crnonb3yeTcs YeTbipe Buaa Tonnmea:

- TONMUBHBIA COPOCHOM ra3 13 LyKna BOCCTAHOBMEHUS KaK MPUOPUTETHOE TOMMMUBO.
Mpy NonHOM NPOuM3BOAWTENBHOCTU YCTAHOBKU 3TO TOMMMBO YLOBMETBOPSET [MABHYHO MO-
TpebHOCTb B TENNE;

- MPMPOAHBINA ra3 Kak NofNUTOYHOE TOMNMUBO ANS NOAAEPXaHUA KanopuMHOCTU (W Npu
3arnycKke) n kak OCHOBHOE TOMMBO ANSi FOPENnoK BCnoMorarensHoro onnepa;

- pehOpPMNPOBAHHDBIM Fa3 B TEYEHNE KOPOTKMX WUIW MaHOBbLIX OCTAHOBOK CEKLMM BOC-
CTaHOBINEHMS, KOrAa B Hann4yMm HeT cOPOCHOro ra3a, HO pedopmep paboTaer;

- MOXET MCMOonb30BaTbCA KEPOCUH B TEYEHUE 3MMHErO Nepuofa Ha ropenku BCromo-
ratenbHoro 6omnepa, korga HeT B HaNM4Mn NPUPOAHOro rasa.
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Bosgyx Ans ropeHvMs nocTynaeT u3 BO3AYXOAYBKW, NpeABapuUTENbHO HarpeBaschb
B bolinepe bapabaHa HenpepbIBHON NPOAYBKM U 3MEEeBMKax Mojorpesatensi Bo3jyxa rope-
Husi o Temnepatypbl 190 °C. Bosgyx Ha BCnoMorarernbHbie roOpenku nocTyrnaeT U3 TOn xe
BO34yX0AyBKW, MUHYS NpeaHarpeBaTenb ¢ TEMNEpaTypon OKpyKatoLeh cpefbl, a B 3MMHEe
Bpemsi ¢ Temniepatypon 5 °C, ucnonb3ys peLypKynsaLmio ropsyero Bosayxa (nogorpesarens
BO3ayxa ropenust). Bosayx nogorpesaetcs fo 190 °C.

N36biTok BO3ayxa B 30HE pagnauuoHHOM cekumm pedopmepa coctaensietr 10 %, Bo
BCrMoMoraTenbHon 30He — A0 15 % Npwu NONHOW NPOU3BOAUTENBHOCTU.

ObiMOBbIE rasbl yaansaloTca U3 TOMKU Yepe3 KOHBEKTUBHYHO CEKLMIO MpY NMOMOLLM Abl-
mMococa. B Tonke pedopmepa nogaepxmBaeTcs paspexeHme 4 MM BOj. CT. NMpU NOMOLLM 3a-
CMOHKM TArM AbiMococa. [biMoBble ra3bl cOpackiBaoTca B aTMOCdEpy Yepes AbIMOBYIO TPY-
6y npu Temnepatype He Hwke 113 °C ana npeaoTBpalLeHns KOHAEHCALMW AbIMOBBIX ra3oB U
KUCNOTHOW koppo3un. MakcumanbHaa Temnepatypa TOYKM pochl KACMOTbI B AbIMOBOM rase
npu HopMansHou pabote — 113 °C.

Cucrema napa

Ha yyactke pedopmepa npomssogmTcs BonblUOe KOnMyecTBo napa. Yactb ero uc-
nonb3yeTcs ANsi peakumin pedopMmHra, a octanbHasi YacTb UaeT Ha TypboreHeparop.

KoTtnoeasi Boga, vucnonb3yemasi Ansi NpoM3BOACTBa napa, NoCTynaeT 13 jeasparopa
npu Temnepatype 110 °C n nogorpeBaeTcs B nogorpesarerne KOTNoBOW BOAbI, Aaree nogor-
peBaetca go Temnepatypbl 250 °C B 3MeeBuUKax noaorpesa rnepep nogadel B napoeon Ga-
pabaH. KonmyecTBo KOTNOBOW BOAbLI PErynMpyeTcs NOTOKOM Mnapa, BbIXOASALLEro U3 NapoBOro
BapabaHa, 1 ypoBHEM BOAbI B HEM, OCHOBAHHOM Ha TPEX3/IEMEHTHOM KOHTPOIE.

Map (naesneHune 65,5 KF/CMZ) obpasyeTcsi NOCPEACTBOM €CTECTBEHHOM LMPKYNALMN
KOTNOBOW BOAbI Yepe3 Bonnep ytunusauuu tenna pedopmepa, 6oinepos AbIMOBOrO rasa u
3MeeBMKM BcriomoraTenibHoro Gornepa. BreipaboTaHHbI Nap neperpeBaeTca B 3MeeBuKax
neperpesaTens U NocTynaeT B KONMEKTOP napa BbICOKOro aasneHns (HP — Bbicokoe paene-
Hue). lMap n3 konnektopa cpeaHero pasnenns (MP — cpepgHee aasneHne) ncnonb3yeTtcs
Kak map npouecca pedopmMuHra. [JononHUTENbHBLIN HaCbILWEHHBIN Nap BbICOKOro AaBneHus
nocTynaeT HanpsmMyl 13 naposoro 6apabaHa Ha KOHTPOSb JaBMNeHUs napa cpeaHero Aae-
NEHWA Kak nap Ana npouecca. 3MeeBnkn naponeperpesaTens umerot pebpa ans ysenude-
HUS MOBEPXHOCTU TEMNOOBMEHa. YPOBEHb 3arpsa3HEHUs TPYAHOPACTBOPMMBIX CONEN B Napo-
BOoM HapabaHe nopaepKMBaeTcs NOCTOSHHOW NPOAYBKOW U3 napoeoro 6apabaHa B 6apabaH
HemnpepbIBHOW NPOLYBKM.

Pecdhopmep Ha ycTaHOBKE MeTannu3aunm B TexHonorum MIDREX

YcraHoBka pedopMmHra npegcraBnseT cobor neyb ¢ NOAOBLIM HarpeBoM, BEPXHEN
TAroW 1 TOMKOW C paanaumMoHHbIM NOBEPXHOCTHBIM HarpeeoM. OHa BbinonHeHa B Buae dyTe-
POBaHHOW OrHeyrnopaMmy rasoHenpPOHULAEMON CBaPHOM METAaNMOKOHCTPYKLUMK, coaepxallen
BEPTUKASIbHO 3arMOJSIHEHHBIE KaTanmn3aTopoM PeakUMOHHbIE TPyDbl, pacnonoXeHHsle B 6 ps-
0B no 5 Tpyb, KoTopble 06pa3ytoT Tak HasbIBAaeMyH Cekumio. Kopnyc pedopmepa cocTomT
13 17 cekUuii 1 cnpoeKkTupoBaH Takum o6pasoM, YToObl KOMMNEHCUPOBATL TEMNOBOE paciun-
peHMe, KOTOpPOe NMPOUCXOAWUT NMpu LOCTWKeHUM paboudero TemnepatypHoro pexuma. OpHo-
POAHOCTbL TEMNEPaTYPHOro Nons AOCTUraeTCs C NOMOLLBHO OTBOAOB ABIMOBOIO rasa B 6oko-
BbIX CTEHaX CEKLUIA pedpopMepa, NCMONb3YIOTCA OTBOALI PA3HOTO CEYEHUst ANs PaBHOMEPHO-
ro oTBofa AbIMOBOro rasa (CM. pUcyHok 2.41).

PeakumoHHble TpyObl (C BHYTPEHHMM AnameTpoM 260 MM) 3anosfHeHbl KaTanu3aTtopom
Ha HOCUTene, CoAepPKaLleM B Ka4eCTBE aKTUBHOMO KOMMOHEHTa Hukenb. TpyObl pacnonoxe-
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Hbl psgamy pasHoW BbICOTbI C Pa3NUYHLIMU (DYHKUMAMK, CheunasbHO paccyMTaHHbIMU Ha
HYX/bl YCTaHOBKW.

MpeaBapuTeNbHO HarpeTbii NUTaLWWIi ras, NpeacTaBnAloWmMi coboli CMeCb OYMLLEH-
HOr0 OT MbIIM U CXATOro KOMNOLUHUKOBOrO rasa C NPUPOAHbLIM rasoM, NOAeTCs B HUXKHIOW
YyacTb peakuMOHHON Tpy6bl M BOCXOAALWMM MOTOKOM MpOTekaeT yepe3 CTauMOHapHbIA Coi
katanusartopa. MpupoAHbI ra3 noABepraeTcs CTEXMOMETPUYECKON KOHBEPCWUM OKCUAOM Yr-
nepoja 1 BOASHBIM NapoM, CoAepXallMMUCS B KOJIOWHUKOBOM rase, B pe3y/bTaTe 4ero no-
nyyaeTca ropaunii pethopMUpOBaHHbIN a3 C BbICOKOW KOHLieHTpauueli MOHoOKcuAaa yriepo-
fa (CO) u Bogopoga (Hr). PedhopmMmnpoBaHHbIi ras, BbIXOAA U3 BEPXHEW 4YacTu KakaoW Tpy-
6bl, cobupaeTcs B KonnekTopax. Mpyv HOpMasibHbIX YCMOBUAX 3KCNyaTauun KOSOLIHUKOBBIN
ras coflepXuT JOCTaTOYHOE KONIMYECTBO BOASAHOrO napa, YTobbl MOXHO OblLIO 060iTUCL Ge3
HarHeTaHus BOAblI WY BAYBaHUS napa.

MMNb3bl ANS KaTann3aTtopHbIX TPYOOK B HWKHER YacTu neun peddopMuHra repmeTmsu-
poBaHbl AN 3aWmnTbl OT aTMOCHEpPHbIX BO3AENCTBUIA rodpypoBaHHbIMM MeMbpaHamu. Ton-
Ka ycTaHOBKM peddopMUHra cHabxeHa TensoBoOW W30MsLUMeN, BbINOMHEHHOW C MCMNOMb30Ba-
HVeM COOTBETCTBYIOLLUX OTHEeYMNopHbIX MaTepuanoB. CMOTPOBblE OKHa 060pyA0BaHbl Crneuu-
a/IbHbIM TEPMOCTOMKUM CTEK/I0M.

KONNeKTop pcd. rasa

PACMPEAKO/NIEKTOP
('COBAYbA HOrAT |

OTBOAb!I OHU TA3A KOJVIEKTOPbI
PE®. TA3A

FA30X0A4
AbIM.  TA3A

mCMOTPOBbIE
OTBEPCTUA

OTBOAbI Y1 TAW.

KONNMEKTOPbI MAT T[A3A", MPNPOJ FA3 HA BCMNOWU FOPENKY

FOPE/IKA 2.0 BCMOWMBO3AYX K BCMOW FOPE/NKE
KONNEKTOP TOMMN KON FOPENIKA 1.0 Fran/u

FOPE/IKA 1.0 Tkon/u-— "PY3bl BO3AYXA TOPEHWS
KOJIEKTOP TOMM, Kon” FOPENIKA 20 Tkan/4

FOPE/IKA 2.0 “PYy3bl BO30VXA FOPEHWA
FA30X04 ) KCNNEK"0=bl MAT. TA3A

FOPEJIKA 1.0 Tt03"/y
FA30X0[4 BO3[ rop

PucyHok 2.41 — Pechbopmep yctaHoBkm MIDREX. Bug c Topua

ONa yMmeHblUEHUss Non3ydecTu maTtepuana B Tpy6ax (MOCTOSIHHBLIA POCT B TeueHue
[LNWTeNbHOTO Nnepuoja aKCnmayaTauunm npy BbICOKMX TemnepaTtypax) Tpy6bl onuparTcs Ha
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CcuCTEeMy MPYXMHHBLIX OMOP MO MOAOM neyn pecdopmMepa, KoTopas BOCMPUHUMAaET YacTb 06-
LLIe BECOBOW Harpysku Tpyo.

Temnepatypa pedOpMUPOBaHHOrO rasa MoXeT ObiTb Bblle TemnepaTtypbl, Heobxo-
AVMOW ANS €ro NPsSMOoro BAYBaHWA B LUAXTHYHO NeYb B KAYECTBE rasa NS KONbLEBOro BO3ay-
xonposoga. OxnaxaeHwe ropsHero pedopMMpOBaHHOMO raza NPOM3BOAUTCA MyTEM MoLauM
HeboMbLUIOro KonuyecTea rasa OT KOMMpeccopa TEXHOMOMMYecKoro rasa, Komnpeccopa oxna-
xparoero rasa n/vnvm nytem oboraileHna petopM1pOBaHHOrO ra3a NPUPOSHBEIM ra3oMm.

Pedopmep ocHalleH rrnaBHbIMU 1 BCroMOraTerbHbIMK ropenkamn. Bosgyxogyska oc-
HOBHOro BO3Ayxa NMojaeT npefsaputensHo HarpeTsii go 550 °C — 600 °C Bosgyx Ans ro-
PEHNA K rnaBHbIM roperkam, rae oH nobaBnsieTcst K TONMBHOA CMECU MPUMPOAHOro rasa u
KOMNOLLUHUKOBOrO TOMMVBHOMO ra3a. BosgyxogyBka BCMOMOraTensHOro BO3gyxa nojaeT BO3-
AyX Ha BCroMoraTernbHble ropenky, rae Bo3ayx CMELLIMBAETCS C MPUMPOAHLIM ra3oM U Cxura-
eTcs.

maBHble ropenky pacnonoX)eHbl CUMMETPUYHO MEXAY BCEMU psiaamm TpyOok n obec-
neYnBaroT AIIMHHOE Y3KOe nnams Ans SPdPEKTUBHOrO Harpesa peakumMoHHbIX TPy no anuvHe,
BCMOMOraTenbHble rOpenky, UCMOoSb3yeMble B Ka4ecTBe 3ananbHbIX W MUMOTHBIX FOPEnoK,
YCTaHOBIEHbI B YETLIPE PsSiAa MEXAY rnaBHbIMU ropenkamMu.

BenomorarensHble ropenky NPUMEHSIOT ANA HarpeBa neyy BO BpeMs 3anycka, a Tak-
Xe Ansa nogaepxaHusa Tpebyemon TONOYHOM TeMnepaTypbl BO BPEMS KPATKOCPOUHbIX OCTa-
HOBOK (paboTa ycTaHOBKM B XOMOCTOM pexume). [Mpu paboTe B XONOCTOM peXUMe ropenku
NoALEPXKMBAKOT TEMMEPaTYpy Nevn pedopMuHra Ha BeNnYMHY YyTb Hke paboven Temnepa-
Typbl ANS NPeaynpexneHNs BO3HUKHOBEHUSA HeXenaTesbHbIX HaNPsKeHWN B peakLMOHHbIX
TpyBax v OrHeynopHomn yTepoBKM BCNEACTBME U3MEHEHUI TeMnepaTypbl. O6e ropenoyHbie
cvCTeMbl paboTaloT Ha MCKYCCTBEHHOW TAre € Nojayen Bo3ayxa ropeHmst CoO CTOPOHbI BEHTU-
natopos. Bo3ayx ropeHus Ans rMaBHbIX FOPENoK NOAAEeTCs rMaBHbIM BEHTUNSTOPOM U 3aTEM
HarpeBaeTCA B peKkynepaTope; Ha BCroMoratenbHble Fopernku NoAaeTcs XOMNoAHbIA BO3AYX
OT BCNOMOTaTenbHOro BEHTUNATOpA.

lopenve B neun pedpopmepa OCyLLECTBNAETCH C BbICOKON 3PDEKTUBHOCTLIO. ITO
obecneymBaeTCca NOYTU repMETUYHON KOHCTPYKLMEN Neyu, Npesynpexaatollen NpoHUKHoBe-
HWe BO3Ayxa, a Takke TOYHLIM PEryniMpoBaHMEM COOTHOLLEHWNS TONSIMBHOMO rasa C BO34YXOM,
KOTOpoe fABnsieTca 6rnm3knM K cTexuomeTpryeckomy. lNonydaowmncs B pesynstare AbIMO-
BOW ras neuun pedopmepa no NPUYMHE HUSKOrO COAEPXKaHUS KUCNIOPoAa B HEM NpeacTaBns-
€T co60n NPUroAHLIA UCTOYHMK AN MPOM3BOACTBA MHEPTHOTO rasa.

HdeimoBoOM raa cobupaeTcs B ABYX KOSNEKTOPaXx, PacnofioKeHHbIX C KaXAoN CTOPOHbI
neyn pedopmepa. Konnekropbl AbIMOBbIX ra3oB pyTepoBaHbl OrHeynopamn. [ns komneHca-
UMM TENNoBOro paclUMpPeHUs MEeXAy OTAENbHbIMA CEKLUMSIMU KOSMNEKTOPOB YCTaHOBIEHbI
KOoMMneHcaTopsl. [lbiIMOBbIE rasbl, BbIXOASLLME U3 NeYn pedopmepa Npy Temnepatype npu-
mepHo 1150 °C, nogarotcst Ha pekynepartop Ans yTunusauum Tenna.

Pecopmunr B npouecce MIDREX onpeaensieTcs kak CTEXMOMETPUYECKUA pedop-
MuHr. PaboTta npu ycnoBusx, HaCTOMNbKO BIIM3KMX K CTEXMOMETPUYECKUM, TPEBYET NOCTOSHHO
npaeBunbHoOM 1 TouHon pabotel pechopmepa. HenpaeunbHaa pabota MOXET NpUBECTU Mpu
peakuusix C BbiNafeHWeM Yrnepoaa K 3arpsi3HEHUIO KaTanuaaTopa, PasfoXeHWIo Kataniaa-
TOpa UNW NOBPEXAEHMIO BbICOKOTEMMEPATYPHBIX NErMpoBaHHbIX Tpyd pedopmepa.

TexHuueckme xapakTepucTuku pecdopmepa npeacraeneHsl B Tabnuue 2.11.
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Tabnuua 2.11 — TexHn4eckue xapakrepucTukmn pedopmepa

UTC 25-2017

HavmeHoBaHvne napameTpa Eauniua Yepeanrentoe
n3mepeHuna 3Ha4YeHne

LnvHa M 59,500
Wnpuna M 15,200
Beicota M 9,820
KonnyecTtBo cekumin LT. 17
KonuuecTteo peakumoHHbIX Tpyb WwT. 510
KonunuecTtBo ropenok WwrT. 306
KonnuyectBO OCHOBHLIX FPENOK C TEMIOBOA NPON3BOAU- wr 170
TenbHoCTho 1,5 Mkan/u n gnametpom conna 100 mm '

KonuuectBo OCHOBHbIX FPENOK C TEMMOBOW NPOU3BOAU- wr 68
TenbHOCTbO 0,75 Mkan/y n guametpom conna 65 Mm '

KonuyectBo BCnomorarenbHbIX ropenok wr. 68

Bonbluas Yactb pehopMMpPOBaHHOIO ra3a, HeobXOANMOro ANS BOCCTAHOBIEHWS B Ne-
4M, npouseoguTcs B pedopMepe U BBOAMTCH B MNeYb C BOCCTAHOBUTENbHLIM ra3oM (rasom
KonbLeBoro Tpybonposoaa). OaHako HekoTopas YacTb pedOpMUHra NPOXoauT B nedn. Ta-
KON pedOpMUHT HasbiBaeTCs BHYTPeHHUM (in-situ reforming).

BHYTpeHHWUIA pedOPMUHI NPOUCXOAUT MU3-3a HaNUUMA B NEYM METaHa N OKUCTIUTENEN.
MpupogHbIN ras fobaenseTca B Nedb AN yBENMYEHUS KONMYECTBa yrnepoaa kak npoaykra
peakumm. Konm4ecTeo MeTaHa B Neyn Bo3pactaeT npu aobasneHn oboraeHHOro npupoa-
HOro rasa B CMecuTenb pedopMUPOBAHHONO rasa WM NyTeM BBOAA NPUPOAHOrO rasa Hemno-
CpefCTBEHHO B NeYb B MEPEXOAHYIO 30HY.

Mocne BoccTaHOBNEHWA okcmaa xenesa Ao metannuyeckoro xenesa CO n Hz npeob-
pasytorcs B okmcnmtenu CO2 n H2O. Katanutuueckas noBepxHOCTb BOCCTAHOBMEHHOMO Xe-
nesa (DRI) no3ssonsieT okMCAMTENAM pearMpoBaTb C HEKOTOPbIM KONUMYECTBOM METaHa unv
TAXEnNbIMWX YrNeBOZOPOAAMN B MPUPOAHOM rase, o6pasysa 6onbwe CO v Hy BHYTpY neyn.

Mpw pedpopmmHre ¢ CO, oBpasyrotca pasHble konuyectsa Ha 1 CO, a npu pedpopmunH-
re ¢ HyO obpasyerca B Tpu pasa 6onbwe Hy, yem CO. Mostomy oTHoweHue Ho/CO B pe-
OPMUPOBaHHOM rase onpeaensieTcsl Ha OCHOBaHUM OTHocUTESbHbIX konnyects CO2 n H0
B nogasaemMom B pechopmep rase. Peakuus pedopmuHra ¢ CO2 meaneHHee, Yem peakums
¢ H20. KonunuyectBo Tenna, HeobxoAvMoe ANA MpPOTEKaHWs peakumin pedopmuHra, npeg-
cTaeneHo B Tabnuue 2.12. Tak kak pedopmep ucnonsayet n CO2, n H20, To ana ysenuue-
HWA CKOPOCTW peakumn oH JormkeH paboTtaTte Npy Gonee BbICOKUX TemnepaTtypax, YeM CTaH-
JapTHbIN naposor pecopmep.

Tabnuuya 2,12 — TennoTa peakumu ansa pecopmMuHra

OHpoTepMuyeckan TennoTa peakumm, Kkkan/um® CH,

Temneparypa, °C

Pedopmunr ¢ CO, Pedopmunr ¢ HO
700 2785 2407
800 2787 2418
900 2784 2425
1000 2776 2428
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Mpu peakumax pedopmMUHra NPoUCXoauT 06beMHoe pacluMpeHue. OfHako npu peak-
LMsAX BOCCTAHOB/IEHMSI OKCuAa Xeses3a U3MeHeHuli B o6beme He HabnopaeTcs. Tak Kak Ko-
NIMYecTBO BOfbl, KOHAEHCUPYIOLEencs B Ckpy66epe KOMOLIHWKOBOrO rasa, MeHblle 06beMHO-
ro pacwuvpeHvus npu pedopmuHre, Bcerga u3 ckpyb6epa KOMOLWHMKOBOrO rasa BbIXOAUT
6onblle rasa, yem TpebyeTca N nogadv B pechopmep. 3TO M3OLITOYHOE KOMYECTBO KO-
JIOLIHMKOBOrO rasa MCMosb3yeTCs Kak TOMIMBHbLIA KOMOLWHMKOBLIA Fa3 Ha raBHbIX ropeskax
pedopmepa.

Katanusatopbl pecdopmepa

KatanmsaTop — 37O BeLeCcTBO, YCKOPSAILWEE XVMUYECKYI peakuuio, He yyacTBys
B Hell. B pechopmepe yCTaHOBKM MeTa/I/In3aummn KaTanm3aTtop YCKOPSeT peakuyun KOHBEpPCUM:

CH4+ CO2LWW2C0 +2H2
CH4+ H2 W, CO + 3H2

KatanmsaTop COCTOMT M3 aKTMBHOrO KOMMOHEHTa — HWKENs W OCHOBbl — [IMHO3eMa
BbICOKOW 4MCTOTbI.

MuTatowmii ras, npeactasnaoLWmMii coboli CMeCcb NPUPOLHOrO rasa c NapoM B NapoBOM
pechopmepe WM CMecb NPUPOLHOIO rasa C KOJIOLWHMKOBLIM B Yr/IEKUCIOTHOM pedopmepe,
nocTynaeT B peakunmoHHyto Tpyby, B KOTOPOW B XaOTMYHOM PAaCMONIOXEHNN HAXOAUTCS KaTta-
nmsatop. 3a cyeT BHELUHel nojaun Tenna u ras, U Katamsatop HarpeBalTCA A0 BbICOKMX
Temnepatyp (CM. pUCYHOK 2.42).

BXO0A4A nNuTakKnuyarc- rasa.

TIaWw K

BHXO0S
pOdop/[kpob KHOTO
raea

PucyHok 2.42 — PeakumoHHas Tpyba pechopmepa, 3anonHeHHas
KaTann3aTopom

B pechopmepe uUcnonb3yloT ABa WM Tpu Buga katanmsatopa Reformex. B HWXHIOW
yacTb TPYObl 3arpyXarT OYeHb NPOYHbIA Ma/IOAKTVBHbIA KaTanusaTop.

[Janee B ogyH WA [iBa CNOS 3arpy>XaeTcsl akTUBHbIA kaTasmsartop.

KaTtanmsaTop npeacTaBnsieT co6oii maTepuas, KOTOpbIA YCKOPSIeT peakuuio U npu
3TOM He NOT/OWAeTCsl U He MEHSIeTCA B XOfe peakuuu.
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PedopMuHr — 3TO reTeporeHHas katanuTuyeckasi peakuus, NoTOMY YTO peareHThbl
HaxoASTCA B rasoobpasHOM COCTOSHUM, a kaTanvaaTtop — B TBepaoM. KaranusaTopbl pe-
hOpMUHra ABNAIOTCA COCTaBHBIMU (CMOXHBIMK), TaK KaK OHX CopgepxaTt Bonee 0fHOro XMmm-
YECKOro KOMMOHEHTa, T. €. aKTUBHYHO COCTaBMSAIOLLYIO N HOCUTENb. OPEKTUBHOCTL kaTanu-
3aTopa 3aBMCUT OT COBCTBEHHbLIX XUMUYECKUX 1 (PU3NYECKMX CBOWCTB KaTanvsatopa v B He-
KOTOPOW CTENEeHM OT ero PasnoXeHus NPu CNonb30BaHNM B pedhopMepe.

AKTUBHOCTb KaTanuaatopa O4YeHb BaKH& ANA YCMELHOro CTEXMOMETPUYECKOrO pe-
OopMMHra. AKTMBHOCTb KaTanvsatopa 3aBucuUT OT NEPBMYHONO XMMUYECKOTO COCTaBa ero ak-
TWBHOWN COCTaBNSAIOLLEN N HOCUTENSA. AKTUBHAasA cocTaenstolas Ans BonbLIMHCTBa KaTanuaa-
TOPOB pedOpMMHra — 3TO HUKEMb, HO MHOTrAA ANS KaTanmsaTopoB Ucnonb3yetcsa KobanbT.
Mpn HU3KOM TemnepaTtype HuKenb akTueHee kobanbTa. [py BbICOKOW TemnepaTtype akTuB-
HOCTb HMKens 1 KoBansTa MPUMEPHO OAUHaKoBa. Yem Bbille COpaepXaHne akTUBHOW COCTaB-
NALWEN, TeM Bbllle aKTUBHOCTb kaTanusaTopa. Hocutenem ans GonbluMHCTBA KaTanuaaro-
poB pedOpMUHra SBMAETCH MMUHO3EM BbICOKOW CTEMEHN YNCTOTHI.

BeinageHvie yrnepoaa Ha karanvaarop CHwkaeT 3dekTnBHOCTL paboTsl Katanusa-
Topa. borbLuoe 3HaveHVe ANS skcrnnyaTtauum pedopmepa UMeroT dopma 1 pasmep rpaHyn
kaTanusatopa. OHn fomkHel obecneyrBaTb MUHUMAINbHOE MMAPaBNNYECKOe CONPOTMBIEHNE
MOTOKY rasa 3a CHET BbICOKOW MOPO3HOCTM CNOS M MakcuMalsibHyto nepeaady Tenna B croe 3a
CYET BbICOKOWN TypOyneHTHOCTM noToka. MakcManeHeIM pasMep JacTuvy, Katanusaropa orpa-
HUYEH AMaMeTpoM peakumoHHoW TpyBel. OH fomkeH Bbitb <1/5 ee anameTtpa, uto obecne-
YMBaET PaBHOMEPHYIO 3arpysky TpyDObl kaTanmsatopoM. MUHMManbHBIM AnameTp orpaHuYeH
nepenagom gaBneHus.

B pedopmepax ycTaHOBOK MeTannmM3aumMu MCronb3yloTca TP Tuna katanusaropa
pasnu4HOM CTENeHN akTMBHOCTWU. Bo BnyckHOM 4acTu TpyObl (HWM3 Tpybbl) O OTMETKW, rAe
Temnepartypa nuTaroLero rasa pedopmepa No3BONAET NOABNEHNE YITIePOAHbIX OTIIOXKEHUNA,
TpebyeTca oueHb TBEPAbIA KaTanmM3aTop HU3KOM akTUBHOCTU (copepxaHue Hukens no 3 %).
[anee pacnonoxeH Cnon karanusaropa cpeaHen aktuBHoctu (3 % — 7 %). Ot obnactu
TpyObl, rae nuTaloLwmn ra3 pecdopmepa HarpesaeTcs A0 Temnepartypsl Bbilwe 700 °C, fo Bbl-
xoAa n3 Tpybbl MCMOMb3YIOTCA BbICOKOAKTUBHLIE KaTanmnsatopbl (7 % — 15 %). AKTMBHOCTb
3TUX KaTanuaaTopoB AOMKHa ObiTb KaK MOXHO BbilLe, YTOObI AOBECTU A0 MAaKCUMyMa peak-
LIMOHHYIO CNOCOBHOCTL TPyObl, OAHOBPEMEHHO n3berasi OTNOXEHUS yrnepoaa.

Katanusatop C BbICOKOW TEMNNONPOBOAHOCTLIO NMPMBOAWT K BBLICOKOW Tenmnornepeaye
K LEHTPY Cnos U yny4waeT Npou3BoAUTENbHOCTb. [103TOMY NNOTHBLIA HOCUTENb MPEeANnoYn-
TaeTCH NErKoMy HOCUTENIO U3-3a NyYLen TENNONPOBOAHOCTY.

Ha paboty kaTanusatopa MOryT okasbiBaTb BIMSHUE OTPaBNAoLLVE BELeCTBa.

Katanutuueckve sabl — BelecTBa, OTpULIATENBHO BAMAIOLME HA HUKENEBbIA KaTa-
nM3aTop v noanagaroLye nog, KaTeropun: BPEMEHHbIE U MOCTOSAHHbIE.

MHorve BelecTBa, BCTPEYAOLMECS B NMPUPOAHOM rase, MOryT paclennaTbes n ob-
pasoBblBaTb yrrepoa B NyCTOTax BOKPYr 4YacTer karanusaTtopa. Pacwennenve aTux Be-
LLECTB, KaK NpaBuIo, He NPUBOAUT K pa3pyLLEeHUO KaTanusaTopa. Yrnepoa, o6pasoBaHHbIN
Mpy pacLlenneHnm aTux BeLecTs, MOXET ObiTb yAaneH MEeToA0M BbPKUTaHWs, Npu KOTOPOM
MCMosb3yHTCA AbIMOBbLIE rasbl, cogepxawme 1,0 % — 2,0 % O-.

MN3BeCTHbIMM BpEMEHHBIMU AfaMK, KOTopble MOTryT ObiTb OBHapyeHbl B MOTOKE M-
TaloLLero rasa, sBMsioTCA: cepa u BCce COeANHEHUS Cepbl, XIIOPVIH U ApYrue ranoreHsi.
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Mpn MPUCYTCTBAN B NUTAIIEM as3e IV KaTa/IMTUHECKME Si/lbl BbI3bIBAT BPEMEHHY!I0
NOTEPI aKTVBHOCTU KaTa/m3aropa. BpemeHHbIn s, yMEeHbLAETCA A0 HOPMaslbHbIX YPOBHEN,
KaTa/mM3aTop BO3BpallaeT CBOK HOPMasibHYH aKTVBHOCTb B TEUEHME HECKOMBbKVX [IHEV.

A3BECTHBLIM NOCTOSHHLIMX SAaMX, KOTOpPbIe MOIYT OGHaPYXVBATLCA B MUTAKIEM -
3, SBMAOTCA: MblUbSIK, (OCHop, BaHamMiA, Medp, lWenoYvb, Ccepebpo, CB/HEL, LMK, Lesoy-
Hble peaKo3emMesibHble METaVTbl. [aHHble BEWEeCTBa Bbi3bIBAT MOCTOSHHbE, HEobpaTumbie
NOTEPU aKTVBHOCTV KaTarm3aTopa.

Jlaxe MuHUMasibHble Ao03bl (<0,1 ppm) BbllleyKa3aHHbIX KOMMOHEHTOB MOIYT Bbi3BaTb
MNOCTOSIHHYK MOTEPH NPOM3BOAUTENBLHOCTU CO BPEMEHEM MPW HAHECEHMN MOKPLITUSI HA Ka—
Ta/m3aTop 1 G6/IOKMPOBKE AOCTYTA KMopam. HecMoTps Ha To, YTO 0BOJIbHO PeaKo BCTpeYa-
€TCA pyda, CoAepxallast 3aMETHOE KO/IMHECTBO TaKMX AMEMEHTOB, KaK MbllbSK W CB/HELL,
BCE paBHO HEOOGXOAMMO MPOBEPSATb Ha/IMYME B PyAe STUX KOMMOHEHTOB, MOTOMY YTO MOTEPs
aKTVBHOCTY KaTa/m3aTopa HeobpaTuva.

2.5.7 CncrtemMmbl TEXHONOTMYECKOTO rasa

OCOBEHHOCTb TEXHO/IorM NosydeHrs NBX B WaxXTHbIX Meyax 3akmodaeTcd B Tow,
YTO MCIO/Mb3YETCA Ma30Bbii BOCCTAHOBUTESb — CMECb BOAOPOJA M OKCuda yrfepoja B pas-
JINYHBIX COOTHOWEHMSIX, B 3aBMCVMOCTU OT KOHKPETHON TexHororm. Kpome Toro, B BOCCTa-
HOBUTE/bHbIA a3 MOXET A06AB/SATLCS NPUPOAHBIA a3 U KUCIOPOA, C LE/bI OCYWECTB/EHNS
BHYTPEHHEN KOHBEPCUM (BHYTPM MeYM Ha BOCCTAHOB/IEHHOM XeMese), YTO MO3BOJISET VHTEH-
CUDMUMPOBAaTL MPOLIECCHl BOCCTAHOB/IEHNA OKCIOB Xe/ie3a.

Cxema OBUMXEHUSA TEXHOIOMMHYECKOIO asza B KOHTYPE BOCCTaHOB/IEHUS YCTaHOBKU Me-
Tarvm3auyn HYL-111 npeacTasnieHa Ha pyucyHke 2.43.

PUCyHOK 2.43 — KOHTYp TEXHOMOMMHECKMX Fa30B YCTaHOBK/ METaUTIN3aLmm
HYL-111
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Korga TexHOMorn4eckmin ras BbIXOAWUT U3 30HBI BOCCTAHOBNEHUS (KONMOLLHUKOBLIN ras),
OH nocrneaoBaTenbHO NPOXOAUT Yepes crneaytollee obopyaoBaHue:

a) TennoobMeHHVK BOCCTaHOBUTENBHOIO rasa;

6) oxnapguteneHas anadparma BOCCTaHOBUTENBHOIO rasa;

B) kanneotaenuTtens Tpyobl BeHTypu |;

r) oxnapguTenebHas GawHs (xonoaunbHUK) Tpyoel BeHTypu Il 1 BoccTaHOBUTENBLHOrO
rasa;

4) KanneoTAenUTENb PELMPKYNNPYIOLWEro rasa;

€) KOMNPECCOopPbI PELIMPKYNUPYIOLLETO Fra3a;

x) abcopbuma CO».

3) HarpeBsaTenb TEXHOMNOMMYECKOro rasa.

TennooOMeHHMK BOCCTaHOBUTENBHOMO rasa pacnonoXeH Ha BbIXOAE W3 LUAxTHOW ne-
un. 34ecb OCyLLECTBRSIETCS NMOAOMPEB BOCCTAHOBUTENBLHOMO rasa, uayLiero B Harpeeaternb
TEXHOJIOTMHECKOro rasa 3a CYeT yTUIn3aumm TennocoaepaHms KOnMoLHUKOBOTO rasa.

OT1paboTaHHbIi KONOWHMKOBBIN ras, NPUXOAAWMA M3 TennoobMeHHKa BOCCTaHOBW-
TENbHOrO rasa, HamnpaenseTcs B OXMaAUTenbHy0 auvadparMy BOCCTaHOBUTENBbHOTO rasa.
34ech BrpbICKMBaETCS NPOW3BOACTBEHHAs Bofa, YToObl OXNaauTsb ras u oTAENUTb TBepAable
YacTuLpl, TPUXOASALLME C ra3oBbIM NMOTOKOM. TpexdasHbIn NOTOK, T. €. BOAA, ras u nonasLune
TBEPAbIE YaCTULbI HaNpaBnsOTCA B Kanneotaenutens Tpybel BeHtypu |, rae otaensetcs
wnam.

B Tpy6e BeHTypu | BrpbickMBaeTCs NpOM3BOACTBEHHAs BOAA, a B Kanneotaenute-
ne — oxnaxaarowas soaa ana obopynosaHus. Boaa, otaeneHHan B BeHtypu | v kanneot-
penvitene, HanpaenseTcs B TPyOy OXNaxkAatoLen BoAbl TEXHOMOMMYECKOro npouecca, a 3a-
Tem B ocBeTnuTenb. MOTOK OYMLLEHHOrO rasa, MPUXOASLMA M3 kanneoTaenutens Tpyobl
Bentypu |, oxnaxpaetcs B Tpybe Bertypm II; ang atux yenen ncnone3yeTcsa Boaa, npeaHa-
3HayeHHas Ana oxnaxaeHust obopyaoBaHus. BosspaTHas Boga HanpaBnseTcs B CUCTEMY
BOAbl ANs oxnaxaeHus obopyaosaHusi. KanneoTaenutens peumpKynupyrowero rasa wuc-
nonb3yeTcst ANs OTAENEHVUs KOHAEHCcaTa, MepeHOCMMOro oTpaboTaHHbIM rasoM W3 XOno-
AVINbHMKA TEXHOMOMMYECKoro rasa. 310 UANMUHAPUYECKUA COCY, YCTaHOBMEHHbIN B BEPUTU-
KanbHOM MOMOXEHWN, BHYTPU KOTOPOrO HaxOASTCS Hacaaku, CriocobCTByOWME OTAENEHMIO
Kanenb BOAbl OT ra3oBoro noToka.

O4YMLLEHHBIN U OCYLLEHHBIA TEXHOMOMMYECKUI ras NnocTynaeT Ha KOMNpeccop peuup-
KyrvpytoLero rasa. Komnpeccop peumpKynMpyoLLero rasa — 3T0 LeHTPOOEXHbIN KoMrpec-
cop, pabortatowmn o1 anekTpoasuratens. Ero npoektHas mowHocTs — 196,882 HM/4. Oc-
HOBHOE HasHa4yeHVe KOMMpeccopa — PEeLMPKYNMpoBaThL onpeaeneHHbIn obbemM rasa B npe-
Jenax KoHTypa BoccTaHoeneHus. Paboune ycnoeusi Ha exoge — 310 °C n 4,57 Kkricm? abc.,
a Ha Bbixoge — 770 °C 1 6,72 kr/cm? abc. B nuHum pasrpysku koMmnpeccopa ecTb knanaH pe-
LIMPKYNSILMM, KOTOPbIN HanpaensieT NOTOK Ha BCac KOMMNpeccopa. JTOT KnarnaH UCnonb3yeTcs
AN NPEAOTBPALLEHUSI NMOMMaXa, a Talkke ArNsi KOHTPOISA MOToKa TEXHONOMMYECKOro rasa Ana
rasoHarpesatens. B nuHuM pasrpy3ku KoMrpeccopa nMeeTcs Takke GannacHas nuHUs cuc-
Tembl COo.

OunLLEHHBIA KOMOLUHWMKOBBIA ra3 Mocre KoOMMIpeccopa HampasnseTcs Kak noTok pe-
LUMPKyIMPYIOLLEro BOCCTaHOBUTENBHOTO rasa B abcopbep CO,. Cucrema abcopbumm CO2
npefHasHa4YeHa Ans OYUCTKM TEXHOMOMMYECKOro rasa OT 0Dpa3oBaBLUErocs B NeYn metan-
nmsaumm amokenga yrnepoga — COz € Lenbio NOBbLILLEHUS BOCCTAHOBUTENBLHOMO NoTEHUWa-
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na peuvpkynupytoLero rasa. Cuctema coctout us ogHomn 6awwHu abcopbumm, oaHow GaluHm
Zecopbuvm, TennoobMeHHNKOB, HACOCOB U BCMOMOraTesibHoro o6opyoBaHus.

TexHonornyecknin ra3 NoAaeTCa B HWKHIOK YacTb abcopbepa, NpoxonuT BBEPX Npo-
TMBOTOKOM K abcopbupytoeMy pacteopy. B kauectee abcopbupytoLlero pacteopa Mcnorsb-
3yeTcsa BoAHbIA pacTBop MeTunguataHonammHa (CH3N(CH,CH2JOH,), copepxawmin nobae-
Ky Ans nosbiweHns abcopbumm CO2 — nunepasuH HN(CH2CH2)2NH.

MetungmnstaHonamuH (MDEA) sBnsieTcs HearpeccuBHbIM aMMHOM TPETUYHOM obpa-
6oTku. fAensasce 6onee cnabbiM OCHOBaHWEM MO CPaABHEHUIO C APYIUMU arikaHomaMnHaMm
(TakMMKn Kak MeTUNaTaHONaMWH MM AUSTaHONaMUH), akTUBMPOBaHHLIM pacTeop MDEA He
KOpPPO3UMHbIA, He TpebyeT HX nNpoueayp naccuBaumm, H1U AOMOMHUTENBHOMO cTabunmsaropa.
PacTBop MMEET BbICOKYH) XMMUYECKYIO U TEPMUYECKYIO CTabUNBLHOCTL NpU TeMnepartypax pe-
reHepauun. OH HETOKCUYEH U CKINOHEH k Buopacnagy.

Bbicokoe paboyee aaeneHve u HU3kas Temnepatypa abcopbepa yckopstoT nepegady
maccbl CO2 u HaoS ot rasa k xmakoctu, rae oHv abcopbupytotes. BocctaHoBUTENbHDIN a3 13
abcopbepa upet B ckpybbep 06e3yrnepoxeHHOro rasa, rae OH OXNAaXAaAeTCA N OUMLLAeTCs
ot abcopbupyloLLero pacteopa, NPUHECEHHOro u3 abcopbepa NPOTUBONOTOKOM BoAbl. Boc-
CTaHOBUTENbLHbLIN ras u3 ckpycbepa obesyrnepoXeHHOro rasa nogaeTca B pekynepaTop Ten-
a KOMOLLHWKOBOTO rasa 1 NoToM B HarpeBaTenb TEXHONOTMYECKOro rasa.

HarpeBaTenb TEXHONOrMYECKOro rasa npegHasHadeH ana obecneyeHns Heobxoaumon
TemnepaTtypbl TEXHONOrMYECKOro BOCCTAHOBUTENBHOTO rasa, Ytobbl Nony4nTs HEOOX0AUMYIO
3HEPIUIO ANS BOCCTaHOBIEHMWS XXene3opyaHbIX okaTbiwen. TUn HarpesaTens TexHonorndve-
CKOro rasza — KOHBEKTUBHO-PaanaunoHHbii. OH CrpoekTupoBaH ANsS yBENUYeHUs Temnepa-
Typbl BOCCTaHOBUTENBHOTO rasa go 933 °C.

ObivoBble rasbl, obpasylolmecs B pagvauMoHHOM 30HE, MOAOIPEBalOT 3MEEBMKM,
pacnonoxeHHble B BEpXHEW 4acTu HarpesaTens KOHBEKTUBHOW 30Hbl. OTU [bIMOBblE rasbl
BbIXOASAT W3 KOHBEKTMBHOW 30HbI, MPOXOAAT 4Yepe3 3MEeeBVK TennoobMeHHUK Bo3gyxa u
cOpacbiBaroTes Yepes gbiMococ pedopmepa. CxuraHne rasa NpoOUCXOAUT C MOMOLLLIO rope-
TIOK NMPVPOAHOrO rasa, KOTopble pacrnosiokeHbl Ha MoAE U CTEHKax pagunauMOHHOW CEeKLK.
HarpeBsaTernb MMeeT BbITSIKHOW W LyTbeBOW BEHTUNSTOPbLI U UCMONb3YET NOAOrpeThIA BO3AYX
ANS ropeHus.

TexHonornyeckuii ras, 295 °C n 6,21 kr/cm? 136., nonafaeT B HarpeBaTeNb KOHBEK-
TWUBHOW 30HbI. JTO NEPBLIN 3Tan Harpeea, rae LOoCTUraeTcs HadansHas TemnepaTypa 500 °C.
[MoToMm ras MaeT B pafuaLMOoHHYHO 30HY UM OKOHYaTeNbHbIN 3Tan Harpesa, rae ras Harpesa-
eTca no 933 °C n cobupaeTcs B NMHUM Nepefayn, kotopasi CoefuHsAeTCs C 30HOM BOCCTa-
HOBMEHWS LIAXTHOW Neyn meTannmsaumu.

Tpy6bl rasoBoro HarpeBaTens MOABEPrarTCs rasoBol KOppo3uu B atMocdepe BOC-
CTaHOBUTENBHOrO rasa — TaK HasbiBaeMbl npouecc metann-gactmHr (metal dusting — o6-
pasoBaHve MeTannuyeckor nbinn). Metal dusting oBblMHO MponcxoanT B atMocdepe BOC-
CTaHOBWTENBHOIO rasa B MPUCYTCTBUM OObLIOro KONMYECTBa YrieBoAOPOAO0B B UHTEpBane
Temnepatyp oT 450 °C po 900 °C. Ons npefoTBpalleHus AaHHOro npolecca MpoBOAST
npeaBapuTenbHOE OKUCNeHWe TpyD rasoHarpeBaTenst ¢ Lenbio 06pa3oBaHUsA Cros OKMCK
XpOMa Ha HapyXHON MOoBEpxHOCTU TpyD. Kpome TOro, npomnsBoOASIT MHXKEKLMIO COEANHEHUIA
Cepbl B MOTOK TEXHOMOMMYECKOro rasa, MoCTynaroLLero B rasoHarpesarerns. Lienbio nHxekumm
Cepbl ABNAETCA NAcCUBUPOBaHNE METAaIMYECKON MOBEPXHOCTM TPYD, KOTOpLIE KaTanmampy-
0T peakumm HayrnepoxmBaHus. CoeMHEHNA Cepbl NHKELMPYIOTCS B NMOTOK TEXHOMOMMYECKO-
ro rasa, 06el4HO 20—30 ppm H2S no obvemy, n [o6aBnATCA B TEXHOMOMMYECKUIA NOTOK. [o-

126



NTC 25-2017

PAYAR BOCCTAHOBUTENbHHMN ra3 ¢ Tennepatypoit 930 °C, npuxogaunit u3 rasonarpesatens,
BXOLUT B Meyb WeTanausaluu vyepes Kkonbuesod kawan (dypuweHHsd nosc), npoxogsa vepes
CROM Kene3opyfHbHX oKaTHued, B3aunofeicTBYyeT ¢ OkMCcnaun xenesa, NOCNER0BATEAbLHO
ero BOCCTAHABNMBAA L0 YUCTOrO a-xenesa.

ynpoueHwsas cxema LUPKYNALMN TeXHOnOTrHyeckoro rasa na ycranoske HYL-IIl npeg-
CTaBneHa Ha pucyrke 2.44.

KONOLWHWKOBBI ra3

Map MpvpoaHbIii
ras

PucyHok 244 — Cxema LUPKYyNALMN TexHonorunyeckoro rasa s cucrene HYL-II

YCpeaHeHHBE XUNMHYECKUE COCTABY rasoB, yyacCTBYOUNX B HOPUUPOBAKHUNA BOCCTA-
HOBUTENbHOTO rasa, npegcrasneny B rabnuye 2.13.

Tabnanya 213 —YcpefHeHH e XuMuuyeckue cocTass yupkynupynuux rasos [19]

Xuwnyecknit coctas, % (06.)
Haumenosanne rasa

(@2 H2 €0 (@ 2 n2
MpupogHbi 98,6 0- 0 0 0,8 0,6
Konouwsukosdil 7,3 50,7 10 8 22 2
b .
emopMMpvosaHHuM 45 73 17 5 0.3 0.2
NpUpPORHUT ras
Peqmpkynmpymuumw 10 69 17 15 0,9 1,6
TEXHONOTHYECKNN Tas3
TexHonornyeckni 115 n 16 35 0.4 0.6

BOCCTAHOBUTENbHI
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Xumnueckum cocras, % (06.)
HaumeHosaHue rasa
| co CO, H,0 N,

CH, H,

PedopM1poBaHHbIN NPUPOAHLIN Fa3 — KOHBEPTUPOBAaHHLIM MPUPOAHbLIA a3 nocne
ckpyb66epa; peumpkynupyoWwmin BOCCTAHOBUTENbHBIA ra3 — KOSMOLIHUKOBBIA a3, OYULLEH-
Hb 0T CO2; TEXHOMOTMYECKMA BOCCTAHOBUTENBHBIN ra3 — CMECb NEPBbIX ABYX ra3oB B
06beMHOM cooTHoLweHun 1:2,33 1 npupogHbii rad — 0,6 % — 0,8 % ot obwero ob6bema.

Cxema ABWKEHUs] TEXHOIOMMYECKOTO ra3a B KOHTYPE BOCCTAHOBIEHUA YCTAHOBKN Me-
Tannmsauum MIDREX npegcraeneHa Ha pucyHke 2.45.

OTtpaboTaHHbIN ropsymn, 3anbineHHbIN, BbIXOAALLMIA U3 LLIAXTHON Neyun ras (KonoLuHu-
KOBbIV ras) no ¢pyrepoBaHHOMY TpybonpoBoay NOCTynaeT B ckpybbep KOMOLIHUKOBOrO rasa,
B KOTOPOM MPOUCXOAUT Ero O4UCTKa U oxnaxaeHue. OxnaxaeHue n o4ncTka NpPou3BOAATCH
BHYTPU eMKocTu ckpybbepa B Tpu atana. a3 cHadana npoxoauT vepes Tpyby BeHtypw, roe
NPOVCXOAWT yAaneHue MbiNn 1 NepBoHaYanbHOe OXNEKAEHWE, 3aTEM OH MPOXOAUT 4epe3
HacafiKy, BbINOMHEHHYIO U3 HEPXKAaBEIOLLEN CTanu, 1, HaKoHeL, Yepes kanneotaenurens. las,
BbIXOASALMI 13 TPYObl BeHTypun ckpy©bepa KONOLWHMKOBOrO rasa, pasgendercs Ha gsa noTo-
Ka (TEXHOMNMOMMYecKUi ras 1 TOMMUBHDBIN ra3), KOTOPble NPOXOAST Yepesd ABE OTAElNbHbIE CeK-
Lumn BHYTpPM ckpy66epa. TonnMBHLIA ras HanNpaBnAeTCA Ha rMaBHbIe ropenku pedgopmepa.

Bbixoasawmii ns ckpybbepa OUMLLEHHBIN N OXNaXAEHHBIN TEXHONOMMYECKUA ras noaa-
€TCS Ha Bcac YCTaHOBMEHHbIX NOCNefoBaTensHO KOMMPECCOPOB TEXHOMOIMYECKOro rasa, rae
nyTeM cxaTua B ABa aTana obecneuymBaeTcsi HEOOXOoAMMOE AaBrieHVe rasa B 3aMKHYyTOW
CMCTEME rasoBbIX MOTOKOB. M3 BTOPOW CTyMeHM ropsumii KONMPEMUPOBAHHBIA ras noaaeTcs
B CUCTEMY peKynepauum Tenna oTXo4saWwmX rasos nevun pedopmuHra (pedopmep), rae nocne
npeaBapuTENIbHOrO Harpeea 1 yaaneHus cepbl B Aecynbdyparopax, 3anonHeHHbIX karanu-
3aTopoM ZnQ, cMeLLUMBaETCs C HarpeTbIM TEXHOMNOMMYECKUM MPUPOAHBIM ras3oMm.
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PucyHok 2.45 — Cxema NoTOKOB TEXHO/IOTMYECKUX Fa30B Ha YCTaHOBKe
MIDREX

Mocne okoH4YaTe/IbHOrO HarpeBa B pekynepaTtopax 3TOT CMeLaHHbli ra3 nogaercs
B KaTanuTuyeckne Tpy6bl pecpopmepa, rae NpoucxoauT ero npeo6pasoBaHne B pedyopMupo-
BaHHbIi ras. Ans obecneuyeHnsi HEO6XOAMMOrO CofepXaHus yrnepoga B MeTasl/IM30BaHHOM
npoaykTe MOTOK PehoOPMMUPOBAHHOIO rasa CMELUMBAETCS C NPUPOAHLIM a3oM W Hanpassi-
eTca B (pypMeHHbIii NOSC WaxXTHOM Neun kak BOCCTAHOBUTESbHLINA ras. PerynmposaHue TeM-
nepaTypbl BOCCTAHOBUTE/IbHOTO ra3a OCYLLEeCTB/SAETCA MyTEM OXNXKAEHWUS YacT KOHBEpTH-
pOBaHHOTO rasa B XO/0A4WIbHUKE PeddOPMUPOBAHHOrO rasa. Tpy6onpoBos peopMmUpoBaH-
HOrO rasa BbIMOJIHEH U3 OTHEYMOPHOro Matepuasa. Mpyu Heo6xXoAMMOCTU ANsi MpeAoTBpaLLe-
HUA NoTepb Tenna TPy6GonpoBog, MOXeT 6biTb 060PYA0BaH 3aALUTHLIM METasI/INYEcKUM Ko-
XKYXOM.

Ons perynupoBaHusi TemnepaTtypbl MeTasn/IM30BaHHOTO MPOAYKTa YacTb pediopMupo-
BAHHOTIO rasa, pacxof, KOTOpOoro peryanpyeTtcsi KianaHOM Fropsiero rasa, nojaercsi B KOHyC-
HY!0 YacTb LIAXTHOI Neun Yepes KoJbLEeBoli TPYGONpPOBOA NOBTOPHOrO NOAOrpeBa.

2.5.8 Cwuctembl pekynepauunu Tenna

Ha yctaHoske HYL-Ill pedhopmep MMeEET KOHBEKTUBHYIO CEKLMIO, TaK Kak [bIMOBbIE ra-
3bl, BbIXOAALME U3 pafnaunoHHOl cekuun pechopmepa, nMepeHoCST Hemano Tenna. B KoH-
BEKTUBHOW cekumMu pedhopmepa yCTaHOB/IEHO HECKO/IbKO 3MEEBUKOB yTuaM3auuu Tenna ans
ynydweHusa ero tensosoro Krif.

B KOHBEKTVBHOW cekuuMn pechopmepa ycTaHaBNMBAKOTCHA Cnegylolime 3MeeBUKn yTu-
nunsauuu tenna:

a) nogorpesaTesib peareHTOB «B» cmecu npupogHoro rasa/napa;

6) 6oinep ¢ pagnauMOHHbIM 3KPaHOM «A»;
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B) BbICOKOTEMMEPATYPHbLIN Naponeperpesarers;

r) HU3KOTEMMNEpPaTYPHbLIN Naponeperpesarens;

Z) nogorpeBarernib CMECU peareHToB «Ay;,

€) nogorpeBarernb NpUPOAHOro rasa;

) Gonnep AbIMOBOIO rasa;

3) 3KOHOMaWn3ep KOTNOBOW BOAb!;

W) Noporpesartens BO3ayxa AN ropeHus.

N3 waxTtHon neun meTtannmaaumm HYL-ll BbIXOAUT ropsuMid KOMOLUHWKOBbIA ras
¢ Temnepatypon 350 °C — 450 °C. B uensx pauymoHansHOro Menones30BaHusa Tenna ycra-
HoBKa CHabeHa peKkyrnepaTopoM TEeXHOMOIMYEeCKOro rasa, KOTopbl MpefcTaBnseT cobon
KOKYXOTPYOHbIA MPOTUBOTOYHBIA TENNOOOMEHHUK (CM. PUCYHOK 2.46).

Pekynepatop mcnonb3yeTca Ans nepeaayn Tenna OT KOMOLUHMKOBOrO rasa, BbIXOAs-
LLIero U3 LLaxTHOM Neym, XONnogHOMY BOCCTEHOBUTENLHOMY rady Ans ero npesapuTenbHOro
Harpesa.

CO CTOpOHbBI KOXYXa, T. €. B MEXTPYOHOM MPOCTPaHCTBe, ABWKETCHA XOMOAHbIA BOC-
CTaHOBUTEmMbHbIN ra3 ¢ aasneHvem 6 MIa abc. n Temnepartypon Ha Bxoge okono 75 °C.
B pekynepatope BOCCTaHOBUTENbHLIA ra3 nogorpeBaeTcs A0 Temnepatypbl 270 °C —
300 °C. Mopsunin KOJSIOLWHMKOBBIM ras noctynaet B TpybObl pekynepatopa ¢ Temneparypon
380 °C — 420 °C v oxnaxgaeTtca Ao TemnepaTtypbl okono 200 °C.

MpoekTHas TennooTaava coctaensaeT 21,7 MNkan/u.
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PucyHok 2.46 — KoXyXOTpyGHbIii MPOTMBOTOYHLIN pekynepaTop
TEXHOMOTMYEeCKoro rasa

[ns npefoTBpalleHnsa 3acopeHnss BHYTPEHHUX CTeH TpPy6 pekynepartopa, no KOTopbIM
OBWXETCS KONOLWHUWKOBBIA a3, BOCCTAHOBUTE/IbHLIA a3 npeaBapuTesibHO HarpeBaeTcs A0
Temnepatypbl okosio 75 °C B noforpesartefsie BOCCTaHOBUTE/IbHOrO rasa. llogorpesatesib
BOCCTAHOBUTENBLHOrO rasa paboTaeT C MapoM HU3KOro AaBneHus WU npeacrtasnseT coboi
neTNIeBON KOXYXOTPYOHbIA TEMNN006MEHHNK.

Kpome TOro, npoueccol pekynepauuu Tenjaa MCNoMb3ylTCA B ra3oBoM Harpesartesne
BOCCTaHOBUTE/IbHOTIO rasa.

MoporpeTbiii o 295 °C NOTOK BOCCTAHOBUTE/ILHOIO rasa nocse pekyneparopa TeXHO-
lorMyeckoro rasa nocTtynaeT B rasoHarpesaTesib (CM. pUCyHOK 2.47). O6wuiA NOTOK BOCCTa-
HOBUTE/IbHOIO rasa K HarpesaTteno pasfensercsa Ha [Ba MnoToka W HanpasnsieTcs B KOHBEK-
TUBHYIO CEKLMIO HarpesaTesia Ha 3MeeBUKW Nnoforpesa TexHosnornyeckoro rasa C4, a sarem
Ha 3MeeBVKW nojorpeBa TexHonormyeckoro rasza C3. 13 KOHBEKTVMBHOW CEKUMU NOAOrpeThbiit
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[0 550 °C BOoCCTaHOBUTENbHBIA ra3 yepes [Ba HapyXHbIX KOJekTopa nocTynaeTt B pajva-
LIMOHHYIO0 YacTb. PagnaunoHHas 4YacTb rasoHarpeBartesid COCTOUT W3 ABYX CeKUuii, B Kaxaon
CeKLMM pacnosioxeHsl 45 pagmaLlyoHHbIX 3MEEeBUKOB, e BOCCTaHOBUTE/IbHbIA ra3 Harpesa-
eTca fo Temnepatypbl 930 °C. HarpeTblii BOCCTAHOBUTENbHbIV ra3 HanpasnseTcs B LIaXxT-
HYI0 Meyb yepe3 COOPHBIV KOMIeKTop.

ATM

PucyHok 2.47 — Harpesare/sib BOCCTaHOBUTE/IbHOTO rasa

[bIMOBOI ra3 13 pagvauMoHHON CeKuMM HanpaBniseTcs B KOHBEKTUBHYK cekumto. [Mo-
cne ytunusauum Tenna B KOHBEKTUBHON CeKUMW AbIMOBON ra3 NpoxoauT 3MeeBuKku nogorpe-
Ba Bo3gyxa (C5, cm. pucyHok 2.47), oxnaxpascb go 190 °C. B noporpeBaTtenie BO3gyxa ro-
peHns BO3ayx noforpesaeTcs, 3abupas Tensio AbIMOBOro rasa, U HanpasnseTCA Ha ropesku
rasoBoro nogorpesarens.

Mocne 3TOro AbIMOBOI ra3 BbibpacbiBaeTcs B aTMocthepy npy NOMOLLM AbIMOCOCA.

Ona ymeHbleHna NOTpebneHna 3HeprM Ha YCTaHOBKE MNPSAMOro BOCCTAHOB/IEHWUSA
xenesza MIDREX ncnonb3yetcs pekynepaTop, B KOTOPOM OCYLLECTB/ISETCA yTUnnsauusa Ten-
Na ropaunx AbIMOBbIX rasax, noctynawwmx or pedpopmepa. Pekynepatop BbINOSIHEH W3 Of-
HeyrnopHOro maTepuana u BKI4YaeT B cebs:

- Harpesarenb BO3yxa ropeHvs 415 r1aBHbIX rOpesiok pedopmepa;

- Harpesarte/lb CMeLLaHHOro rasa;

- Harpesare/ib NPUPOAHOrO rasa;

- Harpesare/ib TOMN/IMBHOIO rasa;

- Harpesare/lb TEXHO/I0TMYECKOro rasa.

CucTema pekynepauuy Tensa COCTOMT M3 ABYX WMAEHTUYHbIX napasfienibHbiX pekyne-
patopoB. Kaxapblii pekynepatop npeactaBnseT co60lii Kopnyc u3 YrnepoaucToi craniu
C AByMSs TennoobMeHHWKamu, yTepoBaHHbI M3HYTpW. Kopryc BbINOHSAET pofib KaHana,
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HanpasnsaoLwero
(cm. prcyHok 2.48).

Mocne pekynepatopa AbIMOBOW ra3 cbpaceiBaeTcs B aTMOCHEPY UYepPe3 UHKEKTOPHYHO
TpyBy, 0BGopyAOBaHHYI0 BEHTUNSTOPOM ANA MPUHYAUTENBLHON MOAaYu BO3ayxa ANs co3ja-
HWS HEOGXO0AMMOrO paspsKeHVs B TOMke pedbopmepa 1 pekyrnepaTope.

ObIMOBOM ras 4epe3d TennoobMeHHUKM K  AbimoBon  Tpybe
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PucyHok 2.48 — Cxema cucTeMbl pekynepauum Tenna Ha ycraHoskax MIDREX

OcHoBHbIE TexHoMorMyeckne nokasarenu pabotbl yctaHoBok Metannusaummn HYL-I
MoLyHocTbio 1000 Teic. T/r TBXK n MIDREX mowHocTeo 1400 Toic. T/r TBXK npeacTasneHs!
B Tabnuuax 2.14 n 2.15.

Tabnuya 2.14 — OcCHOBHbIE TEXHONMOMMYECKNE NokasaTtenun paboTel yCTaHOBKW
meTtannusaumm HYL-II

HavnmeHosaHve nokasarens EAMHLL! YncneHHoe 3HaueHue
u3MepeHus

O6wvem npoussoacTBa TbIC. T/T 1000
[MpoexTHan Npon3BOAUTENBLHOCTL NEYU T/ 128,2
TemnepaTypa BOCCTaHOBUTENBHOIO ras3a Ha BXO- oc 920-930
Ae B nevb
Temnepatypa B 30He BOCCTaHOBIEHMS °C 840-850
Temneparypa rasa Ha BbIXoae 13 neum °C 400450
Pacxopn npMpoaHoro rasa B KOHYC neyn ThIC. M/ 1,1-1,3
Pacxop npupoaHoro rasa B (oypMEHHyH0 30HY ThiC. MY 1,6-1,8
Pacxop BOCCTaHOBUTENBLHOIO rasa TbiC. MIT 1,64-1,79
Pacxopn pedopmrpoBaHHOro rasa MIT 546
Pacxoa npupoaHoro rasa, Bcero M 327-330
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Tabnuya 2.15 — OCHOBHbIE TEXHOMNOrMYECKME NoKasaTenu paboTbl yCTaHOBKM
Metannusauyumn MIDREX

HavnmeHoBaHue nokasarens EAvHMLG Yucnosoe 3HaueHue
u3MepeHust

O6veM npoussoacTBa TbIC. T/T 1400
MpoexTHan NPon3BOANTENBHOCTL NEYN T 179,5
TemMneparypa BOCCTaHOBUTENBHOMO rasa Ha BXO- c 880-900
Ae B neyb
Temneparypa B 30He BOCCTAHOBINEHUS °C 820-830
TemnepaTypa rasa Ha BbIXOAe 13 neun °C 310-330
Pacxop npnpoaHOro rasa B KOHyC neum ThIC. MY 3,5-5
Pacxop npnpoaHoOro rasa B oypmMeHHyH0 30Hy ThiC. MY 11-15
Pacxon BoccTaHOBUTENBLHOIO rasa ThiC. MIT 1,5-1,7
Pacxop pecdopmumpoBaHHOro rasa MIT 1500-1600
Pacxop npupogHoro rasa, Bcero M 290-350

2.5.9 Cnoco6bl CHMXKEeHUsA BTOPUYHOI0o OKUCINieHusi NpssMo BOCCTAHOBMEHHOro
xenesa

Kak 1n3BecTHO, CBEXWNA TBEPAbLIN METaNNM30BaHHbIA NPOAYKT obnanaeT CKNOHHOCTLIO
K BTOPUYHOMY OKMCNEHWIO. BTOpMUHOE OKMCneHne CBSI3aHO C Hanuuuem m3bbITOUHON SHEpP-
Mn Maccbl METaNNMM30BaHHOTO MaTepuara, koTopas rmaeHbIM 06pa3oM cBszaHa ¢ BOonbLLION
BEMUYMHON MOBEPXHOCTM KYCKOB W, CreAoBaTesibHO, BbICOKOW BENUYMHOM MOBEPXHOCTHOW
aHeprnn. OKUCNEHNE CBEXEBOCCTAHOBINEHHOrO ryb4yarToro >kenesa MOXET pa3sBMBaTbCA
oyveHb OypHO, Tenno, BblAENAEMOE NPU OKUCIIEHWUN, PACXOAYETCA Ha PasorpeB Macchl Me-
Tannu3oBaHHOrO Martepuana, TeM CambiM YCKOPSAA NPOLECC OKUCNEHNS, YTO MOXET npuBec-
TW K CaMOBO3ropaHuio ryéuaToro xenesa. [laxe ecnu camoBO3ropaHusi He NPONCXOAMUT, CHU-
XaeTcsa CTeneHb MeTannu3auun npoaykra, a cneaoBartesibHO, €ro MeTannypruyeckas LeH-
HocTb. MoaTomy npy NponsBoACTBE rybyaroro xenesa HeobxoauMo NpUHUMAaTL Mepbl AnS
noaaeneHnsi BTOPUYHOrO OKUCNEHWS.

Ons aToro ucnonb3yloT Takue crnocobbl, kak naccuBauns MeTannmsoBaHHOTO MaTe-
pvana nubo ero GpukeTUpoBaHWE, KOTOPOE OBEecneyMBaeT Peskoe CHKEHWE MOBEPXHOCT-
HOW SHeprum.

OkucnurenbHas naccuBaLmsi BOCCTAHOBMEHHbIX OKaTblwen

B pesynbTate MefneHHOro OKUCIIEHUSt Ha CyXOM BO3Jyxe aKTMBHOCTb ryGuaToro e-
ne3a MOXeT CHwKarbcsi MakcumansHo B 100 pas, a B pesynbTarte naccvmBaummn crnabo oKkmc-
JNINTENbHLIMU ra3amMK NPy NoBbILLEHHBIX TeMnepaTypax — B 1000-5000 pas. OgHako 3TO He
NpeaoXpaHsET OT BTOPUYHOIO OKUCIEHMS NMPpU NonagaHun Bnaru. 910 oByCrnoBneHo BbICOKON
AeeKTHOCTbIO U HEOAHOPOAHOCTLIO 0Opa3oBaHHOWM MNEHKW, KOTopasa rmapaTnupyeTcs, npu-
obpeTaeT pbIXIyHo CTPYKTYPY U YXKE HE MOXET CNYXWUTb 3aLLUTON OT KOPPO3UK.

Mpu Temnepatype 06pabotkn He Bbiwe 250 °C NpoUecC OKUCNEHUSA pa3BUBAETCH
TONBKO C MOBEPXHOCTU oKaTbiwa, obpasys nneHky okucnoe TonwwmHon 0,1-0,2 mm. Okucne-
HUS MEeTanMYecKkoro xenesa B aape He npoucxoaut. Mpu Gonee BLICOKMX TemnepaTypax
NPOLIECC OKUCNEHUS pa3BuBaeTCs Ha BCHo rmyOuHy okaTbiwa, npy 3TOM OKWCIbI XKernesa He
06pasytoT CNNOLLHON 3aLUMTHOW NNEHKN Ha ero NOBEepPXHOCTW.
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MaccuBaums okaTbilWek NPonsBoaMTCa B ByHKEpax B ra3oBoOn cpefe C CoaepXaHnem
Kucnopogza okono 2 % npu TemnepaType OKpyxarLlern cpeibl B TedeHne 36—72 4.

Fopsauee 6pukeTMpPOBaHMe BOCCTAHOBMEHHbIX OKaTbiwen u oxnaxaeHue NGXK

CyLLECTBEHHO 3aMefLNNTb NPOLECC BTOPUYHOIO OKUCNEHUA NO3BONSIET METO, ropsve-
ro 6pMKETMPOBaHNA BOCCTAHOBINEHHbBIX OKaTbILLEN.

B npouecce BpuKeTUPOBaHNS MPOUCXOAUT CKATUE HU3KOMMOTHOMO U BbICOKOrpPaHynu-
pPOBaHHOrO MaTtepuana — MeTanM3oBaHHbIX OKaTbIEW C MOMOLLBH ABYX BarnkoB, UMEO-
LMX MOMOCTW, KOTOPble, BPaLLasCb W HagaenueBasa APYr Ha Apyra, C MOMOLLbIO LUHEKOBOIO
niTatena BAABMWBAOT MaTepuan B nonoctu. Marepuwan, nonaswWi B HUX, BbIHYXAEH
yMeHbLIaTh cBor obbeM. lMocne cxkatus rpaHynMpoBaHHOro marepuana nycrble npocTpaH-
CTBa B €r0 BHYTPEHHEN CTPYKTYPE W MEXAY €ro rpaHynamu mvHumaneHsl. Cocrasnsowme
MeTarnuyeckme YacTulbl CBS3bIBalOTCA, 0Opasysa ©Gonee nnoTHbIM TBEpPAbIA Martepwuarn,
VMELLMIA NPOdnnb, OnpeaeneHHbIA NoONOCTSAMM BarkoBs.

B npouecce BpukeTUpPOBaHMS BakHa TeMnepartypa nNpeccyemoro marepuana, Tak kak
cxatue npoucxoamt Gonee addekTnBHO, KOorga marepuan Markui. Takum oBpasom, B Cny-
Yyae ¢ MeTannmMaoBaHHbIM XEeneaoM ero Temneparypa AospkHa Obitb He MeHee 650 °C — uem
MsirYe maTtepuan, TeM nydlle CBs3blBaHWe YacTul U Bbille NroTHoCTL GprkeTos [18].

TexHonornyeckas cxema CUcTeMbl BpUKeTMPOBaHUA ropsYero rybuyaroro xenesa ma
KYCKOBOW pyfbl UM OKaTblLel OCHOBaHa Ha MCOoNb30BaHWM BOJSIKOBbIX OpUKET-NpeccoB u
NMPVUMEHSIETCS Ha HECKOMBKNX YCTaHOBKaX BHEAOMEHHOrO NonyJYeHus xxenesa. JInHns ropsue-
ro GPUKETMPOBaHNA METaNIM30BaHHbIX OKaTbILLEN COCTOUT U3 CIIEAYIOLLNX SNEMEHTOB:

- CcUCTEMa pasrpyskv MeTanmaoBaHHbIX OKaTbILLEN;

- BaANKOBOro Npecca Co LUHEKOBbLIM NuUTaTenem,

- penutens GpUKETHON NEHTHI;

- BUOpaUMOHHOro oxnaguTtens 6prKeTOB.

3arpyska BankoBOro Mpecca OCYLLECTBNAETCSH LUHEKOBbIM nuTatenem. C nomoLbio
LLIHEKOBOrO MUTaTENs perynupyeTcs nogada HeobxoaMMOro KONUYecTsa ropadnx Metannu-
30BaHHbIX OKaTbILLEN Ha y4acTok npeccoBaHus. LLIHeKoBbIN NUTaTenb NPUBOAUTCS B AEUCT-
BUE rMApOABUraTenem C perynmpyemMon ckopoctbio [18].

BpUVKETHBIN Npecc OCHaLLEeH KOMMMEKTOM M3 ABYX BaNkOB. MMABaOLWEro U HEMOABMXK-
Horo. MpuBoa BankoB OpPUKET-NPecca OCYLLECTBNSETCA C NOMOLLBIO 3NEKTpoABUraTens ¢ pe-
rynIMpyeMoW CKOPOCTLIO. [lBurateslb COEAUHSIETCS C PEAYKTOPOM, KOTOPbIA COEAMHEH C Basl-
kamu bpukeT-npecca.

Mpeccyownmmn anemeHTaMmn BankoB SBNSKOTCA CETMEHTbI, YKPEnneHHbIe Ha Kopnyce
BasikoB NPWXMMHBbIMU KOMbLI@MW C BOASIHBIM OXNEXXAEHMEM (CM. PUCYHOK 2.49).

MpocTpaHCTBO Ha pame W BOKPYr BankoB 3aKpbiTO U3ONUPYIOWMM KOPNycoMm. Takmm
00pasom, TEMNMOBOE U3NyYeHWE He nepefaeTcs Ha Apyrve 4acTu mawuHbl. B 10 xe Bpems
cospaeTtca 06beM, KOTOPbIA MOXHO WMHEPTU3MPOBAaTL. ITO MOMOraeT CHU3WUTL OKUCNEHWE
NbInu rybyaToro xenesa 1 NpeAoTBpaLLaeT neperpes.

Mpecc cHabxeH CMCTEMOM MHEPTHOrO rasa, koTopasi COCTOUT M3 BMNPLICKHBIX NaTpy6-
KOB (OPCYHOK) C BHYTPEHHUMU NMNHUSIMW B NPECCE U COEANHUTENBHBIX (ONaHUEB, K KOTOPbIM
NoACOeANHAETCA BHELUHASA CUCTEMA NTMHUIA MHEPTHOrO rasa.

135



UTC 25-2017

PucyHok 2.49 — CermeHT npecca ropsiyero 6pukeTupoBaHuns

JocTaToyHoe KONMYECTBO WHEPTHOrO rasa npepoTBpallaeT MOBTOPHOE OKUCNEHWE
npoaykta n Takum obpasom HEKOHTPONMPYEMOE BbIAENEHUE Tenna, BO3AEUCTBYOLWEe Ha
MexaHu3Mbl npecca. BnpbICk MHEPTHOrO ra3a Ha CEerMeHTbl CMYXUT He TOMbKO ANA UHEPTU-
3auUun NPOCTPaHCTBA BOKPYT POSIMKOB, HO M ANS OXNEKAEHNS MOBEPXHOCTU CErMEHTOB.

BpukeTHas neHTa BbIXOAWUT U3 BANKOB MO AWaroHanm 4epes pasrpy3odHbii xenob
BankoB, HanpaenALWMN BPUKETHYIO NEHTY Ha paspenuTenb NEeHTbl UNu pasgenutens 6pu-
KETOB, Ha KOTOPOM BpVKeTHaA NeHTa AeNUTECA Ha OTAENbHbIE BPUKETHI.

Mocne pasgeneHns GpuKeThl YEPE3 COANHUTENBHBINM KaHarn NoCTynaktT Ha OXnaxae-
HWe (cM. pucyHok 2.50).

OxnaxpaeHve GPUKETOB NPOMCXOAUT Ha OXNaXAatoLWKX KOHBEWEpax METOAOM BOASIHO-
ro oxnaxgeHus. CyLlecTByeT HECKONbKO CrOoCOOOB BOASHOMO OXNAXAEHWUS: MOrpyXeHue
B BaHHy C BOAOW, CTPYMHOE, MEANEHHOE OXNax4EeHMNe NOCPeACTBOM (POPCYHOK TOHKOro pac-
neina, yto obecneymBaeT MOYTU MrHOBEHHOE MpeBpalLeHne Kanefb BOAbl B nap, W Toraa
OpUVKET He NoLBepraeTcs BbICOKUM TEMMEPaTYPHBIM HANPSHXKEHNAM.

BuBpaumoHHbIi xonoaunbHUK BpukeToB paboTaeT nNo NPUHLMNY Peskoro BOAHOMO OX-
naxpenus. [opsuni matepvan nagaet B BOAY, KOTOpas NOAAeTCA NOTOKOM B NPOTUBOMO-
FIOXXHOM HanpasneHWn TPaHCNOPTMPOBKM MaTepuana Yyepes XxonoannbHuk. [na oxnaxaeHus
50 T/4 npoaykta ot 700 °C po 80 °C TpebyeTtca npubnusutensHo pacxog 250 M3y BogI.
Bapbupyst konm4ecTBO MOCTynaroLLen BOAb! U BbIREPXKY GPUKETOB BO BPEMEHW, MOXHO pe-
rynupoBaTb Mx TemnepaTtypy pasrpy3ku. PekomeHayetca Temnepatypa 80 °C, notomy yto
OCTaTOYHOE TENSIO NPEnATCTBYET NPOHUKHOBEHWUIO BOALI B NOPbLI U COOTBETCTBYET YCIOBUAM
Bonee BbICTPOro BbIChIXaHUSA NOBEPXHOCTU BPUKETOB.

Map, oBpazoBaBLUMIACA NPY NMPSMOM KOHTaKTe OXNaxaaroLen Bofbl TEXHONOMMYECKOoro
rnpoLiecca ¢ ropsymMmm 6puketamm, copacbiBaeTcs B aTMochepy eCTECTBEHHON TArOWN.

BubpaunoHHbIn xonoannsHWK GprkeToB obopyaosaH NPMBOAOM PEryrnupyemMon CKo-
POCTK, KOTOPbI NO3BONSET HACTpaMBaThL BPEMS BblAEPXKM NpoaykTa B Boge. OxnaxaeHHbIN
NPOAYKT NepefaeTcs Ha JIEHTOUHbIA KOHBEWEP, OCHALLEHHbIN TEPMOCTOMKOW NEHTOW, U Aa-
nee CUCTEMOW KOHBEMEpPOB TPaHCNOPTUPYETCA Ha CKNaj OTKPbITOrO XpaHeHWs roToBOro
npoaykra. TpaHCnopTMpyeMbIil NpoayKT uMeeT TeMnepaTypy okono 70 °C — 80 °C.

OcHOBHble TexHomoruyeckue nokasatenu paboTbl OpukeT-Mpecca nNpPeAcTaBneHsl
B Tabnuue 2.16.
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PucyHok 2.50 — Cxema ycTaHOBKN BpUKETUPOBaHUS U OXNaxaeHns OpukeTos

Tabnuuya 2.16 — OcHOBHbIE TEXHOMOTMYECKNE Nokasartenu paboTbl OpukeT-npecca n
BMOpoOOXnaxaaroLLero koHeenepa

EanHWYbI
HaumeHoBaHue nokasarens YucneHHoe 3HaueHne
n3mepeHuns

MpounsBoanTensHOCTD T 55
TemnepaTypa npeccyemoro marepuana °C 680-750
OnameTp ponwvka MM 1000
PabBouvas wmpmHa ponuka MM 220
[nanasoH ckopocTen BpaLLeHWs POSINKOB 06./MyH 42-17
Pabouni 3a3op ponunkos MM 4
OBbLwee npeccytoLee ycunme kH 2400-3080
YaenbHoe npeccyroLlee ycunmne kH/cm 110-140
[aBneHve B ruapaBnnyeckon cucteme Bap 166—-191
CKOpOCTb LUHEKOBOrO NMUTaTens 06./MyH 0-150
MoTpebnaemas snekTpo3Heprus kBT 674
Pacxov,q BOAbl Ha OXN&XAAOWMNA BNOpaLMOHHBINA = 250
KOHBENep

MeanenHoe oxnaxaeHne 6puketos MBXK ocylyecTBnseTcs Ha KOHBelepax oxnaxge-
HWS C NMOMOLLbH0 MENKOANCTIEPCHBbIX BOAAHBIX CTPYR (CM. PUCYHOK 2.51).
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JaHHas cucTema oxnaxzaeHust BKIOYaeT B cebs KOHBelepbl OXNaXAeHus, cuctemy
napoyfiasnieHusi, CUCTEMY aBapuiiHOTO OXNAaXAEHUsi, cUCTeMY (DOPCYHOK TOHKOro Aucnepru-
POBaHWsi, HACOCHYO CTaHLMIO OXxNaxkzatlLei Bogpl, knaccudgukaTop wnama 6puKeTos.

OCOGEHHOCTbI0 CUCTEMbl ME[J/IEHHOTO OX/TAXAEHNUA SBNAETCA MenKoaycnepcHoe
pacnblieHne Bogpl, 06ecneymBaemMoe BbICOKMM AaB/IEHWEM MOAAYM BOZAbl HA BCE (DOPCYHKM.
OxnaxzeHne 6prKeTOB OCYLLECTBNSETCA BOASHbIMU CTPYSIMM TOHHOTO pacnblfia, KoTopble
CO3alT «BOASAHON TyMaH», 4TO oGecrneymBaeT Mea/IeHHOe OXNTaXAEeHNe GPUKETOB, CHUXe-
HWe pacxoga Bofbl. [aHHblil hakTop 06ycnaBnvBaeT 60JbLUIYI0 ASIMHY OX/1aXAAoLWEro KoH-
Beiepa.

OxnaxgawLmnii KoHBelep nNpeacTasnaseT coboit NOTKOBbLIA KOHBEep — 3TO MeTanu-
Yeckuii KOHBENep, WM3roTOBMIEHHbIN W3 W3HOCOCTOMKOM, crneunasbHbIM 06pasoM TEPMUYECKU
06paboTaHHON TONCTONMCTOBON CTasin. HAYeilkn KoHBelepa nepekpbiBaloT Apyr Apyra ans
hopMuMpoBaHMA NpPakTUYECKU MNblIEHENPOHULAEMON KOHBEWEepHOl cekuun. BokoBasi cTeHka
nprBapuBaeTcs K KOHLAM KaxAoi NnacTuHbl.

100°C
PucyHok 2.51 — MpuHumMn feincTema KoHBeepa MefeHHOro oxXnaxaeHuns

Uepes kaxable ABe NaacTHbl HA OCHOBaHWM KOHBelepa pacnonaralTcs kKoneca, Ko-
Topble KpenaTcs GonTamu. DTU Koneca yCTaHaB/MBAKTCA Ha pefibCbl U TPaHCMOPTUPYOT
KOHBeliep no BCel ero AnnHe, UCNosb3ys LEnHOW MexaHu3M, KOTOpbIli NPUBOAMTCS B ABUXE-
HVe BeAyluMm BasioM. B XBOCTOBOM KOHLe KOHBeliepa ycTaHaB/MBAKTCA HATSXHblEe YCTPON-
CTBa, YTOObI 06ecneynTb He06XoANMOe HaTsHKEHNE KOHBeepy (CM. pUCYHOK 2.52).
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PucyHok 2.52 — BHelLHWUIA BMA, NOTKOBOrO KOHBeliepa Mea/1IEHHOro
oxnaxaeHus

PONuKn B KOBaHHbIX M YNPOYHEHHbIX KOpNycax YCTaHOB/IEHbI HA HE3aBUCUMbIX AepxKa-
Tenax NocpefCcTBOM BCTABOK C BUHTOBbIM COEAMHEHWEM W MOTYT 6biTb 3aMEHEeHbl OTAENbHO
Apyr oT apyra.

3BeHbs1 NIOTKOBOIO KOHBeliepa MOryT 6biTb 3aMEHeHbl OTAeflbHO ApYr OT Apyra, 4To
no3BoNsieT NPOBOAWTbL GLICTPYK YaCTUYHYHO 3ameHy hparMeHTOB KOHBeliepa C nocreayto-
MM PEMOHTOM. HOMUHanbHas MOLHOCTbL KOHBellepa — 130 T/4, MakcumasnbHas — 140 T/u.

[nvHa koHBelepa B ropu3oHTasIbHOM Npoekuun coctasnseTt 37,825 m.

Ha koHUe KoHBeliepa pacrnonaraeTcsl cUCTEMa MOHUTOPVHra Temnepartypbl, npeaHa-
3HaueHHast 41 KOHTPO/S KOHEeYHol TemnepaTypbl 6pUKETOB WM perynupyrowas oblmii pac-
X0A, BOAbl, a Takke npodunb pacnpefeneHusi BoApl No Bcell AnuHe KoHBeliepa. Hwke Beny-
Lero Basia ycTaHOB/leHa Bpalialollascsa LeTka A1 OYNCTKA MOBEPXHOCTUM CONPUKOCHOBE-
HUS OXNaX4aloLWmnX KOHBENEPOB C BpukeTamu.

OxnaxpgamLLmii koHBeilep o6opy0BaH TOUKaMU NapoyjaneHus, Ans Toro 4tobbl yaa-
NAaTb nap, obpasylowmnincs npyu oxnaxaeHun 6pukeTos. [aHHble KoHBeliepa NpocTbl B 06CNy-
XVBaHUM U pemoHTe. [apaHTUpOBaHHbIV M3rOTOBUTENEM MEXPEMOHTHbIA LUWKA cocTaBnseT
oT 2 [0 6 nieT.

2.5.10 Boponoarotoeka, 060p0THOE BOAOCHAGXEHME

O6opyaoBaHMe yCTaHOBOK MeTan/im3aunn nofeepraeTca OXaaxieHuo nocpeacTBoM
oxnaxgatollein sogpl, Ha yctaHoske HYL-IIl Boga ncnonb3yetca Ans nofyvyeHns napa, Takxe
BOAA WCMOJIb3YETCA B MHOTOYUC/IEHHbIX YCTAHOBKaxX OYMCTKW ra3oBblX MOTOKOB, MO3TOMY
cucTemMaM BOJOMNOArOTOBKM yAenseTcs NpucTa/ibHoe BHUMAaHME.

Ha yctaHoBke meTtannmsauumn HYL-III cuctema BogonoAroToBkM COCTOUT U3 ABYX CTa-
AWiA:

- npeABapuTesibHas 04ynUCTKa BOAbI;

- leMUHepanusauus.
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YcTaHoBKa npeABapuUTenbHOM OYUCTKM NpefHasHaveHa ansa nposeaeHus psaa ousu-
KO-XMMWYECKMX MPOLIECCOB, HanpaBeHHbIX Ha MOoNlyYeHne U3 TEXHUYECKOW BOAbI BOAbI 3a-
[ aHHOro Ka4yecTBa, UCMOJIb3yEMON AN

- MONyYeHUs 1 eMUHEPAnM30BaHHON BOAbI;

- MOANWUTKX OTKPbITOro 060pPOTHOrO LMKNa BOALI, MAYLLEN Ha oxnaxaeHne obopypoBa-
HUS;

- MOANWUTKU OTKPbITOro 060POTHOrO LKA BOAbI, UAYLLENA Ha OXNKAEHWE U OYUCTKY
rasa;

- COBCTBEHHBIX HY)X YCTAHOBKW (MPUrOTOBIEHUE M3BECTKOBOrO MOMOKA, NMPUroToBmne-
HWe pacTBopa MoNU3NEKTPONUTa, NPOMbIBKA rPaBUNHO-YIONbHBIX PUNBTPOB).

B pesynbtate ouuctku Boabl o6pasyetca wnam, KoTopbi cOpackiBaeTCs B LLUNAMOOT-
CTOMHMK.

[na o6paboTkn TEXHUYECKON BOAbI UCMOMbL3YHOTCA CneaylLlme XMMUYeckue peareH-
Thl:

- XIMOPHOE XENes30, UCMOSIb3yEMOE B KAYeCTBe Koarynsropa;

- rMapaTHas U3BeCTb, UCMOMb3yeMas Ans rorydYeHnst KoarynsHra U gns U3BecTkoBa-
HWS BOABI;

- nonuanekTponut Ha 6ase nonvakpunamuaa, UCNoNb3yeMbl Kak ONOKYNSIHT,

- CepHasi KUCnoTa, Ncnonbk3yemas Ans BblpaBHUBaHUA pH ounLeHHON BOAbI.

MoTok AeMuHepanu3oBaHHOW BOAbI UCMOMb3yeTcs Ans 06OpOTHOro UMKna BoAbl Ans
OXNEKAEHUA MaLLVH, NONy4YeHNst KOTNIOBOW BOAbI, @ Takke MOXET UCMOSb30BaTbCA Kak noa-
nMTOYHasi BoAa M ANs NPUrOTOBMIEHWS pacTBOPOB NPW OYUCTKE BOCCTAHOBUTENLHOMO rasa ot
COs..

[ns CHWXEHWS CKOPOCTU KOPPO3WMM METanmnoKOHCTPyKUuMi n obopyaosaHus B BOAY,
MocTynarLLyto Ha oxnaxaeHue oOopyAoBaHUs U ApyrMx cucTeM, [o6aBnaloT MHMOUTOP
KOPpO3UW, NoAaBMNAOLLMIA OKUCIEHNe MeTanna.

Cuctema BogocHabxkeHunss Ha yctaHoBke MIDREX npeaHasHadeHa ans oxnaxzaeHus
06opyL0BaHMS, OYUCTKM U OXNEKAEHUS TEXHOMOMMYECKUX rasoB, NOAAEPXKaHWUA BNaroco-
LepxaHus B rase, NOCTYMNarLLeM Ha NpPoLECcC KOHBEPCUN, YAANEHNS LNaMOoB, NOXapoTyLue-
HUS.

Cucrtema BOAOCHaOXKEHNA COCTOUT U3 Tpex 060POTHBIX LINKNOB:

1) 06OPOTHBLIN LUMKN oxNaxaeHUs obopyanoBaHus;

2) 060pPOTHbLIN LUK «YUCTON» TEXHONOrMYECKOM BOAbI,

3) 060POTHbBIV LMKN «FPASHON» TEXHOSOMMYECKON BOAbI.

[na nopaepxaHua kadecTsa BOAbI, LMPKYNUPYIOLWLEN B OBOPOTHBIX LMKNax, Nponseo-
autcst ee obHoBneHve nytem cbpoca Boabl U3 NEpBOro, BTOPOro U TpeTbero 06opoTHbLIX LWK-
1I0B B NPOMBILLINEHHYHO KAHANM3aumo U NOAMUTKN.

MepBbiii 06OPOTHBLIV LUMKN NpeaHasHayYeH Ansa oxnaxaeHnsa obopyaosaHna yCTaHOBKN
MeTannmsaumm.

BTopoii 060pOTHLIN LMKN NpefHasHavYeH s OXnaxaeHus Boabl nepeoro o6opoTHoro
LUMKna, oxnaxkaeHus pedopMMpOBaHHOIO rasa, YnioTHUTENbLHOro rasa, nojaqv BoAbl Ans
NMPOMbIBKM KanneoTaenMTenei TEXHONOMMYECKoro rasa, oxnaxaeHua OpuKeToB.

TpeTuin 060POTHLIN LWKN NpegHa3HaYveH Ans OXNaKAEHUA U O4YUCTKM OT NbINK KOSOLL-
HWKOBOrO rasa, Ansi perynupoBaHus CoaepXaHus Briarm B TEXHONOMMYECKOM rase, O4UCTKU OT
MbIfM BO3AyXa CUCTEMBI acnupauun LWaxTHOM NMeyn 1 TpakTa noaaqy okaTbilen, NPOMbIBKA
BCacbIBaloLLMx TpybonNpoBOAOB HACOCHBIX YCTaHOBOK CryCTUTENS.
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BcnomorarenbHble BOAHbIE CUCTEMbI

MoanuTtouHas Boja npegHasHadveHa LS 3anonHEeHWss BOLOW CUCTEeMbl BOLOCHabxe-
HWSI MPY NEPBOM MyCKe B 3KCMMyaTaumio YCTaHOBKM METannm3aumm 1 nocne KanutanbHbIX
PEMOHTOB, a Takke AN KOMMEHCaLUMM NoTepb BOALI BO BPEMS 3KCrnyaTauum.

YcTaHoBKka ymsirdeHUst BOAbI MpefHasHadeHa Ansd 3anofiHEHWS NepBoro oBopoTHOro
LMKna npy NepBMYHOM Nycke B 3KCMyaTaumio, Mocne KanutanbHbIX PeMOHTOB, a Takke Ans
KOMMeHcaLuum NoTepb BOALI B NEPBOM 060POTHOM LIMKIE.

2.5.11 BcnomMorarternbHbIe CUCTEMBI YCTAaHOBOK MeTannusauuv

Ha yctaHoBke npsimoro BocctanoBneHus HYL-III umeetcs BcnomorarensHoe o6opy-
[OBaHMe, KOTOpoe AOMOMHAEST Y4acTK BOCCTAHOBMEHUS 1 pedopmepa, oBpasys BMecTe Lie-
nyto ycraHoeky. BcnomoraTtensHoe obopynoBaHvMe MMEET CBOW KOHTYP U dyHKLmMIo. Benomo-
ratensHoe obopyaoBaHue:

- cucTema napa;

- cYcCTemMa BOAbI ANs oxnaxgeHus obopynosaHus,

- cMCTeMa OxNaxaaroLwel BoAbl TEXHOMOMMYECKOoro npoLiecca;

- cucTemMa KOTNOBOW BOAbI;

- CcUcTemMa BOAbI ANS OXNaX4eHVU MaLUnH;

- cuctema asota — No;

- cUcTemMa MHEepPTHOrO rasa;

- rmgpaBnuyeckas cucTema;

- CUCTeMa CXaToro Bosayxa.

Ha yctaHoBke npsamoro BocctaHosneHns MIDREX k BcnomorarensHbiM cMcTemMam oT-
HoCATCS:

- CcUCTemMa NPOU3BOACTBA MHEPTHOTO U YNIIOTHUTENBbHOrO rasa;

- cuctema 0B0OpPOTHBIX LIMKITOB BOLOCHAOKEHUS,

- CUCTeMa CXaToro BO3ayxa;

- cycTema ynpasneHus n 6asosas aBTomaTusaLms.

Tabnuua 2.17 — OCHOBHbIE 3Tarbl NPOV3BOACTBA Xere3a NpsiMOro BOCCTaHOBISHNA

OcHosHoe
. Otan npouecca .
BxopgHoM NnoTok BbIxoagHOM NOTOK TexHonornyeckoe Smunccun
(noanpouecc)
obopygosaHue

MponseoacTBO BOCCTAHOBUTENBHOMO rasa
MpupoaHbIn KoHeepcus npu- BoccraHoeu- Pedopwmep. [biMoBbI€e ra-
las. pOAHOro rasa Ha |TenbHbIN ras, co- |LuHkoskid nornotu- |3l (CO2 —
Map. KatanusaTtopax B  |aepxaliuii Boao- |Tenb cepbl (cepo- |6 % — 9 %,
OuvleHHbIn | TpyDax pedopmMe- |pof M OKeua yr-  |odncTka) H0 —
OT NbINN KO- pa nepoga 12 % —
JIOLLUHWKOBBIN 17 %, No—
ras 70 % —

71 %, O —

2% —5%)
Mopaya oKkCnAoB B NeYb MeTannmsauum
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lpodomxeHue mabnuuel 2.17

OcHoBHOe
BxoaHom noTok 9ran npoyecca BbixogHoOM NOTOK TEXHOMNOrN4YEeCcKoe Smuccun
(noanpovecc) obopyaoBaHue
XKenesopyn- | TpaHcnoptuposa- |XenesopyaHele |KoHBenepHbIn Mbinb ¢ co-
HblE OKUCNEH- |Hue ¢ habpukn OKMCIEHHbIE OKa- |TpaHcnopT, OyHKe- | AepKaHnem
Hbl€ OKaTbILUN | OKOMKOBaHWSA UNW | ThIWn kNn. +5 MM | pa, rpoxoTa, ycTa- | OKCUAO0B
CO cknaga. Bonee 95 %, No- |HOBKa NOKPLITUS, KpPEeMHMs
CopTtumpoBka. KpbITble MaTe- BEPTUKanbHbIA KOH- | SiOz
MoKkpbITWE MHEPT- | puariom, He co-  |Berep
HbIM MaTepuanom |LepXaLlmm xe-
(uemeHTOM, Meno- |nesa
BOW UINW N3BECTHS-
KOBOW CycneH3nen)
BoccraHoBneHWe OKCUAOB xenesa [0 enesa MeTansim4eckoro
XKenesopya- |Harpes okatbiwen, |BocctaHoBneH- |laxTHas neyb me- |Lnam
Hbl€ OKUCINEH- |NpOTEKaHVe XMMU- |Hble (MeTannmMao- |Tannmsagum
HblE OKaTbILWN |4YECKUX peaKLuin BaHHbIE) OKaTbI-
kn. +5 mm 60- |BOCCTaAHOBNEHUS  |Ln
nee 95 %, no- |oKCMAOB Xenesa
KpbITble
VHEPTHbLIM Ma-
Tepuanom
BpurkeTnpoBaHne ropsiunmx BOCCTaHOBEHHbBIX OKaTbILLEN
BoccraHos- BpukeTtnpoBaHue |[opave- BpukeT-npecca Lnam
JNIEeHHbIE OKa- OpukeTMpoBaH-
ThILUW C TEM- HOe enes3o
neparypon (FBXK)
670 °C —
700 °C
OxnaxpaeHune NBXXK
lopsaue- OxnaxaeHwe ¢ OxnaxpaeHHoe Bubpooxnaxgato- Map, wnam
OpurKeTnpo- nomoLbto BogHon |IFBX LLMIA KOHBEWNEP, KOH-
BaHHOE Xene- |cpedbl (CTpyw, BENEp MeaeHHOro
30 (BpuKeTbl) | BaHHA) oxnaxaeHus
MaccrBauns XONOAHbIX METaNIM30BaHHbIX OKaTbILLER
XonogHsle Bolaepxka B noto- |lMaccmeuposaH- |byHkepa naccmBa- | A30T, Mbifb
BOCCTaHOB- Ke a3oTa C Coaep- |Hble MeTannuso- |uuu
NEHHbIE OKa-  |’KaHWEM KUCIOPO- |BaHHbIE OKaTbILLIN
ThilWN 8a15% (DRI)

KK

TpaHcnopTMpoBaHMe roTOBOrO METanM3oBaHHOro NPOAYKTa Ha cknag unv GyHkepa oTrpys-
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OcHoBHoe
BxogHOM NOTOK dran npoyecca BbIxogHoW NoTok TEXHOMNorn4yeckoe SOmuccun
(nognpouecc)
obopyaoBaHve
XonogHble TpaHcnoptupoBa- |lMaccuBmpoBaH- | KOHBENEpHbIA Meins
BOCCTaHOB- HWe KOHBENEPHBIM |Hble METanNM3o- |TpaHcnopT, Bubpa-
NeHHble Nac- | TPaHCMoPTOM, FPO- |BaHHbIE OKaTbl- | LIMOHHLIE rpoxoTa
CUBMPOBaHHbIE | XOYEeHWE wu, MK
okaTbiwu, MXK Kn. +5 Mm
OuncTKa KOMOLLHMKOBOMO (TEXHOMOMMYECKOro LIMPKYNSLMOHHOIO) rasa
KomowHuko- | Ounctka ot mbinK, | LipkynsumonHein | Ckpy66ep obecnbi- | LLnam
Bbl ras U3 ne- |BOASHLIX NapoB, TEXHONOTUYECKUI | nnBaHus, Ancopbep
un metannu- | CO; (B ycTaHoBKe |ras n pecopbep CO,
3auum coctas: |HYL-III),
H2-30 % —
55 %;
CO—12% —
17 %;
CO0212 % —
23 %,;
H20 —
10% —15%
H.S, SO,
Tabnuya 2.18 — OcHoBHOe ob6opyaoBaHne
HaumeHosaHue obopyaoBaHus HasHaueHne o6opyaoBaHus OnucaHve
LWaxTHaa nevb Harpee xenesopyaHbix oka-|HYL-IIl, MIDREX
TbILLEW, BOCCTAHOBNEHWE OK-
CVIOB Xenesa Ao Xenesa me-
TannM4eckoro
Pedopmep leHepauns  BoccTaHoBuTENb- | Maposon pedopmep
HOro rasa unu koHesepcus npu-|HYL-IIl,  yrnekncnoTHbIn
pogHoro rasa MIDREX
Komnpeccop peuupkynupyto- | TpaHcnopTMpoBaHue BoccTa- | OgHOCTYneHYaTbIn LieH-
LLIero TEXHOMOMMYECKOro rasa [ HOBUTENBLHOrO rasa Yepes neYb | TpobekHLI KoMNPEeccop,
MeTannmsaumm u annaparsl paboTarowmin OT 3NeKTPOo-
ounCTKN LBuratensi
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lMpodomxeHue mabnuusi 2.18

HaumeHoBaHue o6opynoBaHus

HasHauyeHune o6opyaoBaHus

OnucaHve

Pekynepatop

Pekynepaums TennoBoi sHep-
MM KOMOLLHUKOBOrO rasa, Abl-
MOBbIX ra3oB pedopmMepa

KoxyxoTpyBHbIA NpoTUBO-
TOYHbIV peKkyneparTop
(HYL-II).

B texHonorum MIDREX
pekynepaTtop npeacras-
nset cobow kopnyc K3 yr-
TNepoLnCTON cTanm ¢ Ten-
noobmeHHnKamm, dyTe-
poBaHHbIN U3HyTpU. Kop-
Mnyc BbINOMNHAET POsib Ka-
Hana, HanpasnsAoLWero
ObIMOBOW ras yepes Tern-
NOOBMEHHMKW K AbIMOBOMN
Tpybe

Ab6copbep yrnekucnoro rasa

OuMCTKa KOMOLLHMKOBOTO rasa
ot CO, B TexHonorum HYL-III

Mpencraenser cobown co-
cya, paboTtarowmii nog
AaBrneHneM, BHyTPU KOTO-
poro pasmeLleHbl pac-
npegenuTerbHbIe peLleT-
Ku 1 Hacapaku. B BepxHen
vyactu abcopbepa pas-
OpblsrnBaeTca BOAHLIN
pacTBoOp METUNANSTAHO-
NnamuHa, KOTOPbIA Norno-
LaeT 13 TEXHONOTNYECKO-
ro rasa Kucrible rasoBble
koMroHeHTbl (CO2, HaS).
PaboTaeT B nape c ae-
copbepom CO2, npegHa-
3HaYeHHbIM AN pereHe-
pauun NornoTUTeNsHOro
pacTteopa. BeigenueLunin-
cs B gecopbepe ras no-
CTynaeT Ha yCTaHOBKY
LOXUraHns

Harpesatenb TeXHONOrM4ecko-
ro rasa

HarpeB BoccTaHOBUTENLHOIO
rasa nepej nogaden B neyb Ao
Temnepatypbl 920 °C —

930 °C B TexHonormmn HYL-lII

YcraHoBka, cocTosLas u3
ABYX pagnaLmoHHON 1
KOHBEKTUBHOW CEKLMIA,

C BHYTPEHHEW orHeyrop-
HoW dyTepoBkol. B pa-
LMaLMOHHON ceKuumn yc-
TaHoBneHsl 6ecnnamen-
Hble ropenku
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HaumeHoBaHue o6opypoBaHusa

HasHaueHue o6opypoBaHus

Onucanve

Ckpy66ep kOnOLIHMKOBOTO ra-
3a

OuuncTKa KONOLHUKOBOrO rasa
OT MbINA U N3NULLKOB BOASHOIMO
napa

Mpepcraensaet cobon
Tpyby BeHTypu ¢ kanneot-
jenvrenem

BpI/IKeTI/IPOBOLIHaH MalinHa

BpviKeTMpOBaH/e ropsYnx Boc-
CTaHOBIEHHbIX OKaTbILIEeN

BankoBble GpukeT-npecca

Oxnaxparomne koHBenepa

OxnaxaeHne 6pukeToB A0
Temnepatypsbl Hwke 100 °C

BvGpaupoHHas oxnax-
JaroLasn BaHHa, NTOTKOBbIN
KOHBEWNEP C CUCTEMOM
CTPYWHOIO OXNaXaeHust

[Hecynbdypartop

OuuncTka rasa oT coeauHEHUN
cepbl

Cocyabl C LIMHKOBbLIM NO-
rnoTuUTenem

BoagyxonyBkm

HarHeTaHue Bo3ayxa Ha rope-
NOYHbIE YCTPOWUCTBA, OTBOA
napa c oxnaxkaaroLmx KOHBEM-
epoB

[eimocochkl

TpaHCcnopTUpoBaHWe JbIMOBBIX
rasoe B atMoceepy

KoTen-ytunusatop

[MpousBoacTBo Napa B TEXHO-
normmn HYL-II

Ckpy66ep BeHTypun

OuuncTKa rasoB OT MbIX

Tpy6a BeHtypu, kanneot-
penurens

YcraHoBka oueMeHToBaHne

MpuroToBnNeHne MHEPTHOrO Mo-
KpbITUA OKaTbILLen

Cocrout ns byHkepa xpa-
HeHVs maTepuana, pac-
xopHoro 6yHkepa, LWHEKO-
BOro gosartopa, nurarens,
cMecuTens, pacnpeaenu-
Tensa cycrneHaun

Cucrema ynnoTHATENbHOro U
npoayBOYHOro rasa

["eHepaumsi MHEPTHOrO ynnoT-
HUTENBHOrO rasa

Mpeacraenset cobon yc-
TaHOBKY CXUraHWsi Npu-
POAHOro rasa NoYTN B
CTEXMOMETPUYECKOM CO-
OTHOLLUEHWMN C BO34YXOM.
B coctae ycTaHOBKW BXO-
LVT Kamepa CKUraHms ra-
3a, ropenoyHoe yCTponcT-
BO, TENNOOBMEHHUKN,
BEHTUISITOP, KOMMNPECCop,
Kanneotaenutenu
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2.6 MeHepauma 3NeKTPUYECKON U TENJIOBON 3HEeprum

2.6.1 Obwme cBegeHus

YcraHoeka metannusaummn HYL-lIl cHabxeHa TypGoreHepaTopoM, npegHasHauyeHHbIM
ANsi NPOU3BOACTBA 3IEKTPO3HEPTUN.

B coctaB TypboreHepaTopa BXOAAT:

- naposas TypbuHa;

- PEAyKTop;

- reHepaTop NepemMeHHoro ToKa;

- CUCTeMa oXnaxgeHns,

- MacnaHasa cuctema,

- LpEHaXHasn cucTema;

- CUCTemMa 3allnThbl;

- CucrtemMa ynpasneHus.

[ns npeobpa3oBaHns TENNOBON SHEPTNM B MEXAHWYECKY TypbuHa NpuHUMaeT u3
naponposoga neperpeTbii nap (aasnexHve 6,3 MlMa, Temnepatypa 485 °C). MeperpeTbit nap
MPOXOAUT Yepes KnanaH aBapuUiHOrO OTKMHOYEHWA, 3aTeM 4epe3 perynMpOBOYHbIA KranaH
BbICOKOrO J@BneHUst U Janee nonafaeT Ha TPU CErMmeHTa ConnoBon Kopobku ¢ Habopom pe-
aKTUBHbIX COMer, MOTOM nonazaeT Ha paboyne koneca u HanpaenslowWuWe annaparsl, rae co-
BEPLUAET MexaHN4eckyto paboTy (KpyTUT poTop TypOuHbl). TypOuHa umeeT 10 cTyneHein, rae
NMPOUCXOAUT HEMPEPLIBHLIA NPOLECC BbIpaboTkM Napa u npeobpasoBaHUs 3HEPTMU B reHepa-
Tope. B TypbvHy nap noctynaeT yepes ynpasnsoWwMn knanad, B TypbuHe umeetca perynu-
pyembii oT6op napa. Map otéupaeTca nocne 7- CTyneHW NoOBOPOTHOM auadparmon. Typ-
OuvHa 3awmweHa ot o6paTHOro NOToka napa u3 nNuHuKM oTbopa napa NOcCpPeaCcTBOM aBapuin-
Horo obpaTtHoro knanaHa. Map npoxoauT Yepes perynMpoBOYHBIN KNanaH B YacTb TypOuHbI ¢
HU3KUM AaBneHnem. ,El,anee nap naet K I'IOTpGGVITeJ'IHM KOonnekropa HU3KOro gaesneHna napa.

Ina npepoTepaleHns nonagaHvs B TypOuHy BNaxXHOro napa nvHWA NeperpeToro na-
pa ocHauleHa apeHaxamn. PUnbTpbl F(PyOOM OUUCTKU, pasMeLLiEeHHbIE B KNanaHax aBapunHon
OCTaHOBKM, 3aLLMLLIAIOT NONaTku TypOUHBI OT NOBPEXAEHUS TBEPALIMM YacTUL@AMK, KOTopble
MOryT nonactb BMecTe ¢ napom. TypbuHa obopyaoBaHa HECKONBKUMU APEHaXHBIMUA OTBO-
famn ansa cbpoca KoHAaeHcaTa BO Bpems dasbl KOHAEHCaLMM Npy nycke.

Konnekropbl napa n TypbuHa 060pyaoBaHbl HECKONIBKUMM APEHAXHBIMWU OTBOAAMM
Ang yaaneHusa KoHaeHcata BO BpemMaA Cba3b| KOHAeHCauun npu nycke.

TypbuHa cHabxeHa cuctemamm 3almTbl U perynmpoBaHus pabovnx napameTpos, yc-
TaHOBIEHbI PEryNSATOPbl OrpaHUYeHniA. Bce HeobxoamMMble KOHTYpbI ynpaeneHns pabdoTaroT
MOCTOSIHHO BMECTE, Kak perynsatop TypbuHb!, Yepes COOTBETCTBYIOLLME MOrMYECKNE CXEMBI.

2.6.2 YCTpOMCTBO NapoOBON TYPOUHbI

TypbrHa — OfHOKOPMyCHasA, MHOTOCTyneH4YaTas ocesas TypbuHa, BbIMONMHEHHaA no
peakTMBHOMY MpuHUMMY. TypBuHa CUMMETpUYHA NO rOPU3OHTAaNBHOMY COSAMHEHUID. DnaH-
Libl UMEIOT pasmMepsbl, He NpensTcTByoLmMe BbICTPOMY Nycky TypBuHbl. PerynmpoBoyHkIi kna-
naHa pacrnonoxeH nepes TypbuHOM 1 CoeMHEH C COMIMOBOW KOPOOKOW, pasfeneHHom Ha Tpu
cermeHTa. PaboTaroLpmin co cpepon napa KnanaH aBapuinHOro OTKMKYeHUS (CTONOPHBIN Kna-
naH) pacrionaraeTcsi Nepea PerynupoBoYHbIM knanaHoMm. Cama TypbuHa ycTtaHoBneHa Ha
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nofBecHbIX ornopax. OMopHbIA WM YNOPHbLIA LBOAHOTO AEWCTBUA MOALUMMHUKA BbIMOSHEHbI
B HaKMOHHO-MOAYLUEYHOW KOHCTPYKLMM U UMEIOT MPUHYAWUTENBHYI0 CMasky, 4YTo obecneunsa-
€T NpaBunbHOe HanpaeneHne n cTabunbHOCTb poTopa. MHOrocTyneH4YaTas KOHCTPyKUmMS pe-
aKTMBHOrO TUMa COCTOUT U3 AECATU CTyneHel. Beepxy no nuHUM MMEETCA O4HOPSAHOE pery-
NMpoBOYHOE Koneco Anst nuHuKM HP (BbICOKOro gasneHns) ¢ uMnysbCHbIMK ONacTAMM 1 KO-
KYXOM C nogavert NpoBonokun aemndurposaHns.

Mepep perynMpoBOYHLIM KONIECOM HAXOAUTCH TPU OTAENbHbIE FPYMnbl Conert:

- Nepeas rpynna, cocrosiias ua 19 conen, B HWKHe kKopobke conen;

- BTOpas rpynna, cocrtoswas 13 10 conen, B HKHeN Kopobke conern;

- TPeTbS rpynna, coctosias us 11 conen, B BEpxHen kopobke conen.

YacTb LP (Hm3koro faeneHusi) TypbuHbl obopynoBaHa poTOpHbIM NPOoBKoBbIM Kriana-
HOM, 4TOGbI NoAAEPXKMBaTL NOCTOSIHHOE AaBneHne Ana otbopa. Jlonactn potopa uensHoka-
TaHble, U3 NerMpoBaHHoOW ctanu, cHabxeHsl Aemndurpyowmm Bubpaummn kokyxom. Map koH-
TaKTUpyeT CO BCEMW CTOPOHaMW HanpasnAloLLEro gepxarens nonacruy, obecneumsas Takum
06pa3om paBHOMEPHOE U3MEHEHME TEMMEpaTypbl B pOTOPE U HanpasnsioWweM aepxarene
1I0MacTy, a Takke paBHOMEPHbIE pajuarbHble 3a30Ppbl U MUHMMAaNbHYIO OMacHOCTb TPEHUS.
JlabvprHTLI Bana MMeloT 3aMeHsAEeMbIe BCTaABKN U OTBETBIIEHNSA YTEYEK napa.

2.6.3 TexHU4eCcKkue xapakTepucTuKun TypboreHeparopa

MNapameTp Eavmya 3HaueHue
U3MepeHna

MakcrmanbHas MOLLHOCTb TypboreHepartopa kBT 11 360
Yucno obopoTor TypOuHbI MUH 10 821
Yucno obopoTtos reHepaTopa MUH 1500
YpoBeHb Wyma a6 80
eHepartop Tvna AEM/LDW
KadkyLascs MOLHOCTb KBA 15 000
AKTVBHas MOLLHOCTb kBT 12 000
KoadbdpuumeHT MoLHOCTH COS@ - 0,8
HanpsxeHune B 6000 + 10 %
Cuna Toka A 1443
YacroTa My 50

OcHOoBHbIMU cocTosIHUAMM TypBoreHepaTopa sSiIBNATCA:

- XOINOAHOE COCTOSHME;

- PEXMM Nporpesa,;

- pabounii pexxum (6e3 aKcTpakumm);

- pabounii pexxmm (C 3KCTpakumen).

Bce ocTanbHble COCTOSHWS SBMNSAOTCH NPOMEXYTOYHBIMU U NEPEXOAHBIMM.

XonogHoe cocTosiHMe — TypBoreHepaTop OCTaHOBIEH, BCE BCriomMorartensHoe obopy-
[l0BaHWe OCTaHOBMEHO, rNaBHasi MapoBas 3afBWKKa 3aKkpbITa.

B xonogHoe coctosiHne TypGoreHepaTop NepeBOAAT Nepes KanuTarnbHbIM PEMOHTOM,
BO BPeMS NIMKBUAALMN BO3SMOXHOW aBapUMHON CUTyaLun, a Takke nepes BBOAOM B dKCnnya-
Tauuto.
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Pexxum nporpeea — 3TO COCTOsIHME, Koraa paboTaroT pedopmep 1M naposas cucrema.
[Mporpes Begetca He MeHee 4 4 Co CKOPOCTbo He Gonee 70 °C/4 4O NOSBNEHUS YNCTOrO Na-
pa (6e3 koHaeHcaTa) u3 LpeHaxen.

Pabounn pexum (6es skcTpakummn) — TypboreHepaTop npounssoanT He Gonee 60 % oT
MaKCUMarnbHON MOLLHOCTUN 3NEKTPO3HEPTUMN.

Pabounn pexum (c skctpakuymen) — TypboreHepatop npowssogut 100 % anekTpo-
3Heprm.
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Pa3nen 3. Tekywiue ypoBHM 3MMCCUU B OKPYXKaIOLLYIO cpeay
3.1 OTkpbITaa noGblva xene3HbIX pya

Pa6ota noboro ropHo-MeTannypruieckoro NpeanpuaThs, segyulero 4obidy nones-
HbIX MCKOMaeMbIX OTKPbITbIM CNOco6oM (MoAaBnsAoLEee KONMMYECTBO MECTOPOXKAEHNI XKene-
3ocofepxalimx pya obpabaTbiBaeTCsi MMEHHO OTKPbITbIM CrnocoboM), COnpoBOXAaeTCs
(cm. pucyHok 3.1):

- paspyLleH/eM NOYBEHHOrO MNOKPOBA; W3MEHEHUEM/YHUUTOXEHNEM ECTECTBEHHbIX
naHgwaToB, YHUHTOXEHNEM MECTOODUTAHWN,

- 3anbINEeHHOCTbI0 W 3arasoBaHHOCTLIO arMocdepbl NpyM NPOU3BOACTBE MAaCCOBbIX
B3PbIBOB B Kapbepe, BbINOMHEHMU MOrpy304HbIX 1 TPAHCMOPTHLIX paboT, nepsuyHOM Apos-
NEHVWN PyAbl, NPU BETPOBOW 3PO3MM Ha CyXUX He3aKperseHHbIX MNskKax XBOCTOXPaHWUNULL, U
LnamMoxXpaHunuL;

- HeraTuBHbIM BINUSHUEM Ha ruagpocdepy B €BA3M C 3a00pOM BOAbI M3 BOAOEMOB,
cOpOCOM B HMX CTOYHbIX BOA (LLUAXTHbIA W KapbepHbIN BOAOOTNMB, CTOYHbIE BOALI OT obora-
LLIeHWs1); BbINaAEHNEM 3arpsi3HEHHbIX OCAAKOB U MbINK U3 aTMOCEpbl; 3MEHEHUEM YPOBHSI
NoA3eMHbIX BOJ B pesyrnbTaTe OCYLUEHNSI TOPHbIX BbIpaboTok;

- 3arps3HEHMEM 3eMernb, NMOYB, HEAP U T. N., B TOM YMcne ns-3a obpasoBaHus 1 pas-
MELLEHNA OTXOA0B BCKPbILLHBLIX 1 BMELLAIOLWMX NOpoA, OTXOA0B oboralleHus;

- (PU3NYECKMMM BO3LENCTBMAMM — LUYMOM U BUBpaumen npu akcnnyaraumm TEXHUKU U
BeeHUN OypoB3pbIBHLIX PaboT.

[aHHble Mo OCHOBHLIM MOTOKaM U 3MUCCUSIM NPU OTKPbITOW paspaboTke kenesopya-
HbIX MECTOPOXAEHUM npuseseHsl B Tabnuue 3.2. OcHoBHble hakTopbl BO3JENCTBMA HA OK-
pyxatoLLyto cpeay B npoueccax Aobblum 1 oborawweHns xenesHelx pys npusegeHsl B Tabnu-
ue 3.16.

XapakrepucTuka ammccumn

Bbi6pockl B aTMOcdepHbIi BO3AyX

CTeneHb 3KOMOrMYECcKOM OMNacHOCTU NPEANPUSATUA FTOPHO-METaNSYPrnYecKoro Uukna so
MHOMOM OMpEAENnseTCs WX TFEOXMMUYECKUM BO3LENCTBMEM HA aTMOCKEpPHBbIN  BO3AYX
(cM. pycyHok 3.2). 3arpsisHeHue atmocepHOro Bo3fyxa rasamm U MbineBbiMU BbIBpocaMu
MPOVCXOAUT NpY BypPOB3PLIBHLIX, NMOTPY304HO-PA3MPY304HBIX paboTax; npu ApobneHnn pyasl v
ee rnepegerne; a Takke npu NbifeHU OTBaroB, XBOCTOXPAHUITWLL, CKNaaoB roTOBOW NPOAYKLMM
nT. a. Mpn 3ToM Haubonee BECOMLIA BKINaJ B BanoBoe 3arpA3HeHue atmocdepbl ropHonpo-
MbILLINIEHHOrO palioHa BHOCST NMEpUOAVYECKM OCYLLEECTBINSEMbIE B Kapbepax MaccoBble B3pbl-
Bbl C GOSbLLIOV MOLHOCTLIO 3apsiaoB. OHY 3arpAsHAOT BO3AYX MENKOAMCTIEPCHOW Mbifbio, ad-
pO30MnsAMA 1 razaMun. XOTS KOJNIMHECTBO MbIEBbLIX BbIOPOCOB AOCTATOYHO Maro Mo CPaBHEHWUIO
c o6beMamm OTXOA0B BCKPLILHBLIX Y BMELLAIOLMX NOPOA, MbineBble BIBPOCH! ABNSIOTCH Hav-
Oonee onacHbIMU AN YenoBeka oTxoAamu Ha ropHofobbiBatoLLmx npeanpusTusax. Hanbonee
HeGnaronpusTHBEIMU MO NPU3HAKY BbiXoAa Mbinu ABMAOTCA OypoB3pbiBHbIE paboTbl. Mpn oT-
KpbITOl A0DbIME XenesHblX pya ApobreHue ckanbHbIX MOPOA MpY MOMOLLM B3PbIBOB COMPOBO-
xpaeTca obpasoBaHneM Nbinu B konuuectse 45-110 /T pyabl, a ee gansHenwas nepepabor-
Ka B Kapbepe cBsidaHa C JONONHUTENbHBLIM BbiAENeHNeM Mbinu B konudectsax 50-150 r/t [1].
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«MblIb NpU GYPEHNN CKBAXWH U LWINYPOB

foaroToBka ropHbix NopoA «MblNb ¥ TOKCUYHbIE 3B Npy NPOV3BOACTBE B3PbIBHbIX
K BbleMKe paboT

Vv J ]

o[bilb  MPU  BbleMKe W TNOrpy3ke TFopHOii Maccbl B/
TpaHCMOPTHbLIE CPeAcTBa UM pas3rpyske B OTBa

/ n pasNNYHbIMK BbIEMOYHLIMM MalLHAMU
BbleMOYHO-NOrPYy30YUHble «[MblNlb NPN BblEMKE FOPHOV MacChl 3KCKaBaLUOHHLIMU W
a60 3KCKaBaLMOHHO-TPaAHCNOPTUPYOLWMMYU  MalHaMKU €
P Tbl ABuraTeneM BHYTPEHHEro CropaHus (3KckaBaTopbl C
AV3eNbHbIM npuBOAOM, norpy3yuku, ckpenepbl,  a
C J 6y Nb03epbl)
( S «MbINb Ha KapbepHbIX aBTOAOPOrax
«CayBaHvWe nMblM M3 TPaHCMOPTHLIX COCYA0B  Mpu
nepemMeLleHnn NonesHbIX NCKONaeMblx, NycTbiXx nopog u
TpaHcnopTuposaHue 0TX0[0B oboraweHus
KapbepHbIX rpy3oB *MblNb HA NYHKTax Meperpysku

e[asbl npu pa6oTe aBTOTPAHCMNOPTHbIX CPEACTB WU
TATOBbIX CPEACTB XE/Ie3HOLO0POXHOIo TpaHcnopTa ¢

ABUraTensiMn BHYTPEHHEro cropaHusi n
[ >
OTBanoobpasoBaHne u .
CKNaAnpoBaHue MycTbIX *[biNb NpW ykI1agKe ropHoit Macchl B OTBasbl U CKknagbl.
nopoJ, 0TX0A0B e[biNeHne O06HaXEHHbIX MOBEPXHOCTEN OTBA/IOB MyCTbIX
! nopoga, cknagos Nosie3HbIX ncKonaemblx,
oborawieHna n nonesHbIxX LNAMOXpaHMNNLY
MCKOMaeMbIX
v > J
Kapbeprle BbleMKU «CpayBaHue MblIM C NOBEPXHOCTEW OTKOCOB Y NOLWAaA0K
r > *MbiNb npu pasrpyske pyasl B OyHkep Apo6unku, A
Apo61eHnM U COPTMPOBKE NOJE3HbIX NCKONAeMbIX
MepBnyHOe apobreHune *[lbiib  NpU  TapHCNOPTUPOBAHUN pyAbl W3 Kapbepa
pyAbl B Kapbepe, KOHBEEepPHbIM TPaHCMOPTOM
neperpyskn; KOHBeEUepHbLIN [lbiNb  Npu  cknagupoBaHuu ApobneHoli  pyabl B
TpaHcnopT; 6a3bl TEXHUKNK 6yepHble cknagbl
«lasbl 1 NblNb NPU 3KCNAyaTaunn 6a3 NPOM3BOACTBEHHOR
v S TEXHUKM 3

PcyHoK 31— OCHOBHblE ICTO-H/AKA 1 B/ 3arH3HEH/S aTMOCiepb! Mo
MPOV3BOACTBE OTKDLITHIX MOPHbIX Pab0T

CpenHve MHOMQNETH/E Fas0rbiieBsie Bhiopock! fiedemyHekoro 1 CroneHckoro M0-
Ko oueHvBaioTest mpyvepHo B 30 The. TATQ. My MaCCOBOM B3pbBEe OCHOBHaA Macca Mbli
M ra3dm 06beMoM —250 WH M3 BbiopachBaETCA Ha BLIcoTy 10 600 M 1 He pacripoCTpeHAeT—
CA [IAIEKD 33 KOHTYb! KapsgnoB. B yanos/six 10061V XENE3HOM Pyl OTKPLITbM Crioco60M
B3pbIBHbIE Pa00THI MOVBQOAT KOOPa30B8aH/0 MbiNeBOro aoreka. [Mpy aopocv BeTpa -3 We
OCHOBHOE KOJVMHECTRO bl BoMBORET BAViaV Kapbepa (400-500 mA?). 3a g, BoMgpeT
fio 1000 HAQ, 3arprzHeH/e OKpyxalliel cpemkl oTvedaeTcst B 3oHe 0-10 kv OT Kapbapa
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[3]. fannse nocofepkanun Nonm W 3arpA3HARUMY BEUECTB B aTHoCchepe Kapbepos nocne
WaccoBHX B3PHBOB nphBefeny B Tabanye 3.1.

Mbl/ib HeopraHuy. 70-

2AP/eSIC
uiecrea
yrnepo;
MasyTHas okcug Xenesa
30na (caxa) okeng
<L ey Aw
Teeppue Fasoobpasnue

Pucynok 3.2—Coctas BoOpocos ropio-oboratutenshoro konburara
Tabnmwyua 31 —CofgepxaHnue NuAM A 3arpa3HAOUAX BeLEeCTB B aTnoChepe Kapbepos
nocne NaccoBuXx B3puBoB [2]

Kon-80 0fHo- lakcumanbhas KOHUEHTpauua nocne s3pusa * %
llecto ot6opa npob BPENEHHO B3pH-

Baenoro BB, T 0 0%g NO +NO2  Munb, ur/u3
B noneraszosonm 50-300 0,1-0,15 6-10 0,01-0,03 510-4250
obnake 1500-3200 0,66-1,38 H. 0. 0,16-1,42 27000
K
@ pafouen 50-350 006-01 0508  Creps 0,8-2,0
TOPU3OHTE
B rpanuee 50-200 0,2-0,1 07-1,0 Cnepu 0,5-2,5
Bo B3opBaHHOil 50-200 0,25-5,0 8-9 0,003-0,025 . a.
TOpHOM macce
4 1500-3200  0,2-0,69 . 1. i i .

Ha ray6uwe o 10w

*B nunerasoson ob6nake yepe3 40-60¢c, B ocTanbHux NecTax —yepe3s 60 wukx.
H. B — HEeT JaHHbuX.
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Tabnuya 3.2 — OCHOBHbIE NOTOKW U SMUCCUN NPU OTKPLITON pa3paboTke xene3opyaHbiX

MECTOPOXAEHUN

o OcHoBHoe
BxoaHou noTok 9dran npouecca BeixoaHo# TEeXHOMNornyeckoe Ommccum
(nognpouecc) noTOK
obopyaosaHue
CHsiTMe NNogopoAHOro Cnost NoYBbI
CM MoaroTtoeka Teppu- |Mnowaan ans | Bynbaosepsbi Mbinb
Topum (ybopka ape- | nponssoacTtea | Ckpenepsbl BeiGpockl 3B ot
BECUHbI, KOpYEBKA |ropHbIX paboT | ABTOCamMOCBanbl | TeXHONormyecko-
nHemn) BypThl ro obopynoBaH1s
Cpeska, TpaHcnop-
TUPOBKa U pasme-
eHue B OypTbl
NnoYBbI
BckpbiwHble paboTbi
OneKkTposHeprmsa | AkckaBaums BckpbiThble OkckaBartopbl Mbinb
rcm BCKPbILLHbIX NOpoA | dpoHTa pyabl | Morpysunku Bbibpocel 3B ot
Morpyska BCKpbIW- | BekpbIlwHbIE TEXHONOrM4ecKo-
HbIX Nopog B nopoae! ro obopynoBaHns
TpaHcnopT BekpbiwHbIE NO-
OTKa4yka Boabl poabl
[peHaxHasa soga
BypoB3pbIBHLIE PabOThI
OnekTposHeprua | Byperve ckeaxuH; |BaopBanHas | Byposble cTtaHku |Mbinb
rCm 3apsapka ckBaxuH |ropHas Macca |3apsgHble ma- | Bbibpocel 3B ot
B3peiByaTble BB LLUNHBI TEXHOMOrNYECKOo-
BellecTea BapbiBaHue ro o6opynoBaHus
TexHnyeckas BeiGpockl 3B ot
BOAa B3PbIBHbIX paboT
Jobblya pyapl
OnekTposHeprus | Akckasaumsa pyabl | Pyaa OkckaBaTopsbl Meine
rCMm Morpyaka pyabl B Morpysunkm BriGpockl 3B ot
TpaHcnopT TEXHONMOMMYECKO-
Ortkadka Bogbl ro obopynosaHus
CTOuYHble BOAbI
TpaHcnopTupoBKa
OnekTposHeprusa |MNorpyska pygbl B Pyna TexHonornde- Mbinb
rcm TpaHcnopT ckui TpaHcnopT | BeiGpockl 3B ot
MepeBo3ka pyabl TEXHONOrM4ecKo-
ro obopyaoBaHus
MepBuyHoe gpobneHue
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. OcHoBHOE
BxopHow noTok ran npouecca BbixoaHon TexHornoru4eckoe Smmnceun
(noanpovecc) NoTOK
obopyaosaHue

OnekTposHeprus | Ppasrpyska pyasl B | JpobneHas TexHonornde- Mbinb

rCm ByHkep ppobunkn  |pyaa cKkvi TpaHcnopT | Beibpockl 3B ot
OpobneHve OpobunsHoe TEXHONOMMYECKO-
TpaHcnopTupoBska obopynosaHue |ro obopyaoBaHua
KOHBENEpPHbIM KoHBeliepHbin
TPaHCMNopToM TpaHcnopT
CknagnposaHve Cknapckoe o60-
ApobneHon pyabl B pyaoBaHue
OydepHble cknagbl

CknagupoBaHue oTeasnbHbIX NOPoz,

OnekTposHeprus | TpaHcnopTupoeka |BcekpbiwHble | TexHonornye- Mbinb

rCm BCKPbILHbIX NOPOA | nopoab! CKkuiA TpaHcrnopT | Beibpockl TexHo-
B OTBanbl OTtBanebl Bynbaozepsl NOrMYECKOro
CknagnpoBaHve OkckaBaTopbl obopyaoeaHus
BCKPbLILLUHBIX MOPOA, BckpblILLHbIE MO-
B OTBanbl poabl
OTKkayka Boabl CTO4HblE BOAbI

CHWKeHWe nblnerasosbIAENEHMA NPY NPOM3BOACTBE B3pbIBHbIX paboT gocTuraercs

nyTemMm OcyuwectBneHna TEeXHONOrm4YeCkmnx w

WNHXEHEPHO-TEXHUYECKUX  MEPONPUATUIA.

K TeXHOMorMyeckum MeporpusiTUsiM OTHOCAT Crocobbl ynpasneH st 4eCTBUEM B3pbIBa;
- B3pbIBaHME BbICOKUX YCTyroe (Gonee 30 M), YTO MO3BOMSET YMEHBLIWUTL BbICOTY
nogbema nbineraszosoro o6naka B 1,2—1,3 pasa no cpaBHeHUIO C B3pbiBaHNEM OBbIYHbIX yC-

TYMOB;

- B3pbIBaHWE B 3aXaTon cpeae ¢ wmpunHon bydepHoro cnos B 20-30 M, YTO pesko co-

Kpawaet obbem nbinerasoporo obnaka;

- paccpefoToveHWe 3apsaa, YTO YBENUUYMBAET MOMNE3HYH YacTb dHeprim 4o 19 % —
24 %, v cnocobcTBYET YMEHBLUEHWIO 0Obema NepenamMernsYeHns Nopog 3a CHET COKpaLLeHUs
paguyca 30HbI NNacTU4ecknx gedopmManuii.

B Lensx cokpalleHusi BbIOPOCOB 3arpsi3HAOWMX BELLECTB B aTMOcdepy Npu npous-
BOZCTBE B3PbIBHbIX PabOT NpesycMaTpUBatoTCA CrefyoLme MeponpuaTUs:

- NPYMEHEHVe B3pbIBYaTbIX BELLECTB C KUCIOPOAHbLIM BanaHcom, Brmnskum K Hymto;
- OPOLLUEHME MOATOTOBMEHHbIX K B3PbIBY YYACTKOB M MPUIEratoLLEen K HUM 30HbI 1 30HbI

BbinageHusa Nbinu;

- OpOLLEHVE B30PBaHHOW rOPHOI MacChl MOCNe B3pbIBOB,

- NPOU3BOACTBO B3PbLIBOB B YaCbl MaKCMMaIIbHOW BETPOBOW aKTUBHOCTMY;

- MPUMEHEHVE TMapPo3aborikn — pasMeLLeHnst Mo psgaM Hag YCTbeM CKBEXWH Mosv-
3TUINEHOBLIX PyKaBoB gnameTpom = 900 MM, a TakKe HEMOCPEACTBEHHO BHYTPb CKBAXKUHbI

- MPYMEHEHVe YCTPOWCTB MOAaYMN PYKaBa B CKBaXKUHY.
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C uUenbio CHWKEHNSI KONMYecTBa BbIOPOCOB 3arps3HALWMUX BELeCcTB B atMocdepy
npu_paspaboTke WM skcniyaTaumv kapbepoB (cM. Tabnuuy 3.3) npegycMatpusaroTca crne-
AyoLpme MeponpusTus:

- NpefBapuUTENLHOE YBNaXKHEHWE FOPHON Macchl B Maccuee;

- YBNaXHEHWe paspbIXNEHHON ropHON Macchl B pa3sarne u Ha Cknagax ocyLecTBnseT-
CA B OCHOBHOM C MCTONb30BaHWEM NEPELBIKHBIX YCTAaHOBOK. YBMaXHEHWE ropHOM Maccel, C
OAHOBPEMEHHOW UHTEHCUdMKALMEN ee Aerasaumm rnocne B3pbisa, NPOUCXOAUT C UCNOMb30-
BaHMEM MEepPeaBWKHbIX BEHTUNALMOHHO-OPOCUTENBHBIX YCTaHOBOK, NPV STOM Hapsay co
CHWXeHNEM Mbineobpa3oBaHUs 3Ta CxeMa No3BonseT B 3—4 pasa cokpaTtuTb BpEMSA NPOCTOA
o6opyoBaHWs nocne NpoBefeHUs MacCoBOrO B3pbiBa. YBMNaKHEHNE rOPHON Maccel, Npu ne-
perpyske ee 1 npu norpyske Ha ckrnagax, OCyLEeCTBNsSeTCcs ¢ UCNONb30BaHneM CTaumoHap-
HbIX OPOCUTESBbHBIX YCTAaHOBOK;

- MbinieynaBnnBaHne Ha 3KCKaBaTopax B MECTax Neperpysku ropHom Macchkl ¢ UCNOMb-
30BaHUEM acnmpaLmoHHbIX CUCTEM, COCTOSILLUX U3 YKPLITUA U MNbiNeynaenuBarowmx yCTaHo-
BOK. [Ansi nbinenoaaeneHus npy patote poOTOPHbIX 3KCKABaTOPOB NPUMEHSIETCS CUCTEMA Mbl-
1eoTcoca U OCaXAEeHWs MbiN C MOMOLLLHO OPOLLEHUSI UMW B CNieUparnbHbIX MblneocaguTensx.
MeinenofaeneHve npu paboTe akckaBaToOpoB, OynNbA03€pOB, CKPENEepPOB, OHOKOBLLIOBbLIX NO-
rPY34MKOB OCYLLIECTBMSETCSH OPOLLEHNEM FOPHOM Macchl C MOMOLLBK CAMOXOLHbBIX MTMAPOMO-
HUTOPHbIX YCTaHOBOK Ha 6a3e aBTOMALLMH C 3anonHEHHBIMU BOAOW LmMCTEPHaMK, obecneyu-
BaloLLMX opoLLeH/e 3ab0eB Kak C BEPXHEN, TaK U C HUXKHEN MIOLaA0K YCTYTOB;

- MOSIMB aBTOLOPOT;

- YCTaHOBKa Ha BbIX/OMHbIX TpyOax pabdoTatollen TEXHVKM KaTanuTUIeCcKnx HeuTpanm-
3aTopoB, obecneumBaroLLnx cHmkeHne Bbibpocos CO Ha 86 %, yrnesogopoaos — Ha 30 %;
NOy — Ha 50 %;

- eXeMecsiyHas perynupoBka ABurateniel BHyTPEHHEro CropaHust MaluH U MexaHns-
MOB.

Tabnuuya 3.3 — MNokazaTenu cayBaHWs MblM C NbINAWMX NOBEPXHOCTEN NPU OTKPbITbLIX
ropHbIx pabotax [2]

YaensHoe cayBaHue nbinuv (Mr/M?*c) npm
OB6beKT NbineHus XapakTepuctuka obbekta CKOpOCTSIX BeTpa (M/C)
Oo 4 6-8 10
[MoBepxHOCTL Mo- CBexEHACHNaHHbIN 10 9 15
Yepes 3 mec. nocne Ha-
pPOAHbLIX OTBanoB 0,6 5 8
ChIMKK
XBOCTbI C BM&XHOCTbIO
2% — 4%
0 ’ 2,8 1300 400
MoBepxHoCcTb XBOCTbI C BNaXXHOCThLHO
1,8 35 60
XBOCTOXPaHWUNLL, 4% —6%
1,2 12 25
XBOCTbI C BNaXHOCTbLHO
8% —10%

[lns NonMBKM U OPOLLIEHNS Yallle BCEro NMPUMEHSIIOT BOAY W MNeHy, a Takke Ans Mbine-
NOAaBMEeHVs NPUMEHSIIOT HEMOHOTeHHbIE BOAHbLIE AUCMEPCUM aKPUIOBOro comonvmepa, o6-
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pasyloLLero Ha MoBepXHOCTM MoNMMepHyto nneHky. CpefnctBo obpaboTkv NoKpbITUS fopor
BbIGUPAIOT B 3aBUCUMOCTM OT BPEMEHW roAa U KNMMaTUYECKUX YCIOBUN.

OCHOBHbLIMW UCTOYHMKaMK MbineHna TOKoB sBRSAOTCA 06beKThl LIMKIIMYHO-NOTOYHOM
TEXHOMOMMMN TPaHCMOPTMPOBaHMSA MyCTOW MOPOAbl U XBOCTOoXpaHunuwa. B uensx nbineno-
[EBMNEeHNst Ha XBOCTOXpaHUNMLLaX MbiNsAWwmMe NoBEPXHOCTN MPOMUTLIBAIOT OUTYMHOW 3Mynb-
CveW, opoLuatoT BOAOW N obpabaTbiBatoT NbINecBA3YWMM CPEACTBOM U APYrMMU 3aKpen-
naowmMn pacteopamm (Nnsbkm, 3abon gamob xsoctoxpaHunmwa npy L < 30 m). Joporn no-
KpbIBaoT OULLIOPUTOM.

CTOuYHbIe BoAbI

CTou4Hble BOAbBI kapbepoB (POPMUPYHOTCH B OCHOBHOM W3 KAPLEPHbLIX, APEHEXHBIX U
aTMocepHbIX CTOMYHbIX BOA. B nmpouecce ocylleHUss MECTOPOXLEHVNSA U OTKadkvM BOAbl U3
Kapbepa MPOUCXOAUT, KPOME KOSIMYECTBEHHOrO WCTOLLEHUSI 3anacoB MOA3EMHbIX BOj, 3a-
rpsi3HeHNe BOAHbIX 0OLEKTOB BELLECTBaMM, COAEPXKALUMMUCS B OTKAYMBEEMbIX U3 Kapbepa
CTOYHbIX BOAaX, B MEPBYIO OYepeb — B3BELLEHHBIMU BELLECTBAMM, NPEACTABIIEHHBIMWN Yac-
TULL@MW NOME3HOTO UCKOMaeMOro U BMELLIAIOLLMX NMOPOZ, Pa3HOM KPYMHOCTY.

Mpv MCNonb30BaHUU MMAPaBINYECKUX CMOCOB0B pa3paboTkM KU nepepaboTky nones-
HbIX MCKOMaeMbIX 3Ha4YMTENbHbLIX 06 LEMOB JOCTUraT TEXHOOTMYECKME CTOYHBIE BOAbI.

Mpu paspaboTke MECTOPOXAEHWUIA MPOU3BOACTBO FOPHBIX PaboT MOXET COMpPOBOX-
[ aTbCsl KOMMIIEKCOM MMAPOre0NOrMYeckMx U UHKXEHEPHO-TEONOrMYECKUX SBNEHWUNA, KOTOPbIE B
OOnNbLUMHCTBE CryYyaeB OKasblBalOT OTpULATENIbHOE BNUSIHUE HA €CTECTBEHHBIE MMAPOreosno-
TMYECKME YCMOBUSI — W3MEHAIOTCS YCNOBWUS MUTaHWSA, ABWXKEHUS U Pasrpyskd NMOA3EMHbIX
BOA, NPUBOASLLME K DOPMMPOBaHMIO rNyBoKMX 1 AOCTaTOuHO BonblKX NO NNoLwaaun aenpec-
CMOHHBIX BOPOHOK, YTO BEAET K LWMPOKOMY B3aUMOAENCTBUIO BOAONOHU3UTESNBbHBLIX CUCTEM C
BofA03abopamMm NOA3EMHBIX BOZ, K HAPYLLEHUIO PeXMMa Manbix peK, 03ep 1 Apyrnx Hebornb-
Lwux BogoemMoB. B psae cnyyaes npoucxoauT aedopmMauyms NOBEPXHOCTU 3eMNU MoJ, BNUS-
HMeM rryboKMX BOAOMOHU3UTESNBHBLIX M BOAOOTNMBHBLIX paboT, obpa3sytotcs mMynbabl ocepa-
HWUS1 MOBEPXHOCTU U MPOBarbl HA NMOBEPXHOCTU 3eMNM — B pesynbTare npoueccos cyddo-
31K, @ B HEKOTOPbIX CIyYasix MPOUCXOAUT BbiLLieNadvnBaHMe NerkopacTBOPMMbIX MOPOA.

Mpon3BOACTBO OTKPLITLIX FOPHBLIX PABOT MPUBOAWUT K CHWKEHWUIO YPOBHSI MPYHTOBbLIX
Boz. JlenpeccuoHHbIE BOPOHKWM BOKPYr rMy©OoKMX KapbepoB, MOACEKaWMNX BCE BOJOHOCHbIE
FOPU3OHTLI, PACMPOCTPaHSIIOTCH Ha JLECHATKA KMNoMeTpoB. N3ameHeHve ycrnoeuwn nutaHus
NnoA3eMHbIX BOZ, MOXET MPUBECTU K ANUTENBHBIM U3MEHEHUSIM UX KayecTea.

TexHMYeckue MeponpUATUSi MO OXpaHe NPUPOAHbLIX BOJ, BKNKOYAOT:

- MEPOMNPUSTUSA NPEAOXPAHUTENBHOMO XapakTepa, HanpaBneHHbIe Ha COXpaHeHUe 3a-
nacoB, PEXVUMOB M KAYECTBa NOBEPXHOCTHbBIX U MOA3EMHbIX BOA,;

- MEPONPUSITUS BOCCTAHOBUTENBHOIO XapakTepa, BKovalLwme paumoHanbHoe Bofo-
Nnonb3oBaHMe, OYNCTKY U BO3BpaT BOJ, B MOBEPXHOCTHLIE BOAOEMBI U BOJOTOKM, NOA3EMHbIE
FOPU3OHTBI.

Tak, Ha lNlebeanHckom TOK notpebHocTn B Boge Ha 98,8% oCyLecTBNAOTCA 3a cUeT
NMOBTOPHOIO €€ UCNonb3oBaHus. PeuHas Boga ncnonb3yeTcs TONbKO Ha KOMNEHcauuio nena-
peHusa n PUNBLTPaLMOHHBIX NOTEPb B XBOCTOXpaHunuLLe [2].

WUcToueHre BOAHbIX PECYPCOB U UX 3arpsisHEHWE MOryT ObiTb CYLLECTBEHHO YMEHb-
WeHbI 3a CYET Co3AaHUsl HaAEXHOW BOAO3aLLUTLI KAapbepa OT MOA3EMHBIX Y MOBEPXHOCTHbIX
BOJ, C NMOMOLLIbIO CMEAYIOLLNX MEPOMPUSATUIA:

- 3aLUTa OT MOBEPXHOCTHBLIX BOJ, MYyTEM MepexBaTa CKIIOHOBOrO CTOKa, 3KpaHWpoBa-
HWA N1 NepeHoca pycen BOAOTOKOB 1 OTBOAA BOJ U3 BOAOEMOB;
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- 3aLmUTa OT NOA3EMHbIX BOA C MOMOLLBI ApPeHaXHbIX M BappakHbIX COOPYXeHWUN C
Lenbto 3abnaroBpeMEHHOIO CHIKEHUS! YPOBHS NOA3EMHbIX BOA A10 [OMYCTUMBIX BENNYWH;

- perynupoBaHne CToka M OTKayka KapbepHblx BOA, 06pasyroLmxcst 3@ CHET cTatuye-
CKMX 3arnacoB, «MPOCKOKa» AMHAMMYECKOro NOTOKa MOA3EMHbIX BOA U atMocdepHbIX ocas-
KOB;

- ouMCTKa M OTBOA BOAbI 3@ NPeAenbl TEXHUYECKOW rpaHnLbl Kapbepa Unu 30HbI BINS-
HWS1 €r0 Ha PEXUM MOA3EMHbIX U MOBEPXHOCTHBIX BOA;

- cOop kapbepHbIX U NMOBEPXHOCTHBLIX BOA B NPYAbl OTCTOMHWUKA, C YACTUYHBIM MUCMOIb-
30BaHNEM B TEXHOMOMM (NOMMB KapbePHbIX AOPOr, 3anpaBka 6ypoBbIX CTaHKOB).

B kauecTBe MHXEHEPHbIX CNOCOO0B CHWKEHWS NPUTOKOB BOAbI B rOpHbIE BblpaboTku
MOryT ObITb MCNOMNL30BaHbl MAPO3aBECH], MHEBMO3aBECh], NPOTUBOMUNBLTPALMOHHBIE 3aBe-
cbl (Bappaxu) n ap.

OTxoabl npousBoacTBa

YXenesocofepxallime TEXHOrEHHble OTXOAbl Ha PasfMYHbIX FrOpHO-0boraTUTENbHBIX
KOMBMHaTax COCTaBNSAOT 3HaYUTENbHBIE 06beMbI [4]:

- AO «OnkoH» — 380 MIH T TEXHOrEHHbIX OTX0A0B;

- OAO «Kopopckuii TOK» — 104,2 MnH T OTXOZOB B ChneLoTBasax oxpaHHOro ckna-
AMPOBaHS,

- OAO «Temnckoe pygoynpasneHuey — 21,2 MAH T;

ABnAscb BaXHbIM PE3epPBOM MONyYEHUA LOMNONMHUTENbHLIX 06BLEMOB MWHEPAnbLHOro
Cblpbsl, TEXHOreHHble 0OpasoBaHUs (MECTOPOXAEHUS), BKMOYaWmMe BCe BUAbI MPOMbILL-
JNEHHbIX OTBAaroB, LUamMo- 1 LUNaKoXpaHUnuLLa, MecTa pa3oBoro CKnaagnpoBaHNa OTXOA0B, B
nocnegHee Bpems NpuBnekaroT k cebe Bce HOMNbWE BHUMAHWE HE TONBKO N3-3a CBOEN pe-
CYPCHOW LIEHHOCTM, HO Takke 13-3a HeOOXOAMMOCTU MX NMKBUAALIMU KaK MOLLHBLIX UCTOYHU-
KOB 3arpsi3HEeHWs1 OKpYatoLLen cpeabl B paloHe CBoero pacnonoxeHus. Moatomy yeenuye-
HVe 06BLEMOB MX YTUINU3ALUMWN SBNSIETCA aKTyarbHOM NpobremMoi.

CepbesHoi npobnemon Bcex ropHo-oboratuTernbHbIX NPEANPUATANA, MMEIOLWMX Ha-
MbIBHbIE XBOCTOXPaHUMULLA U LUNIaMOXPaHUNNLLA, SIBMISIETCS HanMumMe oTpaboTaHHbIX CyXux
NNspKen, Ha KOTOPbIX MPU CKOPOCTU BeTpa bonee 5 M/C HAUYMHAETCA MHTEHCUBHOE MblNIEHVE.
Cutyaums ycyrybnseTcs Tem, YTo B NocnefHee BpeEMSs AN U3BMEYEHNA NOSIE3HOro KOMIMO-
HeHTa npoBoaunTCst Bonee rnybokoe uaMernsyeHue xenesHon pyasl (40 30 MKM), YTO OCMOX-
HAET NPOLECC 3aKpenneHns MenKoaNCNEPCHbIX YacTuL, Ha Cyxmnx nnsxax [5].

B HacTosALwee BpeMs 3aKpenneHne Cyxmx Mbisawmx nnsHken OCyLeCcTBSIETCS C npu-
MEHEHMEM XUMMNYECKMX U Bronornyeckmx MeTofoB. XMMMYECcKoe 3akpernneHme 3akrodaeTcs
B 06paboTke MOBEPXHOCTU 3AKPEMMALWMMU pacTBopamMu: Hanpumep, peareHtom Dustbint,
BuLodUT, XNOPUCTBIA Kanbumin. HepocTaTtkom 3TOr0 MeToga ABMSHOTCA CE30HHOCTb €ro
NpUMeHeHNs (3aKpenneHns BO3MOXHOIo TONLKO NMpy Temnepatype + 4 °C u Bbile) n Heyc-
TOMYMBOCTL NPW CKOPOCTK BeTpa bonee 15-20 m/c.

Bronoruueckoe 3akpenneHue Mnspker OCYLLECTBRAETCA NyTeM NnoceBa OnpeaeneH-
HbIX PACTEHUI, KOPHEBAs CUCTEMA KOTOPbIX NPENATCTBYET MbIEHNIO.

3.2 NopsemHasn nobbiva xenesHbIX pya

Mop3emMHasi paspaboTka ene3opyAHbIX MECTOPOXAEHUA BNMSAET Ha aTMOCKhEpPHbLIN
BO3AyX, MOBEPXHOCTHbIE U MOA3EMHbIE BOAbI, NEOMNOMMUYECKYd Cpeay, OTUYXAeHVWe 3eMenb
[6,7]. UcTounMKamu 3arpsiaHeHns atMocdepbl ABNSIHOTCS rasonbineBblie BbIOpoChl, 0Opasyro-
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paboT

(cm. Tabnuuy 3.4). Masbl 1 Nbinb BbIASNAOTCA TaKKe C MOBEPXHOCTM MOPOAHLIX OTBASIoB U
CKNaaoB None3HbIX UCKONaeMbIX.

Ta6nuuya 3.4 — OCHOBHbIE NOTOKM Y SMUCCUW NPY NOA3EMHON paspaboTke

KENe30pyAHbLIX MECTOPOXAEHNI

o 3ran npouyecca BobixogHomn OcrosHoe
BXOJJ,HOM NOTOK TexHonorn4yeckoe Smnceun
(nognpovecc) noToK
o6opyaoBaHue
BcekpbiTne
OnexTposHeprms EBP lopHble MoaveMHble Myctasa nopo-
CxartbIn BO3ayX Bbiemka, TpaHCMopT | BbIpaboTkM | MaWMHDI na
TexHuueckasa Boga ¥ NOABEM FOPHON lopHas JNebenkn Mbinb
Bbypoeas ctanb 1 Macchl macca Monku, nepe- asoobpas-
TBEpAble crnnasbl lMpoeeTpuBaHue ABWKHble ona- Hble NpoaykK-
BeToHHbIe cMecu n OTkauka BoabI ny6kn Tbl B3PbIBHbIX
*/6 BoaBeaeHue kpenu Hacochl pabort
BapbiBuaThle Bewe- |MoHTax meTanno- BeHTunatopbl LLaxTHble BO-
ctBa KOHCTPYKUUA, Mexa- Mpoxogueckoe |abl
MeTannoKoHCTPYKLuM | HU3MOB 1 06opyAo- 6ypoBoe 1 no-
KpenexHble marte- BaHMA rpy3o4yHoe 060-
puankbl pyaoeaHue
Ceexuii BO3ayx
MNoproroBka
OnekTposHeprus BEBP [opHble MogbemHbie Mycras nopo-
CxatbIl BO34yX Bblemka, TpaHCropT  |BbIpaboTKM | MaWMHDI na
TexHnyeckas Boaa ¥ NOABEM FOPHOM [opHas Mpoxogueckoe Mbinb
Byposas cranb maccsbl macca B6ypoBoe 1 no- asoobpas-
beToH, xxeneszobeTtoH |[MpoeeTpuBaHue rpy3oyHoe 060- |Hble Npoayk-
Bapbieuatble Mmate- | OTkauka sogbl pyaoesaHue Tbl B3pPbIBHbIX
pyansl BoseeaeHue kpenu MawwuHbl v 060- |pabot
MeTtannokoHCcTpykuum | MoHTaK MeTanno- pyaosaHua ana  |lLlaxTHelie BO-
KpenexHble maTte- KOHCTPYKUUA, Mexa- BO3BEAEHMA Kpe- |abl
pvansl HM3MoB 1 o6opyno- n
Ceexuid BO3ayX BaHuA Hacocbl
BeHTunatopel

OunctHasa nobbliua
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OkoH4yaHue mabnuupi 3.4

. Oran npouecca BobixogHown Ocroaroe
BXOJJ,HOVI MOTOK TexHonorn4yeckoe Smmnccun
(noanpouecc) noToK
obopyaosaHue
OneKTposHeprms BEBP Cbipas MoabeMHble MycTas nopo-
CxaTblin BO3yX Bbinyck, TpaHcnopT u |pyaa MallMHbI M KOM-  [aa
TexHuyeckas Boga noabem pyabl nno- |lNycras nnekcbl Mbinb
Bbypoeas cranb pozabi nopopaa BbypoBoe, 3apsa- |Fasoobpas-
BapbiBuaTbie mate-  |[poBeTpusaHve HO€ W MOrpy3o4- |Hble NpoAayK-
puansl OTkauka BogbI Hoe 060pyAoBa- |Tbl B3pPbIBHbLIX
CBexui BO3gyx MoppepkaHne oun- Hue paboTt
CTHOrO NpPOCTpaHCcTBa JlokoMoTuBEI, Ba- | LLlaxTHble BO-
BtopwnyHoe apobne- roHbl, ONPOKMAbI- |Abl
Hu1e Barenu
KoHycHble, wwe-
KOBble ApoBUIKku
Hacocei
BeHTunaTopsl
OneKTposHeprms TpaHcnopT OtBanbl.  |lMoagbeMHble Mycrasa nopo-
CxatbIn BO34yX Moabem MallWHbI U KOM- | aa
TexHuyeckada sBoga OTeBanoobpasosaHue MneKCchbI MNbinb
CM JlokomoTumBbI, Ba- | EcTecTBeH-
rOHbI, ONPOKMAbI- |HbIA CTOK C
BaTenu NOPOAHBIX OT-
ABTOTpaHCNOPT, |BanoB
Gynbaosepbl

WHTeHcUBHOE Mbine- 1 razoobpasoBaHUe NPOUCXOAUT BO BPEMSA CNEAYHOLLMX MpoLiec-
coB: OypeHve LUNypOB W CKBaXWH; B3pbiBaHWE U MOrpyska B3OPBAHHOW TFOPHON MaccChl
TPaHCMOPTUPOBKA, MOrpy3ka 1 neperpyska Cbipol pyAbl U MOPOAbI; FPOX0OYeHWe, fpobreHuE;
paboTta nNpoxogyeckmx, AoBbIYHBIX U MPOYMX MaLlMH KU MexaHnamoB. OaHaKo 3anblreHHbIN
BO34YyX, MOABEprascb MPOLECCy MbinenogasneHns U rmapoobecnbinveaHis U NpPoxoast no
ropHbIM BblpaboTkamM, MOYTM NOMHOCTLH CaMOOYMLLAETCS.

OCHOBHOWM pakTop BrMSIHWS Ha BOAHYIO Cpefy — COPOC WaxTHbIX BOA, 3arpsi3HEHHbIX
B3BELUEHHbIMM YacTULAMW 1N PACTBOPEHHBIMU XMMUYECKMMW BELLIECTBAMU, a TaKKe MOBEPX-
HOCTHbI CTOK C MOPOAHbIX U pyAHbIX oTBanoB. Kpome Toro, B NOA3EMHbIX YCNOBUSIX 3arpsia-
HSIFOTCH ApPEeHNpyeMble rPyHTOBbIE BOJbI, 8 NMPU OTKauKe LuaxTHOW Boabl 06pasyloTcs agenpec-
CMOHHbIE BOPOHKW, PaanyC KOTOPbIX MOXKET AOCTUraTh AECATKOB KUTOMETPOB.

Bce npeanpusatma ¢ noaseMHoi foOblMel xxenesHbix pya 06s3aHbl OCyLLecTBRATb
OYMCTKY CTOMYHbIX W LWaXTHbIX BOA. YCTPOWCTBO 0BOPOTHLIX CUCTEM BOAOCHAGKEHUS, NINKBU-
fauys oTBanoB, CoKpalLeHUe MoCTyMneHUs NPMMECEN B CTOYHbIE BOALI NYTEM COBEpPLLEHCT-
BOBaHMWA TEXHONOMMYECKMX NPOLIECCOB — SIBMSIKOTCS NEpBOOYEPEHbIMA 3aia4amm KOMINIIEK-
ca MeponpuATUI, NPEAYNPEXAaloWLmnX 3arpsi3HEHNE BOAOTOKOB U BOAOEMOB CTOYHLIMU BO-
Aamu.
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l'OpHBIN M 3eMenbHBIN OTBOA C NMOBEPXHOCTHLIM KOMMMEKCOM 34aHUA U COOPYIKEHWUIA,
OTBarbl, OYACTHLIE COOPYKEHUA U NP. 3aHUMALOT 3HAYUTENbHbIE TEPPUTOPUN, KOTOPbIE UC-
Nonb3yoTCA NPoAOIKUTENBHOE Bpemsa. OpHako aobblda xenesHou pyabl NOA3EMHbIM CMo-
Ccob0M TpeByeT CyLLECTBEHHO MEHBLUErO OTHYYXAEHWUA 3EMENb N HE BbI3bIBAET CTOMb 3HAYU-
TenNbHbIX HAPYLUEHWUA N U3MEHEHWUI UHPACTPYKTYpbI U NaHAWAadTOB, Kak OTKPbITbIE rOpHbIe
paboTbl.

3.3 O6oraieHue xenesHbIX pya

Cxema matepuarnbHbIX U 3HEPreTUYECKMX NOTOKOB B 060oralleHnn xenesHbiX pya npu-
BefeHa Ha pucyHke 3.3, uHdopmaumsa no notpebneHnio pecypcos B TexHonormm oborate-
HWUA xenesHbix pyA — B Tabnuue 3.5, a OCHOBHbIE 3Tarnbl MNPOU3BOACTBA >KENe30pynHOro
KOHLeHTpaTa ¢ pa3amepamMmm amuccun — B Tabnuue 3.6.

PYOA23-251/ 3neKkTposHeprus

l |

TexHonoru4eckuii npouecc oboralleHust xxenesHoix pya

ApoGnenue Mamenbyenue, knaccudmkaums, Cywika MpupoaHbIit
PyAb! oborallenune, crywenue, hunbTpo- —— a3

BaHue
l Mbinb ¢ coaep- I

Mbinb HeopraHuyeckas *anuem SiO, < [bIMOBbI€ rasbl
¢ cogepxxaHuem SiO, < 20% (CO,, CO, NO,)
70%

XBOCTbI

v

loToBas npoaykums XBOCTOXpaHUnULLE
-Kene3opyaHbIi

KOHL|EHTpaT
l O6opoTHas Bo-

na

PucyHok 3.3 — Cxema matepuanbHbIX U SHEPreTUYeCcKnX NoTOKOB B
oboraLleHum xenesHbixX pys

Tabnuuya 3.5 — NotpebneHne pecypcoB B TEXHONOMMM 0BOraLleHUs xenesHbix pys

EavHuua 3HauyeHune yaenbHOro pacxoaa
HaumeHosaHue namepe- Ha TOHHY Npoaykuun
Hus OunanasoH CpeaHee
MatepurankeHbie pecypchbl
WcxopHas pyaa TIT 2,36-5,5 2,7
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lpodomxeHue mabnuysl 3.6

3HaueHue yaenbHoro pacxoaa

EanHuya
HaumeHoBaHue namepe- Ha TOHHY NPOoAYKUUK
HUA OwnanasoH CpeaHee
OHepreTunyeckme pecypcol
OnekTpoaHeprus KBT-u/T 48,0-80 62
MpupogHbIA ras Kry. T./T 6,0-7,8 6,9
TexHuyeckan (obopoTHasn) v 12.5-30,0 224
BoAa
Bopa 13 npmpogHoro ncrou- v 0-0,4 0,25
HVKa

Tabnuya 3.6 — OcHoBHblE 3Tarnkl MPOV3BO/CTBA XKENEe30PyAHOro KOHLUEeHTparTa

Otan npouecca

QcHOoBHOE TeXHOMNOMU-

Kycok <100 mm

HVS NpeaBapuUTerb-
HOE rpoXoYeHue

Kycok <30 Mm

BxoaHOW NOTOK BbixoaHOWM NOTOK Smuccumn
(noanpouecc) Yeckoe obopyoBaHue
OpobneHue Mbnb He-
Pyna 1500- 1 ctagus (MoxeT Pyna kycok [pOoBunKM KOHYCHbIE |OopraHuy.
300 mm ObITb B Kapbepe) 500-300 mm KKA cog. SiOz
Pyna 500— 2 ctapgus (Moxet oT- |Pyga: [poBunku KOHyCHble
300 Mm CyTCTBOBATbL) Kycok <200 mm | peaykumoHHble KPJ
MeHee 200 mm |3 cTagms (moxeT oT- |Pyaa: IOpobunkn KOHyCHble
CYTCTBOBATb) Kycok <75mm  |KCA
MeHee 75 mm |4 cTapus (MoxeT oT- |Pypa: [Opoburnku KOHyCHbIE
CyTCTBOBAaTb) Kycok <30 MM KMAOT
Knaccudukaums Mbinb He-
Pyaa: Ha 3 ctagum ppobne- |Pypa: poxoTt opraHuy.
Kycok <200 MM [HKS NpeaBapuTenb-  |Kycok <200 Mm cop. SiO2
HOe rpoxoveHue
Pyaa: Ha 4 cragnm gpobne- |Pyaa: Fpoxot

Mpomnpo- Knaccndumkaumsa no- | Mpomnpo- 'MapoLUMKNOHLI, cnn-
AYKT — pyda | cne usMmernbyeHus OYKT — pyaa panbHbIN knaccndu-
KpYynHO- MOXET BbITb HECKOSb- | KPYNHOCTBIO karop, BuGpaumoH-
CTbo <5 MM KO cTagun <100 MKm Hble rpoxoTa (TOHKoe
rpoxoveHune)
N3amenbyeHve
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3T1an npoyecca

OCHOBHOE TEeXHONOMU-

BxoaHoM NoTok BbixoaHOWM NOTOK 3Amuccun
(noanpovecc) yeckoe obopygoBaHme
Pyaa: 1 cragnsa Mpomnpo- MenbHuysl MMC, Mbinb He-
kycok 300— AYKT — pyaa MLUPTY, MCUL opraHuy.
30 mm KpYnHO- cop. SiO»
CTbIO <5 MM
Pyna: 2, 3 cragun Mpomnpo- Menbhuusl MPT,
Kycok 30—5 mm AYKT — pyaa MLy, mcu
KpYrnHO-
cTbto <100 MKM
O6oralueHne
Mpomnpo- PaspeneHve muHe- KoHueHTpat — |MarHutHble cenapa-
OYKT — pyAa |panoB Ha MOMesHbl  |MUHEparnsl No- |TOpbl, AelunamMaro-
KpymnHoO- KOMIMOHEHT U MYCTYI0 | NIE3HOro KOMMO- |Pbl, MArHUTHO-
cTbto <100 MKM [mopoay (fo 5 ctaguin) [HeHTa — vac-  |rpaBUTaUMOHHbIE Ce-
TWLpI pasme- napartopsbl
pom <45 MKm B
KOnm4ecT-
Be >80 %
KoHueHTpar, YcpepnHeHve notoka | KoHueHTpar, YcpeaHutensHbie
BOAHas Nynbna BOAHas nynbna |3ymndsbl
C COAEPXKaHW- C COAEepXaHnem
eM TBepAoro TBEPAOro KOM-
KOMMOHEH- noHeHTa <30 %
Ta <30 %
O6e3BoxunBaHue
KoHueHTpar, CryweHune (MoxeTt KoHueHTpar ¢ |Cryctutens ocagu-
BOAHAas Myrbna | OTCYTCTBOBATb) CcoAepXaHneM |TernbHOro Tuna
C COAepPXaHu- TBEpAOro Ao
eM TBEpPAoro 60% —75%
KOMMOHEeHTa
<30 %
KoHueHTpar, dunbTpoBaHVE KoHueHtpar ¢ |[uckoBble BakyyM- | [binb He-
BOAHas nynena copgepxaHneM | bunbTpbl, KepaMu- | opraHuy.
Bnarn <11 % Yeckue Bakyym- cop. SiO2
PUnLTPLI, Npecc-
PUNbTPLI, NEHTOY-
Hble n bapabaHHble
dUNbTPLI
KoHueHTpat ¢ |CyLuka KoHueHtpaTt ¢ |CywmnbHbii 6apa- | MNbink He-
coaepxaHnem coaepxaHuem |6aH opraHuy.
Bnarv <11 % Bnarn <3 % copg. SiOz,
NO2, NO,
CO, CH4

CknagnpoBaHme «XBOCTOB»
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OKoHyaHue mabénuypl 3.6

3tan npouecca

OCHOBHOE TeXHOnoru-

BxoaHou noTok BbixoaHOWM NOTOK Omuccuu
(noanpovecc) yeckoe o6opyfoBaHue
BoagHas cyc- CryuleHve, cknagn- |BoaHas cycneH- | Cryctutenu, xBocTo- |[Mbinb He-
NneH3uda ¢ Yac- |poeaHue 31s1 C coaepXa- |XpaHunuwe opraHuy.
TMLaMK NycTon HWeM 4vacTtuy, cog. SiO;

nopoasl nycTon nopo-
abl <70 %
Bogonoarotoeka, 060poTHOE BogocHabxeHve
Bopa cocry- | TpaHcnoptupoBanve |OcseTneHHaa [Hacockl
cTutenen BOAbI Ha habpurky BOAa

XapakTtepuctuka sMmmccumn

Bbi6pockl B aTMmOctepHbIN BO3Ayx

HenocpencteeHHoe 3arpsisHeHWe MpU3eMHOM atMocdepb! MbiNblo Npyu oboraieHnn
XeneaHbIX py4 NPOUCXOAUT:

- MPY KOHBENEPHOM TPaHCMNopTe pyAHOM MaccChl

- PV €€ rpoxoyeHun n apobneHnu,

- NPV 3arpyske NpMemMHbIX BOPOHOK ApOBMNOK KpynHOro ApobneHus oboratutenbHbIX

dabpuik;

- B NpoLeccax CyLKWN KOHLEeHTpaTa;
- B TEXHOJIOMMYECKOM npouecce pnoTaumoHHOro oboralleHus;
- NPY NbIIEHUN C XBOCTOXPaHUNMLLA.

Tabnuuya 3.7 — VNHTEHCMBHOCTD MbINEBbIAENEHUS NPU Neperpyskax xenesHoix pya [1]

HaumeHoBaHne 060pyA0BaHNS UM TEXHONOTMYECKON MHTEHCUBHOCTB NbiNeBblaeneHus
onepauuun AbcontoTHag, r/c | YaenbHas, /T

KoHBeriepHas neperpyska xenesHoun pyabl Ha kapbepe
A) 6e3 cpeacTB 60pb6bI C NbINb0O 0,4-3,0 3-22
b) ¢ ncnonb3oeaHnem acnupauumn 0,03-0,3 0,02-2
KoHBeliep ang TpaHcnopTa XenesHown pyabl
A) 6e3 cpencts 60pbbbi C NbIBIO 0,104 0,7-3
B) c opolueHrem xenesHom pyabl 0,05-0,2 0,3-1,5
[poxoT npm paccese pyabl
A) 6e3 cpepcTe nokanusauum 0,8-1,0 4,0-5
B) npy HanuuMmn acnpupyeMbIX YKpbITUA 0,07-0,09 0,3-0,5
Meperpy3ka >xene3How pyabl C kOHBeWepa B LWTabenb cknaga
A) Npy OpOLWEHNI XKeNe3HOW pyabl 0,1-0,12 0,5-0,6
B) npv nokanusauvu nbineBblAENeHUA 0,015-0,03 0,03-0,06
Meperpy3ka xene3Hou pyAbl C AyMKapa B NPUEMHYIO BOPOHKY ApoSunku
A) 6e3 cpencte 60pbbbl C NbIBIO 12-42 57-36
B) ¢ ucnonb3oBaHnem acnupaumm 1,57 0,45-3,1
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WNHTEHCMBHOCTDL MbINEBbIAENEHNI 3aBUCUT Kak OT BUAAE TEXHOMOMMYECKMX onepaumi un
PM3NKO-MEXAHNYECKNX CBOWCTB rMepepabaTbiBaemMoro marepvana, Tak M OT Hanuyns
cpeactB 60pbObI € NbineBblgeneHnaMN (CM. Tabnuuy 3.7).

Kopnyca apobnenus pyabl 1 CyLLKW KOHLUEHTpaTa, kak npasuso, obecneunsarorcs ac-
NMPaLUOHHBIMU YCTaHOBKaMW, B KOTOPbIX WUCMOMb3YHOTCH 3MNeKTPogUnbTPbl, MOKpbIE ra3o-
OYUCTHbIE YCTAHOBKM C 3P HEKTUBHOCTBIO MNbINEOYNCTKM Bbile 95 % (cM. Tabnuuy 3.8).

Tabnuya 3.8 — YHOC Nbinu B acNMpaUMOHHYH CETb OT OCHOBHOMO TEXHONOrMYECKOro
o6opynoeanHusi FTOKoB (gpobunbHble habpukin)

HaumeHosaHue Mponssoay- CpeaHuit 06b- | CpeaHsa koHueHTpa- | YHOC Matepuana
NbinsLero TenbHOCT, T/ em acnswpaumm, LS Nbinv B acné BO3- - YAETbHBbIA,

obopyaoBaHus, ysna M/ Ayxe, Mr/m Kr/T
KoHBeliepbl (MecTa 300 5000 2000 10,0 0,030
3arpysku)
KoHycHble apobun- 250 1500 400 0,6 0,003
Kn
LLiekoBble fpobun- 300 3000 500 1,5 0,005
Kn
poxoTbl 200 3400 350 1,2 0,006
Cyxve marHutHble 120 2000 200 0,4 0,003
cenapatopbl

B npouecce Cylikn KOHUEHTpaTa UCnonb3yroTea AbIMOBbIE ra3bl, obpasyrowmecs npu
CXuUraHmm NnpupoaHoro rasa. Kak npaeuno, Temneparypa AbIMOBbLIX ra30B B CYLUUIIbHBIX arpe-
ratax He npesbiwaet 900 °C. 3HayeHWs KOHUEHTpauun 3arpasHsAoWmX BbIBpoCcoB npej-
cTaBneHbl B Tabnuue 3.9.

Tabnuuya 3.9 — Bribpochl 3arpAsHSAOLLMX BELECTB B Npoueccax 00oralleHus xenesHbix
pya

YaenbHbie BbIGpOCHI NO-
HanmeHosaHue 3B vif\'n McTouHuMK BeIGpoca MeTog oumnctku cne o4YUCTKU
’ Ovanason | Cpepnee
Mbinb HeopraHwu. Opobunkn, cyxas Lok,
ckpyCbepbl
(C cogepxaHmem T MarHuTHas 0,1-13,0 5,0
. (BeHTypu CB),
Si02) 270 % cenapauus
ANeKTPoPUNbLTPbI
MbInb HeopraHwy. LunknoHsl,
(c copepxaHuem riT O6orawenve ckpy66epbl 0,2-9,5 6,0
Si0220 % — 70 %) (BeHTypu CB)
MbINb HeopraHwu. CVLLIMALHbIE LnknoHsl,
(c conepxaHmem T 6ya 26aHb! ckpy66epbl 0,23-140,0| 80,0
Si0, < 20 %) P (BeHTypy CB)
NaOH wrfr | PreTauvonkas 20 20
MaLLnHa
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YaenbHble BbIOPOCHI NO-
HaumeHoBaHue 3B Vi‘:ﬂ WcTouHuk Boibpoca MeTog ouncTku Ccne o4ucTkn
Mvanason | CpepHee
AmpyHbI anudartun- M dnotaymoHHas 2.0 2.0
yeckue Ci5 — Cop MaluvHa
NO2 T 0,3-14 9,2
NO riT CywmnbHble 0,06-5,0 2,7
SO, riT H6apabaHbl 5,6-29,5 15,9
CcO T 0,04-300 13,6

CTOuYHbIE BOAbI

B npouecce oboraiyeHns xenesHbix pya 06pasytoTcs CToYHbIE BOAbI B KonuyecTee 5—
15 M7 pyabl, cogepalume B3BeLUeHHble BellecTBa B koHUeHTpaumsax Ao 30 r/n. JaHHbie
CTOYHbIE BOAbl OCBETMSAIOT B CTyCTUTENSIX U LUNaMOHaKONUTENsX, a 3aTeM BO3BpallaloT B
nponssoacTeo. MexaHuuyeckas ounctka Ha oboratuTenbHbix abpukax NPUMEHseTCs npe-
UMYLLIECTBEHHO Kak npeaBapuTenbHas Ans A0OYUCTKN CTOYHBIX BOA ApyrMMm criocobom. Jns
yhaneHns KpyrnHbIX YacTul TBepaoln ¢asbl MCNONb3YT NECKONOBKW, OTCTOMHUKW, MAPOLU-
knoHbl. OcBeTNeHHbIEe CTOUHbIE BOAbI cogepxaTt He 6onee 100 Mr/n B3BELLEHHbIX BELECTB, a
LNA TEXHOMOIMYECKOro NpoLiecca MOXHO MCNONb30BaTh BOAY C COAEPKAHMEM B3BELLEHHbIX
Bewlects Ao 1000 mr/n. Takas 3amkHyTas cxeMa 060pOTHOrO BogocHabKeHUsI BHeApeHa Ha
oboratutensHon dabpuke JNebeamHckoro NOKa, cornacHo KOTOPOW CryLeHne XBOCTOB CHa-
Yana npou3BoAMTCA B MMAPOLMKIIOHaxX, a 3ateM — B cryctutensx. Cnmebl cryctutenen mc-
nonb3ytoT B Ka4ecTBe 0OOPOTHOW BOAbI, @ NECKWN CTYCTUTENEN HanNpaBnsloT B XBOCTOXPaHW-
nwe [8].

B npouecce droTtaumm obpasytoTcs CTOYHbIE BOAbI, 3arpA3HEHHbIE B3BELUEHHLIMU
Bewecteamun (100-120 r/n) n dpnotopeareHtammu (40—60 mr/n). Mocne ocBeTneHua B wna-
MOHaKONUTENAX CoAepKaHNe B3BELUEHHbIX BELWEeCTB cHuxaeTca Ao 200 mr/n, 4To He nos3so-
NSEeT UCNOMb30BaThL BOAY AN noTaummn, NOSTOMY MPOBOAAT PEaAreHTHY AO0YMCTKY CTOM-
HbIX BOA CynbdaToMm xenesa (koHueHTpaums 100-120 Mr/n) U n3BEeCTbI0 (KOHUEHTpauus
100-150 Mr/n), 4TO NO3BONSAET CHU3UTb COAEPXKaHNE B3BELLEHHbIX BewecTs 0 50-80 mr/n n
BEPHYTb CTOYHbIE BOAbI B NPON3BOACTBO.

Mockonbky GonbLuas YacTe NpoueccoB oboraweHnst OCyLLECTBNAETCS B BOAHON cpe-
Ze, 1 Ha oboraTuTeneHbix pabpukax Hanbonee pacnpocTpaHeHsb! Tak HasbiIBaeMble MOKpbIE
npouecchl oboralenmsi, B KOTOPbIX PackpbITUE U pasfeneHne MUHepasbHbIX KOMMOHEHTOB
NMPOVCXOAWT B BOJLHOW CPeAe, TexHonorus oboraweHns npegycmaTpuBaeT 3KcniyaTaumo
LUNaMOOTCTONHUKOB Y XBOCTOXPAHMINLL,

B npakTvke oforalleHns pyn YepHbIX MeTansioB NPUMEHSIIOT B OCHOBHOM 4Ba Buia
cxeM 060poTHOro BofoCHabXeHNs:

1) c 6e3peareHTHbIM OCBETIIEHNEM XBOCTOBOW MyJbMbl B XBOCTOXPaHWUMULLE, YTO MO-
3BOJISIET CHU3NTL CoAepXaHne B3BELUEHHbIX BELLECTB A0 27 mr/n, ogHako TpebyeT GonbLlumnx
nnowaaen nna oTctanBaHua (40 2 ThbiC. ra) U He NO3BONSAET OUNCTUTL CTOUHbIE BOALI OT pea-
FEHTOB W1 CONen Npu NPoBeAEHUM broTaumu;

2) koMBMHMpOBaHHast — C OCBETINEHWEM B CryCTUTEnsX (C MCronb3oBaHWeM droky-
JISHTOB, KOarynsiHTOB) U NOCNEAYOLEN NoOAaY4el CryLL@HHOW MynbMbl B XBOCTOXPAHUNULLE.
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BonblWWHCTBO o6oratuTensHbIX KOMBUHATOB UCMONL3YIOT B TEXHONOMN Bogy 060poT-
HOl cucTembl BogocHabxeHus. MoaToMy cOpocbl 3arpsi3HAOWMNX CTOKOB B OKPYKAMOLLYHO
cpeny nMbo oTcyTCTBYHOT, NGO OCYLLECTBNSETCA COPOC YCNOBHO OUULLEHHBIX CTOYHBLIX BOA
B BOAHble OOBEKTHI B Mpejenax yCcTaHOBNEeHHbIX HOPMaTMBOB.

Orxoabl npousBoacTBa

OcHOBHbIMW OTXOAamMK Mpouecca oboralleHuns KeneaHbiX pya SIBMATCA «XBOCTbI»,
obpasyomecs B TEXHONOMMYECKNX Onepaumsx M3MernbyeHns, knaccudukauymm, oborate-
HUA, crywenns, dunetpoeanus (cMm. Tabnuuy 3.10). Kpome nycrton nopoabl B XBOCTax MOryT
NPUCYTCTBOBATbL YacCTuLbl Xenes3ocoaepXxaLlmx MmHepanos B konuvectee oT 8 % a0 26,5 %.
O6wremsl xBocToB coctaBnaloT oT 40 % fo 83 % ot obbema oborawjaeMoro matepnana — B
3aBUCYMOCTM OT YPOBHSA COAEPXKAHNSA Xereaa B nepepabarbiBaeMbix pyfax.

CpenHeB3BeLLEHHbIN guameTp vactul konebnetcsa B npegenax 0,05-1,0 mm. UcTuk-
Has MNoTHOCTbL MaTepuana konebnetcs B AnanasoHe 2600—4000 kr/m®, uto 3aBuCKT OT TMNa
nepepabaTbiBaeMbIX pya.

Mpwn cBpoce nynbnbl B XBOCTOXPAHUIMILLE NMPOVCXOAUT Cerperaums Yyactul, no nioTHo-
CTW W KPYNHOCTW. B 30Hax, BrM3kux K BbINYCKy, OTKNaAbIBAOTCA Hanbonee KpyrnHble U Tsxe-
Ible YacTuLbl, cofepXaHue xeneaa B 9TUX 30Hax MoxeT npesbiwaTe 30 %.

Mo cyTn, XxBOCTOXPAHUMNMLLA NPEACTABNSAIOT COOOM TEXHOreHHBIE MECTOPOXAEHMS MNO-
NE3HbIX MCKOMAaeMbIX, OCBOEHUE KOTOPbIX BO3MOXHO C MOSBNEHNEM HOBbIX MPOrPECCUBHbIX
TEXHOMOMMIA U3BMNEYEHNS NOMNE3HbIX KOMMNOHEHTOB.

XBOCTOXPaHUNMLLA 3aHMMaKT OrpoMHbIe nnowaaun. Moaceixarowme HagBoaHbIE NNs-
XV CO34al0T MNbineHne npu BeTpeHou noroge. [opHopyaHBIMM NpeanpuaTuamMmn paspabatbl-
BaeTCH PAA Mep, CHKaIOLWKMX MbINSWEe BO3AEUCTBUE TaKUX NSHKEN NyTeM Bbicaakm obne-
MUXOBbIX N MBOBbIX KYCTAPHUKOB. [pOM3BOAMTCS yKnaaka XBOCTOB B TENO famb, hopMupytoT
3alMTHBIE NNSXM AaMb, yKnajka XBOCTOBOW Mynblbl OCYLIECTBSETCH paccpefoTOUYeHHbIM
€nocobomM Mo NEPUMETPY XBOCTOXPAHUIULLA — ANS MaKCMMasibHOrO CMavnBaHus MbInsLLmX
NNsKen, BbINONHAETCH npodunakTnyeckas obpaboTka MMshKen XBOCTOXpaHUnMLia cneum-
anbHbIM PacTBOPOM.

Momunmo xBOCTOB K OTXOfaM mnpoussoacTea oboratuTenbHbix dabpuk crneayet oTHe-
cT copBeHTbl, UNbLTPLI, UNBTPOBarbHbIE Marepuarnsl, yTpaTuMBlLUME MoTpebuTenbckne
CBOWNCTBA&, OTXOAbl 06CNyXMBaHUS U PeMOHTa 0060pyL0BaHMSs, KOTOPOE HE MOAMEXNT YyTUNK-
3auum, caadyn B METanNonom.

Tabnwuuya 3.10 — YgenbHble 06bembl 06pa3oBaHna OTXOA0B NPON3BOACTBA

E y Macca oTxoa08B Ha
HaumeHoBaHue oTxo08 A CTOHHIK MeTog obpaLlueHus 1T npoaykuuu
n3M. obpasoBaHuA
OnanasoH | CpeaHee
JTomM 1 0TX0AbI YEPHbIX
A P PemoHT 06opy-
MeTannos (Hesarpss- T/T YTununsaumsa HeT AaHHbIX
LoBaHus
HEeHHblE)
OTxoabl fobbiun 1 06o- Mpouecchl 06o- Yknagaka B XBO-
ASIA T | PO A 1,35-45| 26
raleHus xenesHbix pya raweHms CTOXpaHunuLle
OTxoabl obcnyxnBaHus B xone akcnnya- PasmelleHve Ha
X Kr/T | Taumm 1 pemoHTa » 50-200 170
obopyanoBaHus nonmroHax
obopynoBanuns
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Macca oTxo408B Ha

Ea. McTouHMK
HaumeHoBaHue 0TX0408B A Metog obpalleHus 1T npoayKLun
n3M. obpasoBaHus
Ovana3soH | CpegHee
Cop6eHTbl, hUnbTpbI,
duneTpOBanbHbLIE Ma-
dunbTpoBaHne, | PasmelleHue Ha
Tepuansl, yTpatuewme KriT 10-70 47
. crylieHue nonmroHax
noTpebuTensckue CBon-
cTea
3.4 OkyckoBaHue
B npouecce okyckoBaHMS M3 CbIpb€BbIX MaTepuanoB — MbINEBUMAHOW pyabl U

f06aBOK — MPOM3BOASAT Kene3opyHble OKaTbiM (Takon npouecc 06blMHO NPOBOAST Ha
mMecTe Aobblun pyabl [cM. pucyHok 3.4]). Coipble okaTbilum 06nagatoT HASKON NPOYHOCTBIO U
WX MPSIMOE MPUMEHEHNE OrPaHUYEHO, MO3TOMY OKATBILLN YNPOYHAKOT NPW BLICOKOW TEMNepa-
Type B OBa dTana: cHadarna Cyllka okaTbilen, 3atem HarpesB u obxur npu 1250 °C —

1320 °C.

YCTaHOBKM OKyCKOBaHMS, Kak MpaBUIIo, pacnonaratoTC Ha ropHO-060ratutTenbHbIX
KOMBMHaTax Unn B COCTaBe 3aBoAa C MOJSHbIM METaNNYPrMYeckum LMKIOM ANs NPON3BOACT-

BaXeneaa 1 ctanu.
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PrcyHoK 3.4— Cxema MaCcCOBbIX MOTOKOB Ha YCTaHOBKE /19 MQ/yHeH A
okatbien [

Tabnnuya 3.11 — [laHHble no MarepriasibHbM NOToKaM OT 3 YCTaHOBOK /19 Ma/yHeHs
oKaTblLeln B CTpaHax EC-25 82004 1. [

Bxop, Bbixop,

CblpbeBble Matepuasbl MpoaykKTbl
XenesHas pyma 935-965 Okarbium KT 1000,00
BeHToHUT 4,1-6,8 3Smuccum
OmwevH () 0-27,6 Omxogsuye ra- hmilt 1940~

W/ 3l 2400
IA3BECTHSK 05 MbU1b 748 14-150
Jonomt @ 0-13,5 Mbib Mr/HE 7-70
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OkonvyaHue mabnuuypi 3.11

Keapuut 0-20 Cd 0,02-2,2

Tl Mmr/T 0,6-3,0
Bxop, Bbixop,

OHeprus Hg (4) Mmr/T 0,4-24,2

a3 kokcoBbIN / fo- 306 Cu 1,5-6,7

MEHHbIN (3)

a3 npmpoaHbIA (3) 14 Cr 51-22,4

KokcoBasi Mmenoub MIDx/T 342 Mn 51-64,3

(3)

Yronk (5) 223 Ni 6,5-17,2

Hedtb (5) 43-186 |V 13,4-15,1

OnekTpoaHeprus 54-99 |Pb 15,6-70,8

Bopa mr [0,11-125 [Zn 3-1300

Cxartbiit BO3AyX T | 6,2-12,8 [CO, K/t 17-193
NOx rit 150-550
NOx Mr/HM® 73-283
SOx (6) (7) 11-213
Cco <10(5)-14

0
NoC (9) riT 5(5)-40(3)
HCI (6) (7) 4-41
HF (6) (7) 1858
MAY (10) Mmr/T 0,711
NXO0/® (4) Hr 8,2-196
I-TEQT
NXa0/o (4) HF 0,005-0,1
I-TEQ/ hv®

MpoaykuMoHHbIe ocTaTku (OTXO-
Abl/NOGOYHbIE NPOAYKTbI)
Mbinb

(1) Ans npounsBofcTBa OKaThbILWEN — ANA AOMEHHbIX neder (2) Ans nponssoacTea oka-
ThilWen — Ansa npsmoro BocctaHoBneHus (3) Koraa ycrtaHoBka ABNAETCA YacTbio 3aBoja C
nonHeiM umknom (Hugepnangsl) (4) PTyTs npenmMyLlecTBeHHO B 3neMeHTHou dopme. Ha-
rpy3ka 3aBucuT oT nepepabartbiBaemort pyael (5) B cnyyae aBToHoMHOW ycTaHOBKM B LLBe-
umu (MarHeTuToBble pyabl) (6) HikHee 3HaveHve Npy yaaneHnn kneneix rasos (7) Paccun-
TaHo no maccosomMy 6anaHcy (8) HwkHee 3HaueHne, ecnu NpUMeHAeTCa TeXHONorna ae-
cynbdypusauymm (9) He nasecteH metog nameperus (10) MHdbopmauus no metoay Borneff
6, EPA vnun gna 6eH3(a)nnperHa He nveeTca
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MoTpeBneHne maTepuarnbHbIX U 3HEPTETUHECKMX PECYPCOB MPW NMPOU3BOACTBE Xerne-
30pYAHbIX OKaTbllen 3aBucuT (cM. Tabnuuy 3.11) He TONbKO OT COBEPLUEHCTBA U adeKkTUB-
HOCTM TEXHONOIMYECKOro npouecca n obopyaoBaHUs, HO 1 OT BUAA BbIMyCKaeMbIX OKaTbl-
wewn: ocrocoBaHHble UMM HEOMIOCOBaHHbLIE, OT CTENEHN OCHOBHOCTW, TpeboBaHui Kk mMe-
TannypriieckuMm CBOWCTBaM, MO3TOMY YKasbiBaTb CPpeAHee 3HayeHne norpebnsemoro pe-
cypca B AaHHoW Tabnuue byaeT HEKOPPEKTHO.

MoTtpebneHne OCHOBHBLIX PECYPCOB MPWU MPOU3BOACTBE >XKENEe30pYAHbIX OKaTbILLEN
npeacrasrneHo B Tabnuue 3.12.

Tabnuuya 3.12 — lNoTpebnerHne pecypcoB B TEXHONOMN NPOV3BOACTRA XKENe30PyAHbIX
oKaTbIlen

HaumeHoBaHue Ea. nam. YaenbHbI pacxog
MatepunaneHble pecypchl
KenesopyaHbIA KOHLEHTpaT T/T 1,034-1,11
BeHToHUT Kr/T 2,5-10,0
Na3BecCTHsAK KriT 0-70
Bbokeut KriT 0-12
OHepreTuyeckme pecypcel
OnekTposHeprms KBT-u/T 32,5-48,5
MpupoaHbIn ras Kry. T./T 11,6-20,2
TexHuuyeckasn (o6opoTHas) Boaa MT 0,31-8,5
Bopa 13 npnpoaHoro NCTovHMKa MIT 004

XapakrepucTuka aMmuccumn

O6xMroeble MalUWHBI ABASKOTCA OCHOBHBIMU UCTOYHUKAMU BbIAENEHUS TEXHOMOrnYe-
CKWX ra3oe v nbinun (cMm. Tabnuyy 3.13).

OT 06XMroBbIX MaLUMH AbIMOBbLIE rasbl Yepe3s COOPHLIN KOMNEKTOP OTCAachIBaOTCH Abl-
MOCOCamV, U OYULLEHHbIE BbiGpackiBaloTca B AbiMoBYto TpyBy. Ouuctka rasos, cGpaceiBae-
MbIX B aTMOCEpy, OCYLLUECTBNSETCA MOKPbIM CNocobom B ycTaHoBkax «Tpyba BeHtypuy —
ckpy6b6ep-kanneotaenuTens, B uuknoHax. Ha coepeMeHHbIx dabpukax OKOMKOBaHUS B Ka-
YeCTBE ra3004UCTHBLIX YCTAHOBOK MPUMEHSIOTCA 3nekTpodunsTpbl, obecneunsatome ad-
(HEKTUBHOCTL OHYUCTKM ras3os OT nbinn 40 99,8 %.

la3004MCTHBIE YCTPONCTBA NPeAHasHa4YeHbl AN OYMCTKU A0 CaHUTapHbIX HOPM Bbl-
OpacbiBaembix B aTMocepy rasoe, 3aWwyTbl POTOPOB AbIMOCOCOB OT abpasvBHOro usHoca
nbinblo. OTKMoYeHWe BoAbl, NOAABAEMOW Ha rasoouMUCTHLIE YCTPOWCTBa, paboTtatolume no
Mokpomy cnocoby, npu padoTarwmx AbIMOcocax He fonyckaetcsi. OTknoueHe BOAbI MOX-
HO MPOU3BECTN TONLKO NO UcTeveHnn 20-30 MMH NOCre OCTaHOBKU biMOcocoB. Beibpockl B
aTMocdepy 3arpAasHsoLLMX BELLECTB MNP NPOLEeccax NpoM3BOACTBA KENe30pyAHbIX OKaTbl-
Len npueeaeHs! B Tabnuue 3.14.
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lMpodomxeHue mabnuusi 3.13

Tabnuya 3.13 — OMMCCHM Ha OCHOBHBIX 3Tanax Npon3BoCTBa OBONOKEHHBIX
KenesopyaHbIX OKaTbILLEN

3Jrtan npoyecca

OcHOBHOE TEXHONO-

CBA3YOLLMMN 1
dnroco-
YMPOYHSIFOLLMN
noSaBkamm

Tble)

BxogHown noTtok BbIxogHOM NOTOK | rudeckoe obopyao- Smmrccun
(noanpotjecc) BaHMe
MoparoToBka LWUNXThI
BeHToHUTOBas |MN3amenbyeHue ko- | MopOLLKOBbIN MonoTkosas Mbinb Heop-
rnMHa, U3BeCT- |MOBOro 6EHTOHW- | BeHTOHUT W BankoBas Apo-  |raHud. coa.
HSK, men, Bok- |Ta, dntoca, yn- Kn. <71 MKm Bunku SiO,
CUT, BONOMUT POYHSIHOLLEN 0- CywwmnbHbii 6apa-
GaBku 6aH

Llaposas v cTepx-

HeBas MerbHULbI
KoHueHTpar — |®unbTpayms KoHueHTpaT ¢ BakyymHble Lnam
NOTOK cogepxaHnem PunLTPLI (TKaHe-

snarm <10,0 % Bble, kepamuye-

ckue)

Mpecc-punbTphbl

(TKaHeBble, kepa-

MUYeckme)
KoHueHTtpaT ¢ |[Jo3snposaHue, LWnxTta (MexaHu- |[osatopbl — neH- |lbinb Heop-
COLEPXKaHMEM  |CMelunBaHue yeckas cMecb TOYHblE AUCKOBbIE |raHuY. coa.
srnarv <10 %, komroHeHToB B | CMecuTenn — po- | SiO2
N3MESIbYEHHbIN 3afaHHOM KOnu- | TopHble, GapabaH-
GEHTOHUT C COo- 4YeCcTBE U COOT- | Hble, UHTEHCUBHO-
AepXaHvnem HoLeHun) ro nepemMeLLnBea-
Bnarn 2 4 %, HUA, LUHEKOBbIE
n3MernbYeHHble
W3BECTHSAK, Men,
ponomut, 6ok-
cuUT, Nonumep

Mpon3BOACTBO ChIpbIX OKATbILLEN

LUnxTta — cmeck | OkomkoBaHme ¢ Cblpble okaTbiwm | Okomkosatenn —  |lMbinb Heop-
XKEenesopyaHoro |nonyyYyeHnem rpa- GapabaHHble, Ya-  |raHuy. coa.
KOHLeHTpaTa co [Hyn >5 MM wesble (Tapeneya- |Si0O;
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Ortan npouecca

OcHoBHOE TEXHONO-

BxopgHow noTok BbixogHoW NOTOK | rudeckoe o6opyao- Smmccun
(nopnpouecc)
BaHWe

Coblpble okaTbl- | CopTupoBka no KoHaunumoHHble | PonukoBble rpoxo- |Mbinb Heop-
(17} Krnaccam KpyrHo- | Cblpble oKaTbIlLn |Ta raHud. cop.

ctn: <6 MM, 5-16 | knacca KpyrnHo- SiO,

(18) Mm, >16 ¢t Bonee 5 Mm

(18) Mm N MeHee 16

(18) Mm
Cblpble okaTbl- | Yknaaka Ha o6xu- | Cbipble okaTbilwm | MasTHUkoBbIN nu | Mbins Heop-
LK Knacca rOBYIO MaLLWHY Knacca KpyrnHo- |4enHouYHbIN yknag- |raHud. cop.
KpynHocTn 516 T 5-16 (18) MM [ 4KMK, PONMKOBbIN SiO2
(18) Mm YNOXEHHbIE B yKnagumk
cnown
Tepmunyeckan obpaboTka okaTbIen

Cbipble okatbl- | Tepmuueckasa 06- | OG0#OKEHHbIE O6xurosas mawu- |Meinb Heop-
LUK Knacca paboTka: cywka, |okaTbiwu CcTpe- [Ha raHuy. Coa.
KpynHoctu 5-16 |noporpes, okuc- | GyembiMun usm- SiO,, rasoob-
(18) mm (yno- neHve MarHeTuTa, |Ko- pasHble 3B
XEHHbIE B CMOW) | AUCcoLMaLms Kap- | MexaHn4eckumm (SOx, NOx,

©oHaToB, BLICOKO- |1 MeTannypruye- CO, COy)

TemMneparypHoe CKMMW CBOWCT- wnam

yrNpoYHEHUE, OX- |Bamu

naxgpeHve

CopTupoBka 1 oTrpy3ska

OboxokeHHble | CopTupoBka no KoHanuyuonHble | BubpaumoHHbie Mbinb Heop-
oKaTbILwmn Knaccam KpyrnHo- | 0BOMOKEHHbIe rpoxota raHuy. cop.

cTn: <5 MM, 5-16 | okaTbIm Knacca SiO,, wnam

(18) mm, >16 KpYynHO-

(18) mmM; Bolgene- [ctu >5 mwm;

HWe «nocTeNb- «MOCTESNbHBIEY»

HbIX» OKaTblWeN  |oKaTbILLW;

kn. + 10 mm OtceB kn. <5 MM

-16 MM
KoHguumoHHble | OTrpyska B BaroHsl | KoHguumoHHsle | Morpy3-6yHkep, Mbins Heop-
000XCKEHHbIE U TpaHCropTu- | 060XKEHHbIE KOHBEWEPHbIN raHuy. cop.
oKaTbILLW KNac- | poBka KOHBEWep- |okaTbim knacca |TpakT, wrabeneyk- |SiO;

ca KpyrnHo-
ctn >5 Mm

HbIM TPaKTOM B
nocrneayowmn
TEXHOMNOMMYECKUI
NpOLECC; CKrnaau-
poBaHve

KpynHoCcTU >5 MM

naguvk
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OkoHyaHue mabnuupi 3.13

OcHoBHOE TexHono-
Otan npouecca

BxopHow noTok BeixogHoM notok | rudeckoe o6opyao- Smuccun
(noanpouyecc)
BaHue
O6oxokeHHble  |BosBpat Ha obxu- | Cnom «noctenu» | ByHkep «noctenb- |[Mbinb Heop-
«MOCTESIbHbIE» | FOBYHO MaLUMHY Ha o6xurosomn HbIX» OKaTbILen raHud. cop.
oKaTbILLW Knac- MalnHe Ans 3a- SiO2

ca KpynHoCTH
10-16 mm

LUNTbI KONOCHU-
KOBOro nonsa

B uexax LUMXTONOArOTOBKM, Ha MUHUAX U3MENbYEHMA KOMOBbLIX MaTepuaros, a Takke
npy [O3MPOBAHUN U3MENBbYEHHBIX MaTEPUanoB — ANA OYUCTKU OTXOAALLMX ras3oB NpUMeHs-
OTCSl ANEeKTPOUILTPbLI, UMKNOHBI, PyKaBHble unbTpbl. B kayecTBe acnnpauyoHHbIX ycTa-
HOBOK WCTIONb3YIT «MOKPbIe» LIMKIOHHbIE YCTaHOBKM. Ha HekoTopbix (abpukax ewe wc-
Monb3yeTcsi MOKpas ra3oouucTka C MpuUMeHeHMeM «Tpybbl BeHTypu» — ckpybGepa-
kanneotaenutens. OgHaKo NCMOMb30BaHWE MOKPOI Fra3004UCTKU NMPUBOAUT K 3HAUUTENBHBLIM
TEXHONIOMMYECKMM MOTEPSIM U3MENBYAEMOro MaTepuana.

Tab6nuya 3.14 — BbiGpochl 3arpsasHsiowmux BewecTs (r/T) B npoueccax NpoussoacTea
KEnesopyaHbIX OKaTbILLEN

Macca 3B B oTxoasawmx rasax
HammeSHI;)BaHue UcTouHuk BbIGpoca MeTtog ouncTkn nocne o4UCTKK
Huana3soH CpeaHee
MbINb HeopraHmu. LinknoHbl, ckpy66ep
Si02<20 % BeHTypw, anekTpo- 3,5-100 55
dUnbTPLI

NO, OBGxuroesas ma- 0.01-436 125
NO wnna 0,0-71 30
co 0,0-130 31
SO2 0-850 342
MbINb HeopraHmu. LinknoHel, ckpy66ep
$i10220% —70% | v o crok namens- | COHTYPA BTEKTRO- | (5 g4 5 302

YEHWUSA KOMOBBbIX PUNLTPE, PyKaBHbIS

hnnbTPLI

NO2 MATOpuanos 0,01-76,3 53
NO 0,0-15,4 10,6
Mbinb HeopraHwu. CopTtumpoBka un
Si0220 % — 70 % | cknagupoBaHue | ACnMpaumoHHbIe yC- 1045 26.1

Xenes3opyaHbIX TaHoBKU

oKaTbILLEN

CTOYHbIe BOAbI
Boaa Ha dabpurke OKOMKOBaHMSA UCMONb3YeTCs ANA OXNaKAEHUA 0OXUroBOM Maluu-
Hbl, B ra3004YNCTHbIX YCTAHOBKaX, B CMbIBaXx.
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PYOA23-251/ SnekTpoaHeprus

l l

TexHonornyecknin npouecc oboraleHuns xenesHbix pya

ApoGrnenve U3mMenbueHne, knaccudmkaums, Cywika MpupoAHbIA
pyAb! o6oraujenue, cryieHue, unbTpo- [¢— a3

BaHue
1 Mbinb ¢ copep- |

Mbinb HeopraHuyeckas »aHueM SiO, < [biMoBbIE rasbl
¢ cogepxanuem SiO, < 20% (CO,, CO, NO,)
70%

XBOCTbI

v

[oToBas npoaykuus XBOCTOXPaHUNHLE
-Kene3opyaHbli

KOHLieHTpaT
l O6opoTHas BO-

na

PucyHok 3.5 — O6obLeHHas cxema aBuxkeHns wnamos ¢abprk OKOMKOBaHUS.

LLnambl chabprki OKOMKOBaHMWS, Kak NPaBuIo, COAepXKaT AOCTaTOMHO BbICOKOE KOSu-
YecTBO xenesa — Bonee 60 %, NO3TOMy AaHHbLIN MaTepuan nNnbo BO3BpaLLAETCS B OTAENe-
Hue punbTpaummn dabpukm oboraweHns, NMbo B LUMXTY oKaTbilen (CM. pUcyHok 3.5).

Ona oxnaxaeHns oBXUroBbIX MaLUMH UCMONb3yeTcA TexHudeckas Boga oBopoTHOro
BogocHabxeHus. Mo3TomMy cOpoCcoB BOALI B NPUPOAHBIE UCTOYHUKM NO habpukam okomkoBa-
HUSA He 3amKCnpoBaHo.

Ha HekoTopbIx KOMOUHaTax U3MernbyeHVe LnamMa He NPou3BOAUTCSA, U Marepuan co
CrycTuTEns NnocTynaeT cpasy B oTaeneHne unbTpoBaHWUA KOHLIEHTpaTa.

OTxoabl U NOGOYHBbIe NPOAYKTbI

OCHOBHbIMW 0TXOAaMW NPOLECCa OKOMKOBaHUsI SIBNSIIOTCS 0TXoAbl, obpasytomecs B
npoLiecce peMoHTa 0GXKMIoBbIX MallUWH, KaK MpaBumo, 3TO paspylUeHHbIE OrHeyropHbIe mMa-
Tepuarbl, pe3vHa KOHBEWEPHbIX NEeHT U T. M.

Jlom u oTX0Abl YepHbIX METasNOoB, BbILEALIME M3 CTPOSI KOMOCHMKU MOJBEPratoTcs
yTunmsauum.

Ta6nuuya 3.15 — YaenbHble 06beMbl 06pasoBaHWs OTXOA0B (Kr/T NpoayKLumn)

MeTog Macca

HaumeHoBaHue oTxono8 WcTouHnk obpasoBaHus
obpalleHus OTXOA0B

Jlom n oTxoap! YepHbIX MeTarnnos

PemoHT 06opyaoBaHus YTununsaymsa 1,5-18
Hesarpsi3HeHHbIe
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MeToa Macca

HaumeHoBaHue o0Txo408 UcrouHunk obpasosaHua
A P obpaLleHuns 0TX0A0B

Otxoabl o6ecnyxmBaHusa u pemoHTa | B xoae skcnnyataumm n | PasmelleHne Ha

o 43-220
neyeii n gpyroro o6opyoBaHus pemoHTa 0bopyaoBaHNS NoJSIMroHax

AxkycTnyeckoe Bo3gencTeue

Mpy paGote MenbHWL, ANS CYXOro M3Menb4eHUs MOryT 06pasoBbiBaTbCs 3HAYUTENb-
Hble ypoBHU Wwyma (~85 abBA), No3TOMy OHW MOMHOCTLIO 3aKPbIThI LLYMOMOrNOWAWNMK KO-
Xyxamu. MenbHULBI ¢ MOKPbIM M3MENbYEHNEM HE OKa3bIBaKOT TAKOro YPOBHS WyMa, U 0Obly-
HO He BO3HMKaeT HeoBX0AMMOCTU B UCMOMNb3OBaHUM ANA HUX LLYMOMOrNOLLAIOLLMX KOPMYCOB.
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Tabnuua 3.16 — OcHOBHbIe hakTopbl BO3AEUCTBUSI HA OKPYXXaIOLLYIO CPEeAY B npoLieccax Ao6bIum 1 oboralleHUs XenesHbIX pys

OTkpbiTas gobbiva MNoa3emHas gobbiya O6oralyeHve
CHsTne
1 cKkna- Cenapa- | Paswme-
M S:E:é Bekpbl Bypo- TpaHc- Ouucr- E::H“;Iﬂar;l OT)?::EB Okycko-
Boapetcrane nnogo- | wrsie | "% | nopru- Bekper| Tloaro- | g | APOOTE- anekTpu- | AOOBIMM U | BaHue
poaHo- | padoTsl p:gcl,ib, poEKa e TOBKa evKa Hue ueckas: | oboralye-
ro cnos ¢nora- HUA
NOYBbI uma
OCHOBHbIE aMUCCUM B OKPYXaIOLLYHO cpeny
Bbibpocsl 3B 8 ammocghepHbilli 8030yx
Teepable (Mbinb) v v v v v v v v v v
MasoobpasHbie v v v v v v v v
Cbpocbl cmoyHbix 800
LaxTHbIX 1 KapbepHbIX v v v
OT npouecca o6oraleHus v
OBpasoBaHne oTxoaoB
BekpbilwHBIE 1 BMELLIAIOLLIME MOPOAbI \4 v
XBocTbl 06oraLeHus v
dusmyeckme hakTopbl BO3LENCT- v v v v v v v v v v v
BUA
YTpara npupogHoro pecypca
YHUYTOXEHNE PaCcTUTENBLHOTO No- v v v
KpoBa
YHuutoxeHune (norpebeHne) nous v v
YHUUTOXEHNE NOBEPXHOCTHBIX v v
BOAHbIX OOBLEKTOB
Y1para mectoobutaHua v v v
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3.5 Mpoun3BoAacTBO Xenesa NPAMOro BOCCTaHOBINEHUSA

OCHOBHOW 3KOINOMMYECKOM BbIrOA0M YCTAHOBKU MPSMOro BOCCTaHOBMEHWA Xenesa no
CPaBHEHMI0O C AOMEHHOW MeYbto SIBAETCA TO, YTO B 9TMX YCTaHOBKaX He WUCMOMb3yeTcs
yrofibHOe TOMMMBO, 3TO MUCKMHYaeT HeOBXOAUMOCTb MPOM3BOACTBA KOKCa W arnomepaLmoH-
Horo npouecca B LenoM. Meetcsa mano BelIGpOCOB Nbin, KOTOpbIE Nnerko otsoaatcs. Kpome
TOrO, Ha ycTaHoBKax MPSAMOro BOCCTaHOBMEHWS Ha OCHOBE MeTaHa obpasyeTcsi HamHOro
meHble CO,, Yem B yCTaHOBKax Ha OCHOBE Y.

NoTpebneHue pecypcos

MoTpebneHne OCHOBHbLIX PECYpPCOB MPU NPOW3BOACTBE Xenes3a NPsMOro BOCCTaHOB-
nexus npeacraeneHo B Tabnuue 3.17. HeobxoanmMo 0TMETUTL, UTO HU3KUIA YPOBEHL yAEnNb-
HOro pacxofa aneKkTpoaHeprum xapaktepeH ansa ycraHoskn HYL-lII, Tak kak aaHHas TexHono-
rma obecneyeHa coBCTBEHHBIM UCTOMHUKOM FeHepaLy SNEKTPOSHEPrM — NapoBon Typou-
HOW.

Tabnuuya 3.17 — lNMoTpebneHne pecypcos B TEXHOMOMM NPON3BOACTBA XeNe3opyaHblX
okarbIwen

HavmeHoBaHve Eg. nam. YaenbHbIR pacxog Ha 1 T npogyKumm
MatepunaneHble pecypchl
>KenesopygHble oKaTbILLK T/T 1,397-1, 44
MaTtepunan nokpbITUa — LeMeHT Kr/T 2,56
OHepreTunyeckne pecypcehbl
OnekTposHeprus kBT u/T 17,91-123,5
MpupogHbIM ras Kry. T/t 345-377
Bopaa 3 npnpogHOro MCTovHKKa MT 1,0-9,02

Xapakrepuctuka aMuMccumn

BbIOpOCHI 3arpA3HAIWUX BewWwecTB B aTMOChepHbIil BO3AyX

TexHonorns NPsIMOro BOCCTAHOBMEHUS Kernes3a MO CBOeW CyTW SBMSETCA Tak Hasbl-
BaeMOW TEXHOIMOTMEN «YUCTOW METannyprum».

OCHOBHBIMW UCTOYHUKAMW BbIAENEHUS TEXHOMOMMYECKON MbIN Ha YCTaHOBKax Me-
Tannmsaumm SBMSIOTCH CUCTEMbI TPaHCMOPTMPOBAHNA U Knaccudukaumm UCXoaHbIX 060x-
JKEHHbIX OKaTbILLEN.

OtnuuutenbHas ocobeHHocTb TexHonorndeckmx npoueccos HYL-III n MIDREX 3a-
KIMOYaeTCA B BBLICOKOW CTEMEHU LMPKYNALUMM TEXHOMOrMYECKUX rasos, B pe3ynbTare 4ero
CHWXaETCH KOJIMYECTBO ra3oBbIX BbIOGPOCOB. [laHHbIe Mo BLIOpOCaM 3arpAsHAIOLWMX BELLECTB
B npoLeccax npsiMoro BOCCTaHOBNEHWA enesa npveegeHsl B Tabnuue 3.18.

Tabnuua 3.18 — YaenbHbie BbIGPOCH! 3arpA3HAOLLMX BELWECTB (/T npoaykumn) B
npovjeccax npsiMoro BOCCTaHOBNEHWS ene3a.

H M Macca 3B B oTxoaawmx rasax
aumeHoBaHue VICTOUHMK BLIGPOCa eroa ouun- Mocne OUUCTKY
3B CTKM
[Ownana3soH CpenHee
NO-> Pedopmep 100-170 135
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Macca 3B B oTxoasLyux razax
Havmerosanme WcTouHuk Bbibpoca Meroa ouu- nocne o4ncTkm
3B CTKM
[Ounana3soH CpeaHee

NO 10-60 20,7

cO 30-84 53,2

SO, 0-28 9,4

NO, [a3oHarpeeartenb 80480 1709

NO P 20-87 77,04

NO2 250-530 418

NO 40-188 67,65

co OekTopHas Tpyba 1300-3080 2000

SOz PHaA TRy 0-176 5356
Mbinb HeopraHV!t-l. 80-198 1351
copepxatlan SiO;
Mbinb HeopraHv!q. 0,1-11 057
copepxatyan SiO;

NO; 0,1-11,6 9,2

NO YuacTok 6pukeTnposanma | Ckpy66ep 0.054.1 15

Cco 0-1,3 0,88

SOz 0-1,0 0,6

Meinb HeOpraHI{ll-I. 01-12,5 32
cogepxalas SiO2
Ob6ecnbinMBaHne HKHEro

NO, 3aTBopa ynnoTHUTensHoro | Ckpy6be 1,5-7.2 6.3

NO TEOoP y”raaa PYoReP 5523 1,0

co 0-0,9 0,6

SO; 0-0,9 0,7

Cco YcraHoeka meTtannusaumm ¢| Ckpy66ep 150-166 1455
Mbins Heopran.q. NPOU3BOLCTBOM MeTaJ'IfIM- BeHTypun 10-25 168
copgepxawas SiOz 30BaHHbIX OKaTbILen

COpOChbl CTOUHBIX BOA,

[na ycTaHOBOK MeTannusauum xapakTepHO BbICOkOe noTpebrieHue BoAbl, NPy 3TOM
[OCTaTOMHO BbICOKME TPEOOBaHNA K €e KavyecTBeHHbIM xapakTepuctukam. Boga Ha ycTaHoB-
Ky MeTannusaumm Mcronb3yeTcs Ansl OXnaxaeHus obopyaoBaHus, NpOU3BOACTBa Napa, B
rasoouMCTHBIX YCTaHOBKAX, MOSTOMY Kaxaas yCTaHOBKa MeTannvaaumm MMeeT CBOW MHOro-
CTyneHYaTbl LK BOZOMNOATOTOBKU, NPWU 3TOM B Ka4eCTBE UCXOAHOW BOAbI UCMOMb3yeTcs
yMcTan BoAa M3 NPUMPOAHOro BogoeMa.

Obpaasylowmecs wnambl COAEpXKaT BbICOKOE KONWYECTBO xenesa — 6onee 60 %, no-
9TOMY AaHHbIN MaTepuan nnbo Bo3BpawlaeTca B otaeneHve dpunstpaumm dabpuki OKOMKO-
BaHusi — Ha OOMK (cm. pucyHok 3.6) nubo oTrpykaetca noTpeburtensm, kak Ha JlebeauH-
ckom NOKe.
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Kopnyc nsmenbuenus sosspata (K/B)

h 200
A
Ib I 8 A Mewanku
a
LWnambl yexa
meTannnsauumn
HO-M- 4
4 M3-M- | 1j ByHkep Bo3BpaTta
B cryctutens v ganee Ha |_2V [wnckosblii nuTatens
unbTpaumio [ 3 ] Menbhuua waposas MLLL, 4500x6000

11Kn. -5MM 060x%0KeHHbIX okaTbiwwei ¢ POK N4 MMoAMENbHNYHBIA 3yMnd)
2. Kn -5MM 060X0KeHHbIX OKaTbilueli 13 LiM 5 TuapouuknoH LU-360 (5 wr)
3 Oxa/iMHa npokaTHOro Npou3eoAcTea 6 Crycturens LII5ML

4' Cyxue wnamb! \ 7\ Nynerogenutens

PucyHok 3.6 — Cxema ncnosib3oBaHusa wnamos Ha O3MK.

OTxoabl NpousBoACTBa

OCHOBHbIMW OTX0A4aMMK Npolecca NPsIMOro BOCCTAHOB/IEHUS Xene3a SABNSATCSA 0TXO0-
Abl, obpasylumeca B Npouecce peMOHTa LWaxTHbIX nedei, pedpopmMepoB un Apyroro obopy-
[OoBaHMA. 3TO paspylleHHble OrHeyrnopHble Matepuanbl, OTCAYXWUBLUMI CBOW CPOK KaTanu3a-
TOp, pesvHa KOHBEeNepHbIX NeHT N T. Nn.

Jlom n oTxoAbl YepHbIX MeTannoB, BbileAlne U3 CTPOss CErMeHTbl GpPUKeT-MPeccos,
LWHEeKoBble MuTaTenu 6pukeT-npeccoBs, Tpy6bl pechopmepa nogseprarTcs yTuamsauum.

[aHHble no yaenbHbiM 06bEMam 06pa3oBaHMa 0TX04OB npuBeaeHbl B Tabnuue 3.19.

Ta6nuua 3.19 — YaenbHble 06beMbl 06pa3oBaHnsa 0TXOA0B (KI/T NPOAyKLUN)

Macca pa3meLleHHbIX

VcTouHMK 06pa3oBa-
P MeTop, o6paLleHns 0TX040B

HavmeHoBaHMe 0TX040B
HUA

[vanason CpepgHee
Jlom n oTX0f4bl YepHbIX Me- PemOHT o6opyaoBa-

TannoB He3arpsi3HeHHble HUA YTunusayns 05-1.0 0.7
OTxofbl 06¢cnyxunsaHua un B xoge akcnnyata-  Pa3melieHue Ha

pemMoHTa ne4ei u Apyroro UM 1 pemoHTa 060- noauroHax oTxo- 0,05-0,1 0,085
o6opygoBaHua pyfoBaHusa fos
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3.6 Cuctembl MeHemXMeHTa

3.6.1 CucteMbl 3KONOrMYeCKOro MeHemKMeHTa

CucTembl skonoruyeckoro MeHegxmeHta (COM) nonyuunu pacnpocTpaHeHne B Mo-
cnepHvne 15-20 neT; B HacTosLee BpeMsa AencTBytoT craHaapTel ISO 14001:2015 Environ-
mental management systems — Requirements with guidance for use [10] wu
FOCT P NCO 14001—2016. CncTembl 3KONOrMYECKOro MeHeaxmeHTa. TpeboBaHns 1 pyKo-
BOZACTBO MO npumeHeHuto [11], xoTst 4o kKoHua ceHTsA0ps 2018 r. opraHM3aulmMm MOryT UCMofb-
30BaThb NpoLble Bepcun ctaHgapTos [12].

COM npepcTaBnset cobo YacTb CUCTEMbI MEHEAKMEHTA OpraHu3aLum, UCMonb3ye-
MYIO ANS YNPaBNeHUS SKONMOTMYECKMMMN acnekTamu, BbINOMHEHWA MPUHATLIX 0653aTensCTB U
YUUTBIBAIOLLYHO PUCKW M BO3MOXHOCTM [11]. B oBwem cnyyae cuctema MeHeaXMeHTa — 3TO
COBOKYMHOCTb B3AVMOCBSA3AHHbIX 31IEMEHTOB, UCNOMb3yeMbIX A4S YCTAHOBNEHNS NONUTUKA U
Luenen, a Takke AnA AocTuwkeHus 3Tux uener. COM BknovaeT B cebsi opraHvM3aumoHHyo
CTPYKTYPY, AEATENBHOCTL NO NNAHWPOBAHWIO, PacnpeAeneHne OTBETCTBEHHOCTM, MPaKTUKu,
npoueaypbl, NPOLECChl U Pecypchl. QNEMeHTbl CUCTEMbI BKNOYaKOT B ceba CTpyKTypy opra-
HM3aUMKM, PO N OTBETCTBEHHOCTb, MMAAHMPOBaHE N PYHKLNOHNPOBAHNE, OLIEHKY Pesynb-
TartoB AeATeNbHOCTM 1 ynydweHne. CoBpeMeHHbIE CUCTEMbI MeHeAXMeHTa paspabaTbiBa-
HOTCA C YY4ETOM OLIEHKM PUCKOB M BO3MOXHOCTEW: MepBOOYEpefHOe BHUMaHWe yaenseTcs
3KOMOrM4ecknM acrnekTam, Bbi3blBaOLWLMM Hanbonee 3HauvMoe HeraTMBHOE BO3AEUCTBUE Ha
OC, obycnoenuBaroUM penyTaumoHHbIE PUCKM 1 NPobnemMbl B3aMMOLENCTBUSA C NPUPOAO-
OXPaHHbIMW OpraHamMy M HacefieHWeM W, HanpoTWB, OTKPbIBaNOLLMM LOMOMHUTENbHbIE BO3-
MOXHOCTU 4515 paseuTvs GusHeca [10, 12, 13] 1.

OKONMOrMYeCKNin acnekT ocTaeTes KnYeBbIM NoHsaTemM COM, NO3BONSAKWMM COOTHE-
CTV LeATENbHOCTb OpraHn3aLmn 1 ee B3aUMOAENCTBUE C OKPYXKatoLLen cpefon. Jkonornye-
CKMIN acneKT paccMaTprBaeTCs Kak SNEMEHT AeATeNIbHOCTM OpraHusaumnm, ee NpoaykLumm nnm
yCryr, KOTOpbIN MOXeT B3ammogencteosaTts ¢ OC. Ucnone3oBaHwe 3TOro TepMuHa CyLecT-
BEHHO obneryaeT npYMeHeHne NOAXOA0B NPesoTBPaLLeHNS 3arpa3HeHNs, Tak Kak No3BonseT
naeHTudurumpoBartb 1 o6ecneyunTb KOHTPOSb SKOMOTMYECKMX acnekToB, U OCYLECTBUTE TEM
CcamMblM MVHWMW3aLMIO HEraTMBHOMO BO3LENCTBMA MPW YCMOBUM COOMIOAEHVSA NPOU3BOACT-
BEHHbIX TpeboBaHWi. COOTHOLLEHWE MNOHSTUIA «9KOMOrMYECKNE acrekTbly U «BO3LENCTBME Ha
OKPYXatoLL0 CPeAy» MOXHO paccMaTpuBaTh Kak COOTHOLLEHWE «MPUYUHBI U YCIIOBUSA» Y
«cneacreuex». B koHTekcte HOT 3TO 03Ha4aeT, YTO KOHTPOSb MPUYMH 1 YCIIOBUA BO3LENCT-
BMA — 3KOMOMMYECKNX aCnekToB — MO3BOMNAET peluarb 3agayn npegoTepalleHna n (unm) co-
KpalleHWs HeraTMBHOTO BO3LENCTBUS OpraHM3aumm Ha OKPYKaroLyo cpeay, TO eCTb obec-
neuvBatb ee sawmty. OTMETUM, YTO HeydayHbI NEpPEBOL TepMMHA environmental impact
(«3KOMornyeckoe BO3AEUCTBME») MUCTIONB30BaTb HEXenaTensHo, Tem Bonee 4To B POCCUI-
CKOM 3aKOHOAATENbCTBE 3aKPEneHO MOHATUE HEraTUBHOMO BO3AEWCTBUSI Ha OKPYXaroLLyto
cpeny Kak BO3AEUCTBUSA XO3ANCTBEHHOW M MHOW AesATeNnbHOCTW, NOCNeACTBUSA KOTOPOU npu-
BOASAT K HEraTUBHbIM U3MEHEHNSM Ka4eCTBa OKPY>KatoLLEEN cpeabl.

" KoHLENUmMs prCK-Op1EHTVPOBAHHOTO MbILLNEHUs! NofpasyMeBanack U B npeabiay-
LUMX BEPCUSIX CTAHAAPTOB, BKIOYas, HAaNpUMep, BbINOMHEHNE NPeaynpeXaatoLmx U KOppekK-
TUPYHOLLNX LENCTBUN.
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HecmoTps Ha To, UTO hopManbHO NOHSTUE «3aAaqumy» HE UCTONb3YETCs B HOBOW Bep-
cuM cTaHgapTa (Mo HacTOSHUKO CMEeLVanucToB, AN KOTOPbIX aHTIMNCKUA S3bIK HE SIBNSETCH
POAHBIM), MPaKTUYECKOe 3Ha4YeHWe MOCTaHOBKM 334ay Kak CTYNeHer LOCTWKEHUs Lenu, B
OTHOLLUEHMN KOTOPbIX YAOOHO hopMynvpoBaTb MokasaTenu, LOCTWKMMbIE B LOCTATOYHO
KpaTkue CpoKM, Henb3s HeJooLeHnBaThb.

Ona npennpusTuia obnactu pacnpocTpaHeHust HacToswero cnpasovHvka HOT npwu-
OPUTETHBIE 3KONMOrMYECKNE acneKTbl NAEHTUMDULMPYIOTCA B Pe3ynbTaTe aHanmsa Takmx dax-
TOPOB BO3AENCTBUS HA OKPYXatoLLyHo cpedy, kak (cm. 3.1-3.5):

- HapyLLeHWe 3eMerb, NMPUPOAHbIX NaHALWadToE.;

- o6pa3oBaHMe OTXOAOB,;

- BbIBPOCHI 3arpASHSIOLLMX BELWECTB B aTMOCdeEpy;

- cOpOChI 3arpsI3HAIOLLNX BELLECTB B BOgHbIE 0O6bEKTbI;

- noTpebneHne sHeprnw, Cbipbs 1 Matepunarnos.

B OTKpbITbIX HE(PUHAHCOBLIX OTYETaxX KOMMaHW, NpeanpusTUS KOTOPbIX peanunaytoT
BUAbI AEATENBHOCTW, OTHECEHHBbIE K 061acTaM NPUMEHEHMS HaCTOsLWero cnpasovHmka HAT,
OTMEYEHO, YTO MNPUOPUTETHOE BHUMaHWe crnefyeT yAensTs MUHUMU3aUMU TEXHOreHHOro
BO3JEACTBMS Ha 3KOCUCTEMbI PETMOHOB NMPUCYTCTBUS KOMMaHWUIA, YNy4LLEHUIO 3KOMOrM4Yeckux
rokasaTener NPOV3BOACTBEHHBIX MPOLIECCOB M YyYETy 3KOMNOrndeckux TpebosaHuni B MHBE-
CTULIMOHHOW NOMUTUKE NPU PEKOHCTPYKLMN 1 Pas3BUTUM MPOM3BOACTBA.

MocnepoBaTensHOE ynyylleHNe 3KOMOrMYECKOW pesynbTaTUBHOCTM U NpeaoTBpaLLe-
HVe 3arpAsHeHNa ABNATCA KrroveBbiMy NpuHLmnamm COM. MNpepoTepalleHre 3arpasHeHns
npegnonaraeT NCrosb30BaHNE NMPOLIECCOB, NMPaKTU4ECKMX METOAO0B, NOAXOAO0B, MaTepnanos,
NPOAYKUMN UM SHEPTMKM AN TOro, YTobbl usbexaTtb, YMEHbLUNTL UM KOHTPONUPOBaTL (OT-
[AEnbHO uUnn B coveTaHnm) obpasoBaHue, BbIGPOC unu cOpoc noboro Tuna 3arpsasHsoLLmMX
BELLECTB UMM OTXOA0B, YTOObl YMEHbLLUUTL OTpULATENBHOE BO3AENCTBUE HA OKPYXKALOLLYHO
cpeny. [NpepoTepallyeHne 3arpasHeHUA MOXET BKMNIOYATb YMEHbLLEHWE UMK YCTPaHEeHne uc-
TOYHWKA, U3MEHEHWs NMpoLecca, NPoAYKLUM Unu yenyrm, 3@eKTMBHOE UCNOMNb30BaHNE pe-
CYpCOB, 3aMEHY MaTepuaroB U SHEPrMu, NOBTOPHOE UCTIONb30BaHWE, BOCCTAHOBMNEHUE, BTO-
pyYHyto nepepaboTky, ytunusauymio u oumnctky [11]. Takum obpasom, npuHUMN npepoTepa-
LLEHNs 3arpsi3HEHUS MOJIHOCTBIO COOTBETCTBYET COAEPXKaHUIO TEPMUHA «Haumydwme A0C-
TYMHbIE TEXHOMOINM».

MocnepoBartenbHoOe ynyJlleHne (KOTOpOEe 4YacTO Ha3bIBAKT MOCTOSHHBIM, XOTS TOY-
HbI CMbICN TepMuHa ‘continual’ — «nocnegoBaTenbHOE», CM. PUCYHOK 3.7) — nepuopuye-
CKUI NPOLIECC COBEPLUEHCTBOBAHUSI CUCTEMbI 3KONOrMYECKOro MEHEMKMEHTA C LieMbio ynyu-
LWeHns1 OBLLEN SKOJOrMYECKON PesynbTaTMBHOCTW, COrMacyoLLMACS C 3KONOMMYECKOW nonu-
TuKoW opranu3auum [10, 12]. bonee getanbHOE pa3bACHEHNE 3TOro NPUHLUMNG NPUBEAEHO B
«Cxeme akomeHemxmeHTa u ayamta» (The Eco-Management and Audit Scheme (EMAS Iil)
[14]): «[Mpouecc yny4leHns], rog 3a rogom, U3MEPMMbIX PE3YNbTaToOB CUCTEMBI 3KOSOrNYe-
CKOrO MEHEXXMEHTA, CBA3aHHbIX C YNPaBNeHUeM OpraHv3auven ee 3HauMMbIMU 3KOmormde-
CKUMW acreKTamMu, OCHOBAHHbIW Ha €€ 3KOJIOrMYeckor MONMUTUKE, LIeNsAX U 3agadax, npuyem
ynyuleHne pe3ynbLTaToB Heobs3aTenbHO AOIMKHO MPOUCXOAUTL BO BCex cdhepax aeaTenb-
HOCTW OHOBPEMEHHO».

Mpouecc nocnenoBaTensLHOrO yryylleHUs pe3ynbTaTUBHOCTU peanuayeTcsa NyTem no-
CTaHOBKM 3KOJIOrMYECKMX LIeNnen 1 3ajad, BolAENeHUss peCcypcoB U pacnpeeneHns OTBeTCT-
BEHHOCTU AN UX AOCTWKEHNUA U BbINOMHEHUS (pa3paboTkn 1 peanusauym nporpamMm 3Komno-
rM4Yeckoro MeHemkmMeHTa). MNpy 3TOM C TOYKM 3PEHUSA HauNyudwmnx AOCTYMNHbLIX TEXHONOrMn
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3Ko/nornyeckne 3agaun (getannsvpoBaHHble TpeboBaHWMSA K pe3ynbTaTUBHOCTU) AOJDKHbI
CTaBUTbCA C y4eTOM TexHonorumyeckux nokasartene HAT. Tem cambiM, NpUHLMN nocneno-
BaTe/NIbHOIO yNy4ylWeHnsa npuobpetaeT KOHKPETHOCTb, MOJiy4yaeT YNC/IEHHbIE OPUEHTUPDLI, YTO
COOTBETCTBYET COBPEMEHHbIM B3rnfgam Ha TpeboBaHUA K cUCTEMAaM 3KOSOTMYECKOro me-
HepgXmeHTa [10, 12, 14].

B cBAA3M € Tem, 4TO A/ NOCTAHOBKM WM NPOBEPKM AOCTUXeHUA uenein COM Heobxoau-
MO obecneuynTb CUCTEMY OUEHKM (B TOM 4ucie W NO pe3ynbTataMm U3MepeHuid) nokasatenei
pe3ynbTaTMBHOCTK, MpoLecc naaHupoBaHuWsA (3aBeplualowWwuiics, kak npasuno, paspaboTkol
nporpamMmMm 3KO/IOTMYECKOro MeHe[)XMeHTa) npegnonaraet U COBEpPLIEHCTBOBaHWE MNpPakTUKK
NPOU3BOACTBEHHOIO 3KO/OMMYECKOro MOHUTOPUHIA U KOHTPONSA, BkAYas Bblbop, o60ocHOBA-
HMWEe 1 opraHu3aumnio n3mepeHuii kN4vesbix napameTpos [15].

BHyTpeHHue rvllogﬁazg(:lf/;”
Mq;g:KeTLgHrle KOHTeKCT opraHu3auum 3aMHTEPECOBAHHbIX
p CTOPOH

PucyHok 3.7 — Mopenb cuctemMbl 3KOSIOTMYECKOro MmeHegxmeHTa [11]

370 Tem 60/1ee BaxHO, YTO B COOTBETCTBUM CO cTaTbell 22 defepanbHOro 3akoHa ot
21 nonsa 2014 1. Ne 219-9®3 «O BHECEHUN M3MEHEHW B depepanbHblii 3akoH “O6 oxpaHe
oKpyXxatuiein cpegbl” U oTAeNbHble 3akoHOAaTeNbHble akTbl Poccuiickoit ®epepaumnn» [16]
npeanpuaTvii kateropum | gonxHbl 6yayT nepepaBaTb pe3ynbTaTbl M3MEPEHU KOHLEHTpa-
LUunii 3arpsA3HSA0LWMX BeLWecTB, coaepxalnxca B Bolbpocax a aTMocqepHbIn BO34yX U c6po-
cax B BOAHble 06bEeKTbl, B «...fOCYAapCTBEHHbIN (POHA AaHHbIX FOCYAapCTBEHHOr0 3KONOM-
4Yeckoro MOHUTOpPMHra (rocygapCTBEHHOT0O MOHWUTOPUHIA OKpyXawuieil cpepbl), co3faBae-
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MbIA 1 UCMONb3YeMbl B COOTBETCTBUWN C 3aKOHOAATENBCTBOM B 0BNacTun oxpaHsl OKpy»Karo-
e cpeably.

B oTnMume oT npoLunbix BEPCUIA CTaHAaPTOB, yCTaHasnmearowmx Tpebosanns k COM,
B fokymeHTax 2015-2016 rr. [10, 11] bonee 3Ha4yMTenbHOE BHUMaHWE YAEneHo TakuM NoHs-
TUSIM, KaK AeMOHCTpauns NUAEepcTBa Ha BCEX YPOBHSX, YYET KOHTEKCTa (CpeAbl) opraHuaa-
UMM 1N OXKMAEHUA 3aMHTEPECOBaHHBIX CTOPOH, @ TakKe, Kak y)Ke OTMEYEHO, YYEeT PUCKOB W
BO3MOXHOCTEN.

B nopsinke yyeTa koOHTEKCTa (Cpefbl) OpraHv3aumm Heobxoaumo OnpeaenuTb BHELL-
H1E U BHYTPEHHME PaKTOpbl, OTHOCALLMECH K HAMEPEHUSIM OpraHu3auun 1 BAnsoLWLmMe Ha ee
CnocoBHOCTbL LOCTUraTe HaMEYEHHbIX Pe3ynbTaToB. Takme HhakTopbl AOJKHbI BKMHOYaTb B
cebsi 0COGEHHOCTU 3KOMOrMYECKUX YCIOBUA, BO3AEWCTBUA OPraHvM3aummM Ha OKpYXKaroLLyHo
cpedy, a TaKke Cnoxuelleecs B oOLlecTBe BOCMPUATUE BUAA AEATENbHOCTU UNK oTpacnu
(noapobHee cM. 3.1). MogyepKHEM, UTO BO MHOMMX perMoHax npeanpusaTus, OCyLLECTBSHO-
Wre obbiMy W oboralleHne XenesHown pyabl, BOCTIPUHUMAKOTCA KaK KpyrHEWLLne 3arpasHn-
TENW, ONpeaenstoLLme CTPYKTYpy 06pa3oBaHNa OTXOAOB, a Takke BHOCSLUME CYLLECTBEHHbIN
BKNaj B 3arpsisHeHWe BO3AYLUHOM W BOAHOW cpepbl. OTHeCeHWe nNpeanpusTuiA no Aobbibe n
oboraLleHWIo xeneaHon pyabl kK obbekTam | kaTeropym He MOXeT He NPosBUTLCA B OOPMU-
POBaHMN HOBLIX OXWA@HWUIN 3aMHTEPECOBaHHBIX CTOPOH, B TOM Y/CNe Npeanonararowmx, YTo
KOMMaHW1 BO3bMyT Ha cebsa HoBble obs3atensctea. [Npu 9TOM MHCTPYMeHTbl COM moryT
ObITb UCMNOMb30BaHbI AN UAEHTUMDUKALUN 3aMHTEPECOBaHHBIX CTOPOH, UX NoTpebHocTen 1
oXugaHun, a Takke ana obecneveHus focTyna k nHpopmaumm o cobnogeHn TpebosaHun
HanNyyLWMX AOCTYMHbIX TEXHOMOTUIA.

HencteeHHocTe COM obecneunsaeTcs nyTem pas3paboTku, BHeaPEeHUs u cobnogeHus
OCHOBHbIX NMpoueayp, HeobXxoaMMbIX AN yNpaBreHusa skonorndeckumm acnekramu. lMpoue-
Aypbl ONpefenstoT NocnefoBaTenbHOCTL onepaUnii U BaxHble akTopbl 3TanoB pasnuyHbIX
BMAOB AeATensHoCcTU. B npouenypbl MoryT ObiTh BKNOYEHbI pabovne KpuTepum HOpMarnsHo-
ro BbINOSIHEHWS 3Tana, 4eNCTBMSA B Cryvae OTKIIOHEHWUS OT HOPMbI, UK KpuTepun Beibopa
rocneayroLLmx 3Tanos.

Mpoueaypbl No3BONAKT 06ecneynTb:

- B3aUMOLENCTBME NOAPa3LeneHniA Ans pelleHns 3aaay, Bosrekarowmx donee ogHo-
ro noapasfeneHus:;

- (PYHKLIMOHNPOBAHNE CMOXHbBIX OPraHN3aLMOHHBLIX CTPYKTYP (Hanpumep, MaTpuyHbIX);

- TOYHOE BbIMOMHEHWE BCEX 3TAMNOB BaXKHbIX BUOB AEATENBHOCTY;

- HAAEXHbIA MEXaHW3M W3MEeHEHUsI LEWCTBUA (B 4aCTHOCTM, MOCNEeA0BaTENbHOrO
YIyYLLEHUS);

- HaKoMneHwne onbITa 1 Nepeaady ero oT CreuvanvMcToB HOBbIM paboTHUKaM.

B cBsian C Tem, 4TO HeraTMBHOE BO3AEMCTBUE Ha OKPYKaIOLLYHO Cpefy MOXET yCcunu-
BaTbCA UMW BO3HUKATL NP HewTaTHeIx cutyaumax, COM BknroyaeT TpeboBaHne yuntbiBaTbh
Takue cutyauum (B pyCCKOM sidbike HEPELKO Ha3sblBaEMble YPE3BbIYANHBIMU, YTO HE COBCEM
TOYHO) W YCMOBUS UX BO3HWUKHOBEHUS MPU OMNpefeneHun 3KOMOrMYecKUx acnekToB. Takke
rnopvepkmMBaeTca HeobOXoaMMOCTb oBecrneyeHrs NOAroTOBNEHHOCTM MepcoHana K HewTaT-
HbIM cuTyaumsm. NpeanpuaTie JOSHKHO YCTaHOBWUTbL, BHEAPWUTL U MOALEPXKMBATL MpoLeny-
py (bl), Heo6x0AMMbIE ANS BbISBNEHWS MNOTEHLMANBHO BO3MOXKHBIX aBapUiA U HELLTaTHbIX CU-
Tyauuin, KOTopble MOryT OKka3biBaTb BosgencTeme Ha OC, 1 Ans onpepeneHVs TOro, Kak op-
raHnsauus byneT Ha HUX pearvpoBsarts. [peanpusiTe LOMKHO Takke pearMpoBaTb Ha BO3HU-
KaroLye HelTaTHbIE CUTyaumMn 1 aBapymn 1 NPeoTBpaLLaTh UM CMsrvaTh CBA3AHHbLIE C HU-

182



UTC 25-2017

MW HeraTuBHbIE BO3AEUCTBUSI Ha OKpyXatoLyto cpesy. PaboTtocnocobHocTe Takux npoueayp
LenecoobpasHo NepPMOSMHECKU MPOBEPATL HA NPAKTVIKE.

Mo MHeHuo uneHoB TPIT 25, B KOHTEKCTE HaUNyyLIMX AOCTYMHbIX TEXHOMOMIA peyb He
UAET O cepTUdUKALIMN CUCTEM IKONOMMYECKOrO MEHEKMEHTA. AHanorM4Has rnosvums npeg-
craBneHa B UTC 16—2016 «lopHopobbiBarowwas npombiwneHHocTe. O6wme npouecchbl n
mMeTogbl» [17], cnpaBoyHuke EBponerickoro Coro3a no HavmnyylwmM AOCTYNHBIM TEXHONOMNAM
Reference Document on Best Available Techniques for Management of Tailings and Waste-
Rock in Mining Activities (2007, [18]), AOKyMEHTE NO Hauny4ylMM NpakTukam B obnacTtn ao-
ObluM pyAHbIX MONE3HbIX UCKOMaeMmbiX, NMOArOTOBNEHHOM WUHAWMNCKUMK U BpUTaHCKUMK cne-
umanmctamm — Comprehensive Industry Document on Iron Ore Mining (2007, [19]).
B obcyxxaaembix AOKYMEHTAxX CKa3aHo, YTO Haunyyllen AOCTYMHOW TEeXHONornen cnegyet
cuutatb paspabotky COM u cnegosaHve ee npyHUMNam. MpakTu4ecknin onbIT OTeYECTBEH-
HbIX NMPEANPUATUA CBUAETENLCTBYET O TOM, YTO OCHOBHBIE MPEUMYyLUECTBA COCTOSAT B UC-
NMoNb30BaHWM KItoueBbix MeTogoB COM, B TOM YMcne Takux, Kak:

- MaEHTUGMKaUMS 3KOTOMMYECKMX acnekToB NPOM3BOACTBA (M BbIAENEHME U3 NX YMcna
MPUOPUTETHLIX aCNEKTOB);

- YKPENnNeHWe CUCTEMbI NMPOU3BOLCTBEHHOMO 3KOMOTMYECKOrO MOHUTOPUHIA U KOHTPO-
ns;

- pa3paboTka 1 BbINOMHEHUE NPOrpaMM 3KOMOTMYECKOro MEHEMKMEHTA U, TEM CaMblIM,
LOCTWXKEHNE NOCNEeLO0BATENbHOMO YNyYLUEHUA pe3ynbTaTUBHOCTU TaMm, F4e 3TO MpakTU4ecku
BO3MOXHO;

- paspaboTKa 1 BHefpeHue npoueayp, HeoOXoaMMbIX Ans 06ecneveHns COOTBETCTBUSA
opraHunsaymm TpeboBaHMAM HOPMAaTMBOB, YCTAHOBNEHHbIX HA OCHOBE TEXHOMOIMYECKUX MOo-
kasareneu.

B TO >xe BpeMs criegyeT OTMETUTb, YTO NPaKTUYECKU BCE NPEANPUSTUS, KOTOpbIE NpU-
HSAMW ydacTve B BeHUMapkmHre B pamkax paspabotkn UTC 25, nogTBepannm cooTBeTcTBUE
CMCTEM 3KOMNOMMYeCckoro MeHeAXMeHTa TpeboBaHNaM CTaHAapToB U A06UnNncb cepTuduka-
LM UK FOTOBSITCS K Hel. MHdopmMaums 06 sToMm pasmMelleHa Ha oduumarnbHbIX canTax KoM-
naHWi.

3aTparbl U Bbirogbl BHEAPEHUA CUCTEM IKONIOTMYECKOro MeHEeAXKMEHTa

3atpatbl Ha BHegpeHne COM 3aBUCAT OT MHOMMX (haKTOPOB, B TOM YMUCHE OT Hann4msa
paboToCrnoCcOBHON CUCTEMbI MEHEAXKMEHTA Ka4eCTBa, OT YPOBHSA MOArOTOBKM MepcoHana, ot
pasmepa npeanpuaTust (KoNmM4ecTea COTPYAHWUKOB), OT PELLEHUS PYKOBOACTBa O npusnede-
HUN KOHCYMbTaLMOHHBIX KOMMNAHUA UNW O BHEAPEHNM CUCTEMbI 3KONOMMYECKOr0 MEHEAKMEH-
Ta CoOCTBEHHbIMM cunamn. o HeKOTOpbIM OLEHKaM, ANS KPYMHbIX OpraHusaumn 3atTpaTsbl Ha
nonHomMacLiTabHoe BHeapeHve COM moryT gocturate 2—4 mnH py6. (He Bknovas Tpyaosa-
TpaTbl nepcoHana). MNpu aToM cnefyeT NOAYEPKHYTh, YTO paspaboTka n NPYUMEHEHNe OCHOB-
Hbix MeTogoB COM, kak npaeuno, He TPEOYOT NPUBNEYEHNST CTOPOHHUX KOHCYNbTAHTOB, HO
MO3BONAKT MOMYyYNTb MHOTME MPENMYLLIECTBA B chepe ynpaBrneHnss NPUOPUTETHBIMWU 3KOMO-
TMYECKMMM acrekTamu.

Havbonee 3Haummasa coCTaBnSAOWAA 3KOHOMMYECKOW 3(PPEKTUBHOCTM NPUPOAO-
OXPaHHOW [esTenbHOCTH, ycunveawLanacs BHegpeHne COM, cBaszaHa C NpUMEHEHWEM
npuHUMNa npefoTBpalleHusl 3arpsisHeHus. [opas3go Gonee addekTMBHO, a Hepeako —
€0VHCTBEHHO BO3MOXHO, CHU3UTb HEraTMBHOE BO3AEUCTBME KaKoM-nnbo AesTenbHOCTU Ha
OC 3a cuyeT BNUAHUS Ha MPOLIECCHI, €ro Bbi3blBalOLME, — MNEPBONPUYNHY BO3AEUCTBUS.
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MpoueccHbIN Noaxoa U MeToAbl NPEAOTBPALLEHUS 3arPA3HEHNS CTPEMSATCS YCTPaHUTL Npu-
YMHY BPEAHOro BO3AENCTBUS, ONEPUPYsi TaKUMU METOAAMN, KakK:

- U3MEHEHNE NOAXOAOB YNpaBIeHUsi U OpraHn3aLmnn NPON3BOLCTBA;

- BTOPMYHOE N MHOTOKPaTHOE UCMONb30BaHne u/nnu nepepaboTka MaTtepmarnos;

- N3MEHEHME TeXHUYECKOro otpopMreHnsi NPOM3BOACTBEHHBIX NMPOLIECCOB;

- U3MEHEHVe TexHomnorum (Nepexoa Ha TexHonormo, cooteeTcTBylowyto HAT, Gonee
akonornyeckn 6e3onacHyo n pecypcoaeKTUBHYHO).

MeToabl NpeaoTBpaLleHns 3arpsa3HEHMs] 3a4acTylo OKa3blBalOTCS BeCbMa pesynbTa-
TUBHBIMW 1 3KOHOMUYECKM 3PPEKTUBHBIMA. ITO OTHOCUTCS U K METOAAM, CBSA3aHHBLIM C U3-
MEHEHNEM TEXHOMOMMYECKMNX PeLleHV (TPeOyoLWUM 3HaUMTEnNbHbIX 3aTpar), HO B NepByHo
ouyepelb — K OpraHvM3aumoHHbIM NogXoAaM, CBSA3aHHLIM C KOHTPOMEM MpoLecca NpounsBos-
CTBa, BTOPWUYHBIM MUCMONb30BaHMEM UMW nepepaboTKon MaTepuarnos, NorMcTUKON NpousBoa-
cTBAMUT. M.

MMEHHO 3TV MeToAbl CTaHOBATCS OCHOBHLIM MHCTPYMEHTOM COM Mo CHWKEHWIO BO3-
LENCTBMSA Ha OKpyxatowwyto cpeay. Moaxoabl NpeaoTBpaLLeHnst 3arpsi3HEHUS] MOTYT UCTOSb-
30BaTbCA COBMECTHO U OAHOBPEMEHHO C METOAAMU «Ha KOHLE TpyObly», JOMOMNHSAS APYr ApPY-
ra ans obecneyeHNs MakCUManbHON 3KOHOMMUYECKOW 3PPEKTUBHOCTM M 3KOIOTUYECKON pe-
syneTatmeHocTu. bonee Toro, COM urpaeTt pornb TOM CTPYKTYPbI, B KOTOPOW MOUCK N NpUMe-
HEHVEe MOAXOLO0B MPEeAOTBPALLEHUS 3arps3HEHUS NMPUHUMAET PEerynspHbIA U cucTemaTude-
CKUIA XapaKTep, a OpraHM3auvoHHbIE U yrpaBreHYeckue peLleHusl peanusyrotca Hanbonee
YCMELLHO.

3.6.2 CucreMbl 3HEpPreTUUECKOro MeHeXXMeHTa U NoBbIleHue
3HeproadeKTUBHOCTU NpoM3BoACTBa

MoBbieHWe aHeproadPEKTUBHOCTU 3KOHOMUKN B Poccuiickon deaepauymn oTHECEHO
K nMpuvopuTeTamM BbICOKOrO YPOBHS: paspabatbiBaldTCA U peanusyloTcs COOTBETCTBYHOLIME
nporpaMmbl [20], NPUHUMAKOTCS 3aKOHOAATENbHBIE U HOPMATUBHbIE NMPaBoBble akTbl [21],
nyOnunKytoTCa AOKNaAbl O COCTOSIHUM 3HEProcOepeeHNs U NOBLILLEHUN SHEProadeKTUBHO-
ctu B Poccuiickon deaepaumm [22, 23].

B Joknage «O6 skonornyeckom paseutum Poccuickoit degepaumn B nHtepecax 6y-
AyLmX NokoneHuny [24] nogyepkHyTo, YTO ANS NOBbIWEHUs 3MEKTUBHOCTU peanusauum
rocyfapCcTBEHHOW MONMUTUKKA 3HeprocbepexxeHna HeoOXoanMO nNpu (OPMUPOBaHMN HOBOW
[Focnporpammbl  «QHeproaddekTneHaa Poccua» npeaycMoTpeTb peanvaauuio LUMPOKOro
NnepeYHs MHHOBALMOHHBIX UHCTPYMEHTOB, NO3BONSAIOLNX 06ECneqnTb CHIDKEHNE 3HEeproem-
KOCTW BasioBOro BHYTPEHHErO NPOAYKTa 3a CYET 3anycka HOBbIX U PELUMTENbHbIX Mep nonu-
TUKM U MOBMNU3aLMN BHEGIOIKETHBIX UCTOYHWMKOB (PUHAHCUPOBAHUS B PasHbIX CEKTopax
3KOHOMMKM. K HOBbIM MepaM OTHECEHO W TeXHOJIOTMYECKOe HOPMUPOBAHWE AEATENbHOCTU
NPeAnpUATAA, OCHOBaHHOE Ha npuHumnax HAT.

ObecneyeHne BbICOKON 3HEProddEKTUBHOCTM NMPOU3BOACTBA ABNSAETCA OAHMM U3
KPUTEPUEB OTHECEHUSI TEXHOMOMMYECKUX, TEXHUYECKUX U yrnpaBneHyeckux pewennn k HOT
[25]. Kpome TOro, cucTeMbl 3HEPrEeTUMECKOrO MEHEMPKMEHTA (MX MHCTPYMEHTbI) OTHECEHbI K
HaUMyYLM AOCTYMHbIM TexHonornam B UTC 48—2017 «[osbllweHne aHepreTmyeckon ad-
(PEKTUBHOCTU MPU OCYLLEECTBMEHUN XO3SUCTBEHHOW M (MNK) WHOW AeaTensHocTu» [26].
B sToM cnpaBouHUMKe, Kak U B CnpaBoyYHOM fokymeHTe Eponevickoro Cotosza (Reference
Document on Best Available Techniques for Energy Efficiency, 2009 [27]), ony6nukoBaHHOM
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C VU3MEHEHUAMU U JOMNOMHEHUN Ha pycckoM a3blike B 2012 r. [28], noaxoabl K BHEAPEHUIO
CUCTEM 3HepreTudeckoro meHeakmeHTa (COHM) paccMoTpeHbl focTatoqHo noapobHo. bo-
nee Toro, B 2011-2015 rr. onyGnvkoBaH psif CTaHAAPTOB, NPeAnvChIBaoLLmx TpeboBaHNS K
paspabotke COHM [29-35].

YncneHHble nokasaTenu, xapakTepusyroLme SHepreTuyeckyto athEeKTMBHOCTL npea-
npusTun obnactu npumeHeHna UTC 25, npueeneHsl B pasaene «YepHas metannyprusa» [o-
CYA@PCTBEHHOrO [OKMNaAa O COCTOSHAM SHEProcBepexeHns 1 NOBbILLEHNN SHEPreTU4ecKon
adbdpekTmBHOCTM B Poccuiickon Peaepaumm B 2015 1. [22]. YkasaHO, YTO yAenbHbIe nokasa-
Tenun notTpebneHns aHepreTUYeckMx pecypcoB Bbinm paccumTaHbl Ha OCHOBE (OPMbI CTaTh-
ctnyeckon otyeTtHocTn Ne 11-TOP «CeeaeHunsa 06 Mcnonb3oBaHnmn TONNMBA, TENNOSHEPTUU U
3NEKTPOSHEPTUM Ha MPOU3BOACTBO OTAENBHBIX BUAOB NpoayKumMmM, paboT (ycnyr)y. YaenbHsIn
pacxof, TOMSMBHO-SHEPreTUYECKUX PECYPCOB Ha MPOU3BOLCTBO JKENEe3HOW TOBapHOW PyAbl
(Bkntovas oboraleHne W MNPOW3BOACTBO KOHUeHTpaToB) coctaeun 12,15 kr Y. T./TOHHY
(0,36 'Mx/T); cHwkerHne B nepuog 2012-2015 rr. gocturno 2,4 % (ot yposHsa 2012 r.) [22,
C. 48-50]. B lN'ocypapcreeHHOM goknage 3a 2016 r. ykasaHo, YTo yaenbHbIA pacxos TOnnme-
HO-3HEPreTUYECKNX PECypcoB cocTaBun yxe 7,8 kr y. T./ToHHy (0,23 IOx/T) xeneaHon ToO-
BapHOW pyabl (BkNtoyas oboralleHne 1 NponsBoAcTBO KoHueHTpaTos). [23]. K coxaneHwto, B
3TVX [OKYMEHTax He CKasaHO, ANS KakMX UMEHHO BWAOB MPOWM3BOACTB Obinn NpoBeAeHbI
oueHkn. CornacHo AaHHbIM aHKET, NPEACTaBNEHHbIX NMPEANPUATUAMA OTPacnu, 3HEProem-
KOCTb MPOW3BOACTBA BapbMpyeT B LUMPOKUX npefenax (cm. Tabnuuy 3.20); nokasartenu
0,36 I'Dx/T (32 20151.) 1 0, 23 TOx/T (32 2016 1.) NexaT B MHTepBanax 3Ha4YeHun, npvee-
LAEHHbIX B Tabnuvue.

Tabnuuya 3.20 — SHepProeMKoCTb MPOM3BOACTBA XKENE3HOW PYAbI, KENE30PYAHbIX
KOHLIEHTPATOB 1 OKaTbILEN

YaenbHoe notpebne-

Buab! npoaykLm Hue aHeprum, [T

Pyna xxenesHas ToBapHas HeoboralleHHasa 0,01-0,015
KoHueHTpaT xenesopyaHbIi ¢ maccoBou fonen Fe He meHee 65 % 0,16-0,25
KoHueHTpaT xenesopyaHbii ¢ maccoBoun gonen Fe meHee 63 % 0,15-0,20
KoHueHTpaT »xene3opyaHbi ¢ maccoBou gonen Fe He meHee 016-03
69,5 % (Npn AoBOAKE N3MENBYEHHOrO KOHLUEHTpaTa) ! '
OkaTbIWwm xenesopyaHble HeoioCoBaHHbIE 0,52-0,75
OkaTbILK xenesopyaHble 0II0COBaHHbIE 0,46-1,0

3aseneHns 0 nocneaoBaTenbHOM CHUKEHUN SHEPronoTpetneHns MoXHO HauTu B OT-
KPbITOW He(MHAHCOBOW OTYETHOCTM POCCUICKUX KOMMaHWWA, NPEANPUATUIN KOTOPbIX peanu-
3YIOT BUAbI AEATENBHOCTH, COOTBETCTBYOLWME obnactu onpeaenenus UTC 25; npusogsaTes
cBefieHMs 06 UCNonNb30BaHUN SHEPTMM PasfMUHbIX UCTOYHMKOB, 06 0BLWKMX SHeprosaTpartax B
KOMMaHusIX U UX guHamuke. Bmecte ¢ TeM, Takon nokasatenb, kak yaensHoe notpebneHue
3HEprum (B TOM YuCne OTAENbHO ANSA OTKPLITOW M NOA3EMHON AOOLIMM XenesHbIX pya), B OT-
KPbITbIX OT4eTax (Mo kpawHe mepe, 3a 2014-2016 rr.) He nybnukyeTcsa. B To xe Bpems, MHO-
rme KoMnaHuy coobLaroT O BHEAPEHUN CUCTEM SHEPreTUYECKOro MeHeAXXMEHTA, NOAroTOBKe
KagpoB B 3TOM 06MnacTu U aKkTMBHOM MCMONb30BaHWN PasnnyHbIX NHCTPYMEHTOB MOBbLILLEHUS
3HeproadEKTMBHOCT NPON3BOACTBA, O NOCNEe0BaTENbHOM CHWKEHUN NoTpebneHns aHep-
.
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MopxoAaM 3HEpPreTUYEcKOro MeHeAXXMEeHTa 3HAYUTENbHOE BHUMAaHWE YJEeneHo U B
MEXAYHapOAHbIX AOKYMEHTax OTPacNeBOW HanpaBneHHOCTH, B TOM YMCIe TakuMm, kak Energy
Management in Mining. Leading Practice Sustainable Development Program for the Mining
Industry (Asctpanus, 2016, [35]), Benchmarking the Energy Consumption of Canadian
Open-Pit Mines (KaHaga, 2005 [36], Mining Industry Energy Bandwidth Study (CLUA, 2007
[37]).

Cucrema 3HepreTMYeCKOro MeHe/PKMEeHTa: OCHOBHbIE MONOXEeHUA

Cucrema SHepreTMYeckoro MeHeaXXMeHTa npeacTaenaeT cobon COBOKYMHOCTL B3au-
MOCBS3aHHbIX UMW B3aUMOAEWUCTBYIOLLUX 3NIEMEHTOB, WCMOMNb3yeMblX ANS YCTaAHOBMEHUS
3HEPreTUYEeCKON NONUTUKA U 3HEPTETUYECKMX LIENEN, a Takke NpoLeccoB v npoueayp ANS
AOCTWKeHnss 3Tux uenen [34]. JT1o onpepeneHue, nNpuBEAEHHOE B AEUCTBYOWEM
FOCT P NCO 50001—2012, a Takke Mofernb CUCTEMBI (CM. pUCyHOK 3.8), cBuaeTenscTeyeT
0 TOM, 4YTO CTaHAapT (U ero MexayHapoaHbIi npoobpas) 6bin paspaboTaH A0 BCTyNNeHUs B
cuny HoBsbIx cTaHaapToB (2015 r.) B 0bnactvM cuctem MeHeKMeHTa KavyecTBa U CUCTEM KO-
norndeckoro meHemxkmenTa. OCoOBEeHHOCTb HOBbIX CTaHAAPTOB COCTOMT B TOM, YTO B YMCNO
ob6g3aTenbHbIX MO3MUMIA BKITOYEHO BbINOMHEHWE MPUHATBLIX OpraHusauuen obssaTtenscrB
(koTopble, BMPOYEM, AOSDKHbI MOMy4YaTe OTPaXKEHUE B MOMUTUKE), @ TakkKe y4YeT PUCKOB U
BO3MOXHOCTeN. B koHTekcTe COHM crneayeT paccmarpuBatb pycky, 0ByCnoBrieHHbIE HECOo-
OnrogeHnemM TpeboBaHuM k obecnedyeHno 3PEPEKTUBHOCTU UCMONbL3OBAHUS SHEPrnK, ycTa-
HaBNMBaeMbIX Ha rocyAapCTBEHHOM YPOBHE, U BO3MOXHOCTM AN pasBuUTUA BUsHeca, OTKpbl-
BaOLLMECS MNP BbIMNOMHEHWA NOTEHLMANBHO NOALEPKUMBAEMbIX PasnUYHbIMK hoHAaMU NpOo-
€KTOB B 0611acTV NOBbILLEHWSA SHEProadPEKTUBHOCTN NPOU3BOACTEA.

Kak n nobas gpyras cuctema MeHemKMeHTa (MEHEAKMEHTA KayecTBa, 3KONorm4ecko-
ro MeHemKMeHTa, MeHexmeHTa 6e30nacHOCTU U oxpaHbl Tpyaa v Ap.), CUCTEMa SHepreTu-
4YecKoro MeHemxmeHTa Hambornee pesynbTaTvBHa B TOM Crnyyae, korga OHa OpraHuyHo
BCTPOEHa B 0O6LLyt0 CUCTEMY MEHEIXXMEHTa OpraHn3aumn, a NPUOPUTET BbICOKOW 3HEPreTu-
YecKoN 3 (PEKTMBHOCTU MPUCYTCTBYET B MpoLieccax NPUHATMSA peLleHin B komnaHun. Jloc-
TWXKEHME BbICOKUX MOKA3aTenel He 3aBUCUT OT TOro, ABMNSETCA N CUCTEMA 3HEPTETUYECKOrO
MEeHeKMEHTa CepTUPMLMPOBAHHOM Ha cooTBETCTBUE MexayHapogHomy (ISO 50001:2011
[29]) nnm poccuirckomy (TOCT P MCO 50001—2012 [34]) ctaHpapTam. Poccuinckoe 3akoHO-
4aTenbCTBO He TpebyeT obsizaTenbHOM cepTuduKaumm CUCTEM 3HEPreTUYECKOro MeHeaX-
MeHTa.

Taknum 06pasom, pelueHMe O HeobxoAMMOCTU Mnpoueaypbl cepTuduKaumn, xoTa u
JatoLLeN BMOMHe OnpefeneHHyo LIEHHOCTb HE3ABUCYMOW OLIEHKM BHEAPEHHOW CUCTEMbI U
LOMOSHUTESNbHBIE MHCTPYMEHTBI €€ COBEPLLEHCTBOBAHMWSA, OCTAETCA HA YCMOTPEHUE KaXKAoro
npeanpustus. HeobxoauMo NpuHMMaTL BO BHUMaHWe, YTo nobbie METOANKN U CTaHAAPTDI
HOCST paMOYHbIN, PEKOMeHAATENbHbIA XapakTep, U YeM Ansi Gonee LMPOKOro Kpyra opraHu-
3aUuiA OHM NPUMEHNMBI, TeM Gonee obLme NpUHUMNLI cogepxaT. BHeapeHne B kOHKpPETHON
opranHmsauum Bcerga Tpedbyet yueta ee cneyundmkn.
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OHepreTnyeckas
nonnTuKa

PucyHok 3.8 — Liukn cucTembl aHepreTMyeckoro MeHemxkmeHTta (no
FOCT P NCO 50001—2012).

Havnbonee nonHo npevmylliecTBa MNPYMEHEHUSI UHCTPYMEHTOB 3HEProMeHe[XMeHTa
NPOAIBASAIOTCSA NpY BHEAPEHUM W NOAAEPXAHUM (DYHKLMOHMPOBAHWUS CUCTEMbI 3HEpreTnye-
CKOr0 MeHeXMeHTa.

B coctaB COHM BX0OAAT, B TOW Mepe, B Kakoli 3TO NPMMEHUMO B KOHKPETHbIX YC/0BU-
AX, cnegylowme 3neMeHTbl:

- 06513aTenbCTBA BbICLLETO PYKOBOACTBA,;

- paspaboTka U MpPUHATAE 3HEePreTU4ecko MNONWUTUKM (MOAUTUKUM B 06/1aCTU 3Hepro-
adhhekTnBHOCTN);

- opraHu3auusi yyeta M MOHUTOPWHIa, 3HepreTnyeckne ayauTtbl, onpepeneHue 6aso-
BOW NIMHUM 3HEpPronoTpe6/ieHns, UCNoIb30BaHWe MeTOA0B BU3yann3aumu 1 nocTPOEHUe Mo-
aenei; 6eHYMapKuHT;

- MNaHupoBaHue, B TOM Yucne BbIGOP 3HAYMMbIX 3HepronoTpebuTeneil n aHepretTuye-
CKMIA aHanu3; yCcTaHOB/IEHME Lienell 1 3aAa4, nokasaTeseil aHepreTUyeckoli pesyibTaTuBHO-
CTV (Hanpumep, nokasaTenn yAenbHOro NoTpeb/ieHns 3HepPropecypcoB Ha efvHULY Bbinyc-
Kaemol npoAykuuu, naowaan noMeLleHusl, KonnyecTsa COTPYAHUKOB U T. 4.); onpejenieHne
BO3MOXHOCTEl ANs yNyUleHniA u hoopMUpoBaHne nnaHa aHeprocbeperatLLnx MeponpusiTuii
(Nporpammbl 3HEProcGepPEXEHNs) C OLEHKOM KX OXMAAEMOM 3KOHOMUYECKON 3hdpeKkTUBHO-
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CTW MO OZHOMY WU HECKONbKMM MapameTpam (NMpOCTOW MMN AUCKOHTUPOBAHHBIA CPOK OKy-
NaemMocCTu, YUCTbIN JUCKOHTUPOBaHHBIN A0XO0A, MHAEKC peHTabensHOCTM U T. 4.);

- OMepaumoHHbIN KOHTPOIb, KPUTUHECKME OMnepaLvoHHbIE NapaMeTPbl U TEXHUYECKME
MPOBEPKMU;

- NPOEKTMPOBAaHME;

- 3aKyMKu;

- BHeapeHue sHeprocbeperarowmx meponpusatui (OCM) ¢ ganbHenumMM MOHUTOPUH-
rOM MOCMNeAOBaTENBHOrO MOBLILEHNST SHEProaddeKTUBHOCTH, cobniogeHns TpebosaHun
npoLeayp 1 np., BKAo4Yas onpeaeneHe nony4YeHHoro sHeprocbeperatoLero addekra B co-
NMocTaBMMbIX YCIIOBUSIX;

- MPOBEPKN PE3yNbTaTMBHOCTY, B TOM YNCIE BHYTPEHHNE ayANTbI; OLIEHKA CO CTOPOHbI
PYKOBOACTBA; NMOArOTOBKA NEPUOANYECKON Aeknapauum 06 sHeproadpdeKTUBHOCTH;

- o6ecneYeHve BOBMEYEHHOCTM NepcoHana, B TOM Yucne nHdopmupoBaHue; obyye-
HVEe 1 NoBbILLEeHWEe KBanudukaumm, cosfaHne cucTema paumoHanM3aTopckux NpeanoxeHn;
CO3JaHNe CUCTEMBI MOTMBaLUM;

- paspaboTtka u cobniogeHue npouenyp, B TOM YUCNE OpraHv3auMoHHas CTpyKTypa;
LOKYMEHTUPOBaHWE 1 BEAEHWE 3annCeN.

Ans npeanpusTuii, 3aHnMarowmxcs fobbiden n oboraleHem XenesHou pyabl, pe-
LUEHNE O BHEAPEHMN CUCTEMbI SHEPrETUYECKOTO MEHEIXKMEHTA JOIHKHO NMPUHMMATBLCS Ha OC-
HOBaHWMW aHanuaa TeKyLUeWh CUTyauum U OnpefeneHUs NPUOPUTETHBIX (PearnmcTUYHbIX, No-
3BONAOLMX LOBUTBECA 3HAYMMOro adbdpekTa) HanpaeneHn NoBbILeHNs 3PdPEKTUBHOCTU UC-
nonb30BaHms aHeprum. MNpu NpoBeseHUN Takoro aHanmsa LenecoobpasHo UCNonNbL3oBaTh pe-
3ynbTaTbl oTpacnesoro 6eHUMapkuHra (B TOM YMCne MexayHapOAHOro) pekoMeHaaummn oT-
HOCUTENbHO BO3MOXHOCTEWN COKpaLLeHUsl 3aTpaT 3HEeprin Ha Bcex atanax aobbium, obora-
LLIEHMS N OKYCKOBaHWSA JKeneaHbIX pyA, a Takke NPsiMOro BOCCTAHOBIIEHUS JKerneaa.
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Pazgen 4. OnpegeneHne Hauny4lwmnX 4OCTYMHbIX TEXHONOMMM

Mpouenypa onpefeneHns Hamnyylwmnx AOCTYMHbIX TEXHOMNOrMN Ans obnactu npume-
HeHus Hactogwero cnpasodHuka HAT opranmnsosaHa bropo HOT n TexHudeckon pabouen
rpynnon TPl 25 B cootBeTcTBUM C [MpaBunamm onpefeneHra TEXHOMNOMMU B Ka4ecTBe Hau-
NydLlen JOCTYNMHOM TEXHOMNOMMKM, a Takke pa3paboTku, akTyanusauum n onybnmkoBaHns UH-
HOPMALMOHHO-TEXHUYECKNX CMPABOYHMKOB MO HAWUMYYLIMM AOCTYMHBIM TEXHONOrMsAM (yT-
BepxAeHbl noctaHoBneHvem [paeutenbctBa Poccuiickon Pepepaummn oT 23 gekabps
2014 r. Ne 1458) [1]. OnpeaeneHne TEXHOMNOMMYECKNX NPOLECcoB, 060pyAoOBaHUS, TEXHNYE-
Ckux crnocobos, metoaoe B kavectse HAT nposegeHo uneHamm TPl 25 ¢ yuetom MeTtogude-
CKMX peKOMeHAaLMA Mo ONpeAeneHnio TEXHOMOMMM B Ka4ecTBe Haunyylen AOCTYMHON Tex-
Homorvm (fanee — MeTogumyeckne pekoMeHgaumn) (yTeepaeHbl npukasom MuHuctepcrea
npoMmbIWeHHOCTN 1 Toproenn Poccuiickon depepaumm ot 31 mapta 2015 1. Ne 665) [2].
MpymMeHeHWe 3TOro AokymeHTa OOyCnoBreHO He OTCYTCTBUMEM COrnacoBaHHOW MO3NLMKN Me-
*ay uneHamu TPI 25 no Bonpocy OTHECEHMS pacCMOTPeHHbIX TexHonorui k HAT (nyHkT 4
MeToamyecknx pekomMeHaaumin), a CroXHOCTSMU B NPOBEASHUM CPABHUTENBbHOIO aHanuaa
3KOMOrM4eCKOM pesysibTaTMBHOCTU N pecypcoadddEKTUBHOCTU MPEANPUSTUNA, Peanmayomx
NpoLEeCChl, OTHECEHHbIE K 0BnacTamM onpeaeneHnst HacTosLero cnpasoyHuka HAT.

OCHOBHblE TEXHOMOrM4Yeckne MPOLECChl, TEXHUYECKMEe pelueHus n obopyaoBaHue
onucaHbl B pasgene 2. B pasgene 3 npuBeaeHbl cBeAeHUA O Mepax, HanpasneHHbIX Ha CHU-
XeHue HeraTmsHoro BosaencTeusi Ha OC u noBblleHne pecypcoaddeKTMBHOCTH, npyMe-
HAEMbIX MPY MNPOU3BOACTBE XENE30PYAHOIO KOHLIEHTPaTa, 0DO)NOKEHHDBIX OKaTbILLEN U Xene-
3a npsimoro BoccraHosnerns. MHdopmauus pasgenos 2 1 3 nonoxeHa B OCHOBY 9KCMepTHO-
ro aHanuaa npuv BbIGoOpe HaunyyWwmnx AOCTYMHbIX TexHoMnorMn. Kpome Toro, NpyHSATa BO BHU-
MaHWe MexAyHapoAHash U OTEeYeCTBEHHAs NPaKTUka OTHECEeHUS CUCTEM 3SKOFOrM4yeckoro v
3HepreTuyeckoro MeHegkmeHTa Kk HAT ana pasnuyHbIX BUAOB AEATENbHOCTK, Nony4nBLIan
OTpaXeHWe B Takux crpaBodHuKax, kak [3], [4], [5], [6], [7]-

Mpy onpegeneHnn TEXHONOMMYeCcknx npoLeccoB, 060pyRoBaHNS, TEXHUYECKUX CNOCO-
60B, METOAOB B KayecTBe Haunydwwen AOCTYNHOM TexHonormn YneHsl TP 25 yyutbiBanm
TpebosaHue Bbibopa HAT, Hauny4ywmnm o6pasom CoUETAIOLMX KPUTEPUN JOCTWKEHNS Lienen
OXpaHbl OKpY)XaloLLen cpeabl, u3noxeHHole B n. 14 cr.23.1 depepanbHOro 3akoHa OT
21.07.2014 Ne 219-03 «O BHeceHUN U3MeHeHun B deaepanbHbii 3akoH «O6 oxpaHe Okpy-
Xalollle cpefbl» U OTAEmNbHbIE 3akoHoAaTenbHble akTbl Poccuiickon depepauun [8] n B
cT. 28.1 depepanbHoro 3akoHa ot 10.01.2002 Ne 7-d3 «O6 oxpaHe OkpyxaroLlen cpeabi»
[9].

CoueTaHreM TaKuUX KpUTEPUEB CUUTAKOTCS:

- «...HaUMEeHbLUWIA YpOBEHb HEraTMBHOIO BO3AEWCTBUS Ha OKPYXXaloLLyto cpeay B pac-
YyeTe Ha eMHULLYY BPEMEHN nnM 06beM NPON3BOAUMMON NPOAYKLMK (TOBapa), BbINONMHAEMON
paboTbl, OkasbIBaEMOW ycrnyru nubo apyrve nNpeaycMOTPEHHbIE MEXAYHapOAHbIMM AOroBO-
pamu Poccuiickor depepaumm nokasareny,

- 9kOHOMMYEeckasi pPEKTUBHOCTL. .. BHEAPEHMA U SKCMMyaTaumm;

- MPMMEHEHUE pPeCcypCco- U dHeprocbeperaroLmx METO/0B;

- MEPVIOA. .. BHEAPEHUS;

- MPOMBILLIIEHHOE BHEAPEHWe... TeXHOMorMM Ha AByx u Gonee obbekTax, okasblBaro-
LMX HeraTMBHOE BO3AEMCTBUE Ha OKpYXatoLLyko cpegy» [7].
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PaccMoTpuMm kpuTepuid, onpeAeneHHbIn Kak HaMMEeHBLUWA YPOBEHL HEraTMBHOIO BO3-
aenctena Ha OC. lMpakTuyeckn BO BCEX Cny4asx pedvb LUfa O NoUCKe MpUemremblX, Aaxe
KOMMPOMUCCHbBIX PELLEHNA, MO3BOMSAIOWMX CHU3UTL HEraTMBHOE BO3AEUCTBUE, N 00 NASHTU-
duvKaLmMm CcrnekTpa peLueHUA, UCMOoNb30BaHUE KOTOPbIX MO3BOMSET COKpaTWUTb BbIGPOCHI
BpPeAHbIX BELLECTB B aTMOCKhEpPHbIA BO3LYyX, UX cOpOChl CO CTOYHbIMM BOAaMU, oOpa3oBaHme
OTXOAOB, @ TaKxe, rae 370 NPUMEHNMO, OrpaHUYMTL BO3LENCTBUE Ha MPUPOLHLIE 3KOCUCTE-
Mbl. B Te€X cnyyasx, korga M3BeCcTHbl KONMYECTBEHHbBIE NOKasaTeny, Onpesensnu Kopnaopsbl
3Ha4YeHWIN, COOTBETCTBYIOLMX My4ylleln U Haubonee LUMPOKO PacrlpOCTPaHEHHOW NpakTuke
POCCUMCKNX MpennpusTuA. B gpyrux crnyyasix npuHMManu BO BHUMaHWE KavyeCTBEHHbIe
OLEHKN, AaHHbIE 3KCMepTammn B COOTBETCTBYOLMX obnactsax npumerHenma HAOT.

MpvmeHeHne pecypcocbeperaromx (B HacTHOCTKY, SHeprocbeperaroLmnx) MEeTOL0B U
LOCTWKEHNE BbICOKUX MOKa3aTenen pecypco- U SHeproaddeKTBHOCTI NPOM3BOACTBA, OLle-
HVMBanu o TakMMm nokasaTtesnsim, kak notTpebneHve aHepruum, BOAbI, ChiPbs XU BCMOMOraTenb-
HbIX BELLECTB 1 MaTepuanos B pacyeTe Ha efVHULY NPOVN3BEAEHHON NPOAYKLMM.

PaKT NPOMBILLNEHHOTO BHEAPEHWSA TEXHOOTMYECKMX NpoLeccoB, 06opyA0BaHNs, TeX-
HM4Yecknx cnocoboB, METOAOB Ha ABYX M Bonee poccUMMCKMX nNpeanpusTuax B obnactu pac-
npocTpaHeHns HacTosiLero crpasoyHuka HOT ycTaHaenveanu no pesynstatam obpaboTku
aHKeT, NOCTYNMBLUMX OT NPeanpUAaTUA, U Ha OCHOBEHWM MaTepuanoB OTKPbITbIX HEPUHAHCO-
BbIX OTYETOB POCCUMACKMX KOMMaHWN. TawKe MpUHMMany BO BHYMAaHWE MHEHWS SKCTepToB,
NPUHUMaBLLKMX y4acTve B pa3paboTke u oBCYKAEHWU MpOeKTa HACTOALLEro CrpaBoYHUKA
HAT.

Mepwop BHeAPEHWS OLEHMBaNN TakKe C y4eTOM HEeOBXOAUMOCTU NPOBEAEHUS 3HAYM-
TENbHOA PEKOHCTPYKLMN TEXHOMOIMYECKUX MPOLIECCOB M MOAEpHM3aumm o6opyaoBaHus,
BO3MOXHOCTU TOCMNEA0BATENBHOMO YIyULIEHUS nokasaTenen pecypcosddeKkTMBHOCTM U
3KOMOrMYECcKoW pesynbTaTUBHOCTU NYTEM BHEAPEHUS TEXHWYECKUX YCOBEPLUEHCTBOBaHWUA U
npoLieayp B pamkax CUCTEM 3HEPreTU4ecKoro U 3KONMOrm4eckoro MeHepxmenta. Cneapyer
OTMETUTb, YTO MEPUO] BHEAPEHWUSI CIieAyeT paccMmaTpuearb ANA OTpacnv B LENOM, NMpuHU-
Mas pelleHue o6 yKectoueHun TpeboBaHui, HanpUMep NPy NepecMoTpe NHPOPMaLMOHHO-
TEXHUYECKUX CNPaBOYHKKOB. MNpy pa3paboTke NepBoOro BapraHTa HacTOSLEro CrpaBoYHUKa
HAT uenb coctouT B OnNpefaeneHuy YeTkux YCNOBUA TEXHOMOrMYECKOr0 HOPMUPOBAHUS B
chepe oxpaHbl OKpyKaloLen cpefbl U CTUMYNMPOBAHUS MPeanpUsaTUA K cuctemarmsaumm
cBegeHun 06 SKOMOTMYECKON Pe3ynbTaTUBHOCTU N PecypcodddeKTUBHOCTU U K COBEpPLUEH-
CTBOBaHMWIO OTYETHOCTU B 3TUX 0BnacTsx.

Bonpocbl 3koHOMMYeckon 3pPEKTUBHOCTY PacCMOTPEHbI TOMbKO B TEX CRyyasx, Ko-
raa uneHam TPl 25 ypaBanocb nonyuutb HafexHble AaHHbIE OT OTEeYeCTBEHHbIX npeanpu-
ATUA, BHEAPMBLUMX KOHKPETHbIE TEXHONMOrMYeckne, TeXHUYEeCKUe Unu ynpaBneH4Yeckme pe-
LUEeHWS, NO3BONAOLLME AOCTUYL BbICOKOrO YPOBHS 3aLLMTHI OKPY>KAIOLLEN CPeasl N pecypco-
3P PEKTMBHOCTM NPON3BOACTBA.

Mpw nogrotoeke HacTosiLero cnpasoyHka HAT v onpeaeneHun Hanny4Ywmnx JocTyn-
HbIX TexHonorMn Ynenbl TPl 25 B Lenom crneaosany Norvke, ONUCaHHOW B NPUNOXeHUN 1 K
MeTtoaudeckum pekoMmeHaauusm [2], a Takke B [10], [11]. MocnegoBarensHOCTL 3Tanoe pac-
CMOTPEHUS TEXHONOMMYECKUX NPOLIECCOB, TEXHUYECKNX PELLEHUA U METOAOB NPV onpeaene-
HWUW NpeacTaBreHa Ha pucyHke 4.1.
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1. ®akTOpbl BO3AEICTBMA Ha OKpyXalolyo cpeay

dakTopbl BO3- Bblbpockl 3B O6pa3oBaHne CToYHbIX ObpasoBaHne NPou3BoA-

pelicteua Ha  (kr 3B/T npoaykumn). BO/, (KO/INYECTBO M CO-  CTBEHHbIX OTXO/0B,

npupoaHsle MeToabl npefoTBpa-  cTas, M3T MpoAykumu,  T/T NPOAYKUMUW, U UCNOSb-

3KOCUCTEMBI LeHWsA 1 cokpalleHns kr 3B/T npoaykumn). 30BaHne MX B TEXHOSIOIU-
Bbl6pocoB 3B, a Takke O6palleHne co CTo4- Yyeckux npoteccax, 06-
OYUCTKN OTXOLALLUX HbIMV BOZaMU palleHune ¢ oTxogamu
rasos

O

2. Pecypco- n aHeproa @ ekTMBHOCTb

OHeprus (Tonnmeo u anek-  Cobipbe, T/T Npo- Boga, M3t BcnomorartenbHble Be-
Tpo3aHeprusa, [x/T npoayk-  AyKuum npoAyKLun LecTsa 1 Marepuansi,
Lnu), cokpalleHue satpar T/T npoayKuum

SHeprun npu TpaHcnopTu-
poBke, I'k/T*km)

O

3. BO3MOXHOCTb yNyylleHNA TEXHOMOTNYECKUX nokasateneii B npouecce
PEKOHCTPYKUMKN, BHEAPEHNA TEXHUYECKUX CPencTB U CUCTEM MEHeMKMEeHTa

0
4, JKOHOMMYeCKne ceefeHnsa (Npu Hanu4unn)

PucyHok 4.1 — locrepoBaTefibHOCTb 3TAN0B PACCMOTPEHUA TEXHOIOTNYECKNX
MPOLECCOB, TEXHUYECKUX PELUEeHUA 1 METOLO0B NpU ONpefenieHUn HaCTOALLEro
cnpasoyHuka HAT

MpuBeaeHHble B paszfenie 5 onucaHust Hauy4ylunx AOCTYMHbIX TEXHOIOMMIA BKIKUAOT
KaK MeTofbl, MPUMEHVMbIE A/s1 BCEX MPOW3BOACTB, COCTaBASALWMX 061acTb pacnpocTpaHe-
HUS HacToslero cnpaeovHuka HAT, Tak U Noaxodpl, XapakTepHble A/ NPoM3BOACTBA KOH-
KPETHbIX BUAOB MPOAYKLMN.
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Paspen 5. Haunyywme foCcTynHble TEXHONOIUU, UHCTPYMEHTHI U
MpaKkTUKa 3KOSIOrMYeCKOro U 3HepreTM4ecKoro MeHeKMeHTa

B pesynbTaTte aHanvsa npeactaBneHHOW 3auHTepecoBaHHbBIMW CTOPOHaMK, NOMyYeH-
HOM M3 OTKPbITbIX UCTOYHMKOB W MOArOTOBNEHHOW COCTaBUTENSMM [aHHOMo CrpasBoYHUKa
HAT vHdopmayum k Haunydwmnm AOCTYNHLIM TEXHONOMMAM, BKITHOYAOLNM TEXHOMOMMYecKne,
TEXHUYECKUE W YNPAaBIEHYECKNE PELLEHUNS, OTHECEHLI CrieAytoLMe.

HAT 1. CucremMbl 3KONOrMYECKOro MEHEKMEHTa U UX MHCTPYMEHTbI

HAOT cocrout B paspaboTke, BHEAPEHUM U NOCNeAOBaTENbHOM COBEPLUEHCTBOBaHUU
CUCTEMBI 3KONOTUYECKOro MeHemXMeHTa, 06nacTb oxBarta KOTOPOWN onpeaenseTcs opraHu-
3auUpelt ¢ y4eToM NPUOPUTETHBIX SKOSOTMYECKMX acrnekToB (noapobHee cM. pasgen 3.).

HecmoTpsa Ha To 4To Gonbluas YacTb KOMMaHWK, peanuayolmx BUabl AeATENbHOCTY,
OTHECEHHbIE K 0BnacTn NpMMEeHeHUs HacTosAwero cnpasoyHuka HAT, coobwaeT o ceptndm-
Kaumm (pecepTudmkaumn mnn K NOAroToBKE K cepTudmKaLmm CUCTEM 3KONOMMYECKOro Me-
HepxmenTa), HAT 1 He npeanonaraet o6s3arensHol ceptudmkaumm COM Ha cooTBeTCTBME
TpeboBaHMaM  MexayHapogHoro wunu - poccunckoro  craHaapta  (ISO 14001  wnn
FOCT P UCO 14001).

HAT 2. Cuctembl 3HEPreTUYECKOro MeHeMKMeHTa U UX UHCTPYMEHTbI

HAOT coctouT B paspaboTke, BHEAPEHWUU U MOCNe[0BaTeNbHOM COBEPLLEHCTBOBAHUA
CUCTEMbI SHEPreTUYeCcKoro MeHeaKMeHTa, obnacTb oxBaTa KOTOpPOW OnpeaenseTca opraHu-
3aumen ¢ y4eToMm OCOBEHHOCTEN MCMONb30BaHUS 3HEPTMU U MPUOPUTETHBLIX HanpaBneHW
MOBbILLEHWS SHEpreTudeckon sddexktTmBHocTM (nogpobHee cm. pasaen 3.).

CucTembl 3HEPreTUYEcKoro MEeHeAXMEHTa HauYMHalKT nony4Yatb Bce 6onee LuMpokoe
pacnpocTtpaHeHne B Poccuiickoh ®eagepaummn. Komnanum, peanuayrome Buabl AesTenbHO-
CTW, OTHECEeHHbIe k 06nacTn npyMeHeHus HactosLero cnpasoyvHvka HAT, yxe coobwiarot
0 BHeapeHun COHM, pasmellaroT Ha oduumManeHbIX CanTax 3HEPreTUYEecKkyto MOMUTUKY,
obecneymBatoT NOAroTOBKY nepcoHana. Tem He meHee HAT 2 He npeanonaraeT obs3arens-
Hon cepTudmkaumm COHM Ha cooTBeTcTBUE TPEBOBAHMAM MEXAYHapOAHOr0 WM POCCUA-
ckoro craHgapta (ISO 50001 nnm FOCT P UCO 50001). Mpeanpusatns MoryT oThaeaTth Tak-
Xe npegnoyteHve anpobauun OTAENbHbIX MHCTPYMEHTOB SHEPreTUYeCcKOro MeHeKMeHTa
(noapobHee cm. pasgen 3.).

HAOT 3. NMpounsBoaCcTBEHHBLIN NPOLIECC A0OLIUM Xene3HbIX PyA OTKPbITbIM
cnoco6om

HAOT cocTouT B 3pdEKTUBHOM TEXHOMOMMYECKOM MpoLecce A0ObIYN XKenesHbIX pya
OTKPbITEIM CNocoBoM NyTeM CHATUSI NINOAOPOLHOIO CIOS MOYBbI, BCKPLITUS PYAHBIX TEM, 3KC-
KaBaLuWu 1 TPaHCTIOPTUPOBKE XenesHbIX pys Ha oboratutensHsle nepegensi (cM. 2.1).

HAT 4. ABTOMaTU3NPOBaHHbIE CUCTEMbI YNPAaBNEHUA KapbepHbIMU
camocBaniamMmy v NOrpy304HOn TeXHUKOM

HAOT cocTtonT BO BHEAPEHUN U NOCNefoBaTENbHOM COBEPLUEHCTBOBAHMM CUCTEMBI MO-
3MLMOHUPOBaHWS, AUCTIETYEPU3ALIMN U YIIPABIIEHNA NMapPKOM KapbepHbIX aBTOCamMOCBarnoB U
MOrpy304HOM TEXHMKM B Kapbepax Kene3opyaHbIX MECTOPOXAEHNIA,

ABTOMAaTU3NPOBAHHBIE CUCTEMBI YMPABNEHNS KapbepHbIM TPaHCMOPTOM W MOrpy3o4-
HOW TEXHMKOW MO3BOMSIOT MUHUMM3MPOBATE MPOCTON KapbepHOro TpaHCcropTa, COKpaTWUTb
pacxofbl TONANBA, CHU3WUTbL 3MUCCUW, ONTUMU3NPOBATL ABWKEHNE MPY30NOTOKOB B CIOXHOM
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TPaHCNOPTHOW CeTu Kapbepa. JlocTuraeTcs nosbileHWe 3DEKTUBHOCTU paboThl KapbepHO-
ro TpaHcnopTa v Norpy3oyHoOn TeXHUKK. McnonbayeTcs MeToa, npyvBeAeHHbIV B Tabnuue 5.1.

Ta6nuya 5.1 — Onucanve HAT 4

OrpaHuyeHusa

MeTtoa/obopygoBaHve Mokasarenu
B MCMNONb30BaHUA

LleHTpanusoBaHHas cuctema ynpasne- | YeenuuyeHue npous- |lpu nponseoanTensHoCTH
HWS KapbePHBbIM TPaHCNOPTOM W NOrPy- | BOAUTENBHOCTM 060- |kapbepa He MeHee
304HOWN TEXHUKON pynosanusi Ha 10 % {10 mnH M3/r no ropHoi
macce

HAOT 5. MpumMeHeHue 6oNbLErpy3HOM KapbepPHON TEXHUKU

HAOT coctoMT B NpUMeHeHnM GOrnblUErpy3HOM KapbepHOW TEXHWKM Ans Aobbiun 1
TPaHCMOPTUPOBKN TOPHON MacChl B kenesopyAHblx kapbepax. [Mpovcxogut yBenuueHue
pasMepoB KOBLUEM 3KCKaBaTopoB, MOrpPy3yYMKOB, NPOMOPLMOHANBHOE YBENWMYEHUE TIpy30-
No4bEMHOCTY BonbLUEerpy3HbIX aBTOCaMOCBAroB C COXPaHEHNEM OMTUMArIbHOrO COOTHOLLE-
HUS KONWMYeCcTBa KOBLUEN 1A Norpysky 04HOro camoceara.

Mepexop Ha BonbLUErpy3Hy0 TEXHUKY MO3BOSNUT YMEHBLUUTL YAEnbHbIE 3KCnnyaTaum-
OHHbIE 3aTpaThl Ha 3KCKaBaLMIO 1 TPaHCMOPTUPOBKY FOPHOM MacChl B Xene3opyaHbIX Kapbe-
pax. YMeHbLUEH/E KONMYecTBa e4VHUL, TEXHONOrM4eckoro obopyaoBaHis B Kapbepe, CHU-
JKEHME SMUCCUIN B OKPYKatoLLYHO CPeAY, CHIKEHUe aHepronoTpebneHus n notpebnenms Tomn-
nMBa B NpoLeccax aKckaBaLumv U TPaHCMOPTMPOBKA FOPHOW Macchl B XKENe30pyAHbIX Kapbe-
pax. Micnonb3ayeTca meToa, npuBeAeHHbIN B Tabnuue 5.2.

Tabnuua 5.2 — Onucarnve HOT 5

OrpaHuyerust

MeToa/o6opyaoBaHue Mokasarenu
B MCMNOMNb30BaHUA

Mepexon Ha OonblUerpysHyto kapbep-|YeenuueHve npowus-|MpumeHuM aAns Kapbepos,
HYH TEXHUKY BOAMUTENLHOCTN 060-| reoMeTpudeckme pasmepbl
pyaoBaHusa Ha 10 % |KOTOpbIX MO3BONAKOT €€
pasmelleHne wu paborty.
BoamoxHOCTb BECTU ce-
NEKTUBHYO A00bIMY pyAbl
W BCKPbILUM B MPUKOHTaKT-
HbIX 30HaXx.

OKOHOMMYECKAA LEeneco-
00pasHoCTb

HAOT 6. CHWKeHne HeoOpraHM30BaHHbIX SMUCCUIA NPU NOTPy3Ke U
TPaHCNOPTUPOBKE rOPHOWU MAacChl U3 KapbepoB

HOT coctouT B yMEHbLUEHUM HEOopraHW3oBaHHbIX BbIGpOCOB, 06pa3sylowmxcs npu
TPaHCMNOPTUPOBKE FOPHOI Macchl U3 kKapbepor. crnonb3oBaHue xoTs 6bl 04HOro U3 METOAOB,
npueeaeHHbIX B Tabnuue 5.3.
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Tabnwuya 5.3 — Onucanvne HOT 6

Ne OrpaHuyeHus
MeToa/o6opysoBaHue MokasaTenu

n/n B MCMONb30BaHUM

1 |OpoweHne BOOOM 3KCkaBaTOPHbIX | CHKEHWe  3arpsisHe- |[pyMeHMM npu  Tem-
3ab0eB HUSA aTMOcepHOro | nepaTtype oKpyKaroLLe-

2 |MbinenogaesneHne aBTOMOOWUIbHbBIX |BO34yxa nNbinblo A0 |ro Bo3gyxa Beiwe 0 °C
KapbepHbIX Aopor nytem nonvea Bo-|10 r/T noBbiBaemon
aon rOPHOM Macchl

3 |Wcnonk3oBaHne cneynaneHbIX CBS- MpuMeHnM Npu TexHK-
3ytoLmx AobaBok B BOAY B NpoLeccax YeCKON BO3MOXKHOCTU U
nbinenojaasnieHnsa KapbepHbIxX aopor 3KOHOMUYECKOM uene-

coobpasHocTn

4 |lNpoBefeHve 3amepoB AbIMHOCTM U | CHUXEHME  BbIOPOCOB
TOKCUYHOCTW aBToTpaHcnopTta n koH- (rasos CO, SOj NOy
TPONbHO-PErYNINPOBOYHbBIX paboT TO- (805 %

NNNBHOW annaparypsbl

HAOT 7. CHMxeHMe HeOPraHM30BaHHbIX SMUCCUI NPU NPOoBeAeHUN BypPOBbLIX
pabot B kKapbepax
HOT cocTouT B yMEHbLUEHWN HEOPraHN30BaHHbIX aMMCCUA, obpasytoLmnxcs nNpu Beae-
HUM BypoBbIx paboT B Kapbepax. NcnonbsosarHne xots 6bl 04HOTO M3 METOAOB, NMPUBEAEH-
Hbix B Tabnuvue 5.4.

Tabnuuya 5.4 — Onucanve HOT 7

Metoa/o6opyaoBaHue

Mokasatenun

OrpaHnyeHus
B MCNONMb30OBaHUN

MoanumoHupoBaHme BypoBbIX CTaH-
KOB B pearnbHOM BpemMeHu

YBenuyeHme nponsso-
auTensHocTn obopy-

OkoHOMMYecKas Lene-
coobpasHoCTb

2 | ABTOMaTM3NPOBaHHbIE CUCTEMbI KOH- |A0BaHWSA A0 5 %. CHU- | TexHuueckas BO3MOX-
Tpons (AaT4YMKK) rNyBuHBI CKBaXKMHBI | XeHne NoBTOPHOro By- |HOCTL ocHaLLEeHUs
peHnsa CkBaxkuH, Hapy- |obopyaoBaHusi
weHusi ceTkn. OTeyT-
cTBMe nepebypos.
CHWXeHue Bbixoaa He-
rabapuTa
3 |Meinenopasnenve obyprBaemMbIx
610KOB C NPUMEHEHVEM BOfbI
4 |lMbinenopasnenve obypuBaembix TexHnyeckas BO3MOX-

BRNOKOB C MPUMEHEHUEM  BSDKYLLMX
pacTeopos

HOCTb U 3KOHOMMYe-
ckas yenecoobpas-
HOCTb
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HAOT 8. CHMkeHUe HeopraHU3oBaHHbLIX SMUCCUI NPU NPOBeAEHUN B3PbIBHbIX
paboT B Kapbepax
HAOT cocTouT B YMEHBLUEHNN HEOPraHM30BaHHBIX 3MUCCUIA, 0OpasyoLMXCs NPy B3pbI-
BaHUM rOPHOW Macchl B kapbepax. Mcnonb3oBaHne xoTs bl O4HOMO U3 METOL0B, MPUBELEH-
HbiX B Tabnuvue 5.5.

Tabnuuya 5.5 — Onucanve HAT 8

MeToa/obopyaoBaHue

[Mokasatenu

OrpaHnyeHust B NCnonb3o-
BaHUu

YMeHbLUEHME KONMMYECTBa B3PbLIBOB MNy-
TEM YKPYNHEHWS B3pbIBHbIX 6rOKOB

JdonycTumMblie reomeTpu-
Yeckre pasMepbl Kapbepa.
[opHo-reonormnyeckme yc-
noBusA

HEHHOCTU ropPHbIX MOPOoA U B3pblBAEMbIX
CKBaXXNH

2 |MNpumeHeHne B3pbIBYATBLIX BELLECTB C CHwxeHwe Bbl-
KMcnopoaHeiM GanaHcom 6rnm3kmum K Hy- |GpocoB rasos
Mo CO, NOx
B 2 pasa
Mo CpaBHEHUIO
co wrartHeiv BB
3 |Ucnonb3oBaHme 3apsiaHbIX MalnH ¢ OTtcytcTBue ne- | TexHuyeckas BO3MOX-
LaTtyMKkaMun KOHTPOIsi Mofaun B3pbiBYa- |pepacxoga BB |HocTb ocHaleHusi oGopy-
ThbIX BELLECTB ZloBaHuWs
4 |YacTtnyHoe B3pbIBaHME Ha «MOAMOPHYHO Mpu gonycTMbIX ropHO-
CTEHKY» B 3aXume reonorm4ecknx yCnoBumsix
5 | BkckaBauma NOpoa pbiXov BCKPbILUK OTtcyTcTBHe Mpwn aonNycTUMBIX rOpHO-
6e3 npeaeapuTenbHOro 6ypoB3pLIBHOMO |BbIGPOCOB ra3oB | reonorMyecknx yCnoBmsax
pbIXneHns npu B3pbIBaHUN
6 |[WUcnonb3oBaHune rugposabonikn, yknagka OkoHOMUYECKas Lieneco-
Hap, CKBa)KMHaMM €MKOCTEN C BOAON obpasHocTb
7 |Wcnonb3oBaHne nHepTHOM 3abonku CHwxeHve Bbl-
CKBaXXVH He MeHee 16 % ©pocoB Nbinu
B atmocdepy
0o 10 r/T pobwbI-
BaeMOW ropHom
macchbl
8 |Ucnonb3oBaHne ectectBeHHOW 06B0a4- | CHWkeHne Bbl- | [py AONYCTUMBIX FOPHO-

©pocoB Nbinn

B atmocdepy
80 10 r/T pobbi-
BaeMOW ropHon
macchbl

reonornv4eckmnx ycnoBmax
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HAT 9. CHMxxeHne aMuccuin Npu npoueccax oreasoodpasoBaHuA

HAT cocTtouT B YMEHBLUEHMM 3MUCCUI, 0OpasyroLLMXCst MPKU Npoueccax oTeanoobpa-

30BaHns. Ucnonb3oBaHme xoTs 6bl 04HOrO U3 METOAOB, NMPUBEAEHHbIX B Tabnuvue 5.6.

Tabnuua 56 — Onucanve HOT 9

MeToa/obopyaoBaHue

MokasaTtenu

OrpaHnueHus
B MCNONb30OBaHUN

CBop cToYHbIX BOA, COBMparoLLMXCs Ha
nnowiaasax oTearnos, B IMAPOTEXHNYE-
CKME COOPYXEHNSA

WcknroyeHne no-
nagaHus CTou-
HbIX BOZ, B Npu-
pOLHbIE BOAHBIE

rpaHvLe 3emMensHOro oTeoAa BAOMNb OT-
BarioB PbIXNON BCKPbILLK (MOcCaaka fe-
peBbLEB)

neHna no 55r
NbIW/T rOPHON
Macchbl, NocTy-
naroLlen B oTea-
bl

06beKTbl
2 |BoBnedeHne cToYHbIX BOA B 0O0POTHBIN | CHKEHNE uc- | Mpy TEXHUYECKON BO3-
LMK TEXHUYECKOrO BOAOCHabXeHMA nonb3oBaHMA MOXHOCTH
NPUPOAHLIX BOA
Ha NPOMbILLNEH-
Hble HyXAabl
3 |MNepekadka CTOYHbIX BOA 13 ruapoTex- | UcknioueHune Mpw TexHnueckon Bo3-
HNYECKMNX COOPYKEHWI NPU OTBanax cBpoca CTOUHBIX |MOXHOCTK
B XBOCTOXpaHUuLLe BOA
4 | YcTponcTeo necosawmtHon nonockl no | CHwkeHue nbl- | Mpu oTcyTcTBUM ecTecT-

BEHHOWN necos3aluTbl

HAOT 10. Npou3BoAcCTBEeHHbIN NPOLIECC A06LIYM Xene3HbIX Py NOA3eMHbIM
cnoco6om

HAOT coctouTt B 3(pheKTUBHOM TEXHOSNOMMYECKOM npouecce A0ObIuM XENE3HbIX Py4
nyTeM MPOBEAEHNS CUCTEMbI MOA3EMHbIX BbIpaboTOK NOA TONWEN NEepeKpbIBaOLLUX Mopog
(cm. 2.2).

HAT 11. NpoBeaeHue ropHbIX BbIPaboTOK U NPUMEHEHUe cUcTeM oTpaboTkn
€ UCMOJNIb30BaHUEM COBPEMEHHOr0 BbICOKONPOU3BOAUTESNILHOIO CaMOXO4HOIO
obopyanoBaHus

HAOT coctouT B Nepexofe Ha COBPEMEHHYH BbICOKOMNPOU3BOAUTENBHYIO FOPHYHO TEX-
HUKY Ans OypeHns, kpenneHus, AobblYHBIX Onepaunii u TPaHCNOPTUPOBKN FOPHOM Macchl B
MOA3EMHBIX YCINOBMAX OTPabOTKN XenesopyaHbIX MmecTopoxaeHun. OGecnedvBaeT 3Hauu-
TelnbHOE CHWXEHME [0 NOCTOSHHBIX 3aTpaT, 6e3onacHoCTb, 3proHOMUKY, KOMMOPTHBIE YC-
noeums paboTbl AN ONEpaTopoB 1 OBCNYXKMBAKLLErO NepcoHana, SKoOHOMWUIO 3Hepropecyp-
COB 1 MaTepuanos (cM. Tabnuuy 5.7).
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Tabnuuya 5.7 — Onucanue HAT 11

OrpaHuyenus

MeToa/o6opyaoBaHue Mokasarenu
B UCMOMb30BaHUU

O6opynoBaHve obnaagaeT  BbicOkMM |lMoBbilweHMe  npous-|Mpn AONYCTUMBIX FOPHO-
YPOBHEM MPOW3BOAMTENBHOCTU U aBTO-|BOAUTENBHOCTA  Ha|rEONOrUYECKUX YCIOBUSIX.

MaTtmMsaumMm TexHonorudeckux npouec-|20 % — 50 % JKoHOMMYeckaa ueneco-
COB, YTO MO3BONAET yBENWYMBaTbL TEM- obpasHocTb

Mbl AOBbLIMM N KOHLEHTPUPOBATE FOPHbIE

paboTbl

OCHOBHblE MpenMyLLEecTBa COBPEMEHHOIO CaMOXOZHOro obopynoBaHMA — ynyulle-
HVe 6e30MacHOCTM U NPOU3BOAUTENBHOCTY, MUHUMM3ALMA NOTEPb U pasybokuBaHUa pyabl,
3pProHoOMUKa 1 KOMPOPTHBIE YCNOBUA. DKCMIyaTaums yCTaHOBOK OYMCTHOIO BypeHns ¢ BbICO-
KM YPOBHEM aBTOMaTW3aLMX TEXHOMOrMYeCckoro npouecca U No3ULMOHMPOBaHWEM MO3BO-
NSEeT 4OCTUYb HecnpeLeneHTHO BbICOKON NPOU3BOAUTENBHOCTW, TOYHOCTU U NPSIMONMHENHO-
CTU ckBaxXuH. [NepenoBble MEXaHM3NPOBAaHHbIE KOMMMEKCHI AMNsi YCTAHOBKU aHKEPOB, HaHe-
ceHus BeTOHHBIX cMecel obecrneYnBartoT onepaTMBHOE KpPEMneHUe 3Ha4YMTENbHbIX NnoLaaen
OBHaXXEeHWI TOpPHbIX BbIPaboToK, B BOMBLUMHCTBE Cry4aeB MO3BONSIIOT BbITECHUTb TSHKENbIe
BMAbI KPEMEN U NCMONb30BaHNE KPEMEXHOro neca, AepeBsaHHbIX 3aTsbkkn 1 3abyTtosku. Ma-
LWMHBI Ana BypeHWs BOCCTaOLMX BEPTUKamNbHBLIX M HAKMOHHBIX CKB2XKWMH KPYTNOro CeYeHUs
avameTpom go 3000 mm anuHoi go 100 M B AnunHy u nog, yrnom ao 70° cnocobHbl 6yputs Mo
O4YeHb KPEMnKMM nopodam 1 ngeansHO NOAXOANT ANs COOPYKEHUSI PyAOCNYCKOB, BEHTUNALN-
OHHbIX CKB&XWH, X0AKOB M T.N. (6e3 npuMeHeHWs B3pbIBHbIX paboT). [lorpy3oyHo-
LOCTaBOYHblE MaLLUMHbI CNOCOBHLI NpeogonesaTb GonbLume yknoHbl U BbICTPO Nepemelyarb-
CA Ha CyLLeCTBeHHble paccTosHWUA, obecneumBaTb BbICOKYH NPOU3BOAUTENBHOCTE C HWU3KOW
yhensHon cebecToMMOoCTbi0 NOrpysku 1 TpaHenoptuposaHus. MNAM n GypoBbie ycTaHOBKM C
3MEKTPUYECKUM MPUBOAOM MCMOMNb3YIOT 3KONOMMYECKN YUCTYIO 3MEKTPUYECKYIO SHEPrUO 1
obecneumBatoT nyudllMe YCroBUS TpyAa 3a CYET OTCYTCTBUS BbIXMOMHBLIX ra3oB, MEHbLUETO
ypoBHs1 BUuGpauuii u wyma. Kpome Toro, cHwkartcsa TpeboBaHmsa K BEHTUNSALMKU BbIpaboTok,
NPOVCXOANT COKPALLIEHWE PaCXOLHbIX MarepuanoB, TakMx Kak MOTOPHOE Macno u unbTps.l,
YBENUUUBAIOTCH UHTEPBANbI MEXAY TEXHUYECKUM 06CnyXMBaAHNEM.

HAT 12. Ucnonb3oBaHUe cOBPeMEHHbIX U3HOCOCTOMKUX MaTepuanoB

HAOT cocTouT B NPUMEHEHUN N3HOCOCTOMKMX 3NEMEHTOB M Haknagaok Ha pabo4yue op-
raHbl ropHoro obopypoBaHus U obecneunBaeT AONOMHUTENMBHYIO KOHCTPYKLMOHHYIO MPOY-
HOCTb U U3HOCOCTOMKOCTb, @ Takke NOBbLILLAIOT KOIPPULMEHT TEXHNYECKON rOTOBHOCTU Ma-
WKWH 1 obopyaoanus. MprumeHeHne BypoBbIX KOPOHOK W LUTAHI U3 COBPEMEHHBIX BbICOKO-
MPOYHbIX CNNABOB NO3BONSET A4OCTUYL BLICOKOW NPOM3BOAUTENBHOCTU N TOYHOCTU BypeHus,
CHWXeHUs cebecTonmocTn (cM. Tabnudy 5.8).

Tabnwuya 5.8 — Onncanve HAT 12

OrpaHunyeHnns
Metoa/o6opygoBaHue MokasaTtenun
B UCNONb30BaHUA
BbicokonpoyHble  cnnaebl, W3HOCOCTOMKME | CHUXEHWEe cebe-
Marepuansl croumoct Ha 3 % —
10 %
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HAT 13. CHkeHWe Harpy3ku Ha OKPYyXaroLlylo cpealy NyTeM COKpalLeHUA

OTBAasrioB NycCTbIX MOpoA
HAOT cocTout B cokpaleHnm 06LeMoB pasMeLlaeMbix Ha NMOCTOSIHHOE XpaHeHue nyc-

TbIX MOPOA W/MNU XBOCTOR oBoraLleHns, UCnomnb3ys UX ANs 3anonHeHWs! NMOA3EeMHbIX NyCToT
PYAHVKa N BOPOHOK 0BpYyLLIEHMS Ha MOBEPXHOCTU (CM. Tabnuuy 5.9).

Tabnwnya 5.9 — Onmcanve HAT 13

OrpaHunyeHus

Metoa/obopyaoBaHue MNokasarenu
B UCMONb30BaHUN

Cyxas 3aknagka, rmgpaenuyeckue 3akna- |CokpawjeHve ot-(lpyM  [onycTuMbIX  FOpHO-
[O4YHblE CMecH (CryleHHas nynena, nac- |BanoB MyCTbIX MO- [ re0NorMyecknux yCnoBusix.
TooBpa3HbI Matepuan) ¢ TeepaeowmMmn | pog Ha 15 % —| JkoHoMUYeckan Lenecoot-
nobaskamu (Mnu 6e3 HKX) (Hanpumep, Ue- |40 % pas3HoCTb

MEHT, JOMEHHbIV Lnak, 30na)

HAT 14. YacTtoTHOE perynupoBaHue NPUBOAHLIX ABUraTernen yCtaHoOBOK
rnaBHOro U BCrioMoraTenbHOro NPoBeTPMBaHUsA U BOAOOTNUBA AN NOA3EMHOMN
OoObIun

HOT cocTtouT B NPYMEHEHUM YacTOTHOrO PErynmpoBaHns YIIOBOW CKOPOCTW BpaLle-
HUS 3MEKTPOMNPUBOAA C 8CUHXPOHHBIM (CMHXPOHHBLIM) ABUraTtenemM u no3BONSET B LUMPOKOM
WHTEpBane NnaBHO M3MEHsTb O00OpOThI BpaLLEHUS Kak BbIle, Tak U HWKE HOMMUHAamNbHbIX
3HaYeHMN JNA HACOCHOrO N BEHTUNATOPHOro npmeoga. CnocobCcTByeT ncnonb3osaHuo 060-
pysosaHus ¢ ontumarnbHeiM KM, SKOHOMUM 3MEKTPOSHEPTUM, MOHWKEHUIO 3aTpaTr Ha 3KC-
niyataumio 1 NoBbILLEHMIO CPOKOB Cry»Obl 3NEKTPUYECKON U MexaHNYeckoln Yactn obopyao-
BaHus (cM. Tabnumuy 5.10).

Tabnwuuya 5.10 — Onucanne HAT 14

OrpaHunyeHus

MeTtoa/obopygosaHue Mokasarenu
B MCNONb30BaHUA

CunCTEMbl U3 OCHOBHOrO M BCMOMOraTesib- | QKOHOMUST  3NneK- | IKOHOMMYECKAs LIenecoob-
Horo OBOpYyAOBaHUS TEXHUYECKUX U MPO-|TPO3HEPrin Ha | pa3sHoCTb

rPaMMHbIX CPEACTB, chnyxawmux ans Bbl-|5 % — 20 %
NONMHEHWs ASNCTBUA MO YaCTOTHOMY pery-
TNIMPOBAHMIO B TEXHOMOTMYECKNX NpoLec-
cax NpoBeTpUBaHUS 1 BOAOOTNMBA

HAOT 15. Ucnonb3oBaHue He3ANEKTPUUYECKUX CUCTEM MHULIMMPOBaHUA ANs
BeJeHUA B3pbIBHbIX paboT B NOA3eMHbIX YCROBUSIX

HAOT coctouT B NPpUMEHEHWM CUCTEMBI YCTPOWCTB M METOLOB Nepefayvm HesneKkTpu-
YECKOro MHULIMMPYIOLLEro UMMynbca OT MEPBUYHOrO MHULMAaTOpa Yepes yAapHO-BOMHOBYHO
TPYBKy K MPOMEXYTOYHOMY HE3NeKTpudeckoMy AetoHaTtopy. Heanekrpuueckue cucTemsl
WHULUMMPOBAaHMSA B CpPaBHEHUN C TPaaMUMOHHLIMKN oBycrnoBneHbl 6onee BbICOKON HafeXHO-
CTbHO, ©6e30nacHOCTB U MO3BONAIT cospaBaTtb CxXeMbl KOpPOTKO3aMe[NeHHOro B3pblBaHNA
3apAL0B C BbICOKUMWN BO3MOXHOCTAMM YNPaBIEHUA 3HEPTUEN B3PbIBA.
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Tabnwuuya 5.11 — Onucanue HAT 15

Ne OrpaHuyexuns
Metoa/o6opynoBaHue Mokasatenu
B MCMNOMNb30BaHUA

1 [HeanekTpnueckue BOSTHOBOAHbLIE CUC- HapexHocTb,
TeMbI B3pbIBaHWUSA HEYYBCTBUTENbHbI K 6esonacHoCTb
Bny>xaarowym 1 Apyrum noCTOPOHHUM
TOKaMm.

HAT 16. CHukeHne aMmuccuin B npoueccax ApobreHUs U rPOXOoUeHUs! XKene3HbIX

pya
HOT cocTouT B yMeHbLUEHWUM 3MUCCUi, 0Bpasylowmxcs B npoueccax aApodneHus v

rpoxoyeHns apobneHon pyael. Micnonb3oBaHue xoTa 66l OAHOIO U3 METOAOB, NPUBEAEHHBIX
B Tabnmuye 5.12.

Tabnwuya 5.12 — Onucanune HAT 16

Ne OrpaHuyeHus
MeTtopa/o6opynoBaHune MNokasaTtenun
n/n B UCMONb30BaHUN
1 |Wcnonb3oBaHue acnupaumoHHbIx ycTa- | CHwkeHue Bol- | Hanuuve nnowaaen ans
HOBOK C 3(PPEKTMBHOCTBIO Mbineynae- | Bpocos nbinv pasMeLLeHNst yCTaHOBOK
nmeaHus He Hwke 90 % B Kopnycax B OKPY>KaIOLLYIO [ OYMCTKM acnnpaumMoHHOro
LpobneHVsi, rPOXOYeHNs Py abl, @ Takke |cpeny Hke BO3/lyxa B HEMOCPEACT-
B MecTax neperpysok Ha koHeeniepHoM |40 /T pyabl BEHHOW 6nm3ocTn ¢ Npo-
TpaHcrnopTe N3BOACTBEHHLIM KOPMYyCOM
UNU HenocCpeACTBEHHO B
Kopnyce
2 | OpraHusaumsa cuctemel 060POTHOrO WcknioveHne
TEXHWYECKOro BogocHabxeHns 4po- cBpocoB CTOY-
BUNEHO-COPTUPOBOYHBLIX habpuK, OTAS- | HbIX BOA B OKPY-
neHna apobneHns, oboratnTenbHbIX XaroLLyto cpeay
habpuk

HAOT 17. Mpou3BoACTBeHHbIN NPoLecc ob6oraleHus XenesHbix pyn MeTogom
M3MesibYEeHUSA C NOCreayWnM pasaeneHmem nosie3Horo KOMMOHEHTa U NyCTON
nopoabl

HOT coctout B 3P(EKTUBHOM, 3KOMOMMYECKU YMCTOM TEXHOMOrMYeckoM npoLecce
NMpPOM3BOACTBA KENE30PYAHOrO ChIPbSA U3 PyAbl C HASKUM CoLepXaHneM xeneaa (Hwke 50 %)
nyTeM U3MENbYEHMS 1 NOCNEAYHLLEro OTAENEHNS MOME3HOrO KOMMOHEHTA 1 NYCTON NOpoAbI
(cm. 2.3).

HAOT 18. O6ecneueHne cTabUNbLHOCTU NPOU3BOACTBEHHOrO NpoLecca
oboraieHus, CHMKeHMe 3HepreTUYecKnx U matepuasibHbIX 3aTpar B TEXHONOrUn

oboraweHus
HOT cocTonT B 3 (HEKTUBHOM MCMOMNB30BaAHNW N3MENBYUTENBHOTO U 0BoraTuTensHO-

ro oBopynoBaHnsa, MOHUTOPUHre amuccuii. McnonbaosaHue xoTs Obl OAHOMO W3 METOAOB,
npveeaeHHbIx B Tabnuue 5.13.
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Ta6bnwuya 5.13 — Onucanve HAT 18

MeToa/o6opypoBaHue

Mokasatenu

OrpaHuyexuns
B UCMOMb30BaHUN

Mokpoe camonsmMernbUYeHUE XeNesHbIxX
pya nyTem npuMeHeHUs MesbHUL, camo-
W3MEnNbYEHUs AnameTpom ot 4,6 oo

11 M o6beMoM ot 45 10 460 M3 1 pya-
HO-rarneyHble MesbHULY

OTcyTcTBUE BbI-
6pocoB nbinu

MpyMeHMMO Npy UCNonb-
30BaHUM O4HOM CTaaun
KpynHoro apobnexHuns pya,

Mokpoe usMernbYeHre XenesHbiX pya
nyTeM NPUMEHEHUsI MESbHUL, C Mento-
UMM Tenamm

OTcyTcTBUE Bbi-
6pocoB nbinn

MpuymeHMmo npu ncnonb-
3oBaHum Bornee aByx cTa-
Av apobnenus pya, a
TaKke ANA 4OBOAKM U3-
MEJIbYEHHOTO KOHL|eHTpa-
Ta

Knaccndukauusa namenbYeHHbIX YacTuLy
PyZbl C MOMOLLBKO MOKPOro BUBPaLMOH-
HOrO TOHKOrO FPOXOYEHUS, B ABYXCMU-
panbHbIX kKnaccudukaTopax, rmapoum-

CHwxeHue 3Hep-
reTU4ecknx  3a-
Tpat po 10 %,
UCKIOYeHne ne-

[MpymMeHMo npyu HanM4YMK
NPOVN3BOACTBEHHBIX  MNO-
Wwanem mn COOTBETCTBYHO-
LMX CBOWCTB M3MenbYae-

KIOHax pen3menbYeHnst | Mo pyabl
O6oralyeHue xenesHbix pys metogom | CHKeHne aHep-
MarHuTHOW cenapauun C UCMOMb30Ba-  |FeTUYECKMX — 3a-

Huem BapabaHoB onameTpom Gonee
90 cm

Tpat go 10 %

Ob6e3BOXMBaHWE KOHLEHTPATOB C MO-
MOLLbHO KepaMUYeCKNX BaKyyM-
PUnNbTPOB

CHwxeHune
yaAenbHbIX SHep-
reTU4ecKkmx 3a-
Tpat Ha 5 %

[MpymMeHMOo npy OTCyTCT-
BMW METarnn4yeckmx Yac-
TUL, B KOHLEHTpaTe npu
TEXHOMOIMYECKOW Liene-
c0o06pasHOCTH, Hanu4m
NPON3BOLCTBEHHLIX MO~
Wwaaen

MpvMeHeHWe MarHUTHOM gelunamaumm
nepes MarHUTHOM cenapaumnen

CHwxeHne aHep-
reTU4eckmx 3a-
Tpat Ha 4 % —
7%

MpumeHnmo gna marHeTn-
TOBbIX KOHLIEHTPaTOB Mpu
TEXHONOrM4ecKomn Liene-
coobpasHocTn

MpumeHeHne cryctutenen nepes
hunbTpoBaHEM

MoBbliweHre Ka-
YyecTBa KOHLUEH-
TpaTa, CHWKeHue
SHEepreTU4YecKnx
3aTpat 8o 3 %

[MpyMeHUMOo npu Hanu4un
NMPOM3BOACTBEHHbLIX MM0-
wagen ans ycTaHoBKM
cryctutensa n npu TexHo-
JIOr4Yeckon Lienecoob-
pasHoCTH
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MeToa/obopyaoBaHue

MokasaTtenun

OrpaHunveHus
B UCMOMb30BaHUN

MprmMeHeHMe BbICOKO3MPMEKTUBHbBIX (C
3 PEKTUBHOCTL OYUCTKM Bbile 95 %)
YCT@HOBOK ra3004MCTKM OT MbInv B NPO-

Lieccax CyLUKM KOHLeHTpaTa

CHwxeHwe BbI-
©pocoB MbINn [0
40r/T cyweHoro
KOHLeHTpaTa B
OTXOASLLUMX ra-
3ax

MprmeHMO B Npoueccax
CYLLKM KOHL|eHTpaTa Lo
BNaXXHOCTU HWKe 5%

HAT 19. Mpouecc okyckoBaHUA XKerne3opyaHoro Cbipba NyTeM NPou3BoacTBa
060XCKEHHBbIX OKUCIIEHHbIX OKaTbIlen
HAOT cocTouT B 3HepreTnyeckn adeKTMBHOM U 3KOMOMMYECKM YMCTOM Cnocobe Oky-
CKOBaHMWA XENe3Opy4HOro Cbipbsl, TEPMUYECKON 0OpaboTke OKYCKOBaHHOMO CbIpOro Mare-
pvana — CbipbIX OKaTbILE Ha OBXMIroBbIX MalLMHaxX KOHBEepHOro Tuna (cMm. n. 2.4).

HAOT 20. O6ecnevyeHne cTabULHOCTU NPOM3BOACTBEHHOIO Npouecca
OKYCKOBaHWA, CHUXXEHUE 3HepPreTMUYEeCKUX U MaTtepuanbHbIX 3aTpar B TEXHONOrun
Npou3BoOACTBa 000X KEHHbIX OKaTbIWwen
HAOT coctout B adpdeKTUBHOM MCronb3oBaHMn obopyaoBaHus dabprk OKOMKOBaHWS,
CHWXKEHUW TENNOBbIX NOTEPb, SHEPreTUYECKMX 3aTpaTt U MOHUTOPUHre amuccuii. Mcnonbao-
BaHue xoTs Bbl O4HOrO N3 METOAO0B, NPMBEAEHHbIX B Tabnuue 5.14.

Tabnuua 5.14 — Onucanune HAT 20

MeToa/o6opyaoBanue

Mokasarenu

OrpaHunyexuns
B MCNOMb30BaHUA

MpvmeHeHre HedbopMOBaHHbIX
OrHeymnopHbIX MaTepuanos Ans
PyTEPOBKM OBXKMIOBLIX MaLLWH

CHwxeHune pacxoaa Ton-
nvBa Ha 5 % — 10 %, no-
BbilweHne KO Ha 3 % —
5%

MpymeHM Npu TexHorno-
rmyeckomn Lenecoobpas-
HOCTU

Mcnonb3oBaHmne KOHCTPYKLMN
MepeTOYHOro KonnekTopa

C nepemMeHHbIM cedveHnem, nnn
HECKOIBbKNX MEPETOYHbIX KOr-
TEKTOPOB

CHwxkeHue pacxoga Ton-
nmBaHa5 % —10%

MpUMEHUMO Npu PEKOHCT-
pyKUUK AeNCTBYIOLLMX 06-
XKWroBbIX MaLlWH, Npu
NPOEKTUPOBaHUN HOBbIX,
npw OTCYTCTBUM rEOMET-
PUHECKMX OrpaHU4eHUi

MpvmMeHeHme anekTpohunnbT-
POB UMK APYIrVX MblNerasooym-
CTHbIX YCTaHOBOK C HU3KUM ra-
30ANHAMNYECKM COMPOTUB-
NeHneM, ¢ 3PPEKTUBHOCTBIO
MblNeynaBnmMBaHns He HKe
95 % ONs OYUCTKM rasosbIX Mo-
TOKOB C OOXWUrOBO MallVHbI

CHwxeHne BbIBPOCOB MNbl-
NN OTXOASALLMX ra3oB A0
600 r/T roToBOM NPOAYK-
Lym

MpyMeHMOo npy HanU4UMM
NPOW3BOACTBEHHLIX MO~
LWaaen ans pasmeLweHus
YCTaHOBOK MbINIEOYNCTKA
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OkoHyaHue mabnuusi 5.14

OrpaHunyenmns
B UCNONb30BaHUU

MeTtoa/o6opyaoBaHme Mokasarenu

4 | MNpuMmeHeHne UHXEKLMOHHBIX
FOPEsIoK UM ropenoYHbIX YCT-
POWCTB CO CHWPKEHHbIM 06pa-
3osaHnem NOx

MpUMEHUMO NpU PEKOHCT-
pYKUMM fenCTBYOLLMX 06-
XUroBbIX MawlnH, NCNOMb-
3YHOLWNX B KAYECTBE TOM-
NMBa NPUPOAHLIN ras, unu
npwv NPOEKTUPOBaHUN HO-
BbIX C UICNonb3oBaHnem
NpUpoAHOro rasa

CHWKeHMe 3arpsasHsoLLMX
rasoBbIX BbIGPOCOB (OKCU-
aoB asoTta) Ha 10 % —

50 %

HAT 21. Npon3BoACTBO Xene3opyaHOro Chipbsl C BbICOKAM COAEpXKaHUEM
Xernesa MeTannMyeckoro no TeXHOSIOrMM NPSIMOro BOCCTAaHOBSIEHUS XKerle3a
B WIAaXTHbIX NeYyax MeTannmsaumm

HAOT cocTout B cnocobe Npou3BoACTBa KENEe30PYLHOro Chipbsi C BbICOKUM COfepKa-
HWEeM YUCTOro Xenesa ANs CTanennaBunbHbIX NeYer, MUHYs arnogoMeHHOe NMPOoU3BOACTEO.
MeTannusoBaHHOe Cbipbe OTNNYAETCHA BbICOKOW YUCTOTOM MO NPUMECAM LIBETHBIX METAOB,
MCMonb3yeTca AMA BbiNMaBKN BbICOKOKAYECTBEHHLIX cTanel. Havbonblwee pacnpoctpaHe-
Hye nony4unu TexHonor MIDREX n HYL-III, oTnuyatomecs BeICOKOM NpOU3BOAUTENHO-
CTbHO, OTHOCUTENBHO HU3KNMU SHEPreTuYeckMmMn 3atparamu (cm. 2.5).

HAOT 22. O6ecneyeHne cTabunNbLHOCTN NPOU3BOACTBEHHONO NpoLecca NPsIMoro
BOCCTaHOBIEHUSA Xerne3a, CHWKEHNE SHEePreTUYEeCKUX U MatepuarnbHbIX 3aTpar
B TEXHOJIOMMM NMPOU3BOACTBA METANNIM30BAHHOIO CbIpbA

HAOT coctout B 3dpPEKTUBHOM UCMONb30BaHUM 06OPYAOBaHUSI YCTAHOBOK MeTannu-
3aUMKM, CHDKEHUM SHEPreTUYeCKMX 3aTpaTr U MOHWUTOPUHre ammuccuin. UcnonbaoBaHne xoTs
Obl O4HOIO N3 METOAOB, NPUBEAEHHBLIX B Tabnuuye 5.15.

Tabnuya 5.15 — Onucanne HOT 22

Mepa 13 mMeTarna BbICOKO-
TemneparypHON CTOMKOCTH

HOro uukna pedgopmepa,
MOBbILLEHNE NPOU3BOAN-
TENbHOCTM YCTaHOBKN Me-
Tannmsauum o 1 %

Ne OrpaHnyeHns
MeToa/o6opyaoBaHue Mokasarenu
n/n B MCNOMNb30BaHUK
1 |MNpumeHeHune Tpyb pedop- |loBbilLeHWE MEXPEMOHT-  |[pUMEHUM NpU TEXHOMNOMK-

YeCcKon LenecoobpasHocTu

MpuMeHeHne KNCIIOPOAHOM
VHXEKLIMW Ha yCTaHOBKax
MeTannmsaumm

MoBbiWweHne npon3eoan-
TENbHOCTU YCTaHOBKN Me-
Tanmmsaumm Ha 5 % —

15 %, CH/XeHue yaenbHbIX
SHEepreTUYecknx 3aTpar Ha
2% —5%

MpuMeHnMo Npu Han4Mn
VN CTPOUTENBLCTBE BO3AY-
XxopasgenutensHon ycTa-
HOBKM
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Ne OrpaHnyeHnus
MeToa/o6opyasoBaHue Mokasarenu

n/n B MCMONb30BaHNN

3 |MNpumeHeHne koHBenepoB | MoBbIWEHME NPOYHOCTHBIX | MpUMEHNMO Npy Hanu4Mm

MeANEHHOro OXNaxaeHWs
npv NPON3BOACTBE ropsiye-
OPUKETMPOBAHHOTO Xenesa

ceovicTe MBXX Ha 5 % —
10 %, cHwkeHVne obpasosa-
HWSE MEnoYM Npun TpaHcrop-

MPOV3BOACTBEHHbIX NIIO-
Lagen Ha fenCTBYHOLLMX
yCTaHOBKax Unu npw cTpou-

TUPOBKe TeNbCTBE HOBLIX

HAOT 23. CHxeHne HeopPraHM3OBaHHbIX BbIOPOCOB 3arpsi3HSAIOWMUX BelLecTB

B npoueccax nepepaboTku xenesHbIX pya

HAOT cocToUT B CHWKEHUW MbINEHUs OTBaNOB PbIXJIOA BCKPbLILLKM, XBOCTOXPAHMNNLLA,
CKNazoB roToBON npogykumn. MicnonssoBaHue xots Obl 0LHOrO M3 METOAOB, MNPVBELEHHbIX B

Tabnvue 5.16.
Tabnuuya 5.16 — Onucanne HAT 23

MeTtoa/obopynoBaHue

[Mokasatenn

OrpaHudexus
B MCMOIb30BaHUM

1 | YCTponcTBo NecosawmTHOM Nonocsl no
rpaHnLEe 3eMenbHOro OTBOAA Ha OTBa-
nax pbIXMoW BCKpbILLK (Nocaaka ae-
pEeBLEB)

CHwxeHWe nbl-
TNEHVS OTBanoB
80 55 r nbinn/T
rOpHOM Macchl,
rocTynaroLen B
oTBan

MpymeHMm npu oTCyTCT-
BUW €CTECTBEHHOWN Neco-
3aLUMTbI, 38 UCKNIOYEHNEM
pawnoHoB KpanHero Cese-

pa

2 |MpyMeHeHne opoLLEHNS NbIMNALLMX
nnowaaen XxBoCToxpaHunma Bogom

CobniogeHuve ru-
MEHNYECKNX
HOpPMaTMBOB B
arMmocdepHoM
BO3/yXe 1 BO3-
ayxe paboyen
30HbI

3 |MprmeHeHne opoweHns NbINAWMX
nnoLwaaen XBocToxpaHmnua ¢ uc-
Nonb30BaHNEM 3aKPENNALLNX pacTBo-
pOB C peareHTamu

Cobntoaenve ru-
MMEHNYECKUX
HOpPMAaTUBOR B
armocdepHoM
BO3JlyX€ 1 BO3-
ayxe pabouen
30HbI

MpymeHum npu oTCyTCT-
BMWU BO3MOXHOCTW MOCTO-
SIHHOTO opoLleHusi 06o-
POTHOW, rPYHTOBOW UK
NOBEPXHOCTHOW BOAON

MpVIMeHeHWe MbINENOAaBNSIOLLMX Ma-
Tepuanos Ha TEXHONOMMYECKUX aBTOA0-
porax

CobntoaeHve ru-
MMEHNYECKUX
HOpMaT1BOB

B aTMOC(EPHOM
BO34yXe U BO3-
ayxe pabouen
30HbI

MpymeHum npu oTCyTCT-
BMWN BO3MOXXHOCTW OpoLLIe-
HKUA 06OPOTHOWN, rPYHTO-
BOW UNW NOBEPXHOCTHOMN
BOAOW
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OkoHyvaHue mabnuupl 5.16

MPOAYKLMM, MPOMEXYTOUHBIX CKI1a40B
Ccbipbs

nenHmnsa o 60 r
NbINW/T XBOCTOB

Ne OrpaHundeHuns
MeTopn/o6opyaoBanve Mokasarenu

n/n B MCMONb30BaHUN

5 | OpoLlueHve aBTogopor, cknagoe rotosov | CHkeHre nbl- | MpUMEeHUM npu OTCyTCT-

BWUMK OrPaHUYeHnn Ha
B3aMOJENCTBUA MaTe-
puanos ¢ BoAOK

CaHuTapHo-rurmeHnyeckan n éuonoru-
yeckas pekynbTMBaLmus OTKOCOB AaMb
XBOCTOXPaHUMNULLA: CYTTIMHKOM, YEPHO-
3eMOM, WwebHeM Unu ckanbHbIM IPYHTOM
uiunun Grnonornyeckas pekynsTUeaLms

CHWxeHue Nbl-
nenHna no 60 r
NbINW/T XBOCTOB

HAOT 24. PeumnknuHr xenesocoaepxaiymx wrnamos
HAOT cocTouT B MCMONBL30BaHWUN XENe30CoAepXKalLlmX LUNamMmoB B Ka4YeCTBe LLUMXTOBOrO
Marepvana npu npon3BOACTBE XENne3opyaHbIX OKaTbIen unn TOBapHOW npoaykuun. Uc-

nons3oBaHWe MeToaa, NpueeaeHHoro B Tabnuue 5.17.

Tabnwuua 5.17 — Onucanne HAOT 24

MeToga/ob6opyaoBaHue

Mokasatenu

OrpaHuyeHus
B UCNOMNb30BaHWUN

HOMOTMYECKUIA NpoUecc nepepaboTkn

B ka4eCTBe TOBapHOro NpoayKTa

1 | Bo3sspar xene3opyaHbiX LUNaMOB B TEX-

XKenesHbiX pya unu ero ucnonb3osaHne

CHwxeHune 3a-
Tpat marepu-
anbHbIX pecyp-
coB

MpuMeHnM Npr Hannuum
KenesopyaHbIX LLUNamMos,
9KOHOMMYECKON Lieneco-
06pa3HoCcTu Ux Bo3Bpara
B TEXHOMOMMYECKUIA Npo-
uecc

HAOT 25. CHuxeHne cOPOCOB CTOYHBLIX BOA B NpoLeccax Aobbiun u nepepaboTku

XenesHbIX pya

HAT coctout B CHWXeHUN cOpoCcoB CTOYHLIX BoA. Mcnonb3oBaHue xoTs Gbl 04HOro U3

METOA0B, NpuBeAEHHbIX B Tabnuue 5.18.

Tabnuua 5.18 — Onncanne HAT 25

LocHabXeHWsl BO BCex nepegenax npo-

W3BOACTBA XKEeNes3opy4HOro Cbipbs

cbpocos 3arpsas-

HEHHOW BOAbI

Ne OrpaHuyenns
Metoa/obopyaosaHue Mokasatenu
n/n B MCMOMNb30BaHWUN
1 | OpraHu3aaumsa cucteM o6opOTHOro BO- Ncknrouerne MprMeHUM Npr 3KOHOMU-

YecKkon LienecoobpasHo-
ctm
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Ne OrpaHuyeruns
MeTogn/o6opyaosaHve Mokaszarenu
n/n B MCMOMNb30BaHNN

2 |MakcumaneHO BO3MOXHOE MUCnonbk3oBa- | MuHMMM3aums MpymeHnm B 3aBUCUMOCTH

HWe Nnoj3eMHo-ApeHaxHbIX Bog B 06o- | cBpocos gpe- OT Ka4eCTBEHHbIX Nnokasa-
POTHOW CUCTEME TEXHUHECKOrO BOAO- HaXKHBIX BOZ, Tenewn LpeHaxHo Boabl 1
CHabXeHua npeanpuaTUs CHWXeHWe no- TpeboBaHuWin 060pOTHBLIX
TpebneHus umc- | LmMKnoB
TOW BOAbI U3

NPUPOAHbLIX BOA-
HbIX 0ObEeKToB

3 | Ounctka MMHepanu3oBaHHbIX kapbep- | MuHMMKUsaums MpumeHuM npu TexHorno-
HbIX U LLUAXTHbIX BOA C UX BKIMOYEHNEM B |COpOCOB WwaxT- | ruyeckon yenecoobpas-
CUCTEMY TEXHUYECKOrO 060POTHOMO BO- | HbIX M Kapbep- HOCTW

AocHabxeHua HbIX BOZ,, CHWKe-
Hue notpebne-
HUS YUCTOW BoAbI
13 NPUPOAHbIX
BOAHbIX OOBbEK-
TOB

Pasgen 6. dkoHOMMuYeCcKue acnekTbl peanusauvun HOT

OKOHOMUWYECKNE CBEAEHWSA, XapaKTepur3yroLme NPYUMEHEHNE TEX UIMN WHBIX PELUEHWUN,
KOTOpbIE pacCMaTpUBAIOTCS B Ka4YeCTBE «KaHAWAATOB» ANS BKMOYEHWUS B NEpeyeHb Hau-
NyYLIMX AOCTYMHBIX TEXHOMOIMIA, KpaliHe CROXHO cobpaTk M cuctemaTtnsnpoeatb. bonee To-
ro, 3KOHOMWYECKNE MOKa3aTenn He yaaeTcs COOTHECTU C 9KCTepHanbHbIMM 3aTpatamu, 3a-
Tpatamm oOLecTBa Ha BO3MELLUEHVE Bpena, KOTOpbIN MOXET ObiTb HaHECEeH OKpyKatoLLen
cpeje v 300pOBLI0 YeroBekKa.

MosTomy B AaHHOM pasaene npefcTaBlieHbl CBEAEHUS O 3aTpaTtax KoMnaHWui, npume-
HAIOLMX Hambonee pacnpoCcTpaHeHHbIe peLLIeHNUs, HanpaBneHHble Ha NpeAoTBpaLleHe, Co-
KpaLLeHne HeraTMBHOrO BO3LENCTBUA 1 Ha NOBbILLEHWE pecypcoaddekTnBHocTU. B Tex cny-
Yyasix, Korga npeacraBnnacb BO3MOXHOCTb OTHECTW 3aTpaTbl K efuHuLe 06opyAoBaHus, K
efVHULEe nnowaan pyaHvka v np., B Tabnuuye 6.1 npueeLeHbl COOTBETCTBYHOLLME Pa3bscHe-
HUS.

Tabnuuya 6.1 — SKOHOMUYECKME acnekTsl peanusauum HOT

Metoa/obopyaoBaHue/meponpusiTme Opdpekr 3arparthl, TbIC. pyb.

1 | ObecneyeHre cknagnpoBaHusi XBOCTOB CHWXeHWe nbineHns
noJ BOAY U OPOLLEHME MbIALWKMX Nspken (a0 60 r Nbinn/T xBo-
XBOCTOXpaHWnuLLa C Uenblo npeaorepa- |cros

LLEHWA WX MbINeHns

857,5
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I_ll\jgn Metoa/o6opyaoBaHue/meponpusTue OdpdexT 3arpathl, ThiC. py6.
2 |lMokpbiTHE CyrnMHKOM (rmapocnocotom) WUckntouerne nbineHus
BPEMEHHO HEJKCTIyaTUPYEMbIX OTCEKOB | MPOMOPLMOHANLHO 65,5
XBOCTOXPaHUNWLLA ANsi UCKITIOYEHUS Mbl- | NNOLLaAN UCTOYHMKE
neHus
3 |Bronornyeckas pekynetnsaumsa otpabo- |UcknioueHue NbineHus
TaHHbIX Y4aCTKOB XBOCTOXPaHUIULLA, OT- [ NpOonopLMOHansHO
Bana pbIXJIOA BCKPbILLUM (MHOFONETHUMMN nnowaam NCToUHMKa 1,4
Tpaeamu, Nnocajka CesiHLEB akaLmmn unn
YepeHkoB obnenmxu)
4 |MNbinenopaBneHne obypeBaemMbix GNokoB | CHWKEHWe 3arpsaHe-
C NPUMEHEHMEM BOAbI U BSXKYLLMX PacTBO- |HMSA aTMOCEHEPHOTO
pos BO37yXa MbINbto A0 10,3
10 r/T pobbiBaemon
rOpHOM Macchbl
5 |MNonue skckaBaTopHbIX 3a00€eB, aBToAopor | CHWKeHWe 3arpsi3He-
B Kapbepe, Ha Tepputopun PY, UXX O, |Husa atmocdepHoro
Y3K 1 OOC, ACo BO3Ayxa MbiNbo 4o 67,1
10 r/T po6biBaemon
ropHOM Maccel
6 |lNprMeHeHne OpoLLEHMS NbINALLMX Mo- CHWxeHWe nbineHns
Lagen XBoCTOXpaHMLLa 3akpennsaowmm (4o 60 r Nbinu/T xeo- 41,9
pacTBOpOM peareHTa cTOoB
7 |lMNpumeHeHne nbinenogaenstowero mate- |CobniogeHne rurmeHn-
pwana Ha aeTogoporax kapbepa, 4Co, YeCKUX HOPMaTUBOB B
LUXX O®, PY aTtmocdepHOM BO3ay- 12,5
Xe 1 Bo3ayxe pabouen
30HbI
8 |PekpeauvoHHble Nnocasku U3 ApeBeCHO- CokparyeHue BTopud-
KYCTapHMKOBBIX KyNbTYP M MHOTOMETHUX  |HOro MbineoBpasosa- 98
TpaB Ha TEPPUTOPUSX, 3aKPENSEHHbIX 38  |HUA '
CTPYKTYPHbIMW NOApasaeneHmsamm
9 |CaHuTapHO-TMrMeHnyeckas pekynbTiea- | MCckoYeHue nblneHns
Lys OTKOCOB Aamb XBOCTOXpaHUNMLLa: nponopLuoHansHo 3,9
CYITIMHKOM YEPHO3EMOM nroLLasim UCTOYHMKa
10 |WcnonbsosaHue BB ¢ kncnopoaHbiM 6a- | CHbkeHVe BbIGPOCOB
naHcoM, Grnn3KnM K Hy IO raszos CO, NO, B
4995

2,5 pasa no cpaeHe-
HUIO CO LWTaTHbIM BB
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UTC 25-2017

Ne
n/n

MeToa/ob6opyaoBaHue/MeponpusTve

OdhhekT

3atparsl, TbiC. py6.

11

YcTaHoBKa CUCTEM acnmpauum ¢ nbine-
ynaBnvBaHvWeM B Kopriycax apoGneHus,
Ha neperpyakax, B 4pyrx Liexax

CHmKeHWe BbIOpocoB

bW, ynyyleHue yc-
noBwWi Tpyaa Ha pabo-
Yyem MecTe

0,1-0,6 Ha 1 M°/y
oyMLL2EMOrO ra-
3a, B 3aBNCKMO-
CTM OT TVNa npu-
MeHsiemoro o6o-

pynoBaHus
12 |Opranmnsauust cuctemol 060poTHOrO Tex- | UckntoueHne 3arpsis-
HUYECKOro BOAOCHAOXEHMS HSAOLWMX BbIGpOCOB 8-25 Ha 1 M1y
B MPUPOAHbIE BOAHBIE | OYMLLEHHOW BOAbI
00BbeKTbI
13 |MenbHMLa MOKPOro camonamenb4eHns MponsBoacTBO KOH- 200 000-220 000
MMC npowussoaguTensHocTbio 280 -320 T/4 |LeHTpaTa C BbICOKUM (obopynoBaHue,
no pyae cogepxaHvuem xenesa | 6es yyeta CMP)
14 |MenbHuua waposoro namensyerHus MUILL | JocTtuxkeHne Tpebye-
npounasoanTensHocTero 110 -130 T/4 o MOW cTeneHn namens- | 220 000-250 000
KOHLeHTpaTy YeHus Bes 3arpsas- (obopynoBaHue)
HsroLWMX BbIGpocoB
15 |MpumeHeHne BUOPALIMOHHBLIX FPOXOTOB HWXeHWe 3Heprosa-
P pay P C P 3000035000
TOHKOIO rPOX0YEeHNsA B 06oraTuTensHOM TpaT, NOBbILLEHMWE Ka-
(oGopypoBaHue)
nepeaene YyecTBa NpoayKuMu
16 |MpuMeHeHne MarHUTHbIX cenapaTtopos ¢ |lMoBbiweHWe Npon3so- 1500-2700
vcnonb3oBaHue 6apabaHoB anamMeTpoM | AUTENBHOCTU U CHU- (1 en. obopyao-
6onee 90 cm XEeHne aHeprosartpar BaHWS)
17 |MNpyumMeHeHWe MarHUTHOW Aelunamauum CHWxeHWe aHepreTu-
P A H P 180 000-200 000
YECKMX 3aTparT, CHUXKe-
(1 en. obopyno-
HWE COAEepPXKaHUS XKe-
BaHuA)
nesa B «XBOCTax»
18 |MpumeHeHne cryctuTtenen CHwxeHune sHepretn- | 100 000-250 000
Yeckux saTpar, noBbl- (1 cryctutenb
LeHne oqHOpOAHOCTH ¢ yyetom CMP
roTOBOrO KOHLEHTpaTa | B 3aBMCUMMOCTM
oT AnameTpa)
19 |MpumMeHeHne HedopMOBaHHbBIX OrHeYNop- | CHKEHWE TEnmnoBbIX

HbIX MaTepuarnos Ansa yTepoBKM 0GXUro-
BbIX MaLWH

noTepb, CHWKEHNE
yAenbHbIX pacxofoB
rasa u COOTBETCTBEHHO
3arpssHAILWLMX BoIOPO-
coB. CHWXeHue akc-
nnyaTaynoHHbIX 3a-
Tpar, noBbieHve KNO
obopypoBaHus

75-80 (cpepHas
cToumocTs 1 M?)
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OkoHyvaHue mabnuupl 6.1

Ne
n/n

MeToa/o6opyaoBaHue/MeponpusTue

Odpexr

3atparhbl, ThiC. py6.

20

MpUMeHeHne NepeToYHOro KOJNeKTopa
NepeMeHHOro ceyeHus

MoBbiweHne addex-
TUBHOCTU yTUNMN3aLmmn
Tenna, CHWKeHve
yAenbHbIX pacxonoB
rasa

120 000-150 000
(8NA peKoHCTPYK-

Lyw)

21 |MNpumeHeHne anekTpounbTpoB Ans oun- | CHkeHne BIGpOCoB
CTKW ra3oBbIX NMOTOKOB C 0OXNroBon ma- MbIAY, NOBLILLEHNE
LLUWHBI npouseoauTensHoct | 190 000-250 000
06XMroBoi MaLLMHbI, (obopynosaHue)
CHIDKEHWE 3HEpreTn-
Yyecknx aTpar
22 |[p1MeHeHNe NHXEKLMOHHBIX ropenok unm | CHxeHne unu nonHoe |  7000-10 000
roOpenoYHbIX YCTPONCTB CO CHYKEHHBIM UCKnroYeHne BeIBPOCOB| (B pacyeTe Ha
obpasosaHnem NOy OKCUAOB a30Ta, CHU- OAHO rasorope-
XeHve pacxoga rasa NOYHOE YCTPON-
CTBO)
23 |MpumeHeHue Tpyb pedopmepa 13 metan- |lMosbieHWe Nponseo-
na BbICOKOTEMMEPATYPHON CTONKOCTU AUTENbHOCTU YCTaHOB- 1200-1300
KV MeTannusaumm, (B pacuete Ha
CHWXEHWe 3Hepro- oAHy Tpyby)
3atpar
24 |[pUMeEHEeHMe KACNOPOoaAHON MHKeKUMn Ha |lMoBblweHne nponseo- | 34 500-40 000
yCTaHoBKax MeTannuaauum AVTENBHOCTU yCcTaHoB- | (6e3 yyeTa cTpou-
KV MeTannusaymm TenbCTB KNCMO-
POLHOW CTaHLMK)
25 |MpumeHeHne KOHBEEPOB MEANEHHOTO MoBbIWweHMe NpoyHo- 83 00085 000
OXNaXkaeHNa Npu NPomn3BoOACTBE ropsaye-  |CTHbIx cBorcTB BXK, (B pacyeTe Ha
BPVKETMPOBAHHOIO Xenesa CHWKEHWE CKOPOCTU OAVIH KOHBENEP
BTOPUYHOrO OKUCIIEHWS | NMPOU3BOAUTESb-
HOCTbO 120—
140 T/4)
26 |MpumeHeHne gecynbdypaTopoB nepea, CHwxeHne coaepxa-
pedopmepom Ha yctaHoBkax MIDREX HUS Cepbl B rOTOBOM
NPOAYKTE, BO3MOX- 25 000-30 000
HOCTb MCMOb30BaHUs (o6opyaosa-
oKaTblLLe C NoBbI- Hne — 1 cocya)
LLEHHbIM COAEPXKaHN-
em cepbl
27 | YCTpOoMCTBO NecosallTHON Nonockl No CHWXKEeHWe NbineHns

rpaHvLe 3eMerbHOro OTBoLa Ha OTBanax
PbIXMOWM BCKPbILWM (NOocajKka AePEeBbEB)

oTBanoB

650-950 (Ha 1 ra
11econonockl)
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Pasgen 7. MNepcneKkTUBHbIE TEXHONOIMHU

B npouecce nogrotoBku cnpasoynHvka HOT coctasutenu u unedsl TPIM 25 npoaHanu-
3MpoBany Uenbl psg HOBbIX TEXHOMOMMYECKUX, TEXHUYECKUX U YIPABEHYECKUX) PELLEHNN,
KOTOpble 0BCyXaakTCs Kak B 3apybekHbIX cTpaHax, Tak U B Poccun. 3To pelueHns, Hanpae-
NeHHble Ha noBblleHne 3PEKTUBHOCTU NPOM3BOACTBA, COKpaLLEHNe HEraTMBHOIO BO3AEN-
CTBMSl Ha OKPY>KatoLLyto cpegy, ONTMMusaumio pecypconotpebneruns. OHu ewwe He nonyYunm
LUMPOKOrQ pacrnpoCTpaHEHUs, N HAAEXKHBIMWA CBEAEHUSMU O BHEAPEHUN NX Ha LBYX POCCUN-
CKNX NPeanpUATUAX COCTaBUTENM CNPaBOYHUKA HE pacnonararoT.

[danee B TeKkCcTe 3TN peleHUs onMcaHbl NPUMEHUTENBHO K Aobbive 1 oboraleHuo
XKEnesHbIX pya.

7.1 MNepcneKkTuBHbIE TEXHONOMMKU B 0651aCTU [O06bLIYM XKeNne3HbIX pya

7.1.1 KoHBelepHbI TpaHCNopT

MpVYMeHeHNe KOHBEMEPHOrO TpaHCcnopTa Nnpu TPaHCMIOPTUPOBKE FOPHON Macchl 13 3e-
Ne30pYAHbIX KapbepoB (CM. PUCYHKW 7.1, 7.2). B HacTosLLee BPeMSs KpYMNHbIE Xene3opyaHble
Kapbepbl BbIBO3AT FOPHYIO MacCy W3 kapbepoB aBTOMOBMNBHO-XENEe3HOLOPOXKHBLIM TPaHC-
noptom. F'opHas macca ns 3aboeB rpyantcs Ha aBTOMOOUINBHBIN TPAHCMOPT, BE3eTCA Ha ne-
perpysoyHble NyHKTbI, FA€ BHOBb MOTPY304HBIMU MaLLMHaMW (3KCKaBaTOpPbI, MNOrpy3ymKm) rpy-
3UTCA Ha XKENe3HOAOPOXHbIA TPaHCMOPT, KOTOPLIA B CBOK OYepefb TPaHCNopTUpYeT ee 13
Kapeepa: pyny — Ha ¢abpuky, BCKpbILLHbIE NOpoAbl — Ha oTBansl. MNepexon Ha koHBenep-
HbI TPaHCMOPT MO3BONMUT CHU3WUTL HEOPraHW30BaHHbIE BbIOPOCHI MEPErpy30YHbIX NYHKTOB,
YMEHBLUMB UX KOMUYECTBO Ui BOOBLLE UCKIHOYMB, NO3BOSNIUT CHU3UTB KONNMYECTBO OAHOBPE-
MEHHO paboTaroLLelt Morpy304HON TEXHWUKU, CHU3WUTL KOMYECTBO TEXHOMOTMYECKUX NOE30B
1 3KCnnyaTaumoHHble 3aTpaTthl Ha TpaHCNopTUPOBKY FOPHOM Macchl. [NpeanpoekTHbIe npopa-
BOTKM MOKa3bIBANMN CHIPKEHWE IKCMyaTaLUMOHHbIX 3aTpaT npu TpaHcnopTvpoeke 1 T Ha 1 kM
Bonee yem Ha 25 %.
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PucyHok 7.1 — TpaHcnopTupoBaHue pyabl koHseliepom (Yunw)

PucyHok 7.2 — TpexMepHas cxema KpyTOHaK/IOHHOTO KoHBeliepa U3 kapbepa
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7.1.2 becnunoTHble aBTOCamMocBasbl

B HacTosilLee BpeMs Ha Xenes3opyAHbiX Npegnpuatuax 3anafHoil ABCTpanun Aeinct-
BYET HECKO/IbKO KapbepoB C MOSIHOCTbI 6ecnuioTHbIMKU 60MbLUErpy3HbIMM aBTocaMmocBana-
Mn. CamocBasibl paboTalT B pexume 24/7 exefHEBHO B TeYEHWe rofa, YTo IKOHOMWUT He-
Apononb3osartento 500 4 paboTbl B rof. 'py30BMKM yNpaBnsTCa AUCTAHLUMOHHO M3 onepa-
LMOHHOrOo LeHTpa B MepTe, KoTopblii Haxogutcs oT Munbapbl B 1200 kM. Kaxaplii KapbepHbIii
po6oT-camocBan Becom B 500 T ABuraeTcsi co CKOpPOCTbO 50 km/4 — nmouTK B 2 pasa Bblwe,
4yeM y OMbITHbIX BoguTeneii. TOYHOCTb OpuMeHTauMn pobotoB — 1-2 cm. OTCyTCTBYET BPeEMS
Ha nepecmeHku, obedpl. Bce 31O gaeT MOBbIWEHWE MPOU3BOAUTENIBHOCTU, CHWDKEHWE Mpo-
CTOEB, CHWKEHMWE yAe bHbIX PacXofoB TOM/IMBA W CHUXEHWUE yaeNbHbIX BbIOPOCOB.

PucyHok 7.3 — Cxema ynpassieHusi 6eCnmioTHbIMW aBTOCaMocBasiaMu
7.1.3 becnunoTHble TATOBbIE arperarthbl

MprMeHeHne 6ecnuOTHBLIX TATOBbLIX arperatoB BHYTPW KapbepoB U Ha MOBEPXHOCTW.
OTCyTCTBYEeT BpeMs Ha MepecMeHku, obeapl. Bce aTo faeT MoBbileHWEe NPOU3BOAWTE/NbHO-
CTW, CHWXEHME NPOCTOEB, CHWKEHUE YAEeNbHbIX PACXOL0B 3NeKTpo3Heprun. MoBbieHWe Ha-
[JEeXHOCTU paboTbl 060pyA0BaHUS 3@ CUET UCKIIOYEHUS HapyLleHWUii TeXHOOorMYeckon anc-
LMNAUHBI, NPEeBbILWEHN CKOPOCTW, MPOe3A0B Ha 3anpeluarLmii curHan ceetodopa U T. 4.
B Rio Tinto (kpynHeiweli ropHogo6bIBaOWen koMnaHum ABCTpanumM) nNogcuutanu, 4to ne-
pesof 40 % xene3Ho40POXHOro TpaHCMopTa Ha aBTOMATUKY MO3BOIMT YMEHbLUINTL pacxXofbl
Ha 2 0O/, Ha TOHHE XEeNe3HOoN pyabl U yBeNU4MThL ee Aobbidy Ha 5 %.

7.1.4 ABTOMaTM3npoBaHHaa cuctema ynpasneHus 6yposbiMu pabotamu u
3apAagHbIMU MallHamu

ABTOMaTW3MpPOBaAHHAA cUCTeMa ynpas/eHus 6ypoBbiMM paboTamu v 3apsgHbIMK Ma-
LUMHAMW NO3BOJSIUT COKPATUTL BPEMS HABEAEHWS CTAHKOB Ha CKBaXMHY, MO3BOSUT (hOPMMUPO-
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BaTb MakeT (IU3NKO-MeXaHW4YeCcKux XxapakTepucTuk obypmsaemoro 6/10ka, MO3BOMAUT MNOBbI-
CUTb OMepaTuBHbIA KOHTPOSIb 3a TEXHUYECKMM COCTOSIHUEM 6GypoBOro 060pyAoBaHUA
(cm. pucyHok 7.4). MonyyeHHasa ¢ ACY BP wuHdopmauuss no3BoNnT B peasibHOM BpPEMEHU
KoppekTupoBaTb 6ypoBble paboTbl Ha oTpabaTbiBaeMOM 6/10ke, a Takxe AacT MHGopMaLuio
no Hwxenexawiemy 610Ky, YTO NO3BONNT CYLLECTBEHHO MOBbLICUTbL KA4YeCTBO M/1aHMpPOBaHUA
B3PbIBHbIX PaboT, CHU3UTL pacxof BB un yBennuuTb BbIXOA FOPHOW Maccbl. ABTOMaTU3npo-
BaHHOEe ynpas/ieHne 3apAfHbIMY MalnHamy Mo3BONT aBToMaTU4eckn opMupoBaTb Mo-
TPe6HOCTb B 3apsfKe CKBaXKMHbI Y NPOM3BOACTBE B3PbIBYATLIX BELLECTB, COKpaTUT nepepac-
XO[, B3pbIBYATbIX BELLECTB.

Lindposas moaenb MecTopoXxaeHus
TexHonornyeckas 6asa faHHbIX

MNpoekTtnposaHne BEBP

KOHTPO/Ib TEXHOMOTMYECKNX KoHcTpyKumMs 3apsga
napameTpos BBP

PucyHok 7.4 — Cxema aBTOMaTU3MpPOBaHHOW CUCTEMbI ynpaBneHusi 6ypoBbiMU
pabotamu

7.1.5 TlpumeHeHVe CUCTEM BbICOKOTOUYHOIO NMO3ULMNOHNPOBAHNA KOBLUA
Ons 3a60liHbIX 9KCKaBaTOpPOB

CucTeMbl BbICOKOTOYHOTO MO3MLMOHMPOBAHUA KOBLUA 3KCKaBaTopa NO3BOMAT B PeXu-
Me peaslbHOr0 BPpEMEHMW C CaHTUMETPOBOI TOYHOCTbLIO MO3ULMOHMPOBATL KOBLU 3KCKaBaTopa,
obecneymBas BbICOKOTOUHYHO BbleMKY WU (hopMUpoBaH/e NPOeKTHON hopMbl penbeda (oTBa-
OB, YCTYNoB, AOpPOr), o6ecneynt OTOOpaKeHue 3/IEKTPOHHbLIX MPOEKTOB paboynx 30H Ha
ancnnee oneparopa, oTtobpaxeHue npodmnelri akTMYecko U NPOEKTHOW NOBEPXHOCTEN,
HaNOXeHHbIX ApYyr Ha Jdpyra QA48  KOHTPOAs  AOCTUXKEHWS  MPOEKTHbIX — 3HayYeHui
(cm. pucyHok 7.5). laHHOe MeponpusThe MO3BOMAUT COKpaTUTb NOTEpPU W 3acopeHve pypabl,
MOBbLICUTb TOYHOCTb BbIMOSIHEHUS MIAHOBbLIX NOKasarteneli kavecTBa, obecneuntb Heo6Xo-
OVMMbIA YPOBEHb LUMXTOBKM. CHWKEHWe MnoTpeb/ieHns 3MeKTPO3IHeprun npyv npov3BoACTBe
[06bIYHBIX PaboT.
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PucyHok 7.5 — KabunHa akckaBaTopa, OCHallleHHasi CUCTeMOWA
NO3MLNOHMPOBAaHMA KOBLUA

7.1.6 TpvMeHeHue GecnUNOTHbIX IeTaTe ibHbIX annapaToB A/ NPoOU3BOACTBA
Mapkwengepcknx pabor

MpumeHeHne 6ecnuoTHbIX fleTaTeNlbHbIX annapatoB ANs NPOW3BOACTBA MapKLueii-
[epckux paboT (CM. pUCYHOK 7.6) MO3BO/IUT OMEpPaTMBHO pellaTb 3aAayn KapTMpOBaHWs,
OLEHKN 06BHEMOB TOPHbIX BbIPABOTOK M OTBASIOB MPU 0TPA6OTKE MECTOPOXAEHWUS OTKPbITHIM
Cnoco6oM, MOBLICUTL KOHTPOJIb 3@ TEXHOJIOTMYECKMMYM Npoueccamy B peasibHOM BpeMeHU,
NOBbLICUTL KAYeCTBO N/IAHUPOBAHUS TOPHbIX PaboT, YCKOPWUTbL MPOLLECC 3aKpbITUS nepuoga u

NOArOTOBKY OTYETOB A1 KOHTPOMMPYIOLMX OpraHoB. [laHHas TEXHONOrMS MO3BOMUT COKpa-
TUTb pecypcbl A1 NPOM3BOACTBa MapKLLelifepckux pa6or.
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PrcyHoK 7.6 — BecnunoTHbIl neTtaTenbHbIi annapat
7.1.7 AsTOMartMsauusa npoueccos A06bIYHLIX paboT B NOA3EMHbIX YC0BUAX

LlaxTHas aBTOMaTtu3auuns obecneynTt pauvoHasibHYK 3arpysky napka TPaHCMOPTHbIX
CpeACTB MOrpy304HO-A0CTaBOYHbIX Onepauuii, onTUMMU3aLmMio napaMeTpoB OTKaTKuM, aBToOMa-
TM3auuo npoueccoB GypeHnss O4HON UM HECKOMbKNX CKBaXKMH, BeepoB 1am 3a60s BbIpaboT-
K1, nyywwve ycnosus paboTbl M 6e30MacHOCTb, MOBbIWEHWE MNPOU3BOAUTENBHOCTH
(cM. pucyHoK 7.7).

Be3onacHocTb 06ecneynBaeTcs 3a cHeT pasfesieHnsi NPOM3BOACTBEHHON 30HbI U CUC-
Tembl ynpasneHnsa. OAuH onepaTop MOXeT ynpaBnsATb (M3 6e30nacHOro mecrta, B TOM uucne
HaxoAAaCb Ha MOBEPXHOCTM) pPaboToi MHOrMX aBTOMAaTW3UPOBAHHbLIX MalluvH. pon3BOACT-
BEHHbI UMKI NOrpyskM nosyasToMaTuuyeckwin. OTkaTka W pasrpyska Npou3BOAMUTCA MOf
ynpaBfeHVeM HaBUraluMOHHOM CUCTEMbI, a HaMOJIHEHWE KOBLUA YyNpaBnsieTcsl AUCTaHLMOHHO.
MawwmnHbl 060pyfoBaHbLl GOPTOBONM BMAEOCUCTEMOWN, MOBW/ILHBIM TEPMUHAIOM ANns 6ecnpo-
BOJHOI CBSA3M M HABMrauMOHHOWM cucTtemoii. Mpouecc BkAYaeT B Ce651 MOHUTOPUHT MPOU3-
BOACTBA M COCTOSIHMSI Napka B peasibHOM pexuMe BPeMeHW, a Takke KOHTPO/b ABWKEHUS
MalLlWH.

[laHHasi TexHO/ornsi MOo3BOSIMT MOBbLICUTL MNPOM3BOAMTE/ILHOCTL PabOT, COKPaTUTb
MPOCTOM M NepecMeHKkn 060pyA0BaHNsA, CHU3UTbL YAesbHble NOTPe6AEHNs 3NEKTPOIHEPTN 1
pecypcos.
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PucyHok 7.7 — YpaneHHoe ynpasiieHne norpy304HOin MalunHom
7.1.8 BblcOKONPOU3BOAUTEIbHASA MPOXOAKA FOPHbIX BbIpaboToK

MepcnekTMBHas TEXHOMOMMA COCTOUT B WCMOJ/Ib30BaHWM MPOXOAUYECKMX KOMIMIEKCOB
Ans 6bICTPOiA, 6e30NacHOn 1 IKOHOMUYECKN 3PP EKTUBHON NMPOXOAKN BbIPAOOTOK PasIMUHbIX
npodunei (B TOM Yncne Manoro cevyeHus) No nopogam u pyaam BbICOKOW kpenoctu 6es3 uc-
nosib30BaHMsA 6YpPOB3PbIBHbLIX PaboT.

B HacTosLLee BpeMsa NMPOBOAATCA MOJSIEBble UCMbITAHUA HA MEfHbIX U M1aTUHOBbLIX Me-
cTopoxaeHuax FOAP.

7.1.9 Ncnonb3oBaHue cnaaBoOB M M3HOCOCTOMKNX MaTepunanos

MprMeHeHWe NErkux CnAaBoB U CneunanbHbiX U3HOCOCTOMKMX MaTepuanos s U3ro-
TOBNEHUS NOLBEMHBIX COCYZ0B M UX (PyTEPOBKU. DTO 06GECneuynBaeT CyLLECTBEHHOE CHIXKe-
HVe Beca K/ieTeil 1 CKUMoB, yBe/MYeHUe MosIe3HON eMKOCTU COCyAOoB M Beca NogHVMaeMoi
ropHoli Maccbl 6€3 M3MEHEHUs1 KOHLEBOI Harpysku. YBenuyeHue npousBogutensHocTu. Mo-
3BOJISIET COKPATUTL PaCcXof 3/1eKTPO3IHEPTUN Y MOBLICUTL NPOU3BOANUTESIBHOCTb.

7.1.10 ABTOMaTM3NPOBAaHHbIN annapaTHblli KOHTPO/Ib COCTOSAHWUSA CTBONA,
noAbEeMHbIX COCYA0B, KAHATOB

Cuctema HenpepbIBHOrO annapartypHOro KOHTPO/SA NO3BOJISET B pPeXuMe peasnibHOro
BpeMeHWN OCyLLeCTB/IATb MOHUTOPUHI COCTOAHUA KaHaToB, NOABbEMHbIX COCyAOB N apMUPOB-
K/ CTBON1a (CM. PUCYHOK 7.8). Vicnonb3oBaHne cUCTEMbI MOBbILWLAET AOCTOBEPHOCTL U onepa-
TUBHOCTb OUEHKM ANHaAMUYEeCKNX N CTaTU4yeCKnx napameTpoB CUCTEMbI «I'IO,EI"beMHbIVI co-
Cyd, — XecTkas apMMPOBKa», KaHATOB LIAXTHbIX NMOAbLEMHbIX YCTAHOBOK. KOHTpPOsb ocylie-

215



UTC 25-2017

CTBsieTc 6e3 HapylleHus pexmmoB pa6oTbl LUMY, cywecTBEHHO yMeHbluaeTcs Bpemsi
NPOBEAEHNS BU3Ya/IbHOTO KOHTPOSIS, a TakKe UCKIoYaeTCsl BANSHMWE Ye/TI0BEYECKOTo (DaKTo-
pa Ha oueHKy (PakKTUUYEeCcKOro COCTOSIHUSI 060PYAOBaHWS, PEXMMOB Pa6OTbl M KOHCTPYKLWIA.
CuctemMa aBTOMaTW3VMPOBAHHOIO MOHWUTOPUHIA KAHATOB MO3BO/ISIET MOBLICUTL 3(EKTUB-
HOCTb 3KCMlyaTauuy NOAbLEMHbLIX YCTAHOBOK M MPUHUMATbL PELUEHWS O MPOBELEHNN PEMOHT-
HbIX pa6boT Mo HEO6XOAVMMOCTU, MO3BOJIAET COKPATUTbL PACX0[, 3MEKTPOIHEPTUM W MOBbLICUTH
NpoV3BOANTENIbHOCTb.

PucyHok 7.8 — Cuctema aBTOMaTU3NPOBAHHOIO MOHUTOPUHIa KaHaTa
7.1.11 KomneHcauus peakTUBHOW MOLLHOCTU

MopkntoyeHne crneymanbHbIX YCTPOACTB K 3/IEKTPUYECKON CETU MHAYKTUBHBIX Harpy3oK
No3BONISIET reHepupoBaTb HEOBXOAMMYI PEAKTUBHYH MOLLHOCTb. DTO Hanbosiee 3KOHOMUY-
HbllAi, NPOCTON K Ge3onacHbIi cnocob obecneyeHns TpebyeMoin peakTUBHOM MOLHOCTU. Mo-
BbILIEHNE KO3(h(IMLMEHTA MOLLHOCTM 06eCneymnBaeT:

- CHWDKEHVE WU MOJSIHOE OTCYTCTBUE N/aThbl 32 PEAKTUBHYH MOLLHOCTb;

- yBE/IMYeHne NponyckHoli cnoco6HOCTY NUHUIA anekTponepeaay;

- pasrpysky pacnpegfenuTesnbHbIX TpPaHChOpMaTopoB;

- CHWXeHVe NoTepb akTUBHOWM MOLLHOCTW A0 HOPMa/lbHOrO YPOBHS;

- NMOBBILIEHWE HaNpPsHKEHUs1 y NOTpebuTeneii.
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7.2 lNepcneKTuBHbIE TEXHONOMMKN B 06nacTu oboraweHus xenesHbix
pyAa

7.2.1 Ob6oraiweHne cnaboMarHUTHbIX pya

MepcnexTnBHbIE peLleHns B 00nacTty oboraweHns cnaboMarHUTHBIX Py, BKIHOYAKOT:

- IPUMEHEHNE KOMOMHUPOBAHHbBIX FPaBUTAUMOHHO-MArHUTHBIX CUCTEM; K HOBbIM Me-
TOAMKaM 3TOr0 TUMNa MOXHO OTHECTU MarHUTOrMAPOAVHAMUYECKYHO U MarHUTornapocTaTnye-
CKYHO cenapaumio;

- MIPUMEHEeHVe HAYKLMNOHHO-POMMKOBBLIX BbICOKOMHTEHCUBHBIX MarHUTHbIX cenaparto-
pos;

- MPMMEHEHNE CenapaTropoB Ha OCHOBE CBEPXMPOBOASILLMX NMPOBOAHUKOB U MOCTOAH-
HbIX MarHuTOB Ha 6a3e cnnaesa HeoaMM-keneso-60p;

- co3faHve TPEexXnpoayKTOBbIX CEnapaTtopoB AN CyxOM U MOKPOW MarHATHOW cenapa-
UMM C M3MEHSIOLLENCA HanpsKEHHOCTBIO MarHUTHOrO MONsA MO HanpaeneHUo pasgeneHns
mMartepuana,

- CO3[,aHMEe HOBbIX KEPaMUYECKMX MarHuToB, obecneunBaromx HaNPSKEHHOCTb Mar-
HWTHoro nons ot 400 go 255 3.

7.2.2 U3menbueHne MarHeTUTOBLIX KBapLUTOB

MepcnekTBHbIE peLLeHnst B 0OnacTy U3MenbYeHUs MarHETUTOBbLIX KBApLMUTOB BKMHO-
YatoT:

- co3faHve HoBoro ApobunkHoro obopyaosaHus, obecneumnsatolero apobneHve py-
Abl 10 KPyMHOCTM 1270 B OTKPLITOM Lvikne 1 6°C MM B 3aMKHYTOM LMKNe;

- NPUMEHEHNE CXEMbI OAHOCTaANaNBHOIO CaMOU3MESIbYEHWS B YANMHEHHbIX MEMbHU-
Lax ¢ 4BOVHOM U TPOWHOM KnaccudmKaumen u 4OBOAOYHBIMM ONepaumnsiMu,;

- CBOEBPEMEHHbI BbIBOA FOTOBOrO Kfacca KpymHOCTM M3 MpoLecca U3MernbyeHns py-
Abl BO M3bexaHve nepensmeribyeHns MruHepana;

- MPMMEHEHNE PONnep-NPECccoB ANsi APOBNEHNS XKENe3HbIX PyA, YTO MO3BONUT yBenu-
YUTb MPOU3BOAMTENBHOCTE CXEM CaMOU3MENbYEHUS, YIYYLWWUTb Ka4ecTBO MPOU3BOAUMOrO
KOHLIEHTpaTa Mnpy MUCronb30BaHWN TEXHONOMAN LLIAPOBOro M3MenbYeHUs, CHU3UTL yaensHoe
noTpebneHne dneKkTPOSHEPTUM NPU U3MENbYEHUN (CM. PUCYHOK 7.9).
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MenbHuy bl
camonamenvHeHNn

32-pwiAmMO3b"

N6yXAMMbI e rancica 12 m7S um

rpoXoThbl

Puc. 1 TexHornorndeckas
cxeva apobreHns Ha
pyaHvke Cleveland
Cliffs Empire

PucyHok 7.9 — lpumep pasMelleHns posnep-npecca B TEXHOMOMMU
caMoun3me ibyeHus

7.2.3 ABTOMaTMU3aLnsa TeEXHONOINM4eCcKoro npowuecca oborauieHms

MepcnekTMBHbIE pelleHns B 061acTU aBTOMaTU3auuMM TEXHOJI0rMYeckoro npouecca
ob6oralleHns BKYatoT:

- MpYMeHeHVe NpPUGOPOB KOHTPO/ISI COAEPXaHUsi Xese3a B MOTOKE K3MeslbYeHHOro
martepuana;

- BHeZJpeHne aBTOMATUUYECKUX W MHTENNEeKTyaslbHbIX CUCTEM YNpPaB/ieHWUsl TEXHOOIU-
YecKMM MpPOLLeCCoM.

7.2.4 BoBneuyeHne B nepepa60TKy OKNCMEeHHbIX XXeNne3NCTblX KBapunuToB

MepcnekTMBHbIE pelleHns B 06/1acTU BOB/eYeHUs B nepepaboTKy OKMC/IEHHbIX Xene-
3UCTbIX KBAPLMTOB BK/IOYAIOT:

- MPYMEHEeHNEe MarH1THO-(ON0TaLNOHHbIX MeTOoAO0B oboraweHns — noTauMoHHOM
[OBOJKM KOHLEHTpaTa nocfie MarH1THOWM cenapauuu;

- NpumeHeHne notauun obecluinamneHHon pyabl C MCNO/Ib30BaHWEM KaTUOHHbIX
peareHToB aMWHHOro COCTaBa;

-NpUMeHeHne AByxcTaguanbHol gonotauun (cMm. pucyHok7.10). XKenesopygHolli ma-
Tepuan, M3MesibYeHHbI A0 KpynHocTu 85 % k1. meHee 50 MkM, nocTynaet Ha 1 ctaguio
hnoTaumm packpbiTbiX 3€peH, ganee KaMepHbli NPOAYKT WM XBOCTbl MOCTYnaloT Ha BTOPYH
CTaguo nsMenbyeHuss 4o KpynHoctu 95 % knacca meHee 50 MKM, NpOBEAEHUE BTOPOi CTa-
Avn roTaumm c BbIBOLOM MEHHOrO Mpoaykta B OoTBaUl. KOHUEHTpaT HepyAHbIX MUHEpasios
C nepBoii cTagun chaoTauuy nocne nepedncTkn BbIBOAUTCA B OTBa/IbHblE XBOCTbI NPU BbIXO-
e 45 % — 50 %.
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Vcx. nutanne

_______ 1
Cobuparesb
s M3menbyeHune 1crt.
*
Cobvparernb,
MoandvkaTop | OcHoBHasi hnoTauus
Mepeunctka
M3menbueHue 2 cT.
I OcHoBHas hnoTayus
XBOCThI KoHueHTpat

PucyHok 7.10 — Cxema AByXCTagmasnbHOro hioTaunoHHOro oborateHums
7.2.5 HoBble TEXHONOINK CKNagMpoBaHUA XBOCTOB

K nepcnekTuBHbIM cnocobam CknafMpoBaHUs XBOCTOB CrieflyeT OTHECTU CrylleHue
nynbMbl B CrYCTUTENAX BbICOKOM npon3soguTenbHocTn SUPAFLO. YcnewHas pa6oTa BbiCO-
KOMPOU3BOAMUTESbHbIX CrycTUTENei 06bIYHO obecneumBaeTca Mcnosb3oBaHneM (IOKYISH-
TOB BbICOKOV MOJIEKYNAPHOA Macchl NON3MIEKTPONMTHOTO Tuna. [laHHble cryctuTenu oTaw-
4aloTCA He TO/IbKO BbICOKONM NPOU3BOAMUTENIbHOCTHIO, HO W BbICOKON M/IOTHOCTbLIO CrYLLEHHOrO
npoaykta— Ao 75% TBepAoro, OYeHb YUCTbIM C/IMBOM, BO3MOXHOCTbI) aBTOMAaTU4ECKOro
perynvpoBaHus 1 KOHTPO/IA npoLecca CryLieHus.

K HOBbIM TEXHOMOTMAM CK/1aAMPOBaHNA XBOCTOB MOXHO OTHECTW flacTOBble Crycture-
nm (cMm. pucyHok 7.11), koTopble obecneynBalT OTCYTCTBME BOAbI HA NOBEPXHOCTU XBOCTO-
XpaHUAULLE, CHWXKEeHWe CTOMMOCTM oOrpaxjalowmx gamb, CHuKeHne nblneobpa3oBaHns
(cM. pucyHOK 7.12), 6bICTPYHO peky/bTUBaLMIO.

7.3 MepcnekTnBHbIE TEXHONOTUN B 061aCcT OKOMKOBaHUA

7.3.1 CoBeplEeHCTBOBaHWE TEMN/TOBbIX CXEM CYLLECTBYIOWNX 06XUTOBbIX MaLLIWH

- MpYMeHeHNe KOHCTPYKLMM NepeToUHOro KoJiekTopa ¢ NepeMeHHbIM CeUEHNEM.

- MpYMeHeHNe BbIHOCHLIX OXNaguTenei okaTbIWe.

- MNpuMeHeHne ropenoYHbIX YCTPONCTB C HU3KUM BbIXOJOM OKCWAOB a30Ta.

- MepeHanpaeneHne ra3oBO3AYLIHbLIX NOTOKOB C LE/bI0 MOBLILEHUS KO3h(uULMeHTa
TEN/IOBOTO WCMO/Ib30BaHNS 0GXUrOBOW MalLMHbI.

- BHefipeHue cUCTEM aBTOMATUYECKOTO YNpas/eHnsl C ONTUMU3aLMeRn pexmma obxura
Ha OCHOBE NPOrHO3HbLIX PacyeToB.
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7.3.2 CoBeplueHCTBOBaHUE COCTaBa WUXTbI Arisi NPOU3BOACTBA OKaTbIlWen

- Moa6op HOBLIX CBAYIOWMX U DIIOCYIOLLMX MaTepuanos C Lenblo ynyyleHus me-
Tannypru4ecknx CBOMCTB OKaTbILLEN.
- MpuMeHeHNEe NONUMEpPHbBIX MaTepuarnoB B KAYECTBE CBA3YHOWEro KOMMNOHEHTA.

7.4 MepcneKTUBHbIC TEXHONOMUK B 0611aCTU NPSAMOro
BOCCTaHOBJIEHUA Xene3a

- anMeHeHMe Zero-npouecca — TexXHONOorMn BOCCTaHOBMEHUA OKCUAOB Xeneaa Hes
pedopmepa, C UCMONB30BAHWEM KUCMOPOAHOM KOHBEPCUMU MPUMPOAHOrO rasa HenocpeacT-
BEHHO B LLUAXTHOW neyu mMeTannusauun.

- I'IpmmeHeHme TEXHONOrMn HayrrnepoxumeaHns MeTannm3oBaHHOro nNpoaykra ¢ NnomMo-
b0 pasaeneHus pedopMMPOBaHHOIO rasa Ha MOMEKYNSAPHbLIX CUTaX.

- Pa3paboTtka cuctembl NporHo3MpoBaHUs Ka4eCTBEHHbIX NokasaTenen roToBoro npo-
ZAyKTa Ha OCHOBE TEKYLLMX NoKasaTenen npouecca BOCCTAaHOBNEHUS.

- CospgaHmne oTevecTBEHHOW TEXHOMOMM NMPSIMOro BOCCTaHOBNEHUSA Xenesa.

- BHeapeHue cuctem aBTOMaTMYECKOro yNpaBneHus ¢ onTuMu3aumen pexxuma pato-
Tbl LUAXTHOW NEYN HA OCHOBE MPOrHO3HbIX PACYETOB Ka4eCTBEHHbIX MoKa3aTenen NpoayKLUun.

HekoTopble pelueHns yxke paccMaTpyBaloTCsl POCCUACKUMM KOMMaHUAMU, pa3pabatbl-
BaOLLIMMK 1 peanuayiowmnmm NporpaMmMbl MogepHusaummn. MoxxHO oXuaarb, YTO YacTb U3 HUX
BOMAET B KaTEropuio Haumyudwmx AOCTYMHbIX TEXHOMOMMA MpY aKTyanu3auum HacTOSLLEro
cnpasoyHmka HAOT.

3aknuuTenbHbIe MOTOXEHUA U pekoMeHgauuu

Hacroawwmn cnpasoyHvk HOT noarotoBneH TexHu4yeckon pabouer rpynnon «Jobbiua
n oboraweHne xenesHbix pya» (TPl 25). B coctas TPIN 25 Bxogunu cneunanmMctbl NpakTy-
YeCKM BCeX MPOW3BOAMUTENEN XKENe30pyLHOro Chbipbs, COTPYAHMKMA KOMMaHWIA Npou3BOaUTE-
ney ropHo-meTannyprnyeckoro 1 rasoouncTHoro obopyaoBaHus Pocculickor degepaumn,
NpeacTaBUTENN HAYYHO-UCCNEL0BAaTENBCKMX U NMPOEKTHbIX UHCTUTYTOB, cneuuannctsl MuHm-
cTepcTBa NpUpoAHbIX PECcypcoB M skonorum Poccuinckon depepauyun, MuHuctepctea npo-
MBILLIEHHOCTM 1 Toproenu Poccuiickon ®egepaumm, PocnpupogHaasopa, PoctexHagsopa.

Hambonee akTvBHOE ydyacTue B paboTe Ha NMPOW3BOLCTBEHHBIX Mroljagkax, cbope,
aHanuse n cucTeMaTtmsaumn NHopMaLMK, a Takke B HanmcaHum TekcTa cnpasodHmka HAOT n
ero oBCyKAEHWUN MPUHANW CNEeLManmcTbl CNEAYIOLLMX OpraHnsaLmii;

- ®IrbY «BUMCy»;

- 000 «EBpazXonauHry;

- AO «JlebeanHckmin TOK»;

- OAO «MarH1ToropcKuin MeTanypru4eckuii KOMOUHaT»;

- 000 YK «MeTannovHsecT»;

- MAO «Muxarinosckuii FTOK»;

- NAO «HoBonuneuknin MeTannypruiecknii KOMOUHAT »;

- MAO «I'MK «Hopunbckuin HUKEeNb»;

- AO «O3MK»;

- HIN «Pycckag crtanby.

220



UTC 25-2017

Mpw nogroToske cnpaBodHuka HAT Gbiny Mcnonb3oBaHbl Matepuanbl, NonyyYeHHbIe OT
POCCUNCKUX rOpPHOLOOLIBAOLLMX, FOPHO-000raTUTENbHBLIX U METANMYPru4yecknx KoMBnHaTos,
B xoae obMeHa MHgopmMaumen, opraHmsoeaHHoro bropo HAT B 2017 r. PaspaboTunku cripa-
BoyHuka HOT yunTbiBanu Tawke peaynbTaTbl Hay4YHO-TEXHUYECKMX paboT, MOnyYMBLUMX OT-
paeHne B OTKPLITOW neqaTt U B AUCCEPTaLMOHHBLIX paboTax, MapKeTMHroBbIX UCcnenoBsa-
HUIA.

Kpome TOro, ucnonbsosanuce 3apybexHsle marepuansl, B TOM YUCNE CrpaBoYHble
LOKYMeHTbI U pykosogctea: Reference Document on Best Available Techniques for Man-
agement of Tailings and Waste-Rock in Mining Activities (2009), Best Available Techniques
(BAT) Reference Document for Iron and Steel Production (2012), Comprehensive Industry
Document on Iron Ore Mining (2007).

Mpn aToM chneayeT OTMETUTb, YTO OTPacNeBOV UH(OPMALMOHHO-TEXHNYECKUIA Cripa-
BOYHUK «[0Bblva 1 oboralleHne XKenesHblX pya» He MMEET NPAMbIX 3apyBexHbIX aHanoros v
Mo CYTW CBOEN SIBMNSIETCA NUOHEPHBIM JOKYMEHTOM, KOTOPLIA MOXET N JOIDKEH NOSTarHo Co-
BEPLLEHCTBOBATLCS.

ObLyee 3akntoyeHWe, KOTOPoEe MOXHO caenaTb B pesynbTaTte NOArOTOBKW CrpaBOYHU-
Ka, COCTOUT B TOM, YTO MPOU3BOLUTENN XKENE30PYAHOrO Chipbs aKTMBHO 3aHWMAalOTCA BHE-
LPEHMEM COBPEMEHHbIX TEXHONOMMYECKMX MPOoLEeccoB u obopyaoBaHusa, paspabartbiBaroT
MporpaMmMbl MOBLILLEHWUSA 3HEPreTUYECKON 3(MEKTMBHOCT 1N SKOMOrUYECKOW pe3ynbTaTmB-
HOCTW Npou3BoacTBa. B To e Bpemsa o6ocHoBaHWe BbIGOpa TEXHONOTMYECKMX MoKasaTenen
HAT npencraenano coboi BeCbMa CNOXHYH 3afady, Tak Kak C reoslormyeckon TOUKN 3peHust
NPeanpusATUS BO MHOTOM YHWUKanbHbI U NPOBECTM GEHUMAPKUHI 3KONOrMYEeCKOW pesynbTa-
TUBHOCTU U SHEProathMEKTUBHOCTY B NOMHOM CMbICNE 3TOrO CroBa NMPakTUYECKn HEBO3MOX-
Ho.

PekomeHpauumn coctaeutenel cnpasoyHnka HOT mMoxHO ccopmynupoBaTte cneayro-
Lwmm obpasom.

1) Ans npoABWKEHWS MAEW NMepexosa K Hauny4lnm AOCTYMHBIM TEXHONOTUAM Heoo-
XOAMMO OpraHnsoBaTb MaclTabHyo NHPOPMALMOHHO-NPOCBETUTENBCKYIO KAMNaHUIO U CUC-
TeMy NOAroTOBKWU (NOBbILLIEHUA KBanuduKaumm, AONONHUTENBHOrO npodeccuoHansHoro ob-
pasosaHusa) kaapos. ObcyxxaeHne CyTU NEPEMEH NPU3BAHO NOATOTOBUTL K HUM NPEANpUSTUS
N Pa3bsACHUTE OCHOBHbIE MOTMBbI M CTUMYTbI 3KONOMMYECKOW MOAEPHN3aLMN OTEYECTBEHHON
3KOHOMUKM.

2) ina o6ecnevenns CBOEBPEMEHHOrO MONYyYEHUA NPEANPUATUAMU, OTHOCSLLIMMUCS K
o6nacty npumeHeHua Hactosiero crnpasoyvHnka HAOT, uenecoobpasHo noaroToBUTb OTpac-
neBble AOKYMEHTbI, AETaNM3vpytoLLme 1 pasbscHaoWme TpeboBaHUs K pacHeTy OCHOBaHHbIX
Ha TpeboBaHuax HOT TexHorornyeckMx HOpMaTUBOB, MOPSAKY OpraHU3auMu MpOU3BOACT-
BEHHOrO 9KOSMOTMYECKOr0 KOHTPONSA (B TOM 4MCne C WCNOMb3OBaHMEM aBTOMATUYECKMX
CpencTB KOHTPONS).

3) HanpaeneHus aktyanusaumm Hactosiero cnpasoyvHnka HAT moryT Obitb copmy-
NMPOBaHbl MO Mepe HaKOMNEHWs OMbiTa MPaKTUHECKOro WUCMOMNb30BaHUS €r0 POCCUACKMMMN
NpPeanpUATUSIMA, OTHECEHHBLIMU K KaTeropum 06beKToB NPYMEHEHUSA HaunyyLwmX SOCTYMHbIX
TEXHOMOMNIA.
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MpunoxeHue A
(cnpaBo4HoOe)

Cdhepa pacnpocTpaHeHusi cnpaBoyHuka HOT

HavmeHoBaHWe npoaykumu

HanmeHoBaHue Buaa aes-

OKNA2 no OK 034—2014 (OKNA) TenbHocTu no OKB3[ 2 OKB3A 2
[obblya xenesHbIx pys 07.10.1
noA3eMHbIM Crocobom
[obblya xenesHbix pyn 07.10.2
OTKPbITbIM CNOCOB0OM
O6orawenue n armome- |07.10.3
paums xenesHbIX pya

07.10.10.110 Pyna xenesHas ceipas
07.10.10.120 Pygna xenesnasa ToBapHas
HeoboralleHHas
07.10.10.130 KoHueHTpaT xenesopya-
HbIA
07.10.10.131 KoHueHTparT »xenesopya-
HbI C MacCOBOW AOnen
Xeneasa He MeHee 69,5 %
07.10.10.132 KoHueHTpaT xenesopya-
HbIX C MaccoBOW J0nen
xenesa He MeHee 65 %
07.10.10.133 KoHueHTpaTt xxenesopya-
HbIX C MaccoBOW J0nen
xenesa o1 63 % 0o 65 %
07.10.10.134 KoHueHTpart xenesopya-
HbIA C MACCOBOW A0MeENn
xenesa MeHee 63 %
07.10.10.145 KoHueHTpart xenesopya-
HbIA TOBapPHbIA
07.10.10.146 KoHueHTparT xenesopya-
HbI, NPOOUNAKTUPOBAH-
HbI N3BECTLIO
07.10.10.150 OkaTbIWwm xene3opyaHble
(okncneHHble)
07.10.10.151 OkaTbIWwm xene3opyaHbie
OopNHoCoBaHHbIE
07.10.10.152 OkaTbIWwm xene3opyaHble

HeodnrocoBaHHbIe
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HanmeHoBaHve Buaa ges-

HanmeHoBaHWe Npoaykummn
OKMA 2 no OK 034—2014 (OKNQ) TenbHocTM no OKB3[ 2 OKB3A2

MpomnseoacTteo npogyktoB (24.10.13
NPSIMOro BOCCTaHOBIIEHMS
XernesHow pyabl U rybua-
TOro xenesa

24.10.13.110 opsuebpurkeTpoBaHHoe

xeneso
24.10.13.110 OkaTbIlwun MeTannmsoBaH-

Hble, TePMUYECKN NacCun-
BMpOBaHHbLIE
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UTC 25-2017

MpunoxeHue b
(obsa3aTrenbHoOE)

I'Iepequb MapKepHbIX BewecTB

Ona atmocdepHoro Bosayxa | [ns BogHbIX 06bEKTOB

OTkpbiTas fobblua xenesHsIX pys

Mbinb | -

MoasemMHas Lobblya KenesHbIX pya

Mbinb | -

OboralleHnune xenesHbIx pya

Mbinb | -

OkyckoBaHue

MbiNb -

AszoTta okenabl NOy -

Mpon3BoACTBO Xenesa NPsSMOro BOCCTaHOBEHNSA

Mbinb -

A3zoTa okcuabl NOy -

Cepbl anokeng SO; -
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Mpunoxexnue B
(o6a3aTtenbHoe)

Mepeyenbs HOT

UTC 25-2017

Ne HOT/
MyHKT

HaumeroBanve HOT

OrpaHuueHus
B UCMNOb30BaHUM

CucTeMbl 3KONOrMHYECKOr0 MEHEAXKMEHTA U UX UH-
CTPYMEHTBI

2 CuvCTeMbl S3HEPreTUYECKOro MEHEIXKMEHTa U UX NH-
CTPYMEHTBI
3 Mpown3BoACTBEHHBLIM NpoLEecc A00bIUM XeneaHbIX
pya OTKpbITbIM criocobom
4 LleHTpanusoBaHHas cuctema ynpaeneHus kapbep- | Npy nponssoautensHocTu
HbIM TP@HCMOPTOM W MOrPy304HON TEXHUKON He MeHee 10 mnH Mfrog, no
ropHon macce
5 MpumeHeHme 6onbLuerpy3HoOn kapbepHOU TexHUKK | MpyuMeHum Ans kapbepos,
reoMeTpUyecKue pasmepsbl
KOTOPbIX NMO3BOSAOT ee pas-
MeLleHue u paboty. Boa-
MOXXHOCTb BECTM CENEKTUB-
Hyto 106bINY PyAbl U BCKPbI-
LM B NPUKOHTaKTHBIX 30HaX.
OkoHoMU4eckas Lenecoot-
pasHOCTb
6 CHWKeHWe HeopraHM3oBaHHbIX 3MUCCUIA NPY MNo-
rpy3Kke 1 TPaHCTOPTUPOBKE FOPHOW Macchl U3 Kapb-
epos
6/1 | OpolueHre BoaoW aKCkaBaTopHbIX 3aboeB
6/2 |MbinenoaaeneHne aBTOMOOUNBHbBIX KAPLEPHbBIX 40-
por nyTem nonuesa Boaon
6/3 |WcnonbaoBaHue cneumanbHbIx CBA3YOLWLMX A06aBok | TexHu4Yeckas BOBMOXHOCTb
B BOZY B NpoLieccax NbiNenofaBneHust KapbepHbIX |1 aKoHOMUYeckas Leneco-
gopor 06pasHOCTL
6/4 |lNpoBefeHve 3amepoB AbIMHOCTU N TOKCUMHOCTU
@BTOTPaHCNOPTa N KOHTPONBHO-PENYNNPOBOYHBIX
paboT TONNWBHOW annaparyphl
7 CHWKEeHNe HeopraHN3oBaHHbLIX 3MUCCUI MPY NPOo-
BeAeHuM BypoBbIx paboT B kapbepax
711 | MosnymoHmpoBaHme BypoBbIX CTAHKOB B pearnbHOM | DkOHOMUYECKas Lienecoob-
BPEMEHM pasHoCTb
7/2 | ABTOMaTU3MpPOBaHHLIE CUCTEMBI KOHTPOMA (Aatum- | TexHuueckas BO3MOXHOCTb

ki) rnyBrHbI CKBEXKWHBI

ocHaeHus 060pyaoBaHms
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UTC 25-2017

Ne HOT/ OrpaHuyenns
nyHnlcr Haumeroanue HAT B VICr?Onb3OBaHVIVI
713 |MbinenogaeneHve obyprBaeMblx GNOKOB C NpuMe-
HEeHVeM Bogbl
7/4  |MbinenopaeneHve obypuBaemMbix 6nokoe ¢ npuMe- | TexHuveckas BOSMOXHOCTb
HEHWEM BSDKYLLMX pacTBOpOB 1 SKOHOMUYECKas Lieneco-
obpaszHocTb
8 CHWxeHne HeopraHN3oBaHHbLIX 3MUCCUIA MPY NPo-
BEJIEHUM B3pbIBHLIX PaboT B Kapbepax
8/1 |YMeHblUeHune konMyecTBa B3pLIBOB NMyTeM yKpynHe- | [onycTumble reomeTpude-
HXS B3pbIBHbIX 61oKOB CKkue pasMepbl kapbepa,
ropHo-reonorn4yeckune ycno-
BUS
8/2 |lMpumeHeHne B3pbIBYATLIX BELWECTB C KUCITOPOAHbLIM
6anaHcoM, BrM3KUM K Hy IO
8/3 |Wcnonb3oBaHue 3apsigHbIX MaLUMH C AaTyumkamm TexHn4eckan BO3MOXHOCTb
KOHTPONS NMOAayM B3pbIBYATbIX BELLECTB ocHaLleHns obopyaoBaHUS
8/4 |YacTtnuHoe B3pbiBaHUE Ha «NOAMNOPHYO CTEHKY» B | [py AONYCTUMBIX FOPHO-
3axMme reonorn4ecknx yCrnoBmax
8/5 |3kckaBaums nopog pbixnon Bckpbium 6e3 npeasa- | Mpu 4onycTUMbIX FOPHO-
puTenbHOro 6ypoB3pbIBHOMO PbIXIEHMS reonorm4ecknx yCnoBmax
8/6 Wcnonb3oBaHue ruapo3aboiiky, yknagka Hap CKea-
XKWHaMM EMKOCTEN C BOAON
8/7 |Wcnonb3oBaHne NHEpPTHOW 3a00MKM CKBaXKWH He
mMeHee 16 %
8/8 |Mcnonk3oBaHne ecTecTBEHHOM 0B6BOAHEHHOCTH Mpuv BonycTUMbIX rOpHO-
FOPHBIX MOPOA Y B3PbIBAEMbIX CKBaXKUH reonormyecknx yCrnoBmsax
9 CHwxeHWe amumccuii Npu npoleccax oteanoobpaso-
BaHWA
9/1 | C6op CcTOYHbIX BOA, COBUpatOLLMXCS Ha MnoLLaasax
OTBan0B, B F’MAPOTEXHNYECKNE COOPYKEHNS
9/2 |BoBneyeHWe CTOYHbIX BOA B 0BOPOTHLIV Lk TeX- | [pu TEXHUYECKON BO3MOX-
HWYECKOro BogoCHabKeHWs HoCTH
9/3 |lMepekayka CTOUHbIX BOL U3 TMAPOTEXHUYECKUX CO- | [pu TEXHNYECKON BO3MOX-
OPY>KEHU NpU OTBarnax B XBOCTOXPaHUNMLLE HOCTH
9/4 | YCTPOMCTBO NEcos3aLlMTHOW NONoCckl MO rpaHuLe Mpu OoTCyTCTBUM €CTECTBEH-
3eMerbHOro 0TBOAAa BAOMb OTBANOB PbIXIION HOW Neco3allUmTbl
BCKpbILWW (Nocajka AepeBLEB)
10  |Mpon3BOACTBEHHbIN NPOLECC AOOLINM KENE3HbIX MpumMeHUM Npu 3kOHOMUYe-

pyA noa3eMHbIM crnocobom

CKOW LienecoobpasHocTy,
npw AONYCTUMbIX FOPHO-
reosIorMyeckmx yCcrnoBumsax
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UTC 25-2017

Ne HOT/ OrpaHunyeHus
nyHﬁl’ Hanmerosarue H,ﬂT B I/IC:Onb3OBaHVIVI
11 MpoBeaeHne ropHbIX BLIPAOOTOK U NPUMEHEHNE Mpu BonyCTUMBIX rOPHO-
cucTem oTpaboTku € UCMONb30BaHNEM COBPEMEHHO- | re0NorMyYeckmMx ycrioBusx.
ro BbICOKOMPOM3BOANTENBHOTO CaMOXoaHoOro 060- | SkoHOMU4YECKas Lienecoob-
pynoBanHus pasHoCTb
12 [Wcnonb3oBaHWe coBpeMEHHbIX M3HOCOCTOMKMX Ma-
Tepuanos
13  |CHwxeHve Harpysku Ha okpyxatoLyto cpegy nyteM | Mpu 4onycTUMBIX FOPHO-
COKpaLLeHNs OTBanoB NycTbIX MOPOZ reonorMyecknx ycroBusix.
OkoHoMUueckas Lienecoot-
pasHoCTb
14 YacToTHOe perynmpoBaHve NPUBOAHbIX ABUratenen | QkoHomuyeckas Lenecoob-
YCTaHOBOK MTaBHOrO 1 BCMOMOraTensHoro NpoBeT- | pasHoOCTb
pviBaHWA 1 BOLOOTNNBA ANS NOA3EMHOM A00bIYM
15  |Mcnonb3oBaHWe HEANEKTPUYECKNX CUCTEM UHULIMK-
poBaHus AN BeAEHNUS B3pbIBHbIX paboT B noa3em-
HbIX YCNOBUSIX
16 [CHwkeHne ammccui B npoLeccax Apobnenms v rpo-
XOUEHUSI XKenesHbIX pyn
16/1 [Wcnonb3oBaHWe acnupaumoHHbIX YCTaHOBOK ¢ ad- | Hannume nnowaaen ans
HPEKTMBHOCTBIO MbineynaBnueaHns He Hke 90 % B | pasmeLLeHust yCTaHOBOK
Kopriycax ApobneHns, rpoXo4eHns pyabl, TAKKE B | OYACTKM acnmpaLyoHHOro
MecCTax Nneperpysok Ha KOHBENEPHOM TPaHCMOPTE | BO3AyXa B HEMOCPEACTBEH-
Hom 6nM30CTY C NPOU3BOA-
CTBEHHbIM KOPMYyCOM Unn
HEeNOCPEACTBEHHO B KOPryce
16/2 | OpraHu3auns cucteMsl 060pOTHOrO TEXHNYECKOro
BOAOCHabXeHWSA APOBMNBEHO-COPTMPOBOUHbBIX (hab-
pyK, oToeneHns opobneHus, oboratuTenbHbIx hab-
pyK
17 | MponsBoacTBEHHbLIN NpoLece oboralleHus xenes-
HbIX Py METOAOM U3MESbYEHNUS C NOCMEenYHOLLUM
pasfeneHnemM Nosie3Horo KOMMoHeHTa 1 NMyCcTon no-
poael
18 |Obecnevenre cTabnnbHOCTM NPOM3BOACTBEHHOMO
npouecca oboralleHns, CHKEHNE SHEPreTUYECKNX
W MaTepmarbHbIX 3aTpaT B TEXHoMorumn oboralleHms
18/1 | Mokpoe camomsmenbYeHmne XenesHbiX pya nyTem MprMeHNMO Npu NCNosbL3o-

NPUMEHEHNS MeNbHUL, CaMOU3MENbYEHNS guamMeT-
pom oT 4,6 o 11 M o6vemom ot 45 fo 460 M
pyLHO-raneyHbIX MenbHNLY

BaHWUM OOHOW CTagum Kpyn-
Horo apobnenHvs pya
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UTC 25-2017

Ne HAT/ HavmeHoBanne HOT Orparinenus
AYHKT B UCMONb30BaHUN
18/2 |Mokpoe naMernb4YeHne XenesHbix pya nyTem npu- MprMeHnMO Npu NCNonbL3o-
MEHEHNSI MENbHWL, C MEMOLLMMU TEMaMK BaHum Bonee AByX cTagui
ApobrneHns pya, a Tarke
ANS AOBOAKN U3MENbYEHHO-
ro KOHLeHTpaTa
18/3 |Knaccudmkaumsa namensYeHHbIX Yactuy, pyabl ¢ no- | MpuMeHnMo npu Hanmuum
MOLL{HO MOKPOro BUBPaALMOHHOMO «TOHKOTO» MPOX0- | MPOM3BOACTBEHHBIX NMoLa-
YeHus, B ABYXCNMpanbHbIX knaccudukaTtopax, rma- | Aer 1 COOTBETCTBYHOLLUMX
pOLMKIIoHaXx CBOWCTB M3MeNbYaeMon py-
abl
18/4 | OboralyeHne XenesHbIxX pya METOA0OM MarHUTHOW
cenapaumm ¢ ucronb3osaHnem 6apabaHos guameT-
pom Bonee 90 cM
18/5 | Ob6es3BoxMBaHNE KOHLEHTPATOB C MOMOLLBIO kepa- | [IpMEeHNMO Npu OTCYTCTBUM
MUYECKMX BaKyyM-PUNLTPOB MeTannm4yeckmx 4actuL, B
KOHUEeHTpaTe, Npu TEXHOMO-
rM4Yeckon LienecoobpasHo-
CTW, HaNM4YMM NPON3BOACT-
BEHHbIX NIoWaaen
18/6 |MNpuMeHeHWe MarHUTHOM felunamaummn nepeg mar- | FipuMeHnMo Ans MarHeTuTo-
HWTHOW cenapaunen BbIX KOHLIEHTPaTOB Npn Tex-
HONOFNYECKON Lenecoot-
pasHoCTU
18/7 |MpumeHeHue crycTutenen nepen punbtTposaHem | MNpuMeHNMO Npu HanuyMm
NPOU3BOACTBEHHBIX NMoLLa-
Aen AnA yCTaHOBKWU CryCTU-
TENS U NPU TEXHONOTNYECKON
LenecoobpasHocTu
18/8 |lMNpumMeHeHne BbICOKOIPDEKTUBHBIX (C apdekTna- | MprmeHrMo B npoueccax
HOCTBIO OUUCTKU Bbile 95 %) yCTaHOBOK ra3o0umCT- | CYLLKU KOHLEHTpaTa Ao
KM OT MbINK B NPOLIECCaXx CYLLUKN KOHLEHTpaTa BN&XXHOCTU HWKe 5 %
19 lMpouecc oKyckoBaHWA Kene3opyaHOro Cbipbsa ny-
TEeM NMpoun3BOACTBa 0B0XOKEHHBIX OKUCNEHHBLIX OKa-
TbILLEN
20 |Ob6ecneyeHne cTabuUnbHOCTM NPOM3BOACTBEHHOTO
npoLecca OKyCKOBaHWA, CHUWKEHNE 3HepreTUYEeCcKnX
W MarepvarnbeHbIX 3aTpar B TEXHONOrMU NPOU3BOA-
cTBa 060XCKEHHBIX OKaTbILLEN
20/1  |MpumeHeHne HedOPMOBaHHbBIX OrHEYNOPHbIX MaTte- | MpruMeHUM Npy TexHonoru-

pvianoB Ansi yTepoBKkM 0GXKUrOBbIX MALLVH

Yeckom LienecooBpasHoCTm
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UTC 25-2017

Ne RAT/ Havmerosanve HOT OrpaKiieHis
MyHKT B MCMONb30BaHUM
20/2 | Wcnonb3oBaHWe KOHCTPYKLMU NEPETOYHOro Konnek- | MpuMeHMO Npu peKoHCT-
TOpa C NEPEMEHHBIM CEYEHNEM UMM HECKOIBKUX Ne- | pyKUUM 4eNCTBYHOLLMNX 06XM-
PETOYHbIX KOSNEKTOPOB roBbIX MallUuH, NPy NPOeKTU-
poBaHWN HOBbIX, NPW OTCYT-
CTBUM FrEOMETPUHECKUX Or-
paHn4eHnIn
20/3 |MpumeHeHwe 3nekTpodunsTPOoB UN Apyrux nbine- | MpuMeHnMo Npu Hanuyaum
ra3004UCTHBIX YCTAHOBOK C HU3KWMM ra3oAnHaMuye- | MpOU3BOACTBEHHBIX NOLLa-
CKVMM COMPOTMBRNEHNEM, C 3OMEKTUBHOCTLIO Mbine- | Ael ANS pasMeLLeHns ycTa-
ynaBnmBaHusi He Hxke 95 % ANSA OYMCTKU ra3oBbIX | HOBOK MbIEOUYNCTKM
MOTOKOB C OGXKUIOBOW MaLLUMHbI
20/4 | MpUMEHEHNE NHXEKLMOHHBIX FOPENOK NN rope- MprMeHnMOo nNpu pekoHCT-
NOYHbIX YCTPOWCTB CO CHWKEHHbIM 0B6pa3oBaHNEM | pyKUMM OEUCTBYHOLLMX 06XKU-
NOy roBbIX MaLLUWH, UCMOMb3YHo-
WX B KA4YeCTBe ToMnnMBa
NMPVPOLHBIV Fas, unu npu
NPOEKTUPOBaHUAN HOBbIX C
MCNONb30BaHNEM NPUPOAHO-
ro rasa
21 [Mpon3BOACTBO Kene3opyAHOro CbipbAa C BbICOKUM JkoHoMU4Yeckas Lenecoob-
COAEPKaHEM XXenesa MeTannmMyeckoro no TeXHO- | pasHoCTb
NOrnn NPSIMOro BOCCTAHOBNEHWUSA Xenesa B LUaxT-
HbIX NeYax MeTannusaunn
22 ObecneveHne cTabunbHOCTY NPON3BOACTBEHHOMO
npouecca NpsMoro BOCCTaHOBMNEHNA Xene3a, CHU-
JKEHUe 3HepreTUYeckux U MatTepuanbHbIx 3aTtpar B
TEXHONOrMM NPON3BOACTBA METANNMU30BAHHOIO Chi-
pbAa
22/1  |MpumeHerne Tpyb pedopmepa ns Metanna Bbico- | [IPUMEHMMO Npu TEXHONOMn-
KOTEMNEpPaTypPHON CTONKOCTN Yyeckon LenecoobpasHocTu
22/2 |[pUMeHeHNe KUCIOPOAHON NHXEKLUUN Ha ycTaHoB- | NIpMMEHMO Npu Hanuymm
Kax MeTannusaumu VNN CTPOUTENLCTBE BO3AY-
XopasaenuTenbHoOW ycTa-
HOBKM
22/3 |lMpMeHeHne KOHBENEPOB MeANEHHOro oxnaxaeHus | MpuMeHnMo npu HanuyYum
npy NPOU3BOACTBE ropA4YEbPUKETUPOBAHHOTO XeNe- | NPOM3BOACTBEHHBIX NNOLLa-
3a el Ha AeUCTBYIOLLNX yCTa-
HOBKax Unv Npu CTpouTEnb-
CTBE HOBbIX
23 | CHwkeHne HeopraHNM3oBaHHbIX BbIGPOCOB 3arpsia-

HSIIOLLIMX BELLEeCTB B NpoLeccax nepepaboTkm xe-
nesHbIX pya
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UTC 25-2017

Ne HAOT/ OrpaHuyenuns
A HaumeHoBaHnne HOT P
MYHKT B UCMOb30BaHUM
23/1 | YCTpOWCTBO neco3allyTHOM Nonockl No rpaHvue MprMeHuM nNpu oTCyTCTBUM

3eMernbHOro 0TBOAA Ha OTBanax PbIXoi BCKPbILLN
(nocagka pepeBbeB)

€©CTECTBEHHOW Neco3aLuThl,
33 UCKIMIOYEHMEM PaNoHOB
KpariHero CeBepa

23/2 |MpuMeHeHe OpoLLEHMA NMbINAWMX nnowaaen xeo- | NpyMeHNMOo nNpu OTCyTCTBUN
CTOXpaHuIvLLa BoL0N BO3MOXXHOCTM NOCTOSIHHOMO
opoLueHusi 060pOTHOW, FPyH-
TOBOW UM NOBEPXHOCTHOM
BOLOMN
23/3 |MpuMeHeHne opoLLEeHMA NMbINAWMX nnowaaen xso- | NpMMeHNMOo nNpu OTCyTCTBUN
CTOXpaHUmuLLa C UCMOJb30BaHWEM 3aKPEennALWMX | BO3MOXKHOCTU NOCTOSIHHOrO
pacTBOpOB C peareHTamMu opoLueHnsi 060pPOTHOW, FPyH-
TOBOW U NOBEPXHOCTHOM
BOAOMN
23/4 |MpumeHeHre Nbinenogaensowmx matepmanos Ha | [pyMeHM npu OTCYTCTBUM
TEXHOOMMYECKMX aBToA0pOrax BO3MOXXHOCTM OpOLLUEHMS
060OpPOTHON, rPYHTOBOW MUIN
NMOBEPXHOCTHOW BOAON
23/5 |OpolleHue cknagoe rotoBor NpoayKumm, Nnpomexy- |NpyMeHnM npy oTCyTCTBUN
TOYHbIX CKI1a0B Cblpbsi OrpaHuyYeHn Ha B3anumo-
JEeNCTBMA MaTtepmanos C BO-
anon
23/6 | CaHuTapHo-rvrneHnyeckas n buonormyeckas pe-
KynbTUBaLMSi OTKOCOB Aamb XBOCTOXpaHUnULLa:
CYITNIMHKOM, YePHO3EMOM, LeBHeM nnmn ckanbHbIM
FPYHTOM W/ Gronormieckas pexyrnbTuBaums
24 | PeuuKnuHr >xene3ocofepxallmnx LWinamos MpyMeHM Npy HanuuMn
XKENe30pyAHbIX LUSIaMOB,
3KOHOMUYECKOW Lienecoot-
pasHOCTU Ux Bo3BpaTa B
TEXHOMNOro
25 | CHwxeHne cOpOCOB CTOYHBIX BOA B NpoLeccax Ao-
Obl4M 1 NepepaboTKM KenesHbIX pya
25/1 | OpraHusaums cucteM o6opoTHOro BogocHabkeHns | MpruMmeHM npy SKOHOMUYE-
BO BCEX Nepeenax NpoM3BoACTBa Xerne3opyHOro |ckow LenecoobpasHocTu
ChbIpbA
25/2 |MakcvumarbHO BO3MOXKHOE MCronbaoBaHue noasem- | MprMeHM B 3aBUCUMOCTH

HO-APEHaXKHbIX BOA, B 0OOPOTHON CUCTEME TEXHUYE-
CKOro BOAOCHabXeHUst NpeanpuaTns

OT Ka4eCTBEHHbIX Nnokasare-
NeN apeHaxkHOM BOAbI U
TpeboBaHuin 0BOPOTHBIX
LMKIOB

230




UTC 25-2017

Ne HOT/ OrpaHuyeHus
A HanwveHoBanne HOT P
MYHKT B UCNonb3oBaHNUn
25/3 | OumncTka MUHEpPanmn3oBaHHbIX KapbepHbIX U WaxT- | [MpuMeHnm npm TexHonorn-

HbIX BOA C X BKIMFOYEHWNEM B CUCTEMY TEXHUYECKOTO
0B0opOTHOro BogocHabxeHUs

yeckon LenecoobpasHoCcTm
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UTC 25-2017

MpunoxeHune I
(ob6sa3aTenbHoe)

MepeyeHb TEXHONMOrMYeCKUX nokasarenem

TexHONorM4eckni nokasarenb

EnunHnua nsmeperus

JuanasoH
(3HaueHue)

HAT 3. MponseoacTBeHHbIN npoLece AoObluM Xenes-
HbIX PYZ, OTKPbITbIM CNOCOOOM

*Be3 yueta B3pbIBHbIX pPabOT, MbINEHWUS OTBanoB MyCTbIX
NopoA N HEKOHAULMOHHBIX PYA,.

r nbinu/T gobbiBae-
MOW rOPHON Macchl

<35*

HAT 10. Tpon3BoaCTBEHHLIM MpouecC AobbluM Xe-
Ne3HbIX PyA NOA3EMHBIM CnocoboM

**[MokasaTenb pacnpoCTPaHAETCA TONMbKO Ha OAWH BEHTU-
NSAYMOHHbBIN CTBON (UCTOUMHUK N3MEPEHUI).

r nbinn/T gobbiBae-
MOW FOpHO Macchl

<16**

HAOT 17. TlMpon3BOACTBEHHbIM npouecc oboralleHus
JKenesHbIX pyA METOAOM WU3MESbYeHWsi C Mnocnegyto-
LWMM pasgeneHMemM MonesHoro KOMMOoHeHTa W nycTon
nopogbl

I NbW/T KOHUEHTpa-
Ta

I Nbinv (Npy cyLwke)/T
CYLLEHOro KOHL|eHT-
pata

<130

HAOT 19. lNpouecc OKyCKOBaHUSA XenesopygHoro Chbl-
pbs MyTEM MPOM3BOACTBA OBOXOKEHHBLIX OKUCIEHHbIX
oKaTbILLEN.

I MbIAW/T oKaTbILLEN

r oKCcuaoB asoTalT
oKaTblILLEeN

<530

NOy <530

HOT 21. MNpon3BoacTBO XKENe30pyAHOro Cbipbsi C Bbi-
COKMM COAEpXaHWeM >Kenesa MeTarnnu4yeckoro no
TEXHOMOrMM MPSMOro  BOCCTAHOBMEHWUSI Xenesa B
LIaxXTHbIX NeYax MeTannmaaumm

r NbIMW/T METANNN30-
BaHHOro NpoayKTa

I OKCUAOB a3oTalT
MeTannmM3oBaHHoro
npoaykTa

r gmokcmaa cepbl/t
METannM3oBaHHOro
npoayKTa

=320

NO, <650

=280
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UTC 25-2017

MpunoxeHue
(obsa3aTenbHOe)

OHeproahheKTMBHOCTb

B HacTosiwem cnpasoyHnke HOT 3HeprosdeKTMBHOCTL ABNSETCH OAHUM U3 KIoYe-
BbIM KpuTepveM Bbibopa HAT, nockornbky TeXHOMornyeckme npouecchbl AoBbIHM KenesHown
pyabl 1 ee oBoralleHnst XapakTepuayoTCst 3HauNTeNbHbIMW YPOBHAMM NOTPebneHns aHeprum
TONNMBA W 3NEKTPOo3Heprm (CMm. pasgensl 2 n 3).

CpegHee yaenbHoe sHepronoTpebneHve B oTpacnu Bapbupyetcs ot 100 MOx/T B
NPOV3BOACTBE XENe3HOW pyAbl TOBapHOM HeoboralleHHow fo 1 INx/T B Nnpon3soacTee oka-
ThILLEN )Kene3opyHbIX odocoBaHHbIX (cM. 3.6).

C y4eTOM HaKOMMEHHOro B OTPacnu OnbiTa W PacnpoCTPaHeHHbIX TEXHONOMMYeCcKuX,
TEXHWYECKUX 1 yrnpaBneHdyeckux peweHunii k HAT, HanpaeneHHbIX Ha oGecneyeHne BbICOKON
3HeproadhEeKTUBHOCTM NPOM3BOACTBA, OTHECEHLI Creaytolme (CM. pasgen 5):

- HOT 2. CncTemMbl 3HEPreTM4eckoro MeHeaXXMeHTa 1 UX UHCTPYMEHTHI;

- HAT 5. MpumeHeHne 60nbLIErpy3HON KapbepHOW TEXHUKY;

- HAOT 11. MNpoeegeHne ropHbix BbIpaboTOK U NMPUMEHEHNE cUCTeEM OTpaboTku C uc-
Nonb30BaHNEM COBPEMEHHOIO BbICOKOMPOU3BOAUTENBHOIO CaMoXoAHOro 06opyaoBaHus;

- HOT 14. YacTtoTHOE perynvMpoBaHve NpUBOAHbLIX ABUratenen yCTaHoBOK FMaBHOMoO U
BCMOMOraTenbHOro NpoOBETPMBaHVSA 1 BOAOOTNMBA AN NOA3EMHON A06bIuK;

- HAOT 18. ObecnevyeHve cTabunbHOCTU NPOM3BOACTBEHHOMO npouecca oboraieHus,
CHIKEHUWE SHEPreTUYECKUX U MaTepuarnbHbIX 3aTpaT B TEXHONOMM oboralleHus;

- HAOT 19. Mpouecc okyckOBaHWS Kene3opyaHOro Cbipba MNyTEM Npou3BoacTBa 060X-
YEHHbIX OKMCMNEHHbLIX OKaTbILLEW;

- HOT 20. OGecneyeHne cTabnnsHOCTU MPOM3BOLACTBEHHOIO MPOLECCa OKYCKOBaHMS,
CHVDKEHMWE SHEePreTUYECcKNX U MaTepuarnbHbIX 3aTpaT B TEXHOSIOTMM NPou3BoLCTBa 060XOKeH-
HbIX OKaTbILLEWN;

- HAOT 22. OBecneyveHne cTabmnbHOCTUN MPOM3BOACTBEHHOrO NpoLecca NPsMoro BOC-
CTaHOBIEHNS XKemne3a, CHWKEHNE 3HEePreTUYECKMX U mMaTepuarnbHbIX 3aTpaT B TEXHOMorum
NPOVN3BOACTBA METANNMM30BAHHOIO ChIPbS.

K uncny nepcrnekTUBHbIX PELLEHWI, KOTOPbIE MOTYT HaUTX NPUMEHEHME B OTpacnu, oT-
HeceHbl (CM. pasgen 7):

-.1.3. MNpumeHeHne 6ecnnoTHBIX TArOBbIX arperaTos;

- .1.5. TIpMEHEHNE CUCTEM BbICOKOTOHYHOMO MO3MLMOHMPOBaHWSA KoBLUa A5 3a60HbIX
9KCKaBaTOpPOB;

-.1.7. AsTomMaTm3aums npoueccoB A0ObIMHLIX paboT B NOA3EMHbBIX YCNOBUSIX;

-.1.9. Ncnonb3oBaHue crneumantHbIX CNaBoB M U3HOCOCTOMKMX Matepuanos Ans ns-
roTOBNEHNS NOABEMHbBIX COCYL0B U UX (PYTEPOBKY;

-.1.10. ABTOMaT3NpOBaHHbLIA annapaTHbIA KOHTPOIb COCTOAHWA CTBOMA, NOABEMHBIX
COCY[i0B, KQHaTOB;

-.1.11. KomneHcauus peakTUBHOW MOLLHOCTY;

-.2.2. 'amenbyeHne MarHeTUTOBbIX KBapLMTOB;

-.3.1. CoBepLUeHCTBOBaHWE TEMMOBbIX CXEM CYLLECTBYHOLLNX OOXUIOBbIX MALLUMH.
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