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CopOuuoHHbIE CBOIICTBA MPOAYKTOB HU3KOTEMIIEPATYPHOT 0
MHPOJIH32 HEKOTOPBIX YIVIEPOICOAEPKALMX OTX0/10B

B mporecce eXeTHEBHOM ACATENBLHOCTH, B TMPOMBIIUIEHHOCTH |
TOPOJCKOM XO3SHCTBE MPOUCXOAUT 0Opa3oBaHuEe OOJILLIOTO KOJIMYECTBA
yraepoaocoaepxkamux  otxoAoB  (YCO), KOTOpei€ TMOCAE TEPMHUYECKOM

00pabOTKM WCMOJIL3YIOTCS JUIsl  MPOM3BOACTBA copOeHTOB. [IprmeHeHue
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NOJYYEHHBIX COPOEHTOB MPUBOJUT K OJHOBPEMEHHOMY PEIICHUIO TPeEX
npoosem:

- OUYMIIAKOTCS MJIOMAAN OT CKJIAAUPOBAHUS OTXOIOB,;

- UCIOJIb30BAHUE OTXOJOB TMO3BOJISIET 3HAYMTEIBHO 3KOHOMHUTH HA
UCMOJIb30BAHUU MPUPOJHBIX HCKOMAEMBIX, KOTOPBIE HCHOJB3YIOTCS IS
IPOU3BOJICTBA COPOEHTOB,

- pony4aeTrcss COpOEHT, C MOMOIIBID KOTOPOrOo MPOU3BOIUTCS
OYMCTKA OT 3arpsA3HECHUM.

Bonbiioe KonMuecTBO APEBECHBIX OTXOAOB, EKEAHEBHO 00Pa3yOIIUXCs B
KPYIHBIX TOpPOJAX, THKEIO NepepadarhlBacTCs HA BTOPHYHOE CHIPbE H3-32
HIAYUS  OOJBIIOTO KOJIMYECTBA JIMTHWHA, COACPIKALIEroCs B  KIETKAX
JIPEBECUHBI, HO B TOKE BPEMS, APEBECHHY JIETKO MEPEMOJIOTH U 00Keub 0€3
ngoctyna Bozayxa. [lonmydeHHOE BEIECTBO (AKTHBHBIA YJIOBUTENb) LIMPOKO
OPUMEHSIETCS B COBPEMEHHON MPOMBILIUICHHOCTH, KOTOpas BBIMYCKAET
HECKOJIBKO Mapok copOeHTa. JIMTHUH Tarkke XOpouo nepepadaThiBACTCs B XO€E
nUpoJ3a 10 00pa3oBaHust COPOECHTOB, COCTOSIINX U3 yIJIeH JurauHa [1].

M30bITOUHBIN aKTUBHBINA W, KOTOPBIA 00pasyercs B pe3yJibTare padoThl
OYMCTHBIX  KAHAJIW3AUOHHBIX  COOPYKEHHUH, TaKKe MOXKET  XOpOUIO
UCIOb30BaThCS Il OYMCTKHM 3THX K€ CTOKOB METOAOM (puibTpanuu. 3TOMy
COCOOCTBYET OOJBIIOE KOJMYECTBO YIJIEpoJa, coaepkauerocs B ujie (Oonee
50%).

OO€3BO’KCHHBI W BBICYLICHHBIA aKTUBHBIA W MPOXOIUT MPOLECC
NUPOJINA3a, TIOCIE YET0 aKTUBHPYETC meperperbiM napoM. OOpa3oBaBIIHAECS B
pe3yabTaTe AKTUBHBIC YJOBUTENM OOJAAAOT YBETUYCHHBIM MOTJIOIEHUEM
3arps3HSIIOIIMX ~ BEIIECTB, U  CHOCOOHBI  MPUMEHATHCS B KAUECTBE
MOBEPXHOCTHBIX M TNIyOMHHBIX yioBUTene. K Hemocrarkam MOTYYEHHBIX
COpOEHTOB OTHOCUTCS HEAOCTATOUYHAS (PUIIBTPALMS JUTSl KAHATU3AUOHHBIX BOJL,
NOJYYCHHBIX Ha TOW K€ CTAHILIMHU, U3 KOTOPBIX MPOUCXOMAAT MEPBOHAYAIBLHBIC

KOMITOHCHTHI 111 aKTUBHOTO wia [1].
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OnHOM W3 MPUOPUTETHBIX 3a/a4 B OOJACTU PEUICHUs MPOOJeM 3allUThI
OKPYXarolEeh Cpebl ABIICTCS MOUCK YPPEKTUBHBIX U OE€30MACHBIX TEXHOJIOTUM
OYMCTKH CTOYHBIX BOJ. [IepCEKTUBHBIM HANPABJICHUEM SIBIISIETCS TEXHOJIOTHS,
OCHOBAHHAs HA WCHOJb30BAHUM COPOCHTOB HA OCHOBE MPUPOTHBIX U
UCKYCCTBEHHBIX MATEpHAJIOB, a TAKKe OTXOIOB MPOM3BOJCTB. OTO HE TOJIBKO
BJICUET 3a COOO0Il pEIEHUE 3KOJIOTHYECKON NPOOIEMBI, HO M TO3BOJISET
3HAYUTEIBHO YACHICBUTh KOHEYHBIM MPOAYKT, YTO MPUBOAUT K SIKOHOMHUUECKOU
BBITOJIE.

B eBponeiicknx ctpanax Oonee 50% oTxonoB nepepabarbiBacTCs, a B
Poccun Ttonmbko 35 % TPOMBIIIIEHHBIX OTXOAOB HCIHOJB3YETCS B KAueCTBE
BTOPCHIPbSI.

Temmnbl yBenauueHus: 00pa30BaHUs OTXOJO0B HAPACTAIOT C KAKIBIM JHEM.
3a moclieIHEEe BPEMsI CKOPOCTh MPUPOCTa cocTaBuia okono 15-16 % B roa. Ho
70 ONpEICJICHHOTO MEepPHOa TaKWue MOKAa3aTeIu HE BBI3bIBAIM OMACHOCTU. B
HACTOSIIEE BPEMs UEJIOBEUECKas JEATEIbHOCTh JOCTaTOYHO pa3BUTa, YTO
BJCYET 3a COOOM 3HAUMTEIBLHOE KOJUYECTBO OTXOJOB Mpou3BojacTBa [2]. B
CBSI3M C JTUM BO3HUKAeT mpolieMa uX yTWiu3auuu. bonblioi uHTEpec
IpeACTaBIsSeT MOAU(pUKALUS OTXOA0B C LENbIO MOJYyUYEHHS TOBAPOB Pa3IMUHOIO
HA3HAUEHUS, B TOM YHUCJI€ U COPOEHTOB JJIsi OUMCTKUA CTOYHBIX BOJI.

Huzkoremnepatrypubiii nuponu3 YCO MPOUCXOAUT TpU TEeMIEparype
Hke 600°C u npuBOAUT K 00Pa30BAHUI0 HU3KOKAJTIOPUHHOTO Ta3000pa3HOro u
JKUJIKOTO TOMJIMB (MMpora3a W MHUPOJU3HOTO TOIUIMBA CJIOKHOTO COCTaBa) U
TBepaoro npoaykra mwmponusa (TTIII), coxepkamiero  ompencneHHOE
KOJIMYECTBO YIIEPOA.

Kak mnpaBwio, HCXOAHOE YIVIEPOACOACPKALIEE ChIphe  (OTXOMN)
HEMPEPLIBHO MOAAETCS B MUPOJU3HBIA PEAKTOp, TA€ B OTCYTCTBUM KUCIOPOJA
BO3/lyXa B TE€UEHHE KOPOTKOTO BPEMEHHU MEPEMELIACTCS MO KOPIYCY pPeaKkTopa
Opyd TMOMOIIM IIHEKA, MOJBEpPrascb TEPMUYECKOMY pasiiokeHuto. [luporas

TPATUTCS HA CYWIKY YBIQXHEHHBIX YIIIEPOACOAECPKAUX OTXOA0B, a TAKKE HA
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00OrpeB peakTopa, 4YTO NOBBILIACT 3SHEProd((PEKTUBHOCTH MUPOIU3IHOTO
npouecca.

[Tony4eHHBIE B pe3ysibTaTe MUPOIN3HON MepepaboTKU MIIOBBIX OCAIKOB,
JIPEBECHBIX OTXOAOB M OTXOAOB OTPAOOTaHHBIX aBTOMOOWMIBHBIX WnMH (PTH)
TBEPABIE TMPOAYKTH NUponHu3a (KapOoHW3ar) ObUIM M3YyYEHbl B KAueCTBE
NOTEHIUATBHOTO COPOEHTA Ui OYMCTKM CTOYHBIX BOJ OT MOHOB TSDKEIBIX
metauioB (MTM).

[To BHemHeMy BuAY KapOOHM3aThl NPEACTABISIIOT COOOH MOPOLIKK
YEpHOro 1BeTa 0€3 NOCTOPOHHUX BKIFOUYCHHN C CEPOBATHIM OTTEHKOM B CITy4ae
NPOAYKTA NEPEPAOOTKHA UIIOBOTO OCATKA.

MeToaoM CHTOBOrO aHajiu3a M € NOMOINBIO JIA3EPHOTO aHanm3aTopa
pazmepoB yactul, Mmapku «Microsizer 201C» omnpeaenwim pacnpeaciicHue
YACTHL TBEPABIX MPOAYKTOB MAPOIN3a UIOBBIX OCAAKOB, OTXOJ0B APEBECUHBI U

PE3UHBI MO pa3MepaM. Pe3ynbTaThl NpeACTaBICHBI B TaOnuie 1.

Tabnmuua 1. Pacnpenenenue no pasmepam yactui kapOorm3atos (%)

Pasmep uacTHIL, MM Con?pn{aHI/Ie %) B TBEPIBIX MPOAYKTAX MUPOJIH3A

Wnoseiii ocanok | JIpeecHble oTxoabl | OTXOAB! pe3UHbI
> 5 223 1,1 5,7
5-3 20,9 2,5 5,2
3-1 29,3 28,8 36,5
1-0,5 9,9 10,9 20,8
0,5-0,1 12,3 46,9 26,7
0,1-0,05 1,7 5,6 2,2
0,05-0,01 1,8 3,5 2,3
0,01-0,001 1,6 0,3 0,3
0,001-0,0006 0,1 0,1 0,1
<0,0006 0,1 0,3 0,2

OO0mmM Ui BCEX ITHUX KapOOHM3ATOB SIBJSETCS MPEUMYLIECTBEHHOE
coaepxkanre yactun ¢ pazmepamu ot 0,1 mo 3 mm. OmHAKO €CTh pa3yiduusl,
3AKJTFOYAOIIMECS B TOM 4TO, TBEPAbIM MPOAYKT NepepabOoTKK MIIOBOrO OCaIKa
COJICPKUT OOJIbIIE KPYMHBIX YACTHI] ¢ pa3Mepamu 0ojiee 3 MM B CPaBHEHHH C
JIpyruMu KapOoHu3ataMu. 310 00YCIIOBJICHO HAJIMUMEM B KapOOHU3aTe MIJIOBBIX

0CaAKOB HCPA3JIOKUBINMUXCA IIPU IMMHPOJIU3C 4YaCTHLl KA. Io AUCIICPCHOMY
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cocraBy 0Ooyiee CXOOHBI OTXOJBI JAPEBECUHBI W PE3UHBI, 1€ OOMbIIas 4acThb
NPUXOAUTCS HA YacTubl pazmepamu ot 0,1 10 3 mm.

BuaHo, 4TO TrpaHynOMEeTpUYECKMii cOocTaB KapOOHM3aTa Pa3HOro
MTPOUCXO0KIIEHUS HE OJIMHAKOB, YTO HE MOYKET HE CKa3arbCsl HA CPABHUTEIIBHBIX
COPOLIMOHHBIX MOKA3ATENAX HCCIIEAYEMBIX MATEPHAJIOB.

30JIbHOCTh, XapaKTEPU3YIOLAsd HAJIMYAE HEOPraHWYECKHUX BELIECTB B
copOeHTe, 3HAYMTENBHA U MPEBBIIIACT 30IbHOCTh PACIIECIUIEHHOTO IPaguTOBOrO
copOeHTa [3] MM aKTHBHUPOBAHHOIO YTOJBHOrO copOeHTa [3], 4TO ampuopH
CBHJIETEJIBCTBYET O HEOOXOAMMOCTH ACMUHEPAIM3alMKA KapOOHM3aTa € LEbI0

YIJIYUIIICHHS €r0 aJCOPOLIMOHHON EMKOCTH.

Tabmuua 2. MaccoBasi 10JIs1 30J1bI MPOIYKTOB MUPOJTH3a

HcxonHoe chipbe Jloas 301b1, %
HnoseIiii ocanok 47
JpeBecHble OTXObI 20
TXOJIBI PE3UHBI 30

Tabnuua 3. Haceimuas miotnocts (HIT)

HcxonHoe coipbe HII o/ o
BAY 2292
TIIII nnoBoro ocagka 642.8
TIIII npeBecHBIX OTXOA0B 2952
TIIIT oTx0A0B pe3UHBI 566,9

Hcxons W3 TONYYEHHBIX PE3YJBTATOB MOXHO CAEHATh CIEAYIOLIUN
BBIBOJI. HACBIMHAS TUIOTHOCTh BAY (TOBapHbBIi O€pe30BbIH YTrONbHBIA COPOCHT,
OPUMEHSIEMBIA U1 OYMCTKA NUTHEBOH BOABI (IMPHUBEACH Uil CPABHCHHS))
cocraBuna 229,2 r/n, npu HopmatuBHOM 3HaueHun 1o ['OCT «VYronb
AKTHBHBIN JPEBECHBIH TPOGIEHHBIH» — 240 /1M’

Jlis cpaBHeHHMss B TaOnuue 4 NOPENCTaBICHBI 3HAYEHUS HACBITHOM

MJIOTHOCTH M3BECTHBIX aJCOPOCHTOB [5].
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[TonydeHHbIC 3HAUEHHUSI HACHIMMHOM MIOTHOCTH KApOOHU3ATOB HAXOSTCS
B IIUPOKUX MPEACIaX M COTJACYIOTCS CO 3HAYEHUSIMU HACHITHOW IUIOTHOCTH
U3BECTHBIX COPOCHTOB. 3HaUCHMS HAChIMHOM moTHOCTH TTIIT cocTaBnstoT njis
WJIOBBIX OCaaKkoB — 6428 1/ I[M3, JPEBECHBIX OTXO0JI0B — 2952 1/ I[M3, OTXOJI0B
pe3uHbl — 566,9 1/ M.

Tabnuna 4. Hacbimaast miaoTHOCTb ancopOEeHTOB

Cunukaresb AKTUBUpPOBaHHbBIE
Amomo-

IToxasarenu . N yIIu
Menkonopucteiii | KpynHOMOPUCTBI | CHIIMKATHI

HIT, r\qm’ 800 500 700 200-600

C uenpr0 uW3yueHUss COPOLMOHHBIX CBOMCTB KApOOHWU3ATOB B CEPHUIO
KOHUYECKUX KOJIO moMmemanu mo 1 r u3MenbueHHOro copOeHrta, 50 wmi
MOJIETBHOTO pacTBOpa COOTBETCTBYHOIIETO MTM ¢ koHumentpamuedn 2 - 10
MI/IM’, 3aKPBIBATH KPHIIIKOM 1 TIEPEMENTHBAIIN Ha BCTPAXUBATENE B TeueHHe 30
MUH B yclioBusix TepmocrarupoBanus (20 = 0,1°C). Jlanee otaensuma punbTpar
OT COpOCHTA M OMNPEACISUIA HAYaIbHYK) M KOHEUHYH KOHIEHTpauuio WMTM

METOJI0OM aTOMHO-3MUCCAOHHOH CITEKTPOCKONUH [6].

Tabnuua 5. Maccosoe conepkanne UTM

C, mr/om°
Obpazen Fe Mn Cu Cr Zn
HcexonHblii pacTBoOp 13,5 41,6 48,9 30,6 27,7
Ounprpar nocine BAY 0,022 0,10 0,015 491 0,018

OunsTpar nocse TII nnoseix 0,021 26.8 10,9 7,78 7,75

OCaJIKOB
Ounstpat nocse TIIT otxonos 12,3 373 31,2 0,11 13,8
JIPEBECUHBI

®unptpat nocae TIIII oTxonos 12,4 39.8 31,2 22.8 19,7
PE3UHBI

Crenens copbumu (R, %) paccunTsiBamy no (Gopmyiie:
R = ﬁ -100 (1)
0

rac Cy - ucxomHas kKoHueHtpanus WUTM, mr/mv’; Cy - KOHIICHTpamss UTM

TocIie COPOLIMM, MI/IM".
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B Tabmuue s cpaBHEHHsI MPUBEACHBI TAHHBIC MO TOBAPHOMY YIOJILHOMY
copOenty BAY. KapOoHu3aT WIOBBIX OCAIKOB MOKA3aJl HAWTYUIIIAE U3 TPEX UCIIbI-
TYEMBIX MPOAYKTOB MHPOJIM3A W TOYTH HE YCTYMAeT MO CTENEHW COpOLUH
TOoBapHOMY CcOpOeHTY BAY. Ecim mo OTHOIIEHMIO K HMOHAM >Kee3a CTENEHb
copOumm cocrasuna 99,8%, To wis octaibHbIX Uccaeayembix M TM BapbupoBanachk
ot 35.4 no 77.,6%.

Tabmuua 6. Ctenenb copOLuu

Crenenb copbrmm, R (% )
Obpasen
Fe Mn Cu Cr /n
BAY 99.8 99.8 99.9 83,9 99.9
HnoseIiii ocanok 99.8 354 77,6 74,6 72,0
OTx0nbl APEBECUHBI 11,1 10,4 36,4 64,0 499
OTx0nbl pe3UHBI 10,5 4.3 36,3 254 29.0

[TonydeHHbie  pe3ynbTaThl  UcceAoBaHuUs (Tabmumma S ©U 6)
CBUJIETENBCTBYIOT O TOM, YTO TBEPABIE MPOAYKTH muposin3a Y CO NposiBstoT
COpOIMOHHBIC CBOMCTBA MO OTHOUICHWUID K TSOKEIBIM METalaM W s
yJIyUllIeHUs COPOLMOHHBIX CBOMCTB KpaiiHe BakHO pa3padoTarh Crnocoo

AKTHUBAllMX IIPOAYKTOB IIMPOJIM3A.

Hcnosb30BaHHBIE HCTOYHUKH
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NOPOIKOOOpa3Hblid. TEXHUUECKUE YCIOBHS.
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ObecneyeHue IKOJIOruH4ecKoii 6e30MaCHOCTH ABTOTPAHCIIOPTHOTO
KOMILTeKca HAa npumMepe r. HaGepe:xxubie UesHbl

[TocTOsIHHBIM pOCT aBTOMOOWIIM3ALMHA U YHCIA TPOMBILUICHHBIX 00BEKTOB
CONMPOBOXKAAETCS PsIOM HETATUBHBIX SBICHWUH, CPEAM KOTOPBIX CIEAYET
OTMETUTh, MPEXKAE BCErO, YPE3MEPHOE CKOIJIEHHE B arMoc(hepe pazImyHbIX
ra3o- v nbljIeo0pa3HbIX 3arPA3HEHUIN, YTO MPUBOAXT B MPOMBILIICHHBIX TOPOIaX
K HeoOpaTMMbIM pPa3pyLICHUSIM OKpyKarowero yjanamapra u Ounocdepsl B
uenom. Tak, B ropojax ¢ pa3sBUTOM TNPOMBILUICHHOCTBEO J0Js BKJIAJA
ABTOMOOWJIbHBIX ~ BBIXJIONIHBIX Ta30oB cocrapnser mnopsaka 50-70% ot
COBOKYIIHBIX BBIOPOCOB 3arpsi3HSIIOIIMX BEMIECTB. B TO k€ BpeMms, €CiH
BbIOPOCHl MPOMBILIIEHHBIX OPEANPHITANA TMOJIEKAT HOPMHUPOBAHUIO, TO
OpraHM3alysl TPAHCIOPTHBIX MOTOKOB B OCHOBHOM CBOAMTCS K TOMY, UYTOOBI
o0ecreunTh HauOOJIBIIYIO MPONMYCKHYK CHOCOOHOCTE TOPOACKHAX MarucTpayiei
Y TIPY 3TOM HE YUUTBIBAETCS COBOKYITHOCTb IKOJIOTHYECKUX (PakTopos [1,2].

B ropoae HaGepexxubie UenHbBl B OCHOBHOM CJIOKMJIACh MPSMOYTOJIbHAs
cetka  ymuun.  Hambonee  MHTEHCHMBHOE — JBIDKEHHME — aBTOTPAHCIOPTa
OCYLIECTBJISIETCA MO OCHOBHBIM  ABTOMArMCTPaIsiM  TOPOJA.  MPOCHEKT
HaGepexnouennnucknii, mnpocnekt Mycbl JDkanuns, mnpocnekt Mupa,
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