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MCCHEﬂOBAﬁHE TEPMUUYECKOTO PA3JIO)KEHUSA TOPPA
U BOCCTAHOBUMOCTH )KEJIESHOHM PY¥IAbl METOOAOM
HJEPUBATOIPA®UH

O. TI. JIOBAC, C. M. CMOJIbSIHHHOB

H1e0CTaTOK KOKCYIOMIMXCS YIJIeH 3aCTaBHJ BO MHOFHX CTpPaHaX HCKaT:
NyTi 3aMEHDl HX APYrHMH BHAAMH TOIIHBA, U3MEHEHHEeM TeXHOJIOTHH fepe-
pabOTKH Py (BHELOMEHHOE MNOJYVUEHHE JKese3a, NPUMEHEHHEe INPHPOIHOND
rasza 1 MadyTa B JOMEHHBLIX Neuax W T. I.), NO3BOJSIOUIUX 3KOHOMUTL KOKC.

Kak B CCCP, tak 1 3a py0eKOM cI€1aHO MHOrO NMOMBITOK MHHOBATH
JLOMECIHHBIR NpOLece M TOJYYaTh KEAe30 U CTaJjb HENOCPEACTBEHHO H3 PYIbI.
B nacroauee ppemsa umeercda csbiwe 1000 matenToB Ha npoueccs NPSMOro
LOCCTAHORJEHHS BO BCeX NMPOMBILVIEHHBIX CTpaHAX.

bomabioe KoanuecTso paboT B 06/1aCTH NPAMOrO BOCCTAHOBJCHHS rKeJe-
3a OOYCJAORJIGHO pPSAOM IOJOXKHTENbHBIX (PAKTOPOB 3ITHX MNPOILLECCOB [0
CpPalsHEeHMIO C AOMEHHBIM, & HMEHHO:

I. TTonnas 3aMena KaMeHHOYrOJAbHOTO METAJNJYPrHYeckoro KokKca Apyri-
MH BHAAMH TOMJIHBA BOCCTAHOBHTEJS.

2. I1pou3BOACTBO BLICOKOKAQUECTBEHHONH METaJ/JypPruueckon MIHXTLI (HC-
KYCCTBEHHBIH cKapI, Ty6uaToe xKe/je30 AJst MOPOUIKOBCH METaJNIypPruii).

2. CpaBHUTEILHO UH3KHE KallUTa/bHble BJIOMKEHHS.

4. VMcnonb2oBaHie TOHKHX 2KEJAE3CPVAHBIX KOHIEHTPATOB M/l Ibi-
JCBBIX DY

TpeGonaius, npeabsBasieMble K BOCCTAHOBUTEIIO B OTHOLIEHHH MPOHHO-
CTH, 0COG0 HE PErJaMeHTHDPYIOTCS, BOCCTAHOBHTENEM MOXKET CIYKHUTb Npak-
THUYeCKH J1060€e YIaepoa-BOAOPOACOLeprKalliee TOMJIHBO, B CBS3H C YE€M MO-
AKeT UCLOJb30BATbCA B KaueCTBe BOCCTAHOBUTEAST U TOP(.

Xots Top(h # He HrpaJ GOJbHION POJH B METaJJMypPruuecKOH HPOMDILI-
JEHHOCTH, OJHAKO H3BCCTHbl OMNPEAEJNCHHbIE IONbITKM NPHMEHEHHS €ro Ha
ICKOTOPBIX 3aBOjax.

HcnonbsoBanne Ttopda B MeTaNIYPruy IVIO B OCHOBHOM IO JABYAM
CAMOCTOSITE/IbHBIM — HanpasjaeHusaM. [lepsoe  HampasJ/enue — NpUMEHEHH2
TOP(MAHOro KOKca, BTOPO€ — HENOCPEeACTBEHHO BO3AYHIHO-CYXOrO HENPOKOK-
cona:ioro Topda.

IJlapHLIM TPENnsTCTBHEM HCNOJB30BaHUA TOpda B MeETaJTyprHueckKix
npoieccax fABIAJIach ero mMasgsasg MeXaHHdeckasi npouHocTb. Pabortonl, mpose-
JCHHBIe B TOCJAeNHHe FOAbl, MO3BOJUIN JHKBHIAHPOBATbL 3TOT CYLLECTBEHHDI
HEZOCTATOK MYyTEM MOJYYeHHS H3 TOp@a TOIHBO-IIAaBU/IbHBIX MaTepHaJa0s,
T. ¢, MaTepuaJsos, COAEPXKALUIHX B CBOEM COCTaBe TOMINBO (TOpd), Keuea-
HYIO PYAY H, €CJIH HYXKHO, QJIOCH B HEOOXOAMMBIX cooTHouweHusix [1, 2, 3].

Tecnmlfi KOHTAaKT BOcCTaHOBHTeds (Topda) ¢ Keae3Holl pyacit B Ton-
JMHBO-TIJIABHJIBHLIX MaTepHaJax, a TakkKe 3HAUMTEJbHOE KOJHYECTBO JeTy-

26



YHX, COMEpKAIIHX OKHCH YIJEPOaa H BOA0OPO]A, OJATONPHSTHO OTPAXKAIOTCS
HA CKOPGCTH BOCCTAHOBJICHHS Ke1€3HOH Py

[Ty6ankaunii, NOCBSIMIEHHBIX HCCAEAOBAHHIO BOCCTAHOBJCHHS  KEJIE3-
HBIX PYZ TOP(OM U B TOIMHBO-TMIABHJABHLIX MaTepHanax, B JUTepaType He
BCTPEUALTCA.

C mesbio M3yueHHs] BOCCTAHOBJICHHS KeJe3HOH PYAbl B TOpHOPYAHBIX
rpaHy/JIax npu MeQJeHHOM Harpe-
Be OblIO MpOBeJeHO ucciegoBa-
liHe Ha Aepusatorpade. £t 1
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Ha ocHopanun npeasapu- 0
TeJIbHBIX ONLITOB ¢ Tophamu i
TOPQOPYAHLIMUH TpaHygaMu Obl- o0 \
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J&Chb, HO SHAYUTEIBHO VILHH - Puc. 1. depusatorpamMMa 10phOpYAHEIX

va C rpaHy1 Ha ccHoee BacioraHckoro Top-
J1I0Ch BpEMd aHa.Jauza. paBHEHHC ¢a (BerOB()l"{, cTenenb Hao:keHus 20%)

Kpusblx  ([ATA), nosayuedHbx u KaukaHapckoro KOHLEHTPAaTa COOTHO-
C HCIIOJNB30BAHHEM B KayecTBe wenne  secosce Topd  (Cyxoi); pyra
HHEPTHOTO 06pasna OKIHCH adio- (xonuentpat) 35: 15
MHHHA H MaJ/030JbHOTO KOKCA,

He JlaJI0 CYULeCTBEHHBIX Pa3.nu-

quit, xapaxktep 3Q(eKTOB He H3MEHHJICH.

Bce onbITL NPOBOAMJHCH B CpPEIe a30Ta, CO CKOPOCTbI0 Harpesa nsa7h
rpanycoB B MHHYTY, @ B KaYecTBe HHePTHOro o0paslla HCMOJb30BAaJH OKHCH
aJIOMUHESL.

Boliu cuarsl gepusatorpaMmbl  Kaukanapckoro komitentpara, Topdon
Bacicrauckoro mectopoxkenusi, TOPQOPYILHBLIX TPaHyJd H MeXaHHUECKHX
cveceft Topda ¢ pyaon.

Tepmuueckoe pasaoxenne TOphOB IPH HArpeBaHUH XapaKTepU3yeTc:d
HaJIMUHEeM Tpex MaKCHMyMoB cKopocTeil BubigesdeHus aeryunux (HAT1). Tlep-
BbIfl MakcumyM npu Temnepatype 100—150°C osnavaer mas mcex npob
y1aaenHe BoAbl. BTOpoil H TpeTHIl MaKCHMYM HAaXOAATCA B MHTEPBaJax TeM-
nepatyp 230—290°C u 285—370 cootsercTBerno. CJ0XKHBII XapakTep Kpi-
poii JITI oObsicHAeTCcs CTYNEHUaThblM NHPOJH30M OPraHHueckoll 4acTH TOp-
(pa. TTpu Harpese BHAuUase BHIAEIAETCS] BOA4, 3aT€M HAUHHAIOT Pa3JaaraTbe:l
TepiMUUECKH HeyCTOHUHBLIE cOCTaB/siollke topda (BOLOPACTBOPHMbBIE, Jer-




KOTHAPOJIM3YEMBIE H ND.), TIOCJE YEro NPOHCXOAUT pacnai 6ojee TepMHUecKH
CTOHKHX COCTABJAMOUINX H BO3TOHKAa GHTVMOB.

CpaBHeHHe TepMHMUECKOro pasioxkeHnst TOPHOB Mo JepuBaTorpaMMam
MOKASLIRAET, UTO HANMEHbLIYIO TEPMHYECKYIO YCTOHUHBOCTL HMEIOT BEPXOBbIC
ropda, HaH@OJIbLHy}O—~HuH3HHHbIe. Y TopdoB ¢ Boabliell cTemenbio pasio-
KEeHIs TePMUYECKasy CTOHKOCTb BhILIE.

TTpu TepMuuecKoM pasnoxeHun TOPHODPYAHEIX IPany.1 NOABJASAETCSH elid
OLMH MAKCHMyM Ha KPHBOH cKopocTn wusmenenust seca (A7) wu KpHBOQ
(ATA) (sumorepmuueckuit 5pQeKT) B HHTEpBAIAX Temnepatyp 820—1020°C.
Kpowne s1cro, moreps Beca TOP(GOPYAHBIX IpaHyl 10 Temneparypu 600°C
OT/IH1AeTCs OT MOTEPH Beca MCXOAHOro Topda, HMEHHO H3MeHeHHe Beca,
B Iiepecuete Ha Topd, TeM GoJblue, yeM GOJbLIE KEJNe3HOH PYAB B HCXOZ-
HLIX TOPQOPYAHBIX IPAHYJIaX HJH MeXaHHUYecKoil cmecn Top: pyaa. Hs
Bepxosoro Topda (Baciooranckoe mecTopoxieHne) yMeHbleHHe peca npH
HArpeBe C€G CKOPOCTBIO NATb IPAiVCOB B MHUHYTY JO Temmepatypsl 600°C
cocrasasier 66,8%, a y TophopyaHBIX rpanyJs Ha OCHOBE 3TOrO Topha i
Kaukanapckoro KOHLUEHTPATa HPH BECOBBIX COOTHOMIEHHX Topd (cyxoii):
pyaa 35—65; 40:60, coorsercrBenno 77,8% wu 71,1%. 3to osmauaer, urto
A004BKH JKeJE3HOH PyIbl OKA3bIBAIOT BJAMSIHHME fHa MUDPOIH3 Topha.

3ameTHOE BOCCTAHOBJEHHE (MO CKOPOCTH H3MEHEHHs BECA) Kedesuoi
PyAu B TOpGQOPYLHBIX TpaHyIax HACTYNAET NPH TeMnepaTvpax Bhitie 620°C.
Ha BoccranoBaenne xeaesnoll pyani B TOpGOPYAHBIX IPanydax yKashpaer
CyMMapHblit 3naotepmudeckuil apdexr (LTA).

IoaTsepkaeHneM NPOTEKAHHR peakKUHH  BOCCTAHOBJEGHHS IKEJe3HON
PYAur B TOPQOPYIHBIX TIpaHyaaX H peakuUHii rasudukauun OprainyecKoi
Macchl Topha npH MeLJeHHOM Harpese ABJIACTCS XAPaKTEPUCTHUKA TBEpAOro
OCTaTka Ha Keae30 obllee, METAJNHYeCKOe U YIaIepo/l.

Tak, B TOpQOpPYAHBIX TpaHy2X Ha OCHOBE BepxHero Topda Baciorancko-
ro MecTOpoxXJeHHs H KaukaHapcKoro KOHLUEHTpPATa IPH COOTHOIIEHHH TOpd
(cyxcit): pyna 55:45 no 900°C crenenb Boccranosjenusi cocrasaser 79,09,
A cojepmanye yraepoaa B Teepaom octaTke 27,8%. Ilpu narpese zo 1000°C
CTerneHb KOCCTAHOBJIeHHs jocruraer 96,9%, comepxkanwe yraepona B Teep-
J0M OCTaTKe CHuxKaercs fo 16,79.

VCTaHOBJIEHO, UTO C YBeJTHUYEHHEM COXepKaHusi Topda B HCXOAHBIX TOp-
(OpyAHBIX IPaHYJaX W ¢ TMOBBILIEHNEM KOHEUHOH TeMIIepaTyphl YEeanuyuBa-
eTcs CTeneHb poccranoBiaeHnud. Ilpu sToMm, uem Gosblie TOpha B HCXOAHBIX
TOP(OPYAHBIX TpaHyaax, TeM HpH MeHbUIedl TeMOepaType 3aKaHuKBaeTcs
BOCCTAHORJEHHE. ¥ TOPQOPYAHBIX TPAaKRYJ Ha OCHOBE BepXOBOro topda Bu-
CIOFaHCKOTO MeCTOpoxJaeHnuss H KaukaHapcKoro KOHILeHTpata MaKCHMYMOb
na kpusod (ATI') nposiBAsioTCS NPH COOTHOWEHHH TOPQ {CyXoit): pyna
36 :65; 55:45; 65:35; cooTBeTCTBeHHO NpH TeMNepartypax 910°C (puc. 1),
860 u 830°C.

Ifo rnepuBaTorpamMmamM MOXKHO CYJIHTb O POJH HCXOAHOrO Topda Ha
BOCCTaHOBPMOCTb pyAbl. Hauayuinue ycJaoBHS BOCCTAHOBJEHHS o6ecHeuH-
BAIOT HU3KHHBIE TOpda, a TakKke BEPXOBBHE C BBICOKOH CTENEHbI pa3sJo-
AKEHusi.
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