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BTOPU4YHbIE PECYPCbl,
OBPA3YHOLWMNECH B COEPE TEMJIO3HEPTETUKHA

Nasapb Sikoenesuy Lly6os
HayuHo-mnccnenoBateNnbCKUM MHCTUTYT KLLEHTP SKON0rMyYecKor NPOMbILLAEHHON MOJIUTUKN,
CTapLUMIA HayUHbI COTPYAHWUK, AOKTOP TEXHMUYECKUX HayK, npodeccop

Kupunn AMutpueBny Ckobenes
HayuHo-nccneaoBaTeNbCKNn MHCTUTYT «LLEHTP 9KOOrMUYeCcKor NPOMbILLIEHHOW MOAUTUKIN,
Haua/lbHUK OTAeNa pasBuUTUS oTxoAonepepabaTbiBatoLLen oTpacam

Oapbs AHTOHOBHa 3aropcKas
HayuHo-nccnenoBatenbCKUn MHCTUTYT KLLEHTP SKONOrMUYeCcKor NPOMBbILLAEHHON MNONUTUKNY,
NHXeHep

BBEAEHUE

Buabl BTOPUYHBIX pecypcoB, 06pasyloLLnxca B TENJOBOM IHEPTETUKE, 3aBUCSAT OT MHOMECTBa
$aKTOpOB, MaBHbIMN U3 KOTOPbIX ABASAIOTCS:

— BUZA MCN0JIb3yeMOro TOMNanBa;

— TUMbl NPUMEHAEMbIX TEXHOJIOTUNA.

Tak, B TeENNI0O3HEpPreTMke 06pasyoTcs, HaNpUMep, OTXOAbl FMrca NPu OYNCTKE AbIMOBbIX Fa30B
C UCNONb30BaHNEM YCTAHOBOK 0beccepuBaHms Ha KapboHaTe Kanbums, HedTelnambl NPU UCMOJb30-
BaHUM XUAKUX BUAOB ToNnBa. OfHaKo CaMblil pacnpoCTPaHEHHbI BUA OTX0A0B, KOTOPbLI 06pasy-
€TCS1 B TEMJIOSHEPIETUKE N CUMUTAETCS €€ KBU3UTHOMN KapTOUKOW», — 30/10L1akoBble 0TXoAbl (3LLUO).

30/10LLNaKoBble OTX0Abl 06pa3yoTCs Npu CRUraHUn yras. Npu 3TOM pasnuyatoT 301y yHOCa
(ynansieTcs ¢ AbIMOBbIMM rasaMu), TOMIMBHbIE LWNakK (YAANaOTCs M3 KOTAa) U 30/10L1aKoBble
cMecu. HeT YeTKOro COOTHOLLIEHUS MEHKAY KOIMYECTBOM 0Opa30BaBLUMXCS 30/10LLAAKOB U KOnYe-
CTBOM COMMEHHOTIO0 YA, TaK Kak Ha 3TO COOTHOLLIEHNE BINSIET MHOMECTBO (GaKTOPOB:

— KOHCTPYKUMS annapaTypbl, B KOTOPOW CHUFAETCA Yrob;

— TWUN YrAs, COAEPKaHNE B HEM NMpPUMECEN;

— napaMeTpbl NOArOTOBKU YIS K CHUTAHUIO U CaMOro NnpoLecca CHUraHus, a TakKe OUYNCTKU

06pasyoLLNXCA AbIMOBbIX Fa30B;
— Apyrue.

[loHHas 30N1a

3ona yHoca

11

fnnc yctaHosku 04T
Puc. 15.1. MpuMep cxeMbl NaporeHepaunmn Ha yroabHon T3C:
1 — TypbuHa; 2 — yronb; 3 — KOHAEHCaToP; 4 — OxNlaXKAatoLLas BOAa; 5 — CUCTEMA KaTalUTUYECKOro
yAaneHunst OKCUA0B a30Ta; 6 — BO34YXONOAOrpeBaTesb; 7 — 31EKTPOOCAANUTENb, NN PYKaBHbIA GUABLTP;
8 — ycTaHoBKa obeccepuBaHua aAbiMoBoro rasa (OAr); 9 — abiMoBas Tpyba; 10 — AbIMOBbIE rasbl;
11 — obpaboTka 1 06e3BOKMBaHWE 0TXOA0B ycTaHOBKM O
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3on0LWnakoBble 0TX0Abl 06pasyTCcs BO MHOMMX CTpaHax Mupa. Mo coctosiHuio Ha 2015 T.
0K0J10 40% BCel 9N1eKTPO3HEPIUN NMPOU3BOANIIOCH NMYTEM CHUTAHUA YIS,

OBPA30BAHME OTXOA0B B COEPE TEMNJIOSHEPIETUKW

Vicnonb3oBaHue yrns B TENJI0BON 3HEPreTUKe HEN36EKHO NPMBOAMT K 06pa3oBaHMO OTXOA0B.
3T0 CBA3@HO C TeM, YTO TOMJIMBHbIA Yroab 006513aTe/ibHO COAEPKMT B CBOEM COCTaBe Heroptoune
MUHepanbHble NnpuMecn. OT YacTh 3TUX Npumecer n3basnsalTCs Npu oborawieHm yrnsa (oOANH U3
3TanoB npouecca NOArOTOBKM YN K CHUraHuto). MonHoe nsbasneHne OT MUHepanbHbIX NpuMecei
HEBO3MOXHO, a rMyboKoe oboralleHne sHEPreTUYEeCKUX yrnel HellesaecoobpasHO SKOHOMUYECKH.
Tak, B TOCT 32347-2013 «Yrnu KaMeHHble 1 aHTpaumnTbl Ky3HeuKoro n fopaoBcKkoro 6accenHos
NS SHEPTreTUYECKMX LieNieil. TEXHUYECKME YCNO0BMS» pernaMeHTMpyemas 30/1bHOCTb (CoaepKaHume
HEFOPIOUYMX MPUMECEN) MOXKET coCcTaBnAaTb 0T 13 10 40%, a cpeaHsa — 25%, TO eCTb U3 TOHHbI
yrns 0bpasyoTcs B CpeAHeM Kak MUHUMYM 250 Kr 30/bl. He BeCb yroib Cropaert, 1 B 3aBUCMMOCTH
OT TEXHONIOMMYECKOr0 NPOLLECCa CHUMAHUA YacCTb YIS OCTaeTcs B 30/1e B BUAE HefoXora (notepu
MaccCbl Npy NpokanuBaHun). BbiCOKas CTeneHb HeAo0XKora HeBbIroAHA ANS 3IEKTPOCTaHLUNIA, HO
MOMHOCTBIO AOMUIaTb Yrob TOXe He NojyyaeTcs — ANS 3071 pasHbIX BUAOB YIJie HOPMaTUBHbIE
nokasaTesnu No HeAOoMory COCTaBfatoT OT 2 A0 24%, npuyeM 3HadeHna 2—-3% 3a4acTyto AocTura-
HOTCSA NyTEM MpeaBapuTeNbHOM NOATOTOBKM 30J1bl YHOCA K MCMOJIb30BaHUIO.

B pasBuTbIX CTpaHax HabnoAaeTca TEHAEHUMSA K OTKasy OT YIS B NONb3Y APYIMX MCTOYHUKOB
9HEPrnn — nepeBos, YroJibHbIX TEMJIOBbIX 3/IEKTPOCTAHUMIA Ha ras n T.n. TeM He MeHee Jae
B CLUA yronbHas sHepreTuka reHepupyet 30% Bceil 31eKTPO3Heprum CTpaHbl, Nnponssoas bonee
100 maH T 3WO. OgHako okono 60% 3tux 3WO nepepabaTbiBaeTcsi, Ha YEM 3NEKTPOCTaAHLUMMU
3apabaTbiBatoT 0K0A0 23 MApPA AOINAPOB.

B P® exkeroaHo obpasytorca 25-30 maH T 3LUO, a 06beM HaKOMNEHHbIX OTXOA0B OLLeHMBAET-
ca B 1,5-2 mnpa 1. HecMoTpsa Ha 6oraTtble 3anachkl NPUPOAHONO rasa, 06LNPHbIE BOAHbIE PECYPCHI
N PasBUTYIO aTOMHYO SHEPreTUKY, MOXHO C YBEPEHHOCTbIO FOBOPUTb, YTO YroJibHas 3HepreTuka
B PO nrpaet BaxHY poab, 0OXBaTbiBas NPUMEPHO NATYHO YaCTb B CTPYKTYPE 3/IEKTPOreHepaLunm.

CornacHo LAY T3K Ha cerofHAWHNI leHb B MUPOBOM YroJibHOW MPOMbILWIEHHOCTN HAMEeTU-
Nlacb HACTOpa*KMBatLLas TeHAEHLNS K COKpaLLeHUo 06beMoB A00bIUM yIns.
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15 ¢ BTOPWYHbLIE PECYPCbI, OEPA3YIOLLIVECSH B COEPE TEMJIO3HEPTETVKN

B 2013 . MMpoBas yroJibHasi 0Tpac/b AOCTUI/Ia CBOEIO0 UCTOPMUYECKOIO MaKCMMyMa — 06beM
[06bITOrO yrnsi B MUpe B YKasaHHOM roay coctaBua 8270,9 MAH T. 1 ¢ 3TOro0 MOMEHTa YroJibHoe
NPOM3BOACTBO Ha MeXAYHapOAHOW apeHe Hayano NoCTeneHHO coKpauwartbcsa. B 2017 . oHO
cocTtaBuno yxe 7727,3 MaH T (-543,6 MAH T K ypoBHi0 2013 ., nnm 93,4%). MNpuuem sTa TeH-
AeHUuMs OTMe4vyeHa NpakTUYeCKM BO BCEX permoHax Mmpa, 3a UCKAUeHneM HOKHOW AMepuKun
n AQpurKK, rae 3a 3TOT Nepuoa Npon3BOACTBO OCTANOCh Ha NMPEXHEM YPOBHE M AaXKe HECKOJIbKO
BbIpOCAO.

301bHOCTb YN BapbupyeTcst B MHTepBane oT 4,3% (bayaTcKuid yronbHbiin pa3pes) Ao 50%
(waxTa «bonblIeBUK).

Ecnun B3siTb CPeAHIO 30/1bHOCTb Y/ MO BCEM pa3pe3aM (24%), TO Mbl MOMEM MOACYUTATb
KoNMyecTBo 06pasoBaHHON 30/1bl OTHOCUTENIbHO NOTPEONEHHOro yrns.

Ncxoas M3 aTON CTaTUCTUKM HECNOMHO MPEeANnOOKUTb, YTO noTpebneHune yrnsa, a cneaoBa-
TenbHoO, HakonneHne 30O NOCTENEHHO CHUMKAETCS.

TEXHOIEHHbIE OBPA30OBAHNA HAKOMJIEHHbIX OTX0/10B
B COEPE TEMJIOSHEPIETUKU

TexHOoreHHble 06pa3oBaHUS 30/10LWNAKOBbLIX OTXOAOB Ha3blBAOTCS 30JI0LLIAKOOTBaNaMu,
BO3MOMHO M pasfaesibHOe HaKorMnjaeHune 30Jbl U LWAAaKoB B 30/100TBaJIax W LWakooTeBanax. Ha tep-
putopun P® noj 3010LWW1aK00TBaJbl OTUYXAEHO NopsaKka 28 ThiC. ra 3eMesb, YTO COMOCTaBUMO
C TEPPUTOPUEN TAaKNUX rOPOAOB, Kak VIpRyTCK, KpacHOSpPCK nnm TOMCK.

B 3aBMCMMOCTM OT YCTPONCTBA CUCTEMbI 30/10LINaKOyAaNEHNS 06Pa3yoTCs HaMblBHble (ru-
APaB/IMUYECKME) UK HACbIMHbIE («Cyxme») oTBanbl. Kaxaas cuctema MMeeT CBOM NpenMyLLecTBa
N HeAOCTaTKW, HanNpuMep, «KCyxon» OTBan AOPOXKe C TOUKM 3pPEHUs KanuTanbHbIX 3aTpat, HO U3
Hero npolue n3enekatb LU0 ana aanbHenLen nepepaboTku, a AN OpraHn3aUnm NHEBMaTUUYECKO-
ro CyXoro yaaneHust 30/bl C 0HOro 3Hepro6aoka Kawmnpckor NP3C MowHoCcTbio 300 MBT Hy»*HbI
40 popormx HacocoB M KnanaHoB. B PO B 0CHOBHOM MCNOJIb3YKOTCA CUCTEMbI MMAPaBANYECKOIO
30/10y4aJieHMS.

Cyxori 3o0n0LwwnakooTBan 06blMHO 0OyCTpamMBalOT Ha MecTe BblpaboTaHHOro Kapbepa wau
APYruX ManoueHHbIX 3eMeNb. C NOBEPXHOCTU yyacTKa CHUMAETCA BEPXHUIA CNOW MJOLOPOAHOO
rpyHTa (ecnm oH MMeeTCs) U Ha ero MecTo KnaayT GUNbTPAUMOHHYIO NOAYLLKY U3 KPYNMHO3epHU-
CTOro M NPOYHOro Matepmana (Wwnak nnm webeHs). Ana NnpefoTBPaLLEHMSA NbINEHNUS 301 YBNAMK-
HaeTca A0 15%. Mpu nocnonHon yTpamboBKe 30/1bl 1 3aKPbITUW ee FPYHTOM 0bpasyeTcsi MacCcuB,
NPaKTUYECKN HEMPOHULAEMbIN AAS BOA, UTO WMCKAOYAET BO3MOMHOCTb BbIMbIBAHUSA BPEAHbLIX
KOMMOHEHTOB. JKCMJlyaTaLMOHHbIe 3aTpaTbl HA TaKkoe CKnaaupoBaHue 304bl Ha 40-50% Bbliwwe,
yeM B C/lydae BNAXKHOro 30/10yAaNeHus, HO KanuTajbHble BNOXEHUS Ha COOPYKEHME CyXOro 30-
JiolwnakooTBasa B 5-6 pas MeHblle. 30/10W1aK0O0TBAA AJA BJIAXKHOTO 30JI0YAANEHUA BKAOUYaeT
TEPPUTOPUIO HaMbIBa CBEMEro Matepuasa 1 OTCTOMHbIN Npys — BOLOEM, B KOTOPOM OCa*KAakTcs
MenKkne GpaKkunn 30bl, @ BEPXHUIA CNOI 06€3301EHHON BOAbI MCNONb3YETCS ANS HYK/ TENN0BbIX
anekTpocTaHumii (T3C). 30n0WNaKo0TBaNbl KNAaCCUPULMPYHOTCA COrNacHo penbedy, Ha KOTOPOM
OHM obycTpansatoTcs (NOMMEHHbIE, KOCOrOPHbIE, OBPAXKHbIE 1 AP.) U OrpaHnUYMBaloTCs aambamu.
Bce Tmnbl 0TBaN0OB, KPOME OBPaMKHbIX U KOTN0BaHHbIX, AENAIOTCA CEKLUMOHUPOBaHHbIMK AN 6onee
pPaBHOMEPHOrO 3anoNHEHUss N pa3paboTKM 0TBaNOB. ITO TaKkKe NO3BOJISET HapaliMBaTb AaMObl,
yBeNM4MBasa UTOrOBYH €MKOCTb 30Ji00TBasa.

Mo pacuetaM, Npon3sBeLeHHbIM B COBETCKOE BpeMs, CyX0e 30Ji0y/lafNeHune CyLeCTBEHHO A0PO-
e BnarkHoro. OgHako 3O ¢ cyxoro 30/100TBaja 3HaUMTENbHO NPOLLE NMYCTUTb Ha NepPepPaboTry,
yeM C BJlaXXHOro. B HacToslee BpeMsa OLLEHKY 3aTpaT CTOWUT MPOBOAMUTbL MO KOHKpeTHbIM TIC.
Hanpumep, npu Bbixoae 3O ao 100 TbiC. T/roa Npu pacCcTosiHUKM A0 OTBafa MeHee 1-2 KM cyxoe
30Ji0WLNaKoyAaNeHne N opraHnu3aums Cyxoro 30J100TBasia Bbiro4Hee, YeM TPaAULMOHHOE BNaXHoe
30/100y4aeHune.
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MOTEHUWAJT OTXOA0B OTPACJIN AJ19 NCMNOJIb3OBAHUSA
B KAYECTBE BTOPUYHbIX PECYPCOB

30/10LU1aKOBbIE OTXOAbl COCTOSAT B OCHOBHOM M3 HEOpraHMyecknx (MMHepanbHbIX) NpUMecei
yrns. boablias 4yacTb 3TUX NPUMeECen NpeacTaBieHa OKCUAAMN aNtOMUHUS N KPEMHUS, B YaCTHO-
CTW, UX Pa3fIMYHbIMK COYEeTaHUSIMU (KAONIMH, MYCKOBUT, alOMOCUAMKATbl U Ap.). TaKkKe npucyT-
CTBYIOT OKCU/bI ¥eJfie3a U KanbLus, B MEHbLUEN CTEeNeHN — OKCUAbI MarHus 1 TutaHa. B cnefoBbix
KonmyectBax (MHOrAA MeHbLUE rPaMMa Ha TOHHY) COAEPXKaTCs, B 3aBUCMMOCTM OT CBOWCTB CHUra-
€MOro yrnsi, NPakTUYeCKn BCe 31ieMeHTbl Tabanubl MeHaeneeBa: Weno4YHble U LWe0YHO3eMebHble
MeTajlibl, Pa3inyHble NepexoaHble MeTanbl (B TOM UMCNE LIEHHbIE, PeAKMEe U PeKO3eMEeNbHbIe)
N HEKOTOpble KoMyecTBa HeMeTannoB (HanpuMep MbllWwbsK, 60p, cepa). B pasHoobpasum u He-
oaHopoaHoCcTK cocTaBoB 3O 1 KpoeTca 0AHa U3 MaBHbIX TPYAHOCTEN UX nepepaboTku. TpyaHO
rPaMOTHO BbICTPOUTb MPOLECC KOMMAEKCHOW nepepaboTkmn 3LLUO 6e3 ux TwaTtenbHOro npeasa-
pUTENIbHOrO aHasm3a. PacueT 3KOHOMUYECKMX MOKa3aTenen rnpolecca ¢ ucnonb3osaHvem 3LLO
pasHbIX YY4aCTKOB OAHOM0 OTBajsa MOXET NPUBOAUTbL K pasHbIM pe3ysibTaTtaM. TeM He MEHee AaKe
CNnepoBble KOMMYECTBA LLEHHbIX U PeAKUX MeTaaioB 00blMHO ONpaBAbIBAOT TPYAOEMKME NPOLLECChHI
X nspneveHns!.

3auacTylo KoMnaeKkcHas nepepaboTka He NpeacTaBAAeT MHTepeca, U ANS Taknx ClyvyaeB Cy-
LLLeCTBYIOT NPOCTble TEXHONOrMN NoarotoBkn 3O K MCNONb30BaHUIO B CTPOUTENLCTBE, 0ObIYHO
3aK/0YaoLLNECS B AOKMUIAHUN OCTAaTOMHOrO yrns, ApobaeHun, CyLliKe 1 pasaeneHun Ha dpak-
LMW NO KpynHocTu yactuu,. Mocne atoro 3LLUO MoXHO 1160 OTNpPaBUTb B NPOLIECC NPOU3BOACTBA
CcTporimMaTepuanoB, IMH60 HEMOCPEACTBEHHO HA CTPOUTENbCTBO, HAaNpuMep, AN OCHOBAHMSA aBTO-
MOBUNbLHON AOPOTN.

3BOJIIOUMNSA TEXHOJIOMM NEPEPABOTKN BTOPUYHbIX PECYPCOB,
OBPA3YHOLWWNXCA B COEPE TEMNJIOSHEPIETUKH

3apoKaeHne TeXHONOriA NnepepaboTKM 3010LLNAKOBbIX OTXOA0B MOXHO OTHECTM K ry6oKol
LpeBHOCTU. CXOAHbLIA NO COCTaBy W CBOMCTBaM BYJKAHWUYECKUI nenen LWMPOKO UCMONb30Bancs
B CTpouTenbCcTBe B [JpeBHeM PuMe. MoCTpoeHHbIe B Ty 3noxy MaHTeoH, Konnsen, a Tak¥e MHOro-
UYNCNEHHbIE AOPOTN N aKBEAYKM COXPAaHUAUCH A0 HALUMX AHERN, MPOCTOSB ye bosiee ABYX ThiCAY
net. bonee Toro, TepMMH «nyuuonaH» (NyuuoiaHoBble CBOMNCTBA — 3TO ABJEHME, NPU KOTOPOM
N3BECTb N HEKOTOPbIE aNtOMOCUIMKATbI pearnpyoT B MPUCYTCTBMM BOAbI NPY O0DObIYHbLIX TEMMNepa-
Typax ¢ HAbOPOM MPOYHOCTN) NPOUCXOANT OT Ha3BaHUS UTaNbSHCKOro ropoaa Mouuyonu, cumTa-
lOLLLErocsl POAMHON TEXHONOMMM MOAydYeHUs 6BEeTOHa C MCNOJIb30BAHMEM BY/JIKAHUUYECKOro nena.

MepBble NonbITKM NepepaboTkm 3O B COBPEMEHHOM MX NOHMMaHWUM He MOMK bbITb Npeanpu-
HSATbl paHee 1882 r. — Koraa B JIOHAOHE Mo NpPoeKkTy ToMaca 3amncoHa bbiia NocTpoeHa nepeas
yroneHas T3C (Edison Electric Light Station). imetoTca ynoMnHaHus o Tom, 4to Bnepsble 3LUO
OblIN NMPMMEHEHbI B KayecTBe A06aBKM K LeMeHTy B 1914 r., x0T nepBoe 3Ha4yMMOe HayyHoe
nccnepoBaHue, OTHOCsLLLEECs K 3TOMy, 6bl1o NnpoBeaeHo B 1937 T.

NcnonbsoBaHme 3O B 6eTtoHax Habnwapaetcs B CLUA B Hauvane 1930-x rr. MepBoe A0-
KYMEHTUPOBAHHOE MpPUMEHeHne 6GeToHa C BbICOKMM COAEPXaHMEM 30/bl yHOCA OTHOCMKTCA
K 1942 r. — npoBefeHne PeMOHTHbIX paboT No 3aaeNbiBaHUIO NPOTEYKM AaMbbl [yBepa. B nepuos
c 1948 no 1952 r. 6bina nocTpoeHa agamba Hungry Horse, Aas yero 66110 UCMOAL30BAHO MOYUTU
2,5 mnH M3 6eToHa, 35% ueMeHTa B ero coctase bbl10 3aMeHeHO Ha 307y yHoca (120 Tbic. M3).

C Tex Nop NPoUCXoann0 NOCTENEHHOE PasBUTUE TEOPUN N METOAOB NpuMeHeHus 31O B 6eTo-
He, LeMEHTEe U ApYrnux CTPOUTESIbHbIX Matepuranax, U KOJIMYEeCTBO NMPOEKTOB, B KOTOPbIX UCMOJIb30-
BaHbl, Ka3anocb 6bl, becnonesHble 0TX0Abl, MPEBbILAET COTHM: OT CEPUMHOMO BbIMYCKa KMPNUYen,

' Hanpwumep, nsBieveHue pefkoseMenbHbIX MeTannos 13 3LLU0 TeopeTuyecku CNocobHO AaTb TOMYOK passuTUio
BbICOKOTEXHOJIOFMYHOM oTpacnn U CHMU3UTb 3aBUCUMOCTb P® ot MMMNOPTa 3TUX METaNoB.
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KOTOpOe HabnaaeTca Aarke B 6eaHbIx cTpaHax (HaMmbust) A0 CTPOUTENbCTBA LIEbIX METPOMON-
TeHoB (BawwuHrToH, CLUA) n pekopaHbix No BbicoTe HebocKkpebos (Bypax-Xanuda, Aybain2).

HayuHo- TexHuko- IKOHOMMYECKH- CouymanbHo-
TeXHUYECKUin 9KOHOMMYECKMUIA CcoLMaNbHbIN perynaTtopHblii
aTan artan aTan aTan

I — nepBble UCCAefoBaHMS N0 NpuMeHeHuto 3O (B 2015 r. MyHuumnanutet [lybasi nocTaHoBU,
(1910-1930) UTO NPU CTPOUTENLCTBE BCEX HOBbIX 34aHWIA YacCTb

II' — nepBble 3HauMMble NpuMeHeHns 3O Beuay MCMOJIb3yEMOro NopTAaHALEMEHTa A0MKHA ObITb
TEXHUKO-3KOHOMUYECKOIA LienecoobpasHocTK 3aMeHeHa Ha 3L0)

(npw ucnonbzoBaHuy 3LLO Kak KOMMOHeHTa
6eToHa npu pemMoHTe fambbl [yBepa
PYKOBOACTBOBANNCH TEM, UTO 3TO MO3BOMT

MapannenbHo NpeabiaylieMy BUTKY:

COKpaTUTb pacxon cbipbsi) (1930-1950) I3 — HayuHble NCCNe0BaHNS KOMMIEKCHbIX
III' — nepBoe 0606LIEHNE MPOCTLIX TEXHOOMUIA TexHosorvin nepepaboTku 3O
B GOpMe CnpaBOYHMKOB U KHUT, II3 — ¢dopmMupOBaHMe HayYHO-TEXHUYECKOI basbl
pacnpocTpaHeHne NPUMEHEHNS 3TUX TEXHONOT WA (nateHTbl, NabopaTopHble NCCAEA0BAHNSA,
(1950-1960) KOMMEpUeCKMe NPeAoKeHUs)
IV' — BBefeHMe NepPBUYHBIX PErYNSTOPHbLIX Mep III3 — peanv3auns eAVHUYHbBIX NPOEKTOB
(HTA, pekoMeHaaLum no npumeHeHwuio 3LL0O) IV: — ¢opmuposaHue HTA n HMA
(1960-1980)
. MporHos:
I2  — pa3BWTUE aCMeKTOB NPOCTbIX TEXHONOT A
(BbICOKOMPOUHbIA HETOH) I4  — TEeXHWKO-3KOHOMMYECKas ONTUMU3aLus
II2 — nepexoi K yCOBEPLUEHCTBOBAHHOMN TEXHONOMMK KOMM/IEKCHBIX TEXHOOMNIA MOCPEACTBOM HayUHbIX
BCNeACTBME €€ IKOHOMUYECKOW 3OPEKTUBHOCTY; U3bICKaHWIA
III2 — KpynHoMaclTabHble U 3HAKOBbIE NPOEKTbI II4 — anpobauus 3TUX TEXHONOTUIA B eANHWNYHBIX
C npuMeHeHuneM TexHonoruu (Bypax-Xanuga, NpoeKTax
[y6ait) III4 — cucTemaTM3aums OnbiTa U HOBbIE NMPOEKTHI
IVZ — perynsatopHble Mepbl, yCTaHaBAVBaKOLLME peanusaumm
0643aTeNbHOCTb NPUMEHEHUS 3TUX TEXHONOMUIA IV4 — aktyanunsaumsa HTA n HNA

Puc. 15.4. 3Bontoumnst TexHONOrnin oTpacau nepepaboTtkm 3LLO

2 B HacTosllLEee BPeMs BEETCS CTPOUTENLCTBO eLle 6osee BbiIcOKOro Hebockpeba B ropoae Axumaaa (CayaoBcKas
ApaBwusi), BbicoTa KoToporo coctaBut 1007 M, cpean KOMNOHEHTOB 6eTOHa MMeeTcs 30/1a yHoca (BbICOKOMPOY-
HblA 6ETOH C NPOYHOCTbLIO 85 MMMa MCNoAb3yeTCcs ANs CTPOUTENLCTBA GYHAAMEHTA U HUMHEN YacTu 34aHuKs).
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NMEPEPABOTKA BTOPUYHbIX PECYPCOB C YYETOM
MEXOTPACJIEBbIX B3AMUMOCBSI3EN

3O aBnATCA LUEHHbIM BTOPUYHLIM pecypcoM. Ha npaKkTuke 3To o3HauyaeT, uto T3AC mnnnm
30J10WnakooTBan npu TIC MOXKET CAYKUTb MCTOYHUKOM Cbipbsi AN APYTrUX OTpacnen.

Tak, OCHOBHOM o6bnacTbio npumeHeHus 3LLUO aBnseTcs CTPOUTeNbCTBO. HeKoTopble npuMe-
HeHUs1 (OTChINKa 3eMIAHOMO NONOTHA aBTOMOBOUIbHOM A0POrM UM BO3BEAEHNE HACbINeN) Tpeby-
tOT MMHMMaNbHOM NMOAFOTOBKW, @ 3acbiMKa TpaHLWelr 1 NyCcTOT 30/10WWAaKOBbIMM HAMOJAHUTENAMU
06bIYHO 03HauYaeT HeobxoaMMOCTb X0TAa bbl pasaenntb 3O Ha GppakuMK NO KPYNHOCTKU C yaane-
HYEeM Bnaru.

3LLO ncnonb3yoTcs Kak Cbipbe A5 NPOM3BOACTBA CTPOUTENbHbIX MaTepuanos. Hanbonee pac-
NMPOCTPaHEHbl BapMaHTbl MPON3BOACTBA KMprnndeli 1 betoHa ¢ nobaskamu 3LLO, HO MOMKHO TaKKe
N3roTaBAMBaTb pPas/iMuHbIe BAMXKYLLNE, LEMEHTHbIE CMECU, MOAYYaTb PasiNUuHbIE BUAblI KEPAMUKN.
OTAEeNbHO CTOUT OTMETUTb Mcnonb3oBaHue 3O B cocTaBe BbICOKOMPOUHbIX OETOHOB, y*Ke YNoMs-
HyTOE€ Bbllle — B 3TOM cay4yae 3LLU0 He nMeeT anbTepHaTMB N0 COOTHOLUEHMIO KLLeHa—CBOMCTBa.

TaKKe HeobXoaMMO NoAYEPKHYTh, UTO NpuMeHeHMe 3LLUO B CTPOUTENLCTBE MM NMPOU3BOACTBE
CTPOUTENbHbIX MATEPMANoB BEAET K CHUKEHUIO BbIBPOCOB AMOKCUAa yrnepoaa. betoH, moandu-
LMPOBaHHbIN ¢ nomoLubio LU0, Tak 1 BoBCe cnocobeH nornoLaTe AMOKCUA YINepoa U3 Bo3ayxa.
Cneundunueckme cBoicTBa 6eToHa ¢ aobaskon 3O 0cobeHHO NonesHbl NpyU NUCMOAb30BaHUMU
€ro B MOPCKOW Bojie, Tak Kak 3O obecneumBaeT NoBbILLIEHME YCTOMUYMBOCTM BETOHA K Xl0puaam
1N BUoNornyeckomMy BO3AeNCTBUIO.

MpumeHeHne 30 noTeHLManbHO cnocobHO Npeobpa3oBaTb OTPaC/ib CTPOUTENLCTBA M MPO-
N3BOACTBA CTporMaTepuranos. Yke B 2018 r. 3a89BAAN0CH, UTO AN peanmsaumm HaunpoOeKTOB He
XBaTaeT NpUpPOAHbIX pecypcoB. Micnonb3osaHme 3LLUO B KauecTBe MX 3aMeHbl MO3BOJISET peLnTb
npob6aeMy HexBaTKM MaTepunasioB U OJJHOBPEMEHHO CHU3UTb COLIMAIbHOE HaMpPsI*KeHME.

YacTo npu anloMUHMEBBIX 3aBOAaX, TPEOYIOLLMX BONbLIOrO KONMUECTBA IHEPTUN BBUAY OCO-
6eHHOCTEN NpoLecca NoayyeHus antoMmHUs (CM. CTaTbio O TEXHOJIOMMAX NPOM3BOACTBA aNlOMU-
HUA), nMeloTcss cobcTBeHHble TAC. 3O ABAAIOTCS NOTEHLUMANbHBIM UCTOUHMKOM aJIlOMUHUSA —
B 3aBMCMMOCTY OT TUMa YA COAepXaHune okcuaa antomuHunsa Al,O; BapbupyeTcs B npeaenax or
10 no 40%. Jaxe B cnyyae npucyTtcTBus Bcero 20% oKcmaa antoMUHUS 0bwmii addeKT OT Bbiae-
NieHus antoMuHmsa n3 30 31eKTpoan30M CHUTAETCHA NOJIOKUTENbHbIM, @ CTOMMOCTb MOJy4aeMoro
ANIIOMUHUA CHUXKAETCS B 2—-4 pa3a No CPaABHEHWUIO C TPAAMULMOHHbBIM CNOCO6OM.

Ho Ha 3ToM noteHuwan peanusauum 3O npu antoMMHMEBOM 3aBOAEe He OrpaHuMYMBaeTCs.
CyLLecTBYIOT TEXHONOMMK, MO3BOASIOLLNE MPOBECTM COBMECTHYIO nepepaboTky 3O ¢ oTxoaamu
NPOV3BOACTBA MNHO3EMa — KpacHbIMU WnaMamMn. CMecb KpacHbIX WwaamoB 1 3LLO MOXKHO npu-
MEHUTb AN NONYYEHUs LLeSioro psaa NpoAyKUMK: CTEKNO- N NEHOKePaMUKKN, KUpNnJen n TpoTy-
ApHON MANTKN, LLEOSINTOB.

Bce BbilenepeuncaeHHble BUAbl nepepaboTkn 3O A0BONBHO NPOCTbl B UCAOJHEHUWN. KaK
TONbKO BbLICTPAMBAETCA TaKas cucTeMa obpauweHusa ¢ 3O, cTouT 3aaymMaTbCsl O KOMIMJIEKCHbIX
MeToaax nepepaboTku. Jeno B ToM, uto 3LLO, KaK YNOMSAHYTO BbILLIE, MOMET COAEPKaTb NpaKkTuye-
CKW BClO Tabnnuy MeHaeneeBa. B pasfinuHbIX YCNOBUSX MHTEPEC MOTYT Bbi3biBaTb CaMble€ PasHble
35eMeHTbl: Hanpumep, B CLLUA 3aganncb BONPoCoM mn3sBnedeHns ypaHa ns 30, a B 3O JanbHero
BocToka oTMeueHO Hananume 3010Ta, cepebpa M MeTanioB NAAaTUHOBONM rpynnbl. ONpeaeneHHbIn
NHTepec NPeAcTaBAsOT peAKo3eMenbHble 3ieMeHTbl (P33). NMpuBneKkaTenbHOCTb 3BAEYeHMA P33
13 30 cBsizaHa C TeM, YTO KOHLLEHTpaunm P33 B NpakKTUUYECKN BCEX UCTOYHUKAX Cbipbs LOBOJbHO
Masibl, U TEXHOJIOTMYECKM npouecc nssneveHus P33 13 3O He cuUIbHO OTIMYAETCHA OT Tpaau-
LLMOHHBIX cnocoboB fo6biun P33. HeobxoanMMO OTMETUTb, UTO OCTATOK MOCJE U3BJIEUEHUSA TaKKe
TpebyeT nepepaboTKkK, HaNpMMep MO BbILLEOMUCAHHbBIM CLLEHAPUSIM.

OnpeaeneHHbIA NOTeHUMaN NpeacTaBaseT u naes pasaeneHms 3O Ha 0OCHOBHble GppaKkUUn:
YrOJIbHYI0, MarHUTHYO (}KeNne3ocoaepKallyto) U antoMOCUINKATHYIO (COAEPHKUT OKCUAbI aNtoMU-
HUSI U KpeMHUA). MNPOAYKTbl pa3fefieHNss MOMHO MYCTUTb B AajbHENLLY0 nepepaboTky: yrosb-
Hyt0 ¢pakumMio BepHYTb Ha TIAC, aNtloMOCUIMKaTHYIO GpaKUMIO pa3aennTb Ha rMuHo3eM (rurHa)

656 3HUMKNONEANG
TEXHOJIOTMNA



15 ¢ BTOPWYHbLIE PECYPCbI, OEPA3YIOLLIVECSH B COEPE TEMJIO3HEPTETVKN

N KpeMHe3eM (MecokK), a *Kene3ocoaepallyto GpakumMio OTNPaBUTb Ha METaNNypruYyeckyo ne-
pepaboTKy C BO3MOXHOCTbIO NONYYEHUs LENoro paaa npoaykuum (beppocnnasbl, YyryH, CTanb).

3LL0 ncnonb3yeTtcsa B arpapHoit chepe B KauecTBe yA06peHUsi, HO TaKOe NUCMNOb30BaHNE Tpe-
OyeT TLWaTenbHOro nsyyeHns coctasa 3LL0. 310 cBs3aHO ¢ TeM, uTo B 3LLUO coamepKaTtcs TaKenble
3JIEMEHTbI, NoMagaHMe KOTOPbIX B MOYBY OMACHO: CBMHEL, HWUKENb, MapraHeL, LMWHK, MbILLbSK,
PTYTb, XPOM U T. Ai. VI3 NOYBbI 3TN 3JIEMEHTbI BbILLENAUMBAIOTCA B FPYHTOBbIE BO/AbI, UTO CMOCOHBHO
OTPaBUTb UCTOYHMK MUTLEBOM BOAblI HA MECTHOCTW. TaKKe OTAENbHYH ONacHOCTb NpeacTaBasieT
npucytcteune B 3O paanoaKTUBHbLIX 31EMEHTOB M OpPraHMYeCKnX 3arpssHeHunii. TeM He MeHee uc-
nonb3oBaHue 3O B KauecTBe ya0b6peHNS MMEET MHOIO NPenMYLLEeCTB: NOBbLILAETCS COAEpKaHMe
NUTaTeNbHbIX 3IEMEHTOB B MOUBE, YAYYLLAETCHA CTPYKTypa NoUBbl M KOHTPpOAUpyeTcs pH noussbl.

PacnpocTtpaHeHo npuMeHeHue 30 ans 3acbinky oTpaboTaHHbIX LWAXT U KapbepoB. AHa-
JIOTMYHO MpuBEAEHHOMY Bblille nNpuMepy npuMeHeHue 3O MOXKeT NpMBECTM K 3arps3HeHuio
npuieramLmx y4acTKOB MOYBbl U FPYHTOBbLIX BOA TAMESbIMM 3/IEMEHTAMU, U AN TaKUX CliyyaeB
nNpeanoYTUTeNbHO MCNOAb30BaTh CcTapble 3LU0 13 30/710WNAKO0TBAN0B, U3 KOTOPbIX C BbICOKOW
[IONEN BEPOATHOCTN Y¥Ke OblIY BbIMbITbI 3TV 3/IEMEHTLI. TaK*Ke A9 NOA0OHbIX MPUMEHEHUI XapakK-
TEePHO notpebnieHne 6onbnx 06beMoB 31O, 1, KaKk 6bIN10 MOKA3aHO BbILLE, 3TO AOBOJIbHO LIEHHbIN
BTOPMWYHbIA peCypCc — C OAHMM MUNIMOHOM TOHH, cOpacbiBaeMbIM B LLAXTY, TEPSAETCS, Hanpumep,
okono 100 TbicaY TOHH antoMuHus (Npu coaepkaHmm B 3LLUO 20% oKkcuaa antoMUHUS).

CPABHEHMVE TEXHOJIOTMW NEPEPABOTKN BTOPUYHbIX PECYPCOB.
OMPEAEJIEHVE NOKAS3ATEJIEN AN CPABHEHUS.
OEO0CHOBAHWE BbIEOPA MOKA3ATEJIEN

TexHonorus nepepabotku 30 — 3TO COBOKYMNHOCTb MeToA0B (onepauunii) BO3AeicTBumA
Ha 3O c uenbio NOBbLILEHNS UX KAYeCTBa Kak BTOPCbIpbs (CTabunmsaums coctaea, Kpyn-
HOCTW, M3BJIeYEHME LEHHbIX N yaaNeHne HexenateNbHblX KOMMNOHEHTOB) ANSA NOCneayloLlen ne-
pepaboTKkM 1 yTuansaunm (B COOTBETCTBMM C TpeboBaHMAMKN pecypcocbeperkeHuns, HOpMaTUBHOM
N TEXHUYECKOW AOKYMeHTauun, Tabn. 15.1).

HanpasneHusa nepepabotku u ytunmsaumnm 30 MHoroobpasHsi.

Hanbonee nepcnekTnBHOe HanpasaeHne MacwTabHOro NCNOAb30BaHNS TOMIMBHbIX OTXOAOB
Kak TepMuyeckm obpaboTaHHOro 1 HeCropaemMoro npoayKkra (CoOAep*KUT peakLMOHHOCNOCObHbIe
OKCUAbI KaNbLMS, KPEMHUA N aNtoMUHKSA, 0bnafaeT HU3KOM TeNNONPOBOAHOCTbIO) — MCMNOJIb30Ba-
HUe B CTPOUTENIbHOW MHAYCTpUK (NpakTuryeTtcsa ¢ 30-x rm. XX B.) 1 B AOPOKHOM CTPOUTENbLCTBE:

— 3aMOJIHUTENN AN TAMKENbIX U NErKNX 6ETOHOB;

— Martepuan ANna U3roTOBAEHUSA CUAMKATHOIO KMpnuya;

— MaTepuan ans NpuUroToBiAEHUA CTPOUTESIbHbLIX PacTBOPOB;

— KPEMHE3EeMUCTbIA KOMMOHEHT A/ SYENCTbIX HETOHOB;

— BANYLUME ANS AYENCTbIX OETOHOB;

— MUHepasbHbI NOPOLLOK B achanbTobeToHHbIe CMecy;

— MEeJIKUI 3anoNHUTeNb ANA KOHCTPYKLUMOHHO-TEMIOM30ASLNMOHHOIO 6eToHa (nmMuTnpyeTcs

coaepaHue Hepoora, SO3, KpynHOCTb 3epeH, yaenbHasi MOBEPXHOCTD);

— MUCNONb30BaHWE ANs NPOU3BOACTBA LieMeHTa (B COOTBETCTBMM C TPEOOBAHUAMM K IMNHUCTO-

MY KOMMOHEHTY LUNXTbI);

— MPOM3BOACTBO MCKYCCTBEHHbIX MOPUCTLIX 3anoaHuTeNnen (arnonopuToBbIA rpaBuii U Lie-

6€eHb, IMNHO3EMHbIN Kepam3uT);

— WCMOoJib30BaHMe B MPOU3BOACTBE CTEKNOKPUCTANIMUECKUX MaTepuanoB CTPOUTENLHOIO

N TEXHWYECKOro HasHayeHus: NPON3BOACTBO LUAAKOCUTANIOB, CTEKNOLNAKOBbLIX 06110~
BOYHbIX MANTOK, KOPPO3MOHHO-CTOMKMX CTEKIOLLIAKO3MaNEeBbIX MOKPbITUIA MeTannoB (Ton-
LLMHA NOKpbITUIM 300-500 MKM);

— U3roToBieHMe neHocTekna (obnagaet OrHeCTOMKOCTbIO U HU3KOW TeNIONPOBOAHOCTbIO).

MoBbiweHne KayectBa 3LLUO Kak BTOpCbipbs TpebyeT nmpuMMeHeHMs MeToAoB oboraleHus.
[okasaHa (Tabn. 15.2) TexHoNOrnyeckas BO3MOMHOCTb (M 3KOHOMUYECKas LLenecoobpasHoCTb)
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15 ¢ BTOPWYHbLIE PECYPCbI, OEPA3YIOLLIVECSH B COEPE TEMJIO3HEPTETVKN

pasgeneHuns 3O Metogamym oboralleHus Ha MarHuTHyt ¢pakumio (Bbixoa 5-10% no mac-
ce, colepaHue »enesa 35-50%, repmanHus 10 r/T, KpynHocTb 80% -0,1+0,05 MM), nerkyto
MUKpochepcoaepalyto o¢parkumio (Bbixon 2%, nnotHocTb 0,3-0,5 r/cM3) M HEMarHuTHYIO
dpakuuio (Bbixog 90%, KpynHocTb 70% -0,05 MM), KOTOpas SIBASIETCS UCXOAHbIM CbipbeM ANsi
MCNONb30BaAHMA B CTPOMMHAYCTPUMN (M APYrMX 061acTAX TEXHUKN).

OCHOBHble TEXHONOTMYECKME MOKa3aTeNn, XxapakTepusytoLlime npouecc oboraweHus (cena-
pauun) — nU3BAeYEHNE, CoOAEepPHKaHMe 1 Bbixod. OHM MO3BOASIOT OLEHUTb 3GOEKTUBHOCTb AaHHOM
TEXHOJIOMUN N CPABHUTb €e C APYrMMUM TEXHONOrMYECKMMM NpoLLeccaMu, pellaoLwmmMm aHanormy-
Hble 3ajauu.

i3BneyeHne € KOMNOHEHTA B MPOAYKT cenapaum — OTHOLLUEHNE MacCbl KOMMOHEHTA B NPO-
LYKTe cenapaumnm K Macce KOMMOHEHTa B MCXOAHOM.

CopepikaHuve B KOMNOHEHTA B MPOAYKTE CeNapaunMn — OTHOLLIEHME MaCCbl KOMMOHEHTA B MPO-
AYKTe cenapauun K Macce NpoayKTa cenapauuu.

Bbixo4 y NpoAyKTa cenapauum — OTHOLUEHMEe MacChl NPOAYKTa cenapaunmn K Macce UCX0A-
HOro Matepuana.

MokasaTtenu cenapaumm 06bIUHO BbIPAXKalOTCH B MPOLEHTaX (Peske — B AONSX eANHWULIbI).

MpoayKTbl U NoNynpoayKkTbl (Gpakumm 0TX0A0B), BblAeNsieMble MPKU cenapaunmn (B YaCTHOCTK
3LU0) fONKHbI yAOBNETBOPATb AEMCTBYIOWMM CTaHAapTaM U TpebOBaHUSAM KOHKPETHOro Npous-
BOACTBA, KyZAa OHM ByayT HanpaBieHbl.

Hanpumep.

B npouecc cenapauun noctynuna 1 17 3W0O. Matepmnan TpaHCNOPTUPYETCA KOHBEMEPHON
JIEHTON, HaA, KOTOPOWN YCTaHOBNAEH NOABECHOW MAarHUTHbIM cenapaTop.

B 1 1 3LLUO conepxutcs 5% xenesa (50 Kr).

B pesynbTate MarHMTHOW cenapaumy noayyeHa MarHMTHas GpaKkuma Maccon 25 Kr; oHa npea-
CTaB/eHa YepHbIMK MeTannamMm — 20 Kr n npnuMecamm — 5 Kr.

OnpeaenseM NokasaTtenu cenapauuu:

e _20kr x100% =40 %: |3=20 KL £ 100% =80%; v __25KT x100% = 2,5 %.
50Kr 25 Kr 1000 Kr

YuncneHHble 3HAYEeHMS TEXHONOMMUYECKNX MOKasaTenen No3BoNSIOT CyAnUTb 06 3P PEKTUBHOCTH
npouecca cenapaumn (XxopoLuve 3TO NoKasaTenu uam naoxue).

M3BneyeHwe: AOCTUIHYTbIA nokasaTenb 40%, MaKCcuMManbHO BO3MOXHbIN 100%. Bonbluve
noTepu yepHoro Metanna (B BUAE MAarHUTHOW ¢paKkunm) CBUAETENLCTBYIOT O TOM, UYTO OfHOCTa-
JWNHas MarHuTHas cenapauus HegocTaTouyHa, TPebyeTca Nno KpanHeln Mepe elle ogHa cTaaus,
YyCTaHOBKa ellle 04HOro cenapartopa no xoAy npotecca.

CopeprkaHue: 80% — Bbicokoe; no NMOCTy coaepkaHue xenesa B MarHUTHON dpakumm —
He MeHee 97% (cnepoBaTtenbHO, TpebyeTcs NnepeyncTka).

Bbixoa: 2,5% — nokasaTesb HEenJoXoW; OH AEMOHCTPUPYET, YTO yAAN0Cb OTAEAUTb 4acTb
COEAVHEHWNI »efe3a OT OCHOBHONM Macchl 0TX0A0B (BbIXOA4 XBOCTOB MArHUTHOM cenapauuu
100% - 2,5% = 97,5%; B cnyuyae 3O XxBOCTbl MarHMTHOM cenapaunM — ONTUMU3MPOBAHHbIN
NPOAYKT ANS UCMOJIb30BaHUS B CTPOMUHAYCTPUN).

Bbl60op Nyulliel TEXHONOMMN Cpeamn HECKOJIbKUX, peLlatoLLnX OAHOTUMNHbIE 3aA4a4u, ONpeaens-
€TCA aHaJIMTUUECKOWN OLIEHKOM TEXHOIOMMUECKMX NOKasaTenen (B NepByIO oUepeb CPaBHUBAOTCS
rMoKasaTeNv U3BJIEUEHUS).

Bbibop TexHONOrnK onpeaensieTcss COCTaBOM U CBOMCTBAMM UCXOAHOMO ChIPbsl, @ TaKKe 3KOo-
JIOFMYECKMMU Y IKOHOMUUYECKUMI NapaMeTpamMn. MOHOTEXHOOMUS NpUeMaeMa Ansi nepepaboTku
BTOPCbIPbSi OAHOPOAHOr0 cocTaBa. MocKosbKy 30 — MHOFOKOMMNOHEHTHAas CUCTEMA, BaKHENLWUI
NnoKasaTesJlb — KOMMJIEKCHOCTb NCMOb30BaHUS ChipbS.

Mon KOMMJIEKCHOW clieayeT MOHMMaTbh TaKylo nepepaboTky (Mcnonb3oBaHWE) BTOPCHIPbS,
KoTopasi obecneunBaeT MakCMMaNbHO NOJIHOE ero BOBJIeYEHME B XO3ANCTBEHHbI 060POT U MaTe-
PUanbHO-3HEPreTUYECKYH YTUAMN3ALMIO KaK TEXHOTEHHOIO ChIpbS.
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15 ¢ BTOPWYHbLIE PECYPCbI, OEPA3YIOLLIVECSH B COEPE TEMJIO3HEPTETVKN

AN fOCTUMKEHMA MaKCUManbHOW 3G deKTUBHOCTM (MUHMMM3ALMN 3aTpaT U 3KOJIOMMYECKOro
pUCKa) TpebyeTcs, Kak NpaBuno, peannsaumns KOMOMHaAUMOHHbIX TEXHONOMMYECKNX pelleHni (Ha
6ase 06beanHEeHNs pasHbIX TEXHONOIMNIN); K KOMNIEKCHOMY CNefyeT TakXKe OTHEeCTU UCMOoab30Ba-
HWe OAHMX OTXOAOB ANs 06e3BperMBaHUA N 3GdEKTMBHONM NepepaboTKn Apyrux.

KomnnekcHoli nepepaboTke uenecoobpa3Ho noaBepratb TEXHOrEHHOE Cbipbe COMHOM0
BelecTBeHHOro coctaBa (Hanpumep, 3LL0), npeacTtaBasioLero coboli reTeporeHHy0 CMeChb Op-
raHOMUHEpPaJibHbIX KOMMOHEHTOB, OT/INYAIOLLMXCS KPYMHOCTbIO, TEXHONOMMUYECKUMUM CBOMCTBaMM,
CTeneHbio BO3MOMKHOIO BPEeAHOIro BO3AENCTBUSA Ha OKPYKaIOLWLYIO Cpefy U BAUSIOLLME Ha NoKasa-
TeNn KayecTBa NPOAYKTOB, NonyyaeMbix npu nepepabotke 3LLUO.

06beanHSOLWMM NPOLLECCOM B CXEME KOMIMIEKCHOW nepepaboTkm 3O (M Apyrux NCTOUYHKU-
KOB BTOPCbIpbs) ABASETCS oboralleHne. Ynpasiss KauyecTBOM U KosimyectBoM 3O Ha ocHoBe
X pasfeneHnst Ha HEeCKONbKO HECMELLMBAOLWMXCSA NMOTOKOB MeToAaMu oboralleHns MOXKHO He
TOJIbKO U3BEYb LLeHHbIe KOMMOHEHTbI, HO 1 YAy4WwnTb KayecTBo 3LLO KaKk BTOpChIpbs (B 4aCTHOCTH
cTabmnunsmposaTb COCTaB) M ONTUMU3NPOBATb MPOLLECCHI UX NocaeaytoLwen nepepaboTkm (Npomns-
BOACTBO GETOHa, LLleMEHTa, BAXKYLUNX 1 Ap.).

B naeane (Mpu COOTBETCTBYIOLLLEM COCTABE TEXHOFEHHOIO Chipbs) cenapaumsa 30 Kak noa-
roTOBMTE/IbHAs onepaunst B TEXHONOTMUSAX UX KOMIMJIEKCHONM nepepaboTKkn AoaKHa obecneynTb
n3sneveHne 13 notoka 3O BarKHENLINX LLEHHbIX KOMMNOHEHTOB:

— ruHoseM Al,0;;

— conn — cynbdaT aNtoMUHUA U XN0PULA antoMUHUS (MONb3YIOTCA CNPOCOM B LIEUIOI03HO-

6yMaxKHOI 1 AepeBoobpabaTtbiBaloLLe MPOMBbILLIEHHOCTN);

— wenes3o (BpeaHasi NPUMECh B TEXHONOIMN LIEMEHTA);

— Hepoxor (HecropeBLUWiA yronb, coaepaHune numutnpyetca FOCT);

— MuKpocdepbl (Ha OCHOBE MX MCNOIb30BaHMWIA NPOYHOCTL JIErKOro 6eToHa NOBbILIAETCA B TPU

pasa, YBEIMUMBAETCA CPOK CNYKObl OypuibHOro 060pyaoBaHUs);

— MeTanbl (peaKo3eMesibHble, 61aropoaHbie U ap.);

— XBOCTbl COPTUPOBKM — 0boralleHHas Gpakums, roToBast K MPUMEHEHMIO.

lNoKka3zaTenb KOMMNIEKCHOCTU UCMOJib30BaHUA 3O — 4yncno n3BieyeHHbIX KOMMNOHEHTOB U UX
n3BaevYeHne B KOHANLNOHHbIE NMPOAYKTLI.

PaumoHanbHaa KoMnaekcHas nepepabotka 3O (puc. 15.5-15.16) obecneunBaeT nssneve-
HMWE N NONyYeHNe PeCypPCHOLEHHbIX KOMMOHEHTOB 1 MaTepuanoB 1 cobaaeHne AeNCTBYOLLNX
HOPM YTUAM3ALUN BTOPCbIPbS.

Ncnonb3oBaHue HeoboraweHHbIX 3O npuemnemo B TexHonorusx 3axopoHeHus 3O (nepe-
CbIMHOW MaTepuan), B LOPOXHOM CTPOUTENbCTBE, NPU PEKYNLTMBALMN TEPPUTOPUIA, NPU NIMKBUAA-
LN BO3ropaHuii rmapoaN3HOro IMrHMHA Ha 06bEKTaX UX CKIAAMPOBaHUS.

YnpouieHHasa 6nok-cxeMa ontTumMmnsaumm coctaea 3O nepea nx nepepaboTKoi 1 yTunmnsa-
unenn (pewweHune 3apay pecypcocbeperkeHns n 3Kkonoruyeckor 6es3onacHoOCTM) npeacTaBieHa
Ha puc. 15.17.

O6was cteneHb yTunmsaumm 3O (BbIXoA BTOPCbIPbS) — 3TO KOANYECTBO PECYPCOB, Bble-
NEHHbIX AN BTOPUYHOIO UCMOb30BaHWSA, BbipaKeHHOE B NPOLEHTax oT 0bLiero konmyecTsa 3LUO,
BOBJIEYEHHbIX B NepepaboTky.

MpoayKTbl oboraweHns nMetoT 6osiee BbICOKMIA CNPOC, YeM UcxoaHblie 3LUO.

Mpun ncnonb3oBaHUN 06e3xKeNe3HeHHOM (HeMarHMTHON) ¢pakuum 30 noTpebneHne LemMeH-
Ta CHuaeTtca Ha 30% (naHHble Ky36acCKoro rocyaapCcTBEHHONO TEXHUYECKOTO YHUBEPCUTETA
n NHctutyta Tennodusmkn CO PAH). Mcnonb3osaHue 30 B Nnpon3BOACTBE LieMeHTa 6e3 yaane-
HUWA Kene30CoAeprKallmX COeANHEHNI NPUBOAUT K CHUMKEHMNIO MEXAHUYECKMX N TEXHONOMNUECKMNX
nokasaTesielrl LeMeHTa, K YBeJIMYEHUIO BPEMEHWN CXBaTblBaHUS.

[pyras HexenatenbHas npumecb B 3LLUO — HepoxKor. Vicnonb3yeMble pasHble TEXHOJI0MNKU
ynaneHus ns 30 Hepoxora (bnoTaums, rpaButTauns 1 Ap.) CPaBHUBAKTCS MO TEXHONOTUYECKUM
NnoKasaTensiM: BbIX0A, YroJibHOro KoHLUeHTpaTa (06bluHO ~20%) u coaepaHue B HEM yriepoaa
(0bbiuHO 70-80%); copepkaHue yrna B XxBoCTax — He bonee 5%. Boibupaetca texHonorus ¢ 6o-
Jiee BbICOKMMU NOKasaTesiaMu.
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YacTtb TpeTbs © PA3BWTWE TEXHONOMMIA NEPEPABOTKYM BTOPVYHbLIX PECYPCOB

30na MaruutHaq cenapauss  GuAbTpoBaHue dunbTpOBaHME
M3 oTBana NepeweLuusarite 1,5% Fe 45% Fe  65% Fe
C BobaBneHneM BoApl ’
HemarHuTHas MarHuTHas TBepaple yacTuupl Cnus
bpaKLms bpakuus
Mpou3BoACTBO
OrHeyNopHbIX 1
KepaMmnyeckmx
Marepnanos
Cnus

Puc. 15.5. CxeMa npouecca nofyrnpoMmblLLIIEHHO YCTAHOBKM 060ralleHs 30/10LL1aK0BbIX
0TXO[0B C W3BJEUYEHNEM MArHUTHON dpakumnn (JanbHEBOCTOUHBIN PETVMOH)

3ona u3 MpocensaHne Mpocemsanne  [pobnenue fo -3 MoBTOPHOE 06€3B0OMMBAHME JIONONHUTENbHBIA LMKA
oTBana A0 =75 MM A0 -25 MM 1 06e3B0XMBaHNE
Yactuupl +75 MM Mecok (yronb, 30na) (o17]:} 30/IbHble YacTuUbl  YacTuupl -3 MM YacTuubl +3 MM
Crknag 0be3BoxMBaHe Cknas OtBan
NlopoxHOoe CTPOUTENLCTBO Henoxor [PaaaHCKoe CTPOUTENbCTBO

Puc. 15.6. TexHOMOMrMYeCKas cxemMa NpoLecca OnbITHO-NPOMbILLIEHHON YCTaHOBKM oboraleHus
30/101W1aKOBbIX 0TX0A0B T3L-22 (MoCKBa) C BblAENIEHUEM HEAOXKOra

30N1bHas CycneHsus 30/1bHas CycneHsus OcHoBHas dnotauus MepeuncTHas GoTaums
Fe, 0, XBOCTbI [OTOBbII MPOAYKT, KoHueHTpar Yrnepoa XBOCTbI
(anomocunmkaTel)
CTpouTenbHble Matepuans, CxuraHue
n3nenvs

Puc. 15.7. TexHonornyeckas cxema 06oraLleHuns 30bl C BblAEIEHUEM MarHUTHOIO KOHLLEHTpaTa
M Hejoxora
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