MO & o oo e o s e 21.2 22,2
Si0, 50,3 48,6
Ca0 13,5 11,6
MEO! 5 5, 55 5558 5 5 i 2,2 1,0
Al,0 8,5 10,3
KpatHoeTs mtaka . . . . . . . . .. . 1,03 0,93
OtHowenne (NayO - K,0)/SiO, B mimake 0,078 0,128
To xe (CaO 4 Mg0O)/Si0y . . . . . . . ,31 0,26

YBenuueHHe COJepKAHHSI OKHC/IOB HATpHs H Kajlus
B miake ¢ 3,9 10 6,2% NOBBICH/IO €ro >KHAKOMOABHIK-
HOCTb; IIIAK TNPAKTHYECKH TMOJHOCTHIO CJHMBAJICA H3
KOBLIIA.

IIlesiouHBIX OKHCJIOB B atMochepe BO3AyXa Hernocpes-
CTBEHHO y FOPHOBOH IVIOMAKH H B JIETOYHOH Kamepe He
0GHapYXKeHO.

BsaskocTs mu1aka, copepxaimero 4,7% OKHCJOB Ime-
JIOYHBIX MeTa/ioB, ipu 1450°C cocrasasier 0,81 H-c/m2.
Tosbienye cozepKanisi B LUIaKe OKHCJIOB HATpPHs H
Kanmust o 7,4% yMeHblnaer Bsiskocth moytd Ha 25%,
a npu CoiepKaHuH THX okucaoB 15,3% BsA3KOCTh 1LIA-
Ka cocrasaser 0,4 H.c/m? [1].

B cBSI3H C THM NpEJCTABJSIET MHTEPEC PACCMOTPETh
BJHSIHME BfSKOCTH IIAKOBOTO pAcIyiaBa Ha IIPOLECCHI
($opmHEpOBaHHs MeTaIHYeCKOH (asbl B BaHHE NEYH U pas-
IeIeHHs! MeTaJlla M IJIaKa NPH HX OJXHOBDEMEHHOM BBI-
nycke.

} CKOpOCTb OCaXKIeHHsi KOPOJBLKOB MeTaqja B LLIaKe
(vy) MOXHO mpexcTaBHTL ypaBHenHeM [2]:

Vo = 272,5 1’ (05 — P/ Iy (1)

Tle Py H Py — IVIOTHOCTH MeTaslla W IujaKa;
r — pajuyc KamJji MmeTtaJsiia,;
Mg - BA3KOCTH LLIAKa.

Ecav npuHATbL PasHOCTb B IVIOTHOCTAX CHJIHKOMApraH-
na v miaka 3500 kr/m®, Bsiskocrs uwiaka 1,2 H-c/m?
H TOJIMHY 1JIaKOBOTO cyiosi B meun 0,8 M, TO J1s ocax-
JIeHHsI KOPONIbKOB Pa3HBIX PasMepoB 7 B BaHHE IEYH IIO-
TpebyeTcsi caefyiolee BpeMs T:

o JOFMM o o0 50 i v % 1,0 5,0 10
U, 1072 Mm/c . . . . . 7,94 198,7 794
i€ x ion v e b % e s @ 828 39,6 10,8

Takum o06pasoM, MHHHMAJbHBIH pajguyC KOpPOJbKa
CHJIMKOMapraiua, IpH KOTOPOM BO3MOXKHO €ro ocaxje-
HHe Ha TOJMHY IIeYH Yepe3 ILIAKOBBIH CJIOH B NEPHOL
Mexx1y Beinyckamu (120 muu), cocrasisier okoso 0,1 Mm.
Kopo/ibKi MeHbIIEro pasmepa OCTAlOTCS B LIIAKe W NPH
BHINYCKE PacIJiaBa M3 NeyH YHOCSATCS B LIJIAKOBYIO Yamly.

BsskocTh 1V1aKa BIMSIET H HA KOATYJSILHIO Kanespb Me-
Ta/lsla, KOTOphIe OCaXNAloTCsS Yepe3 INIAKOBBIA CJOM.
Bpems T, B TeueHHe KOTOPOTO KOJHYECTBO MEJIKHX Ka-
neJib pajMyca r ymMeHblllaeTcst B JiBa pasa B pe3yJbTaTe
KOAaryJisilid ¢ KPYNHBIMH KamjisMH pajuyca R MoxeT
6biTh mofcynTano [21 mo dopmyane

_ 32Ny
I =averrr—mE—e—m @
e ¢ — YCKOpeHHe CBOGOJHOrO MajieHHus;
N — KoJMyecTBO KPYNHBIX Kamnesb B 1 cM® pacniasa.
B cBA3H ¢ 9THM BaXKHOE MPAKTHYECKOE 3HAYCHHE HMEIOT
KPaTHOCTb 1uakKa, cobumofieHHe rpaduka BHITIYCKOB H
HX TNpPONOMKHTeNBbHOCTH. IIpH MNOBBIUEHHH KPATHOCTH
I1aKa M 3ajlepXKKe BHITYCKOB KOJHYECTBO LLIAKOBOTO
pacnjiaBa B Neyd DACTeT, YTO MOXKET NOBJeYb 3a COGOH
yBeJHueHHe notepp Metasuia. C 310f TOUKH 3peHHs «yA-
JIMHEHHEe» BBHIYCKOB TOXE Heles1ecoo0pasHo.
ITpu mpopomxkuTenbHOCTH Bhinycka 35—40 MuH oc-
HOBHasi Macca MeTaj/ia BBIXOZMT B nepBbie 10—15 muH,

a 3aTeM IVIaK H CIVIAaB BLIXOASIT OAHOBpeMeHHO. B Konue
BBIITyCKa KOJIMYECTBO BBIXOASALIETO COBMECTHO CO LITAKOM
MeTa/sla HeCKOJNbKO BO3DACTaeT BCJEICTBHE HEINOJHOIO
pasjieieHHsl MeTa/VIMYecKON U LIaKoBOH (a3 B 3/JeKTpo-
NIeYH M BBIAAB/JIMBAHHS PACI/aBa U3 «JIOXKHOH» TOJHHBL
ocefaomeit HXTOMH.

Ecan croi ninaka, neperekaroliero W3 Kopliua B gyaury,
nmeer tomuHy 0,05 M, TO Jis OCaXKIEHHS U3 HEro Ko-
POJIBKOB pas3HbIX pa3MepoB r Tpebyercsi cJjeayiollee
BpeMsl T:

MM oL % u 1 2 3
v,MM/c. . ... ... 7,93 31,8 71,6
TG 55 S Fans N n S 6,31 1,57 0,70

Ckopoctb nepesnBa (vy) IIaKa W3 KOBLIA B vaury Mo-
JKeT GbITh PacCUHTAHAa M3 BbIPAXKEHHs
Ug = plpsT, ©)
rje p — macca uwiaka 3a semyck (30 T);
p — IJIOTHOCTH 1LTaka (2,8 1/m3);
§ — IUIOWaJb TONMEPEYHOTO CeYeHHsI IIIaKOBOH
ctpyH (0,90 M?);
T — MNPOJO/IKHTENBHOCTh BbIycKa (40 MHH =
= 2400 c).

Ioncuer no s3tum panubiM aaet 0,497 m/c. Ecau yuects,
YTO pacCTOsIHHE OT IEHTpa JO HOCKA KOBIIA COCTABJSET
1,32 M, T0 npH TaKOH CKOPOCTH NepesiHBa 1I1aKa B KOB-
1Ie MOT'YT OCecTh KOPOJIbKH, PajHyc KOTOPLIX He MeHee
2 mM. Koposbkn MeHblero pasmepa GyayT yHeceHsl Io-
TOKOM IITAKOBOH CTPYH B yauly.

HccneoBanusiMu pacrnpefiesientsi KOPOJbKOB MeTasia
B «3aMOPOXKEHHBbIX» IIIAKOBBIX YallaX YCTAaHOBJEHO, 4YTO
MPH OOLIYHOM TEXHOJIOTHH Ha JHe YaluH obpasyercs luia-
KOMeTa/IHYecKH# c/10fi BhicoTOl A0 0,4 M ¢ KpYNMHBIMH
(6onee 5 MM) BKJIOYeHHsIMH MeTasia. HacwinHas Macca
atoro cjiosi (ppaxuus 20—10 mM) cocraBasier B CpeHeM
1746 xr/M®, a oflee cojiepKanye MapraHua B HeM PaBHO
37,3%. B oTaenbHBIX cayyasx Ha jJHe Yaiu o6pasyercs
CIUIOLIHOM cJIof MeTasia ToskHOM 10 35 mMM. B cpen-
HeM NOTepH MapraHua B BHIe KOPOJBKOB COCTAaBJSIOT
7,1%.

Ha onbITHBIX NJIaBKaX ¢ NMErMaTtMToOM BBHICOTA ILJIAKO-
MEeTa/JIMYeCKOro CJI0si Ha iHe Yalun He npesbimana 0,2 M.
ITpu 3TOM KOpOJIbKH, HMeBILIHE pa3mep 10 3 MM, He 06-
pasoBbIBaNH EIUHbIX CKOIJEHHWH Meranna. Hacwinuas
Macca LUIaKOMeTaIHYecKoi cMecH Toil ke ¢pakiuu 20—
10 mm cocrauna 1506 kr/m®, a comepikaHue Mmaprasia
B Heil 6bu10 23,4 %. Cpenue morepH MapraHi@a cocTapu-
am 1,2%. ,

Paspa6oTannasi TeXHOJIOrHsl BHIMJIABKH CHIMKOMapraH-
11a OTVIMYAETCsi OT CYLIECTBYIOLIEH MpeHMyIecTBeHHO 60-
Jiee 61aronpUsiITHBIMH KHHETHYECKMMH 3aKOHOMEPHOCTSMH
BOCCTAHOBJIEHHSI MapraHiia ¥ KpPeMHHsi, YCJOBHsIMH (op-
MHPOBAHHS MeTaJJINYecKOH (asbl B BaHHe MNeYH H pas-
JIeJIeHHs] MeTaJlJla M 1IVIaKa TpPH OJHOBPEMEHHOM HMX BBI-
nycke. Ce6GecTOMMOCTb CHJIMKOMapraHua IpH BhilJaBKe
Ha IIMXTe C MErMaTHTOM B MOIIHBIX 3/IeKTporedax moay-
yaercsl HEeCKOJIbKO MeHbIel, YeM Ha OOBbIYHOH LIMXTe.

CnHCOK JHTEpaTyphl
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VIK 669.18
npnmoe nernpoeaHue ctasnm

B YCNOBUSAX MUHEpPasnbHO-CbIpbEeBOM

M 3HepreTU4YecKom 6asbl YepHOM
MeTtannyprum CHI
(B nopsigke obecyxaeHus)

O0mas nocraHoBka Bompoca

B nocneaHue gecstuneTusi pabotsl [JOHELKOro MoJu-
TexHuyeckoro uHctutyra, LIHUWyepmera, psima meran-
nypriuyeckux mnpeanpuatiit 6piBuero CCCP  (HbiHe
Poccuu ¥ YkpauHbl) NpeacTaBisioT NpoLEce JerupoBa-
HUSl XMAKOrO MeTaula B neyu (KOBILE) C MCMOJb30-
BAHUEM OKCHAHBIX MAaTEPUAJIOB NPH ONHOBPEMEHHOM
noaaye BOCCTAaHOBMTeNeH (yraepoaa, KpeMHHs, ao-
MHMHMS) KaK OfHY M3 BaXHEWLIMX npobnaeM craneruia-
BWJILHOTO TIPOM3BOACTBA. AHAIU3UPYS COEPXaHHUE CTa-
Teit [1 — 3], MOXHO 3aKJIIOYMTb, YTO CTABUTCH 3ajaya
NpeKpaleH|ss MPOU3BOACTBA MACCOBBIX CIUIaBOB Map-
raHua (¢eppomapraHua, CUIMKOMapraHia) Wid yMeHb-
IUEHMS] MX BBIIUIABKM Ha OJHY TPETb. DTH BBIBOABI MO-
TUBUPYIOTCSA PSIAOM MMOJIOXEHH W TNpeXae BCero: Bbi-
CBOOOXIEHHEM 3JIEKTPONEYHbIX MOILUHOCTEH B (eppo-
CIUIABHOW MPOMBILUIEHHOCTH, BBICOKUM M3BJIE€YEHUEM
MapraHua (XxpoMa) 1o CpaBHEHMIO C BHITUIABKOM (eppo-
CIUIaBOB, OOJIBLIOH 3KOHOMHMYECKOH 3¢ HeKTUBHOCTBIO
NPSIMOTO JIETHPOBAHMS CTAJIM MapraHUeM, yCTpaHeHHEM
LIJIAKOOTBAJIOB B TPOM3BOACTBE CIUIABOB MapraHua,
MPOCTOTOM TEXHOJIOTMYECKHUX ONEpaLMii MPSAMOro JieTH-
POBaHMs CTAIM MApraHUEM B YCIOBUAX AEHCTBYIOLIMX
CTAJICTUIABWIbHBIX MeYe M JPYTMMHM MeHee 3HaYMTeNb-
HBIMHM, 110 MHEHHMIO aBTOPOB 3THX CTaTel, (haKTOpaMHu.

M3BeCTHB NPEUIOXEHUS MO MpPsSMOMY JIETHPOBa-
HUIO CTaJIM XpOMOM (XpPOMMTOBasi pyaa + BOCCTAHOBH-
Tenb), 6opom (maronur CaB(SiO,)(OH) + BoccranoBu-
TeNb), BaHagueM (OoraThlif BaHagMeM LUIAK + BOCCTa-
HOBMTEJIb) U AP. .

Pexomengauuu [1 — 3] o HEOOXOAMMOCTH CyLIeCT-
BEHHOIO COKpAILEHUs1 00beMa NMPOM3BOACTBA MapraHLe-
BbIX M JPYIMX CIUIABOB M 3aMEHBI MX pyAaMH, KOHIEH-
TpaTaMu, BTODHYHBIMH MaTepHaliaMM BBI3BIBAIOT BO3pa-
XKEHHsI KaK MO CYLUECTBY, TaK U MX MOTHBALUAM.

Cnenyer Takke OTMETHTb M TOT (hakT, MMEIOLLMIA
BaXHOE 3HAYE€HHE IS OLEHKH IMpPAMOrO JIETMPOBAHHS
CTaJIM, YTO B YNOMSIHYTBIX M APYTHX CTaThsIX YacTO Me-
HSIOT 3HAYEHHUs IMOKa3aTeJiel yAeNbHOIO pacxoja KOH-
LiEHTpaTa, arjioMepara, BocctaHoBuTeneu (deppocunu-

© M. M. Tacuk, H. IN. JIakumes,
B. ®. Beanuko, A. B. Kosain
u B. A. T'aspuios

TocynapcTBeHHast METUTYpruyecKas akaaeMus YKpanHbl
u UHctutyr metautyprum uM. A. A. Baitkosa

LIMsl, QTIOMMHHUS), HE BCETJa YETKO UCIOJIb3YIOT TEPMHU-
Hbl, @ B psae ciyyaeB gaHHbie 00 addexre, nonyyeH-
HOM IpH 3aMeHe BbICOKOYIJIEpPOAUCTOro eppomMapraH-
1a, CUJIMKOMapraHua, ¢eppoxpoma, anpuopu pacrnpo-
CTPAHSIOT Ha BO3MOXHOCTb 3aMEHBI JaXe MeTaiMye-
CKOrO MapraHua Wi ApYyruxX BBICOKOKAYeCTBEHHBIX BH-
J10B (heppOCIIaBoB.

B HexoTOpBIX Ciyyasix MapraHel He paccMaTpuBa-
€TCSl KaK PaCKHMCIIUTENb, 2 OTMEYAETCsl €r0 PoJib Kak Jie-
TMPYIOLLETO 3JIEMEHTA.

Takue mnoaxoabl K pEUIEHUIO MPoOJIEeMbl paluo-
HQJIbHOTO MCIOJIb30BAaHUSI MapraHua, XpoMa M Jpyrux
METAJUIOB B YEPHOM METAUTYPrUM CHUXAIOT YPOBEHb ap-
TYMEHTALMH LEIeCO0Opa3sHOCTH MPSIMOro JIErHPOBAHHUS
CTQIH 3TUMHM METAJIaMH.

Ilpuyunnbl feuuuTa MapraHueBbiX CILIaBOB
H KoHuentpatoB B 70 — 80-e rozpt

Ilpu paccMOTpeHMM BOMpOCa TPSIMOrO JIETHPOBAHHS
CTaM cneayeT oOpaTHTh BHUMaHHE Ha MpobieMy CHH-
XKEHMsI COIEPXaHHMs BPEAHBIX MPUMECEH B CTAIM, Opra-
HH3ALMM PALIMOHAIBHOTO MCIIONB30BaHUSI MapraHia or
JOOBIYM PYAbI A0 NMOJTYYEHHsI FOTOBOTO METAIONpPOKATa,
3HAYUMOCTb KOTOPOM B HApOAHO-XO3SMCTBEHHOM ac-
NMEKTe XapaKTepU3YeTcs PSOOM YaCTHBIX, HO BaXHBIX,
TpeOyIOLMX PEeLUEHHS 3a1ay;

yMEHBILEHHE MOTEPh MAapraHia npu A00biye OKUC-
HBIX ¥ KapOOHAaTHBIX MapraHUEBBIX PYA;

MOBBILIEHHE M3BJICYEHUS] MapraHiua B TOBapHbIE
KOHLEHTPAaThl Ha BCEX CTaaMsAX OOOrauleHUs ChIPOH
MAapraHueBOH pyAbl C LIEJBIO MOJYYUTh TOBAPHbIE KOH-
LIEHTPATHI;

CHIDXKEHHME NOTEpPh MapraHia NMpx OKYCKOBaHUH (ar-
JIOMEpalMK) MapraHUeBbIX KOHLEHTPATOB;

PallMOHAIIBHOE M3BJIEYEHHE MapraHua npu aedoc-
¢opaumu MapraHUEBBIX KOHLEHTPATOB B 3JIEKTpONeYax
MW HCIOJNB30BAHHE TIONMYTHOro BhICOKOdochopucroro
¢eppomapraHua; ‘

CHMXEHME MOTEPh MapraHua IMpH BbIIUIABKE BLICO-'
KOYIIepoaucToro ¢eppoMaprasiia B JOMEHHBIX Meyax;



NOBbILLEHNWE UCNONL30OBAHUSA MApPraHUa U CHUXEHHE
YAENbHOTO pacxoaa 3MEeKTPOIHEPrMHU MpPU  BbITJIABKE
MapraHuesbix ()eppocnjiaBoB B 3NeKTpUYecKux eppo-
CIJIaBHBIX Meyax.

Cnepyet Takxe 0c0060 OTMETHTb aKTYalbHOCTb pa3-
paboTKK M BHEAPEHHUS PaLUOHANbHBIX METOA0B UCNOJb-
30BaHMs CMJIABOB MAapraHua npu NpPOM3BOACTBE CTAIN B
MapTEHOBCKUX Meyax, KOHBEPTEpax W 3NeKTPOAYroBbIX
neyax, a TaKXKE BHEAPEHUSI PAUMOHANIBHBIX PEXUMOB
TEPMOMEXAHUYECKOW U TepMHUYECKOW 0OpaboTKM MHO-
rMX MapoK CTajlM MaccoBOro MpOM3BOACTBA B acMeKTe
NMOMCKA BO3MOXHOCTH CHMXEHHMSl COAEPXAHUSI B HHX
MapraHua fnpu COXpaHEHUM MM YlyylueHUH TpeOyeMblX
MEXaHWYeCKUX M (DYHKLMOHANIbHBIX CBOMCTB OTIMBOK M
METaIoNnpoKara.

Bonbluoe 3HaueHHe UMeEET JOM3BIEYEHME MapraHua
M3 OTBAJIbHBIX LLJIAMOB 00OralleHusl, WAAKOB BbiIIABKH
MapraHuesbix (eppocniaBoB, MblJIM ra3004MCTOK.

[1py nnaHMpoBaHMM U PEryiMpoBaHHUM LEH HA MC-
XOAHbIE, MPOMEXYTOUHbIE U KOHEYHbIE B METAypruye-
CKOM LMKJIE Pa3NMyHble BMAbI METAIONPOAYKUHUH M3
onpenensownx (pakropos ObuIM KO3 GUUMEHT nones-
HOrO MCMoNb30BaHMSI MapraHua Ha KaXaoi CTafiuu Me-
TaJypruyeckoro nepeaena M cebecToMMocTb NPOAYK-
UMM (Npu periaMeHTMPOBAHHBIX MOKa3aTeNsix pacxoja
ChIPbEBBIX 1 IHEPrOpPecypcoB).

B HbIHELUHMX YCIOBMSIX nepexoia 4YepHOW Mera-
JIYPruM K PHIHOYHBIM OTHOLUEHMSIM NMPH MPAKTUYECKU
NOMHOW NMOEpan3alMK LIEH Ha BCE YYacTBYIOLLUME B
METATYPrUYECKOM Mepeaene BUAbl NPOAYKLUMM Onpeae-
JSIIOLMMHU 1OKa3aTesssMUM NPOU3BOACTBA (heppocnnaBos,
CTAIM M NpOKara SIBASIETCSl UX MoTpeOuTenbeKas CTou-
MocTb. MUpOBOi ONBIT CBUAETENLCTBYET, YTO MPOU3BO-
UTENSM CTanu 6e3pa3nuyHO, KaKoB YPOBEHb MOJIE3HOrO
M3BJIEYEHUS] MapraHua Ha BCEX NpPeALIECTBYIOLIUX CTa-
JIETJIaBUIbHOMY npoueccy craausx ero mepepena. Mx
MHTEPECYIOT Ka4yecTBO MU CTOMMOCTb CMJIaBOB MapraHua
1 BBITUIABJISIEMOH CTANH.

Ecnu HaiifieHbl MyTH 3aMEHBl TPAJULIMOHHO MPUME-
HSIIOLUMXCSE BO BCeM Mupe (heppocniaBoB NpsiMbIM Jie-
I'MPOBAaHUEM M3 OKCHUAHBIX MAaTEPHasIOB, NMPOM3BOAUTENN
CTaM JOJKHbl KDMTHMYECKH OLIEHMTb BCE acMeKThl Tak
Ha3blBaEMbIX HOBBIX TEXHOJIOTHI NPSIMOro JIErMpoBaHUs
C Y4eTOM BCeX OOCTOSTENBCTB NMPUMEHEHHUs PYABl MIH
KOHLEHTpATa, pPa3fiIMYHbIX BOCCTAHOBUTENEH (AIOMHU-
HMsl, (eppOCHIMLIMA) U KOHKPETHON NOTPeOMTENLCKOM
CTOUMOCTH.

B ony6nukoBaHHBIX paboTax no npobieme npsMoro
JIErMpOBaHMs cTanu mapraHuem [l — 3], xpomom [4, 5]
aHaIU3 paHee CIOXHBLIErocs AedULMTa MapraHuUeBbIX
KOHLIEHTPAaTOB U (heppocniaBoB M BbIBOAbl HAa OCHOBA-
HUM OMNBITHO-NMPOMBILIJIEHHOTO OCBOEHHMSI MPSIMOro Jie-
TMPOBAHMS CTAIM MapraHueMm, XpoMom 6e3 BCeCTOpOH-
HEro yyeTa yKa3aHHbIX ()aKTOPOB BbI3bIBAlOT COMHEHHME.

Kak u3BECTHO, BBICOKME TEMITbl Pa3BUTHUSI YEPHOM
metaulyprud B 60 — 70-€ rofsl CONpOBOXAAIUCDH CyLle-

 CTBEHHBIM HapalllMBaHWEM MPOM3BOACTBA YYryHa, CTAIU
'} H NpOKaTa, YTO NOTPe6OBAIO UCKNIOYUTENBHO GONBLUNX

KanUTAIbHBIX BJOXEHHI Mpexae BCero B pasBUTHE Xe-
ne3opyaHou Gasbl. K coxaneHuio, TeMnbl MpUpocTa
NPOM3BOACTBA MAPraHLEBOPYAHOrO Chipbsi B Hukonosnb-
cKOM M Ymartypckux bacceitHax OTCTaBalv OT MPUPOCTaA
BbLINJABKK YyryHa W cranau. JloarocpouHbie A0roBopa o
NOCTaBKaX MapraHueBbIX KOHLEHTPATOB BbICILIMX COPTOB
B cTpaHbl COB M TexHWYECKH pa3BHUTbIE rOCYAapcTBa
JMILIKWAKM OTEYeCTBEHHble (eppocniaBHble 3aBOAbI, ar-
Nnohabprku, 1OMEHHbIE LEXH KAQYeCTBEHHOrO MapraHue-
BOro coipbsi. B pesynbrate nojesHoe u3BneyeHue map-
raHua npu BbiMJaBKe CHIMKOMapraHua W ¢eppomap-
raHua B 3TH roAbl CHU3WIOCHL ¢ 76 — 78 % no 65 — 67 %,
YTO YCHAMJIO M 03 TOro CyuicCTBOBaBIUMM AeduuuT
MapraHueBbIX KOHLEHTpaToB M (eppocnnasos. [loaro-
My no MHUUMaTUBE [lOHEUKOro MOAMTEXHUYECKOrO UH-
CTUTYTA, P METAYPrUYECKUX NPEeANnpUSTHIA U ObliK
BOCCTAHOBJIEHBl MOMCKK TEXHOJIOTUK NPSIMOrO JIErMpo-
BaHMS CTAM MapraHueM.

Cnenyer OTMETHTb, YTO B MCTOPHYECKOM acrekTe
BbINJABKA CTAIM C NPUMEHEHHEM MapraHua CBsizaHa
MCMONb30BAHMEM MapraHlEBOi pyabl, a nosxe deppo-
criaoB. Ha Ky3HeukoM meTtannypruueckoM KomOuHa-
Te B roabl Benukoi OreyecTBEHHOM BOMHBI CTanb Bbl-
NAaBAsiM B MAapTEHOBCKHX Mevax C MCMoJb30BaHMEM
mapraHueBoi pyabl'. CloxHas cUTyauusi ClOXuiach B
Te roAbl C JAOCTaBKOW MapraHuUeBbIX KOHLEHTPATOB M
deppocnnaBoB u3 Ykpaunol ¥ [pysun. Hutepech
¢poHTa M ThHiNa TpeboOBaNM HapawMBaHus oObeMa Bbl-
MNaBKu Ctanu U npobieMy MapraHua HyXHo 6bu10 pe-
warb a0bbIM crnocobom. B nocnesoeHHblE roabl, Kak
M3BECTHO, YBEJIMYEHUE TPOU3BOACTBA CTAIU MPOUCXO-
JIUJI0 MO KJIACCHYECKOMY MYTH — C NMPUMEHEHHEM Crla-
BOB MapraHua uist pACKUC/IEHUS U JIErMPOBAHUS CTAJIH.

[MonbiTKM 3aMeHbl MapraHueBblx (eppocniasos
NUPOJIIO3UTOM  ObIIM  MpPEANPHHATHI  MHCTUTYTaMH
MMET AH TIpysun n L HWHuepmera Ha 3aBoae
“Onekrpocrans” B 60-e roabl, 0O4HAKO Pa3BUTHSI ATH pa-
60Tbl HE MONYYHIIH.

Mapranuesopyasoe cbipbe, (heppocniasbl
H OTBaJIbHble LLIAKH NPOH3BOACTBA
MAapraiuesbixX CIUIaBOB

B cratbsx [1,2] wacto uaeHTHdMUMpPYIOTCA ABa MO-
HATUS “MapraHueBbie pyabl” M “MapraHueBble KOHLEH-
tpathl”. [10 NaHHBIM NPOM3BOACTBEHHOW [AEATENbHO-
ctu Opaxonnkunsesckoro 'OKa [6], B oKucCaeHHOI
pyae coaepxarcs ~24 % Mn B (nepecuere Ha MeTa),
a B KoHueHrparax | u Il copra u3 310it pyasl coorsercr-
BeHHO 44,92 n 37,88 %, B psimoBoM (6e3 ykazaHusi cop-
Ta) KOHueHTpare KapboHaTHbIX pyn — 28,49 %. Cre-
LUMalUCTaM, MeHee 3HAKOMBIM C THMAMWU Mapradie-
BbIX pPY[, COPTAMEHTOM MapraHUEeBbIX KOHLEHTPAaTOB,
TPYAHO OPMEHTUPOBATLCA B MOTOKE 3TOH MHpOpMa-
uuu. Cnenyer OTMETUTD, YTO HU OlHA TOHHA MapraHie-

! Texxonorus rasku cranu ocsoena ¢ yuactuem 10. A. Ulynere,
yieHa-koppecrnovaenta HAH Ykpaunsi.
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HUcxonnas pysa

Jpobachue 10 50 MM
S S

Knaccudmkauus

+50 MM 50-30 MM 30-0 MM
[pombiBKa
¥
Meiras pyaa namel
Knaccudukaums Knaccudukauus
obecuuaMmInBaHKe

+30mm 30-3mm  3-0,2MM +0,2vm  0,2-0,02mM 10,02MM

Jpobnenue | | Dnektpomar- Dnektpomar- TMomurpaau- Ciuebi
10 30 MM HUTHAs HUTHas CHTHas
ceriapaumsi  CerapauMsi - cerapaums
Xsocrbt LLambi XBOCTBI XBOCTHI
R
1 copr II copr n/n KonueHTpar KoHueHTpar
11 copra 11 copra
Orcajika
Jpobnenue I l
Icopr Il copr

Puc. 1. TexHonornyeckas cxeMa 060ralieHusi OKUCHbIX MapraHue-
BbIX pyx Ha OT'OKe [7]

BOM OKMCHOU M KapOOHATHOM Py/bl B CHIDOM BHAE B Me-
TAUTYPrMM HE MCIOJIb3YeTCsl; He PUMEHSUIH CBHIPYIO py-
oy ¥ B pabotax [1, 2] (XoTs1, K coxaneHu1o, B 0bcyxaae-
MbIX MYOJMKALMAX TEPMUH “KOHLEHTPATH” 3aMEHSETCs
“pynoi”).

B Hacrosilie# crathe NMpUBEJEHBI KPAaTKUE CBEAC-
HHs 0 cxeMax oborauieHusi OKUCHBIX (puc. 1) u Kapbo-
HATHBIX (PHC. 2) MapraHLUEBBIX pyd, B Taba. 1 — TexHo-
JIOrMYecKue TMokasarenu oboraieHus pyx Ha Opmko-
HukupsesckoM [OKe (Ykpauna) 3a 1993 r. Hecmorps
HA CHUXEHME KayecTBa JOOBIBAEMBIX MapraHLEBbIX
OKHMCHBIX pya B Kapbepax u waxtax OI'OKa B nmepuon
1970 — 1992 rr. ¢ 27,04 no 24,3 % (Ha 2,7 %) nokasare-
NI oboralieHusi pyJ B pe3y/ibTaTe BHEAPEHUs] TEXHHYE-
CKHMX pa3pabOTOK YIyYLIMIUC.

Ha craguu oboramenuss pya obpasyercs Gonbluoe
KOJIMYECTBO OTBAJIbHBIX LIJIAMOB, BBIXOA KOTOPBIX NMpPU
oboraleHn OKHUCHBIX pyn coctasnser 53,18 % c co-
nepxanuem 11,25 % Mn; Bbixox UUIaMoOB Tpu obora-

Mcxoanas pyna

AipoGnerime 10 S0 vw

[TpombiBKa

|

MbiTas pyaa Inambt

Knaccudukauus Knaccudukaums, penviamaums

+10 10-3  3-0

T T

Konuentpar KoHueHTpar Bnen'pouammau DJIeKTPOMArHUTHAs
1 copra 1 copra cena LS cenapaumus

Kouuempar Xnocm Konuentpar  XBOCTbI
com II copra

Konuerr?:a'r 1 copra

CiuBbl
0,20 MM

TMecku
+0,20 MM

Puc. 2. TexHonornyeckasi cxema oboraiieHus KapbOHaTHbIX Map-
raduesbix pya Ha OI'OKe (7]

wennu kapboHatHeix pyn 60,48 % npu copepxaHun
7,49 % Mn (tabn. 1). Takum o6pa3oM, cTeneHb M3BJe-
YEHMs] MapraHua M3 pyA TpH TOJYYEHHH TOBapHbIX
OKMCHBIX M KapOOHATHBIX KOHLEHTPATOB COCTaBJISIET
cooTBeTCTBEHHO 75,43 u 71,41 %. YTBepxneHue [1], uto
HaubOJbLIKME MOTEPH MAapraHuUa MMEIOT MECTO MpH Bbi-
TJ1aBKe MapraHueBbIX MaccoBbIX (eppOCIIaBOB, HEKOP-
PEKTHO, TaK KaK CTeleHb M3BJIEYEHUS] MapraHua npu
BbIIIaBKE CHJIMKOMapraHua u ¢eppoMapraHua Ha Hu-
KOMOJIbCKOM 3aBozie (eppociaBoB B 1993 r. cocraBuia
cooTBETCTBEHHO 78 1 76 %, a C y4eTOM M3BJICYCHHBIX U3
1IJ1aKOB KOpO/IbKOB crutaBa — 82 — 83 %. OmHoii u3
OCHOBHbIX 3a/1a4 O0OrallleHUsi MAapraHLEBbIX PyA SBJsi-
eTCsl JOM3BJICYCHHE MApraHuUa M3 1UIAMOB, KOJIMYECT-
BO KOTOpbIX B HMKOMONIBCKOM MapraHueBOpyAHOM Gac-
ceiiHe npesbiwaer 150 MaHT (3a Gonee 100-nerHuii
nepuon ero akcryarauuu). K Hacrosiemy BpeMeHH
HaiiieHbl 3 dexTUBHBIE CrOCOObI JOU3BIEYEHUS] Map-
raHua M3 3TUX WIKCTHIX LUIAMOB (TyTeM TIOJMIpPafu-
€HTHOM MAarHUTHOM CemapaluM M APYTMMM criocobamu)
C TIONyYEHHEM OKMCHOTO KOHLEHTpATa, COAEPXalLero
35—38 % Mn.

Tabnuua 1.

TexHnoorHyecKue nokasaresm oforamenus Mapranuesbix pya Opmxonukuasesckoro F'OKa 3a 1992 r. [7]

OKHMCHbIE py/bl 3

KapboHatHbie pyabi

TMpoaykTsl Brixon, % Mn, % Ussneyenue, % Ipoayktst Boixon, % Mn, % HWssneyenue, %
Konuentpar copra: KoHueHtpar copra:
I 16,22 4492 28,50 1 17,25 - =
1B 8,67 42,56 14,43 I (0— 50 mm) 19,66 = =
II 21,94 37,88 32,50 II 3—0mm) 1,54 = =
Beccoprosbiit 46,82 41,18 75,43 Beccoprosbiit 39,52 28,49 71,41
[ namb 53,18 11,25 24,57 LInamebr 60,48 7,49 28,59




BJIEHTHO ~ 2 KT (peppomapranua c 75 % Mn. Cnenosa-
TeJIbHO, €CJIV MPEKPATUTh BBITUIABKY (heppomapraviua Ha
OAO HD®D, To HEeOOXOAMMO B 3TUX IMeYyax OpraHM30-
BaTh JIOMOJIHUTEIBHO TPOU3BOACTBO (HEePPOCHIIULIUS,
npuyeM neun PI13-63 He Mcnonb3yloTcs UIsl BBIILJIABKH
aroro ¢eppocraba.

Pacxo/ aniOMMHHMsI TIPH TPSIMOM JIETUPOBAHMHU CTa-
J¥ MapraHueM 1o JaHHbeIM pabotbl [1] cocrasiser
0,5 xr/t cranu. 1t MpoU3BOACTBA NMEPBUYHOIO aJIlOMU-
HUSl HAa NpPEeNnpUsATUSIX YKpPauHbl M B Kakoif-To Mmepe
Poccum Mcnonp3yioT G0KCUTHI (IJIMHO3EM) MOCTABOK 110
UMIopty. BTOpHUHBINM aMIOMUHUI B HACTOSILLUUX YCIIO-
BUSIX HE HAMHOTO felueBsie MEepBUYHOro, a LEHBl 10C-
THIJIA MUPOBOTO YPOBHs (sl mosiydeHuss 1 T mepBuY-
Horo amoMuHus U 0,5 kr Al pacxoayeTcsi 3J1eKTpo3Hep-
rum coorsercTBeHHO 16000 u 8 kBT - y).

DTOro KOJMMYECTBA 3JIEKTPOIHEPTUU JOCTATOUHO
JUIs BBITUIABKM ~ 2 KI' cMJIMKoMapraHua mapku CMH17
Wi ~ | Kr METAJUIMYECKOrO Mapraiua, Ha NpoOM3BOACT-
BO KOTOPOr0O MO TPEXCTAJAWNHOW TEXHONOTHMM CHIIMKO-
TEPMHUYECKUM MeTofoM pacxoayercsi 8750 kBt - u/T.

BropuuHblit anoMuHuit coaepxut ao 10 % npume-
ceil UBETHBIX METAUIOB (MeAM, LMHKA M Ap.), YTO Cle-
JIYET YYUTBIBaTh OCOOCHHO IMPH MPOMU3BOJACTBE BBICOKO-
MapraHueBoi CTau C MPUMEHEHHEM IPSIMOro JIErHpo-
BaHHUs N0 PEKOMEHAALMM aBTOPOB pabotsl [1].

B uucne apyrux HeZOCTATKOB MPOM3BOACTBA Map-
raHUEBbIX CIUIABOB YKa3biBAIOT Ha HEOOXOAMMOCTb
AKOObl MCMOJNIB30BAHMSI GONBUIOTO KOMMYecTBa (HIIIOCOB.
DTOT “HEAOCTaTOK” HE HMEeT CKOJIbKO-HUOYIbL ap-
rYMEHTHpPOBaHHOTO aoBoaa. Haubonee MaccoBblii criiaB
— CHJIMKOMapraHel, — BbIIUIABIsieTCS 6€3 MCIOJIb30Ba-
HHUA B LmxTe ¢uioca (M3BECTH, U3BECTHAKA, JOJIOMMTA),
a BBICOKOYIIEPOAMCTHIM (peppoMapraHel; MpOU3BOIAT
NpUY  OTHOCMTENIBHO HU3KOM OCHOBHOCTM  llIaKa
(Ca0/Si0, = 1,0 — 1,2).

[IpsiMoe nerMpoBaHue CTaId MapraHueM, Mo MHe-
HHUIO aBTOpOB pabotsl [1], nossosser “... u3bexarb 06-
pa3oBaHMs B MpoOLECCe INPOM3BOACTBA (eppociiiaBoB
OTBIbHBIX UUIAKOB”. OQHAKO MNpSIMOE JIErMpOBaHUE
NPUBOAMT K elle OOJblUEMY YBETMYEHHIO OTBAIbHBIX
LIAaKOB, OOpasyloLMXCs B CTAIEIIaBUIbHBIX LieXax,
NPOEKTHbIE PeleHUs] U 060PYIOBAaHUE KOTOPBIX HE Npe-
AyCMATPUBAIOT TPSMOTO JIETHPOBAHMSI CTAM B KOBILAX
U €e PasyiMBKy C BO3POCLUMM KOJMYeCcTBOM Lutaka. OT-
BaJIbHBIN 1JIaK MPOM3BOACTBA CUJIMKOMApraHua (OCHOB-
HOTO MaccoBOro MapraHueBoro ¢eppocruiasa) — 3710
KYCKOBbI (MJIM TpaHYJIMpPOBaHHBIN) Marepuas — Yyc-
TMELIHO MCIIOIB3YETCs B CTPOUTEILHOM MHAYCTPUM U €ro
peayM3alMs pasIMYHbIM MOTPEOUTEISIM YJIYYLIAET KO-
HOMUMKY NPOM3BOACTBA MapraHueBbix craBoB. C Mo-
MmeHTa crpoutensctBa Ha OAO H3® u 3d3 uexos uuia-
KonepepaboTKM LIAKOHAKOIUIEHUs] Ha OTBEAEHHBIX 3a-
BOAOM IUIOLIAAsAX HeT. Bce Xe jyyliumM BapUaHTOM SiB-
JsieTcsi OpMKETHPOBAHME €ro 4YacTH C YIJIEPOJAUCTHIM
BOCCTAaHOBHTEJIEM M UCIOJIb30BaHUE OPUKETOB INPHU BBI-
TUIaBKe CHJIMKOMapraHua.

[TpuMeHEeHHe MapraHUEeBbIX KOHLEHTPATOB B KOH-
BEPTEPHOM IPOM3BOACTBE B MEPUOJ NMPOAYBKM BaHHBI
KHCJIOPO/IOM IPE/ICTABISIETCS aBTOPAMM KaK TNpsIMOe Jie-
rMpOBaHME CTaJM, OAHAKO MPUCAAKA MapraHLEBOPYAHO-
ro coipbsi B KOHBepTep INpPHU INOJYYEHUM MOIYMPOAYKTa,
CTPOro roBopsi, HE UMEET OTHOLUEHMS K NPIMOMY JIerH-
POBaHMIO, TaK KaK 3Ta Omepauusi SBSEeTcs CaMOCTOs-
TEJILHOM M 3aBUCHMT OT psiaa Apyrux ¢akropos. 3anaya
MOJIEPXAHUST pEXHMMa MapraHua Ipu KOHBEPTEPHOM
nepe/ese YyryHa MOXET peluaTbCsl paslTMyHbIMU METO-
JaMHM, B TOM YMCIe NPUMEHEHUEM MapraHUOBUCTOIO
YyryHa.

[MpakTuka noaTBepAMia, YTO pellaTh 3TY 3anaqy
CJIElyeT C YYeTOM YCJIOBMM TOrO MJIM MHOrO MeTajulyp-
ruueckoro npeanpustus. Eciu nepuuut m 1oporosus-
Ha MapraHuUEBbIX CIUIAaBOB OPAHMYMBAIOT UX MCIOJIL30-
BaHHe, TO, KaK 3TO M3BECTHO, MOXHO NPUCAXUBATb NPH
NpoAyBKe YyryHa MapraHueBble KOHLeEHTpathl. Boccra-
HOBJIEHWE OKCHMIOB MapraHua yrjiepoaoM COIpPOBOX/Aa-
eTcsl MOMIOIUEHUEM Tellla, YTO BbIHYXIAeT BBOAMUTH B
KOHBEPTEP JAOMNOJIHUTEIbHOE KOJHMYECTBO TEMJIOHOCH-
tenei. Takum oOpazoMm, 3amaya TMOBBILLEHUS] COAEp-
KaHMsl MapraHua B HM3KOYIJIEDOAMCTOM KOHBepTep-
HOM TMOJIyIPOAYKTE MMEET psii paHee M3BECTHBIX pe-
weHni. Mcnonb3oBaHue OMbiTa SMOHCKUX METATYProB
[1] — pocTuxeHHe B YIIEPOAMCTOM IOJIYNPOLYKTE
0,7 — 0,8 % Mn npu nojaye B KOHBEPTEP MapraHLUEBON
pyAbl ¥ 5 — 7 Kr Yl Ha TOHHY MeTaJljIa Il KOMITeHCca-
LMY TeIUIa Ha BOCCTAHOBJIEHME MapraHua — B YCIOBHMAX
crpad CHI orpanuyeHo no psay (yxe ynoMUHaBLUMXCS
BblLl€E) NMPUYMH: YIJIM BBICOKOCEPHUCTBIE M BbICOKO30JIb-
Hbl€; MapraHueBble PyAbl, KOHUEHTPATbl U arjoMeparsl
— BBICOKOKpeMHe3eMHCThie, coaepxaTr ¢ocdopa B 10
pa3 Bblllle, YEM MapraHuesas pyaa, NPUMEHsBIUASCS B
ONBITaX SMOHCKOM (PUPMBI.

B crarbe [1] yka3aHO, YTO ¢ MapraHLEBbBIMH CIUIa-
BaMM exerogHo BHocutTcs B craib 10 Teic. T docdo-
pa (npu o6beMe BbHIIUIABKM MapraHuUEBbIX CIUIaBOB
~2,0 MIH T 1 cranu 150 MJIH T B roa); OHAKO A0JIS €ro
HEeBEJIMKa, a Mpucaaka (eppoMapraHua ¥ CHIMKOMap-
raHua B pacyere Ha 1 % Mn noBbIILAET €ro coaepxaHue
Ha 0,0060 %, 4yTO COM3MEPHMMO C TOYHOCTBHIO AHAJIM30B
(+0,0050 %).

B apceHase peanu30BaHHBIX B NPOMBILLUIEHHBIX
Maciutabax TEXHOJOrMH B MPOM3BOACTBE MapraHuUEBbIX
deppocruiaBoB  MMeeTCst  3NEKTPOMETAJTypPruyecKHit
cnocob nedocdopauu MapraHueBbIX KOHLIEHTPATOB,

.OGCCHCHHBalOU.lMX JECATHKPATHOE CHMXEHHE B HHX

dochopa. Ucnonb3oBanue ManodochOpUCTOro BHICO-
KOMapraHLEBOIO Mepeie/ibHOrO 11aka JJist MOJILIMXTOB-
KA MpH BblIUIaBKe (eppoMapraHua, CHIMKOMAapraHua
WIM NPUMEHEHHWE TOJIBKO 3TOrO 1UIaKa JAeT BO3MOX-
HOCTh ToJy4aTh MapraHuesble crasbl ¢ 0,05; 0,25;
0,35; 0,45% P. Yem Huxe comepxanue ocdopa B
MapraHueBbIX CIUIaBaX, TEM Bblle NOTpeOUTENbCKAS
CTOMMOCTb M Bbillle MX LieHa Ha OTeYECTBEHHOM U MeX-
JyHapoiHoM poiHKax. [Ipu  ruiaTexecnocoGHOCTH
norpebuTeneit MapraHueBbIX CIJIaBOB ¢eppocIiIaBHbE
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3aBOJIBI MOTYT TOCTaB/ISATh CIUIAaBBl C COAEPXaHMEM
0,05 — 0,6 % P u Gonee. B BicokoyrepoaucTom: hep-
pomapraHiie — TMONYTHOM mnpoaykre aedochopaluu
MAapraHLEBBIX KOHLEHTpaToB — comepxurcs ~ S50 %
Mn u 10 2,5 % P.

[lpy npsMOM JErMPOBaHMM CTAIM MapraHUEM C
UCIOJIb30BAaHUEM KOHLIEHTPAaTOB BECb CONEpXaLIMiCs
B HMX (ocdop NepexoauT B CTalb U PEryJMpoBaTh
CTeneHb Iepexofa €ro B XHIKHA METall HeT BO3-
MOXHOCTH.

CrneioBaTeNIbHO, MpPU MPSIMOM JIETMPOBAHMU CTalu
KOJINYECTBO BHOCMMOTro ¢docdopa Ha eqMHMIY MapraH-
112 NpY NPOYMX PAaBHBIX YCIOBUSIX HE CHMXaeTcs, a Ja-
K€ HECKOJIBKO YBEJIMYMBAETCS 110 CPaBHEHMIO C UCTIOJb-
30BaHMEM MApraHIEBLIX CIUIABOB.

B paGore [1] yrBepxnaercsi, YTO NpU NMpPSMOM Jie-
TMPOBAaHUM CTAIM B AYTOBBIX 3JEKTPOTNEYaX BO3MOXHO
“... TIOJIy4eHHE CTAIU C coaepXaHueM MapraHua 1o 5 %,
e 1o OObIYHOW TEXHOJIOTMH IpeLyCMaTpUBAETCS
NIpUMEHEHUE MeTauiMyeckoro Mapranua”. Kak ussect-
HO, METAUIMYECKHH MapraHel NPUMEHSJICS TNPH BbI-
MJIaBKe CTAJIM TOJIBKO TEX MapoK (HampuMep, KOppO3u-
oHHoO-cToMKO#i Tuma 10— 18 ¢ comepxanuem g0 2 %
Mn), I KOTOPBIX YCTaHOBJIEHBI BECBMa XECTKHME Tpe-
6oBaHusl no conepxanuio docdopa (0,030 %) u yrne-
pona. Pacuerbl mokasblBalOT, YTO MPY BHITUIABKE CTATH
TaKMX MapoK C UCIOJIb30BAHUEM METOJA MPSMOTO JIETH-
POBAaHHsI MapraHUEeBHIMU KOHLEHTpATaMu (COIepXallu-
mu 0,2—0,25% P) ¢ 1% Mn BHocutcs 0,005 % P.
Ecny noBbICUTh KOHLEHTPALMIO MapraHua B CTAIU M0
5%, 1o comepxanue ¢ochopa TOIBKO B pe3yNbTaTe
npsimoro JierupoBanus pocruraetr 0,025 %. C yyerom
JIPYrHX MCTOYHHMKOB (hochopa MomyuyuTh CTaIb C peria-
MEHTHPOBAHHBIM €ro COAEPXAaHMEM BecbMa 3aTpy.-
HUTEJIBHO.

IIpsMoe nerMpoBaHHe CTAIH XPOMOM
H MapraHiueM H TOJBKO XPOMOM

JleuunT XpoMHUCTHIX (eppoCIIaBOB 0OYC/IOBJIEH B OC-
HOBHOM TEMHM Xe OOCTOSITEeNIbCTBAMM, YTO M JAeHUMT
MapraHieBbix criaBoB. [103TOMy 0GOCHOBAaHHBIMH $IB-
JIIIOTCS. TIOMCKH XOTsl Obl YaCTMYHOTO PElIeHHUs 3afayu
3aMEHbl XPOMMCTHIX (MAapraHUEBbIX) CIUIABOB OKCHUIHBI-
MM MaTepHajJaMM C BOCCTAHOBJIEHHEM Xpoma (MapraH-
11a) B 3/1€KTPOCTAIECIUIABUIBHbIX Neyax (KOBIIAX) KPeM-
HHUEM, ATIOMUHHEM.

B pabore [4] paccMaTpuBaiOTCs BONPOCH NPSIMOro
JIETHPOBaHUSI CTAJIM XPOMOM C OJHOBPEMEHHOM JeCyJb-
(dbypauueit myTeM HCIONB30BAHMSI OTBAJIBHOIO 1UjIaKa
(heppoxpoMa CHIMKOTEPMHMYECKOro Npou3BojacTBa. M3-
BECTHO, YTO paHee 3aja4yy BOBJIEYEHMs 3TOrO OTBAIb-
HOTO 1IJTaKa NpU NPOM3BOACTBE CTAIM PeLIaIM B IUia-
HE €ro YTHJIM3alMH M B JPYIMX CMEXHBIX OTpac-
aax. OnbitaMu ¢ oTBaIbHBIM uulakom OIIIC3-2
[B = (Ca0/Si0,) = 1,63; 6,1 % Cr,0;] aBTopb paboThl
[4] noaTBepAMIN BO3MOXHOCTb MCIIONIB30BAaHUS €I0 KaK
KOMITOHEHTA LUTaKo0oOpa3yloLnX cMece Wi Aecyabdy-

pauuu cranu. [Ipu 3TOM JOCTUTHYTO ONpEAENEHHOE 10-
u3sneyenne xpoma. K coxanenuio, B pabore [4] He yka-
3aHbl ()aKTOPHI, HA KOTOPbIE JOJDKHBI 0OpPaTHTh BHUMa-
Hue npu.npoussoactse cranu. naku tuna OLIC3-2
U3-3a MOJIUMOPGHOrO MOHOTPOIHOIO NPEBPALLCHHUS

B-2Ca - $i0, —~» y-2Ca - SiO,

pacchinatorcs (¢ 0b6pa3oBaHMEM TOHKOAMCIIEPCHBIX Yac-
THII), YTO COMPOBOXIAETCS YBEMYEHUEM HX 00beMa Ha
12 %. TlbineBUOHBIA 1IAK aKTHBHO TMOIVIOLLAET BJAry,
KOTOpasi ABJISETCS HCTOYHUKOM TOCTYIUIEHHS BOAOPOJAa
B CTaJlb, NI03TOMY OMBITHBIE [UIABKU C UCIMOb30BAHUEM
OILC3-2 noasepraiuch BakyyMHOH 06paboTke BO H3-
6exaH1e HABOJOPOXUBAHHMS METa/LIa.

PacnnaBneHue NblIEBUAHBIX LUIAKOB 3aTPYAHEHO, U
NpOLECC aCCHMMWJISILIMK MX COMpPOBOXaaeTcs obpa3oBa-
HHMEM JIOMOJIHMTEIHOIO KOJNMYecTBa MbUiH. JloBoccTa-
HOBJIEHHE XpOMa M3 LWIaka Beercss (eppoCHIMLUEM
DC65, Torna kak mwisi neruposaHus cramu LIX1S5 uc-
TMOJb3YIOT BBICOKOYIIEPOAKCTHINH (heppoxpoM, nonyyae-
MBblii TTyTEM BOCCTAHOBJIEHHMSI XDOMMTOBOM DY/bI YIJIEPO-
JIOM (KOKCOM).

B panee ony061MKOBaHHBIX MaTepHalax Mo NMpsIMOMY
JIETHPOBAHMIO CTAM YKa3bIBaeTCsi HA HEBO3MOXHOCTb
NOBBICUTh CTENEHb M3BJIEYEHUS] MapraHua (HWKHUI
npezen u3BNeyeHnss mapranua 40 %), npu NpsiMoM Jie-
TMPOBAHUM CTAIM MapraHUEM IpPUPOCT COAEPXaHHUS
docdopa Ha eqMHHULY MapraHiia B YETBIpE pa3a HUXKeE,
YyeM NpH MCronb3oBaHuM deppomapraHua. OfHaKo B
3THX HCCIIEIOBAHHUSX MCIONb30OBAIH HE OOBIYHBIE KOH-
LEHTpaTHl (arJioMepartsl), a MpeaBapUTenbHO aedocdo-
PUPOBAHHBI MapraHLEBbI KOHIJEHTPAT — BbICOKOMap-
raHueBbli HU3KodochopHcThIi nmepeaenbHbIi Lutak (a
He oTBabHbIM). Kak usBecTHo, wis ynaneHus docdopa
npu nedochopauuu MapraHUeBBIX KOHLEHTPAaTOB B
3NIEKTpONeyYax pacxoayercsi anekrpodHepruu ot 890 no
1100 xBt - 4 Ha 1 T nepeaensHoro HU3Kodochopucroro
upiaka. [Tostomy MeHbluee KonuyectBo docdopa, mo-
CTYNAKLIETO NMPH KCMOIB30BAHMM 3TOrO 1iIjIaka, oObsic-
HSIETCSl TIpe[BapUTENbHBIM yraneHueM ¢ocdopa u3
MapraHLEeBbIX KOHIIEHTPATOB.

3akmoyenune

IIpsamMoe nervpoBaHMe CTAIM B KOBILE (I€YH) Mapras-
LIeM, XPOMOM HE MOXET PacCMaTpUBATbCs KakK albTep-
HAaTHBA MPOM3BOACTBY M NMPUMEHEHHMIO MapraHUEBBIX U
XpOMUCTHIX (peppocmiaBoB. COMHUTENBHBIM SIBISETCS
BBIBOJI, YTO MpPSIMOE JIETMPOBAHUE CTAIM MApraHLEM
crnocoOCTBYeT BBICBOOOXAEHHMIO 3JEKTPONEYHBIX MOLI-
HOCTe# B ()eppOCIIaBHOM MPOU3BOACTBE, TaK KakK IPH
YMEHBILIEHUH BBITUIABKM (heppoMapraHia ¥ CHIMKOMap-
raHua HeoOXONMMO YBEIMYUBaTh 00beM Ooee 3JeKTpo-
3HEpProeMKOro NMpOM3BOACTBA (PEPPOCUIMLIUS M ATIOMHU-
HuUs. 3aMeHa yIIepoJIoTeEpMHUYecKoro crnocoba mnonyye-
Hus (eppoMapraHia ¥ CHJIMKOMapraHua CUJIMKOTEPMH-



YECKMM M ATIOMOTEPMUYECKUMH CIIOCOOaMH BOCCTaHOB-
JIEHUS] MapraHlla U3 OKCHIHbIX MaTepUasIoB B CTAleria-
BWIbHOM KOBLIE B 3JIEKTPOIHEPIETUYECKOM aCMeKTe He
SBJISAETCS 9KOHOMUYECKU 3(D(HEKTUBHBIM.

OwnbOYHBIM SABJISETCS TAKXKe BBIBOJ, YTO NMPSMOE
JIErTMPOBAHME CTAIM MAapraHLUEM MOXET 3aMEHMTb Me-

TAHOBKE “KOBII—IMEYb” C OHOBPEMEHHBIM PacXoa0Ba-
HHeM (eppOCHIIMLIMS, ATIOMHHUSI MOXET paccMaTpH-
BaTbCs KaK YAaCTHOE BPEMEHHOE pELUEHHE BbIXOJA M3
KPHM3UCHOTO TIOJIOXEHHUSI.
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CBOWCTBA KONECHOW CTANM SNEKTPOLUNTAKOBOIO NEPENMABA ANs
XXENE3HOAOPOXHbIX KONEC OTBETCTBEHHOIO HASHAYEHUA

10.C.MPOVOAK*

YcmaHoerneHo, 4mo C PpocimoM memrepamypbl 8bIOepXKU Memarnna, Komopbil uMeem mMecmo
npu SLUMM, noesiwaemcs enusiHUe 8enuYUHbI NepeoxnaxoeHusi Memanna npu e2o Kpucman-
fu3ayuu, Ymo npueodUm K USMESbYeHUI0 CMpPYKMYPHLIX napaMempos U CHUXEHUI0 cmeneHu
passumusi UKBAULOHHBIX NMPOUECCO8 U, Kak criedyem U3 yCrmaHOeNeHHbIX 3a0ay, K 00HO8peMeH-
HOMY YIyHWeHUIO 8Ce20 KOMINIeKca (hU3UKO-MEXaHUYeCKUX XapaKmepucmuk KoniecHold cmanu.

BcmaHoeneHo, Wo 3 pocmoM memrnepamypu eumpuMKU memany, sKul 8UHUKae npu
ELUM, nideuwyemscs 6nue 8enuYUHU rMepeoxonodxeHHs Memany npu ozo Kpucmanisauii,
wo npueodums Ao 30pi6HI0BAHHS CMPYKMYPHUX Napamempié ma 3HUXEeHHIO PO38UMKY K-
sayiliHux npouyecie i 30 0OHOYaco8020 MOKPaUaHHSI 8CbO20 KOMNNEKCY hiSUKO-MeXaHiYHUX
xapakmepucmuk KonicHoi cmaii,

The influence of steel undercooling in solidification was found to increased with increasing
holding temperature in ESR. This results in a finer microstructure and less-developed segre-
gation and consequently in a comprehensive improvement in the physical and mechanical
properties of steel. The process is well-suited for wheels for service at places where wheel
repair possibilities are limited or the reliability requirements are more stringent, such as subways.

kennyaraunoHHas HaaeXHOCTb U ONTOBEYHOCTL U3Aenui
U3 YrNepoAUCTOli CTanu onpeaensieTcs ypoBHEM KoMniekca
(PM3MKO-MEXEHUYECKUX XapaKTepucTuk MeTanna. [ins geranei
MalMH U MexaHusMoB, 3KCNNyaTMpyembiX B CYPOBbIX K-

Martuyeckux yCnoBusiXx Hapsay C BbICOKUMMU NPOYHOCTHLIMM
CBOWCTBAMU HEOGXOAUMBIM SBNAETCS U BbICOKan XNafoCcTow-
KOCTb MeTanna. OAHOBPEeMeHHOE NOBbILLIEHWE XNaJOoCTOWKOCTH
M NPOMHOCTU ABNAETCA 3aaajeil cnoxHon u TpebyeT Twarens-
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HOTO aHanu3a BKNafa pasfnuyHbiX CTPYKTYPHbIX NapaMeTpos B
(pr3nKo-MEXaHUYECKNe XapaKTepUCTUKN MeTarna U Ha 3Toi oc-
HOBe, Bbi6Opa MaruCTpParnbHOrO HanpaBMeHUs TeXHONOMUYECKX
meponpusTuid. OCHOBHasA TPYAHOCTb Npy 3TOM 3aKriilo4aeTcs B
TOM, 4TO BOMBILLMHCTBO METOA0B NOBLILLEHUS XN3A0CTOUKOCTU
1 BA3KOCTY YITIEPOAUCTOI cTanu obycnasnusaeT O4HOBpeMeH-
HOE MOHWXEHWE NPOYHOCTHbLIX XapaKTepucTuk metanna [1].

K yenbHoKaTaHoMy Xene3HoAOPOXHOMY Konecy Npeabsis-
nsitotca TpeboBaHUs He TOMbKO Kak K M3Aenuio, y KoToporo
W3HALLMBAETCS NOBEPXHOCTb TPEHUS, HO U KaK K KOHCTPYKUMK
B uenom. B aToii cBSA3n Hapaay ¢ yny4weHeM NPpoYHOCTHbLIX
XapaKTepucTuk MeTanna o6oaa NpuMxoauTCs pellaTb BOnpochl
yBenuyeHus Hecylyel cnocoBHocTM avcka koneca, obecnevenne
HeobXoAMMOro YPOBHS YAAPHOW BA3KOCTU NPU OTPULATENbHBIX
Temneparypax. B HacTosilLiee BpeMs LernbHOKaTaHble koneca
M3roTaBNUBAIOTCA U3 YIMEPOAUCTON CTanu Creayrowero XuMm-
Yeckoro coctasa: (Mapka 1) - 0.42-0.54% C, 0.80-1.20% Mn,
0.40-0.60% Si, 0.08-0.15% V, He Gonee 0.035% P u 0.040% S;
(mapxa 2) - 0.55-0.65% C, 0.50-0.90% Mn, 0.20-0.42% V, He
6onee 0.035% P u 0.040% S. KauyectBo meTtanna onpeae-
NSETC NoKa3aTensiMU MEeXaHUYEeCKUX CBOMCTB TEPMUYECKU
o6paboTaHHbIX Konec (B ckobkax - Mapka 2): BpeMeHHbIM
conpoTusniernem o, = 900-1100 (930-1130) MMa; otHocK-
TenbHLIM yanuHeHneM & He meree 12 (8)%; oTHOCUTENbHbLIM
cyxenneM y He MeHee 21 (14)%; TBepAOCTbIO N0 BpuHensio
He MeHee 242 (255); ynapHoWi BA3KOCTbLIO NpU Temneparype
+20°C He menee 0.3 (0.2) MOx/M.

Bsi3KOCTb U XNafOCTOMKOCTb YINEepPOAUCTON CTanu, Kakow
SBNAETCH M KOMecHasi, MOXHO MOBbLICUTb CPaBHUTENbLHO
NpocTbiM CNOCOBOM, CHWXEHVWEeM cofepXaHua yrnepoaa.
OfHako npu 3TOM, eCTECTBEHHO, CHUXaeTCa ApYroi, He Me-
Hee BaXHbiM MoKasaTenb KONEeCcHo cTanu, ee NpoYHocTb [2].
HeobxoaAUMOCTb ynyylieHus OU3UKO-MexXaHUYeCcKux Xapak-
TepuUCTVK YrnepoaucToii cranu B komnnekce obycnasnusaer
BbIGOp Takux MeTanmayprudeckux cnocobos BosaencTansa Ha
CTPYKTypy MeTanna, npu KOTOpbiX MOBbILUIEHWE BA3KOCTU U
XNafoCTOMKOCTU CONpOBOXAANoch 6bl MUHMMAaNbHLIM Mo-
HWKEHUEM NPOYHOCTHbBIX XapaKTEpUCTUK.

WccnefoBaHo BNUsiHUE NeperpeBa Ha NepeoxnaxaeHue
W CTPYKTYpy KONECHOW CTanu NPOMbILLMEHHOW MapTeHoB-
CKOi1 BbINNAaBKK crieqyrowero xumuyeckoro cocraea: 0.51%
C, 0.55% Mn, 0.30% Si, 0.02% S, 0.018% P Ha ycraHoBke
auddepeHumanbHo-TepMuyeckoro aHanusa (OTA) B atMo-
chepe oumieHHoro renua. O6pasubl Maccon 1 r B anyHao-
BbIX TUMASX HarpeeBanu A0 pasnuuHbix Temnepartyp (1550-
1750°C), sblgepxuBanu B TeueHue 45 MuH, a 3aTeM oxnax-
panu co ckopocTblo 40°C/MuH. B npouecce Harpesa u ox-
naxaeHus sanucbiBanu kpusble [ATA, 3aTtem uccneposanu
CTPYKTYpy MeTanna. Usyyanu passutie AeHAPUTHON Nnkea-
UMM, KPUTEPUEM OLEHKU KOTOPOW NBMANMOCL OTHOLLEHWe
MMKPOTBEPAOCTU AeHAPUTHbIX oceit (HVj) k mMukpoTteepao-
cT1 nepudepuittbix yuactkos (HV,) . Uccneayembiii meTann
OTHOCWUTCS K MpeTepneBalowieri neputekTU4eckoe npespa-
wexue cranu. Mpu oxnaxaeHun aToro Metanna us XuaKkoro
COCTOSIHUA NPOTEKaloT cnegyioujue a3osbie NpespalieHuns:
BbiNafleHUe NEepPBUYHbLIX KPUCTAnNoB (XX — &); NepuTekTuye-
ckoe npespalleHue (K + 5— X+ y), 3BTEKTOMAHbIA pacnaj
ayctenuta (y— FeaC + a). Avanus pesynbtatos [ITA (puc.1)
nokasan, 4To C POCTOM TeMmnepaTypbl BblAEpPXku pacnnasa
(t,). T.e. neperpesa, BbiNafieH1e NEPBUYHLIX KPUCTAMNNOB
NepuTEKTUYECKOe NPEeBpalleHine NPOTEKaloT NpU BLICOKUX
creneHsx nepeoxnaxpeHus. Cneayetr ocobo oTMeTUTb
ckaukoobpasHbiil XxapakTep ykasaHHOW B3auMmocBa3n. Tak, B
wHTepsane f, = 1550-1575°C, BennunHa nosbilaeTcs BCero
Ha 10°C), a B uHTepsane £, = 1575-1600°C nepeoxnaxae-
Hue ckaukoobpa3sHo BospacTaeT Ha 20°C. AHanornyHbIi xa-
paKTep UMEET Taloke 3aBUCUMOCTb Alws s ,x+, = f(1,) [3].

CTpyKTypHble uccnegosanus obpasuos nocne ATA no-
Kasanu, YTO C MOBbILEHUEM [, YBENWYMBAETCs Aucnepc-
HOCTb A@HPUTHOW CTPYKTYPbl U CHWUXaeTCs CTeneHb XUMM-

yeckoi HeofiHopoaHocTM MeTanna. OtHowewxue HV, /HV, 8
3aBUCMMOCTM OT £, U3MeHseTCs cneaytoumum obpasom:

5, °C 1550 | 1575 | 1600 | 1625 | 1700 | 1750

HVy/HV, [ 148 | 142 | 118 | 1.17 | 113 | 1.12

Kak crnefyeT us npeACTaBNeHHbIX AaHHbIX XapakTep u3-
MmeHenus dyrkuumn (HV, /HV,) = S(t,) sBnsetca ananoruy-
HbIM (DYHKUMAM Al 5= f(2,) W Abrsxe, = f(t,). Vicxops w3
3TOr0 NPaBOMEPHO CHUTATb, YTO W3MEHEHWEe napaMeTpoB
CTPYKTYPbl KOJIECHOW CTanu C pOCTOM €€ Neperpesa B XUAKOM
cocTosiHuAM 0BYCrNoBNEHO NOBbLILLEHWEM NepeoxnaxaeHus ga-
30BbiX NpeBpalleHnii. CkaukoobpasHblii XapaKkTep U3MeHeHUs
DYHKUMA Aly 5= f(t,,) U Abxes ry = f (1) MOXHO 0GBACHMTD
MCX0AA U3 cylecTsytowmx Ans cnnasoB Fe-C auarpamm xua-
KOro coctosiHusi. CornacHo ykasaHHbIM Auarpammam no
[OCTUXEHUM ONpeaeneHHbIX TeMNepaTyp B XUAKMX cnfiasax
Fe-C npoucxoaaT kBasunonumopdHble NpespalieHus Tuna
OLKe UK. Mpu oxnaxaeHuy nepuTeKTUHeckux Cnnasos U3
BbICOKMX TeMnepaTtyp BCMeACTBME COXPAHEHUSI BbICOKOTEM-
nepaTypHOW CTPYKTYpbl pacrnasa NpPOMCXOAUT 3apepxka
nepuTeKTUYecKoro npespauyenusi. MoxHo nonaratb, 4TO
ckaykoobpasHoe MoBbILEHNE Atk 5= f(1,) U Alxss ,x+, = f1 (2,)
no poctwkenun 1, =1575°C o6ycnosneHo usMeHeHveM
OnuxHero nopsgka XWAKOM KONEecHOW CTanu, BCNeAcTBue
Yero 3a/lepXvBaeTCcsl BbiNafeHne NepBUYHbBIX KPUCTAanNoB U
neputekTudeckas peakuus. Bbicokuit neperpes Metanna
MOXHO adbdekTuBHO obecneunTb Npu ero nepennase B
arperatax crneusnekTpoMeTannyprum, Hanpumep, 3neKkTpo-
wnakoBoro nepennasa (JLUMM) [4].
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OneKTpowNakoBbili Nepennas KONecHoW cranu mapre-
HOBCKOW W 3NEKTPOAYroBOW BbINNaBku NPOU3BOAWUNMU Ha yC-
TaHoBKke, paboTaiolleil Mo CXeMe 3anoNHEeHUs HEenoaBUX-
HOro kpuctannusatopa avametpom 500 MM npu cune Toka
14-16 KA. MNpu nepennase UCNOMb30BaNCs NpeABapUTENbLHO
pacnnasneHHbIi CTaHAapTHbi dnioc ¢ AH®-6, cogepxa-
wui 63.3% CaF2, 26.2% Al203, 8.0 Ca0, 2.0% SiO,, 0.10%
C n 0.4% FeO B konuyectee 180 kr Ha nnaBky. [ins CHuxe-
HUSI yrapa nervpyrowux 3MeMeHTOB, YNyulieHus KayecTsa
MeTanna, CHWKEHUS COAEpXaHUs HEeMeTannuyeckux BKIIo-
YeHUIi NPOU3BOAUIIOCH PACKUCTIEHUE LUMAKOBOW U MeTannu-
Yeckol BaHHbl. B kayecTBe packucnureneit ucnonb3osBanu
cvnukokanbuuit (0.8-1.0 Kr/T) UM KOMNNEKCHbIN packucnu-
Tenb, coAepXaluni Kanbuui, Marduin, P33, kpeMHuit u ap.
(0.7 xr/T). Ha BCEM NpOTSXEHUU NNaBkv B NNaBUNbHOE Npo-
CTPaHCTBO noaasarnca aproH B konudectee 3 M°/uac ¢ ue-
NblO 3aLMTHLI WNAKOBOW BaHHbI OT aTMOCgepHoi Bnaru u
CHWXEHUs yrapa Mapraiua.

Mony4yeHHble cnuTkv passecom 3.520 T paspesanuck Ha
3aroTOBKM C NOCMEAyoWUM M3rOTOBMIEHMEM U3 HUX Xenes-
HOAOPOXHbIX Konec aguameTpom 950 MMm.




McenenoBaHue MakpoCTPYKTYpbl MCXOAHOW MapTEHOBCKOM
W 3MeKTponeyHoi Bbinnaeku, a Takke Metanna WM noka-
3as10, YTO CTPYKTypa MCXOOQHOTO MeTanna UMeeT XapaKTepHble
pacTpasbl, rpyboe AeHOPUTHOE CTPOEHUE, Y4acTk1 ¢ HEBOMNbLLLIOH
XUMUYECKON HEOAHOPOAHOCTLIO U HEMETaNIUuYEeCKUMU BKIO-
YeHUsIMU, NUKBaLMEW U OCTaTKamMu YCafoYHOW PbIXIIOCTH,
MaKpOCTPYKTypa e TeMnneTtoB Konec u3 mertanna LM
OTNNYaEeTCsi NNOTHOCTLIO U OAHOPOAHOCTBIO, Koneca us me-
Tanna 3N obnagaoT NpoTUBONOKEHHBIM UMMYHUTETOM [5].

WccnepgoBaHne ra3oHacbILWEHHOCTM MeTanna nokasano,
4YTO cofepxaHue BOAOPCAa B ONbITHOM MeTanne ocranochb
HenaMeHHbIM U cocTaBuno 0.00032-0.00048%, npumeHeHue
dnoca AH®-6 ¢ packucneHueM KOMMMEKCHOW Nnuratypow
No3BOMWMO CHU3UTL B MeTanne coAepxaHue asoTa ¢
0.0044-0.0032% po 0.0020%, B TO Xe Bpems B MeTanne
nnNaBok, rae NPUMEHSNCA CUNUKOKaNbLWK, coaepxaHue
a3oTa OCTanocb nNpakTU4eckn HeusMeHHbiM. CopepxaHue
kucnopoaa npu aTom pasHsnock 0.0022-0.0031% Hesasu-
cumo oT cnocoba BbiNfaBku WUCXOQHOTO MeTanna, B TO
BpEMS Kak B MapTeHOBCKOM 0HO 6bino 0.0077-0.0082%, a B
anekTponeyHoM 0.0043-0.0045%.

HemeTtannuueckue BrtodeHus npu LM BennbisaoT U3
MeTanna Ha rpaHuly pasgena MeTannu4yeckon W LNakoBomn
BaHHbl, @ 3aTeM aacopbupyloTcs LnakoM B pesynbrate
DeACTBUS NOBEPXHOCTHBLIX CUM, KPOMEe 3TOro, 3Ha4YUTeNbHYyIo
ponb B MexaHu3me yAaneHus HemeTannmyeckux BKIoYeHuin
npy 3NEeKTPOLNaKoBOM MpoLiecce UrpaeT Takke UX B3auMo-
DeicTBMe CO LLUNaKoBbIM pacnnaBoOM Ha BCEX rpaHuuax pas-
fAena wnak-metann [6]. Mpu BBeaeHun B cdnioc AH®-6 ao-
NOSIHUTENBHBIX KOMMOHEHTOB ANS PacKUCMEHUs, CKOpPOCTb
MacconepeHoca yBenuuuMBaeTcs, YTO U cKa3anocb Ha cre-
neHb papuHUpPOBaKHMA MeTanna.

Metannorpaguueckue uccnefoBaHUa nokasanu, 4to B
UCXOOHOM MeTanne MapTeHOBCKOW WU 3MEeKTPOAYroBOW Bbl-
NNaBku HEMeTannMyeckue BKNIOYEHUs1 NpeAcTaBneHbl, B OC-
HOBHOM, cynbduaamu u okcuaamu. Cynbgpuabl MnS wu
(MnsFe(1-x)S umetoT okpyrnyio c¢opmy, pasmep - 5-10 MkM.
KucnopoaHble BKIKOYEHWS B 31IEKTPONEYHOM MeTarnse npu-
cytcreyoT B Buae AlOs, a Takke WnuHenu CnoXHoro co-
CTaBa; B MapTEHOBCKOW KONECHO CTanu - B BUAe CUNUKaToB
mapratua (MnO - SiOz) unu 2MnC,SiO2 [lunuHeny crnoXxHoro
cocrasa (Al, Cr)203 1 creknosugHoit cocrasnstouent. Mocne
SLUM oCHOBHLIM BUAOM BKITHOYEHUI B MeTanne, He3aBucumo
oT cnocoba BbiNMaBku, SABNSIOTCA OKCUCYNbMUAbI pa3Mepom
5-15 MKM, KOTOpble MpeAcTasrieHbl Ccynbduaamm CNoXHOro
cocTaBa u okcupamu tuna AloOs, wnuHenu AlO - Al03 u Go-
nee CNoXHOro cocrasa.

Bbicokass Temneparypa npouecca, M3MeHeHWe coctasa U
KONMYECTBa HeMeTanyIMYeckux BKIIOYEHUNW, pacduHuposaHmne
OT HEKOTOPOro KONUYecTBa rasoe, a Takke YMEHbLUIeHWe [eH-
OPWUTHOM U XMMUYECKOW HeOAHOPOAHOCTH, Bnarogaps Hanpas-
NEHHOM KpucTannuaauuu, obecneynBaeT NOBbILLEHUE YPOBHS
U cokpallenue pa3bpoca MexaHu4yeckux CBOWCTB CTanu.
KonecHan ctanb nocne SWIM Hapsay ¢ NoBbIWEHHBIMU NPOY-
HOCTHbIMW CBOWCTBaMW obnagaeT 3HauuTenbHo Gonblumvm
3anacoM nNNacTU4HOCTU (CM. Tabn.), No cpaBHeHWio ¢ MeTan-
NOM KOSIEC, U3TOTOBNEHHbIX U3 UCXOAHOMO MeTanna.

Tabnuuya. MexaHuyeckue ceolicmea Konec u3 Memarnna
MapmeHoeckoU ebinnasku u LU
MexaHu4eckue cBoiicTea oboaa
MeTann oy | 6% | w.% | TBeppoctb, HB
Mna HEe MeHee
MCXOAHbIN 955 12.0 20.0 270
3wn 1100 | 17.5 | 39.0 273

MeTann JLUM no cpaBHeruto ¢ 06bIMHBIM UMeeT B 2 pasa
fonbliee 3Ha4YeHWe YAApPHOA BSAKOCTU Kak Mpu MNONOXu-
TenbHbIX, Tak U NpK OTpULATENbHBIX TEeMNepaTypax (puc.2).

[ina onpeaeneHns CKNOHHOCTU CTanu K XNagHONOMKOCTH
NPUMEHANCA METOA, OCHOBaHHbIi Ha BWU3yanbHOM OLEeHKe
AONU BOMOKHUCTOW UNW KPUCTANNUYECKO CocTaBnsatowiei B
uanome (puc.3). XapakTtep usfnoMa UCCNeaoBancs Ha cka-
HUpYIOLEM (PacTpOBOM) 3MIEKTPOHHOM CTEPEOMMKPOCKomNe
(PEM). ina vccnenoBaHus UCNONb3oBanu nanombl yaapHbIx
obpasuos Ulapnu ceueHvem 10x10 MM, BbipE3aHHbIX U3
Aucka Kofeca. McnbiTaHus Ha yaap Npov3BOAWIIUCH B yCrio-
Busx Temnepartyp (°C): +20 (a, r), -20 (6, a), -60 (8, e).
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Puc.2. NsmeHeHue ydapHol esiskocmu memarnna ducka Konec
us cmanu SLUM (@), BAI (A) u ucxodHoz2o mapmeHosc-
Ko20 Memanna (0) 8 uHmepearsie memnepamyp 20-60°C.

MUCXOAHbIN ONbITHBINA

Puc.3. Xapakmep pa3pyweHus Memanna KonecHou cmanu
3L (onsimHeid) u MapmeHoackol (UCXOOHSIU) ebi-
nnaeku e uHmepesane memnepamyp +20 - -60°C.
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Mpu +20°C 8 nanome obpa3uos HabnoaawTCs Npeumy-
LEeCTBEHHO Y4acCTKM BOMOKHUCTOrO M3romMa MOBEPXHOCTH,
OlHaKO B MapTEHOBCKOM MeTanne AOns BOMOKHUCTOIO W3-
noma npu nepexose B obnactb oTpuULaTenbHbix TeMnepartyp
Pe3ko YMEHbLLIAeTCs U nNpakTuiecky ucyesaet npu -60°C.
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CHuxeHMe noTepb MAPraHUA UCMAPEHUEM

M NOBbILUEHUE YCBOEHMUSA C30TA

NPU 3MEKTPONNABKE BbICOKOMAPrAHLEBbIX
KOPPO3UOHHOCTOMKMUX CTANEN .C C(I30TOM

B nocnennee Bpems paspabatbiBaercs GosbLioe KoJH-
HYECTBO KOPPO3HOHHOCTOHKHX CTajleH, B KOTOPHIX HHKEJb
L0THOCTBIO  MJIH YaCTHYHO 3aMeHeH Mapranuem. Cogep-
Kanye Mapranua jocturaer 20—25 %, a coxepxanue
yriepoia, Kak mpaBuso, He npeBbimaer 0,08—0,12 %.

Ha GonbiumncTBe 3aBof0B cramu 3T0i rpynnk Binaas-
JISI0T NIPEUMYLIECTBEHHO Ha CBeXKell (10 Mapramily) mHX-
Te. TIpu 3TOM cTemeHb CKBO3HOTO HCNOAb30BAHHS Map-
Taiua cocrasnser 70—83 %.

Ha 3aBose «[nenpocnencranby MapraHelcofiepKaune
KOpposHOHHOCTOMKHE CTasH BHIMIABSIH METOZIOM Nepe-
[l1aBa COGCTBEHHBIX OTXOJOB C IPHMEHEHHEM KHCIOPOJa.

K. I. Sep6uukmui, E. U. Kaguxos
u B. M. Wincpun

3asop «[lHenpocneycrans»

Ilpu 3TOM WMaK nMepHoja NJIAB/MEHHS H YAacTHYHO pac-
KHCJIEHHBI NOC/AENPOAYBOYHbIH CKAaYMBAMH, BCJEJCTBHE
Yero CKBO3Hasi CTeNeHb HCIONb30BAHHS MapraHua oblia
oxos10 83 %, a xpoMa 92 %. JLIst CHIKEHHSI [I0TePh 3THX
5/IeMeHTOB Da3paGoTaiH W BHEAPWIH B NPOH3BOICTBO
YCOBEPILIEHCTBOBAHHYIO TEXHOJIOTHIO BBHIVIABKH XPOMO-
MapraHueBbiX KOPPO3HOHHOCTOHKHX CTalefl METOJIoM Te-
PenyiaBa OTXOLOB C NPHMEHEHHeM KHCIOPOAA MOJ OAHHM
LI1aKoM, (POPMHPYIOUUMCS B XOJ€ MEPHOJOB ILIaBJEHHS
v npoxyBku [1]. Buaromaps stomy H 3HaunTesbHO
Gomee 5HEDTHYHOMY BOCCTAHOBJIEHHI) OKHCHSIOUHXCS
NpH NJIaBKe MAapraHia H XpoMa CKBOSHOE HX HCIOMb-



30BaHHe MOBLICHIOCH 10 90—92 u 98—100 9% cooTBercT-
BEHHO.

Banance Mapraduna AJsi NpeACTaBHTENbHBIX TP MJIa-
BOK cTanH 10X14AT'15, npoBefeHHLIX IO CTapOi H HOBOH
TeXHOJIOTHH, II0Ka3ajH, YTO MOTePH 3TOrO 3JeMeHTa 3a
BpeMsi paHHHPOBKH M NPH BHITYCKE HOBOJBHO BENHKH
H COCTaBJSIIOT COOTBeTCTBEHHO 14,6 M 8,42 Kr/T cranw.
Ilpu 3TOM TOJBKO 3a BpeMsi BHIMYCKa IUIaBKH MNOTEPH
MapraHua B OGOMX CJy4asiXx NMpPEBBIUIAIOT 5 Kr/T CTaJIH.

S \] |
S Puc. 1. H3MeHeHHe COAEPXAHHUN
= Mapranua B Metaane [Mnl] Bo Bpems
E, . BHAEPXKKH NaaBKH T npu 1600 °C B

179 N1a60PaTOPHON HHAYKUHOHHOA mnedu

C OCHOBHO# ¢yTepoBKoft
5 /B 20
T, MUH

AHanus JUTepaTypPHBIX H IPOH3BOACTBEHHBIX NAHHBIX
MOKa3blBaeT, YTO BO BpPeMs BHINYCKa IJIaBKH MapraHel{
TepsieTCst IPEHMYIIECTBEHHO NMyTeM HCHapeHHusi. DTO MNOJA-
TBep2KJaeTCsl TeM, YTD NMPH BHINYCKE XPOMOMapraHIEBBIX
H MapraHUeBHIX CTaJieil HaGJofaercsi BhIAEJIEHHE 3HaYH-
TeJbHOTO KoJiHyecTBa Gyporo ApiMa (yero He ObIBaeT MpH
BBIIIyCKE XPOMOHHKeJIeBhIX craJseil). B To ke Bpemsi co-
JepxkaHue MnO B KoBuUIeBOM fi1ake (6) HHIKe, YeM mepex
BbINYCKOM (@

Linak  SiO, Al,O, FeO CaO MgO Cr,0, MnO
a 18,90 12,78 3,42 18,13 26,69 3,16 12,93
6 16,76 ¢ 16,55 1,08 19,20 27,50 1,48 11,41

BepoaTHO, z:r0 OOGBACHSETCS HEKOTOPHIM BOCCTaHOBJIE-
HHEM Maprar'ja KyCKOBbIM aJIOMHHHEM, MPHCAXKHBAEMBIM
B KOBII /151 OKOHYATeJIbHOTO PACKHCJIEHHS IIVIaBKH, H pas-
GaBJIeHHEM.

Jlnsi yTOYHEHHs! BJHSAHHS JJIHTEJIBHOCTH BHIIEPIKKH
H XHMHYeCKOT¢ COCTaBa MeTajlla Ha HCIapeHHe MapraH-
L@ NpoBeJH JiaGopaTOpHBIe H IPOMBILLIEHHBIE HCCIENO-
BaHHSA.

B naGopaTopHO#i OTKPHITOH HHAYKIHOHHOH NEYH eM-
KOCTBIO 8 KI' ¢ QyTepOBKOH H3 IJIaBJEHOrO MarHe3HTa
pacniaBasaud Msrkoe xxeneso (1o 0,04 % C), BBOaMIH
MeTaJUIHYeCKHH Mapraden Ha 21 % no pacuery, Harpe-
BaJH MeTaqs no Temnepatypsl 1600 °C u BhiepikHBa-
JIH TIpH 3TOH TeMmneparype B TeueHue 20—25 muH. Yepes
KaX/ible 5 MHH OTOGHpaJIH Npo6bl HA XHMHYECKHH aHaJIu3.

ITnaBku npoBoan/H Ge3 m1aka. B Xoje BbIEPKKH Ha-
6/1101aN0Ch BhiZEJeHHe Oyporo AbiMa.

B y3koM HHTepBaJsie KOHUEHTPALHH YJIeT MapraHua ObLa
NPONOPLHOHAJIEH IJHTEJIbHOCTH BBIAEPKKH (pHc. 1) HiIH
NPHMEHHTEJILHO K NPOMBIIIJIEHHBIM MJIaBKaM — IJIHTEJb-
HOCTH BBINYCKa. .

Ha otmenbHbIX NJIaBKax 3TOH CepHH YJaBJIHBAJH BbI-
JeJSIOWHicS B XOAe BbIIEPXKKH JBIM Ha BOZOOXJIaXKJaae-
MYIO METaJIJTMYECKYIO TMJIHTY. 3arteM 0o6pasoBbLIBAIOIIMI-
Csl HaJIeT OCTOPOXXHO OTHEJSJH H IOJBEpPrajH PeHTreHO-
CTPYKTYPHOMY HCCJEJOBaHHIO Ha ycraHoBke YPC-60.
Cyasi o noJiy4eHHBIM pe3yJbTaTaM, KOHAEHCaT NpejCcTaB-
Jasiet co6oit okHeb Mn,Oj, 06pa3oBaBiIylocs B pe3yJibTare
B32HMOJIEHCTBHSI MapOB MapraHua ¢ KHCJIOPOAOM BO3JY-
xa. OKuCIOB >Kejie3a B KOHJeHcaTe He OblJIO OGHapy»Ke-
HO.
Ha npyro#i cepuH mnJaBOK IUMXTY COCTaBJSJH Ha
20 % Mn no pacyeTy NpH NEPEeMEeHHOM COIEp2KaHHe YT-
nepoza B merasie (0,06—0,8 %). Ha stux nsaBkax moc-
Jie JOCTHXKeHHsl TeMneparypsl Metasiaa 1600 °C or6upanu
ero npo6Gy H mocje 5 MHH BBIIEPXKKH IJIaBKY CJIHBAJIH.

Kak csenyer u3 moJiydeHHBIX AaHHbIX (pHC. 2), Ha.
Jlee HHTEHCHBHO MapraHel HchapsieTcss IpH BBIII:
cran, comepxameii mexee 0,20 % C. Uem Bbime co,
JKaHHe yrJiepofia B MeTajljle, TeM MeHbllle I0TepH Map!
La B pe3ysibTaTe HCIAapeHHsl, 4YTO OOBsICHsSEeTCS OGp.
BaHHeM KapOHIOB MapraHia, HMeoUHX 6ojee HH3!
yOpyrocTh napa, 4eM 4HCTHI Mapraden [2].

BausiHme  HCXOZHOTO  COHEpXKaHHA  Mapratile
MeTaJJle Ha ero yJer 3a Bpems BhIIycKa !
YagH [0 JaHHBIM GaJaHCOB IPOMBIIIIEHHBIX IIa
(B 40-T neun) cran~it 10X14AI'15, 91878 (X27I'9AI
HH3B (08X 18H5T'12AB), CIT (10I'20CIT) u ap. Me1
c emneparypoit 1500—1520 °C BeImycKaau B TedeHHe 3
4 vuH. [lonyuyeHHble nAaHHBIE (DHC. 3) CBHAETENBLCTE
O TOM, 4YTO MOBLILIEHHE HCXOJHOIO COJAEPXKaHHSA Map
Lla B MeTaJlJle CONPOBOXKAAeTCs BCE BO3PACTAIOLIHM °
JIHYEHHEM ero MoTepb Ha HCNapeHHe 3a BpeMs BbII
IUTaBKH.

MOXHO 3aK/IIOYHTh, YTO JJIS CHHXKEHHSI TNOTephb .
raHua HeoGXOAHMO BBIMYCKaTh MJIaBKY BO3MOXKHO 6¢
GBICTPO, Yepe3 ILIHPOKO pasjieJlaHHOEe OTBEpPCTHE, H
MHHHMAaJIbHOM PAaCCTOSIHHH OT KOHIa xeyoba 1o Oc¢
KOBLIA. '

[Ipu panHOHaJBHOH OpTraHH3aLMH BLIMYyCKa IUIE
JlanbHeileMy H CYIIeCTBEHHOMY CHHIKEHHIO MOTepb °
raguia Ha HCIapeHHe MIOJKHO CIOCOGCTBOBATb YM
IIeHHe €ero Cc~IepXKaHHs B MeTa/le Nepej BhIIyC!
Jlnsi peanH3alHH 3TOH BO3MOXKHOCTH H JUISl MOBBILLc
YCBOEHHsI a30Ta GBLTO MPEJIOXKEHO H OMpoGOBAHO B .
MBILLTEHHBIX MaCIUTabaX YacTHYHOE JIErHpOBaHHE Me
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Puc. 2. Bausilue COAepXaHHs yraepoaa no pacnaasnesun [C]l na .

YHHY MOTepb MapraHua AMn HcnapeHHeM 3a 5 MHH BBHEPXKH MeTa.

HCXOAHOMA KOHUeHTpauue# oKono 20 % Mn npu Temneparype 1600
n1a60paTOpHOft HHAYKIHOHHON NeYH C OCHOBHOA QYTepPOBKOi

Puc. 3. BausiHue HCXOAHOrO COAEPXKAaHHS Mapradna B MeTaajne Mn

ero norepH ucnapeHueM AMn BO BpeMsl BHIYCKa NMJaBKH NPH NPOH3BO.

craneit 10X14AT15, 31878, HH3B, CIT u ap. B 40-T OCHOBHOR Ay
nes

Jla MaprasieMm H JIeTHPOBaHHE €ro a3oTOM B KOBLUE.
naaBkax craau 10X14AT15, conepxameit 0,15 —0,2:
asora, B KOBIU Nepel BBIMYCKOM 3arpyxanau 40—45
asoTHpoBaHHOro Maprauma MpH4. 3ror cnutas  w»
Go/lee HH3KYIO TEMIepaTypy IJIaBJeHHs, YeM MeTa.
YyecKHil Maprasel,‘jerdse pacTBOpseTcs B MeTasl¢
ofecrneuyHBaeT ONTUMAJIbHBIE YCJIOBHA  JIETHPOBG
a30TOM.

[Mpucanka 40—45 Kr/T a30THPOBAaHHOrO MapraHi
KoBII mo3Bosinia Ha 3 % a6e. (¢ 16,2 mo 13,2
YMEHbLUHTb COJEpXKaHHE MapraHua B MeTalje e
BeinmyckoM. I[lpu 3ToM 3HauuTensHo (¢ 1,3 10 0,6 % a
COKDATHJIHCh €r0 IOTEPH HCIapeHHeM 32 BPeMs BBbill)
nnaBku (puc. 3). JIONOJHMTENbHBIH HarpeB MeTa.
o6ecrieyHBaIOIKil MOJHOE pacTBOpeHHe 45 Kr/T a3oTi
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