OEOEPAJIbHOE ATEHTCTBO

NOo TEXHWHECKOMY PEIYJINPOBAHUIO N METPOJIOI'N

WMHO®OPMALMUOHHO-
TEXHUYECKUN UTC
CNPABOYHMUK 6 —

NO HAUNYYLLIUM
OOCTYMHbIM 2015
TEXHONOIMUAM

NMPON3BOOCTBO LEMEHTA

& MocKsa
{ij 1) é bropo HAT

2015



CopepxaHue

BT =T=y ATy 1=
1o L= Td o] = =
OBITACTD MPUIMEHEHMUSE ...ttt et e e e e e ettt e e e e e e e e e e e ettt e e e e e e e e eeeesaaa e eeeeeeeesesssaanneaaeeseeesnnes
Pasgen 1. O6wasa nHpopmaumsa o npon3eBoacTee LiemeHTa B Poccuinckon
L= (Y o =T PR
1.1 KonnyectBo NpeanpuaTun, Ux reorpadonyeckoe PacrnoNOXEHUE .........eeeeeeeeeeeernnnnnnss
1.2 CbipbeBas 6a3a AN NPON3BOACTBA LIEMEHTA ........cccevvurriiiieieeeeeeeeeiiiiaeeeeeeeeeeeerannnnnns
LS T e 1 1= T PPN
L O T a =T g o T T T T=T o]
1.5 Mpon3BoACTBO LIEMEHTA MO PA3MNYHBIM TEXHOTOTUSAM ....uuunneeeeieeiiiiiiieeeeeeeeeeeesannannns
1.6 OCHOBHbIE NOKa3aTenn LEMEHTHbIX NPEeAnPUATUA POCCUN..............cceeeeeieeiiiiiiiiinnnn,
(ST = 1= T WY Lo T HTY Lo Yo =Y
(IS =1 =10 Y a 1Y o N1 (= o Yos =Y

1.7 OCHOBHOE TEXHOSIOrn4yeckoe o6opy):|,OBaH|/|e LUeMEHTHbIX 3aBOJOB

RSB AN e o1 1 1LY 1Y
1.9 AHanM3 NPUOPUTETHBIX MPOBIIEM OTPACTIM ...uvvunieeeeeeeeeiiiiee e e e e e e e e et e e e e e e e eeeaaaaes
Pasgen 2. OCHOBHble TEXHOMOMMYECKNE NPOLECCHI, NPUMEHSAEMbIE
B HacTosiLee BpeMs npu nponsBoacTBe LuemeHTa B Poccunckon degepauum .....................
2.1 OCHOBHbIE CNOCOObLI MPOM3BOACTBA LIEMEHTA ...vvvuiiiieeeeeeiiiiiiiieeeeeeeeeeesssnaaeeeeeeeeeennnns
2.1.1 TexHonormyeckas cxema MOKpPOro crnocoba NnponsBoACTBa LLEMEHTA ................
2.1.2 TexHonorn4yeckas cxema noslycyxoro crnocoba NpoOuU3BOACTBA .........ceevveeeeeeeenn.
2.1.3 TexHonornyeckas cxema KOMOMHUPOBAHHOTO CMOCOBA .........ccevvvvvvrnniiieeeeeeeennns
2.1.4 TexHonormyeckas cxema cyxoro cnocoba nponsBoAcTBa LEMEHTA...................
2.1.5 lMNMpenmyLiectsa N HeOOCTATKN CMOCOBOB NMPOUIBOLACTBA ......cccevvvvvvviiieeeaeeeeennnns
2.2 CblpbeBble MaTepuarnbl — 0o0blva, XpaHEHUE N NMOATOTOBKA .......cvvuveeeerrineeeerrnneeeeans
2.2.1 CbipbeBble MaTepUanbl U UX JOOBIMA...........uiiieeeeeeeeeiiiiiieeeeeeeeeeeeniinaneeeeeeeeeennes
2.2.2 XapaKTepUCTUKA CbIPbEBbLIX MATEPUATIOB .....uuiieeeieeeeiiiiiieeeeeeeeeesennnnsaeeeaeeeeeenes
2.2.3 BnvsiHue npumecen B Cbipbe Ha npoLecchl 06xura n kayectso
1LY o T PP SP
2.2.4 TpaHCNOPTUPOBKA ChIPbS C KAPBEPA .......cuvuuuueeeeeeeeeererriiiiaeeeeeereeeesssriaaaeaeeeeeseenes
2.2.5 [1epBNYHOE NBMESTBYEHUE ChIPBS . ccuuneeiuiieiiieeeeieeeetieeeeteeeateeeaneeesneeerneeraneeenns

2.2.6 YcpeaHeHMe N XpaHeHNE ChIPbEBbBIX KOMMOHEHTOB. ......uuuuieieeeeeeeiiiinineeeaeaeeeeenes



2.3 N3MenbYeHNE ChIPbEBDBIX MATEPUANIOB .....uuiiriieeiiieeeiieeeeteeeeteeeasneessneesaneeesneeennaaees 75

2.3.1 MOKpbI MOMOJST C NOSTYYEHMUEM ChIPbEBOMO LLUITAMA ...cevvvviiieeeeeeeeeeeiiiinneeeeeeeeeenens 75
2.3.2 NoMO1 ChIPbS MO CYXOMY CIIOCODY ......vvviiieiieeaeiiiiiiiieee e e e e e e et e e e e e e e 75
2.4 KOppeKkTUPOBKa N YCPEAHEHME ChIPBEBOM CMECH .....cevvviieeeeiiieeeeeriieeeeeatnneeesesnaneeaeens 81
2.4.1 KoppeKkTupoBKa 1 ycpegHeHue Lwama npym MoOKpPOM CMOCOBE..........cceeveeeeeeennnns 81

2.4.2 KoppeKkTupoBKa 1 ycpeHeHMEe CbipbeBOM CMECU NPU CYXOM

(o] 3 (o To7o 1 1= Y 85
2.5 XapakTepucTuka, MOArOoTOBKA N CKUTAHMNE TOMIIMBA.......ccvvveeeereeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeens 90
2.5.1 XapaKTEPUCTUKA TOTIIMBA ...evvvuneerertineeeeettieeeeessnnseseessnnseseessnnaeasessnnaeseesnnaesessnnns 90
2.5.2 CknagupoBaHue 1 6€30MaCHOE XPAHEHUE YITIS ......cccvvuuuuiieeeeeeeeeeiiiiiiiseeeeeeeenennns 93
2.5.3 NoAroToBKaA TBEPAOTO TOMITMBA .. ...uuuueeeeriieeeeertieeeeertieeeeessaeeseesnneeeeesnneeeeesanns 94
2.5.4 Cuctema nogaym ra3006pPasHOMO TOMMMBA B MEYUD ........cevevvuneeeeriieeeeerinneeeeennnns 96
2.6 'openoyHble YCTPONCTBA A9 BPALLAIOLLNXCH MEYUEM .....uueeeriiieeeeeiiieeeeeaiineeeeesinneeaeens 98
2.7 VICTIONB30BAHME OTXOOB ...vuitneeninetnetnstsesasensssesasessst ettt ttnserereesnrenns 105
N A B O [T NN Y 1Yo 1 1= = RSN 105
2.7.2 Vicnonb3oBaHWe 0TX040B B KAYECTBE CbIPbEBbIX MATEPUATIOB .......ccccevvveeeeee. 107
2.7.3 Vlcnonb3oBaHME OTXOA0B B KAYECTBE TOMIIMBA ..cuuvvnvnrirnerniirerneensssnesnsensssneennes 113
2.8 OBXUM LEMEHTHOTO KITUHKEP@ ...evvvvvvieeeeeeeeeetitiiaseeeeeeeesessssnaaeeeeeeeessssssnnseaaeeseeesnnns 130
2.8.1 [Meyn MOKPOro crnoCOBa MPOUBBOLACTBA ...vuvruunreeeerreeeernnnnaeaeerreeeesnnnnaeeeaeeeeenenes 130
2.8.2 lNeyHble cncTeMbl C LUMKNOHHBIM TEMNTIOOOMEHHUKOM .......ccvvveevvneeerineeeeineeennnnnns 135

2.8.3 [NeYyHble cucTemMbl C LIUKNOHHbIM TEMNTO0OOMEHHUKOM U

AEKAPOOHMBATOPOM.....uuuiieeeeeeeeeeititi e e e e eeeeeeettaa e e e e eeeeeeeasasaa s eeeeeeeeeesssaanaaeaaaeeeeennes 137
2.8.4 OyTepOoBKa BPALLAKLLMXC MEUEM ....cceeeeeeiiiiieeeeeeeeeeeeiiieaeeeeeeeeeeeennnnneeeeeeeeeeenes 139
2.9 KIMHKEPHBIE XOMOLMIBHUKM ......ceeeeeiiieeeeeeeeeeeetaaiasaeeaeeeeeeeesssnaaeeeeeeeeeensnnnnaeaeeeeeeennnes 141
2.9.1 PekynepatopHbie (nnaHeTapHble) n 6apabaHHble XONOOUMBHUKU ................... 141
2.9.2 KONOCHUKOBBIN KIMUHKEPHBIA XONMOLANMITBHUK ...covviieeiiiieeeeeiiieeeeeaiieeeeeeaiineeeeesnans 141
2.10 CknagupoBaHME KITMHKEPA Y MOMOIT LIEMEHT . ....eeeeeeeeeeeriiiieeeeeeeeeeennnnnnseeeeeeeennnens 147
2.10.1 CKNAONPOBAHME KIUHKEPA@ ....uuuuueeeeereereurnnnnsseaeeereeassssnnsaaeesessssssnnnnnaeaeeeeeennes 147

D2 KO 2 I (o] Y (o Y =T Y 1Y o = TR 149
20t B O T 31 157
2.12 XpaHeHune, OTrpy3Ka M YNAKOBKA LIEMEHTA ....cceviviiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 161
Pasgen 3. Tekywime ypOBHU SMUCCUN B OKPYXKAKOLLYHD CPEOY .evvvvrrerrrreeeerieereeeeeeeeeeeeeeeeeeees 164
3.1 MaTepuanbHbIn 6anaHc npouecca NPoM3BOACTBA NOPTNAHAUEMEHTA .......cccceee...... 164
3.2 Jkonormnyeckne mapkepbl Npu NPON3BOLCTBE NOPTNAHAULEMEHTA........vevvevveneeeeennnn. 165



3.3 YoenbHbI pacxoq CbipbEBbIX MaTepmnanoB Ha Npon3BoacTBO 1 T
NOPTNAaHALEMEHTHOIO KIMHKEPA U MOPTIIAHALUEMEHTA ...uviiiiiiiieeeeiiiieeeeeeie e e eeain e e e eeaans 168
3.3.1 Vcnonb3oBaHne NPOMBbILLSIEHHbBIX OTXO40B B KAYECTBE ChlipbEBbIX
MaTepuanoB U MUHeparbHbIX 406aBOK Npyn NPon3BOACTBE
MOPTITAHOLEMEHTA v iiiiiieeeii e et e e et e et e et n e et e e e et e e e et e e e et e e e e e e e e e e et e e eanneeeanneeenns 169
3.4 YgenbHbI pacxoq Tonnmea Ha obxur 1 T nopTnaHaueMEeHTHOro
SR 1T C=T o - TP 170

3.4.1 Bnuanve tonnmMeocoaepXxallnx 0TX040B Ha yAeSbHbIM pacxos

Tenna npu ooXxmre NOPTNAHALEMEHTHOIO KITUHKEPA. ......ccvvrurriieeeeereeeeerininseeeeeeeennnnns 172

3.5 YgenbHbI pacxoq aHeprum Ha NponsBoACTBO 1 T NOpPTNaHAUEMEHTA..................... 174
3.6 Bbibpochl BpeaHbIX BELECTB NPY MPOMU3BOACTBE LEMEHTA ....ccceeeeeeeeeeeeeeeeeeeeeeeeeeenn 175
3.6.1 BbIOPOCHI MBITM ...ttt e e e e ettt e e e e e e e ettt e e e e e e e e e e et e e e e e e e e e eeaaaa e e eeees 175

3.6.2 Bbi6pochl OKCUAO0B @30TA NOy....uuuueiiiiieeeeieieiiiiiie e ee et e e 179

3.6.3 BbI6pOChl ANOKCUAA CEPBI SO2 covvrriiiiieeeeieeiiiiiiiiee e e e e e eeeeatiina e e e e e e eeeeeann e e eees 183

3.6.4 Buibpochkl okenaa yriepoaa (CO) oo 186

3.6.5 BbIGpOCHI METASIIOB M UX COEAMHEHUM ....ceevvviiiieeeeeeeeeeeatiie e e e e e e et e e 188

3.6.6 Bbibpochkl razoobpasHbix xnopugos n gtopmnaos (HCIM HF) ... 191

3.7 YpoBeHb LyMa, BO3HMKAIOLLMI B NpoLecce NPpOM3BOACTBA LEMEHTA ........c..vvveeeenn... 193
3.8 BBIBPOCHI B BOLY ....cceeeeieeeeee e 194
3.9 [MPON3BOACTBEHHDBIE OTXOLBI «..cevvvtineeeistieeeeettieeseesaseeeeessaeeaeessnaeeeessnaeeeesnnaeeeesnnns 195
Pasgen 4. Hannyymne OOCTYMHBIE TEXHOSOTMM .....cuuuuneeeeiiieeeeetieeeeeessieeeeessineeeeesnnneeesennnns 195
Pasgen 5. Hanny4ywme oocTynHble TEXHONOMMN NPy NMPOU3BOACTBE LEMEHTA .....cccveeeeeee... 196

5.1 CHwxeHune YOENbHbLIX pacXogoB CbipbeBbIX MaTepuarnoB Ha

5.1.1 Vicnonb3oBaHne 0TxX040B npon3BoACTBa B Ka4eCTBE CblpbeBbIX

MaTtepumanos rnpu npon3sogcrtee noptnaHAuUeMeHTHOro KrinHkepa um

(TS 1= = P 199
o 200

5.2 CHMXeHWe yaenbHoro pacxoga tonnuea Ha ooxur 1 1

NOPTNAHOLEMEHTHOTO KITUHKEP@ ...eevueeitieeiteeeeie e et e e et e et e e e s e e st s e e e a e e e e e et e e eaaneeenns 200
I 205
o 207
5.2.1 Vicnonb3oBaHne 0TX040B B KA4YE€CTBE afnlbTEPHATUBHOMO TOMMMUBA................... 207
I N 209



5.3 CHMXeHmne yaenbHOro pacxoga aHeprum Ha nponssoacteo 1 1

Lo o a =TV N LTV T = S 210
5.3.1 CnCTEMbI SHEPTETUYECKOTO MEHEIKMEHTA ..oeeiveieeieeeieieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 211
I 214
N 215

5.4 CHmxeHne BbIOpOCOB BpeaHbIX BELLECTB NPU NPOM3BOLACTBE LEMEHTA .......uuvven...... 215
5.4.1 CHMKEHNE BbIOPOCOB MBISIN ...cceeeeeieeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 216
I 220
I 222
5.4.2 CHmxeHune BbIGpocoB OKCUA0B A30TA NOy....uuuuiiiieeeiiieiiiiiiie e e 222
O O 227
O 228
5.4.3 CHmxXeHMe BbIOBPOCOB ANOKCUAA CEPBI SOz .uvuviiiiiiiiiiiiiiiiiiiie e 229
O 231
5.4.4 CHMXKEHME BBIBPOCOB CO.....ciiiiiiiiiiiiiiee e eeeeeeeiiie e e et e e e e e e e e e e e e 232
I 233

5.5 CHMXeHne ypoBHS LyMa, BO3HWUKAIOLLLEro B NpoLiecce Npon3BoAcTBa

TSV 1T 1 1= 234
I 234

5.6 CCTEMbI SKOSTOTNYECKOTO MEHEIAMKMEHTA ....vceeveeeirieeeiieeeeieeeeteeeeieeeaaeeeeaneeeesneeenns 236
I 238

A\, o1 i o o L T P 239
I 239

Pasgen 6. DKOHOMMYECKME acnekTbl peanu3aumm Hanyywmnx OCTYNHbIX
TEXHONOIMMM MPU MPONIBOLCTBE LIEMEHTA c..vuuiiiiiiieeeeiiiiieeeeeatineeeeetsieeeeesseeseesnneeesessnaeaeens 240

6.1 DKOHOMMYECKME acneKkTbl Hauny4LnX AOCTYMNHbIX TEXHONOMMIN Npn

MPOUSBOLACTBE LIEMEHTA ..eeuueiunieiieeeteeteeaeeet e eteeaeean e et e eaaaeaaesaneeanaeeneeaneeanaeeneennaeanaanns 240
6.1.1 SHeproadPPEKTUBHOCTD MPOUBBOLACTBA .vvvvruneeeeerrreeernnnneeeeerererssnnnnaseaaeeeeeennes 242
6.1.2 lNoBblWweHNe NPOU3BOAUTENBHOCTU TPYOA «.uuueeeeeeieieiiininaeaeeaeeeesennnnaaeeaeeeeeenens 242
6.1.3 CHMXEHNE IKONMOTUYECKOTO YLUEPOA .oevvvviiiiiiiiiiiiiiiiieeieeeeeeeeeeeeee et 244

6.2 DKoHOMUYeckme acnekTbl peanudaunmn HOT npu NpoM3BOACTBE LEMEHTA .............. 245
6.2.1 BbIBOP CMOCODA MPOMBBOACTBA ... . eeeeeeeeeiriiniieeeeeereeeennnnaaaaaeeeeressnnnnaeaaeeeeennnes 245

6.2.2 Pekynepaumsi 3HEpPrum n3 neyvm n xonoaunbHuka / OnonHUTENbLHas
TEHEPALINA BHEPTUM ... ettt e ettt e et e et e e e e e e et et e e e e e e e e e e e an e e ean e e enneeenns 245

6.2.3 OnTuMmn3aumsa KOHTPONSA TEXHONMOMMYECKOTO MPOLIECCA .......uveeeerreneeeerrineeeeennens 245

Vv



6.2.4 Vlcnonb3oBaHME OTXOA0B B KAYECTBE TOMIMMBA ...uuvvnenrirneeniinienienseseensensssneens 246

6.2.5 CHMKEHNE BbIOPOCOB MBISIN ..eevvevieeieiiieeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeees 246
6.2.6 CHMKEHNE BBIOPOCOB NOy ...ovvviiiiiieeeiiiiiiiiie e e e e ee e e et e e e e e e e e e e e et e e e e e e e eeeanes 250
6.2.7 CHMKEHNE BBIOPOCOB SO2 ... e e e e e e 257
6.2.8 BHEOPEHNE CUCTEM MEHEIKMEHTA c.vuuiiiiiiieeeeeiiieeeeeei e e e e eat e e e e eaaa e e e e easnneeaeees 261
Pasgen 7. lNepcnekTuBHbIE TEXHONOMMM NPU MPON3BOLACTBE LEMEHTA ......cvvvvieeeeeiiieeeeennnn, 262

7.1 TexHonornsa nosiy4eHnst BbICOKOAKTUBHOIO CMeLLaHHOro

ABYXKNMUHKEPHOTO MOPTIAHALEMEHTA .. eevuiiiiieeiineeeiieeetieeesiseeetaseessnseessnseesseeesnneeesnnaees 262

7.2 TexHonorus npuMeHeHns MeToga XMMNYECKOW pereHepawmm Tenna npu

MPOUSBOLACTBE LIEMEHTA ..ceuuiiunieunieeteeteeaneeeueeaeeaneeaneeaeeanaeeneeanaeaneeaneesneeanaeenaaenneeenaeens 263

7.3 TexHonornsa acpeKTMBHOM YyTUIM3aLMKN Tensia U O4YUCTKN OTXOASALLMX

rasoB NpM MOKPOM CMOCOBE NPOM3BOACTBA LIEMEHTA....uuuunieeeeeeeriiiiiieeeeeeeeeeenninnneeeeeeeas 265

7.4 TexHonorus NCcnonb3oBaHUs OTBAsSIbHbIX ANIEKTPOMETanypruyeckmnx

LUSTAKOB AJS151 MPOU3BOACTBA LIEMEHT ..uuunieiiiiieeeeiiiiieeeeetieeeeeetaeeeeesaaeeeeeaaa e e eeeaaaeeeeesnans 267
3akoUnNTENBbHbIE MOSTOKEHMUSA N PEKOMEHIALMM ......ceeevieeeeeeiiieeeeeee e e e ee e e e e e e e e eaa e eeens 269

MpunoxeHwne A (obs3atenbHoe) Koabl OKB3O[ n OKT1[, cooTBeTCTBYIOWME

obnacTtu npumeHeHus HacTosALwero cnpaBodHUKa HOT ..., 276
MpunoxeHne b (o6a3aTenbHoe) NMepeveHb MAPKEPHBIX BELLUECTB .....cccevvvrnneeeeeereeeeeennnnnnns 278
MpunoxeHne B (oba3aTtensHoe) lMepeydeHb HOT ... 279
MpunoxeHwne I (o6s3aTtenbHoe) epeyeHb TEXHONOMMYECKNX MOKA3ATENEN ........cccvvveen... 284
MpunoxeHwne [1 (06a3aTenbHOE) OHEPrOIPPEKTUBHOCTD ...vvvvvineieeeeeeeeeeiiiiee e e e 285
Y Lo T i 0 Y=o o < 288

Vi



BBeneHue

MHOpMaLMOHHO-TEXHUYECKNIA CNPABOYHMK NO HAUMYYLLMM AOCTYMNHBLIM TEXHOMOMMAM
(nanee — cnpaBoyHuk HOT) «pon3BoacTBO LemMeHTa» pa3paboTaH Ha OCHOBaHUKM aHanu3a
pacnpocTpaHeHHbIX B Poccuiickon degepaumm n nepcnekTUBHbIX TeXHonorum, obopyaosa-
HUA, Cbipbs, OPYrMX PECYpPCOB C YYETOM KINMMATUYECKMX, SKOHOMUYECKMX N CoUManbHbIX
ocobeHHocTen Poccurckon ®epepaunu.

B cootBeTcTBUM C nonoxeHusamn depepanbHoro 3akoHa oT 10 aHBapsa 2002r.
Ne 7-®3 «O6 oxpaHe okpyxatowen cpeabl» [1] 0ObeKTbl, OkasbiBalOLWMe BO3LENCTBME Ha
OKpy)XalLly cpeay, noapasfendalTcs Ha JeTblpe kKateropuu. [1pou3BOACTBO LEMeEHTa
BKIMOYEHO B | KaTeropunto n OTHECEHO K 0BnacTam NpUMEHEeHUsa Hauny4vwmnx AOCTYMNHbIX Tex-
Honormn (HAOT). MpodunbHble NpeanpuaTnsa paccMaTpuBatroTCsl Kak 06beKTbl, AEATENbHOCTb
KOTOPbIX OKa3blBaeT 3HA4YMTENIbHOE HeraTMBHOE BO3AENCTBME Ha OKPYXKaloLlyto cpefy U Ko-
Topble 0653aHbl Nony4YaTb KOMIMMEKCHbIE 3KOMOrM4yeckne paspelleHns Ha ocyllecTBrieHue
cBoen gesternbHocTU. OBwasn uernb KOMNIEKCHOro noaxoAa K 3KOrormyeckoMy HopMupoBa-
HWIO XO3SANCTBEHHOW OeATEeNbHOCTN 3aKNio4aeTcsl B COBEPLUEHCTBOBAHUM PerynnupoBaHus u
KOHTPOSISi NPOM3BOACTBEHHbIX MPOLIECCOB C Lenbio obecrneyvyeHnsi BbICOKOrO YPOBHS 3aliuUThI
oKpyXatowen cpefbl. X03ancTeyowmne cyObekTbl OOMKHbI NPUHMMAaTh Bce Heobxoanmble
npegynpeauTenbHble Mepbl, HanpaBlieHHble Ha NpeaoTBpaLleHne 3arpsa3HEeHns OKpyKato-
e cpedbl U paunoHanbHOe UCMNOfb30BaHNE PecypcoB, B YaCTHOCTU NOCPEACTBOM BHeape-
Hua HAOT, koTopble AaldT BO3MOXHOCTb 06ecnevnTb BbINONIHEHME JKOMOrnm4yecknx Tpebosa-
HUN.

TepMuH «Haunyylwme OOCTYMNHble TEXHOMOMN» onpeaerneH B ctatee 1 ®eaepanbHOro
3akoHa Ne 7-d3 «O6 oxpaHe okpyxatowen cpeabl» [1], cornacHo kotopomy HOT — 31O Tex-
HOSOrMsi NPOM3BOACTBA NPOAYyKUMW (TOBapPOB), BbINOSTHEHUS pPaboT, okasaHua ycnyr, onpe-
Aensiemasi Ha OCHOBE COBPEMEHHbIX JOCTMXXEHUIA HAayKN U TEXHUKM U Haumny4lero codeTaHus
KpUTepMeB OOCTMXKEHUS OXpaHbl OKpYyXatollen cpeabl Npu YCNOBUW Hanmnums TEXHUYECKOW
BO3MOXHOCTUN €€ NPUMEHEHNS.

CtpykTypa HacTtosiwero cnpasodHuka HOT cooteetctByeT NMHCT 21—2014 [2], dop-
Mat onucanus TexHonormm — MHCT 23—2014 [3], TepMUHbI NpuBEAEHbI B COOTBETCTBUMN C
MHCT 22—2014 [4].

KpaTtkoe coaepxaHme cnpaBoYHUKa

BBepeHue. lNpeacraBneHo kpaTkoe cogepkaHue crnpasoyHmka HAT.
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Mpeancnosue. YkasaHa uenb paspaboTkmn cnpaBoyvHuka HOT, ero cratyc, 3akoHoaa-
TenbHbIA KOHTEKCT, KpaTkoe onucaHue npoueaypbl co3gaHust B COOTBETCTBUMN C YCTaHOBIEH-
HbIM MOPSIAKOM, a TaKKe B3aMMOCBSA3b C aHaNoOrm4yHbIM1 MeXayHapoaHbIMU JOKYMEHTaMU.

O6nactb npuMeHeHuA. OnncaHbl OCHOBHbIE BUAbI OEATENBHOCTU, HA KOTOpbIE pac-
npocTpaHsaeTcs aencTasne cnpasoyHmka HOT.

B paspene 1 npencraBneHa MHgopMauus 0 COCTOSHUN N YpoBHe pasButuda B Poc-
cunckon degepaunm NPon3BoOACTBA LEMEHTA:

- cBefeHnsa 06 oTpacnu, BKMYas MCMNofibdyeMble Cbipbe, TONSIMBO M Ap., B COOTBET-
cTBumn ¢ PegeparnbHbIiM 3akoHOM [1] (cTaTba 28, NYHKT 6);

- CBeleHNs O Konu4yecTBe NpeanpusaTuim, Ux reorpadmyeckoM pacrosioXXeHUn, cpokax
BBOAA B 3KcCMnyaTaumio, Npou3BoAUTENbHOCTU, SKOHOMMYECKMX MoKasaTensax u rnpuMmeHsie-
MbIX TEXHOMOMMYECKNX NpoLieccax;

- aHanu3 NpMopmuTETHLIX Npobnem oTpacnu.

B paspene 2 npeacrtaBneHbl CBEAEHUS O TEXHOMOMMYEeCKMX npoueccax, npumeHsie-
MbIX MPU OCHOBHbIX CBOMCTBax NPOW3BOACTBA LEMeEHTa, a TakkKe BCromMoraTesibHbIX Npous-
BOACTBEHHbIX NpoLueccax.

B paspgene 3 npuBoanTca nHopmMauus O perfnaMmeHTUpyemMblX U pakTU4eCcKnx ypoBs-
HAX SMUCCUM B OKPYXXaloLLylo cpedy Ana MpUMeHsIieMbIX TEXHOMOMMYECKUX NpoLeccoB, Cbl-
pbd, TONMMBA, BTOPUYHbIX CbIPbEBbLIX U SHEPreTUYECKUX PECYPCOB C YKasdaHWEM MpUMeHsie-
MbIX METOAOB ONpeaeneHns.

Pasgen nogrotToBneH Ha OCHOBE AaHHbIX, NpeAcTaBneHHbIX npeanpuatuamm Poccnn-
ckon denepaumm B pamkax paspaboTku cnpaBodHuka HAT, a Takke pasnuyHbix nutepaTyp-
HbIX MCTOYHUKOB.

B pasgene 4 onucaxbl nogxoabl kK onpeaenexdmio HOT, npuMeHeHHble Npu pa3paboT-
Ke HacToswero cnpasovHuka HAT.

B paspene 5 npuBeaeHbl MAEHTUPUUMPOBAHHLIM B pedyrbTate OeHYMapKkuHra oT-
pacnu nepeyeHb HOT npy Npon3BoACTBE LLIEMEHTA N UX XapaKTEPUCTUKKU, B TOM YUCne nepe-
YeHb OCHOBHOIO TEXHONOrM4yeckoro obopyaoBaHUA, MO3BOMAKLMX COKPATUTb 3MUCCUMM B
oKpyxatowyto cpegy, obecneunTb paumoHanbHOe noTpebneHue Cbipbsi, BOAbI, SHEPTMM U
CHN3UTb 06pasoBaHMe OTXOO0B.

B paspene 6 npuBeaeHbl JOCTYMNHbIE CBEAEHUS 00 3KOHOMUYECKUX acnekTax peanu-
3aummn HOT Ha uemeHTHbIX npeanpuatnax Poccuinckon ®epgepaunn.

B paspene 7 npuBeaeH nepedyeHb NepCrekTUBHbIX TEXHOMOMMA U TEXHOMOMNI, Haxo-
ASAWNXCA Ha CTaguMn Hay4yHO-UCCreaoBaTeSNIbCKMX W OMbITHO-KOHCTPYKTOPCKMX paboT wunu

ONbITHO-NPOMBbILUITIEHHOIO BHEAPEHUA, NMO3BONIAOLLNX NOBLICUTb SCbeeKTVIBHOCTb npomn3sona-

Vil



CTBa M COKpPaTUTb AMUCCUUN B OKPYXatoLLYy cpeay, C YykadaHMeM CPOKOB, B TEYEHUE KOTOPbIX
nepcrnekTUBHbIE TEXHOMOMMU MOTYT CTaTb 3KOHOMUYECKN N TEXHUYECKU AOCTYMHbIMU.
3aknounTenbHbIe NMONOXEHUA U peKoMeHaauuu. [prBedeHbl cBedeHNa O YneHax
TexXHu4eckon paboyen rpynnbl, NPUHMMAaBLLMX y4acTue B pa3paboTke crnpaBoyHuka HOT. Pe-
KOMeHZauumn npeanpuaTuam no ganbHenwnM nuccneoBaHnsiM SKONMOrMYecknx acrnekToB MX
AEeATEeNbHOCTMW.
Bubnuorpacdumsa. MNpueeaeH nepevyeHb UCTOYHUKOB MHGOPMaUMK, UCNOSb30BaHHbIX

npu paspaboTtke cnpaBoyvHmka HAT.



MpeaucnoBue

depepanbHbin 3akoH Ne 219-93 [5] coBepLUeHCTBYET CUCTEMY HOPMWPOBAHUA B 06-
nacTn oxpaHbl OKpYXatoLen cpenbl 1 BBOOUT B POCCMINCKOE NPaBOBOE Mofie Mepbl 3KOHOMMU-
4YeCKOro CTUMYIIMPOBaHNS XO3ANCTBYHOLNX CYObEKTOB ANst BHEAPEHUST HAUNMYYLLMX TEXHOMO-
rmn. OgHako B JaHHOM 3aKOHe He onpeaerneHa topugudeckas gopma cnpasoyHukos HOT.

depepanbHbin 3akoH Ne 162-d3 «O ctaHgaptmsauum B Poccuinckon depepaunny [6]
COAEPXKNUT NONOXEHUS, 3aKpennaLwme ctatyc MHPOPMALMOHHO-TEXHUYECKNX CNPaBOYHNKOB
Kak JOKYMEHTOB HaLMOHAaNbHOW CUCTEMbI CTaHA4apTU3aLNN.

Llenun, oCcHOBHblE NPUHLMMLI U NOPSA0K pa3paboTkm cnpaBovHmka HOT ycTaHOBMEHbI
noctaHoBneHunem [lNpasutensctea Poccuiickon ®epepaunn ot 23 gekabpsa 2014 r. Ne 1458
«O nopsgke onpeaeneHns TEXHONOMMN B KayecTBe Haunydwen OOCTYMHOM TexXHonoruu, a
Takke pa3paboTku, akTyanu3auum n onybrnmkoBaHWA WMH(OPMALMOHHO-TEXHUYECKUX Crnpa-
BOYHMKOB MO HaUNy4yLWnM AOCTYMHbIM TEXHONOrnaAM» [7].

1 CraTtyc [OKyMeHTa

CnpaBoyHnk HOT «[pon3BOACTBO LUeMeHTay» ABNAeTCs AOKYMEHTOM Mo cTaHdapTu-
3aumm, paspaboTaHHbIM B pe3ynbTate aHanmsa TEXHONOMMYECKNX, TEXHUYECKNX U yNpaBreH-
YECKMX peLleHnn Ons LEMEHTHON MPOMbILLIIEHHOCTN U COAEPXaLLMM OnMcaHue npumeHsie-
MbIX B HacTosiLLiee BPEMS U NEPCNEKTUBHbBIX TEXHONIOrMYECKMNX MPOLIECCOB, TEXHUYECKNX CNO-
coboB, MeTOAOB NpefoTBpaLLEHNS U COKpaLLEeHUs HEraTUBHOIO BO3AENCTBUS Ha OKpY»Kato-
LLYI0 cpeay, U3 Yncrna KoTopbIX BblAeneHbl pewenns, npusHaHHble HOT gna npoussoacTtea
LEeMEHTa, BKIoYasi COOTBETCTBYHOLLUME NapamMeTpbl SKONOrMYECKON pe3ynbTaTUBHOCTU, pe-
CYpPCO- 1 3HEProaPPEKTUBHOCTH, a TAKKE IKOHOMUYECKME NOKa3aTenu.

2 NUHdopmaumsa o paspaboTumkax

CnpaBoyHuk HOT paspaboTtaH TexHuyeckon paboden rpynnon Ne 6 «[1pom3BoacTBo
uemeHTa» (TPl 6), coctaB koTOpoOW GbIN yTBEPXKAEH NpuKa3om PocctangapTa oT oT 17 uons
2015 r. Ne 831 «O TexHuyeckon paboyen rpynne «Mpon3BOACTBO LEMEHTay.

lMepeyeHb opraHnsauun 1 nx NpeactaBuTenen, NpMHMMaBLINX ydacTue B paspaboTtke
cnpaBoyvHuka HOT, npuBeneH B pasgene «3aknounTenbHbIe NOSTOXEHUS U PEKOMEHOaLNNy.

CnpaBo4yHWK nNpeacTaBneH Ha yTBepxaeHue Bopo Havnyuwmx AOCTYMNHbIX TEXHOMO-
rmn (aanee — bropo HOT) (www.burondt.ru).

3 KpaTkaa xapakrepucTuka

CnpaBoyHunk HOT cogepXuT onucaHue npuMeHsieMbiX Npuv NPOU3BOACTBE LEeMeHTa
TEXHOJSTOrMYEeCKMX NpoLeccoB, 060pyaoBaHUs, TEXHUYECKMX cnocoboB, METOAOB, B TOM YuC-

rie No3BONSAIOLMX CHU3WUTbL HEraTMBHOE BO3OENCTBME Ha OKpyXKaloLlylo cpedy, noTpebnexue
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BOAb! U CbIpbsi, NOBbICUTb 3HEPrO3IPPEKTUBHOCTL. 3 ONMCAHHBLIX TEXHONOMMYECKMX NpoLec-
coB, o6opyaoBaHns, TEXHUYECKMX cNOCcOBOB, METOAOB ONpeaeneHbl peLleHuns, SBnsaoLmecs
HAOT. OAna HOT B cnpaBodHuke HOT ycTaHOBNEHbI COOTBETCTBYOLWME TEXHONOMMYeckme no-
kaszatenun HAOT.

CnpaBoyHnk HOT pekomeHaoBaH nNpeanpusiTUsIM LLEMEHTHOW NPOMBbILLAEHHOCTM NS
noaroToBkW nporpamm BHeapenus HAT, perynupyowmm opraHam — Ofisi OLEHKU COOTBET-
CTBUSA MpeanpuaTUin 3Komormyeckum TpeboBaHMAM W roCygapCTBEHHbIM OpraHam — [Afis
NPUHATUSA peLleHns O rocydapCTBEHHOM COMUHAHCUPOBaAHUU WHBECTULMOHHBIX MPOEKTOB
(MpoekToB MogepHM3aLNN).

MpumeneHne HOT HanpaBneHoO Ha COBEPLUEHCTBOBAHME CYLLECTBYHOLLErO NMpaBoOBOro
perynupoBaHusa B obnactu oxpaHbl okpyxatwen cpeabl (OC), yepe3 MexaHn3mM UCnosnb30-
BaHua HOT, a Takke npeaycmaTpuMBaeT yCUNEHUE KOHTPONS 3a KPYNHENWNMU 3arpasHuTe-
namm OC, 0QHOBPEMEHHO CHMMasi U3NULLHME agMUHUCTPATMBHbIE Bapbepbl B OTHOLUEHUU
Tex NnpeanpusaTuii, kKotopble Bo3aencTByoT HaA OC B MEHbLUEN CTEMNEHN.

PacnopsxeHnuem [NpaButensctBa Poccunckon depepaumm Ne 398-p [8] yTBepxaeH
KOMMMEKC Mep, HanpaBfeHHbIX Ha OTKa3 OT UCMOMb30BaHUS YCTapeBLUINX N HEAPEKTUBHBIX
TexHonorum, nepexon Ha npuHuunesl HAT n BHegpeHWe coBpeMEHHbIX TEXHOMOTUHN.

Mepexoa Ha npuHumnel HOAT — 3TO n3MeHeHne B CUCTEME roCyAapCTBEHHOIO perynu-
poBaHMSA B NMPUPOAOOXPaHHOM cdepe N NPOMBbILINIEHHON NONUTUKE. PasButrue NpoMblILUSIEH-
HOCTU N obecneyeHne HaaexHoro ypoBHs 3awmTel OC paccmaTpuBatroTCs Kak eauHas Lesb.

MocnepoBaTenbHoCTb nepexoga Ha HAT npeanpuatuin GyoeTt BubIrMaaeTb crnenyto-
LM obpasom:

1) oueHka NPOM3BOACTBEHHOW AeATENbHOCTU NPeanpuATUa U NOoAroToBKa nnaHa Mo-
aepHusaumn,

2) cornacoBaHue nnaHa MOAEpHU3aLMM U YCTAHOBIIEHME BPEMEHHO COrnacoBaHHbIX
Bbibpocos (BCB);

3) peanusauusa nnaHa MmogepHM3aunmn n noatanHoe BHegpexHme HAT.

Takum obpasom, ogHUM M3 Hanbornee BaXKHbIX CNeACTBMA NPUMEHEHUSI MexaHu3ma
HOT, nomMuMo o6LLErO CHMXXEHNSA YPOBHSA 3arpA3HeHns, byaeTt siBNsATbCA YCKOPEHHOE TEXHO-
nornyeckoe passutue. MNpeanpusatng, BbIHY)KAEHHbIE NPUHUMATL AOMONTHUTESNbHbLIE MEpPbI MO
CHWXEHUIO HeraTuBHoro Boagenctaus Ha OC npu ycnosBumn coxpaHeHnsa cebectommMocTn Ha
KOHKYPEHTHOM YpPOBHEe, OyayT BbIHYXXAEHbI yaensTb 0coboe BHUMaHWE pPasBUTUIO TEXHOMO-
MK, MOBbILWEHNIO UX 3PMEKTUBHOCTN, ONTUMMU3ALUM BCEX BO3MOXHbIX 3aTpaT. BHegpeHue

MexaHu3ama HOT no3sonuT Takke yWTU OT YCTAHOBIIEHUS €AMHbIX ONA BCEX NpeanpuaTui
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XXECTKMX HOPM, YTO HEBO3MOXHO C Y4€TOM pasHoobpasunsa npeanpusaTui, NPUMEeHSEeMoro Chbli-
pbsi, NPOLECCOB NPON3BOACTBA U T. A.

Mcnonb3ys cnpaBovHuk HOT, npoMbiluneHHble NpegnpuaTna CMoryT, He OOXMAAsCh
2019 roga — Ha4dana BblgayuM KOMMIIEKCHbIX 3KOSNOMMYECKUX pas3peLleHnn, — OLEHUTD,
HACKONbKO napameTpbl BbIOGpOCOB M COPOCOB NpeanpusTUs COOTBETCTBYIOT TeXHorornye-
ckum napametpam HAT.

4 B3anMmocBA3b C MeXAYyHapOoAHbIMU, permoHanbHbIMU aHanoramm

CnpaBoyHnk HOT «[lMponsBoactBo LemeHTa» paspaboTaH B cooTBeTcTBUMM ¢ Depe-
panbHbIM 3akoHOM [1] (cTaTbs 28.1, NyHKT 7) HAa OCHOBE pe3ynbTaToB aHanu3a oTpacnv B
Poccunckon degepaunm n ¢ ydeToM MatepuasrioB cCnpaBodHWKa EBponenckoro cotosa no
HaUNy4YLWMM SOCTYMNHbIM TexHonornam «Mpom3BoaCcTBO LiEMEHTA, U3BECTU U OKCMAA MarHUsA»
(Best Available Technigues (BAT) Reference Document for the Production of Cement, Lime
and Magnesium Oxide) [9], [10].

5 C60p AaHHbIX

MHdopmaumss o TeXHOMOrMYecknx npoueccax, obopyaoBaHMM, TEXHUYECKUX CMOCO-
Bax, meTogax, NpUMEHSEMbIX NPU NPOM3BOACTBE LiemeHTa B Poccuiickon ®epepauun, 6bina
cobpaHa B cooTBeTCTBUM C [lopsakom cbopa AaHHbIX, HEOOBXoaUMbIX ANns pa3paboTkM MH-
POpMaLMOHHO-TEXHNYECKOrO CNpaBoOYHMKa MO HauUMy4WwmnM SOCTYMNHbIM TEXHOMNOMMAM U aHa-
nmM3a npuopuTeTHbIX npobnem oTpacnu, yTBEpXAEHHbIM npuka3om PocctaHgapTta oOT
23 nons 2015 r. Ne 863.

6 B3anmocsssb ¢ aopyrumu cnpaBoyHnkamum HOT

BaaumocBasb HacToswero cnpasovHnka HOT ¢ gpyrmmu cnpaBodHukamu HAT, pas-
pabaTbiBaeMbIMK B COOTBETCTBUM C pacnopskeHneM [pasutensctea oT 31 oktabps 2014 r.
Ne 2178-p [11], oTpaxkeHa B pa3aene «O6nactb NPUMEHEHMUSY.

7 UHdhbopmaumsa o6 yTBepxxaeHMu, onybrnmkoBaHumM 1 BBeAeHUU B AeUCTBUE

CnpaBoynnk HOT yTBepxaeH npukasom PocctaHgapta ot r.

Ne

Cnpasounuk HOT BBegeH B genicteme ¢ 1 uonsa 2016 r., opmumansHo onybnmvkoBaH B
NMHOPMaLNOHHON cncTteme obLLero Nonb3oBaHNa — Ha oduumanbHOM cante degepanbHo-
roO areHTcTBa MO TEXHWYECKOMY perynmpoBaHuio u MeTposiorum B cetn WHTepHeT

(www.gost.ru).
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MHO®OPMALMUOHHO-TEXHUYECKUN CNMPABOYHUK
nNo HAUNYYWMMM OOCTYINHBIM TEXHONOIMNAM

nPON3BOACTBO LUEMEHTA

Manufacture of cement

Oata BBegeHusa — 2016-07-01
OGnactb NnpuMeHeHUA

HacTtoawwmn cnpasoyHuk HOT pacnpocTpaHseTcs Ha cneaylowmn OCHOBHOM BUA Oesi-
TENbHOCTH:

— MPOUN3BOACTBO LEMEHTHOIO KNMHKEPA BO BpaLLalLNXCS neYax ¢ NPOeKTHOM MOoLL-
HocTblo 500 T/cyT n 6onee.

B npunoxeHun A npmBedeHbl COOTBETCTBYOWME obnactn npumeHeHus kogbl OKB3/[]
n OKIA.

CnpaBoyHnk HOT Takke pacnpocTpaHAeTCs Ha MpPOLECChl, CBA3aHHbIE C OCHOBHbLIMU
NPOU3BOLCTBEHHBIMM NepefenamMmm LUeMEHTHOro NpOM3BOACTBA, KOTOpble MOryT OKasaTb
BNUSHME Ha 06bEMbI AMUCCUIN NN MacLTabbl 3arpA3HEHUS OKpYXatoLLen cpeapl:

- XpaHeHne 1 NOAroToBKa Cblpb4;

- XpaHeHue 1 NoAroToBKa TOMNBA;

- UICNOMb30BaHMe OTXOO0B B Ka4ecTBe Cbipbs U (Unn) Tonnuea — TpeboBaHUA K Kave-
CTBY, KOHTPOSIb U NOArOTOBKA;

- NPOM3BOACTBEHHbIE MPOLECCHI;

- METOAbI NPeaOTBPALLEHNS U COKPALLLEHNSA SMUCCUIN 1 0Bpa3oBaHNA OTXOLOB;

- XpaHeHue, ynakoBka 1 OTrpy3ka NnpoayKunu.

CnpaBoyHuk HOT He pacnpocTpaHaeTcs Ha:

- HEKOTOpbIe NPOLECChl NPON3BOACTBA, TAKME Kak Aobblva Cbipbs B Kapbepe;

- BOMPOChI, KacalLwmecsa UCKIYMTENbHO obecneyeHns NpombILNieHHOW 6e3onacHo-
CTWU UM OXpaHbl TpyAaa.

Bonpocbl oxpaHbl Tpyda paccMaTpuBalOTCA YacTUYHO M TOSMbKO B TEX Crydasax, Korga
OKa3blBalOT BNUSHNE HA BUAbl AEATENbHOCTU, BKIMNOYEHHbIE B 06N1acTb NPMMEHEHUS HACTOS-

Lero cnpaBoyHuka HOT.



[lononHuTenbHble BUAOblI OEATENBHOCTU npu nponseBoacTteBe LeMeHTa U COOTBETCTBY-

towmne um cnpasovHukn HOT (no pacnopsxeHuto lNMpasutenbctea Poccuickon denepaunmn

oT 31 okTsbpsa 2014 r. Ne 2178-p [11]) npuBeaeHbl B Tabnumue 1.

Ta6n|/|ua 1— ,D,OI'IOJ'IHI/ITeJ'IbeIe B/Obl 0EATENBbHOCTU NPU NPOMN3BOACTBE LLEMEHTA

Bug nearenbHocTH

CooTteeTcTBYIOWMUIA crnipaBodHnk HOT

OuncTtka CTOYHbIX BO4,

OuncTtka CTOYHbIX BOZ4 NpW NPOU3BOACTBE NPOAYKLMM
(ToBapoB), BbLINOMHEHMM PabOT M OKa3aHUW YCryr Ha

KPYNHbIX NpeanpuaTusix

OuncTtka oTxo4sLWMX rasoB

Ouunctka BbLIOPOCOB BpedHbIX 3arpA3HALWNX) Be-
LLeCTB B aTMOCEpHbIN BO3OQyX Npu NPOM3BOACTBE
npoaykumn (ToBapoB), a Takke npu NpoBedeHUn pa-

60T 1 OKa3aHWM YCIyr Ha KPYMHbIX NPeAnpUATUSAX

CKJ'Ia}J,I/IpOBaHI/Ie N XpaHeHne CblpbA

N NpoAyKLMK

CokpalieHne BbIOPOCOB 3arps3HAOLWMX BeELLecTB,
cbpocoB 3arpsA3HALWNX BELWecTB Mpu XPaHEHUN U

CKnagmpoBaHum ToBapoB (rpy30B)

Ob6palleHune ¢ aHeprmemn

lMoBbiWweHne 3HepreTuyeckon 9PEPEKTUBHOCTU NpWU
OCYLLIECTBMNEHNN XO3ANCTBEHHOW W (MNn) WHOW LOes-

TEeJNTbHOCTH

Pasgen 1. O6was nHcgpopmaums o npousBoACTBE LieMeHTa

B Poccunckon ®depepauuun

1.1 Konu4yecTBO npeanpuaTumn, nx reorpacgpmnyeckoe pacnosrioxxeHume

B uemeHTHOM npombiwieHHoCcTn Poccumn no coctosiHuio Ha 1 aHBaps 2015 r. pyHKUm-

OHMpoOBAarno 63 LUEeMEHTHbIX npeanpuaTna, B TOM 4ucre 57 3aBogoB MOMHOMO LMKIa npous-

BoAcCTBa N 6 NMOMOSbHbIX YCTaHOBOK. Obwas MOLHOCTb LEMEHTHbIX I'Ipe,El,I'IpI/IFITI/IIZ noJiHOro



LMKIia no coctosHuo Ha 1 aHuBapsa 2015 r. coctaBnsaeT 101,3 MAH T b, Mpon3eoacTBO LEMEH-
Ta B 2014 rogy coctaBuno 68,8 MrH T 2, KoadppumumeHT ncnonb3oBaHna MowHoCTn — 68 %.

PasmelleHne w©n KOHUEHTpauus UEeMEHTHbIX MpeanpuaTun npencrtaBneHbl  Ha
pucyHke 1.1. B eBponenckon 4actn Poccumn cocpenotodeHo 73,5 % oT obuiero obbema npo-

nssoacTea n 75 % ot obbema noTpebneHns LuemeHTa.

RS- LEMEHTHASA NMPOMBILWIEHHOCTb CTPAH CHI" U BANTUU

WEANTHH

“| CMPRO
Macwra6 1:4 500 000

PucyHok 1.1 — Pa3melleHne uemeHTHbIX npegnpusatun Poccuickon ®epepaunn [12]

HepaBHOMepHOCTb pa3sMeleHnda 3aBoaoB o6ycnosneHa HaliM4mem CbipbeBblX pecyp-
COB N HEPABHOMEPHOCTbIO KOHUEHTpaunun npon3BoanTeEsribHbIX CAIMT MO TEPPUTOPUN Poccun-

ckon depepauyumn.

Y100,8 MNH T — pJaHHble PoccraTta (CBoaHbIM GanaHC NpoOM3BOACTBEHHOW MOLLHOCTM 3a
2014 r.) + 0,5 mnH ToHH (AO «Bax4yuncapavickuin kombuHat CtponnHaycTpusi») (no AaHHeiM CMIPO).
2 68,4 MNH T — AaHHble PocctaTa, +0,4 MIH T (AO «Bbaxuucapamnckmii kombuHat CTponmHAay-

cTpusi») (no gaHHbIM CMIMPO).



B pesynbTtaTte CrnoXuBLUENCA CTPYKTYpPbl pPacrnosioXeHUs npeanpusaTtuim U nx MOLLHO-

cTen yaosreTBopeHne Cnpoca Ha UeMeHT B OTAENIbHbIX permoHax obecneunBaeTcs 3a cyeT

MeXpermoHalsibHbIX NMOCTaBOK LEMEHTA N €ro MnopTa (CM. Ta6n|/|u,y 1.1).

Tabnuua 1.1 — banaHc nponsBoacTea 1 noTpebneHns uemenTa B 2014 roay, TbiC. T

PervoH Mpoussoacteo | Umnopt | OkcnopT | MNMoTpebnenHne | banaHc (+/-)

Bcero no Poccuickon de-

aepauuun, B TOM 4Yucne: 68 424 4799 1752 71 470 -3046
EBponenckas yactb

Poccuinckon ®enepaumm 50 564 4169 1460 53 606 -3042
Hlofe) 17 731 1207 539 22 632 -4900
C300 4496 1668 4 6691 -2195
Nneo 16 381 657 12 597 3783
OO 9560 975 182 8003 1557
CK®O 2396 319 78 3683 -1287
Asnarckas yactb Poc-

cunckon depepaumm 17 860 630 292 17 864 -4
YOO 6767 0 96 7142 -375
Co0 8729 246 195 8103 626
AB®O 2364 384 1 2618 -254

B pa3pese deaepanbHbix OKpyroB Hanbornblune o6bembl BBO3a LEMEHTA OCYLLECTB-

naTca B LleHTpaneHbin 1 CeBepo-3anagHbin hefepanbHble OKpyra: 4oMS BBO3MMOro oTe-
YeCTBEHHOro U MMNOPTHOro uemeHTa gocturna 4900 n 2195 Thic. T cooTBETCTBEHHO. dncba-
naHc (notpebneHne Gonblie nponssoacTea) B Cesepo-3anagHom denepanbHOM OKpyre Ho-
CUT BPEMEHHbIN xapakTtep. C y4eTOM MMMOPTHbIX MOCTABOK CUTyauusl Ans notpedutenen
LeMeHTa gocTtaTodHo 6narononyyHas un komdgopTtHas. MNpuHMMas BO BHUMaHWE BBOA B 3KC-
nayatauyuio HOBbIX LEMEHTHbIX MOLLHOCTEN, MOXHO NPOrHo3vMpoBaTb cbHanaHCUPOBaHHbLIN

PbIHOK B 1ONITOCPOYHON NepcnekTuBee.



Cutyauma ¢ gedpuumtom uemeHTa B LleHTpanbHOM heaepansHOM okpyre 6onee kpu-
TMYHA, TaK Kak OHa BO MHOIOM CBSi3aHa C MH(PPACTPYKTYpHbIMU orpaHndeHnamu PXK[ n oT-
CYTCTBMEM [OOCTATOYHOIO KONM4yecTBa MNOOBWXKHOIO COCTaBa B CTPOUTESNbHLIA CE30H AJ1S
MacCLUTabHbIX LEMEHTHbIX MHTEPBEHLMI U3 Apyrux peaepanbHbIX OKPYroB, Mpexae BCero
MpmnBOMKCKOro, B KOTOPOM HabntogaeTca Nepenpon3BoaCcTBO LemeHTa [13].

Hapgo nonaratb, 4ToO HapyweHue 6anaHca B CeBepo-KaBkasckoM u [lanbHEBOCTOYHOM
egepanbHbIX Okpyrax (1287 u 254 TbiC. T COOTBETCTBEHHO) — BpPEMEHHOE SBMEeHue, no-
CKONbKy Ha Tepputopun Cesepo-KaBkasckoro pegepansHoro okpyra B 2015 rogy HamevaeT-
cs BBOA4 MoluHocTen Ha YT «YeyeHuemeHT» (600 ThiC. T), a Ha TeppuTopumn KOxHoro deae-
panbHoro okpyra B 2015-2016 rogax — npou3BOACTBO OKOSIO 5 MSTH T UeMeHTa B rof, 4Tto
obecnevnt nNonHoe yaoBneTBopeHne NoTpebHOCTU B LieMeHTe Afis 3Toro pernoHa. B 1o xe
BpeMsi MPOM3BOACTBEHHbIE MOLLHOCTM [laribHEBOCTOYHOIO befeparibHOro oKpyra B HacTosi-
lee Bpemsi umeroT Oonee 4em [OBYKpaTHbIM 3anac, a BBO3 LEMEHTa u3-3a pybexa (B
2014 rogy — okoso 11 %) Bbl3BaH KOHbIOHKTYPHBIMU NPUYNHAMMU.

Hanbonbwnin o6bem BbiBO3a LiemMeHTa U3 csoero permoHa B 2014 rogy vmeroT npea-
npuaTtua MpuBormkckoro degeparnbHoro okpyra (3783 ThIC. T), rae 3a nocrnegHue gsa roga
BBeAEHbl B 3KCMnyaTtaumio HOBble BbICOKOI(MEKTMBHbIE JMHUM O6Len MOLLHOCTbIO
5,5 mrH T (MAO «MopgosuemeHTy», OO0 «A3unsa LlemeHT» 1 OO0 «CeHrmneeBcknuin LEMEHT-

HbI 3aBOA»).
1.2 CbipbeBasn 6a3a ans npousBoAcTBa LleMeHTa

Mo uemMeHTHOMY CbIpblo NO cOCTOSAHMIO Ha 1 aHBaps 2015 r. yuntbiBatoTca 208 mecTo-
poxaeHun. CymmapHble 6anaHcoBblie 3anacbl LLEMEHTHOrO Cbipbsi B Lieriom no Poccuiickomn
depepaumm no kateropyam A+ B+ Cl un kateropum C2 coctaBnsaoT 16 922 MNHT u
10 490 MNH T COOTBETCTBEHHO; 3abanaHcoBble 3anacbl COCTaBnaT 256 MiH T [14].

CbipbeBas 6asa ansg npou3BoAcTBa LeMeHTa npeacTaBfieHa MeCTOPOXAEHUSIMU Kap-
BGOHaTHbIX NOpPO (M3BECTHAKN, MEN, Meprenun, MpamMmop), MUHUCTbLIX NOPo4 (FNINHbI, CYrIVHKMK,
rMWHUCTbIE CNaHubl) U rMagpaBnmMyecknx 4o6aBoK (ONOKW, AMaTOMUTLI, Tpenenbl).

Mo Tepputopumn Poccurnckon degepaumm 3anacbl LEMEHTHOMO Cbipbsi pacnpocTpaHe-
Hbl HEpaBHOMEPHO (CM. Tabnuuy 1.2). B eBponenckon 4actn CTpaHbl cocpeaoTodeHbl 66 %
00LEepPOCCUNCKNX NPOMBILLUSIEHHBIX 3anacoB MaromarHe3nanbHOro KapOGoHaTHOrO Chipbs,
onpeaensiiowmx B OCHOBHOM pasMeLleHMe U MOLHOCTb LIeMEHTHbIX 3aBOAO0B. Tak e HepaBs-
HOMEpPHO pasMelleHbl pa3BedaHHble BanaHCcoBble 3anachl MMUHUCTBIX NOPOoA4 U rmapasnuye-

ckunx nobasok. bonblue Bcero kapboHaTHbLIX MOPoA ANs NPOM3BOACTBA LieMEHTa pasBeaHo B



LUPO — 26,3 % oT 06LepoCCHMmnCcKnX, 4OCTaTOMHO MHOro ux B KOPO (27,5 %), CPO (14,8 %),
O30 (11,4 %) n MNP0 (11,4 %), B MeHbLUEM KONUYECTBE 3arachkl TaKoro Cbipbs pasBeaHbl B
YO (4,8 %) n C390 (3,8 %).

B uenom no Poccumn okono nonoBuHbl pa3sBedaHHbIX 3anacoB LLEMEHTHOrO Cbipbs OT-
HOCUTCA K HepacnpegeneHHomy doHay, a B [JanbHEeBOCTOYHOM OKpyre OHW COCTaBriStOT
73 % oT pasBegaHHbIX. bonbWNHCTBO M3 HUX pasBefaHbl 40-50 neTt Hasag, coBpeMeHHoe
COCTOSAHME MECTOPOXAEHMI HEPEAKO HEM3BECTHO, HO CPEAN HNX MOXHO BblAENNTb 0O BHEKTHI,
nepcrnekTUBHbIE OMNs reoflorM4eckoro nu3yvyeHust 1 ocBoeHunda. Ha tepputopumn Poccuickon
degepaumm UMETCH XOpOoLUMEe MEepPCrneKTMBbI PasBUTUS MUHepPanbHO-CbipbeBon 6asbl Le-

MEHTHOro npomnssoacTtea [15].

Tabnuua 1.2 — 3anackl ueMeHTHOro cbipbs B Poccuinckon degepaunn, MiH T

BanaHcoBble 3anacehl
denepanbHbI OKPYT, Konnyectso Ha 1 sHBapst 2015 .
cybbekT Penepaunm MECTOPOXAEHWIA
A+B+C1l Cc2

LUoO 37 4652 2113
C3%0 13 671 585
Moo 40 2099 1241
KOPO (B ToM uncrne CKOO) 25 4114 2362
YO 15 851 863
Co0O 43 2507 2111
AB®O 35 2027 1216
Bcero no Poccuiickon ®eaepaummn 208 16 922 10 490

Hanbonee Becomoe 3HayeHWe cpeau CbipbeBbIX KOMMOHEHTOB (CM. PUCYHOK 1.2) B
NPOWN3BOACTBE LeMeHTa 3aHMMaeT kapboHaTHoe Cbipbe, U UMEHHO ero 3anacbl npeumytie-
CTBEHHO onpefensioT BblI6Op Kak TEXHOMOrMu, Tak U MPOMbILMIEHHOW NIOWaakM U MecTo-

POXOEHWS.



OCHOBHbI€e CbipbeBble MaTepuansi,

| ncnonb3yemble B I'IpOVISBO,D,CTBe ueMeHTa |

l l i

Anromocunu- Koppektupyrowme ao-
Kapb6oHaTHble
KaTHble 6aBKku
v \ 4 v v
XKenesocogepxa- Antomocogepxaiiue
N3eecmHs-
Mepeenu Mpamop uHa wme MeXxHO2eHHbIe om-
Ku, mena
omxo0kl! X00hb!

PucyHok 1.2 — OcHOBHbIe CbipbeBble MaTepuansl [16]

B cooTBETCTBMM C TEXHUYECKMMMU YCMOBUSIMM Ha KA4yeCTBO OCHOBHbLIX BMAOB CbIpbe-
BbIX MaTepuanoB Ans NPOU3BOACTBA LieMeHTa NpeabsBnsaTcs cneaywlme TpeboBaHus K

XMMUYECKOMY cocTaBy (CMm. Tabnuuy 1.3).

Tabnuua 1.3 — [Jonyckaemble 3Ha4YeHWs1 COAepKaHNsi OKCUAOB B COCTaBE CbiPbeBbIX KOMMOHEHTOB

NokasaTenu 3HaveHue, %

Copepxarune CaO B kapbOHATHOM KOMMOHEHTE:
- B U3BECTHSKaxX N menax He meHee 45

- B Meprensax 40-45

KonuyectBo npumecen BpefHbIX OKCUOOB B Kapbo-

HaTHOM KOMMOHEeHTEe He OOJTKHO MnpeBbillaTh:

- MgO 4

- S0, 1,3
- K20 + Na,O 0,4
- P,0s 0,4
- Cl 0,1




lNokasaTenu 3HaveHue, %

KonunyectBo BpeaHbIX NpUMecen B MUHUCTOM KOMIMO-

HEeHTEe HE OOJKHO MNpeBbIlLaTh:

- MgO 6
- SOs 5
- K20 + Na,O 4
- TiO, 2
- P2Os 0.6

Ansa cyxoro cnocoba npomnsBoacTBa GoMbLOE 3HAYEHNE NMEET Hanmyue xnop-moHa B
CblpbEBLIX MaTepuarnax n B KOHEYHOM CHETE B CbipbeBON MyKe. [1peBbilleHNE NPUMECH XI10-
pa B myke 6ornee 0,1 % BegeT kK ob6pa3oBaHWMiO HACTbINEN, OCTAHOBKE MEYHOro arperaTta u
TPYAOEMKUM paboTam Mo O4YUCTKE MblNerasoBoro TpakTa.

PU3nKo-xMMmn4eckne CBoMCTBa KapboHaTHbLIX NOPOS He pernameHTUpPyTCs, HO Marno-
npoyHble nopoabl (10-20 MlMa) npegnoytutensHee. B nocnegHue roabl 3apybexHble Le-
MEHTHblE KOMMNaHUW npu paspaboTke TEXHOMNOrmM u CTPOUTENBLCTBE LEMEHTHbIX 3aBOLOB,
paboTalLlWmx Ha Merne, CTOMKHYNUCb C Cepbe3Hon NpPobremMon: B yCrnoBMsX aspaunm 4yactu-
Ubl CbIpbEBOM MYKM BbICTPO arpermpyrtotcs, B pesyrnbTaTe Yero TeKy4eCTb U ycpeaHeHne ma-
Tepuana npakTuyecku npekpailarorca. B cBA3n ¢ 3TMM npu OuEeHKe NpUrogHoOCTM MEeoBOro
Cbipbs AN NPoOM3BOACTBA LeMeHTa Heob6X0AMMO NPOBOAMTL €r0 TECTUPOBAHUE HA U3MEHEe-
HWe TeKy4yecTu B Npouecce asapupoBaHus.

Ana anoMcunukaTHbIX NOpo4 OOMblUYO Pofib UrpaeT MX rpaHyrioMeTpU4ecKkni co-
cTtaB. [1purogHbIMK MO rpaHyNoMeTPUYECKOMY COCTaBy CHMTAOTCS NOPOAbl, B KOTOPbIX KOMK-
4YeCTBO KPYMHbIX (ppakuun (KBapueBbI NecoK, NONeBon LwwnaT, crnwga, kKapboHaTHble Nopo-
Abl) COCTaBNseT:

- yacTtuy kpynHee 0,2 Mm — He 6onee 10 %;

- yacTtuy kpynHee 0,08 mm — He 6onee 20 %.

Mpy HanMuUM ONWN KPYMHbIX YacTUl, B FMIMHE C MNPEBbILEHWEM 3a4aHHbIX 3HAYEHUN
BOMpPOC 06 MX NPUrogHOCTM OOSMKEH peLlaTbCsa C ydacTueM npeacraButenen cneumanmsmpo-
BaHHbIX opraHusauun [16].

OCHOBHbIE KOMMOHEHTbI N TEXHOrEHHbIE OTXOAbl, 3aMEHSAOLLNE NPUPOLHbIE PECYPCHI,

a TaKKke UX JOoNsA B CbipbEBOW LLUMXTE NpuBeaeHbl B Tabnuue 1.4.



Tabnuua 1.4 — OCHOBHbIE CbIpbEBbLIE KOMMOHEHTbI B MPOMU3BOACTBE KNnHKepa [15]

KapGoHaTHbIN KOMNOHEHT (gons ["MWHUCTBIN KOMNOHEHT YKenesocogepxawymm

B WKnxTe, %) (oons B wuxre, %) KOMMOHEHT (gons B Wmnxrte, %)

MpupoaHble CbipbeBble MaTepuarnsl

N3BecTHsKN (70-80) MuHa (15-25) XKenesHnas pyana (3-5)
Men (70-80) MuHucTtble cnadubl (15-20) | FematuT (3-5)
Meprenu (90-95) CyrnuHkm (16-25)
Mpamop (70-80) Jlecc

Bokentbl

KaonuH

Mecok

MNnaBukoBbLIN WINAT

KBapuut

OT1xoabl, 3aMmeHsioLwmne CbipbeBbl€ KOMMNOHEHTDI

LLnakn gomeHHsble - oo 20) Lnakn gomeHHsble - oo 80) Orapku (go 100)

Wnakn useTHon MeTannyp-|LWnakm useTHon metannypriuuv|>XenesopyaHbl KOHUEHTpaT

rn (o 5) (mo 50) (100)
3ornownakoBble 0TX0Abl | 30M0LLIakoBble oTxoAbl | XBOCTbI Xenesocoaepxalume
(mo 30) (mo 70) (100)

HedenuHosbin wnam (ao 80) | HedhbenuHosbin wnam (o 80) |LUnambl 1 nbinv YyepHou Mme-

Tannyprum (go 100)

OTceBbl WebeHOYHOro npo-
N3BOACTBA M NPOM3BOACTBA

nassectu (o 100)

B nocnegHue rogbl B LEMEHTHOW MPOMbLILLNIEHHOCTU BCe Oonee Lmpokoe pacnpo-
CTpaHeHne Haxo4mnT UCNOoSb30BaHNE OTXOA0B CMEXHbIX OTpacrien NPOMbILLIIEHHOCTN BMECTO
NPUPOAHOI0 ChblpbA — KapbOHATHOrO M  MUHUCTOrO/antoMOCUNMKATHOIO  KOMMOHEHTOB.
B 3apybexxHoM npakTuke akcniyaTupyeTcs psg LEMEHTHbIX NpeanpusaTui, Npou3BOASLLMX
LLEMEHT N3 TeXHOoreHHblX oTxonoB. B Poccun B 1980-e rogbl Aona oTxo4oB B NPOU3BOACTBE
uemeHTta gocturna 26 %, T.e. u3 137 MNH T CbipbeBbIX MaTepuanos, NoTpayeHHbIX Ha Bbl-
nyck 83 MnH T LuemeHTa, 36 MiH T ObifNo 3aMeHeHo oTxogamum [17], [18]. B HacTosiwee Bpems
3TOT NoKasaTesb Mo pasHbIM NpUyYnHam cHuaumnca 0o 15 % — 17 %.

[MonyyeHHbIN B npouecce obxura CbIPpbEBOW LUNXTbI KNUHKEP B cebecTommocTn Le-

MeHTa coctaBnseT 75 % — 80 %. B uenax cHmxeHus 3aTtpaTt Ha NPOU3BOLCTBO LeMeHTa npu
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N3MenbYeHUn KNUHKepa BBOASTCH aKTUBHblE MUHepanbHble A00aBKM Kak NPUPOAHOro mpo-
NCXOXOEHUS, TakK 1 U3 OTXO0B CMEXHbIX NPON3BOACTB.

B Tabnuue 1.5 npeacTtaBneHbl OCHOBHble 100aBKM B LEMEHT NPUPOAHOIO U TEXHOMEH-
Horo npovcxoxaeHus. [lobaBkM BBOAATCS AN CHUXKEHMS pacxoda KriuHkepa B Npov3BOACTBE

LeMeHTa 1 NpuaaHnst emy crneumanbHbIX CTPOUTENbHO-TEXHUYECKUX CBOMCTB [15].

Tabnuua 1.5 — [JobaBku B LEMEHT

HanmeHoBaHue JoOaBku B LEMEHT CopepxaHue, %
'mnc, aHrimaput 5
Onoka [o 35
Tpenen [o 35

TexHoreHHble obaBku

LLinak 4OMEHHbIN rpaHyNMPOBaHHbLIA NPU COBMECTHOM MOMOSE C KINHKe- o 80

pOM, UNnn pasaensHOM NoMorsie U cMelleHeM ¢ 6e3006aBOYHbIM LIEMEH-

TOM

To Xe, Wnakn LBETHON MeTannyprum o 5
3onoLnakoBble OTXobl Jo 35
docdorunc (3aMmeHuTesNb NPUPOAHOrO rnnca) o 5
OTxoapbl cTanenuTenHon NPOMbILLIEHHOCTU o 20

Ob6gaszatenbHon OobaBKoW B LEMEHT sBnsieTca rmncoBbli kKameHb (CaS0O4-2H,0), pe-
Xe — aHrmgput (CaS0O,), KOTopble ABNAIOTCA pPerynsaTopaMmm CPOKOB CXBaTbIBAHUS LIEMEHTA.
KonuyectBo BBOAMMOrO rurnca npwv noMorse KIMHKepa COCTaBMseT, Kak npasuno, He 6onee
5 % k obLwen macce WNXTbl UK okoso 3 % runcocogepXxallumx MUHeparnoB B nepecyeTe Ha
SO:s.

B kauectBe npupoaHbix 406aBOK B LEMEHT Ha OTEYECTBEHHbIX LIEMEHTHbIX 3aBoAax
NCNONb3yKTCA OMoKa, Tpenen, ByfKaHu4eckue Tydbl, LeonuTbl 1 apyrme gobaskn. O6bem
BBOAa [000aBOK onpeaenseTcs TEXHOMNOMMYECKUM perfiaMeHTOM M BOCTPebOBaHHOCTLIO Lie-
MeHTa ¢ fobaBkaMu Ha pbiHKE.

Hanbonee pacnpocTtpaHeHHbIMK JobaBkaMy B LIEMEHT SIBRSIOTCA rpaHynMpoBaHHbIE
AOMEHHbIe LUfakn — OTXOAbl MeTarnyprmyeckoro NpouM3BoACTBa, LWaku — OTX04bl LIBETHOM
MeTannyprum n XMMMYeCcKMx NPOU3BOACTB, roperibie 3emMnu, 3050LUnakoBble OTXo4bl 1 Ap.
YKasaHHble 0TX0Abl SABMAATCA 3aMEHUTENSAMU KINUMHKepa, N UX 0N B LEMEHTe MOXeT [J0-

cturaTtb 80 %.
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1.3 Tonnuso

B uemeHTHOM npombiwneHHocTU Poccuiickon depepaunmn npyu NponsBoACTBE KIMHKe-
pa N LUeMeHTa UCMOonb3ylTCs Taknme BUAbl TONMMBA, Kak NMPUPOAHbLIA ras, yronb u roptoyne
cnaHubl. OCHOBHOW BMA TOMMMBa — MPUPOOHLIN ra3 — UCNosib3yeTcs Ha 44 LeMeHTHbIX 3a-
BoAax, yronb — Ha 12 u cnaHubl — Tonbko Ha 3aBoge OAO «Uecna» [19]. o 2005 roga He-
KOoTopble NpeanpusTUst UICNOSb30Bany MasyT, HO B JallbHENLLEM B CBS3M C POCTOM LIEH BbIno
NPUHATO peLleHne nepenTn Ha apyrve Buabl Tonnuea. [ona NnpuMeHeHs anbTepHaATUBHbBIX
BWOOB TONMMBA KpanHe He3Ha4YuMTeNbHa.

[onsa oTaenbHbIX BUAOB TONMMBA, UCMOMNb3yEMOro Mpu BbINyCKe KNMHKepa, npeacTas-

neHa Ha pucyHke 1.3.

11% e
MpupogHbIN ras
SHepreTUYCceKkuii yronb

loptovme cnaHubl

88%

PucyHok 1.3 — CTpykTypa Npov3BOACTBaA LieMEHTa Mo BUAaM UCNOMb3yeMoro Tonnmea

CpenHui rogoBov yaenbHbIN pacxoq TOonnvBea No LEMEHTHOM NPOMbILLIIEHHOCTN Poc-
cunckon Pepepauunm 3a 2014 rog coctaBnseT 161,4 kry. T./T KNUHKepa, B TOM YuCNe Ha ne-
Yax Mokporo cnocoba — 189,2 kry. T./T, Ha ne4ax cyxoro cnocoba — 115,3 Kry. T./T KIWH-

Kepa.
1.4 OneKTpo3aHeprus

CpeoHui yaenbHbI pacxod 9MNeKTpodHeprnm no LeMeHTHOM NpoMmbllwneHHocTn Poc-
cunckon d®epepaumn 3a 2014 rog coctasun 124,3 kBT-4/T, B TOM 4Mcne Ha neyax MOKpOro

cnocoba — 121,9 kBT-4/T, Ha neyax cyxoro crnocoba — 129,6 kBT-uy/T.
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B peweHnn BONPOCOB TOMMIMBO- U 3MEKTPOCHAOXEHUS COBPEMEHHbIE TEXHUYeckme
peLeHns No3BONAT UCKNIYNTL CTPOUTENBbCTBO UHAPACTPYKTYPbl, Nepeaarollen anekTpo-
9HEprn, W NUHUIA 3nekTponepedady nyTem CTpPoOUTENbCTBAa COOCTBEHHOM 3MeEKTPo-
reHepupytoLlen yctaHoBkKu, paboTawwen Ha npupoaHoMm rase. Ha npaktuke 3atpaTbl Ha
CTPOMTENLCTBO TPAHCMOPTHBIX, TOMMAMBHbIX, SNIEKTPUYECKUX U APYrMX KOMMYHUKaUuMi (Boaa,

CBsA3b, KaHanu3aumnsa n np.) coctaBnsaoT 10 % — 20 % OT CMETHON CTOMMOCTHU NPOEKTA.
15 npOM3BO.qCTBO LueMeHTa no pa3JyinyHbiM TeXHONOIrmAm

B nocnegHue yetkbipe roga (ao 2015-ro) npMpocT NpoM3BOACTBA LEMEHTA OCYLLECTB-
NANCcA NpeuMMyLLECTBEHHO 3a CYeT HOBbIX TeXHOSormdecknx nuHun. B Tabnuue 1.6 npen-
cTaBfneHa AMHamuKa BbiNycka LeMeHTa B 3aBMCUMOCTM OT cnocoba ero npoussoactsa [20],
[21]. CnegyeT OTMETUTb AOCTATOYMHO BbICOKME TEeMMbl OCBOEHUA MOLLHOCTEN HOBbLIX Npen-
npuatun — MNAO «MopgosuemeHT», OAO «CebpsikoBuemeHT», OAO «BepxHebakaHcKkun

LleMEHTHbIN 3aBoa» U Ap.

Tabnuua 1.6 — [IuHamyka NpoM3BOACTBA LieMeHTa no cnocobam nponssoacTsa (Thic. T) ¥ [21]

2011 2012 2013 2014
MOLLHOCTb, Koadp- Koadp- Koadp- Koadp-
3asop! THIC. T Ha Mpous- dULmeHT Mpous- drumeHT Mpova- drUmeHT Mpoua- drumeHt
01.01.2015 BOACTEO MNCnonb- BOACTEO NCnonb- B0ACTEO Mcnonb- BOACTEO ncnonb-
30BaHu4A, 30BaHu4A, 30BaHu4, 30BaHuA,
% % % %
Bcero, Poccus 100 804 55 936 61513 66 419 68 424 68
Bcero, Mokpblii cnocob 58 867 44 383 45 850 46 917 42 149 72
Bcero, cyxow cnocob 40 259 10 437 14 438 18 098 24 974 62
BBog B akcnnyataumo o 1989 roga
3AO0 «JlvneukuemeHT» 1600 1306 82 1136 71 1398 87 1093 68
OAO «HoBopocuemeHT»
(u/3 «MepBomaiickminy) 600 591 99 469 78 290 48 — —
OO0 «AtakanuemeHT» 300 300 100 290 97 284 95 265 88
00O «[lMpousBoacTBeHHasn
komnaHus KysHeukuin Le-
MEHTHbIN 3aBO4» 934 359 38 180 19 79 8 124 13

Y'C 1989 no 2008 roa BBOA HOBbIX MOLLHOCTEN He OCYLLUECTBANCH, 3a UCKITIOYEHNEM INHUN

MOKporo crnocoba npounssoactea Ha npeanpusatum OAO «LUEMEHT» (Antanckui kpan) — 0,3 MnH T.
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2011 2012 2013 2014
MOLLHOCTb, Koadp- Koadp- Koadp- Koadp-
3asoapl THIC. T Ha Mpoua- urumeHT Mpoua- urumneHT Mpous- rumeHT Mpoua- urumneHT
01.01.2015 BOACTBO vienone- BOACTBO vienone- BOACTBO venone- BOACTBO menonk-
30BaHu4A, 30BaHuA, 30BaHu4, 30BaHuA,
% % % %
3A0 «HeBbsiHCKUI  Le-
MEHTHUK» 1150 1112 97 1112 97 1034 90 1060 92
3AO «KaTtaBckui LEMEHT» 1616 960 82 1133 97 1155 98 897 56
OAO «Llecna» 1196 699 58 843 70 727 61 628 53
OAO «CnacckKkLeMeHT» 3127 1416 45 1397 45 1403 45 1458 47
OAO «Mawwnckmn  me-
Tannypru4ecko-
LEeMEHTHbIN 3aBOA» 66 8 12 8 13 8 12 9 14
Utoro 10 146 6751 6568 6377 63 5534 55
Beoga B akcnnyaTauumio nocne 2008 roga
dunmnan OO0 Xanpenb-
GeprLiemeHT Pyc B
n. HosorypoBckui 2000 34 2 1183 59 1576 79 1652 83
000 «CepebpsiHckuin Le-
MEHTHbIV 3aBOA» 1606,5 0 0 0 0 547 35 1011 65
OAO «HoBopocuemeHT»
(u/3 «MepBomanckminy) 2200 0 0 0 668 30
Boponexckuin ounnan AO
«EBPOLIEMEHT rpyn» 3000 0 0 341 11 1367 46
OBl OAO «ladapx Lle-
MeHT» (N. Pep3nkoBo) 1800 0 0 0 0 0 0 543 30
MAO «MoppoBLEeMeHT» 2400 330 14 438 18 888 37 2397 100
000 «HOYTTIK» (c
2013 roga 2 nuHum) 2360 633 54 * 875 74* 1325 56 1886 80
3A0  «Xanpgenobeprlle-
mMeHT Bonra» 1200 — — — — — — 232 19
000 «Asus LiemeHT» 1800 0 0 0 0 29 2 1327 74
000 «[MeTepbyprueMeHT»
(r. CnaHubl) 1860 108 6 1220 66 1327 71 1524 82
3A0 «CtpouTenbHble ma-
Tepuanbi» 1300 1030 79 1060 82 1035 80 949 73
OAO «Cyxonoxckue-
MEHT» 1300 550 42 870 67 961 74 791 61
OAO «BepxHebakaHckun
LleMEHTHbI 3aBoa» 2300 258 11 1002 44 1824 79 2058 89
OAO «Xoncum (Pyc) CM»
(r. KornomHa) 2100 732 35 1166 56 1806 86 1863 89
OAO «CebpsikoBLEMEHT» 1100 0 0 0 1050 95
000 «CeHruneesckun
LIeMEHTHbI 3aBOa» 1200 0 0 0 6 1
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2011 2012 2013 2014

MOLLHOCTb, Koadp- Koadp- Koadp- Koadp-
ULMEHT ULMEHT ULMEHT ULMEHT
3asopp! TbIC. T Ha Mpowns- ® Mpowus- ® Mpows- i Mpows- i
ncnonb- ncnonb- ncnonb- ncnonb-
01.01.2015 BOJCTBO BOACTBO BOACTBO BOACTBO
30BaHVA, 30BaHVA, 30BaHUA, 30BaHNS,
% % % %
3AO «Yrneropck-LUemeHT» 200 11 5 56 28 61 31 116 58
1)
Wroro 29 670 3686 7869 11 720 19439 | 79

JIMHUM koMBMHUpPOBaHHOrO cnocoba Npom3BoacTBa

OAO «CebpsikoBLEMEHT» 780 650 83 660 85 713 91 750 96
MAO «MopaoBUeMEHT» 898 490 55 566 63 692 77 552 61
WToro 1678 1140 1226 1405 1302
Bcero no aHeprocGepera-

2)
IOLMM TexHomormam 41 194 11741 15851 19 691 26 275

Honga aHeprocGeperato-
LLINX TEXHOMOrMK B 06LLEM
npoun3BoacTee, % 21 % 26 % 30 % 38 %

* OTHOCMTENBHO MOLLHOCTM 1 nuHKMK (1180 ThIC. T).

1.6 OCHOBHbIe NoKa3aTenu LeMeHTHbIX npeanpuaTn Poccun

OaHUM 13 BaKHENLLMX NokasaTenen paboTbl NPeanpuATUA LLEMEHTHON MPOMBbILLNEH-
HOCTU SIBNSIETCA YAENbHbIN pacxon 3HepropecypcoB Ha NPOM3BOACTBO KIMHKEpPa U LieMeHTa.
B coctaBe cebecToMMoCTV LemMeHTa B 3aBUCMMOCTU OT crocoba ero npovM3BOACTBA N TEXHU-
YeCKOW OCHAaLLEeHHOCTW [Oons 3aTpaT Ha TOMMMBO M 3NEeKTPO3Hepruio coctaBnset 28 % —
45 %. lNpw BbIGOPE cnocoba npom3BoACTBa LeMeHTa 0coboe BHUMaAHME yaensieTcsa nokasa-
TensiM 3aTpaT pacxoga SHepropecypcoB Npu BbIMyCKe LeMeHTa.

B Tabnuue 1.7 npuBeaeHbl 4aHHble MO MOLUHOCTU NpeanpusiTui, NPou3BoACTBY, KO-
apPULMEHTY UCNOSb30BaHUSA KaneH4apHoOro BpeMeHn paboTsl, 060opyaoBaHNa U yaerbHOro
pacxofa TONnMBa Ha BbIMYCK OAHOW TOHHbI KIMMHKEPA, 3MNEKTPO3IHEPTMN — Ha NMPOM3BOACTBO

OJHOW TOHHbI LeMeHTA.

Y Ins 3aBoaoB, BBEAEHHbIX B akcnnyatauuto B 2014 rogy, NpuUHATA He NPOEKTHas, a cpeaHe-
rogoBasi MOLLIHOCTb.
2 K aHeproc6eperatoLmm TEXHOMNOMMSIM NPOU3BOACTBA OTHECEHbI 06bEMb BblMycKa LleMeHTa

Mo CyXoMmy, Moycyxomy 1 KOMGUHMPOBAHHOMY criocobam.
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[ns oueHkn achbpekTUBHOCTU paboTbl LEMEHTHbIX NPeanpuATUIA NpeacTaBneHbl Noka-
3aTenu sHeprosaTpar, KOTopble BKIYatoT B cebst CyMMy CpeaHuX YAenbHbIX pacxo4oB TomM-
nuBa Ha 1 T KIMHKepa, 9NeKkTpo3Heprnn Ha 1 T uemeHTa. [1pn 3TOM 3NEeKTPOIHepPrus nepe-
BeJeHa B 3aTpaTbl TONnMBa, Heobxoanmoro onst npomnssoacTea n3 pacyeta 0,334 ry. 7. Ha
1 kBT-4 [22].
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Tabnuua 1.7 — lMNMokasaTtenu paboTbl NpegnpuUaTMn LeMeHTHOM NpoMbILneHHocTn Poccuiickon ®epepaunm no coctosaHuto Ha 1 sHeapsa 2015 .

3arpyaca YpoeneHbl pac- | YaenbHbIn pac- [NpuBeneHHble
KopropaLs/3ason MowiHocTb, | Mpon3BoacTeo MOHOGTH Cnocob npo- | xoa Tonnuea, XO[ 9MeKTpo- | 3HeprosaTparhl,
TbiC. T 2014, TbiC. T % M3BOACTBA Kry. T./T KNUH- | aHeprum, KBT-4/T | Kry. T./T uemeH-
kepa LuemeHTa Ta
Dyckerhoff 6384,4 4104,7 64
OAO «CyxonoxckuemeHT» 4084,4 32247 79 168 119 208,1
B TOM 4ucne 1300 Cyxon 107 125 149,0
2784,4 Mokpbi 197 127 239,0
OAO «YpanueMeHT» 2300 880 38| Mokpbin 180 122 220,7
Heidelberg Cement Mokpbi#n,
4968,9 3712,2 75 cyxom
3A0 «CTtpouTtenbHble maTepu-
anbl» 1972,8 1432 73 131 110 167,7
B TOM 4ucne: 1300 948 73 Cyxomn 103,4 117,2 142,5
672,8 484 72| Mokpbin 185 96 217,1
dunman OO0 Xangenb- Cyxon
6eprlLiemeHT Pyc B n. HoBory-
POBCKUN 1800 1652,2 92 109 123 150,1
OAO «lLlecna» 1196,1 628 53 Cyxon 163 127,5 205,6
Holcim 4945,6 3743 76




LT

YanenbeHbIn pac-

YpaenbeHbIn pac-

[NpuBeneHHble

Kopnopaus/3ason MoLuHocTb, | Mpoun3BoacTeo Mii:ziij, Cnocob npo- | xoa Tonnuea, XO[ 9MeKTpo- | 3HeprosaTparsl,
TbiC. T 2014, TbiC. T % M3BOACTBA Kry. T./T KNUH- | 3aHeprum, KBT-4/T | Kry. T./T uemeH-
kepa LemeHTa Ta
00O «Xoncum (Pyc)»
(r. Bonbck) 2898 1880,2 65| Mokpbin 2145 113 252,2
OAO «Xoncum (Pyc) CM» Mokpbin,
(r. KonomHa) 2180 1862,8 85 Cyxomn 137 126,5 179,3
B TOM Yucre: 2100 1810 86 Cyxon 130 147 179,1
80 52,8 66| Mokpbin 380 126 422,1
Lafarge 3708,5 1704,4 46
dunuman OAO «Jladapx ue-
MeHT» (r. BockpeceHCcK) 1908,5 1161,2 61| Mokpbin 222 117,5 261,2
Nadapx-Kanyra
1800 543,2 | 1y cxoranaxa Cyxon
United Cement Group 1756 723,1 41
OO0 «lMponsBoacTeeHHas
KoMnaHus Ky3HeuKknun LeMeHT-
HbI 3aBOO» 840,5 124,1 15 Cyxon 160 150 210,1
OAQO «HoBOTpOULKMI LLEMEHT-
HbI 3aBOA» 822 599 73| Mokpbin 237 101 270,7
BasanllemeHT 3585 1917,7 53




8T

YanenbeHbIn pac-

YpaenbeHbIn pac-

[NpuBeneHHble

Kopnopaus/3ason MoLuHocTb, | Mpoun3BoacTeo Mii:ziij, Cnocob npo- | xop Tonnuea, XO[ 9MeKTpo- | 3HeprosaTparsl,
TbiC. T 2014, TbiC. T % M3BOACTBA Kry. T./T KNUH- | 3aHeprum, KBT-4/T | Kry. T./T uemeH-
kepa LemeHTa Ta
AunHckun L3 1400 907 65| Mokpbin 1611 117 200,2
000 «CepebpsHCKMIA LEMEHT- Cyxon
Hbl 3aBO4» 1606,5 1010,7 56 126 114 168,2
BocToKkuemeHT 4284 2158,2 50 0,0
OAO «CnacckkueMeHT» 3127 1458 47 Cyxon 128 183 189,1
OAO «Tennoosepckun Le-
MEHTHbIN 3aBOa» 788 412,2 52| Mokpbin 222.,5 169 278,9
OAO MO «AkyTUEMEHT» 369 288 78| Mokpbin 227 134 271,8
FopHoO3aBoACKUEMEHT 2194 1578 72| Mokpbin
OAO «l"opHO3aBOACKLEMEHT» 2194 1578 72| Mokpbin 194 112 2314
AO «EBPOLIEMEHT rpyn» 38398,7 26141,3 68
3A0 «benropoacknin LEMEHT» 3771,2 1601,4 42| Mokpblii 212 88 242.,4
3A0 «Kwurynesckue cTporima-
Tepuanbi» 1831,7 856,5 42| Mokpbin 227,3 117 266,4
3A0 «KaBkasuemeHT» 2823,8 1968,8 70| Mokpbin 197,6 98 230,3
3A0 «KaTtaBckuin uemMeHT» 1616 896,6 55 Cyxon 129 134 173,8
3A0 «JlmneukuemeHT» Cyxon,
2089,4 1093 52| n/cyxon 131,3 139,5 217,8




6T

3arpyaca YpoeneHbl pac- | YaenbHbIn pac- [NpuBeneHHble
Kopnopaus/3ason MoLuHocTb, | Mpoun3BoacTeo MOHOGTH Cnocob npo- | xoa Tonnuea, XO[ 9MeKTpo- | 3HeprosaTparsl,
TbiC. T 2014, TbiC. T % M3BOACTBA Kry. T./T KNUH- | 3aHeprum, KBT-4/T | Kry. T./T uemeH-
kepa LemeHTa Ta
3A0 «ManbuoBCKUin NopT-
naHgueMeHT» 4253,9 3183 75| Mokpbin 208,2 105 243,3
3A0 «MuxannoBueMeHT» 1910,2 1503,4 79| Mokpbin 222,7 113 260,4
MAO «MopaoBLEeMEHT» 6810,5 4864 71 163 105 197,8
B TOM yucne: 2350,5 1869,5 80 Cyxon 103,6 108 139,6
900 692 77| KombUHmp. 136 99 169,1
3660 2302,5 63| Mokpbin 218,7 99 251,8
3A0 «HeBbAHCKUI LLEMEHTHUK» 1184,4 1060,4 90 Cyxon 153 140 199,8
3A0 «OckonuemeHT» 3700 2699,4 73| Mokpbin 203,3 100 236,7
3A0 «[MnkaneBCcKUm LLEeMeHT» 2366,9 1566 66| Mokpbin 165,5 115 203,9
BopoHexckun dovnuan 2157 1366,9 63 Cyxon 122 135 167,1
000 «CaBWHCKMI LEMEHTHBbIN
3aBoa» 1180,9 241 20| Mokpbin 226 110 262,7
OO0 «CeHruneeBckum Le-
MEHTHbIN 3aBO4» 1200 33,2 | ycxonanaaxa Cyxon
3A0 «YnNbAHOBCKLEMEHT» 2467,4 1683,7 68| Mokpbin 216,1 105 251,2
MeTepbyprOOO0 «leTep-
OypruemeHT» (r. CnaHupbl) 1860 1524 82 Cyxon 67 103 101,4




0¢

YanenbeHbIn pac-

YpaenbeHbIn pac-

[NpuBeneHHble

Kopnopaus/3ason MoLuHocTb, | Mpoun3BoacTeo Mizziij, Cnocob npo- | xoa Tonnuea, XO[ 9MeKTpo- | 3HeprosaTparsl,
TbiC. T 2014, TbiC. T % M3BOACTBA Kry. T./T KNUH- | 3aHeprum, KBT-4/T | Kry. T./T uemeH-
kepa LemeHTa Ta
UckntumuemeHT 2100 1741,3 83| Mokpbin
OAO «ckntmmuemeHT» 2100 1741,3 83| Mokpbin 196,3 122 237,0
FasmeTtannnpoekT Mokpbi#n,
7980 6079,5 76 cyxom
OAO «HoBopocueMeHT» MokpbIn,
5680 4021,9 71 Cyxom 186 121,6 227,1
B TOM yucne: 2170 669 1yconanaaka [CYXOM 108,7 120,2 148,8
3510 3353 96| Mokpbin 202 122 2427
OAO «BepxHebakaHckuin Le-
MEHTHbIN 3aBOA» 2300 2057.,6 89 Cyxomn 103 109 139,4
Mpouue 10595,4 5520,7 52
000 «Asusa LlemeHT» 1800 1327,3 74 Cyxon 128,8 106
OAO «AHrapckuemMeHT» 1300 770 59| Mokpbin 201,6 160 255,0
00O «ATakanuemeHT» 300 264,9 88 Cyxon 170 153 2211
00O «bynHakckmin LeMEHTHbIV
3aBoa» 12,9 Mokpbi
3A0 «XangenbbeprllemeHT
Bonra» 360 231,5 64| Mokpbin 109 105 144,1




T

YanenbeHbIn pac-

YpaenbeHbIn pac-

[NpuBeneHHble

Kopropauys/3ason MowHocTb, | [pon3soacTeo M:Z:ziij, Cnocob npo- | xoa Tonnuea, X0[, 3NEKTpo- 3Hepros3aTparhl,
TbiC. T 2014, TbiC. T % M3BOACTBA Kry. T./T KNUH- | 3aHeprum, KBT-4/T | Kry. T./T uemeH-
kepa LemeHTa Ta

00O «LemeHTHas ceBepHas
kKomnaHus» (r. BopkyTta) 428 103,4 24| Mokpbin 258 125 299,8
000 «M3CM-1» 40 28,1 70| lMomon
OAO «KamuyaTuemeHT» 350 103,3 30 MNomon
OAO «KonbimauemMeHT» 150 29,3 20 MNomon
OAO «MarHutoropckum Le-
MEHTHO-OrHeynopHbIN 3aBO4» 1173,2 623,8 53| Mokpbin 202 144 250,1
Orl 3A0 «lNukanesckasi coga»
(r. Bonxos) 426,2 433,4 102| Mokpbin 207 114 245,1
000 «Meuen-MaTtepuanbi» 1600 49,6 3| [lomon
OAO «l'opHo-
MeTannypruyeckas KomnaHus
HopunbCKum HNKeNb» 703 556,5 79| Mokpbin 223 112 260,4
Mawwncknn M3 126 9 7| Tomon 101
OAO «[MogonbcK-LeMeHT» 328 54 16| Mokpbin 194 93 225,1
000 «CaxueMeHT JTyHCUH» 150 73,6 49 MNomon
OO0 «Twumnonckmn 3aBog» 50 44,6 89| Mokpbin 224 124 265,4
3A0 «¥Yrneropck-ueMeHT» 200 115,7 58| Mokpbin 115 155 166,8
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YanenbeHbIn pac-

YpaenbeHbIn pac-

[NpuBeneHHble

Kopnopaus/3ason MowHocTb, | MponssoacTeo Mii::iij’ Cnocob npo- | xoa Tonnwuea, XO[, ANeKTpo- | aHeprosaTparThl,
TbiC. T 2014, TbiC. T % M3BOACTBA Kry. T./T KNUH- | 3aHeprum, KBT-4/T | Kry. T./T uemeH-
kepa LemeHTa Ta
OAO «LUEMEHT» (AnTtaunckui MokpbIv
Kpawn) 600 230,8 38 235 140 281,8
Y «Y4eyeHuemeHT» 600 4271 71| Mokpbin 218 125 259,8
000 «HOropcrmii LEMEHTHBIN 3aBOOY 31,9 MNomon
OAO «CebpsikoBUEMEHT» 4069,4 3100 76 172 97 204,4
B TOM 4ucne: 1100 1050 95 Cyxon 129,4 97 161,8
780 750 96| KombuHwmp. 155,4 100 188,8
2189,4 1300 59| Mokpbin 216 96 248,1
Cunbunpcknm uemeHT 5400 4326,2 80
00O «KpacHosapckumn uemeHT» 1100 921,4 84| Mokpbin 219,2 135 264,3
000 «TumnonllemeHT» 600 407,7 68| Mokpbin 224,1 124 265,5
OO0 «TOMKNHCKNIN LIEMEHT» 3700 2997,1 81| Mokpbin 202.6 113 240,3
HOYITIK 2360 1886,3 80| Cyxoun
00O «KOYTTIK» 2360 1886,3 80| Cyxon 93,2 110 129,9
O6wun ntor 100 804* 68436,6 68

* MOLLHOCTb LIeMEHTHbIX 3aBOA0B MOMHOrO LMKNa.




Cnenyet OTMETUTb CPaBHUTENMbHO BbICOKUW pacxod 3HEpPropecypcoB Ha CTapbiX 3a-
BoAdax cyxoro crnocoba npoussoacTtea. Kak n cnegosano oxuaaTb, CamMblil HU3KUA CpegHUN
pacxod SHepropecypcoB MmeeT MECTO Npu cyxom cnocobe npomssoactea. Cpeaun Bcex Le-
MEHTHbIX 3aBOJOB MO 3TOMY NnokasaTteno BblaensawTca npeanpuatna «lletepbypruemMeHT,
roe B KayecTBe Cblpbsl MCMOMb3YIOTCA COAepXallmMe roproudme craHubl OTXoAbl, U
OO0 «HKOYTTIK», roe B cocTaB CblpbeBOM LUMXTbI BXoaUT A0 35 % meTannypruyeckux Lna-
KOB JIOMEHHOIr0 1 MapTEHOBCKOIo NPOM3BOACTBA.

YcpeaHeHHble MokasaTenu pacxofda 3JHepropecypcoB no cnocobam npou3BoacTBa

npueeneHsl B Tabnuue 1.8.

Tabnuua 1.8 — CpaBHUTENbHbIE CPeaHEro40BbLIE NOKa3aTenM pacxoaa dHepropecypcos Mo

cnocobam npon3soacTBa

CpegHun rogo-
CpenHui rogo- 5 . | CpeaHue npu-
Beoa BOW YAENbHbIN
Tun npounsBoacTBa BOW yOenbHbIn BeJeHHble aHep-
B SKCNyaTaumio pacxoa anek-
pacxoa Tonnmea rosaTparbl
TPO3HEpPrun
Cyxomn [o 1989 146,6 154,6 198,2
Mocne 2008 106,4 122,5 147.,4
Mokpbii Mocne 2008 189,2 121,9 229,6
KoMBGUHUpOBaHHbLIN 147,2 99,6 180,6

1.6.1 BbiBOoA MoLlHOCTEN

B 1990-e roabl B CBA3K C PE3KMM CMagoM Crpoca Ha LEMEHT 3aBoAbl BbIHYXAEHbI Obl-
N NnpuocTaHaBnNuBaTb U BbIBOAWUTb U3 IKCMyaTaumm TexHonoruyeckme nuHuu. B nepuog c
1988 no 2008 rog HOBble MOLLHOCTU MO BbIMYCKY LeMeHTa He BBOAUIUCH, MPU 3TOM BbiBee-
HO M3 3KcnryaTauumn 7 LEMEHTHbIX 3aBO4OB, B TOM yucne 3 — cyxoro cnocoba npousBoa-
CTBa, U 69 TEXHONOMMYECKUX JIMHUIA OENCTBYIOLWMX NpeanpusaTnii, Bcero 90 TeXHONOrm4yecKnx

nnHui (cm. Tabnuuy 1.9) [23].
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Tabnuua 1.9 — BbiBOA M3 aKcnnyaTaumm MOLLHOCTEN NO Npov3BoACTBY LemeHTa B 1990-2012 rogax

BobiBe-
Yucno
AeHo . Cnocob
BbiBe- | Pasmepbl neyen,
Mpegnpuatne MOLLIHO- npousBoa- PervoH
_ | BeHHbIX M
cTen, 5 cTBa
neve
ThIC. T
3aBoabl, NpekpaTusLLMe NPON3BOACTBO LieMeHTa
LlemeHTHBbIV 3aBOA Mokpbin | PsasaHckas obn.
«CnapTak» 953 4 3,3-3,6 x 73
Kocoropckun ue- Cyxon | Tynbckas obn.
MEHTHbIN 3aBOA, 453 2 2,5-3x42
00O «CeHrunees- MokpbIn | YribsiHOBCKasi obn.
CKUW LLeMEHTHbIN
3aBoa» 138,8 2 2,7-2,3 x 43
000 «HwxHeTa- Mokpbin | CBepanos-
rMMNbCKU 3aBoA ckas obn.
rMMHO3EMUCTbIX 3,6 x 27 (2)
LEMEHTOB» 1100 3 3,6 x 150 (1)
AWKMHCKUIA Le- Mokpbin | KemepoBckasi o61.
MEHTHbI 3aBOA 506 3 3,3%93,5(3)
lMopoHanckum ue- Cyxon |CaxanuHckas obn.
MEHTHbIN 3aBOA 107 1 3,6 x 118 (1)
MogropeHckuin Le- 26 x11,5 Cyxon |BopoHexckas obn.
MEHTHUK 820 6 (ALUIT)
NToro 4077,8 21

BbiBOA 13 akcnnyaTaumm

MOLLIHOCTEWN OENCTBYIOLLMX 3aBOJOB

3A0 «ManbLoB-

CKUI nopTnaHaue-

Mokpblin

BpaHckas obn.

MEHT» 816,4 3 3,3-3,6 x 150
®dunmnan OAO 4,5-3,6 x 108 Mokpbin | MockoBckasa obn.
«Jladhapx LuemeHT» (3)
(r. BockpeceHck) 4,0-3,6 x 118
995 4 (1)
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BbiBe-

AEeHO Hueno Cnocob6
Mpegnpuatne MOLLIHO- BhiBe- | Pasmepbl neden, npousBoa- PervoH
cTen, 'D'eHHbix M cTBa
TbIC. T resen
OAO «Xoncum 3,3%6,5(2) Mokpbin | MockoBckas o6n.
(Pyc) CM» 3,3-3,6 x 127,3
(r. KoniomHa) (2)
1351 6 5x 185 (2)
OAO «[Mogonbck- 3,75-3,1 x 70 Mokpbin | MockoBckas o6n.
LeMeHT» 636 2 (2)
000 «Xoncum 3,6 x 70 (4) Mokpbin | CapaToBckasi 06n.
(Pyc)» (r. Bonbck) 547,3 5 2,6—-3,3 x 56 (1)
OAO «Hosopocue- 3,6 x 118 (1) Cyxon |KpacHogapckui
MEHT» 3,3-3,6 x 85 (4) Kpawn
620 7 4,5-4,0 x 60 (2)
3A0 «CtpouTtenb- Mokpbin | Pecnybnuka baw-
Hble MaTepuarnbi» 534,3 2 3,6 x 127 KOpTOCTaH
OAO «lopHo3a- Mokpbinn | [Nepmckun kpan
BOACKUEMEHT» 884 3 3,6 x 127
OAO «Cyxonoxck- 3,6 x 69 (2) Mokpbin | CBepanoB-
LeMeHT» 814 5 3,7 x70 (3) ckas oon.
OAO «W/ckntnmue- Mokpbin | HoBocubup-
MEHT» 877 3 3,6 x 127 ckas oon.
00O «KpacHosp- Mokpbin | KpacHosipckui
CKUN LIEMEHT» 400 2 3,6 x118 Kpan
OAO «Cnacckkue- 3,3x118 (2) Cyxon |[Mpumopckun kpan
MEHT» 3,6 x (52-58)
1500 6 4)*
YT «YeyeHue- Mokpbin | YeuveHckas Pec-
MEHT» 600 1 5x 185 ny6nuvka
AudnHcKknn 5,9-4,8— Mokpbin | KpacHoapckuia
1500 2 5,3 x 175 (2) Kpau
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BbiBe-
Yucno
AeHo . Cnocob
BbiBe- | Pasmepbl neven,
Mpegnpuatne MOLLIHO- npousBoa- PervoH
_ | BeHHbIX M
cTewn, 5 cTBa
nedyen
ThIC. T
OAOQO «[lopHo- Mokpbin | KpacHosipckui
MeTannypruieckas Kpawn
KoMnaHus Hopusb-
CKNWN HUKENb» 147 2 3,8-3,5 x 60
OAO «Cebpskos- Mokpbin | Bonrorpag-
LeMeHT» 1200 4 4 x 3,6 x 4x150 ckas obn.
CnaHueBckui 2,6 x115 Monycy- |JleHuHrpag-
580 12 (ALUIT) XOoMn ckasi 0bn.
NToro 13422,2 69
BCEIO: 17500 90
* JINHMM 3aKoHCEepBMPOBaHbI.

Kak BMOHO n3 npuvBeOeHHbIX OaHHbIX, BblBEAEHHbIE N3 JKCriyaTauum TexXHosornye-
CKME INMHUWN LIEMEHTHbIX 3aBOAOB OblNM OCHaLWEHbl MOpanbHO U PU3NYECKN YCTapeBLUNM
obopynoBaHMEM; M3HOC OCHOBHbIX (POHAOB cocTaBnsn 68 % — 88 %, Tak Kak OHM Obinn
BBeJeEHbl B JeCTBME B OCHOBHOM B MepBble NOCNEBOEHHbIE NATUNETKN. Ha aTux npeanpus-
Tmax k 1990 rogy pacxogoanocb 250—290 kry. T. Ha 1 T KnNuHkepa (ALWKNHCKUI LEMEHTHbIN
3aBoA, LeMeHTHbI 3aBoa «CnapTtak», NopoHanckmii LEMEHTHbIM 3aBOA) NpU CpeaHEM pac-
xoge Ha 3aBogax Poccum 213 kry. T. Ha 1 T KNUHKepa. YAenbHbIA pacxon aneKTpoaHeprum
Ha aTUX NuHUAX coctaenan 90-160 kBT-4/T uemMeHTa Npu cpegHem pacxoge no oTpacnu
113 kBT'4 Ha 1 T uemeHTa. CpeaHsia Npomn3BOACTBEHHAA cebGecToMMocTb 1 T nopTnaHgue-
MeHTa Ha aHann3npyeMblxX 3aBoax, BbiBEQEHHbIX U3 SKCnsyatauuu, npu HU3KOM CTOMMOCTU
TOMMMBA, 3NIEKTPO3HEPIrUM U BbICOKOW A0Sfie MUHepasibHbIX 000aBOK, BBOOMBLUMXCHA B Le-
MeHT, B 1990 roagy nameHsinacb ot 18,7 py6./1 (OO0 «HwxHeTarnnbCkum 3aBog rmmMHO3emMu-
CTbIX LEeMeHTOB») Ao 76,2 py6./T ([MopoHanckmm uemeHTHbIn 3aBopg). 1o uemeHTHOM npo-
MblwneHHoctn Poccuinckon ®epepauum B 1990 rogy 9TOT NoKasaTenb COCTaBNAS
16,92 py6./T1.
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1.6.2 BBoa MmoLlHOCTEN

C 2008 ropa Havanacb bGecnpeuefeHTHas akTUBHOCTb B CTPOUTENbCTBE M BBOAE B
3KCMNnyaTaumnio HOBbIX COBPEMEHHbIX MHUIA, MPEMMYLLECTBEHHO CyXOro cnocoba nponssoa-
ctBa. B 2008-2014 rogax BBeAEHO B aKchnyatauuto 23 TEXHOMOMMYECKMX FMHUK obLen
MOLLHOCTbI0 32,6 MITH T, U3 HMX 19 TEXHONOrMYeckmux NMHUIN, paboTarowmx No Cyxom TEXHO-
normm un  1nuHuMa kKOoMBMHMpoBaHHOro crnocoba npowusBoactBa (Bcero 30 MIH T)
(cm. Tabnuuy 1.10) [23].

Tabnvua 1.10 — BBog HOBbIX MOLLHOCTEN MO NPON3BOACTBY LemeHTa B 2008-2015 rogax

Fop, BBOOA, npeanpuatTne |_|p0VI3BOD,CTBeHHaﬂ MOLHOCTb, MIMTH T

2008:

- MAO «MopooBLEMEHT» 0,9
- BAO «CTtpowuTenbHblie maTepuanbi» 1,3
- AYMHCKMI (MOKPBIN) 1,8
- OAO «MLLO3» (MoKpbI) 0,2
Bcero 3a rog 4,2
2009: —
2010: —
2011:

- MAO «MopaoBLEMEHT» 2,4
- OAO «Xoncum (Pyc) CM» (r. KonomHa) 2,1
- O00 «HOYTTIK» 12
- OAO «CyXx0noXcKUeMEHT» 1,3
- 000 «[lNeTepbypruemeHT» (r. CnaHubl) 19
Bcero 3a rog 8,9
2012:

- dunnan OO0 XangenwvbeprllemeHT Pyc B n. HoBo-

rypOBCKUI 1,8
- OAO «BepxHebakaHCKMNin LEMEHTHbIN 3aBOA» 2,3
- 000 «Meuen-MaTtepunanbi» 0,8
- 3AO «¥Yrneropck-ueMeHT» 0,2
Bcero 3a rog 51
2013:

- O00 «CepebpsAHCKUIN LEMEHTHbIN 3aBOO» 1,6

27



FOD, BBOAA, npegnpuatne npOVISBOD,CTBeHHaFI MOLWHOCTb, MIMTH T

- BopoHexckun gounnan AO «kEBPOLUEMEHT rpyn» 2,4
- 000 «OYTTIK» 1,2
- YT «YeveHuemeHT» (MOKpPbIN) 0,6
- 000 «Asna LlemeHT» 1,8
Bcero 3a rog 7,8
2014:

- O00 «CeHrnneeBcKkMi LLEMEHTHbIN 3aBOa» 1,2
- BAO «XangenvbeprlLlemeHT Bonra» 1,2
- OAO «HoBopocuLeMeHT» 2,2
- OBl OAOQO «Jladapx LiemeHT» (n.Pep3nkoso) 1.8
- OAO «CebpsikoBLEMEHT» 1,2
Bcero 3a rog 7,6
2015 (NnporHoa3):

- OAO «HoBopocuemeHT» 0,7
Bcero 3a rog 0,7

1.7 OCHOBHOE€ TexXHosorn4yeckoe 060py,qOBaHVIe LeMeHTHbIX

3aBopgoB Poccum

Mo cocTtoaHMo Ha 1 aHBapst 2015 r. B LLEeMEHTHOM NpoMbILLeHHOCT Poccuickon de-
Aepauum Haxoamnocb B aKcnnyataunm obopygoBaHue Ans npou3sBoacTBa LeMeHTa Mo MOK-
pOMY, KOMOMHMPOBAHHOMY MOMYCYXOMY K CyXoMy crnocoby npoussoacTtesa. CocTtaB OCHOBHO-
ro TexHonorndeckoro obopynoBsaHus npeactaeneH B Tabnuvue 1.11.

Mo cpaBHeHnto ¢ 1990 rogom B cocTaBe TEXHOMOrMYecKoro obopyaoBaHusi Npon3o-
LS CyLLEeCTBEHHbIE U3MEHEHUS, NpeXxae BCEro 3a cYeT BBOAA JIMHUI CyXOro cnocoba u Bbl-
Boda M3 aKcnyaTaumn mManoad@ekTUBHbIX MOpasibHO U (PU3NYECKU UIHOLLEHHbLIX JIMHUN,
OCHALLEHHbIX LAaXTHbIMX NneyamMmyn n ycTapeBLUMMU KOPOTKUMU FIMHUAMU MOKPOrO U CYXOro
cnocoba npoussoacTea. Bmecte ¢ tem 13 43 gencreyrowmnx 185-MeTpoBbIX BpaLlatoLLMXCS
ne4ven Mokporo cnocoba 41 npogormkaeT aKcnnyaTnposaTbes. [1Be neyn LeMeHTHOro 3aBoja
LafargeHolcim B r. LLlypoBo nukBMamMpoBaHbl Npy pacluMpeHun 3aBoja C YCTaHOBKOW HOBOW
CYXOW NIMHMUM MOLLHOCTbIO 2,1 MSTH T.

Bce 24 TexHonorn4eckne nMHMKM, ocHalleHHble 170-MeTpoBbIMU NevyaMn, BBEAEHHbIe

B akcnnyatauuto ¢ 1959 roga (3AO «benropoackui uemeHT») no 1966 rog (OAO «Uckntnum-
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LEMEHT»), B 4OCTAaTOYHO KOPOTKME CPOKU SOCTUranu 1 NnpeBOCXoannvM NPOEKTHYH MOLLHOCTb.
BOoMbWWHCTBO M3 HUX NPOLLNN PEKOHCTPYKUMIO. B HacToswee BpeMsi BCe 3TU NIMHUN Haxo-
AATCA B 3KCnnyataumm n aBnaoTca Hanbonee adhekTMBHbIMKU NSt MOKpPOro cnocoba npo-
M3BOACTBA.

B akcnnyatauun npogormkaloT Takke oCTaBaTbCA MOparbHO U (PU3MYECKU ycTapes-
LUME TEXHOMOMMYECKNE NIMHMM MOKPOro cnocoba npomssoacTea annHon o 100 m.

[ecatb NuHUIM cyxoro cnocoba Npom3BoACTBa W ABE NMHUM NOyCyxoro cnocoba npo-
N3BOACTBA TaKXke ABMSTCA MOparbHO U OU3NYECKM yCTapeBLUMMU, TPEBYOLWMMN MOAEPHM-

3aunn nnm BblBOAa U3 3KCrJyatauun.
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Tabnuua 1.11 — CocTaB 1 nokasatenu paboTbl OCHOBHOIO TEXHOMOrMYeckoro o6opyaoBaHus

Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBas
Yacosasi npouns- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTD, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBa, Kap- T/yac / cnonb- T/vac / Uc-
HavnmeHoBaHue npeanpusaTuii n pas- . T/uac /
. BoHaTHbIN KOM- | KonnyecTso Konunue- 30BaHue KaneH- | Konnue- nonb3oBaHue
Mepbl neven, m ncnonb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA, neyen, LUT. CTBO, LUT. JapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnuea HWU paboTbl aen- ro BpemeHun
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
Bcero neveit 186 (161)* 58,8/ 70,2 280 (231) 349 (303) 46,6 / 55,6
A. Bpawatowmecs neun 186 (161)* 58,8/70,2
OO0 «CaBUHCKMIA UEMEHTHbIA 3a- 4 (3) 31,6/68,7 4 (4) 143,5/39,1 5(4) 45,0/41,6
Mokpbin, 13-
BOO»
BECTHSIK, Yronb,
4,0 x 150 Ne 1-2 g 2(1) 2(2) 3,2x15,0 143,5/39,1 5 (4) 3,0x 14,0 45,0/41,6
HedTSAHOM KOKC
4,0 x 150 Ne 3—4 2(2) 2(2) MMC-70-23
00O «LlemeHTHasa ceBepHas komna- 3(2) 15,0/ 42,0 4 (3) 26,2/35,4 2() 40,7 /34,2
Hus» (r. BopkyTa) Mokpbli, n3-
3,6-3,0 x 82 Ne 1 BECTHSIK, Yrosb 1(1) 2(2) 2,2x13,0 22,6/ 2(1) 3,0x 14,0 40,7/34,2
3,6 x 88,6 Ne 2-3 2(1) 2(1) 2,6 x 13,0 345/
3AO «lNukaneBCcKnii LEMEHT» Mokpbliii, n3- 6 (6) 46,2 /62,6 7(7) 130,0/59,5 11 (11) 30,0/60,1
3,6 x 60 ¢ KOHUEHTpaTopamMu LWamMa | BECTHSIK, Hedbe- 33 20,5/57,6 2(2) 3,2x%x 15,0 166,0 /59,5 2(2) 2,6 x 13,0 18,5/
Ne 1-3 TNWHOBLIN LWNaMm,
ras 2(2) 3,2x 15,0 332,0/ 3(3) 2,4 x15,0 20,0/
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosasi npous- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTb, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHbI KOM- | KonnyecTso Konuue- 30BaHue KaneH- | Konuue- nonb3oBaHune
Mepbl neven, m ncnornb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnmea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
4,5 x 170 Ne 4-6 3(3) 56,0/67,5 3(3) 2,4 x13,0 66,0/ 6 (6) 3,2x 15,0 40,0/
CnaHuesckuin LI3 CyxoW, n3secT- 2(1) 44,7 /85,2 5 (4) 39,1/41,0 5(5) 33,8/49,0
4,0 x 608 LUTO HSIK, CrnaHed, 2(1) 44,7 /85,2 5 (4) 3,2%x8,5 39,1/41,0 5(5) 3,0x 14,0 33,8/49,0
yronb
Oon 3A0 «[ukanesckas coga» 3(3) 22,9/55,2 5(3) 25,1/77,1 4(3) 21,3/67,0
Mokpbi, Hedgbe-
(r. Bonxos)
JINHOBBIN LLNaM,
3,6-3,0-3,6 x 127,5 Ne 1-2 2(2) 22,5/45,1 5(@3) 2,2x13,0 251/771 4 (3) 2,6 x 13,0 21,3/67,0
ras
3,6 x 110,5 Ne 3 1(1) 19,6 /75,4
MeTepbypruemeHT Cyxon, nssect- 1(1) 208,0/59,2 1(1) 325,0/75,3 2(2) 120,0/62,3
4,75 x 74 c UTO n pekapboHusaTo-| HsK, ras, anb- 1(1) 208,0 /59,2 1(2) ATOX 45 325,0/75,3 1(1) 5,0x 15,0 150,0/
pom TepHaTUBHOE
TOMMUBO 1(1) 5,0x 15,0 112,9/
3A0 «ManbLoBCKMiA  nopTnaHaue- 8 (8) 57,9/79,2 8 (8) 320,0/60,0 13 (13) 45,0/55,0
MEHT»
Mokpbin, men,
5,0x 170 Ne 7 1(1) 62,0/88,8 4 (4) 3,2x8,5 320,0/60,0 7(7) 2,6 x 13,0 20,0/55,0
ras
40x%x150Ne1,6,5 33 32,0/81,0 4 (4) MMC-70-23 380,7 / 6 (6) 4,0x 13,5 70,0/55,0
5,0 x 185 Ne 8—11 4 (4) 70,0/79,1
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosasi npous- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTb, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/yac /
. BoHaTHBIN KOM- | KonnyecTso Konuue- 30BaHue KaneH- | Konuue- nonb3oBaHune
Mepbl neven, m ncnornb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnmea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo-
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
dunnan OAO «Jlaghapx LeMeHT» 9 (5) 37,9/65,4 11 (112) 78,0/30,0 15 (12) 29,7 /45,7
(r. BockpeceHck) — Bcero
Mokpbii, 13-
B TOM yucne «lmraHt» 6 (3) 42,0/61,8 7(7) 45,4/ 9 (6) 35,8/
BECTHSIK, Mep-
4,5-3,6-4,0 x 108 4(1) 25,5/17,3 7(7) 2,6 x13,0 454/ 6 (3) 2,6 x13,0 21,3/
renb, ras
45-4,0 x 150 1(1) 32,2/82,2 1(1) 40x135 80,0/
5,0 x 150 1(2) 55,2 /85,8 2(2) 3,0x 14,0 35,5/
dunmnan OAO «Jlacapx UEeMEeHT» 3(2) 32,6/70,8 6 (6) 72,1/ 6 (6) 23,6/
(r. BockpeceHck)
Mokpsbiii, ns-
4,0-3,6 x 118 1() 1(2) 3,0x 14,0 94,4/ 6 (6) 2,6 x 13,0 23,6/
BECTHSK, ras
4,0-3,6 x 150 2(2) 32,6/70,8 3(3) 2,6 x 13,0 62,3/
2(2) MMC-70-23C
Obll OAO «llacdhapxx LlemeHT» 1(2) 208,3/ -
Cyxon, nssect-
(n.®epankoso)
HSK, ras
52 x 74 208,3/ -
OAO «[lMogonbck-LUeMeHT» M . 2() 14,0/ 38,2 2 (1) 40,0/ 23,9 1) 45,0/ 20,0
OKpbIiA, U3-
3,3-3,5x70,0c KOHUEHTpaTopamu 14,0/ 38,2 2(1) 2,6 x13,0 40,0/23,9 1) 3,2x 15,0 45,0/ 20,0
BECTHSIK, ra3s
lnama
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosas npous- npousBoau-
YacoBasi npouns-
Cnoco6 npowns- BOOMUTENLHOCTD, TEeNnbHOCTb,
BOOWUTENBHOCTD,
o BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHEIN KOM- | KoninyecTeo Konuye- 30BaHue kaneH- | Konuue- nosib3oBaHue
Mepbl nevent, M ncrnonb3oBaHue Pasmep, m Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnusea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl aen-
Tbl, %
mMenbHuu, % CTBYHOLMX L.
MenbHuu, %
OAO «Xoncum (Pyc) CM» 2(2) 128,99/50,0 1(2) 480,0/55,0 7(7) 90,0/48,0
(r. KonomHa) M3BECTHSIK MOK-
3,6 x 127 Ne 1-2 pbliA, CyXOl, ra3 1(1) 14,9/46,8 1(2) FLS ATOX 50 480,0/55,0 4 (4) 4,0x 13,5 90,0/48,0
5,5 %86 cLUTOu K 1(1) 132,0/53,0 3(3) 2,6 x 13,0
3A0 «MwuxannoBLemMeHT» M . 4 (4) 50,0/61,3 7(7) 60,0 /56,6 7(7) 36,7/60,4
OKpbIiA, U3-
4,5x% 170 P 4 (4) 50,0/61,3 7(7) 3,0 x 14,0 60,0 /56,6 6 (6) 3,0x14,0
BECTHSIK, ra3
1(1) 3,2x15,0
OO0 «CepebpsHCKMN  LLEMEHTHBbIN . 1(2) 212,0/52,5 1(2) 420,0/23,8 3(3) 100,0/61,6
Cyxon, nssect-
3aBoOy
HSK, yronb
4,8x72cUTOun OK 1(1) 212,0/52,2 1(2) MPS 5000B 420,01/ 23,8 3(3) 4,4 x15,0 100,0/61,6
Ounmnan OO0 XanpgenbbeprlemeHT | Cyxon, nssect- 1(1) 69,7 /208,3 1(1) 290,0/87,0 33 110,0/54,5
Pyc B n. HoBorypoBsckun HSIK, Yronb
50x72clTO n OK 208,3 /69,7 1(1) LM 56,4 290,0/87,0 33 4,4 %150 110,0/54,5
MAO «MopaoBUeMEHT» —BCero 61,1/77,9 12 (12) 238,0/45,0 17 (16) 61,2 /54,5
Mokpbin, men,
B TOM YKUCIie MO MOKPOMY Crocoby 8 (8) 51,4/75,3 6 (5) 2,6 x 13,0 20,0/54,5
ras, anbTepHa-
3,6-3,3-3,6 x 150 Ne 1 1(1) 26,0/74,0 5(5) 3,2x85 185,0/76,0 8 (8) 3,2x15,0 50,0/54,5
TUBHOE TOMMNBO
3,3-3,3-4,0 x 150 Ne 2 1(1) 26,0/74,0 4 (4) 2,0x10,5 65,0/76,0




Ve

Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosasi npous- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTb, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHbI KOM- | KonnyecTso Konuue- 30BaHue KaneH- | Konuue- nonb3oBaHune
Mepbl neven, m ncnornb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnmea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
3,6—-3,3-4,0 x 150 Ne 3 1(1) 26,0/74,0 1(2) MMC 7,0 x 2,3 450,0/76,0
3,6—4,0 x 150 Ne 4 1(1) 26,0/74,0 1(2) MMC 5,0 x 2,3 300,0/76,0
5,0 x 185 Ne 5-7 3(3) 75,0/83,0
5,6-5,0 x 185 Ne 8 1(1) 81,0/46,5
4,047 cUTOmn OK Ne 9 Monycyxon 1(2) 97,5/80,0
5,2 x 65 ¢ LITO n K Cyxol 1(2) 250,0/ 70,0 1(2) MPS 5300B 410/ 3(3) 5,0 x 15,75 167,6 /54,5
3A0 «benropoacknin LeMEHT» " 5 7(7) 37,5/85,0 5 (4) 200,0/57,0 7(7) 46,5/58,0
OKpbIN, Mern,
4,0 x 150 P 5(5) 33,0/84,0 3(2) 3,0x8,5 200,0/57,0 33 3,0x 14,0 44,0/58,0
ras
45 x 170 2(2) 49,5/87,0 2(2) MMC-70-23 460/ 45,0 4 (4) 3,2x 15,0 48,0/58,0
3AO0 «OckonuemMeHT» Mokpblii, men, 6 (6) 73,7/71,0 4 (4) 468,5/ 38,0 12 (12) 42,3/61,0
5,0 x 185 ras 73,7/71,0 4 (4) 3,2x8,5 468,5/ 38,0 12 (12) 3,2x 15,0 42,3/61,0
3A0 «JluneukuemeHT» 3(3) 49,0/81,2 6 (6) 48,5/70,0 7(7) 36,4/62,6
4,0 x 60 c KOHBeWepHbIMU KonbLumBa- | Cyxol, n3BecT- 2(2) 32,8/63,0 4 (4) 3,2%x8,5 34,4/16,0 4 (4) 3,0x 14,0 37,9/26,0
Topamu HSK, ras
5,0x 75 ¢ LUTO 1(2) 81,9/76,0 2(2) 4,2 x10,0 111,4/63,0 3(3) 3,2x 15,0 52,6 /54,0
BopoHexckunn cunman AO «EBPO- Cyxon, mep- 1(1) 250,0/ 14,7 2(1) 450,0/ 25,8 2(2) 195,0/ 20,0
LEMEHT rpyn» renb, Men, ras




GE

Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosasi npous- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTb, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHBIN KOM- | KonnyecTso Konuue- 30BaHue KaneH- | Konuue- nonb3oBaHune
Mepbl neven, m ncnornb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnmea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
5,0x 78 c LUITOn OK 1(1) 250,0/ 14,7 2 (1) BepT. Ban. M- 450,0/ 25,8 2(2) 5,4 x 15,0 195,0/ 20,0
ua
OAO «CebpsikoBLUEMEHT» — BCEro 9 (5) 49,2 /86,1 5 (5) 215,3/74,3 13 (13) 49,8 /55,8
B TOM YuUcne: 9 (5) 425/86,5 2(2) 3,0x85 200,1/66,4 7(7) 2,6 x13,0 29,6 /50,4
3,6-3,3-3,6 x 150 Ne 1-3 M . 3() 26,7/96,7 1(2) 3,2x8,5 237,9/90,1 5(5) 3,0 x 14,0 52,0/58,4
OKpbIii
4,0-3,6-4,0 x 1150 Ne 4 1() 30,8/85,6 2(2) MB-70-23 131,0/58,6 1(1) 4,6 x 14,0 130,5/80,6
5,0-4,5 x 170 Ne 5-6 22 63,2/71,1
5,0x 185 Ne 7 1(1) 71,3/90,4
5,0x 125c LUITOn QK Ne 8 Kom6uHupoBaH- 1(2) 97,2/83,7
HbI
4,4 x 52 cUTO n OK Cyxol 1(2) 125,0/
3A0 «XKurynesckue cTponmarepua- 3(3) 63,1/45,9 9 (6) 70,0/53,3 7 (6) 45,0/44,3
nbI»
Mokpbii, 13-
5,0 x 135 Ne 1-2 2(2) 57,0/55,0 3() 2,6 x 13,0 43,0/ 60,0 1(-) 2,6 x 13,0 21,0/-
BECTHSK, ras
5,0 x 163 Ne 3 1(2) 63,0/45,0 4 (4) 3,0 x 14,0 62,0/53,3 6 (6) 3,0 x 14,0 37,0/ 60,0
2(2) MB-70-23
00O «Xoncum (Pyc)» (r. Bonbck) Mokpbin, men, 5(5) 61,3/62,5 10 (8) 99,1/63,0 7 (5) 60,0/70,5
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosasi npous- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTb, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHBIN KOM- | KonnyecTso Konuue- 30BaHue KaneH- | Konuue- nonb3oBaHune
Mepbl neven, m ncnornb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnmea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo-
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
5,0x 135 ras 2(2) 49,5/55,0 3(1) 3,2x8,5 4(2) 3,2x 15,0 45,0/
5,0 x 185 3(3) 68,0/67,5 4 (4) 3,0x8,5 3(3) 4,0x 13,5 80,0/
1(2) MMC-70-23
2(2) MB-70-23
3A0 «XangenbbeprliemeHT Bonra» 3(1) -/125 2(2) 30,6/31,0 2(2) 35,8/30,1
Cyxoi, men, ras
4,4 x 52 3(1) -1125 2(2) 28x55 /31,0 2(2) 2,4 x13,0 35,8/30,1
3A0 «YNbAHOBCKLEMEHT» 4 (4) 66,2 /69,2 6 (6) 155,0/59,8 7 (6) 51,7/66,9
Mokpbin, men,
5,0-4,5-5,0 x 170 Ne 1, 3, 4 3(3) 56,0/ 69,2 3(3) 30x85 1238/ 1() 3,0 x 14,0
ras
5,0-5,6 x 170 1(1) 65,5/61,5 1(1) 3,2%x85 1944/ 6 (6) 3,2x15,0 51,7/66,9
2(2) MB-70-23 422,11
OO0 «CeHruneeBckMn LEMEHTHbIN 1(1) -/125 1(1) Bepr. 205,0/ - 2(2) 4,4 x 13,0 130/ -
Cyxoi, men,
3aBoa»
meprenb, ras
4,4 x52 cUTO n K
3A0 «KaBkasuemMeHT» Mokpbliii, n3- 4 (4) 74,0/88,0 3(3) 275,0/58,0 5(5) 80,0/68,4
5,0-185 BECTHSK, ras 1(1) 73,0/88,0 3(3) 4,0x 13,5 275,0/58,0 5(5) 4,0x 13,5 80,0/68,4
5,3 x 5,0 x 185 33 74,0/88,0
YT «YeyeHuemeHT» Mokpbiti, ns- 2() 65,0/50,8 4(2) 60,0 /60,5 4 (2) 43,7 /40,9
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosasi npous- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTb, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHbI KOM- | KonnyecTso Konuue- 30BaHue KaneH- | Konuue- nonb3oBaHune
Mepbl neven, m ncnornb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnmea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
5,0 x 185 BECTHSIK, ra3 2(1) 65,0/50,8 4(2) 3,2x15,0 60,0 /60,5 4(2) 3,2x15,0 43,7/40,9
OAO «HoBopocuemeHT» — Bcero Meprens, ras 10 (10) 45,7182,4 17 (17) 54,0/72,0 22 (22) 43,8/51,5
MokpblIi — Bcero 9(9) 46,9/89,1 8 (8) 3,2x 15,0 66,5/79,2 10 (10) 2,6 x 13,0 27,2144,4
4,0x150Ne6,7; 1 M 5 3(3) 34,4 /90,0 6 (6) 2,6 x13,0 38,5/75,3 9(9) 3,2x 15,0 57,2 /60,8
OKpbIN
4,0-3,6—4,0 x 150 Ne 2—4 3(3) 32,4/85,9 2(2) 3,2x8,5 42,8 /55,5 1(2) 3,2x14,0 45,0/ 38,6
5,0 x 185 Ne 8-10 3(3) 72,5/91,2 1(2) 3,7%x8,5 64,0/27,2
5,2 x 65, KH[ . 1(1) 250/ - 1(2) MAS-6000B 550/ 2(2) 3,8 x 12,75 185/
Cyxon
KHAO
OAO «BepxHebakaHCKUIA LLEMEHTHBIN 1(2) 144,71 64,2 3(2) 143,4 /74,5 33 90,6 /76,6
CyxoMn, mep-
3aBoay
renb, ras
5,5% 66 ¢ LITOn K 1(2) 258,3 /65,0 1() 3,0x7,1 1(1) 3,0x 14,0 37,6/
1(1) 3,2x85 49,3/58,2 2(2) 5,0x 17,0 150,0 /
1(1) ATOX-57,5 350,0/90,8
000 «ATakanLeMeHT» Cvxor 1(1) 35,9/81,2 1(2) 80,2 /60,6 2(2) 25,4/63,9
XON, Mmep-
4,0x60clTO y 1(2) 35,9/81,2 1(2) MIC 2650 80,2 /60,6 1(1) 26x115 26,2 /63,6
renb, ras
1() 2,6 x 13,0 24,6 /64,0
3A0 «Yrneropck-LuemMeHT» Cyxon, ras, us- 1(1) 20,8/35,8 1(1) 25,0/47,9 1() 12,5/56,2
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosasi npous- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTb, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHbI KOM- | KonnyecTso Konuue- 30BaHue KaneH- | Konuue- nonb3oBaHune
Mepbl neven, m ncnornb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnmea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
3,0x45c UTO n K BECTHAK 1(1) 20,8/35,8 1(2) 2,0x10,5 25,0/47,9 1(2) 2,0x 10,5 12,5/56,2
3A0  «CtpouTenbHble  MaTepua- 1(1) 160,0/ 88,6 5(5) 61,0/78,8 10 (10) 19,7/78,3
INbl» — BCEro M3BecTHsIK, ras,
4,5 x50 cUTO n K cyxom 0/88,6 4 (4) 3,0x12,0 7(7) 2,2x13,0 16,2/
1(2) 3,2x15,0 3(3) 2,6 x13,0 25,9/
OAO «HoBOTpPOMLKMI  LEMEHTHbIN 3(3) 22,6 /83,7 4(3) 44,2 171,6 9(7) 21,3/48,6
3aBog»
Mokpsbiii, ns-
3,6 x 127 Ne 1-2 2(2) 22,9/84,6 3(3) 2,6 x13,0 5 (5) 2,6 x 13,0
BECTHSK, ra3s
3,6 x 118 Ne 3 1(1) 21,9/81,8 1(0) 2,4 x13,0 2() 2,2x13,0
2(2) 2,4x13,0
000 «OYIMK» 2(2) 125,0/73,5 2(2) Ponnep-npecc 250,0/ 48,2 2(2) 149,5/72,0
4,4 x52 cUTO n K . 2(2) 12,05/ 66,3 2(2) RPZ 196,0/ 64,0 2(2) 50x 14,5 146,4/ 66,1
Cyxon, nssect-
13-170/140
HSK, ras
4,4 x52cUTOuAK 2(2) 125,0/ 80,7 2(2) RPZ 208,0/73,0 2(2) 5,0x 14,5 152,5/77,8
13-170/140
000 «Asusi LlemeHT» Cyxoit, Men, 1(1) 208,0/17,4 2(2) 200,0/27,4 2(1) 165,0/ 24,0
48 x72cUTOunAK Mepresb, ra3 1(1) 208,0 /17,4 2(2) 48x28 200,0/27,4 2(1) 42x13,0 165,0 /24,0
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosasi npous- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTb, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHbI KOM- | KonnyecTso Konuue- 30BaHue KaneH- | Konuue- nonb3oBaHune
Mepbl neven, m ncnornb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnmea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
OAO «I"opHO3aBOACKLEMEHT» 4(3) 71,2/70,6 8 (6) 75,0/65,2 9 (5) 52,7/66,4
5,0 x 185 Mokpblit, n3- 2(2) 75,0/63,3 5(3) 3,0x 14,0 4(2) 2,2x13,0
4,5 x 170 BECTHSIK, ra3 2 (1) 65,5/ 84,4 2(2) 40x135 3(1) 3,0x14,0
1(2) MMC-70-23 2(2) 4,0x 13,5
3A0 «HeBbSAHCKUIN LIEMEHTHUK» CyxoW, nssect- 1(2) 130,0/76,4 2(2) 135,0/ 66,6 2(2) 80,0/73,8
4,5%x80clTOun K HSIK, ras 130,0/76,4 2(2) 4,2 x10,0 135,0/ 66,6 2(2) 4,0x 13,5 80,0/73,8
OAOQ «CyXx0onoxXCKLEMEHT» BCEro 5(5) 107,9/54,6 10 (10) 105,5/60,3 8(8) 74,3/62,6
MoKpblit 4 (4) 73,8/46,4 4 (4) 3,2x15,0 86,7 / 4 (4) 3,2x15,0 61,4/
5,0 x 185 Ne 1-3 MoKpblit, W3- 3(3) 72,3/53,0 4 (4) 4,0x 135 2(2) 40x135
5,6 x 185 Ne 4 BECTHSIK, ra3 1(1) 83,1/26,4 1(1) MMC-70-23 1(1) 4.4 x 15,37 150,0/
4,2 %68 cUTO n K CyxoWu, nssect- 1(1) 180,0/87,6 1(1) 3-x Ban. m-ua 220,0/ 1(1) 3,6 x 13,2
HSK, ras
3A0 «KaTtaBckuit ueMeHT» CyxoMn, mep- 4 (4) 33,0/75,1 7 (6) 49,8 /58,7 5(5) 45,0/58,6
4,0x60cLTO renb, ras 3(3) 33,0/75,1 2(2) 3,7x8,5 65,0/ 5(5) 3,2x 15,0 45,0/58,6
4,0 x 4,5 %60 1(2) 33,0/75,1 5 (5) 3,0x8,0 35,0/
OAO «MarHuToropckmn LEeMEHTHO- . 2(2) 38,1/79,6 6 (4) 36,2/70,0 9(9) 20,0/46,2
. Mokpbiit, ras
OrHEYMOpPHbIN 3aBOA»
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBas
Yacosas npous- npousBoau-
YacoBasi npouns-
Cnoco6 npowns- BOOMUTENLHOCTD, TEeNnbHOCTb,
BOOWUTENBHOCTD,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHEIN KOM- | KoninyecTeo Konuye- 30BaHue kaneH- | Konuue- nonb3oBaHue
Mepbl nevent, M ncrnonb3oBaHue Pasmep, m Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnusea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo-
CTBYHOLLUX C. paboTbl aen-
Tbl, %
mMenbHuu, % CTBYHOLMX L.
MenbHuu, %
4,5x 125Ne 4 1(1) 38,1/87,7 6 (4) 2,6 x 13,0 36,2/70,0 9(9) 2,6 x 13,0 20,0/ 46,2
45x 129 Ne 5 1(1) 38,1/71,4
OAO «YpanuemeHT» M 3 6 (2) 54,0/76,3 10 (5) 60,0/88,0 9(4) 45,0/63,8
OKpbIi, U3-
4,0-3,6-4,0 x 150 Ne 1-4 P 4(-) 5(-) 2,6 x 13,0 3(-) 2,6 x 13,0
BECTHSIK, ras,
4,5 x 170 Ne 5-6 . 2(2) 54,0/76,3 4 (4) 3,0x 14,0 60,0 /88,0 6 (4) 3,0x 14,0 45,0/63,8
HeTSAHOM KOKC
1(2) MMC-70-23C
OAO «LUEMEHT» (AnTarickuin kpai) Mokpblit, n3- 1(2) 30,4/82,2 1(2) 86,2 /50,0 2(1) 46,8 /60,7
4,0 x 150 BECTHSIK, yronb 1(1) 30,4/82,2 1(1) 3,2x15,0 86,2 /50,0 2(1) 32x150 46,8/60,7
00O «lMpownsBoacTBEHHAsA KOMMNAHUSA 3() 3() 12 (2) 18,1/24,9
. . CyxoWu, nssect-
Ky3HeLK1I LeMeHTHbI 3aBoa»
HSIK, ras
3,6 x 59,6; 64,5; 68,5 c LITO 3() 3() 3,7%x8,5 12 (2) 2,6 x 13,0 18,1/24,9
OOO «TONKMHCKMI LLEMEHT» 5(5) 73,5/79,1 15 (13) 84,0/80,0 9(9) 52,0/90,0
5,0 x 185 MOKpbIi, 13- 5 (5) 73,5/79,1 5 (5) 3,0 x 14,0 84,0/80,0 9 (9) 3,2x15,0 52,0/90,0
BECTHSIK, ra3 8 (6) 3,2x15,0 84,0/80,0
2(2) MMC-70-23 134,6 /80,0
OAO «MckntumuemeHT» Mokpbiti, us- 4 (4) 59,0/72,7 6 (6) 65,8/63,0 6 (6) 53,8/60,0
5,0-4,5x 170 BECTHSK, ras 4 (4) 59,0/72,7 33 3,2x15,0 70,0/65,0 33 3,0x14,0 48,3 /60,0
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBas
Yacosas npous- npousBoau-
YacoBasi npouns-
Cnoco6 npowns- BOOMUTENLHOCTD, TEeNnbHOCTb,
BOOWUTENBHOCTD,
o BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HaumeHoBaHve npeanpusituii u pas- . T/uac /
. BoHaTHEIN KOM- | KoninyecTeo Konuye- 30BaHue kaneH- | Konuue- nosib3oBaHue
Mepbl nevent, M ncrnonb3oBaHue Pasmep, m Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnusea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl aen-
Tbl, %
mMenbHuu, % CTBYHOLMX L.
MenbHuu, %
3(3) 3,0x 14,0 61,5/62,0 1(2) 3,2x14,0 51,1/60,0
1(1) 3,2x15,0 52,7/60,0
1(1) 4,0%x 13,5 95,1/60,0
00O «AunHckuin LiemeHT» Mokpblii, u3- 2(2) 83,3/72,9 2(2) 4,0%x 13,5 113,0/72,9 5(3) 4,0x 135 80,4/42,9
5,6-5,0-5,6 x 185 BECTHSIK, Hedoe- 2(2) 83,3/72,9 2(2) 4,0x 13,5 113.0/72.9 5(3) 4,0x 13,5 80,4/42,9
JNIMHOBLIN LWNaMm,
yronb
OAO «lopHo-meTannypruyeckas 1(2) 85,5/83,0 1(2) 96,0/84,0 2(2) 60,5/46,8
KoMnaHnsa Hopunbckuii HUKenb» Mokpbivi, us-
5,0 x 185 BECTHSIK, ra3s 1(2) 85,5/83,0 1(2) 4,0%x 13,5 96,0/84,0 1(1) 4,0%x 13,5 70,8/
1(1) 2,6 x13,0 235/
000 «KpacHosipckui LieMeHT» M . 3(3) 28,3/83,9 9 (6) 36,6 /50,5 5(5) 26,7/80,8
OKpbIiA, U3-
3,6 x 150 Ne 34 P 2(2) 25,4/82,3 3() 2,0x11,0 3(3) 2,6 x 13,0 28,0/75,0
BECTHSIK, Yronb
4,0 x 150 Ne 5 1(2) 35,0/85,0 6 (6) 2,6 x 13,0 39,0/52,0 2(2) 2,6 x 10,6 25,0/85,0
OAO «AHrapckueMeHT» Mokpbii, ns- 4(4) 32,1/57,5 6 (5) 36,4 /68,8 8 (8) 26,0/44
4,0-3,6-4,0 x 150 BECTHSIK, Mpa- 2(2) 30,0/54,5 6 (5) 2,6 x13,0 36,4 /68,8 8 (8) 2,6 x13,0 26,0/44
4,0 x 150 MOp, Yronb 2(2) 33,9/60,5
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Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
Yacosasi npous- npoussoau-
YacoBasi npouns-
Cnoco6 npows- BOAWUTENBHOCTb, TeNbHOCTb,
BOAUTENbHOCTb,
. BOACTBA, Kap- T/yac / cnonb- T/vac / Uc-
HanmeHoBaHue npeanpusTuii n pas- . T/uac /
. BoHaTHbI KOM- | KonnyecTso Konuue- 30BaHue KaneH- | Konuue- nonb3oBaHune
Mepbl neven, m ncnornb3oBaHue Pa3wvep, M Pasmep, m
NOHEHT, BUA neyen, LUT. CTBO, LUT. AapHoro Bpeme- | CTBO, LUT. KaneHaapHo-
KaneHaapHoro
Tonnmea HW paboTbl aew- ro BpeMeHu
BpeMeHu pabo- .
CTBYHOLLUX C. paboTbl Oeii-
Tbl, %
MenbHuL, % CTBYHOLMX L.
MenbHuu, %
000 «TumnionllemeHT» 3(3) 25,0/75,0 4 (4) 25,0/33,0 5(4) 25,0/53,0
4,0-3,6-4,0 x 127,5 Mokpblit, n3- 2(2) 2,2x13,0 28/ 2(1) 2,2%x13,0 23,0/
4,0-3,6-4,0 x 127,5 BECTHSIK, Yronb 2(2) 2,6 x 13,0 38/ 1(1) 2,4 % 13,0 23,0/
4,0-3,6-4,0 x 127,5 2(2) 2,6 x13,0 26,0/
OAO «CnacckKkLeMeHT» 7(2) 139,7 /56,7 11 (4) 261,5/49,3 9(9) 88,2 /20,2
CL33,6 x51,9¢c LUITONe 1-4 4(-) 2(-) 2,2x12,0 2(2) 2,4 x13,0 23,0/
3,6 x58,9c LUTONe 5 CyxoW, n3secT- 1() 1() 2,2x13,0 3(3) 2,6 x13,0 18,7/
HCLI3 7,0-6,4 x 95 ¢ LITO Ne 1-2 HSIK, yronb 2(2) 139,7 /56,7 4(-) 2,6 x 13,0 4 (4) 40x135 101,4/
2(2) 4,0x 13,5 261,5/49,3
2(2) 8,7%x2.2 263,2/
OAO «Tennoosepcknit  LEEeMEHTHbIV 5(3) 24,2 149,2 6 (6) 39,4/23,9 8 (6) 16,4 /38,4
3aBog»
Mokpsbiii, ns-
3.6 x97 Ne 4,5 2() 1(1) 2,4x13,0 40,9/8,8 5(3) 2,2x13,0 13,1/
BECTHSIK, Yronb
4,0 x 127 Ne 2,3 2(2) 26,4 /44,1 5(5) 2,6 x 13,0 39,8/26,9 3(3) 2,6 x 13,0 20,8/
3,6 x127 Ne 1 1(1) 20,9/59,5
OAO MO «SIkyTLUEMEHT» MOKpbIi, 13- 2(2) 20,3/83,9 2(2) 40,1/67,9 3(3) 22,1/52,3
3,6-3,0-3,6 x 100 Ne 2 BECTHSIK, ras 1(1) 20,0/79,6 2(2) 2,6 x 13,0 40,1/67,9 33 2,6 x 13,0 22,1/52,3




ev

HaumeHoBaHve npeanpusTnii u pas-

Mepbl neven, M

3,6 x 100 Ne 1

Cnocob npons-
BOACTBA, Kap-

OOHAaTHbIN KOM-
MOHEHT, BUA

TonnuBea

Bpaluatowmecs neuu

CblpbeBbIe MenbHULbI

Ll,eMeHTHbIe MenbHULbI

YacoBsas
YacoBasi npons- npousBoaun-
YacoBasi npouns-
BOOUTENbHOCTD, TENbHOCTb,
BOAUTENBHOCTD,
T/yac / cnonb- T/vac / Uc-
T/yac /
Konnyecteo Konnue- 30BaHue kaneH- | Konunye- nonb3oBaHue
ncnonb3oBaHne Pa3smep, m Paswmep, M
neyen, LIT. CTBO, LUT. OapHOro Bpeme- | CTBO, LUT. KaneHgapHo-
KarneHgapHoro
HY paboTbl fen- ro BpemeHu
BpeMeHu pabo-
CTBYIOLLUX C. paboTbl aen-
Tbl, %
MenbHuL, % CTBYOLLMX L.
MenbHuu, %
1(2) 20,5/88,1

* B ckobkax — AeucTaytowne o6opyaosaHve.




Llenecoobpa3Ho B KpaTyanlumMe CPOKM PacCMOTPETb BOMNPOCHI KOPEHHOW PEKOHCTPYK-
UUKM 3TUX arperaToB NyTem nepesoga neyen Mokporo cnocoba Ha aHeprocbeperatowime Tex-
Honornn. [na nuHuiA cyxoro cnocoba npou3BoacTBa HEOOXOOUMMO U3YYUTb BO3MOXKHOCTb
YCTAHOBKN AeKapbOHU3aTOPOB C 3aMEHOW W PEKOHCTPYKUMEN 3aneyvHbliX TenroobMeHHbIX
YCTPOWUCTB.

Bce 3aBogbl, BBeaeHHble B akcnnyatauuio o 1990 roga, MMerT BbICOKMW M3HOC OC-
HOBHbIX (POHAOB W B nocrnegHue 25 neTt npakTU4eckn He nofsepranncb PEKOHCTPYKUMU U
BHEPEHUIO NPOLIECCOB NO MHTEHCUMPUKaALMN NPOU3BOACTBA U HapaLWMBaHNIO MOLLHOCTM.

M3 obuiero konnuyecTea LLIEMEHTHbIX 3aBOAOB CyXoro crnocoba nponsBoacTBa, BBEAEH-
HbIX B akcnnyatauuio ao 1990 roga, Tonbko Aea 3aBoga — 3A0 «HeBbSHCKUIN LEMEHTHUKY U
OAO «CnacckKUueMeHT» — MOXHO cYMTaTb YCIIOBHO OTBEYaloLWMMM COBPEMEHHOMY TEXHU-
YeCKOMY YPOBHIO.

Ha nuHuax mokporo cnocoba nponsBoACTBa Takke HE BbINOSTHANUCL MEPONPUATUSA MO
MoAepHu3aumm obopyaoBaHums.

O HeobxoaMMOCTN OOHOBMIEHNA OCHOBHbLIX (QOHAOB LIEMEHTHOM MNPOMbILLIIEHHOCTH

CBUAETENbCTBYIOT AaHHble Tabnuubl 1.12 [24].

Tabnvua 1.12 — Cpoku akcnnyaTaumm OCHOBHbIX (hoHA0B

PacnpeneneHvie no cpokam akcniyaTtaumm
MOIJJ,HOCTb, OCHOBHbIX CbOHD,OB, MIMH T
Kopriopaus/aazon MIH T Bonee 55 55-35 35-25 MeHee 25

net net net net
EBPOLEMEHT rpyn 38,4 6,5 22,0 3,6 6,3
MasmeTannnpoekT 8,0 1,6 0,7 1,3 4.4
Dyckerhoff 6,4 2,3 2,6 1,4
Cubunpckmin uemeHT 5,4 0,6 41 - 0,7
Heidelberg Cement 5,0 0,7 1,2 3,1
LafargeHolcim 8,7 4,1 4,5 - -
BocTokuemeHT 4.3 1,6 2,7 - -
CebpskoBUEMEHT 4.1 1,5 0,9 - 1,7
BasanlemeHT 3,6 1,8 1,8
OYITIK 2,4 2,4
[(lOpHO3aBOACKLEMEHT 2,2 1,3 0,9
NcKUTUMUEMEHT 2,1 2,1
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PacnpegeneHve no cpokam akcnnyataumm
MOLLHOCTb OCHOBHbIX OOHAOB, MSTH T
Kopnopauus/3asog ’
MIH T Bbornee 55 55-35 35-25 MeHee 25

net net net net
United Cement Group 1,8 1,8
Mpoune 10,6 3,8 0,5 3,6
Ntoro 102,7

1.8 AccopTUMEHT

B BMOoBOW CTPyKType NpOM3BOACTBA LieMeHTa criefyeT OTMETUTb NPOAOIKaKOLLYOCS

annTernbHoe BpeMA TeHOEHUWK CHUMXEeHUA OO0 BbllyCKa LWhnakonopTnaHgueMeHTa

(cm. pucyHok 1.4, Tabnuuy 1.13).

BuooBasi CTpyKTypa NpoM3BoaCTBa

uemeHTaB 2013r. uemeHtaB 2014 r.
3% 40 206 3%
664 o 684
MIH. T 16% MIH. T

47%
MopTraHauemeHT ¢ goGaekavin

[MopTraHauemMeHT 6e3 MYHeparbHbIX J06aBOK
QnewviarnsHbie 1 NpoHmne LIEMEHTbI
LLInakonopTriaHaLemeHT

PucyHok 1.4 — BupgoBas CTpyKTypa Npon3BoacTBa LieMeHTa

Tabnuua 1.13 — AccoptumeHT npoaykumm B 2013 n 2014 rogax, TbiC. T

BupoBas cTpykTypa npov3BoacTea

48%

MpupocTt B 2014 rogy
Bup uemeHTa 2013 roa 2014 rog
A %
Bcero no Poccuickon ®epepaumm 66 419 68 424 2 005 3,0
MopTnaHaueMeHT ¢ gobaskamm 30 505 32 866 2 361 7,7
6e3 cneumaneHbIX TpeboBaHWi 27 340 30 392 3 052 11,2
CO cneumanbHbiMy TpeboBaHUAMM 3 165 2475 -691 -21,8
MopTtnaHauemeHT 6e3 MuHepanb-
31 081 31 548 466 15
HbIX 4O06aBOK
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MpupocT B 2014 rogy
Bua uemeHTa 2013 rog 2014 ron
A %
6e3 cneymanbHbIX TpeboBaHUN 29 751 30 668 917 3,1%
CO cneumanbHbIMU TpeboBaHMSAMMN 1330 880 -451 -33,9
LinakonopTnaHguemMeHT 2 036 2 186 150 7,4 %
CneumarnbHble N NPOYME LEMEHTHI 2 796 1823 -973 -34,8
LleMeHT rmmHo3eMncTLIN 23 9 -13 -59,6
MopTnaHgueMeHT nyuLonaHoBbIn 8 9 1 12,7
LlemeHT npounin 2 766 1 805 -961 -34,7

B 1990 rogy ero gonsa B obuiem BbiNycke cocTaBnsifa okono 28 %, a B HacTosllee
BpemMsi — okorio 3 %. 3710 BeAeT K yaopoxaHuo cebeCcToMMOCTU LlEMEHTA U, COOTBETCTBEH-
HO, POCTYy ero CTOMMOCTH.

M3meHeHne BUOOBOW CTPYKTYpbl NOTpebneHnsa LemeHTa B OCHOBHOM MPOXOAWUSIO B
nepuopg aKoHoMuyecknx pedgopm 1990-x rogos.

CTPYKTypa
He M3MEHUNach, Tak Kak NPOM3BOAMTENM LLEeMeHTa NPUCNoCcoBMNUCEL K MOTPEBHOCTSIM pbIHKA.

3a nocnegHne natb  net noTpebneHns no BuaaM NPaKTUYECKM
Oco60 CTOUT OTMETUTb, YTO TeKyLiMe NOTPeBHOCTU pblHKa NPeacTaBnstoTCs ManoobGoCcHO-
BaHHbLIMU 1 BbI3BaHbl OOLLUM CHUXKEHMEM KYIbTYpbl UCMOMb30BaHUSA LIEMEHTOB MO MX Ha3Ha-
YyeHuo. Hepeako BMECTO MamnoKMMHKEPHbIX LIEMEHTOB UCMOonb3yloTca 6e3no6aBoYHble Lie-
MeHTbl. Tak, Hanpumep, LueMeHT mapku 500 ncnonb3yeTcs AnsA NPOU3BOACTBA KMNago4HbIX U
LUTYKaTYPHbIX PACTBOPOB U B BbiNycke MHOMMX U3AENWiA, rae 9KOHOMUYECKU, a UHOTAA U TeX-

HUYEeCKU LienecoobpasHo NPUMEHATb HU3KOMAPOYHbIE N 0OaBOYHbIE LLEMEHTDI [13].
1.9 AHanNM3 NpMOpPUTETHLIX NPoGNnem oTpacnu

B cooTtBeTcTBUM C nocTaHoBNeHneM [NpaButensctea Poccurckon degepaumm Ne 1458

oT 23 aekabps 2014 r. [7] npoBeAeH aHanm3 NpMopuTETHLIX Npobnem oTpacnu.
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BaxHenwen npobnemMon LeMEHTHOM MPOMbILLIIEHHOCTN Cpean NPOYnX SABNAETCA CHU-
XEHNEe KOHKYPEHTOCNOCOBHOCTM LIEMEHTHbIX npeanpuatnin Poccuun. ABnssce Tonnmneoaobbi-
BaloLLen CTpaHoOW, MMes 4OCTaTOYHble 06 beEMbI 3HEPTrOPECYPCOB, ChbipbeBOW Ha3sbl, TPYAOBbIX
pecypcoB, ¢ 2005 roga Poccusa yBenuyuna umnopTt UemMeHTa B 9pas— o 7,8 MINHT B
2008 roagy. B 2014 rogy vimMnopT coctaBun 5 MIH T. QKCNOPT LEeMeHTa CHU3WUMCS, COOTBET-
CTBEHHO, B 6 pa3 — ¢ 3,1 go 0,5 MnH 7. B uensax nosbiweHns 3adeKTUBHOCTM paboThl Lie-
MEHTHbIX NPeaNpPUATUIA HeobXoauMMO peLwwnTb cneayowme npobnemsi:

- HA MakKpOypOBHe:

- YyBENUYEHMe BKNaga npeanpusaTmin no NnponsBoACTBY cTponmMartepuanos B BBIT,

- MOAEepHU3auunsa NpeanpuUsTUi NPOMbILSIEHHOCTU CTPOUTENbHBIX MaTepuanoB C
Lenblo BblNyCKa KOHKYPEHTOCNOCOOHOM NpOoayKLUmK;

- ocnabneHve 0O MMHMMYMa 3aBMCUMOCTU CTpaHbl OT UMMOPTa CTPOUTESTbHLIX Ma-
TepuanoB U pacLuMpeHe aKCnopTa BbICOKOTEXHOTOMMYHOM NPOAYKLNN;

- YBENIMYEHME HANOroBbIX MNOCTYMNSIEHWA B KOHCONUAMPOBAHHbIN GrogxkeT Poccuii-
ckon depepauum;

- CHWXeHWe 00 MUHMMYMa NoTpebrieHnss NpUpPOAHbLIX PECYPCOB: Cbipbs, TOMNUBA,
MUHeparbHbIX JO6aBOK,;

- YNydLEeHMEe 3KOMOrMYeckoro COCTOSIHUA 3a cYeT BOBMievYeHust B 060pOT BTOpPUY-
HbIX CblIPbEBbLIX PECYPCOB (4TO AOSMKHO CTaTb OOLlerocyaapCTBEHHOM 3agadven), UCnonb3o-
BaHWe 3KONOrM4eckn Ynctoro obopyaoBaHnsa N TEXHOMNOMNN;

- BOCCTaAHOBIEHME OTPacneBon HayKu;

- BOCCTaAHOBIEHME MALLUMHOCTPOUTENBbHON 6a3bl LEMEHTHON NPOMBbILLNIEHHOCTW;

- CHWXKEHMe 0onn aHepro3aTpaTHbIX NPOU3BOACTB;

- co3gaHune OOoMNOSTHUTENbHbBIX paboynx MeCcT B CTPOUTENBHOM N CMEXHbIX CEKTO-
pax 9KOHOMUKM;

- MOBbILIEHNE YPOBHA aBTOMaTM3aLUMN TEXHOMNOIMMYECKNX NMPOoLLeCCOB NpeanpuaTuin.

- HA MUKPOYPOBHE:

- obecneyeHne NOTPEOHOCTN pernMoHanbHbIX PbIHKOB B CTPOUTENBbHbBIX MaTepuanax
no o6bemam, acCCOPTUMEHTY U Ka4eCTBY;

- (bopMmnpoBaHme IPPEKTUBHBIX PbIHOYHO-OPUEHTUPOBAHHBIX OU3HEC-CTPYKTYp
HOBOIO NMOKOJSIEHWS;

- NOBbILEHNE MHHOBALMOHHOW aKTUBHOCTU U YPOBHS OOHOBMEHNSA OCHOBHbIX (OOH-
A0B NpeanpusaTUii CTPOUTENbHbIX MaTepuarnos;

- NOBbILIEHNE NMPOU3BOANTENBHOCTU TPYAa;

- NOBbILLEHNE CNpOCa Ha KBaﬂVICbVILI,VIpOBaHHbIe Hay4YHO-TEXHUYECKNE Kaapbl.
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HeobxooMmMocCcTb  pauuoHanbHOrO  UCMOMb30BaHUA M 3KOHOMUW  TOMSIMBHO-
9HEepreTMYecKnUX pecypcoB yKasbiBaeT Ha TO, YTO Ha3dpena obbekTuBHast HE0H6Xo04MMOCTb KO-
PEHHOWN PEKOHCTPYKUMM OTEYECTBEHHOW LEMEHTHOW MNPOMBbILSIEHHOCTM Ha OCHOBE BBOAA
NPOU3BOLCTBEHHbBIX (POHAOB C UCMONb30BaHMEM 3HeprocbeperatoLmx TEXHONOMMM 1 BbIBOAA
N3 aKcnnyaTtaunum MmoparnbHO U M3nYEeCKN N3HOLLIEHHOrO obopyaoBaHus [25].

BHeopeHune aHeprocbeperarowmx TEXHOMNOrMn npegnonaraeTcss OCYyLWEeCTBASATb MO
crnenyroLwmnM OCHOBHbLIM HanpaBneHUsaMm:

- PEKOHCTPYKUMS OENCTBYIOLWMNX NPENPUATUIA, Kak NpaBuso, 3a CYET CTpouTenbCcTBa
HOBbIX TEXHONOMMYECKMX SIMHMI CYyXOro cnocoba NponsBoACTBa;

- NpsAAMasi PEKOHCTPYKLUMNA MOLLHbIX NeYern MOKporo crnocoba ¢ nepeBogoM MX Ha 3Hep-
rocbeperatmoLme TeXHOMOoru;

- CTPOUTENBCTBO HOBbIX NPEANPUATUA B OCTPOHYXKAAKLMXCA PErMOHax Npu Hann4mm
Cbipbsi, NMPUrogHOro AN cyxoro cnocoba Npou3BOACTBaA, B UCKIOYUTENBHbLIX Criydasix (npu
KpanHen HeobxoaNMMOCTN B HOBOM 3aBOAE M NMPU HanNn4nm BraXKHOro Cblpbsi) — NPUMEHEHne
MOKpOro cnocoba npon3BoacTBa;

- PEKOHCTPYKUMS OENCTBYIOLLMX TEXHONOIMMYECKMX NMHUIA MOKPOro cnocoba c yBenu-
YeHneM BbiNycKa NpoAyKLMM U BHEAPEHNEM dHeprocbeperaroLwmx MeponpuaTuii ¢ OgHOBpe-
MEHHbIM BbIBOAOM M3 3KCMyaTaumMm ycTapeBlunx o6BeTLLIaBLUMX NPOM3BOACTB C MOBbILLEH-
HbIM PacxOAoOM TOMSIMBHO-3HEPreTUYECKNX PECYPCOB, B NEPBYIO Ovepeab LUaxTHbIMU U Bpa-
Lwarowmmmca ne4amm gnuHon go 100 m;

- LLMPOKOE pa3sBMTME NPOM3BOACTBA TOHKOMOJIOThLIX U CMELLUAHHbIX LLEMEHTOB CO CTPO-
NUTENbCTBOM HOBbIX MOMOJIbHbIX arperatoB 3aMKHYTOrO LMKNA U OCHALWEHUS OEUCTBYHOLLMX
MenbHUL, cenapaTopaMmn 1 yCTpoOMCTBaMU AN NpeaBapuUTENibHOrO M3MenbYeHnsa matepua-
NoB;

- PEKOHCTPYKUMA, MoOAepHM3aumsa M 3ameHa obecnbinMBaloWmnX W BOLOCTOYHbLIX
YCTPOWCTB C LIENbI0 OCTUXKEHNSI CAHUTAPHbLIX HOPM;

- CBOEBPEMEHHOE pa3BUTUE CbIpbeBLIX 6a3 NpeanpuUaTUi;

- LLMPOKOE UCMOMb30BaHME OTXOA0B APYrMx oTpacnen NpoMbILLIEHHOCTH.

Cepbe3Hoe BHMMaHWE yaensieTcsl MOBbILWEHUIO KavecTBa LemeHTa. COBpPEMEHHble
TEXHUYECKME CpeacTBa MO3BOMAT obecneynTb 3afaHHyl CTabuIibHOCTb XMMUYECKOro U
¢a30BOro cocTaBa CbIPpbEBOW LINXTbI, KNUHKEPA, CTabUNbHOCTL BEAEHUSA TEXHOMNOMMYEeCKNX
npoueccoB, 4Tto obecneynt BbINYCK LEMeHTa 3afaHHblX CocTaBa W CTPOUTENbHO-

TEXHUYECKNX CBONCTB.
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Paspen 2. OCHOBHbIe TeXHOonorn4yeckme npouecchl, NpMMeHsAeMble
B HacToslLlee BpeMs npu nponsBoacTBe LueMeHTa B Poccuickon

Pepepauuu

MopTnaHauemMeHTOM HasbiBalOT rMapaBMyeckoe BsXylllee BeLLecTBO, nosydyaemoe
TOHKMUM M3MeSibYeHMEM NOPTNAHOLEMEHTHOrO KnMHKepa C runcom u gobaskamu, obpasyto-
LLee npu 3aTBOpeHUM Bogon yaoboyknaabiBaemoe TecTo, cnocobHoe 3aTBepaeBaTb B BoAe
1 Ha BO3ayxe.

MopTnaHAUEMEHTHbIW KIWMHKEP — MNpOAYKT obXura A0 crnekaHusi TOHKOAMCNEPCHOWM
OAHOPOOHOM CbIpbEBOW CMeECHU, cocTosien n3 kapboHaTHOro, antoMOCUIMKATHOIO KOMMO-
HEHTOB, >Kerne3ocoAepXalunx U KoppekTupywmnx gobasok, kotopble obecrneynBaloT obpa-
30BaHME B FOTOBOM npoaykTe cunukatoB kanbumst (70 % — 80 %) u anioMMHATHON U
antomodepputHon das (20 % — 30 %).

Mpn aTom npoTekalT cnegyowmne PU3MKo-XMMu4eckue npoleccbl MMHepanoobpaso-

BaHWUA:

900°

CaCOs + AlL,O3snSiO,mH,0 + Fe,03 ———> CaCOs + Al,O3:nSiO, + Fe,05 ———>

>1200

CaO + A|203 + nSiO, + Fe>0Os3 —>2C80'Si02+3C80'A|203+4CGO'A|203'F€203

1300-1450C

— > 3Ca0-Si0, +2Ca0-SiO, + 3C80A|203 + 4CGO'A|203'F€203 =C3S+C,S+CsA+
CJAF

OcHoBHble cTagun npon3eBoaAcTBa noptraHguemMeHTa npeancraBlieHbl Ha PpUCyHKe 2.1.

1.,D.O6bl'~la Cblpb€BbIX KOMMNOHEHTOB

v

2. lamenb4yeHne cbipbs

v

3. CmelLeHne KOMMOHEHTOB

v

4. Obe3BOXMUBaHME CbIpbS 5. MNMogrotoBka TonnMBa

v v

6. O6xur cmecu ¢ nonyvyeHnem LUEeMEeHTHOro KriMHKepa

v

7. lamenb4eHune KIMMHKEpPa W” pobaBok ¢ nonyyeHnem LeMeHTa

PucyHok 2.1 — CTtagmm npom3BoLCTBa NopTnaHaueMeHTa

I'IpM 9TOM HEKOTOpble TEXHOJI0OrM4eckmne npoueccbl MOryt coemewatbC4A B OAHOM ar-
perate unu, HanpoTmeB, OANHAKOBbLIE NMPOLECCbl MOTyT NMPOTEKAaTb B HECKOJIbKMUX arperatax "

OCyLLEeCTBIATLCA B /:l,pyr0|7| nocnegoBaTenbHOCTU. B CBA3K C TeM YTO OTAENbHbIE CblpbeBble
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mMaTepuarnbl UMEKT pasfnyHble TEXHONOrMYeckne CBOMCTBA (MPOYHOCTb, BRAXHOCTb, NWM-
KOCTb, abpasnBHOCTb, pa3MarnblBaeMoCTb, ClekaeMocTb 1 Ap.), TO AN opraHu3auumn Hanbo-
nee 3KOHOMWYHOro MpoLecca ux nepepaboTkM U B COOTBETCTBUM C COCTOSIHUEM TEXHOMOM-
4yeckoro obopyaoBaHNst U CUCTEM aBToMaTM3auMu paspaboTaHbl U NOMAYYUIN NPOMbILLIIEH-

HYIO peanuaaumio pasnmyHblie cnocodbl NPOM3BOACTBA LIEMEHTA.
2.1 OCHOBHbIe CNOCOObLI NPOU3BOACTBA LieMeHTa

Mpn NpPon3BOACTBE LEMEHTa UCMONb3YITCA NPEMMYLLECTBEHHO MOKPbIA, CyXOW, MNo-
Nycyxou 1 KOMOUHMPOBAaHHbIN cnocobbl. [epeyncrneHHble TEXHONOMMK pasnuyatTcs Nno cro-

cobam NpuUroToBneHUs CbipbeBON CMecn N obxura knnHkepa [20].
2.1.1 TexHONorm4yeckasi cCxema MOKporo cnocob6a npom3sBoacTsa LileMeHTa

TexHonorns npou3BoACTBa LEeMeHTa MO MOKPOMY crnocoby wu3BecTHa C Hadvana
XX Beka, U ee pasBuTME OCYLLECTBNANOCH NPEMMYLLECTBEHHO MyTEM COBEPLUEHCTBOBAHUSA
TeXHUYECKUX CpeacTB (CM. PUCYHOK 2.2). B cooTBETCTBUMN C TpeBOBaAHNSAMN 3TON TEXHOIOMMU
Cblpb€Bble KOMMOHEHTbI NOABEPraTCA U3MEerbYeHUI0 OO0 TOHKOCTW Momoria wnama c co-
aepxaHvem go 85 % — 90 % vactuy pasmepom 80 MKM M mMeHee. B uensx mmHummnsaumm
pacxofa 3MeKTPO3HepPrnn Ha nomors, obecnevyeHna AoCTaToO4HOM roMOreHn3aumMm KOMMOHEH-
TOB U PEOSIOMMYECKMX CBOWCTB LUMama npoLecc U3MenbyeHus ocylwiectenseTcs ¢ gobasne-
HMWem BOAbI.

M3menbyeHHbIn MaTepuan (wnam), NPpenMyLLeCTBEHHO C BNaXXHOCTb0 38 % — 42 %
(no gpakTy — 31 % — 52 %), nocTynaeT BO BpaLaoLLytoCcs neYb, rge ocyLwecTBnseTcs npo-
Lecc Cywku wnama, gekapboHnsaumm, cnekaHus (CONpoBOXAAETCH XMMUYECKUMUN peakuns-
MU C MOMyYeHMEeM 3aJaHHOro (pa3oBOro COCTaBa KIMHKepa) U OXNaxAeHus KrvHKepa.
B kadyectBe TennoHocuTens MCMNonb3ylTCs rasbl C TemnepaTtypou dakena 1800 °C —
2000 °C. MpoaykTbl cropaHns HanpasfeHbl MPOTUBOTOKOM K OBWXKEHUIO MaTepuana BO Bpa-

LaloLLenca neyn.
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Teepaple Xenesocoaepxaluit
»| KoMMoHeHTbl | [poGurku \ / @} KOMMOHEHT
HI3KOIA
BNAXHOCTH :
Bopa
Msrkue LLInambaccenH
KOMMOHEHTBI M
BbICOKOWA Pl
BMaXHOCTU st
MenbHuLa MOKpOro MenbHuua
Wnam CaMon3Mesb4eHIs! Laposast ¥

Tonnueo

e o — -

LlenHble Tennoo6MeHHble yCTpoicTea Bpatuatowascs neyb

XonoannbHUK
KnuHkep
PucyHok 2.2 — TexHomnorn4eckas cxema Mokporo criocoba npon3BoacTea

B Poccun 6onee 60 % uemeHTa Npon3BO4MTCA Ha 3aBodax MOKpPOro crniocoba ¢ opu-

€HTUPOBOYHbLIMU NMOKa3aTenaAMn BpaLlatloLLnNXCA nedyen, npmBeaeHHbIMU B Tabnuue 2.1.

Tabnuua 2.1 — OCHOBHble NPOEKTHLIE NOKa3aTenn ne4vyen Mokporo cnocoba npon3eoacTea

|_|p0I/13BO,EI,I/ITeJ'IbHOCTb, T/CyTKI/l
MokasaTtenu PaamepHoCTb
500 600 850 1200 1800
OnameTp neun M 4/3,5 3,6 4,0 4,5 5,0
[nnHa neun M 125 150 150 170 185
XonoaunbHUK . KonocHukoBsbIn,
PekynepaTopHbIN 5
pekynepaToOpHbIN
YpenbHbIn pacxon Kry. ./
Tonnmea T-KIIMHKepa 190-230

B HacTosilee BpeMsa Ha MHOMMX LIeMEHTHbIX 3aBoaax, Hanpumep, Ha 3A0 «benropoa-
cknin uemeHTHbIn 3aBoa», OAO «CebpsikoBuemeHT», OAO «YpanuemeHT» un gp., ne4m no-
HWKEHHOW MPOM3BOAUTENBHOCTN C PeKynepaTtopHbIMU XONOoAUNbHUKAMN BbIBOOAT M3 3KC-
nnyaTtaumun. MNoatomy B ganbHenwem MoKpbin cnocob 6yaet paccMOTpeH Ha NpuMepe neyen
5 x 185 m. Takue neun akcnnyatupyrotT Ha 3A0 «OckonuemeHT», NTAO «MopaoBueMeHT»,

3A0 «KaekasuemeHT», OO0 «TONKMHCKUIM LLEMEHT» 1 Ap.
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[lo HegaBHeEro BpemMeHn MOKpbI cnocob pekoMeHaoBanu K NpUMEHEHo Ans cblpbe-
BbIX KOMMOHEHTOB C BbICOKOW MPUPOAHON BNaxHOCTbIO (Bbiwe 15 %). B HacToswee Bpems
3TN HOPMbI NEPeCcCMOTPEHbI, U PakTUYeCcKn 3aBoAbl NO TPAOULMOHHON CXeMe MOKPOro Croco-

0a He CTpoAT Aaxke Npu BRaXHOCTU cbipbs 25 % — 32 %.
2.1.2 TexHonorn4yeckas cxema nosiycyxoro cnoco6a npomssoacrsa

B Hayane XX Beka 6bina paspaboTaHa v Hawna LWMPOKOe NPUMEHEHME TEXHOMOrUS,
nony4YmBLIasi Ha3BaHWe Mosycyxoro cnocoba, B COOTBETCTBUM C KOTOPOM CbipbeBbIE MaTepPU-
anbl C eCTECTBEHHOMN BNa)XHOCTbO A0 15 % — 18 % BbiCyLUMBaNMUCL B CyLUUIbHLIX Gapaba-
Hax OO0 BRaXHOCTW He B6onee 5 % M 3aTeM M3Menbyanucb B LLUAPOBbLIX MerbHULAX C OOHO-

BPEMEHHOW CYLLKOWN (CM. PUCYHOK 2.3).

“ BYXbAPYCHbIE
Teepaple Yenesocoaepxaluui A
CMeCuUTeslbHble CUNOCHI
KOMMOHEHTBI KOMMOHEHT
HU3KOM | : A\ MenbHuua ‘
BNAXHOCTU | [Ipobunku \ / / E\ LapoBas DD
N ~ 7y N/ BnaxHble . ¢ —> o E( ):] X
komnonentsl | [{SHOY —— > ] .,~ .
Boga ~ ',.l ’
L BapabaH cywwmnbHblit -

j Cbipbesas Myka AR,

MpaHynsTop <_\ ................. i

Tonnueo

KoHBeiepHbIn kanbLyuHaTop Bpalyatowascs neyb

XonoaunbHUK

Knunkep
PucyHok 2.3 — TexHonornyeckas cxema nosycyxoro cnocota npov3soacTea

[MonyyeHHas cbipbeBas Myka HarnpaBnanacb Ha rpaHynaTop, Kyda BnpbiCKMBanachb
BOZa U3 pacyeTa noryyeHus rpaHys ¢ BAaXHOCTbIo ~8 %. ['paHynbl NocTynanu Ha KOHBEW-
epPHbIN KanbuuHaTop, rae ocyLwecTBsnMCb Npouecchl JOCYLIKX, Nogorpesa n gekapboHusa-
UMM rpaHynIMpOBaHHOM LWNXTLI, KOTOpas Adanee Hanpaensnacb Ha 00XWUr BO BpalLatoLLyocs
neyvb. CyuLleCTBEHHbIM HELOCTATKOM NOSYyCyXoro crnocoba sBNsATCA BbiCOKMe TpeboBaHua K
Nosly4eHMI0 OCTAaTOYHON MPOYHOCTU rpaHyn, paspyLleHne KOTOpPbIX Bbi3blBaeT pe3koe yBe-

NM4yeHune nblneBbiGPOCOB B aTMocdepy 1 yCKopeHMe BbiXxo4a M3 CTPOs KanbLMHaTopa.
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2.1.3 TexHonorn4yeckaa cxema KOMOMHMPOBaAHHOro cnocoba

CyLWHOCTb TexHomormm KoMOMHMpPOBaHHOrO cnocoba MpPOM3BOACTBA 3aKto4vaeTcsl B
TOM, YTO NpPOUECC U3MESTIbYEHNA U TOMOreHN3aunn Cbipba OCYLLECTBMASETCH aHanorMyHo Tex-
HOSorMM Mokporo cnocoba (CM. pucyHok 2.4). MNMoaroToBneHHbI B COOTBETCTBUN C Tpebye-
MbIMW (PU3UYECKMMU N XUMUYECKMMW MOKa3aTensamu LinamM HanpasnaeTcs B npeccunbTp,
roe NpomcxoauT YacTUYHOE MexaHuyeckoe ob6e3BOXMBaHME LWiama OT BnaxHocTn 40 % —
45 % po 18 % — 22 %. Arnomepaumsi Nony4YeHHOro Keka OCyLeCTBNAeTCa B rpaHynaTopax
Unu cylwmnkax-gpoobunkax, B KOTopbix npu obpaboTke keka obecneumBaeTca npugaHne emy

pa3mMepoB 1 hopMbl AN ONTUMM3aumK npouecca obxura.

MenbHuLa MOKpOro KeneaoconepxatLi

CaMOV3MENbYEHNS
KOMMOHEHTbI : N _
BbICOKOW lj——

BNaXHOCTM
e MenbHuua

nam LapoBas LLInambacceit

-t <t

4

Y s ~pim . LinknoH-ocagutens

‘-' £ FBY _—— LMKNOHHb I TennooBMeHHuK

[ekapboHuzatop

Tonnueo ~ 60%

CyLumnka- H =
[MuTaTenbHbIn Apobunka Bpaluatowyascs
ByHkep (menbHuua) neyb

XonoaunbHuK
KnuHkep

PucyHok 2.4 — TexHonornyeckas cxema KoMobnHMpoBaHHOro cnocoba nponsBoacTea

Takune TexHonormyeckme nMHUKM peanuaoBaHbl upmamu «Jladapx» Ha OAO «Cebps-

koBuemeHT» n KHD Humboldt Wedag Ha NMAO «MopaoBUeMEHT».
2.1.4 TexHONoru4yeckas cxema cyxoro cnoco6a npomsBoacTBa LleMeHTa

[MpombiweHHast TEXHOMNOMMA Cyxoro cnocoba nNpon3sBoacTBa LeMeHTa paspaboTaHa B
1830-e rogbl. OCHOBHbIM MPENMYLLECTBOM B AAHHOW TEXHOMOormu siensetca bonee HWU3KUN
pacxoq TonnvMBa Ha NPOU3BOLCTBO KIIMHKEPA MO CPaBHEHUIO C OPYTMMW TEXHOSMOMUSMU U
0coBeHHO C TexHomnornen Mokporo crnocoba. Tak, npu MoOKpom crnocobe 3aTpaTbl Tenna Ha

BbinapmBaHne Bnarn u3 wnama pgocturatoT 40 % — 50 % o1 obuwiero pacxoga Ha obxur
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KNUHKepa, B TO BPEMS KakK Npu CyxoM crocobe npu eCTeCTBEHHOW BNAXXHOCTU Cbipbs 6 % —
25 % aTun 3atpaTtbl coctaBnaoT 10 % — 25 %.

[o 1990-x rogoB WMpoKoe pacnpocTpaHeHue Cyxoro cnocoba caepxmBanoch ero He-
AoctaTkamMn B 4acTu MOBLILIEHHOrO MblfeBblaenieHns, 0CO6eHHO B nevax ¢ KOHBENEPHbIMU
KanbumMHaTtopamu, 1 6onee CroXxHbIM NPOLECCOM YCPeAHEHUS CbipbEeBOW LUNXThI.

B koHUe XX Beka no mepe pa3paboTkm BbICOKOIMEKTUBHBIX arperaTtoB Ansi nomorna
CbipbSi C OQHOBPEMEHHOW CYLLKOW, MblfieyrasnmBaowmnx annapaTtoB, TEXHONOIMYECKNX Nn-
HUA MOLLHOCTBO A0 4,0 MAH T B roa (4Ns TEXHONOrMM MOKPOro crnocoba makcumarnbHas
MOLLHOCTb cocTaBndeT 650 TbiC. T B roA) LUMPOKOE pacnpoCTpaHeHMe Monyvnn BbICOKOAM-
eKTUBHBIN Cyxon cnocod nponsBoacTea (CM. PUCYHKKN 2.5-2.7).

B nocnegHue rogbl paspaboTaHbl 1 BHEOPEHbLI HECKOSTbKO BapMaHTOB HOBbIX TEXHOSO-
rMmn cyxoro cnocoba Npon3BoACTBa, YYNTbIBAKOLWNX (PU3UKO-XMMUYECKUE CBONCTBA ChIpbSl.

Ha pucyHke 2.5 npeacrtaBneHa TexHoriormdyeckas cxema cyxoro crnocoba npownsBoa-
CTBa Mpv NpUMEHEHN MaTepuanosB BbICOKON BNaXXHOCTH.

TexHonornyeckass cxema Cyxoro crocoba npomsBoAcCTBa Npu MCNONb30BaHUN MaTe-

pnanoB C HWU3KOW BNaXXHOCTbHO npeacrtasrieHa Ha pUCyHKe 2.6.

YcpeaHuTenbHbIn cknag

Markie [pobunka
KOMMOHEHTbI /\
BbICOKOM
BMAXHOCTH
JKenesoc-

ofepxaLlun
Cblpbesasi CMech pxall
g i ) KOMMOHEHT
................................ AU — {
A : .
L o— LMKnOHHbIiA : | Ycpenwu-
: TeNNo0BMEHHMK : TenbHbIif BepTukanbHas
.- il cunoc BanKoBas
: [exapbonusatop Y | colpseBoit MernbHuLa
s - : cmecH ==
: Tonnmeo 2 ‘ i :
........................ LT Tonnmso 3

e — — —

Bpama}dmagcg la30Typ6KHHas ycTaHoBKa

neyb

XonoannbHUK
Knuxkep

PucyHok 2.5 — TexHomnornyeckas cxema cyxoro cnoco6a npu npyuMeHeHum

mMaTtepuanoB BbICOKOW Bfa)XHOCTU
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YcpeaHuTenbHbIN CblpbeBasi CMECb
[pobnexHble peA P e
cknafg P
TBEpPAbIE it
KOMMOHEHTbI : 1
- Cenapartop : : .
HU3KOM //\ (L gme— LMKNOHHbI
BMaXHOCTH D ' . TennooOMeHHMK
)Keneaoc—v ; ! i [lexapBonusaTop
oAepXalluin o P
KOMMOHEHT
preﬂHVl- Tonnueo ~ 60%
= TeMbHbIl & N/ N e
Mpecc-BankoBbii A Pl Y TOTOV:;O
u3menbynTenb CbIPLEBOIA : s oy
cmecu

V-cenapatop
A

Bpauatowascs
neyb
XonoannbHuK Knuxkep

PucyHok 2.6 — TexHonorn4eckas cxema cyxoro cnocoba npv npumeHeHum

mMaTtepunanoB HW3KOW BRaXXHOCTU

B Poccun Takon cnocob peanusoBaH cupmon KHD Humboldt Wedag Ha 3aBoge
000 «HKOYITIK» B HoBoTpouLke, KOTOPbIA B KAYECTBE ChiPbEBbLIX KOMMOHEHTOB NMPUMEHSET B
OCHOBHOM TEXHOIeHHbIE OTXOAbl MEeTannyprmyeckoro NPOnN3BOACTBa.

Ha pucyHke 2.7 npegcrtaBneHa TexHorormyeckas cxema Cyxoro cnocoba npou3Boa-
CTBa NpW NPUMEHEHNN MATKUX KOMMOHEHTOB 6e3 TBEPAbIX BKITHOYEHUN.

Takass TexHonornyeckas cxema peanusoBaHa ¢upmonn KHD Humboldt Wedag Ha

MepBomarickom u dmpmon FLSmidth Ha BepxHebakaHckom 3aBogax KpacHogapckoro kpasi.

v | Lesesees - &
— Hlpobunka enesocopepkaumi | , LnknoH-ocagutens

KOMMOHEHTH! KOMMOHEHT
BbICOKOWA

BNAXHOCTH

i B —— LnokHbit TennooBmenHmk

[ekapboHusaTop

Tonnueo ~ 60%

Tonnueo
~40%

Cywwnka- —
fpobuka BpauaroLyascs
YcpeaHuTensHbI cknag  (MenbHULa) neyb
XonoaunbHuK
Knunkep

PucyHok 2.7 — TexHornormyeckas cxema cyxoro crnocoba npu npuMeHeHun MArkux

KOMMNOHeHTOB 6€e3 TBEpPAbIX BKIOYEHUI
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2.1.5 NpenmyecTBa n HepoOCTaTKN CNOCOOOB NPOU3BOACTBA

Y kaxkgoro cnocoba ectb CBOWM LOCTOMHCTBA M HeQoCTaTkK. Tak, Hanpumep, B NpUcyT-
CTBUM BOAbl obrer4yaetca nsamenb4YeHMe matepmanoB M npowe AoCTUraeTca OgHOPOOHOCTb
CMeCHn, HO pacxof Tensia Ha 06Xur CbipbeBOM CMecK Npu Mokpom crnocobe Ha 30 % — 40 %
bonbLue, Yem npu cyxom. Kpome Toro, 3HaunTenbHO Bo3pacTaeT HeobXoanMbI 06BEM neyn
npu oBXure MOKpOWM CbIpbEBON CMECU, TaK Kak 3HauuTeNbHasi YacTb ee BbIMosHAeT OyHKUUK
ncnaputens Boasbl.

Bbibop cnocoboB nponsBoacTBa NOPTNAHALEMEHTHOrO KNMHKEpa onpegenseTrcs pa-
AOM (pakTOpOB TEXHOMOrMYECKOro U TEXHUKO-3KOHOMUYECKOro XapakTtepa: CBOMCTBaMM Cbl-
pbs, €ero OAHOPOAHOCTBIO U BMNAXHOCTbIO, HANMYMEM AOCTATOYMHOW TOMNMBHOW Ga3sbl B pan-
OHe CTpouTenbCTBa 3aBoja.

Mpwn npupogHoOM BNaxHOCTU cbipba 6onee 18 % — 20 % M HecTabWUNbHOM XUMUYe-
CKOM COCTaBe Cblpbs NpPeanoYTUTESNbHbIM SABASETCA MOKPbIN Cnocob. OTOT cnocob BbIrOQHO
NPUMEHATb TaKKe NPU UCMONb30BaHUU OABYX MSArKUX KOMMOHEHTOB (MMUHbI U Mena), Tak Kak
namMenb4yeHne ux nerko gocturaetca pasbanTtbiBaHneMm B Bode. TeM He MeHee npu coBpe-
MEHHOM YPOBHE TEXHMYECKOrO OCHALLEHUS BbllLeyKa3aHHble haKTOpbl HE SIBMAKTCS Cepbes-
HbIM NPEensTCTBMEM ANA NPUMEHEHUST CyXoro cnocoba npon3BoacTBa.

Cyxon cnocob paunoHanbHO NPUMEHATb NPY OLHOPOLAHOM MO COCTaBy Cbipbe, €CMnu
BNaXXHOCTb ero He npesblwaeT 18 % — 20 %. Ha npakTuke umeroTcss npumepbl YCNEeLHOoro
YHKLUMOHNPOBAHUS NPESNPUATUIA C UCMONb30BaAaHNEM Mena M Meprensi ¢ BNaXXHOCTbIO A0
26 % (OAO «benopycckuii LeMEHTHbIN 3aBoA» paboTaeT Ha TakOM CbIpbe C KOHLA MpOoLUSo-
ro Beka). lNonycyxon cnocob gact xopowume pesynbTaTbl NPU U3rOTOBNEHUN KNMHKepa 13 fo-
CTaTOYHO NNAaCTUYHbIX CbIPbEBbIX MaTepuanos, Korga npu rpaHynsauun cmecun obpasyotcd
NPOYHblE MU TEPMOCTOMKME rpaHynbl. lNMpy xopolwen UNbTPYEMOCTM CbIPbEBbLIX LUMAMOB
npegnoyteHne cnegyeT otgaBaTb KOMOMHMPOBAHHOMY CMOCOObY.

Mpn cyxom crnocobe npon3BoACTBa M3BECTHAK U IMWHY MOCMe BbixO4a M3 Apobunku
BbICYLLUMBAKOT A0 BnaxHocTn npumepHo 1 % v mn3amenb4yaloT B CbipbEBYHO MyKy. [locne us-
MenbYeHUs1 ee OO3MPYIOT, YCPEAHSIIOT N KOPPEKTUPYIOT B CneumarnbHbIX CMECUTENbHbLIX CU-
fiocax U NogarT B LMKIOHHbIE TENNOOOMEHHUKN.

maBHble NpenmMyLlecTBa Cyxoro cnocoba npovsBoacTBa NOPTNAHALEMEHTHOMO KMWH-
Kepa:

- Goriee BbLICOKUIA, YeM NpW MOKPOM criocobe Mpou3BOACTBA, ChbeM KIuHkepa ¢ 1 M?

Nne4yHoro arperarta,
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- 3KOHOMUYHOCTb crocoba (CHMXeHMe pacxoda TOMnMBa, SHepreTU4eckux 3artpar, ce-
6ectoumocTtu 1 T LeMeHTa).

Mpu TexHonorMm Mokporo crnocoba NPou3BOACTBA PaCXO[ INEKTPOIHEePrnn Ha us-
MenbYeHMe CbIPbeBOW LUMXThI, KaK MPaBuIio, HUXe Mo CpaBHEHWo C ApyrMMun crnocobamu, a
TakMe KOMMOHEHTbI, Kak Men U rMuHa, OUCNeprupyrTca nytemMm ux pasmydmBaHus. Pacxon
3IIEeKTPO3HEPrun npu 9TOM COCTaBMSEeT OKOMO MOMOBWHbLI Mokasatens npu uamMenbyeHuu
LUINXTbI, KAPOOHATHBIM KOMMOHEHTOM KOTOPOM SIBMAOTCHA TBepAble nopoabl (M3BECTHSK, Mep-
resfib, Mpamop).

Mpy npuroToBNEHMN CbIPbEBOrO LWama HeobxoauMO AOMOMHUTENBbHO BBOAUTb
30 % — 50 % Boabl. B pe3ynbTaTe yaenbHbIN pacxod Tonnmea Ha 00Xur Nnpu cyxom crnocobe
coctasnget 100-125 kr y. T. Ha TOHHY KNYHKepa, a npy MOKPoM — 185—-230 Kr y. T. Ha TOHHY
KNnHKepa, 410 obecrneymBaeT CHUXeHue cebecToMMOCTM NPOoayKUUM MpU CyxoM crocobe
npou3BoACTBA.

Mpn cyxom crnocobe NpUroTOBNEHUS LUNXTbI CyLUKa Cbipbs NPOU3BOAUTCA nepen wus-
MerbYeHVEeM U B nNpouecce U3MenbyeHns B Apobunkax nnum MenbHuuax ¢ o4HOBPEMEHHON
cywkon. Npn mMokpom crnocobe Npon3BOACTBA LUMaM rnepemMeLliaeTcs ruapoTpaHcnopToM —
CaMOTEKOM UMW C MOMOLLbIO LEHTPOBEXHbBIX HAacOCOB, MPU CYXOM Xe crnocobe NpuMeEHSsIoT
NHEBMOTPAHCMNOPT, KOHBENEepPb! 1 AneBaTopbl, YTO NOBbLILWAET 3arpsa3HeHWe Mbifblo BO3gyxa B
uexax u Ha TeppuTopumn 3asoga n TpebyeT yCTaHOBKM AOMNOMNHUTENBHOrO obopyaoBaHus ans
obecnbInMBaHNA acnMpaunMoHHOro Bo3ayxa.

O6bem neyHbIX rasoB npu cyxom crnocobe Ha 35 % — 40 % MeHbLue, YeEM MPU MOK-
poM, Npy OANHAKOBOW MPOM3BOAUTENBHOCTU Neven. B pedynbtate npu cyxom crnocobe npo-
N3BOACTBA CHMXaeTCH CTOMMOCTb 0becnbINMBaHMS MeYHbIX ra3os, UMeKTCA bonee Wwmpokue
BO3MOXHOCTU UCMNOMb30BaHUA Temnna OTXOASAWMX U3 Neyn ra3oB O115 CYLLKN CbIpbSl, YTO MO3-
BONSAET CHU3UTb OBLLMIA pacxod TONMMBa Ha NPOM3BOACTBO KINIMHKEPAa, HO BbI3blBAET YCIOX-
HEeHne TEXHONOrMN NPON3BOACTBA.

Hwxe nNpvBOAATCS OPUEHTUMPOBOYHLIE NOKasaTenu paboTbl NeYyen passiMyHbIX Cnoco-

60B Npon3BoAcTBa LUeMeHTa (cM. Tabnuuy 2.2) [26].
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Tabnuua 2.2 — OpUeHTUPOBOYHbIE NOKa3aTenm pasnnyHbiX CNOCoO0B NPON3BOACTBA LIEMEHTA

Cnocob npounsBoacTea

Ne
MapameTpsbl Pa3mepHocTb KoMBUHU-
n/n Mokpbiii _ | Cyxon
POBaHHbIN

1 MakcmmanbHasg MOLLHOCTb

neyu:
2 |-BMupe T/CcyT 3000 6000 12000
3 |-BPoccun T/CcyT 1800 2300 6000
4 |Pacxopg ycnoBHoOro tonnuea | Kry. T./ T knuHkepa | 215+15 14010 12048
5 |Pacxog anekTpoaHepruu:
6 |- MArkoe BnaxHoe Cblpbe kKBT-4/T-uemeHTa 90+6 10547 11548

- TBEpPAOE Cblpbe HU3KOM 12048 — 11047
7 KBT-4/T-uemeHTa

BNaXXHOCTU

Pacxop cblpb4d, TOnnNmea u 5,0+0,35 | 3,5+0,25 3,1+0,2
8 T/T KNMHKEpa

BO3ayxa

Pacxop orHeynopoB B 30He 1,0£0,07 | 0,5+0,04 | 0,3+0,02
9 Kr/T KNUHKepa

crnekaHus
10 |Bbixog oTxoAsiLLUX ra3os T/T KNMHKEpPaA 4.0+0,3 | 2,540,118 | 2,1+0,15
11 |Bbixog CO» Kr/T KnNuHKepa 850+60 710150 710150

NOy * B hakerne npu raso- 3 1000+70 | 2000+140 | 2500+175
12 MI/HM

BOM TOMnuBe
13 M/HM® 100070 | 500+35 500+35

NOy * B OTXOAALLNX rasax
14 Kr/T KnMHKepa 3,5£0,25 | 1,1£0,01 | 0,9+0,06
15 |KayecTBO KNnHKepa % 100 105 90
16 | TexHonorus — MpocTasa | CnoxHaa | CnoxHas
17 |YnpasneHune npoueccom — CnoxHoe | lNMpocTtoe | lNMpocToe
18 |CteneHb aBTOMATM3aUNN — Huskas | Bbicokas | Bbicokas

* 3neck 1 ganee NOy - cMeck okemaos a3ota NO 1 N,O B nepecyete Ha NO,.
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2.2 CbipbeBble MaTepuanbl — A00blvya, XpaHeHue U NoAroToBKa

2.2.1 CbipbeBble MaTepuanbl U UX Aobblva

CoBpeMeHHbIV LeMeEHTHbIN 3aBoa nepepabartbiBaeT 5—-20 ThiC. T Cblpbst B CyTkn. Oc-
HOBHblE CblpbEBblE MaTepuarnbl — W3BECTHAK, Men, Meprenb U CraHel, W ravHa — [o-
CTaBnAKTCS C Kapbepa. B 6onbluMHCTBE criyvyaeB kapbep pacnonoxeH 6nn3ko K 3asoay.

[obblya BCex NPUPOLHbLIX CbIPbEBLIX MaTepuanoB BKMOYAET FOpHblE N KapbepHble
paboTbl. MaTepuans! Yalle Bcero fo6bIBalOT OTKPbITbIM cnocobom. [lobbiva Bko4aeT cre-
aywoumne onepaummn: bypeHue, B3pbiBHble paboThl, 3KCKaBaumsi, TPaHCNOPTUPOBaHNE U opob-
neHue.

Mocne nepsuyHOro ApOGNEHUs CbipbeBble MaTepuarnbl TPAHCNOPTUPYIOTCA Ha Le-
MEHTHbIV 3aBO ANnsa co3gaHusa bydepa n ganbHenwen nepepaboTtku. [pyrme coipbeBble Ma-
Tepuanbl, Takme kak 6OKCUT, XenesHas pyaa, JOMEHHbIN LWaK Unn nNuTenHsln (hopmMoBOY-
HbIA) NECOK, NMPUBO3ATCA U3 APYrMX PErMMOHOB UMK C APYrnX NpeanpuaTui.

CblpbeBble MaTepuanbl OOMKHbl MMEeTb XMMWUYECKUMI COCTaB, KOTOpbI obecneyu-

Ban Obl npouecc obxura KnnMHKepa n ero Ka4ecTso.
2.2.2 XapakTepucTvKa CbipbeBbIX MaTepuanos

CbipbeBast CMeCb Ansl NoNyyYeHnss NOpTNaHaLEMEHTHOIO KIMHKepa COCToMT 13 kapbo-
HaTHOrO, artoMOCUITMKATHOIO M KOPPEKTUPYHOLLETO KOMMOHEHTOB.

OcCHOBHbIMM KapbOHATCOAEPKALLUMMWN KOMMOHEHTAMM SABMNAOTCA MEN, U3BECTHSK, Mep-
renb, antoMOCUNNKATHBIMU — [MMHA, MeTannyprmyeckue wnakm u 3onbl. Koppektupyrowmm
KOMMOHEHTOM, Kak MpaBuno, SABMSOTCA Xenesocoaepxalume nobaBkm — wWnakvi cranenna-
BUIbHbIE, MMPUTHBIE OrapKMU.

Hanbonee pacnpocTtpaHeHHble MaTepuansl NpeacraBneHbl B Tabnuue 2.3.

MomMnMMo «OCHOBHBLIX» okenaos (CaO, Al,Osz, Fe,03, SiO3), cbipbeBble MaTepuansl Co-

aepxat npuMmecu, KoHUeHTpaums kotopbix coctaBngeTt 0,05 % — 1,0 % (cm. Tabnuuy 2.4).
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Tabnuua 2.3 — XUMMYecKuin coctaB KOMMOHEHTOB, Macc. %

Matepunansl M SiO, Al,O4 Fe,O4 CaO MgO SiO, / Al,O5
KomMnoHeHTbl — npupogHble maTepuansi
1. Men 39,8-43,9 0,4-3,9 0,3-1,3 0,2-0,8 50,3-55,5 0,1-0,6 2,6
2. V13BeCTHSAK 33,6-44,2 0,2-12,3 0,1-2,5 0,1-1,9 41,2-54,4 0,3-2,2 4,8
3. Meprenb 22,2-36,2 6,2-39,7 0,3-8,2 0,1-3,8 19,7-51,8 0,8-10,1 2,7
4. 'mnHa 2,5-17,2 53,2-73,1 11,2-17,8 4,6-7,5 1,0-8,2 0,8-2,6 4,4
KOMMNOHeHTbl — TeXHOreHHble MaTepuansl
5. Orapku 0-8,8 4,8-19,7 2,8-9,5 65,2-80,1 2,8-9,5 0,3-5,2 2,0
6. LlUnak gJomMeHHbIn — 20-44 5-23 0,2-1,0 29-53 0-18 2,3
7. lWnak mapTeHoB. — 18-22 6-10 3-8 35-42 5-20 2,5
8. LLinak O3MK ¥ 7,50 28 5 16 41 15 5,6
9. lWnam arnoaom.
“Tynasepmer” 0 8,95 3,03 40,17 8,01 1,41 2,9
10. Wnak KoHBepT.
0 7,4 1,51 64,25 7,73 2,64 4,9

«by», Jluneuk

Y OckonbCKkuit anekTpoMeTanypriyeckuii KoMGUHaT.




T9

MaTeleaﬂbl nrn S|02 A|203 F6203 CaO MgO S|02 / A|203
11. Wnak KoHBep.
0 2,0 0,53 75,13 10,91 4,71 3,8
«Ay», Jluneuk
12. WWnak KoHBepTEp.
«CeBepocTanby, Ye- 0 3,6 0,46 75,98 10,7 4,7 7,9
penoseL|
13. WebeHb wnako-
Bbl (JOMEHHbIN) 4,67 36,38 9,23 8,10 33,21 5,05 3,9
OYrmKY
14. lnam arnopgo-
. 0 13,7 1,54 68,6 11,1 2,89 8,9
MEHHbI
15. HedbenuHoBbIN
2,42 30,5 2,98 2.03 58,2 2,0 10,0
wnam
16.3LL0O? PsasaHckoi
4,33 51,6 23.16 17,17 3,1 0,57 2,2

rP3C

Y lOxHoyparnbckas ropHonepepabaTbiBatoLLas KOMNaHUs.

2 31O — 30Mn0LwLnaKkoBble 0TXoAb!.
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MaTeleaﬂbl nrn S|02 A|203 F6203 CaO MgO S|02 / A|203

17. 3O NybkuHckom

9,93 47-53 23-27 7-12 1-2,5 1-1,5 2,0
T3C
18. 3LUO BopoHex-

0,1 49-52 17-21 10-15 2,64 1,5 2,6
ckon TAC
19. 3O T3C Moc-

20-24 57-58 21-22 9,5 45 2,5 2,6

3Hepro
Tabnuua 2.4 — CoaepxxaHue npuMeceli B KOMNOHEHTaxX B nepecyeTe Ha okeuabl, % macc.

KoMnoHeHThI K,O Na,O SO, Cl TiO, P,Os Cr,0O3 MnO BaO SrO ZrO, V5,05 Zn0O )
MN3BecTHAK 0 0 0,01 0 0,01 0,01 0 0,04 0 0,01 0 0 0 0,08
MMuHa 2,10 1,13 0,42 0,18 0,69 0,11 0,05 0,10 0 0,03 | 0,01 0,02 0,01 4,85
LLinak gomeH. 0,46 0,30 1,04 0 0,64 0 0,05 0,13 0 0,04 | 0,02 0 0 0,88
LLinak mapTteH. 0,06 0,03 0,42 0 0,29 0,53 1,14 6,67 0 0,02 0 0,23 0 9,39
LLnak OOMK 0,10 0,33 0,15 — 0,35 — 0,70 1,40 — — — — — 2,68
LLnak OOMK 0,10 0,33 0,15 0,1 0,35 — 0,21 2,15 — — — — — 2,68
Orapku nnpur. 0,26 0,28 10,5 — 0,46 — — — — — — — — 1,15
LLinam arnopg 0,18 0,1 0,79 0,1 0,5 — 0,003 — — — — — — 1,67
LLnak «B» 0,31 0,43 0,5 0,18 0,21 — — 0,8 — — — — — 2,43
LLUnak «A» 0,6 0,03 0,37 0,22 0,2 — 0,01 1,29 — — — — — 2,72
LLInak koHBEpT. 0,54 0,8 0,71 0,43 0,78 0,3 0,06 0,94 — 0 0 — — 4 56
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KoMnoHeHThI K,O Na,O SO, Cl TiO, P,Og Cr,0O3 MnO BaO SrO ZrO, V,05 Zn0O )y
LLleGeHb wnak. 0,43 0,32 1,14 0 0,47 0,05 0,37 0,46 0,04 | 0,03 | 0,01 0,02 0,02 3,36
LLinam Heden. 0,43 0,54 0,22 0,22 | 0,43 0,01 0,11 — — — — — —
3O Pazan-

0.52 0.35 0.09 | 0.001 — — — — — — — — — 0,961
ckon NP3C
3O Ny6kuH-

0.3 1.9 0.4 0.01 — — — — — — — — — 2,61
ckon TOC
3O BopoHex.

0.29 3.1 0.9 — — — — — — — — — 4,29
T3C
3O T3C Moc-

1 1.5 0.7 0.01 — — — — — — — — — 3,21

3Hepro




KapboHaTHbIi KOMNOHEHT oueHuBaeTca no cogepxaHutio CaCOs, kOTOpoe OOSMKHO
ObITb He MeHee 76 %. B nsectHakax n menax CaCO; cogepxutca oT 95 % go 100 %; B
MeprenucTbix n3secTtHakax — 90 % — 95 %; B U3BECTHAKOBbLIX Meprenax — 75 % — 90 %; B
meprenax — 40 % — 75 %.

Meprenb, cogepxawmn =76 % CaCOs;, aBnsieTcs meprenemM-HaTypanom, u npu Jo-
6aBneHun Kk Hemy Fe,O3 nony4yaeTcs BbICOKOPEAKUMOHHAsA CbipbeBasi CMeCb. Takas Cbipbe-
Bas CMeCb CHWXaeT Temnepartypy cnekaHus knuHkepa Ha 50 °C — 100 °C, obecneuymnBaet
BbICOKOE Ka4yeCTBO KruHKepa, 9KOHOMUIO TOMMMBa, OFHEYrNnopoB U CHUXeHWe BbIGpoCcoB B aT-
Mocdepy OTXOAALMNX N3 NeYn napHUKoBbIX raszoB, CO;, n NOx.

KauecTtBO antomMoCcmMnmMkaTHOro KOMMOHEHTa OLlEHMBAETCA NO TPEM MNOKa3aTenNsaM:

- oTHoweHuto SiOL/Al;O3;

- HaNMuuIo KpynHOKpUCcTannuyeckoro keapua (ppakuum 6onee 80 MKm);

- HAaNU4YKUIO NpUMecen.

OntnmaneHoe oTHoweHue SiO,/Al,O3 = 3,5-3,8. Ecnu oTHoweHune SiO,/Al,03 > 4, T0
AN MPUroTOBMEHUA OMNTMMANbHOrO COCTaBa B CbipbEBYHO CMeCb Heobxoaumo BBOAUTH
anomocogepxatuyto aobaeky, a npy oTHowweHnn SiOL/Al,O3 < 3 — KpeMHe3eMcoaepKaLLyto.
OueHka antoMOoCHIMKaTHOIrO KOMMOHEHTA MO KBapLy U npumecsam OyaeTt npeacraBrieHa B CO-
OTBETCTBYIOLLUNX pa3genax.

YKenesocogepxkawas gobaBka oueHuBaeTca MO OTHoweHuto Fe,03/Si0; u
Fe,03/Al,03, kOTOpbIE AOMKHBLI ObITb HE MeHee 0,4 1 2,0 COOTBETCTBEHHO.

MWHbI NpeacTaBneHbl KBapLeM, MMMHUCTBIMA MUHEpanamMmm — KaofIMHUTOM, MOHTMO-
PUNNOHUTOM, rannyasutom, Gengenutom. lMpucytcteytoT (=3 %) wWenoyecogepxawime mu-
Hepanbl — WUNNUT, MUKPOKIIMH M anbbuT. BaxHbIM NokasaTenem KayecTBa IMuHbl ABNSETCA
cogepXaHune B Hel KpYMHOKPUCTanIMYeCcKoro Keapua, Tak Kak npy NpeBbIleHnn onpeaeneH-
HOW Benu4YMHbl HeobxoaMMa NoBbILWEHHAA TemnepaTypa CnekaHus KnMHKepa, n3-3a 4Yero no-
BbILLIAIOTCA pacxod Tonnmea, 06beM oTxoasawmx n3 nedn rasos, Bkrovad CO,, SOy, NOy, u,
Kak crnepncreume, BbIOpOC BpeaHbIX BewecTB B atMocdepy. [oaTomy Heo6XxoaumMo MUHUMU3K-
poBaTb CoAepXaHue KpyMHOKPUCTaNMYeCcKoro KBapua B cbipbeBon cmecun. [nsa «Ockonue-
MeHTa» 9TO orpaHu4eHue paBHo 1,5 %, anga «CebpsakoBuemeHTa» — 4 %.

[lomeHHbIn Wwnak npeacrtaBndeT cobon CTekno. 3akpucTtanin3oBaHHbIA AOMEHHbIN
Lnak uMeeT MenunNUTOBbLIN COCTaB U coaepXuT HemHoro oo — Ca0-SiO; n MgO.

MapTeHOBCKMI LWNak B OCHOBHOM coaepxut FeO, Fe30,4, Fe,03 n FeO-SiO,. MNMpucyt-

cTByIOT Takke f — SiO,, MgO, MoHTU4ennutT CaO-MgO-SiO, n guoncng CaO-MgO-2SiOs.
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Wnak O3MK copgepxut 2CaO-SiO,'H,O (A), MgO, y-C,S, 7Ca0O-MgO-4SiO,,
5Ca0-Mg0-3SiO;, FeO n Fe,0:s.

Tak Kak WnakM cogepxaTt 3HaumTenbHoe konuyectso CaO, TO Npu UX NPUMEHEeHUU
cHmxkaeTca cogepxaHme CaCOj; B cbipbe, cnegoBaTenbHO, 3aTpaTthl Tenna Ha gekapboHnsa-
LU0 N TennoBon 3adhdekT KIMHKeEpOOobpasoBaHUA, YTO 3HAYUTENBHO CHWXaET BblOpoC B aT-
Mocdpepy npoaykTtoB ropeHus u CO, n3 cbipbs. [loaToMy Yyem Gornblie HekapboHaTHON n3Be-
CTM B WNake, Tem Gonblie 6yayT 3KOHOMUYECKUIA U aKonorndeckmi acpdekTol. Kpome Toro,
nNpy NPUMEHEHUN LIaka pellaeTcs ewe oaHa akonormdeckasa npobnema: cHmkaeTcss 06bem
LUNAKOXPaHUINLL.

3HaYnTENbHbBIN IKONOrMYecknin adpdeKT AOCTUraeTcsa Takke Npu NPUMEHEHUM B Kave-
CTBE KarnbUMACOAepXKaLlero KOMMOHEHTa OTXo4a MPoOuM3BOACTBa rMMHo3eMa — 6enmMToBoro
(HecbenuHoBoOro) wnama, 4to npaktndeckn peanmszoBaHo Ha OOO «A4YMHCKUW LlemMeHTy,
3A0 «[MnkaneBCKU LLEMEHT».

OTxoabl pasnuyHbIX oTpacrien NPOMbILSIEHHOCTU MOMYT YaCTUYHO 3aMeHATb NpUpoa-
Hble cbipbeBble MaTtepuasbl. OTHOCUTENbHO UCMONb30BaHNS OTXOO0B B KAa4YeCTBe CblpbeBbIX
mMaTepwuanos cMm. 2.7.2.

Ana npoussoactBa 6enoro LUemeHTa NpuUrogHbl CbipbeBble Matepuarnbl BbICOKOM Yu-
CTOTbl, coAepxalime oKcuabl Kanbuus, KpemMHus n anomuHus. CbipbeBble MaTtepuansl,
HanpuMep BbICOKOYUCTBLIN U3BECTHSK, Oenble rMuHbl, KaONWH, KBapLeBbIA NEeCOK, MofeBown
lwnaT, AMaToMuUT, BbIBMPAaTCA C MarnbIM KONMYECTBOM Xeresa, MapraHua u tutaHa. Okengpl
MeTannoB BNUAIOT Ha 6enu3Hy npoaykTa u SBMSTCS OOHUM M3 (PaKTOPOB, onpeaensaoLmx
nx Bbl6Op B KA4YEeCTBE CbIPbEBLIX KOMMOHEHTOB. YTOGLI NOBLICUTL 6ENM3HY KNMHKEpa 6enoro
LeMeHTa, MHorga ucnosnb3yloT MMHepanu3aTopsbl B Hebonbwom konudectse (0,5 % — 3 %).

Bce npuBegeHHble CBONCTBA ChlpbEBbLIX KOMMNOHEHTOB OKa3blBalOT 3HAYUTENbHOE BNK-
SIHME Ha TeXHONOormyeckme NpoLecchl NPOM3BOACTBA M Ka4yeCTBO KIIMHKEpa, a Takke Ha Co-
CTOSIHME OKpYyXatoLen cpeapl. [Mpn onTMManbHOM COCTaBe CbipbeBOM CMECU, Korga OTHOLUe-
Hue SiO,/Al,O3 coctaBnsetr 3,5-3,8, orpaHMYEHO coAepXaHue KPYMHOKPUCTanIMYecKoro
KBapua, cosgatoTca 6naronpuatHble NPeanoCbINk1 AN BbiMyCKka BbICOKOKAYECTBEHHOMO Lie-
MEHTa, BbICOKOW CTOMKOCTU (PyTEPOBKU, CrefoBaTenbHO, A1 3KOHOMUWU OrHEYynopoB U TOM-
nuea. Kpome TOro, npu 3aToM pellaeTcs BaxkHeuLas aKonormyeckas 3agada no npegorspa-
LLEHWIO KNMHKEPHOrO MbISIEHUS U HACTbIfIEN B NEYHbIX CUCTEMAX, YTO AOMOMHUTENBHO Npu-

BOAOUT K 3KOHOMUUN nernpoBaHHbIX KOJTOCHUKOB.
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2.2.3 BnusiHne npumecen B cbipbe Ha NpoLecchbl 06)XUra U Ka4ecTBo KIMHKepa

[Mpymecn B OCHOBHOM MPUCYTCTBYIOT B antOMOCUIMKATHBIX KOMMOHeHTax. MHorne u3
3TUX 3SIEMEHTOB B MarbIX KONMUYecTBax ABMSATCS MUHepanusaTtopamMu, MHTEHCUpUUMpyS
NpoLecc cnekaHus 1 NoBbllasi Ka4ecTBo KnuHkepa. OTaenbHble NPUMECH, Takue Kak coeaun-
HeHus S, K, Na, Cl, Cr, HeraTMBHO BIMSAIOT Ha TEXHOMOrM 0b6Xura n Ka4yecTBO KIMHKepa
[27]-[29].

CopepxaHne aHaudpuda cepHol Kucnombl SOz B CbIpb€BON CMECU OrpaHNYMBaeT-
ca no 0,8 %, NocKosbKy CepPHUCTbIE COeANHEHUS B BbICOKOTEMMEPATYPHOW 30HE yreTyymBa-
IOTCA, HaKannmMBalTCA B MEYHbIX 30HaX, 3aTeM BHOBb KOHLAEHCUPYKOTCS, NOCTOSHHO LINMPKY-
nupys B npegenax nevyHom cuctembl. CogepkaHme 3TUX COeaAnHEeHUNn B obxuraemom mare-
puane MoXeT yBenuinTbCa NpuMepHoO B ABa U bonee pas, 0COBGeHHO B NPUCYTCTBUN LLENO-
yen. NMpn KOHUEHTpaAUUKN KMCropoda B oTxXoasawwmx rasax bonee 2 % — 2,5 % cepocogepxa-
wme coegmHenms npym 1100 °C — 1300 °C BpemeHHO 06pasyloT cunmkocynbdaTt Kanbuus
2C,S-CaS0,4, Npu pasnioXXeHUn KOToOporo obpasyeTcss anuT NOHWXKEHHOW akTUBHOCTW. [pwu
KOHUeHTpaumn O, bonee 3 % — 4 % cepa, okmcnasacb 4o SOz, B 3HAYUTENbHOW CTEMNEHU
OCTaeTCs B KINUHKEpPe, CHMXasa ero kayectso. [py noHMkKeHHON KoHueHTpaumm O, < 1,5 % B
30HE TOpeHUs noBbllaeTcs copepxaHue Gonee nerkonetydyero SO,, 4To cHwxaeT SOz B
KNUHKepe, NoBbILWaeT ero Ka4yecTBO, HO NOBbILWAETCS BbIOPOC OKCMAOB cepbl B aTMOCHepy U,
cnefoBaTenbHO, YXYALAeTCs COCTOsSHME OKpyXatwen cpeabl. Kpome Ttoro, SO; aBnsaeTcs
OAHOWM M3 OCHOBHbIX NMPUYMH 0Bpa3oBaHUsA HaCTbINen B TENNOOOMEHHMKAX M KOmew B Ne4dun.
Hanuyme nosbieHHOro konuyectsa SOz B KNUHKEPE MOXET CHUXaTb NMPOYHOCTb LlEMEHTa B
pesynbTate 3aBeJOMOro yMeHbLUeHUss HeoBXoaMMOro Konuyectsa BBOLMMOIO runca npwu
nomorne, Tak kak SOz KNnMHKepa O4HOBPEMEHHO TUTPYETCS Ha KOSTIOHKEe npu onpeneneHnmn Ko-
nunyecTtBa rurca B LLEeMeHTE.

Wenoyu (K>0 u Na,0O) u xs10p NoyT BCeraa coaepaTcsi BO BCEX CblpbeBbIX MaTe-
puanax, nepexoas 3atem B KIMHKep. [pn obGXure Cbipbe€BON CMECU LLIESNIOYHbIE, KaK CEPHU-
CTble N XNOPUCTbIE COEAMHEHUS, BO3rOHAIOTCA M HaKannMBalTCs B ras3oBbiX U MaTepuanb-
HbIX noTokax. OTpuuaTenbHoe BANAHME LenoYecoaepXallime CoOeauHEeHUs npu 3HavnTernb-
HOM WX COOEPXXaHUN OKa3bIBAKT M HA OOXMWI KNMHKEpPa, NU3MEHSAS NocnenoBaTeNbHOCTb Npo-
Luecca MmHepanoobpasoBaHus, 3HaYUNTENbHO yCKopsisi obpa3oBaHue Bennta, N3MeHsIsi CBOM-
CTBa KMMHKEPHOro pacnrnasa, 3ameanisas anutoobpasoBaHue. JleTydecTb Xxropa B BbICOKO-
TemnepaTypHbIX 30Hax neyu, nNo AaHHbiM dupmbl KHD, coctaenset 99 %, K,O — 50 %,
Na,O — 10 %.
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Hanuune B maTtepuane neyu Lienoye- u cepocogepxalimx CoeauHEHUN HapyliaeT
npouecc rpaHynoobpasoBaHus KIMHKepa, NPUBOAUT K KITMHKEPHOMY MbIFIEHNIO N CHUDKEHUIO
aKTUBHOCTW KIMHKepa. MaMeHeHue rpaHynauumn KnvHKepa HapyllaeT pexuM ero oxnaxge-
HUS B KOJTOCHMKOBOM XOJSTOAMIBbHUKE, YTO NPUBOAUT K CHWXeHuto Tennosoro KM xonogune-
HWMKa M MOBbILLEHUIO pacxoda TOMMMBa Ha OBXMUr KIMHKepa.

Kpome TOro, npucyTcTBue LLenoYen B LEMEHTE HexenaTernbHO, Tak Kak OHM MHoraa
ABNAOTCA NMPUYNHON HENOCTOSIHCTBA CPOKOB CXBaTblBaHMsA Npy rmapartaumm uemeHTa, obpa-
30BaHNS BbILBETOB Ha LEMEHTHbIX U3L4EeNUsX U NosiBNeHNsa TpelwwmH B 6eToHax. [Jns Bbinycka
BbICOKOMNPOYHbIX LEMEHTOB HEOOXOAMMO OrpaHMunTb B CbipbeBOM CcMecu coaepxaHue R0
Ao He 6onee yem 0,5 %.

Mpu cyxom cnocobe NpoM3BOACTBA HaKOMMEHWe Lenovyen B COBOKYMHOCTU C OKCUAOM
cepbl 1 OCOBEHHO XSTOPOM MPMBOAMUT K HacTblleobpa3oBaHMio B CUCTEME 3aneyHbIX Tensno-
obmeHHMKoB, n3baBneHne OT KOTOPOro BO3MOXXHO C NOMOLLIbIO BarnacnpoBaHnsa 4acTu OTXO-
ASLWMX 13 neym rasos. [1oaToMy cogepkaHune xropa B CbipbE€BOW LLUMXTE OrpaHn4MBaeTCs Be-
nnymHon 0,015 %, B apyrnx ncrovyHmkax — He 6onee 0,012 %. Mo TexHU4ecknm TpebosaHu-
am [4], cogepxaHue xropa B CbipbeBOM CMecuM MOXHO noBbicuTb A0 0,1 % 6e3 6annacupo-
BaHMS 4acCTU OTXOAALMX ra3oB npu ycrnosun cogepxaHms SO; meHee 0,6 U CyMMbl LLenoy-
HbIX okcnaoB MmeHee 0,2 %.

Okcud mazHuss (MgO) MOXeT MoCTynaTb B CblPpbEBYHD CMECb C U3BECTHSKOM UMK C
rmMuHon B Buae npumecn B Hux gonomuta (CaCO3-MgCOs) unm marHesmta (MgCOg).
B nHTepBane temnepatyp 600 °C — 750 °C B npouecce pasnoxeHusi marHeauTa (gonomura)
Bblgensetcs MgO, KOTOpbIM YaCTUYHO pPacTBOPSETCS B KIIMHKEPHOM pacnnaBe, He3Hauu-
TENbHO CHWXas ero BS3KOCTb, 4YacTUYHO B anute, 6enute M MuHepanax nnaBHSIX.
B ocHoBHOM MgO ocTaeTtcsa B cBO6GOOHOM COCTOSIHUM B BUAE KPUCTANIMYECKOro nepuknasa,
KOTOpPbIN MeOJNIEHHO rMapaTupyeTcs, Korga pactBop wunu 6eToH  yxe 3aTtBepaenu.
B pesynbtate rmmgpatauum MgO npoucxoaut yBenuyeHne obbema, KoTopoe Hapyliaet
NPOYHOCTb M3OEeNUs 1 Jaxe MOXET Bbl3BaTb ero paspylwleHue. Noatomy cogepxaHvne MgO B
CbIpbEBOW CMECK orpaHndnBaeTcs He bonee 4yem 3 %.

MpucyTCcTBYOLWMNE B ChiPbEBOM CMECU COBMECTHO C OKCMAOM MarHus okcuabl SOz u
R,O B3aMMHO HeWTpanuaylT oTpuuatenbHoe AEWCTBME ApYr Apyra, U B 3TOM Clnyyae co-
AepxaHne MgO B CbIpbeBOW CMECU MOXET ObITb yBenuyeHo o 6 % [28].

MgO B CbipbeBYIO CMECb MOXET NOCTYNaTb U C AOMEHHbBIM LUNAKOM, UCMOSfb3yeMbIM B

KadecTBe CblpbeBOro komnoHeHta. OgHako okcmng marHna (MgO) B winake HaxoguTcs B OC-
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HOBHOM B pasfM4YHbIX LUIIAKOBbIX MUHepanax, Takux kak guoncug (CaO-MgO-2Si0O,), akep-
MaHuT (2Ca0-2Mg0O-SiO,), mepBuHUT (3Ca0-MgO-2Si0,), MoHTU4ennuT (CaO-MgO-SiOy),
cTekrne u nuwb meHee 1 % B Buge nepuknasa MgO. lNpu ncnonb3oBaHun LWNaka B KadecTse
antoMOCUITMKaTHOIO KOMIMOHEHTa CbIpb€BOW CMECU B KIMHKEPE OKCUA MarHus BblOensieTcs
npenmyLLecTBEHHO B CBOGOOHOM COCTOSIHUM B BUAE Mepukriasa, paBHOMEPHO pacnpenens-
AICb B norne wnvudga B BMAE MenbYanllmx 3epHbiwek pasmepom ot 1 go 7 mkm. Npu Harpesa-
HUW LINTAKOBOW CbipbEBOM CMecK BblgeneHne MgO u3 ctekna unm 13 LWNakoBbIX MUHEparnos
npoucxoguT B npouecce Teepaodasosbix peakumin npu 1200 °C — 1350 °C, u BcneacTsue
B6onee nosgHero nosirieHNs MgO pekpucTannuayeTcs B MeHbLUen CTeNeHn U He ycnesaeT
3HAYUTENBbHO YBENMYNTBLCA B pasMmepax.

OkcuOdbl mapeaaHuya. MapraHew, NpUCYTCTBYET B IMMHax U Meprensx B BUAE POOOXPO-
3uta MnCO3; nnu B A4OMEHHbIX LWfakax B BMae anabaHanHa (MnS), pagoHuta (MnO-SiOy) n
Tecbponta (MnO,-SiO,), HO B 3aBOACKUX CbIPbEBbLIX CMECAX KOSIMYECTBO MX BECbMa HEBENU-
ko. Okcma mapraHua (MnO) nonoXuTenbHO BRMSET Ha npoueccbl MUHepanoobpasoBaHus,
KoTopble yckopsawTca B npucytcteum 0,5 % — 2,0 % MnO wn 3aBepwatotca Ha 50 °C —
100 °C Hmxke obblvHOM TemnepaTypbl. B npouecce obxura noHmMxaeTcs BA3KOCTb pacnnasa
N ynyylaeTcsa Kpuctannusauus anuta.

BeegeHue B cbipbeByto cmecb 0,5 % — 1,0 % Mn,O3 cnocobCTBYeT yBENMUYEHUIO KO-
nu4yecTBa XnaKon grasbl 1 06pa3oBaHUIO MPU3MaTUYECKUX KPUCTaNNoB anuta pasmepom 10—
40 mkMm. OQHOBPEMEHHO YBENUYMBAETCHA COAEPXKaHUE B KIIMHKEpe anuTa v anomogeppuT-
HoM ba3bl U ymeHbllaeTca konmyectBo CsA n C,S. lNpucyTtctBme okcMaa mapraHua nosbl-
WaeT rmapaTtaumMoHHY0 akTUBHOCTb LileMeHTa B 28-CyTOYHOM BO3pacTe.

®ocpopHbIlt aHaudpud (P,0s5) MOXET coaepKaTbCsl B ChbipbEBbLIX MaTepuanax nuulb
KaK criydanHas npumMechb U B CaMblX HUMTOXHbIX KonndectBax. CogepxaHue okcnaa cocgo-
pa B cblpbeBON cMmecu B konundectee 0,2 % — 0,3 % okasbiBaeT MONOXUTENbHOE BINSAHKE,
akTmBuanpys 6enutosyto ¢asy. Npu NoBbiLeHHOM cogepXaHun P,Os B KNMHKEpe 3amenns-
eTcd npouecc TBepPAEHNS LEMEHTHOIO KaMHS.

Adeyokucb mumana (TiO;,) Bcerga cogepxmtcsa B rMUHaxX U Meprensx B Konuyecrese
0,01 % — 0,5 %, Bxoga B cocTaB 4vawe B Buae muHepanos pytuna (TiOz), nnbmeHuta
(FeO-TiO,), neposckuta (CaO-TiO,) 1 3aTem nonagaeT B KNUHKep. Hanuyme gByokucn tuta-
Ha B HeBOMbLUMX KONMMYECTBAX OKa3blBaeTCs MOME3HbIM, Tak Kak OHa COAENCTBYET fydllen
Kpuctannuaaumm KnnHkepHolx muHepanos. B knuHkepe TiO, Ha 80 % — 90 % KOHUEeHTpupy-

eTcqa B anomodeppuTHON dase, Yepes KOTOPYH U OKasblBaeT BMSHME Ha dha3oBble COOT-
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HOLLEHMS B KNUHKepHon cucteme. OB6bI4HO coaepkaHue TiO, B CbiIpb€BOW CMECU LOMMKHO CO-
ctaBnaTb He 6onee 0,3 %.

Okcud cmpoHyus (SrO) B NpMpOAHbLIX YCNOBUSIX Yallle BCEero BCTpeyvaeTcss B BUAe
MuHepanoB uenectnHa (SrSO4) n ctpoHunaHuta (SrCO3) Kak BO3MOXHblE NPUMECK B U3-
BECTHSAKe, JoSIoMUTe, Meprene 1 rmncoOHOCHbIX rMUHax. B CbipbeBbIX CMeCAX OKCUA, CTPOHLUS
B kKonuyectee 0,5 % yckopsieT npouecc KrMHKkepoobpasoBaHus, CHWXaeT TemnepaTypy o6-
pa3oBaHUSA KNMHKEPHOro pacnnasa U ero BA3KOCTb, B Konuyectse 0,25 % OT macchbl KINHKe-
pa obecneunBaeT poCT ruapaTalMOHHON aKTUBHOCTU LeMeHTa. [py noBbIlWEHUN coaepxa-
HUSA OKCMaa CTPOHUMA NPOYHOCTb LleMeHTa CHMXaeTca. Takum obpasom, npucytcremne SrO B
konunyectee 0,2 % — 0,3 % B KINMHKepe BeCbMa XenaTenbHO AN1S NOBbILWEeHUA aKTUBHOCTU
nopTnaHaueMeHTa.

Hanbonee HexenaTenbHbIM OKCUOOM B CbIPbEBON CMECU U KITMHKEpe SIBNSIeTCS OKcud
xpoma (Cr,03). EBponerickum napnameHToMm 1 EBpocoto3om B 2003 rogy npuHaTa OupekTtu-
Ba 2003/53/EC 06 orpaHu4YeHun NPUMEHEHUsSI LEMEHTA C COAEPXaHUEM LUEeCTUBANIEHTHOIo
xpoma (Cr (VI)) bonee 2 Mr/kr, OH ABNAETCA KOHTAKTHbIM annepreHoM. Bo3MOXXHbIM UCTOYHK-
KOM XpoMa B KIWHKepe SBMSAKTCA [MUHbI, Meprenn, OOKCUTbI, NMMPUTHbLIE Orapku, a Takke
Xxpomcogepxawue orHeynopbl. OgHako Npu ycTonymBon paboTe neyu u Hanuydmm B 30HE
crnekaHusi obmMaskn COMHUTESNBbHO nonagaHue B KNUHKep Xpoma n3 orHeynopos. Viccnegosa-
HUAMU BnMsiHUA cogepxaHua CrpOz Ha CBOWCTBA Cbipb€BOW CMECU Mpu HarpeBaHun ycTta-
HOBIEHO, YTO okcug xpoma B konundectee 0,1 % — 0,3 % nonoXuTtesibHO BNUAET Ha npouec-
Cbl MUHeparnoobpas3oBaHNA KNMHKEpPaA M CNocobCTByeT (PhOpMMPOBAHMIO OMTUMArIbHOW €ro
Kpuctannuyeckon cTpyktypsbl. Npu 0,2 % — 0,3 % Cr,O3 obecneynBaeTcsi NOBbILLEHNE M-
paTaunoHHOM aKTUBHOCTU LemeHTa. Ho npu cogepxaHum cBbiwe 0,3 % Cr,O3 cHmkaeTtcs
NPOYHOCTb LemeHTa. [1ns cHmxkeHus cogepxanusa Cr (V1) npyu nomone uemeHTa NpuMEHSItoT-
cs gexpomartopbl. Tak Ha 3AO «OckonuEMEHT» MUCNONb30BaNNCb AEXPOMATOpPbl PpaHLy3-

ckon cpmpmbl CHRYSO Reductis 50 n gexpomaTtop « CymbIXMMnpomMa.
2.2.4 TpaHcnopTUPOBKA CbIpbA C Kapbepa

[na TpaHCNOPTUPOBKN CbIpbsi MPUMEHSIOT KENe3HOLOPOXHbIN TpaHCNopT, aBTO-
TpaHCNOPT, KOHBEMepHbI 1 rmgpoTpaHcnopT. lNpn paccTtosHuMM Kapbepa OT 3aBoga 1-8 km
NPUMEHSIOT NIEHTOUHbIE TPaHCMOPTEPbI, KOTOPbIE ABMSATCA Hanbonee 3KOHOMUYHLIM BUAOM
TpaHcnopTa. Takon Bua TpaHcnopTa B nocneaHue rogbl peannsosaH dompmamm KHD Huboldt

Wedag Ha BopoHexckom dunmane AO «kEBPOUEMEHT rpyn» n MNMAO «MopaoBueMeHT».
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Mpy NpUMEHEHUN NEHTOYHbLIX TPAHCMOPTEPOB MNU rMAPOTPaHCNopTa NEPBUYHOE U3MENbYe-
HVe NPOMN3BOAAT Ha Kapbepe.

Mpyn NpUMEHEHMN MAFKOro NIAaCTUYHOMO ChbIPbA MPU MOKPOM UM KOMOUHUPOBAHHOM
crnocobax nNpomM3BOACTBaA SKOHOMUYEH rMOPOTPaHCNOPT. B npakTnke M3BeCTHbI criydyaum nepe-
Kaukn Cblpbsi Ha pacctosHue Ao 40 km. [na nepekayku NpUMEHSOT MNOpLUHEBbIE UMW LEH-
TpobeXHble HacoCbl BbICOKOrO AaBneHns. Takylo CUCTeEMy nepekayvykn Ha 7 KM NPUMEHSIOT Ha
3A0 «OckonuemMeHT».

M'mapoTpaHCcnopT Cbipbs ABNdeTcs 6onee npeanoyTUTENbHBIM B acnekTe akosormye-
ckon 6e3onacHocTn. Bce apyrne Bnabl TpaHCMOPTUPOBKM Cbipbsi, @ TakKe BbIrpy3ka nopoabl
B OTBasbl CONPOBOXAAKTCA MOCTYNSIEHUEM MbIIM B OKPYXatoLy cpeny, 0COBeHHO npwu
NnpUMeHeHNN aBTOTPaHCMNopTa, Koraa NpoucxoamuT UHTEHCUBHOE paspyLleHue OOPOXHbIX Mo-
KpbITUA BO BPeEMS OBWXKEHUA MO HUM TPAHCMNOPTHLIX CcpeacTB. Ha MHOrMx kapbepax nblfeBbl-
AEeNneHnst ¢ Aopor C WebeHOYHbIM M FPaBUNHBLIM MOKPLITUEM COCTaBnAlT okono 70 % —

90 % BCeX BblAENEHUN.
2.2.5 NepBUYHOE U3MenNbYeHUe Chipbsi

M3menbyeHne cbipbs NPou3BOAAT B Apobunkax u menbHuuax. TpaavumMoOHHO Ha Le-
MEHTHbIX 3aBoJax NPUMEHSIOT Apobunkmn co cnocobom paspyLlleHus NyTem AaBreHus n yaa-
pa. Opobunkn ¢ npumMeHeHMeM AaBreHuUsi — LWEKOBble, KOHYCHble, BankoBble. [dpobunku
yAapHOro AenCTBUS — MOMOTKOBbIE, yAapHO-OTpaXaTernbHble, yAapHO-BarkoBbIe.

Kpome TOro, NnpuUMEHsItOT U MenbHUUbI camom3menbyeHus («Aapodon» un «lmapo-
dony).

LLlekoBble 1 KOHYCHble APOBWIKN M3-3a HU3KOW KpaTHOCTU ApoBneHus akcnnyatupy-
I0TCSA TONbKO Ha CTapbiX 3aBoAax, U A5l BHOBb CTPOSILLUXCH 3aBOLOB X HE NPOEKTUPYIOT.

BankoBble opobunku NMerT LWMPOKOe pacnpoCcTpaHeHne AN NePBUYHOIO U3Menbye-
HUS MATKUX NOpoA M NPUMEHSIOT B HacTosiwee BpeMsa B Poccun Ha 3aBogax OAO «Cebps-
koBuemeHT», OO0 «Asua LlemeHT», BopoHexckom cdununane AO «EBPOUEMEHT rpyn»
n ap. (CM. pUCyHOK 2.8).
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Pl/lcyHOK 2.8 — POTOpr BaJ1KOBbIX D,pO6I/IJ'IOK Ana KpynHoro, cpeaHero n Mesikoro

apobnexns dompmbl Bedeschi

MpenmyLecTBa BankoBown gpobunku:

- BO3MOXHOCTb ApOONEeHNs NMNKMUX BbICOKOBMNAXHbLIX MaTepPMaros;

- NPOCTOTa KOHCTPYKLMN;

- HU3KMI YAENbHbIN pacxo 3NeKTPO3HEPruK;

- ManbI N3HOC APOBALLNX ANTIEMEHTOB;

HepocTtaTku:

- HU3Kasa KpaTHOCTb ApobneHus;

- 3aTpyaHeHnsa npu apobneHnn TBepabiX NOPOA.

MenbHu1Lbl camon3mMenbyYeHnst (CM. PUCYHOK 2.9) NPUMEHSIOT AN MOMOSa Kak MSrkux,
Tak 1 TBepAbIX NOpoL No MOKPOMY U cyxomy crnocobam Ha MHorux 3asogax Poccum: 3A0
«OckonuemeHTy», 3AO «benropoackun uemeHT», OO0 «TonkmHckun uemeHT», OAO «Cnac-
ckuemeHT», OO0 «CtapouemeHTHbIM 3aBog (Cyxon Jlor) n gp. B atnx menbHULax matepuan
namenbyaroT 6e3 menwowmx Ten B bapadbaHe Gonbworo gnametpa — 7 M. OgHako nNpu ms-

MeJib4eHUn TBepabixX Nopona Heob6xoanmo npon3BOaAnNTb AOU3MESJIbYEHNE MaTepuana.

Matepuan =
PYaN Honactu Tincprepe
+Boaa 2 4l
P ‘
7 — oy
Al [ % 7
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=2 . = .c‘,
e \ —— ‘\\li]
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PucyHok 2.9 — MenbHuUUbl caMou3MenbYeHnsi MOKpPOro 1 Cyxoro cnoco6os

npousBoacTBa
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MpenmyiecTsa:

- MOBbILLIEHHAsA NPON3BOAUTENBHOCTb;

- MOHWXXEHHbIN pacxop dreKTPO3Hepruu;

- OTCYTCTBME MEeNoLWnX Ten;

- UCKIMoYeHa onepaums OOrpy3ku U neperpyskn MenbHULbl MeNoLWmMMm Tenamu,

- MOXET n3MernbyaTh Kak MArkve, Tak u TBepable martepuarnsi;

- MOXeT paboTaTb N0 MOKPOMY U CyXOMy crocobam;

- MOXeT uamenb4yatb Matepuan 6onbLuoro pasmepa (4o 300-500 mm).

HepocTaTok:

- MOBbILLIEHHAasA KPYNHOCTb N3MeNbYeHHOro MaTepuarna, Tpebylowero gomona.

KomBuHMpoBaHHbIE ABYXPOTOPHbIE APOBUNKN yaapHOro AercTBusa (CM. pUCyHok 2.10)
NOMy4YUnu LUMPOKOE pacrnpocTpaHeHne 3a pybexom Ans nepBUYHOIO U3MernbYyeHUss TBepAbIX

nopog. B Poccumn aByxpoTopHble Apobunku B HacTosiLLEee BPEMSI HE UCMOSb3YHOTCS.

OtboiHas nnuta  CkpebKOoBbIN TpaHCMopTEp

PucyHok 2.10 — KoMGUHMpOBaHHbIE ABYXPOTOPHbIE YOAPHO- U BarnKOBO-

oTpaxaTteribHble D,pO6I/IJ'I Kn

MpeumyLlecTtBa:

- BbICOKas KpaTHOCTb namenbyeHus (go 70 pas);

- MOHWXXEHHbIN pacxo aNeKTPO3Hepruu;

- KOMMAKTHOCTb N NPOCTOTAa KOHCTPYKLNW;

- BO3MOXHOCTb perynupoBaHusi paamepa gpakumm apobumoro matepuana B npouec-
ce paboTbl;

- BbICOKas CTENeHb aBToMaTM3aLumu.

HepocTtaTku:

- BbICOKMI M3HOC ApOBSALLMX 3N1EMEHTOB;

- NOBbILIEHHOE MNbiNeBblaeneHne.
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MpuMeHsIOT Takke MOBUIbHbIE YCTAHOBKM C Apobunkamu, yCTaHOBMEHHbIMU Ha MO-
ABwxHoW nnatdopme. OT TakoW yCTaHOBKM OpOOMeHbIn MaTepuan nogatT Ha 3aBofg NeH-
TOYHBIMW TpaHCNopTEPaMW.

MpeumyLlecTBa:

- Apobunka makcumanbHO nNpubnmkeHa kK 3abolo, YTO CoKpallaeT 3aTpaTtbl HA TpaHC-
NOPTMPOBKY UCXOAHOro MaTepuana 4o Apoounku;

- NPUMeEHeHNe Hanbonee 3KOHOMUYHOIO TPaHCMNopTa — NEHTOYHbIX TPAHCMNOPTEPOB;

- OTCYTCTBME 30aHUN U COOPY>KEHUN.

HepocTaTok:

- NOBbILLIEHHAsA CTOMMOCTb YCTaHOBKM.

MobunbHble YCTaHOBKM C pasfnMyHbiMi apobunkamm npons3BoasaT HeEMeukue upMbl
Thyssen Krupp, Hazemag n gp. B uemMeHTHOM NpoMbILWNeHHOCTN Poccum nx He NPpUMEHSIIOT.

Ha ctagun apobrneHuns cbipbs NPOUCXOOMT BblAENeHNe Mblfin Ha y4acTKax 3arpysku u
BbIFPY3KM MaTepuanos n3 byHkepa, Apobunku, a Takke rnpu neperpyske ¢ TpaHcnopTepa Ha
TpaHcnopTep. Ha aTux yyactkax HeobxoaMmo YCTPOMCTBO CUCTEM acnmpauum C OYUCTKOM

3anblfieHHOro Bo3ayxa B MblnieynasnmeatoweM ob6opygoBaHun.
2.2.6 YcpeaHeHue U XpaHeHne CbipbeBbIX KOMMOHEHTOB

[ns XxpaHeHUs CbipbeBbIX KOMMOHEHTOB NPU MOKPOM crnocobe B Poccnn npuMeHsaTCs
3aKpbITble N OTKPbITblE CKNagbl C MOCTOBbIMU FPENEPHBIMM KpaHaMU UMW KpaHaMmu nepe-
rpy>xatensimm.

Mpn mokpom cnocobe Npon3BOACTBA CbIPbe B Kapbepax Unn Ha NpoMnnoLwjagkax 3a-
KnagbiBaeTtca B BypTbl gpobneHHoro matepuana. OTTyaa matepman noctynaeT B gpobunb-
HOe oTAeneHue 1 ganee Ha TOHKOE U3MeSTbYeHme.

Mpu cyxom cnocobe, Kak npaBuio, NPUMEHSAIOT KPbiTble YCPeaHUTENbHbIE CKNnagbl C
wrabeneyknagumkamu n wrabenepasbopymkamu. NepBnyHoe ycpegHeHne CbipbeBON CMe-
C/ NPOM3BOAAT NyTEM MOCMAOWHOW YKNaakKM matepuana pasfnuyHoro coctaBa B LiTabenw.
Pas3bopky wrtabens npom3BoasT pasbopLinkoM BepPTUKanbHO MOMeEpeK Croes, B pesynbrate
yero obecneumBaeTca 2—3-kpaTHOE ycpeaHeHne martepuana. Takve cknagbl peann3oBaHbl
Ha psige 3aBogoB Poccum pasnuyHbiMn 3apybexHbiMn prpmamm (CMm. pucyHok 2.11). Mps-
MOYrofibHble cknagbl paboTtatoT Ha 3aBogax NMAO «MopgosuemeHTy, 3A0 «CTpouTenbHble
matepuansl», OO0 «HKOYITIK», B BopoHexckom dunmnane AO «kEBPOLIEMEHT rpyn» v gp.,

Kpyrnbih — Ha OAO «CyxonoxcKueMeHT».
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PucyHok 2.11— YcpeaHuTenbHbI CKNaa CbipbeBbIX KOMNOHEHTOB doupmbl Claudius

Peters

MpenMyLLIeCTBO KPYroBOro yCpeOHWUTENbHOIO CKnafa Mo CPaBHEHWUIO C MPSMOYrorb-
HbIM 3aKMOYaeTcs B YNPOLLEHHON CXeme yknaaku u pas3bopku wtabens, npu npsMoyrosb-
HOM cKnage HeobGXoauMo nocTynaTenbHOe NepeMeLleHne ykrnaadmka u pasGopLumka.

Mpouecchbl YCPEAHEHUS U XPaHEHUS] CbIPbEBbLIX KOMMOHEHTOB COMPOBOXOATCH Bbl-
AerneHneM Mbinn, No3ToOMy HeoOXOAMMO YCTPOMCTBO YKPbITUMI O4aroB MHTEHCUBHOIO Mbirie-
BblAEMNEeHNs U CUCTEMbI acnupauMn ¢ OYMCTKOM 3anblfieHHOro Bo3dyxa B Mblneynasnuneato-

Lem oGopyaoBaHum.
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2.3 Namenb4yeHune cbipbeBbIX MaTepuanos

N3menbyeHne cbipbeBbIX MaTepuanoB NPOU3BOASAT Kak MO MOKPOMY, Tak U MO CyXOMy

cnocoby.
2.3.1 MokpbI noMmon ¢ nony4yeHueM CbipbeBOro wrnama

Mo mokpomMy crnocoby MOMOS NPoM3BOAAT B LUAPOBbLIX MeSlbHUUAX Mo TpaguuMoHHOW
pacnpocTpaHeHHon B Poccun TexHornormm ¢ gobasneHuemMm BoAbl, YTO CNOCOOCTBYET MOBbI-
LWeHN0 3PPEKTMBHOCTIN ITOrO npoLecca 1 yryyleHuo 3KoNormyeckon cutyauuun. Bolgene-
HWe NbIIM BO3MOXHO NPW 3arpyske mMaTepuarnoB B MeSbHULY.

OppekTUBHBIM CNOCOB0OM IKOHOMUWN TOMNNNBA ABMASETCHA CHMXKEHME BRAXHOCTW LUNa-
Ma, KOTOPOE MOXHO OCYLLECTBUTb NPUMEHEHUEM pa3XmxuTenen. SPGEKTUBHBIM pas3KuKm-
Tenem CbIPbEBOrO LUamMa sIBASIETCA OpraHMYeckui pasXmxmMTenb Ha OCHOBE NIMTHOCYNbMOo-
HaToB. BBeaeHue pasxwxkutens B konudectse 0,1 % — 0,15 % NO3BONUIIO CHU3UTbL BNax-
HOCTb Ha psae 3aBOAoB, paboTalwLlmMx Ha MErOBOM U U3BECTHSKOBOM Cbipbe, Ha 3,0 % —
3,5 %.

B nocnegHee Bpemsa Ha psge uemeHTHbix npeanpuatnin (3A0 «ManbLoBCKUI NopT-
naHguemeHT», 3A0 «benropoackuin uemeHTHbIn 3aBog», 3A0 «MuxannosuemeHT», 3A0
«YnbsaHoBckueMeHT», OAO «Xoncum (Pyc)» (Bonbck), NMAO «MopaoBLeMEHT») NCNONb3YIOT
Pa3XMXUTENM HOBOro nokonenus «Jlutonnact My, pacxoq KOTOpbIX B 2—3 pasa HUXe, Yem
pacxof TeXHUYECKUX NUrHocyrbdoHaToB. Npn npumeHeHun pasxmkntenen «Jlutonnact M»
NPOUCXOOUT CHUXEHME pacxoda Tonnmea Ha obxur knnHkepa Ha 10-25 kr (B nepecyeTe Ha
YCNOBHOE TOMMMBO) W MOBbILUEHNE MPOM3BOAUTENBHOCTU BpaLlalowmxca nevyen Ha 4 % —
5 %.

2.3.2 Nomon cbipbsi N0 CyXoMy cnocoby

an/I CyXOM cnocobe B 3aBUCUMOCTM OT TBEPOOCTU U BNAXHOCTU CbipbA NpeaycMaTtpu-

BaKOTCA pa3finyHble CXeMbl N o6opy/:103aH|/|e.

2.3.2.1 PaymoHanbHasa cxemMa NomMosia BbICOKOBITAXXHOIro MArKoro cbipbs 6e3

TPpyAHOpa3MalnbiBaeMbIX BKJTHOUEHUN

TexHornormyeckass cxema nomMmona, YCTPOMCTBO M NMpuHUMN paboTbl cucTembl npen-

CTaBIrieHbl Ha pUCyHKe 2.12. /I3mMenbyeHne n CyLlKy CbIpb€BOW CMECU NPOU3BOAST B MOSOT-
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KOBOW Cyluunke-gpobunke (menbHuue), npegHasHavyeHHoW Ans obpaboTkn MsaArkux Ma-

J'IOa6pa3VIBHbIX, BbICOKOBIaXXHbIX N BA3KUX CbIPpbEBbLIX MaTeEpPUNanoB, TakKUX KakK MeJll, Meprerb

1 rMnHa.
Cxema cyLuKu 1 nomona Cblipbst Cywwnka-gpobunka CenapaTtop NpoOXo4HON AMHAMUYECKNIA
BeHtunstop Bentunatop
CoblpbeBast
Jrim——t—— 'f@"’ - > CMeCh @ lNpueon _¢ CblpbeBas
 LWKnOHb! =y i Cbipbesas patopa MyKa + ra3
=g myka W=1%
\ & [ a3
N\, PykaBHbIit t~550°C
UnbT
pnTP Potop

1
‘rl

' Cropku
Cbipbesast N CbipbeBas j Creop
cmech W~20% myka Wx1%
las (O / Cenapatop
t~550°C MPOXOAHON
\ AVHAMUYECKMIA
\'\ ! Potop
\ ! .
ylumnka-
X Apobunka ek ﬁ'
(MenbHuLa)
Matepuan + ra3
PucyHok 2.12 — Cxema CyLLKM 1 MOMOIa Cbipbs B MOMNOTKOBOW CyLLMNKe-Apobuske
Yy y y ;
(MenbHuLe) oupmbl FLSmidth
MNpeumyllecTsa:

- NPOCTOTa TEXHONOMMYECKON CXEMBI;

- MPaKTUYECKN OTCYTCTBUE CaMOCTOATENBHOIO ChiPbEBOIO LIEXA;

- BO3MOXXHOCTb CYLLKM Cbipbsi BbICOKOW BRaXHOCTM Ao 32 %;

- MOHWXXEHHbIN pacxo 3nNeKTPoaHepruu;

- BbICOKasi CKOPOCTb nomora, obecneumBatowwas 6onee nerkyto aBTomaTu3auunio npo-
uecca.

HepocTtaTok:

- OFPaHNYEHHOCTb NPUMEHEHUA — TONbKO AN MArKOro cbipbs 6€3 TBepablX TPpygHO-
pasmarbliBaeMbIX BKIHOYEHUN.

MpuBeneHHasn cxema peanuaoBaHa gaTtckon pmpmon FLSmidth Ha BopoHexckom dou-
nnane AO «EBPOLIEMEHT rpyn», OAO «CebpsakoBUEMEHT» U KUTaNCKonN prpmMon «XeHb

KOaHb» Ha 3aBoge OO0 «A3us LieMeHT» Ans cbipbs C BMAXHOCTbIO A0 25 %.
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2.3.2.2 Cxema nomora Cbipbsl «TaHAEM» C TpyAHOpa3MalrbiBaeMbIMU

BKNMHOYeHNAMU

B cnyyadx, Korga B CblpbeBOﬁ CMeCn UMEKTCA BKITHOYEHUA pa3anH0171 pa3malibiBae-

MOCTHU, LienecoobpasHo NPUMEHSITb COBMELLIEHHYHO CXEMY «TaHOAEM» (CM. pUCYHOK 2.13).

CbipbeBas Myka + ra3

A

Matepuan:
UCXOAHbIA U3MENbYEHHb I

Cenaparopv Kanan ans rasa
cTaTu4eckum MasiTHMKOBBIN BOKPYT LUHeKa
MPOXOAHOM 3aTBOp
W omio FEA e
. Tpy6OLIHEK
rasl T
‘\ Kpynka
Cblpbé N -
Matepuan

+ra3
nonactu

LLlapoBast MenbHuLa

.
-
-

MenbHNLbI
MonoTku

Hanpaenstowipe

BpoHennuTbl nonactu

MonoTkoBas cyLuunka-
Apobunka (MenbHuLa)

‘.IIIIIIIIIII..

Ysgusennnnnunt

.

....'(...IIIIll!t....“’llllllllllllll“

' CywMnbHbIA areHT

PucyHok 2.13 — Cxema «TaHaem» ans noMmoria Mmatepuana pasnuyHom

pasmManbiBaeMOCTU N BITaXXHOCTU

MpenmyliecTsa:

- NIPUMEHNUMOCTb CXeMbl AN MNOMOSia CbipbA Pas3fIMYHOM pa3mManbiBAeMOCTU U
BMNaXXHOCTH;

- BbICOKasi CKOpPOCTb nomona, obecneunsatollasi bonee nerkyto asTomaTnsaumio npo-
uecca;

- YMEPEHHbIN PacX0f 3NEeKTPOIHEPTUMN.

HepocTtaTku:

- YCITOXXHEHHaA cXxema,
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- He06X0aUMOCTb npuMeHeHnA UJapOBOVI MeJibHULbI.

Takass cxema peanusoBaHa upmon KHD Ha uemeHTHOM 3aBoge OAO «Copa» B

Bawkunpun.

2.3.2.3 Nomon TpyaHOpa3manbiBaeMoro Cbipbsi B BEpTUKaNbHOW TapenbyaTo-

BanKoBOW MerbHULUeE

B nocnegHue rogbl Hanbornbluee pacnpocTpaHeHue Ansi NOMOoMa Cbipbs NOAyYUnn
BepTUKanbHble Tapenbyato-Bankosble MenbHuubl (BTBM) dupm Loesche, Gebr.Pfeiffer,
Polysius (Fepmanus), FLSmidth (danus) [30]. MenbHMua npeacTaBnseT cobon BpaLlatoLmn-
CSl pa3MorsibHbIA CTOS C NPUBOAOM, MeSoLWune Barku, yCTaHOBMNEHHbIE Ha NMOBOPOTHbLIX pblva-
rax, CoefMHEHHbIX MNOCPEeACTBOM LWAPHUPHBIX TAM C CUMOBbIM HaXWUMHbIM 3fIEMEHTOM
(cMm. pucyHok 2.14). CylunnbHbIN areHT nogaroT nog pasMofibHbIA CTOM, U OH MOCTynaeT Ha

CYLLKY Yepes 3a30p Mexay KOprnycoM 1 pa3MosibHbIM CTOSIOM.

[NlbiMococ Mpusop
MESbHUYHbIA flbimococ poTopa  [otoBbIit NPOAYKT
KOHEeYHbI/

['oTOBbIV NPOAYKT
AA AA

Potop

CrBOpKM

. WNexopHbin
* " matepuan\ /N Y

CblpbeBas
cmecb W=25%  LiuknoH

HeEaTop PykasHble
=4
N UnLTPbI b L ‘ Kopriye
i 3MepuTenb
/] TOMLWMHbI Crios
: Banok
CywnnbHbiid S 1 MOMOJbHbI
areuT N i 71 Cron y
Cenaparop > 3 3M0ﬂbeIl71 :
Coipbesas Myka Wx1% "”’\ > 5 :
Tapensyaro- I g Konbueaom/7 & :
BNKOBas I  3330P :
MenbHHLa TennoreHepatop @
~550°C Tonnmeo CywWwnnbHbIA
(1) . — areHt
O [a30TypOUHHBIA Mvpapasnnyeckas cuctema ans

MeyHble 0TX04ALLuMe rasbl Tonnuso ANeKTporeHepaTop OCyLLeCTBNEeHNs AaBNeHNa Bankos

PucyHok 2.14 — Cxema nomMona Cbipbsi C BEPTUKaNbHOW TapenbyaTo-BarnikoBowm

MenbHULIEN

MpenmyliecTsa:

- BOBMOXHOCTb  M3MENbYEeHUA MaTepuana pasfiMyHoM  pa3mManbiBaeMOCTU U
BNAXHOCTU C mcxogHbiM pasmepom Ao 80-100 mm — 98 % oT obuwen maccel n go 200-
300 MM — 2 % oT obOLlen maccsl;

- KOMMaKTHOCTb (CenapaTop BCTPOEH B MENbHULY);
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- MOHWXXEHHbIN Pacxo dNeKTPO3HEPrMm TONbKO Ha NoMon coipba (5—7 KBT-4/T);

- Marnble 3KcnyaTauMoHHbIe pacxodbl — OTCYTCTBYIOT Onepauun neperpysku, arpys-
KW, BbIFPY3KN MEoLWmnX Ten;

- HU3KMI YPOBEHDb LIYMa;

- BbICOKasi CKOpPOCTb nomora, obecneymBatowas 6onee nerkyro asTomatmsaumio npo-
Lecca;

- Manoe nbifeBblgeneHne;

- BblCOKasi nponasogmTtenbHocTb (4o 1000 T/4).

HepocTtaTku:

- CINIOXXHOCTb KOHCTPYKUUU U TPYLOEMKOCTb PEMOHTA;

- NOBbILLEHHbIN pacxo 3fIEKTPO3HEPruM Ha TpaHCNOPTUPOBAHWE Pa3MOSIOTOro Marte-
purana BOCXOASLUM ra3oBbIM NOTOKOM;

- yactas 3aMeHa UM BOCCTaHOBMNEHWE pa3MarbiBalowmnX NOBEPXHOCTEN NpU U3Merb-
YyeHun abpasmnBHbIX MaTepuaros.

Takas cxema Ha MSAKOM CbIpbe BbICOKOW BRaXHOCTU peanm3oBaHa Ha [MTAO «Mopaos-
LeMEHT» U Ha TBEPAOM Cbipbe HU3Kon BnaxHoctn — Ha OAO «HoBopocuemeHT» (U/3 «[lep-

BOMaKcKniny ) B KpacHogapckom Kpae.
2.3.2.4 BapuaHT cxeMbl NoMorsa TpyAHopa3MarnbiBaeMoro Cbipbs

Hanbonee 3KOHOMWYHOM CXEMOW OS5 NOMOSfla U CyLIKM TBEPAOro Cblpbsi HU3KOM
BMaXXHOCTN SBMSETCA CXemMa C Mpecc-BankoBbiM U3MENbYMTenem (ponnep-npeccom)
(cMm. pucyHok 2.15). OcobeHHOCTb paboThl CUCTEMBI 3aKO4aeTCs B ABYXCTYNEHYaTOM Knac-
cMdurkauumn n3menb4aemMoro martepuana M TPaHCNOpPTUPOBKE KPYMHOM (hpakumm aneBaTo-

pom.
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CyLMNbHbIA areHT:
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\/-CEMAPATOP

Kpynka

PucyHok 2.15 — Cxema nomona v CyLLK1 TBEPAO0ro Cbipbs HA3KOW BMAXXHOCTM C

ponnep-npeccom

MpeumyLlecTtBa:

- HU3KMI pacxop anekTpoaHeprum — npumepHo Ha 10 % Huxe, yem Ha BTBM;

- OTHOCUTESNbHAA NPOCTOTa KOHCTPYKUUS;

- Manble 3KcniyaTauMoHHbIe pacxofbl — OTCYTCTBYIOT Onepauun neperpysku, sarpys-
KW, BbIFPY3KN MENOLWMNX Ter;

- CHWXEHHble PEMOHTHbIE 3aTpaThl;

- BbICOKasi CKOpOCTb NMomora, obecneymBatollas bonee nerkyo aBTomatmsaumio npo-
uecca;

- HU3KUW YpOBEHb LUyMa.

Hepocrartok:

- NPUMEHNMOCTb TOSBbKO AN TBEPAbIX MOPOS NOHMXEHHOW BNAXXHOCTH.

Takas cxema peanusoBaHa dupmon KHD Humboldt Wedag Ha OOO «HOYTTIK»,
BCrNeACTBUE Yero Ha 3TOM 3aBofe yAenbHblA pacxod 9NeKTpO3HEepPrun coctaBndeT MeHee

110 kBT-4/T uemeHTa.
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2.4 KoppeKkTupoBKa U ycpeaHeHue CbipbeBOM CMecH

CbipbeBble CMeCcu 3alaHHOro XMMWYECKOro cocTaBa MpPoM3BOOAT M3 HEOOQHOPOAOHbLIX
CbIPbEBbLIX KOMMOHEHTOB. UTOObLI 06ecneyYnTb ONTUMarbHbIN XUMUYECKUIA COCTaB U M3bexaTb
BO3MOXHbIX OTKNOHEHWI, CbIPbEBYID CMEChb KOPPEKTUPYIOT U ycpeaHatT. CoctaB M ogHo-
POOHOCTb CbIPbE€BOW CMECU ONpeaensioT Takme BaXHeWLme nokasaTteny nponsBoACTBa, Kak
KayecTBO UeMeHTa, YyAOernbHbl pacxo TOnnuBa, OFHEYNOpPOB W 3NEKTPOIHEepPruu.
Ha uemeHTHbIX 3aBogax Poccumn npuMeHsoTCS NOpPLUMOHHAsA U NOTOYHAss CUCTEMbI KOPPEKT K-
poBaHus.

B coBpeMeHHbIX yCrnoBusX C co3gaHMeM HenpepbiBHOroO cnocoba aHanmsa ¢ npume-
HEeHNneM raMmma-HenTpoHHoro aHanuaatopa (MMHA) uenecoobpasHo KOPPEKTUPOBKY U ycpea-
HEHME CbIpbeBOW CMECU NPOU3BOAUTL NMOTOYHbIM CMOco6oM. 10 cpaBHEHMIO C NOPLNOHHBIM
3TOT cnocob umeeT cneayroLme NpenmyLecTea:

- OTCYTCTBME NPOMEXYTOYHbIX KOPPEKLMOHHBIX EMKOCTEMN;

- nony4eHve 6onee 0AHOPOAHOrO CocTaBa CbipbEBOM CMECU M3-3a CMELUEHUS KOMIMO-
HEHTOB B npoLecce NoMona;

- CHUXKEHME pacxoda CKaToro Bo3ayxa Ha nepemelunBaHMe CMecu B EMKOCTSX.

HepocTtaTku:

- He06X0OMMOCTb HEMPEPLIBHOIO aHanM3a CMecu B NOTOKE;

- He06X04MMOCTb raMMa-HENTPOHHOIO aHanM3aTtopa U CUCTEMbI NONyyYeHns ycpen-

HEeHHoW Npobbl cMecK Ans onepaTUBHOIO NEPUOANYECKOro aHanumaa.
2.4.1 KoppeKkTupoBKa 1 ycpegHeHue wwamMma npm MOKpom cnocobe

OCHOBHbIMM criocobamy KOPPEKTUPOBKM Luama sIBNSTCA MNOPLMOHHBIN, NOMynoTou-
HbIA N NOTOYHbIA. CXeMbl MOPLMOHHOIO M NOMYNOTOYHOrO KOPPEKTUPOBAHMS C NMPUMEHEHNEM

BepTMKarbHbIX U FOPU3OHTarbHbIX GaccenHOB NpuBeAeHbl Ha pUcyHkax 2.16 1 2.17.
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MonynoTo4Has cxema

lMopunoHHas cxema

Bosgyx

BepTukanbHble WwnambacceiHoi
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S
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[opu30HTanbHbIe Wnambacceitbl

MOPUMOHHBIN 1 NONYNOTOYHbINA CNOCOOLI KOPPEKTUPOBAHMS Wama

PucyHok 2.16
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PucyHok 2.17 — BepTuKanbHbIN 1 TOPU3OHTanNbHbIN WnambaccerHbl

Mocne nHeBMonepemMelinBaHna Lwnama B BepPTUKallbHbIX baccenHax onpependeTca

€ro XMMWUYECKUI COCTaB Ha PEHTreHOBCKOM CMEKTPOMETPE, U COrMacHo pacyeTy COOTBET-

CTBYIOLLIEE KONMUYECTBO MNepekadnBaeTcs B 6acceliHbl roTOBOroO Lunama: BepTuKanbHbIi Unu

FOPU3OHTasbHbIN — eMKOCTbio 5000—8000 m°.

[MpeumyLLecTBO:

- obecnevyeHne BbICOKOW CTabnnNbHOCTM XMMMYECKOro COCTaBa Lunama.

HepocTtaTku:

- He06XOANUMOCTb 3HAYUTENBHOIO BpeMeHN Ha NpUroTosrieHne Lnama,

- He06X0AMMOCTb MCMONb30BaHUS OOMbLLONO KONM4YecTBa EMKOCTEMN.

[ns ny4ywero nepemellBaHus LWnama ero crnegyeTt pasnuBaTtb No «3epkany» Gac-

ceiiHa, Ana 4Yero Hag GacceiHoM ycTaHaBnMBaeTCcs pacnpeaenuTenbHbii Xenob, Bpallato-
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LLUMACA BMECTE C KpaHOBOW MeLlankon, n ¢ BO3QyLUHbIM nepemewmnBaHvemM - 6apboTtnpoBa-
HMEM CXXaTbiM BO34YXOM.

C yBenuyeHmem npou3BOAUTENBHOCTN 3aBOAOB M pasBMTMEM aBTOMaTU3aumMmM BO3-
HMKIa MOTOYHAsA CXema KOpPEKTUPOBaHMWS, Korga CMeLLMBaHMe pasfnuyHbIX MO COCTaBy LWina-
MOB MPOM3BOAUTCS HenpepbiBHO B notoke. OgHUM 13 HEOOXOAMMbBIX 3NIEMEHTOB MOTOYHOM
CXEMbI SIBMISIETCA OnepaTMBHbIA aHanm3 XMMUYECKOro COCTaBa ChiPpbEBON CMECK, TOYHOE U3-
MepeHue 1 o3NMpoBaHME KONMYeCcTBa MaTepmnana u wnama B HENPepPbIBHOM peXume.

[nsa nonyyeHunst onepaTMBHOIO U OOCTOBEPHOrO aHanu3a wnama Heobxoaumo nony-
yeHMe npeacTaBuTENbHOM NPobbl M NpoBedeHMEe 3KCnpecc-aHanus3a. B HacTosiwee Bpems
NMEKTCS TEXHUYECKME BO3MOXHOCTM OpraHm3auumn Takoro npouecca B ABYX BapuMaHTax: auc-
KPETHbIN aHanuM3 ycpegHeHHOM npobbl M HenpepbiBHbIM aHanM3 maTepuanoB Henocpen-
CTBEHHO B NOTOKE (CM. pUCYHOK 2.18). [INCKPETHLIN aHann3 ycpeaHeHHOM Npobbl N0 npumMepy
3A0 «OckonueMeHT» MOXHO OpraHm3oBaTtb NyTem oTbopa M3 MOTOKa LnamMa Kaxable 2—
3 MUH nopuwn okono 15—20 n, 4ToBbl 3a Yac HabpaTb 0,5 M° Wnama, KOTopbIii OAHOBPEMEH-
HO M3MenbYaeTcqa B cneumanbHOM arperaTe, npeacrasnsaiowem cobon nogodre MonoTKoBOn

APOOUIKM C BepTMKanbHbEIM POTOPOM. OKCNpecc-aHanM3 OCYLLECTBIISIOT HA PEHTTEHOBCKOM

CNEKTPOMETPE 3a HECKOSIbKO MUHYT.

CaCo, ~ 80%

[ob6aska Fe,0,

opu3oHTanbHble HacceilHb

AT — aBToTpaHcnopT; M — gosatop maccoBbin; MMC — mMenbHMLa MOKPOro
camounamenbyeHus; MO — npobooTbopHUK; NMMHA — NOTOYHBIN rAMMa-HEATPOHHbIN
aHanusatop; NP — nHOYKUMOHHBIM pacxogomep wnama; ML — menbHuLUa wapoBas;

3P — 3apBuxka perynupyemas
PucyHok 2.18 — lNoTo4Hasa cxema NpurotoBneHns wnama

B nocnegHue rogbl pa3paboTaH NOTOYHbIN HEUTPOHHBLIA aHann3aTop, KOTOPbIA NO3BO-

NAeT onpenendrb XUMWYECKNIN COCTaB N BMIAXKHOCTb LWiama HenpepbiBHO B NOTOKE.
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[losnpoBaHue TBepablX MaTepuarioB pekoMeHayeTCsl OCYLECTBIATb BECOBbIMU NEH-
TOYHbIMK Ao3aTopamu. [na nsmepeHuss obbema Lwnama Hanbornee paunoHanbHbIM ABNSET-
CS1 UHOYKUMOHHBI pacxogoMep.

Mpu Takom noaxoae gocturaetcs 6onee ogHOPOAHbLIA COCTaAB KOHEYHOrO Lama, Tak
Kak npu HeGONbLUNX OTKIOHEHUSIX COOTHOLLIEHNSI «BbICOKOrO» M «HU3KOrO» LLUNaMOB M3-3a UX
GnM3Koro coctaBa OTKIMOHEHME XMMUYECKOro COCTaBa KOHEYHOrO Wnama He 6yaeT BbIXoaUTb
3a npeaenbl HopMaTuBHoro. Ecnun xxe cmelumBaTb UCXOAHbIE KOMMOHEHTLI (Men U MUHY), TO
HebonblUMe konebaHus B A03MPOBaHUN KOMMOHEHTOB MPUBOAUIM Obl K 3HAYUTENbHLIM OT-

KNMOHEHMSIM XMMUYECKOro COCTaBa roToBOrO Lunama.
2.4.2 KoppeKkTMpoBKa 1 ycpeAHeHUe CbipbeBOW CMECU Npu Cyxom crnocobe

Mpn cyxom crnocobe B Poccun NpUMEHSAIOT OBE CXeMbl KOPPEKTUPOBAHUSA CbipbEBOM
CMecHu: MNosyrnoTOYHYI0O M MOTOYHY. [lonynoTodyHas cxema C ABYXbAPYCHbIMWU CUOcamu
pacnpocTpaHeHa Ha cTapbix 3aBogax, Hanpumep Ha Cnacckom u HesbsiHckoM. B nocnegHue
rogbl C NPUMEHEHNEM 3KCMPECCHbIX aHann3oB B NOTOKe Borbllee pacnpocTpaHeHne nosy-
YUIIM NOTOYHbIE CXeMbl. TakMe CxeMbl peanM3oBaHbl B ABYX BapuaHTax, Npu KOTOPbIX KOp-
PeKTMpoBKa W YCpedHEeHWe CblpbeBOW CMeCu [MpPOM3BOAUTCA [0 CYyWKA W Momona,
T. €. KYCKOBbIX BMaXHbIX KOMMNOHEHTOB, UK — MOCMe CYLLIKM U MOMOSa — CyXMUX MOPOLLKOB.
Hwxe npefcrtaBneHbl BapnaHTbl 3TUX CXEM, peann3oBaHHbIX Ha 3aBogax Poccuu pasnuu-
HbIMK oMpMamMu.

Bo3MOXHOCTM ycpeaHeHUs Cbipbs Ha pasfnu4YHbIX TEXHOMNOMMYECKUX rnepegernax noka-
3aHbl Ha pucyHke 2.19. Hamnbonbwee, 10-15-kpaTtHoe ycpeaHeHue obecneumnBalroT CUMNOCHI

HOBeMLWeN KOHCTPYKLUNN.
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Kapbep YcpenHuTens- ColpbeBas CMecuTenbHbIii Fictits
HbI cknag MenbHULA SRS

24:1 2:1 10...15: 1

5% 25% +0,25 %

WNcxopHasn OTknoHeHne cocTaea cbipbeBon cmecu no CaCo, KoHe4Has

PucyHok 2.19 — CTeneHb ycpeaHEeHUs Cbipbs Ha pas3nuYHbIX TEXHOMOMMYECKUX

nepeaenax

Cunoc CoCToUT U3 HapY)XHOIo ene3obeTOHHOro LMNMHOPUYEcKoro Kopnyca, pacnpe-
OEeNUTEeNbHOM MHOTOMOTOYHOW CUCTEMBbI 3arpy3ku, BHYTPEHHEro KOHyca, CUCTEMOW aspauun
[AHULLA N YCpeOHEHUS! CbIpbEBON MYKU, pasrpy304HbIX asapoxenobos 1 GyHkepa. HaknoHHoe
No BCEMY AMaMeTpy AHMLLE CUOCa OCHALLEHO paananbHO PacnonoXeHHbIMU a3ponnnTamu.

CxaTblii BO3AYX C HU3KMM LaBlEHMEM CHWXKAET cLenneHne MaTepuarna, U OH HauMHa-
€T TeYb B NCEBAOOXKMKEHHOM CIOe Nof COBCTBEHHLIM BECOM. A3PUPOBAHHBIN CbIMy4nin Ma-
Tepuan nocTyrnaeT M3 OCHOBHOW €MKOCTWU CUIoca Yepe3 OKHa KOHyca Mo aspoxerobam B
pasrpy3o4HbIi BYHKep, rae OH YacTMYHO Oe3a3pupyeTcsl U aanee no aspoxenoby u anesa-
TOPOM NoJaeTcs B A03UPYHOLLMIA GIOK U Aarnee B LUMKIOHHbIA TEMNOOGMEHHUK.

YcpegHeHne cMecu Npov3BoOaUTCS B CUIIOCE M Nog CMecUTeNbHbIM KOHycoM. Mpouecc

ycpeaHeHus BKrtoyaeT B ceba Tpu atana (cMm. pucyHok 2.20).
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PucyHok 2.20 — CmecutenbHbIn cunoc u atanel cmewweHnsa doupmbl Claudius Peters

1-n aTan — MHOronoToYHaa cuctemMa 3arpysku. Yepes cneuuanbHbI pacnpegenu-
TeNnb Ha Kpbille cusioca cbipbeBasi Myka paBHOMEPHO 3arpyaetcs no BCen MOBEPXHOCTU
cunoca, obpasysi TOHKME CroM C BO3MOXHO PasfiMyHbIM XMMUYECKMM COCTaBOM Cbipbsi. Yem
TOHbLUE CMOW, TeM Bbille 3(PPEKTUBHOCTbL CMELLMBAHUS.

2-n 9Tan — rpaBuTaLMOHHOE CMeLUMBaHWe B OCHOBHOM eMKOCTW cunoca. bnarogaps
noKanbHOW aspaunmn gHULWA CUoca Cbipbe BOPOHKOW TeveT Nnod BO3AENCTBUEM CUIbl TSXKe-
CTU BHU3 B OCHOBHYIO €MKOCTb. [lpy 3TOM CMeLLMBalTCA pasfvyHble Crou, BblpaBHUBAS
€CTEeCTBEHHYIO HEOAHOPOAHOCTb Chipbda. OP(PEeKT CMeLLMBaHNSA 4OCTUIAeTCA CONPUKOCHOBE-
HMEeM pa3HbIX BOPOHOK, KOTOpble 06pa3yoTca B pe3ynbTaTe pas3rpy3kun matepuana u3 cunoca
no Kpyry.

3- aTan — nHeBMaTUYECKOe NnepemMelInBaHue B CMECUTENbHOM KOHYCHOW Kamepe.
HapyxHoe KonbLo CnyXuT Ons paspbixfieHus maTepuana m obecneyeHusi ero TeKy4ecTu.
Kaxpgasa cekuus nmeeT Ba OKHa BO BHYTPEHHEM KOHYyCce Onsl TpaHCNOopTUPOBaHUA MaTepua-
na K BHYTpeHHen Kkamepe. BHyTpeHHee Konbuo asapupyowwmx anemeHToB obecnevmsaeT ro-

MOreHmn3aunto Mmatepumaia B KOHyCce CuUiioca U BbIlrPy3Ky MmaTtepunana mn3 cunoca. AOns paBHO-
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MEpHOW romMoreHusauum martepuarna noodyepefHO MO OKPYXHOCTWM BKIMOYaTCA MO OAHOM
CEeKUUN HapyXXHOro KombLa Yyepes3 OaHy-ABe CeKUMM.

Taknm obpas3omM cosgatoTcs ycrnosus Ans opMupoBaHus 12 BOPOHOK nepemeluvBa-
tOLLIX FOPU3OHTAsNIbHO PaCMONOXeHHbIE CIOW.

MoaobHble cxembl peanusoBaHbl upmon KHD Humbold Wedag ¢ ncnonb3oBaHuem
obopyaoBaHua dupmbl Ibau Ha TexHonornyeckmx nuHmsax OO0 «HOYTTIK» n dompmon Clau-
dius Peters Ha TexHonornyeckon nuHmm 3A0 «CTpoutenbHble MaTepuanbiy.

[MOTOYHBIM cNOCO6 KOPPEKTUPOBAHUS CbIPbEBON CMECU A0 CYLUKM U NMOMOSIa BNaXHbIX
KYCKOBbIX KOMMOHEHTOB peanu3oBaH ¢upmon FLSmidth Ha BopoHexckom dunmane AO
«EBPOLEMEHT rpyn» n OAO «CebpskoBueMeHT» (CM. pucyHok 2.21).

[Lirabenepasbopy
oo N avav ¢

Cuctema MHOronoTo4HoOM 3arpysku

Meprens W ~ 20%

lMoTok

MaTepuana
[utatenb

Becsl

KoHyc

MrHA (AMO) Ananusatop

Aspupyemble
KacceTbl
CblpbeBas CbipbeBast 3anopHbin
CMech CcMech knanaH
CwmecuTenbHbIi
Muratens E====A E===p Bec —  GyHiep |
Bechl ‘
. TR —  [los6rox |
Cywwnka-
Apoburnka X X PerynsTop
(MenbHMUa) AR 4

- K neyu

PucyHok 2.21 — lNoTo4Hasa cxema KOppeKTMPOBaHMS CbIPbEBOW CMECH A0 CYLUKM U
nomona, peannsoBaHHas coupmon FLSmidth Ha BopoHexckom cdomnnane AO
«EBPOLUEMEHT rpyn»

Ha 3aBoge OOO «Asusa LlemeHT» B [leH3eHckon obrnactn Kutanckom pmpmon «XeHb

KOaHb» peanu3oBaH NOMAYNOTOYHbIN CNOCOD KOPPEKTUPOBAHUS (CM. PUCYHOK 2.22).
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PI/IcyHOK 2.22 — KOppeKLI,I/IOHHbIe CUNOCbI 1 CUNOCbI And XpaHeHua n ycpeaHeHud

cbipbeBon cMmecun hupmbl «XeHb KOaHb» Ha 3aBoge OO0 «A3sus LlemeHT»

Korga npuMeHsIIoT MArkme KOMMNoHeHTbl (Men, rMuHy, Meprenb), UMelLmne TeHAEHLMIO
K arperMpoBaHunio, BO3HUKAIOT OnNpedesieHHble 3aTpyaHEeHUs Npu CMeLleHUM NMOPOLLKOB, U B
Takux crnydyasax Heobxoammo obecneyunTb ycpegHeHMe CMecU HenocpenCTBEHHO B MOMOSIb-
HOM arperaTe C NONy4eHWEM Ha BbIXOAE CbIPbEBOW CMECU 3adaHHOro cocrtasa. [ns aToro,
Kak OTMEYeHO Bbille, LenecoobpasHo NPUMEHATb MOTOYHYH CXEMY KOPPEKTUPOBaHUSA C
NPUMEHEHNEM raMmma-HemTPOHHOIo aHanusaTopa HenpepbIBHOrO aencTens
(CM. puUcyHoK 2.23).

Takass cxema peanusoBaHa ¢pupmon FLSmidth n ycnewHo peanusoBaHa Ha OAO
«CebpsikoBLUEMEHT».

KapboHaTHbIN AnOMOCHUIKATHBIN Antomocogepxallas  YKenesocoaepxallas
KOMMOHEHT KOMMOHEHT pobaska pobaska

g6

PucyHok 2.23 — lNoTo4Has cxeMa KoppekTUpoBaHUs ¢ NpUMeHeHneM ramma-

HENTPOHHOro aHanuaaTopa HenpepbIBHOMO AENCTBUSA
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2.5 XapakTtepucTuka, nogrotoBKa U CXXuraHume Tonnuea

B LeMEeHTHON NPOMBbILINIEHHOCTM AN 06Xura LeMEHTHOro KruHKepa, CyLUKM Cbipbsi U
[06aBOK MPUMEHSIIOT TBEpPAOe, XUAKOe M rasoobpasHoe Tonnmeo. Kpome TOro, mMoryt uc-
Nonb30BaTbCs anbTepHaTUBHbIE BMAbI ToNNMea. bonee nogpo6Has nHopmaums npueeaeHa

B2.7.3.
2.5.1 XapakTepuctuka Tonnmaa

XapakTepucTuka TOMnMBa BKIOYMAET credylollume nokasaTenu: XMMUYECKUIn COCTas,
TENroTy CropaHusi, pacxon Bo3dyxa Ha ropeHue, BbIXOA NPOAYKTOB FOPEHMS, Xaponpon3Bo-
ANTENBHOCTL (TEOPETMYECKYIO TeMMNepaTypy rOPeHnst) U Coaep)KaHue B CyxmMx nNpoayKTax ro-

peHna CO, + SO, = RO,™ npu oTcyTcTBUM M3BbITKa BO3ayXa.
2.5.1.1 TBepaoe TonnueBo

K ocHOBHbIM BMAam TBepOoro TONnnBa, NPUMEHSIEMOrO B LLEMEHTHON NPOMbILLNIEHHO-
CTWU, OTHOCATCS KaMeHHble 1 Bypble yrnu, roptoune craHubl. B Poccun B kayecTBe TBEPAOro

TONNMBa NPUMEHSIIOT NPENMYLLIECTBEHHO KAaMEHHbIN yronb (cM. Tabnuuy 2.5).

Tabnuua 2.5 — MNapaMeTpbl, XapakTepu1ayoLimMe CocTaB TBEpPAOro Tonnmea

OnemMeHTapHbI COCTaB TBEPAOro Tonnnea

Yrnepon | Bogopoa | Kucnopog | Asor | Cepaopr. | Cepakon.| 3ona Bnara
C H O N Sopr Skom A w

Pa6oyast macca — uHgekc C P

Cyxas macca — nHaekc C ©

loptoyaa macca — uHaekc C "

OpraHunyeckaa macca — nHaekc C °©

B 1950-1960-e roabl B Poccun npuMeHsNn npeuMyLlecTBeHHO YroribHoe TOrMMuBO.
Brnocnegcteum (BNnoTb A0 KOHLA XX Beka) NpakTU4ecku BCe 3aBOAbl NepeLwunn Ha ra3oob-
pasHoe Tonnmeo. B 3apybexHOn UeMEHTHON MNPOMbILWSEHHOCTU MPAKTUYECKN NPUMEHSAIOT
TOmNbKO yronb. B HacTosiwee Bpems, No AaHHbIM [31], HabnogaeTca TeHgeHUUs K BO3BpaTy K

yrofibHOMy TonyinBy un B Poccumn.
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KameHHbIN yronb — xapakTepucTuKa roprodent Mmaccebl:
a) cocTas:
- yrnepog — 75 % — 90 %;
- Bogopog — 4 % — 6 %;
- kucnopog — 2 % — 15 %;
-cepa—0,5% — 0,7 %;
- netydne — 10 % — 50 %;
- 30MbHOCTL — 10 % — 30 % Y (cyxoit Macchl);
- BnaxHocTb — 5 % — 15 % (npupogHon pabo4ven macchl);
- RO,™? — 18,0 % — 19,3 %;
6) TennoTa cropaHus Q% — 31-35 MOx/kr ¥;
B) )XaponpoussoamTenbHocTb " — 2200 °C;
r) TeopeTU4eCcKUn pacxoq Bosgyxa Ha 1 kry. 1. — 7,63 HMS;
A) BbIX04 NPOAYKTOB ropeHust Ha 1 kry. 1. — 7,92 HMS;
€) HWKHUI KOHLIEHTPAaLMOHHbIW npeaesn BocniaMeHeHNs YyrofibHOW nbinv — 114 v

X) TemnepaTypa BocnnameHeHus — 470 °C.
2.5.1.2 XXupgkoe TonnnmeBo

B kayecTBe XuaKoro Tonnvea Ans BpalaloLMXcs neyer MoxeT NPUMEHSTLCA B OC-
HOBHOM TOMOYHbIM Ma3yT mapok 40 n 100.
a) cocTas:
- yrnepog — 86,1 % — 86,3 %;
- Bogopog — 9,6 % — 10,7 %;

D Mpy ncnonb3oBaHUKU CriaHLEB 30MbHOCTb TonnuBa MoxeT gocturatb U 50 %. MNpun 3TOM ChbI-
pbeBas LWMXTa KOPPEKTUPYETCA C MONPABKOM Ha NpMUcaky 30-bl.

2 RO, = CO, + SO, B CyXux NPoAyKTax CropaHusi Npu TeopeTUYEcKkoM pacxode Bo3ayxa Ha
ropeHue.

® B cucteme CU TennoBoit eanHuLeit sBnsieTcs axoynb. OAHAKo Ha NpaKTUKe LUMPOKOe pac-
NPOCTPaHEHNE UMEKT efuHuLUbl «Kan» W «KyT» (Kurnorpamm ycnoBHoro tonnvea). COOTHOLUEeHue

mMexagy HuMm — 1 kry. T. = 7000 kkan = 29,31 MIx; 1 kkan = 4,19 k[x.
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-cepa— 0,5 % — 3,5 %;
- BrlaxXHocTb — 0 % — 2 %;
- RO, = 15,9 % — 16,2 %;
0) TennoTta cropaHus QL = 38,3-40,3 MIx/kr;
B) XXaponpoun3BoauTensHocTb t" = 2240 °C;
r) TeOpeTUYECKUn pacxod Bosayxa Ha 1 kry. T. — 7,63 HMS;
[) BbIX04 NPOAYKTOB ropeHns Ha 1 kry. 7. — 8,17 HMS;
e) Temnepartypa 3actbiBaHus — M 40 < +10 °C, M 100 < +25 °C;
X) TemnepaTtypa Bcnbiwkn — M 40 > 90 °C, M 100 > 110 °C.
B nocnegHve rogbl u3-3a BbICOKOW CTOMMOCTM MasyT MPaKTUYECKU He MPUMEHSAIT B
LEeMEHTHOWN NpOoMbILNEeHHOCTN Poccum, noaTomy cnocobbl ero NogroTOBKM M CXUraHWS B Le-

MEHTHOW neYyun paccmaTpmuBaTbCs He ByayT.
2.5.1.3 Na3oobpa3Hoe ToNNMBO

B HacToswee Bpemsa Hambornee pacnpoCTpaHEHHbIM TOMSIMBOM B LIEMEHTHOW MNpo-
MbILLSIEHHOCTN Poccumn aBNsieTcsa NpUpoAHbIN ras, KOTopbii B OCHOBHOM COCTOUT M3 MeTaHa
N HE3HAYUTENBHOIO KONIMYECTBA BbICOKOMOSEKYSPHbLIX YrNeBOAOPOA0B.

XapaKTepucTtuka NnpupoaHoro rasa:

a) cocTas:

- CHy; — 81,7 % — 98,7 %j;
-CpHm — 1,2 % — 9,5 %;
-C0O,—0,1% — 0,4 %;

-N, — 0,5 % — 8,5 %;

- RO,™ — 11,6 % — 12,0 %;

0) TennoTa cropaHus:

- Q). — 36-38 MOw/HM®;
- Q. — 33-36 MOx/cT. m® Y;

Y C1.m® (cTangapTHbIil M%) — obbeMm rasa npu gasneHun 760 Mm pT. cT. 1 20 °C, NnpuMeHsIoT

npy KOMMeEpYecKNx pacuetax B Poccuiickoit ®egepaumm (1 ct. m® = 0,932 Hm®; 1 um® = 1,073 1. M).
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B) )kaponpoussoauTenbHocTb " — 2040 °C;
r) TeopeTudeckn pacxop sosgyxa Ha L kry. 1. — 7,77 HM?,;

A) BbIX04 NPOAYKTOB ropeHns Ha 1 kry. 7. — 8,68 HM®.
2.5.2 CknagupoBaHue u besonacHoe xXxpaHeHue yrnsa

Mnowaakm ansg cknagupoBaHWs Yrns AOMKHbI OblTb CNfiaHMpoOBaHbl Tak, YTOObl UC-
KNOYMTb MX 3aTOMNNEHNE NaBOAKOBBLIMWN NN TPYHTOBLIMU BOAAMM.

3anpeluaeTcs:

- cKnagupoBaTb Yrosb cBexen Aobblun Ha cTapble oTBasbl yrng, nponexasLwine 6onee
O[HOro Mecsua;

- NPUHUMATBL Ha CKNadbl Yrofb C BHO BbIpa)XX€HHbIMW O4aramu CaMOBO3ropaHus;

- NepemMeLLaTb ropsiwmim yronb TPaHCNOPTEPHBIMU NIEHTAaMKU N OTIPYXaTb UX B Xenes-
HOOOPOXHbIN TpaHCNOPT Unn ByHkepa;

- pacnonaraTb wTabenn yrns Hag UCTOYHMKaMKM Tenna (naponpoBogamu, Tpybonpo-
BOJAaMW ropsa4yen BoAbl, KaHanamu HarpeToro Bosgyxa M T. n.), a Takke Hag NPOOXEeHHbIMU
anekTpokabenamu n HedpTenpoBogamu;

- NpeayCcMOTpeTb CTaHLMIO MHEPTU3ALUUKN C XUAKUM nnu razoobpasHeim CO,.

HeoTbemnemon COCTaBHOM YacTbl YrofnbHOro OTAENEeHUs ABMSeTCH UeHTparnbHas
cucTeMa nblfieoTcoca, KoTopasa gormkHa obecneynTb NOSTHOEe OTCYTCTBME UM Hanuyne mu-
HUManbHOro Mo TOSWMHE CNOoS MbIfIM Ha Nonax 1 NOBEPXHOCTSX arperaTtoB. B Takom cny4yae
NCKNIOYaeTCAa BO3MOXHOCTb BO3HWKHOBEHWS B3PbIBOOMACHOW aTtMocdepbl B pesynbrate
NOAHATMS NbINN UM BO3rOpaHUs CNos OCEBLUEN MNbIfN.

Cknagckom cunoc paccymTaH Ha CTOMKOCTb K JaBfeHWUt0 B3pbIBHOM BOSHbI 2 6ap (U3-
OblITO4HOMY). Ha KpbiLLKe yCTaHOBIEH B3PbIBHOM KranaH Ans 0TBO4A B3PbIBHOW BOSIHbI U (ba-
Kena Ha criydan B3pbiBa, (UIIbTP OYUCTKM BO3AyXa, YPOBHEMEPbLI U TEPMOMETP. YHOC U3
dunbTpa coctaBnsieT He 6onee 10 mr/Hm® [32].

B Poccun gns xpaHeHus yrna npumeHsaoTcs Kpbitble (OAO «AHrapckuemeHT», OO0
«KpacHosipckui uemeHT» n gpyrme 3asogbl) U oTkpbIThin (OAO «CnacckueMeHT») cknagpbl ©

MOCTOBbIMU rperndepHbIMU KpaHaMW.
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2.5.3 NMogroTroBKa TBEpAOro Tonsnmea
2.5.3.1 Tpeb6oBaHusA K POPCYHOYHOMY TONSIUBY

B kauecTBe TBepgoro Ttonnvea B LEMEHTHOM Npou3BoacTBe Poccun npuMeHST Ka-
MEHHbIA Yronb, KOTOPbIN Of19 CKUraHua B neyn Heobxogumo noasepratb onpegeneHHoun
noaroToBKe.

Bo Bpawatouienca neyn nponsBoaaT akenbHOe CKUraHue yrrs, KoTopbin npegsapu-
TenbHO NogBepratT CyLike U MOMOoMy A0 NOPOLLIKOOBPa3HOro COCTOSHUS.

TpeboBaHust K POPCYHOYHOMY TOMNSIMBY:

- TENnoTa cropaHnsa H13Lasa — QE 2 21 MOx/kr;

- 3onbHOCTb — A% <30 % Y;

- BnaxHocTb — W® ~1 % — 2 %;

- ocTaTok Ha cute Ne 02 — Rop~1,5 % — 2,0 %; Ne 008 — Rogg~10 % — 15 % 2.
2.5.3.2 CxeMbl NoAroToBKM (popCyHOYHOro TonnmBa

MoaroToBka TOMNMBa CBOAMUTCS K CyLUKe W nomony yrns. [Npu 3TOM NpuMMeHsIoT Tpwu
NPUHUMNNANBLHO Pa3fNYHbIE CXEMbI:

- 0GbeaAnHEHHas C NeYbld CUCTEMA, KOraa BECb CYLUMMbHBIA areHT HanpasnsieTcsl B
neyb B KayecTBe MEepPBMYHOIO BO3dyXa AN TPaHCMOPTMPOBAHMS YroflbHOro MOpoLLKa

(cMm. pucyHok 2.24);

CyLu.areHT+yrons &
W=1%
S;Ir/omg(y @ NWAEAAR ALN ByHkep  Meuyb
<o% \{\)\J“ .................. i <70°C -
CyLUVlanbM\‘ .............. | Bemmnmop@f -
o < 300 | Menshna |3 Mumatens| | MSpm.soaayxryrons

PucyHok 2.24 — O6beanHeHHas ¢ neybto cuctema NoAroTOBKM Yriis

D Mpy ncnonb3oBaHUKU CriaHLEB 30MbHOCTb TomnnmMea MoxeT gocturatb U 50 %. MNpun 3TOM ChbI-
pbeBas LWMXTa KOPPEKTUPYETCA C MONPABKOM Ha NpMcaky 30-bl.

2) TOHKOCTb MOMONA YrOMbHON LUMXThI 3aBUCUT OT COIEPXKaHNSA B Hell NeTyumnx BeLLecTs.
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- pa3beanHEHHad CXeMa, Korga npuMmeHaeTcd nHaunsuayaribHad, He3aBucmmasa oT rne-

Y CYLUMIIBHO-MOMOJIbHas cucTema (CM. pUCYHOK 2.25);

ByHkep 1 Meus

............... S 700C "”.:..Q)aKen
CyWwmnbHbIn [HeBMO- Bosayx @ }—-—f
Bosgyx+yronb

aren 300, S00CMCTOHMELY oy BT

PI/IcyHOK 2.25 — PasbeanHeHHas ¢ neybto cMctemMa noaroToBKM yrna

- CUctemMa npamoro sayBaHmA yroribHOro nopoLuka m3 33p06VIJ'IbHOI7I MellbHUUbI B MNMeYb

(CM. pucyHoK 2.26).

ByHkep W< 8%| |
[losatop yrnams Cenaparop

'4' o
....................... b

CyLMAbHBIA
areHT ~ 300°C

' A3apobunbHas

MEbHILA BeHTunaTop

[epB.BO3AYX+Yrosb
PucyHok 2.26 — CucTema npsMoro BAyBaHWUsS YromnbHOTO NopoLLKa B nevs”

OcobeHHOCTM paboTbl KaXXO0M CXeMbl NPUBEAEHbI HUXKE.

O6beagnHeHHas ¢ NeYbr cucTemMa (CM. PUCYHOK 2.24).

MpenmyLLecTBO:

- OTCYTCTBME BbIBpOCa YronibHOM NbiNn 1 ra3oB B atMocdepy, crneaoBaTternbHO, cxema
bonee akonornyHa.

HepocTtaTku:

- 6onbion obvem (o 30 %) XONOAHOro NEPBUYHOrO BO34yXa B3aMEH ropsvero BTO-
PUYHOrO, YTO NPMBOAUT K Nepepacxoy TOnnmea;

- OrpaHnyeHa BraXXHOCTb ncxogHoro yrnsa (4o 8 %);

Y LiseTom Ha pucyHkax 2.25 1 2.26 nokasaHo BHOBb YCTaHaBNMBaeMoe 060pyoBaHMe.
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- 3aBMCUMOCTb 0O6beMa NepBUYHOIO BO3dyxa OT Heobxoaumoro obbema CyLumnbHOro
areHTa, T. €. paboTbl NeYn OT CUCTEMbI YINENOLATOTOBKMW.

Pa3zbeguHeHHas cxema (CM. pUCYHOK 2.25) BO3HMKNA MMEHHO B CBSA3N C Heobxoam-
MOCTbIO YCTPaHEHUs 3TUX HeJOoCTaTKOB. OTO CTanio OCOBEHHO akTyanbHO C MOsIBIIEHUEM
POPCYHOK, NO3BOMSAOLMX CKUraTb YroribHoe TONAMBO € Hebonbwnm (4o 7 %) KONMYeCcTBOM
NepPBMYHOro BO34yxa U CMeCcK pasnuyHbIX TONMB, B TOM YMCIEe U TEXHOTEHHbIX MaTepunasnos.

MpenmyliecTsa:

- BO3MOXHOCTb HE3aBMCUMO perynupoBaTth NpoLEeCcC CKUraHus Tonnmea 1 NOArOoTOBKU
YronbHOro NOpOLLKa;

- MPUMEHEHNE TOPSIYEro BTOPMYHOIO BO34yXa BMECTO XOSIO4HOMO MEPBUYHOMO, YTO
NPUBOAMUT K SKOHOMMWM TONSNBA;

- BO3MOXHOCTb NMpuMMeHeHus b6ornee coBpeMeHHbIX POPCYHOK, NO3BOMSIOLWNX CKUraTb
roptoyme oTxoabl.

HepocTtaTok:

- HeobxoQMMO [onoNHUTENbHOE OBOpyAOBaHME AN OYMCTKM rasoB M TpaHcrnopTta
YronbHOro NopoLLKa B Neyb.

Cuctema npsamoro BayBaHUsA (CM. PUCYHOK 2.26) yrorisHOro nopotlka u3 MenbHuLbI
B NeYb UMeeT npefesibHO Manoe KonmyecTBo obopyaoBaHus. Takasi cxema ocobeHHo ad-
PeKTUBHA NPU CYLLKE YISl HEBbICOKOMW BIIAXXHOCTMW.

MpeumyLiecTtBa:

- OTCYTCTBME BbIOpPOCa YronbHOW MblfiM ra3oB B aTMocdepy, criegoBaTernbHO, cxema
Bonee 9KOMNOrNYHa;

- KOMMAKTHOCTb, Manoe Konm4ecTBo 060pyaoBaHUS;

- MOHWXXEHHbIN pacxo dNeKTPoaHepruu;

- HU3KME KanuTanbHble 3aTparThbl.

HepocTtaTku:

- NOBbILLIEHHbIN 06BEM XONOAHOro NEPBUYHOIO BO34YyXa;

- OrpaHuyeHa BIiaXHOCTb ncxogHoro yrnsa (oo 8 %);

- 3aBUCMMOCTb paboTbl NeYn OT CUCTEMBI YIIIENOAroTOBKN.
2.5.4 Cuctema nogaum razaoob6pasHoro Tonnmea B neyb

Ha pucyHke 2.27 npefcraBneHa cuctema nogayun ra3oobpasHoro Tonsvea B nevb.
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(IQEI

"‘11-‘

1 — noABWXXHbIN BHYTPEHHWUI BNOK ropenky; 2 — 3aBMKKa akCuarnbHOro Bo3ayxa;

3 — 3aaBWKKa 3aBUXPAEMOro Bo3ayxa; 4 — 3aABMKKa oxnaxkgarollero Bo3ayxa; 5 —
MaHOMETpP Ha KaHarne akcmarnbHOro Bo3ayxa; 6 — ropupoBaHHasi 4acTb
TpybonpoBoaa; 7 — NpuBOA 4SS NepeMeLLeHns BHyTPEHHero 6rioka Tpyo ¢ razoBou
ropernkon; 8 — BHeLWHASA Tpyba rasoBoro kaHana; 9 — BHYTPEHHsIs TpyOa ans nogayn
anbTepHaTUBHOIO TOMMMBA UM YCTAHOBKN Ma3yTHOW cbopcyHkKn; 10 — maHoMeTp Ans
onpeaeneHnst 4aBneHns rasa B ropenke; 11 — nogBuxHas kapeTtka; 12 — BEHTUNATOP
AN aBapUMHOro oxnaxaeHus ropenku; 13 — 3aaBukka Ha Tpybe aBapunHOro
Bo3gyxa; 14 — natpy6ok ¢ wmnbepom n pacxogomepom Bo3ayxa; 15 — BeHTUnATop

nepBUYHOro Bo3ayxa; 16 — Hanpaenswowme penbscbl; 17 — Bpalarwasacs nevb
PucyHok 2.27 — Cuctema nogadv razoobpasHoro Tonnvea B nevb

"a3o006pa3Hoe TONNMBO NOCTYNaeT Ha 3aBOA NOJ NOBbILWEHHbIM AaBneHueM. loatomy
A0 nogayu rasa B nedb He06Xo0ANMMO CHMU3UTL ero gaeneHne (M3bbiTouHoe) Ao 2—3 6ap u npu
OnacHOCTM B3pbliBa NpeaycMOTpPEeTb BO3MOXHOCTb BObICTPOM OTCeYkM rasa. [1ns atoro npmume-
HAT peayKTop M npeaoxpaHuTenbHbIA 3anopHbI KnanaH. Cuctema nogayvm rasoobpasHoro
TONNMBa BO BpaLLAloLLYOCSA MeYb COCTOUT M3 roperikv, BEHTUNSTopa NepBUYHOrO BO34yXa,
aBapuNHOIro BEHTUNATOPA OXnaxaaloLwero Bo3ayxa, nepeaBmKHON KapeTku, 3anopHoOn n pe-
rynupyroLlen pacxod rasa v Bosgyxa apmaTypbl U KOHTPOJIbHO-U3MEPUTENbHbBIX NPUBOopPOB.
[MepBUYHbIM BO34YyX OT OCHOBHOIO BEHTUNATOPA 3a4BMXKKaMM pasgensieTca Ha akcmarnbHbI K
BuxpeBon. OB NEPBMYHBLIN BO3AYLWHbBIA MOTOK 3aTeM UCTEKaeT M3 BO3AYLUHOro comnna.
BbIxogHOe ceyeHne MOXHO perynvpoBaTb NepeMeLleHMEM BHYTPEHHEW 4YacTu ropesiku, Ko-
TOPOE KOHTPOSIMPYETCS MO LUKane Ha COOTBETCTBYIOLLEN penke. (a3 nogaeTcsa Yepes LwnaHr
B COOTBETCTBYHLLMI KONbLEBOW KaHan ropenku 1. NonoxeHne HakoHEeYHUKa ropesikm B neyn
MOXHO perynmpoBaTh Kak B rOpM30OHTaNIbHOM, Tak U B BEPTUKANIbHOM HanpaBfieHWUW, a Takke

B OCeBOM HanpaBleHnn nytemMm nepemMeLlleHnd KapeTKn.
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2.6 N'openo4yHble yCTPOUCTBA ANA Bpallalowmxca nevyen

B Poccun gna obxura KIMHKepa B OCHOBHOM MNMPUMEHAIT rasoo6pasHoe TONNBO U,
cnepoBaTesibHO, UCMOJb3YKOT COOTBETCTBYIOLLUE TOPEJIKM OTEYECTBEHHOIO U 3apy6e>KHoro

NPOM3BOACTBA (CM. PUCYHKM 2.28—2.34).

BvHT ans nepemellenuns apocens

LLInGep CunboH [pocenb
P> Tonneo ras N
OXeKTpyeMblit Bo3ayx -

Tonnueo ras

Kopnyc 3asuxpsitolime nonartku

-
.....

P >
(L IEELL LRI SILIIIIIIIIIIIE - 2

— -

2
R v
- ,..:,.
s IS s
- — I P

I .
A

PucyHok 2.28 — Haunbonee pacnpoctpaHeHHble rasoBble ropenku MNAL v OBI,

npuMeHdaeMble B Poccumn

MpuHUMN nx paboTbl U NapameTpbl, NPUBEOEHHbIE Ha PUCYHKaX, CBUOETENbCTBYIOT,
4YTO CO BpEMEHeM rofioBHasi YacTb roperiok ocHallanacb perynmpyowmumMm anemMeHTaMmu, Ko-
TOpble MO3BOMSAT U3MEHSTbL CKOPOCTb BblfieTa TOMMAMBa U3 conmna ropernok n obecneynts 3a-
BMXpPEHUe rasoBon cTpyn. Hanbonee acbdpeKkTMBHbI Crieyolme ropenkn: ra3oBas MHXeKUn-
oHHas auddysmoHHas (MO) n guddysnoHHasn Buxpesas ropesnka (OBIN). 31o obycnosneHo
TeM, YTO JaHHble ropernku CXKuUralT razoobpasHoe TOMMMBO C MUHUMAarbHBIM KONIMYECTBOM
(8o 2 %) vnnn 6e3 nepBMYHOro XonoaHoro Bosayxa. Benenctene atoro ysennumeaeTtcs Aong
ropsiyero BTOPMYHOro BO34yxa, YTO MPUBOAUT K 9KOHOMUM Tonnmea. Kpome Toro, cHuxkaeTcs
pacxoq 9neKkTpo3Heprum Ha paboTy BEHTUNATOPOB MEPBUYHOrO BO3Adyxa. Hanmpumep, Ha

MAO «KpamaTopckuin LieMeHTHbIN 3aBog — [lywkay» (YKpavHa), npu 3amMeHe ropenok YHu-
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Tepm Ha ropenku OBl 6binn cHuxeHbl pacxog Tonnmea Ha 10 % W 3anNekTposHeprun Ha
4 kBT-4/T KNMHKepa.

Bce ropenku nmerT WMPOKUI AnanasoH perynnmpoBaHus npouecca ropeHus Tonnmea
N ONuHbl bakena.

Mpenmywectea ropenok N4 v OBl [33], [34]:

- NPOCTOTa KOHCTPYKLMUN;

- OTCYTCTBME UMW HanuM4ue nepBMYHOro Bosayxa (4o 2 %);

- BO3MOXHOCTb perynupoBaHus opmMbl 1 TemnepaTtypbl dpakena nameHeHnemM cKopo-
CTM BblfleTa rasa u 3aBUXpeHneM rasoBoro noTtoka.

HepocTtaTku:

- NPUMEHNMbI TONBKO ANdA ra3oobpasHoro Tonnmea;

- OTCYTCTBME 3aLUUTHOWN TEMNOU30NSALNN;

- He NpMcnocobrieHbl A4S CKUraHus anbTepHaATUBHOIO TONNBA.

MpenmyLiecTBa 3apybexxHbIX rOpesiok:

- BO3MOXHOCTb NPUMEHEHNSA pasfinyHbIX BUAOB TOMNNNBA,

- BO3MOXHOCTb CUraHUsa anbTepHaTUBHOMO TOMMMBA;

- HanNu4yve 3aWmnTHON TENNON30NALNN;

- BO3MOXHOCTb perynmpoBaHus hopMbl U TemnepaTypbl bakena nameHeHnemM CKopo-
CTV BblfieTa U 3aBUXPEHMEM TOMMNBHO-BO3AYLIHOMO NOTOKA.

HepocTtaTku:

- YCNOXHEHHasi MacCMBHasA KOHCTPYKLNS;

- HECKOJbKO 3aBbllUeH 06beM NepBMYHOro BO3ayXa.

3a pybexxoM npMMeHsIIoT NpenMyLLeCcTBEHHO YronbHble hopcyHkM. B Poccuio noctas-
NSAT MHOrOKaHarbHble (DOPCYHKM ANSA CKUraHUs yris, KOkca, Masyta U npupogHoro rasa u
MX CMecen, a Takke anbTepHaTMBHOro Tonnvea. [Openknm MHOrokaHanbHOro Tuna c pagu-
anbHbIM M akcuarnbHbIM ra3oM OCHalleHbl ABYMsI TUnaMmn OOPCYHOK: Af1s1 OCEBOM Nofayu ra-
3a (akcmanbHbIA ra3) U ons TaHreHuuanbHOM nogayun rasa (paguanbHbin ras). YnpasneHue
dopmon pakena ocyLlecTBrAsSeTCs NyTeM peryrimpoBaHUs COOTHOLUEHUS mexay nopadven

pagunanbHOro 1 akcuarnbHOro rasa (CM. pUCyHOK 2.29).
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Mas
PaAvanbHbIi BropuuHbIii BO3ayX
N Bosayx

10...20 a/c oxna>§u,a foLLWiA
‘/

a3 :’2"5"0:.; :
akcuanbHbIA 7~

3ananbHbin
KaHan

2 - akcnanbHble POPCYHKU
3 - paagunanbHble POPCYHKN
~300 /e 900-1000°C.
Ve 300%

O 00°C

<22 wlc '3;1"(')/'M/c v=10ms

~160 M/i '

Recirculation. - PeLjukn

~N OO0 bW N

1 — BTOPUWYHBIN BO3ayX ~93 %; 2 — oxnaxgatowmmn so3gyx ~1 %; 3 — akcnanbHbin
BO3ayx ~1,6 %; 4 — TpaHCNOPTUPYIOLWLMI BO3AYX AN YrOnbHOW Mbinn ~2 %; 5 —

3aBuxpsoLwmn Bo3ayx ~2,4 %; 6 — MasyTHas ropernka; 7 — 3ananbHag ropernka

PucyHok 2.29 — lNopernka Pyro-Jet anga cxuraHma cmecu yrna n masyta gompmel KHD
Humboldt Wedag

Mopenka Duoflex (cm. pucyHok 2.30) MmeeT pasnuyHble cnocobbl perynupoBaHus
nnameHun, MoxeT obecneunTb cnegyowme opMbl hakena: KOPOTKUN MU ANMUHHBIN, OCTPbLIN
NN MATKUIA, LUMPOKUIA UIN Y3KUN — U BCE MPOMEXYTOYHbIE KOMBUHaLMK, Heobxogumble aAns

obecneyveHus paunoHaribHOro CXXmuraHm4a Tonimnea.
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Boaayx:
AKCHATTEHDIV e &
3aBUXpUTENSs
oxnaxaexus

a3 (Tonnuso)
> [a30Bble conna

Konbueson
kaHan
OXNaxaaroLLero
BO3ayxa

Tennousonsayms

lonatku 3aBuxputens Bo3ayxa KaHAT
NEepBUYHOO
Bosayx: BO3Ayxa
aKcuanbHblit
3aBuxpuTens
oxnaxaeHus

[a3 (Tonnveo)

3arnywwka
LieHTpanbHoN
Tpy6bI

3ananHuk

PucyHok 2.30 — YcTporicteo 1 npuHuun paboTsl ropenku Duoflex dpmpmbl FLSmidth

MNopenkun dompm KHD Humboldt Wedag n FLSmidth, akcnnyatupyemble Ha 3aBogax
3A0 «CtpoutenbHble matepunanbi», NAO «MopgoBuemeHT», BopoHexckom dunnane AO
«EBPOUEMEHT rpyn», OAO «HoBopocuemeHT» (u/3 «llepBomarickuin») n ap. (pucyH-
kn 2.29 n 2.30), TpebyoT He Bonee 7 % nepBUYHOrOo Bo3gyxa U obecneynmBaloT CHMXKEHME
ob6bema OTXOAsLMX ra3oB U pacxoda Tonnmea.

openka Unitherm (cm. pucyHok 2.31) npegHasHayeHa ans CKuraHnsa TBepaoro, raso-

o6pa3Horo TOMNMBAa, a Takke anbTepHaTUBHbIX BUOOB TOMINBA.
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MepBUYHbIA BO3AYX

BropuyHoe TONNuUBO

OtpaboTtaHHoe
macno unu

3ananbHUK

PucyHok 2.31 — MHorokaHanbHasg ropenka Unitherm komnanun Cemcon

OcobeHHOCTb KOHCTpyKUuMn ropernku Unitherm sBnsieTca HanuMyme cuctembl rMBKnx
LUSIAaHrOB, BCTPOEHHbIX B KaHamn NepBUYHOro BO3ayxa, AN HacTporkn opMbl hakena nytem

perynmpoBaHunda cteneHn 3akKpyTkn BCEero noTtoka nepBMYHOro Bo3gyxa (CM. PNUCYHOK 2.32).

PucyHok 2.32 — Cuctema rmbKux LMaHros noaayun nepsrMYHOro Bo3ayxa,

obecneynBaloLWnX pasnnYHyo ANMHY 1 hopmy dakena

lopenka Unitherm obecneuvBaeT cxuraHve Tonnmea Npyv MUHUMANbHOM KONU4YecTBe
nepsuyHoro Bo3gyxa — 5 % — 8 %, a Takke cHwxeHue KoHueHTpauum NOy, Bcrnegcresue
pPa3BMUTON 30Hbl PELMPKYNSALUN BHYTPU MramMmeHn u BbICTporo BocnnaMmeHeHus Tonnvea ne-

pen confiom ropersiku.
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HaHHas ropenka ncnonb3yetca Ha OAO «CnaHueBCKuA LieMeHTHbIM 3aBog «Llecnay.
B kayecTBe OCHOBHOro BMAa TOMNMMBA MUCMOMb3YETCs Yrosib, B Ka4yeCTBe anbTepHaTUBHOMO —
TBepAble ObITOBbIE OTXOAbI.

Ha 3A0 «JluneukuemeHT», paboTaroLiem Ha rasoobpasHoM ToNnuee, ra3 Ha ropeHue
nopaeTcs Yyepes cuctemy rmbkMx LUMAHroB, a BO34yX, OXNaXJatLwmin KOXyX ropesnku, nocrty-
naeT B NeYb B Ka4ecTBe NepBUYHOrO.

MHorokaHansHas ropenka Flexiflame komnaHum GRECO (cm. pucyHok 2.33) no3Bons-
eT cxuraTb HePTAHOW KOKC/yronb, TBepAble BbiToBble 0TxoAbl, oTxoabl 'CM, npupoaHbIn ras

Ansi pa3orpeBa 1 4YacTUYHO — B Ka4yecTBe pe3epBHOro TONnmnBea.

BHewHwnn kaHan gnsa Bosgyxa
TaHreHumanbHbl BO34yX

Yronb / HeTAHON KOKC
MpupoaHbIn ras

TBepaoe anstepHaTMBHOE TONSIMBO
Boagyx

[leTekTop nnameHu

" Kngkoe Tonnueo

PucyHok 2.33 — MHorokaHarnbHas ropenka Flexiflame komnaHnm GRECO

Mpenmywiectsa ropenku Flexiflame:

- BO3MOXHOCTb OAHOBPEMEHHOIO WUCMOMb30BaHMUS Pa3fiMyHbIX BMAOB NPUPOLHOIO U
anbTepHaTUBHOIO ToNNMBa (TBEPAOro, XKUAKOro 1 ra3oobpasHoro);

- HM3koe BblaeneHne NOyx NpyM Manom pacxoge NepBUYHOro BO3AyXa, HO MpuW NOBbI-
LLIEHHOW CKOPOCTW CropaHus mMartepuarna B roperke, 4to obecneynmBaeTca ABYMsl KaHanamm
NepBUYHOro BO3ayXa;

- OTCYTCTBUE ABWXYLLMXCH YacTen — perynupoBka oopMbl (pakena ocyLecTBnaeTcs
C NMOMOLLIbIO BO3AYLIHbIX BEHTUMEN, YCTAHOBIEHHbIX Ha BHYTPEHHUX NMHUAX Nodavv nepBuy-
HOro Bo3gyxa.

MHorokaHanbHas ropesnka Pillard NovaFlam (cm. pucyHok 2.34) no3BonsieT UCnosib3o-
BaTb Camble pasHble BUAbl TONMMBA, B TOM YMChe anbTepHaTuBHble (nnactmacca, TEO, 6uo-

TOMNNIMBO U T. D..), npu CoxpaHeHnn BbICOKOIo ypoOBHA Ka4deCTBa KIMMHKepa. FopenKM NPOCTbI B
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aKcnnyaTauun, OTINYAKTCHA XOPOLUEW BOCNPOU3BOAUMOCTbIO POpMbl NnameHun. [pocTton
NPVHUMN perynmpoBkn dpakena no3BofisieT oNnTMMM3MpoBaTh NflaMs B NeYM U CHU3UTb IKC-
nnyaTaunoHHble pucku. ogada nepBMYHOro BO3dyxa OCYLLECTBSETCH Yepe3 OAMH KaHan
O[HMM BEHTUNATOpPOM, Bnarogapsa 4emy CHMXalTCa 3HepronoTpebneHve M pacxodbl Ha
TexobenyxmnsaHue.

OcobeHHOCTbIO KOHCTPYKUUK ropenok Pillard siBnseTca BO3MOXHOCTb paboTbl MX B
pasnNU4YHbIX pexumax: | — CKuraHne TonbKo razoobpasHoro Tonnmea; || — cxuraHme Tonbko
Xngkoro Tonnmea (masyta); lll — cxuraHme cmecu razoobpasHoOro U KUAKOro TOnnvBa B

pasnnyHbIX cooTHoweHusx ot 0 % ao 100 %.

CXNAANA NS BOIAYX m

1 — 3aBuXpuUTECh; 2 — KaHan BBoga Ma3yTHOW (POPCYHKU; 3 — KaHan 3aBUXPAEMOro
noToka rasa; 4 — KaHan akcmanbHOro NCTEeYeHNs rasa; 5 — KaHan oxnaxgatoLiero
BO34yxa; 6 — xapocTonkas usonaums; 7 — membpaHa; 8 — y3en perynmpoBaHuns

LLIenn akcuanbHOro KaHana; 9 — y3en perynupoBaHus MoNoXeHUs 3aBUXpuTens
PucyHok 2.34— MHorokaHanbHas ropenka Pillard NovaFlam

openku cmpmbl Pillard ncnonb3yloT gBa TEXHUMYECKUX pelleHust AN YMEHbLUEHUS
NOy: BHYTPEHHIO PELMPKYNSaUMIO AbIMOBbLIX ra3oB Grnarogaps MHXeKTopam, UCNONb3YyHLWMM
SHEpPru CTpPym NPUpOAHOro rasa, n pasgpobneHune obuiero dakena B LeHTpanbHYy0 YacTb U
OCHOBHYI0 YacCTb, pacrnpeaeneHHyo no BHELWHEMY nepumeTpy ropenku. MNpu atom 6e3 BHeL-
Heu peuunpkynaumMm abiMoBbiX ra3oB ypoBeHb NOy coctaBnsieT ot 105 go 115 Mr/HMS. Mpu
cnaboi BHeLUHel peLMpKynsLun AbIMOBbIX ra3oB ypoBeHb NO, cTaHOBUTCSt 54—79 Mr/HM®,

YTO HAMHOIo HMxe rapaHTleyeM0|7| BEJNMMYUHBbI.
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HaHHble ropenkn akcnnyaTtupytoTcs Ha MNAO «MopgosuemeHT» n OO0 «CeHrenees-

CKWU LLleMEHTHbIN 3aBOa».

2.7 Acnonb3oBaHune oTxonoB

2.7.1 Obwume acnekTbl

PasnuyHble TUNbl OTXOA0B MOrYT 3aMeEHSTb NPUPOAHbIE CbipbeBbIE MaTepuanbl U Uc-
Kornaemoe TOMfMBO B NPOM3BOACTBE LieMeHTa n 6yayt cnocobcTBoBaTb, C OAHOW CTOPOHBI,
COXPaHEHUIO MPUPOAHBIX UCTOYHMKOB, @ C APYro — CHWKEHUIO MaTepuaro- u 3HeprosatpaTr
[35]-[41]. Hanbonee BakHble nokasaTenu npouecca Ans UCNonb3oBaHus (YyTuUnmMsaumm) oT-
X040B MOryT ObITb 0606LLEHbI criegyowmm obpasom:

- MakcumarnbHble TemnepaTypbl — npubnuantensHo 2000 °C (ocHoBHasa ropersika,
TemnepaTtypa nnamMmeHn) Bo BpaLLaloLWmMxca nevax;

- Bpemsi npebbiBaHnA rasos npu temnepatype okono 1200 °C Bo BpaluaroLllencs ne-
Yyax — He MmeHee 8 c;

- Temnepartypa matepuana — okono 1450 °C B 30He cnekaHus BpallatoLencs neyu;

- OKMCNUTEenbHas razoBas atMocdepa BO BpallatoLLencs neyu;

- Bpemsi npebbiBaHMsl ra3oB BO BTOPMYHOM OOXuroBon cucteme — 6onee 2 ¢ npwu
TemnepaTtype Bbiwe 850 °C; B aekapboHm3aTtope Bpems npebbiBaHUSA ra3oB ewe donblue u
Temnepatypa BblLUE;

- noctosiHHast TemnepaTypa 850 °C BO BTOPMYHOM OBXUroBon cucteme mnu gekapbo-
HM3aTope;

- NOCTOSIHCTBO YCITIOBMIA CXWUraHUs M OTCYTCTBME KonebaHun BCNeaCcTBME BbICOKOM
TemnepaTtypbl U AOCTATOYHO ANUTENBHOIrO BPEMEHN NpebbiBaHUS;

- pasnoXeHne opraHNYecKnx 3arpsasHUTENen Nog BO3AENCTBMEM BbICOKOW TemnepaTy-
pbl ¥ ANUTENBHOrO BpeMeHn npebbiBaHus;

- agcopbums ra3oBbiXx KOMMOHEHTOB, Takmx kak HF, HCI, SO,, Ha weno4vHbIX peareH-
Tax;

- BbICOKasi EMKOCTb CBSA3bIBaHWUSA TsHKENbIX MeTanmnos;

- KOpOTKOe BpeMsi NpebbiBaHNSA OTXOAALLMX ra30B B TEMNepaTypHOM MHTepBarne, crno-

COOCTBYIOLLEM CUHTE3Y NONMUXIIOPUMPOBAHHbIX ANGEH30AMOKCUHOB 1 hypaHOB;
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- MONHasa yTunusauus TOMMMBHOWM 305bl B COCTaBe KMMHKepa W, crieqoBaTernbHO, Mo-
BTOPHOE 1CMNONb30BaHNe MaTepuara B Ka4eCTBE CbipbeBOro KOMMNOHEHTa M JOMNONHUTENbHas
39KOHOMUS IHEPIUN;

- XMUKO-MUHEpariormyeckoe CBsi3blBaHME TSXKENbIX METanNNoB B KIMHKEPHYID MaTpu-
uy,

- BBEleHHblE OTXOAbl MOSHOCTBIO CBSI3bIBAOTCS B MUHeEparnbl NopTnaHALeMEHTHOro
KMWHKepa; Npu MOBbILEHMN KOHLEHTpauun HexenaTenbHblX 3areMeHToB 6ainacHas nbifb
yaansieTcsl U3 CUCTEMBI.

MocKkonbKy B KQYeCTBE CbIPbEBLIX MaTtepuanoB v (UNu) TonNnmMBa MOryT NPUMEHSTLCS
pasnuyHble TUMbl OTXOA0B, TO Nepen NPUHATUEM PeLleHUst 06 UX NPUMEHEHUM OOIKHBI OblTb
pPacCMOTPEHbI OCHOBHbIE NMPUHLMMbLI UX UCMONb30BaHMS, Takne Kak npeaBapuTenbHas copTu-
poBKa M aHanuM3 TEeXHOMNOrMYECKUX MPOLECCOB MO UX MoArotoBke. YToObl COXpaHUTb CTaH-
[apTHOE Ka4yecTBO KMMHKepa, AOSKHbl OblTb NPOBEAEHbI NpeaBapuTerbHbIE UCCHenoBaHMs
Mo BMNUSIHNIO OTXOZOB Ha MpoLecchl KNnMHKepoobpasoBaHus, MOCKOSbKY 3051a, obpasytoLuiasics
NpU CXKUraHMM TONNMBA, NOMHOCTBLIO BCTPAMBAETCS B KIMHKEPHYO MaTpuLy U U3MeHsieT da-
30BbIl cocTaB KnunHkepa. OKoHYaTenbHOE peLleHne O TOM, Kakol TUM OTX040B OyAeT NpUHAT
K MCMOSIb30BaHNIO Ha KOHKPETHOM 3aBOAE, HEe MOXET OblTb OAHOTUMHBIM.

PaccmoTpeHne 1 NpuHATME peLleHns OOIMKHO ObiTb OCHOBAHO Ha npolecce npous-
BOACTBA KINNHKEpa, pexnMmax obxura, CocTaBe CblipbeBbIX MaTepuarnos 1 Tonnmea, cnocobax
nogayn oTXoO0B B MPOM3BOACTBO, NMPUMEHSEMON TEXHONMOMMN OYUCTKU OTXOASLUMX rasos,
[laHHbIX Mo Npobnemam MeHePKMeHTa OTXOA0B.

Kak npaBuno, Ans oTxodoB, NPUHATLIX B KAa4YecTBe TOnnmuBa U (UNn) CbipbeBLIX MaTe-
pvuanoB AN LEMEHTHOW Neyn, HeoBXOAMMO YyYMTbiBaTb KarnoOpUMHOCTb OTXOAOB M KONnYe-
CTBO MMHeparnbHON YyacTn B oTxodax. Kpome Toro, A0mkHbl y4MTbIBaTbCS 0ObEMbI U KaTero-
pVUM OTXOAOB, @ Takke UX PU3NYECKUA U XMMUYECKUA COCTaB, XapaKTePUCTUKN U 3arpsisHs-
lowmne npumecu. TonnMBHbIE OTXOAbl, UCMOMb3yeMble LIEMEHTHON NPOMBILLNEHHOCTbIO, SIB-
NAKTCS YacTbl, cneumanbHO O0TOOpaHHOM M3 0TXOA0B, KOTOpble OObIYHO MpeaBapuUTerbHO
nepepabaTbiBaloTCs, Hanpumep OpobaTcs, NepeMeLuMBaloTCcsl, U3MenbYyatoTCsl, TOMOreHn3u-
pylOTCS M NPUBOOSATCS B MaTepuarn COOTBETCTBYHOLIEro kavecTtBa. [loArotoBka OTXOAOB
00ObIYHO BbIMOSHSAETCS Ha crneuunarnbHbiX 3aBogax No npeaBapuTenbHON nepepaboTke OTXOo-

[10B.
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OTxoapbl, ucnonb3yemMble B KaydeCTBE CblpbEBbLIX MaTepuanoB, O0OblMHO MopalTCsa B
neyb B TOM XXe MecTe, rae nponsBoanTCcs nogadva oOblYHbIX CbipbEBLIX MaTepuanos, Hanpu-
Mep No MecCTy NoJayu CbipbeBON CMECMH.

Kak onucaHo B pasgenax 2.5-2.6, Ans Beoga TonfvMBa B LLEMEHTHYO Nedb MOryT ObiTb
NCNOMb30BaHbl Pa3fnNYHbIE TOYKM MUTAHUA. DTN TOYKN TaKke MOryT BbITb MCNOSb30BaHbI AN
nogayv TOMMMBHbLIX O0TX0AoB. CrneayeT OTMETUTb, YTO CNOocob MUTaHUA Neyn TOMnMBOM SiB-
nseTcsa odeHb BaXkKHbIM, MOCKOSIbKY OH MOXET OKas3aTb BnvsiHMe Ha Bblbpockl. [pun nogade
TOMNSIMBA Yepes rMaBHYI ropernky npu NpoxoXxgeHun yepes BbICOKOTEMMNepaTypPHYH 30HY ne-
YN NpoUCXoauT pasnoxeHne otxoqoB. OTHOCUTENBHO OPYrMX TOYEK NO4aYN TOMSIMBA MOXHO
OTMETUTb, YTO B 3TUX Criydasix Temnepartypa n BpeMda npedbiBaHUS 3aBUCAT OT KOHCTPYKLUUM
neyn n ee aKcnnyatauuu.

OTxonbl, KOTOpPblE NOAAKTCA Yepes rnmaBHy ropersnky, 0yayT pasnaratbCs B NepBuY-
HOW 30HEe rOpeHuns NMpu BbiCOKOW TemnepaTtype, gocturaowen 2000 °C. OTxoabl, nogaBae-
Mble BO BTOPWYHYIKO FOpenky, nogorpesatenb wunu gekapboHusatop, OyayT cxuratbca npwu
HU3KOW TemnepaTtype, KoTopas He Bcerga ocTaTodHa Af1S pasrfoXeHus Xnopcoaepamx
opraHuyeckmnx BellecTs. JleTydne KOMMOHEHTbI B MaTepuarne, KOTopbli nogaeTcs B XOsoa-
HbI KOHEeL, Neyn UM OTAENbHbIM Yy4acTOK MeYun, MOryT yrneTydmBaTbCs. OTU KOMMOHEHTbI
He NPOXOoAAT Yepes3 NePBUYHYIO 30HY FOPEHUS U He MOryT ObiTb PasnoXeHbl UM CBA3aHbl B
LEeMEHTHbIN KnnHKep. Mo3ToMy MCnonib3oBaHWe OTXOLOB, coAepXaluux netyyve meTtansbl
(pTYyTb, TANNM) UNKM NETy4YNE OPraHNYECcKMe KOMMOHEHTbI, MOXET NPUBOAUTL K YBENNYEHUIO
BbIOPOCOB yKa3aHHbIX COEOMHEHUI, KOrAa UCNOMb3YOTCA HEMNpaBuiibHblE TOYKM BBOAA OTXO-
AoB. YTobbl nsbexatb yBenuyeHnsa BbIOPOCOB, TakMe OTXOAbl, CoAepKalime netyydve npu
HU3KOW TemnepaType KOMMOHEHTLI (Hanpumep, yrneBoaoponbl), AOSMKHbI NoAaBaTbCA B Bbl-
COKOTEMMNEPATYPHYIO 30HY Nneyu.

NHdopmaums 0 BO3OenNcTBUM OTXOL4OB Ha COCTOsIHME BbIOGPOCOB NpeacTaBrieHa noaB
pasgenax 3.3.1 n 3.4.1.

KoHTponb napameTpoB 1 BbIOGPOCOB Npu UCMONb30BaHMM OTXO40B B Ka4yecTBe TONNmBea

n (MnNu) cbipbeBbLIX MaTepunaros npeacTasrneH B 5.1 n 5.2.
2.7.2 Acnonb3oBaHWe OTXOA0B B Ka4yeCTBe CbipbeBbIX MaTepnanos

Xnmmnyeckasi NpurogHOCTb OTXOAOB KaK CbIPbEBbIX MaTepunarioB SIBASETCS BaXKHbIM
¢akToOpOM: OHWM OOMKHbI 0becneynBaTb TpebyeMbln XMMNYECKNA U (ha30BbIN COCTaB NPOun3-

BOOAMMOIO KITMHKepa. nepBI/I‘-IHbIMVI HEeob6XoaUMbIMN XMMUYECKUMN COEOMHEHNSIMUN ABNAOTCS
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MaTtepuansl, cogepxalime N3BecTb, KPeEMHUI, artoMUHNIA U Xeneso, a Takke cepy, LWenoym un
ApYyrne anemMeHTbl, KOTopble A0SMKHbI ObiTh KnaccuduLMpoBaHbl MO rpynnam B COOTBETCTBUM
C UX XMMUYECKUM cocTaBoM. [1pn MCNonb30BaHMM OTXOAOB OKCUAbI, COAEPXKALLMECH B HUX,
CBA3bIBAOTCA B Npouecce obxura B KMMHKEP, Kak U B crnyyae obxura CbipbeBbIX MaTepua-
nos. OHK cogepxaT, Kak 1 CbipbeBble Matepuarnsl, okengbl kanbumnsa (Ca0), kpemHusa (SiOy),
antomuHnsa (Al,O3) 1 xenesa (Fe;O3). 3ona anekTpocTaHumMi (3051a-yHOC), AOMEHHbIN U Opy-
rme wnaku, 6envToBbIV LWaM 1 apyrne matepuarbl MOrYT YaCcTUYHO 3aMEHSITb NPUPOAHbIE
CblpbeBble MaTepuansbl.

3ona-yHoC MOXeT NPUMEHATBLCH Kak CbIpbEBOM MaTepuan npu nony4YeHnn KnuHkepa (B
OCHOBHOM KaK KOMMOHEHT, coaepXaLlmi OKCUA aritoMUHUSA) U Kak gobaBka npu namesibMeHnn
npu npomnssoacTee uemeHTa. OHa MoXeT 3aMmeHATb A0 50 % nopTnaHAUEMEHTHOro KInuHKe-
pa. bonee Toro, coBpemMeHHble NOBOYHbIE NPOAYKTHI MPON3BOACTBA rMnca NpUrogHbl camm no
cebe ona Mcnonb3oBaHUA B KayecTBe CynbgaTHOro KoMnoHeHTa. B Tabnuue 2.6 nokasaHbl
OTXOAbl, MPUMEHSIEMbIE KaK CbIpb€BOW Matepuarn, pacnpegesieHHble No pasnnyHbiM rpynnam

B COOTBETCTBUAN C NX XUMNHECKNM COCTaBOM.

Tabnuua 2.6 — Cn1cok oTxoaos., KJ'IaCCI/ICbI/ILI,MpOBaHHbIX no nx XMmMn4eCkKkomMmy cocCTtaBy, KOTOpble

MOryT 6bITb UCMOBb30BaHbl B KAYECTBE ChIPbEBbLIX MaTEPMarnoB B LLeMeHTHbIX nevax (no [41])

pynna cbipbeBbIX MaTEPUAnNos OTxofbl, NPUMEHsieMble B Ka4eCTBe CblpbEBbIX MaTepuarnoB

Ca —rpynna lMpombiwneHHas n3BecTb (0TXOAbl N3BECTHSIKA)
M3BecTKOBbIN LWNam
Linam kapbuaa kanbums

OcafoK 0YUCTKM MUTLEBOW BOAbI

Si— rpynna dOpPMOBOYHBIN NINTENHBIN NECOK
Mecok
Fe — rpynna [OMEHHbIN N KOHBEPTOPHbLIN LLUNaK

MUPUTHBIE OrapKu
CUHTETUYECKUIA remaTuT

KpacHble wnambl

Al — rpynna MpOMBbILLNEHHbIE LINaMBbI
Si-Al-Ca — rpynna 3ona-yHoc
LLinakn

Mernkue oTceBbl ApobneHns, 3emns (rPyHT)
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prnna CbIpbEBbIX MaTepmnanos OTtxoabl, NPUMEHAEMbIE B Ka4ECTBE CblIpbEBbLIX MaTepunaroB

S— rpynna npOMbILIJJ'IeHHbIe r’MrncoBblie OTXOoOdbl

F — rpynna CaF,, wnambl nocrie unbTpaunmn

XapaKTepVICTVIKa OTAENIbHbIX TEXHONEHHbIX MaTepmnanoB, NpuMeHAEeMbIX B Poccuun, n

3 PEeKTUBHOCTb MX NPUMEHEHMS NpUBeAeHbI B Tabnuue 2.7.

Tabnuua 2.7 — 3 deKTUBHOCTb NPUMEHEHNS] TEXHOTEHHbIX MaTepuanosB

CopepxaHune, % SKoHOMUA
OrpaHu-
TONNMBA,
MaTtepunan Beog, % yeHue
CaO | SiO, | ALO; | Fe,0; | TBY o Kry. T./T
KnuHKepa
BenutoBbin
(HedbenuHo- 56 30 3 3 — | 75 (Bwnam) | SiO; 80
Bbll)
Lnak gomekn- )
. a7 36 8 0,4 — 60 (B neub) | SiO, 100
Hbin 1
LLinak gomeH-
. 37 37 15 0,4 — 40 (B neyb) | Al,O3 80
HbIN 2
lnak OOMK? | 39 | 21 5 14 — | 30(Bneub) | Fe,O3 66
3ona 5 61 23 7 3-5 | 35(Bwnam) | SiO; 25
YrneoTtxoabl 4 45 16 7 ~22 | 20 (B wnam) B 45

MopTnaHAUEMEHTHbIN KIMHKEP XapakTepuayeTcst onpeaeneHHbIM COCTaBOM, KOTOpPbIN
npegonpenensieT rMapaBnMyeckne CBOWCTBA LieMeHTa. OTO O3HayaeT, YTO BCE CbipbeBble
maTepuarnbl U 3oMna TonnMea OOMMKHbI ObliTb TWATENbHO NoAobpaHbl N0 MUHEpanbHOMY CO-
CTaBy W CKOPOCTM Nnodayn Ansi nofyyYeHus 3afaHHoro cocrtaBa KInHKepa.

OTxoabl, Ucnonb3yemMble Kak CbipbeBble MaTepuarbl, NocTynawT B 06XXMUroByl nedb

nnn KanbumHaTop C CblpbeBOVI cmechio. B nepunoa HarpesaHuUd B nogorpesarterne opraHn4e-

Y I'B — roptoyee BeLLEecTBO.

2) OOMK — OcKonbCKuiA 3NeKTPoOMEeTanypruieckuii KOMGUHaT.
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CKWEe KOMMOHEHTbl MOryT BbICBOOOXAATbCA M3 NEYHOro MUTaHUS NPU HU3KOW TemnepaType,
KOTOpas He Bcerda [ocTaTodHa ANS pasfoXeHUs ranoreHcoaepkallmx OpraHMYecknx Be-
wects. Npu nepepaboTke OTXO0O0B OHU AOMMKHbI BbITb NPOBEPEHbLI HA NOTEHUMAarnbHY BO3-
MOXHOCTb BblENEeHUA OpraHUYeckux COeaUHEHWR, U, COOTBETCTBEHHO, AOSMKHO ObiTb Bbl-
B6paHo MecTo nogaym matepmana B nedyb. OCobeHHOCTb MOKPOro M Cyxoro cnocobos npoms-
BOACTBA KIMHKEPA NPUMEHMUTENBHO K MPUMEHEHMNIO MUHEPasbHbIX U FTOPHOYMX OTXOO0B 06Y-
CrnoBneHa ABYMS OTNMYUTENbHBIMW acnekTaMn: MOKPbIM M CyXUM NOMOJSIOM CbIpbsi U TEMMO-
0OMeHOM B NOAroTOBUTENbBHbIX 30HaX: Yepe3 NOBEPXHOCTb MaTepuarna v B MblfierasoBoMm no-
Toke. Paanuumna B NOAroToBKE Cbipbs CBA3AHbI C TEM, YTO MHOMME MWHeparbHble TEXHOMEH-
Hble MaTepuanbl, HanpUMep LWaku, NP MOKPOM MOMOSIEe aKTUBU3UPYHOTCS, rMApaTMpyoTCs
N TBEPAEIT, B pesyrnbTaTte 4Yero 3apacratT Tpybonposoabl U obpasyoTca ocagkm B baccen-
Hax. MoaTomy wWnak Hemnb3a BBOAUTb B MENbHULY MpW Nomore wiama, a uenecoobpasHo
nogaBaTb HeEMNoOCPeACTBEHHO B Meyb, MpeaBapuUTenibHO CMelaB ero Cco  LiaMoMm
(cMm. pucyHok 2.35). 3TO mucknyvaeT nsbupartenbHbld MNbINIeYHOC U CHUXAET ero Benn4uHYy.
Mpwn cyxom e cnocobe MyuHeparnbHble 0TX0Abl ABMASKOTCSA KOMMIOHEHTOM U pa3manbiBaloTCs C

APYTMMW COCTaBNSAOLMMU CbipbEBOI CMECH.

MenbHuLa MuHepanbHble CbipbeBast MuHepanbHble
0TX0Ab! CMeCb 0TX0Ab!

LLnam

Mokpbii cnocob

MenbHuya
Cmecutens

CblpbeBas
MyKa

PucyHok 2.35 — PauunoHanbHble CXeMbl MPUMEHEHUSA MUHEPanbHbIX OTXOA0B Npu

Cyxoi crnocob

Tonnueo 2
Tonnueo 1

Knunkep §

pa3nuyHbIX crnocobax Npou3BoACTBa KNNHKepa

Mpn NpUMEHEHUN TEXHOFEHHbLIX MaTepuanoB C HEBbLICOKMM cOAepXaHUEM roproyero
BELLIECTBA NPWU MX Nogadve B MEYHY CUCTEMY BO3HMKAET npobnema crabunusaumm xmmmye-
CKOro coctaBa KImHkepa. [1oaTomy npu BbICOKOM COLEPKaHUN MUHEpParbHOW COCTaBnaoLWwen
NPUMeEHSsIeTCa crneunanbHas TEXHOMNOrM4Yeckasi cxema C peakTopoM Ans npeaBapuTenbHOro
CXXUraHns roproyvero BewecTsa M BblAeNeHMeEM MUHEpPanbHOW YacTu, NogaBaeMon B Cbipbe-

BYIO MeribHULY (CM. pUCYHOK 2.36).
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LIMKknoHHbI#

TennNoo6MeHHMK
_ YronbHas Toproune

CbipbeBol  npink oTX0Ab!

OxnagutensHas cunoc
Cyxas

konoxa i Aotid [lekapboHuaatop
s PeakTo
OnekTpocdunbTp Sons p
! ] Y Yronk AnekTpodunbTp
i 4 A Barinac m
= |
3ona U3 0TX0A0B : Ll. : { 7
[Nos6pok ; B uemeHT
af= = Yronb T = Yronb
[osbao Boali0-
Mnua wascs XonoannbHuk
W3BecTHAK neyb

Cywinnka

MenbHuua  BnaxHas sona Cyxassoma L bbb e
Bo3ayx TpaHcnopTep

PucyHok 2.36 — TexHonornyeckas rnmHus noriy4eHus nopTraHaLeMeHTHOMo KNuHKepa

CO cneunarnbHbIM peakTopoM ANnA CKUraHNA pas3niMyHbIX rOPHOYKMX OTXO040B

MopobHas cxema peanu3oBaHa dupmor KHD Humboldt Wedag Ha 3aBoge Ruders-
dorf, rae ons cxuraHnsa pasnuyHbIX TOMMBOCOAEPKALLMX OTXOA0B, B YACTHOCTM 301bl, yCTa-
HOBIEH crneunanbHbI peakTop B3BELIEHHOro Cros.

[Mpy NpUMEHEHUN TOPHOYNX MaTeEPUAnoB C HEBLICOKMM COAEpXXaHMEM MUHepanbHOro
BewecTBa LUenecoobpa3Ho oTxodbl NoAdaBaTb HEMNoCPeACTBEHHO B AekapboHusaTtop
(cm. 2.8.3).

Ha 3aBoge kombunHmnposaHHoro cnocoba B Lagerdorf (FepmaHusa) npumeHaeTca 6onee

60 % anbTepHaTUBHOro Tonnmea u 6onee 10 % MUHepanbHbIX OTXOA0B (CM. PUCYHOK 2.37).
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AnsTepHaTMBHble | ‘ AnbTepHaTUBHble
cbipbeBble Marepuansi | TonnuBHbIE MaTepuanst
(>>10%) | (>> 60%)

Oxono 1,4 mnu tiroa
KNWHKepa

CVHWIA UBET — anbTepHaTUBHOE CbIpbe, KPACHbI — anbTepHaATMBHOE TOMNBO

PucyHok 2.37 — AnbTepHaTuBHbIE MaTepuarnbl, NPUMeHsieMble Ha 3aBofe

KombuHnpoBaHHoro crnocoba B Lagerdorf (Fepmanns)

Mpn mokpom cnocobe npounssoacTBa Hanbonee paLmoHarnbHbI BApUaHT NPUMEHEHUS
MaTepuarnos, cogepXalimx roproyme BewecTBa, — COBMECTHbIA NOMOS TEXHOreHHOro npo-
AyKTa C TpagUUMOHHBIMW CbipbeBbIMU KOMMOHEeHTaMu [42]. B aTnx ycnoBusx gocTturaeTtcs
3a[aHHbI CTabUNbHbLIN XMMUYECKUA COCTaB LUNama, Tak Kak npy COBMECTHOM MOMOJE Cbl-
PbEBbIX KOMMOHEHTOB W TOMSIMBOCOAEPXKALLMX TEXHOTEHHbIX MaTepuarioB KOppeKTUpoBKa
NPOM3BOAUTCH TPaANLMOHHBIM CIIOCOBOM.

TennotexHndeckue pacdeTbl U UCnbITaHus, nposedeHHble Ha OAO «YparnuemeHT»,
3A0 «OckonuemeHT», 3AO «benropogckmn uemeHT» n 3A0 «Yrneropck-ueMeHT», nokasa-
NN, YTO KaxObl NPOUEHT BBEAEHHOW B LWMaM roproyen maccbl obecnevmBaeT 3KOHOMUIO
oKoSo 8,5 Kry. T./T KNMHKepa, YTO onpedenseTca xapakTepucTMkaMmm UCNofb3yeMOon ropto-
Yyen macceol [43]. MNpu BBEAeHUN BbiroparoLwmx 4o6aBoK B LWiamM HEOH6XOANMMO MOBbICUTL KO-
3ppumumeHT n3bbiTka Bo3ayxa B pakeribHOM MPOCTPAHCTBE, YTO NPUBOANUT K CHDKEHUIO TEM-
nepaTtypbl ropeHna. TennoTexHn4yeckme pacyeTbl U NPOMbILLIIEHHbIE UCMbITAHUA CBUAETENb-
CTBYIOT, 4TO Ans obecneyeHnsa Heobxoammon TemnepaTtypbl bakena Ansi CNekaHns KNnHkepa
B CbIPbEBYIO CMECb MOXHO BBOAUTbL 0 3 % BbiropatoLen JobaBku. ITO NO3BOMUT 3aMEHUTb

[0 45 Kry. T./T KNHKepa LeHHOro hopCyHOYHOrO TOMJMBA Ha roproYne oTXoabl.
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OAHOBPEMEHHO MpK 3TOM ONOSTHUTENBHO obecnevnBaeTcs ewe TPU NONOXKUTENbHbIX
apekra. OpraHmnyeckass coctaBnsawoLas TEXHOreHHbIX MaTepuaros, Kak npaBumnio, aBnaeT-
CA PasXmWwKUTENeM U MHTEHCMAUKATOPOM MOMONa LWiama, YTO NPUBOAUT K CHUDKEHUIO ero
BNaXXHOCTU U MOBbILIEHWIO NPOU3BOANTENBHOCTU ChIPbEBLIX MESIbHUL, U, CriefoBaTeribHO, K
9KOHOMUM TOMSIMBA W 3NEKTPO3HEPrnn. BeiropaHme roptoven coctaBngaowen NHTeHCnguum-
pyeT NOAroTOBKY Matepuana Ao 30Hbl CriekaHusl, YTO CcnocobCTByeT npeaoTBpaLleHuto obpa-
30BaHMUS KINUHKEPHOW MbiNW U, cnefoBaTerflbHO, CHMKEHUIO 3arps3HEeHUsT OKpyXKatoLlen cpe-
Abl. KpoMe TOoro, KNuHKep, Noslyd4eHHbI U3 Cbipb€BOW CMEeCK C Bbiroparolmmmn gobaskamu,
Bbornee nNOpUCTLIN U UMEEeT MNOBbILEHHYIO Pa3MONIOCNOCOOHOCTb, M3-3a Yero noBblLaeTcs
NpOn3BOAUTENBHOCTb LEMEHTHbBIX MEfbHUL, YTO MPUBOAMUT K OOMNOSTHATENBHON 3KOHOMWUK
3NEKTPOIHEPTUN.

Mpn BbIGOpE M MPUMEHEHUN OTXOAOB B KadeCTBE Cbipbe€BOro Martepuana crnegyet
npvHMMaTh BO BHMMaHWe criegyowime akTopbl:

- U3Ha4aslbHO OTXOAbl COCTOAT U3 TeX XKe OKCUMAOB, YTO U KIMUNHKEP;

- HU3Kasa KOHLEHTpauUnsa TSKenbIX MeTansnos, OAHAKO He0BX0AMMO yYnUTbIBaTb MPUCYT-
CTBUE PTYTU, TANNMA U aHaNOMM4YHbIX METasnos;

- perynsipHblii KOHTPOSb MaTepuarioB ¢ OTOOPOM M aHaNM30M UCMONb3yeMbIX OTXOA0B.
2.7.3 Ucnonb3oBaHue 0TXOA0B B KayecTBe Tonnuea

O6bl4yHOE McKonaemMoe TOMMMBO MOXET OblTb YaCTUYHO 3aMEHEHO arnbTepHaTUBHbLIM
TonnueoM (AT), TO eCTb OCTaTKamMun NOCne COPTUPOBKN OTXOAOB, COAEPXALLMX TBEpAbIE UMK
Xngkue roprovme octatku tonnuea u (unn) buomaccel. B coctaB AT BXoOAT BbICOKOKanopun-
Hble KOMMOHEHTbl OTXOOO0B, Takue Kak nnacTtuk, bymara, KapTOH, TEKCTUMb, Pe3nHa, KoXa,
AepeBo U Npou.

AnbTepHaTMBHOE TOMNSIMBO UMEET KarnopumHOCTb B cpegHeM 20 + 2 MOx/kr, 4To cono-
CTaBMMO C KaNOPUINHOCTLIO yreit 1 rasa. K npumepy: 1,7 kr AT 3ameluaoT 1M° npupoaHoro
rasa.

BenuunHa 3epHa AT cocTtaensiet ~20-25 mm.

CogepxaHne OMacHbIX COCTaBMAKWMX B TOMAMBE CTPOrO KOHTPONMpPyeTca U
He npesBblWaeT JONYCTUMbIX HOPM.

CpeaHun ueMeHTHbI 3aBod MoXeT noTpedbnaTtb oT 40 Ao 100 TbiC. T anbTepHaTUBHO-

ro Tonnmea B rog npu 3amewieHmn go 30 % oCHOBHOro TonsmMea.
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B ctpaHax EBponenckoro cotwsa (EC) cyuwiectByeT uenoe sakoHoaaTesllbHO 0OpM-
NEeHHOEe HanpasfeHne B yTunmMsaumm oTxoaoB — npoussoacteo AT. Cnegyet oTMeTUTb, UTO
cerogHsa B EC cywecTBylOT NpeanpusiTus, CNonNb3oBaHUe anbTepHaTUBHbBIX BUOOB TOMNMMBaA
pasnuyHoun npupoabl Ha koTopblx gocturaeT 100 % oT obuiero notpebneHns Tonnmea. Tak,
Ha uemeHTHOM 3aBoae Duckerhoff B r. JleHrepux (FfepmaHus) gonsa anbTepHaTUBHOIO TONMU-
Ba cocTaBngeT npumepHo 60 % oT obuwiero pacxoga TonnmMBa, Ha LEMEHTHOM 3aBoje
Ridersdorf (Fepmannga) — go 70 %, Ha uemeHTHOM 3aBofe Wietersdorf (ABcTpusa) — 6onee
50 %, a Ha uemeHTHOM 3aBoae Zementwerke Rrogbeumker (Fepmanust) — 100 %.

MpupoaHLIN ra3 B €BpPONenckon LEMEHTHON NPOMBbILLIIEHHOCTN UCMNOSb3YEeTCH TOSbKO
Kak pe3epBHOE UK Kak BCoOMOratenbHoe TONMMBO — AN NOAAEPXKKM rOPeHUst TPYLAHO Cro-
paemoro Tonnuea, yrnepoacoaepXalimx OTX040B 1 po3Xura neyen.

B CLLUA ecTb onbiT obecneyeHnsa AT LEeMEeHTHOro 3asoga MOLLUHOCTbIO 1,6 MNH T ue-
MeHTa B roJ C NOMOLLbI0 MycoponepepabaTtbiBatloLLen YCTAHOBKM, OKYNaeMoCTb KOTOPOW CO-
ctaenseT oo 3 net. LiemeHTHble 3aBoabl B EBpone nonyyatoT roptoyme oTxoAbl Aaxe ¢ Ao-
nnaTon 3a UX YyTUNM3auumio, Tak Kak MCMONb30BaHNE MeYen LLEMEHTHbIX 3aBOOOB AN 3TOn
uenu obxoauTcs Kak MeCTHbIM BiacTsiM, Tak U NpeanpuaTuaM agellesne, Yem BbiBO3 Mycopa
Ha cBarnky unu ytunusauus B cneuunarbHbIX YCTaHOBKaX C JOPOroCTOSILLEN TEXHOMOrMemn u
3HaAYNTENbHbLIMUK KanuTasnbHbIMK 3aTpaTamMu Ha CTPOUTENbLCTBO.

PasnuyHble Tunbl anbTepHaTUBHOIO TOMMMBA, 3aMeLas uckonaemble BUAbl TOMMMBA,
TEM CaMblM peLlatoT ABe BaXHeumne 3agayn: COXPaHHOCTb (9KOHOMMS) NPUPOAHBIX pecyp-
COB W yTUnNu3aumusa yactum obpasyromnxca B npouecce notpebneHna n ncnonb3oBaHus ToBa-
POB M yCNyr OTXOAOB, YTO COBMNafaeT C OCHOBHLIMW NPUHLMNAMN SKOHOMUYECKOrO perynmpo-
BaHuA B obnactn obpawieHust ¢ oTxogamu [44].

B HacToswee Bpems B Poccunckon ®epepauun, kpome npobnem 3akoHogaTenbCcTBa
no obpalleHnto C 0TXo4aMu U IKONOMMYECKOro 3akoHodaTenbCTBa, HeagocTaTka aKOHOMUYe-
CKMUX CTUMYSOB B oOpallieHun ¢ oTxogamMu, OTCYTCTBYET SICHOe NpeacTaBrieHne O Kpyre BO-
NPOCOB, KOTOPble HEOOXOANMO peLnTb ANsi CHUXKEHUs 06BbEMOB OTXO40B, NoANneXxalmnx 3a-
XOPOHEHMIO.

MonyyeHne HeobxooMMbIX ANA MAEHTMMUKALUN U NAacnopTU3aLMN XapakTePUCTUK OT-
XOA0B (B LLENOM) 1 NpOoAyKTOB, NOy4YaeMbiX U3 HUX, MO MOPGOIOrMYECKOMY U XMMUYECKOMY
cocTtaBaM, U3NKO-XMMUYECKMM CBOWCTBaM MO3BOSAT pa3paboTaTb TEXHUYECKME YCIOBMS
(TY) Ha cnocob nepepaboTkn 0TX040B (B LENOM) U NPOAYKTOB, MNOMyYaeMbIX U3 HUX, NPOU3-

BeCTu cemechKau,mo npoaykKToB, nony4v4aembIX U3 OTXo40B, U HanTn n0Tpe6|/|Ten9| Ha 3TU
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NpoAaykTbl. [JaHHbIE XapakTePUCTUKN TakkKe CrykaT OCHOBaHWEM 1151 OLLEHKM BO3AENCTBUS U
pa3paboTkM Mep 3almTbl OKpyXaroLwen cpedbl Npyu UX NPOU3BOACTBE WM JarNbHEWLIEM WUC-
Nofib30BaHUK, a TaKKe AN opraHM3aunmn BbIXO4HOIO N BXOLHOIO KOHTPOMS NPOAYKLNMN.

B yactHocTi, AT, npousBefeHHOe M3 OTXOLOB, OOJDKHO MMETb CepTUUKaT CoOOTBET-
cteus n TY, paspaboTaHHble B COOTBETCTBMM C TpebOBaHMSIMKU NoTpedbuTensa Tonnmea.

B HacTosilwee BpeMs mncnonb3yetca 60MblIOe KOMMYEeCTBO BWOOB PasfNYHbIX TUMOB
OTXOAO0B, BKIKOYasA ynoBreHHble 305bl. OTXoabl MOryT 6bITh TBEPALIMU, XUOKMMU MU NAcTO-
obpasHbiMM B 3aBUCMMOCTM OT WUCTOYMHMKA MX O0BpasoBaHUs, HanpumMep MNPOMbILLSIEHHbIE,
CENbCKOXO35MNCTBEHHbIE, ropoackne. COOTBETCTBEHHO, ANSA NPOM3BOACTBA (M3BNEYEHUs1) 13
Hux AT TpebyeTtcsa npeaBapuTernibHas obpaboTka, YacTO JOBOSbHO Cepbe3Has: cenapauus,
n3menbvYeHne, CMeLLMBaHune, cyllka 1 T. n., Aalwas B UTore rapaHTMm nocTosiHCTBaA €ro co-
cTaBa 1 Ka4yecTBa.

PeweHne npobnembl opraHmMsaunmn nepepaboTkn roptoyent 4Yactu OTXO40B ANs1 CHUXKe-
HUS OONN 3aXOPOHEHMS N MOMYYEHMS anbTEePHATMBHOIO TONMMBA ANSA CKUraHNA Ha LEeMEHT-
HOM 3aBoe npeanonarasno BbiNOSIHEHNE HECKONbKMX OCHOBHbIX TPEOOBaHNNA:

- OOMKHbI ObITb COXpPaHEHbI CYLLECTBYOLEE KAayeCTBO MPOAYKLUUM N IKOSormyeckas
obCcTaHOBKa Ha LEMEHTHOM 3aBoAae, a Takke cobnioaeHbl HOPMbI CYLLIECTBYIOLLIETO 3KOMOMn-
4YecKoro 3akoHoAaTesnbCTBa npu paboTe LEMEHTHOro 3aBoda Ha anbTepHAaTUBHOM TOMSIUBE;

- LEMEHTHbIN 3aBo4 OOMKEeH BbiTb 0cBOBOXAEH OT paboTbl C OTXO4aMM, Kak OT He-
npodunbHOro 6usHeca; anbTepHaTUBHOE TOMMMBO OOMMKHO NOCTyNaTb HA 3aBOA Kak ToBap, B
COMPOBOXAEHMMN HEODXOOUMBIX OOKYMEHTOB (CepTudmkat COOTBETCTBUSA), OTBEYaTb Tpebo-
BaHMSM U XapakKTepuCcTMkaM, HeoOXoauMbIM ANS 3aMeLLEeHNss MMHEPanbHOro TONMNBA;

- DOIMKHbI OblTb COBMOAEHbI 3KOHOMUYECKMNE LienecoobpasHOCTb M B3aUMOBbBITOAHbIV
NHTEepEeC LEMEHTHMNKOB 1 MycoponepepaboTymKkoB.

Kak oTmeuyeHo B pasgene 2.7.2, HeO6X0OUMO MPUMEHSATb pasnuyHble TEXHOSOrn4e-
CKMe cnocobbl NCMOMNb30BaHMS rOPKYMX OTXOL0B NPU MOKPOM M CyXOM cnocobax nponsBog-
cTBa. OTO CBA3aHO CO criegyowmmmn obctosaTenscTBaMmi. B noarotoBMTENbHBIX 30HAX BblLLe-
NPUYBEAEHHbIX TMEYHbIX CUCTEM MNPOSBASIOTCA pasnuyHble  YCcnoBus  TennoobmeHa

(cMm. pucyHok 2.38).
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PucyHok 2.38 — PauuoHanbHbIi cnocob nogayn ropodmx 0TX040B Npu CyXoM U

MOKpOM crocobax npou3BoAcTBa

B neun mokporo cnocoba B 30Hax CyLiku, nogorpeBa v gekapboHu3aumm Tenmno BO
BpaLlaloLLencsa neyn nepegaeTcsa Yepes NoBEPXHOCTHLIM CIION, U NO3TOMY Temnepartypa ra-
30BOro NoToKa npesbllaeT TeMmnepaTypy Mmatepmana donee 4em Ha 700 °C. YuuTbiBad, 4to
NPy HarpeBaHUM MHOMMX FOPHYNX MaTepuarnoB BbIXOA NETYYMX BELLECTB MPOMCXOOUT npwu
150 °C — 500 °C go BocnnameHeHnsa Tonnmea (~650 °C), To npn Mokpom cnocobe, rae Tem-
nepaTypa rasa B aTon obnactu Bbiwe 900 °C, u, cnegoBatenbHO, obecnevntcs Bocnname-
HeHne n cropaHune nety4ymx. MoaTomMy roproume BeLlecTBa NpuM MOKPOM crocobe MOXHO mno-
AaBaTb B CbIpbEBYH MENbHULY NpX NPUroTOBMEHMM LLNama.

Mpu cyxom xe crnocobe TennoobMeH B NOArOTOBUTESbHbLIX 30HAaX B LUKNOHAX U ae-
kapboHusaTope, rage matepuan B MblIEBUOHOM COCTOSAHUM pacnpeaerneH B ra3oBOM MOTOKE,
NPOUCXOAMT 3a AONM cekyHapbl. [MoaToMy Temnepatypa maTepuana 1 rasa npakTuy4ecku Bbl-
paBHMBaETCS, U ecnv nogaBaTb MaTepuarn B CbipbEBYHO CMECb, TO B MEPBOM LMKIIOHE Npwu
~350 °C 6ymeT npoucxoauTb BbIXod NeTydmx 6e3 mx BbiropaHus, 4YTO npuBegeT K 6e3B0o3-
BpaTHOM noTepe Tenna, K BO3MOXHOMY B3pbIBY B 3NIEKTPOPUNBTPE M 3arpA3HEHUIO OKpYy>Ka-
towen cpeabl. NMoaToMy npm cyxom cnocobe BbiroparLmne oTxoabl HEMNb3st NogaBaTb B Cbi-

PbEBYIO CMECb.
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Ecnn npu npyMeHeHUM MuUHepanbHbIX TEXHOFEHHbIX MaTepuanoB CHWXaeTcs yaenb-
HbI pacxon Tenna Ha OGXWUr KNuHKepa W, cregoBaTeribHO, NPONOpPLMOHAaNbHO NOBLILLAETCS
NPOU3BOANTENBHOCTL NEeYn, TO NPY NPUMEHEHNM roptoYnx Ao6aBoOK oanH BUA TONNMBa 3ame-
HAKOT Ha APYron, 1 NO3TOMY NMPON3BOAUTENBHOCTL NEYN OCTAETCS HEM3MEHHOW.

O PeKTUBHOCTb NPUMEHEHUST MUHEpParbHbIX U TOMIMBOCOAEPKALLUMX TEXHOTEHHbIX
maTepuarnoB npvBeaeHa Ha pucyHke 2.39 u cBUOETENbCTBYET, YTO NPU UX COBMECTHOM MpU-
MEHEHUN MOXHO B Npeaenie CHU3UTb yaernbHbIA pacxod TEXHOMOMMYecKoro LeHHoro dopcy-
HOYHOro Tonnuea Hwxke 100 Kry. T./T KNMHKepa, T. e. NpubnuanTbcs K pacxody Mo CyxoMy

crnocooy.

CopnepxaHue roptoyeit Macchbl B cbipbe, %
0 1 2 3 4 5

900
210 | 800 &
I 19 A "\l‘;;... Yrneotxon — | =
2170 NN 600 £
\ ©
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2 AN \\LUnaK
g 110 -
o N
£ 90 O Wnak +
70 erjGOTXOA
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KonuyecTso npokaneHHoro wnaka k knuHkepy, %

PucyHok 2.39 — 3ddeKTMBHOCTb NPUMEHEHUSI MUHEPATbHBIX Y FOPHOYMX

TEXHOreHHbIX MmaTtepunanos

Ecnn gaxe Tonbko 4YacTUYHO peanu3oBaTb [JaHHOe HanpaBneHue C BBeAeHVWEM [0
25 % wnaka n 2,5 % roproyero BewecTsa, MOXHO AOCTUYb BENUYUHBI ~130 Kr y. T./T KNUHKe-
pa n cHM3nTL Bbibpoc CO, B aTMocdepy Ha 200 Kr/T KnvHKepa.

Ewe ogHuUM HanpaBneHvem £BRSeTCA CkXuraHue oTpaboTaHHbIX aBTOMOOUMbHbIX
WwuH. Mpn mokpom cnocobe nx HeobxoaMMo nogaBaTb YEpPEe3 LUM30BLINA 3aTBOP B 30HY Ae-
kapboHusaumn. Takon cnocob Obin ycnewHo ocyuwiecterieH Ha 3A0 «KaBkasuemMeHT» n B
HacTosiLee BpeMsa npumeHsieTcs B Pecnybnuke benapycb Ha LeMeHTHO-LLMGEPHOM KOMOU-

HaTe. Beoa wuH obecneynsaeT akoHomuio Ao 10 % ocHOBHOro TonnuBea.
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Ha INAO «MoppgosuemeHT» ¢ 2008 roga oyHKLUMOHUPYET SIMHUS NO nofaye B Neyb aB-
TOMOOUNBHBIX MOKPbLILWEK NPON3BOANTENBHOCTLIO 14 T/u.

Mpu cyxom cnocobe CxuraHne roproymx OTXO0A0B B NEYHbIX CUCTEMAX MPOMUCXOOUT My-
TeM Nojayum nx B 30HY ropeHus BpaLlatroencsa neum u B gekapboHnsartop.

B cnyyaax korga npuMEHSIIOT roptoyme maTtepuarbl C HEBBLICOKMM cofepXaHueM Mu-
HepanbHOro BellecTBa, Lienecoobpas3Ho nogaBaTb TakMe OTXOAbl HEMOCPEACTBEHHO B fe-
kapboHusaTtop. [na obecneyeHns B HEM NOMHOMO CxuraHms otxogos mpma KHD Humboldt
Wedag npumeHsieT cuctemy PYROTOP, koTopasi noBbllaeT BpeMs npebbiBaHUs KPYMHbIX
roproymx BellecTB B AekapboHusaTope M3-3a 3aBUXPEHMS ra3oBOro notoka B kamepe PY-
ROTOP un obecrneymBaeT ux nosiHoe cropaHue. Takaa cuctema ans coxuraHna apobrieHbix
aBTOMOOMUNBHLIX WKH peanu3oBaHa Ha [1AO «MopgoBueMeHT» (CM. pucyHok 2.40).
B HacTosdwee Bpems Ha MTAO «MopaoBueMeHT» ocBamBaeTcsi cnocob nogadn gpeBecHOm

Lenbl B pakenbHOe NPOCTPaAHCTBO C rOpsYero KoHua neyu.
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CmecutenbHas kamepa PYROTOP
npegHasHauYeHa ans HTeHcUduKaLmm
CKUraHMs TOPHOYNX OTXOLOB

[exapboHuaaTop
PYROCLON
10 mbap
V - cTyneHb V - cTyneHb
~ 870°C ~ 870°C
~ 29 mbGap : ~ 20 mbap
N3 IV e T .....‘.-;'.."..‘.. N3 IV
CTyneHu :i| BropudHoe . CTyneHu
TONMMBO
H | Tonnmso-ras ~ 60%
> :
LLinGep 3% \
CreneHb |LinGep
AexapBoHu3aLmm %
K = 95% - S Al

3arpysoyHas
kamepa

t~1050°C

P ~- 3 M6ap Bpatatowiascs neyb

PucyHok 2.40 — Cuctema ¢ Buxpeou kamepon PYROTOP, obecneunBatoLLasi nosiHoe

CropaHue ropoYmnx OTXoa0B

B 2011 rogy Ha OAO «CnaHueBckuMii LeMeHTHbIN 3aBoa «Llecna» 6bin npoBeneH
NPOMbILLIIEHHbIA 3KCNepuMeHT no nogadve AT B neyb € 3amewieHvem [0 15 % OCHOBHOrO
Tonnuea. Ha uemeHTHOM 3aBoge «CnaHubl JICP rpynn» 50 % cCblpbeBbIX MaTepuanoB u
50 % npupogHoro Tonnuea 3amMeHeHO OTxogaMu. AnbTepHaTUBHOE TOMMMBO WUCMOMb3YyeTCs
Ha 3aBogax rpynnel OSC Lafarge Cement, 3aBogax rpynnel HeidelbergCement RUS LLC,
OAO «KpacHosipckui uemMeHTHbIn 3aBoa», OO0 «LlemeHTHas ceBepHasa komnaHuay (OO0

«BopkyTauemMeHT») n MHOrUX ApYrux.
2.7.3.1 Tunbl TONJIMBHbIX OTXO40B

B cootBeTcTBUM CcO cTaTben 4 denepanbHoro 3akoHa Ne 89-03 «O6 oTxogax npous-

BOACTBa U notpebneHusa» [44] Bce OTX0Obl B 3aBUCMMOCTM OT CTEMNEHN HEraTUBHOIO BO34EN-
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CTBUSI Ha OKpYXaloLyto cpeay (npy HenocpeacTBEHHOM UIM ONocpeJoBaHHOM BO34ENCTBUN
OonacHoro oTxoga Ha Hee) noApasfensitoTcsa B COOTBETCTBUM C KpuTepusamu [45], yctaHoB-
NEeHHbIMM doegeparibHbIM OpPraHOM WCMOSHUTESNIbHON BNacTW, OCYLLECTBASAKOWMM rocyaap-
CTBEHHOE perynmpoBaHne B obnact oxpaHbl OKpyXalLlen cpeabl, Ha NATb KnaccoB onac-
HOCTW:

- | Knacc — 4ypes3Bbl4aMHO ONacHbIE OTXOAbI;

- Il Knacc — BbICOKOOMNACHbIE OTXO0Abl;

- lll knacc — ymepeHHO onacHble 0TXoAbl;

- IV knacc — manoonacHble oTXoAbl;

- V Knacc — npakTU4Yeckn HeornacHble OTXOAb!.

B cooTtBeTcTBUM co cTaTben 14 PegepanbHoro 3akoHa «O6 oTxogax Npon3BoAcCTBa U
notpebneHuna» [44], Ha oTxoabl |-V knacca onacHOCTU AOMKEH ObiTb COCTaBMNeH nacnopr.
MacnopT oTxonoB -1V knacca onacHOCTU COCTaBNSAETCH Ha OCHOBaHUM OaHHbIX O COCTaBe U
CBOMCTBAX 3TUX OTXO40B, OLLEHKN UX ONACHOCTW.

CywecTByeT rocyaapCTBEHHbIN KagacTp OTXO40B, KOTOPbIM BKOYaeT B cebs dene-
panbHbIN KnacCugUKaUNOHHbIN KaTanor oTxoaoB [46], rocyaapCTBEHHbIN peecTp 0ObeKToB
pa3MeLLeHNa OTX0O0B, a Takke BaHK JaHHbIX 00 OTX04ax U O TEXHOMOrMSX yTUnmMsauum m
00e3BpeXxnBaHna 0TXOA0B pPa3fiMYHbIX BUOOB.

MockornbKy npouecc obxura KnnHkepa xapakrepusyeTcs 6naronpusaTHbIMU YCNOBUAMUA
ANS1 UCNONb30BaHMs OTXO40B, TOMSIMBHbLIE OTXOAbl UCMNOMNb3YTCA ANA 3aMeHbl YacTu 00bly-
Horo Tonnmea. Kak nokasaHo B Tabnuue 2.8, B LEMEHTHbIX NeYax B Ka4ecTBe TonnmBa MoryT
MCMNONb30BaTbCH Pas3fnyHble TUMbl OTXOL4OB, KOTOPbIE KNacCUMUUUPYIOTCA Ha OMnacHble U
HeonacHble 0TXOAb!.

OT1xoabl C BbICOKOM KanOPUNHOCTbID MOTYT 3aMEHSATb NEPBUYHOE TOMSIMBO B LIEMEHT-
HbIX MeYyax, NO3TOMYy NMOCTOSIHCTBO KayecTBa OTXOAOB sBNAeTCA obA3aTenbHbIM (Hanpumep,
AocTtaToyHasi TeNNOTBOPHAsA CMOCOOHOCTb, HU3KOE COAEPXKaHUE TShKENbIX MeTansoB, Xfopa,

30/bl, CNOCOBGHOCTb K FOPEHUIO, TOPHOYECTD).

Tabnuua 2.8 — PasnunyHble TUnbl OTXOA0B, KOTOPbIE MOTYT MCMOMbL30BaTLCA Kak TONMMBO AN

BpaLuatoLmxcs neyen [41]

Ne n/n Twn oTxogooB HanmeHoBaHne oTxodoB
1 HepeBo, bymara, kapToH
HeonacHble
2 TekcTunb
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Ne n/n Twn oTxoooB HanmeHoBaHue oTxogoB

3 MnacTmaccel

4 [MpoayKTbl NneperoHku

5 LnHbl/pesnHa,

6 [MpoMblLLNEHHbIE LWaMbl

7 "opoackme cToYHble BOAbI

8 OT1xoAapb! XXMBOTHOBOACTBA

9 Yrons/oTxo4bl, cogepxatlume yrnepos

10 CenbCKOX03ANCTBEHHbIE OTXOAbI

11 TBepable 0TXoab! (HACbILEHHbIE OPEBECHbIE OMUIIKN)
12 OnacHble PactBopuTenu n cootBeTCcTByHOLME OTXOAbI
13 HedTb 1 HepTsHbIE OTXOAbI,

14 Hpyrve

Hapsiay ¢ BNaXHOCTbO M 30MbHOCTBIO BaXKHbIMU XapakKTEPUCTMKaMK 1 napameTpamm
TOMNMBa M3 OTXOO0B SIBASAKOTCA €ro TennoTBOpHasa CnocobHocTb (cM. Tabnuuy 2.9), coaep-
XXaHue cepbl, Xopa 1 TSKenNbIX MeTannoB (0COBEHHO PTyTU, Kagmus 1 Tannus). Kpome Toro,
HeobxoamMmo, 4YTo6bl TONNMBO 0ONagano onpeaeneHHbIMY reOMEeTPUYECKMMU XapaKTeEPUCTU-
Kamn, onpegensieMbiMy1 TPAHCNOPTHOM cucTemon nogayun AT Ha ropenky u pasmepom conen
camon ropenku. OueHka NpUrogHOCTU TONMMB M3 OTXOLOB, Kak npaswuno, 6asupyetcsa Ha

MaKCMMaribHO O0MyCTUMbIX KOHUEHTPaUMAX BpeaHbIX BEWECTB B OTXO4axX.

Tabnuua 2.9 — XapaKTepI/ICTI/IKI/I TeHﬂOTBOpHOVI CnocoBHOCTM 1 30MbHOCTN BUAOB TOMNMBA M3

OnacHbIX 1 HE OMacHbIX OTXO0O0B

Bugos Tonnuea 13 oTxogoB (ONacHbIX U He- |  3HayYeHUs TeENSIOTBOPHOM
30nbHOCTb, %
OnacHbIX) cnocobHocTtn (MOx/kr)

[peBecuHa (oTxoabl nunopam, OCI1,

P ( P MpnbnnantensHo 16 Jo 1,5
X/p-wnansl) Npu BnaxHoctn 25 %
Bymara, kapToH 3-16 [o 8
TekcTunb Jo 40 He onpepenena
Mnactukn (nepBuyHasa nepepaboTka) 17-40 [o 2
Tonnueo 13 TBO (RDF) 18-20 10-22
PesuHa/luvHbl MpnbnuantensHo 26 7
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Bugos Tonnmea n3 oTxo4oB (ONacHbIX U He- 3HayeHus TennoTBOPHOM
3onbHocTb, %

onacHbIXx) cnoco6bHocTn (MIx/kr)

[MpoMbILWIEHHbIN Wam 8-14 o 30
KocTHas Myka 1 XXupbl XXUBOTHbIX 14-18, 27-32 He onpepneneHa
Myka TyLIM XXMBOTHOIO 14-21,5 He onpepenena
CenbCKOX03AANCTBEHHbIE OTXOAbI 12-16 [o 10
PacTtBoputenu, macna, otxogbl JIKM u

20-36 He onpepenena
Ap
LLnam cToYHbIX BOA (BriaxxHocTb > 10 %) 3-8 o 40
LWnam cTo4HbIX BOA (BnaxHocTb < 10 %

8-13 o 40

no 0)

2.7.3.2 TBepAble TONJIMBHbIE OTXOAbI

He kaxxable cnocobHble K ropeHnto 0TXo4bl NPUroaHbl B Ka4ecTBe TonnnBa npu nony-
YeHUN KnnHkKepa.

TBepable oTxoabl MOryT ObiTb OQHOPOAHBIMU UMW HEOOHOPOAHBLIMM CMECAMU Pa3Ho-
06pa3sHbIX KOMMOHEHTOB, TaKMX Kak:

- 4acTuL, C pa3HOM CNOCOBHOCTLIO K FOpeHMto, Hanpumep Bymara, KapToH, nnacTmacca,
pe3unHa, obnomku (octatkm 06paboTkun) oepesa;

- CMECSIMU C Pa3fM4YHbIM KONIMYECTBOM UHEPTHLIX MaTepuanoB, CoaepXallunx opraHu-
yeckme ppakummn, HanpumMep necka, KamMHs, KepamMuKu, XEenesncTble U HEXenesucTble mMe-
Tannbl, OpraHMyeckne BnaxkHole Mmatepuarnsi;

- BpeAHbIX, HanpMMep, LWWHbI, CMOJbl, MPONUTaHHbIE APEBECHbIE OTXOAbl MM Heonac-
HbIX MaTepunasnos.

Ha pucyHke 2.41 nokasaHbl HEKOTOPbIE BUAbI TOMMNBHBLIX OTXOA0B.

OTxoabl, cMellaHHble TOpOACKME OTXOAbl, CMEeLlaHHble KOMMYyHalbHble OTXOAbl Mnn
OTXOAbl pa3pyLUEHUst KOHCTPYKUMA OOMKHbI NPOUTKM NpeaBapuTesibHOe MCMbiTaHue C Bblae-
NeHNEeM BbICOKOKaNopunHbix dpakumin. O6bem npeasBaputensHoOn nepepaboTkn 0TXo00B —
COpTMpPOBKa, ApobneHne, NoAroToBKa OKaTbIWEen — 3aBUCUT OT 0bnacTu NpMMeEHeHust Tomn-

JINBHbLIX OTXOO0B.
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PucyHok 2.41 — Buabl 0TX040B, KOTOPbIE MOTYT ObiTb UCMOMb30BaHbI B KAYECTBE

anbTEpPHATMBHOIO TOMMMBa: a) — TBepAble bbIToBblIE OTX0Abl; 6) — LWWHbBI; B) —
n3menbyYyeHHas pesaHa, kaydyk; r) — KOpMoBasi Myka; ) — OCaflku CTOYHbIX BOA; €) —
APEBECHas LWena; ) — NPONUTaHHbIE MacnaMu APEBECHbIE OMNUITKK; 3) —
cneumanbHO NOAroTOBIIEHHBLIE TONSIMBHBIE OTXOAbLI HA OCHOBE Bymaru, nnactvka u

TEeKCTUnNA

TexHonormm NnoaroToBKM TBEPAOro Tonnmea B 60MbLION CTENEHM 3aBUCAT OT TUna oT-
XO40B M TpeboBaHUN LEMEHTHOWN NPOMbILLAEHHOCTU. OAHUM M3 OCHOBHbIX TpeboBaHUK, NPo-
ncTekarLwmx n3 cnocoba TpaHCNOPTUPOBKN Matepmana u Tuna UCnosib3yeMon ropernku, sie-
nsieTcs nogada oTXo4oB TONNMBA B Neyb:

- B rNaBHOM 0BXMIroBOWM cucTeme (Ha ronoBke nevv unu BbIXOAHOM OTBEPCTUM, BOYBa-
HWe TonnmBa Yepes3 POPCYHKY): BbiCOKasd abpa3mMBHOCTb OTXO40B — BbICYLLUEHHOrO LWrama —
N HeobblyHas hopma YacTuy, N ux pasMmepbl MOryT NMPMBECTU K nNpobnemam akcnnyaTaumu.
Korga mncnonb3yetcs nNHEBMaTMYeckasi CMCTeEMa TPaHCMOPTMPOBKM YTOObLI nogaTtb TBEpAble
TOMNMBHbBIE OTXOAbI B NEYb, MOXHO M3bexaTb NOBPEXAEHMS N 3aKNTMHMBAHMS BpaLLaloLWnXcs
yacTten (NHeBMaTM4yeckasa cuctema Bceueno yHKUMoOHMpYeT 6e3 ABmXKyLmMxcs Yacten). Ko-

JIN4eCTBO NogaBaeMoro Bo3ayxa, MHXeKTnpyemoro B rneyvb ¢ otxogamum, HUYTOXHO B obem
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obbeme, HeobXoaMMOM NO CTEXMOMETPUN Ana ropeHust. KpynHble YyacTuubl Bbi3biBatOT HEOO-
XOOUMOCTb NpUMeHeHUs1 6onee MOLLHbIX MHEBMATUYECKNX KOHBEWEPHbIX IMHUA U BEHTUNSA-
TopoB. [M03TOMYy BaxHbIM LUAroM npoLecca SBNAeTCs CHWXKeHWe pasMepa u gesarromepa-
LM TONSIMBHBIX OTX040B (06bIMHO pa3Mep oKaTbIWEN He A0SMKEH npesbiwaTtb 25 mm). Cpea-
Hee ynroTHeHWe npu cnabon arnoMepaunn okaTtblilen CNOCOBCTBYET yIyYLLEHNIO TEKYHECTH
TOMMMBHbBIX OTXOA4OB U UX AO3MPOBKM.

- BTOpMYHaa obxurosasi cuctema (TonnmMeBo NogaeTcs B Neyb Yepes BMyCKHOe OTBep-
CTME MexXAy Neyblo U HXKHUM LUUKIIOHOM UMK KarnbUUHATOPOM); OrpaHuyeHne pasmepa ans
TBepAbIX TONSIMBHbBIX OTXOAOB HE BaXXHO AN BTOPUYHOM 0B6XMroBon cuctembl. Jaxe uenas
MOKpPbILKA MOXET ObITb BBEAEHA Yepes BNyckHoe oTBepcTne. Kpome Toro, Moryt Mcnosnb3o-
BaTbCs OTXOAbl C BbICOKMM COAEP>KaHNEM 305bl.

- B nocnegHue rogbl pupmamm FLSmidth n Thyssen Krupp npeanoXeHbl kKaMepbl Cro-
paHna HOTDISC n PREPOL, nossonsawwme cxuraTb HU3KOCOPTHbIE U KPYMHOKYCKOBbIE

(pasmepom o 1,2 M) anbTepHaTUBHbIE BUAbLI TONnMBa (cM. 2.7.3.4).
2.7.3.3 XXkugkue TonnMBHbIe OTXOAbl

XXunpokne TonnmMeHble 0TX0Abl OOLIMHO NPUFOTABNMBAOTCA CMELLEHUEM Pa3fMYHbIX OT-
XO/Z10B MCMOJIb30BaHHbLIX pacTBOPUTENEN, Kpacok Unn HeTSAHbIX OTXOA0B C Noaxoasilen Be-
NMYUHOM TENNOTBOPHOM CMOCOBGHOCTU C UCMONb3oBaHMEM creuunanbHbIX CPeAcTB MeHeo K-
MeHTA.

XXunpokne TonnueBHbIE OTXOAbl B GONBLUMHCTBE ONacHble 0TXoAbl. ATO HEOBXOANUMO YuK-
TbiBaTb MNpU 0OpaLLEHUN C HUMKN, HANPUMeEp NP ckNnagupoBaHuK, Nogade matepuana, Ytobbl
npenoTBpaTUTb BbIGPOCHI OpraHNYeckMx coegmHeHuin. CyLecTBYOT HEKOTOpbIE TEXHOMOMMN,
HanpuMmep, ucnapuTenu, KOTopble UCNOonb3yTCs rae 3To Heobxoammo. CucteMa mcnapeHus
aKCnnyaTupyeTcs Takum o6pasom, YToObl 06ecneunTb BbIXO[ OpraHNYeCcKuX BELLECTB TONbKO
npu cornacoBaHUmn ¢ paboTon CUCTEMbI UCNAPEHMS U HE BbIMyCKaeT napbl OpraHUYecKnx Be-

LLleCTB B BO34yX Npu HopmMmaribHon paboTte, YTo HEO6XOANMO C TOYKM 3peHnsa 6e3onacHoOCTH.
2.7.3.4 Nopaya oTxoAo0B B Nnevyb — Kamepbl cropaHua HOTDISC n PREPOL

Kamepa cropaHua HOTDISC dwmpmbl FLSmidth npeacraBnsiet cobon 06bemMHyto, no-
ABWXHYIO NOAOBYIO NeYb, COBMELLEHHYO C TenooOMeHHMKOM 1 aekapboHnsaTtopom, npea-
Ha3HaYeHHYI AN CKUraHnsa anbTepHaTUBHbBIX BUAOB Tonnuea 1 3ameHbl ot 20 % o 80 % (B

cpegHem okorno 50 %) Tonnmea, nogaBaemoro B gekapdoHnsatop (CM. pucyHok 2.42). Kame-
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pa cropaHus Mo3BoNseT CXuratb pasHoobpasHble TBepable OTXoAbl pasMepom Ao 1,2 m,
HayMHasa oT WramMa W rpaHyn 1 3akaH4nBasi LenbHbIMU aBTOMOOUMbHBIMY NMOKPbILLKaMU. JTO
n3basnseT oT HeoGX0AMMOCTM JOPOroCTOALLEeN NpoLeaypbl M3MenbYeHnss pasHOPOAHbIX OT-

X0oOoB u genaet npon3soacteo Bonee 9KONOrMYECKN YNCTbIM.

@ ByHkep
XOnoaHo

CbIpbEBON

B nexapBorusatop

TpchnopT TpETMqu|ﬁ
nogaum BO3ayXx
ropro4mx

0TX0[0B / .
LLinto30BbIN |

3aTBOp

Kamepa
CXUraHus /
TOPHYNX ( e
0TX0Z0B ‘
e @ [ XonogHas
CbipbeBast ~——— Matepuan 13 uuknoHa ChipbeBas
Myka bies
Lofigne TpeTnyHbIn
0 6 oTX0abl BO3AYX Ta3B Topioune
ekapboHM3aTo ,
i ’ aekapboxusaTop 0TX0fbl
ABTOLLWHbI
3ona: ; A

Menkas
KpynHas

Kamepa
CXUraHms CKpeBoK )
FOPIOSUX a3 w3 neun
0TX0A0B Bpalwatowyuin cton,

MOKPbITBIA OTHEYMOPOM
PucyHok 2.42 — Kamepa cropanma HOTDISC coumpmbl FLSmidth

Kamepa cropaHusa BCcTpaneaeTcsl B CUCTEMY NeYn, B KOTOpOW AekapboHM3aTop pacno-

NOXKeH HEeNoCcpeaCcTBEHHO Haf 3arpy304HbIM OTCEKOM (CM. PUCYHOK 2.42 — 1).
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Kamepa cropaHusi COCTOUT u13:

- Kamepbl KOMbLIEBOro TUNa Co CrI0EM OrHeynopa, CTauuoHapHbIM KOXYXOM, KpbILLEn 1
LeHTpanbHbIM Banom. HWXHAA YacTb Kamepbl CropaHus BbIMONIHEHA W3 FOPU3OHTalbHOMO
BpaLLatoLerocs agucka (ctona) ¢ orHeynopHbIM CNoem;

- CTEHKM, Ha KOTOPOM yCTaHaBNMBalTCA KOMNOHEHTbI ckpebka. CTeHka OenvT Konblie-
BYIO KaMepy CropaHus Ha OTCEKM 3arpy3kum TOMSIMBHbLIX MaTepuanoB W BbIXxo4a 305bHbIX
OCTaTKOB;

- ONMOPHO-NMOBOPOTHONO KOrbLia, ONUpaloLerocs Ha KpensieHve U Hecyllero Bpatiato-
wmrca guck. ONopHO-NOBOPOTHOE KOMbLO MMEET BHYTPEHHUI psaa 3yObeB U NpUBOANTCS B
ABWXeHWe ABYMS ABUraTefniiMmn C YaCcTOTHO-perynupyemMsiMmn npuBogamu.

CkopocTb BpalleHus ctona BapbupyeTcsa oT 1 o 22 o6/u.

Mpon3BoanTENBHOCTL KaMmepbl cropaHust coctaBnsaeT 3—30 T/u.

B kamepy cropaHus rno TpaHcrnopTepy nogarT TBepAble roproyne oTxodbl Yepes Lnio-
30B0OM 3aTBOpP (CM. pUCYHOK 2.42 — 2). Ciofa e nogatoT TPETUYHbIN BO34YX U YacTb Cbipbe-
BOW CMeCU U3 npeanocrnegHero UMKIoHa LUMKITOHHOMo TennoobMeHHuKa.

AnbTepHaTMBHbIE BUAbI TONMMBA NO4AKT HA MeAfNIeHHO BpallalLlWnnecs CcTon, rae oHu
Ha4YMHalT cropaTb B OKUCNUTENbHOW cpeae npu B3auMOOEeWUCTBUU C TPETUYHbIM BO3O4YyXOM
(c™m. pucyHok 2.42 — 3, 4). Bpems npebbiBaHNA TONNMBa perynmpyroT ¢ NOMOLLbIO CKOPOCTH
BpaLleHusa ctona. opsawume oTxodbl nepeMeLaroTcs Ha cTone npumepHo Ha 270° oo mecta
YyCTaHOBKN CKpebka, rae 30fbHble OCTaTKM U YacTUYHO OeKapOOHM3MPOBaHHbI MaTepuan
NOCTyNaKwT B BEPTUKalbHbIA razoxoq rneyun. Tsxkernble OCTaTOYHble MPOAYKTbI CropaHus na-
AaloT B 3arpy3oyHoe OoTBepcTue neyu, boree nerkme yactuubl U OTXOoAsLWwme rasbl OBUXKYTCA
BBEPX B AekapboHm3aTop.

Ha cnyyan aBapnnHon cutyauum gnga npekpaiwleHus npolecca ropeH1st B kKamepe cro-
paHusa npegycMoTpeHa nogadva XOonoAHOW CbIpbeBOM MYKW U3 OOMNONHUTENbHOro GyHkepa
(cm. pucyHok 2.42 — 3, 4).

CrtyneHyaTasa kamepa cropaHna PREPOL dupmbl Thyssen Krupp nossonseT cxuraTb

HM3KOCOPTHbIE U KPYMHOKYCKOBbIE anbTepHaTUBHbIE BUAbI TONNMBA (CM. PUCYHOK 2.43).
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TpeTUYHbIN
BO3AyX U3 XONoaurnbHUKa

"

CblpbeBasg Myka

oTxoab!

LLHEeK

Bpemsa HaxoxaeHua B cucteme 15-20 MUHYT

KanbuuHaTtop

PucyHok 2.43 — CtyneH4aTtasa kamepa cropaHus PREPOL

MpumMeHeHe kaMepbl CropaHusi He OKa3blBaeT HeraTUBHOIO BO3OENCTBUS Ha OKpyXa-
IOLLYHO cpeadly U Ha npouecc obxura KnnHkepa:

- BbIbpockl CO nocne tennoobmeHHnKa Haxoaatcsa B npegenax 0,08 % + 0,04 %;

- cTabunbHoe copgepxaHme SOz B ropsyent Myke;

- NOCTOSAHHas TemnepaTypa Ha BbIxoae u3 aekapboHnsatopa;

- OTCyTCTBYET 06pasoBaHMEe HaCTbINew;

- cHmxkatoTcs Bbiopockl NOy.
2.7.3.5 TpeboBaHUA No Ka4ecTBY OTXOA0B U BXOAHOMW KOHTPONb

OTxofbl, Ucnonb3yemMble Kak CblpbeBble MaTepuansl 1 (Mnn) Kak TONAMBO B LIEeMEHT-
HbIX NneYyax, AOMKHbl 00nagaTh CTaHAAPTHBLIM Ka4eCTBOM, MOCKOSbKY TOMNMMBHbIE 30J1bl NOJI-
HOCTbIO CBSI3bIBAlOTCA C 0OpasoBaHMeM KruHKepa, MUHUMAarbHbIM HEraTUBHbIM AEACTBUEM
Ha COCTaB KIMHKepa W He AaBaTb AOMNOSHUTENbHbLIX BblibpocoB B atMocdepy. Kpome Toro,
HeobXoaMMO CTabunbHOEe KayecTBO OTXOA4O0B. YTOObI rapaHTUpOBaTb XapakKTEPUCTUKU TOM-

JINBHbIX OTXOO0B, Tp66yeTCFI cucrema MeHempKMeHTa KadecTBa. Kpome TOro, AOJDKHbI y4un-
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TbiBaTbCs TPeOOBaHMA CyLIECTBYHOLINX HOPMATUBHbLIX AOKyMeHToB. OcHoBHas ponb Tpebo-
BaHWI Ka4yecTBa 3aKryaeTcs B NPM3HAHUM OTXOLOB Kak Tonnvea M (MNn) CbipbeBbIX MaTe-
puanos, ecnv oHn obecnevnBatoT AOMOMHUTENBHO CrieayioLlee:

- KaNOPUMHOCTbL 3a CYET OpraHNYecKon YacTu;

- yBENU4eHne matepuana 3a cHeT MUHeparnbHON YacTu.

Bbicokasi KanopumHOCTb OTX0A40B MOXET OblTb MCMONb30BaHa ANs1 3aMeHbl NePBUYHO-
ro Tonnmea B UemMeHTHon neun. CrnegyeT OTMETUTb, YTO BEMMYMHA KaNOPUMHOCTM OTXO40B
KonebneTtcsa B WMPOKNX npeaenax (cm. 2.7.3.2).

lMoaroToBka pasnuyHbIX TUMOB rOPHYNX OTXOAOB MM OTXOA0B, coaepKaLunx dpakumm
C BbICOKOW KanOpUMHOCTLIO, OObIYHO BbIMOSHSAKT BHE LEMEHTHOro 3aBoda. Takme oTxoapl
00bIYHO NOAroTaBNMBAKOTCA MOCTABLUMKOM MMM creumanbHbIMU OpraHuM3aumamMu npegsapu-
TenbHon o6paboTkM OTXO4O0B, MCMOMbL3YHOLWNX CheunanbHble YCTPOMUCTBa M 0bopyaoBaHue
AN NonyyYeHus npoaykra, NpUrogHoro Ans UCnonb30BaHUA B LEMEHTHbIX nevax 6e3 gonon-
HUTENbHOW NOArOTOBKN Ha LLEeMeHTHOM 3aBoge. OgHaKo 40 MX UCNOSb30BaHMS B LIEMEHTHbIX
neyax OoTxo4bl PerynsipHO NPOBEPSAIOTCA M aHANM3NPYIOTCA NEepcoHanoM LIEMEHTHOro 3aBo-
aa. Ncnonb3yetcs cneunanbHoe nabopaTtopHoe obopyaoBaHWe AN MpPOBEPKU PasfUYHbIX
KayeCTBEHHbIX XapaKTepuCcTUK Matepuana.

TexHonormm nogroToBKM M CMELLEHUSI OTXOAOB ONpeaeneHHoro Kayectsa 3aBUCAT OT
XapakTepUCTMK BBOAUMOro maTtepuana u TpeboBaHui notpebutens. [Jaxe OAHOTUMNHbIE OT-
X04bl creumanbHOro NPou3BoAcTea 40 UX NpuMeHeHus obpabaTbiBaloTCA U CMELLMBAOTCA B
yCTaHOBKaX, NpefHa3Ha4YeHHbIX ANns oTXo4oB, 4Tobbl 06ecnevnTb OOHOPOOAHOCTb CMECU U
NMOCTOSAHCTBO KayecTBa: TEPMUYECKNX CBOMCTB M XMMMUYECKOrO COCTaBa. TONbKO B HEKOTOPbIX
crydasix MOXHO WMCNonb3oBaTb OTxXoAbl 6e3 npenBapuTenbHo Mx 06paboTku, Hanpumep
LWKMHbI U oTpaboTaHHble Macna. Jllobble HeogHOPOAHbIE OTXOAbI, MOXOXNE HA CMEeCb TBEPAbIX
OTXOAOB PasfMyHbIX UCTOYHUKOB UM OTOOPaHHYK Opakuuio U3 CMeELLaHHbIX FTOPOACKUX OT-
X0A0B, TPeOYIOT MOBbLILLEHHOIO KOHTPONsA Ans obecnevyeHnst HageXXHOro KavyecrtBa C MocCTo-
SAHHBbIM ManbiM BBOAOM 3arps3HUTENS.

BaxHbIMK XapakTepuctMkamum 1 napameTpamMu TOMSMBHbLIX OTXOO0B SBNANOTCA BeENu-
YMHA KaNOPUMHOCTU, a TaKKe codepXaHwe BOAbl, Cepbl, Xnopa, TSXKeNbIX MeTannos (0Co-
GeHHO pTyTN 1 Tannus) 1 3onbl. [JONONHNUTENBHOW BaXXHOW XapaKTEPUCTUKON ABNSIETCS Cro-
COOHOCTb K ropeHuto (roptodecTb). Xnop MoXeT OKasblBaTb HEraTMBHOE LEWCTBME Ha Mpo-
uecc npomssBoacTea. [oaTomy npuemnemas KOHUEHTpauna Xropa 3aBucuT OT MHAnBMAyarb-

HOW cuTyaummn Ha arperaTe (ycTaHoBKe, annaparte). O4Hako aTa KOHUEeHTpauus OOrKHa noa-
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AEPXKMBATLCA HA MWHMMAarbHOM YpoOBHe, 4YTOObl NpefoTBpaTUTL JKCMIyaTauMOHHbIE MpPO-
6rnembl NeYHOW CUCTEMBbI, Hanpumep, 3amasbiBaHue TennoobmeHHuka. [Mpy NoBbILLEHHOM
KonuyecTtee xnopa Heobxoauma 6annacHas cuctema, Ytobbl NpeaoTBpaTnTb 3amasbiBaHue,
OoCTaHOBKY M T. 4. (cm. pasgen 5). OBbIMHO KOHLEHTpauus Xropa B TOMAMBHBIX OTXoAax
He npesblwaet 0,5 % — 2 %.

TpaguuMOHHO TONSIMBHbBIE OTXOAbl HAKaNMBAKTCSA B 3HAYNTENBHOM KonudecTee. [Npu
BblOOpEe TOMMMBHbLIX OTXOL4OB MEPBLIM LLUArOM SABMNSETCHA CHUWXEHWE OONvM mMaTtepuana, KoTo-
PbIi MOXET NPUYNHUTL NPOBIeMbl B NPOU3BOACTBEHHOM NpoLecce LeMeHTa Unu B ero Kaye-
cTBe.

Mpwn BbIGOPE TONNMBA (0OLIYHOMO UK OTX0AA) TaKke HeobxoaMMOo y4YnTbIBaTh Tpebo-
BaHMs K KayecTBy Mmartepmana. [losTomy Ansi NpoM3BOACTBA LEMEHTa MpUrogeH TOmbKo
OrpPaHUYEHHbIN KPYr U KONMMYECTBO TOMSIMBHbLIX OTXOA4OB. MIMETCH COOTBETCTBYIOLLME Orpa-
HUYEHUS MO TUMNaM U KONMYECTBY TOMMMBHbBIX OTXOQ0B, NPUroAHbIX AN NPOM3BOACTBA LUe-

MEHTa, KOTOpble 3aBUCAT OT crneunuyHbIX 06CTOATENLCTB.
2.7.3.6 KoHUeHTpauusa MeTtannoB B oTxoAax

KoHueHTpauua meTtansnoB M3MEHSETCA B 3aBUCMMOCTU OT MPOUCXOXOEHUS OTXOO0B.
Bo MHorux EBponerickux ctpaHax 3akoHogaTenu u (Mnv) NpoMbILIEHHOCTb BbIMYCTUNX CMK-
COK C MakcuMmaribHO LOMYyCTMMOW BESIMYMHOW KOHLEHTpauun MeTannoB Ans Bbibopa OTXO-
A0B, KOTOpble ByayT MCNOMb30BaHbl B Ka4eCcTBe TOMMAMBA UK CbipbeBbIX MaTepuanos. lpu-
Mepbl TUMWUYHbBIX KOHLEHTPaUUn MeTansioB U TUNUYHbIE KPUTEPUMU, OTHOCSLLMECHA K pasnuy-
HbIM BellecTBaM AN onpeaeneHus npurogHoCTU TOMSIMBHbLIX OTXOOO0B, NpeacTaBrieHbl B
3.3.1 1 3.4.1. Takme KpUTEPUN BKINIOYAIOT:

- 3HAYNUMOCTb BINAHUA LEMEHTHON NPOMBILLNIEHHOCTM Ha OKPYXXaloLLyto cpeny B KOH-
TEKCTEe C perMoHarnbHbIM pa3BUTUEM MPOMbILLIIEHHOCTH,

- yCUnus, HanpasreHHble Ha rapMOHU3aLNI0 perMoHanbHbIX 3aKOHOB U CTaHA4ApPTOB MO
OXpaHe oKpyxaroLLen cpenbl;

- YPOBEHb 3arps3HuTenen B TpaguMUNOHHbIX CbIpbEBbLIX MaTepmnanax u oTxoaax;

- YyCroBMs NPON3BOACTBA U BbIOPOCHI;

- anbTepHaTMBHbIE MeTOAbI 06Ee3BpPEXMBAHUSA OTXOO0B;

- HEOBXOOUMYH MUHUMASTbHYHO BENNYNHY KarTOPUNHOCTMU;

- Tpe6OBaHVIFI K Ka4eCTBY LLlEMEHTa.

129



2.7.3.7 CknagupoBaHu1e U TPaHCMOPTUPOBKa OTXOA0B

TonnuBHble OTXOAbl OObIMHO NOArOTABMMBATCSA Ha cheumnarnbHbIX 06CNyKUBaKOLLMX
npeanpusatuax. MNogaBaemble NOArOTOBMEHHbIE OTXOAbl HEOOXOAMMO TOMbLKO CKNaaMpoBaTb
Ha LEeMEeHTHOM 3aBode M 3aTeM B OTMEPEHHOM KONMYecTBe MofaBaTb B LIEMEHTHYHO Neuyb.
OTxoabl U3 pasHbIX NAapTUI MOTYT OTNMYaTLCA MO cocTaBy. [MoaTomy GrnaropasymMHO Npoek-
TMPOBAaTb MHOroLerneBble cknaabl/3aBobl No NOArOTOBKE OTXOAOB.

Xngkue TonnueHble OTXOAbl B GOMbLUMHCTBE CrydaeB SIBNSIOTCA ONacHbIMU OTXoAa-
MKU. DTO HEOOXOAMMO YYUTbIBATb NMPU UX AOCTaBKe, CKMagvMpoBaHUK, nogade B NPOU3BOA-
ctBo. Kpome TOro, Ansi noTteHuManbHO CaMOBO3rOpalLLUMXCA MaTepuanoB AOMKHbl OblTb
npeaycMOTPEHbI cneupnarnbHble Mepbl, 0COBEHHO Koraa MCMonb3ytTCs 0TXoAbl, AOCTaBMEH-

Hble C I'IpG)J,I'IpVIFITMVI Nno nNoaroToBke N COPTUPOBKE OTXOO0B Ha d.)paKLl,I/IVI.
2.8 OGXMUr LUEeMEeHTHOro KIIMHKepa

B HacToswee BpeMsi 06Xur KnuHkepa OCYLLEeCTBNAT B NEYHbIX CUCTEMAxX MOKPOro,
CyX0oro n kKoMbuHmpoBaHHOro crocoboB npounssoacTea (cMm. 2.1, pucyHkm 2.2—-2.7). Tunopas-

Mepbl neyYen npeacTasneHsl B pasgene 1.
2.8.1 Neumn mokporo cnocob6a nponsBoacTBa

OGXUr LEMEHTHOrO KINMHKEpa No MOKPOMY crnocoby nMpou3BoauTCA B ANWHHBIX Bpa-

LLAKOLWMXCA NeYax C OTHOLWEHWEM ANuHbl K anameTpy L/D = 37 (cMm. pucyHok 2.44).
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1 — pbIMococ, 2 — anekTpodunbTp, 3 — WnamnuTaTens, 4 — TennoobMeHHble
yCTpOWCTBa (LenHasa 3aBeca), 5 — 6aHgax, 6 — kopnyc neyn, 7 — npmeog neyu, 8 —

ponukoonopa, 9 — ropenka, 10 — KNUHKEPHbIN XONOANITbHUK
PucyHok 2.44 — Bpawatowasacs nedb MOKporo cnocoba npovnsBoacTsa:

Hanbonblwee pacnpocTpaHeHue B NOCreaHne eCATUNeTUs nonyymnm neymn 5 x 185 m
C KOJTOCHUKOBbIM XonoaunbHuMKkoM «Bornra 75» npoussogutensHocTbio 1800 T/cyT npu cpea-
HEero4oBOM yAeNbHOM pacxoae YCnoBHoro Tonnmea ~201 Kr/T KNuHKepa.

[MeyHon arperaT Mokporo crnocoba Npon3BoACTBa BKMNOYAET ASIMHHYIO BpaLLatoLLyCcs
neyb C BHYTPEHHUMMU TennooOMeHHWKamK, LUIaMoBbIA NUTATENb, FOPEsiky ANs CKUraHus
ToNnNMea, AbIMOCOC, KIMHKEPHbIA XONOAUMbHUK, CUCTEMY OYUCTKM OTXOOALLMX U3 NeYun rasos.
Bpawatowasca neyb npeacraensieT cobon cranbHon GapabaH, KOTOpbIA OnNupaeTca yepes
GaHgaXu Ha ponmMkoonopbl U Bpalwlaetcsa ¢ Yactoton 1-1,5 06/muH. MNeub ana obecneyeHus
NPOABWXEHNSA MaTepuana K pasrpy3odHOMY KOHUY umeeT Hebonblon yknoH (3,5 % —
4,0 %). Kopnyc neyn nsHytpu oTdyTepoBaH OrHeyrnopHbIM KMpnuydom. Buabl orHeynopos u
crnocobbl yTEPOBKM M3NOXEHbLI B pa3aene 2.8.4. lNeyb paboTaeT No NpuHUUNY NpoTMBOTO-
ka. LUnam yepes wnamoByto Tpyby nofgaeTcst B XONOAHYI YacTb nevn. HascTpeyvy matepua-
ny C BbIFPY304YHOIO KOHLA NeYyn ABMXKYTCS ropsiyne TomnoYvHble U BblAensowmecs n3 matepu-
ana rasbl.

MaTtepwan, npoaBurasicb no rneyu, HarpeeaeTcs 40 TeMnepaTypbl CNekaHnsa KrvHkepa
~1450 °C, a ra3oBbili NOTOK, ABWKYLLMACS K XONOLHOMY KOHLYY, CHUXXaeT CBOK TemnepaTypy
ot ~1800 °C B dhakene oo ~200 °C Ha Bbixoge neuun. OTxogswme u3 nedm rasbl nocne
OYUCTKM B anekTpodunbTpe BoibpackiBaloTcs B aTMocdepy Yepes AbiIMOBYHO Tpyby. [0TOBbIV
KNMUHKep 13 BpaLlaloLwencs neyn noctynaeT B XONOAUIbHUK, rAe OCyLLeCTBNAeTCH ero oxna-
XpeHue ot ~1200 °C go ~100 °C. MNpurHuMn paboTbl pasnmnyYHbIX KNMHKEPHbIX XONTOANITbHUKOB
N3noxeH B pasgene 2.9. M36bIToYHbIM BO3OyX M3 XonoausnbHUKa ¢ Temnepatypon ~120 °C

nocrne O4YUCTKM B MbinieyrnasnmBatene ygandetcd BEHTUITATOPOM U Bbl6paCbIBaeTC$I B aTMO-

cpepy.
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[bIMOCOC CNyXWUT ANfs oTcacbiBaHUA M3 MeYn TOMOYHbLIX ra3oB U BbIOENAOLWNXCA U3
MaTtepuana BoAsiHOro napa v yrrekucrioro rasa.

Ona cHwKeHna pacxoga TOMAMBa UCMOMb3yeTCss  KOMMMEKC TennoobMeHHbIX
YCTPOWNCTB.

Komnnekc TennoobMeHHbIX YCTPOWCTB LN Bpallalolencss neyn Mokporo crnocoba
Npon3BOACTBa OObIMHO COCTOUT U3 LIEMHbIX 3aBEC W 3auenHblX nepnugepuiHbix TennoobmeH-
HWKOB, KOTOPbIE pacnonoXeHbl B o6nactn temnepatyp matepuana go 500 °C 1 BbINOSIHEHbI
B BUAE LEnHbIX KOBPUKOB, a Npu Bonee BbICOKMX TemnepaTtypax — B BUAE KepaMU4eCKuX
TennooOMeHHMKOB.

LlenHble TennoobmeHHMKM pacnonaratoTcs 00bl4HO Ha yvacTke 25 % — 35 % gnuHbl
neyn n BMecTe C Kepamuyeckummn TennoobMeHHKamn MoryT pacnpocTtpaHsaTbes 4o 50 % ee
AnuHbl. CyllecTBYHOT pasnuyHble Ccnocobbl HaBecku Lenen: cBobogHOoBUCALLAA U TMPNAHA-
Has. Bbibop BUOa HaBeCKN onpeaensieTca cBocTBamMm cbipbs. Ecnu wnam cnocobeH cosna-
BaTb rpaHysibl U COXPaHATb UX MO BCEN NeYn, TO pekoMeHayeTca rmprsHaHas 3aBeca.

Mpn nopbope cxembl LiENHYHO 3aBecy B 3aBUCMMOCTM OT CBOMCTB Matepuarna ueneco-
obpasHo pasgenuTtb Ha ydacTku: Tekydero (I), Basko-nnactudHoro (1) un ceinyyero (I1I-1V) co-

CTOSIHMS. BapuaHTbl pacnpoCTpaHeHHbIX LIeNHbIX 3aBeC NpuBeaeHbl Ha pUcyHke 2.45.
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PucyHok 2.45 — CxeMbl HaBECKM TPex3axo4HON MMpnsHAHOM U cBOGOAHOBUCALLEN

LlenHbIX 3aBec B nevn 5 x 185 m

3a uenHon 3aBecoln ycTaHaBnMBalOTCA nepudepurHblie Kepammyeckune Tennoobmer-
HWKW, KOTOPbIE BbINOSHATCA B BUAE NepemMeLlnBatomx nomnok, Y4To yeenmyuneaeT Tennoob-
MeH B ABa pasa.

133



Hanbonee pacnpocTpaHeHHbI cnocob NUTaHnsA neyu LWiamom NpUBEAEH Ha PUCYH-
ke 2.46.

bak
NOCTOSIHHOTO
YPOBHSA
| VHAyKumMoHHbIA
pacxonomep
Perynstop
noToka
Snelcrponbl
LLnam n3
ObpatHblit  BacceitHa t
CvB KoHTpOmbHbIiA
Bavok
Linknunyecku
(byHKLMOHMpYtoLLas
3anopHas
npobka
P LLnam
B NneYb

PucyHok 2.46 — CamoouunLiaroLmnes nutaTens wnamMa

B cBa3n ¢ Tem, 4to ctabunbHas paboTta neynm B 3HAYUTENbHOW CTEMNEHU 3aBUCUT OT
CTabunbHOro NUTaHUS WamMoM, TO JaHHbIN CNOCOD MMeeT cneayolmne npemmyLlLecTsa:

- obecneumBaeTca ctabunbHoe NUTaHue BCNEACTBME ABYX YPOBHEW KOHTPOSS — WH-
AYKUMOHHBIM pacxo4oMepPOM U KOHTPOISTbHbIM 6ayvkom;

- OTCYTCTBYIOT HEMNPEPLIBHO paboTatoLlime nogsuxHbIe geTanu;

- He obpasyeTcsl 0cagok B CUCTEME, B CBA3M C YeM OoTnagaet HeobxoaAnMMOCTb Nepuo-
ANYECKOW OYUCTKM nuTaTens wnama u obecrneymBaeTcs bonee crabunbHOe nNUTaHWe neyn
LiamMom;

- He TpebyeTcs nepcoHan ans obcnyxXnBaHnsa nuTaTens.

HepocTaTok:

- HannMuyme obpaTHOro cnuea LWamMa, NPUBOAALWEro K AOMNOSIHUTENbHOMY pacxoay
3IIEKTPOIHEPTUN.

Meun BCneacTBmMe BbICOKMX SHEPreTUYECKUX MU MaTepuarbHbIX 3aTpaTt Ha 0OXUr KInH-

kepa BblbpacbiBalOT 3HaUYNTENbHOE KOMMYECTBO ra3oB B OKpYKatollyl cpedy. Tak, ¢ OTXo-
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AAWMMN radaMn, Ha TOHHY KnuHKepa BblOpacbkiBaeTcs 6onee 4 T 3anblfieHHbIX OTXOASLLMX
rasoB, cogepxawmx ~850 kr CO,, n okono 1,5 T n3bblTOYHOro BO3ayxa 13 XonoausbHMKa Ha
T KNWHKepa. [ns OYMCTKM 3TUX ra3oB yCcTaHaBNUBAKOTCA anekTpodunbTpbl, obecneymnBato-

LLIMe MOCIIE OUUCTKM KOHLIEHTPALMIO Nblnnt Ao 20 Mr/HM®.
2.8.2 MeyHble cucTeMbI C LUKITOHHbLIM TENI006MEHHMKOM

B neyax ¢ UMKNOHHbIMK TENNOOBMEHHNKaMn npouecc obxura pasgenstoT Ha ABa dTa-
na: NogorpeB U YyacTuyHas AekapboHM3auns CbIpbEBON MYKN OCYLLLECTBNAETCSA B LIMKITOHHOM
TennoobMeHHuKe n gekapboHunsaTope (Npu HanMymm), a o6Xur — B YKOPOYEHHOW BpalLato-
LLenca neyn.

Mpun cyxom cnocobe npounssoactea B Poccun ompmamm KHD n FLSmidth peanusosa-
Hbl ABa BapuvaHTa NUTaHWs C MPOXOAHbLIM FIOTKOBbIM M C LMKNNYECKM paboTaroLmnmMm Macco-

pacxogomepamu (CM. pUCYHOK 2.47).

3akpbIToe CocTosiHWe

[atyunkm
Harpyaku

AN
L =

OTKprToe COCTOAHNE

Wnbep

[Hoaupytowmn
Banok

Aapoxénob

MpoxoaHoW NOTKOBbLIV
Maccou3mMepuTenb

Martepuan

PucyHok 2.47 — Cuctema nuTaHnst NeYHON CUCTEMbI CbIPbEBOW CMECHIO C JTOTKOBBIM

nsmepuTenem

ToyHoe ao3npoBaHune CblpbeBOIZ MYKWN ON1A nogadn B NeYHy CUCTeMy Npomnm3BogunTCA

C MCnosfb3oBaHNEM KOMIMJIEKCaA 06opynoaaH|/|ﬂ. ,D,O3Mpyl-0LIJ,Ml7I OnoK cocTouT U3 B3BELUMBaE-
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mMoro OyHkepa, NUTaloLWero yana n NpoxogHoro NOTKOBOro maccomsmeputens. byHkep onu-
paeTcsa Ha TpU OaTyMKa Harpysku, KOTOpble ONpeaensiT TEeKyLy Maccy Myku B GyHkepe.
MuTatowun ysen npeacrtaBnseT cobon aspoxenod, B KOTOPOM YCTAHOBMEH A03UPYHOLLNIA
Banok, NpuvHUuN paboTbl KOTOPOro 3akryaeTcs B M3MEHEHUN MPOXOOHOr0 CeYyeHusi Basnka
npwn ero nosopoTe. Pacxon Cbipb€BON CMECU KOHTPONUPYETCA MPOXOAHbLIM FIOTKOBbIM Mac-
consmepuTenem.

BTopa s cuctema FLSmidth coctont n3 ycpeaHUTeNnbLHOro cusoca, 3arpy3oqHoro, pas-

rPY304HOIO M A03UPYHOLLMX YCTPONCTB (CM. PUCYHOK 2.48).

BydepHas
eMKOoCTb

Lnknuyecku
- — PpaboTatoLuit
3anopHbIil KnanaH

x| Rosmpout - g,

Perynstop
Q‘(D =~ pacxopa
------------ A

Aspoxenobbl

K neyu

PucyHok 2.48 — CucteMa nuTaHusi NeYHom CUCTEMbI MaTepmarnoM ¢ 4O3MPYOLLUM

ByHKepoMm

N3 6ycdbepHOI EMKOCTU CbipbeBasi CMECb MOCTYNaeT B A03UpYoLWKniA GyHKep, YyCTaHOB-
NeHHbIN Ha Becax. PerynvmpoBaHue konuyectBa nogaBaeMoro Matepuana B neyb OCHOBaHO
Ha cneayowem npuHumne. PacxodHbln GyHkep 3anonHSeTCcs U ONOPOXHSIeTCA nepuoanye-
ckn. Korga cbipbeBasi Myka He nocTynaeT B OyHkep, onpeaensieTcs MaccoBblii pacxod maTte-
puana 3a onpeaeneHHoe BpeMsl, KOTOpbIA UCMONb3yeTcs ANs pacyeTa hakTU4eckoro nuTa-
HUS nedn. OTOT rnokasaTerb yrnpaBnseT NOMoXeHMeM perynsaTopa pacxofa, KoTopoe 3aTeM
OCTaeTCcsl HEM3MEHHbIM BO BPEMS 3aMOSfTHEHUS! pacxoaHoro 6yHkepa matepwuanom. MogobHas
onepauusi MOBTOPSIETCS MPU KaXKOOM LMKIE.

MapameTpbl paboTbl NeYn 1 OBMKEHME ra3oBOro NOToKa WU MaTepuana nokasaHbl Ha

pucyHke 2.49.
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PucyHok 2.49 — lNapamMeTpbl ra3oBOro n matepuarnbHOro NoTOKOB B MEYHOW cucTemMe

Hanbonee paumoHanbHbIMKU COBPEMEHHbLIMW MeYaMu CYXOro U KOMOGUHMPOBaAHHOIO
cnocoboB SABnATCA 06XXKMUroBble arperaTtbl BbIHOCHbIMU AekapboHudaTopamu. NoaTomy Hmke

OyayT paccMOTpEHbI TOMbKO Takue CUCTEMBI.
2.8.3 lNeyHble cuCTEMbI C LIUKNOHHbIM TENNOOOMEHHUKOM N AeKapOOHN3aToOpOM

Hanbonee pauuoHanbHbIMW COBPEMEHHBIMU NeYamMu CyXoro U KOMOBUHMPOBAHHOMO
cnocoboB sABNSATCA 00XUroBble arperaTbl C BbIHOCHbIM AekapboHu3aTtopom. MNpuHumn pabo-
Thbl 3aKI04aeTCs B TOM, 4YTO MNPU CyXOM crnocobe camyto TensioeMKyto 30Hy — 30HY aekapbo-
HM3aumn, notpedbnstowyo Ao 60 % Tenna, BbIHOCAT M3 BpaLlaloLenca neyn B CycneH3noH-
HbIW TeNSTIOOOMEHHMK, TAe CKOPOCTb TennoobmMeHa Ha HECKONbKO MOPSAKOB Bblle, YEM BO
BpaLLatowencsa neym (cm. pucyHok 2.50). 310 NO3BONUIIO YMEHbLWNTL pasMepbl Bpalato-

Lencs neyu, cosgatb YCTaHOBKU C €AVHNYHON MOLLHOCTbIO A0 12 ThIC. T KIMNMHKepa B CYTKWU.
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LInknoHHble
Tenno-
0OMEHHMKM

[asoxon
TPETUYHOTO

Cuctema

[biMococ
nUTaHns acnupaLn

CbipbeM

= XonoaunbHIK
PucyHok 2.50 — CoBpemeHHas neyHasa cuctema c gekapboHmsaTopom

B HacTosLwee BpeMA UMEKTCA OEeCATKM pPa3fintdHbIX CUCTEM ,D,eKap60HV|38T0pOB.

B Poccun npumensitotes Tpu: ompm KHD, AnoHnn n FLSmilth, npuBedeHHble Ha pPUCYH-

ke 2.51.

QTxonﬂmme rasbl QTxonﬂume rasbl Otxogswme rasbl
4 E 4

Matepuan Marepuan Marepuan

L
-
Knuxkep

PYROCLON-S RSP PYROCLON-R

{
KrnHkep

PucyHok 2.51 — lNpumeHsemMble B Poccumn cuctemsbl neven ¢ gekapboHmnsatopamm

Cuctema PYROCLON-S 6e3 TpeTU4HOro BO3Adyxa C AOMOSHUTENbHbLIM CXUraHUeMm

TonnMBa B 3aneyHoM TennoobMeHHMKe He nveet LLINPOKOro pacrnpocTtpaHeHund, TakK Kak no3-
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BONSieT MOBbICUTb NPOU3BOAUTENBHOCTL Meyn Bcero Ha 20 % — 25 %. B Poccumn peanuso-
BaHa ogHa Takasi MnHua Ha OAO «CebpsKOBLEMEHT.

Cuctema RSP ¢ gekapboHM3aTOpOM KaMepHO-LUKITOHHOrO Tuna BrepBble peanun3o-
BaHa B AnoHun B 1967 roagy. CteneHb aekapboHmnsauum gocturaet 95 %. Takas nuHua pea-
nmn3oBaHa B Poccum Ha BAO «HeBbSAHCKUI LLEMEHTHbIN 3aBOA».

Hekap6boHuzaTop (B cucteme PYROCLON-R) c Bocxogslwmm BepTUKanbHbIM ra3oxo-
AOM 1 TPEeTUYHbIM BO34YXOM BbiCOTON ~80 M nony4ymn B nocrnegHue roabl Hanbonbluee pac-
npocTtpaHeHne. B Poccun 3a nocnegHee gecatunetne 3apybexHbiMm pupmamm KHD Hum-
boldt, FLSmidth n kuTanckmmm komnaHuaMn peannu3oBaHo 17 TEXHOMOrMYECKUX NMIUHUINA CyXO-
ro cnocoba Ha NAO «MopaosuemeHT», OAO «CebpsikoBuemeHT», B Pecnybnuke bawikop-
TocTaH, OpeHbyprckon, JleHuHrpagckon, MockoBckour, Tynbckour, YNbAaHOBCKOW, Kany»Kckon
obnactax n KpacHogapckom Kpae.

MpenmyLlecTBo cucteM ¢ gekapboHN3aTopoMm:

- BblCOKas euHNYHasi MOLHOCTb (40 12 ThIC. T B CYTKM);

- Manble rabapuTbl neyen, Manoe KosiM4ecTBO Ornop;

- BbICOKasA CTOMKOCTb (PyTEPOBKMY;

- NMOHWXXEHHbIW pacxod Tonnuea;

- NOHWXEHHbIN BbIOPOC B aTMOcdepy napHMKoBbIX ra3os, CO, n NOy;

- BblCOKas cTeneHb aBToMaTm3auuu;

- BblCOKas Npon3BoaMTENbHOCTL Tpyaa.

HepocTtaTku:

- YCNOXHEHHOCTb 060pya0BaHMS;

- 3aTpPYAHEHUS B NOSTyYEHUN CbIPLEBOW CMECU CTabunbHOro CocTaBa;

- 3aTpyOHEHUSA B MOMYyYEHUN BbICOKOKAYECTBEHHOIO KIIMHKepa CTabunbHOro MuHepa-

norn4yeckoro cocrasa.
2.8.4 PyTepoBKa BpallaloLWMUXCA nevyen

BHYTpeHHsIs YacTb Neyvn NokpbiTa cnoem orHeynopa (yTepoBKOWN), KOTOPbLIA CRYXUT
AN 3aWnThl Kopnyca rneyn oT BO3AENCTBUSA BbICOKUX TeMnepaTyp U CHUXEHUSA TernnonoTepb
Yyepes Kopnyc. Ha pasnuyHbiX y4acTkax Bpallatowencs neyn (CM. pucyHok 2.52) ncnonb3sytot

OorHeynopHblie MaTepuaribl.
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PucyHok 2.52 — dyTepoBka BpaLLaloLLEeNCcs nevm MoKporo cnocoba npom3eoacrea

| yqactok neyn — obnactb TeNNO0OMEHHbIX YCTPONCTB (30Hbl CYLUKM M YACTU4YHO MO-
porpesa). NepBasd NonoBMHa XONOAHON YacTW LEnHOW 3aBeckl He hyTepyeTcsa. Btopasa no-
NOBMHA 30HbI CYLLIKM Mpu TemnepaTtype matepuana go 100 °C dytepyeTcs 6eTOHOM Ha
nopTnaHALEeMEHTHON CBA3KE M ANsi NPOTUBOLAENCTBMA UCTUPaHMIO apMmupyeTcs. [pu nnoxom
rpaHynsunun matepuana TemnepaTtypa MopoLIKOOOpa3HON CMecu B ropsiien 4Yactu LiEemnHOm
3aBecbl MoxeT gocturatb ~400 °C, Torga ata Yactb pyTepyeTcsi orHeynopHbiM 6€TOHOM Ha
OCHOBE XXWOKOro CTEeKna Wnu rUMHO3eMUCTOro uemeHTa. [1na npeaoTBpalleHns UCTupaHus
GeToOH pekoMeHAOyeTCs MOKPbIBaTb >KapPOCTOMKMMM MeTannuyeckumm OpoHennutamu. Yua-
CTOK LeNHOro KoBpukKa cnegyet oytepoBaTb LLAMOTHbLIM KUPMNYOM.

Il ydacTOK — NOAroToBUTENbHbIE 30HbI (YaCTb 30HbI NOoAOrpeBa n agekapboHmsaunmn) —
dyTepyeTcs WaMOTHbIM OrHeyrnopoMm Ha cBA3ke unum 6e3 Hee. B kayecTBe CBA3KM MOXET
NPUMEHATLCS NOPTNAHALEMEHTHAsH CYyCNeH3nsa Unn cneuunarnbHblii MepTenb.

[Il yqacTok — BbICOKOTEMMNEPATYPHbIE 30HbI (3K30TEPMUYECKUX PEAKLNIA U CNEKAHWUS).

30Ha cnekaHnsa — caMblili OTBETCTBEHHbIM Y4aCTOK Neyun, Tak Kak 34ecb Ha byTepoBKy
BO3AENCTBYIOT BbiCOKasi TemnepaTypa W KNUHKEPHbIN pacnnae. Hanbonbluiee pacnpocTtpa-
HeHne B HacTosiLee BpeMs NMeKT orHeynopbl Ha ocHoBe MgO.

dyTepoBKa BpaLlaloLLENCca neyn cyxoro cnocoba npomnsBoACTBa OCYLLECTBNASETCH Ta-
KMMW e OrHeynopHbIMM MaTepuanamu, Kak u B ne4ym MOKporo cnocoba: nogrotoButenbHble
30Hbl — LLAMOTHbIM OFHEYNopoM, a CnekaHns — KMpPNnM4YoMm Ha ocHose MgO.

Mpn dyTepOBKE LMKMOHHBLIX TEMIOOOMEHHNKOB UCNONb3yeTcsi MHOrocnonHasa dyre-
pOBKa, COCTOSALLAsA U3 TEMNNON3ONMPYIOLLErO M 3aLuULLAoLLLErO OT N3HOCA OTHEYNOPHOro CIos.
TennonsonupyroLnin CNon BbINOMIHAETCHA NaHensM1M U3 cunukata KanbLms UNn ferkoBeCHbIX
OrHeynopHbIx kupnuyen. Mpn dyTepoBke TENNOOOMEHHMKA LUMPOKO MCMNOSNb3yeTCs OrHe-

YrNOPHbLIN BETOH.
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2.9 KnnHKepHbIe XONoAUNbHUKN

B HacTosiwee BpemMA B OCHOBHOM MPUMEHAIOT crieayrune KrnmHKepHble XonoanibHU-

Ku: pekyrnepaTopHble (nnaHeTapHble), 6apabaHHble U KONTOCHUKOBbIE.
2.9.1 PeKkynepaTopHble (nnaHeTapHble) U 6apabaHHble XONoaUNbHUKN

PekynepaTtopHble XOnoAuINbHUKM NpeacTaBnaoT cobor 6apabaHbl, pacnosioXeHHbIe
BOKPYT BbIFPY304HOIO KOHLA neyu.

MpenmyLiecTBa pekynepaTopHOro XonoaunbHuKa:

- NPOCTOTa KOHCTPYKLMUN;

- OTCYTCTBME NPUBOAA;

- OTCYTCTBME BEHTUNATOPOB;

- HU3KUIN pacxop 3NeKTPO3HEePrum Ha oxraxgeHue KnmHkepa.

HepocTtaTku:

- NOBbILLIEHHAsa TemMnepaTypa OXNaX4eHHOro KNMHKepa,;

- HEBO3MOXHOCTb NMPUMEHEHUS ANs neden ¢ gekapboHn3aTopom;

- HeBblcokun Tennoson KI.

Bcnencrteme Hanuuus Bbllleyka3aHHbIX HELOCTATKOB Ha BHOBb CTPOSALLMXCH 3aBOgax
Takue XonoAunbHUKN BornblLUe He yCTaHaBNMBALOT.

B HacTosilee Bpems B Poccum pekynepaTopHble XONOAMMbHUKA BbiBEOAEHbl U3 JKC-
nnyatauun (OAO «YpanuemeHT», NMAO «MopgoBuemeHT», 3AO «benropoackun uemeHT»,
OAO «CebpsikoBLEMEHT» M Ap.) U COXPAHUNUCL TOSMBbKO Ha CTapbIX Nevyax HU3KOM MPOu3BO-
ANTENBHOCTMW.

BapabaHHble X0noAnNbHYKM B OCHOBHOM MMEKOT Te Xe HeJOoCTaTKu, YTO U pekynepa-

TOPHbIE, N HA LEMEHTHbIX 3aBofax Poccum He akcnnyaTupyoTcs.
2.9.2 KONnoCHNKOBbIN KNNHKEPHbIA XONOAUNbHUK

B HacTosliee Bpems Hanbonbllee pacnpoCTpaHEHME MOMNYYUIIN XONOANNBHUKA, B KO-
TOPbIX OXSaXAeHWe KnuHkepa NpoOUCXOAUT B Crioe Npu TECHOM B3aMMOAEWCTBUM NPOXOAsi-
LLero yepes Hero BO3gyxa. TakoW HEenocpeacTBEHHbIM KOHTAKT BO34yXa C MOBEPXHOCTLIO
KNMUHKEPHbIX rpaHyn obecrneynBaeT BbICOKYHD UHTEHCUMBHOCTbL TensioobmeHa 1 noaTomy nos-
BonsieT nosbicuTb Tennoson KI[ xonoaunbHuka n cHU3UTL ero rabaputsl 1 BbIBpoc ropsaye-

ro Bo3gyxa B atmocdepy. AToT 3(PPeKTUBHbIN NPOLECC peanM3oBaH B KOJTOCHUKOBbLIX XOJ10-
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ANITbHUKAX pasfinyHbIX KOHCTPYKUMIW. PacnpocTpaHeHue noslyumnn B OCHOBHOM AB€e MPUHLK-
nManbHO OTNUYaKLNECss Pa3HOBUOHOCTU: C NpOBanbHOM M OecnpoBaribHOM peLLeTKaMu.
Kaxabi BUO MMeeT HeCKOoNbko Moandukaunn. B Poccnn Ha BbICOKONPOM3BOOUTESbHbLIX Me-
Yax MOKporo crnocoba NpenmMyLLECTBEHHO YCTAaHOBIEHbI OTEYECTBEHHbIE KONTOCHUKOBbLIE Ne-

peTankumBarLme XONOoANITbHUKN C NpOoBarnbHOM pelleTkon Tnna «Bonra» (cMm. pucyHok 2.53).

['onoBka neyu BeHTunsaTop
[Neyb .
Bo3dyx usbbimoyHbIl:  Y36LITONHOTO
L ~07 HM/ke kn. t~ 150°C BO3ayXa
'{\ /J=:
S - %, Bo3dyx 8mopuyHabIl:

Kn T, 4 % L7 3

HRESR o, %, 5[~ 1,8 Hm/ke kn. t~ 450°C

Waxta —|

KonocHuku:
ROHQANBHIARS A . *e. NOABWKHbIE HEMOABIKHbIE ,.=*"""
BeHTunsTop : [opsas peluetka [pobunka

OCTpOro ==
ayTs ST

BeHtunsrop [¢_"

obuwiero o) TN o ~0()°
oytes /< . -f' aes? St fe ﬂ Cer6KOBbIl7I\] 0°C

N 3 TpaHcnoptep . L— L __ ¥
~N ) ) Bosdyx ~ 2,5 Hu'ke Kn. W /e
MeXKaMepHbIE MEPETOPOLKN = mm e e s s e

l...IV - nogpeLLeToyHbIe Kamepb! KoBl1i0BLI TPEHETOPTEP

PucyHok 2.53 — YCTponcTBO 1 NprHUMN paboTbl KONMOCHUKOBOIO NepeTanknsatoLwero

xosiogunbHuka «Bonra 75»

[Ansa nobliweHns apdekTUBHOCTN paboTbl XONoAubHUKA U, CrnegoBaTenibHO, CHUXe-
HWS pacxoda Tonnmea U Bbibpoca NapHMKOBbLIX ra30B U NbIN B OKPY>XKaKoLLY cpeny Heobxo-
ANMO CHWXKaTb pacxod BO3gyxa Ha oXnaxdeHue KrvMHKepa, YTO MOXHO KOMMeHcMpoBaTb MNo-
BblLUEHNEM BPEMEHWN OXNAXAEHUS NYTEM MOBbLILEHNS BbICOTbI CIOS U CHUXEHMEM pasmepa
KNMUHKEPHbIX rpaHyn [47].

B nocnenHee BpemMsi pacnpocTpaHeHne nonyynsn HOBbIA TUMN XONoAunbHMKa ¢ 6becnpo-
BanbHOM peweTkon dupm FLSmidth  (cm. pucyHok 2.54) [48], Claudius Peters
(cm. pucyHok 2.55), Polysius 1 KHD Humboldt Wedag (cm. pucyHok 2.57). B Poccun ncnone-

3YIOTCA nepeyvncrieHHble XonogaunsibHUKN.
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PucyHok 2.54 — KrnnHKepHbIA pyrernbHbIi XOnoAunbHUK doupmel FLSmidth

I'IpoeKT nepertarkmparwwlero KoJIOCHUKOBOIo XxonoaumnbHuUKa pearnm3oBaH d)I/IpMOIZ

Claudius Peters Ha 3aBoge OAO «Copga» (CM. pucyHok 2.55).

KITMHKEP
KonocHukum
CTaTM‘ieCKaH npsMoro
peLieTka AyTbA PewéTtka

pekynepaTuBHON
HenogBwkHble KOMOCHUKM C
YBENUYEHHBIMU «FPEBHAMUY

CTepxHu,
yoepxusatoLme
KpYrMHblE KyCKM.
~—— [1poburnka

PeweéTka
XOMNOAHOW 30HbI

Konnekrop
¢ natpybkamm
NpsIMOro 1yTbs

[atunkn pacxoga Bosgyxa

LLinbepa xano3nnHble 5
CkpebkoBbIli TpaHcnopTep

PucyHok 2.55 — Cxema 1 yCTpONCTBO NepeTankuBatoLLero KOIOCHUKOBOMO

xonoguneHuka pmpmel Claudius Peters
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Me>|<,u,y ropﬂqe|7| M XOJ1I0OAHbIMKU pelleTKaMin pacnosioKeHa BaJilkoBad /:l,po6vu'||<a and

KMMHKepa C rmaponpuBoaom (CM. pUCYHOK 2.56).

PucyHok 2.56 — BankoBas gpobunka ansa knuHkepa (a) ¢ anemeHtamm 3ybyaToro

Banka (6)

MpomexyTouyHoe Apo6reHne OCYLLEeCTBNSETCA C LeNbio OKOHYaTEeNbHOro, Kak MOXHO
Bornee NonHOro, OXnaxaeHus BCero KrvMHkepa Ha BTOPON pelueTke Ao TemnepaTypbl <95 °C.

MpenmyLiecTBa BankoBon ApoOUIKM NO CPaBHEHMIO C MOJIOTKOBOW Npu ApO6neHun KnmHke-
pa npuBeneHsl B Tabnmue 2.10.

Tabnuua 2.10 — 3 dPEKTUBHOCTb UCNONb30BaHNS BankoBon Apobunku ans KrnvHkepa

Ne 3HaveHuns gnga gpobunok
HavmeHoBaHvne napameTpoB

n/n MOMOTKOBaSs BarikoBasi

1 |Twn npmBoaa MexaHun4eckumn M'mopaBnuyeckun

2 |Pa3amep makcMmanbHOro MCXOOQHOro Kycka ~500 Mm ~1000 mm
Bo3MOXXHOCTb peBepca npu 3akfiMHNBaHUU

3 Het [a
apobunku
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Ne 3HaveHus ana Apoburnok
HavmeHoBaHne napameTpoB
n/n MOJIOTKOBAS BankoBast
4 |Pa3mep ApobrneHoro KnnHkepa <35 MM <35 MM
5 |[donyctumasa Temnepartypa KrvHKkepa 350 °C 800 °C
6 |YacToTa BpalleHus 367 06/MuH 4 06/MVH
7 | OKpyXHasi CKOpOCTb 25 m/c 0,07 m/c
8 |Pacxoa opobsuwmx aneMeHToB 300 r/T ar/t
9 |Pacxoa anekTpoaHeprum 0,9 kBT-u/T 0,3 kKBT-u/T
10 |MeXpeMOoHTHbIN nepuos 100 % > 300 %
11 |BbligeneHue nbinu Bbicokoe Huakoe

Ha lNMAO «MopgoBueMeHT» U OpyrnX 3aBogax YCTaHOBMEHO obopyaoBaHue dupMbl

KHD — xonogunbHukn tvna PYROFLOOR. XonoaunbHWK COCTOUT U3 OrpakgaroLlero Kop-

nyca, KOJTOCHMKOBOW peweTkn, no KOTOpOI7I nepensuraeTcda KrimHKep, BEHTUIATOPOB, npoay-

BawWKMX BO3OYyX 4Yepe3 cnown KIMNMHKepa, n acnnmpauynoHHOro BEHTUNATOopa, yaandrouero no-

Cne O4YMCTKM M3BbITOYHLINM BO34YyX B aTMocdepy (CM. pucyHok 2.57). KonocHukoBas pelueTka

COCTOUT U3 BO3BpPATHO-NOCTYNAaTEsNIbHO OBUXYLLUNXCA OOPOXKEK.
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0,29

KnuHkepHbIit TpaHCcnopTép

PucyHok 2.57 — lMpuHuunuanbHasa cxema KnnHkepHoro xonoaunsHuka PYROFLOOR
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[na cosgaHus BO3BPAaTHO-NOCTYNATENbHOIO ABMXEHUA CPpedHUX OOPOXEK MPUMEHS-
toTCA rmgponpmeBodbl  (CM. pUCYHOK 2.58, nosuums 2). TpaHCcnopTUpoBKa KIMHKepa oOcCy-
LLeCTBNAETCA OLHOBPEMEHHbLIM ABWMXEHMEM Brepes Bcex LOpoxeK. HenpepblBHOCTb nepe-
MeLLeHNa JOCTUraeTcs NoaTarnHbIM BO3BPATOM [OPOXEK B UCXOAHOE MOMoXeHne (K 3arpys-
ke). MNpun OBWXKeHUN Bnepes BeCb KIMHKEPHbIA Cron ABUMXeTCHA K Bbixody. Mpu asmxeHun
Hasag rpynnbl 4OpoXeK (0T 1 Ao 3, He pacnofioXXEeHHbIX PSAOM), BO3BpAT KNMHKEPA Ha HUX
TOPMO3UTCHA COCEAHNMWN CNOSAMUN U NOITOMY AOPOXKKN Npn 06paTHOM ABMXEHUM NPOCKasb3bl-
BalOT MoA Cnoem KrmHkepa 6e3 3HauyMTernbHOro ero cCMeLleHnsa Hasag.

[Mpn Takonm COBOKYNHOCTU OBWXEHUN Brepes W Hasag OCYLLEeCTBNSeTCA TpaHCNopTu-

poOBKa KIMMHKepa K Bbixoay.

I...IX - kamepbl NOA KONOCHMKOBOWN peLUETKOWM
C AYTbEBLIMU BEHTUNSTOPAMU;

1 - neperopoakn MexkamepHsble;

2 - rMapoNpUBOAbLI OPOXKEK PELLETKM;

3 - KacceTta peLlETKM C perynsiTopoM noToka;
4 - NOPOXKW NOABWKHOW KONOCHUKOBOW PELUETKM;
5 - kacceTa peLweTku ¢ apoccenupytoLlen Lwanbomn;
6 - NNacTUHbI OAHOW KacCeTbl NONepeYHble TPaHCNOPTUPYoLKE;
7 - paTyMKkM pacxoda Bo3ayxa;

8 - 3aCNOHKM Xano3uiHble;

9 - pelwéTKa KONOCHWUKOBAsi CTaTUYeckasn HaKoHHas,

10 - BbIXOAHas pelueTka nepea Apodunkom

PucyHok 2.58 — Cxema KONOCHMKOBOW peLueTkun xonogunbHuka PYROFLOOR

MpenmyLlecTBa KOMOCHUKOBOMO XONOAWbHMKA ¢ 6eCnpoBanbHON pPeLLIeTKON:

- NoBbILeHHbI Tennoson KIA;

- OTCYTCTBME NPOCHINN MESIKOro KIMHKepa Yepes peLueTky;

- MOHWXEHHbIN 06BbeM AyTbeBOro N N3bbITOYHOrO BO3AYXa;

- OTCYTCTBME CKPeOKOBOro TpaHcnopTepa nog peLueTkon;

- MOHWXXEHHbIN U3HOC KONTOCHUKOB;

- BO3MOXHOCTb MHANBUAYANbHOrO perynnupoBaHnsa NoToka Bo3gyxa yepes Crow KIuH-

kepa.
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HepocTtaTku:

- MOBbILEHHbIN pacxod 3MNeKTPO3HeEPrMm Ha paboTy BEHTUNATOPOB;

- HEKOTOPOE YCINOXHEHNE KOHCTPYKLNN.

M30bITOUHBLIA BO3AYX U3 XONoaunbHUKA NoaBepraeTcsi O4MCTKe OT Mbiv NpeuMylle-
CTBEHHO B 35ekTpounbTpe, a acnMpaumOoHHbI BO3ayX OT Y3r0B Neperpyskn KnmHkepa — B

pyKaBHbIX unbTpax [49], [50].
2.10 CknagupoBaHue KIIMHKepa U NoMos LeMeHTa

2.10.1 CknagupoBaHue KNuHKepa

[Ona xpaHeHua knuHkepa B Poccum MCnonb3yrT OTKpbITble CcKhadbl U CUMOCHI.
C OTKpBLITOro cknaga KnuHKep 3arpyaroT Ha KoHBerep Ans nogayn B MeNbHULY C NOMOLLbIO
rpendepHoOro KpaHa.

MpenmyLLEeCTBO OTKPLITOrO CKflaga 3akniovaeTcsl B BO3MOXHOCTU OLHOBPEMEHHOIO
NCNONb30BaHMs KIMHKEPA C pasHbIX NevYen Ans nogayv B ogHy MernbHuUy, HEAOCTaTOK — B
3arpsisHeHUM NbIfblo OKPY>KatoLLen BO3AYLLHOW cpebl U TEppUTOpUnN 3aBoaa.

OtkpbITbin cknag ucnonb3ytT Ha OO0 «TonkvHckun uemeHT», 3A0 «Jluneuxue-
meHT», OAO «BockpeceHcknit uemeHTHbIN 3aBoa», 3A0 «OckonuemeHT», OAO «CebpskoB-
LeMeHT» u ap.

Cunocbl NPMMEHAT AN XpPaHEHUs1 KOHOMLUMOHHOIMO U HEeKOHAMLMOHHOIO KrWHKepa

(cMm. pucyHok 2.59).
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PucyHok 2.59 — Cunoc anst XxpaHeHnst KOHAWLMOHHOIO M HEKOHAULIMOHHOIO KIUHKepa

dumpmbl Aumund

[na XxpaHeHna KOHOMUMOHHOIO KIMHKEPa MMeeT pacnpoCTpaHeHue KpyroBon Cunoc c
MeXaHU3MPOBaHHbIMWN cucTemMamm pasrpyskun. Tak, Ha NAO «MopaoBUeMEHT» AN XpaHeHUs
KOHOWLIMOHHOIO KIMHKepa npeaycMOTPEH LWAaTPOBbIA CKnagd, ANA HEeKoHOAuuMuM — curoc.
Kpome TOro, npegycmoTpeHa BO3MOXHOCTb OTBara KNuHKepa Ha OTKPbITY nnowaaky. Bbl-
rpy3ka KOHAOMUMOHHOIO KITMHKepa M3 cKnaga ocyllecTBnsaerca vepe3 16 pasrpy3oyHbIX ya3-
NnoB, N3 KOTOPbIX 12 — C MexaHU3NpOBaHHbIM NPUBOAOM, a 4 — C py4YHbIM. Pasrpy3o4Hble
y3nbl 060pyaoBaHbl LUTAHTOBLIMU U MPWKMMHBIMK Wnbepamu. [lanee KNUHKep NogarT KOB-

LLUOBbIMU TpaHCnopTepamu B COOTBeTCTByIOLU,I/IIZ 6yHKep LEMEHTHOWN MESTbHULbI.

Cuctema pasrpysku KIMHKepa 13 cuioca MOXeT BKHoYaTb CTEPXKHEBLIE U CEKTOPHbIE 3aTBO-
Pbl, YTO peanv3oBaHO NPaKTUYECKN Ha BCEX 3aBOAax Cyxoro crnocoba Poccum, NOCTPOEeHHbIX

B NocneaHux rogbl (CM. pucyHok 2.60).
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LLInbep cTepxHeBoi
3aTBOp CEKTOPHBIN

' :& Mpueog

CEKTOPHOrO 3aTBOpa
JTeHTOYHbIN
TPaHCNopTep ~a

PucyHok 2.60 — Cuctema pasrpysku cunoca KnnmHkepa ¢ CTEPXXHEBLIMU U

CEKTOPHbIMUK 3aTBOpPaMN U NOrpy3ka B aBTOTPAHCNOPT
2.10.2 Nomon uemeHTa

oMo LLEMEHTHOro KIMHKEpa SBMSIETCS BaXXHOW M B TO XXe BpPeMs nocnegHen TexHo-
Nnorn4yeckon onepaumen B npouecce npoussoactBa uemeHTta. OT 3TON onepauum B 3HaYu-
TENIbHOM CTEMEHN 3aBUCUT KA4YeCTBO LiEeMEHTa. TexHONorns nomosna uemeHTa CTaBuT CBOEWN
3agayen nonyyYeHne BbICOKOMPOYHOIO BSXKYLLEro MaTepuana ctabunbHOro Kayectsa, MUHU-
MM3aUMIo 3aTpaT 3MEKTPOIHEPTMM U MOBbILLEHME 3KONOrm4yeckon 6e3onacHoOCTM 3TOro npo-
uecca. LlemeHT npon3BogaT namMenb4yeHMeM KnnHkepa M 0obaBok OO AMCNepcHOCTU, obec-
neymBatoLLen HeobxoauMoe KayecTBO LiemMeHTa. [ noMona NnpUMEHSsT pasfinyHble arpe-
ratbl, HO Hanbosee pacnpPoCTpaHEHHbIM MOKa OCTaeTCs LWapoBas MenbHuUa, YCTPONUCTBO U
NpuHUKMN paboTbl KOTOPOW, a Takke CcNocobbl MHTEHCMAMKALMM NPOLECCOB B HEN NPUBELEHDI

HNXe.
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2.10.2.1 Nomon uemMeHTa B LULAPOBON MeribHULE

LlapoBasa mernbHULA uMeeT HeBepOoATHO HU3knn KM, KoTopbii HAXOOUTCH Ha YpOBHE
3% — 5% (cM. pucyHok 2.61). Cnocobbl CHWXEHUs aHepro3aTpaT npueBedeHbl B Tabnu-
ue 2.11.

NONE3HARA
- NOMON UEMEHMA
~ 1 kBm-«/m
3,5%

NPUXOA SHEPTUA

NOTEPU SHEPIMW: Tenno Tpenne 3Byk Bubpauun
Becezo 27: e mom yucne ~ 25 ~1 ~05 ~05xkBmym
~ 90% ~38 ~15% 15%

PucyHok 2.61 — 3aTpaTbl aHeprum Ha oTAeNbHble NPOLECChl NPU NOMOJIE LLeMeHTa B

LLapoBOM MenbHMLE No AaHHbIM dupmbl Christian Pfeiffer

Tabnuua 2.11 — Cnocobbl CHKEHNA dHepro3aTpaT Ha NOMOS LLleMEeHTa B LLAPOBON MefbHULE

Ne MeponpusTtus OhdekT, %
1 |KBanupuumpoBaHHaga akcniyaTaums o 10
2 |lpumeHeHue MNAB o 10
3 |HoBas BHyTpeHHSAA ocHacTKa o 20
4 |YcTaHoBKa cenapartopa [o 25
5 |lMpeansmenbyeHne Jo 30
6 |lMprumeHeHne MnHepanbHbIX 4OOaBOK o 30

OcHOBHas! 3HeprMa pacxodyeTcsa Ha HarpeB LieMeHTa, YTO HeraTMBHO CKa3blBaeTCsa Ha
npoLiecce Momora, KayecTBe LieMeHTa U OKpyxatollein cpene. MosTomy npumMeHeHne ad-
beKTMBHbBIX CMOCOGOB CHMXKEHUSI SHEprosaTpaTt Ha MOMOJ LieMeHTa SABMSETCA BaXXHENLLen

3agadent. OHM BKMOYAOT COBEPLUEHCTBOBAHNE BHYTPUMENbHUYHbIX YCTPOWCTB M noabop ac-
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copTnuMeHTa mesilowmnx Tern, npuMmeHeHne XmMmn4eckmnx VIHTeHCMd)VIKaTOpOB nomona, npunMme-

HEeHWe 3aMKHYTbIX CXeM NoMora ¢ cenapaTopamMu, a Takke HOBbIX NOMOJSIbHbIX arperaTos.
2.10.2.2 MpumeHeHne nHTeHcncpukaTopoB nomorna

B kauecTBe WHTEHCMUKATOPOB MNOMOMA LUMPOKO MPUMEHSAOT MNOBEPXHOCTHO-
akTuBHble BellectBa — [MAB. CornacHo [51], MexaHn3am OencTBuUs MHTEHCUPUKATOPOB MO-
Mofa OCHOBaH Ha agcopbumn monekyn NAB Ha NOBEPXHOCTU LEMEHTHbIX YacTul, YTO No3-
BONSeT:

- CHATb AneKTpocTaTuyeckne 3apsaabl C NOBEPXHOCTWU YacTul, YTo NpedoTBpallaeT ar-
pernpoBaHue Mesnkux YacTuu, ycTpaHaeT npobnemy HanunaHus maTepuana Ha wapbl u 6po-
HedyTePOBKY MeNbHUL;

- CHU3UTb TBEPOOCTb N3MerNbYaeMbIX MPOAYKTOB, TEM CaMbIM CHU3UTb 3Hepro3aTpaTthl
Ha nomor;

- UBMEHNTb KOIMPULIMEHT CLIEMNEHUA MEXAY MENOLWMMM Tenammn, bpoHedyTepoBKomn
N Matepmasnom, TeM cambiM MNOBbLICUB CUMY yaapa U UCTUPaKLLEro BO3AeNCTBUS;

- NOBbICUTb CKOPOCTb MPOABWXEHUS MaTepuarna no MesnbHULE N LMPKYNSaumio B none-
PEYHOM CEYEHUMN.

TexHukKo-TexHonorndeckaa agpdPeKTUBHOCTb NPUMEHEHUS UHTEHCUUKATOPOB MOMO-
na:

- NOBbILLEHME NPOU3BOAMTENBHOCTU MOMOJSIbHBIX arperatoB Npu 3agaHHOW TOHKOCTU
noOMosia, YTO MO3BOMSET CHU3UTb YAerbHble 3aTpaTbl ANEKTPOIHEPrMn Ha MOMON Ha 2—
10 kBT-4/T uemeHTa, 3aTpatbl Ha 0b6cnyxnuBaHne npouecca NoMona;

- NOBbILLEHME TFapaHTUPOBAHHOW MPOYHOCTU MNPU MOBLILLEHUM TOHKOCTW NOMOa npu
3alaHHOW NPOU3BOAUTENBHOCTU MESTbHULbI;

- UBMEHEHNE TPaHYNOMETPUYECKOro COCTaBa LiEeMEHTa, YTO MOXeT crnocobCTBOBaTb
N3MEHEHUI0 Takux CBOWCTB KakK BOAOOTAENEHWE, CPOKM CXBaTbiBaHUS, yCKOpeHne Habopa
paHHen NPoOYHOCTY;

- NnoBbleHne ahpekTBHOCTN paboTbl cenapaTopoB B 3aMKHYTOM LIMKNE U3-3a CHU-
XEeHUs coaepkaHusi arperMpoBaHHbIX YacTuL;

- NOBbILLEHME TEKy4YeCTU UeMeHTa, YTO BaXXHO MpU TPaHCMOPTUPOBKE LUEMeHTa Mo

aapo>|<eno6aM, BbIl'Py3Ke LleMeHTa U3 CUI10COB.
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2.10.2.3 MoaepHu3auusi BHyTpMMESbHUYHbIX YCTPOUCTB

PasBuTue B nocrneaHue rofbl HOBbIX BHYTPMMESbHUYHbIX YCTPOWCTB MNO3BONSIET NPO-
N3BOOUTb MOAEPHU3ALMIO MENbHUL, OONH N3 BAapnUaHTOB KOTOPOW NPUBEAEH Ha PUCYHKe 2.62

(uBETOM NOKa3aHbl UBMEHEHHbIE Y3rbl).

1 - UICXOAHLIN MaTepuan

2 - BXOAHaN ropnosuHa

3 - kKopnyc

4 - copTupyolme BpoHn

5 - MexKamepHan neperopoaxa
6 - OpoHedyTeposka

7 - waposbie Mmenuouwwme Tena
8 - BbIxogHasA pelweTka

9 - BbIXOAHAA ropnosuHa

10 - paamonoTeii marepuan
11 - umnbnebe

12 - perynupoBoMHbIA Wnbep
13 - nepeckinHas Teyka

14 - nepecbinka marepuana
15 - guadparma

PucyHok 2.62 — MogepHusaums LWwapoBon MeNbHULbI

MopgepHusaumna cBoauTCA K CrneayrowmmMm TEXHONOMMYECKUM U KOHCTPYKTUBHBIM peLue-
HUAM:

- ONWUHa NepBoun Kamepbl cokpallaeTca ¢ ~1/2 ao ~1/3 obwen AnvHbl MeNbHULbI;

- copTupylome 6poHenNnTbI NEPBON KamMepbl 3aMEHAIOT Ha BOSTHUCTLIE;

- rnagkne 6poHenNNTbI BTOPON KaMepbl 3aMEHSIIOT Ha COPTUPYIOLLME;

- OQMHApPHYI0 MEeXKaMepHYI0 Neperopoaky MeHsT Ha ABOVIHYIO;

- BO BTOPOW Kamepe ycTaHaBnuealT agnadparmbl;

- BO BTOpPOM kamepe uunbnebCHyto 3arpy3Ky 3aMeHsI0T Ha MeNKuNe Wwapbl, B OCHOBHOM
pasmepom 17 MMm.

B pesynbtate MogepHu3aumm nNpou3BOAUTENBHOCTb MESIbHULbI MOBbLILWAETCS Ha
15% — 20 %, u nNponopunoHanbHO CHWXAaEeTCA YOESbHbIM pacxoq 3neKTPpo3Hepruu.
B Poccun mogepHusaumsa wapoBor MenbHuLbl Npou3BegeHa benbrunnckon cgupmon «Maro-

To» Ha OAO «CebpsKkoBLEMEHTY.
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2.10.2.4 UHTeHCcUdMKaLumMa nomMora uemMeHTa nyTeM NnpuMeHeHUs cenaparopa

Hanbonee adpdekTnBHbIM cnocobom MHTEHCcUMKaUUM Nomorna LemMeHTa siBnsieTcs

nepeson LLlapOBOﬁ MeJIbHULbl Ha 3aMKHYTbIIZ UMK C TMnpuUMEHEHMEM cenapaTtopa

(cM. pucyHok 2.63).

CYMMA 31,5 kBT-u/T knuHkepa . dnesartop
QHTYIIOR L 02 KBT-WiT 4

" 2,0 kBT-u/T
Cenapatop e .&‘ <27, PykaBHbli1
0,7 KBT-H/T. o o ‘ l R unbTp
’ 0,8 kBT-u/T
g 5

Mutatenn G
0,1 kBT-y/T r‘ y

)
é'  XonoaunbHuK
LieMeHTa
0,2 kBT-u/T

PucyHok 2.63 — Pacxop 3nekTpo3Heprm no oTaeNbHbIM arperatam npy 3aMKHYTOM

cxeme nomona uemeHTta no gaHHelM doupmel Christian Pfeiffer

MpenmyliecTsa:

- NOBbILLEHHAsI MPOMN3BOANTENIBHOCTb MENbHULbI;

- CHMXXEHMNE 3NEeKTPOSHEPIN Ha NOMOS MaTepmarnos;

- BO3MOXHOCTb MOMy4YeHMs TOHKOMOJSIOTOIO BbICOKOMapOYHOroO LIEMEHTA;

- NOBbILLEHHAst 3IPPEKTUBHOCTL NP NOMOSIE CMELLAHHbBIX LEMEHTOB;

- NpefoTBpaLleHMe NeperpeBa LeMeHTa 3a CHET OXNaXaeHNs B cenapaTope;
- CHWXXEHMe pacxoda MenoLwmnx Ten;

- NOBbILLIEHME CpOKa CNyxbbl GpoOHEdYTEPOBKMW.

HepocTtaTku:

- YCNOXHEHME CXeMbl NOMOSa MaTtepuana;

- YCTaHOBKa OOMOJTHUTENTbHOIO O60pyD,OBaHVIFI.

Hwxe npencraBneH npymep 9PMEKTUBHOCTU MOLEPHU3AUUN LEMEHTHON MenbHULbI

(cm. Tabnmuy 2.12).
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Tabnuua 2.12 — 3ddeKTUBHOCTb YCTAHOBKM cenapaTopa U 3amMeHbl BHYTPEHHEN OCHACTKK

MenbHMUbI 2,6 x 13 M No gaHHbIM dunpmbl Christian Pfeiffer

3HavyeHuns oT PEeKOHCTPYKLUNN
MapameTpsl Pa3smepHoCTb A ekt
Jo Nocne
YpenbHaa NnoBepPXHOCTb M2/KT 290 300-320 + 20
MpounsBoanTENBHOCTD T/4ac 23 35 +52 %
Pacxop anektpoaHeprum KBT-u/T 41,3 29,3 -29 %
Temnepatypa LieMeHTa °C 120-130 70-80 -50 °C

2.10.2.5 HoBble coBpeMeHHbIe arperaTbl A5 NOMosa LeMeHTa

B nocnegHee Bpems wapoBble TPpyOHble MerbHMLUbI YaCTUYHO BbITECHATCA Bonee
9KOHOMWYHbLIMW MOMOJSIbHLIMW arperataMmn: BepTUKanbHbIMU TapenbyaTo-BasikoBbIMU MESb-
HULAMW U MPeCcCc-BankoBbIMU N3MENbYNTENSMN. YCTPOMCTBO M NpUHUMN paboTbl 3TUX arpe-
raToB U3NoXeHbl B pasgenax 2.6.2.3 n 2.6.2.4. NpenmyLLectBO UX 3aKno4aeTcs B BbICOKOW
NPOM3BOAUTENBHOCTU U MOHMKEHHOM pacxode 3neKTpoaHeprnn. AP EKTUBHOCTL BEPTU-
KaribHOM BankoBOW MeNbHULbI 3HAYUTESTbHO BO3pacTaeT C MNOBbILWEHWEM TOHKOCTU NMoMosa

mMaTtepuanos, o0CO6eHHO TpyaHOpa3MarbiBaeMbIX, TAKMX Kak LNakK (CM. pUCYHOK 2.64).
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PucyHok 2.64 — 3¢ heKTMBHOCTb BEPTMKANbHON BarikOBOW MeNbHULbI B CPaBHEHME C

LapoBou Mo AaHHbIM oupMbl Loesche

Mpn nomone knuHkepa go yaensHou nosepxHoctu 300 MZ/Kr pacxod aneKkTpo3Heprumn

COCTaBIISIET Ha WapoBon MenbHuue 32, a Ha BepTukanbHon — 28 kBT 4/T, cnegoBaTenbHoO,
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9KOHOMMS COCTaBMAeT okono 12 %, a npu 500 M%/Kr 9TU 3HAYEHWS| PaBHbl COOTBETCTBEHHO
68 n 41 kBT'u/T, n akoHomua Gyaet yxe 40 %. CnegoBaTtenbHO, BepTUKasnbHble MeENbHULbI
uenecoobpasHo NPUMEHATb AS1 TOHKOMO U3MeNbYyeHUs KrnvHkepa M 0COBEeHHO Lnaka, npwu
nomMoJsie Kotoporo adpdekT eule Bbiwe. [Moka ocTaeTcs He COBCEM MOHATHLIM BOMPOC Kade-
cTBa uemMeHTta. CornacHo HEKOTOPbIM AaHHbIM, U3-3a U3MEHEHUS NPUHUMNAG N3MeESTbYEHUS C
yAapHOro Ha pasgasnunBaHne M3MeHsdeTcs oopMa YacTuy, LieMeHTa, YTO NpUBOAUT K NOBbI-
LLEHHON BOAONOTPEBHOCTN LeMeHTa 1, crneaoBaTternbHO, K CHUXKEHUIO KayecTBa GeToHa.
O(PPEeKTUBHOCTb NPUMEHEHNSA NPECC-BANIKOBOIO U3MENbYMTENS NPU NOMOSIe LeMeHTa
Nno pasnn4yHbIiM cCXxemaM npecTaBreHa Ha pucyHke 2.65. lNpu npumeHeHnn cxemMbl nomona ¢
npecc-BarnkoBbIM N3MeNbYNTENEM B CPAaBHEHMUM C LLAPOBOWN MefbHULIEN 3KOHOMUSA 3MEKTPO-
3Hepruun coctasnseT no gaHHeiM upmbl KHD Humboldt Wedag ot 12 % go 54 %, no gax-
HbIM XXe dumpmbl Polysius — He meHee 30 %. Haumbonbluias 9KOHOMWSA OOCTUraeTcs, ecnm
MOSMHOCTBIO UCKINIOYNTL U3 CXEMbI LLIAPOBYIO MernbHULy. OaHaKo npu noMorse TONbKO B Npecc-
BaNKOBOM M3MesSbYUTENE BO3HMKAKOT Te Xe Npobriembl, YTO 1 Npu NomMorse B BepTUKaNbHON
MenbHuLUe. B CBA3K C 3TUM B HacTosilee BpeMs NMPUMEHSAIOT CXeMbl 2 U 3 ¢ JOMOSIOM Le-

MEHTa B LLAapOBOWN MeSTbHULE.

4 V‘__’ [oTOBBIN SKkoHoMUS
Hé_ npoAaykT | BMNeKTPO3Heprum
—-;!I ¥=2300 kBTt \\ TN s [ 54%
o .\‘\ 3
7 TOTPBbIy 3400 kB
[, MPOAYKT

X(| 1900kBr ||
N ! \
L : :

\_“
[ | = \‘\
2 = E‘;LZE;‘;';‘ £=4400 kBr
I s ' [-12% |
,// S T L‘
‘o_l—(»] 3500 KBT [] ‘ |
A8l , KD | o \ ‘ A | - ‘\
1
1 [oTOBBIV ¥=5000 kBT
NPOAYKT
A \\\
‘ 5000 kBT ]
/
0 20 40 60 80 100

MoTpebnaemasn mowHocTb, %

PucyHok 2.65 — 3 deKkTUBHOCTb NPUMEHEHWSI MPECC-BankKOBOro U3MenbuYnTens

155



[MpenmyLecTBa HOBbIX arperaTos:

- MOHWXXEHHbIN pacxo 9NeKTpOIHePrum Ha NoOMon;

- BbICOKasi CKOPOCTb MpoLecca, co3garoLlas dbnaronpuaTHble yCrioBusa s aBTomaTu-
3auuu;

- MOHWXXEHHbIN YPOBEHb LLYMa;

- MOHWXXEHHbIN 06BEM PEMOHTHbIX PaboT;

- OTCyTCTBME PabOoT NO JOrpy3Ke 1 Neperpyske MenoLmx Tesn.

HepocTtaTku:

- YCNOXHEHHOCTb 060pyaoBaHuS;

- NOBbILLEHHAst CTOUMOCTb.

Mpecc-Bankosble namernbuntTenu akcnnyatupytTcsa Ha OO0 «Asusa LlemeHT» n lNep-

BOMaNCKOM LIEMEHTHOM 3aBofe.
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2.11 Cywmnkm

B nponsBoacTBe LemeHTa He0BX0ANMMO MPOM3BOAUTL CYLLKY pasnuyHbIX MaTepuaros:
cblpbsi, o6aBok, Tonnmea. Cylka npu nomosne cbipbs Obina paccmoTpeHa B pasgene 2.6.
Moatomy B gaHHOM pasgene OygeT npeacTtaBneH TONbKO npouecc cywku. [o HeaaBHero
BPEMEHN MMENN pacrnpocTpaHeHue npenMyLlecTBeHHO GapabaHHble cywunku. NMpevumyle-
CTBO UX 3aKM4anocb B YHMBEPCANbHOCTU, TaK Kak B HUX MOXHO CYLIMTb Niobble matepua-
nbl, HE3aBMCUMO OT pasmepa KyCKOB M BNaXHOCTWU. HepoctaTkm — B BonbLUMX pasmepax,
H13Kon npomnssoauTenbHocTn, KIMO n ckopoctn npouecca. B HacTosLee BpeMa B OCHOBHOM
NPUMEHSIIOT CYLUMNKM C Bonee MHTEHCMBHOM M CKOPOCTHOM Cyllkon. Bo Bcex cnyvasax ans
CYLLKN HEOBXOANM CYLUUIBbHBIN areHT — ropsyune rasbl, 4515 Nofy4eHns KOTOPbIX NMPUMEHSOT
TOnKN. PaHblue npenmyLecTBEHHO NPUMEHSANN KamepHble TOMkn 6onbwmnx pasmepos. Cen-
yac Oornbllee pacrnpocTpaHeHMe WMEKT KOMMAKTHble TOMKW C  XOSIOAHbIMM CTEHKaMmu
(cMm. pucyHok 2.66). OcobeHHOCTb TakoW TOMKK 3aKnioyaeTcsl B TOM, Yepes KONbLIEBOW KaHan
MeXay BbICOKOTEMMNEPATYPHOM KaMepoWm CropaHusi U KOpnycoM B CMeCUTerbHyto obnacTb

nocrtynaet BTOpI/I‘-IHbII7I BO34YX, YTO UCKIKO4YaeT NoTepu Tensia B OKPpyXakwLlyro cpeay.

Bosgyx

ﬁ\__Cyumanbm

Tonnmeo | |
' T areHt

......... =8

PucyHok 2.66 — Tonka ¢ XonoAHbIMU CTeHKaMu Mo AaHHbIM hrpMbl Loesche

B cpaBHeHUN C KamepHOW, nNpeacTaBreHHast Tonka MMeeT creaylwme npenmylle-
cTBa:

- Manble rabapuTsbl;

- BbICOKas NpoM3BOAUTENbHOCTb;

- OTCYTCTBME NOTEPb Tenna Yyepes Kopnyc

- BbICOKasi CKOPOCTb Mpouecca U onepaTtMBHOCTb NpU perynnpoBaHum, No3BongoLLmne

J1erko aBToMaTn3npoBaTb npouecc.
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HepocTtaTku:

- paboTa cuctembl Nog, AaBrieHNEM;

- Heo6X0OMMOCTb repMeTM3aLmm CUCTEMbI.

[nsa ogHopoaHOro matepuana Mesikon ppakumm, Kakum ABsSeTCs rpaHynmpoBaHHbIN

Lunak, uenecoobpasHo NPUMEHSATb CYLLUWIKY B3BELLEHHOMO Cros (CM. PUCYHOK 2.67).

['paHyn1poBaHHbIN WL
wnak W ~10% tASOC = e =
Cywwunka ; AnekTpounbTp [lbiMococ
KonocHukm

TennoreHepatop

....................

Tonnueo
=

W~ 2% €

t ~600°C
P ~ + 60 mbap

eveaaReeRaRNEannane?

Boaayx A P
NEPBUYHBIA -++** @
TR 0
BTOPWYHbIV =
PucyHok 2.67 — CyLunka B3BELLEHHOIO Cros

OCcoBEeHHOCTb CYLUUITKM 3aKfloMaeTcsl B BbICOKOW CKOPOCTM TennoobmeHa mexay cy-
LWNNBbHBIM areHToOM U MaTtepuariom npu X TECHOM KOHTaKTe B Croe.

MpeumyiecTea:

- NOBbILLEHHAsI MPOU3BOANTESTbHOCTb;

- BbICOKME CKOPOCTb Mpouecca U cterneHb asToMaTnsawmu,

- OTCYTCTBUE NOABWXHbLIX AeTanen B CyLUUSIKe;

- HU3KMe 3aTpaTbl HA PEMOHT 1 3KCMyaTauuio;

- Manble rabapuTbl, KOMNAKTHOCTb.

HepocTtaTku:

- OFPaHNYEHHOCTb MPUMEHEHUA — TONbKO ANA CbhiNnyyero matepvana HebonbLumx
pa3MepoB;

- paboTa TonkK noa AaBrfieHMeM, HeobXoaMMOCTb repMeTu3aLmm;

- NOBbILEHHbIN Pacxod 3NeKTPO3IHEPTMN Ha paboTy BEHTUNATOPOB.

Takylo cylmsiky OTe4eCTBEHHOro Mpom3BOACTBa MPUMEHSAIOT AN CYLUKM Lifaka Ha
3A0 «JlvneukuemMeHT» 1 Ap. 3aBoax.

BbicokockopocTHasa cywunka doupmbel HAZEMAG npegctaBneHa Ha pucyHke 2.68.

lwnnka npegHasHavyeHa Aans CyLWKM MNacTUYHbIX BbICOKOBMAXHbIX [ 0 mMaTepuanos
Cy a npegHasHayeHa cy ac cokoBsna o 30 % maTepuano
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TaKux, kKak rmuHa. MoMMMo CyLLKM yCTaHOBKa NPOM3BOAWT Ae3arfiomepaumnio matepuana, Tem

cambiM obneryasi ganbHenLwyto ero nepepaboTky.

Matepuan
CyLMmbHBIiA BNaxHbIN Orxopsume
areHt rass

Matepuan
CyXoW "
PucyHok 2.68 — BbicokockopocTHas cywimnka pmypmel HAZEMAG

MpenmyliecTsa:

- BblCOKasi CKOPOCTb npoLecca, 1, cnegoBaTenibHO, BO3MOXHOCTb aBTOMaTu3aumm;

- BO3MOXXHOCTb CYLLKM MMaCTUYHbIX MaTepurarioB BbICOKOW BNaXXHOCTW;

- NIpocToTa 06CnyXMBaHMa U peMoHTa.

HepocrtaTku:

- HeXXenaTenbHOCTb CYLUKM TBepAblX abpasvBHbIX Matepuanos, NPUBOAALLMX K ObICT-
pPOMY NU3HOCY POTOPOB.

BaameH rpomo3gkux 6apabaHHbIX CyLLIMNOK B NocnegHee BpemMsi co3gaHbl 6onee Kowm-

nakTHble U 3 EKTUBHbIE TPEXXOAOBbLIE BapabaHHble CYLUMKN (CM. PUCYHOK 2.69).
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BnaxHbii
matepuan

KoHueHTpauuoHHble OTxoaswime
kamepel rassbl anBOﬂ
[Meperopopakm _—

TpaHcnopTupyoLyme

BbICyLLEHHbI
nonactu

Marepuan

PucyHok 2.69 — Tpexxogosas 6apabaHHasg cywuinka dpupmbl GEBR. PFEIFFER

MpeumyLlecTtBa:

- BO3MOXHOCTb CYLLUKM MaTepuanoB pasnnyHbIX pa3mMepoB 1 BMaXXHOCTH;

- KOMMaKTHOCTb CYLLUMIIKU;

- MOHWXKEHHBIN Pacxof Tenna Ha CyLKy Mo ABYM MPUYUHAM: HEBbLICOKA MOBEPXHOCTb
COMNPUKOCHOBEHMSA CYLUUIIKA C OKpYKatoLLen cpefon, M HapyXHas MOBEPXHOCTb CYLUWIIKM
NMEET NOHWKEHHYIO Temneparypy.

HepocTtaTok:

- MPU N3HOCE TPAHCMOPTUPYHOLLMX NonacTen npekpallaeTcs NnepeasmxeHme matepuna-
na, u cywmnka nepecraet paboTartb.

B HekoTopbIX crny4yasix Npyv HEeBbICOKOW BRaXXHOCTU 006ABOK MM HEBLICOKOM UX CO-
AepXXaHMN B LEMEHTE MOXHO CYLLUMTb UX HEMOCPELACTBEHHO B KAMEPE CYLLKU LLAPOBOW MENb-
HUUbI (CM. pucyHok 2.70). B Poccumn Takaa menbHuua peanmsoBaHa gupmon KHD Ha OO0
«HOYTTIK».

KnuHkep [MomonbHbIE Kamepsbl
+ no6aBku ” H
CyWwunnbHbIN
areHT

ST
PucyHok 2.70 — LLlapoBas MenbHULA Ans NOMOora U CyLLKW KNuHKepa n Jo6aBok

160



2.12 XpaHeHue, OTrpy3Ka 1 yrnakoBKa LileMeHTa

Cuctema xpaHeHust U OTIPYy3KM LIEMEHTa MnokasaHa Ha pucyHke 2.71. [Ana XpaHeHus
roTOBOro LieMeHTa MCNonb3yrTca cunoca. HenpepbiBHas nogada matepuana B CUIIOC Npo-
n3BOOUTCSA NOCPEeACTBOM KOBLLOBOrO aneBaTtopa u aspoxenoba. BepxHsa nnowagka cunoca
obopynoBaHa BCceM HeobXxoauMbIM A11s 3KCNIyaTaumu, BKYas MKW, ypaBHUBaloLWMe Aas-
neHve KnanaHbl, aTyuK, NpefoTBpaLLaoLWLmiA NnepenonHeHe N ypoBHeMep, oTobpaxarowmm
3anosiHeHne uemMeHToM curoca. [1na Bbirpy3ku CUIOCOB OHM CHaGXeHbl adpupyoLLMMN Kac-
ceTamu 1 aspoxenobamu. Bce cunoca no3sonsaoT NPon3BOAUTL 3arpysku LleMeHTa B aBTO-
TPaHCMOPT U B XeNne3HOAO0POXHble BaroHbl. YacTb LeMeHTa nogsepraeTca ynakoBke B MeLu-

KoTapy W nanneTbl.

®
Bubporpoxot
KoBLuoBbIn 2
anesaTop
HakonuTenbHbIn ByHKep
LlemeHT
BblpaBruBarowuin
YnakoBoadHas
o TpaHcnopTep CGpoc
Pa3rpy3ouHbil | fleHTouHble 6pakoBaHHbIX
/ TpaHcnopTep BECh! MELLKOB Ha nanetupoBaHue
| | o | 5. o5 ——>
(] [ —1 o o I o Do D
Q Q Q ()O:%) @
‘Mﬁ' (5 pomeresrens g0
Boaspar uemeHTa 13 6pakoBaHHbIX MELKOB | ‘ J
[ ]
L 1
— 0O
ik
| e— | c—
O ‘
H () o o |
G__  — _©
Q O =2 =
Q & )
[ 1
| Morpyska B aBTOTPaAHCNOPT [Morpy3ka B ene3HoAopOXHble
No i 9 BaroHbl

L™ e

PucyHok 2.71 — Cxema XxpaHeHus 1 OTrpy3Kkn LieMeHTa

XpaHeHue LeMeHTa OCyLLEeCTBNAT B ABYXCEKUMOHHbLIX CUnocax (pUCyHok 2.72a). Ans
BbIFPY3KM CUITOCOB MX CHabXarlT aspupyroLmMMn Kaccetamum n aspoxenobamm, Bubporpoxo-
TaMun ns oTCceBa MHOPOAHBLIX BKIHOYEHUW U 3arpy304HbIMK yCTpOMUCTBaMU. YacTb uemeHTa

noaBepratoT ynakoBKe B MELUKM U B NanmneTbl (PUCYHOK 2.726).
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Bubporpoxotr  KoBlioBbin anesaTop

v{'\

| ——
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I8 ByHkep
‘ HaKonUTenbHbINA
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Avenkosbln
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MaluHa

YCTPOICTBO
HapeBaHUs_=
MELLKOB

Boaspat uemeHTta n3 6paKOBaHHbIX MeLUKoB

0)

PucyHok 2.72 — Cunoc uemeHTa (a) n ynakoBoyHas MaliunHa (6)
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[ns norpysku uemMeHTa B TpaHCMOPTHbIE CpeAcTBa HaBasioM MPUMEHSIIOT CUCTEMY 3a-
rpy3km Fluxo (cm. pucyHok 2.73), kKoTopas npefoTBpallaeT BbiIOpOC LeMEHTA B OKPYXKatoLLyHo
cpeny. Teneckonuyeckoe roopnpoBaHHOE YCTPOMCTBO MO3BOMLAET MMOTHO MPWKMMaTb Mo-
JalWwnn LemMeHT TpybonpoBo K roprioBUHe TPaHCMOPTHOrO CpeacTtBa, B pesynbTaTte yero
npegoTBpaLaeTcs Npockbinb LUemMeHTa. Kpome Toro, cucteMa norpysku acnvpupyeTcs ¢ npu-

MeHeHneM BEHTUIATOpPa U pyKaBHOIo cbvmpra.

Hecywas
pama

\/\ ! OunbTp
!
|

]
s — 7 PaarpysoyHoe
Aspoxeno6 —I1TT---.._ . | ‘7,, Kone%

-
Teneckonuyeckoe E=
ropmpoBaHHoe
YCTPOWUCTBO

PucyHok 2.73 — YCTpOMNCTBO 4SS NOrpy3kn uemeHTa Haeanom (FLSmidth)

Cucrtema Fluxo npumensetca Ha BopoHexckom dunuane AO «EBPOLIEMEHT rpyn»
n apyrux 3asogax. [locnegoBaTenbHOCTb ONepauuii HanoMHEeHNS MELLKOB LLleMEHTOM Ha yna-

KOBOYHOW MaLlnHe npencrtaelieHa Ha pUCyHke 2.74.

9. OnpepfeneHvie NOBPEXAEHUS MELLKOB

10. Ctagus ycnokoeHums
’ 8. TOYHOEe HanomnHeHNe MEeLKOB
9

11. OKoHYaTenbHoe

8
B3BELUMBAHME U 7. NepekntoyeHune ¢ rpyboro Ha
KOpPPEKTMpOBKa 14 7 TOHKOE HanofHeHne MeLIKOB
12. C6poc meuwkos 12 6 6. CpaBHeHWe 3aaHHoro 1
dakTnyeckoro Beca
L 5
1. HapeBaHue mMeLlkoB 2 5. OnpegeneHne noBpexaeHus
4 MELLKOB

3
2. OnpeneneHune Tuna MeLLKOB
P ‘ 4. [pyboe HanonHeHve

3. TapupoBaHue

PucyHok 2.74 — MNMocnenoBaTenbHOCTL onepauuii TapupoBaHnNs LLeMeHTa

yrNaKkoBOYHOW MaLLVHOWN
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Mpwn TapupoBaHMM LieMeHTa HabniogaeTcs Gonbluas 3anbleHHOCTb BHYTPU YyMako-

BOYHOW MaluvHbl. [Ins npenoTBpalleHnst BbIGPOCOB MbiNM B NMOMELLEHME YCTaHOBMEHa WH-

TEHCMBHaAA acnnpaunoHHada cucrtema, Kotopad npeagorBpallaeT Bbl6pOC nbiyin 3a npepernbl

yI'IaKOBO'«IHOﬁ MaLUUHBbI.

Paspgen 3. Tekywme ypoBHM 3MUCCUUN B OKpYXKaloLyro cpeay

3.1 MaTtepuanbHbI 6anaHc npouecca Npou3BoaAcTBa

noptnaHAauemMeHTa

MaTepuanbHble GanaHcbl npolecca NponsBoacTBa 1 T NOPTNaHAUEMEHTHOIO KNUHKe-

pa Nno MOKPOMY M CyxoMy crioco6am Npon3BoACTBa NpeAcTaBneHbl Ha pucyHke 3.1.

3ATPATbI

3ATPATbI

BbIBEPOCb!

a)

BbIEPOCHI

asu
~ 327

-01xr

N.=187
HO=13r
CO,=0857
0,=0067
Boaayx = 07 v
SO, =25xr
NO, = 3,5 kr

Coipsesasn
Knunkepxas

N,= 097
HO=0367
CO,= 077
0,=003r
Boaayx = 1.2
SO, = 29kr
NO, = 0.9kr

Coipsesas
Knunkepras

PucyHok 3.1 — MartepuanbHbin 6anaHc npouecca NnponM3BoACTBa

nopTNaHALEMEHTHOrO KIMHKepa no MOKpoMy (a) n cyxomy (6) cnocobam
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B skonorndeckom acnekrte MOKpbIn cnocob okasbiBaeT Hanbonbluee HeraTMBHOE BO3-
OENCTBUE Ha OKpYXaloLylo cpedy C y4eTOM 3aTpaT mMatepuarnbHbIX pecypcoB U BblGPOCOB
3arpssHsaowmx sewect [53]. NoTpebneHne maTtepuanbHbIX PeCypcoB U BbIBPOCOB yBENN-
yneaeTcs Ha 1,5 T/T knuHkepa. MNpon3BoaCcTBO NOPTNAHALEMEHTHOMO KMHKEPA NO MOKPOMY
crnocoby TpebyeT pacxoda TonnmMBa NpMMEPHO B ABa pa3a bonblue, 4em no cyxomy. Tenno,
nony4aemoe npu CXuraHnm TEXHONOMMYECKOro TONNMBa, PpacxXxoayeTcs Ha TennoBble npouec-
Cbl KNMHKEPOOOpPa3oBaHWs, UCNapeHne BOAbl, a TaKkKe TEPSIeTCS C OTXO4ALMMM ra3amu, C

BO3OYyXOM U3 KIMMHKEPHOro XxosioguiribHMKa, C ropavYnMMm KIMMHKEpOM W Ha MnpsAMble NoTepu B

OKpYXXatoLLlyto cpeny.
3.2 konoruyeckne Mapkepbl NpyM NPou3BOACTBE NOpTNaHAUueMeHTa

Mpon3BoACTBO LieMEHTa MOXET OCYLLEeCTBNATLCA pasfiMyHbIMU cnocobamu, pasnuya-
owmnmMmnca notTpebneHnem tenna (Tonnunea), ANEKTPUYECKON IHEPTUM U NMPUPOOHLIX MaTepu-
anbHbIX pecypcoB. Cam npouecc NpovM3BOACTBa LIEMEHTa COMPOBOXAAETCs 3MUCCUEN B
OKpY)XaloLyo cpeay pasnuyHbIX BELECTB U (PU3NYECKNX SBMEHUA, OKa3blBaloLNX HeraTme-
HOE BIIMSIHNE Ha 3KOSMOMNIO: MNbIfN, BPEAHbIX M TOKCUYHbIX ra3oB, COeANHEHUIA MEeTansnoB, op-
raHM4YEeCKUX BELLECTB, a Takke Lyma, 3anaxa u T.n. Hambonbwmin obbem 3arpsasHsoWmx
BeLLleCTB BblbpackiBaeTcsl Ha ctagum obxura nopTnaHaueMeHTHoro knmHkepa. CopocoB 3a-
rPA3HSAOLLNX BELWECTB B BOAOEMbI 1 0b6pa3oBaHne TBEPAbIX OTXOA40B Npu Npon3BoACTBE Le-
MEHTa NMpPaKTUYECKN HE NPOMUCXOOMT.

Mcnonb3oBaHue NOnHOro nepevyHsa ocobeHHOCTen Npomn3BOACTBa, BbIOPOCOB BPpeAHbIX
BELLECTB MM PU3NYECKUX ABMNEHUN ONS CPaBHEHUA TEXHOMNOMMN C LEenbio Bbibopa Hannyu-
WnX M3 Hux, obecrneymBarOLMX MaKCUMasbHYK 3aluTy OKpyXalwen cpegbl, sBnseTca
Ype3BbIYaNHO CIOXHOW UIN NPAKTUYECKN HEBLINOTHMMOW 3aa4en.

depgepanbHbiM 3akoHOM OT 21 mona 2014 r. Ne 219-d3 «O BHECEHUN NU3MEHEHUN B
depepanbHbii 3akoH «OB6 OXxpaHe OKpyXalllen cpedbl» U OTAerNbHble 3akoHoAATerNbHbIE
akTbl Poccuinckon ®egepaunny [5] onpegeneHo, YTo U3MepPEHUs Npu OCyLLEeCTBNEHUM NpPO-
N3BOACTBEHHOIO 3KOSIOMMYECKOro KOHTPOMS NPOU3BOAATCA B OTHOLLEHUN MapPKEPHbIX 3arpsas-
HAIOLLMX BELLECTB, onpeaensemMbiX A1 KOHTPONS 3arpsi3HEHUST OKpYXKatloLen cpeabl B 3aBu-
CUMOCTM OT NPUMEHSIEMbIX TEXHOSTOMMYECKMX NPOLLECCOB.

Mog mapkepoM noHMmaeTcsi Hanbornee 3Ha4YMMbIA NpeacTaBUTENb FPyNnbl BELECTB,

BHYTPU KOTOpPOMW Habniogaetcs TecHasi KOppensiuMOHHAsi B3aUMOCBSI3b, BblOMpaeMblii Mo
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onpeneneHHbIM kputepuam. OCo6eHHOCTbI0 MapKePHOro BELLIECTBA ABMSETCS TO, YTO MO ero
3HaYeHUI MOXHO OLIEHUTb 3HA4YeHNHA BCeX BELLeCTB, BXOOALMX B rpynny.

[nsa cpaBHUTENBHOM OLEHKM TEXHONOIMM NPou3BOACTBA MOpThnaHiueMeHTa npeana-
raeTcsi ICNONb30BaTb TEPMUH «Mapkep» B Bonee LLUMPOKOM €ro CMbICfie, B YaCTHOCTU U Kak
nokasartesnu pecypco- u 3HeproadEKTUBHOCTN, CBSA3AHHbIE C 3KOSOrnMen npon3BoaCcTBa Le-
mMeHTa. C yyeTom onbiTa paspabotkm CnpaBoyHbIX AokymeHToB no HAT npu npoussoacTtee
LUeMeHTa npegnaraeTcsa Ucnonb3oBaThb:

- Mapkepbl — MokKasaTenn TexHomorm4eckon apgekTMBHOCTU npomnsBoacTBa; 0600-
LLleHHble napameTpbl npoLecca NpoM3BOACTBA LeMeHTa, OkasblBalLlne 3HaynTenbHoe BIu-
SIHME Ha 3KOJIOIUIo;

- Mapkepbl — BeLLecTBa Unn ousmyeckme SBneHus, BO3HMKatoLWwme npu nponsBoacTBe
LeMeHTa, SMUTUPYEMbIE B OKPYXKaIOLLYHO Cpealy M HaHOCSLMEe 3KOSTOrMYeCKUn Bpen OKpyKa-
toLLIen cpefe U 300POBbIO YerioBeka.

B kadecTBe MapkepoB — nokasaTerien TexHornorn4eckon adpdekTMBHOCTM NPOn3BOa-
CTBa, NpeasiaraeTcsa Ucnonb3oBaTh:

- yOenbHbIA pacxo CbipbeBbIX MaTtepuanoB Ha NPOM3BOACTBO 1 T nopTnaHaueMeHT-
HOrO KNMHKepa 1 NnopTnaHaueMeHTa;

- YAENbHbIN pacxoq Tonnmea Ha ooxur 1 T nopTnaHALEMEHTHOrO KNUHKepa;

- YAENbHbIN pacxo 3Heprun Ha NpomsBOACTBO 1 T NOPTNAHOLEMEHTa;

B kauectBe MapkepoB — BeLLECTB UM (PUBNYECKUX SBIIEHUW, BO3HUKAKOLLUX MPU
NPOM3BOACTBE LIEMEHTa NpeanaraeTcs NCnonb30oBaThb:

- BbIGpOCHI:

- NbiNu;

- okenpaoB asoTta (NOy);

- anokcuaa cepsbl (SOy);
- okcuga yrmepoga (CO);

- YPOBEHb LWyMa, BO3HUKAOLWNI B NpoLecce Npou3BOACTBA LIEMEHTA.

[MepevyeHb 9KOMOrMYECKMX MapKepoB, YCTaHaBMMBAEMbIX [JaHHbIM CrpPaBOYHO-
HOPMaTUBHbBIM JOKYMEHTOM, SIBMSETCA AOCTAaTOYHbIM AN CPaBHEHUS TEXHOMNOMMN, HO MOXeT
ObITb pacLUMpPEH C y4ETOM TEXHOSNOMMYECKMX OCOBEHHOCTEN Npouecca NPon3BOACTBaA LieMEH-
Ta Ha TOM U MHOM NPeaNPUATUN.

Tak, Hanpumep, ecnu cbipbeBas 6asa NpeanpusaTMS XxapakTepusyeTcs BbICOKAM CO-

JepXxXaHnem COeMHEHUN TOrO0 UM MHOro MeTansna unu npeanpuaTne ncnonb3yeT NpoMbILL-
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NEeHHble OTXOAbl B KayecCcTBe CbIPbEBOr0 KOMMOHEHTa WM TOMNSMBOCOAEpPXallne oTXoabl,
KOMMOHEHTHbIA COCTaB KOTOPbIX XapaKTepusyeTCHa BbICOKMM coAepXXaHWeM BpedHblX Be-
LLLeCTB, AMUCCUS B OKPYXXatoLLLyIO cpey KOTOPbIX BO3MOXHA NpU UX NPUMEHEHUN, TO Ha AaH-
HOM NpeanpusaTUM OOMKHbI OblTb OpraHM3oBaHbl NEPUOLMYECKNE N3MEPEHNS KOHLEHTpaunm
[AaHHbIX BELLECTB B OCHOBHbIX TEXHOMOIMYeCckux Bbibpocax npeanpuaTus.

OnbIT pa3paboTkn eBpONENCKNX CNpaBOYHbIX AoKymeHToB no HOT npu nponsBoacTee
LeMeHTa nokasblBaeT, YTO B KayeCTBe TakMX MapKepoB MOryT MUCMNONb30BaTbCA BblOPOCHI
pasnU4YHbIX MeTanmoB, NPexae BCero neTy4mx, OTHOCALMXCA K NepBOW rpynne onacHoOCTN —
Hg, Tl, Cd, Bbibpocbl 6eH30na, Tonyona, aTunbeHsona, Kcunona, nofimapomMmaTUyeckux yrne-
BOOOPOAOB W OPYrNX OpraHM4YecKnx COeauHEHUN, MNONMXNOPUPOBaHHbLIX AUOeH30-N-
AnokcuHoB 1 anbensodyparos (MXOO/MXOP) v ap. OaHHble no Bbibpocam BpedHbIX Be-

LLIECTB U3 LLEeMeHTHbIX neyel ctpaH EC npeacrtaeneHsl B Tabnumue 3.1.

Tabnuua 3.1 — Tekywimne ypoBHN IMUCCUN BPEAHbIX BELLECTB U3 LLIEMEHTHbIX neyven ctpaH EC

BbIGpoChl M3 LLEMEHTHbIX NeYern LeMEHTHbIX 3aBoAoB cTpaH EC b
3arpsisHuTenb Mr/HM® Kr/T KNMHKepa T/roa
Mbinb 0,27-227 0,00062-0,5221 0,62-522
NOy (B nepecyeTte Ha NO,) 145-2040 0,33-4,67 334-4670
SO, fo 4837 7 [o 11,12 [o 11125
CO 200-2000 0,46-4,6 460-11500
[ononHutensHble Mapkepbl
HF 0,009-1,0 0,021-2,3 r/t 0,21-23,0
HCL 0,02-20,0 0,046-46 r/T 0,046-46
Hg 0-0,03 0-69 wmr/T 0-1311 kr/ron
2(Cd, Tl 0-0,68 0-1564 wmr/T 0-1564 kr/roa
OO6wee cogepxaHne opraHu-
1-60 0,0023-0,138 2.17-267

YECKUX BeLLeCcTB
AXIXAO 0.000012-0,27 0.0276-627 it 0.0000276—

Hr I-TEQ 2 im® 0,627 riron
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BbIGpOChI M3 LIeMEHTHbIX NeYel LleMeHTHbIX 3aBoAoB cTpaH EC b

3arpsisHuTens Mr/HM® Kr/T KnHKEpa T/roa

Y MNokasaTenu npuBeaeHs! Ana BeIxoAa rasos 2300 M*/T KNMHKepa M NP BbIMNYCKe OHOTO MUMMMOHA TOHH KIMHKepa B rof,. YPOBHM
BbIGPOCOB — CpefHerofoBbie U ABNSIOTCS YCPEAHEHHbIMY NoKasaTensiMu, NnomnyyYeHHbIMU Ha pasnuyHoN nameputenbHon TexHuke. Co-
nepxaxve O, — 10 %.

2 MokasaTteny no SO, 3aMepeHbl B OTXOAAWMX rasax 253 BpaLuatowmxcs neden. 11 namepeHun BbIXoAaT 3a LuKany npeacTaBneHHbIX
BENnYWH, 7 — HyneBble ypoBHYW, 3 konebntotcst ot 0 Ao 10 u oauH Bbiwe 40. Beicokue BbiGpockl SO, oxuaalTcs, Koraa cbipbeBble MaTe-
pvianbl coaepXaT KOMMNOHEHTbI, B KOTOPbIX cepa S UMeeT CTeneHb oOKUcneHus -2 (Hanpumep, nupuT). OHK okucnsTcs 1 nepexoasT B SO,
paHo, B BepXHeM LUyuKIoHe. SO, MOXeT ObiTb CBSI3aH CbIpbEBOW CMECHIO NMPU TOHKOM M3MENbYEHUN ChIpbEBOro Matepuana.

3 I-TEQ — MexayHapOoAHbIA SKBMBANEHT TOKCUYHOCTMU.

BbIGPOCHl MapKepHbIX BeLlecTB B cTpaHax EC o6bliHO M3MepsioTcst B Mr/HM®. OTa
KOHLIeHTpaLmMs COOTBETCTBYET NOTOKY rasa B CTaH4APTHOM COCTOSHMUMU, T. €. CyXOMY ra3oBo-
My NOTOKy npu Temnepatype 273 K u aasnexHuu 1013 Ma npu cogepxxaHun kucnopoga O,
10 06. %. Ecnu daktnyeckoe cogep)kaHue Kucrnopoga B ra3oBOM MOTOKE OTnM4yaeTcst oT
10 06. %, TO NepecyeT KOHUEHTpaLmMM BbIOPOCOB B CTaHAAPTHOE COCTOSIHME OCYLLECTBSET-

ca no doopmyne 1:

Cerang = Zl-_l—%)cbam " Cuawm, (2)
rae Cuasm U Cerang — KOHUEHTpaUMs BbIOPOCOB 3arpA3HAIOLWNX BeLWecTB, n3MepeHHasa B noTo-
Ke W NP1 CTaHAapTHOM COCTOSIHUM COOTBETCTBEHHO, MI/HM®;
Oaxr — (pakTnyeckas KOHUEHTpaums KNCropoAa B NOTOKE B MOMEHT NU3MEPEHNUS,
006. %.
B Poccuinckon ®enepaunm BbIGPOCHI 0ObIMHO NMPMBOAATCSA K HOPManbHbIM YCIIOBUAM

6e3 yyeTa pasbasrneHus rasza npu Temnepatype 293 K n gasnexHunn 1013 lMNa.

3.3 YaenbHbIN pacxof CbipbeBbIX MaTepuarioB Ha NpoM3BoACTBO 1 T

nopTnaHaueMeHTHOro KrimHkepa v noptnaHauemMeHTa

MponsBoacTBO  nopTraHgueMeHTa  sBAdeTcs  MaTepuanoemMKkum  MpoLEecCoM.
B Tabnuue 3.2 npeacraBneHo cpegHee notpebneHne ChipbeBbIX MaTepManoB Ans npoms-
BoACTBa LueMeHTa. Lindpbl B nocneaHen konoHke Tabnuubl ABASOTCA NPUMEPHBIMIU NOKa3a-
Tenamu ansa 3asoga MowHocTbio 3000 T/cyT. mnu 1 MAH.T/ro4 NO KIWHKEPY, YTO COOTBET-
cTByeT 1,23 MIH T LLEMEHTa B rof Npu coaepXXaHum muHepanbHon AobaBkn B LEMEHTE B KO-

nnyectBe 14 %.
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Tabnuua 3.2 — NoTpebneHne CbipbeBbLIX MaTEPMAnoB NPy NPOM3BOACTBE LIEMEHTA

Ha 1 T knuH- Ha 1 MfH T KnuK-
MaTtepwnan (B Cyxom cOCTOSAHUN) Ha 1 1 uemeHTa
kepa kepa B roq
M3BecCTHSIK, rMuHa, craHeu, meprenbs 1 ap. 1571 1,271 1568000T
'mnc, aHrmpput — 0,051 61000 T
MwuHepanbHble gobaBku — 0,14 T 172000 T

3.3.1 Acnonb3oBaHue MPOMBbLILWIIeHHbIX OTXO0A0B B Ka4eCTBe CbipbeBbIX

MaTepuanoB U MUHepanbHbIX [obaBoK npun npoun3BoAcTBe nNopTtnaHauemMeHTa

rlpOMbILIJJ'IeHHbIe OoTXOoAdbl Pa3JIN4YHOIO MPOUCXOXOEHNA MOryT 3aMeHATb 3HaYUTEeIb-

HOe KOSIMYECTBO ChIPbEBbLIX MaTepuanoB Mpu oGXure NOpTNaHALEMEHTHOrO KIMHKepa (CM.

pasgen 2.7.2).

,D,aHHbIX no 06Luemy o6bemy NPOMBbILLJTIEHHBLIX OTXO0A0B, UCMOJIb3OBAHHbLIX B KA4e€CTBE

CbIpbEBbIX MaTEPMAnoB Ha LEMEHTHbIX 3aBogax Poccuickon ®enepaunn HeT. B ctpaHax EC

¢ 2001 no 2004 roa ncnonb3oBaHUe TakMx OTXOAOB yBeNuymnnocb 6onee yem B 2 pasa, nos-

BonuB B 2004 rogy C3KOHOMMUTb MOYTM 14 MNH T MPUPOAHONO CbIPbsl, YTO COCTABMSET MpU-

MepHOo 6,5 % oT obwero obbema ChbipbeBbLIX MaTepuanoB, UCNOMb30OBaHHbIX ANA obXura

nopTnaHALUEMEHTHOro KnnHkepa (cMm. pucyHok 3.2) [9].
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1.50

o Si

M Opyrue
[ Noueorpyut

l Si-Al-Ca-Fe

] Fe
@ Ca

2003 rog
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Pl/lcyHOK 3.2 — Vcnonb3oBaHune Pa3fMyHbIX OTXOO0B B CTpaHax EC B kauecTBe
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Takke NOCTOAHHO YBENUYMBAETCH UCNOSIb30BaHME MPOMbILLIIEHHbLIX OTXOAO0B B Kade-
CTBE MUHeparbHbIX 400aBOK Npu NoMore nopTnaHguemeHTa. Tak, HanpumMmep, UCnonb3oBa-
Hue B cTpaHax EC cnaHueBon 3okl 3a nepuog ¢ 2000 no 2005 rog yaBounocb M AOCTUMO
100 000 T/roa [9].

Micnonb3oBaHMe MPOMbILLMEHHbLIX OTXOAO0B B KayeCTBE CbIpbeBbIX MaTepuaroB Mnpu
NPOM3BOACTBE LieMeHTa KakK npaBuiio NpUBOAUT K CHUXEHWUIO YOEeribHOro pacxoja tenna Ha
o0xur 1 T NnopTNnaHALUEMEHTHOro KIIMHKepPa M MOBbLILEHUIO NPOU3BOAMTENBHOCTU Bpallato-
LLenca neyn.

[MOCTOAHHBIN KOHTPOSb COAEPXKaHUA BPeOHbIX BELWECTB B OTX04aX M UCMNOSb30BaHWe
npaBunbHOro cnocoda Mx BBeAEHMs1 B COCTaB CbIPbEBOM CMECU UNN LeMEeHTa He NPUBOAUT K
yBeNMYeHno BpeaHbIX BbIOPOCOB B aTMocdepy npu obxure nopTraHALEMEHTHOrO KrMHKkepa

nnn nomosie noptinaHauemMmeHTa n He oTpa)KaeTcAd Ha Ka4yecTBe Npon3BoanmMoro uemeHTa.

3.4 YpenbHbIN pacxogd TONMMBa Ha 06Xur 1 T nopTnaHaueMeHTHOro

KIMMHKepa

YaenbHbI pacxoq Tonnvea Ha obxkur 1 T nopTnaHAUEMEHTHOrO KIMHKEpa 3aBUCUT,
rnaBHbIM 0B6pa3om, oT cnocoba npomsBoAcTBa NopTfaHAUEeMeHTa, TMna U KOHCTPYKUUnN Bpa-
LLaloLWEencs nevn, XMMmYecknx n unsnyeckmx (BNaxxHOCTb) CBONCTB CbipbeBbIX KOMMNOHEHTOB
N CbIPbEBOW CMECU, UCMONb3yeMbIX ANt NPOM3BOACTBA KNUHKepa. MNogpobHbii aHanmna cy-
LLIECTBYHOLLMX CNOCODOOB NpOM3BOACTBA NOpPTNaHALEMEHTa NpeacTaBneH B pasgene 2.1.

lMpakTka nokasana, 4To yAesibHbIN pacxon TonnmBea npu NCNosib30BaHUM Neyen Cyxo-
ro crnocoba C LUMUKIOHHbIMKM TennoobMeHHuKaMmn n aekapboHmsatopom coctasnset 3000-
3800 MIx/T KNUHKepa Kak CpeaHerogoBoe 3Ha4YeHue, a U3BMEHYMBOCTb NokasaTernsi CBA3aHO
C MYCKOM M OCTaAHOBKOW MeYen u CO CBOWCTBaAMU CbipbeBbIX MaTepuanos. CpeaHue yaenb-
Hble pacxodbl TOMMMBA N Tenma nNpu UCMNonb30BaHUM NeYen pasnuUYHOro Tuna npuBeaeHsbl B

Tabnuue 3.3.
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Tabnuua 3.3 — YaenbHble pacxogbl TONMBaA U Tenna Ha oGXUr KnMHkepa A5l NeYen pasfimyHoro

pasmepa 1 cnoco6oB Npou3BOACTBA

YaenbHbIA pacxon Tenna, | YaenbHbIn pacxod Tonmm-
Twun neun, cnocob npon3BoacTBa
MIDK/T KnuHkepa Ba, Kr y. T./T KNnHKepa

Meun cyxoro cnocoba ¢ UNKNOHHBIMMN
TennoobMeHHnKamu 1 gekapboHm3aTo- 3000-4000 100-135
poMm
Meun cyxoro cnocoba ¢ UUKITOHHLIMN

3100-4200 105-145
TEennoodMeHHMKamMun
KoMbBuHMpoBaHHbIN (Nonycy-
XOn/NonymMokpbIn cnocod) nponsBoa- 3300-5400 115-185
cTBa, neysb Jlenonb
[AnvHHbIE Neyn cyxoro cnocoba npouns-

no 5000 Jo 170

BOoACTBA
[nvHHbIE NeYn MoKporo cnocoba npo-

5000-6400 170-220
M3BOACTBA
Meun ons npomnsBoacTBa cneumarnbHbIX

3100-6500 u BbILe 105-225

LIEeMEHTOB

B obuwiem cnyyae yaenbHbI pacxon Tenna Ha 00Xur KNnHKepa 3aBUCUT OT:

- CXEMbl Y KOHCTPYKLUMK NNHUM 0BXura KnnHkepa:

- KONMyecTBa CTyneHemn UMKNOHHOIo TennoobMeHHMKa (OT TpeX 4O LWECTN);

- HanMYMsi U KOHCTPYKLMKN geKkapOboHu3aTopa;

- UICNONb30BaHMA TPETUYHOIO BO3AYXa;

- UICNONb30BaHUA MEYHbIX ra30B B KAYECTBE CYLUMITbHOIO areHTa B CbipbeBOW MefnbHU-
ue,

- OTHOLLEHUS ONMHbI NeYn K ee gnameTpy;

- TMNA KINMHKEPHOTrO XOJTOAMIbHUKA;

- NPOM3BOAMTENBHOCTU NEYMu;

- COAepXXaHus Bnarn B Cbipb€BbIX MaTepuanax n Tonnmee;

- CBOWCTB CbIpbEBbIX Matepuanos, nx obXxunraemocTy;

- KanopumHOCTN TONNMBA;

- MOAYJbHbIX XapaKTEPUCTUK obxuraemoro KIMUHKEepa,;
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- OQHOPOAHOCTM M TOYHOCTU 403UPOBaHMA TONNMBa, NO4aBaeMOro B neyb;

- ONTMMM3aUUKN npouecca obxura, BKIKOYasa oxnaxaeHne nnamenm (B cnyvyae Heobxo-
ANMOCTN);

- cTeneHn bannacmpoBaHus ra3os.

Ncnonb3oBaHne HU3KOKaNopuiHbIX BMAOB TOMMMBA MMM TOMSIMBOCOAEPKALLUMX OTXO-
AOB NPUBOAUT K HEKOTOPOMY MOBLILIEHUIO YAENbHOrO pacxoda Tenna Ha obXur KNuHKepa.
N3bexaTb 3TOro MOXHO NMyTeEM chneumanbHON onTMMM3aumm paboTbl NeyYn u CTaburbHbIM
BBOJOM TOMMMBOCOAEPXKALLMX OTXOLAOB B Neub.

BnaxHoe TonnmBo yBenMuMBaET yAeNbHbIA PAcXO4 Tenna Ha obXur KnNnHkepa Kpome
crlyyaeB, Korga Cyllka TBEpPAOro TOMfMBa OCYLIECTBNSETCA BHE Nevn C MCNOSb30BaHUEM
AbIMOBbIX ra30B B Ka4€CTBE CYLUUITbHOIO areHTa.

HectabunbHbIn pexxum paboTbl, YacTble OCTAHOBKWM U MYCKU NeYn Takke MOryT npuBe-

CTW K YBENMYEHUIO YAENbHOro pacxoda Tenna Ha oGXur KnnHkepa.

3.4.1 BnusiHue TonnunBeocoAepXxawmx orxoaoB Ha yﬂeﬂbelVI pacxon Tensna npu

06xure nopTnaHAueMeHTHOro KrimHkepa

Buabl TonnmMeocoaepalumx OTXO40B, UX Knaccudukauma n CBOMCTBA, a Takke Tpe-
BGoBaHMs K KA4eCTBY TOMNMMBOCOAEPKALLMX OTXO40B NOAPOOBHO pacCMOTPEHbI B 2.7.3.

[aHHble 06 o6bemax MCNoNbL30BaAHUSA TOMMMBOCOAEPKALLUNX OTXOAO0B HA LIEMEHTHbIX
3aBogax Poccuinckon ®egepauun otcytcteyroT. CoobuiaeTcs o nepmognyeckoM UCnonb30-
BaHMM anbTepHaTMBHbIX BMaoB Tonnuea Ha MNAO «MopaoBueMeHT» (LMHbI, OpeBecHas Lie-
na), OAO «CnaHueBckuin uemeHTHbIn 3aBog «LIECJIIA», OO0 «LlemeHTHas ceBepHasi KOM-
nanus» («BopkytnHcknn uemeHnT»), OOO «KpacHosipckun uemeHT», OAO «Uckutnmue-
MEHT», (yrrnecogepxaiime oTxoAbl), LEMEHTHbIX 3aBodax KomnaHuni XangenobepruemeHT,
JTacbapx (opeBecuHa, NnacTuk) u ap.

[aHHble 00 MCnonb3oBaHUM TOMMMBOCOAEPXKALLUMX OTXOOOB Ha LIEMEHTHbIX 3aBoAax

ctpaH EC B 2003-2004 rogax npeactasneHbl B Tabnuue 3.4 [9].

Tabnuua 3.4 — VMcnonb3oBaHue TONNMMBOCOAEPKALLUX OTXOA0B B LEMEHTHbIX nevax ctpaH EC

MoTpebnenue, TbiC. T

Ne n/n Bupg otxogos 2003 rog 2004 rog

OnacHble HeonacHble OnacHsble HeonacHble

1 HepeBo, bymara kapToH 0,000 214,991 1,077 302,138
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MoTpebnenune, ThbiC. T
Ne n/n Bua otxopos 2003 rog 2004 rog
OnacHble HeonacHble OnacHble HeonacHble
2 TekcTunb 0,000 19,301 0,000 8,660
3 Monnmepsbl 0,000 354,070 0,000 464,199
4 MpombllneHHble OTXoAbl 4,992 570,068 1,554 734,296
5 Pe3unHa/WwunHbl 0,000 699,388 0,000 810,320
6 lMpombliwneHHble ocagku 52,080 161,660 49,597 197,720
7 [lopoackme ocagku CTOYHbIX BOA 0,000 174,801 0,000 264,489
JKMBOTHBbIE, NULLEBbLIE OTXOAbI U
8 0,000 1313,094 0,000 1285,074
XUpbl
9 OTxogbl yrneoboraiieHns 1,890 137,213 7,489 137,013
10 |CenbCcKkoxo3sANCTBEHHbIE OTXOAbI 0,000 73,861 0,000 69,058
TBepable oTxoabl (MPONUTaHHbIE
11 164,931 271,453 149,916 305,558
ApEeBECHbIE OMNUITKN)
PacTtBoputenu n otHocsLWwmMecs K
12 425,410 131,090 517,125 145,465
HUM OTXOAbl
13 | Otxoabl HedbTenepepaboTku 325,265 181,743 313,489 196,383
14 |Opyrve 0,551 199,705 0,000 212,380
O6uwee notpebnenne:| 975,119 4502,435 1040,247 5133,353

Hanbonee BbicoKkas cTeneHb 3amMeLeHNs OCHOBHOMO TEXHOSMOrMYeCcKoro Tonmmea Tomn-
nmMBocoepXalumMMmm otxogammn Habnogaetca B NepmaHum (43,6 % ans 6e3onacHbix 1 5,2 %
ANS onacHbIX 0TxofoB), Yexun (cootBeTcTBEHHO 37 % 1 15 %) 1 ABCTpUKM (COOTBETCTBEHHO
35 % un 12 %) [9].

Kak oTmevyanoch Bbllle, MCMNOMb30BaHNE TOMMMBOCOAEPXKALLMX OTXOLO0B MPUBOAUT K
HEKOTOPOMY MOBbILLIEHUIO YAENbHOIO pacxoda Tenna Ha ooXxur knuHkepa. OgHako nNpy 3ToM
yAenbHbIM pacxof YCroBHOro Tonnmea Ha obxur 1 T KNMHKepa CHWXaeTca BCrneacTBue 3a-
MeLLEeHNA OCHOBHOIO TEXHOSOrMYECKOro TONNMBa anbTepHaTUBHLIMM BUAAMW TOMMMBA.

[MOCTOSIHHBIN KOHTPOSb 3a COAEPXXaHMEM BPEeAHbIX BELECTB B TOMMMBOCOAEPKALLMNX
0TX04ax 1 BbIOOP paunoHarnbHbIX NyTEN N METOOOB CXUraHUSA 3TUX OTXOAOB HEe NPUBOAUT K
yBenMYeHnto BblIOpOCOB BpeaHbiX BewecTB B aTMmocdepy. MNpn cxuraHmm onacHbiX BMAOB
anbTepHATUBHOINO TONNMBA AOMOMHUTENBHO K NEpeyvMcrneHHbiM B pa3gene 3.2 B KavecTBe
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MapKepHbIX BELLLECTB PEKOMEHAYETCHA OCYLLECTBASATL NEPUOANYECKNA KOHTPOSb COAEP)KaHNS
B OTXOASALUMX M3 rneyen ObIMOBbLIX raszax netydmx opraHudeckux seuwects (JTOC), metannos
(As, Sb, Pb, Cr, Co, Cu, Mn, Ni, V), 6eH3ona, Tonyona, aTunbéeHsona, kcunona, nonMapoma-
TUYECKNX YINEBOAOPOLOB U APYrMX OpPraHUYEeCKUX COEOUHEHMUI, NONUXITIOPUPOBAHHBLIX OW-
6eH30-n-anokcmHoB 1 anbeHsodyparos (MXOL/MNXOP). MNepeyeHb AONONHUTENBHO KOHTPO-
NMpyeMbIX MapKepHbIX BELECTB U NEPUOANYHOCTb UX KOHTPONSA 3aBUCAT OT BUOOB UCMOSb-
3yeMbIX OTXO40B N COAEPXKaHUS B HUX OaHHbIX MapKEPHbIX BELLECTB.

Mcnonb3oBaHue anbTepHaTMBHbLIX BUOOB TOMAMBA M TOMMMBOCOAEPXKALLMX OTXOAOB

KaK npaBuIio He oTpaXKaeTCA Ha Ka4yeCTBe BbllTyCKaeMOro LleMeHTa.

3.5 YaenbHbIN pacxon aHeprum Ha nponsBoacTso 11

nopTnaHauemMeHTa

Tak Kak OCHOBHbIE TEXHOSTIOMMYECKMMUN CTaausIMU NPOM3BOACTBA LIEMEHTA CBSA3aHbl C
TOHKMM U3MESIbYEHMEM CbIPbEBLIX MaTepuarioB U LEMEHTa, TO rMaBHbIMU NoTpebutenamm
3NEKTPO3IHEPTNN NPU NPOM3BOACTBE LiEMEHTa ABNAIOTCS NOMOJSIbHbIE arperaTbl — CblPbEBbLIE
N UEMEHTHbIE MENbHULbI, @ TakKe BEHTUNATOPbLI U AbIMOCOCHI, NOTpebnawwme B CymmMe Ao
80 % Bceu 3Heprnn Ha 1 T NPOM3BOAMMOrO LlEMEHTA.

YaenbHbIn pacxoq 9NeKkTPO3HEprMM Ha nNpouM3BOACTBO LEeMeHTa cocTtasndeTr 90—
150 kBT-4/T uemeHTa. YaenbHbii pacxon 3NeKTPO3HEPTMM NPU MOKPOM cnocobe npounsBoa-
CTBa LEMEHTA HECKOJSIbKO BbILLE, YEM MPU CYXOM UM KOMOMHMPOBAHHOM criocobax npous-
BOACTBaA.

Pacxoq anekTpo3Heprnn Ha TOHKOE U3MeSNbYEeHNE CbipbEBbLIX MaTepuanoB N LEeMeHTa
onpegenseTca npupoaon u OCOBEHHOCTAMU CTPYKTYpbl W3MeENbYaemoro Marepuana.
Hanbonbwwnin pacxon Habniogaetcs npy U3MENbYEHUU XOPOLLO CMEeYEHHOro nopTnaHaue-
MEHTHOIO KIMHKepa, rpaHynMpoOBaHHOIO JOMEHHOrO LWiaka, TBepAblX U3BECTHSKOB, Mecka,
KBaApUMTOB, HAUMEHbLLUNN — NPU U3MENbYEHUN MENOB WU FMIMH, OCOOEHHO MOHTMOPWUIIIOHU-
TOBbIX. [1pn MOKpoM crnocobe Npon3BoaCTBa MOHTMOPUINIOHUTOBLIE MNHBbI U3MENbYAlOTCS B
pesynbTate Camonpou3BOSfIbHOW Aucneprauun (pasMmyvmMBaHus) B BOAE B TaK Ha3blBaeMbIX
rMMHobONTYLWKaX, MeNbHMLAX CaMOM3MENbYEHUS C MOCNeayWwnuM JOU3MENbYEHNEM MaTe-
puanos.

O6wunn pacxopn aNeKTPoO3HEPINN Ha N3MENbYEHNE MaTepmnasnoB 3aBUCUT OT KOHCTPYK-
UMM MenbHUUbL. 3aMeHa TpaguUMOHHO MCMONb3yeMbIX LUIAPOBbIX MEfbHUL, Ha POJSIMKOBbLIE

MeJlbHUL bl MO3BOJIAET CHU3UTb yueanbM pacxog sHeprnn Ha n3amMmesibdieHne MmatepmnaroB Ha
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25 % — 50 % npu oguHaKoBoW cTeneHn namernbyeHna. OgHako BO3MOXHOCTb TaKOM 3aMeHbI
AOMMKHa B 006s13aTEeNbHOM NOpSAAKE COMPOBOXAATLCA cneunarnbHbIMU TEXHONOMMYECKUMN UC-
cnefoBaHMAMW U NPOBOAMUTLCA C Y4ETOM 9KOHOMUYECKUX (PaKTOPOB.

B paspene 2.10.2 nokasaHbl OCHOBHbIE HanpaBliEHNS SKOHOMUWN SNEKTPOIHEPIUN NP
TOHKOM n3MenbyeHun uemeHta. K Hum oTHocaTca:

- MOAEepPHU3aUMs N ONTUMU3AUNSA BHYTPUMESNBHUYHBLIX YCTPOWCTB — MENLWKUX Ten,
BpoHEeNnNUT, MeXXKaMepHbIX Neperopoaok;

- UCMONb30BaHWE COBPEMEHHbIX CenapaTopos.;

- NPUMEHEHNE paunoHarbHbIX CXEM U3MErbYeHUs C UCMNOMb30BaHWE BasnKkoBbIX Mpe-
An3mMenbynTenen;

- NpuMeHeHne Job6aBOK — MHTEHCUUKATOPOB NOMONa LLEMEHTa;

- UICNONb30BaHME B Ka4yeCcTBe MUHeparibHbiX 406aBOK Npy NomMorne LeMeHTa Nerko ms-
MenbYaeMbIX MaTepuaros.

CHwKeHMe yaenbHOro pacxofa 9neKkTpo3HepruM Ha npovsBoAcTBO 1 T nopTnaHaue-
MeHTa MOXeT OblTb AOCTUTHYTO NPUMEHEHUEM Ha npeanpuATUN CUCTEMBbI SHEPreTUYECKOro

MEeHeO>KMEHTAa.
3.6 BbIbpochl BpeaHbIX BewecTB Npu Npou3BOACTBE LieMeHTa

3.6.1 BbI6pocChbI nNbinu

BbiGpoch! Nbinv Yalle BCEro accouumpyrTcsl C NPOU3BOACTBOM LIEMEHTA, MOCKOMNbKY
TEXHOMOrMMsl ero NPou3BoACTBa BKIHOYAET B Ka4yecTBe 0b6si3aTenbHOro npolecca TOHKoe U3-
menbyeHne matepuanoB. Mbinb — 370 Menkne (MeHee 0,1 MM) YacTuubl, B3BELUEHHbIE B
BO3JyXe WUnu rase.

BbiGpocb! MbiNK BO3HMKAOT Be3de, rae MOTOKU ra3oB WM BO3Ayxa KOHTaKTUPYHT C
TOHKOM3MENbYEHHbIM MaTepuanom: B npouecce Apo6neHus, TPaHCNOPTUPOBKK, CKNaaupo-
BaHWSI Cbipb€BbIX MaTepuarnoB, Npy MOMOSie M OBXUre CbIPbEBOW CMECH, OXNakOoeHuu u
CKNnaavMpoBaHUM NOPTNaHALEMEHTHOrO KIMHKepa, noMorie, TPaHCMOPTUMPOBKE U OTIpy3Ke Lie-
MEHTa, NPU XpaHeHUM N NOAroTOBKE TBEPAOro TOMNNMBA UK TOMMUBHBIX OTXOO0B.

NcTOYHMKM BbIBPOCOB MbINM NPOMBILLMIEHHbLIX NPEANPUSTUA ObiBaOT CTaLMOHaPHLIMM,
korga KoopauHaTta UCTOYHMKa BbiGpoca He M3MEHSIETCS BO BPEMEHM, U NepeaBMXHbIMU (He-
cTauMOHapHbIMK), HanpuUMep, aBTOTpaHCNopT. MICTOYHMKM BbIGPOCOB Nblnv noapasnensoTcs

TaKXe Ha opraHn3oBaHHblE N HEOPraHM30OBaHHbLIE. N3 OpraHnM3oBaHHOINo NCTO4YHUKa MbliJib NO-
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cTynaeT B aTMocdepy Yyepes cneumanbHO COOPYXEHHbIE ra3oxonbl, BO3AYyXOBOAbl U TPyObI.
HeopraHn3oBaHHbIN UCTOYHWK OBpasyeTca B pesyrbTaTe HapyLleHUss repMeTUYHOCTM 06o-
pyoOBaHUA, OTCYTCTBUSA UMW HeyaOBNEeTBOPUTENbHON paboTbl 060pyaoBaHUSA NO yAaneHuto
NbinY B MecTax 3arpysku, BbIrPy3kuU UM xpaHeHus maTtepmanos. K HeopraHM3oBaHHbIM UC-
TOYHWKAM OTHOCAT OPOrK, aBTOCTOSAHKM, CKNadbl CbiMy4yMx mMaTepuarnos W apyrve nnowiaj-
Hble UCTOYHUKM [53].

XMMNYECKMIA COCTaB MbININ MOXET M3MEHATLCA B LUMPOKMX Npeaenax. [ns uemMeHTHbIX
3aBoaoB 06bIMHO paccmaTpumBatloT BbIOpOCh! Nbinu ¢ cogepxaHmem SiO, oo 20 macc. % n ¢
cogepxaHmem SiO, ot 20 go 70 macc. %. lMbinb ¢ 6onee BbICOKUM cogepxaHnem SiO, cum-
TaeTcs 6bonee BpeaHOW ANs opraHnama venoseka. [AnutenbHoe BAbIXaHWE Mblfiu C BbICOKMM
cogepxaHnem SiO, MOXeT NPMBECTM K CUITMKO3Y WU CUIMKATO3Yy — pacnpoCTpaHEHHOMY U
TSHXKENo npoTekawwemMy 3aboneBaHuio ¢ Anddy3HbIM paspacTaHMeM B fErKUX COeaUHU-
TENbHOW TKaHW N 06pa3oBaHMEM XapaKTEPHbIX Y3erKoB [54].

Mo ToM e NpMYnHe 0BbIYHO paccMaTpMBalOT BbIOPOCHI MbIN C pa3MepoM YacTul, Me-
Hee 10 mkm (PM10) n TOHKOAMCNEPCHOW MNbINN C pa3Mepom vacTtuly meHee 2,5 mkm (PM2,5).
ToHkoaMcnepcHasa MNblflb 3HAYUTENBHO ObICTPEe MPOHMKAET B fIErOYHbIE anbBeOosbl YernoBe-
Ka, Bbl3blBasi, kKak ObIfI0 NOKa3aHo BbILLE, HE TOSbKO CUITMKO3 UMM CUNNKATO3, HO N obocTpsaeT
TeyeHue Opyrnx NeroyHbix 3abonesaHuin, Hanpumep, Tybepkynesa. Kpome Toro, ToHKoauC-
nepcHas Mbifib OYeHb MeAfeHHO ocedaeT M3 aTMocdepbl. HaxoxgeHne B BEPXHUX CROsIX
aTMocepbl TOHKOOUCNEPCHOM MbifM B BOMbLUON KOHLEHTPaUMM CHUXaeT YPOBEHb MHCONSA-
LUUKN 3€MHOM NOBEPXHOCTU, YTO MOXET MPUBECTU K 3aMETHOMY MOHUXKXEHUIO CpeaHeN roqoBown
Temnepartypbl.

B nbineBbix BbIOpoCcax LEMEHTHbIX 3aBOAOB nocrne obecnbinnBaHWs ra3oB B COBpe-
MEHHbIX PYKaBHbIX U 3NeKTpodmnbTpax KoNM4ecTBo Yactuy gpakumm meHee 10 mkm (PM10)
mMoxeT gocturatb 85 % — 90 %, a yactuy dpakuun meHee 2,5 mkm (PM2,5) — go 50 % ot
MaccCbl YacTumu, YHOCUMbIX C 6e3B03BpaTHbIM MblrieyHOocoM [9].

MOMUMO 3KONOrMYECKMX, CHMKeHne 6e3B0o3BpaTHbLIX BbIOPOCOB NbINN MMEET BaXkHble
TEXHOIOrMYeckme acnekTbl: Kak NpaBusio, Nbifib NpeactaBnaeT cobon AOCTaTOYHO 3HEProem-
KM NPOOYKT, MO3TOMY €€ BO3BpaT B TEXHOMOrMYECKUN NPOLIECC CHUXKAET ObLLYI0 3Heproem-
KOCTb npouecca NpoM3BOACTBA M Yry4llaeT Ka4eCTBO KOHEYHOro NpoaykTa.

OCHOBHbIM WCTOYHWKOM OPraHM30BaHHbIX BbIOPOCOB MbININ Ha LEMEHTHbIX 3aBodax
ABNAOTCA BpaLLaloWMecs Mneyun, KIMHKEepPHbIe XONOAWMBbHUKKU, MENbHMULbI CyXOro nomona

(LEMEHTHbIE, YronbHble), LLEeMEHTHbIE CUoCca, YCTAHOBKM ANS TapMpOBaHUS U OTIPY3KK Lie-
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MeHTa. HeopraHn3oBaHHble BbIOPOCHI MbINN BO3HUKAKT Npy APOONEeHun, TpaHCNoOpTUPOBKE,
CKIaaMpOBaHUN CyxXMX MaTepuanos, Npu Mx nogade B OyHkepa MenbHWUL, ABWXEHUU aBTO-
TpaHcnopTa no Joporam.

MHdopmaumsa no Bbibpocam MNbinn Ha LEMEHTHbIX 3aBogax Poccunckon denepaumm
A0CTaTOYHO NPOTUBOpPEYMBA.

Tak, Hanpumep, OAO «HoBopocuemMeHT» NpeacTaBuno NoAPo6HY MHOPMALMIO NO
BbIOpocam MNbiNM M3 pasnUYHbIX UCTOYHUKOB TPEX 3aBOAOB, BXOAALMX B cocTaB obbeamHe-
HUA. BbIGpOCHI NbINK U3 LEMEHTHbIX NeyYen MOKporo cnocoba npon3BoaCcTBa COCTaBUNKN B
cpegHem 60-70 Mr/HM3, ne4ven cyxoro cnocoba npom3BoACTBa Ha LLEMEHTHOM 3aBoae «[lep-
BOMaCKuity — 45-97 mMr/HM>. BbiGpoch! NbiNn U3 APYTMX UCTOYHWUKOB COCTaBUMW, MI/HM®: B
ApobunbHoMm otaeneHnn — 50—-85, KNMHKepHble xonoaunbHukn — 30-55, cunoca ans xpa-
HeHunA knuHkepa — 00 40, ueMeHTHble MenbHULbl — 45-95, uemeHTHble cunoca — 35-55,
YNaKOBOYHbIE MaLUMHbI U y3en OTrpy3kn uemeHta — 45-80. Ha 6onee HOBOM LEMEHTHOM
3aBoge «llepBomManckuimm» BbIOPOCHI MbifN N3 KINMHKEPHOIO XONoaubHUKa Konebanucb B NH-
TepBarne 50-85 Mr/HM®, 13 LLEMEHTHbIX MenbHUL, — 45-50 Mr/HME.

N3mepeHus, BbinonHeHHble HA OAO «BonbckuemeHT» B Hosi6pe 2012 roga nokasanu
BbIGpochkl nbinn 13 neyer NeNe 4 n 5 oo 1885 Mr/HM3, a ans neyen NeNe 6, 7 n 8 — Bcero 3—
7 Mr/HM®. AHanornyHble U3MepPEeHVsi, BbINOMHEHHbIe B HosiGpe 2014 rofa nokasanu BbIGPOCHI
nbinin n3 nedven NeNe 6, 7 1 8 B npeaenax 3—35 MI/HMS, ans neyn Ne 4-139-182 MI/HME.

Onsa OAO «LLypoBCKMIA LEMEHTY» M3MEPEHUSA BbIOPOCOB MbINIM N3 LEMEHTHbLIX NEYEN,
BbINONHEeHHble B aBrycte 2014 roga nokasanu pesynbtart 1,8-6,7 MI/HM® Anst HOBOW meyuu
cyxoro cnoco6a npovasoacTsa U 3,5-4,1 Mr/Hm® 13 neun ans obxura 6enoro KNUHKepa.

Ona OAO «CnaHueBcKkui LeMeHTHbIN 3aBof «Llecna» namepeHns BbIOPOCOB Nbifn 13
LEMEHTHbIX NeYen, BbINOMHEHHbIE B Aekabpe 2011 r, nokasanu Bcero 1,3-1,6 Mr/Hm® npu
CpeaHVX AeKknapupyeMbix BbiGpocax 30 Mr/HM>.

BbIGpochl Nbin 13 LuemMeHTHbIX neden npeanpuatnn komnaHum AO «EBPOLIEMEHT
rpyn» coctaBunu, Mr/Hm®: ans 3A0 «[eTepbypruemMeHT» — MUHUManbHble 1,5-45, MAO
«MoppgoBuemeHT» — Bcero 12—-19 anga neyen Mokporo, 17 ansa neyern KOMOMHNUPOBAHHOIO M
12 pns neun cyxoro cnocoba nponssoacTtea, 3A0 «benropoackun uemeHT» — 10-95, 3A0
«YnbsHoBcKUueMeHT» — 10-324, BopoHexckuin ounman AO «EBpouemeHT rpyn» — 20, S3AO
«JInneukuemeHT» (nevb 5 x 75 m) — 50, BAO «lNukanesckuii LemeHT» — 100-230.

Ona uemeHTHbIX 3aBogoB XK «Cnbupckum uemMeHT» BbIOpoChbl NbIfiM U3 LLEMEHTHbIX

neyeit coctaemnu, mr/Hm>: OO0 «TOMKUHCKUIA LeMeHT» — 14-166, OO0 «Tumnioiiue-
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MeHT» — 410-643, OAO «UckntumuemeHT» — 29-504, OO0 «KpacCHOSIpCKMIA LEMEHT» —
50-344.

Mo gaHHbIM OAO «CebpsKkoBCKMI LLeMEHT» BbIOpOCHI Nbiin coctaBmnm 50—-100 Mr/HM®
Ans neyen mokporo, 80 Mr/HM® Ans neyen KoMbuHuposaHHoro n 50 Mr/HM® A4 neyun cyxoro
crnocoba npon3BoacTBa.

BbIGpochl Mbinn U3 NneYen LeMEHTHbIX 3aBOA0B, MOCTPOEHHbIX PasnUYHbIMU KOMMNaHK-
smm 3a nocnegHve 10 net, coctasunu, Mr/HM®: OO0 «Dep3nKOBCKUI LIEMEHTHbIN 3aBOA» —
20, dunman OO0 “XampenbbeprllemeHt Pyc” B n. Hoeoryposckun — 30, dunmnan OOO
“XangenovbeprliemeHTt Pyc” B r. CTepnutamake — 36.

B obuwem cnyyae makcumansHble BbIOpOCH! NbIM U3 LLIEeMEHTHbIX NeYven HabnogarTca
Ha CTapblX LEMEHTHbIX 3aBOAax MOKPOro criocoba npou3BoACTBa, OCHALLEHHbLIX 3NIEKTPO-
dunbTpamu BEPTUMKANbLHOINO TMNa 1 paboTarwmx anutenbHoe Bpems 6e3 MoaepHusaumm um
HeobXxoauMoro TexHmyeckoro obcnyxumeanus. pu cBOEBPEMEHHOM NPOBEAEHUN HEODOXoam-
MbIX OpraHM3auMOHHO-TEXHNUYECKNX MEPONPUSATUI CPEeAHUIA YPOBEHb BbIOPOCOB NbINN U3 Lie-
MEHTHbBIX Neyell Ha AaHHbIX 3aBodax He npesbiwaeT 150-250 Mr/HME. [ns coBpemeHHbIX
LEeMEHTHbIX 3aBOJOB CyX0oro cnocoba npon3soacTBa npu npaBuiibHO NogobpaHHON cucteme
obecnbinMBaHMS U CBOEBPEMEHHOM MPOBEAEHUN €€ TEXHUYECKOro 06CnyXMBaHMs BbIGPOCHI
MNbIMK U3 LLEMEHTHBIX Neyei 06bl4HO He npeBbiwarT 50—-100 Mr/HMS.

[MockorbKy OCHOBHOW 06bEeM 3anblfleHHbIX ra3oB Npu Npou3BoACTBE LeMeHTa obpasy-
eTcd B npouecce obxura KnMHKEpa BO BpalLaloLMXCa nevax, To B KA4eCcTBe Mapkepa cre-
AyeT NUCnonb30oBaTh Npexae Bcero BblIOpoCh! Mbifv U3 BpaLLaoLWNXCA neyYen, yctaHoBMB Anst
3TOr0 COOTBETCTBYIOLLME HOPMATUBLI, NPV OOHOBPEMEHHOM MPUHATUN MEP MO MUHUMMU3ALMM
BbIOPOCOB MbINM U3 OPYrMX OPraHM30BaHHbIX M HEOPraHM30BaHHbLIX UCTOYHMKOB. [Nsa cTpaH
EC makcnmanbHble BbIOPOCHI MbINM U3 LLEMEHTHBLIX MEeYen OorpaHnyeHbl 3aKOHOAATENbHO U
He [OSDKHbI NpeBbIwaTh 20 MI/HM®, @ B HekoTopbix cTpaHax EC — 10 mr/um®.

Bbibpochl nbinu Takke sBRSOTCA 06006LWaowmMm MapkepHbiM BELLECTBOM, Tak Kak C
HUMW CBSi3aHbl BbIOPOCHI GONbLUMHCTBA HEMNETY4YMX UM ManoneTyydmx TshKenbiX MeTasnsnos,
COEOVHEHWI Cepbl, ranoreHoB 1 AUOKCUHOB.

KoHTponb BLIGPOCOB MbINK M3 neyen HeobxoaMmo OCyLEeCTBNATbL NEPUOOMNYECKM, CO-
rmacHo rpaduky NpoM3BOACTBEHHOIO KOHTPOMSA HA OCHOBaHMM HOPM, YCTAHOBIMEHHbLIX B HOP-
MaTUBHbIX JOKYMEHTaXx.

CnegyeT Takke yCTaHOBUTb pasferibHble HOpMaTuBbI NO BbiOpocam nbinv aAnsa aen-

CTBYIOLLMX LIEMEHTHbIX 3aBOOOB C rogoM BBOoAa B aKkcnnyartaumto nocne 2008 roga, ocHa-
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LLIEHHbIX COBPEMEHHbIM MblfieynaBnMBaoLwnM obopyaoBaHNEM, U AEACTBYIOLWMX LLEMEHTHbIX
3aBOAOB C rogomM BBofa B akcnnyataumto go 2008 roga. ns cTumMynupoBaHus NnpoBeaeHNs
PEKOHCTPYKUMN Takux nNpeanpusatuii pekomeHOyeTcsl YCTaHOBUTb Ha HadanbHOM aTane 6o-
nee wagswme HopmaTUBbl BbIOPOCOB C NOCTENEHHBIM UX Y)XECTOYEHUEM N NPUBIIMKEHNEM K
HOpMaTuBaMm BbIOPOCOB NbINM ANA NPeanpuUsTUA, BBEAEHHbIX B 3KCnnyatauumioo nocne
2008 ropa.

Ana cHWKeHna BbIBPOCOB MNbINM Ha LIEMEHTHbIX 3aBOA4ax MCMNOMb3YTCA pasfnnyHble
YCTPOWCTBA: NblfieocaanTenbHble KaMepbl, UMKNOHbI (OAMHOYHLIE UIK FPYNNOBLIE), CKpyObe-
pbl (MOKpbIE LUMKMOHbBI), pyKaBHble (OUbTPbl U 3NEKTPOUnbTPbI.

MbineocagnTenbHble YCTPONCTBA pasnuyatoTcs No 3peKTUBHOCTN CBOEro AENCTBUIS.
MuHUMansHON 3(PPEKTUBHOCTBLIO (CNOCOBHOCTLIO yraBnvBaTh Mblfib) 06MagatoT Nblneoca-
AUTenbHblE KaMmepbl U OOUHOYHbIE LMKMOHbLI, MakCUManbHOW — pyKaBHble (PUNbTPbI U ArekK-
TPOPUNLTPHLI.

B tabnuue 3.5 npuBeneHbl cpegHue 3HayveHus 3PPEKTUBHOCTM PasnUYHbIX Mbine-

ynasnmBarowmnx yCTpOVICTB.

Tabnuua 3.5 — 3ddekTMBHOCTL 0BecnbiNMBaHNS TEXHONOMMYECKNX ra3oB B YCTPOMCTBAX

pas3nnyHoro Tmna

AbdhekTnBHOCTL 0becnbinMBaHus, %
YCTpOWCTBO Mo oblemy Yactuupbl Yactuubl
KONMYECTBY Mbinn MeHee 10 MKM MeHee 2,5 MKM
LinkrnoH 70-75 52-55 30-33
AnekTpodunbTp 95-99 94-98 93-99
PykaBHbIN ouUnbTp 97-99 98-99 95-99
Ckpy0b6ep 90-99 92-98 85-96

MpaBunbHbIi Noabop obopyagoBaHnsa ana obecnbiMBaHNA ra3oB U obecneyeHne on-
TUMarnbHbIX PEXMMOB ero paboTbl NO3BONAT CHU3UTbL BbIOPOCHI NbINN NpU NPOU3BOACTBE

LeMeHTa O NpueMsieMbIX YPOBHEN.
3.6.2 Bbibpocbl okcnaoB azota NO

Okcuabl asoTa NpencTaBnsioT cobGoil OAHO M3 KIOYEBBLIX 3ArpsA3HSOLLMX BELLECTB,
BblOpacbiBaeMbiX B aTMocdepy npu npousBoacTee LemeHTa. OHM COCTOSIT U3 CMECU MOHO-

okenaa NO (295 %) n guokemnaga asota NO; (=5 %).
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MoHookena azota NO — ato 6ecuBeTHbI, 6e3 3anaxa, Nioxo pacTBOPMMbIA B BOAE
ras. lMpu koHueHTpaumm o 50 ppm OH He NPOSABMSET TOKCMYECKUX UMM pasgpakarolmx
csoncTB. [Quokeng aszota NO, — 3TO ras, KOTOpbI 3aMeTEH Aaxe Npu HEBOMbLUON KOHLEH-
Tpauun: OH UMEET KOPUYHEBATO-KPACHOBATbLIM LBET M 0cobbli ocTpbii 3anax. Npn KOHUEeH-
Tpaumm 6onee 10 ppm ABNSETCH CUNbHBIM KOPPO3UNHBLIM areHTOM W CUMbHO pasgpaxaet
HOCOBYIO MOMOCTb U rnasa. MNpu koHueHTpauum 6onee 150 ppm. Bbi3biBaeT GPOHXMT, a CBbl-
we 500 ppm — oOTeKk nerkux, gaxe ecnu BO3OEeNCTBME ASIMIIOCh BCEr0 HECKOSbKO MWHYT.
MoHookeng asota NO, KOTOpbIM MPUCYTCTBYET B ropoacKkOM BO34yXe, MOXeT caMornpous-
BOSbHO nepexoantb B anokeung asota NO, npu (OTOXMMUYECKOM OKUCHEHUM ¢ (hopMmnpoBa-
HMEM TaKOro sIBMEHUs1, Kak CMOr.

CyLiecTBylOT Tpu NyTn 06pa3oBaHNs OKCMOOB a3oTa Npu obxure nopTnaHaueMeHTHO-
ro KnuHkepa:

- TennoBble okcnapbl a3oTa (Tennosble NOy);

- BoIcTpble okenabl asoTa (bbicTpble NOy);

- TONNMBHbIE OKcuAabl a3oTa (TonnueHble NOy).

Tennosble NOy obpasytoTcsa npu Boicokon Temnepatype (T > 1500 K) 1 BbICOKOW KOH-
LUeHTpaunm Kucrnopoaa npu oKUCrneHMm atMocdepHOro asota KMCNopoaoM B npoLlecce rope-
HUa (MexaHnam 3enbgoBuya). Konudectso obpasytowmxca Tennosbix NOy yBennymBaeTcs C
yBenMyeHnem temnepartypbl pakena n koadpduumeHTa n3bbiTka Bo3gyxa B neyn. Tennosbie
NOy obpasyoTca NpemMmyLLeCTBEHHO NPU CXXUraHnn ra3oobpasHoro Tonnmea (NPUPOAHbLIN ras
N CKMXKEHHBIN HEPTAHOM ra3) u TONNMBa, B KOTOPOM HE COAEpKaTCsl BELLECTBA, UMEOLLME B
CBOEM cOCTaBe as3oT.

Boictpble NOy obpasytoTcst B hakene ropsero Tonamea NyTeM CIOXHbIX peakuui
B3anmoaencteusa pagukanos CH ¢ azotom N, ¢ o6paszoBaHnem HCN, KoTopbIn 3aTeM ObICT-
po pacnagaetcsa Ha NOy, CO, un H,O (mexaHuam deHumopa). Konnyecto 6bicTpbix NOy 3a-
BMCUT OT hOpMbl 1 TemMnepaTypHOro npoduns dakena n yBenmunaeTcs npu cxxmraHmm odo-
ralieHHbIX CMecen 1 Npyu HU3KOTEMNepaTypHOM ropeHunn, gocturas 25 % ot obLiero konuye-
cTBa 06pasyroLnXCa OKCMA0B asoTa.

TonnueHble NOy 06pa3yoTcs 13 a3oTocofepKallnux CoOeaUHEHNN, BXOLALMNX B COCTaB
TBEpPAbIX N XUOKAX TONNMB, 0COBEHHO yrns. [Jaxe OTHOCUTENbHO YUCTbIA Yrofb COLEPXUT
OKOJI0 OAHOro MpOLEHTa MO Macce XMMUYECKM CBSI3aHHOro asoTa. MexaHuam obpasoBaHus
NOy 3aknovaeTcs B NpeBpalleHnn asoTocoepKallunx coeanHeHmnn Tonnmea B ammmnak NHs

n HCN c nocnegytowmm gookucnenmem o NOy. TonnueHble NOy obpasytoTca npu HU3KO-
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TemnepaTtypHOM ropeHuun, koraa obpasoBaHne NOy MO ocTasrbHbIM MexaHu3Mam OTHOCU-
TenbHO HEBENMKO.

Bbi6pockl NOy 0cOBeHHO BenuKu AN OSIMHHBIX BpaLLatoLWmMxXcs neyen MOKporo crnoco-
6a npousBoacTBa Npu obXxure TPygHOOBXMraeMblX CbIpbEBbIX CMECEeN C UCMNOfb30BaHUEM
razoobpasHoro Tonnuea. C yBenmyeHmem BraxxHoCTu Tonnmea Bblbpockl NOy CHMXKatoTCS.

B neuyax cyxoro cnoco6a, oCHaLleHHbIX LUMKIOHHbIMK TennoobmMeHHMKamu n aekapbo-
HM3aTopammn, YacTb Tonnmea (go 60 %) cxuraetca B AekapboHu3aTope nNpu TemnepaTtypax
00 1000 °C, 4To NpUBOAMUT K CHMXXEHMNIO CyMMapHbIX BblbpocoB NOy 3a cyeT CHuxeHust obpa-
3oBaHusa TennoBbiX NOy. MNMogobHbim obpa3omMm OEWCTBYHOT M ApyrMe crnocobbl YacTUYHOro
CXXMUraHus TONMMBa B XONTOAHOM KOHLIE MeYn: B ra3oxoe nepen nepBon CTYNeHb LIMKIOHHO-
ro TennoobMeHHNKa nnn B kKaMepe KOSTOCHUKOBOIO TEM00OMEHHMKa.

Mpn cHWXeHun TemnepaTtypbl dakena n koadpduuneHTa n3bbiTka BO3gyxa B MNeywm,
CHWXEHUS coAepXaHus a3oTa B TOMIMBE UMM CXUTaeMbIX TOMSIMBHbLIX OTXOAAX, CHUXKEHUU
peakUMOHHOM CNOCOBHOCTM M YBENUYEHUM ONMTENBHOCTU peakunumn ropeHns Tonnmea Bolopo-
cbl NOy 06bIl4HO cHMXKatoTcs. bonblioe BnusiHne Ha obpasoBaHne NOy Oka3biBaeT KOHCTPYK-
LMt POPCYHKU neyn.

K coxaneHuto, ans uemMeHTHbIX 3aBogoB Poccurckon depepauum OTCYTCTBYET MH-
dopmaumsi 06 MCNONb30BaHUN Pa3fMYHbIX TEXHOMOMMA, NO3BONAILMX CHU3UTbL BbIGPOCHI
NOx.

B 2012-2014 rogax komnaHun «Xoncum (Pyc)» n OO0 «XangenobeprlLiemeHT Pyc»
npoBenu uccnefoBaHWsa NO BbIOPOCaM pasfuyHbIX BELECTB Ha NpuHagnexawmx um Le-
MeHTHbIX 3aBogax Poccuinckon ®epepaummnm — OAO «BonbckuemeHT», OAO «LLyposckui
uemeHT» U OAO «CnaHueBckuii LemeHT» («LIECIA»). Onpenenenne cogepxaHus NOy B
rasax BpalaloLUXCs neven BbINOMHANUCL C UCNONb30oBaHMEM rasoaHanusatopa «MOHO-
JINT» no metoamke [55], 6nun3kon k eBponenckon. PedynbTaTbl UCMbITAHUI MOKa3anu, 4YTo
cpegHue Bbibpockl NOy B nepecyeTe Ha AMOKCUA a3oTa Ans neyen Mokporo cnocoba npoms-
BoacTBa Ha OAO «BonbckuemeHT» coctaBunu 479-1141 mr/Hm® npu nepson n 496-
958 Mr/HM® Npu BTOPOIt cepun namepeHuid. MNpu 3ToM koHLeHTpaumst NO B OTXOASLMX rasax
B 20-30 pa3 npesblwana koHueHTpaumio NO,. CpegHue Bbibpockl NOy u3 neyen Ha OAO
«CnaHuesckuin uemeHT» («LIECJ1A») 3a nepuoa ucnbitaHmi coctasmnm 931-1174 MI/HME.

Ons neun cyxoro cnocoba npoussogctea Ha OAO «LLypoBCckun LeMeHT» BbIGPOCHI

NO, coctaBunu 890-1012 mr/Hm® NPy UCMoNb30BaHUM YacTU TOMOYHbIX ra3oB ANA CYLUKU
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Cblpbsl, U3MESIbYaeMOoro B BePTUKarbHOMW BankoBonW mMenbHuue un 1095-1175 Mr/HM® npu oT-
KNOYEHUN MENbHULbI.

HeoxwnaaHHo Hu3kMe BbIBpocbl NOy nokasana neybs MOKpOro crocoba nNpovsBoaCcTBa
anga obxura 6enoro noptnaHauemeHTHoro knuHkepa Ha OAO «LLypoBckun LemeHT» — Bce-
ro 148-171 mr/um®. D10 CcBS3aHO, BEPOSITHO, C TEM, YTO KIUHKEp Genoro LemeHTa obxuraeT-
Cs B BOCCTaHOBUTENbHOW aTtmocdepe, B kKoTopon obpasoBaHne NOy 3aTpyaAHEHO MMM OHU
BOCCTaHaBNMBAKOTCA A0 arnemeHTapHoro asota. CpegHue Bblbpocbl NOy M3 LleMEHTHbIX ne-
yeit komnaHum AO «EBPOLIEMEHT rpyn» coctasunm 250—-550 Mr/HM®, npy aToM npeaenbHo
HWU3KUI YPOBEHb BbIGPOCOB nokasbiBaeT 3AO «YrbsHOBCKLEMEHT» (7—18 mr/Hm®) u 3A0
«OckornLeMeHT» (62—68 Mr/HM®), paBoTaloLLmx N0 MOKPOMY crnocoby u BopoHexckuii dounu-
an (39 mr/ Mr/Hm®). Buibpochl NOy 13 LieMeHTHbIX neyeii komnaHunm «CUBUPCKUA LeMeHT»
coctaBunu 78-1315 mr/um®. Ha OAO «CebpsikoBLeMeHT» BbiGpocskl NO, coctaBunm 260—
290 mMr/um® ons neveit MOKPOro u cyxoro crnocoboB npoussoacrtea u 480 Mr/am® ons neum
KOMOMHMpoBaHHOro crnocoba.

Mo paHHbIM [9], cpegHerogoBoe BbigeneHne NOy M3 LeMeHTHbIX neden ctpaH EC B
2004 rogy cocTaBuro npumepHo 785 Mr/HM® (B nepecyete Ha NO,) C MUHUMYMOM B
145 Mr/HM® 1 Makcumymom 2040 Mr/HM?,

B AscTpun, rge Bce LeMeHTHble 3aBOAbl MCNOMb30Bany (POPCYHKM C HU3KUM obpa3so-
BaHnem NOx u oxnaxgeHuwe nnameHun, cpegHerofoBble BbIOpockl NOy cocTasunm
645 mr/Hm® ¢ pa3Bpocom oT 313 go 795 Mr/HM®.

B N'epmaHun, rge B 2006 rogy Ha 8 LEeMEeHTHbIX nevyax MCnonb3oBany MHOroTo4Ye4YHoe
CKuraHue TonnmeBa M Ha 34 nedax — TEeXHOSOMMK CEerleKTUBHOIo HekaTanmuTU4ecKoro BOC-
CTaHOBMNEHUS OKCMAO0B a3oTa, cpegHerogoBble Bolbpockl NOy konebanuck B npegenax 200...
800 Mr/HM®.

B ®dunnangumn Beibpockl NOy Ha LeMEHTHbIX 3aBogax Obinn 3aduMKCMpoBaHbl B npe-
pgenax 500-1200 Mr/Hv®, B Yexun — 400-800 mMr/Hm®, BO dpaHumn — 666 Mr/HM® Kak cpen-
HerogoBoe 3Ha4veHune angd 33 LeMeHTHbIX 3aBO40B.

B 6onblmHcTBe cTpaH EC koHueHTpaums NOy B OTXOAALWMNX ra3ax LEMEHTHbIX Neyen
orpaHu4eHa 3akoHogatenbHo. [Insa neyen cyxoro cnocoba ¢ LUMKNOHHLIMU TEeNN00bMeHHMKa-
MU OHa coctaBnseT 200-450 MF/HM3, ANs ONWHHBIX NeYen MOKporo crnocoba npousBoa-
ctBa — 400-800 Mr/HM®.

B HacTosdwee Bpems B Poccuinckon defepaunm He cyLecTByeT HOPMaTUBHBIX OOKY-

MEHTOB, orpaHM4mBaloLLmx Bbibpockl NOy 13 neyen LEMEHTHOM NPOMbILLTIEHHOCTU. [loaToMy
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pekomeHayeTcs 3a koHueHTpauuen NOy B OTXoAdAWMX rasax neden ana obxura KnuHkepa
3aMepbl OCYLLECTBMNATb NEPUOOUYECKM COrNacHO rpadmky NpOM3BOACTBEHHOIO KOHTPOSS.
Mpw HopmupoBaHun BbIGpocoB NO, Heobxoanmo B ob6A3aTenlbHOM NOpsiAKe NpeaycMoTpeTb
yCTaHOBMeHMEe OTAENbHbIX HOPMAaTMBOB BbIOPOCOB ANs Meyen pasnuMyHoro cnocoba npous-
BOACTBA LieMeHTa (MOKpPOro, Cyxoro ¢ ucnonb3oBaHnem n 6e3 ncnonb3oBaHus gekapboHusa-

TOopa unM KOMOMHMPOBAHHOIO).
3.6.3 Bbibpochkl guokcuaa cepbl SO,

Bbibpochkl anokenga cepbl SO, M3 LLEMEHTHbIX NMeYen 3aBUCAT Npexae BCero OT KOH-
LUeHTpaunm neTyunx COeuHEHW cepbl B CbIPbEBbIX Matepuanax u Tonnuee, a Takke OT
cnocoba Npov3BOACTBA LIEMEHTA N BHYTPEHHEN LIMPKYNSUMM NETYYNX CEPHUCTbIX coeauHe-
HUI B neyn. [lnokena cepbl MOXeET BblbpacbiBaTbCa B atmocdepy B Buge SO,, a Takke B BU-
A€ pasnnyHbIX CEPHUCTBIX COEOUHEHWUI C NbISbIO UMW KIUHKEPOM.

Anokeng cepbl — 6GecLBeTHbIV ra3 ¢ pasgpaxarowmm 3anaxomM, TokcudeH. CUMNToMbI
OTPaBMIEHNSA CEPHUCTbIM ra3oM — HaCMOPK, Kallernb, OXpUNocTb, neplexHne B ropne. Mpu
BAbIXaHUM CEPHUCTOrO rasa 6onee BbICOKOW KOHLEHTpauun — yaylbe, pacCTpOMCTBO peyn,
3aTpyaHEHME [NOTaHUA, pBOTa, BO3MOXEH OCTPbIA OTeKk nerkux. [NpefenbHO gonyctumas
KoHueHTpaums SO, B Bo3gyxe paboyen 30Hbl 10 MI/HME.

Cepa MOXeT NpuCyTCTBOBaTb B COCTaBE CbIPbEBbIX MaTepuanosB Ansi NPOU3BOACTBA
LeMeHTa, TonnnBa Mnu TONSMBOCOAEPXalmnx oTxodax B Buae cynbatoB (MeSOg), cynb-
dutoB (MeSQO3), cynbcmaos (MeS), cepocomepXalwmnx OpraHMYecKUx COeavHEHUA UNn B
cBobogHoM Buae.

Cynbdatbl U cynbuUTbl — 3TO OTHOCUTENBHO CTabunbHble COEAMHEHMUS, KOTOopble
TOMbKO YaCTUYHO pasnaralTcsi TEPMUYECKM MpPU BbICOKOW TemnepaType B 30HEe crnekaHus
BpaLLatowencs neun. bonbwasa yactb cynbdaTHOM Unu CynbUTHON Cepbl BbIXOOAUT U3 Neyn
C NOpTNaHAUEMEHTHbBIM KIMHKEPOM.

CynbcumaHas cepa OKMCNSAETCA KMCNOPOAOM €eule B LMKNOHHOM TensioobMeHHUKe u
YaCTUYHO BbIXOOUT M3 neudn B Buae rasoobpasHoro SO,. Cepa n CEpHUCTbIE COEANHEHMS,
nocTynawLiMe BO BpaLlaloLLylocs nedb ¢ TonnmeBoM, okucnsaTea o SO,. OgHako B 6onee
XONnogHbIX 30Hax neun SO, pearvpyeTt CO Liernoyamu cbipbsi ¢ obpa3oBaHMeM CynbUTOB
unu cynbgaTtos, BHOBb MocTynawwmx B nedb. CosgaeTcs KpyroobopoT guokcuaa cepbl B

ne4yuy, 41O NPMBOAUT K €ro NoCTENEeHHOMY HaKOoMJ1eHuto.
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3oHa gekapboHu3aumn BpallatoLenca neum — mnaeanbHoe Mecto gns 3axeata SO,
n3 otTxoasawmx rasoB. CteneHb cBasbiBaHUSA SO, M3 ra3oB 3aBUCUT OT COAEPXKaAHUS B HUX
Kucnopoga, Temnepatypbl, BriarocogepXaHusi, BpeMmeHn npebbiBaHNA rasa B 30He, KOHLEH-
Tpaummn SO,, NoBEPXHOCTU MaTepuana, ceasbiBawowero SO,. B ganbHenwem 4yactb UOKCU-
[Aa cepbl MOXeT yaanaTbCa U3 neum ¢ 6e3Bo3BpaTHbLIM NbifieyHOCOM, a 6onbliasa YyacTb — C
NOpTNaHALEMEHTHbIM KITMHKEPOM.

Bbibpocbl SO, 13 BpawlaloLwwencs nevm yBennimBaroTCa Npu HanMyYnm B CbipbeBbIX Ma-
Tepuanax opraHuyeckon cepbl UM cepbl B BUAE NUpUTa UM MapkasuTa (fy4yMcToro Kondye-
AaHa). MNMpu obxure cbipbeBbIX MaTepPUanoB, B KOTOPbIX cepa NpUCyTCTBYET B BUAe Cyrnbda-
TOB (CynbdUTOB), BbIBPOCHI SO, 13 Neun obbl4HO He npeBbIwatoT 10 Mr/HM®,

B onvHHbIX nevax Mokporo cnocoba npon3BoacTBa KOHTAKT Mexay SO, M LWenoYHbl-
MW MaTepuanamu He Tak XOpoLl, MO3TOMY cepa U3 Tonnmea M 0COBEHHO TOMNSIMBHbBIX OTXOA0B
MOXET NPUBECTM K HEKOTOPOMY YBENU4YeHno BbibpocoB SO..

B 6awHe KOHAMLUMOHMPOBaAHMA OTXOASALLMX rasoB Mpu Cyxom crnocobe npoun3BOACTBa
CBs3bIBaeTCs OTHOCUTENbHO Hebonbwoe — okono 10 % — konunyectBo SO,. A BOT Cbipbe-
Basi MeribHMLA, B KOTOPOWN NPOMCXOAUT NOCTOSAHHOE ODHaXXeHMe HOBbIX MOBEPXHOCTEN MaTe-
puana n npucyTcTeyeT BGOMbLIOE KOMMYECTBO BOASHbLIX MApOB, MNO3BONSAET CHU3UTb KOHLEH-
Tpauuto SO, B 0TX0AAWMX OAbIMOBbLIX razax Ha 20 % — 70 %.

[Mpn OTKNOHEHMM OT HOPMarbHbIX PEXMMOB paboTbl Neyun BbiGpocbl SO, MOryT 3Ha4n-
TenbHO yBenuunBatbCs. K Takum OTKNOHEHUSIM OTHOCATCS:

- BOCCTaHOBUTENbHAsA cpeda npu obxure knuHkepa, CHwxawwasa ceasbiBaHne SO, B
HeneTy4ne HeopraHM4YecKne coequHeHus;

- YypesMepHOe HakonfeHne cynbgaTtoB Npu ANUMTENbHOM BHYTPEHHEM KpyroobopoTte
neTy4Ynx coeanHEHNn cepbl B NeYun U (Unu) LMKNOHHOM TENNI00OMEHHNKE.

[Ons uemeHTHbIX 3aBogoB cTpaH EC gaHHble no Bbibpocam guokcmaa cepbl Obinv
0606wweHbl B 2004 rogy ans 253 BpallaloWmMxcs NeyYen Kak cpeaHerofoBble pesyrnbTaThbl
24-x4acoBblx n3mepeHun [9]. YctaHoBneHo, 4To BenuymnHa BblbpocoB konebnetcs ot 0 Ao
4837 Mr/HM3 npu cpegHem 3HaveHumn BbiIbpocos 218,9 Mr/HM3.

Komnanun «Xoncum (Pyc)» n OO0 «XangensbeprlemeHT Pyc» npeacraBunn aaH-
Hble No 3amepam BbiGpocoB SO, U3 LLEMEHTHbIX NeYen npuHagnexawmx MM LeMEHTHbIX 3a-
Bogax — OAO «BonbckuemeHT», OAO «LUlyposckuin uemeHT» n OAO «CnaHueBCKUn Le-

mMeHT» («LUECJIIA»), BbinonHeHHble B 2011-2014 rogax. OnpegeneHne SO, B AbIMOBbIX ra-
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3ax NPoOU3BOAMNOCL NO MeToamKe, BrM3KON K €BPOMNENCKON C UCMONb3oBaHNeEM hOoTOMETPU-
YecKoro meToga aHanusa [56].

Ha OAO «BonbckuemeHT» BblOpocbl SO, K3 nevyen, 3amMepeHHble B Hos0pe
2012 ropa, cocTtasunu Bcero 1,35-1,73 MI'/HM3, TOrga Kak gng cepum naMepeHuin, Bbinos-
HeHHbIX B uione 2014 ronpa — 5,5-47,0 mr/um®. Ha OAO «lLlypoBckuit LeMeHT» BbIGPOCHI
SO, Npu BKITIOYEHHOW CbIPbEBOIi MeNbHULE cocTaBUnM 21-59 Mr/HM®, @ Npy OTKIIOYEHHON —
16—27 Mr/HM®, YTO HECKOMbKO MPOTUBOPEUUT M3NOXEHHbIM Bbille HabnoaeHnsm. Boibpocsl
SO, 13 neun mokporo cnocoba OAO «llypoBckun uemMeHT» ansa obxura kKnuHkepa 6enoro
LemMmeHTa cocTtaBunm Bcero 8,3-13 MI'/HM3, YTO CBSA3aHO, BEPOATHO, C OOnbLUEN YMCTOTOWN
npuMeHsieMbIX CbipbeBbIX MatepuarnoB. Bbeibpockl SO, 3 nedn OAO «CnaHueBckun Le-
mMeHT» («LUECJIA»), BbInonHeHHble B Aekabpe 2011 n mapte 2012 rr., ctabunbHO nokasanu
3HayeHne MeHee 0,1 Mr/HM® Npu cpegHUX AeknapvpyeMblx BbiGpocax 40 50 Mr/HM.,

Bbibpocbl SO, Ha 3aBogax AO «EBPOLEMEHT rpyn» 3A0 «HeBbAHCKUIN LIEMEHT-
HUK» COCTaBWUMM MUHUMAarbHble 1,6 mr/Hm®, 3AO «MukaneBckuit ueMmeHT» — 19 MI/HMS.

[aHHble, npeacTaBneHHble PSAOM OPYrnx LieMeHTHbIX 3aBogoB Poccuiickon depepa-
LUK, NOKasbIBalT, YTO cpefHme Bbibpocbl SO, M3 LEMEHTHbLIX Ne4ven He npesbiwatT 30—
70 mr/um®. HeoxuaaHHo Gornbluve BbiGpockl SO, oBHapyxeHbl Ansi nevenn OO0 «MeTep-
BypruemeHT (CnaHubl)» (oo 200 mr/Hm®) n dunmana «Xangens6eprliement Pyc» B
n. Hosoryposckom (Ao 400 mr/Hm®).

N3mepeHne BbIbpocoB SO, MOXET OCYLLECTBATLCA Kak Nepnoanyvecku, Tak U B He-
npepbiBHOM pexume. HenpepbiBHOe M3mepeHue BblIbpocoB SO, pekoMeHOyeTCa OCyLlecTB-
NSATb NPU AOCTOBEPHO YCTAHOBMEHHOM (haKTe MPUCYTCTBUS CBOOGOAHOWM, CynbunaHON cepbl
NN cepocoepKalimx OpraHN4YecKnx COeaMHEHUI B COCTaBE Cbipbs UM TONMMBA, a Takke
NPy UCNONb30BaHMM Ha NPeanpUATUN OTXOAOB UMW anbTEepPHATMBHOMO TOMNNUBA, CoOAepXaLle-
ro nogobHble BellecTBa. Bo Bcex ocTanbHbIX Criydasx KOHTPOSb 3a Bblbpocamu SO, MoxeT
NPOUNCXOANTb NEPUOONYECKMN.

Mpn HOpMMPOBaAHMM BLIOPOCOB OKCMAOB CEPbl M3 OTXOAALUMX ra3oB BpallatoLLMXCS
neyen cnegyeT NpMHMMAaTbh BO BHMMaHWE HavasnbHYK KOHUEeHTpauuio SO, B rasax; BblcOKas
KoHUeHTpaums SO, yKasblBaeT, Kak OTMEYEeHO Bbille, Ha OCOBEHHOCTU CbipbeBOWn Gasbl
npeanpusTusa. B aTom cnyyae ana gaHHOro npepnpuaTma MOryT ycTaHaBnuBaTtbesi Gonee

BbICOKMEe 3Ha4YeHnA HOpMaTnBOB Bbl6pOCOB.

185



3.6.4 BbiGpochl okcuaa yrnepoaa (CO)

Oxkeunp yrnepoga (CO) B AbIMOBbLIX ra3ax KIMHKEpPOOOXKUraTenbHbIX NeYen MoxeT no-
ABUTLCA OBYMS NyTsAMWU. [epBbln NyTb CBA3aH C HEMOSIHbIM CrOpaHMEM TEXHONOMMYECKOro
TONNMBa NPy HEQOCTATOYHOM KONMMYECTBE KMCMOpo4a B BO3AyXe WIIM HEAOCTAaTOMHOM KOMU-
YyecTBe BO34yxa, NO4ABaeMOro BO BpalLaloLLyloca nevb Unu B gekapboHu3aTop Bpaluato-
wenca neyn. Bropon nyTb cBA3aH C NPUCYTCTBMEM PasfINYHbIX OPraHUYeCKNX COeANHEHWUN,
coAepXalumx yrrnepog, B CbipbeBbIX MaTtepuanax. B razosow cpene, cogepxaiien go 3 06. %
kncnopoga (0,), 80 % — 95 % opraHmyeckoro yrnepoaa okucnartca 4o CO2, a5 % — 20 %
obpasytot CO.

Okeung yrnepoga CO — BecuBeTHbIN 900BUTLIN ra3 6e3 3anaxa. [Jaxe B HU3KOW KOH-
ueHTpauun nonagaHne CO B opraHu3am 4yenoBeka NpuMBOAUT K rofiloBHOM 60K, ronoBOKpYy-
XEHUI0, LWYMY B yLlaX, OTAbILWKE U MOBbLILUEHHOMY CcepAauebneHnto, B TSXKENbIX CnyYasax — K
cynoporam, notepe cosHaHusi, kome. MAOK CO (pasoBoe 3HayeHue) coctaensieT 20 mMr/m°
(okorio 0,0017 %).

MpucyTtctBue CO B AbIMOBLIX ra3ax LEMEHTHbIX NeYen NpuMBOAUT K CHMDKEHUAM Bbl-
6pocos okcnaos azota NOy BCreactene nx BOCCTAHOBNEHUSA A0 anieMeHTapHoro asoTa. Og-
Hako BbIOpOCbl anokcuaa cepbl SO, MOryT Npu 3TOM YBENUYUTBLCS, TakK Kak B BOCCTaHOBM-
TenbHon cpeae SO, XyXe CBA3bIBAETCS CO LENOYHbIMU COeQUHEHNAMN U 0Opa3yeT MeHee
ctabunbHble cynbutsl. MNpu KoHueHTpauun CO 6onee 0,5 % B AbIMOBbLIX rasax, cogepxa-
lWMX Kmucnopod, obpasyeTcs B3pblBOOMACHask CMECb, CNOCOOHas K B3pbiBY U paspyLLUEHUIO
obopyaoBaHus ons ynaBnmBaHuA nbinn (anekTpodunbTpa). Ha cCOBpEMEHHbIX LEMEHTHbIX
3aBogax cneuunanbHble YCTPOMCTBA OTKMOYAKT 3NEeKTPOUNbTP NpU NPEBbLILEHNN NMOPOro-
BOro 3HayeHust koHueHTpauun CO B OTXOOALMX ObIMOBbIX ra3ax.

BocctaHoBuTenbHas cpega B neudn NpuMBOAUT K yXYALEHUIO KavyecTBa nopTnaHgue-
MEHTHOrO KIIMHKepa: naeT YacTUYHoe paspyLleHne antomModeppuToB KanbLms, anuta, obpa-
3yl0TCA MeHee aKTUBHble nonMmopdHble Mogmdukauun 6enuta. HenonHoe cropaHue Ton-
nMBa NPUBOAUT K YBENNYEHMIO pacxoga Tenna Ha 0OXur KnuHkepa.

Bbibpockl CO, Kak npaBuno, yBenn4mMBatoTCs Npu Nycke uim OCTaHOBKE BpaLLatoLmx-
cs neyeun, Npn HeCTabunNbHOM NUTaHMKM NeYn TONIMBOM MU NPU UCMOMb30BaHUN TOMMMBA C
pe3ko U3MEeHsIIoWNMUCS Xapaktepuctukamu. [pu ctabunbHonm paboTte u nNpaBUbHON
HacTpoWnKe Ne4yHoro arperarta Bbibpockl CO 13 neven ons obxura knmHkepa obblYHO HEBENK-

KA.
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N3mepeHus, BbINOMHEHHble AN 29 LEeMEeHTHbIX 3aBOAOB [epmMaHuKn, OCHaLLEHHbIX
obopyaoBaHMeM ANl HEMPEPbLIBHOTO MOHUTOPUHra KoHueHTpauun CO B OTXOOAWMX rasax
BpallalolWnXca nevyen, nokasannm CcpeaHerofoByld KOHUeHTpauuio B npegenax 200-
2200 Mr/HM® npu pa3oBbIx BbIGpocax 4o 5000 mMr/HMm® [9].

PasoBble namepeHus BbibpocoB CO, BbinonHeHHble B gekabpe 2012 ropa Ha OAO
«BornbCKLEMEHT», nokasanu KoHLeHTpaumio CO B oTxoAsaWwmx rasax 38-53 mr/Hm® ans ne-
yert NeNe 4—6 n 70-75 Mr/HM® ana neyven NeNe 7 n 8, a nasmepeHus, BbINOSIHEHHbIE B aBrycre
2014 ropa 71-97 mr/um® ans neyeit NeNe 7 1 8 n 41-78 mr/Hm® ansa nedeit NeNe 4—6. Mave-
peHusi, BbINONHEHHbIe B HOs16pe 2014 roga Ha « OAO «LLlypoBCkuii LLEeMEHT», NOoKa3ann KOH-
ueHTpaumo CO B neyYHbIx rasax Bpailarowencs nedn Ne 7 cyxoro cnocoba nponssoacrea B
npenenax 633—665 Mr/HM® Npu BKIIOYEHHON 1 815—986 MI/HM® NpK BbIKMIOYEHHOI CbIPLEBO
MenbHMLE, Toraa Kak KoHueHTpaumsa CO B oTxogsawmx razax neum Ne 2 ans obxura KnmHke-
pa 6enoro uemeHTa He npeBbiwana 15-21 MI/HME. Onsa neun OAO «CnaHUEBCKUA LEMEHT»
(«LUECJ1A») n3mepeHus, BbiNnosiHeHHbIE B Aekabpe 2011 roga, nokasanu Bblbpocbl CO un3
LeMEeHTHbIX neveit 1043-1450 mr/HMm® npu cpegHux geknapupyembix Bblbpocax He bGonee
200 Mr/HM®.

CpegHue Bblbpockl CO ansa 6onblIMHCTBA LLEMEHTHbIX 3aBoaoB Poccurickon depepa-
umm konebntTca B npeagenax 50-250 MI/HME. Mpun atom Ha 3A0 «benropoackun LEMEHT»
MUHUMarbHoe 3HayeHue BbibpocoB CO coctaensieT 20 mr/Hm®. Hanbonee Bbicokme BbiGpo-
cbl CO oTtmedeHbl ans OAO «UckutumuemeHT» (637-1517 MF/HM3) n dunuana «Xangenb-
6eprLlemeHT Pyc» B n. HoBoryposckom (oo 1500 Mr/HM®), 4TO CBSI3aHO C OCOBEHHOCTSIMU
CbipbeBOW Basbl 3TUX NPeanPUATUNA.

[MockonbKy HanuMume B OTXOAALWMX rasax Bpawarowwmxes nevyen CO obbl4HO yKasbiBa-
€T Ha HapyLleHne TEXHONOrMYecKoro pexunma pabotbl nevn, To cregyet oXuaaTb, YTO Mpu
HOpMarbHOM pexume paboTbl ero cogepxaHne byget 6mmsko K Hyno. Beibpockl CO, kak
npaBuIo, yBENMYMBaKOTCA NPU NyCcKe UM OCTaHOBKE BpaLlaloLMXcsa neyven, npu Hectabunb-
HOM MUTaAHUX NeYn TOMNSIMBOM UMW NPU UCMONb30BaHMM TOMSMIMBA C PE3KO U3MEHSAOLWMMUCA
XapakTepucTMkaMmun unm nNpu HanmMyum B Cbipbe yrnepona unu ero coeguHeHun.

PekomeHayeTca ocyLecTBNATb HENPEPbIBHbLIN KOHTPOSb 3a KOHUeHTpaunen CO B OT-
XOOsAWMX rasax neyen ansa obxura knuHkepa. Uto kacaetcsa HopmupoBaHus Bblbpocos CO,
TO UX NpeaenbHOe 3Ha4YeHne OOMMKHO yCTaHaBnMBaTbCA C Y4€TOM CbipbeBOW Basbl Npeanpu-
ATUSA, NPUMEHAEMON TEXHONOMMN N 060pyaOBaHNA N UMETb TEHOAEHUMIO K Y)KECTOYEHU0 C

uenbtlo CTUMYNMPOBaAHNA PEKOHCTPYKLUUN U NOBbILLEHNA KyNbTYypbl MPOM3BOACTBA.
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3.6.5 BbIOpOCbI MeTanmoB U UX CoeaNHEHUN

MeTannbl U Ux coeguMHEeHUsa NOCTynakrT B nNedb And obxura KrvHkepa € CbipbeBbIMU
MaTepuanamMmm 1 ¢ TEXHONOMMYECKUM TOMIMBOM. VX KOHLEHTpaUNA MOXET U3MEHSTLCS B LUK-
POKMX npefenax. YpoBeHb aMUCCUM MeTansoB B aTMocepy onpeaensieTcsa CroXHbIMn Me-
XaHU3MamMu.

B 3aBMcuMMOCTM OT neTyd4ecTn MeTansioB U UX COeANHEHWI BCe MeTansbl MOryT 6biTb
pasfeneHsbl Ha 4 knacca:

1) MeTannsbl, KOTOpblE B YUCTOM BUAE UNKU B BUAE COEANHEHUI C OPYIMMN ANieMeHTa-
MU MpeacTaBngalT cobon Tyronnaekue, HeneTyyme BewecTBa. K HUIM OTHOCATCH Takve Mme-
Tannbl, Kak Ba, Be, Cr, As, Ni, Al, Ca, Fe, Mn, Cu n Ag. B npouecce obxura atu meTtannbl
NOSTHOCTBIO aacopbUpyOTCA KIMHKEPOM U BbIBOASATCA U3 NeYn BMecTe C HUM. B oTxoasawumx
rasax OHW MOryT MPUCYTCTBOBAaTb TOSbKO B BUAE MNbIfN, @ YPOBEHb X SMUCCUN B aTMOCcdepy
3aBUCUT TONBbKO OT 3peKkTUBHOCTM paboThl NblfeynasnusatoLLero o6opyaoBaHus.

2) MeTannbl, KOTOpble B BUAE COEOUHEHUN SIBASKOTCA YacTUYHO neTydmmun: Sb, Cd,
Pb, Se, Zn, K u Na. B Buge cynbdaToB nnmn xnopuaos 3TM MeTansibl CNOCOOHbI BO3rOHATLCA
B MHTepBane temnepatyp 1000 °C — 1300 °C un koHgeHcupoBaTbesa npu 700 °C — 900 °C,
YTO NPUBOOUT K ABMEHUIO BHYTPEHHEN PELUPKYNALUN N UX HAKOMEHNIO B HUXKHUX CTYNEHAX
LUUKITOHHOrO TenNooOMeHHUKa U B 30He TBepaodasoBbix peakumi. OHU Takke NpakTU4ecKu
NOSTHOCTBIO BbIBOAATCS U3 NEYN C KIMHKEPOM, a YPOBEHb UX AMUCCUM B aTMOCEpPY 3aBUCUT
OT 3beKkTUBHOCTM paboThl NbifeynasnueatoLLero o6opyaoBaHus.

3) Tannun (Tl) B BUOE MeTanna wnu B BUae coeanHeHnin obnagaeT BbICOKOWN neTyye-
cTblo. Tak, Hanpumep, koHaeHcauma TICI npoucxognt B TemnepaTypHOM uWHTepBane
450 °C — 550 °C, T. e. B BEPXHUX CTYMNEHAX LMKNOHHOIMO TENNOOOMEHHUKA, YTO NPUBOAMUT K
HaKOMMNEHUIO 1 NOCTENEHHOMY POCTY €ero KOHLEeHTpaunn B COCTaBe Mbifn.

4) Ptytb (HQ) siBNseTca kpanHe netyumm coegmHeHmeM. OHa NoYTU NOMHOCTbIO yaa-
ngeTcsa M3 nNeyn ¢ OTXO4AWMMN ra3aMn U NnWb He3HayuTenbHas ee 4YacTb agcopbupyeTcs
NbINbO C NOCNeayLWUM OCaXaeHMEM B MblfieynaBnnBatoLLmnX yCTaHOBKaX.

B cootBeTcTBUM C [57] MeTannamu unu nx coeguHeHusiMmn, oTHocAwmnmMmncs K 1 knaccy
onacHocTu, asnatTcsa Ba, Be, V, Hg, Cd, Ni, Pb, Tl, Te n Se. Cpean aTnx meTansnoB 4acTuu-
HOW 1 BbICOKOM neTyyecTbio obnagatot Hg, Cd, Tl u Pb.

lMoBegeHne n ypoBeHb AMUCCUM OTAENbHbIX METanfoB 3aBUCUT OT UX NETYyYecTH,

cnocoba BBOAA B Neub, KOHUEeHTpauunn MeTarnia B CbipbeBbIX Martepuanax u Tonmiamee Uin
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TONMMBOCOAEPXKALLMX OTX0OaX, BOSHUKHOBEHUSA ABMEHUS PELMPKYNSLMM U akKyMyNIMPOBaHWS
MEeTarnsoB 1 OT 3PPEKTUBHOCTU OCaKAEHUSA MbINN B NblfIe0CaanTENbHON CUCTEME.

HeneTtyyne meTtannbl NOYTU MOSIHOCTbKO BLIXOAAT M3 MeYn C NopTNaHAUEMEHTHbIM
KNUHKepoM. KOHUEeHTpaums 3TMX MeTansnoB B Mbinv, BbibpacbiBaemMon B aTMocdepy nocne
OYUCTKM rasoB B MblfleocaguTenbHbIX YCTaHOBKaX, He3HaunTenbHa. MHoroneTHumm umccne-
AOBaHMAMM YCTAHOBIIEHO, YTO C NOPTNAHOLEMEHTHLIM KITMHKEPOM BbIHOCATCA criegytolime
Tshkenble anemMeHTbl: As (=92 %), Ni (=97 %), Zn (=88 %), Be (=96 %).

YacTU4HO neTy4vme 1 BbICOKONETYyYMEe MeTan bl U UX COEANHEHUS UMEIOT TEHAEHLUMIO K
opraHmsauumn KkpyroobopoTa (peuukrna) BHYTPU NEYHOM CUCTEMbI N LIMKIIOHHOTO TENN006MeH-
HuMka. B npouecce kpyroobopoTa Mx KOHUEHTpaumsi B onpedesieHHbIX 30Hax nevu n Tenno-
0OMEHHMKa NOCTENEHHO YBENMYNBAETCH, YTO MPMBOAMUT K HEKOTOPOMY YBENNYEHMNIO AIMUCCUM
AAHHbIX MEeTanmnoB M MX COeAMHEHUN B aTMocdepy BMecTe C nbinbtko. bonbwasa vactb Cd
(=88 %) n Pb (=77 %) ygansatoTcsa Bmecte ¢ 6e3B03BpaTHbIM MblieyHocom. OQHOBPEMEHHO
yBENnMUYMBaETCA NX BbIHOC N3 NeYN BMECTE C NOPTNaHALEMEHTHBIM KIMHKEPOM.

Ocoboe nonoxeHne cpean meTannoB bnarogapsi CBOEW BbICOKOW NETy4eCTn 3aHnMa-
eT pTyTb. B nHTEpBane temnepartyp, COOTBETCTBYIOLMX TEMNEPATYPE OTXOAALUMX U3 Neyun
rasoB, NOYTM BCS PTYTb HAXoAUTCH B ra3000pa3HOM COCTOSIHUM U MOSTHOCTbK BbIHOCUTCS U3
neyn B atMmocdepy. JIMwb He3HauMTenbHasa YacTb PTYTU NPU PE3KOM CHUXEHUM TemnepaTy-
Pbl OTXOASALLUMX a30B MOXET KOHAEHCMPOBATbCA Ha 4YacTuuax Nbinu M, TakMm obpasom,
ynaBnuBaTbCa B CUCTEME nbineocaxaeHus. Boicokonetyune Hg (=98 %) n Tl (=42 %) yna-
NATCA M3 BpaLLaloLENCS NeYn ¢ OTXOAAWMMN razamu.

B Tabnuue 3.6 npuBeaeH NpUMeEpPHbIN Anana3oH KOHUEHTpaUun TSKenbiX MeTarnmos,
BblOpacbiBaeMbIX B aTMOCEpPY M3 LIEMEHTHbLIX MeYen, Nocne NPoxXoXaeHnsa OTXo4sALWmnX ra-
30B 4Yepes CMCTeMbI NbineynasnueaHus. OnpegeneHne KOHUEHTpauuMin MeTansoB B BO3ayxe
BbIMOSHANOCL B COOTBETCTBUM C MeToaukon [58]. B Tabnuue ncnonb3oBaHbl AaHHbIE, MOMy-
YeHHble B 1996—-1998 rogax ons ueMeHTHbIX 3aBogoB cTpaH EC v gaHHble oTaenbHbIX N3-

MepeHUN, BbINONTHEHHbIX B Poccuinckon ®egepaunn B 2010-2014 rogax.
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Tabnvua 3.6 — YpOBHU aMUCCUN TSXKENbIX METANOB B aTMOCEpPY N3 LLEMEHTHbIX NeYen,

OCHallleHHbIX CuctemMamMu nolneynasinBaHnA

KoHueHTpauus, Mr/Hm®

LleMeHTHble 3aBoAbl

LieMeHTHble 3aBoAbl

EC Poccwuiickon ®epepaumm
Cypbma < 0,007-0,05 0,0037-0,13
Mbiwbsk < 0,007-0,025 <1,0
Bepunnuin < 0,004 —
CsuHey, <0,012-0,2 0,005-4,38"
Kagmuin < 0,002-0,008 0,0007-0,13
Xpom < 0,014-0,03 0,0017-3,41°
KobanbT <0,012-0,15 < 0,009
Meab < 0,011-0,095 0,0017-0,23"
MapraHeu, <0,007-2,0 0,013-0,82*
Hukenb < 0,008-0,075 0,0025-0,13"
PTyTb < 0,005-0,12 0,0005-0,0013
CeneH < 0,008-0,02 —
Tennyp <0,0017-0,015 —
Tannuit < 0,005-0,03 0,0025-0,67"
Banaguwn < 0,007-0,075 0,0068-0,22
LimHk <0,1-0,45 < 0,006
Onoso < 0,01-0,025 —

I'Ipvlmeanme — 3HaueHune nony4yeHo npu HU3KOW SQ)d)eKTVIBHOCTI/I CUCTEMDI NblNeyrnaBiinBaHNA.

ToKCUYHbIE CBOWCTBA TSHXKENbIX MEeTasnnoB NPOsBATCA NPU BObIXaHUW UX MbINU UNA
MapoB UIK MPU KOHTAKTe 3TUX e BELLECTB C KOXeW YerioBeka.

B ctpaHax EBponbl gonyctumMble BbIOPOCHI TSXENbIX MeTansoB perfnameHTUpyTCs
Weeackum (LRV) n MepmaHckmm (TA-Luft) MexgyHapogHbiMy cornawleHussMm O YucTtoTe

BO34yxa. B cooTBeTCTBUM C 3TUMK COrfnalleHNAMN TSHXKenNble MeTan bl pasgeneHbl Ha Knac-

Cbl B COOTBETCTBUN CO CBOEWN TOKCUYHOCTBIO.

Hanbonbwyto onacHocTb npeactasnstoT Cd, Hg, Tl, koTopble oTHECeHbI K | kKnaccy no

TOKCUYHOCTK. MakcumanbHas aonyctnmMmada KOHUEeHTpauna aTux metasiyioB B ra3oBblX Bbl6p0-

cax B CyMMe He fJoJkHa npeBbiwaTth 0,20 MI/HME,
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K Il knaccy oTHeceHbl As, Co, Ni, Se, Te ¢ makcumaribHOW JONYCTUMOW KOHLEHTpauu-
en 1,00 mr/Hm®.

K 1l knaccy no TokcudHocTn oTHeceHbl Cr, Cu, Pb, Pd, Pt, Rh, Sb, Sn, V ¢ makcu-
MarnbHO AONYCTUMOW KOHLIEHTpaLMen B ra3oBbiX Beibpocax 5,00 MI/HME,

PaHee B Poccuinckon ®egepaunm npu n3ydeHnn cblpbeor 6asbl LEMEHTHbIX 3aBOA0B
AO0CTaTOYHO BHMMAaHUSA BbICOKOMETYYUM MeTanfnamMm U ux coeuHeHnam He yaensanocb. Cne-
AOoBaTeNbHO, B HAcCTOsLLIEE BPEMS HE LieniecoobpasHO OTHOCUTL 3TU MeTansbl K MapkepHbIM
BellecTBaM. Mexay Tem BCreacTBue BbICOKOM TOKCMYHOCTWU M CMOCOBHOCTM K akKyMynmpo-
BaHWMIO gaxe HebonblumMe BbIOPOCHI AaHHbIX METannoB CNOCOOHbI HAHECTU KOMoccCalbHbIN
yuiepb okpyxarlen cpefe u 30opoBblo YerioBeka. [1oaTomy npeanpuatnam Heobxoammo
N3MEepPUTb KOHLEHTPaLMIO BbICOKONETY4YNX MEeTasnfioB B OTXOAALMX rasax v npu nocreayro-
Len akTyanuaaumm nHOpMaLMOHHO-TEXHUYECKOrO CrnpaBoYHMKa 000aBUTbL UX B NepeyeHb

MapKepHbIX BELLECTB.
3.6.6 Bbibpochbl razoobpa3sHbix xnopuaos u cpropuaos (HCI n HF)

HeopraHudeckue coeguHeHus xnopa u ptopa ABNAKTCH MUHOPHLIMW KOMMOHEHTaMM
NOpTNaHAUEMEHTHOMO KNMHKepa: Ux cogepXaHue B KnunHkepe obblivHO He npesbiwaeT 0,05—
0,1 macc. % B nepec4yeTe Ha MoH xnopa CI".

Xnopuabl 1 pbtopuabl NonagatrT B CUCTEMY BpalLlatloLlencs neyn asymsi cnocobamu: ¢
Cblpb€BbIMM MaTepuanamMmm Kak NpUuMechb Uin, B HEKOTOPLIX Cry4vasaX, Kak cneuuanbHasa go-
6aBKa C Uenbl MHTEHCUdUKaLMKM npouecca KIMHKepoobpasoBaHUSA U CHUKEHNSA TemnepaTy-
pbl 06Xura NopTNaHaUEMEHTHOIO KNMHKEpPa U Kak KOMMOHEHT UCMONb3YHOLNXCH AN npo-
N3BOACTBA LieMeHTa 0TX0A0B, rMaBHbIM 0Opa3oM TonnMBHLIX. B npouecce obxura xnopuapl
n pTopuabl B3aMMOOENCTBYIOT CO LWEeNoYHbIMU KOMMOHEeHTaMu cbipbeBon cmecn (Ca, Na, K
n op.) ¢ obpasoBaHMEM NErkonnaBkMx U NeTydnx coeguHeHun. bnarogaps cBoen BbICOKOW
NeTy4yecTu LWenoYHble Xropuabl U Topuabl BO3rOHAKTCA (MCNApAOTCHA) B rOPAYMX 30HAX
neun (goekapboHusaumm, TBepA0da30BbIX peakunin, CnekaHns) U NOTOKOM [bIMOBbIX ra3oB
yHOCATCS B Bonee xonogHble 30HbI, rae npy Temnepartypax 600 °C — 900 °C BHOBb nepexo-
OST B TBepOOe COCTosHME (KOHOEHCUMPYKTCH), oceaatoT Ha NOBEPXHOCTU YacTUL, CbipbEBOM
CMECU 1 NbINN U BHOBb HanpaeBnawTca B 6onee ropayme 30HbI neyn. B pesynbtate BHYTpU
neynm n YaCTUYHO LIMKMOHHOro TennoobMeHHMKa obpasyeTcsl yCTONYMBLIA KPyroobopoT Le-
NOYHbIX COedMHEeHUN xnopa n Topa, YTO NPMBOAUT K MHOFOKpaTHOMY NoOKanbHOMY MOBbI-

LLUEHNIO KOHUEHTpaunn 3Tnx coenHeHun. B NPUCYTCTBUN 3HAYUTESIbHOIO KOJ1in4ecTBa J1erko-
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NNaBKMX LUENOYHbIX COeaNHEHN Xnopa U pTopa HabnwaaeTcsa HEKOHTPONMPyeMoe Hanu-
naHve obXuraemoro martepvana Ha CTEHKM LMKIOHOB, ra3oxofoB, (hyTepoBKYy neuyn, 4To
NPUBOAMUT K HapyLLUEeHUIO ra3oAnHaMUYecKoro pexxmma paboTbl neyHoro arperata. Kpome To-
ro, yBenuumBaeTCs KOHLEHTpaLma CoeauHeHn xnopa n dptopa B KNnHkepe n 6e3sos3spaT-
HOM nMblfieyHoce.

[nsa paspbiBa LMKINYECKOro KpyroobopoTa nerkonnaBkMx coeguMHeHnn xnopa u grtopa
B ne4yn ncnonb3yetca cuctema banmnacnpoBaHus NeyHbIx ra3oB. [puHUMN paboTbl cUCTEMBI
Barnaca 3akno4aeTcs B 0T6ope n3 COOTBETCTBYHOLLEN 30HbI NeYM UK TENNOOOMEHHMKA He-
6onbworo konunyectBa (5-15 06. %) AbIMOBLIX ra3oB ¢ Temnepatypon 900 °C — 1000 °C,
cogepxawmx coeuMHeHNa xnopa m ¢Topa B rasoobpasHOM COCTOSIHUM, C MOCreaylLwmm
pes3knum oxnaxgeHuem atnx rasos go 400 °C — 550 °C nytem pasbaBneHus BO3AYXOM Un
BMPbLICKOM BOAbI; NPY 3TOM razoobpasHble coeauHEHNs xrnopa u ptopa KOHOAEHCUPYHOTCS Ha
NOBEPXHOCTU MbINIEBUOHbBIX YacTuL, B ra30BOM MOTOKE C NOCMeAyoLWnNM yrnasnmBaHNeM 3TUX
YyacTul B LMKINOHE unu pykaBHoM unbTpe. OBecnblfieHHble AbIMOBLIE rasbl ¢ TemMnepary-
pon oo 400 °C — 500 °C Bo3BpaLaloTca B NeYHy0 CUCTEMY, a Mblflb C OCEBLUMMU Ha HEWN
coeHEHMAMM xfiopa U Topa HanpasnseTcs B OTBan UKW yTUNM3MpyeTcsa nyTemM MUCMorb-
30BaHNA B KayecTBe BCMOMOraTesibHOro KOMMOHEHTa Mpu nomMmone noptnanguemeHTta. bna-
rogapsi paspbiBy LMKIMYECKOrO KpyroobopoTa KOHUEHTpaunsa coeguHeHnin xmopa u otopa B
neyn NOCTENEHHO CHWXaeTca 40 A0MYyCTMMOro npeaena.

HeraTuBHbIM SIBNEHWEM NPU MCMNOMNb30BaHUN GannacHON CUCTEMbI ABNAETCA HEKOTO-
poe yBenuyeHne yaenbHOro pacxoga Tenna Ha obxur knvHkepa u obpasoBaHue LOMOSHKU-
TEeNbHOro KoNuyecTesa TPYAHO YTUNN3NMPYEeMOro oTxoAaa Npon3BoaCcTBa.

Tak kak coeguHeHus xropa u otopa yganawTcs U3 nedn BMecTe C Nbifibio, TO BbIOpO-
Cbl 9TUX COEOANHEHUN B 3HAYUTENBbHON Mepe 3aBUCAT OT 3PMPEKTUBHOCTU (PYHKLMOHMPOBA-
HUS CUCTEMBI MblNieynaBnMBaHns, 0COGEHHO B OTHOLLEHUW MblfM MENKOW hpakumm ¢ pasme-
pom yacTtuy, meHee 10 mkm (PM10).

lMepunogmyeckme U3MepeHuns, NpoBoANMbIE Ha LIEMEHTHbIX 3aBogax cTtpaH EC, noka-
3anu cpegHee 3HaueHue BbiGpocoB HCI 3,63—4,23 mr/Hm®. CpeHee 3HaueHMe BbiIGpocoB HF
coctaBuno 0,32—0,61 Mr/HM®; Npu 3ToM Gonee NoNoBMHBI M3MEPEHHbIX 3HAYEHWIA OKa3anuch
HWXe npegena obHapyxeHus [9].

EOvHWYHbIE n3mMepeHunsi, BbiNOMHEHHbIE B Aekabpe 2012 roga Ha BonbckoM LeMEeHT-
HOM 3aBOAe AN neyen Mokporo cnocoba nMpovsBoACTBa NoOkasanu BblIOPOCHbI COeaUHEHMI

xnopa B nepecyete Ha HCl go 0,30-0,33 mr/im® npu npenene obHapyxeHus 0,25 mr/Hm>,
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N3mepeHus, BbiNONHeHHbIE B HOSOpe 2014 roga Ha LLlypoBCckOM LEeMeHTHOM 3aBoae, Moka-
3anu BbIBpockl HCI 13 neumn cyxoro cnocoba npoussogctsa 1,0-1,7 Mr/Hm® npu paboTatoLuen
n 2,7-2,9 mr/um® npu HepaboTatoLLel chipbeBoit MenbHULe. BbiGpockl HCI 13 neun ans o6-
Xura knvHkepa 6enoro uemeHTa okasanucb 6onee BbicCokmmm — 31-35 MI/HM®, 4TO CBSI3aHO,
BEPOSATHO, C 0COBEHHOCTSAMU CbIPbEBOM CMECU Af1si NPOoM3BOACTBa 6enoro nopTnaHauemMeH-
Ta. NamepeHuns, BbinonHeHHble B Mapte 2012 roga Ha CnaHUEBCKOM LEMEHTHOM 3aBoAe
«Uecnay, nokasanu Beibpockl HCI B npegenax 2—4 Mr/Hm® u HF 0,07-0,19 mr/Hm®.

lMocKonbKy CerogHss POCCUUCKME LIEMEHTHblE 3aBOAbl HE U3MEPSIIOT KOHLEHTpauuu
HCIl n HF, TO 1 OTHOCUTb 3TN COEANHEHUS K MAPKEPHbBIM BELLECTBaM, Kak U B Criyyae C BbICO-
KONeTy4YMMn MmeTannamu, He ABnsieTcs LenecoobpasHbiM.

MpeanpuaTuam pekomeHayeTcs namepuTb KoHueHTpaumto HCI n HF B oTxogsawmx ra-
3ax 1 Npy nocnegyoLlen akTyanm3aunm HacTosLWEro cnpaBoYHMKa o06aBuTh UX B NEpeYeHb
MapKepHbIX BELLECTB B Crly4ae HeobxoauMOCTH.

Mpn cxuraHnm BO BpaLLAKOLIENCS MeYn pasnnyHbIX OTXOAOB, B TOM 4ucre ocobo
onacHbIX, cogepxawmux 60MnblIoe KOMMYEeCTBO BELLECTB, HAHOCALMX yuwiepb okpyxatowen
cpefe n 300pOBb YeroBeKa, YBENUYMBAETCA PUCK BbIOPOCOB 3TMX BELLECTB M3 Neudn B
oKpyXawLwyo cpeay. B aTom cnyvyae KonuyectBo MapkepoB — BELLECTB, SMUTUPYEMbIX B
oKpyXXatLyo cpefny, noanexawmux obsi3atenbHOMY KOHTPOSM0 U HOPMUPOBAHWUIO, MOXET
ObITb YBEMNYEHO B 3aBUCUMOCTM OT BMAA OTXOAOB M COOEPXALUMXCHA B HUX BPeAHbIX Be-

LLIeCTB.

3.7 YpoBeHb WymMa, BO3HUKaKLWMK B npouecce NpoM3BoACTBa

uHemMeHTa

[na npon3BoACTBa LEeMEHTa XapakTepeH BbICOKUA YPOBEHb LUymMa MU BUMOpaLuMi, BO3-
HUKaKLWKUX B npouecce paboTbl pasnnyHbIX YCTAHOBOK W annapaTtos: ApOobusiok, MenbHuL,
cenapaTtopoB, BEHTUNATOPOB, ObIMOCOCOB, BMOpATOpOB, anekTpoasuraTenien U npuBOAOB
ne4vyen n MernbHUL.

AOnuTtenbHoe Bo3gencTene wyma nM BMOpaumi Ha 4yenoBeka MOXeT NoBpeauTb ero
CNyxOBOW arnapar, yrHeTaeT LeHTpasibHyl0 HEPBHYKO CUCTEMY, Bbl3blBaeT U3MEHEHUE CKO-
POCTM AbIXaHUsS U Mynbca, CrnocobCTBYET HapyLeHuo obMeHa BeLlecTB, BO3HWKHOBEHMIO
cepaeydHo-cocyaucTbix 3aboneBaHui, rmnepToHNYeckon 6onesHn, MoxeT NpUBOAUTL K NpPo-
deccnoHanbHbIM 3aboneBaHuaM. [103TOMY LlEMEHTHbIE 3aBOAbI AOSTKHbI NPUHUMATb Mepbl U

OCYLLEeCTBIMATbE MeponpudaTna no CHMXXEHU YPOBHA WWyMa 00 MWHUMAaSTbHOM BESTUYMHDI.
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YacTo ypoBeHb Lyma 1 BUOpaLmMii 3aBUCAT OT KOHCTPYKLUMKN byHOAMEHTA, HA KOTOPOM
ycTaHoBneHo obopygoBaHue. Mcnonb3oBaHue chneumnanbHbiX pyHOAaMEeHTOB U YCTPOWCTB,
racsilmMx BMOpaumto, NO3BOMSAOT 3aMETHO CHU3WUTbL YPOBEHb LyMa B NPOU3BOACTBEHHbIX Lie-
Xax.

Ecnu BbileynomsiHyTble TEXHUYECKME PeLUeHWUsi He MOryT OblTb NMPUMMEHEHbI U ecnu
YCTaHOBKM, BblAEnsoWme LWyM, HEBO3MOXHO NMepeBecTn B OTAerbHble 3aaHus (Hanpumep,
n3-3a pasmepa neden n Ux cpeacTs obCnyXnBaHns), TO NMPUMEHSIOTCA BTOPUYHbIE TEXHUYe-
ckvne pelueHusi. Hanpumep, AOMKHO ObiTb OCYLLECTBNEHO CTPOUTENBLCTBO 34aHUI UNKN Npu-
POAHbIX GapbepoB, TaKMX Kak pacTyLuMe OepeBbs UK KYCTapHUKU MeXay 3aliuLiaemon 30-
HOM M UCTOYHMKOM aKTUBHOIO LyMa (Hanpumep, nNevb Mnu nnowlaap cknaga). [Bepu n okHa
3allMLLIaeMOoro NPOCTpaHCTBa AOMMKHbI OblTb MAOTHO 3aKPbIThbl B MEpMOA SKCnnyaTtauumn Lwy-
MOBbIAENSAIOLLMX YCTAHOBOK.

Ecnn xunas 3oHa HaxoasaTcs Gnv3ko OT 3aBofa, NiaHUMpOBaHME PACMONOXEHUS U
CTPOUTENBLCTBO HOBLIX 34aHWIA HA NPOMMIIOLLAAKE AOMKHO YBS3bIBAETCS C HEOOXOANMOCTbIO
CHWXXEHUS LLIYMOBbIX BbIGPOCOB.

PekomeHayeTcs OCyLecTBNATb 3aMepbl YPOBHS LIyMa Ha rpaHuLe CaHWTapHO-

3aLLUTHOW 30HbI.
3.8 Bbibpocbl B Boay

B OCHOBHOM LeMEHTHasi MPOMbILUIEHHOCTb HE MMEEeT MPOU3BOACTBEHHbLIX CTOYHbIX
Bod. B uemeHTHOM npou3BoACTBE CyxOro Mnu ronycyxoro cnocoba Boga Mcnosnb3yeTcsi B
HeGoNbLIOM KONM4YecTBe TONbKO AN mpouecca ovucTku. B npuHumne, cbpocoB B BoOay
He NpoMcxoauT, MOTOMY YTO BOAAa BO3BpallaeTcs B MPOU3BOACTBEHHbIV NPOLIEeCC.

B nonymokpom crnocobe wwnam ob6e3BoxuBaetcs B ounbTpnpeccax. B mokpom cnoco-
6e Boda vcnonb3yeTcs Ans MOMoNa CbipbeBbIX MaTepuanoB Ans nonyyeHus wnama. Uc-
nonb3yeMble CbipbeBble MaTepuarbl YacTO UMEIOT BbICOKYH BMaXHocCTb. LLnam wunun ucnonb-
3yeTcs AN NMTaHus neyu, rae Boda ucnapsieTcsi, Unm BHavarne HanpaBnsieTCsl Ha CYLLKY.

Boaa, koTopasi nHoraa mMcnonb3yeTcst AN OXNaXAeHUs KNUHKepa, HENOCPEACTBEHHO

ncnapsieTcs B NpoLIecce OXNaXKOAeHUs NMpU BbICOKOW TeMnepaTtype KInHKepa.
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3.9 NpounsBoacTBeHHbIE OTXOAbI

[Mpon3BOACTBEHHbIE OTXOAbl MPU MOSTyYEHUU LEeMeHTa COCTOAT B OCHOBHOM U3 crie-
AyLmMX MaTepunanos:

- KpYNHbIE KYCKMN CbipbeBbIX MaTtepuasos, NOABMSOLWNECS B Npouecce NpUrotToBneHus
CblpbEBOWN CMeECH;

- NeYyHas nNblnb U3 GannacHom CUCTEMbI Y CUCTEMbI MNbIfIEOCAXKAEHMS;

- ounbTpaT nocne unbTpnpecca, MCNorb3yemMoro B MOMyMOKPOM criocobe, cogep-
Xallumn OBOMBHO MHOTO LWeroYen 1 cycneHampoBaHHoOe TBepaoe BELLECTBO;

- NbIfb NOCIE NPOXOXAEHNS ra3oB Yepes NbINIeOYUCTHbIE YCTaHOBKY;

- UICNONb30BaHHble COPOUNOHHbIE BellecTBa (rpaHyIMPOBaHHbIN U3BECTHSK, MNblflb U3-
BECTHSIKa), UCNOSb3yeMble B CUCTEMAX OYUCTKU ra3os;

- 0TXOAbl YrnakoBKu (NnacTuk, gepeso, meTtann, bymara v T. 4.), obpasyowmecs B yna-
KOBOYHOM OTAENEHMUMN.

YacTb Bblle YNOMAHYTbIX OTXOL40B MOIyT BO3BpaLlaTbCA Y MOBTOPHO UCMOMb30BaTLCS
Ha 3aBofe C ydeToM TpeboBaHUIW npoLecca U KOHKpeTHOM npoaykumn. MaTtepuansl, KoTopble
Henb3s BO3BpallaTb B NPOM3BOACTBEHHbLIN NpoLecc, OTNpaBsTCSa C 3aBoda ANs UCMNosb-
30BaHNA B OPYrMx OTpacnsax NpoOMbILWSEHHOCTU nnn ana nepepaboTkm OTXO40B BHe 3aBoja
Ha Apyrmx yctaHoBkax. lMeyHasa nbiib MoxeT 6biTb HEMOCPEACTBEHHO BO3BpalleHa B Npo-

Lecc npon3BoacTBa LeMeHTa UM ncnonb3oBaHa ana gpyrux uenen.
Pasgen 4. Haunyqume AOCTYrNnHblIe TEXHOJIOTNUN

TepMUH «Haunydwune OO0CTYrNHble TeXHoNormny» onpeneneH B defepanbHOM 3aKOHe
ot 10 aHBapsa 2002 roga Ne 7 ®3 [1].

Mopsigok onpegeneHna TexHonornm B kadectBe HIAT onpeneneH nocraHOBIEHMEM
MpaButenbctBa Poccurickon ®egepauum ot 23 gekabps 2014 r. Ne 1458 «O nopsigke onpe-
AENeHNst TEXHOMOIMM B Ka4eCcTBe Hauny4llen OOCTYMHOM TEXHOMOrMn, a Takke paspaboTku,
akTyanusaumm m onybnukoBaHus MHPOPMALMOHHO-TEXHUYECKMUX CMPAaBOYHUKOB MO Hauny4-
WM OOCTYNHbLIM TEXHOSOrMAM» [7], Ha OCHOBaHUN KOTOPOro MMHUCTEPCTBO MPOMbILLFIEHHO-
cTn n Toproenn Poccuickon degepaumm paspadotano «MeTtoanyeckme pekomeHgaumm no

ornpeaernieHno TEXHONOMMN B Ka4eCcTBe Hauny4ylwen JOCTYMHOM TexHonormmy [59].

195



Bbibop Haunyywmx AOCTYMHbIX TEXHOSMOMMM B HACTOSLLEM CMpaBOYHMKA OCYLLECTB-
NAACA Ha OCHOBAHMM 3TUX JOKYMEHTOB W aHanu3a crneayroLmnx KputTepues:

a) HaMMEHbLUMI YPOBEHb HErATUBHOIO BO3AENCTBUSA HA OKPYXaloLLyo cpefy B pacye-
TE€ Ha eauHULY BpeEMEHU uUnm o6beM NPoOM3BOAMMON NPOoAYKLMM (TOBapa), BbINOAHAEMON pa-
60Thbl, OKa3blBaemMon ycnyrm nubo cOOTBETCTBME APYrMM MoKasaTensM BO34ENCTBUS Ha
OKpyXatwLyo cpeay, npeayCMOTpeHHbIM MeXayHapoaHbiMu gorosopamun Poccuickon de-
aepauum; NpUoOpUTETHLIM, OKa3blBalOLMM HaUMEHbLUee oTpuuaTtenibHoe BO34EWCTBME Ha
OKpYXXaloLyo cpefly, PEKOMEHA0BAHO CYMTaTb BO3AENCTBME OT OTXOA0B, 3aTeM BbIOPOCHI B
BOAY W 3arpsA3HEHne NoYBbl; BO3AENCTBME OT BbIOPOCOB B BO34YyX PEKOMEHOOBAHO paccmart-
puBaTb Kak pakTop, MMelLWwmnn HanbonbLWnn oTpuLaTenbHbi 3dEKT;

6) skoHOMMYecKkasa 3PPEKTMBHOCTb BHEAPEHUS U SKCNNyaTauuun; aHanm3 3KoOHOMuYe-
CKOWN 3PPEKTUBHOCTM 3aKmoYaeTCa B OLEHKe 3aTpaT Ha BHeApPEeHWEe 1 aKkcnnyataumio TeXHO-
NOrMn 1 BbIroAbl OT €€ BHEAPEHUSA NyTEM NPUMEHEHUS METOAA aHanuaa 3aTtpar M Bbirogd; B
npouecce OUEHKM pekoMeHayeTca pasfensaTb 06bekTbl (MpeanpusaTus) Ha HoBble U Aeu-
CTBYIOLLME;

B) NPMMEHEHME PECYPCO- N dHeprocbeperaLwmx METOO0B;

r) nepnog BHeAPEHUS;

A) NPOMbILLNIEHHOE BHEAPEeHUe TEXHONOMMYEeCcKMxX npoLeccoB, 060pyaoBaHUs, TEXHU-
Yyecknx cnocoboB, MeToaoB Ha 2 n bonee obbektax B Poccurckon ®eagepaunn, okasbliBato-
LMX HEraTMBHOE BO3AENCTBME HA OKPYXKALOLLYO cpeay.

B kadyectBe MCTOYHUKOB MHGOpMaumm o6 obnactax npumeHenna HOT, o npumeHsie-
MbIX Ha NpakTuke TexHonornsax, otHocsawmxea kK HOT, 6binu ncnonb3oaHbl CnpaBoYHUK EB-
POMENCKOro cok3a No Haumny4ywmnm AOCTYNHbIM TexHonornsam «lponsBoacTBO LeMeHTa, U3-
BECTM M okcuaa marHuma» [9], [10], cBegeHns, nonyvyeHHble B peayrbTaTte aHKeTUPOBaHUS
npeanpuaTMi LEMEHTHOW NPOMbILLIIEHHOCTUN, CTaTUCTMYECKME COOPHMKKM, pe3yrnbTaTbl Hayu-
HO-MccneaoBaTeNbCKNX M OUCCEPTALUMOHHBIX paboT, MHble UCTOYHUKK, a Takke WHgopma-

umaA, nonyyvyeHHaa B xoge KOHch'IbTaLI,I/IIZ C 3KCnepTtamMun B obnactu npon3BoacTBa LEeMEHTA.

Pasgen 5. Haunyuwiue AocTynHble TeXHOMOrMKU NpyU NPon3BoACTBE

LeMeHTa

B cootBeTtctBUM C PepepanbHbIM  3akoHOM  OT 21 mwons 2014 r. Ne 219-93
«O BHeceHUn nameHeHnn B denepanbHbll 3akoH «OB6 OxpaHe okpyxatoLen cpenbl» U oT-

AenbHble 3akoHodaTtenbHble akTbl Poccunckon Pepepauumn» [5] HOT — aT0 TexHonorus
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NPOM3BOACTBa NpoAyKUun (TOBApOB), BbINOMHEHUS paboT, okasaHus ycnyr, onpeaensemas
Ha OCHOBE COBPEMEHHbIX JOCTUXEHUN HAyKN N TEXHUKN WU HaUITy4yLLero coMeTaHnsa Kputepu-
€B [OCTWXEHUA ueren oxpaHbl OKpyXatlenh cpedbl Npy YCroBUM HanMnuus TEXHUYECKOW
BO3MOXHOCTU ee npumeHeHus. NMpn atom K HOT MoryT ObiTb OTHECEHbI Kak TEXHOMOMMYeCKne
npouecchl, 06opygoBaHne, TEXHUYecKne cnocobbl, Tak U Apyrne MetToApbl 3aLuTbl OKpYKato-

Len cpeabl.

5.1 CHuXeHue YAEeNbHbIX pacxXoaoB CbipbeéBbIX MaTepuaroB Ha
ﬂpOMSBOACTBO1'rnOanaHAueMeHTHOH)KHMHKepaM

nopTnaHauemMeHTa

O6wme cBeneHnst 0 COBPEMEHHBIX YPOBHSAX UCMONb30BaHNA CbipbEBbLIX MaTepuaros
Anga npousBoacTea 1 T nopTnaHALEMEHTHOrO KIMHKepa 1 nopTtraHguemMeHTa npeacraBreHbl
B 3.3.

TpeboBaHMs K XMMUKO-MUHEPANOrM4eCcKoMy COCTaBy NOPTNAHALEMEHTHOIO KIMHKepa
He MOo3BONAKT B 3aMETHOM CTENeHU COKpaTUTb YyAesbHbIA pacxo CblpbeBbIX KOMMOHEHTOB
Anga ero nponsBoacTBa.

3HaunTenbHO OonbwKnr 3ddeKT AOCTUraeTcs Npu 3amMeHe MNPUPOAHLIX MaTepuanos
Ha OTXO4bl NPOM3BOACTBA APYrMX OTpacsien NPOMBbILSIEHHOCTN. Tak Wrakm YepHoOM U LBeT-
HOW MeTannyprum unm HedenMHOBbIN WIam B 3aBUCMMOCTM OT CBOEr0 XMMMUYECKOro cocTaBa
MOryT 3aMmeHunTb 00 80 % kapboHaATHOro MNKU antoMOCUIMKATHOrO KOMMNOHEHTa B COCTaBe Cbl-
pbEBOM CMeCK Afsi NMPOU3BOACTBA MOpThaHaueMeHTa, 3o5owiakoBble oTxoabl — Ao 50 %
kapboHaTHoro u 0o 70 % anoMoCUNMKaAaTHOrO KOMMOHEHTA, XenesocoaepXalime XBOCThI,
Wwnambl 1 Nbinm YyepHon metannyprum — o 100 % xenesocogepxallero KOMNOHEHTa Cbipb-
€BOW CMecCH.

Mpn nomone uemeHTa gobaBka LJOMEHHOrO rpaHyrIMPOBAHHOMO LWfaka MOXeT 3ame-
HUTb 00 80 % nopTnaHALEMEHTHOrO KIMHKepa, 3051a-yHoca TENSIOBbIX 3N1eKTPOCTaHUuK, pa-
BoTarowmx Ha yronbHoM Tonnuee — A0 40 % knuHkepa. OTxo NPoOM3BOACTBA MUHEPATTIbHbBIX
yaobpeHun — dpoccormnc u runc, obpasyrwminca B pesynbtate gecynbgypusaumm gbiMo-
BbIX ra30B TEMNJIOBbIX 3SIEKTPOCTAHUMIA MOTYyT 3aMeHuTb A0 100 % npupoaHoro runca unm aH-
rmgpuTta, Ucnonb3yemMoro npu nomMosie uemMeHTa B KadecTBe perynatopa CPOKOB CXBaTbiBa-

HUs. KonnyecTtBo 0TX040B, KOTOpblE MOryT ObITb BBEAEHbI B COCTaB LleMEHTa npwn ero nomo-
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ne, orpaHM4MBaeTCs TONbKO TPeboBaHMAMW CTaHAAPTOB Ha KOHKPETHbIN BUA LEMEHTA, Tpe-
6oBaHMAMKM NOTpebuTenel K COCTaBy LLeMeHTa U CTOMMOCTbIO BBOAUMOW A0GaBKW.

Ncnonb3oBaHre NPOMBILNEHHBIX OTXOAO0B B KayecTBe ChlpbeBbIX MaTepuaroB npu
NPON3BOACTBE LIeMEHTA, Kak NpaBuIio, NMPMBOAMWT K CHUXKEHMWIO YAENbHOro pacxoa Tenna Ha
obxur 1 T nopTnaHOUEMEHTHOro KIMHKepa, MOBbILEHWIO MPOM3BOAMTENBHOCTM Bpallato-
LLLeCS NeYn, CHUKEHUIO 3HeProeMKOCTM Nofy4aemMoro LieMeHTa.

Mpwn UCNONb30BaHUN HEKOTOPbLIX BMOOB OTXOAOB B KAYECTBE CbIPbEBbLIX MaTepuaros
Ans obxura nopTnaHAUEMEHTHOro KruMHKepa MOryT BO3HMKHYTb NPo6remMbl MOBbILLEHHON
3MUCCUM TSDKENbIX NETYYMX METanoB 13 neyn Ans obxura KnvHkepa mnu npobnembl o6pa-
30BaHNsi BHYTPEHHEro KpyroobopoTa NerkonnaBKuMX LLEeMOYHbIX COeAMHEHMI BO Bpallato-
LLecs neyn, 3aTpyaHSIIOLLIMX NPoLEecc 06XuUra 1 NPUBOASALLMX K aKKyMyNMPOBaHUIO BpeaHbIX
KOMMOHEHTOB U MX NOBbLILUEHHOW 3MUCCUN.

Mpw Mcnonb3oBaHWM NPOMbILLIIEHHbLIX OTXOA0B B KAYeCTBE CbIpbeBbIX KOMMOHEHTOB
Heo6GXoAMMO OCYLLIECTBNSATL NEPUOONYECKUA MOHUTOPUHI COAEp)KaHUs HexenaTernbHbIX
KOMMOHEHTOB B UX COCTaBe W UCMOoNb30BaTb CUCTEMY 0becneveHnst ka4yecTBa NOCTaBMSAEMbIX
OTXOZOB C LieNbio MMHUMUN3ALIMN COAEPKaHMSA HexenaTenbHbIX KOMMNOHEHTOB.

Bcs nbinb, ynoBneHHas B npolecce Npou3BoAcCTBa LieMeHTa, AoMmkHa ObiTb BO3Bpa-
LLleHa B TeXHoMorn4yeckuin npouecc. Npyn HEBO3MOXHOCTM BO3BpaTa Mblfin B MecTo ee obpa-
30BaHus (HanpuMep, Nblfb, YNOBNEHHas B GalnacHoOW CUCTEME WU BbICOKOLLENIOYHAs MbiNb
NeYHbIX 3NEeKTPOUNbTPOB) HEOOXOAMMO OCYLLECTBIATL €€ BBEAEHWE B COCTaB LeMEHTa B

KayecTBe BCMOMOraTefibHOro KOMMOHEHTa MU TeXHONorn4yeckon Jobasku.
HAOT 1

HOT ons cHWXeHWs yaenbHbIX pacxofoB CbIpbeBbIX MaTepuanos Ans Npons3BoacTBa
nopTNaHALUEMEHTHOrO KNUHKepa 1 LeMeHTa npeacTaeneHsl B Tabnuue 5.1.
Tabnuua 5.1 — HOT 1

MeTopn/ob6opynoBaHue NpUMeHNMOCTb

a |3ameHa NpUPOAHbIX CbipbeBbIX KOMMOHEHTOB OT- | [INs BCex npeanpusitui

XoOoamMu npon3BoactBa

6 |CHwkeHne cogepkaHus 40N KNMHKepa B LueMeH- | [Ins Bcex npeanpusitui

T€ OO0 MaKCMMaribHO A0MyCTUMOIO YPOBHA
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5.1.1 Acnonb3oBaHue O0TX0A40B npoun3BoAacTBa B Ka4eCTBe CbipbeBbIX

MaTepuanoB nNpu npoun3soacTBe nNopTiaHAUueMeHTHOro KrinHkepa n ueMeHTa

BHUMaTenbHbIM BbIGOP 1 KOHTPOSb BELLECTB, BXOOALWMNX B NeYb, MOTYT CHU3UTb KOJU-
4YecTBO BbIOpOCOB. Hanpumep, orpaHnyeHne cepbl Kak B CblpbeBbIX MaTepuanax, Tak u B
Tonnmuee cHmxaeT Bblbpockbl SO,. To XXe caMoe OTHOCUTCS K APYrMM BeLlecTBam: a3oTy, Me-
Tannam, opraHM4eCcKMM CoeMHEeHUAM, Xopcoaepalum Mmatepmanam.

OrpaHuyeHne xnopcogepxawmnx COeAMHEHUN CHWXKaeT BeposTHOCTb obpa3oBaHus
XNOpUO0B LWENOYHbIX MeTanoB U XSI0puMaoOB APYrnx MeTannos, Bbi3biBalowmx obpasoBaHune
HacTbInen B nevn n cbon pexnmoB ee paboTbl, a Takke yxyglaruwmx paboTty anekTpodunb-
Tpa u, criegoBaTenibHO, YBENMUYMBAOLWMX BbIOPOCH! Nbifn. Bbicokoe cogepxaHue LWenoYvHbIX
MeTannoB B Cbipbe TpebyeT Gonee 4acToro UX yganeHus M3 NeYHOM CUCTeMbl, YTOObI
He JOMNyCTUTb YBENMYEHUS COAEPXaHUs Lenoven B KOHEYHOM npoaykte. B cnyvyae ncnonb-
30BaHNA B Ka4eCTBE CbipbS HU3KOLLENOYHbIX MaTtepumarnoB, MOXHO AOMYCTUTb BO3BPAT Mbln
B MPOM3BOACTBO U TEM CaMbIM CHU3UTb HaKoMneHne oTxXo40B.

B kauecTBe anbTepHaTUMBHOrO TOMMMBA M CbIPbEBLIX MaTepuaroB MOTryT UCMONb30-
BaTbCS pasnuyHble TUMbl 0TX0A0B. OgHAKo Npy 3TOM HEOBXOAMM TLLATENbHbIN KOHTPOSb CO-
cTaBa U CBOWCTB OTXO40B.

OTxoapl, Mcnonb3yemble Kak CbipbeBblIE MaTepuarnbl, cogepXalne netyvyme opraHu-
YecKkne coeMHeHUs, ranoreHcoaepXkallume CoeguHeHnsa n pTyTb, MOryT co3gaTb Npobnemsbl ¢
Bblibpocamu. Criegyet nsberatb nogaym Taknx Matepuanos B NeYb.

KonuyecTtBo pTyTn B Matepmanax gOSMKHO OblTb MUHUMU3NPOBAHO.

OTxoabl, cogepxalme netyyne opraHM4eckne BelecTBa U rarioreHcoaepaiyme co-
€[VHEHMUS, MOryT NCNONb30BaTbCA TOSIbKO B TOM Criyvyae, ecnv 3TM COeANHEHWs pasnaratoT-
CSl NPU JOCTaTOYHOM BpeMeHU NpebbiBaHUKN 1 BbICOKOW TemnepaType B neyu.

Mpn Mcnonb3oBaHMM OMacHbIX OTXOA0B, 3aMEHSOLWMNX YaCTb CbIPbEBbIX MaTepuaros,
TpebyeTcsa OCyLeCcTBMASATL CUCTEMATUYECKUA KOHTPOMb 3a BbIOpOCaMyn C MCMNONb30BaHUEM

OOMOJTHUTETbHbIX 3KOJTOTM4YECKNX MapKepoOB.
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HAT 2

HOT npu ncnonb3oBaHMM OTXOAOB B KAYECTBE CblipbEBbLIX MaTepuanos 1 (Unv) Tonnu-
Ba AN NPOU3BOACTBA LIEMEHTa SBNSIETCS MUHUMM3AUMUA pUcKa pocTa BbIOPOCOB BpeaHbIX
BELLIECTB B OKpY>KaloLLyto cpefy nyTem (CcMm. Tabnuuy 5.2).

Tabnuuya 5.2 — HAOT 2

MeTopn/o6opynoBaHne NpuMeHNMOoCTb

a |TwartenbHbin aHanu3 nbbiXx OTX0A0B, KOTOpble |[ns BCex npeanpusTun
MOryT ObITb MCMOMb30BaHbl Kak CbipbeBOM MaTe-
pnan v (Mnn) ToNAMBO B LIEMEHTHOM Neyun, npume-
HeHVe cucTeMbl obecrneyeHnsa KavyecTBa ON1S Kax-
AOr0 NogaBaemMoro B TEXHOMOMMYECKUA npoLecc
0TX0Aa C uenbio obecneveHus:

- MOCTOSIHHbLIX (PU3NYECKUX KpUTEpUeB OTXOLOB,
HanpumMmep crnocoBbHoCcTn K obpasoBaHUO BbIOPO-
COB, Hanuume rpybbix 4YacTul, peakumoHHOM Cho-
COBHOCTU, 0BXKMraemMoCcTh N KanopunMHOCTY;

- MOCTOSIHHBLIX XMMWYECKUX KpuUTepues, Hanpumep
cogepxaHua xnopa, Topa, cepbl, Lenoyen, re-

Ty4nx metansmonB

© |KoHTponsa goctaTovyHOro Konmyectea Heobxoam- [lna Bcex npeanpusaTmmn
MbIX NapamMeTpoB Ans NodbiXx 0TXOA0B, NCNOMb3Y-
€MbIX KaK CbipbeBOW Matepuan 1 (unu) Tonnmeo
LEMEHTHOW neyu, NO3BOSSOLLNA OLEHUTb UX Ka-
4YecTBO (coaepxaHue xropa, pTopa, cepsbl, LWeno-

Yyeun, NeTy4nx meTannos)

5.2 CHMxeHue yaenbHOro pacxoaa tonsvea Ha ooxur 1 T

nopTnaHauemMeHTHOro KrimHkepa

O6wwme cBegeHMss O COBPEMEHHBbIX pacxogax Tonnmea Ha obxur 1 T nopTnangue-
MEHTHOrO KINnHKepa npeacTaBneHbl B pasaene 3.4.
YaenbHbI pacxoa Tenrna u TonnMBa Ha OOXUI KNUHKepa 3aBUCUT, Npexae Bcero, oT
cnocoba NpoM3BOACTBA LeMeHTa. [1ns HOBbIX 3aBOAOB M MOAEPHUINPYEMbIX OENCTBYOLLMX
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npeanpusiTUi TUNUYHBIM CTAHOBUTCA CyXOW Cnoco® NpomM3BOACTBa LEeMeHTa C MHOIOCTYMeH-
YaTbIM LMKITOHHbIM TeNnoobMeHHNKOM 1 aekapboHnsaTtopoM. [epcnekTnBHa 3ameHa neven,
paboTaroLwmx No MoKpoMy cnocoby, nedamm cyxoro cnocoba, a Takke, B criydae HEBO3MOX-
HOCTW, NeYyamMu Nonycyxoro 1 NoslyMOKPOro crnocobos.

Bbolibop cnocoba npousBoacTBa 3aBUCUT OT BMAXHOCTM ChIPbEBbLIX MaTepuarnos.
Ha coBpeMeHHbIX LeMEHTHbIX 3aBofax Npu UCMNOMb30BaHUN CbipbEBbLIX MaTEPUAroB C BriaX-
HOCTbIO MeHee 8,5 % nx Ccylka MoXeT ObITb NONTHOCTLIO OCYLLECTBIEHA OTXOASAWMMY razaMmum
B YeTbIpex- UNU NATUCTYNEHYaTbIX LUMKMOHHBLIX TenrnoobMeHHuKax 6e3 AOMOMNHUTENbHOro
Tenna. [Npn ncnonb3oBaHMM Cbipbsl C BRAXHOCTLIO 6onee 8,5 % HeobxoaMmo CHUXaTb KOnu-
4YeCTBO CTYMNEeHeW LMKNOHHOIo TennoobMeHHUKa C Lienblo MCNoMb3oBaHUS ANs Cyliku bonee
ropstynx AbIMOBbIX ra30B.

lMeyHasa cuctema ¢ MHOrOCTaAUNHBIMU LIMKITOHHBIMU TENSTIO0OMEHHMKaMU B COMETaHum
C gekapboHN3aToOpOM M TPETUYHBIM BO3AYXOM CUMTAETCA CTaHOAPTHOM M BbICOKO3(hdheKTnB-
HOW TexXHONornen Ansi HoOBbIX 3aBOAOB. B HEKOTOPLIX cnyyasax, Korga MCnonb3yeTcsl Cbipbe-
BOW MaTepuan C BbICOKOM BAXXHOCTbIO, MOTYT NPOEKTUPOBATbCA 3aBOAbl C TPEXCTaANUNHBIM
LUMKINOHHBIM TEM006MEHHNKOM.

Ha notpebneHne TennoBon 3HEPrnn COBPEMEHHbIMU LEMEHTHbIMU MeYamun BIUSIOT
pasnuyHble akTopbl: CBOMCTBA CbIpbeBbIX MaTtepuaroB (Hanpumep, BNaXHOCTb, 0bXxurae-
MOCTb), NPON3BOANTENBHOCTb MEYN, UCMNOSb3YEMOE TOMMMBO C PasfIMYHbIMU CBOMCTBAMMU U
N3MEHYMBOCTb NMapamMeTpoB npouecca, a Takke UCNofnb3oBaHMe cucteMbl barnaca. 3ameHa
4YacTU CblpbEBbIX KOMMNOHEHTOB MPOMbILLIIEHHBIMU OTXO4aMK, yXXe noABepraBLIMMUCA Tenso-
BOM 06paboTke (Lunaku, 30Mbl, HePENMHOBBIM WNam U T. N.), TPMBOAUT, KaK NPaBuUIio, K CHU-
XEHMIO yaenbHOro pacxoga Tenna Ha obxur. C yBenumyeHnem obbema NeuYHbIX rasos,
HanpasnsemMblx B cuctemy b6amnnaca, yaenbHbln pacxo Tenna Ha 06Xur KrmHKkepa yBenumyu-
BaeTcH.

YaenbHbI pacxod Tenna Ha 06XuUr KnnHKepa MOXET OblTb CHUXEH NyTEM BHeAPEeHUs
pasnNUYHbIX TEXHOMOMMA N ONTUMM3aUMN paboTbl NEYHOM CUCTEMDI.

MeToabl onTUMM3auMn YOEnbHOro pacxoga Tenna Ang COBPEMEHHOM Nevn Cyxoro
cnocoba BKIHOYaloT:

- XONOAMNbHUK:

- yCTaHOBKA COBPEMEHHOIr0 KIMHKEPHOro XONOoAWSbHMKA CO CTauMoOHapHOW nep-

BUYHOW KOJNTOCHUKOBOW PELLETKOWN;
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- UICNONb30BaHNE KONMOCHUKOBOW peLleTKM C HU3KUM COMPOTUBIIEHNMEM NOTOKY BO3-
ayxa anga obecneveHua ero 6onee OAHOPOAHOro pacnpegeneHnss U aEeKTMBHOrO oxna-
XOeHus:,

- obecneyeHne KOHTPOSS KONMMYeCcTBa OXNaxXaatoLero Bo3ayxa B OTAENbHbIX CEK-
LUMAX PELLETKM;

- neyb:

- UICMOMb30BaHMe NeYen C BbICOKON NPON3BOAMNTENBHOCTbLIO;

- ONTUMM3ALUNSA OTHOLLEHNSA ONMHBI NeYn K ee AnameTpy;

- ONTUMM3ALNSA KOHCTPYKLUN NEYN B COOTBETCTBMU C UCMOSNb3yEMbIM TOMMNBOM,;

- ONTUMM3ALNSA CUCTEMbI CKUTaHUS TOMNNBA;

- cTabnnbHOCTL NapaMeTpoB paboTbl Neyu;

- ONTUMM3aLUUNA NpoLEecca KOHTPONS;

- paumoHanbHOE 1 NOSTHOE UCMNOSb30BaHNE TPETUYHOIO BO3AYXa;

- obecneveHne HeobxoanmMoro n3bbITka BO34yXa B NeYn: OKUCIUTENbHbIE YCIOBUS,
HO BIM3KO K CTEXMOMETPUYECKOMY;

- UICMOMb30BaHME MUHEPaNN3aTOpPOB — MHTEHCM(PMKATOPOB NpoLecca ooxura;

- CHMXXEHMe NoaCOCOB BO34yXa;

- fekapboHnsaTtop:

- Manoe rmapaBnn4yeckoe ConpoTUBEHNE;

- 0QHOPOAHOE pacnpeneneHne Colipbs B MEYHOM NOPOre;

- MMHMManbHoe obpa3oBaHmne HacTbINew;

- UHTEeHCcMBHas AekapboHM3aums CbipbEBOWN CMECH;

- TENNTIO0OMEHHUK:

- Marnoe rmgpaBfn4yecKkoe COnpoTMBIIEHNE LMKITOHOB;

- BbICOKasl CTENEeHb NbINIEOCAXAEHNSA B LIUKIOHAX;

- OAHOPOAHOE pacrnpeneneHne Cbipbsi B CEYEHUSIX ra30X040B;

- 0AHOpPOAHOE pacnpeaerneHne NOTOKOB rasa 1 TBEPAOro BELLECTBa B AByXBETBbe-
BbIX LMKITOHHbIX TEMNNOOOMEHHMKAX;

- ONTMMM3AUNA KONMYEeCcTBa CTyNeHen LMKIIOHOB (OT Tpex A0 LECTU CTyneHewn B
Lernom);

- nepepabaTtbiBaeMbli MaTepuan:
- HU3Kas BNaXXHOCTb CbIPbEBbLIX MaTepmanos u TONMMBA;

- rierkas BocnfiaMeHs1eMOCTb TOMNMMBA C BbICOKOM KaJ'IOpI/II7IHOCTbI-O;
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- MOCTOSAHCTBO NMUTaHUA NeYN N OQHOPOLHOCTL MaTepuana;
- MOCTOSHCTBO NMoAayun TonnmBa B NeYvb U ero 0gHOPOAHOCTb;
- CblpbeBble MeSIbHULIbI:
- MOMHOCTBIO aBTOMaTM3NPOBaHHOE ynpasreHe paboTon MenbHUL.

Ana neyen mokporo cnocoba NpPonsBOACTBa METOAbI ONTUMMU3ALMN BKNOYAIOT crneay-
oLme:

- CHUXKEHME BNaXKHOCTM 0OXMraemoro CbIpb€BOro Linama nytem Ucnonb3oBaHus pas-
XKntenen wnama unv 3aMeHon NpUpoaHbIX MaTepuanoB TEXHOreHHbIMK (3011amMu, Lnaka-
Mu);

- ONTUMMU3AUNA  KOHCTPYKUMW W PacCnOfiOKEHUS BHYTPUMEYHbIX TennooOMEHHbIX
YCTPOWCTB;

- OTCYTCTBME LUNAMOBbIX UIN KITMHKEPHbBIX KOMeL B NeYu;

- ONTUMMU3AUNA CUCTEMbI CKUTAHUS TONMUBA;

- MMHMMM3auMs NoACcOoCa BO3ayXa B rofloBKax neyen;

- MMHUMM3aUmMs Ko duumneHTa n3bbiTka Bo3ayxa B NeYu;

- cTabunbHOCTL NapaMeTpoB paboTbl neyu;

- ONTMMM3aUNAa NpoLecca KOHTPONS;

- UICNONb30BaHMEe MMHEPanM3aTopoB — NMHTEHCUMKATOPOB NpoLiecca obxura.

[na cHWXeHus yaenbHOro pacxoga Tenna Ha OOXWr KnMHkepa BaXKHbIM (PakTOpOM
aBnsgeTca ctabunbHag pabota nevyHoro arperata C napameTpamu, 6rM3KUMKM K onTUManb-
HbIM. OTO AOCTUraeTCsa NyTeMm:

- UICNONb30BaHMSA CUCTEM HEMPEPBLIBHOIO KOMMbIOTEPHOIO MOHUTOPUHIa Heobxoanmo-
ro KOMnnekca napameTpoB paboTbl NEYHOro arperara;

- UICNONb30BaHNSA CUCTEM aBTOMATUYECKOro ynpaBfeHWa TeXHONOrMyeckum npouec-
COM WUNK ero oTAeNbHbIMY 3Tanamu;

- onNTMMMU3aUUKN N cTtabunusauumn coctaBa Cbipb€BON CMECH, MOBbLILLEHMEM paBHOMEP-
HOCTW ee nodayum B neyb;

- ONTMMMU3aUNN COCTaBa U NOBbILLEHNEM PAaBHOMEPHOCTU Nodayum B neYvb TONNMBA;

- B Cfly4ae UCnonb3oBaHWsl BTOPUYHbBIX BUAOB TOMNMMBa — CTabunusaumm xapakrepu-
CTMK, paBHOMEPHOCTM Mnofdayun, onTuMmusauumn cnocoba BBoga U CKUraHMs BTOPUYHOIO TOM-
nMBa B Neyw.

[MoBblweHne 3HeproadPEKTMBHOCTN NPOM3BOACTBA LleMEHTa MOXET OblTb JOCTUIHYTO

AOMNONHUTENBbHOW reHepaunen napa n anekTpnyecTaa.
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OcHoBHOM nNpobGnemon ansa reHepaumm OOMNOHUTENBHOIO KONMYECTBa 3HEPTUN ABMS-
eTcs pa3paboTka COOTBETCTBYHOLEro YCTponcTBa (TypOuHbl). Pekynepaumsa Gonblien Yyactu
n36bITOYHOrO Tensia OCyLecTBSeTCA B XONOAUNbHUKE, B MEHbLLEN CTENEeHN — rasamu, Bbl-
Xo4AWmMMN 13 neyn. [1na aToro Ucnonb3yTca NpoLecc opraHNYyeckoro uukna PaHkvHa vnm
00ObIYHBIN Npouecc NapoBoro uukna. Kpome toro, n3bbITOK Tenna 13 XonoguribHUKa nnmn neyu
pekynepupyeTcs npsiMbiM HarpeBaHuUeEM rasa.

Pekynepauns n3bbiTka Tenna nytem reHepaumm napa m anekTpuyeckon aHeprum npo-
NCXOOUT HE3ABMCUMO OT CTOMMOCTU 3Heprum n Bolbpocos CO..

Ha uemeHTHOM 3aBoge «Cnant» B LUBeuun npumeHsieTcst OOblYHbLIM NApOBOM LIMKII.
PekynepupoBaHHOe Tenno HanpaBriseTCa Ha CyLLeCTBYHOLWMIA 3aBO NO BbipaboTke 3neKkTpu-
YeCKOM 3HepPrnn, NPUMbIKaLWMA K LEMEHTHOMY NPOU3BOACTBY, rae ncnonbdyetcsa ansa pabo-
Tbl NApOBON TYpOUHBbI, BbipabaTbiBalOLEN 3MEKTPUYECTBO (MPUMEPHO OOHA TPEeTb OT obLiero
obbema napa). [Nap reHepupyeTcs B ABYXCTyneH4yaTon 6onnepHom cucteme, 4acTb KOTOPOW
pacrnonoXeHa Ha KIMHKEPHOM XONOAMWIMbHUKE, a YacTb — Ha HUCXOOALEM rasoxoge neuyu.
OTOT 3aBog nocTasnseT okono 6 MBT anekTpoaHeprun. Mcrnonb3oBaHue CyLeCTBYOLEN
napoBoun TypPOUHbBI 3HAYUTENBHO YNYYLIWUIIO SKOHOMUYECKYHO 3(PdEKTUBHOCTbL YCTAHOBKMU, O4-
HaKO ee CTOMMOCTb He Obinia noacymMtaHa. ExxerogqHoe Npov3BOACTBO AnekTpu4ecTsa JOCTU-
raeT 50 BT-4, 4TO coCcTaBnseT YETBEPTYH YacCTb BCen NOTPeBHOCTM 3aBOJa B 3MEKTPOIHEP-
rn.

OpraHunyeckun umkn PaHkuHa mMcnonb3yetca Ha LeMeHTHOM 3aBoge B JleHrdypTte
(CTepmaHus) ons BblIpabOTKM ANEKTPOIHEPTUN NPU peKkynepauun Tenna HU3KoTeMnepaTypHbIX
rasoB U3 KMAMHKEPHOro XonoaunbHUKa. 3Ta TEXHOMOMMA OCHOBaHa Ha MCMNOSb30BaHUKU opra-
HUYECKOWN XNOKOCTU (NeHTaHa), KOTOPbIM ncnapsieTcs nNpyu 3Ha4nTeNbHO MEHbLUMX, YeM BOAA,
Temnepatypax. basoBble NPUHUUNBI 3TOM TEXHUKM YCMNELLHO UCMNONb30Banuch JONroe Bpems
B TEXHUKE 3aMopaxmBaHus. TexHonorua umkna PaHkuHa mncnonb3yeTcd rnaBHbiM 06pasom
AN BbIpabOTKM 3HEpPrum n3 reotepMarsibHbIX UCTOYHMKOB Tenna, O4HaKo Ansi LeMEHTHOro
3aB0oJa Takow npouecc Obln NPMMEHEH BNepBbLIE.

PesynbTtatbl nokasanu, 4to npu paboTte no Takomy crnocoby MOXHO reHepupoBaTb
okono 1,1 MBT anekTtpuyeckomn aHeprun. Takon acpbdekT bbin AoCTUrHYT Ans 97 % BpemeHu
paboTbl neyn. Belbpockl Tenna na KIMHKEPHOro XONoAUITbHUKA C OTXOAALLMM OXSiaxaaroLwmm
BO3ayxom gocturanu 14 MBT npu TemnepaTtype oTxoasiiero Bosgyxa B npegenax 300 °C —
350 °C, 13 koTopbIX ObINO pekynepmupoBaHo B cpeaHem 9 MBT. 3Ta TexHonornsa Ha 3aBoae B

JleHrgypTe ncnonbayetca yxxe 6onee 10 ner.
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OTxoapbl Tenna Takke MOryT ObiTb peKkynepupoBaHbl U3 KITMHKEPHOrO XONoausibHUKa
anga obecnedyeHns NpeanpusaTus ropsven Bogon. B 6onbwimHcTBE criyqyaes 6onnep pacnona-
raetca nocne nblneocaguTtens, B KayecTBe KOTOPOro MpUMEHSeTCs 3neKkTpodunbTp.
B npotMBHOM cnyyae HeobXxoAuMMO MCNoOMb3oBaTb CheunanbHbI TN Gonnepa, CTOMKUA K
abpasnBHOMY M3HOCY, a Takke ycTaHaBnuBaTb obecnbiniMBatoLlee YCTPONCTBO (pyKaBHbIN
GunbTp) nocne Gonnepa. 3aBoabl, MMeoLWMe NoAOOHbIE YCTAHOBKM AS1S NOSTyYEeHUS ropayen
BOAbl, MetoTcsa B [epmaHum 1 aBa — B Typummw.

Mpu ycTtaHoBKe 6onee ahHEKTUBHBLIX TENITOOOMEHHMKA U KIMHKEPHOTO XONOANSbHMKA
n3bbITOK Tenna GygeT CHMXaTbCA U C 9KOHOMUYECKOW TOYKWU 3pEHUs reHepaumst 4OMosHu-
TEeNbHOro KonmnyecTBa 3HEPrMm MOXET CTaTb HEBbIFOAHOW, OCOBEHHO Korga OCHOBHOE Tenso
TpebyeTca anga npouecca cylwkn matepuana. [o3aToMy BO3MOXHOCTb pekynepauumm Tensna mus
neyn N KIMHKEPHOro XOnoAusbHUKa ANSA reHepauun 3Heprm OoSHKHA OLEeHMBATbCA B Ka-
[OM KOHKPETHOM Cllydae C Y4eTOM BCEX BO3MOXHbIX 0BCTOATENLCTB. JKOHOMMYECKAsd CO-
CTOSATENBHOCTb MOXET 3aBUCETb OT MECTHbIX YCNOBUN, CTOUMOCTU 3NEKTPOIHEPTUN N MOLLL-
HOCTW 3aBoja.

Pekynepauwns Tenna anga npsiMoro Harpesa, 0COGEHHO U3 KIMHKEPHOIo XONOANNbHUKA,
BO3MOXHa, €CNN MMEETCH B HannumMm onpefenieHHoe KonmyecTBO M30biTKa Tenna, pekyne-
pauus Tenna nyteM nNpsIMOro Harpesa MoNb3yeTcs CApOCOM, reHepaTtop BblpabaTbiBaeT
ANEKTPUYECKYIO 3HEPTUIO, KOTOpasi MOXeT BbITb MCMNOMb30BaHa UMM Ha 3aBoje, unu ans no-

CTaBKM B 3rieKTpuUYecKkne cetn obLlero nosnb3oBaHus.
HAT 3

HOT — 970 cokpalleHne/MMHMMU3aums yaenbHbIX pacxogoB Tenna Ha 0bXur KnuHke-
pa nytem npumMeHeHus o6beanHEHHbIX TEXHUYECKMX peLleHnn (cMm. Tabnuuy 5.3).
Tabnuua 5.3 - HAT 3

MeTopn/ob6opynoBaHue NpUMeHNMOCTb

a |Wcnonb3oBaHue cyxoro cnocoba npounsBoacTea, |[Ans BHOBb CTPOSILLIMXCS U MO-
ONTMMM3aLMs KONMYECTBA CTyMNeHEeN UMKIOHHOMO | AepPHU3UPYEMbIX NPeanpUsTUiA
TennoobMeHHMKa B COOTBETCTBMU C XapaKkTepu-

CTUKaMMn ncnoJib3yemMbiX CbipbEBbIX MaTepumasronB
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MeTopn/o6opynoBaHne NpuMeHNMOoCTb

6 |[NpyvMeHeHMe NeYHON CUCTEMbI ONTUMArIbHOM [lnst BHOBb CTPOSILLMXCS U MO-
KOHbUrypaumm n ctabunbHoro pexmnma paboTbl AEPHU3MPYEMbIX NPEANPUSTUIA
NeYyHoro arperaTa B COOTBETCTBUM C YCTAHOBIEH-
HbIMW NapamMeTpamu NyTeMm:

- ONTMMM3ALMM CUCTEMbI KOHTPOSSA, BKIOYas aB-
TOMaTUYECKUI KOMMbIOTEPHbIN KOHTPOSb, U aBTO-
mMaTM3aumm ynpaBneHust TEXHONOrMYeCKUMN Npo-
Leccamu;

- UICNOSb30BaHNEe COBPEMEHHbIX CUCTEM FOMOFeHN-
3aumu, 0O3MPOBaHNS U NofayYm B NeYb MaTepua-

J10B 1 TONnnBa

B |Pekynepauus nsbbiTka Tenna us ne4Hon cuctemsl, |[ns BHOBb CTPOSLLUXCS U MO-
0COGEHHO 13 KIMHKEPHOro XONoAMIbHMKA, UC- AEPHU3MPYEMbIX NPEANPUSTUIA
NoNb30BaHWE peKynepupoBaHHOro Tenna ans

CYLLKW CbIpbeBbIX MaTepuarnoB

r |Mcnonb3oBaHue BbICOKOKaANOpUMHOro Tonnuea ¢ | [Ans Bcex npeanpuatum
XapakTepucTkamu, okasbiBatoLLUMN NONOXUTENb-
HbI 3PdEKT Ha CHUXKEHME yaernbHOro pacxoa

Tenna

A | MnHuMmmnsaumsa nogcocoB atmMocdepHoro sosagyxa |[ns Bcex npeanpuatum

B MEYHYI0 CUCTEMY

e |MunHumMmsaumsa razaoBoro NnoToka B cucremy banna- |[ns npegnpuaTum cyxoro cno-

ca coba npon3BoacTBa UemMeHTa

X | MUHMMM3aUnNS BNaXKHOCTU Cblpb€BOro Wnama ny- Ons npe,qnpmmmﬁ MOKpOro cno-
TeéM 3aMeHbl HaCTu NpUpoaHbIX KOMMOHEHTOB HaA coba npon3BoacTtBa LEMEHTA
TEXHOINeHHble MaTepuaribl U NPUMEHEeHNA pa3Xn-

XUtenemn wnama

TexHonornyeckue nokasatenu, nornydyaemble npu peanusauum HOT, npuBeaeHbl B

Tabnuue 5.4.
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Tabnuuya 5.4 — TexHonorndeckne nokasatenu gnsa HOT 3

. 3Hauenune, MIx/T 3HaueHue,
TexHonornyeckuin nokasartesnb
Kry. T./T KNUHKepa

YaenbHble pacxodbl Ternna Ha o0Xxur KINnHKepa.

- Ansi 3aBOAOB CyXoro cnocoba npon3BoAcTBa 3550-4120 90-160
- ANs 3aBOAOB MOKPOro cnocoba npomM3BoAcTBa 5750-6900 196-235
- Ans 3aBOA0B KOMOMHMPOBAHHOMO crnocoba npous- 3950-4540 135-155
BOACTBA

HAOT 4

HOT — 9TO CHMXeHne noTpebrneHns TennoBOM 3HEPIMU NyTEM BbIpabOTKM AOMNOMHK-
TENbHOIO0 KONMMYecTBa 3MEKTPOIHEPrUN UNKU Tenna nytem obbeaMHeHus 3aBOAOB C Tenso-
3NEKTPOCTaHUNAMU Unn TensoueHTpanaMm Ha 6ase nonesHon pekynepauuu Ttenna, B npe-

Aeriax CXxem perynupoBaHust 3Heprum, KOTopble 3KOHOMUYECKN YCTONYMBDI.
5.2.1 Acnonb3oBaHue OTXOAO0OB B KayecTBe anbTepHaTUBHOro Tonnmea

CneumanbHo oTobpaHHble OTXOAbl C aEKBATHOW KanoOpPUAHOCTBLID MOXHO WCMOMb30-
BaTb B LIEMEHTHOW neyn B3ameH 0ObIYHOrO MCKOMaeMoro Tonnmea (Takoro, Kak yronb) ¢ y4e-
TOM MX XapaKTepucTuK. YacTto OHM MCMOMb3ylTCSA TOMbKO NOCne MpoBeAeHWUss npeasapu-
TeNbHbIX UCMbITaHWI. PaccmaTpuBaloTCsl pasnuyHble KpUTepun, urpatowime ponb B nogbope
TOMJIMBHBLIX OTXOAOB, MOCKOSbKY OHW OKasblBalOT BRMsiHAE Ha paboTy neyn u BbIGPOCHI.
K HMM oTHOCATCS bmanyeckme KpUTepun, HanpMMep CroCoBGHOCTL K MEePEeHOCY NOTOKOM BO3-
ayxa, U XUMUYECKME KPUTEPUW, HAMpUMeEp, coaepXaHue xnopa, Cepbl, LIenoven, NeTyynx
MeTannoB, peakumoHHasi cCnocobHOCTb.

UTtobbl rapaHTUpOBaTb XapaKTEPUCTUKM TOMMMBHbLIX OTXOA4OB, TpebyeTcs cuctema
obecneyeHuss kayecTBa, BKoYaroLLlas oTbop 1 NpurotoBneHne obpasLoB, aHanm3bl U KOH-
TPOnb.

B 3aBMCMMOCTM OT TUNa UCMOMb3yEeMbIX OTXOLAOB M UX XapaKTEPUCTUK BaXKHbIM SIBNSI-
eTCcs MecTO Mofayn OTXO0O0B B Meyb, Tak Kak 3TO BNMUsieT Ha BbIGpOCk! M3 neyvn. B ocHOBHOM
MpU MOBBLILLIEHHOW TeMnepaType BOCMaMeHEeHUs1 OTXOA0B MpPUMEHSIETCS Mnofdada ux 4yepes
rmaBHyto ropernky. [ns Bcex Touek nogayv TemnepaTtypa rasoB B Neyu OorKHa Noaaepku-

BaTbCca He meHee 850 °C B TeueHue 2 c. Ecnu ncnonb3syotca oTxoabl, cogepxaiume 6onee
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1 % xnopa, TO OHN JOSKHbI NOAABaTbLCA B 30HY Neyn, rae TemnepaTtypa ra3oB AOSMKHA Nog-
aepxunBaTtbcsa He MeHee 1100 °C B TeyeHune 2 c.

[ns KoHTponsi BLIGPOCOB AOMKHO ObITb YCTAHOBIEHO AONOSNHUTENbHOE obopyaoBa-
Hue. [Ina obecneyeHns 6e30MacHOCTM OKpyXaloLwen cpebl, ee KadecTBa U COOTBETCTBUSA
cTaHgapTaMm TpebyloTca cneumanbHbii KOHTPOSb M COOTBETCTBYIOLLME TEXHUYECKME peLue-
HUS.

Mpn ncnonb3oBaHUM OMACHLIX OTXOAOB (KMAKME TOMMMBHbIE OTXOAbl), OOMMKHbI CO-
6nogatbcs Mepbl ©6e3omacHoOCTW, OCOBEHHO nNpu WX nNpeaBapuUTENbHOW NepepaboTke,
Hanpumep, ckrnaguposaHuu, nogade B npomsBoacTBo. Mepbl 6e3onacHOCTM AnNs NoTeHuum-
anbHO CaMOBO3ropaloLLMXCA MaTepuanoB oCOBeHHO BaXKHbl NPU AOCTaBKE TOMSIMBHbBIX OTXO-
AO0B C NpeanpusTuin npeaBaputenbHon nepepadoTkn N COPTUPOBKM Ha NPeanpusaTna Npous-
BOACTBA LIEMEHTA.

Bbibop 1 ncnonb3oBaHMe TOMMUBHBIX OTXOA0B 0OYCNoOBMEHbI PSAOM B3auMOOENCTBY-
IOWMX aKTOPOB, MMaBHbIMK N3 KOTOPbIX SABASATCA CHUMXeHue BblbpocoB CO, NOy, a Takke
CHWXEeHWe UCMonb30BaHWs NPUPOAHbLIX PecypcoB, UCKOMAeMoro TonavMea 1 CbipbeBbIX MaTe-
pnanos.

XapaKTepUCTMKM pasnnyHbIX TUMOB TOMMMBHbBIX OTXOAOB: BMNaXXHOCTb, KanopuUNHOCTb
MOryT OKasblBaTb BNUSHWE Ha yAeribHoe noTpebneHue aHeprun. Hanpumep, HU3Kast Kano-
PUNHOCTb W BbICOKAA BIaXHOCTb afbTEPHATMBHOINO TOMSMBA NPUBOOAT K YBENUYEHUIO
yAenbHoro notpebneHns TennoBOM 3HEPrMn Ha OAHY TOHHY KMHKepa. YUToObl AOCTUTHYTb
TaKoro e notpebneHns 3aHeprum nNpu UCNonb30BaHMM TOMSIMBHbLIX OTXOA0B C HM3KOW Karno-
PUNHOCTBIO, TpebyeTcsa nx 6osnbliee KOMYEeCTBO B CPABHEHUN C UCMNOSNb30BaHNEM OObLIYHOMO
TonsnMBea.

B 3aBMCMMOCTM OT KOHLUEHTpauMm BbICOKONETYYMX METANNoB B TOM/IMBHbLIX OTXO4aX
NpWn MX UCMONb30BaHUN MOXET U3MEHATLCA KONMMYECTBO BbIOPOCOB MeTannoB. ATO OOMMKHO
KOHTPOSIMPOBATLCSA U MUHUMN3NPOBATBLCSA NMyTEM NPUMEHEHNSA COOTBETCTBYHOLLMX MEPOMNPUSsI-
TUW.

Mpn ncnonb3oBaHUM CMECK TOMNNUB yAENbHOE NOTPebneHne 3HepPrum Ha ogHy TOHHY
KNUHKEpa M3MEHSIETCA MO pasfiMyHbiM NpUYMHaM, 3aBUCAWMM OT TUna Tonnumea, ero Karo-
PUNHOCTN. AHanNU3 OaHHbIX MOKa3blBaeT, YTO KaNOPUMHOCTbL MCKOMaemoro Tonnuea (yrns)
Haxogutca B npegenax 26—30 MOx/kr, mazyta — 40-42 MIX/Kr, a KanopuMHOCTb NnacTu-
koB konebnetca ot 17 go 40 MDx/kr. CnegyeT OTMETUTb, YTO KarlOpUMHOCTb anbTepHaTUB-

HOro TOMMMBa U3MEHHAETCA B LUMPOKOM WHTepBane, Bnnotb Ao 40 MOx/kr. KanopnnHocTb
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XWBOTHbIX OTXO4OB, UCMOSMb3yeMbIX B LLEMEHTHbIX NeYyax B KayecTBe arbTepHaTUBHOMO TOr-
nuea, HaxoauTca B npegenax 14—-22 MIx/kr.

B cpaBHeHWN C ncnonb3oBaHWeEM OBObIMHOMO TOMMMBA MPUMEHEHWE TOMSIMBHbBIX OTXO-
0B CHWXaeT Npou3BOACTBEHHbIE pacxodbl. Mcrnonbdyemas TennoBas 3Heprns obbI4HO Co-
ctaBngaet 30 % — 40 % o1 cebecTtonmocTn npoayKumum. NloaToMy CTOMMOCTb TOMSMBa SBMSI-
€TCHA 3Ha4YNTESIbHOW YacTbl MPOU3BOACTBEHHbLIX pacxogoB Npu nonyyeHun uemeHta. OTxo-
Abl TONAMBa MOryT OblTb MeHee A0pOorMMn, Yem OOblYHOE TOMNMBO, XOTA CTOMMOCTb Byaet
MEHATLCHA B 3aBUCMMOCTM OT TUNAa OTXOA0B W MECTHbIX yCrioBuin. OAHaKo TONSIMBHbIE OTXOAb!
4acTo NpPoOXoaAT npeABapuTenbHY0 06paboTKy, rOMOreHn3auuio 4O UX MCMNONb30BaHUS Ha
LEeMEHTHbIX 3aBodax, YToO MPUBOAUT K UX yAOpOXaHuto. K TOMy e AOMONMHUTENbHbIN KOH-

TPOJ1b N aHalIM3bl OTXO0O0B TakXKe NoBbILLAKT NX CTOUMMOCTb.
HAT 5

HOT npu ncnonb3oBaHMM OTXOA0B B Ka4ecTBe asfibTEPHATUBHOIO TonsMBa — 3TO MU-
HUMM3AUMNA pUcKa YBENUYEHUS BbIOPOCOB BpeaHbIX BELECTB NyTeM NPUMEHEHUS TexXHU4e-
CKUX peLLeHnn, NpeacTaBneHHbIX B Tabnuue 5.5.

Tabnuua 5.5-HAOT 5

MeToa/obopynoBaHue MpumeHuMocTb

a |Wcnonb3oBaHue COOTBETCTBYHOLMX TOYEK BBOAA | [1ns BHOBb CTPOALLUMXCS U MO-
anbTepHaTUBHOIO TOMMMBA B NeYb C Uerbio obec- |AepHU3npyembIX NpeanpuaTumn
nevyeHns onpegeneHHon TemnepaTtypbl U BpeMeHU
npebbiBaHUSA TONNIMBOCOAEPXKALLMX OTXOO0B B
JaHHOW 30He, B 3aBUCUMOCTU OT UX CBOWUCTB U

KOHCTPYKLMN Meym

6 |MNogava anbTepHATMBHOrO TOMNMBA, coaepkallero |[Ans BHOBb CTPOSILLMXCS U MO-
opraHn4Yeckne KOMMNOHEHTbl, KOTOpble MOTYT yrie- | AepHU3MPYEMbIX NPeanpUsTUiA
Ty4MBaTbCS, A0 30HbI KaNbLMHUPOBAHUS B 30HY C

HeobxoaumMon TemnepaTypon
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MeTopn/o6opynoBaHne

MpumeHuMocCTb

YnpasneHune paboton neyn Takmm obpasom, 4To-

Obl rasbl OT CKUraHWUst TONSIMBOCOAEPXKALLMX OTXO-
[10B HAXOOUNNCb B KOHTPONIMPYEMOM, FOMOreHMN3U-
pOBaHHOM BuAe faxe npu Hanbonee Hebnaronpu-
ATHBIX YCNOBMAX Npu Temnepatypax 6onee 850 °C

He MeHee 2 ¢

[1ns BHOBb cTpodwmnxcd n mo-

AEPHU3MPYEMbIX NPEANPUSTUIA

YBenunyeHne temnepatypbl ra3oB B 30HE Neyu, rae
NPOUCXOOMUT rOPEHNE TONNMBOCOAEPXKALLMX OTXO-
nos, 0o 1100 °C v BbiLLE, €CNN CXUratoTcAa onac-
Hble OTX0Abl C coaepxxaHnem bonee 1 % ranoreH-
coepaLlmx opraHMYecKMx BELLLECTB (BblpaXeH-

Hble B BMAe xropa)

[lns BHOBb CTpOALLMNXCA N MO-

AEPHU3MPYEMbIX NPEANPUSTUIA

Obecne4yeHne NOCTOAHHOM U cTabunbHOM Nogayun

OTXOO0B B lNeYb

[ns Bcex npeanpuaTunin

MpekpalleHne CKNraHnsa OTXOAOB NPU peXume
po3xura n oxnaxageHus (nycka n oCTaHOBKM) Neyu,
korga Heobxogumasi TemnepaTypa 1 Bpemsi npe-
OGbiBaHMS MaTepurana B nevnm He MoryT 6bITb obec-

ne4yeHbl

[lna Bcex npeanpuaTmmn

5.3 CHuXeHue YAernbHOro pacxoaa aHeprmm Ha npoun3BoacTBoO 1T

noptnaHAauemMeHTa

CMaBHbIMW NOTPEOUTENSIMU 3MEKTPUYECKON IHEPrUM SBNSTCA MenbHUUbLI (MOMOn

MOKPbIN U1 CyXOn cnocobbl.

Pacxon anektpoaHeprum o6ycn03neH npMpoaon naMeribMaeMoro martepuana un oco-
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LeMEeHTa M Cblpbsl), BbITSXKHbIE BEHTUMNSATOPbLI U AbIMOCOCHI (NeYu, CbipbeBbIE U LIEMEHTHbIE
MernbHULbI), KOTOpble BCce BMecTe noTpebnstoT 6onee 80 % anektpuyeckon aHeprun. Benu-
YnHa noTpebnsemon anekTpuyeckon aHeprum konebnercs ot 90 go 150 kBT-4/T uemeHTa.

O6bI4HO MOKpbIN cnocob npou3BoAcTBa LieMeHTa ABnsieTcs 6onee 3HeProemMknm, Yem nony-

GeHHOCTAMM npouecca ero namMeribv4eHus. B HEeKOTOpPbIX Cliydadx MWHUMU3aALUA 3Heprono-




TpebrneHust MoxeT GblTb AOCTUIHYTa NPOCTON 3aMEHOWN CTapbIX CbIPbEBbIX MENbHULL HA HO-
Bbl€.

Ncnonb3oBaHne 3neKTpU4eckor SHEPrn MoxeT OblTb MUHMMU3NPOBAHO MyTEM ycTa-
HOBKM CUCTEM YMpaBfieHNsi MOLLHOCTbIO U NMPUMEHEHUSI SHEPreTudeckn 3eKTUBHBLIX TEX-
HOMOTMYECKMX CXEM M3MeNbYeHUs1 1 000pyaOBaHMs, TAKOTO KakK POSIMKOBbLIE MESNbHULbI Bbl-
COKOro AaBreHus Ansi NpeaBapuUTeNnbHOro U3MernbYeHus KNMHKepPa, BEHTUNSTOPOB C nepe-
MEHHOW CKOPOCTbIO BpalLleHWsi, a TaKkkKe B HEKOTOPbIX CIyyasiX NMyTeM 3aMeHbl MoparbHO
yCTapeBLUMX TUMOB MerbHUL, Ha HOBble, bonee aHeproeMkune. NpUMeHeHne yny4LleHHOW cu-
CTEMbl KOHTPOSS U CHWXEeHWe NoAcoca Bo3ayxa Takke MO3BONST ONTMMU3NPOBATL NOTPeO-
NEeHne 3NEeKTPUYECKON aHeprMn. HekoTopble TEXHOMOMN CHUXKEHUSI BbIBPOCOB, ONUCaHHbIE B
nocrnenywLlMxX pasgenax, okasbiBaloT MOMOXUTENbHOE BNUSIHWME HA NOTpebreHne aHepruu,

Hanpumep, oNTUMKU3aLna NpoLecca TEXHONOMMYECKOro KOHTPOSIS.
5.3.1 CucremMbl 3HEPreTUYeCKOro MeHegXKMeHTa

C 1970-x rogoB B pasnuyHbiX rocygapcrtBax 6w paspaboTaHbl HauuoHanbHble
cTaHgapTbl B 0bnactu cuctem aHepretudeckoro meHempxkmeHta (COHM). B 2011 rogy onyo-
NUKOBaH  MexayHapoAdHbln  ctaHgapTt  I1SO 50001:2011 [61], a B 2012rogy —
FOCT P UCO 50001—2012 «Cuctembl aHeEpreTUHeCKoro MeHemxmeHTa. TpeboBaHus u py-
KOBOZCTBO NO NPUMEHEeHNo» [62].

COHM npeactaBnseT cobon YacTb CUCTEMbI MEHEPKMEHTA OpraHu3auum u BrovaeT
Habop (COBOKYNMHOCTb) B3aMMOCBSA3aHHbIX NN B3aMMOLENCTBYIOLLNX INIEMEHTOB, UCMOSb3Y-
eMblIX AN pa3paboTkn U BHEOPEHUA SHEPreTUYECKON MOMUTUKM N SHEPreTUYECKMX Lenen, a
TakKe NpoueccoB 1 npoueayp ANa JOCTUXKEHUS 3TUX Lienen.

B koHTekcTe HOT aHepreTnyecknin MeHegXMeHT npuobpetaeT 0cobyo BaXXHOCTb, Tak
kak COHM nosBonsieT cdopmynmpoBaTb 060CHOBAHHbIE LIEeNN 1 3a4ayun B o6nacTu noBbilwe-
HUSA 3P(PEKTMBHOCTU UCNONb30BaHMSA IHEPrMM Ha nNpeanpuaTnum n obecneuntb ux 4OCTUxe-
HWe (pelueHne) NnyTem peanuaaumm nporpamMmm, OXBaTbiBalOLWMX BCE CTaann NPOU3BOACTBEH-
HOro npouecca — OT MMaHUPOBaHUSA 3aKyrnok 0bopyaoBaHUA 40 OpraHM3aunmn OTrpy3Kn roto-
BOW NPOOyKUNW.

Mpu ncnonb3oBaHmm nHCTpymeHtoB COHM nepBooyepeHOe BHUMaHWE cnenyeTt yae-
NATb TeM 3NleMeHTaM OeATenbHOCTU OopraHusauuu, KoTopble 06ycnosnuBaroT HanbonbLuee
notpebneHne aHeprum B NpoM3BOACTBE uUnu obrnagarT HanbomnbWMM NOTEHUManom MnoBbl-

LUEHMS1 SHepProadeKTMBHOCTN NPON3BOACTBA, PaCLUMPEHUs aHeproobMeHa ¢ ApyrMMu CTo-
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poHaMu (Hanpumep, yTunM3aumMmM Tenna OTXOAALMX rasoB AN OTOMNEHWA, B TOM 4uche,
CTOPOHHUX OOBLEKTOB) N NCNOSNb30BaHMSA IHEPTUN BO30OHOBMASIEMbIX UICTOYHUKOB.

[na onpeneneHna namepsieMbiX pesynbTaToB, OTHOCALLUMXCA K 9HepretTndeckom ad-
PEKTUBHOCTU, UCMOSIb30BAHUIO 3HEPrMM N MOTPEBNEeHU0 SHEPrUU MPUMEHSAETCH TepMUH
«3HepreTu4eckasi pesynbTaTUBHOCTbY.

Mpouecc ynyyweHnsa peanunsyetcs NyTemM MOCTAHOBKM 3HEPreTU4ecKux Lenem un sa-
Aad, BblOeNeHns pecypcoB U pacnpeaeneHnss OTBETCTBEHHOCTU ANs UX OOCTUXKEHUSA U Bbl-
NonHeHus (paspaboTku U peanusaumm nNporpaMmm 3HepreTMYEeCcKoro MeHeXkXMeHTa unu npo-
rpaMMm MoOBbILLEHNA 3HEProadeKTMBHOCTN, KoTopble B Poccuinckon depepaumm 4acrto
Ha3bIBalOT NporpamMmmamMm aHeprocbepexeHns).

C To4kn 3peHuss HOT OCHOBHbIE YMCNEHHbIE NMoKa3aTenn oObl4HO MPeacTaBnAlT Kak
yaenbHoe notpebneHne aHeprum (B pacyeTe He eavHuUy NpOoAyKUUM) — Kak Ha OTAenNbHbIX
ctagusax (Hambonee aHepProeMkmx), Tak U B npouecce npoumsBoacTsa B LenoM. IMEHHO B
pa3MepHOCTN COKpaLLEHNS yaernbHbIX 3aTpaT SHEPrun TONNnBa, napa, dNeKTPo3Heprun 1 ap.
0ObIYHO CTaBATCA LEeNn 1 3aga4vm NOBbILEHMS 3HEProadhPEKTUBHOCTH, BaxkHble Ans obecne-
YyeHus cooTBeTCTBMA NpeanpuaTui HOT.

B cBa3M ¢ Tem, 4YTO ANns NOCTAHOBKM M NPOBEPKN BbINONHEHUs 3agady COHM Heobxo-
Anmo obecneynmTb MOHUTOPUHE U U3MEpeHMe NokasaTenen, CBs3aHHbIX ¢ noTpebneHnem u
MCNONb30BaHMEM 3Heprum, paspaboTka NporpamMm SHEPreTUYeckoro MeHegpKMeHTa npegno-
naraeT 1 COBepLUEHCTBOBaHME NPAKTUKN y4eTa U KOHTPOns, BKNtovas Bbl6op, 06ocHOBaHME U
OpraHu3auuio U3MepeHnin KNt4veBbIX NapamMeTpoB.

OcobeHHOCTU poCCUNCKOro Knumata (B TOM 4uCrie, U pernoHasbHble) onpeaenstoT
AOCTaTOYHO CYLLECTBEHHbIE OTNNYMS B NOTpebneHnn aHeprum, Heobxoanmon ansa nogroTos-
K/ Cbipbsl, MaTepuarnosB, OTOMNMEHNA NPOU3BOACTBEHHbIX NOMELLEHUIN, OT nokasaTenen, xa-
pakTepHbl, HanpuMep, Ans 3anagHOEBPONENCKUX KOMMNAaHUIA, BbiNycKawowWwmx uemeHT. Ho ans
NOCTaHOBKM OOOCHOBaHHbIX Lienen u 3agay B 06nacTn noBblEHNA 3HeprodadeKTUBHOCTH
Npon3BOACTBa HEOHXOAMMO YETKO 3HATb N AOKYMEHTUPOBATbL pacnpeneneHne notpebneHns
9HEpPrMM Ha pasrnyHble HYXabl.

B ob6wem cny4vae B coctaB COHM BXx0OAaT cnefyouime B3anMOCBS3aHHbIE 3NIEMEHTbI:

- 3HepreTU4eckasi NONMTUKa;

- NnaHMpoBaHue (uenu, 3agayun, meponpuaTtus), nporpamma COHM;

- BHeApeHue 1 QYHKLMOHUPOBaHWE, yNpaBreHme onepaunsamu;

- B3aumogenctamne n obmeH nHpopmaumen;
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- MOTUBaUMA NepcoHana;

- noaroTtoBka n obydyeHne nepcoHana;

- BHyTpeHHun aygmut COHM,;

- aHanu3 n oueHka COHM pyKoBOLACTBOM OpraHvM3auunu.

HencrteBeHHocTb COHM obecneunBaetca nytem paspaboTku, BHeOAPeHUs u cobnioge-
HWS OCHOBHbIX Npoueayp, TO €CTb AOKYMEHTUPOBAHHbIX CNOCOB0B OCYLLECTBNEHNSA AENCTBUA
unu npouecca. lNpouenypbl onNpeaensalT NocneaoBaTenlbHOCTbL Onepaumi 1 BaXHble hakTo-
pbl 3TANOB Pa3fMYHbIX BUAOB AEATENbHOCTM U MO CBOEMY HA3HAYEHWMIO aHanNornyHbl nNpole-
AypaMm, UCnosnb3yeMbliM B paMKax CUCTEM MEHEPKMEHTA KayecTBa U CUCTEM 3KOJTOMMYECKOro
MeHepKMeHTa (cM. pasgen «CUCTeMbl 9KONOrMYECKOrO MEHEPKMEHTAY ).

B 10 )Xe Bpemsi ¢ cuctemMammn 3HEpPreTMYecKoro MeHemKMeHTa CBA3aH psia npenmy-
LLIeCTB, B TOM YnCne:

- NOBbILWEHNE 3HEProadEKTUBHOCTM MCMOMNb30BaHUA 3Heprun, obecneyeHne cooT-
BETCTBMS HOPMaTMBHbIM TpeboBaHMAM 1 4OOPOBOSbHBIM 06A3aTENLCTBAM;

- COKpallleHne HeraTMBHOIO BO3AENCTBUSA Ha OKPYXKAMOLLYK cpefy 3a CYET CHWKEHUS
BbIGpOCOB 1 COPOCOB 3arpsi3HAOLLMX BELLECTB U NOTEPb Tensia, 00yCrnoBnNeHHbIX UCMOMNb30-
BaHWEM SHEPIruu;

- NOBbILLIEHNE KOHKYPEHTOCNOCOOHOCTH, B OCOBEHHOCTU, B YCIOBUSAX PACTYLUMX LiEH Ha
SHEPIUIo;

- BOMOSTHUTENbHbIE BO3MOXHOCTW CHWXKEHMS SKCMITyaTaUMOHHbIX 3aTpaT U NOBbILLEHUS
KayecTBa NpOoAyKLMM;

- NOBbILLIEHNE YPOBHA LOBEPUS PErynmpylowWmnx OpraHoB K NpeanpusaTmio, YTO MOXET
NPUBECTU K CHUXXEHUIO Harpy3Kku, CBA3aHHOW C rocyAapCTBEHHbIM KOHTPOMNEM;

- yNy4lLeHne MOTMBaLUN NepcoHana;

- NOBbILIEHME NPUBNEKATENbHOCTM KOMMAaHMM ANs1 COTPYOHUKOB, NoTpebuTtenen u nH-

BECTOpPOB.

B cBA3n ¢ Tem, 4TO BO34ENCTBME MPeanpUsaTUA NO NMPOU3BOACTBY LlEeMEHTa B 3HaYu-
TEenbHOWM cTeneHn obyCrnoBNeHO MMEHHO BbICOKOW 3HEPrOEMKOCTbH TEXHOSIOrMYECKMX Mpo-
LLeCCOoB, CUCTEMbI QHEPTrETUYECKOrO MEHEeXKMEHTA CreayeT cuMTaTbh Kak MHCTPYMEHTaMu no-
BbILLEHWST AHEPrOddPPEKTUBHOCTU, TaK U MHCTPYMEHTAMUN COKPaLLEHUS HEraTUBHOIO BO3A4eN-
ctBus Ha OC [60].
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HAT 6

HOT ana cHWXeHUs yaenbHOro pacxoda aHepruv Ha npou3BoacTBo 1 T nopThnaHaue-

NeHHbIX B Tabnuue 5.6.

Tabnuua 5.6 — HOT 6

MeHTa ABNndAeTCA NpuMmeHeHne oTaeribHO Ui COBMEeCTHO TeXHU4YeCKMNX peLueHMVI, npeancrtas-

MeTopn/o6opynoBaHne

MpumeHuMocCTb

PaspaboTka, BHegpeHue 1 UCronb3oBaHNe Ha
NpeanpUATUN CUCTEMbI SHEPreTUYECKOro Me-

HeIKMeHTa

[ns Bcex npeanpusatTni

Mcnonb3oBaHMe NOMOSbLHOIO 1 gpyroro o6opyao-
BaHWS C BbICOKOW aHepreTnveckon acppekTnBHo-

CTblO.

[1ns BHOBb CTpOALLMXCA N MO-

AEPHU3MPYEMbIX NPEANPUSTUIA

Mcnonb3oBaHne BbICOKO3IGMEKTUBHBIX TEXHOSO-
MMYECKMUX CXEM U3MESbYEHUS, ONTUMU3NPOBAHHbBIX

Ona namesibMeHnA KOHKPEeTHbIX BUAOB MaTepuasroB

[1ns BHOBb CTpOALLMXCA N MO-

AEPHU3MPYEMbIX NPEANPUSTUIA

MpumeHeHne BbICOKOIGMEKTUBHBIX MHTEHCUGIU-

[lna Bcex npeanpusaTmmn

KaTOpPOB MpoLiecca M3MernbYeHnss matepuanos

TexHonornyeckme nokasatenu, nonydaemble npu peanusauuv HOT, npuBedeHsbl

Tabnuue 5.7.

Tabnuuya 5.7 — TexHonorndeckne nokasatenu ansa HOT 6

o E,EI,I/IHI/ILl,a n3MepeHuna 3HayeHue
TexHonornyecknin nokasartenb
YpenbHbI pacxoq SHeprum Ha npous3soacTteo 171
nopTtraHguemMeHTa:
kBT-4yac/T uemeHTa
- ANs 3aBOAOB Cyxoro crnocoba Npon3BOACTBA; 110-140
- ANS 3aBOAOB MOKporo crnocoba npov3BoacTBa 100-135
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HAT 7

HOT — a10 paspaboTka, peanu3auus, nogaepxmsaHme B paboyeM COCTOSIHUM W MNo-
CTOSIHHOE BbINOSIHEHME OnNpeneneHHbIX TpeboBaHUM CUCTEMbI SHEPreTUYECKOro MEHEeK-
mMeHTa (COHM), kOoTOpble BKMAOYAKOT BCE HMXKEMEPEYNCIIEHHBIE ANTIEMEHTHI:

- 9HepreTnyeckas NosiTuKa;

- NNaHMpoBaHue (uenu, 3agayu, meponpuaTtus), nporpamma COHM,;

- BHeapeHue 1 OyHKLMOHMPOBaHWE, ynpaBneHme onepaumsmu;

- B3aumogencrteme n obmeH nHgpopmaumen;

- MOTMBaUMA NepcoHana;

- NoAroToBka u obydyeHne nepcoHana;

- BHYTpeHHun ayant CIHM,;

- aHanu3 n oueHka COHM pyKkoBOACTBOM OpraHM3aunu.

COHM npumMeHnMa Ans Bcex NpeanpusiTuii No Npou3BOACTBY LiEMeHTa.

5.4 CHMXeHue BbIOPOCOB BpeaHbIX BelecTB Npu NPpousBoaAcTBe

LeMeHTa

B uenax eguHoobpasna n cooTBETCTBUS €BPONENCKUM LaHHbIM BCE AaHHble MO Bbl-
Bpocam 3arpAsHALWNX BeLeCcTB NpuBeaeHbl K CTaH4APTHBIM YCIIOBUSM, T. €. CYXOMY ra3o-
BOMY NoTOKy npu TemnepaTtype 273 K n gasnenuun 1013 Na npu cogepxaHum kucrnopoga O,
10 06.%. Ecnu dakTnyeckoe cogepxaHue Kucnopoga B ra3oBoM noTtoke otnmyaeTcs oT 10

006.%, TO NnepecyeT KOHLUEHTpauun BbiIGpOCOB B CTaHAAPTHOE COCTOSIHNE OCYLLECTBNSETCS Mo
dopmyne:

11

CCTaH,q = 21_—%0_ * Cuams

rae Cusw U Cerang — KOHLIEHTPaLMS BbIOPOCOB 3arpsi3HSIIOLLNX BELLECTB, M3MEepPEeHHast B NOTO-
Ke W NpU CTaHAapPTHOM COCTOSIHUM COOTBETCTBEHHO, MI/HM®;
Ogaxr — hbakTnyeckas KOHUEHTpaumst KUCropoaa B NOTOKE B MOMEHT U3MEPEHUS,
06. %.
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5.4.1 CHMXXeHue BbIOPOCOB NbINu
5.4.1.1 CHMXXeHue BbIOPOCOB NbiNiM U3 OpraHN3oBaHHbIX UCTOYHUKOB

Ha ueMeHTHOM 3aBoAe UMEITCHA pasfnnyYHble UCTOYHMKM OPraHM3oBaHHbIX BbIGpOCOB
NbINN: NEeYn, KIMNMHKEPHbIE XONOAUINBbHUKA N MefNbHULbI ANS NOMOSa CbipbEBbLIX MaTEPMarnos,
LeMeHTa M yrns, a Takke BcnomoraTenbHoe obopygosaHme. OCHOBHasi YacTb Nbin Bblbpa-
CblBaeTca B aTMocdepy M3 Bpallalowmxca nevyen ang obxura nopTnaHgUEMEHTHOrO KIuH-
kepa. OgHako mMeTodbl M MPUHLMMbLI CHUXEHUS BbIOPOCOB MbiNM M3 BpALLAIOLLNXCA Ne4ven
NPUMEHUMbI U AN APYIMX UCTOYHUKOB OpraHn30BaHHbIX BbIOPOCOB MNbISN.

OcHoBHas 4YacTb BbIGpOCOB NbifiM (B TOM YMCNE C pa3MepPOM 4acTul, MeHee 2,5 MKM)
MOXET OblTb CHWXXEHa 3a CYET YMEHbLUEHNS ObLen BENMYMHbI NbiNeBblgeneHuns, gocTmrae-
MOM MNyTEM UCMNONb30BaHNA 3(PPEKTUBHOM cUCTEMbl MblfieynaBnueaHus. B npownom wuc-
NnoNb3oBanucb pasnuyHble obecnbinuBatolmne yctponcTea, a ¢ 2007 roga rnaBHbiMK obec-
NbINNBAOLWMMN YCTAHOBKAMWN CTann pykaBHble OUNbTPbI, ANEKTPOUNbLTPLI NN NX coYeTa-
HMe — Tak Ha3blBaemble rmMopnaHbie PUnbLTPLI.

AneKkTpopunbTPbI reHEPUPYIOT MNOCTOSIHHOE 3fIEKTPUYECKOE MOSie MexXay ABYMS Tu-
namu 3MEeKTPOAOB: OTpMUATENbHO 3aPSPKEHHBIM KOPOHUPYHOLLMM U NOJTOXUTENbHO 3apsiKeH-
HbIM ocaauTenbHbIM. bnarogapsi BbICOKOM HaMpPsSXXEHHOCTWU 3MEKTPMYECcKOro nomnsa B6nmam
KOPOHUpYIOLLLEro anekTpoda obpasyrTca oTpuuaTesibHO 3apsKeHHble WOHbI, KoTopble ag-
copbupytoTcsa YacTMuamn Nbinuv, ABUXKYLLMMUCSA B BO34YLIHOM NOTOKE. YacTuubl CTaHOBATCS
oTpuUATENbHO 3aPSPKEHHBIMU N MUTPUPYIOT K MONOXUTENBHO 3apsiKEHHbIM OcaauTenbHbIM
anekTpoaam, Ha kotopble u ocegatoT. OcaguTenbHble 3MEKTPOAbl 3a CYET NEPUOONYECKOTO
BCTPSAXMBaAHMSA UM BUOpaumii BbICBODOXAAOT OCEBLUYIO HAa HUX Mblfb, KOTOpPasi NagaeT BHUS,
B OGyHKep-konnekTop. LiMKknbl BCTPAXMBAHUSA 3MEKTPOLAOB ONTUMMU3MPYHOTCA, YTOObI MUHUMU-
31MpoBaTb YHOC Mbifin U TEM CaMbiM AOBECTU A0 MUHMMYMAa MbiEBLIHOC. ONEKTPOUNLTPLI
XapaKTepu3yTcs CNocoBHOCTLIO paboTaTb Npu BbICOKOW Temnepatype (BnioTb Ao 400 °C)
N BbICOKOW BNaxHOCTu obecnbinmBaembix ra3oB. KauyectBo paboTbl anekTpounbTpoB 3aBu-
CUT OT pasnuUyHbIX 3KCMNyaTauMOHHbIX NapaMeTpPOoB, TakUX KaK BIIAXXHOCTb M XMMUYECKUI CO-
CTaB rasa v 4yactul, NbifiK, CKOPOCTb ra30BOro NOTOKa, pacnpegerieHne YyacTul no pasmepam,
3M1IeKTPUYECKOE COMPOTUBIIEHNE YacTUL, HavarnbHasl 3anblfIEHHOCTb M TemnepaTypa rasa,
HaNPs»KeHHOCTb 3NEKTPMUYECKOro nons, niowanb U dopma 3MeKTpoaoB, coaepaHme Bnaru

B ocagaemow nbinv n T. 4.
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PaboTa anektpodunbTpa MoXeT ObiTb yXyAleHa npu obpa3oBaHMM HapOCTOB Marte-
puana Ha anekTpogax W, Kak cnefcTtBue, 3a CHET CHUXKEHUS HaNPAXKEHHOCTU 9NeKTPUYeCKoro
nonga. 3T0 MOXeT CNYYUTbCA NPU HannymMm B nevn BoMbLIOro KoNuM4ecTsa XnopuaoB U Cyrb-
daToB, 0b6pasyroNX CO LWENOYHbIMU MeTannamMmm cybMUKPOCKONUYECKME YacTuubl Mbln
(0,1-1 MKM), MMeloLLMe BbICOKOe yaernbHoe compoTtusreHne (102-10% Om/cm), koTopble
ocefaloT Ha anekTpoadax, CHUXasi afIeKTPOnNpPOBOAHOCTL ra3a U 3aTpyAHASA yaaneHue nbisu.

Mpobnembl BLICOKOrO COMPOTMBIIEHMS MOMYT ObiTb YaCTUYHO peLleHbl 3a CHET BpbiC-
KMBaHWSA BOAbI B BaLLHIO 418 KOHANLNOHUPOBAHUS ObIMOBbLIX ra3oB.

OnekTpopunbTpbl 60NbLLLOrO pasmepa COBMECTHO C CUCTEMOW KOHOULMOHMPOBAHUSA
(yBnaxkHeHus1) obecnbinnMBaemMblX rasoB nNpuv ONTMMM3aUMM pexmma paboTbl MOryT CHU3UTb
cpegHeMecs4Hoe nbinesblgenenve oo 5-15 MI/HMS, MpoekTHasa adhdheKkTUBHOCTL 0BecnbINn-
BaHWSA B Takmx anektpodunbTpax — Bbiwe 99,99 %, nosTomy BbIOPOCHI MNbIIM UMEKT He-
BONbLUYIO BENMYMHY, BCETO HECKOMbKO Mr/HMS. OnekTpodunbTpbl BecbMa addeKTUBHbLI ANs
ynaBnMBaHus ynbTpa Menkmx Yyactuy (< 0,5 Mkm), CnocobBHbIX arnomMeprpoBaThbCs.

OnekTpouNbTPbl ABASAIOTCA MOLWHBIM 1 9ddEeKTUBHLIM 0B6opyaoBaHNEM, pacrpo-
CTPaHEHHbIM B TEXHOMNOrM4yeckomM npouecce. CyLiecTByroLmne anNekTpopunbTpbl YacTo MoryT
ObITb yCcoBEpLUEHCTBOBAHbLI 6€3 MONMHOM 3aMeEHbI, YTO CHWXaeT CTOMMOCTb paboT no moaep-
Hu3aumm. MogepHusaumst cTapbiX 3NeKTPoUbTPOB MOXET KacaTbCsl MOHTaxa bonee co-
BPEMEHHbIX 3NIEKTPOAOB MM aBTOMATUYECKOro KOHTPOMSA HanpsikeHUs1 Ha CTapblX YCTaHOB-
kax. MoxHO Takke yny4ylnTb NPOXOXKAEeHWE ra3a Yyepes anekTpodunbTp UNn yCTaHoBUTb [0-
NONHUTENbHbIE CEKUMN PUnNbTpaLnn.

[MoTpebrneHne aneKkTpUYEeCcKON 3HEPTUU 3NEKTPOPUNBTPOB pacTeT 3KCMOHEHLMansHO
CO CHWXXEHUEM coaepXaHnd Nbiiv B odnleHHoM rase. OntumarnbsHasa paboTa anekrpodunb-
Tpa 3aBMCUT OT TemnepaTtypbl U BRaXHOCTU obecnbinmBaemMoro rasa. [NpoaomkuTenbHOCTb
paboTbl ANeKTPOUNbTPa MOXET JOCTUIaTb HECKONBbKO AeCATUNETU Npu obecnevyeHmmn Bcex
pekoMeHayeMbIX yCnoBun obcnyxmBaHmst 1 pemoHTa. HekoTtopble Yactn (MONOTKKU, NOALUMM-
HWKN) HEOBXOANUMO perynsapHO MEHATb MOCIe HECKOSTbKMX NeT JKCnsyatauumn Kak yactb ne-
proan4eckoro o6CnyxMBaHUsa U peMoHTa.

OneKkTpohmnbTpbl BCEACTBME UX BbICOKOM 3O(PEKTUBHOCTUN, HU3KOTrO rMAapaBinyecko-
ro COMNPOTMBNEHMUS, BbICOKOM paboTOCNOCOOHOCTM N aHepreTndeckon 3ddEKTUBHOCTU CTa-
HOBATCS Hanbonee ycnewHbIMU YyCTaHOBKaMN AN15 yNaBnuMBaHUS MNbifiM U3 OTXOAALLNX ra3oB

BpaLLaoLLMXCA MNevYern U KIMHKEPHOTO XONoAUNbHUKA. JnekTpodunbTpbl MOryT ObiTb UC-
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MONb30BaHbl MOYTM B KaXOOW LIEMEHTHOW neuvv Ans yganeHus Nbinv U3 OTXOAdALMX ra3os,
ra3oB M3 cucTembl Hannaca n Bo3gyxa M3 KONTIOCHMKOBOIO XONOAUITbHUKA.

PykaBHble punbTpbl ABNAIOTCA 30GEKTUBHBLIM Nblfieynasnmeatowmm obopyaoBaHu-
eM. OcHoBHOM NpuHUMN paboTbl pyKaBHbIX PUNLTPOB 3akmno4aeTcs B MCMOMb30BaHUN Ma-
TepyaTonn MeMbpaHbl, KOTopas MpPOnyckaeT ra3, HO 3afepXuBaeT Nbifb. Pasnuuve B KOH-
CTPYKUUKN TakmxX puIibTPOB COCTOUT B TOM, YTO YacCTb PUIbTPYIOLNX SNIEMEHTOB COCTOUT U3
UUNMHOPUYECKNX (PUNBbTPOBANbHbIX MELIKOB (BepTuKanbHasi nogsecka), a 4acTb — Wu3
UnbTpOBanbHbIX NakeToB, KOTOpble 0ObIMHO YCTaHABNMBAKOTCHA rOPU3OHTasnbHO. NepBoHa-
YanbHO MNblflb OTKNAAbIBAETCH YaCTUYHO Ha NOBEPXHOCTM BOSIOKOH U MPOHUKAET Ha BCHO rMny-
OMHY TKaHW, HO KaK TOSIbKO MOBEPXHOCTHLIN CMOW TKaHU MOSTHOCTBLIO MOKPOETCS MNblfbio, OHa
cama CTaHOBUTCSA OOMWUHUPYHOLWEN punbTpoBanbHOM cpefon. Beixoasiuime rasbl MOryT npo-
XOOUTb He TOSMbKO U3 BHYTPEHHEN YacTu ounbTpOBaribHOro pykaBa Hapyxy, HO U B MPOTMBO-
MOMOXHOM HanpasneHun. [1oCKoNbKy CMNon MNbiny yTOMWaeTCHa, CONPOTUBIIEHME MNPOXOoXae-
HWIO rasa nosblwaeTtcd. Mo3aToMy HeobxoauMbl nepuoanveckas YMcTka (punbTpoBanbHOM
cpeabl U KOHTPOIb M’MAPaBNNYECKOro CONPOTUBNEHUSA PUNbTPa.

O6bIYHBIM CNOCOBOM YUCTKM ABNSETCA nepuoandeckass UMNynbcHas nogada ovuLLeH-
HOro rasa Mnu cXxaToro Bo3gyxa B HanpasneHun, obpaTtHoOM 06bIMHOMY MOTOKY rasa, MexaHu-
YeCKUn yaap unu BCTpsixvBaHue un Bubpaums. PykaBHble (oMnbTpbl UMEKT MHOTO CEKLMK, KO-
TOpble MOXHO WMHOMBMAYANbHO M30SIMPOBaThb B Clyyae BbIXxo4a U3 CTPOS pykaBa; COOTBET-
CTBEHHO dunbTpaumsa OygeT ycnelwwHown, obecnedmBarollen agekBaTHOe MNOBEAEHUE yCTa-
HOBKW B LeNIOM, eCnu gaxe cekuusa dygeT uenukom BbiBegeHa M3 akcnnyaTtauuun. [na aToro
AOSMKeH cpaboTaTb «AeTeKkTop paspblBa pykaBa», KOTOPbIN HAXOAUTCS B KaXKOOW CEKUUU U
KOTOpbIN yKa3bliBaeT HAa HEODXO4MMOCTb 3aMeHbI MeLLKa, eCrnn crnyyYunachb Henonazaka.

dunbTpoBanbHble pykaBa M3roTaBMBalOT M3 TKAHOMO U HETKAHOro Matepuana. Beico-
kast TemnepaTtypa (150 °C — 300 °C) obecnbinnBaemblx ra3oB TpebyeT NpMMeHeHns cnewm-
anbHbIX MaTepuanoB. COBpEMEHHbIE CUHTETUYECKME TKaHW MOTyT BblOepXuBaTb Temnepa-
Typy Ao 280 °C.

[MoBegeHne pykaBHbIX (PUIBLTPOB 3aBUCUT OT PasfUYHbIX NapameTpoB, TakuX, Kak
COBMECTUMOCTb (PUIbTPYIOLLErO MaTtepuana ¢ xapakrepuctukamm obecnbinmBaemoro rasa u
NblNK, COOTBETCTBYIOLLEE TEPMUYECKOE, (P13NYECKoe N XMMUYECKOE COMNPOTUBIIEHME NPOTUB
BO34ENCTBUS MTMAPONN3a, OKUCHEHNA U TeMnepaTypbl npouecca. BaxHbiMn xapaktepuctmka-
MU unbTpa ABNATCA pasmep PUnbTPYoLWen NOBEPXHOCTU, 3PPEKTUBHOCTL pasaeneHns

N conpoTuereHne unbTpaumm (Tak HasbiBaemoe «anddepeHunansHoe aaBneHvne ounb-
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Tpa»). lNocnegHas BenuuMHa 3aBUCUT OT CBOWCTB (PUNbTPOBANbHOrO Martepuarna v Mbifu.
OCHOBHbIM NapaMeTpoM 115 NPOEKTUPOBaHMA UnbTpa ABMASETCSA NPONyCKHast CNoCOBHOCTb
(06bem obecnbinBaemoro rasa). Noatomy knaccudukaumsi pykaBHbIX (onnbTpPOB OCYyLLECTB-
nseTcs B 3aBUCUMOCTW OT TUMa, KONUM4ecTBa PyKaBoOB M CBOWCTB Mblfv M rasa.

Cpok cnyxbbl, NOTPeOHOCTN B 3HEPTMM U B OBCAY>XMBAHMUM PYKaABHbIX (PUNbTPOB 3aBU-
CAT OT TENSIOBbIX U MeXaHU4YeCcKnx Harpy3ok. CKOpOCTb MPOXOXAEHUA rasa, TOsLWwmMHa OTIo-
XEHUI MbINK, NOPUCTOCTb M LMKIbI OYUCTKU BAUSAIOT Ha 3(PEEKTUBHOCTDb yAaneHus Nbinw.
YnyJyweHune paboTbl unbTpa (B YaCTHOCTU, CHWXKEHWE ero rmapaBfindeckoro conpoTusne-
HWS) BeOeTCs B HanpasrieHun BbICTPOro onpeaeneHnsa noTeHunansHoOM yTeyvkn nbinm ¢ no-
CTOSIHHbIM KOHTPOJSIEM C MOMOLLbLIO AETEKTOpa, YNy4lleHUss CUCTEMbI NblrieyaaneHns, noBbl-
LWEHNA cpoKa aKkchnyaTaunm U CHUXKEHUA CTOMMOCTWU. LIMKNbl OYUCTKM M MEeToAbl OYUCTKM
GUNbTPYOLWNX MaTepmnanoB OKasbiBaloT BNUSHNE Ha 3 ekTMBHOCTL paboThbl punbTpa. Uc-
NbITaHWSA NoKasanu, YTo NPy UCMNOMb30BaHUM BO3AYLUHOW NynbCaunm HU3KOro AaBreHus ad-
(PEeKTUBHOCTb MOBbLILIAETCS, B TO XK€ BPeEMSA MUHUMU3MPYeTCs noTpebrieHne aHeprmm n CHm-
XaeTcs ypoBeHb Wyma. Takaa cunbTpylowas cuctema MoxeT 6bITb MCnofib3oBaHa Ans
obecnbinMBaHNA OTXOOALUMX ra30oB U3 BpaLLalLLMXCa neven, a Takke obecnblinMBaHus Lie-
noyHon nbinun Gannaca, Bo3ayxa KIMHKEPHOrO XONOAMMbHUKA, MESbHUL, U KnaccurkaTopos.

O6beguHeHne pykaBHbIX PUMBTPOB C LUUKIIOHAMU NPUMEHMMO OS5 KIMHKEPHOro Xo-
noguneHuKa. B uuknoHe YyacTuubl NbiNv BbIAENATCA OT ra3oBOro NOTOKa U OcaXaakTcs noa
AENCTBMEM LIEHTPOBEXHbIX CUM Ha CTEHax LMKMOHA, a 3aTeM yaansiTca Yyepes oTBepcTue
CO LUMO30BbIM 3aTBOPOM Ha AHe UMKNoHa. LieHTpobexHble cunbl NposBRAOTCA Henocpea-
CTBEHHO B ra30BOM MOTOKE, BXOASLWEM MO KacaTenbHOM B LUNMHAPUYECKUIA KOPMYC LMKIOHA,
UM 3a cHeT BpalleHnsa paboyero BEHTUNATOPA, HAXOAALLErocs B YCTAaHOBKE (MeXaHU4eCcKni
LEeHTPOBEXHbIV NbineocaguTernb). B LeMEeHTHON NPOMBbILLNIEHHOCTU LUUKIMOHbI 06beanHATCA
C BO3AYLWHbIM TENIOOOMEHHUKOM OS5 CHUXKEHUA TemnepaTypbl U pykaBHbIM UNbLTPOM (MNbl-
neynaenueatoLlas kKamepa ¢ pykaBHbIM OUAbTPOM) A5 yaaneHnsa Nbinn U3 OTXOASWMX ra-
30B X0SfioAunbHUKA. LIMKIOH MOXET CHMU3UTb KOHUEeHTpauuio nbinn 4o 70 % OT MCXOOHOWN.
B coyeTaHun ¢ BO3AyLIHbIM TENSIO0OOMEHHUKOM U MNblfieynaBnvMBatoLLEN KaMePOW C PyKaBHbIM
PUNbLTPOM AOCTUraeTCsa BbicOKas ovncTka (4o 99,99 %) Npy HU3KOM KOHUEHTpauun Nbinn B
BblGpocax, paBHOW 5—7 Mr/HMS.

UTobbl ONTUMM3MPOBATL JKCMNSTyaTaUNOHHY0 CTOMMOCTb PyKaBHbIX (OUIbTPOB, Ha Le-
MEHTHbIX 3aBOAax yCTaHaBNUBaKlT OMNTUMAarbHOE [aBrieHWe B CUCTEME MyNbCUPYIOLLErO

CTPYWHOro nbineyaaneHus. Harpyska Ha counbTp, anddepeHunansHoe gaBneHne Ha ounb-

219



TPYIOLLYIO NMOBEPXHOCTb U CUCTEMA OYUCTKM ra3oB SABMSAOTCA TPeMs rnaBHbIMU hakTopamu,
OKa3blBalOLWUMN BIIUSIHUE HA CHWXXEHWE CTOMMOCTU PYKaBHbIX (OUNbTPOB. AT (haKkTopbl Te-
CTO CBSAA3aHbl, MO3TOMY Af15 ONTUMMU3ALUN CTOUMOCTU HEOBXOOMMO OOCTUXKEHNE MakcuMarnb-
HO BO3MOXHbIX OTHOLLEHUI BO3ayx/obwmBka omnbTpa, HAaMMEHbBLUNX 3HAYEHU auddepeH-
UnanbHoro AaeneHust 1 bonee HU3KUX AaBrieHnn Bo3gyxa a5 O4YUCTKW.

MMbpuaHblie PUNbTPLI NpeacTaBnNAlT cobor 06beanHEHNE INEKTPOPUNBLTPOB U py-
KaBHbIX (PUNbTPOB B OAHO U TO Xe YCTPONCTBO. OHM B OCHOBHOM SBIISAKOTCA pe3yribTaToM
MOLEPHM3aLMN CYLLECTBYIOLLMX 3NEKTPOUNbTPOB M NO3BOMSAIOT NMOBTOPHO WMCNOSb30BaTb

YyacTb CTaporo obopyagoBaHus.
HAT 8

HOT — 9T0 CHWXeHue BbIOPOCOB MbIfIM U3 OPraHN30BaHHbLIX UCTOYHUKOB NyTeM npu-
MEHEHUNSA TEXHNYECKMX PELLEHUIN, NpeacTaBleHHbIX B Tabnuue 5.8.
Tabnuua 5.8 —HOT 8

MeTopn/o6opynoBaHune MNpuMeHnMocCTb

a anMeHeHllle coBpeMeHHbIX SJ'IeKTpOC*)I/IJ'IprOB ﬂ,ﬂﬂ BHOBb CTPOALNXCA N MO-
NI PyKaBHbIX C*)I/IJ'IprOB, onTUMUN3NPOBAHHbIX ONA | AePHU3NPYEMbIX I'Ipe,D,I'IpI/IFITI/IIZ

O4YNCTKMN KOHKPETHOIo B1aa ra3oB

6 |lMpumeHeHne rmbpuaHbix punbLTPOB [N BHOBb CTPOALLMNXCSA U MO-

AEPHU3MPYEMbIX NPEANPUSTUIA

B |lMpuMMeHeHue cncTemMbl ynpaBneHnsi PEMOHTOM, [ns Bcex npeanpuaTuii
cneumnanbHO HanpaBrieHHOW Ha HabnoaeHWe 3a

COCTOAHNEM PUNBbTPOB

TexHonornyeckue nokasatenu, nornydaemble npu peanusauum HOT, npuBedeHbl B

Tabnuue 5.9.

Tabnuuya 5.9 — TexHonorndeckmne nokasatenu ansa HOT 8

5 EavHuua ns-
TexHOonornyecknii nokasaTenb 3HaueHne
MepeHus
BbI6pochl Nbinv 13 BpallatoLenca neyu (He-
opraHuyeckas nbifib ¢ cogepxanuem SiO, go Mr/HM®
20 %, kog 3B 2909):

220



EanHnuya ns-

TexHonornvecknin nokasaTernb 3HayeHune
MepeHus
- AN NPOEKTUPYEMbIX TEXHONOTNYECKUX NN~ He 6onee 25
HUN
- TEXHOMOTMYECKME NIVHUW, BBEAEHHbIE B He 6onee 50 Y23

akcnnyartauuto nocne 2008 roga
- TEXHONOINYeCcKne nMMHUN, BBEAEHHbIE B He 6onee 500 23
akcnnyatauuto go 2008 roga ¢ MmogepHU3un-
pOBaHHbIMK PUNbTPaAMMU

- TEXHOMNOINYeCcKmne nMMHUN, BBeAEHHbIE B He 6onee 1000 :2:3)

akcnnyatauuto go 2008 roga

Y Kak cpegHee apudmeTiieckoe 3a BpeMsi IPOBEAEeHs 3aMEPOB.
2 3amepbl OCYLLECTBIAIOTCS NEPUOANYECKN COMNACHO rpad Ky NPON3BOACTBEHHOMO KOHTPOMS HA OCHOBAHUN HOPM, YCTAHOBIEHHBIX
B HOPMAaTUBHbIX JOKYMEHTax.

9 Mpu ogHOBpPEMEHHON MUHUMU3ALMN Bbl6pOCOB 13 Opyrnx opraHM3oBaHHbIX NICTOYHUKOB.

5.4.1.2 CHnXeHue Bbl6pOCOB nbiyin N3 HeopraHNM3oBaHHbIX NICTOYHUKOB

NcToyHnkamu obpa3oBaHUS HEOPraHU30BaHHLIX MbINEBLIX BbIOPOCOB SABMAKTCS NPO-
LiecCbl CKNnaaMpoBaHusl U nepepaboTkn CbipbeBbIX MaTepuanos, TONNMBA U KNNUHKepa, a Tak-
Xe nobble TpaHCMopTHbIE CpeacTBa, MCMNOMb3yeMble Ha TeppuUTOpUN Npou3BoacTBa. Kowm-
NnakTHoe pacnonoXxeHne ob6beKTOB ABMSETCS HaMbonee NPoCTbIM CNOCOO0M CHUXEHUSI Heop-
raHM30BaHHbIX BbIOPOCOB NbiNK. PerynspHoe u TwartenbHoe obCcnyXuBaHne ycTaHOBOK BCe-
roa npUBOAUT K KOCBEHHOMY CHUXXEHMIO HEOPraHW3oBaHHbLIX BbIOPOCOB MbiM Gnarogaps
YMEHbLLEHN0 MoAcoca Bo3dyxa MnvM npegoTBpalleHunto HerepMeTUYHOCTU YCTaHOBOK. Mc-
Nonb30BaHNE aBTOMAaTUYECKMX NPUOOPOB U CUCTEMbI KOHTPONS Takke CrocobCTBYET CHUXKe-
HUIO BbIOPOCOB MbINEBUOHbIX YAaCTUL, PAaBHO Kak M MNOCTOsIHHas Ge3oTkasHas HagexHasi pa-
6oTa yCTaHOBOK.

YT0o0bl CHU3NTbL BbIOPOCHI ANUCMNEPCHOM MbifiM HA OTKPbLITOM cknaae, rae pasmMeLleHbl
CbipbeBble MaTepuanbl UMK TONNWBO, WTabenu u nrowankyn HaBanbHOIrO XpaHeHUs MoryT
ObITb 3aKPbITbl UMW YKPbITbI C MOMOLLLI Pa3NUYHbIX NEepPeropoaoK, MOKPbITUIA, pa3aeneHbi
CTEHaMW UNn orpagamu, COCTOALLMMN N3 BEPTUKAIbHBLIX 3€JIEHbIX PACTEHUIN (MCKYCCTBEHHbIE

nnn ecteCTtBeHHbIE 6apbepb| Ona npegorspalleHnd BO34enNCTBUA BeTpa).
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HAT 9

HOT — 9TO CHWXeHne BbIGPOCOB MNbINN U3 HEOPraHM30BaHHbIX WCTOYHWUKOB MyTEM
NPUMEHEHNA TEXHUYECKMX PELLEHNI, NPpeACTaBnNeHHbIX B Tabnuue 5.10.
Tabnuua 5.10 — HOT 9

MeTtoa/obopynoBaHue MpumeHuMocTb

a | YKpblTMe/kancynmpoBaHue onepauum, cBa3aHHbIX | [1ns Bcex npeanpusatui

C nblfieHneM

9] Mcnonb3oBaHue 3aKpPbITbIX KOHBeﬂepOB n anesa- ﬂ,ﬂﬂ BCeX I'Ipe,D,I'IpI/IFITI/II7I

TOpOB

B YMeHbLLeHne MeCT noacoca BO3AyxXa unu npocobl- ﬂ,]’lﬂ BCeX I'Ipe,D,I'IpI/IFITI/II7I

naHn4a Martepuarna, repmeTmn3ayna yCtaHOBOK

r |Mcnonb3oBaHne rmbKux LINaHroB 1 pyKaBoB, [lna Bcex npeanpuaTmmn
CHabXeHHbIX CUCTEMOW YNaBnMBaHUS Nbinn, Npu

norpy3ke uemMeHTa B LEMEHTOBO3

A |lMpoTuBoBeTpoBas 3awmra [lna Bcex npeanpuaTmmn

e |BogHoe onpbicknBaHue n xumunyeckune BellecTsa, |[na Bcex npegnpusaTnn

nogasndrowme nolfieHne

X |lMokpbITWE, MbITbE AOPOT U UX yOopKka [ns Bcex npeanpuatTni

3 | YBnaxHeHue wrabenen [lna Bcex npeanpusaTumn

B pesynbtate peanusauun HOT gocturaetca MMHUMUM3aunsa BbIGPOCOB Mblfiv U3 Heop-

raHN30BaHHbIX UCTOYHUKOB.
5.4.2 CHnxxeHune BbIOpocoB okcuaoB asota NOy

Onsa cHwkeHns BbIopocoB NOy NPUMEHSIIOTCSA Kak NEePBUYHbIE TEXHUYECKME PELLEHMS,
WHTErpUPOBaHHbIX B TEXHOMOMMYECKUI NPOLIECC, TaK U cneuuanbHble TEXHOMOMMN Unn ux co-
yeTaHune C NepBUYHbIMU TEXHUYECKUMU peLleHUsAMU. K nepBUYHBIM TEXHUYECKUM PELLEHUAM
OTHOCSTCS:

- onTUMM3auusa npouecca obxura;

- oxXnaxaeHue nnameHu;

- UCNONb30BaHMe ropernkun ¢ HU3kum BbiaeneHnem NOy;

- NocTagunHoe CxXuraHue TOMNNuBa, CXXUraHue TOMNMBa B CpeaHen YacTu neyn B coye-

TaHuK ¢ AekapboHN3aToOpPOM M UCMONb30BaHNMEM ONTUMArbHOW TOMMUMBHOW CMECH;
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- UICNONb30BaHME MUHEPANU3aTOpPOB ANA YNydleHus 06XXnraemoctu Cblpb€BON CMe-
cwn.

CneumnanbHble TEXHOMOMMU, KOTopble MOryT ObiTb MCMOMNb30BaHbl AS11 CHUKEHUS Bbl-
6pocoB NOy:

- TEXHONOMNA CENEKTUBHOIO HekaTtanutmyeckoro BocctaHoBneHna NOy (SNCR — Se-
lective Non-Catalytic Reduction);

- TEXHOMOMMS CENeKTUBHOro Katanutudeckoro BocctaHoBneHnss NOy (SCR — Selec-
tive Catalytic Reduction).

Mo akoHOMMYECKMM coobpaxeHnsiMm cHxeHne BolbpocoB NOy Ha npeanpuaTumn npea-
NOYTUTENBLHO crnefyeT HaunHaTb C OCYLLECTBIIEHUS NEPBUYHBIX TEXHUYECKUX PELLEHUN, UH-
TErpupoBaHHbIX B TEXHOSIOrMYECKU npouecc. HekoTopble neYn C LMKNOHHBbIMU Tennoob-
MEHHUKaMN UNN LUMKNOHHLIMU TennioobMeHHMKamMu 1 aekapboHnsatopamu nocne onTumMu3a-
Uunn npouecca paboTbl N MPUMEHEHUS TOSbKO NEPBUYHBLIX TEXHUYECKUX PELLUEHUI YXXe AatoT
BbIGpockl NO, MeHee 500 Mr/HM®. OdpeKTUBHOCTL PasfMyHbIX METOAOB CHIKEHWS BbIGpO-

coB NOy npeacrtaeneHa B Tabnuue 5.11

Tabnuua 5.11 — TexHuYeckme peLLeHns ans CHkeHus BbiopocoB NO,, NprMeHsieMble Npu

npon3BoAcTBeE LieMeHTa

TeXHINECKO® PeLICHHE OddeKkTBHOCTL CHMXe- | [laHHbIe Mo Bbibpocam,
HUS BLIBpPOCOB, % Mr/HM®
OnTMmmnsaums npouecca ooxura CHuxatoTecs ¢ 1400
25 £o 1000

OxnaxgeHue nnameHu cdakena 0-35 MeHee 500-1000
MpumeHeHne ropenok ¢ HU3KUM BblAeNeHN- MeHnee 500-1000
eM NOy 0-35
MocTagunHoe cxXuraHve TOMMMBA, CXuUra- —
HWe ToNnsMBa B CpeaHen 4YacTtu neynm 20-40
VMcnonb3oBaHne MUHepanM3aTopoB 10-15 —
TexHonorna SNCR 30-90 200-500
TexHonorna SCR 43-95 200-500

OntTummsauma npouecca ooxura. OnTummsaums npouecca obxura, ctabunbHasa u
onTumanbHasa paboTbl Meyn, oNnTMMM3auMsa npouecca KOHTPOMsi, roMoreHvu3auun, nogadu

TONNMBa NPUBOOAT K CHUXeHMIO BbibpocoB NOy. MepBUYHas onTuMmnsaums TEXHUYECKUX ne-
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penenos BKNKOYAET ONTUMU3ALMIO KOHTPOSA npouecca obxura n BelopocoB, ynyylleHne pa-
BGOTbl YCTAHOBOK HEMNPAMOrO CXWUraHusi TOMNnMBa, onTMMmM3aums paboTbl XONo4unbHUKA, Bbl-
Bopa TONNMBa M OMNTMMU3ALMIO COOEPXaHUA Kucnopoda u mM3bbiTka Bo3gyxa npu obxure
KNUHKepa.

MyTem onTummsaumm paboTbl KOHTPONBHO-U3MEPUTENBHON TEXHUKM N 0BOpYyAOBaHUA
pocTturaeTcsa cHkeHue BbibpocoB NOy ¢ 1400 go 1000 Mr/HM,

OxnaxpaeHue nnameHu cakena. [lobasneHve BoAbl B TOMMBO UNN HENOCPELCTBEH-
HO B Mfiams C UCMNOMb30BaHWEM PasfiNYHbIX METOAOB MHXEKUUWU (BMPbICKMBAHUE XUOKOCTH
NN XXNOKOCTU + TBEPLOro BeLLecTBa), UCMONb30BaHNE XUOKNX U TBEPObIX OTXOO0B C BbICO-
KO BNaXHOCTbK CHWXaeT TemnepaTtypy nfiaMeHu U yBennymBaeT KOHLUEHTpaLuMi rMapokK-
CUMbHbIX paguKanoB. OTO OKa3blBaeT MOMOXUTENbHbIN 3MEKT Ha CHMWXKEHNe obpasoBaHus
NOy B 30He ropeHus pakena. OgHako npu aTom TpebyeTca AONONHUTENbHOE Tenno Ans uUc-
napeHusi BoAbl, YTO Bbi3blBaeT HEDOMbLUOE yBENUYEHME YAESbHOro pacxoaa Tenna Ha o6xur
KnuHkepa u Bbibpocos CO, (npumepHo Ha 0,1 % — 1,5 %).

CHmXeHve TemnepaTypbl NriaMeHn hakena MoxeT ObiTb JOCTUTHYTO NyTEeM UHXEKUMU
B haken TOHKOM3MENbYEHHOro U3BECTHAKA NN NyTEM COBMECTHOro nomosa HebonbLunx Ko-
nnyecTB N3BECTHsSIKA N TBepaoro Tonnuea (yrns). MNpu paunoHansHOM KOPPEKTUPOBAHUN CO-
CTaBa Cblpbsi OXMaXOeHWe nnamMeHn 3a CYET MHXEKLMM TOHKOMOJSIOTOrO W3BECTHsIKa
He NPMBOAMT K MOBbLILEHWIO YAENbHOro pacxoda Tenna unu yeenuyenunto seiopocos CO; 3
neyu.

BnpbickuBaHne BOAbl MOXET MPUYUHUTBL NPOBNemMbl B ynpaBneHUU Neuvbto, CHU3UTb
BbIXOA KMMHKepa 1 okasaTb BNIUSIHWE Ha ero Ka4yecTBo.

MyTem oxnaxaeHus nnameHn dakena gocturaeTcs cHmkeHme BbldpocoB NOy o Be-
NNYMH MeHee 500—1000 mr/Hm®.

MpumeHeHne ropenok ¢ HU3KUM BbigeneHnem NOy. KOHCTpyKUUKM FrOpenoK C HU3-
kM BblaeneHnem NOy pasnuyatoTcs B geTansx, Ho B 60MbLIMHCTBE KOHCTPYKLUMIA TOMMNBO U
BO34yX MOAAalTCA B Neyb Yepes3 KoakcuarnbHble TpyObl. KonmuyecTBo nepBUYHOro BO3gyxa
cHmxaeTcs o 6 % — 10 % oT Tpebyemoro no crexnmomeTpun ons ropeHnsa tTonnmea (06bI4HO
10 % — 15 % B TpaaMUMOHHbIX ropenkax). lNepBnYHbIA BO3AyX NogaeTcs ¢ 60MbLION CKOPO-
CTblO Yepes BHELLHMI KaHan. Yronb BOyBaeTCAa Yepes LeHTparnbHyo TpyOy nnu vyepes cpea-
HUM KaHan. TpeTun KaHan ucnonb3yeTcs ONA BUMXPEBOro BO3Ayxa. 3akpyTka Bo3gyxa OCy-

LLecTBnAeTCd cneyunanbHbIMM nonaTkamMuy, pacnoyioXXeHHbIMA B6nM3mM conna roperku.
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OhhekT Takom KOHCTPYKLUN FOpernku 3aknivaetcs B o4eHb ObICTPOM BOCMNnameHe-
HAW TONNMBA, OCODEHHO MPU HanMyMM B TOMMMBE NETYYMX COEAMHEHWW, NMPU HeJocTaTKe
Kncrnopoga B aTMocepe neyu, 4To BeAeT K CHKeHuto obpasoBaHusa NOy.

[na obecneyeHns BO3MOXHOCTU NPUMEHEHNST pasnUYHbIX BUAOB TONMBA, B TOM YMC-
ne anbTepHaTMBHOrO, COBPEMEHHbIE TOpenku W3roTaBfMBalTCA MHOrokaHanbHbIMU
(cm. pasgen 2).

[MpuMmeHeHne ropenok ¢ HM3kum BblaeneHnem NOy No3BONSET CHU3UTb BbIOpoCchbl NOy
Jo BennynH meHee 500-1000 Mr/HME,

NocTtagunHoe cxuraHve TONnMBa, CXKUraHue TOnNnMBa B cpefHEeW 4acTu neuyw.
lMocTagnnHoe cxuraHue TONnMBa MPUMEHSIETCS B LEMEHTHbIX nedax, obopyaoBaHHbIX ge-
KapboHM3aTOPOM cneunanbHOM KOHCTPYKUMK. [NepBas cTagna ropeHust Tonnmea npoucxoaunT
BO BpallatoLlenca nednm npu ontumarbHbIX YCroBusx obxura knuHkepa. Bropas cragus
npoTekaeT B ropernke Ha Bxode matepuana B nedb, rae obpasyeTcs BOCCTaHOBUTENbHANA aT-
Mocdepa, KoTopas pasnaraeT 4acTb OKCMAOB a30Ta, HaKonseHHoro B 30He obxura. Beicokas
TemnepaTtypa B 3TOW 30He OCODeHHO npefnoyTuTenbHa Ana peakumm npespaweHnss NOy B
aNeMeHTapHbIN a3oT. Ha TpeTben ctagum TONNMBO nogaeTcs B AekapboHM3aTop C Konude-
CTBOM TPETUYHOro BO3AyXa, Bbi3blBalOLWEro Takke obpasoBaHMe BOCCTAaHOBUTENBHOMW aTMO-
chepbl. ATa cucteMma cHmxkaeT konndectso NOy, obpasyromxcs Npyu CKUraHum Tonnuea B
AekapboHusaTope, a Takke ymeHbwaeT konmyectBO NOy, NpuXoadawmx B nNedb U3BHE.
Ha 4yeTBepTOon bmMHanNbHOM CcTaguMm OCTaBLUMMCA TPETUYHLIM BO34YyX MOLAETCS B BEPXHHIOK
4YacTb CUCTEMbI ANA OCTAaTOYHOIO CXUraHus.

TexHonorns NOCTagnMHONO CXXMUraHUs TonnmBa MoOXeT BbiTb MCNONb30BaHa TOMBbKO Ha
neyax, obopyagoBaHHbIX AekapboHusaTtopom. [nsa 3aBoa, UCMOMb3YOLWEro UUKIOHHbIA Ter-
noobmeHHnK 6e3 aekapboHmsaTopa, Heobxoamma cyllecTBEHHas mMogudukaumss obopyao-
BaHUA.

CxXuraHme KycKoBbIX OTXOAOB TonnmBa (Hanpumep, aBTOMOOUNBbHBLIX LWH) SBRsieTcH
OAHUM M3 BapuMaHTOB TEXHOMOMMN CTaAUNHOIO CXXUraHUsi TONMMBA, NPy 3TOM CXUraHWe Kyc-
KOB TOMSIMBa CONpoBOXAaeTcs o6pa3oBaHMEM BOCCTaHOBUTENBHOM aTMocdepbl B 30He 06-
xura. B neyax, 060pyaoOBaHHbIX 3aneyHbiMK TENIO0OMEHHMKaMK U AekapboHM3aTopoM, no-
Aada KycKoB TOMSiMBa NPOU3BOAMTCHA Ha BXxode B nedb unn B gekapboHusaTtop. CxuraHve
KYCKOBOrO TONMMBa MOXET CHU3UTb BbI6pocbl NOy Ha 20 % — 30 %.

B ONMHHBIX Neyax MOKPOro m cyxoro cnocoba nponsBOACTBa CO3[4aHMe BOCCTAHOBU-

TENIbHOM 30Hbl CXUraHnem KyCKOBOro tonjimBa TakKXe MOXET CHU3UTb Bbl6pOCbI NOy. [Mo-
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CKOJTbKY B AfMHHbIX NeYyax HeT cBob6O4HOro 40CTyna TONSnBa B 30HbI C TEMMEPATYpOn Bbille
900 °C — 1000 °C, cucTtema cxuraHums Tonnmea B cepeauHe neyvn ycTpanmBaeTcsa Takum 00-
pa3oM, 4Tobbl 0becneynTb BO3MOXHOCTb MOA4ayYn B Hee OTXOLOB, KOTOpble Hemnb3s nopatb
Yyepe3 OCHOBHYH ropernky (Hanpumep, LWWHbI).

Mmerowimeca ycTaHOBKM MO CXUraHWIO TOMMMBHBLIX OTXOAOB B CpefHen 4acTu neyu
obecneunsatoT cHmxkeHne BolopocoB NOyx Ha 20 % — 40 %.

Mpn ncnonb3oBaHMM TakMX YCTAHOBOK CKOPOCTb FOPEHUs TonMmMBa MOXeT UMETb Kpu-
TU4yeckoe 3HayeHue. Ecnv ropeHve menneHHoe, TO CO34aeTcA BOCCTAaHOBUTENbHAA 30HA
obxura, KoTopas okasblBaeT HeraTMBHOE BNWSHME Ha KayecTBO npoaykuuu. Ecnuv xe rope-
HWe TonnmMBa NPOUCXOAUT LOCTAaTOYHO ObICTPO, COOTBETCTBYIOLLNA Y4aCTOK 30HbI LIeNHON 3a-
BECbI NeperpeBaeTcs U B pe3yribTaTe 3TOro Lenu BbIropatoT.

Ucnonb3oBaHue MuHepanusaTtopoB. [Jo6aBneHne B CbipbeBYIO CMECb MUHepanusa-
TOPOB, TaKUX Kak oTopua Kanbuus, ABMSeTCA TEXHOMNOIMEN perynmpoBaHusa KadecTBa KIWH-
Kepa, No3BONSAKOLWEN CHU3UTL TeMnepaTtypy B 30He cnekaHud. Npn CHWXeHUn TemnepaTtypsbl
obxura ogHOBpEMEHHO AocTuraeTcsa yMmeHblleHne obpasoBaHus NOy Ha 10 % — 15 %.

TexHonorusi ceneKTMBHOIro HeKaTariMTU4eCKOro BOCCTaHOBIIEHUSA OKCMAOB a30-
Ta (SNCR). TexHOnorns cenekTMBHOro HekaTanMTUYECKOro BOCCTaHOBIIEHNSA OKCUOOB a3oTa
(SNCR) BKto4aeT MHXEKUMIO B ObIMOBbIE ra3bl BO4HOrO pacTBopa aMmuaka (C cogep)kaHu-
eM NH3; go 25 %), BogHbIX pacTBOPOB COEAMHEHUW aMMuaka UM MOYEBWHbI AN BOCCTa-
HoBneHust NOy o N,. OnTumanbHbI TeMnepaTypHbI MHTEpBan NPOTEKaHUs peakuumn BOC-
ctaHoBneHus — 830 °C — 1050 °C npu obecneyeHun [OCTATOMHOrO BPEMEHWU KOHTaKTa
BOCCTaHaBNMBaKLEro areHTa ¢ AbIMOBbIMU razamMmu.

Ecnu 3aBop yxe obopynoBaH cMCTEMOM MOCTaAUMHONO CXUraHusa Tonnmea, TO Heob-
XO0OMMO AarnbHenwee pasBuTUE ucnonb3oBaHusa TexHonormm SNCR. OgHoBpeMeHHoe uc-
NONb30BaHNE 3TUX TEXHOMNOMMN TpebyeT perynupoBaHMa TemnepaTtypbl U aTMocdepbl C Ta-
KMM pac4yeToMm, YToObl OHM COOTBETCTBOBANM APYr APYrY.

CHwmxkeHune BblbpocoB NOy MOXeT BbITb Takke AOCTUTHYTO MHXEKLMEN BOCCTaHaBNU-
BalOLLUNX peareHTOB B OKUCNUTENbHYI, a Takke B BOCCTAHOBUTENbHYKO 30HY ne4vn ¢ nocra-
AUAHBIM CKUraHmeM Tonnuea. MHXeKunsa B OKUCNNTENbHYI 30HY Bonee npeanoytuTesnbHa,
NMOCKOJSIbKY BEPOSATHOCTb yBennyeHnsa Bbiopocos CO B 3TOM Criydyae MeHbLUe B CPaBHEHUN C
NHXEKLMEN B BOCCTAHOBUTENbHYIO 30HY. brniarogaps pasnuyHbiM KOHCTPYKUMAM AekapboHu-
3aTopa, AmsaviH n pexmm paboTtbl yctaHoBkM SNCR gormkHbl 6bITb aganTMpOBaHbl K COOT-

BETCTBYIO LLilen TEXHOMNOIMN.
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TexHonorusi cCeNeKTMBHOrO KatariMTM4eCKoro BOCCTaHOBJIEHUSI OKCMAOB a30Ta
(SCR). B texHonorun SCR NO n NO, BocctaHasnmBatoTca 4o N, ¢ nomouwibto NH3 v katanu-
3atopa npu Temnepatype okono 300 °C — 400 °C. B ka4yecTBe BocCTaHOBUTENSA npeanona-
raeTcsi UICNosib30BaHME BOAHbLIX PAaCTBOPOB aMMmnaka UM MOYEBUHbI. OTa TEXHOMOIMS LWNpPo-
KO npumeHsaeTcsa ans cHmwkeHust NOy B ApyrMx oTpacnsax NpOMbILINEHHOCTN (Hanpumep, Ha
TENNO3NEeKTPOCTaHUNAX NPU CKUraHUM OTXOA0B). B UeMEHTHON NPOMBILLFIEHHOCTU B OCHOB-
HOM paccMaTpuBalOTCA [BE CUCTEMbI: YCTAHOBKA C HWU3KUM MblfeBblAENEeHNEM MexXay Cu-
cTemon obecnbinMBaHNA U ObIMOBOM TPYOON N C BLICOKMM MbifEBbIAENEHNEM — MEXAY Ten-
NOOBMEHHNKOM N CUCTEMOWN OBEeCnbINMBaHUSA. YCTaHOBKA CUCTEMbI C HU3KMM MbifeBblaene-
Huem TpebyeT NOBTOPHOro NoJorpeBa OTXOAALWMX ra3oB nocre ux obecnblnMBaHnd, YTo Co-
NpoBOXAaeTCa AO0MNOSIHUTENbHBIMW 3aTpaTamMu SHeprnn 1 notepsmmn aasneHus. Cucrema c
BbICOKUM MbINEBbIAENEHNEM ra30B 6onee npeanoyTuTenbHa N0 TEXHUYECKUM N IKOHOMUYE-
CKMM MoKasaTensam. 9ta cuctema He TpebyoT AOMNOMHUTENBHOrO NO4OrPeBa, Tak Kak Temne-
paTypa rasoB Ha BbIxofe U3 TensioobMeHHuKa 0bblMHO AOCTAaTOYMHO BbiCOKas Ans paboTbl C
npumeHeHnem SCR TexHomnornu.

lMoTeHunanbHO ¢ NPUMEHEHNEM TexHONorMm SCR MOXET OblTb AOCTUIHYTO CHUXEHME
BbI6pocoB NOy go 85 % — 90 %.

O6wwum HepoctaTkom TexHosnormin SNCR n SCR gaBndeTcs BO3MOXHOCTb MpPOCKOKa
(mononHuteneHoro BbiGpoca) NH3 B crydae HenosiHoro MCnosib30BaHWS BOCCTAHOBUTENS

anga socctaHoBreHna NOy.
HAOT 10

HOT — a1o cHuxeHne BbIbpocoB NOy B OTXOOAWMX NEYHbIX ra3ax nyTeM NpuMeHeHns
OTAENbHO UMM COBMECTHO TEXHMYECKUX peLleHnin, NpeacTaBneHHbIX B Tabnuue 5.12.
Tabnuua 5.12 - HOT 10

MeTopn/ob6opynoBaHue MpumeHuMocCTb
OnTummnsaums npouecca obxura [ns Bcex npeanpusaTuim
OxnaxgeHue nnameHu cdakena [na Bcex npeanpuaTtuin

B |lMpumeHeHue ropenok ¢ HU3kMM BblaeneHnem NOy | [na Bcex Nnpeanpusituii

r |lNocTtagunHoe cxuraHve Tonnmea, cxuraHne Ton- | [ns 3aBogoB cyxoro cnocoba
nuBa B CpeaHeun YyacTu neyu npou3BoACcTBa UM MOKPOro Cno-
coba npon3BoacTBa Npu moaep-

HU3auunm ne4mn
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MeTopn/o6opynoBaHne NpuMeHNMOoCTb

A |Ucnonb3oBaHne MMHepanu3aTopoB npu obxure | [ns Bcex npeanpusitui

KnuHKepa

e |[pyvMeHeHne TEXHOMOMMM CENEKTUBHOMO HekaTa- | [lns 3aBogoB cyxoro cnocoba
NUTUYECKOro BOCCTAHOBIIEHUS OKCUOB a3oTa Npou3BoACTBa
SNCR

X | pumeHeHne TeXHONOrMN cCenekTUBHOroO katanu- | [1na 3aBogoB cyxoro cnocoba
TUYECKOro BoccTaHoOBNEHUS okcnaoB a3oTta SCR npoun3BoacTea (Ha ctagum pas-

paboTkK)

TexHonornyeckne nokasatenu, nonydaemble Mpun peann3aunm H,D,T, npmBegeHbl B

Tabnuue 5.13.

Tabnuua 5.13 — TexHonornyeckme nokasatenu ans HAT 10

TexHonornyecknin nokasaresnb Eannuua 3Ha4eHue

n3MepeHus

Bbibpockl okcnagoB azota NOy 13 BpawjatoLencs ne-
un (koa 3B 0301, 0304): Mr/HM®
- ANA ne4Yen ¢ UMKNOHHBIM TENNOoOOMEHHMKOM He 6onee 500 Y
- ANs1 ANVHHBIX NeYe MOKporo crnocoba npounseoa-

cTBa v neven Jlenonb He 6ornee 800 Y

Y CpenHee apudmeTudeckoe 3a BpeMsl NPOBEEHNS 3aMepoB. 3aMepbl OCYLLECTBSIOTCA NEPUOANYECKN COTNacHo rpadbiky Npoua-

BOACTBEHHOIo KOHTPOJ14 Ha OCHOBaHWUMN HOPM, YCTa@aHOBNEHHbIX B HOPMaTUBHbIX JOKYMEHTOB.

HAT 11

HOT npu ncnonb3oBaHUM TEXHOMOMMN CENEKTUBHOIO HeKaTtanuMTU4YEeCKOro BOCCTaHOB-
nenus okcmaos asota SNCR — 3TO nogaepXxmBaHue NpocKokoB ammuaka NHz Ha makcu-
ManbHO HW3KOM YPOBHE MyTEM MPUMEHEHUS TEXHUYECKUX PeLUeHUn, npeacTaBfeHHbIX B
Tabnuue 5.14.

Tabnuua 5.14 — HOT 11

MeTopn/ob6opynoBaHue NpUMeHNMOCTb

a |ObGecne4veHne cTeXMoMeTpUYECKoro konmyectea |[1ns 3aBogoB cyxoro cnocoba
BOCCTaHOBUTENS NPY 00eCcrnevYeHnn CHUXKEHUS Bbl- | NPOM3BOACTBA, 000PYyA0BaHHbIX

6pocoB NOy O HEO6XOANMOro YPOBHSA cuctemom SNCR
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MeTopn/o6opynoBaHne NpuMeHNMOoCTb

6 |ObGecneyeHne paBHOMEPHOro pacnpeaeneHms [lna 3aBogoB cyxoro croco6a
BOCCTaHOBUTENNSA B ra30BOM MOTOKe Nnpou3BoACcTBa, 060pyaoBaHHbIX

cuctemon SNCR

TexHonornyeckne nokasatenu, nony4yaemble Mpu peann3auunm HOT, npmBegeHbl B

Tabnuue 5.15.

Tabnuua 5.15 — TexHonornyeckne nokasatenu ana HOT 11

TexHonornyeckui nokasaTtenb EnvHuua namepeHnst 3HauyeHue (omanasoH)

Mpockok NH3 M/HM® He 6onee 30-50

5.4.3 CHuxxeHue BbIGpocoB anokcuaa cepbl SO,

CHwmxkeHune BblIbpocoB anokcmaa cepbl SO, Npy NPOM3BOACTBE LleMEHTA OCYLLECTBINSA-
eTcs NocTagunHo.

MepBbiM Warom cHmkeHnsa BblbpocoB SO, aBNseTca peanusauust NePBUYHbIX TEXHU-
YECKMX peLUeHUN:

- BbIGOp CbipbEBLIX MaTeEpManos, TONMMBa U OTXOA0B (MPYU UX UCMNOMb30BaHWUMK) C He-
BbICOKMM coaepXaHnem cBob6ogHOM cepbl Unu cepbl B BUAE Cyrbdunaos;

- onNTMMMn3auna npouecca obxura KINHKepa, BKIo4varLwias CTa6I/IJ'IbHyI'O pa60Ty ne-

- 0AHOPOAHOE pacnpenerieHne HarpeToro MaTepuarna B neyu;

- NpegoTBpalleHne obpa3oBaHMs BOCCTAHOBUTENBHOW aTMocdepbl Npu 0BXure KrmH-
Kepa.

KoHueHTpauus kucnopoda Ha BXode Matepuana B Nneydb SABMAseTcs peluarowmum dak-
TopoM cBsi3biBaHMs SO, CbipbeBbIMU MaTepuanamu. YBenuyeHne cogepkaHusi kucnopoga B
neyn CHmxaeT konmyectBo BbibpocoB SO,. M3bbITOK kucnopoga obecneumBaeT obpasoBa-
HMe cynbdaToB B HWXKHEN YaCTU LMKNOHHOIO TennoobMeHHMKa, KOTopble BbIXOAAT U3 neyu
COBMECTHO C KINMHKEPOM.

MpuMmeHeHe cucTembl Dalinaca npenoTBpallaeT HaKoMMeHWe B NMeydn ferkonnaBKkux

CYNb(UTOB LLENOYHbIX METANOB U NPUBOAUT K HEKOTOPOMY CHUXEHUIO BbiGpocoB SO,.
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BanaHc ansa 3awmTbl OKpyXatoLwen cpeabl AoMKeH OblTb HAanA4eH onTMMM3aumen co-
OoTHoweHus BblbpackiBaeMbix NO,/SO,/CO nyTem perynupoBaHns cCoaepxaHus Knucrnopoga B
neyu.

Ecnu nepBuyHble TEXHUYECKNE peLLEeHUs HeJOCTaTOYHbl, HEOOXOANMMO UCMOSb30BaTb
pagukanbHble TEXHUYECKNE peLleHns.

PagukanbHbIMY TEXHUYECKMMW peLLEHUSIMA, MO3BONSOLWNMM PE3KO CHU3UTL BbIOPOCHI
SO, N3 UEMEHTHbIX NeYen, SBMAITCA Mcnonb3oBaHne Job6aBok copbeHTa nnu npuMeHeHue
MOKpOro ckpybbepa.

Ucnonb3oBaHue no6aBok copbeHTa (abcopbeHTa). CopbeHT (Ca(OH),) MmoxeT po-
6aBnNATLCS B ChIPbEBYKO CMECH NPU ee NoMOoSe B BaNKOBOW MeSbHULE, MO0 NMHXEKTMPYETCH
B rasoBbli MOTOK, BbIXOAALWMI M3 BpallaloLlenca nedyn. B nocnegHem crnyyae B KayecTBe
copbeHTa MOXxHO ucnonb3oBaTtb CaO, Ca(OH),, BbICOKOOCHOBHYH 305y-YHOC uUnn bukap6o-
HaT HaTpua NaHCO;. NpumeHeHne kanbuuncogepxawmx nobaBok ABNSETCs NpeanoyTu-
TemnbHbIM, TaK Kak OHM 0Bpa3ylT NPOAYKTbI, KOTOPbIE MOryT HENOCPEACTBEHHO Yy4acTBOBATb
B npoueccax obxura knuHkepa 6e3 yxyalweHust ero ka4yecTtsa.

OntumanbHasa TemnepaTypa ana gobasneHnsa rmgpaTHON M3BECTU HaAxXo4MTCSH B npe-
penax 350 °C — 450 °C n Hmxke 150 °C, ecnu ra3s coaepXXmuT NoOBbILLEHHOE KONNYECTBO Bna-
. Hanbonee ygobHbIM MeCTOM nogayv ruapaTHOM M3BECTU B NMedb SIBMSAETCS BEPXHUN LUK-
NOH TennooOMeHHMKa UM ra3oxod OTXOASALLMX ra3oB.

CTteneHb CHWXeHna cogepxaHua SO, nyTem fobaBkun ruapaTtHOM M3BECTU onpeaens-
€TCs YPOBHEM HayanbHOro cogepxaHums SO, U XxapakTepuctmkamm OTXOASLMX ra3oB U MO-
KeT cocTaBnsTb 60 % — 80 %. Mpu HauyanbHOM ypoBHe comepxanust SO, Bbilue 400 Mr/HM®
BO3MOXHO [JOCTWYb YPOBHS BbIGpocoB 100 Mr/HM>.

Mcnonb3oBaHMe MOKporo ckpyo6b6epa. Mokpbii ckpybbep — 3TO TpaguLMOHHO
npYMeHaemMasa TexXHOnorua ansa gecynbdypusaumm ObIMOBbIX ra30B Ha TEMMOBbLIX ANEKTPO-
CTaHuusax, paboTatowmx Ha yrne. TexHonornss Mokporo ckpybbepa ocHoBaHa Ha criegytoLuen
XMMWYECKOW peakuunu:

SO, + %2 O, + 2H,0 + CaCO3 «—— CaS04 - 2H,0 + CO,

SO, abcopbupyeTcsa XMOKAM LUIaMOM, KOTOPbIN pacnbifsieTcss B pacnbliMTenbHON
B6awHe. B kavyecTBe abcopbeHTa ncnonbayetca kapboHat kanbumda. Mokpbln ckpybbep Takke
3HaAYNTENBbHO CHWXAaEeT BbIBpOCHI Xxnopuaos, Topnaos, aMmmuaka NHs, nbinn U, B HECKOMNbKO
MEHbLLUEN CTeneHn, BbIbpockl MeTannoB. B Mokpom npouecce aecynbdypusauumn obpasyet-

cs aByBoaHbIM runc CaSO4-2H,0, KOTOpbIM 3aMeHsIeT NPUPOLHbIA TMINCOBLIN KaMEHb U B Le-
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nom gBnsieTcs MoamdmumpyowmMm peareHToMm B LemeHTe. Cuctema MOKporo ckpybbepa
obecneuynBaeT BbICOKYD 3(PEEKTUBHOCTb YynaBfMBaHUA BOOOPACTBOPUMbLIX KUCHbIX ra3os,
BKMto4asa ux gecynbdypusauyuio (FGD-npouecc) ¢ HaMMeHbLUMM KONMYECTBOM TBEPAbIX OT-
X040B. JTa TEXHOMOrMs npegnosnaraeT UCNOSb30BaHNE 3HAYNTESbHBIX 06bEMOB BOAbI C MNO-
cneyoLwen Heobxo4MMOCTbH OYUCTKM CTOYHbIX BOL.

CHwmxeHune BbibpocoB SO, C NOMOLLBIO TEXHOTOMMU MOKPOro ckpybbepa mMoxeT 4oCTu-
ratb 6onee 95 %. [lNpu pabote neun c TENNOOOMEHHMKOM MPOU3BOANTENBHOCTLIO
5800 T/cyTkM M Ha4vanbHOW KOHUeHTpaumm SO, B oTxoasdawmx rasax B npegenax 800—
1000 Mr/HM® BbInK OCTUTHYTHI NOKa3aTenu BbIGpocoB MeHee 10 Mr/HME,

Aunokena cepbl SO, COBMECTHO C OpraHU4yeCKUMU COeUMHEHUSMU, BbICOKONETYYnUMMU
mMeTannamu, ammmnakom NHsz 1 conammn ammonusi, xnopugamm HCI, dptopmaammn HF u octa-
TOYHOM NbINbIO NOCne 3AnekTpodunbTpa UNN pykaBHOro unbTpa MoryT ObiTb yaaneHsl u3
OTXOALMX ra3oB agcopdbumen Ha akTMBMPOBAHHOIO yrrne. GunbTp U3 akTUBMPOBAHHOIO Yris
Mcnonb3yeTcs B BUAE TEXHOMNOMU MHXEKLUUN MW B BUOE KOHCTPYKLMM U3 NSIOTHOrO Crosi C
MOAYIbHbIMU CTEHOBbIMU Neperopogkamun. MoaynbHaa KOHCTPYKUMS NO3BOSISieT aganTupo-
BaTb pa3Mmepbl huribTpa K pasfnyHbliM yCTaHOBKaM, Yepes KOTopble NMPOXOoAuT ras, u K npo-
N3BOANTENBHOCTM Neyvn. VIcnonb3oBaHHbIN akTUBMPOBAHHbLIW Yrofb NEpUoANYEcKn yoanseT-
CA B OTAENbHbIN CUITOC U 3aMEHAETCH CBEXUM aacopbeHToMm. Npu ncnonb3oBaHum otpado-
TaHHOrO aKTMBMPOBAHHOIO YIS B Ka4YecTBe TOMMMBa B MeYu YroBfeHHbIE HA HEM BeLlecTBa
BO3BpaLLLAOTCSA B CUCTEMY NeYnm U B OOMbLIOM KONMMYECTBE (PUKCUMPYIOTCH B LIEMEHTHOM

KMWUHKepe.
HAOT 12

HOT — a10 cHuxeHne BbIbpocoB SO, B OTXOOALMX NEYHbIX ra3ax nyTeM NpUMeHeHNs
OLHOrO M3 TEXHUYECKNX peLleHniA, NpeacTaBneHHbIX B Tabnuvue 5.16.
Tabnuua 5.16 — HAT 12

MeTopn/ob6opynoBaHue NpUMeHNMOCTb

a |BbIGop CbipbeBbLIX MaTepmanos, TonnMea u oTxo- | [ns Bcex npeanpusTun
A0B (Mpu NX UCNONb30BaHNN) C HEBBLICOKMM CO-
AepxxaHmem cBob60gHOM cepbl UK cepbl B BUAe

cynbongos
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MeTopn/o6opynoBaHne NpuMeHNMOoCTb

6 |Wcnonb3oBaHne nobasok copbeHTa (abcopbeHTa) |[ns Bcex npeanpuaTuin.
Hanbonee addpekTnBHa npu Ccy-
XOM crnocobe npounssoacTea npu
nobaeneHnn Ca(OH), k cbipbe-

BOW cMecu

B |Mcnonb3oBaHne mokporo ckpybbepa [ns Bcex npeanpuatTni

TexHonornyeckne nokasartenu, gocturaemble npu peanusaumn HOT, npuBeneHol B

Tabnuue 5.17.

Tabnuua 5.17 — TexHonornyeckue nokasarenu gna HAOT 12

TexHonorn4yeckuin nokasartenb EnvHnua nsmepeHus 3HayeHne

BbiGpockl avokcuaa cepbl SO, U3 Bpalla- MI/HM® He 6onee 400 ' ?

towencs neum (kog 3B 0330)

Y CpepHee apudmeTuyeckoe 3a BpeMsi POBEEHUs 3aMepoB. 3aMepbl OCYLLECTBSKOTCA NePUOANYECcKM COrNacHo rpadinky Npoma-
BOACTBEHHOIO KOHTPOISi HA OCHOBAHWUM HOPM, YCTAHOBMEHHBIX B HOPMaTUBHbIX AOKYMEHTOB.
2 Mpu NpeBbLILLEHNM YPOBHS HEOBXOAMMO NMPOBEAEHNe [OMNONHUTENbHBIX UCCHEN0BAHNI ANS 0Ka3aTenbCTBa TOro, YTO 3TO npe-

BblLLEHNE 0B6YCNOBNEHO 0COBEHHOCTSIMU ChipbeBOW 6a3bl (TONNMBA) NPeanpUATUS.

5.4.4 CHuxeHue BblIGpocoB CO

[laHHble N0 COBpeEMEHHbLIM YPOBHSM BbiOpocoB CO M3 LEMEHTHbIX Neyen npencras-
nexHol B 3.6.4.

Tak Kak ogHUM 13 UCTo4HMKOB CO B AbIMOBbIX ra3ax LEMEHTHbIX NeYen aBnsaeTcsa op-
raHW4YECKUN yrrepos B COCTaBe CbIpbeBbLIX MaTepuaron, TO NEPBUYHBIM TEXHUYECKUM peLle-
HMeM Onsi CHuxeHust BelbpocoB CO sBnsieTca BbIGop (Korga 310 BO3MOXHO) CbIPbEBbLIX Ma-
TepunarnoB C HU3KUM COepXXaHMeM OpraHu4eckoro yrrepoaa.

Apyron npuynHon Hanuuna CO B OTXOOALWMX rasax BpallaroLmMxcs nevyen sBnseTca
HeJoCTaToK Kucnopoda (HU3KNn KoahuumeHT n3bbiTka Bo3ayxa) A4S CKUraHnsa TeXHOMOorm-
4Yeckoro Tonnmea.

BeicTpoe n peskoe yBenunuyeHue cogepxaHua CO B ObIMOBbIX rasax (mpockok CO)
00bl4HO HabngaeTca B nepuoabl HecTabunbHOM paboThbl Neyvn, Npu ee po3xure, NPU Heno-
CTOSIHHOM COCTaBe TOMfMBa U ero HepaBHOMEPHOW nofaye B NeYHown arperaT. TexHuyeckue

peLLeHnsi, HanpaBreHHble cTabunusaumo napamMmeTpoB paboTbl NeYn, cocTaBa M XxapakTepu-
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CTMK NPUMEHSEMOro TONNNBA 1 Nogayun ero B nevb, 6yayT NpuBOANTL K CHUXEHMIO BbIBPOCOB
CO.

Bbicokas kKoHueHTpaumss CO B OTXOASLLMX rasax Bpallarollenca neyun ceuaetenb-
CTBYET O HEMOSIHOM CropaHuu TOMnuBa, a, criefoBaTeslbHO — O MOBbILWEHWUW YAENbHOro pac-
xofa Tenna Ha o6Xur nopTnaHaueMeHTHOro KInHKepa.

BoccTaHoBuTEnNbHaa atmocdepa B neyvn, BbidbiBaemas npucytcremem CO B oTxoas-
LWMX rasax, MOXeT OKa3aTb HeraTMBHOE BIIMSIHME HA KayecTBO MOPTMaHAUEMEHTHOrO KIMH-
kepa. C Apyron CTOPOHbI, BOCCTAaHOBUTESNbHAA aTMocdepa NpMBOaUT K CHMKEHUIO BbIBPOCOB
NO, n SO, c oTXoAsALWNMN N3 NeYn razamu.

Mpwn BbICOKOM KOHUeHTpaumm CO B ObIMOBbIX rasax CyLlecTByeT PUCK B3pbiBa 3Jiek-
TPOUNLTPOB, TO ANEKTPOUNLTP 0BbLIYHO OTKMYaeTcsa nNpu npockoke CO. BpemeHHoe oT-
KrntoveHne anekTpodunbTpa MOXeT MPUBECTU K YBEINTMYEHWUIO BbIOPOCOB MbIfiM U TSHXKEnNbIX
MeTannos.

Ansa koHTpons cogepxaHna CO B AbIMOBbLIX razax JOMKHbI MCNOMb30BaTbLCS aBToOMa-
TUYECKNE HenpepbiBHble M3MepuTenn ¢ ObICTpbIM BpeMeHeM OTKMKa, a nNpobooTOOpPHUK
AOIMKEH HaxoanTbcsa 6nmM3ko K UCTOYHMKY CO, HanpuMmep, B ra3oxofe OT UMKIMOHHOro Tenso-
obMeHHMKa K HalluHe KOHOMLMOHMPOBAHMS NpU Cyxom criocobe npom3BoacTBa LEeMeHTa Unu

B rOfl0BKe XOSI0AHOro KOHL@ ne4un npu MOKpom crocobe npon3soacTBa LieMeHTa.
HAOT 13

HOT — o710 cHwxeHne copgepxaHus CO B OTXOAALWMX MEeYHbIX rasax nyrem npumeHe-
HUSA OQHOrO N3 TEXHUYECKMX PEeLUEeHUI, NpeacTaBneHHbIX B Tabnuue 5.18.
Tabnuua 5.18 — HAT 13

MeToa/obopynoBaHue MNpumMmeHnMocCTb

a |Bblbop (Mpu BO3MOXHOCTW) CbipbEBbIX MaTepua- | [lns Bcex npeanpustui
NOB C HU3KMM coaepKaHNEM OpraHM4ecKkoro yrmne-
poaa

6 |OnTummnsauus npouecca obxura nytem noaaep- | [Ans Bcex npeanpustuin

)XaHusa HeobXxoaMMoro KoadduLumeHTa n3bbIiTka

BO34yXxa B neyu

B |ObGecneyeHne ogHOPOOHOMO COCTaBa U CBONCTB [nsa Bcex npegnpuatui
TONMMBa, PaBHOMEPHOCTb U MOCTOSHCTBO €ro No-

Jayn B nevb
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MeTopn/o6opynoBaHne NpuMeHNMOoCTb

r |CtabwnbHbin pexxum paboTbl neun, npumeHeHne | [Ansa Bcex npeanpuatui
aBTOMATU3NPOBAHHbLIX CUCTEM YynpaBreHus pabo-

TOW ne4mn

O | HenpepbiBHOEe aBTOMaTU4eckoe nsmeperHne CO B |[Ana Bcex npeanpuatum
MeYHbIX ra3ax NocpeacTBOM UcCnosib3oBaHme 060-
py4OBaHNA OS11 MOHUTOPUHIa C KOPOTKUM BpeMe-

HEM OTKIIMKa, pacCrnoJio)KeHHOro BOMM3N UCTOYHMKA

obpasoBaHua CO.

TexHonornyeckne nokasaTtenu, gocTturaemble npun peann3aunn Hﬂ,T, npuBeaeHbl B

Tabnuue 5.19.

Tabnuua 5.19 — TexHonornyeckme nokasatenu ans HAT 13

TexHonorndyecknin nokasaTenb EavHuua nsmepexus 3HaueHue

Bbibpocbl okcupa yrnepoga CO  us3 MI/HM® He 6onee 600 ' ?

BpaLuatowencs neum (kog 3B 0337)

Y CpenHee apudmeTiyeckoe 3a BpeMsi NPOBEAEHNS 3aMepoB. 3amepbl OCYLLECTBISIOTCS NePUOANHEcKM COrMacHo rpadmky npona-
BOACTBEHHOIO KOHTPOSISi HA OCHOBAHWM HOPM, YCTAHOBIEHHbLIX B HOPMATUBHbIX JJOKYMEHTOB.
? TMpn NpeBbILLEHNM YPOBHS HEOBXOAMMO NPOBEAEHNE AOMONHUTENLHBLIX MCCMENOoBaHMIA AMs A0Ka3aTeNnsLCTBa TOro, YTO 3TO NPEeBbI-

LeHne 0bycnoBreHo 0COBEHHOCTAMM CbipbeBOW 6a3bl (Tonnunea) NpeanpuaTUS.

5.5 CHUXeHMe YpPOBHSA WWyMa, BO3HUKaKOLero B npowecce

npom3soacTtBa LeMeHTa

HAT 14

HOT — 5TO cHWXeHue YpOBHSA LWyMa, BO3HUKAKOLWEro B npouecce npovsBoACTBa Le-
MeHTa, NyTeM NPUMEHeHUs KOMOMHAaLMMN N3 TEXHUYECKNX PELLEHUI, NpeacTaBreHHbIX B Tab-
nuue 5.20.

Tabnunua 5.20 — HOT 14
MeTon/o6opynoBaHue MpmMeHnMocCTb

a |Bblbop noaxoasuiero mecta Ans WyMHbIX onepa- | [Ans Bcex npeanpustui

L

6 |OrpaxageHue WyMHbIX onepaunin/arperatos
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MeTtoa/o6opynoBaHune

MpymeHnMocTb

Bubpounsonsauma npomssBoacTse/arperaTos

VMcnonb3oBaHne BHYTPEHHEN N BHELLHEN N3on4d-

UMM Ha OCHOBE 3BYKOU3OJTMPYOLWLUX MaTepnanos

3ByKkOM30MAUMNS 30aHUI ONSA YKPbITUS NOObIX LWYy-
MOMPOM3BOASALLNX onepauuii, Bknovas obopyao-

BaHWe A1s nepepaboTkn matepmanos

YcTaHoBKa 3BYKO3aLUMNTHbIX CTEH n/ mnu npupoa-

HbIX 6apbepoB

MpumeHeHne rnywmnTenen Ha oTBoAALWMX Tpybax

3ByKOM3OJ'IFILl,I/I9-I KaHaJ10B 1 BEHTUJITATOPOB, HAaxo-

OAWLNXCA B 3BYKOU3OJTMPOBAHHbIX 30aHUAX

3akpbiThe ABEPEN N OKOH B LieXax U NoMeLLIEHUNAX

Mcnonb3oBaHue 3BYKOM30NALUNN MalUNHHbIX NO-

MeLLLeHNn

Mcnonb3oBaHne 3BYKOU30J1ALNN CTEHHbIX MNMpoe-
MOB, Hanpmmvep, yCtaHoBKa LUJ1I03a B MECTE BBOOA

NEeHTOYHOro KoHBeKepa

YcTaHoBNeHWe 3ByKOMNOrNoTUTENen B MecTax Bbl-
X0[a Bo3ayxa, HanpuMep, Ha BbiMycke nocne ra-

3004YNCTKHN

CHwuxeHune CKOPOCTH MNMOTOKOB B KaHanax

Mcnonb3oBaHune 3BYKOU30MALMN KaHaJ10B

Cenapau,vm LUYMOBbIX NICTOYHUKOB 1 NMOTEeHUMarb-
HO pe30HaHCHbIX KOMINMOHEHTOB, HanpmnMmep, KomMm-

npeccopoB " KaHanoB

Mcnonb3oBaHue rmywmTenen ans abiIMoCcoCcoB U

rasofyBOK (oUnNbTPOB

Mcnonb3oBaHre 3BYKOM3ONMPYIOLLMX MOAYNEN B
TEXHUYECKNX YCTPOWCTBaxX (HanpumMep, Komnpec-

copax)

[ns Bcex npeanpusaTuin
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MeTtoa/o6opynoBaHune MpymeHnMocTb

T |Wcnonb3oBaHue pe3nHOBbLIX WMTOB Npu Apobne-
HUM (ONS NpenoTBpaLlEeHNst KOHTakTa MeTanna ¢

MeTarsnom)

y |Bo3BegeHune nocTpoek unu nocagka AepeBbes U
KyCTOB MeXy 3aLLUMTHOM NOSIOCOM U LUYMHbIM

npon3BoaACTBOM

Hocturaembin B pesynbtate peanudaumm HOT adhdekT — MUHUMU3aUNS YPOBHSA LUIY-

Ma Ha TeppuUToOpUM NPEANPUSATAS U Ha rPaHMLE CaHUTaPHO-3aLLMTHON 30HbI.

5.6 CucrtemMbl 3KOSIOrM4eCKOro MeHea)XMeHTa

COM npeacTtaBnseT cobor YacTb CUCTEMbI MEHEIKMEHTA OpraHu3aumm, Heobxoau-
MYI0 Ans paspaboTku 1 BHEOPEHUSA 3KONOMMYECKOM NOMUTUKN U yNpaBneHnsa 3KONorm4eckumMmm
acnektamu. B HacToswwee Bpema B Poccunckon denepaumm gencrtsytot ctaHgaptel FTOCT P
MCO 14001-2007 «CuncTemMbl 3KONOrMYEeCKoro MeHegxkmeHTa. TpeboBaHUA 1 pyKoBOACTBO
no npumeHeHuto» [63]. Cuctema MeHegXMeHTa — 3TO COBOKYMHOCTb B3aMMOCBSA3aHHbLIX
3N1EMEHTOB, NCMNOMNb3yeMbIX A5 YCTAHOBNEHUSA NOMUTUKM U LIeNen, a Takke Ans JOCTMKEHMUS
3TUX Lenen.

JKonorn4yeckun acnekt — kniodeBoe noHatne COM, nossonsiollee cooTHEeCTU aes-
TENbHOCTb OpraHu3auuMmM n ee B3anmmopencTene ¢ okpyxatuwen cpegon (OC). Skonornye-
CKWI acnekT paccMaTpuBaETCs Kak 3eMEHT AeATENbHOCTM OpraHM3aLmm, ee NpoayKumm nnm
yCrnyr, KOTopbIn MOXeT B3anmoaenctaoBaTb ¢ OC.

[ns NpoOMbILNEHHbIX NPeAnpUATUIA NPUOPUTETHBIE 3KOSTOMMYECKME acCneKTbl NOEHTU-
duumnpytoTes B pedynbTaTe aHanmsa Takmx dakTopoB BO3AENCTBUSI HA OKPY»KatoLyto cpeay,
Kak:

- BbIOpOCHI 3arpsi3HAOLLMX BELLLECTB B aTMOCdepy;

- cOpoChI 3arpasHAKLLMX BELWLECTB B BOAHbIE OOBLEKTHI;

- obpasoBaHMe 0TX0O0B;

- NoTpebneHne aHeprun, Cbipbs N MaTepuarnos.

KntoueBbiMn npuHuunamm C3OM sBRsoTCa npegoTBpalleHne 3arpa3HeHns u nocre-

L0BaTeNbHOE Yny4ylleHue.
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MpepoTtepalleHne 3arpasHeHnss OC npeanonaraeT ucnonb3oBaHMe NpoLLECCOB, Npak-
TMYECKMX MEeTOOO0B, NOAXOAOB, MaTepuanos, NPOAYKUMM UMW 3HEPrMM ONst TOro, Ytobbl n3-
B6exaTb, YMEHbLUUTb UM KOHTPONMpoBaTh (OTAEMNbHO MNK B codeTaHun) obpasoBaHue, Bbl-
B6poc nnu cbpoc nboro TMNa 3arpA3HALLNX BELWLECTB UM OTXOL0B, YTOObl YMEHbLLNTD OT-
puuatenoHoe Bo3genctBne Ha OC. [MpepoTBpallieHMe 3arpsi3HEHUS MOXET BKNHYaTb
YMEHbLUEHNE UM YCTPaHEHWEe MCTOYHUKA, M3MEHEHUsA npouecca, NPOoAyKUMW WUnn yCcnyru,
3hbbekTuBHOE MCMNONb30BaHNE PECYPCOB, 3aMeEHY MaTepuarioB U 3Heprun, NOBTOPHOE WUC-
Nnosfib30BaHMe, BOCCTAHOBMEHME, BTOPUYHYIO NepepaboTKy, yTUIM3aumno U OYMUCTKY.

lMocnepoBaTenbHOE ynyylleHWe — MEePUOaUYECKMIA NPOLLECC COBEPLUEHCTBOBAHUSA
COM c uenblo ynyyuweHus obuier 3KONorm4eckon pesynbTaTMBHOCTU, COrnacyrowumnca ¢
9KOMOrM4YecKkon NONNTUKOM OpraHn3auuu.

Mpouecc nocnegoBaTeNbHOrO YNyyleHns peanu3yeTcss nyTeM NOCTaHOBKU 3KOMNOru-
YecKkux Lenen n 3agad, BblOeNeHNa PecypcoB M pacnpeaeneHnsi OTBETCTBEHHOCTU ANS UX
OOCTWXKEHUS U BbINOMHEHUS, pa3paboTkM M peanu3auun nporpaMmMm 3KOMOrMYeckoro me-
HempkMeHTa. [Mpy 3TOM 3Konornyeckme 3agaym n getanumampoBaHHble TpeboBaHMs K UX pe-
3yNbTaTUBHOCTU JOSMKHbI CTaBUTBLCS C y4ETOM TeXHONormyecknx nokasatenen HAT.

B obuwem cnyyae B coctaB C3OM BXogaT cnefyowmne B3anMoCBA3aHHbIE 31IEMEHTDI:

- 9Koslorn4eckasi NonmTUKa;

- NNaHMpoBaHue (uenu, 3agayu, meponpuaTtus), nporpamma COM,;

- ynpaBneHne onepaumsimu;

- B3aumogencrteme n obmeH nHpopmaumen;

- MOTUBALMA NepcoHana;

- noaroTtoBka u obydyeHne nepcoHana;

- BHyTpeHHu aygmut COM;

- aHanu3 cucTeMbl U OLeHKa PyKOBOACTBOM OpraHuM3aumu.

HencteeHHocTb COM obecneumBaeTca nytem pa3paboTku, BHeAPEHUS 1 cobnogeHus
OCHOBHbIX MpoLeayp, HeobxoanMbIX AN ynpaBneHus aKonormyeckumm acnektamu. lMpoue-
Aypa npegcrasnseT cobon onpefeneHHbIn cnocob ocyecTBneHms 4ENCTBMS Unu npouec-
ca. Npouenypbl MOryT OblTb AOKYMEHTUPOBAHHBIMU UM HEOOKYMEHTMPOBaHHbIMU. [poue-
Aypbl onpefensitoT NocrneaoBaTenbHOCTb onepauui U BaxkHble hakTopbl 3TanoB pasnnyHbIX
BMAOB AeaTenbHoCTU. B npoueaypbl MOryT ObiTb BKNHOYEHbI paboyne Kputepmum HopMasnbHO-
ro BbIMOMHEHMA 3Tana, AEWCTBMSA B Criydyae OTKMIOHEHMS OT HOPMbI, UK Kputepuu Bbibopa

nocnenyrLwmnx aTanos.
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C3M moxeT 6bITb paspaboTaHa u BHegpeHa Ha npeanpuaTum ¢ uenbio obecneveHus
ee paboTocnocobHOCTU, a MOXeT (HO He obA3aTenbHO) cepTUMUMpOBaHa B YCTAHOBIEH-

HOM nopsiake Ha cooTteeTcTBMe TpeboBaHuam FOCT P MCO 14001.
HAT 15

HOT — a1o paspaboTka, peanusaunsd, nogaepxmBaHme B paboyemM COCTOSHUKM U MO-
CTOSIHHOE BbIMOSTHEHME ONpeaerneHHbIX TpeboBaHU CUCTEMbI KONOMMYECKOro MeHeaXMeH-
Ta (COM), koTopada BKMOYAKT HUXKENEepeYNCNEeHHbIE 3NeMEHTbI:

a) OTBETCTBEHHOCTb BbICLLErO PYKOBOACTBA;

0) NPUHATME BbLICLUMM PYKOBOACTBOM 3KOJIOrMYECKOW MOMUTUKK, KOTOpas BKMOYaeT
TpeboBaHMe NOCTOAHHOIO Yny4lleHUs (3KONOrM4YecKon pesyrnbTaTMBHOCTIN) NPOM3BOACTBA;

B) NNlaHMpOBaHNE U BHeapeHue HeobxoauMMmbixX npoueayp, uenem u 3agad c y4eTom
(oMHAHCOBbIX NMAaHOB U NHBECTULMUN;

r) BHegpeHue crnegyrowunx npoueayp:

- CTPYKTypa u pacnpeneneHme oTBETCTBEHHOCTMU;

- oby4eHne, 0CBEAOMITEHHOCTb U KOMMNETEHTHOCTbL NEPCOHana;

- KOMMYHMKaLWWK;

- BOBne4eHue B npouecc pa3sutusa COM Bcex COTPYAHUKOB;

- AOKYMEHTUPOBAHWE;

- 3 PEKTUBHbLIN NPOLLECCHbIN KOHTPOSb;

- IporpaMmma TEXHUYECKOro 06CnyxmBaHus;

- FOTOBHOCTM K HELUTATHbIM CUTYaUnsiM N aBapusim;

- rapaHTMm obs3aTenbHOro cobnogeHns TpeboBaHM NPUPOAOOXPAHHOIO 3aKOHO-
AaTenbCTBa;

[) NpoOBepKa 1 KOPPEKTUPYIOLLME AENCTBUS MO CReayroLWwmM No3nLMaM:

- MOHUTOPWHT N N3MEPEHNS;

- KOppEeKTUpyLLMe 1 NpeaynpexaarLmne oencTeus;

- BeAeHne 3anucemn;

- He3aBUCKMMbIV (rae OCYLLECTBUMO) BHYTPEHHUIA ayauT, 4Tobbl onpeaenntb, COOT-
BeTcTBYeT N1 COM 3anoXeHHbIM n3HavanbHO NpUHUUNam, AOMKHbIM v 06pa3om oHa BHe-
peHa 1 PyHKLMOHMPYET;

e) perynsapHbli aHanu3 n nepecmotp COM BbICLUMM pyKOBOACTBOM Ha NpeameT ee

NPUroAHOCTN, afeKBaTHOCTU U 3(PPEKTUBHOCTN (AENCTBEHHOCTH);
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X) paspaboTka 6onee YNCTbIX TEXHONOMNIA;

3) BO3OENCTBME HA OKPYXKaloLLy cpedy NMpu BbIBOAE YCTAaHOBKM W3 3KCMyaTaumm
[AOMMKHO YYNTbIBATLCSA HA CTaaMM NPOEKTUPOBAHNS HOBOIO 3aBOAa;

n) npoBeaeHne, rae OCyLecTBUMO, PErynsipHOro OoTpacreBoro CpaBHUTENbLHOIO aHa-
nm3a (beHYmapkMHra) ¢ y4eTom TakuMx napameTpoB, Kak aHepreTnyeckas 3eKTUBHOCTb U
aHeprocbepexeHne, BbIOOP CbIPbEBbIX WU BCMOMOraTenbHbIX MaTepuanoB, XapakTepUCTUKK
BbIOpPOCOB B aTMoOCdepy, COPOCOB CTOYHbIX BOA, NOTpebneHus BoAbl U 0Opa3oBaHUsl OTXO-
[10B.

COM npumeHnma anga Bcex npeanpusaTuim no NpoM3BoOACTBY LLEMEHTA.
5.7 MOHUTOPUHT

HAT 16

HOT — 31O perynsapHbIi MOHUTOPUHE U U3MEPEHME NapaMeTpoB U BbIBPOCOB B COOT-
BeTCcTBMM co cTaHgaptamu EN, ISO nnn HaunoHanbHbIMM CTaHgapTamMu, rapaHTUpyowmmMm
COOTBETCTBME AaHHbIX Hay4YHO OOOCHOBAHHLIM KPUTEPUSAM, BKIOYas NpencTaBfieHHble B
Tabnuue 5.21.

Tabnuua 5.21 — HAT 16

MeToa/obopynoBaHue MpumeHuMocTb

a |HenpepblBHblE M3MEPEHNA NapaMeTpoB, cBMae- [lna Bcex npeanpusaTmmn
TenbCTBYHOLMX O CTabUIbHOCTM Npouecca, Takux,
Kak TemnepaTtypa, cogep>xaHme O, B OTXOAALWNX

ra3ax, pa3pexeHune n CKOpoCTb NOTOKa rasa

6 |MoHUTOPUHT N cTabunuaaumsa KpuTnyecknx napa- |[ns Bcex npeanpustun
METpPOB npoLecca: 0GHOPOAHOCTb U NOCTOAHCTBO
cOCTaBa Cblpb€BOW CMeCHU, TONNnBa, paBHOMeEp-

HOCTb NoJayn Tonnmea B NeYb, KO3 MOUUNEHT N3-

ObITka BO3gyxa B neyu

B |[lMepuogunyeckmne 3amepsl BbibpocoB NOy, SO, n CO | [1na Bcex npeanpustmmn

13 neyvn B COOTBETCTBUA C Fpa(bI/IKOM npon3soa-

CTBEHHOIo KOHTpOA
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MeTopn/o6opynoBaHne NpuMeHNMOoCTb

r |HenpepbiBHble 3amepbl BbibpocoB NH3 13 Bpawa- |[Ansa neyen cyxoro cnocoba npo-
tOLLENCSA Neym npu NCNosib30BaHUM TEXHOMOIMMM N3BOACTBa, 060pPYA0BaHHbIX
CEneKTMBHOro HekaTanuMTU4YecKkoro BocctaHoBne- |yctaHoBkamu SCNR

Hua (SNCR) okcmaoB a3oTa

A |lMeproanyeckue 3amepbl BbIGPOCOB NbINK, BbiCO- | [ANa onpeaeneHns akTyanbHOro
konetyymx metannos, HCI, HF b HopmaTuBa BbIBPOCOB U €ro

NMPUMEHUMOCTU

e |lMepmnogunyeckme 3amepbl BbIGpOCOB neTyunx opra- |Mpun ncnonb3oBaHMm OTXOL40B B
HWYeCKUX coeauHenwii, MXOA/NXae Y KayecCTBe Cblpbda UMK anbTepHa-

TUBHOIO TOMJInBa

X |lMeprnoguyeckue 3amepbl BbIOPOCOB Nbifin U3 opra- | [1ns Bcex npeanpusatui

HU30BaHHbIX NCTOYHMUKOB, KPOME Mne4un b

b 3amepbl OCYLLEeCTBNATCA nepnoanvyeckn cornacHo rpad)MKy npon3BoACTBEHHOINO KOHTPOJ1IA HAa OCHOBAHUN HOPM, YCTAHOBIEHHbIX

B HOPMaTUBHbIX JOKYMEHTaXx.

Paspen 6. 9kOoHOMMYeCcKMe acnekTbl peannsaunmn Hamnydwumx

AOCTYMHbIX TEXHONOrMN Npu NPOU3BOACTBE LieMEHTa

B HacTosiwuem pasgene ceegenuss o HOT npu Npon3BoACTBE LEMEHTa WU3NOXEeHbl C

TOYKN 3pEHNA SIKOHOMUYECKMNX aClNEeKTOB NX NMPUMEHEHUAA.

6.1 DKOHOMMYECKMe acneKTbl HaUMNyyLWmnX AOCTYNHbIX TEXHONOrUMn

npu npon3BoacTtBe LeMeHTa

B uemeHTHOM npombiwneHHocTn Poccun no coctosHuio Ha 01.01.2015 pyHKUMOHMK-
poBano 63 LeMeHTHbIX NpeanpuaTtusd, B TOM Yucne 57 3aBO4OB MOSIHOrO LuKMIa nNpou3soa-
CTBa U 6 NOMOMbHbLIX YCTaHOBOK. M3 obuwiero ymcna npousBOACTBEHHbLIX MOLLHOCTEN Ha
npeanpuaTMsX MNOMHOroO UMKNa K aHeprocbeperarwLwmm, rmaBHOMY acrnekTy 3KOHOMWUYECKOW
adhdekTMBHOCTN, OTHOCUTCA 40,7 % MOLLHOCTEN.

CTponTenbCTBO HOBbIX MPOM3BOLACTBEHHbIX MOLLHOCTEN B LEMEHTHOW MPOMbILLIIEHHO-
CTU COMPSHKEHO C CYLWECTBEHHbIMW KanuTanbHbIMKM 3aTpaTamu. B Tabnuue 6.1 nokasaHbl
yAenbHble KanuTanoBrOXeHWUs MO HEeKOTOPbIM peanu3oBaHHbIM B Poccunckon ®epepauuu

NpPoeKTaM HOBbIX TEXHOJOMNM4Y€eCKMNX NNUHWI Cyxoro crnocoba npon3BoacCTBa.
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Tabnuua 6.1 — YaenbHble KanuTanoBOXeEHWS B LEMEHTHOM MPOMbILLIIEHHOCTHU

MowHocTn, | YoenbHble kanuTa-
OueHka pakTnye- | BBEOEHHbIE B NOBMOXEHNS,
Ne MpeonpuaTtue
ckoro obbema mHBe- | akcnnyataumo | Tbic. pyb./T MoLy-
ctuumin*t, MnH py6. ThiC. T HOCTU
1 FOYITIK 15 955 2400 6,6
2 CepebpsaHckmn L3 14 268 1606,5 8,9
3 Asusa LlemeHT 15 267 1800 8,5
4 MogropeHcknin L3 22 290 2400 9,3
OAO "TTADAPX
5 18 023 1800 10,0
LEMEHT"
MeTepbypruemeHT 18 846 1850
5 poypry 102
(icp)
7 BBL3 24 876 2300 10,8
8 TynauemeHT 20 745 1800 11,5
9 OAO "Xoncum (Pyc) 26 631 13,3
oM 2000

* OueHKa caenaHa B COMOCTaBUMBIX LiEHaX, npuBefeHHbIX K YPOBHIO 2014 roga, TaK Kak MHBECTULMU OCYLLEeCTBNANUCbL B pa3Hoe

Bpemsi.

HeCMOTpFI Ha BbICOKME KanunTaJlloOBJIOXKEeHUA, CBA3aHHblE CO CTPOUTEJSIbCTBOM HOBbIX

Nnpon3BOACTBEHHbIX MOLLIHOCTEN, HEOOXOANMOCTbL HOBOIO CTpouTesibCTBa 06ycnaBn|/|BaeTc;|

paAooM 3KOHOMMYECKUX NpenmMyLluecTB. OCHOBHbIMW 3KOHOMUWYECKMMW acrnekTamm npuMeHe-

Hua HOT npu nponsBoaCcTBE LEMEHTa SABMSOTCS:

- 3HEpProadPEKTUBHOCTb, T. €. CHUXKEHME PacXod0B Ha TOMMMBHO-3HEpPreTU4eckne pe-

CypCbl U NPV NPOU3BOACTBE LIEMEHTA;

- NOBbILLEHNE NPOU3BOAMTENBHOCTM TPyAa (CHUXKEHUE pacxodoB Ha onnaty Tpyda) 3a

cyeT aBTOMAaTU3aLUnn Npon3BoaCTBEHHbLIX NMPOLECCOB,

- YMeHbLUEHME 3KOMOrMYeckoro yuiepba 1 3arpsisHeHUs1 OKpy»KatoLen cpeap!.

PaCCMOTpI/IM JaHHbleé 3KOHOMUNYECKNE aCrneKThbl no,u,po6Hee.
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6.1.1 QHeproadcpekTUBHOCTL NPOM3BOACTBA

MprvMeHeHne cyxoro cnocoba Npou3BOACTBA LieMeHTa BEAET K CHWXKEHUIO pacxonoB
Ha TOMNMBHO-3HepreTUYeckme pecypcbl B cpegHeM Ha 30 — 40 % no CpaBHEHUIO C MOKPbLIM
cnocobom npomussoacTBa. OCHOBHOE BNUSIHME HA 3HEProddEKTUBHOCTb CYXOro Croco-
Ganpon3BoACTBa OKasblBaeT CHWXKEHME YAENbHOro pacxoaa TEXHONOMMYECKoro Tonnmea npu

Npon3BoACTBE LiEMEHTA.
6.1.2 NoBblWweHNe NPOM3BOAUTENILHOCTU TpyAa

O PEKTUBHOCTL COBPEMEHHOIO MPOM3BOACTBA LIEMEHTa MO CyxoMy cnocoby oOy-
CMNOBMEHO BbICOKOM MPOU3BOAUTENBHOCTLIO OCHOBHOMO 060pyA0BaHWUA, BbICOKAM YPOBHEM
aBTOMaTM3aLumMm NPoOmn3BOACTBEHHbIX npoueccoB. [laHHoe o6CcToATeNnsCTBO No3BosniseT pabo-
TaTb C MeHbLUEN YNCNEHHOCTLIO MPOM3BOACTBEHHOIO NepcoHasa no CpaBHEHUIO C yCcTapes-
LWMMWN NPOU3BOACTBAMU C HU3KUM YpoBHeM aBTomaTusauun. COOTBETCTBEHHO CHMXaKTCHA
obwue pacxodbl Ha onnaTy Tpyda nepcoHana, U nosblllaeTcs nokasaTternb BblpaboTku Npo-
AyKumn Ha 1 paboTatoLlero.

Ha pucyHke 6.1 nokasaHa ycpedHeHHasi CTpykTypa cebecToMMOCTM NpOU3BOLCTBA
LemMeHTa npu Cyxom n MOKpOM crnocobax npon3BoacTsa.

B pOoCCUNCKNX 9KOHOMUYECKNX YCMOBUSAX, NPU PErynsipHO pacTylimx Tapudax Ha Ton-
NNBHO-3HEpPreTMyeckme pecypcbl, TPAHCMNOPTHbIE NEPEBO3KU, POCTE LEeH Ha MaTepuarnbHble
pecypchbl, BbICOKOW CTOMMOCTW MPUBIIEYEHUS KanuTana Haspena HeobxoaMmocTb nepexoga
npeanpuaTMi LEMEHTHON NPOMbILLNEHHOCTM Ha 6onee ahdPeKTUBHBIE COBPEMEHHLIE TEXHO-

Jornn.
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MoKpbI, NONYCYXON 1 Cyxon
«CTapbivi» NPOU3BOACTBA

20%

Cyxoit «HOBbIN»
crnocof Npon3BoACTBa

24%

= AmopTu3auus
= Tonnueo

o Colpbe ¥ MaTepuansl In/aHeprus

= 3apab.nnara ¢ oTyucneHnsM1

= PemoHTb! Mpoyne pacxoab!

= AmopTu3auus
= Tonnmeo

Cblpbe 1 matepuansl In/aHeprus

= 3apab.nnara ¢ oTYuCnEHUAMHU
= PemoHTbI Mpoyme pacxosp!

| YcpeaHeHHas akcnepTHas oueHka. PeanbHble nokasarenv cebectonmocT OTAENbHO B3ATOrO

® 33aBOA@ MOTyT OTNIMYATLCA OT YCPEAHEHHOrO 3HaYeHNA Kak B BOMbLUYIO, Tak U MEHbLLYIO CTOPOHY.

UcTouruk: pacuetsi CMNPO

Mpeanpusius, paboTatoLume No MOKPOMY, NONYCYXOMY 1 CYXOMy

Ne 3asoas!

AHrapckuemeHT

2 Ata Kail ueMeHT

AunHckmin U3

4 Benropoae ku i ueme HT

5 BonbCKyemeHT

6  BopkyrusckuilLiemsasos

7  BockpeceHCKUeMeHT

8  T'op HO3aBOAC KU MeHT

9 Kurynesckue cTpoiiMaTepuantl

w

10 Uckurumyement

11 Kaexaaye meHT

12 KaTasckuit LemeHT

13 KpacHospckui L3

14 KyaHe uxu i Uue M3asoa

15 NuneuruemexT

16 MarnuToropckuit pemsasog
17 Manbyosckui NopTNaHALEMeHT
18  Metaxum

19  MuxainosuemeHT

20 MopaosuemeHT*

21 Hesbsnckuii L3

Mpeanpustus, pabotatowwue no

Ne 3asoas!

Asna Liement

2 BepxHeGakaHckuill3
Bon ra uemenr
Nacapx-Kanyra
MopaosuemenT*
HosopocuyemeHr”
TMoAropeHcKkuit LeMeHTHUK
CebpakouemeHT"

Ne 3asoas!

HosopocuemeHT*
HosoTpouyxmit Lemsasoa
Hopunbckan ropHas Komnaus
Ockon uemeHT
Mukanesckui L3
Mogonbckuit yement

Casu He kuil Uem3asoa
CeBpAKoBLEMeHT*
CnaceKuemenT
CTpouTensHsle MaTepuans!
CyXonoXCKUEMeHT*
Tennoosepckiit UEMEHTHSIA 33804
TumnioiyemeHt

TONKUHCKNIA LieMeHT
VrneropckuemenT
YNbAHOBCKLEMEHT
VpanuemeHt

Lie Me HT (AnTa iiye MeHT)
Uecna (Cnanyesckuit Li3)
YeyeHuemeHT

Skyruement

«HOBOMY» CNOCOBY NPOM3BOACTBA:

3asop

CeHrunee BC kil UeMeHT
Cepebpanckuii LI3

CTpouTen b H bl @ MaTe p Hanoi"
CyXonoXcKuemeHT*

Tyna yement

LiemenT(1ICP)

LLlypoBCKuit yemeHT

YK

«cTapomy» cnocoby npoM3BOACTBA, 6€3 NOMONbHBIX YCTAHOBOK:

. g =
B cocTase npepATHi paBOTaIOT TEX-ONOMIECKHE MM PAITHIHOT CIoooBa NpON3BORcTBa

PucyHok 6.1 — CTpyKkTypa cpegHen npon3BoAcTBEHHON cebeCcToMMOoCTn cpeaHero

uemeHTa B 2014 rogy

PacueTt 3aTtpaTt Ha nNpon3BoACTBO LeMeHTa No CyxoMy N MOKPOMY cnoco6y npon3Boa-

ctBa C y4e€TOM CTOMMOCTU NMpUBJIEYEHHOIO ANnd pearnn3aunn HOBbIX NMPOEKTOB 3aeMHOro Ka-

nuTana ob6oCcHOBbLIBaeT HEOOXOAMMOCTb Nepexona LEeMEHTHOW NPOMBILLTIEHHOCTU Ha COBpe-

MEHHbIE TEXHOSOrMM (CM. PUCYHOK 6.2).

AHanus 3atpaTt 6a3mpOBanc;| Ha 3KCMNEepTHOW OUEHKe cebecTomMmocTn npon3BoacTBa

no BCeéM UEeMEeHTHbIM npeanpuaTnam Poccun. C onop0|71 Ha I'IpaKTI/I‘-IeCKI/II‘/'I onbIT N C y4EeTOM

0COBEHHOCTEN NMPUMEHSIEMbIX TEXHOMOrMIN, HOPMAaTMBOB PAaCcXOAOBaHUS PEecypcoB, OpraHu-

3aumn npoussoacTea un gpyrmx gaktopos, OO0 «CM [po» Gbina oueHeHa cebecTonmMocTb

npon3BoacTBa:

1) AencTByOLWMNX NPON3BOACTB

2) peanuayembix NPOEeKTOB CTPOUTENbCTBA HOBbLIX MPOU3BOACTB

3) peann3yeMbix NPOEKTOB MO PEKOHCTPYKUNN OEACTBYOLLMX NpeanpusaTum
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PucyHok 6.2 — 3aTpaTbl  Ha npom3BoacTso 1 T uemeHnTa B Poccuiickon ®egepaunv B

2013-2020 rogax, py6./T (dpakT 1 NporHo3)
6.1.3 CHUXeHMe 3KOorm4yecKoro yuiepba

MaTtepuanbHble 6anaHckl npouecca npom3soacTea 1 T NOPTNAHAUEMEHTHOrO KIMMHKe-
pa Nno MOKPOMY M CyxoMy crocobam npou3BOACTBa npeacTaBrieHbl Ha pucyHke 3.1. Cyxon
cnocob xapaktepusyeTcst 6ornee HU3KMMKN BbiIDpOCaMn 3arpsasHALLMX BEWECTB U, Takum 06-

pa3oM, HAHOCUT MeHbLUWI yIep6 OKpyKatoLel cpeae Nno CPaBHEHUIO C MOKPbIM CNOCOGOoM.

* OueHKa 3aTpaT Ha NPOM3BOACTBO LIeMEHTA YYUTbIBAET BNUSIHUE JONTOBOW HAarpy3ku no Kpe-
AWTHBIM pecypcam (NpoLeHTbl N0 KpeauTam), KOoTopble AfS HOBbIX NPOM3BOACTB MMEKT CyLLEeCTBEH-

HbI BEC B CTPYKTYpe obLmx 3aTparT.
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6.2 QKOHOMMYECKUe acnekTbl peanusaumm HOT npn npousBoacTee

LeMeHTa

MockonbKy B HacTosilee BpeMsi MpU MOAEPHM3aAUUN CYLLECTBYIOLLINX, U NPU CTPOU-
TENbCTBE HOBbIX TEXHOMOMMYECKUX JNIMHUIA, Kak NpaBuio, ucrnonb3yetcs obopygoBaHNe MHO-
CTpaHHbIX bMpM-NponsBoaMTENEN, TO B AaHHOM pasfernie NpuBOASTCA 3KOHOMUYECKME ac-

nekTbl peanusaumm HAOT npu nponsBoacTee LemeHTa B cTpaHax EC [9].
6.2.1 Bblbop cnocob6a npousBoacTBa

Mpouecc nepeBoga 3aBoga C MOKPOro Ha Cyxon cnocob BbICOKO 3aTpaTHbIn, TpebyeT

no4tn 100 MnH eBpo.

6.2.2 PeKynepau,vm JHEeprun N3 nevnm N xonoauinbHUKa | pononHuTenbHas

reHepaums aHeprum

I'Ipm npon3BoACTBE LEMEHTa M30bITOK Tenmna 13 XonoauIibHUKa U NeYn MOXXHO pe-
KyrnepupoBaTtb, UCMOJNb3y4d npouecc opraHNM4eCKoro Uukria PaHknHa, vnu npAMbIM HarpeBa-
HUewm rasa.

CTtommocTb prl'lHOVl TENNOJNEKTPOCTAaHUMN NOJTHOINo UuKna B cpeaHemM HaxoauTcA B

npegenax 0,8-1,2 mnH eBpo Ha 1 MBT reHepnpyemMon MOLLHOCTW.
6.2.3 ONTUMMU3aLUA KOHTPOINA TEXHOJIONM4YeCKOro npouecca

CToMMOCTb ONTUMM3ALMN KOHTPOMSA TEXHOMNOIMMYECKOro npouecca konebnetcs B Wu-
POKMX Npegenax, 4o 5 MIH eBpo.

TpebytoTcs nuesectmummn go 300 000 eBpo onst aBToMaTmM3auum npouecca obxura, oc-
HOBAHHOW Ha KOHTpone BblibpocoB NOy C NPMMEHEHMEM KOMMbIOTEPHOW CUCTEMBI, @ TakKke
TpebyoTca JONOMHUTENBHBbIE NHBECTULMN OS151 YCTAHOBKN Ha 3aBo4E U3MEepPUTENbHOM U O0-
3MPYIOLLLEN TEXHUKM.

[MepBOHa4anbHO onNTMMMU3auMs paboTbl NeYn AaeT CHUKEHME OMepauMOHHbIX Pacxo-
OOB, YBENUYEHNE NMPOU3BOAUTENBHOCTU N MOBLILWWEHNE KayecTBa npoaykuun. O6blYHO one-
paLUMOHHbIE pacxobl NO 3KCrnyaTauum rnevm CHUXarTCA B CPaBHEHUU C aHANOrM4YHbIMU 3a-
Tpatamu 6e3 ontumusaumn. B pesynbtate CHuxeHus notpebneHus Tonnvea U yTepoBKM
CHWXaeTcsd CTOMMOCTb YCTaHOBKW, MOBLILIAETCHA ee MPOU3BOAUTENBHOCTL U ynyyllalTcs
Apyrve nokasartenu.
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6.2.4 Acnonb3oBaHWe OTXOAO0OB B KayecTBe TonsiMBa

MockonbKky B ceb6eCcToMmMoCTM NPOAYKUMM CTOMMOCTb MCMOMb3YEMOW SHEPTrMN COCTaB-
nset 30 % — 40 %, To NpMMeHeHe OTX040B B Ka4eCTBe anbTepHaTMBHOMO Tonnnea npuBo-
ANT K CyLLLeCTBEHHOMY CHWXEHWUIO NPOU3BOACTBEHHbIX PaCXOAO0B.

OTxogpl TONNMBa MOryT OblTb MeHee JOpOornmMu, Yem oBbl4HOEe TOMSIMBO, XOTA CTOU-
MOCTb ByAeT MEeHSTbLCA B 3aBUCMMOCTW OT TUNa OTXO40B U MECTHbIX ycrnoBui. OgHako Ton-
NBHbIE OTXOAbl YAcTO NPOXOAAT npeaBapuTeNnbHyt0 06paboTKy, roMOreHM3aumo 4o nux nuc-
NONb30BaHUA Ha LEMEHTHbIX 3aBO4ax, YTO NPUBOOMUT K UX yaopoxaHuto. K Tomy xxe gonorn-

HUTENbHbIN KOHTPOSb MU aHanm3bl OTX040B TaKKe MOBbILLAKT UX CTOUMOCTb.
6.2.5 CHUXeHue BbIOPOCOB Mbinun

Ha uemMeHTHOM 3aBoge MMEKTCA pasfMyHble UCTOYHWKM OpraHM30BaHHbIX BbIOGPOCOB
NbINKN (NeYn, KIMHKEPHbIE XONOAUNBbHUKM U MENbHULbI AN MOMOSa CbiPpbEBbLIX MaTEpPMaros,
LeMEHTa U yrng, a Takke BcriomoraTenbHble npouecchl). OCHOBHas YacTb BbIGpOCOB Mbinu (C
pa3amepom vactuy MeHee 10 n 2,5 MKM) MOXeT ObITb CHUXEHA 3a CYET YMeHbLUeHNsa obLuen
BEMNYMHbI NbINIEBLIAENEHNS, AOCTUTAEMON NyTEM UCMONb30BaHUSA 3EEKTUBHON CUCTEMDI
nbineynaesnueaHusa. [na 3Toro MCnonb3yoT 3MeKTpounbTpbl, PYKaBHblE U MMOpPUAHbIE
GunbTpbl (CM. pa3gen 5).

O630p TEXHMYECKUX peLleHU AN KOHTPOSis BbIGPOCOB MNbiM B LEMEHTHOM MpPOun3-
BOACTBE npuBedeH B Tabnuue 6.2, a AaHHble MO CTOMMOCTM TEXHWYECKMX peLleHun ans

CHWXXeHUs BbIBPOCOB Mbinn — B Tabnuue 6.3.

Tabnuua 6.2 — O630p TEXHNYECKUX PELUEHUI AN KOHTPOrS BbIGPOCOB NbIfN B LLEMEHTHOM

npoussoacTae no [9]

[aHHble | CTOMMOCTb
TexHn4yeckue peLueHns

BbIGPOCOB 3
TexHun4yeckue pe- n
LLIEHUS PUMERMMOCTE WHBecTuumn | 38TPaThl Ha
Mr/Hme D kr/T 2 aKcnnyaTaumio
MIH eBpo | ©BPO/T KIHKe-
pa
OnekTpodunb- | BCe neyvHble cucte- | 10 —
0,02-0,05 2,1-6,0 0,1-0,2

Tpbl Mbl <20
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[aHHble | CToMmocTb
5 3 TexHuyeckme pelueHns
TexHuyeckune pe- Beibpocos
e MNpumMeHnMocTb VHBecTumv | 3atpaThl Ha
NV kr/T 2 3KCnnyaTaumio
MIH eBpo | ©BPO/T KnuHke-
pa
KNMHKEPHbIE XOJ10- 10 —
0,02-0,05 0,8-1,2 0,09-0,18
ONNBbHUKN <20
LeMEHTHble Meflb-
<10 0,02 0,8-1,2 0,09-0,18
HULbI
BCe MNeYHble cucre-
<10 0,15.0,35
Mbl 0,02 2,1.6,04)
KIMHKEpPHbIE XOJ10-
<10 0,02 1,0.1,4 4) 0,1.0,15
PykaBHble dourb- OUNbHUKN
Tpbl MenbHuubI
(cbipbeBbie, 4
<10 0,02 0,3-0,5% 0,03-0,04
LEeMEHTHbIE,
yronbHble)
BCe MNeYHble cucre-
Mbl, KNUHKEPHbIE
MbpugHbie
XONOAUMNbHUKN, <10-20 | 0,02-0,05
GunbTpbI
LUEeMEHTHblEe MeSlb-
HULbI
CHwuxeHne
Andpy3HOM Mbl- BCe 3aBOoAbl — — — —
nv

D NIns1 06bIYHOM NEYHOI CUCTEMBI, cyxou ras, 273 K, 101,3 klMa n 10 % O..

AKrit KNWHKepa: Ans noToka rasos 2300 M*/T knuHKepa.

9 CToMMOCTb 1151 CHXEHWs BbIGPOcoB 10 10—30 MI/HM®, Neyb NPoM3BOANTENLHOCTLIO 3000 T/CYTKN KITMHKEPa W HauarnbHbIe BbIGPO-
cbi 500 r nbinn/Hm’,

4 3aBucuT oT MaTepuana punbtpa, 3ekTMBHOCTL 0becnbinmBaHus Bbiwe 99,9 %.

MMbpuaHble UNbLTPLI B OCHOBHOM SIBMISIKOTCA pe3ynbTaTtoM MOAEPHU3aLMK Cylue-
CTBYIOLLMNX 9NEKTPOPUNILTPOB U NpeacTaBnsaloT cobon obbegmHeHne anekTpounbTpoB C
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PpyKaBHbIMA CbI/IJ'IpraMl/I B OOHO N TO Xe yCTpOIZCTBO. OHu nossonstoT NOBTOPHO WUCIMOJ1b30-

BaTb 4aCTb CTaporo O60pyﬂ,OBaHl/IFI.

Tabnvua 6.3 — [JaHHblEe N0 CTOMMOCTU TEXHUYECKUX PELLEHUI AN CHWKEHWUS BLIGPOCOB Mbinu Mo [9]

MHBECTMLNN 1 CTOMMOCTM TEXHUYECKNX peLlJeHIAVI NO CHWXXEeHUIO Bbl6pOCOB nbin

TexHuyeckme pelueHns

MapameTpsl PaamepHocTb onekTpo- PykaBHble onekTpo- PykaBHble
onnbTpLI onnbTpLI onnbTpLI onnbTpLI
OnucaHne ycTaHOBKM | © I 1 © I
MpounssoguTenns- T KNMHKEpa B
1100 3000 1100 3000

HOCTb CYTKHM
J[lonroBe4YHoCTb roa 35 35
Pabouee Bpems y/ron 7680 7680
MHBEeCTMLMOHHaSA 2100-4600 ¥ 2100-6800™?

TbIC. €BPO 1500 9 1750 1
CTOMMOCTb 4500-6000 ? 4000-8000™
lopoBble kKanuTanb-

ThbIC. €BPO
Hble 3aTpaThl
MpunbbInb %/100/ron, 4 4
Bpemsi Kn3HU KOH-
TponbHoro obopyao- rog 10 10
BaHWSA
O0Lwwee ThbIC. €BPO 184,94 215,76

TbIC. €BPO/T
ObLwwee 5,25E-04 6,13E-04

KNMHKepa
durKcnpoBaHHble
9KCMNYyaTaLMOHHbIE %/rog ? 4 4
pacxoapl
O6bwwee ThbIC. €BPO 60 70

ThbIC. €BPO/T
ObLwwee 3 1,70E-04 1,99E-04

KNMHKepa
MN3ameHeHus akcnny-

ThbIC. €BPO/T
aTauMoHHBbIX pacxo- 3,15E-04 3,77E-04

KNuHKepa

[10B
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MHBECTMLNN 1 CTOMMOCTM TEXHUYECKNX peLlJeHIAVI NO CHWXXEHUIO Bbl6pOCOB nbin

TexHuyeckme peweHna

MapameTpsl Pa3smepHoCTb OnekTpo- PykaBHble nekTpo- PykaBHble
dnnbTPLI dnnbTPLI dnnbTPLI onnbTPLI
OnucaHne ycTaHOBKM | © I | © I
Pacxogbl Ha TOHHY TbIC. €BPO/T
1,01E-03 1,19E-03
KnuHKepa KnuHKepa
CTOMMOCTb Ha TOHHY
CHWXXEHHBbIX 3arpsia- ThbIC. €BPO/T
HUTENen
dakTop, 0,13 0,13
He CHWXaIoLL N Bbl- T/T KNNHKEpa 56,520 56,520
6pockl Mr/HM® Mr/HM®
dakTop, CHUXaoLW M 0,000046 0,000046
! T/T KNNHKEpa 3 3
BbIGpoch! Y 20 Mr/Hm 20 Mr/Hm
O0bLwwee ThbiC. €BPO/T 0,008 0,009
O6wwe akcnnyata- €BpPO/T KINUHKe-
0,1-0,3 0,1 —0,35
LMOHHbIE pacxoapbl pa
Onpegenexne name-
HEeHns aKcnnyataum-
OHHbIX pacxonoB
CToumocCTb anekTpu-
yectsa ¥
[lononHutensHasa
KBT-4ac/T knuH- 4,15 5,24
noTpebHOCTb
5 Kepa 190 kBT 240 kBT
an.aHeprum (A ©) *
LleHa an.aHeprum (c®)| eBpo/kBT-yac | 0,0569 0,0569
TbIC. €BPO/T
Obwasn 2,36E-04 2,98E-04
KNMHKepa
TpynoBble 3aTpaThbl ©
1 yen-roa/T KnuH-
TpynosaTpaThbl (A°) 2,13E-06 2,13E-06
Kepa
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MHBECTMLNN 1 CTOMMOCTM TEXHUYECKNX peLlJeHIAVI NO CHWXXEHUIO Bbl6pOCOB nbin

TexHuyeckme peweHna

MapameTpsl Pa3smepHoCTb OnekTpo- PykaBHble nekTpo- PykaBHble

dnnbTPLI dnnbTPLI dnnbTPLI onnbTPLI
OnucaHne ycTaHOBKM | © I 1 © I

ThbIC. eBpo/yen-
3apnnara 37,234 37,234
ron
ThbiC. €BPO/T
O6bwwee 7,93E-05 7,93E-05
KNUHKepa

CTtonmocTb pasme-

weHus nbinun”

ThbIC.€BPO/T

Obwasn 0 0

KNuHKepa

O0bLwue nameHeHus
TbiC.€BPO/T

aKcnnyaTtaumMoHHbIX 7 3,15E-04 3,66-04
KNuHKepa

pacxonoB

9 NaHHble 2000 r., LEMEHTHbIN 3aBOf, C npownssoguTensHocTbio 1100 T/cyT B cTpaHax EC B 1995 roay.

Y10 % 0,.

9 KanuTtanoBnoXeHus:.

9 Pacnpenenenue: 50 % anekTpodunbTpa U 50 % pyKaBHOrO UMLTPA; UCMONb30BAHUE CPEAHEro MeXy 3MeKTPOoUILTPOM U py-
KaBHbIM (PUNLTPOM.

4 CTonmocTb anekTpuyecTa = A°* ¢/ 10° (Tbic. eBpo/T).

% [lononHuUTenbHas NoTpeBHOCTL B 9M.3Heprn= HoBoe obLuee NoTpebneHne — ctapoe obluee noTpebneHue.

® Croumoctb Tpyaa = A' - ¢* (TbIC. eBPO/T).

" CTOUMOCTb pasmeLLieHus Nbiny KinHkepa = A® * ¢° * efoymersuenson * i/ 10° (ThIC.€BPO/T).

® NaHHble 2000 r., BKAIOYAOT BEMUYMHY KanUTanoBNOXeHWN Ansi 6allHn KOHAMUMOHUPOBaHUSI BO3dyxa nocne (hunbTpoBaribHOro
BeHTUnsitopa (0.6—0.8 MnH eBpo).

9 NlaHHble 2006 T.

19 BrnioyaeT KaNUTaNoBNOXEHMs! 47151 GaLLHU KOHAULMOHMPOBAHUS U BEHTUNsITOpa cunbTpa (0.6—0.8 MIH.eBpo).

W Nnga adpcheKTUBHOCTU pasaeneHns > 99.9 %, 3aBUCSILLEN OT TUMA W YUCTA UCTIONb3YEMbIX (OUNLTPOBAMbHBIX MELLIKOB.

6.2.6 CHMxeHue BbIGpocoB NOy

Ansa cHwkeHua unu KoHTponsa BbibpocoB NOy cuntaeTcs NpUrogHbIM UCNONb30BaHUE
Kak NepBMYHbIX Mep, UHTErNPUPOBAHHbIX B TEXHOMOMMYECKMI NpoLEece, Tak 1 cneumnanbHbIX
TEXHOMOMMN NN NX coMeTaHne C NEPBUYHBIMU MepamMu (CM. pasgen 5).

B Tabnuue 6.4 npuBeaeH 0630p TEXHUYECKUX PELLUEHUN, OKa3bIBAKOLLUX MOMOXUTENb-
HOe BrnMsiHue (HO, Heobs3aTenbHO, COBOKYNHOE) Ha CHMXeHMe BblbpocoB NOy, BO3HMKAKOLLMX

npv NPOM3BOACTBE LIeMEHTa, a B Tabnuue 6.5 — CTOUMOCTb JaHHbIX TEXHUYECKNX PELLUEHWIA.
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Tabnuua 6.4 — TexHuyeckue peweHunsa ans cHmkeHnst NO,, npumMeHsieMble B NPON3BOACTBE

uemeHTa no [9]

[aHHble No BbIOpocam

ﬂaHHbIe Mo CTOMMOCTHU

Odbdek-
Skcnnyarta-
TUBHOCTb
TexHn4yeckoe MpumMeHnMoCTb NHBec- LIMOHHbIE
CHWMXeHundA
pelleHue Ansi TUMOB NeYen mr/am® Y kr/T 2 TMuMn, | pacxogbl, €B-
BbIOpOCOB
MIH €BpO | pO/T KINUNHKe-
(%)
pa
MepBuyHOE
OxnaxpneHwve CHWXEHne
5 Bce 0-35 1,15-2,3| [Ho 0,2 [o 0,5
nnamexu ¥ Jo <500
...1000 ¥
["openkn c
HU3KUM Bbl-
Bce 0-35 500-1000 |1,15-2,3| o 0,45 0,07
JerneHvem
NO,
MepBuYHbIE CHwmxaeTcs
TexHun4eckme Bce 25 ¢ 1400 po 2,4 0,25 0,056
petuenms ¥ 1050
CxwuraHune
Tonnuea B HeT nH- HeT uh-
OnnHHbIE 20-40 — 0,8-1,7
cepeanHe dopmaumm dhopmauum
ne4mn
Mcnonb3o-
HeT nh-
BaHWEe MUHe- HeT nu- HeT nu-
Bce 10-15 — dopma-
panu- dopmauyum dopmauuu
umun
3aTopos
HekapboHuza- 9 1,84— HeT uH-
MNocTtapgun- 10-50 800 9-1000 0,1-2
TOp 203 dopmaumm
Hoe cXura-
Tennoobmen-
HWe Tonnuea 1-4
HUK

251




S(p(p ,D,aHHbIe no Bb|6pocaM ,D,aHHbIe Nno CTOMMOCTHU
eK-
SkcnnyaTta-
TUBHOCTb y
TexHunyeckoe MpumMeHnMoCTb MNHBec- LIMOHHbIE
_ | CHMWXeHus a1 2
peweHne an4a Tunos neveun 6 MI/HM Kr/T TNUnn, pacxonbl, eB-
Bbl 0OCOB
(Z) MIH €BpO | pO/T KINUNHKe-
0
pa
Tennoobmex- 200 10 11)_
SNCR 996 |k AekapGoHn- | 30-90 10 sopte | O4115( 05121 01-17
12) 3aTtop
KornocHuKoBbIN 5 6
35 580 °-© 1,15 0,5 0,84
TennoobMeHHUK
BoamoxHo Bce,
. TennoodMeHHUK 13 g 0,23-
SCR " 43 ¥_95 (200 ®—< 500 2,2-4.5 0,33-3,0
n nekapboHunsa- 1,15
TOp

9 CpenHecyTouHoe 3HauYeHune, cyxol ras, 273 K, 101.3 kMa 1 10 % O,

A krit KnuHKepa: Ha ocHoBe 2300 M*/T KnnHKepa

9 MpounssoaunTensHocTb neun 3000 T KMUHKepa B CYTKU U HavanbHble Bbiopockl NO, go 2000 Mr/HM®

‘) OueHKa BbINOMHEHa 3KCMEePTHOW rpynnon Ans neyy npomssoauTensHocTeio 1100 1/c B 2000 r.

% QkcrepuMeHThl BO GpaHLi COBMECTHO C MUHUCTEPCTBOM MO OXPaHe OKPYXalolLiel cpebl, MUHUCTEPCTBOM 3HEPreTUKA 1 accoLmaLm-
en npounssoguTenein uemeHta B 2000 roay (Bbinyck 2003 r.)

% CotpyaHnuectso LIEMBIOPO o cHikeHmto NO,, 2006 .

") FepmaHnsi 1 UTanns, AaHHbIE MO CTOMMOGTM OCHOBaHBI Ha UCMONb30BaHMN Neum BoIGpocos1500 M/T knuHkepa

® PesynbTaThl MUINOTHLIX UCTILITAHWIA U3 Tepmanum, WTanum u LLseunn n pesynbTaThl UcnbITanHWi 2007 rof, (200 Mr/HM®) UTaNbSHCKOTO
LieMEeHTHOro 3aBofa, vcnonb3aytoLero TexHonornio SCR; B 1997 rogy ABa nocTaBlumka B EBpone npeanoXunu nonHomaclutabHyto Tex-
Horornio SCR [ANs LIEMEHTHO NPOMBILLNEHHOCTY C rapaHTuel BbIBPOCOB OKCUOB a30Ta Ha yposHe 100-200 mr/Hm®

9 PesyrbTaThl UCMbITaHNIA DPaHLIy3CKOTO LIEMEHTHOMO 3aBo/a, Nedb C AekapGoHU3aTopoM, HauarnkHoe cogepxaHnie NOy 1000mMr/Hm®

10) LLIBeackme LieMeHTHble 3aBOAbl, CpeQHEeroqoBas BenMymHa HavarnbHbix BbiopocoB NOy 800—-1000 MF/HM3, cneabl ammmaka 5-20 MF/HM3,
BblcOKoahekTMBHaA TexHonorna SNCR, cneabl aMMuaka y4nTbiBatoTCA

I epmaHus: cpegHerogoBasi BenuunHa 200—-350 MF/HM3, crefpbl aMmMmnaKka yuntblBaloTcs

2 Huakuit AManaaoH BeIGPOCcoR NO, MOXeET BbiTh pe3yrbTaToM NOBLILIEHHOTO BbIGpoca NHs, 3aBUCSLLErO OT ypoBHS NO,

'3 PesynbTaThl MUMOTHOO UCTILITAHNS U ANUTENbHOI PaBoThl AEMOHCTPALIMOHHOIO 3aBoAa

) B 06beanHeHUn ¢ MPOLIECCOM MHTErPUPOBAHHBIX TEXHUYECKIX PELEHNN; ypoBeHb HauanbHoro NO, 1200 mr/im®;, PykoBoacTeo ®paH-
Ly3CKOW LIeMEHTHOW TMPOMBILLMIEHHOCTU MO TEXHUYECKAM peLUeHusiM  CHuKeHns BbibpocoB NO,, ®PpaHuus /MUHWCTEPCTBO

3HepreTukn/MEDD
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Tabnuua 6.5 — CTOMMOCTb TEXHUYECKNX peLleHnin CHmxkeHns Bbibpocos NO, [ro 9]

anMeHﬂeMble mMeToabl

lNepBuYHbIE
Eavunua mns- P Moctagun- | TexHono- | TexHono-
NapameTpbl TexHuue- | OxnaxaeHue
MepeHUA g | HOE CXura- rmsi rmsi
CKune peLle- nnameHu . 9
Hue " SNCR? SCR
Hus 9
OnwucaHne
yCTaHOBKM
Mponssogu- T/CYT KNWH- .
1100 3000 3000 1100 1500 7
TENbHOCTb Kepa
Mpounssogu- T/roa KnuH-
352000 35
TenbHOCTb Kepa
[JnuTtenbHOCTb
roa 35 35
paboThbl
Bpemsa paboTbl
y/ron 7680 7680
B roq
0,1-29
NHBEeCTULMOH- 9
MITH €BPO 0,25 0o 0,2 1-49 0,6
Hasi CTOUMOCTb 10)
15-20
YpaenbHasa vH-
eBpo/T 0,08- 0,83-
BECTULIMOHHAas ; .
KITMHKepa 0,14 " 0,87 "
CTOMMOCTb
ExxeroaHbie
KanuTanbHble TbIC.€BPO
BIOXEHUs
Mpubbinb %/100/ron, 4 4
[nntenbHoCTb
paboTbl 060-
rog 8 10
py4oBaHus
KOHTpOnNs
Bcero TbIC.€BPO 37,13 166,97
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anMeHﬂeMble mMeToabl

lNepBU4HbIE
Eavhunua uns- Moctagun- | TexHono- | TexHono-
MNapameTpbl TexHuue- | OxnaxaeHue
MepeHus g | HOE CXura- rms rms
CKune pelle- niamMeHun 7 9)
0 Hue SNCR SCR
HUA
TbIC.€BPO/T
Bcero 1,05E-04 | po 2,5E-04 4,74E-04
KnuHKepa
durkcnposaH-
Hble aKcnnya-
Y %/rog, ? 4 4
TauWOHHbIE
pacxogpbl
Bcero TbIC.€BPO 10 24
TbiC.€BpPO/T
Bcero 2,84E-05 6,82E-05
KnuHKepa
NepemeHHble
aKcnnyatauu- | TbiC.eBpO/T
2,64E-05 5,69E-04
OHHblE pacxo- KnuHKepa
Abl
CTtoumocTb Ha
ThbIC.€BPO/T
TOHHY KIUMHKe- 1,60E-04 1,11E-03
KNnHKepa
pa
CToMmOCTb Ha | TbIC.€BPO Ha
330-450 | 470-540
TOHHY CHUXEH- TOHHY 7 7
Horo NOy ¥ CHUK.NOy
dakTop He- TOHH NOy Ha| 0,00322 0,002415
CHWKEHHbIX TOHHY KIuH- | 1400 Mr/HM 1050 mr/H
BbiGpocos kepa 3 m®
A dekTne-
HOCTb CHUXe- % 25 62
Hust Y
ThbIC.€BPO/T
Bcero 0,2 0,74
CHUMX.NOy
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anMeHﬂeMble mMeToabl

lNepBU4HbIE
Eavhunua uns- Moctagun- | TexHono- | TexHono-
MNapameTpbl TexHuue- | OxnaxaeHue
MepeHus g | HOE Cxura- rms rms
ckvie pelue- | nnamenmn , .
0 Hue ” SNCR ? SCR
HUSA
CTtoumocTb EBpo Ha
0,10-0,13
3aMeHbl KaTa- | TOHHY KIWH- 7
nusaTopa Kepa
Onpepenexune
N3MeHeHns
aKcnnyartad,
pacxonoB
CTtoumocTb
an.aHeprum 2
[ononHuTtens-
Hasa NnoTped- KBT-4 Ha
0,44 0,13
HOCTb B TOHHY KIWH-
20 kBT 5,96 kBT
an.aHeprum (A°) Kepa
4)
CtoumocTb an.
. eBpOo/kKBT 4 0,0569 0,0569
SHeprum (c)
TbIC.€BPO Ha 7,40E-06
0,10-0,11
Bcero TOHHY KNuH- | 2,48E-05 0,03-0,06 7
kepa N
CTtommocTb
Ammuaka ©
XpaHeHue am-
5 MIH.€BpO
MMa4yHOM BOAbI
TOHHa 3a-
AhbekT He- rpsasHuTE-
y — 0,002415
CHUKEHUS nen Ha TOH-
HY KIUHK.
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anMeHﬂeMble mMeToabl

lNepBU4HbIE
Eavhunua uns- Moctagun- | TexHono- | TexHono-
MNapameTpbl TexHuue- | OxnaxaeHue
MepEeHNA g | HOE CXura- rmsi rmsi
CKune pelle- nnamMmeHun 7 9)
0 HMe SNCR SCR
HUNA
MonbHoe oT-
HoLleHne — 15
NH3/NOy
YpenoHasa no- | T/T yaoanes-
TpebHocTb NH3 | Horo 3a- — 0,89
(N°) rpsAsHUTENS
0,26-0,64
; 0,13-0,26
LleHa NH; eBpo /T — ) ”
400
A dekTne-
HOCTb yaarne- % — 62
HUSA
TbIC.€BpPO Ha
Bcero — 5,36E-04
TOHHY KIUH.
CtoumocTtb
Tpyaa *
Tpynosbie no- yen-rog/t
Y L 7,10E-07 7,10E-07
Tpe6HocTn (AY) | knuHkepa
TbiC.eBpo/
3apnnara 37,234 37,234
yen-roa
ThbIC.€BPO/T
Bcero 2,64E-05 2,64E -05
KNUHKepa
Bcero nepe-
5,69E-04
MEHHbIX 3KC- 0,33-0,70
Tbic.eBpO/T | 2,48E-05 0,30-0,70

nnyaTau. pac-

xonos

7

7
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anMeHﬂeMble mMeToabl

lNepBU4HbIE
EanHnua uns- Moctaguin- | TexHono- | TexHono-
MapameTpsbl TexHudye- | OxnaxgeHue

MepeHust Hoe CxXura- ms rms

ckvie pelue- | nnamenmn , .
Hue SNCR ? SCR

Hus ©
O6uwas ctoun-
MOCTb (MHBe- 0,38-0,62|0,83-0,87
eBpo/T 7 7
CTULMN N IKC-
KNMHKepa
nnyaTaLyoH- P 0,859 2,3

Hble pacxonbl)

9 NanHble 2000 r., 38804 NPON3BOANTENBLHOCTLIO 1100 T/CcyT — cpeaHuii B cTpaHax EC.

Y10 % O,.

2 KanuTarnbHbIe BMOXEHNS.

¥ CToMMOoCTb a1.aHeprmn A° * ¢° (TbIC.eBPO/T).

4 [lononHuTenbHbIe nopebHOCTU B 31.9Heprum = HoBoe obLLiee NoTpebneHne — crapoe obuiee noTpedbnexwe.

% TpynoBble 3aTpathl = A' - ¢’ (Tbic.€BpO /T).

% CroumocTtb ammuaka: A® ¢ * “d®uecms - N/ 10° ( ThiC.€BpO /7).

OPrecrmen: PAKTOP HECHWKEHUSI BbIOPOCOB 3arps3HUTENEN (TOHHa 3arpsisHUTenen /).

A yAenbHasa noTpebHocTb ammuaka (T/T BO3BpaLLEeHHOro aMMuaka) c*: yAaernbHas CTOMMOCTb CTOMMOCTb pa3MeLLeHUst Nbinu.

n: AdhdpekTnBHOCTL Bo3BpaTa = (1- ad, oro | 3Phep oro-

0 epmanus, 3aBucuT oT ypoBHSA cHmkeHust NOy go 500 nnn 200 Mr/HM,

® Meub ¢ nekap6oHM3aTOpPOM.

% [lekap6oOHM3ATOP M TPETVNYHAS MbiMb [N1S MeYN NPON3BOANTENBHOCTLI0 3000 T/CYT C NoAOrpeBaTeneMm, U KONOCHUKOBLIM XONOAMUMEHIKOM
npv nepeBoAe B Neyb C AeKkapboHn3aTopom.

19 MepeBop Neun ¢ noorpeBaTenem 1 pekynepaTopHLIM XONOAUMLHUKOM B MeYb C 1eKapBoHM3aTOPOM 1 KOMOCHUKOBLIM XOMNOANLHM-
KOM.

W AcTpusi.

6.2.7 CHuxeHue BbiIGpocoB SO,

HOT ans cHmxkeHns BbibpocoB SO, ABNAKOTCA UCNoNb3oBaHMe agbopbeHTa n MoKporo
ckpybbepa (cm. pasgen 5).

3aTpaTbl N0 peanu3aunn ykasaHHbIX TEXHONOMN NpueeaeHbl B Tabnunuyax 6.6—6.7.
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Tabnuua 6.6 — O630p TEXHOMOIMI KOHTPOIS U CHUXeHna SO, no [9]

Odbdek- Bbibpocsbl CtoumocTtb
TexHudeckne | Npumense-
TUBHOCTb MuBectnuumn | Okcnnyarta-
peLleHunst Mble ne4n mr/ame P kr/T 2
CHWXEeHUs (mriH eBpo) | umsa (eBpo/T)
[lob6aBka aa- 60 % — 3 0,23—-
Bce < 200-400 ¥ 0,2-0,3 0,1-0,4
copbeHTa 80 % 0,92
Mokpbin 0,02—-
P Bce > 90 % 10-300 ¥ 5,8-23° 0,5-2°%
ckpyb66ep 0,69

Y CpepnHecyTouHas BenuunHa, cyxoii ras, 273 K, 101,3 kfa, 10 % O».

2 Kr/T knUHKepa: Ha ocHoBe 2300 M/T KNUHKepa.

“ KoHeuHoe aHaueHMe BLIGPOCOB 3aBUCUT OT HaYamnbHOMO CoaepxaHnsa SO, Neper YCTaHOBKOI MOKPOTO ckpy66epa 1 MoXeT GbiTb
BbILLE.

% [Inst HauanbHoro ypoBHs SO, 1200 Mr/HM®,

% CTONMOCTb BKMIOYAET TakKe npouecc SNCR, neyb npoussoguTensHocTbio 2000 T KnvHKepa B CYTKM U HavarnbHble BbIopockl SO,

50-600 mr/ Hm® gaHHble cToumocTu 2007 roga.

Tabnuua 6.7 — NpuMepbl CTOMMOCTU TEXHUYECKUX PELLEHMI CHKEHUS BblopocoB SO, [ro 9]

MHBeCTMLUM 1 CTOMMOCTb TEXHUYECKUX peI.IJeHI/II7I CHWXeHnA Bbl6pOCOB SOy

TexHudeckne peweHuna

MNokasaTtenu ycTtaHoBKU EaovHunubl nsmepenns Whxekums abcop-
Mokpbiii ckpybbep
OeHTa

MpounsBoanTENBLHOCTD T/CYyT KNUHKEpa 1100 1100
Mpon3BoanTENBHOCTD T/roq KnnHKepa 35200 35200
OTxopsiwye rasoi” HMluac 105417
JlonroBe4YHoOCTb roa 35 35
3aBoackon akTop yac/roq 7680 7680
MHBECTMUMOHHAA CToU-

TbIC.€BpO 200 5500
MOCTb
[lopoBbie KanuTanbHble

TbIC.€BPO
BITOXXEHUSA
YpoBeHb NpubbINK %I/ron 4 4
KnsnecnocobHocTb 060-

rog 10 10

py4OBaHUS KOHTPONS
Bcero TbIC.€BpPO 24,66 678,10
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MHBECTULUM 1 CTOMMOCTb TEXHNUYECKUX peUJeHVIVI CHWXeHuA Bbl6pOCOB SOy

lMokasaTenu ycTaHOBKM

EanHnubl nsmepexus

TexHudeckne peLueHna

NHxekuna abcop-

Mokpbii ckpy66ep

GeHTa
TbIC.€BPO Ha TOHHY
Bcero 7,01E-05 1,93E-04
KNnHKepa
dukcmpyemble akcnnyaTa-
by Y %/ron? 4 4
LUMOHHbIE pacxoapbl
Bcero TbIC.€BPO 8 220
TbIC.€BPO Ha TOHHY
Bcero 2,27E-05 6,26E-04
KnnHKkepa
M3meHeHne akcnnyaTtaum- TbIC.€BPO Ha TOHHY
6,98E-04 6,06E-04
OHHbIX pacxodoB KnnHKkepa
3aTtpaTbl Ha TOHHY KIWHKe-
ThbIC.€BPO/T KINUHKepa 7,91E-04 3,16E-03
pa
3aTpaTbl HA TOHHY CHU-
ThbIC.eBpPO /T CHWXK. SOy
XeHHoro SOy
TOHHa SOy Ha TOHHY 0,0023 0,00368

dakTop HeCcHmkKeHuss SOy

1000 mr/Hm®

1600 Mr/um®

KNuHKepa
O PeKTUBHOCTb CHUXKE-
e % 60 75
HUS
Bcero ThbIC.eBPO/T CHMXK. SOy 0,573 1,144
OnpegeneHne nepemeH-
HbIX 3KCMNIyaTauMOHHbIX
pacxoaoB
CTOMMOCTb 311.3Heprum
[ononHuTtenbHasn noTpeob- 1,53 8,18
4 KBT-u /T knnHKepa
HOCTb B an.aHeprum (A°) ¥ 70 kBT 375 kBt
CToumocCTb an.sHeprum eBpo/kBT 4 0,0569 0,0569
TbIC.€BPO HA TOHHY
Bcero 8,69E-05 4,66E-04

KMUHKepa
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MHBECTULUM 1 CTOMMOCTb TEXHNUYECKUX peUJeHVIVI CHWXeHuA Bbl6pOCOB SOy

TexHudeckne peLueHna

lNokasaTternu yctaHoBKM EaovHuubl nsmepenns WHxekumst abecop-
Mokpbii ckpy66ep
beHTa
CToumocCTb pasmelleHns
0TX040B
dakTop HECHUXEHNS Bbl-
T 3arpsi3HUTENS Ha
BpocoB 3arpsasHsaLMEro 0,0023 -
6 TOHHY KINUHKepa
B-Ba (Sq)HeCanKeHm)
MoTpebHoCTb B pasmelle- | T/T BOBpaLLEHHOrO 3a- 0
HUN OTXOO0B rPA3HNTENS
YpenbHaa cCTOMMOCTb pas-
< eBpo /T -
MeLLEeHMst 0TXo4oB (C°)
AP PeKTUBHOCTL yaaneHus
% 60 -
(n)
Bcero ThbIC.€BPO/T KINNHKepa 0 0
CTtommocTb n3sBe-
CTU/M3BECTHSIKa
dPakTop HECHMXEHNS Bbl- TOHHA 3arpsA3HUTENS
6 0,0023 0,00368
GpocoB 3arpsasHUTENen Ha TOHHY KINMHKepa
Ca/S monbHoe OTHO-
LLeHne ang BblAeneHumn 2,2
SOy
Ca/S monbHoe OTHO-
LeHve Ang yoaneH. 1,02
SOy
YpenbHbIn pacxopn cop- T U3BECTU/T yAaneHHo- 404
6eHTa (N°) ro 3arpsisHuMTens ’
YaenbHbIn pacxoq U3BeCT- | T U3BECTHsIKa/T yaa- 159
Haka (A°) NEeHHoro 3arpsasHuTens '
CToumocTb copbeHTa (c®) eBpo/T 100 20
OPPEKTUBHOCTL yaaneHus % 60 75
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MHBECTULUM 1 CTOMMOCTb TEXHNUYECKUX peUJeHVII7I CHWXeHuA Bbl6pOCOB SOy

TexHudeckne peLueHna

MokasaTenu ycTaHoBKM EAnHMUBI n3mepeHus Whxekumst abcop-

Mokpbii ckpy66ep
GeHTa

TbIC.EBPO Ha TOHHY
Bcero 5,85E-05 8,80E-05
KNMHKepa

CTtoumocTb Tpygo3aTtpat >

MoTpebHOCTb B Tpyao3a-

L 4yen-roa/T KnuHKepa 7,10E-07 1,42E-06
Tpatax (AY)
3apnnata (c') ThblC.eBpO/yen-roa 37,234 37,234
Bcero ThbIC.€BPO /T KNNHKepa 2,64E-05 5,29E-05
Bcero nepeMeHHbIX aKe-
ThbIC.€BPO /T KNNHKepa 6,98E-04 6,06E-04

nnyaTtal,. pacxoaoB

710 % O,.

2 KanuTanoBrnoxeHus.

3 CroumocTb anekTpoaHeprum = A° 'c%/10° (Tbic.eBpo/T).

9 [lonoHUTenbHas NOTPeBHOCTL ANEeKTPOSHEPrM — HoBOe obllee NTpeGrieHne — cTapoe obliee NoTpeGreHme.

% CToumocTb Tpygosatpar = A' c* (Tbic.eBpo/T).

8 CTouMOocTb 13BECTU A° “CT9Mhechmertun * N/10° (ThIC.EBPO/T) 3yecrmens: PAKTOP HECHIXKEHWS BbIGPOCOB 3arpsiHUTENei.
A°: yaernbHast noTpebHOCTb UBBECTY (T 3arpAHUTENSIT) ¢ CTOUMOCTb U3BECTU (€BPO/T).

n: acpcpekTmBHOCTL Bo3BpaTa (= 1 — 3®sosspawsentoro / 3Mresosspawentoro)-

6.2.8 BHeapeHMe cucteM MeHeMKMeEHTa

3atpaTtbl Ha BHeApPEHUEe CUCTEMbl SKOMOrMYEeCKOro MeHeKMeHTa 3aBUCAT O MHOTMX
(PaKkTopoB, B TOM 4uChe, OT Hanmuna paboTocnocobHON CUCTEMbI MEHEAXXMEHTA KavecTBa,
OT YPOBHS MOArOTOBKM NepcoHana, oT pa3Mepa npeanpusatisa (Konunvecrtea CoTpPy4HMKOB), OT
peLLeHns PyKOBOACTBA O MPUBIIEYEHNN KOHCYNbTALMOHHbIX KOMMAHUA MW O BHEAPEHWUMU CU-
CTEMbl 3KOSIOrMYECKOro MeHeXXMeHTa COGCTBEHHbIMM cunamu. 1o HEKOTOpbIM OUEHKaMm, Ans
KPYMHbIX OpraHuM3aumi 3atpaTtbl Ha nonHomacwTabHoe BHeapeHne COM B Poccun moryT go-
cturatb 1-1,5 mnH py6. (He Bknovas TpygosaTtpartbl nepcoHana). MNpu atom cnegyet noa-
YEepKHYTb, 4TO paspaboTka M NpPUMEHeHue OCHOBHbIX MeTogoB COM, kak npasuno,
He TpebyloT NpuBneYeHNs CTOPOHHUX KOHCYNbTAHTOB, HO NO3BOMSAT NONYYNTb MHOTNE npe-

nmyLecTBa B cdoepe yrnpaBreHUsi MPUOPUTETHBIMU 3KONTOTMYECKUMMN acreKTamu.
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3anaTbI Ha nonHomacLwiTabHoe BHeJpeHne CMCTEMbI Ka4eCTBa [64] N CUCTEMbI 3HEP-

reTM4ecKkoro MeHeKMeHTa 6IiM3KM K TaKOBbIM, XapaKktepHbiMm Onda CUCTEM 3KOJ10T’M4eCcKoro

MEHEePKMEHTa, U ANnst KPYNHbIX NPeanpusitTuii MoryT gocturate 1-1,5 MnH pyonen.

Pasgen 7. MepcneKkTUBHbIe TEXHONOIMM NPU NPON3BOACTBE LiIeMeHTa

B naHHOM pas3gene npegcrtaBsrieHbl NepcnekTuBHblie TEXHOMIOMMKU rnpoun3BoacTtBa Le-

MeHTa, KaK B UeJioM, TaK 1 MNno otaesibHbiIM TEXHOJIOTMYECKUM Nepenenam, peannm3aymna KoTo-

pbiX Morna 6bl NPUBECTU K CHKEHMIO yuepba, HaHOCUMOro OKpyXKatoLLen cpeae npy nNpovs-

BOJCTBE LieMeHTa.

7.1 TexHonorus nony4vyeHumsA BbiICOKOAKTUBHOIo cMmellaHHOro

ABYXKIIMHKepHOro noptnaHauemMeHTa

TexHonorus noJlydeHnA BbICOKOAKTUBHOIO CMeELUaHHOINo ABYXKIMMHKEPHOIo LieMEeHTa

OCHOBaHa Ha TOHKOM M3MeJib4eH CMeLlaHHbIX B oripeaesrieHHOM COOTHOLWWEeHUN KIMMHKepOoB

C BbICOKMM W HU3KMM KO3(ppmumeHTaMmn HacbiweHus [66].

[MpOYHOCTHbIE CBOMCTBA CMeELUaHHOro ABYXKnuHkepHoro uemenTa (COKL|) Ha ocHoBe

knuHkepa ¢ KH = 0,91 ¢ go6askamu knuHkepa ¢ KH = 0,76 npeacraBneHbl Ha pucyHke 7.1.

Mpeaen npo4HOCTM Npu cxatumn, MMa

100

80

60

40

20

0

KH=0,2 KH = 0,76

| 28 cyTok TeepaeHs |

of 52

.............

3 éyTox TBEpPAEHUA
0 10 20 30 40 50 60 70 8 9 100
CopepxaHue HU3KOOCHOBHOrO KnuHkepa ¢ KH = 0,76, %

PlllcyHOK 71— npO‘-IHOCTb npu cXatn cMellaHHOro AByXKIiMHKEpPHOro uemMmeHTa

COKLl moxxHO nonyyaTts:

- nytem cmewmnaHus knuHkepos ¢ KH=0,91 n KH=0,76; TpebyeT pasgenbHoro npuro-

TOBITEHUA WITaMa C pa3iiM4HbIM XapaKTEPUCTUKAMMU;
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- BBOAOM B psiaoBov cbipbeBon wnam 30 % Lwnaka ¢ nocrneayowmm 06XMrom Takoro
LwnamMma B OHOW U3 ne4yen.

BapuaHT nonyyenna COKL|, ¢ npymeHeHneM Linaka Ha O4HOM COCTaBe wWnama npeg-
CTaBreH Ha pucyHke 7.2.

Wnak 30%

KH =0,76
— o 1o =25
N KH =0,91
- + Meub Ne 3 —_—
T
L =
x + MNeyb Ne 2 KH =0,91
s
(4]
5 KH =0,91
+ Meyb Ne 1 =
KnnHkep
KH = 0,86

PucyHok 7.2 — Cxema nony4venna COKL| Ha ogHoM cocTaBse Lwinama
Mo paHHOM cxeme Obina BbinNyweHa onbiTHas naptus uemeHta Ha AO « Ypanue-
MEHT», KOTopas Aoka3ana a(peKkTUBHOCTb NPUMEHEHNSA TaKoro crnocoba.
Jkonornyecknin apdekT OoT NPUMEHEHNSS JAaHHON TEXHOMOMKM 3aKN4YaeTCcsl B CHUXe-

HWUK 3HeprosaTpaT Npu 0GXnre HN3KOOCHOBHOTO KITMHKEPA, CHMXKeHUN BblopocoB CO..

7.2 TeXxHONOrnA NnpMMeHeHUs1 MeTo4a XMMUYECKOM pereHepauum

Tensna npu npoun3BoacTtBe LLleMeHTa

CywHocTb xumudeckon pereHepaumm tenna (XPT) knuHkepa, BbIXOAALLEro M3 neyu,
3aKM4YaeTcsa B MCMNOMb30BAHUN €ro TEeNSIOCoAepXXaHnsa Ona npenBapuTenbHON SHOOTEPMU-
YecKkon nepepaboTKM UCXOAHOro TOMMMBa, KOTOPOE MpK 3TOM MOfy4aeT MOBbILLEHHOEe KOMnu-
4YECTBO XMMMYECKN aKKyMYyNMPOBaHHOW TENNOThI, a Takke unusnveckn nogorpesaetcs [67].

Ha pucyHke 7.3 npencraBneHa npuHUMnmnanbHasi cxema npuMmeHeHus metoga XPT
ANs yTUNu3aumm TennoTbl KNMHKEPA, BbIXOOALWEro M3 BpallaloLencs nevm cyxoro cnocoba
npon3BoacTBa.

Cblpbe Ans Npou3BoACTBa LIEMEHTHOrO KIMHKEpa mnocrnenoBaTeribHO NPOXOAnT Tep-
Moob6paboTky B TennoobmeHHuke (TO), aekapboHnsatope ([) n ganee obxuraeTtcs BO Bpa-

watowenca neun (IM). OBOXKEHHbIV NPOAYKT — KIMHKEP BbIXOAUT U3 BpaLlaloLLencs neyu c
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Temnepatypon 1300 °C — 1400 °C v nocTynaeTt Ha NepByo CTaAnio OXNaXKAEeHNA B peakTop-
xonoannbHUk (PX), B KOTOpbLIN Takke nogaeTcs NPUPOAHbLIN ra3 U OKUCNUTenNb (BOASIHOM nap,
YrNeKUCNbIA ra3 UM nx CMecb 13 OTXOOALMX NeYHbIX ra3oB). CMHTE3MpOBaHHOE TOMMMBO C
Temnepatypon nopsaka 1000 °C noctynaet B opcyHkn () neun n gekapboHusatopa, B
3TN Xe opcyHkM BeHTUNsATopamu (B) nogaetca Heobxoaumoe Ans cropaHus Tonnmea Ko-
nnyectBo Bo3ayxa. LinknoH (Ll) npegHasHaveH gns otaeneHus Bo3gyxa OT KITMHKEPHOW Mbl-
nn. Mutatens (1), yctaHaBnMBaeMbin 3a PX, cnyxuT Ana nogaepXaHvus 3agaHHOro cros
KNUHKepa 1 UCKoYeHnst nogcocoB Bo3ayxa B PX. OxnaxaeHHbI 40 3a4aHHOM Temnepary-
pbl KNUHKep noctynaet u3 PX B nutatenb 1 ganee B TPaaULMOHHBLIA XONoaunbHuk (X), rae

npon3BoaANTCA OKOHYaTESIbHOE OXInaXxaeHune.

T

— —» MaTepHan (Chipbe, KIHHKEP)
—{> BO3AYX, OTXOASUIHE [A3bl

TO e={> TOIINBO
e=> CHHTETHYECKOE TOIIHBO

—§> Boaa, nap

v b
A [

T

N

1 <r—

TO - rennooOMennbie yeTpoitcTaa

CH
J1 - nexapbonnsarop =>
I1 - neus 00xkura ?
@ - popeynka I
PX- peakTop-X0J0AHALHHK
[T - nuTarens =
X - X0J0AMIBLHHK
C - crpyiinwii nacoc [
Il - unkiaon

B - BeHTHAATOP B

PucyHok 7.3 — Cxema peanusauum MeTofa XMMUYECKON pereHepaLmm TenNoTbl KNUHKepa
Beuay ocobeHHoCTEN nogayn TonnnBa M BO3AyXa Ha rOpeHune, NpMMeHeHue meTtoaa
XPT npegnonaraeT npoBefeHNe U3MEHEHUI BbIXOLHOW YaCcTu NeYu U WwaxTbl XOnoaubHMKa
(cMm. pucyHok 7.4). ['opsaumn KoHel neyn 1, BbINOMHEH C MaKCMMarbHO YMEHbLUEHHbIM Aua-

MEeTpPOM, a WaxTy XolioaAnibHUKa 3aMEHAKOT Ha pa3rpy304HYIO TEYKY. Becb BO3OyX OA CXKU-
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raHn4a TornimBa nogaroT 4yepes cbopcyHKy 2. B cBg3u ¢ aTmM 30Ha oxrnaxgeHus B rnedu npak-
TUHECKN OTCYTCTBYET, U OXNaXAaeHWe KIInHKepa Ha4duHaeTCA B peaKTope-XonoAulibHUKe
(PX) 3.

»

'1‘ —

b

:5!":::‘? !' ‘iié-iéjn"?f"i;ﬁ: "_’i' .

™

PucyHok 7.4 — Cxema TexHu4eckon peanumsauun metoga XPT
MpumeHeHne TexHonormm XPT obecnevnBaeT CHUXeHME pacxoda HaTypanbHOro Ton-
nuBa, pelaeT Nnpobrnemy CHMXKEHUS BbIBPOCOB TPEXaTOMHbIX ra3oB B aTMocdepy (B YacTHO-

ctn, CO2) 1 noBblwaeT ahPEKTUBHOCTL MOPEHUS TONNMBA.

7.3 TexHonorusi apcpeKTMBHOM YTUNU3aLMK Tenna U OYUCTKU

oTXoadALWnx ra3os np MOKpom cnocobe npom3BoacTtBa LLleMeHTa

MpepnaraeTtcsa ncnonb3oBaHue cneynanbHoro ckpybbepa ans obecnbinMBaHus rasos,
BbIXOOALMX N3 BpaLLatoLencs neym (CM. pucyHok 7.5) [68] u [69].

Mcnonb3oBaHne gaHHOro annaparta Hanbonee 3dEKTUBHO ONA OYUCTKN OTXOOALLMX
13 neym rasoB MO MOKPOMY Cnocoby Npon3BOACTBa B CBA3N C UX BbICOKMM BarocoaepkaHu-
eM. NMpn atom gocturaeTcs ahpekTMBHAA yTUNM3aumsa TENNOTbI, BKIOYasS CKPbITYIO TEMNMOTY
napoobpa3oBaHusl, a Tak Kak TBepAble YacTuLlbl CTAHOBATCA LEeHTpaMu KOHAeHcaummM Boas-
HbIX NapoB, TO 3¢p(PEeKTUBHOCTL MbineynaBnnMBaHns B JaHHOM annapaTe gocturaeT 99,99 %,
4YTO NOATBEPXKAEHO MPOMbILLNIEHHBIMW UCMBITAHUSIMUA.

TennoTy oTXo4sALWMX ra3oB MOXHO NPUMEHATb A5 HarpeBa YMCTOM BOAbI, NPUMEHSsIe-
MOM B KayecTBe TennoHocuTens ans oborpeBa NPOWM3BOACTBEHHbLIX W XXUMbIX MOMELLEHUNA.
Mpwn 3ameHe BOAbI HA NErKoKMNALWMA TeNNOHOCUTENb (NEHTaH) BO3MOXHa reHepauusa gonon-

HUTEINbHOIO KONin4eCTBa 3J1EKTPO3HEPI1n B Typ6VIHaX.
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O6pa3sytowasica B annapaTte CyCneH3usi HanpaBnsieTcsa Ha NpUroToBrieHue Lunama,
yTO obecneyvmBaeT IKOHOMMUIO BOOHbIX PECYPCOB, TOMMMBA M NpeaoTBpalleHe 3aMmep3aHus
Lwnama B 3MHee BpeMS.

JKosormyeckmin apeKT oT UCMNONb30BaHNA NpeanaraeMon TEXHOOrMM 3akmnovaeTcs

B CHMXXEeHUWN 3Hepro3aTtpart Ha obxur KIMNMHKepa n B CHUXEHUU Bbl6pOCOB Nbinn N3 Ne4Yn.

Yxopsawme oumLeHHble

= Y

»H

// /)

w

Harpesaembii
YUCTBIiA TENNOHOCHTENb

&

Y

3arpsisHeHHble
rasbl U3 neyu

3

7

1 — pacnblnuTenbHble POPCYHKM; 2 — OMNOPHO-pacnpeaenuTenbHas peweTka; 3 — Tpyb-

HbIV Ny4oK; 4 — kanneynosuTerns; 5 — 6ak cbopa koHaeHcaTa; 6 — Hacoc

PucyHok 7.5 — lNpuHuMnmanbHasa cxema ckpybbepa aHeproTexHonormyeckomn obpaboTku

ra3oB
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7.4 TexHONOrMA NCNoNb30BaHUA OTBalNbHbIX

ANeKTpomMeTannypruyeCKux wrakoB And npon3soacTtBa LeMeHTa

lMpeaonaraetcs NpomM3BOAMTb NMOCIIONHYHO LLUMXTOBKY B OTBaflbHOW siIMe pacnsiaBrieHHO-
ro wJsiaka n mena c nonydeHnem koadduumeHTa HacblweHna cmecu, 6nmskoro k KH pagoso-
ro cbipbeBoro wnama [70].

HaHHbin cnoco® npumeHeHus wnaka obecnevvMBaeT 4YacTUYHYKO AekapboHu3aunto
Merna, CHWKeHWe pacxoda Tenna Ha 0BXur KNMHKepa 1 UCKNYaeT NpurotTosneHne SOonosHu-
TenbHOro wnama c¢ Beicokum KH. B ganbHenwem nonyyYyeHHyo Linako-mMesno-u3BecTKoBYHO
CMecb npeanonaraeTcs nogaBaTb COBMECTHO C PSALAOBbLIM CbIPbEBbLIM LUIAMOM C XOSIOAHOMO
KOHUA neyvn onsi nonyyYyeHus LEeMeHTHOro KIiMHKepa.

Ana peanusauum paHHoro crnocoba npepnaraetca TexHonormyeckas cxema, npeg-
CTaBfIEHHAsA Ha pPUCYHKe 7.6, N0 KOTOPOW NPUroTOBMNEHME LUNAKO-MESNTIOBON LUNXTbl C UCMOMb-
30BaHMEM TennoThbl pacniasneHHoro waka éyget obecneumBaThbCs eLle Ha LakooTBanax.
[na aToro pacnnaeneHHbIN LWnak HeobxoanMOo BbiNMBaTh Ha NOACTUNAOLWNA CoW Npeasa-
PUTENBHO U3MENbYEHHOro Mena C eCTeCTBEHHOW BRaXHOCTbo. JTO obecneynt Heobxoau-
MbI XMMUYECKUIA COCTaB LUNXTbI, CYLLKY U YaCTU4HY0 aekapboHn3aumio Mmena npu oxnaxage-
HUW wnaka. MNonyyeHHasa wuxTta B ganbHenwem byaeT noaBepraTbCa yoaneHuto xenesa Ha
MarHutHom GapabaHe, ppakuMOHMPOBAHMIO Ha BpaLLaKLWEMCS FPOXOTe U YCPeAHEHUo B
cMmecuTene, a 3aTeM TPaHCNOPTUPOBATbLCA Ha LEMEHTHbIN 3aBOj,.

Mepen nogayern B neydb LUMAKO-MENO-U3BECTKOBLIN KOMMOHEHT OyaeT cMelumBaTbCA

CO Wwj1iamMOM B nponeriyiepHoM CMecuUTerie-m3mMmenb4ynTene.
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OTBAJIbHAS “SIMA™

1600°c  WIAK LLINAK B OTBA/bI
¥3 1550°C MEN O3MK
N3BECTb E :
13 OTBANOB
>20 MM
ABTOfOPOrY [POXOT
MATHUTHBIA
5 BAPABAH
—
PEANMBALMN \/ S ¥
— gg BO3BPAT METANNA ~ 3%
LLNTAKO-MEO-
WU3BECTKOBbIV
KOMMOHEHT LNAM

—

|4>| CMECUTESNL-USMENBYNTESb

e —

KNUAHKEP

PucyHok 7.6 — lNpegnaraemas TexHonornyeckaa cxema npMMeHeHNs Wwaka
AnbTepHaTMBHbIE BapyaHTbl COBMECTHOIO NMPUMEHEHUS Lunaka, U3BecTu 1 psgoBoro
CbIpb€BOrO Wrama And NonyYeHUs: BbICOKOKAaYeCTBEHHOIO KIMHKepa:
- NpefBapuTENnbHO U3MENbYEHHYIO B BankKoBOW Apoburke n3sBecTb NogaBaTb C XONoa-

HOro KOHL|@ NeYn COBMECTHO CO LUSIakoM W LWiaMoM (CM. PUCYHOK 7.7):

LWNAM
wnak U wm3BECTb

.
-

-

KINUHKEP

PucyHok 7.7 — lNogaya wnaka, u3BecTu 1 wnama ¢ XOno4HOro KoHua neyu
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- npeaBapuUteribHO MU3MESIbYEHHYHO B BasikOBOW ,u,po6|/|nl<e n3BeCtb nogaBatTb COB-

MECTHO C MNbINblo 3NEKTPOUNBLTPOB 3a LIEMNHYH 3aBecy (CM. PUCYHOK 7.8):

LNAM
wnak U

\‘(\J M3BECT|:
il Nblfib 3/®
u\mﬁq\

KITMHKEP

PucyHok 7.8 — lNogaya n3BecTtun 3a LenHyro 3aBecy,
a Lunaka v Wwnama — € X010 4HOro KOHLa neyu
- NpefBapuUTenbHO M3MESIbYEHHYI0 B BarikoBou [poburike M3BeCTb nogaBaTb COB-

MECTHO CO LUIaKoM 3a LIeNHYyo 3aBecy (CM. PUCYHOK 7.9):

LLUNAM
U U3BECTb
| 7
LLUJTAK

=
=y

KNUHKEP

PucyHok 7.9 — lNogaya n3BecTn u Wwraka 3a LenHyro 3aBecy
Mpn aTom HeobxoaumMo HamepTBO ObxuraTb n3BecTb (Bbiwe 1200 °C C BbIOEPXKKOM
bonee 1 4) n obecneunTb CPeaHIo CTEMEHb CNEKaHNS KIMMHKepa, He JoNyCcKasa «nepexoray
nnn «cnaboro» obxwura.
Skonormyecknii 3dEKT OT NPUMEHEHNSA OAHHOW TEXHOMOMMN 3aKIYaeTCs B CHUXE-

HUWN SHEepro3aTpart Ha obxxur KnnHKepa, CHUXeHnn BbI6DOCOB CO:..
3akn4unTesribHble NOJIOXKEHUA U peKkoMmeHgaunun

B uenax paspaboTtkum Hactosiwero cnpaBodyHuka HAT npuka3om PocctaHgapTta ot
6 mapta 2015 r. Ne 255 6bina ccpopmmpoBaHa TexHudeckas pabodas rpynna (TPIM 6) «[lMpo-
N3BOACTBO LiEMEHTa», B COCTaB KOTOPOW BOLINKM 23 yvacTHMKA — NpeacTaBuUTENN LIEMEHT-

HbIX 32BOZIOB M XONAUHIOB, HAaYy4YHbIX OpraHn3auuin 1 y4ebHbIX By30B U 3konoru (19 opraHu-
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3aumn). Obuee pykoBOACTBO MO pa3paboTKe CnpaBOYHMKA OCYLLECTBMSNA COH3 NpPon3Boan-
Tenen uemeHta HO «Coto3ueMeHT», KOTOpbIM onpedeneH B Ka4ecTBe rOflOBHOM OpraHu3a-
LMK Mo NOAroToBKE cnpaBoYHMKa «[pon3BOACTBO LIEMEHTAY.

B npouecce paboTbl Hag cnpaBoyYHUKOM cocTaB TPIT 6 6bin akTyanuanpoBaH (nNpukas
PocctaHgapTta ot 17 mnioHs 2015 r. Ne 831). B coctaB TPIT 6 cornacHo AgaHHOMY npukasy BO-
Wwnun 24 yyacTHuKa — npegcrasutenu 17 opraHmsauun.

CoctaB TPI" 6 «[Mpon3BoacTBO LeMeHTay:

Ne n/n ol7[e) OpraHun3auus

1. Becwanos NaBen EBreHbeBnY 3A0 «YnpaBneHue oTxogamm»

2. ByTtoBckuin PycnaH BaneHTuHoBUY ®IrbY «BHUWN Skonormnsi» MuHnpupogs!
Poccun

3. BywwuxmH BaneHTtnH Bnagnmmposuny OO0 «NHcTuTyT MNpoekTupoBaHus, JKo-
noruv v F'mrneHsl»

4. BonoguHa TatbsasHa AHaToONbEBHA OAO «XK «Cnbuem»

5. |'pebeHHukoB MBaH Cepreesuy doHA MHPaCTPYKTYPHBIX 1 06pa3oBa-
TenbHbIX NpOrpamm

6. N'yab Bnagummp Anekcangposuy 000 «CM-TPO»

7. EsgoknmoB Omntpuin Hukonaesmny 000 «XangensbeprlLiemeHT Pyc»

8. |Xapko Bnagumnp VBaHoBumY OO0 «CM lMpo»

9. |3aropywuko NaBen Hukonaesmy AO «EBPOUEMEHT rpyn»

10. |3emnsaHon Makcum AnekcaHapoBuy dununan «Meocankn» OAO «Xoncum (Pyc)
CM»

11. |Kusunos Cepren Hukonaesu4 oryn «BHAM CMT»

12. |KHonmaxep EsreHnn Mapkosuy OO0 «A4nHckun LieMeHT»

13. |KHsa3eB Muxamn AnekcaHgpoBud OO0 «CI'K»

14. |KoxuHa HaTanbsa BnagumupoBHa AO «EBPOLIEMEHT rpyn»

15. |KopoTtkoB Omutpun NeHHagnesuny OO0 «CM-TTPO»

16. |JlbBOB KOpuin Hnkonaesuy OAO «Jlachapx LiemeHT»

17. |lMaBnoBa Mapusi AnekceeBHa OAO «XK «Cunbuem»

18. [|lNoTanoBa EkaTtepuHa HukonaesHa PXTY um. .. MeHpeneeBa

19. |CanpoHoB Omutpuii BceBonogosuy HO «COKO3LUEMEHT»

20. |CwuekoB Cepren [NaBnosu4 PXTY um. .. MeHpeneeBa
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Ne n/n jol7[e] OpraHuszaung

21. |Towes AmuTpuit AHaTONMbLEBUY oryn «BHAM CMT»
22. | XaBkuH Bnagummnp EBreHbeBu4 OO0 «CepebpsAHCKUI LEMEHTHbIN 3aBOOY»
23. |Ubimbanos Cepren Omntpuesny 00O «baszanlLlemeHT»

24. | Wwunnosckun Butanun Anekcangposud | OO0 «HOYTTIK» »

[ns onpegeneHnsa ycnoBun HOPMUPOBAHUS OTEYECTBEHHbLIX NPeanpuUATUA NO NPous-
BOACTBY LieMeHTa Heobxoguma oueHKa OOCTUrHYTbIX OTpacibio MoKasaTenen pecypco- u
9HEepProaPPEeKTMBHOCTN N IKOSOrMYECKOn pe3ynbTaTMBHOCTU. B uenax cbopa nHdopmauumn o
NPUMEHSIEMbIX Ha MPOMbILIIEHHbIX NPEeanPUATUSX TEXHONOrM4Yeckmux npoueccax, obopyno-
BaHNN, 06 NCTOYHMKAX 3arpsA3HEHNSA OKpYKatowen cpefbl, TEXHONOMMYECKMUX, TEXHUYECKUX U
OpraHM3auUNOHHbIX MEPOMNPUATUSX, HanpPaBliEHHbIX HA CHMXXEHUE 3arpsi3HEHUST OKpYXKatoLlen
cpeabl 1 NoBblWeHne aHeproaddEeKTUBHOCTU U pecypcocbepexeHunsi, Obina noarotosneHa
«AHKeTa ona npeanpuaTuin, cogepxawasi opmMbl onsa cbopa AaHHbIX, HeOOXoAUMBbIX ASis
pa3paboTkM npoekTa oTpacnesoro crnpaBoyHuka HOT», koTopasa 6bina HanpasneHa B agpe-
ca BCex npeanpuaTnini No NPou3BOACTBY LEeMeHTa. B kayecTBe OCHOBbI A1 OPMUPOBaHUS
AHkeTbl 6b1n1 ucnons3osaH NMHCT 23—2014 «Haunyywwne goctynHele TexHonorun. dopmart
onucaHusa TexHornornm» [3].

B cBa3nM ¢ Tem, 4to 06MeH mMHGopmaumen 6o NpoBeAeH B YpPe3BblYaAMHO CXaTtble
CPOKM, N HaeXHble JaHHble NO psAgy nokasaTenen, OTHOCALMXCSA K MPOM3BOACTBY LIEMEHTA
B Poccuinckon degepauum nonyuntb He NPeACTaBUIOCbL BO3MOXHbLIM, MPU HanucaHuu cnpa-
BoyHuMka HOT 6bM Mcnonb3oBaHbl Takke 3apybexHble maTepuanbl — CnpaBodHuUK EBpo-
NMEencKoro corsa no Haunyywmnm OOCTYMNHbIM TexHonornam «lpon3BoacTBO LeMeHTa, u3Be-
CTM 1 okcuaa MmarHus» [9], [10] mn [65]., cTatnctudeckne cOOpHUKKM, pe3ynbTaTbl Hay4HO-
nccnenoBaTenbCKUX U ANCCEPTALMOHHBIX PaboT, UHbIE MCTOYHUKW, a Takke WHgopmauus,

nony4vyeHHad B Xxoae KOHch'IbTaLl,I/IIZ C 3KCnepTtamMmun B obnactu npon3BoacTtBa LEMEHTA.

HecmoTps Ha 6onbLuoe KONMYECTBO NOMYy4YEHHON MHAOPMALIMK U 3aMeYaHuin, cnegyeT
OTMETUTb HEKOTOpPbIE NPobNemMbl:

- UMeeTCa HefoCTaToK MH(OPMaUMM OTHOCUTENBHO YacTOTbl U3MEPEHU B Cryyae
nepuoanyeCcKnx N3MepeHun;

- 32 HEGONBLUMM UCKIIOYEHNEM MMEETCH HeaOoCTaTOK JOCTOBEPHOW MHpopmauun oT-

HOCUTENBbHO CUCTEMbI KOHTPONS M CNocoB0B M3MEpPEHUS BbIGPOCOB;
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- JaHHble NO UCMONb30BaHMUIO HA LEMEHTHbLIX NPeanpuUsaTUsSX OTXO4OB B KayYecTBe Cbl-
PbEBbLIX MaTepmnarnoB 1 anbTepHATUBHOIO TOMNSIMBA OMEHb MarioOYUCHIEHHbI, YTO HE NMO3BONSAIOT
cAenaTtb KONIMYeCTBEHHbIE 3aKMNOYEHNS; COOTBETCTBYOLWEee 3akntoveHme HOT 6asunpyeTtcs Ha
Ka4yeCTBEHHbIX NpeanocbIfikax;

- B Ka4yecTBe NepCneKkTUBHbIX TEXHOMOIMMN B LLEMEHTHOM MPOMbILLIIEHHOCTN OMNUCbIBA-
€TCA TEeXHOSIOrMM MNoJSTly4YeHUs1 BbICOKOAKTUBHOIO CMELLaHHOro ABYXKIIMHKEPHOro nopTraHa-
LUeMeHTa, NpUMeHeHUs MeToda XUMNYECKON pereHepaumm Tenna npu npon3BoaCcTBe LieMeH-
Ta, a(ppeKkTMBHOM yTUNM3aLMmM Tenna U OYUCTKM OTXOASLMX ra3oB NpuM MOKpPOM crnocobe
NpoOn3BOACTBA LIEMEHTA U TEXHOMOMMA UCMOMb30BaHMS OTBaslbHbIX 3MEKTpoMeTannyprmye-
CKMX LUMAKoOB AN MPOM3BOACTBA UeMeHTa (CM. pa3gen 7); 0gHako TexHuyeckass pabouyas
rpynna He BriageeT UHoOpMauunen, Kak N B KaKOM HanpaBfeHUn AaHHble TexHosnorum byayT
B AanbHeunweM pa3BmnBaTbCs;

- K NepCrneKkTUBHbIM TEXHOMOIMMSAM TaKke LenecoobpasHo OTHECTM NepenoBble TEXHO-
noruun, NpUMeHsemble 3a pybexxomM, HO A0 HACTOSLWEro BpeMeHn He BHeagpeHHble B Poccun-
ckon depepauuu.

PaboTta Hag kaxgblM 13 pa3genoB HaCcTOSLLEro CrpaBOYHMKa Npoxoauna B HECKOMNbKO
3Tanos:

1) PagpaboTka nepsBoM pedakuum  OOKYMEHTa  OTBETCTBEHHbIM  WUCMOSHUTE-
nem/vcnonHUTeNnamMmu (CNMCOK UCMONHUTENEN NPUBEAEH HUXE);

2) PaccmoTpeHune nepBown pegakumm okyMmeHTa uneHamm TPI 6;

3) [JopaboTka OTBETCTBEHHbLIM UCMOSTHATENEM MNEPBON pedakumn OOKYMEHTa B COOT-
BETCTBUM C NOCTYNUBLLUMMU OT YneHoB TPIT 6 3amevaHuamu/npeanoxeHnamu. OgopmneHne
OKOHYaTeslbHOW peAakunmn JOKYMEHTa;

4) onocoBaHWe OOKYMEHTa B OKOHYaTeNbHON pegakummn B pamkax TPIM 6;

5) My6nunyHon obeyxaeHne, akcnepTuabl, B Tom Yncne B TK 113 «HOT»;

6) [lJopaboTka OTBETCTBEHHLIM UCMOSIHUTENEM OKOHYaTENbHOW pedakuun no pesysb-
Tatam NnyennyHoro obCyXaeHUs U pasnnyHbIX SKCNEpPTUs;

7) YTBepxaeHue cnpaBovHuka PocctaHgapTom.

Bce pasgensl cnpaBoYHMKa cornacoBaHbl YrieHamun TPl 6 B COOTBETCTBUM C YCTaHOB-
neHHon npouenypon. NMpoToKosbl rofocoBaHus MMerTca B Aene CnpaBoYHMKa N XPaHATCS B
Bropo HAOT.

McnonHutenu pa3genoB HACcTosALLero cripaBOYHUKaA.
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Paspgen

NcnonHuTtenu

BBepneHune

NoTtanosa E. H.*

Mpeancnosue

NoTtanosa E. H.*

O6nacTtb NpMMeHeHus

NoTtanosa E. H.*

Pasgen 1 O6wasa nHdopmauus o npo-
n3BoacTBe LemeHTa B Poccuirickon de-

aepaumm

y3b B. A. *, KabaHoB A. A.**, Bbicoukun E. B.**,
XKapko B. W.*, KopoTtkos O. I'.*

Pasgen 2 OcHOBHble TexXHOMorn4yeckune
npoLecchl, UCNOMb3yeMble B HACTOS-
LLlee BpeMsi Npu NPon3BOACTBE LiEMEH-

Ta B Poccuinckon ®enepaunm

KnacceH B. K.***, HoBocenos A. I".***, 'yab B. A.*,

>Kapko B. W.*, KopoTtkos [. '.*, NoTanosa E. H.*

Paspen 3 Tekywue ypoBHM aMuUccuUM B

OKpyXXatoLLyto cpeay

Cuekos C. I.*, X)Kapko B. 1.*, NoTanoea E. H.*

Pasgen 4 Hannyywwue goctynHble Tex-

HOnormn

MNoTtanosa E. H.*

Pasgen 5 Hauny4wme goctynHble Tex-

HOnormm npu npon3BoacTee LEMEHTA

Cuskos C. .*, Notanoea E. H.*, KnacceH B. K.***,

Hosocenos A. .***

Pasgen 6 QkoHOMUYecKne acnekTbl
peanusauumn Hauny4ywmnx OOCTYMNHbIX
TEeXHOIOMIA Npu NPOM3BOACTBE LieMeH-

Ta

'y3b B. A.,* KabaHoB A. A.**, Bbicoukun E. B.**,

CuBkoB C. N.*, Notanosa E. H.*

Paspgen 7 lNepcnekTuBHbIE TEXHOSTOMMN

npv NPOM3BOACTBE LieMeHTa

Cuekos C. I.*, KnacceH B. K.***, XXapko B. N.*

3akntounTenbHbIe NONOXEHNS K peko-

MeHOaunm

MNoTtanosa E. H.*

Bubnuorpadus

MoTtanosa E. H.*, Bbicoukun E. B.**

*YneH TPI 6.

** Qkecnept OO0 «CM lNpo» (B coctaB TPIC 6 He BxoauT).
*** [pencrasutens BI'TY um. B. I'. LyxoBa, npuHan yyactne B pa3paboTke B kayecTBe npurna-

LLeHHOoro akcnepTa (B coctaB TPl 6 He BxoguT).

HOT pa3BunBaOTCA 6naro,qap;| M3MEHEHNAM B HAY4HbIX 3HAHUAX U MOHATUAX, pa3BU-

TN TEXHOOIMN (l/l CTOMMOCTU TeXHOJ'IOFl/Il/I) n MeTogoB 3KcniyaTauun, a Takke ycnelwHomMy
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BHEAPEHMIO HOBbIX MPOLECCOB MO OXpaHE OKpyXatollen cpedbl B NPOMbILWEHHOCTb. Kak
TonbKko pasgensl HTL nameHsaoTca co BpeMeHeM, HacTOSLWMI CNpaBoOYHUK Heobxoaumo ne-
pecmaTpuBaTb U NMPUMBOAUTb B COOTBETCTBME C COBPEMEHHbIMU TpeboBaHusMK. [MoaToMy
npegycMoTpeHa aktyanusauma cnpasovHnka HOT He pexe yem 1 pas3 B 10 net. AkTyanusa-
LUMS MOXET OCYLLECTBNATbLCA NyTeM nepecmoTtpa CnpaBoyHMKa B LENOM UMW BHECEHUEM B
HEero oTaenbHbIX NU3MEHEHUN.

HanbHerwan paboTa K nocneayoLemMy nsgaHuio OrMKHa NpoaoSmKaTbCa B crneayto-
LLMX HanpaBneHnaXx:

- cbop (HakonneHue) AaHHbIX, YTOObl OLEHUTb COCTOSIHME OMpeAeNieHHbIX TeXHU4e-
CKMX peLleHnn Ha 3aBOLCKOM YpOBHe, 0COBeHHO noTeHumansHble HAT;

- c6op MHopmauuK, KacarLenca COOTHOLLEHNA MexXay TUNOM npoLecca, UCnosbay-
€MbIMK OTXo4amu (Tun, KONMYEeCTBO) 1 Bbibpocamu;

- cbop OaHHbIX NO CTOMMOCTU (MHBECTULMKM, IKCNIyaTauMOHHbIE pacxofbl), OTHOCS-
LLIMXCS KO BCEM TEXHUYECKUM peLUEHUsIM, y4nUTbiBaeMbIM Npu onpegenennn HOT;

- cOop AaHHbIX MO CTOMMOCTU N 3PPEKTUBHOCTU BCEX TEXHUYECKNX PELUEHUN, CHUXKA-
OLLMX BbIOPOCH!;

- cbop mMHOpMaUMM M OaHHbIX, KacalwLMUXCa MUHUMMU3AUUKM NOTPEBNEHNA 3Hepruun
NN yBENUYEHNSI SHEPreTnYeckon apekTUBHOCTY;

- cOop OaHHbIX MO pacxogam Tenna M Haunyyvywux rnokasaTtenen Anst UCnonb3yeMbixX
TUNOB Mevewn;

- cbop nHdopmauun no Bbibpocam NHz, SO, CO u ap.;

- cbop MHGOpMaLMK, KacaloLWencss KOHTPONSA MU KOHTPOMsS 4YacToTbl Npyu nepuoanye-
CKUX 3aMepax, Tak, YToObl COOTBETCTBYHOLIME OpraHbl Obiniv 6bl B COCTOSAHUN NPOBEPUTL UX
npw Bblgade HeOBX0ONUMbIX pa3peLLEeHWI;

- cbop MHoOpMaLUUKN M OAHHBIX, OTHOCALLUNXCA K KPUTEPUAM MPUrOAHOCTM ONsi MPOU3-
BOACTBA LieMeHTa pasnnyHbIX OTXOAO0B;

- cbop mHGOpMaumK, KacarLllenca MNepcrneKkTUBHBbIX TEXHOSMOMMIM NpPoM3BOACTBa Lie-
MEHTa.

OG6Lee 3akniyYeHne, KOTopoe MOXHO caenaTtb B peaynbTarte MOAroTOBKM AAHHOMO
crnpaBoOYHMKa, COCTOUT B TOM, YTO BeAyLUME OTEYECTBEHHbIE KOMMAHUM aKTUBHO 3aHMMaKTCA
BHEAPEHMEM COBPEMEHHbIX TEXHONOMMYECKNX NPOLLECCOB N 060pyaoBaHus, paspabaTtbiBatoT
nporpaMmmbl NOBbILLEHUST 3HEPTrO3(P(PEKTUBHOCTN U SKONMOMMYECKON pe3ynbTaTUBHOCTM MpPO-

n3soacTea uemeHTa. OgHako uenu, 3agadvm n oxmgaemble pe3ynbTaTthl Nepexoda K TeXHOJ10-
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rM4yeckoMy HOPMUPOBaHUIO Ha ocHoBe HOT pykoBoguTenu npeanpuaTMin NOHMMarT U oue-
HMBAIOT No-pasHoMy. OXXvaaHusi NPOMBILLNIEHHNKOB CBSA3aHbl C YMEHbLUEHMEM aaMUHUCTpPa-
TMBHOW HarpyskM W ynpoLleHWeM CUCTeMbl FOCYAapCTBEHHOIO perynupoBaHns B cdepe
OXpaHbl OKpyXatoLlen cpedbl, ONaceHna — C HeornpeaeneHHbIM NopsaKoM MpaBornpuMeHe-
HUS 1 BEPOATHOCTbIO YCTAaHOBNEHNA HEAOCTUXKUMbIX TEXHOMNOMMYECKMX HOPMaTUBOB.

[MoaToMy BaXHbIM LLArom Briepe no nyTn AOCTUXKEHUS KOMMNIIEKCHOro npegoTepalye-
HUS U KOHTPONS 3arpsi3HEHUs OKpY)KatoLen cpeabl B LLEMEHTHOM NPOMbILLSIEHHOCTN AOSMKEH
cTaTb NO3UTMBHLIM 0O6MeEH MHdopMmaLmen.

Ona npogswxeHna naen nepexoga k HOT Heobxoanmmo opraHM3oBaTb MaclUTabHyHO
NHPOPMALMOHHO-NPOCBETUTENBCKYIO KaMnaHU U CUCTEMY MOArOTOBKWM (MOBLILEHWSI KBa-
nudgukauum, OONONHUTENBHOro npodeccmoHansHoro obpasosaHus) kagpoB. O6cyxaeHve
CYTV NepeMeH npu3BaHo NOAroTOBUTb K HAM NPeanpUATUS N pasbsCHUTb OCHOBHbIE MOTUBbI

N CTUMYIbI 3KONOrM4yecKkomn MoaepHu3aunn OTEYECTBEHHOMN 3KOHOMMUKMN.
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Koabl OKBI n OKIA, cooTBeTCTBYIOLWME O6MACTU NPUMEHEHUA

MpunoxeHue A

(obsizaTenbHoe)

HacTosiwero cnpaBoyHuka HOT

HaumeHoBaHue Buaa ges-

oKng* HavnmeHoBaHue npoaykuuun no OKIA4 TenbHOCTY o OKB3™ OoKB3a
PASOEJ C. O6pabaTtbiBa- |23
toLLIMe NpoM3BOACTBA
Mpon3BoAcTBO Npoyen
HemeTannMyeckon MuHe-
panbHOW NPOaYKLNK
23.5 LlemeHT, nsBectb 1 rmnc MpounssoacTeBo uemeHTta, [23.5
N3BECTU 1 rnnca
23.51 LlemeHT Mpon3BoacTBO LEMEHTA 23.51
(Npon3BOACTBO LIEMEHTHO-
ro KnuHKepa u rmgpasnu-
YECKUX LLEMEHTOB, B TOM
yucre nopTrnaHaueMeHTa,
rMUHO3EMUCTOrO LIEMEHTA,
LLSIAaKOBOrO LeMeHTa U cy-
nepdgocgartHoro uemeHTa)
23.51.1 LiemeHT
23.51.11 KnnHkepbl LEMEHTHbIE
23.51.11.000 |KnuHkepbl LEMEHTHbIE
23.51.12 MopTnangueMeHT, LEMEHT rMHOo3e-
MUCTbIN, LLEMEHT LUaKoBbIN N aHa-
NOrMYHbIE TMAPABANYECKME LIEMEH-
Tl
23.51.12.110 |LlemeHTbl 0bwecTponTenbHble

276




HanmeHoBaHve Buaa oes-

oKng* HanmeHoBaHne npoaykuumn no OKIA4 renbHOCTH o OKBII™ OKB3

23.51.12.111 |lMopTnaHAueMeHT 6e3 MUHeparnbHbIX
AobaBok

23.51.12.112 |lMopTnaHgueMeHT C MUHepanbHbIMU
pobaBkamm

23.51.12.113 |lUnakonopTnaHguemMeHT

23.51.12.114 |lMopTnaHgueMeHT nyuLonaHoBbIn

23.51.12.115 |LleMeHT KOMNO3NLNOHHbIN

23.51.12.120 |lMopTnaHguemMeHTbl 6enble

23.51.12.130 |lMopTnaHgueMeHTbI LBETHbIE

23.51.12.140 |lMopTnangueMeHTbl TaMNOHaXHble

23.51.12.190 |LlemMeHTbl Npo4ne, He BKIOYEHHbIE B

Apyrue rpynnMpoBKu

* OK 034—2014 (KINEC 2008) «Obuwepoccunckmi knaccugmnkatop npogykumm no Bugam SKOHO-

MWUYECKOWN OEeATENbHOCTUY.

** OK 029—2014 (KOEC PEL. 2) «O6wepoccunckmin knaccmgukatop BMAOB 3KOHOMUYECKON

OEeATENNIbHOCTUY.

*** B obnacTb NPUMEHEHUST HacTosWwero cnpaBoYHuka HOT He BXOOWUT MMUHO3EMUCTBLIA LLEMEHT
(OKMpAa 23.51.12.150).
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MpunoxeHune b

(obsizaTenbHoe)

MNepeyeHb MapKepHbIX BelecTB

[Ona atmoccepHoro sosagyxa [Ona BoaHbIX 00BLEKTOB

Mbinb

Okeunpbl azota NOy

[unokcuabl cepbl SO,

Okeungbl yrnepoga CO
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NMpunoxeHue B
(obsizaTenbHoe)

Mepeyenb HAT

HaunmeHoBaHue

CHuXeHune yAernbHbIX pacxXogoB CbipbeBbIX MaTepuanoB AO5d npon3soacrtsea
noptnaHguemMeHTHOro KrnnmHkepa n uemMmeHta

3ameHa NPUPOAHbLIX CblIPpbEBbIX KOMIMOHEHTOB OTXO4aMu NMpon3BoACTBa

CHMXEHNe CoaepXXaHUs OONN KIMHKepa B LEMEHTe OO0 MakCMMarnbHO Aony-
CTUMOFO YPOBHS

MuHMMM3aUMs pyucka pocTa BbIBPOCOB BpedHbIX BELLECTB B OKPYXKatoLLyH
cpedy NpW MCNOMb3OBaHMM OTXOOOB B KayeCTBE CbIPbEBbIX MaTepuanoB

n (I/IJ'II/I) TonnmeBa AnAa npon3BoactBa LLEMEHTa

TwaTenbHbIN aHanu3 nobblX OTXOAOB, KOTOPble MOryT ObITb UCMONb30BaHbI
Kak CblpbeBOM Matepuan v (unv) TONSMBO B LEMEHTHOW MNeyn, NpUMEHEHUE
cucTteMbl obecnevyeHuss kKadecTBa AN KaXkaoro nogaBaemMoro B TeXHoornye-
CKUI npouecc oTxoaa

KoHTponb 4OCTaTOYHOro KonmMyectsa HeobxoauMMblx napameTpoB AN Mobbix
OTXOAO0B, UCMONb3YEMbIX KaK CbIpbEBON MaTepuarn u (Mnun) TONAMBO LIeMEHTHOW
neyu, NO3BONSIOLLIMIA OLEHUTb UX KAYecTBO (codepXaHune xnopa, dTopa, cepbl,

LLlerioYen, NeTy4ynx MeTannos)

CokpalleHne/MMHMMmM3aums yaenbHbIX pacxofoB Tenna Ha 06Xur KnnHkepa

Mcnonb3oBaHue CyXoro cnocoba npon3BoacTtea, OMNTUMU3ALNA KOJIn4eCcTBa
CTyHeHeVI LIMKINOHHOro TensioobMeHHMKa B COOTBETCTBUM C XapakTtepunctnkamm

MCnoJib3yeMblX CbipbEBbIX MaTepunasronB

[MpMeHeHe NeYHON CUCTEMbI ONTUMAaribHON KOHUrypauun u cTabunbHOro
pexvma paboTbl NEeYHOro arperata B COOTBETCTBUM C YCTAHOBMEHHbLIMU Ma-
pameTpamu nyTem:

- ONTUMM3ALNN CUCTEMbI KOHTPOSIS, BKMNKOYas aBTOMAaTUMYECKUMMA KOMMbHOTEp-
HbIW KOHTPONb, U aBTOMaTU3auumn yrnpasneHns TEXHOOrMYeckMMun npouecca-
MMU;

NCNonb30BaHME COBPEMEHHbBIX CUCTEM FOMOreHmM3auuun, 4o3npoBaHna 1 noaa-

YK B NeYb MaTepumanoB 1 Tonjimea

Pekynepaunsi n3bbiTka Tenna m3 nNe4YHom CUCTEeMbl, 0COBEHHO M3 KIMMHKEPHOro
XOnoAunbHUKa, UCMONb30BaHME PEKYNepUPOBAHHOMO Tensna Ansi CYWKX Cbipb-

€BbIX MaTepunarnos
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Mcnonb3oBaHue BbICOKOKaﬂOpMVIHOFO TOoMJinBa C XapakKTepuctnkamm, oKas3bl-

BaOLLMMM NOSNTOXUTENBHbIN Sd)(*)eKT Ha CHUWXXeHue yaeribHOro pacxoada tenra

MUWHMMM3aUMst NOACOCOB aTMOCKEPHOrO BO3ayXa B NEYHYIO CUCTEMY

MuHMMUK3aUMs ra3oBoro NoToka B cuctemy barinaca

MuHUMKM3aumsa BRNaXKHOCTU Cblpb€BOro wiiamMma nytem 3amMeHbl 4aCcTtu npupoa-
HbIX KOMMNOHEHTOB Ha TEXHOreHHble MaTepuaribl U NpuMeHeHnsA pa3)KVI)Kl/ITeJ'Iel7I

Lnama

CHwxeHne noTpebneHnst TENNOBON SHEPTUKN NyTeM BblipaboOTKM AOMNOMHUTENb-
HOro KONMMYecTBa ANEKTPOIHEPrUM UNK Tenna nytem obbeanHeHUss 3aBoJoB C
TENNO3MEeKTPOCTAHLUMAMN UNN TENNOLEHTpansMu Ha 6a3e nones3Hon pekyne-
pauuun Tenna, B Npedenax CXeM PerynmpoBaHnst 3HEPrMu, KOTopble 3KOHOMMU-

YeCKWN YyCTOMNYUBDI

MuHMMM3aUNS pucka yBenuYeHUsi BbiIGPOCOB BPeAHbIX BELLECTB NPU UCMOSb-

30BaHMN OTXOO0B B Ka4eCTBE alibTEPHATUBHOIO TOMJiMBa

Ncnonb3oBaHne COOTBETCTBYIOLMX TOYEK BBOAA arnbTepHATUBHOIO ToMnnvea B
neyb C Uenblo obecneyeHns onpeaeneHHon TemnepaTypbl U BpeMeHu npeobi-
BaHUSA TOMNMBOCOAEPXKALUMX OTXOA0B B AAHHOW 30HE, B 3aBUCUMOCTM OT MX

CBOWCTB 1" KOHCTPYKUMN ne4un

Mopayva anbTepHaTUBHOINoO TOMNMBa, cogeplkalwero opraHn4eckme KOMIOHEH-
Tbl, KOTOPbl€ MOIYT ynetTyvymBaTbCA, 0O 30HbI KaJibLUMHNPOBAHUA B 30HY C He-

obxogmmon TemnepaTypon

YnpaeneHne paboTton neum takum obpasom, YTobbl rasbl OT CXKUraHUS TOMNSK-
BOCOAEPXALUNX OTXOO0B HAXOAWUINCb B KOHTPONMMPYEMOM, rOMOreHM3npoBaH-
HOM BMAe gaxe npu Hanbornee HebGNAronpuATHLIX YCOBUSAX MPU Temneparty-

pax 6onee 850 °C He meHee 2 ¢

YBenuueHne temnepaTypbl ra3oB B 30HE Meyu, rge NpoucxXxoamT ropeHue Ton-
nueocogepxawmx orxogos, go 1100 °C n Bbllwe, ecnn CKXUrarTcsl onacHble
OTX0A4bl C cogepxaHmem Gonee 1 % ranoreHcoaepKalux OpraHNYecKux Be-

LeCTB (BblpaXeHHble B BUAE XSopa)

ObecnevyeHne NOCTOAHHOM 1 cTabuibHOM NoAa4yn OTXOAOB B MNevb

MpekpalleHne CXUraHnst 0TX0O0B MPU peXxrMe posxura u oxnaxaeHus (nycka
N OCTaHOBKW) Neyn, korga Heobxoaumasi TemnepaTypa v Bpemsi npebbiBaHus

Martepwuarna B nedun He MOryT ObiTb 06ecneYeHbl
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HOT ans cHWXeHus yaernbHOro pacxoga aHeprmm Ha npoun3sonctseo 17 nopT-

JlaHOUueMmeHTa

PaspaboTka, BHEAPEHNE N UCMONb30BaHME Ha NPEANPUATAN CUCTEMbI 3HEpre-

TUYECKOro MeHepKMmeHTa

Wcnonb3oBaHrWe NomornbHOro u Apyroro o6opyoBaHUS C BbICOKOW 3HepreTu-

YeCKon a(PPEKTUBHOCTLIO.

Mcnonb3oBaHne BbICOKOSCb(beKTVIBHbIX TEXHOJIONTMYECKUX CXeM U3MelbYeHnA,

onTMMnN3nNpoBaHHbIX A5Nd n3Merib4yeHnA KOHKpEeTHbIX BUOOB MaTepunasroB

MpumeHeHne BbICOKOIMEKTUBHBIX MHTEHCMUKATOPOB NpoLecca M3menbye-

HUA MaTepunasroB

Pa3paboTka, peanusauus, nogaepxmnBaHne B paboyeM COCTOSIHUM U NOCTOSIH-
HO€e BbIMOMHEHNe onpeaeneHHbIX TPeboBaHUN CUCTEMbI SHEPreTUYecKoro me-

HepkmeHTa (COHM)

CHmXeHune Bbl6pOCOB nbiJin N3 opraHn3oBaHHbIX NCTOYHUKOB

MNpuMeHeHne COBPEMEHHbIX 3MeKTPOUNLTPOB UMK PyKaBHbIX PUNLTPOB, OM-

TUMU3NPOBAHHBLIX OJ1A O4YNCTKN KOHKPETHOIo Baa ra3oB

MpumeHeHne rmbpuaHbixX punbLTPOB

MpuMeHeHne cucTembl ynpaBneHust PEMOHTOM, CreumanbHO HanpaBneHHoN Ha

HabnoaeHe 3a COCTOSAHMEM (PUNbTPOB

CHmXeHune Bbl6pOCOB nbiJin U3 HEOpPraHM30BaHHbLIX NCTOYHNKOB

YKpbITHe/kancynmpoBaHue onepauuin, CBs3aHHbIX C MNblfeHneM

Mcnonb3oBaHue 3aKpPbITbIX KOHBeﬁepOB 1N aneBaTtopoB

YMeHbLIEHNE MECT noacoca BO34yxa unun npocoblinaHna matepumana, repmeTun-

3auna yCTaHOBOK

Mcnonb3oBaHue rmbKux LWNaHroB m PyKaBOB, CHaBXXEHHbIX CUCTEMOWN ynasnum-

BaHUA NblJin, Npu Norpy3ke uemeHTa B LEMEHTOBO3

lMpoTmMBOBETpPOBas 3awmTa

BoaHoe onpbICKMBaHME N XMMN4YeCK1Ue BeLLeCTBa, NoaaBndrone nolfieHne

x| o| b

MoKpbITME, MbITbe OOPOT U X YGopKa

w

YBnaxHeHue wrtabenen

10

CHwuxeHune BbibpocoB NOy B OTXOASLLMX NEYHbIX razax

OnTummnsauma npouecca obxura
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OxnaxgeHue nnameHun akena

I'IpmmeHeHVle ropesiok ¢ HU3KMUM BblaerneHnem NOy

[MocTagunHoe cxuraHue TONNuBa, CXUraHne TonnmBea B CpeaHen YacTu neym

Mcnonb3oBaHue MUHEepPanmn3aTopoB Mpu obxwre KIMMHKepa

I'IpmmeHeHme TEXHOJ10IM'NMN CENIEKTUBHOIO HEKATAJIMTUYECKOIro BOCCTaHOBJIEHUA

okcmnaooB a3ota SNCR

I'IpmwleHeHme TEXHOJ1I0TNN CENEeKTUBHOIo KatalinTu4eCcKkoro BOCCTaHOBIIEeHUA

okcmaoB a3oTta SCR

11 MoopepxnBaHne npockokoB ammuaka NHz Ha mMakcumanbHO HU3KOM YpPOBHE
npy UCNONb30BaHUN TEXHOSOMMU CENEKTUBHOIO HekaTanuTU4ecKoro BOCCTa-
HoBNeHnsa okcnaoB a3ota SNCR
Ob6ecneyeHne CTeXMOMETPUYECKOro KONMYeCcTBa BOCCTAHOBUTENS Npun obec-
neyeHnmn cHmxeHus BblbpocoB NOy 4O HEOBXOOUMMOro YPOBHS
Ob6ecneyeHne paBHOMEPHOro pacnpeaeneHns BOCCTaHOBUTENS B ra30BOM MO-
TOKe

12 CHwmxeHmne BblibpocoB SO, B OTXOAALLMX NEYHbIX ra3ax
Bbi6op CbipbeBLIX MaTEpPManos, TONMMBA U OTXO40B (NPU UX NCMOMb30BaHMMN) C
HEBbLICOKMM coaepxaHnem cBOOOAHOM cepbl Unn cepbl B BUAE cynbdunaoB
Ncnonb3oBaHue gobaBok copbeHTa (abcopbeHTa)

Mcnonb3oBaHne Mokporo ckpybbepa
13 CHmxeHne cogepxaHusa CO B OTXOOALLMX NEYHbIX ra3ax

Bbl60p (I'Ipl/l BO3MO)KHOCTI/1) CblpbE€BbIX MaTepuarnioB C HU3KMM coAepXaHnem

opraHu4eckoro yrrnepoaa

Ontummsaums npouecca obxura nytem nogaepxaHna Heobxogmmoro Koad-

CbI/ILl,I/IeHTa n3bbITKa BO34yXa B Mneyun

Ob6ecneyeHne ogHOPOLHOrO cCOCTaBa M CBOWCTB TOMMMBA, PAaBHOMEPHOCTb U

NOCTOAHCTBO €ro noga4dun B rneyb

CtabunbHbIn peXnm pa6OTbI neymn, npmmeHeHmne aBToOMaTU3NPOBAHHbLIX CU-

CTeM ynpaBrieHust paboTon neym

HenpepbiBHOe aBTOMaTnyeckoe namepeHme CO B MeyYHbIX rasax nocpenctsomM
ncnonb3oBaHMe 00OpyAOBaHUS ANS MOHUTOPMHIA C KOPOTKUM BPEMEHEM OT-

KInvMKa, pacnosiokeHHoro B6nmsn nctoyHmka obpasosanus CO.
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14 CHwKeHue ypoBHS WyMa

15 PaspaboTka, peanusauus, nogaepxunsaHme B paboyem COCTOSIHUM U NOCTOSIH-
HOe BbINOSIHEHWE onpeferieHHbIX TpeboBaHUn CUCTEMbI IKONOMMYECKOro Me-
HegpKkmeHTa (COM)

16 PerynsapHbii MOHUTOPUHE U U3MEPEHME NapamMeTpPoB 1 BbIGPOCOB

HenpepbiBHblIE M3MEpeEHUST NapamMeTpoB, CBUAETENbCTBYOWMUX O CTabunbHO-
CTWU Mpouecca, Takux, Kak TeMnepaTypa, cogepxaHme O, B OTXOASALLMX rasax,

pa3pexeHne n CKoOpoCTb NOTOKa ra3a

MOHUTOPUHI 1 cTabunMsauusa KpUTUYECKMX NapamMeTpoB npoLecca: OAHopPod-
HOCTb M MOCTOSIHCTBO COCTaBa CbIPbEBOM CMEeCu, TOMnvBa, PaBHOMEPHOCTb

rnojayun Tonnuea B NneYb, KO3 duUMeHT n3bbiTka Bo3ayxa B neyn

Mepuogunyeckmne 3amepsbl BoibpocoB NOx,SO, n CO 13 neun B COOTBETCTBUU C

Fpa(bMKOM npon3soaCTBEHHOIo KOHTPOJIA

HenpepbiBHble 3amepbl BbibpocoB NH3 13 Bpawjarowencsa neymn npm ncnonb3o-
BaHUN TEXHONOMMN  CENIEKTUBHOIO HeKaTanMTUYeCcKoro BOCCTaHOBMEHUS

(SNCR) okcupos asoTa

Mepunogmyeckne 3amepbl BbIOPOCOB NbifK, BbiCOKONeTyymx metannos, HCI,
HFY

I'Iepmop,mquKl/le 3aMepbl Bbl6pOCOB NIeTy4nx opraHn4ecknx COoeaNHEHUN,

nxgo/nxgor

Mepuogunyeckne 3amepbl BbIOPOCOB MbifiM U3 OPraHM30BaHHbLIX WUCTOYHUKOB,

Kpome neym

1
T 3amepbl OCYLLECTBAAIOTCA NEPUOAMIECKM COMNACHO rpadu Ky NPOU3BOACTBEHHOTO KOHTPOAA Ha OCHOBaHMW HOPM, YCTAHOBNEHHbIX B HOPMa-

TUBHbIX AOKYMEHTaXxX.
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MpunoxeHune I

(obsizaTenbHoe)

nepequb TEXHOJIOrM4YeCKUX nokKasarerneu

TexHonornyecknin nokasartesnb EanHuua namve- [dnana3soH
peHnd /3HaueHune
YaenbHbIV pacxof Tenna Ha 0BXur KnvHkepa:
- AN 3aBOA0B Cyxoro cnocoba nponssoacTea MOx/T 3550-4120
Kr y. T./T KNIMHKepa 90-160
- Ans 3aBOAOB MOKporo crnocoba npon3soacTea MO/t 5750-6900
Kr y. T./T KNIUHKepa 196-235
- Ans 3aBOAOB KOMBUHMPOBaHHOro cnocoba npon3eoacTea MO/t 3950-4540
Kr y. T./T KNUHKepa 135-155
YpenbHbIi pacxod 9HeprMm Ha npovssBoacTtBo 1 T nopt-
naHguemeHTa: kBT-yac/T ue-
- ANs 3aBOAOB Cyx0ro cnocoba npoussoacTea; MeHTa 110-140
- Ans 3aBOA0B MOKporo cnocoba npov3BoacTBa 100-135
BbiGpochl Nbinn 13 Bpallalowencs nevn (HeopraHnyeckas
nbinb ¢ cogepxarHunem SiO, o 20 %, kog 3B 2909):
- AN NpOeKTUpyeMbIX TEXHONOMMYECKUX NNHUIA He 6onee 25
- TEeXHOSMOrM4yeckne IUHWW, BBEAEHHbIE B 3KCMMyaTauuto He 6onee 50
nocne 2008 roga Mr/HM®
- TEXHOmNorm4eckne NUHUN, BBEAEHHbIE B SKCMMyaTaumo 0o He 6onee 500
2008 roga ¢ MoaepHU3NPOBaHHbIMU OUbTPaMMK
- TEeXHOmNorm4eckne NUHUN, BBEAEHHbIE B SKCMyaTaumo 0o He 6onee 1000
2008 ropga
Bbibpockl okcnaoB azota NO, 13 BpawawLlenca neum (kog
3B 0301, 0304):
- ANS neyemn ¢ LUKNOHHbIM TENNOOOMEHHNKOM 3 He 6onee 500
- ONS ONVHHBIX neyen Mokporo cnocoba npou3BoAdcTBa U MM
neyen flenonb He 6onee 800
Mpockok NH; M/HM® He 6onee 30-50
Bbibpocbl guokcuaa cepbl SO, M3 Bpallalowencs neyu MI/HM® He 6onee 400
(kog 3B 0330)
Beibpocbl okcnpga yrnepoga CO w3 Bpawatolencsa neyu MI/HM® He 6onee 600

(kog 3B 0337)
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MpunoxeHue

(obsizaTenbHoe)

AHeproachppekTMBHOCTb

1. KpaTkasa xapakTtepucTuka oTpacsv ¢ TOUKU 3peHUst pecypco- u aHepronoTpeos-
neHus

Mpon3BoaCTBO LieMeHTa SBIISIETCA PeCypCo- U 3HEProeMKUM NpoLLeCCoM.

B uemeHTHOM npombIwneHHOCTN PO npu npomsBoaCTBE KIMHKEpPa U LleMeHTa UCMNosb-
3yl0TCH Takue BMAbl TONMMBA Kak NPUPOAHbLIA ras, yronb U roptoyme cnadubl. (CM. pasgen
1.3).

CpegHui yoenbHbIA pacxop 3feKTPO3HEePrum no LeMEHTHON NpoMbliwnieHHocTn PO 3a
2014 rog coctaBnsieT 124,3 kBTy/T, B T.4. Ha ne4yax Mokporo crnocoba — 121,9 kBty/1, Ha ne-
Yyax cyxoro crnocoba — 129,6 kBTu/T (cm. pasgen 1.4).

CblpbeBasi 6asa ans Nnpou3BoACTBA LeMeHTa npeacTaBrieHa MecToOpOXAeHUsIMU Kap-
BoHaTHbIX Nopof, (M3BECTHSIKK, MeS1, Mepresniv, Mpamop), MUHUCTLIX Nopog (MIMHbI, CYrTINHKWK,
FMWHUCTbIE CMaHubl) N rmapasnuyecknx gobasok (onoku, anaTtomMuTbl, Tpenensl). B nocneg-
HWe rodbl B LLEMEHTHOM NMPOMBILLNIEHHOCTN BCe Boree LUMpOKoe pacnpoCTpaHeHMe HaxoauT
MCNONb30BaHME OTXOO0B CMEXHbIX OTpacriel NPOMBbILLIIEHHOCTM BMECTO NPUPOAHOrO Chipbs
— KapboHAaTHOro M rMMUHNCTOro/antoMOCUINMKATHOrO KOMMNOHEHTOB (CM. pasgen 1.2).

BHegpeHne aHeprocbeperalowmx TEeXHOMOMMM, CHWXKEeHUE [0NM JHepro3aTpaTHbIX
NPOU3BOACTB, CHWXEHWE A0 MUHUMYMa NoTpebneHns NPUPOLHbIX PECYpPCOB: Cbipbs, TOMK-
Ba, MUHepanbHbiXx J06aBOK, ynyylleHne 3KONOrMYeCcKoro COCTOSHUSA 3a CYET BOBMEYEHUS B
060pOT BTOPUYHLIX CbIPbEBLIX PECYPCOB U UCMNOSIb30BAHNE 3KONOMMYECKN YNCTOro obopyno-

BaHMA U TEXHOSOMMN SABAAOTCS NPUOPUTETHLIMK 3ada4vYaMn OTpacsiin (CM. pas3gen 19)

2. OCHOBHbIe TeXHOJIOrM4Yeckue npouecchbl, CBA3aHHbIe C UCNOJIb30BaHNE IHEp-
rmum

CoBpeMeHHbIN LleMeHTHbIN 3aBof nepepabaTbiBaeT 5...20 TbIC. T Cblpbsi B CyTKM.

TexHonorn4yeckmne npoLeccsl, CBsA3aHHble C JOObIYEN, XpaHEHWEM, NMOATOTOBKOM U U3-
MernbYeHMEM CbIPbEBbLIX MaTepuanoB npueeneHbl B pasgenax 2.2 u 2.3, UCrnonb30BaHnS OT-

XO[OB B KQ4YECTBE CbIpbEBbLIX MaTepuanoB — B pa3gene 2.7.2.
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OCHOBHblEe XapaKTepUCTUKN MCMNOSb3yeMOro TOMMuBa, TEXHONOrnm4yeckne npoueccol
NOArOTOBKN U CXUraHuUsl TONNuBa nNpMBeaeHbl B pasgerne 2.5, ncnonb3oBaHMs OTXO40B B Ka-
YyecTBe TOnnuMBa - B pasgene 2.7.3.

Mpouecc obxunra LEMEHTHOrO KNUHKepa NoapobHO paccMOTpeH B pasaene 2.8.

3. YpoBHM noTpeodneHus:

- YOENbHbIA pacxo CbIpbeBbIX MaTepuanoB Ha NPoOM3BOACTBO 1 T nopTnaHgueMeHT-
HOro KNuHKepa 1 nopTnaHauemMeHTa — cM. pasgen 3.3;

- yOEernbHbIN pacxoq Tonnuea Ha ooxXur 1 T NnopTNaHgUEMEHTHOrO KIIMHKepa - CM. pas-
pen 3.4;

- yAerbHbIN pacxod 3Heprun Ha NpPou3BoACTBO 1 T nopTraHaueMeHTa — CM. pasgen
3.5.

4. Havmquuue AOCTYyNHbI€ TeXHOJIOr'Mn, HanpasJ/ieHHbleé Ha NoBbilLUeHUe 3Hep-

roappeKTMBHOCTM U ONTUMMU3ALIMIO U COKpaLLeHNe pecypconoTpebneHus

Homep n HaumeHoBaHne HOT Paspgen/nyHkT
cnpaBoOYHMUKA
HOT 1. CHwkeHne yaenbHbIX pacxOAoOB ChIPbEBLIX MaTepuanoB AOJis 51

nponssoacTBa nopTraHaueMeHTHOro KinHkepa un uemMeHTa

HOT 3. CokpaweHne/MMHMMM3aumnsa yaenbHbIX pacxodoB Tenna 5.2

Ha o06Xxur KIMMNMHKepa

HOT 4. CHuxeHne noTtpebneHnsa TennoBon SHEprun nyTém Bbl- 5.2
paboTKn [ONOMHUTENBHOrO KOMMYEeCTBa JNEeKTPOIHEPrun unm
Tenna nyTém obbeauHEHNs 3aBOAOB C TEMSIOANEKTPOCTAHUMAMM
unu TennoueHTpansaMu Ha 6ase nonesHon pekynepauun Tenna, B
npegenax Cxem perynmpoBaHUsA 3HEPruun, KOTOpble 3KOHOMUYe-

CKMN YCTONYMBDI

HOT 6. CHwxeHns yaenbHOro pacxoga SHeprMm Ha npou3BoA- 5.3

cTBO 1 T NnopTnaHaueMeHTa

HOT 7. PaspaboTtka, peanusauusi, nogaepxveaHne B pabodem 5.3.1
COCTOSIHMM M MOCTOSIHHOE BbLIMNOMTHEHME OnpeaenieHHbIX TpeboBa-

HUN CUCTEMBI AHEPreTnyeckoro meHemxkmeHta (COHM)
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5. DkoHOMMYecKMe acnekTbl peanusauum HAOT, HanpaBneHHble Ha MOBbIWEHUE
3HeproapceKTUBHOCTU N ONTUMU3ALIMIO U COKpaLleHUe pecypconoTpebreHus

[MpumeHeHne cyxoro cnocoba Npou3BOACTBA LieMeHTa BeAeT K CHUKEHUIO pacxodoB
Ha TOMNWBHO-3HepreTndeckne pecypcobl B cpegHem Ha 30-40 % NO CpaBHEHUKD C MOKPbIM
cnocobom npoussoacTBa. OCHOBHOe BMMsIHUE Ha 3HEProdddEKTUBHOCTbL CYXOro Croco-
Ganpon3BoacTBa OKasblBaeT CHWXKEHWE YAENbHOMo pacxofa TEXHONOMMYEeCKoro Tonnmea npu

Npoun3BoACTBE LiemMeHTa (CM. pa3aen 6).

6. nepCHEKTMBHbIe TeXHOJ10rMn, HanpaBJfieHHbleé Ha noBblilleHune 3Hepr03(b(be|<-

TUBHOCTU U ONTUMU3ALUIO U COKpaLLEeHUe pecypconoTpebneHus:

- TEeXHONOrMss npPUMEHEHUs MeToda XUMUYECKOW pereHepaumm Tenna — CM.
pen 7.2;

- TeXHONOrNs aPPEKTUBHON YTUNN3aLMM TeNnsia N OYUCTKU OTXOLALMX ra3oB Npu MOK-
pom cnocobe Nnpon3BoacTBa LLeMeHTa — CM. pasgen 7.3;

- TEXHONOrMs UCMNOSIb30BaHUSA OTBasIbHbIX 3NIEKTPOMETaNNYPrudecknx LUnakos Ans

NpoM3BOACTBA LieMeHTa — CM. pasaen 7.4.
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