TEOPHA METAAAYPIrHYECKHNX NMPOUECCOB

M

HOCTSIX 3HAYMUTENbHO OoyplMX, yeM 10 MB - A,
C MPMMCHECHUEM YTOJBHBIX JJIEKTPONOB AMAaM.
800—1200 MM, a TakXke CaMOOOXMUraloLUXCs
3JIEKTPOIOB, HO CIELMAIbHON KOHCTPYKIIMU
C NOBbILIEHHbIM KaY€CTBOM 3JIEKTPOAHbIX MaccC.

Ona paga pyZHO-TEPMHUYECKUX ITPOLIECCOB
Ype3BbIYAHO BaXHO, 00ECIeYMTh pPaBHOMED-
HOCTb BBOJA 3HEPTrUU B BAHHY T€YU U ee pacrpe-
HeJIeHWs] BHYTpY BaHHBI; IIPY 3TOM 0cob0€ BHU-
MaHME YAEJISICTCSl 3JICKTPOJaM, KOTOpPbIC sIBJISI-
IOTCSI OCHOBHBIMM 3JIEMEHTAMM 3JIEKTPOIIeUH,
CBSI3YIOILIMMHU €€ INEKTPUUECKHUE U TeOMEeTpUYe-
ckue mapaMeTpbl. M3BecTHO, YTO HauOOJbIIas
KOHLIEHTpALIMSI MOILHOCTY B BaHHE ITeYH Ha0IIo-
JACTCSl Y TOBEPXHOCTH 3JICKTPOIOB, YTO ONpec-
JisieT (popMUPOBaHKE PeaKILIMOHHBIX "TUIJIEH" BO-
KPYr HUXHER yacTh as1ekTponoB. [TpakTrka Bbi-
IUTaBKM MapraHleBhIX CIUIaBOB (eppoMapraHiia
1 CWIMKOMapraHiia) rnokasaja, YTo Ype3BbIlaiiHo
B&XHO He TOJIbKO TIOBBICUTL MPOU3BOIUTEND-
HOCTbB ITeYH, HO He MOTEPATH IMPU 3TOM HU3BJIeUe-
HUE U3 LLIUXTblI MapraHia. TeMnepaTypa BbITlJ1aB-

KM, HaIllpyMep CUJIMKOMapraHia, COCTaRJsieT
okono 1450 °C, a yxe nipu 1500 °C mapraHel MH-
TEHCUBHO BO3TOHSIETCSI, T. €. OH OUCHBb YYBCTBUTC-
JIEH K TIPEBbILUEHUIO J10NYCTUMONW KOHLIEHTpaUMUM
MOLUHOCTU. BOT nouemMy Tak BaKHO MOAACPKM-
BaTb MOCTOSIHHOM CPEAHIO0 Y/C/IbHYIO MOLLLHOCTb
Ha NOBEPXHOCTH BCex Tpex 3/aekTpoaoB [3]. doc-
TUXEHME TaKOro pesyjibrata C IPUMEHCHUEM
NPe/UIOKEHHOTO YCTPOMCTBA 00ecreunBacT 3Ha-
YUTEJIbHBIM POCT TEXHUKO-3KOHOMMUYECCKUX T0-
Kaszarejiel paboThl 2JICKTPOTEUH.,
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Bananve ¢pyrepoBKH Ha OKHC(I€HHOCTD
MeTaanvyeCKoro pacriiaBsa

A. B. Iy6, A. H. PomaiikuH, T. B. Mopo3osa, H. A. lllenknH

OAO HITIO "UHHHUTMaiu"

B aabopamopHsix yerosusix uzydeno ezaumodeticmeue nepuKaaz0ebix U A1yHO08bIX 0HEYROPOE ¢ pACRAABAMU HA OCHOBE
Jcenesa pazuvHou cmenenu okucaenHocmu. [loxasano, umo 6 pesyavmame 63aumo0elicmeus ¢ OKUCAIEHHbIM MEManiom
dymeposia cnocoGHa aKKymMyauposamy KAI0HEHUs OKCUO08 Jicee3d, 3HAHUMEAbHO YEeAU Ueas ceoll OKUCAUMenbHbld NO-
menyuan. Konmaxm maxoi ¢pymeposku ¢ memaniom ¢ HU3KOU OKUCAEHHOCHbIO (PACKUCACHHbIM AAHOMUHUEM) CONPOBO-
ncdaemes o6pamubvim nepexodom FeO us ghymeposxu 6 memann, 00yca081UsarOwuUM e20 emopuyHoe okucaerue. Iodoomoiii
MEXAHUIM 6MOPUYHORO OKUCACHUS MOXCEm Obimb KPUMUMECKUM RPU NPOU36OOCHBE BbICOKOHUCMOL BGbICOKOHAOCHCHOU
KOHCMPYKUUOHHOU CMAn, 0COOEHHO NPU 8bICOKUX 3HAHEHUSIX YOeAbHOU NOBePXHOCMU (hymepoeKuU.

a rmocyiegHee BpeMsl CYIIeCTBEHHO U3MEHM -
JIUCh TOOXOABI K BBICOKOHANEXHBIM KOH-
CTPYKLMOHHBIM MarepuaiaM. BbIsBIEHO,

yTo cpeam ¢GakTopoB, B HAUOObLIEH MEPE CHU-

JKAOLMX CPOK 3KCIUlyaTaluuu METANI0OU3ACIINNMA,

Bce OoJIblliee 3HaUeHHEe IIPUOOPETAIOT OKCUIHBIE
HeMeTaUIMYECKHUe BKIIIOUEHHs. 3arpsi3HEHHOCTh
MMH METAJIONPOAYKLIMU PErIAMEHTUPYIOT I10-
CpPeICTBOM OTpaHUUYEHUsI B Hell comepiKaHusi K-
cIopoma B MeTajUle M XapaKTepU3YIOT YPOBHEM
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OQIJIBHOCTY U MaKCHUMAJIBHO IOMYCTUMOTO pa3-
Mepa BKmouyeHuil. CoBpeMeHHbIe TPeOOBaHUS K
CTaJI pa3IMYHBIX TUITOB IT0 JAHHBIM KPUTEPHUIM
NpuBEACHbI B Taba. 1.

VYkazaHHble 3HAUYEHWUS] pacCMaTPUBAEMBbIX Xa-
PaKTEPUCTUK YCTAHOBJIEHBI, UCXO/Is1 U3 Hapabo-
TAaHHOTO MacCHBa JaHHBIX O BIUSIHUM Oajuia He-
MEeTAUTHYECKUX BKIIOUEHU Ha KOHKPETHBIE Me-
XaHWYeCKUe, TEeXHOJIOTMUECKHe W CIyXeOHBIe
CBOIICTBA MaTepHAJIOB, a TAKXKE U3 TEXHOJIOTHYE-
CKOM CBSI3N MeX1y OalsIoM BKJTIOYEHUH U coaep-
XaHueMm kuciopoga B Mmeramie. [pumepbl no-
JOOHBIX 3aBUCUMOCTEMN, TOJYYESHHbIC aBTOpaMu
MpU MCCIAETOBAHMM HU3KOJIETUPOBAHHON Map-
raquosucroil ctamu 10126 u 06I'DBAA npu-
BeAeHbl Ha puc. 1 u 2. M3 npencraBieHHBIX rpa-
(pMKOB BMOHO, YTO, HAIPUMED, 3arpsi3HEHHOCTD
MeTajijla 1o OKCHIAaM Ha YPOBHE NEepBOro-BTOPO-
ro 6anna (I'OCT 1778) orBeuaer o01Leit KOHLEH-
Tpauuu Kucjaopoaa okojo 0,002 %.

151 moNIyde HUA MeTAIUIA, COAePXKaHIe KUCIIO-
pola M MaKCHMAJIbHBI pa3Mep HeMeTaJUmiye-
CKHUX BKIIOYEHMII B KOTOPOM VHOBIETBOPSIOT
TpeOOBaHUSIM, NIPUBEACHHBIM B TabJ. 1, HeoOXxo-
JIUMO HE TOJIbKO MPaBUIbHO OpPraHU30BaTh TeX-
HOJIOTUIO I1yOOKOro pacKUC/IeHuUs1, HO U obecre-
YUTh YAepXKaHUE IOCTUIHYTOM CTETIEHM OKMC-
JIEHHOCTH MeTayIa BIUIOTL IO OKOHYAHUS €ro
3aTBepaeBanud. IlocieqHee 1OCTUTAeTCS YMEHD-
IICHHUEM B3aMMOICHCTBHSI METAUIMYECKOIO pac-
njasa ¢ OKHUC/SIOWMMU (aszaMu, K KOTOPbIM,
Npexae BCEero, OTHOCATCS laak M arMocgepa.

1. MakcuMalibHO AOMYCTHMOE COdepXKaHue KHCaopoaa
M pa3Mep HEMETALIMIECKMX BKJIOYEHHI
B CTAJIM PA3JIHIHOTO HA3HAYEHHS

Makcumasib- M
HoS | omyeTinet
HasHaueHue cramm coaepxaHue pasMep BKIIO-
KHUCJIOpoIa "
B metane, % | orAr, MKM
[ aBrosmcTa 0,004 [1] 100 1, 2, 3]
st tny6okoi BeiTsikkn | 0,002 [2] 20 [2]
Jlna marucrpanbHbix ra- | 0,003 [1, 4] 100 [t, 2]
30- U HeTeIpoBOIOB
LapuxonomuumHukosas | 0,001 [1, 5, 6] 15 [4, 7]
Kopnosas 0,0015[t, 4]; 10 [1, 4];
0,005* 20 [3]
J11s1 CynOCTpOEHUSI, 0,002 [1, 4] 200 [2]
miatopm GypoBbix
CTaHIUI, MOCTOB
[ns usrorosnerus npo- | 0,003 |1, 4] 20 [1, 4]
BOJIOKH
Penbcoas 0,002** 500**
17151 KOPITyCOB aTOMHBIX 0,0025 H. 1.
PeaKkTopoB
Poropnas 0,002%** H. a.

* KaraHka COpOUTM3UpOBAHHAs U3 BBLICOKOUUCTOMN
CTAJIN I MeTallokopaa auamerpom 5,5—6,5 mm. Tex-
HUueckue yciaoBust TY 14-1-4752—89. I'VI1 BM3.

** TOCT P 51685—2000. Penbchl KeJIe3HOAOPOXK-
Hble. O0LIMe TEXHHYECKHE YCIOBUSI.

*** Cneundukauus Ha St. 152 (10 % Cr u 10 % Ni).

Kpome TOro, 3aMeTHOe BIUSHUE Ha COnepXKaHue
KMCJIOpONa B CTAIM MOXET OKa3bIBaTh €r0 B3aH-
moaeicTeue ¢ pyreposkoii. UccnenoBaHnio aTo-
ro ¢gaktopa v MNocBsillicHA HacTosilas pabora.
Bmusnue dyrepoBKM Ha OKMCJIEHHOCTb Me-
TaJUIMYECKOTrO pacrijaBa OblIO BbISIBJICHO B pabo-
Te [8], rie uccnemoBaiv pacKUCAeHUE HU3KOJE-
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Puc. 1. Biusinue 6au1a HeMETAUIMIECKHX BKIIOYEHHit (2) 1 uX pa3mepa (0) HA yIapHyl0 BH3KOCTh TPYOHO# crajim (MOC/Ie0BAHME
oannprocT nposoawn Merogom "1 mo F'OCT 1778; ocHoBHas K015 BKIOMEHHI, HMEIONIAX MAKCHMAJIbHBIH pasmep, no 'OCT 1778

OTHOCHTCS K CHIMKAaTaM HexedopMupyeMbiM)
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0,0035 +
0,003

0,0025 |

Copepxanne xnciopona, %
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MaxcaMambubii 611 oKCHANGLIX BKmoUeHN

Puc. 2. Bausinue 3arpsssenHocTd TpyOHOU cranmm (TMna
06I'PBAA) HeMeTaNIMYeCKHMH BKJIIOYEHASMA HA CONEpXKa-
HUe B Heil KHCJIOpPoAa (MAKCUMAJIbHBIN a1 mpenMymecTBeH-
Ho uMend BKJtodenns, mo FOCT 1778 ornocsamuecs K CH-
JIMKaTaM HexedopMHpyeMbIM)

TMPOBAHHOM CTaJIX B JaOOpPaTOPHOM BaKyyMHOM
MHAYKLIMOHHOM ITeyu. BU10 YyCTaHORIEHO, YTO IO
MEpe pocTa KOJMYECTBA AJIIOMUHUST B METAJLIE €70
OKMCJIEHHOCTh (AKTUBHOCTL KHCJIOPONA B HEM)
CHILKAeTCsl C XapaKTepHOM OCODEHHOCTHIO: B 00-
JIACTU HHU3KOM aKTUBHOCTH AJIIOMUHUS, BO-NEP-
BbIX, MM€ET MECTO HaMOOJbLIMKA pa3dbpoc OIbIT-
HBIX JaHHBIX M, BO-BTOPBIX, U3MEePEHHbIE 3HAue-
HUSI aKTUBHOCTH KHUCJIOpOAa Haubosiee 3HAUMMO
OTJIMYAIOTCSl OT PABHOBECHbIX; C POCTOM COAEP-
J)KaHUSl ATIOMUHUSI B METAUIE MPOMCXOOUT CHU-
JKEHUE TNEePEOKMUCICHHOCTA METajla W IMOBBILLIE-
HUE CTAOMJIBHOCTU aKTUBHOCTU Kucijiopoaa. Tak
KaK OTLITHI OBLIM BBIIIOTHEHBI B MHEPTHOM aTMO-
cdepe ¥ B OTCYTCTBUM LIIaKa, OYEBUIHO MPUUM-
HOM OTMEUYEHHOTrO INEepecbilieHUs] MeTalla Ku-
cI0poaoM ObUIO BIUSIHME (PYTEPOBKU.

BaussHue 53Toro ¢axkTopa TakXke KOCBEHHO
TIOATBEPXKIAET CPAaBHEHHE ITOJYICHHBIX B paboTre
[8] nmaHHBIX € UMELIMMUCS B JiUTepartype
[9—14] cBemeHMsIMM O pe3yJIbTaTaX U3MEpPEeHMUsI
OKMCJIEHHOCTU HU3KOJIETUPOBAHHOM CTAIH U Xe-
Jie3a Mpy UX packMCiIeHUU ajatoMuHueM (puc. 3).
[IpoBeneHHOE COMOCTaBIeHHE TTOKA3aJI0, UTO JJIst
arperaToB C BBICOKOM YAEIBHOM ITOBEPXHOCTHIO
dyrepoBku (kpuBbie /—3 Ha puc. 3) NPU UCKITIO-
YEHUU OKUCIEeHUS MeTaia aTMocepoit U Lia-
KOM — TIpY MaJIOM KOJIMYECTBE ATIOMUHUS B M€~
Tajjie UMEET MeCTO Haubosbliiee OTKJIOHEHWE
M3MEPEHHOM OKMCJIEHHOCTU MeTaJlla OT paBHO-
BECHOM, a C POCTOM COJep>XKaHMS ATTIOMUHUS U3-

MEepeHHbIe 3HAYeHMUs1 d Bece Gosee mpubmmxa-
10TCS1 K PABHOBECHBIM.

[1pennonoXuin, 4yTo OTMEUEHHOE TEPEOKUC-
JIEHME METaUIMYECKOro paciuiaBa ITPOUCXOIUT
u3-3a anddy3umn kucaopoa u3 QGyrepoBKm B pe-
3yJIbTATE Pa3/iOXEHUS] HAXOJSILIMXCS B HEM MO-
nexyn FeO, xoTopble ITOCTYIMWIM TyIa MPY B3au-
MOAEHCTBUU (DYTEPOBKM C OKMCIEHHBIM MeETal-
JIOM, T. €. IO MOMCHTAa PACKUCJICHUS.

IS moKazaTenbCTBa TPAaBOMEPHOCTU 3TOTO
MPENITOIOKEHUS B HACTOSMIEH paboTe Oblia Ipo-
BeICHA CepUsl IKCIEPUMEHTOB, HaIlpaBcHHAst
Ha M3y4EeHUE U3MEHEHUsl COCTaBa MPUITOBEPXHO-
CTHOTO CJIOSI OTHEYINOPOB, KOHTAKTUPYIOLIUX C
OKMCJIEHHBIM U TJIYOOKO PacKUCIEHHBIM paciuia-
BOM XeJe3a. B kayecTBe Marepuaia uccienoBa-
HMS MCTIOJIb30BaIN BRIIWICHHBIE U3 MIEPUKIIA30-
Boro kupnuya mapku I1-91 oGpasiibl ceyeHuem
17 x 17 u BeIcoTO# 100—150 MM. [Tno111ans KOH-
TakTa 00pa3LOB ¢ METAUIOM COCTABJIsLIA, B Cpell-

HeM, 3700 MM? (74 CMZ/KI‘ MeTajlia).
CoznepxaHue KOMIIOHETOB B riepMKJIa3e Map-

ku I1-91, comlacHo TpeboBanusim TOCT
4689—94, 6pu10 cnenyrommmM, % (Macc.):

MgO SiO, Fe,0; CaO Ortkpoitasg nopucrocts, %
>91 <3 <2,5 <3 <22

100

T

10

AXTRBNOCTH KNCIOPOAia, ppm
—rrrrT

0,001 0,01 01
Obnyee cogepkaAHNe 2NOMNERS, %

L

Puc. 3. 3aBHCAMOCTD AKTHBHOCTH KHCJIOPOZA OT 0OMmIEro co-
AepKaAHNs AMIOMHHWS MO JAHHBIM PAIMYHBIX HCCJIEA0BATEIEH:
1—7 — paunnnie pador [8, 9—14] coorsercrsento; §m 9 —
Aaunbie OAO "Ceseperaas” 1 OAO HJIMK; a u 6 — mMuHu-
MAJIBHBIE M MAKCHMAIBHBIE PABHOBECHbIE 3HAYEHHS @ NpH

K373 = 9,54+107'5[16] u 1,19 - 10" [15], coorsercrsentio
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OKCNepUMeHTBI TTIPOBOAWIMN B AJIYHIOBBIX TUT-
JISIX B IIEYM CONPOTUBIICHUSI C TPaPUTOBBIM Ha-
rpesaresieM (meuyb TaMMaHHa). B kayecTBe mmx-
Thl MCIIOJIB30BAJIM KapOOHWJILHOE 3Keje30, COo-
JICpXaHWe NpUMeEcei B KOTOPOM HE MpEBbILLIATIO
0,005 %, 3a UCKIIOYEHHEM KHUCIOPOIa, KOHLIEH-
Tpauus Kotoporo 6n1a pasHa 0,15 %. Macca 3a-
Basiku coctasisiia 500 r. Ha niaBkax ¢ okucjieH-
HBIM X€JIe30M B pacIUIaB BBOIWIM IO ABA OTHE-
YINOpHBIX oOOpasua. B omaHOM wucclienoBain
pajiMaibHOE pacripe/esieHue xeJse3a, BTopoi uc-
TIOJIB30BAIM B MOCJIEOYIOIIUX SKCIIEPUMEHTaxX C
packuciaeHreM. CxemaTHyeckoe H300paKeHue
pacnojioXeHWsi 00pa3lioB B TUIJIE Ha TUIaBKax ¢
OKMCJIEHHBIM XeJIe30M MPUBENECHO Ha pUc. 4.

MeTonuka 5KCepruMeHTOB ObUIa CIeIYIONIEH.
Harpes mo temmeparypsl 1600 °C mpoBommimn
npuMepHo B TedyeHue uaca. Hanee wmamepsiiu
OKHMCJIEHHOCTh paciiaBa (MPUMEHSUIM 30HIBI
"Celox-Al" u peructpupyomuii npudop "Mul-
ti-Lab II") u B neuyb Hajx pacrjlaBOM Ha MoOJIMO-
NEHOBOM MPOBOJOKE TMMOABEIUUBAIM HCCIEoYE-
MBI (-ble) obpasen (-upl). [Tocme 10—20 mMuH
HarpeBa ero (Mx) rnoMeuniajayd B paciviaB, BbLICD-
SKUBAIU B TeUeHUE 3aJaHHOTO BPEMEHU U U3BJIE-
Kanu. 3aTeM U3MEpsIM aKTUBHOCTb KUCJI0pOaa U
(MIM) KOPPEKTUPOBAIM OKMCJICHHOCTbh MeTalna
TIpUCaIKaMM aTIOMUHUS WY OKIMHBI M BBOAM-
U B TIeYb CACOYIOIIMI OTHEYTIOPHBIN 00pasel]
(cnenylolilylo Iapy OTHEYNMOpPHBIX 00pa3los),
WY 3aKaHUYMBAJIU 3KcrnepuMeHT. s dopmupo-
BaHUsl HEWTpaibHOW arMocdepbl paciniasB obay-
BaJIM TEXHUYECKUM a30TOM C pacxoaoM 1 Ji/MuH.

Hunst npurotoBiieHus 1UIMGOB 00pasiibl pe3a-
M aJMasHBIM IMCKOM Ha mpubope Accutom-2,
TUIOCKOCTD Pe3a Jieskaa Ha paccTostHuM 15—20 Mm
OT HMXKHEro Topua o0pa3Los.

r
|
|
|
|
|

poSab MEM™ Prc. 4. Cxema pacno-

JIoXKeHus: 00pa3unoB ne-

pYKIa3a B THILJIE B 3KC-

NEePUMEHTAX C OKHCJIEH-
50-60 HbIM Xejiezom: 1 — Mo-
1M01eHOBas NPOBOJIOKA;
2 — obGpa3upl; 3 — TH-
reib; 4 — Meraninde-
d=56 CKHii pacnjas

NN

VANV WY
A

70,

Puc. 5. @ororpadus nosepxHocTH mumda ¢ 0003HAYCHHEM
oGnacreil (CBeribie MPAMOYroJbHbIE KOHTYpPbI), B KOTOPbIX
ONpeNeNsiiM CPE/IHEe COJEpKAHNE AHAIMZUPYEMOTO DJIEMENTA
(Fe n/mnu Al)

HccnenoBaHusi TONYyYE€HHBIX OTHEYITOPHBIX
00pa3uoB TNPOBOAMAU METOAOM MMKDPOPCHTIe-
HOCTIEKTPAIBHOTO aHaJM3a Ha CKaHUPYIOLIeM
37IeKTPOHHOM MHUKpockore JSM-6060A ¢ anep-
romMcriepcuoHHoi npuctaBkoi JED-2300. dna
MOJArOTOBKM 00pa3iioB K M3Y4YEeHUIO 1O MUKPO-
CKOITOM MX IpeIBapUTeIbHO MTPOMBIBAIN B YJIbT-
pPa3ByKOBOM JMCIIEpraTtope M 3arcM Ha TOBEpX-
HOCTb IuTM(a ¢ MOMOLIBIO BAKYYMHOM YCTAaHOBKHU
npenapyupoBaHust HAHOCHUJIM CJIONH Men. AHaJU3
comepXXaHMs XeJe3a U aMOMUHKS MPOBOIWIN 110
obnactsim pasmepom B cpeaHeM 1,5 X 0,15 mwm
(puc. 5). Jnsg peHTreHOCTpyKTypHOro (a3oBoro
aHaiM3a ucrnosnb3oBaiu npudop YPC-2.0.

Bcero 6bu10 NpoBeeHo 7 MIaBoK — 4 ¢ OKMUC-
JIEHHBIM Xene3oM (oOpasibl Al + A2, bl + B2,
Bl + B2 u I'l) u 3 ¢ packucneHHbiM (00pa3Libl
A2, b2 u B2). O611as xapakTepMCcTHKa IOJIydeH-
HbIX o6pa3uoB npusencHa B Tabs. 2. KauectseH-
Hasi KapTMHa pacnpenc/ieHus xeJje3a B Ucciieno-
BaHHBIX OOpasliax IpuBedeHa Ha puc. 6.

IToxazano (tab. 2), 4TO BbIAEPKKA 00Pa3LIOB
B OKMCJIEHHOM pacruiaBe (oOpasubt Al + A2, b1 +
+ B2, Bl + B2, I'l) npuBOAUT K CHUXKEHHUIO aK-
TUBHOCTH KUCIOPOAA B HEM; TIPU 3TOM B CaMUX
00pa3iax MpoucXonuao odpa3oBaHMe MOBEPXHO-
CTHOTO XEJIE3UCTOro CJ10s1 (CBET/IbIE Y4acTKU Ha
puc. 6). PeHTreHOCTPYKTYPHBIN aHAU3 MOKa3a,
4TO KEJ1€30 B HEM MPUCYTCTBYCT B OCHOBHOM B BU-
ne FeO. [IporekaHue peakliMy OKUCTIEHUS Kene3a
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2. XapakTepuCTHKA MOJIy9eHHbIX B X0J€ IKCIEePHMEHTA

o0pa3uos
Briaepx- a™x, agt, | A

Oo6pasely Ka. MuH o ;())m* ppm** ag, ppm
Al + A2 36 1679 1549 130
A2 25 1,63 2,03 —0,4
bl + B2 53 831 677 154
b2 40 1,01 2,41 —1,4
Bl + B2 60 621 394 227
B2 40 0,99 2,59 -1,6
It 20 1549 1445 104

* AKTMBHOCTb KHCJIOPOAA B METaj/iec Nepel BBOAOM
OCHEYMOPHbIX 00PA3LIOB.

**  AKTMBHOCTb KHCIOpOJa B MeTajule I0CJe BbI-
NEPXKU B HEM OrHEYNOpPHbIX 0Opa3LOB.

10 FeO mpM akKTMBHOCTM KHCJIOpPOIAa MEHBIIE
paBHOBECHOM ¢ YMCTHIM Xene3oM (rmpu 1600 °C ~
~ 0,23 %), NO-BUAMMOMY, CBSI3AHO CO CHUXCHU-
€M aKTHUBHOCTH TIPOAYKTOB PACKHUCJIEHMUSI.

B oOpasue Al comepxaHue Xejie3a 3aMETHO
6osblle, yeM B obpasue I'l (puc. 6, a u 6). 310
IMOKAa3bIBaeT, UTO C YBEJIUUYEHMEM IIPOMOJDKU-
TEJIBHOCTH BBIACPXKKHU TOJIIMHA IPOIUTAHHOTO
KEJIE30M  CJI0sl  BO3pacTaeT, T. €. KOJHWYECTBO
FeO, nepexoasiuiero U3 pacruiaBa B yTepoBKY,
YBETUYUBAETCSI.

BriIep:KKa HACBHIIIEHHBIX OKCHIOM KeJjie3a
006pa31oB B INIyOOKO PacCKUCIEHHOM AJIIOMUHHUEM
pacruiaBe 3xeje3a IPpUBOIUIIA K 00paTHOMY Iepe-
xony FeO u3 ¢yrepoBKM B METaJLI, YTO, COOTBET-
CTBEHHO, COTPOBOX/IAJIOCh HEKOTOPbHIM TOBbIllIE-

HUEM OKMCIEHHOCTU MeTaya (Tabj. 2, oGpas3ibl
A2, B2 u B2) 1 cHIDKeHUEM coIep:KaHUs Keme3a
B OrHeymopHbIXx oOpasuax. IlocnemHee obcrosi-
TELCTBO NMPOUJUTIOCTPUPOBAHO Ha pUC. 6, 6 U 6 —
CBeTJ1asi 00/1aCTh, COOTBETCTBYIOLLASI [TOBbIILIEHHO-
MY COIEpXKaHMIO Keje3a, B oOpasle A2 3aMETHO
YMEHBIIWIACH TI0 CPaBHEHMIO ¢ 00pa3iioM Al

XapakTepHO, UTO HAJIMYMS AJlIOMUHUS BHYTPU
OTHEYNOPHbIX 00pPa3LUOB MOCAE UX BbIACPKKU B
pPacKMCJIEHHOM MeTajle OTMeYeHO He ObLIOo.
DTO, MO-BUIUMOMY, CBSI3aHHO C Te€M, YTO TpU
1600 °C xpucrammueckuii Al,O; He pacTBopsi-
etcst B MgO u/man (Mg, Fe)O.

AHaJIoTMYHEIE JaHHbIE 0 (OPMUPOBAHUM XKe-
JIE3UCTOTO CJIOS B OTHEYIIOPHOM CJ10€ (DYyTEPOBKH
TIOCJIE €T0 B3aMMOIEMCTBUS C OKMCIEHHBIM Ke-
JIE30M TMOJIyYEHbI M B paHEe NMPOBEACHHBIX CO-
BMectHo ¢ HHUUTMAII wucciaegoBaHusix, a
TakKe B padore [19], rae coobiaercs o TOM, YTO
IpU KOHTAKTe OKUCJIEHHOTO MeTajla ¢ (pyTepoB-
KO B TIPUMOBEPXHOCTHOM CJI0€ TTOCJIEeIHEN BCe-
raa ¢hbopMUpyeTcst Tak Has3biBacMasi paboyasi 30-
Ha, xapakrtepusyemasi 6oJiee TMJIOTHOM CTPYKTY-
poii (puc. 7).

YMeHbllIeHHE TIOPUCTOCTH M POCT 3epeH Ma-
Tepuasa (yTepOBKH, MMO-BUAMMOMY, CBSI3aHbI C
pacTBOpPEHMEM B 3epHaX NEpUKa3a XKUJKUX XKe-
JIE3UCTBIX OKCUIHBIX BKJIIOUEHUIT B CBS3U C TEM,
yto FeO u MgO 06pa3yloT HenpepbIBHBIN Pl
pactBopoB (puc. 8). ObpazoBanue FeO mpoucxo-
IWT KaK Ha JTOBEPXHOCTH KOHTAKTa MeTaul-Gyre-
pOBKa, TaK M B Mopax IOCAEAHEH B pe3ysbrare

} TTOBCPNHOC TS B35 IMOElIC TRIEE € METHIITHYCCRI PACTITIBON
I

obpaze Al

|
|
1
|
\
1
[
|
|
|
|

Puc. 6. Pacnpenenenue xene3a B NPUIOBEPXHOCTHOM CJIO€ OTHEYMOPHBIX 00Pa3M0B, BEIIEPKAHHBIX B KOHTAKTE € OKHCJICHHBIM
(a — obopazen I'l u 6 — oOpaszen Al) 4 ¢ OKHC/IEHHBIM H PACKHCIEHHBIM (¢ — oOpa3sel A2) xkeie3om
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TIPOHUKHOBEHMUSI B €€ TOJIIIY OKUCJIEHHOTO (C BBI-
COKMM COIepXaHMEM KHCIOpoma) Xejiesa. DTo
TTOATBEPKIAIOT MOJyYeHHBbIC B padore [17] maH-
HbIC O pacnpeae/icHUM XeJie3a B MPUMOBEPXHO-
CTHOM CJIoe MepuKIa30Boro turis (puc. 9).

B HacTod1ueit pabote yIUIOTHEHUSI OTHEYIIOP-
HOTO MarepHaja OOHapyXeHO He OBUIO, YToO,
MO-BUAMMOMY, CBSI3AHO C MEHbUICH MPOAOIXKH-
TCJIbHOCTbBIO BbIJACPXKKMH.

O Bo3MoxHocTH noctyiienust FeO B dyre-
POBKY IIpH KOHTAKTE C HEPACKUCIEHHBIM MeTal-
JIOM Takxe coobiuaercst B paborax [19—21].

M3MeHeHMe cocTaBa "OKMCIEHHBIX (B3aUMO-
Ilef;ICTBOBaBLL[I/[X C HEPACKHUCICHHBIM METATJIOM

Puc. 7. CTpyKTypa NpHNOBEPXHOCTHOIO CJIOS MEPHKIA30BOIO
THOAA 10 (@) 1 noche (6) 8-9acoBoii ILUIABKH B HeM xkene3a [17]

U, COOTBETCTBEHHO, COIEpXKalluX B TIPUIIOBEPX~
HOCTHOM CJIO€ oIpernesieHHoe KoauuectBo FeO)
OTHEYITOPOB TIOCJIE MX B3aUMOIEHCTBUS C pac-
KUCJICHHBIM METAJJIOM TakKXe OblJIO M3Yy4YeHO B
pabote [17]; B KauecTBe pacKUCMUTECH B 3TOI
paboTe WCIOJNb30BAJIM KPEeMHUI M MapraHell.
bbuto mokazaHo, UTO IIPU pacKUCIEHUU Xejle3a B
"OKUCACHHOM" THWIJIE MapraHueM ITOCICIHUM
pearupyert ¢ FeO, pactBopeHHbIM B 3cpHax MgO.
Peakiuusi nporekaeT Ha MOBEPXHOCTU KOHTaKTa
XUAKOTO MeTajlla C TUIJIEM MU OCHOBHBLIM IIPO-
IOYKTOM packucienus sapiusgercsa (Mn, Fe)O, xo-
topwli ipu 1600 °C nerko pacTBOpsIeTCS B TBEP-
nom pactope (Mg, Fe)O ¢ obpazoBaHueM oHOM
dazbt (Mg, Mn, Fe)O (puc. 10, a).

Xopowas pactBopumocTb MnO B mepukiiase
00yCJIOB/IMBaeT pPAaBHOMEPHOE paclpeacacHMe
mMapraHua B NMpPUIIOBEPXHOCTHOM CJIOE:. 110 Mepe
yAAJEHUs] OT TOBEPXHOCTM KOHTAKTa KMUAKOIO
MeTaJula ¢ TUIJIEM KOHLEHTpalys MapraHiia Mo-
HOTOHHO yMeHbiuaercs (puc. 11, a).

ITpu packucieHUM B aHAJIOTUYHBIX YCJIOBUSIX
KpeMHHUEM, OH TakKXe BoccTaHapnuBaeT FeO, pac-
TBOPEHHBI B (yrepoBke. DopMUpYEMBI TTpU
arom Si0,, Haxonsamuiics nipu 1600 °C B TBepIOM
BUjie, 1UI0xo pactBopsietcsi B MgO (puc. 10, 6).
OTO ABASIETCS MPUYMHON HEpaBHOMEPHOTO pac-
MpeAesieHUusT KpeMHHUsT B Toiiue (hyTepoOBKU:
B 3HAYUMOM KOJIMYECTBE OH MPUCYTCTBYET JIMIID

Temnepatypa, °C

| Feo - Mgo
0 2 40 60 ) 100
Copnepxanue MgO, % (macc.)

Puc. 8. Inarpamma cocrosinus cucremsl FeO—MgO [18]

2 mm]

|
|
|

ﬂ Fe

A A A A

2 1 2 1

Puc. 9. Pacnpenenenue xeje3a B 3epHax mepukinasa (asa
npumepa); To9kM I ¥ 2 COOTBETCTBYIOT NOJIOKEHHIO OBEPX-
HOCTH KOHTAKTa MeTa/ul—(yYTepoBKa W BHYTPeHHEH MOpbI,
cooTBeTcTBeHHo [17]

"BDaexkrpomeranayprusa” Ne 12, 2008



TEOPHA METAAAYPIHYECKHNX NMPOUECCOB

y TIOBEPXHOCTH B3aMMOIEHCTBUS (HYTEPOBKU C
METAJUIOM (B TOM YMCJIe BOJIM3U BHYTPEHHEH I10-
BepxHocTH nop) (puc. 11, 6) [17]. D10 cornacy-
€TCSl C OTMEYEHHbIM OTCYTCTBMEM aJIIOMUHMUSI
B oOpa3liax nepukiaiza Mocjie UX BbIACPXKU B
IJIy0OKO PacKUCIIEHHOM aJTIOMUHHEM MeTaJlie.

Takum obpazoMm, B x0n€ NEPBOMA CEPUU DKCIIE-
PUMEHTOB OBLTO MOKA3aHO, YTO B MPOLIECCE BBI-
IUIaBKU MOXKET MPOMCXOOUTH MepepacIipencieHne
KHMCJIOpOIa MEXIy METAUIOM U (hyTepOBKOH B 3a-
BUCHMOCTHU OT UX OKMUCJIUTEJbHOIO MOTEHIIMasa.

ITocne aToro ObLIa mpoBedeHA BTOpPasi CEpUs
SKCMEPUMEHTOB, HarpaBjeHHasi Ha H3y4YeHUe
U3MEHEHMs] OKMCJIEHHOCTH  METaJUIMYeCKOTO
pacIuiaBa B NIPOLECCE €r0 BBIIEPXKKY B KOHTAKTE
C TPOMBITBIM U CIIELMAJIBHO HAaCHIIIEHHBIM
OKMCJICHHBIM XKe€JIE30M TUIJISIMU, IUIS1 KOJIMYECT-
BCHHOM OLIGHKM MepepacnpeeseHns Kucjaopo-
na. Cepust cocTosiia U3 8 TJIaBOK, B XOI€ KOTO-
PBIX OCYILECTBIISIM ABYXYACOBYIO BBIIEPKKY pac-
IUIAaBIEHHOTO Keje3a B Haubojee IIUPOKO
MPUMEHSIEMBIX Ha IPAaKTMKE TUIVISIX: IEepUKIIa-
30-KOPYHJIOBOM M KODPYHIOBOM. DKCIEPHUMEHTHI
MMPOBOAWIM B BAaKYyMHOW WHAYKLMOHHOM Teun
OKB-716 npu ocrarou”oM gasnennu 0,1—0,7 I1a
n temrnepatype 1600 °C. B xadectBe MeTayio-
LIMXThI UCIOJIb30BAJIM HU3KOYTJIEPOAUCTOE apM-
koxeneso (0,003 % C; caeabl mapranua; 0,03 %
Si; 0,020 % S; 0,003 % P, menee 0,005 % Al).
Canxa cocraBisia 20 kr. McxooHyl0 OKMCIeH-
HOCTh MeTaJUla IOJyJaIu 3a0JIarOBPEMEHHO ITy-
TEM BaKyyM-YIJIEpOJHOIO PacKUCICHMSI B NMpO-
1LIeCCe BLICOKOTEMITEPaTypPHOI BbIACPXKKU B BaKy-
YMHOW MHIYKLMOHHOU Meuu.

Pe3yabTraThl onpeaeacHUsi akTUBHOCTU KUCJ10-
pola B MeTajule OIBITHBIX TUIABOK IPEICTABIEHbI
Ha puc. 12 B BuIe KHUHETUYECKUX KPUBBIX.

Irasku 1 u 111 66LIM TIPOBEAEHBI TTOCTIE TIPO-
MBIBKU TUINIA yrieponucThiM (1 % C) xenesoMm;
maBku II u IV — nociie cepuu rmiaBoK OKUCIEH-
HOro xeJsie3a. B nmociaeaHem ciyyae ofuuasi npo-
JIOJIKMTEJIbHOCTh KOHTAKTa TUIJISI C OKMCJIEHHbIM
(ap = 600—900 ppm) Xene30M B MpoLiECCe Mpen-
BApUTEJIbHBIX TMJIaBOK cocTaBuyia okoso 10 u.

YcTaHOBIEHO, YTO TP KOHTAaKTe MeTajuia
C HU3KMM MCXOIHBIM KOJIMYECTBOM KMCJIOpOAa
c turaeM (nnaska II), B KOTOpOM nepea 3TUM
OBUI TIPOBENEH psil IUIABOK Kejie3a C BBICOKUM
comepXaHMeM KHUCIOopoda, MPOMCXOIUT 3HA4yu-

Mg0 S0
N Magnesowustite Mg Feld
0 OimneMpFe),5q,
L lqud

/
/
(Mg.MnFe)0

Mol % FeD — 6

Puc. 10. Cxemaruyeckas ¢a3oBas aMarpaMma TpPEXKOMIIO-
uenrHbX cucrem FeO—MgO—MnO (a) u FeO—Mg0O—SiO,
(6) npu 1600 °C [17]

Packuenute1b

Keneso

/
1178
et Y e AL

06 05 04 03 02 01 006 05 04 03 02 01 0
PaccTosHHC OT NOBEPXHOCTH KOHTAKTA METAILT-(PyTEPOBKE, MM

Puc. 11. PanuansHoe pacnpenenienne xkeje3a H paCKHCIHTENs
B NPAIIOBEPXHOCTHOM CJI0€ EPHKIIA30I0 THIVIS, BbIIEPKAHHOIO B
Tegense 30 Mun nocne npucanxku 1 % packucaurens [17]: a —
PACKMCJICHHE MAPraHiem; 6 — pacKuc/ieHHe KpeMHueMm

TeJbHOE OKHCJEHHE MeTajla. TakK Kak IUTaBKH
BEJIM B BaKyyMe U B OTCYTCTBUHU IILJIaKa, MOXHO
YTBEPXKIATh, YTO 3TO OOYCJIOBJIEHO UMEHHO AUD- -
(by3ueit kucnopona U3 pyTepoBKU.

IIpy xoHTaKTe MeTajula ¢ TaKXkKe HU3KOM UC-
XOOHOM aKTUBHOCTBIO KHCJIOpPOIA C IPOMBITOIM,
T. €. He coepKalleil B IPUINIOBEPXHOCTHOM CJI0€
pa3IMyHbIX IPUMECEi, B YaCTHOCTH XeJie3a, U 110
COCTaBy OTBEYAIOLIEH MCXOZHOMY MaTepuay,
¢dyrepoBKoOii (11aBKa 1) oxuciaeHue Meraia oT-
CyTCTBOBaJIO. JIMuUIb B MEpUKIIa30-KOPYHAOBOM
TUIJIC IPOMCXOAWI HE3HAYMUTEJbHBIM NpPUpPOCT
aKTUBHOCTU Kuciopona (mpumepHo, 30 ppm/4),
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Puc. 12. A3mMenenne aKTHBHOCTH KHCJIOPOAA B PACIIABJIEH -
HOM JKeJjle3e B mpouecce ero BbLAEPKKH B NMEPHKIA30-KOPYH-
a0BoM (a) ¥ KOpyHIOBOM (6) THIIsAX:

O u m — naasku | u ITT (npoMbIThIit THresb); O M © —
niasku 1T u TV (Turens nocsie cepun niaBoK OKUCICHHOTO
Xenesa); WTPUXTYHKTUPHOW BEPTUKAABbHOW JUHUEH OTMe-
YeH MOMEHT MOJHOTO pacniaBiCHUs LUXThI
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Puc. 13. U3meHeHne KOHUEHTPAUMM KMCJIOPOJA B PACILIAB-
JIEHHOM JKeJle3e B MpoLecce BbLIEPXKKH B IOPUCTOM NepHKIa-
3oBom Turie (mudpsl y KpuBbIX — HOMepa m1aBoK) [17]

0o0yCJIOBJEHHbBIN, Kak mnoka3zaHo B pabore [22],
Juccolaumeit OKCHIa MarHusi, BXOASILIETO B CO-
cTaB (PyTEePOBKM TUIJIS.

Boinep:xka pacruiaBIeHHOTO XeJe3a C BBICO-
KO} aKTUBHOCTBIO KMCJIOPOA B IIPOMBITOM TUTJIE
(rnaBka III) mpuBoauIa K CHUXEHUIO OKUCIICH-
HOCTM METajljla, YTO OObICHSIETCS TIOTJIOLIEHUEM
Kucnopona dyreposkoit B Bune FeO. Acummro-
TUYECKMI XapaKTep 3aBUCMMOCTU BEJIMUYMHBI a,
OT BpPEeMEHHU CBSA3aH ¢ (POPMHUPOBAHUEM KEJIE3U-
CTOTO CJI0s1 B (DyTEpPOBKE, 3aTPYAHSIOLIECTO AaJb-
Helllee NocTyrjieHue B Hee KUCJiopoja.

ITpy KOHTAaKTE OKMUCJACHHOIO Xeje3a C TAKXKe
OKHMCIIEHHBIM TuUrieM (raBKka IV) usMeHeHue
AKTMBHOCTHM KMCJIOPOAA B METAUIE HE NIPOUCXO-

IWI0. DTO, OYEBUIHO, ODYCJIOBIEHO OJIM30CTHIO
NMOTEHUMAI0B KMCJIOPO/ia B MeTalic U (PyTepoBKe
W, COOTBETCTBEHHO, OTCYTCTBUEM IOTOKOB KH-
cJopoaa MexXny 3TUMU (azaMu.

CrienyeT OTMETUTh, YTO AHAJIOTUYHbIC KPUBBIE
ObUIM ToIy4YeHBl M B padote [17] (puc. 13). Ka-
KABIA 3KCIIEPUMEHT B NAHHOM HCCIeIOBAHUM
TPOBOIAVIIUA B HOBOM TMEPUKIIA30BOM TUTJIE, UTO U
00YyC/I0BMAO MOYTU HA BCEX I1J1aBKax CHUXEHUE C
TEYCHUEM BPEMEHM COIAEPXKAHMSI KMCIIOPOJa B Me-
TaUIE B PE3Y/IbTATe €0 MOTMOIEHUS (DYTEPOBKOIA.
JIMiub npu congpXKaHUM B UCXOTHOM MeTalie KH-
cnopona MeHee 0,01 % Habmoganoch HEKOTOpPOE
NOBbILIEHWE OKMCJICHHOCTH, 4YTO OOYC/IORIEHO
auccoumanuein MgO, BXoAsiIero B COCTaB TUIIS.
Hwu3skue cKopocTu CHIDKeHUsT KOHLIEHTpaUuM KH-
CJIOpOIa B 3TOM CJy4yae OOBSCHSIOTCS TeM, 4TO
obecrieueHNe 3alaHHON MCXOMHOW OKMCIEHHO-
CTU TIPOBOJIMJIM B 3TOM XK€ TUTJIE NMOCPCICTBOM
NpUCAIKU OKMCIMTEICH B pacijaB U ero obmy-
BaHueM napoM. [Ipy 23ToM yacTb BBOAMMBIX OK-
CHUIIOB X€J€3a He pacTBOpsiJlach B MeTaJlle, a oca-
XIajgach Ha (pyTepoBKe, YTO B JaJIbHEHIEM 3a-
TPYAHSJO TMOTJIONIEHUE €10 KUCJI0pOo/a.

IMo pesyabTataM MoOC/EIHCH CCPUU OINBITOB
MOXHO 0ajlaHCOBBIM pPacucTOM OLIEHUTh CKO-
pOCTb OKHCICHUS MeTawia (yrepoBkon. s
3TOr0 MPUHATO, YTO TUIOLANb B3aUMONCUCTBUS
METaJlIa C TIOBEPXHOCTHIO OTHEYIIOPOB paBHA Ka-
KyLeMcesl TUIOLAAM BHYTPCHHEH TNOBEPXHOCTH
TUIJISI, YTO NPU Macce 3aBajiky 20 Kr cocTaBisieT
0.1 M (50 cM?/kr). B KayecTBC MCXOMHBIX JaH-
HBIX PAaCCMOTPEHBI pe3yJabTaThl IaBku 11 B me-
PUKJIa30-KOPYHIOBOM THUIJIE, KOTOPbIE MTOKA3aIn
(puc. 12), yTo B TEUEHHME TIEPBOTO Yaca OKUCIIEH-
HOCTb MeTas1a Beipocia Ha 0,037 %, a B TeueHue
Broporo yaca — euie Ha 0,008 %, (1. e. abconior-
HOE COIEPXKaHME KUCI0pOoaa BO3pocio Ha 7 U 2 T,
COOTBETCTBEHHO). JTO OKUCJIEHNE TIPOUCXOIUIIO C
noBepxHoctu 0,1 M2, CJIE0BATEIbHO YACTLHBINA
MacCOBbIM MOTOK KMCJI0DOAA COCTABSICT 70 r/m
3a nepsblit yac 1 20 r/M” 3a BTOpoil. JKcTpamno-
JSILMS AaHHBIX pacyeTa, HanmpuMmep, Ha Ipo-
MbInUIeHHBIH 150-1 xoBmr OO0 "OM3-Creu-
cTaib' (BbICOTa YpoBHS MeTawia 2950 MM, BHYyT-
peHHuit  guamerp — 2970  wmwm;  1uiolaab
KOHTAKTHOM MOBEPXHOCTH  (hyTepoBKa—MeETaLT
3TOTrO KOBIIA, TIpUMEPHO, 30 M”) MOKAa3bIBAET, YTO
TIOCTYIUIEHUE KUCJIOpOIa B TEPBLIM Yac B3aMMO-
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M

nevictust coctasur 70 - 30 = 2100, 1. €. 0,0014 %,
3a BTopoit yac — 20- 30 = 600 r, wim 0,0004 %.
Taxum obpa3oM, o0lliee YBEIUUCHHUE CONEPKAHUS
Kuciaopona 3a 2 4 MoxeT coctaButh 0,002 %. Ec-
JIM VIS CTIM PSOOBBIX MAapoOK 3TO KOJIMYECTBO
HE3HAYMMO, TO TIPU IIPOU3BOICTBE BBICOKOUMC-
TOHM CTaIM MOJOOHOEe BTOPUYHOE OKMCIIEHHE MO-
KET OBITH YK€ KPUTUYHBIM.

MOXHO TakKe OLIEHMTHh KOJHMYECTBO KHCIIO-
poza, MOCTYNAlOLIEro B MeTaJL1 U3 PYyTEpPOBKU, B
3aBHUCUMOCTH OT €MKOCTH arperara. Mcmosin3o-
BaHHbIC B pacyeTe reoMeTpUUECKME pasMeEpPhI pa3-
JIMYHbBIX arperatoB MpuBeAcHbI B Ta0. 3. Pe3ynib-
TaThl pacyeTa NPOUJUTIOCTPUPOBAHbI Ha puc. 14.

IMokazaHo, 4yTO OKHMCsIOLICE AeHCTBUE DyTe-
POBKM TE€M CHJIbHEE, YeM MEHbLIE eMKOCTb MeUU
(xoBwa). Tak, Hanpumep, ISl KOBIIEH €MKO-
CTBIO HECKOJIBKO COTEH TOHH 3a Yac B MeTaJlJI U3
dbyTepoBKM MOXeT MocTynuTh 0KoJ10 0,002 % xu-
CJIOpOIAa, YTO MOXET OBITh 3HAYMMBIM TIpH TIPO-
M3BOJICTBE CTAJIM OTBETCTBEHHOIO Ha3HAYEHUST —
BBICOKOHAAEXXHOW KOHCTPYKIIMOHHOM, IJIsT KOB-
112 eMKOCTBIO HECKOJIBKO TOHH KOJMYECTBO K-
cjopona, MOCTyNawllero u3 GyrepoBKy 3a yac,
npubmkaercd X 0,01 %, 4ro cylecTBEHHO Jaxe
IUISI CTAJTW PSIIOBBIX MapoK.

CrenyeT OTMETUTh, UTO TIPUBENEHHBINA pacyer
OTHOCHTCSI K CJIy4yaro IOCTYIUIEHUs KMCI0opoaa B
METAUI M3 IEPUKIIa30-KOPYHIOBOM (hyTepOBKM,
B3aMMOJEHCTBOBABIICH MIEped 3TUM C HEpaCKUC-
JICHHBIM MeTautoM. OKUCITUTENbHBIN ITOTEHLIMAI
(yTepoBKH MPOMBIIILICHHBIX KOBIIIEH, BEPOSITHO,
MOXET ObITh BbIllie W3-3a2 MOCTOSIHHOTO MOAOTPEe-
Ba KOBIUCH MEXIY MJIaBKAMU B OKHUCJIWUTEbHbIX

01 F

4 v3 dyTepoBKH, %

0,01

nocTyr

oy

£ 0,001 s . al - - uat
0,0001 0,001 001 01 1 10 100

Macca metanna, v

1000

Puc. 14. YBennmuenue coaepXkaHus KHCIOPOIa B METAILIE B pe-
3yJbTATE €ro NOCTYILICHUs U3 (yTEpPOBKHM 32 O/IMH YaC C UHTEH-

cHBHOCTBIO 70 r/CM2 B 3ABHCHMOCTHM OT MACChI METAJLIA B KOBIIE

YCJIOBUSIX, UTO MPUBEICT K elle 60jbllieMy BTO-
PUYHOMY OKMCJICHHIO.

Takrm 00pa3oM, yCTaHOBJICHO, YTO NPU KOH-
TaKTe OKMCIEHHOTO MeTaula ¢ QyTepoBKOIi ITO-
CJIeHAS] BBICTYIIAeT B KayeCTBe aKLENTopa KU-
cjIopona, akKyMyJUpysl JIETKOBOCCTAHOBHUMbIE
BKjoueHus1 FeO n HenocpeAaCTBEHHO METauINn-
4eCKOE XKEJ1E30 C BBICOKUM COAEPXKAHUEM KHUCI10-
pona. Ilpu nocnenyronieM B3aMMOAEHCTBUM Ta-
KOM (PyTEepOBKU C IITyOOKO pPaCKUCIEHHBIM alTio-
MMHUEM MeTAUIOM (BBUIOY BO3HMKHOBCHMS
rpaiMeHTa XMMUYECKOro MOTEHIMana K1CIopo-
na) moekysbl FeO B Heil pasnaralorcsi, KUC/10-
por 1 Xeje30 "yXomsaTr' U3 (pyTepoBKM B METAJLI,
T. €. B 3TOM clly4yae (yTepoBKa IO OTHOIIEHMIO K
METaJUIMYECKOMY PACIUIABY SIBISIETCSI IIOHOPOM
KUCJIOpPOJa. YKa3aHHbI MEXaHU3M OObSICHSIET

3. F'eomMeTpUYECKHE pa3Mepsl PA3IMYHBIX ArperaTos (KOBMmIEiH), yAelbHAs NOBEPXHOCTh HX (QyTepOBKH
M pacyeTHble 3HAYEHHS M3MEHEHHs CONEPKAHUA KHCIOPOaa

Arperar (EMKOCTb) Emxocre, I;;g:;};r;l Buyrperuii Sg’i’f ’ AlO], %**
T MeTajia, MM AHAMETP, MM CMZ/KI‘*
JlaGoparopHblit anyHAOBbINH TUrelb 0,0005 80 45 257,9 0,1805
Turens BUIT 0,05 350 160 39,2 0,0274
CranepaznBounbiit kol OAO "HIIO "LTHUWTMAII" 1 700 595 15,9 0,0111
IMpomexyrouHsblit kosw OO0 "OM3-Cneucraip” 25 1800 1700 4.8 0,0033
CranepasituBousbldd koBil OO0 "OM3-Creucrais” 70 1370 2970 2,8 0,0020
LCTaJIepa3J11/lBo'{an71 koBw OO0 "OM3-Crieucrain” 150 2950 2970 2,3 0,0016
s VaenpHas (MpUXOAAIIAACS Ha 1 KT MeTauia) MOBEPXHOCTb (HyTePOBKHU.
** YBe/IMUCHHE COACPXKAHUSI KUCIOpOoAa B METa/UIe B pe3y/bTaTe €ro nocTyruieHus 3 yrepoBKH B TEUEHHE vaca C
MHTEHCUBHOCTBIO 70 r/cmz.
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MIPUYMHY 3aBBIIIEHHON CTeNIeHN aKTUBHOCTH K-
cnopoja 1npu HebOJbIIOM KOJHUYECTBE ajlloMM-
HUSI B MeTaJUle, OTMEUEHHOTO paHee IpU MCClle-
OOBAHUM BJIMSIHMSI aTIOMHHMS Ha aKTHMBHOCTH
kuciopona [8]. Poct kojuuecrBa ajioMMHUSI B
MeTajule MPUBOIMUI K BOCCTAHORICHUIO KUCIIOPO-
Ia U3 (pyTepoBKH U, CJIeNOBATEIbHO, YMEHBIIAI ee
oKMcIisioliee JICHCTBHME, YTO, B CBOIO OYEpe/b,
BJIEKJIO 3a COOOM YMEHbILIEHNE OTKIIOHEHUS U3Me-
PEHHBIX 3HAUEHMIT aKTUBHOCTHU KUCJIOPOa OT Tep-
MOJIMHAMMNYECKMX PABHOBECHBIX C aTIOMUHHUCM.

Ciienyer OTMETUTb, YTO BO3MOXHOCTh OKHC-
JIeHUus1 MeTajuia (PyTepoBKOM B MeETaJTypruye-
CKOM TIpaKTHKe U3BeCTHa JaBHO. I1pu 3TOM CyTh
TaKkoro BTOPUYHOIO OKMUCJIEHUsI MeTajljla KUCJ10-
POIOM CBOZISIT K TOMY, UTO IMPU PACKUCIICHUHU Me-
TaJJla XUMHUYECKUIT MTOTeHIMAT KUCJIOPOa B HEM
MOXET ObITb MOHUXEH /10 YPOBHSI, MEHbILUE paB-
HOBECHOTo ¢ MarepuajioM ¢yrepoBku. B stom
ciay4yae OymeT NMPOUCXOIUTh AMCCOLMAUUS OKCU-~
JIOB, COCTaBJISTIOLLMX MaTepuasl PyTepoBKH, U Te-
pexoln KMUCJIopoda B METAUT M, CJIENOBATeNbHO,
yBEJIMUEHNE €ro OKMCIEHHOCTU. [Jisi orHeyro-
poB Ha ocHoBe SiO, Takasi KpUTMYECKAsi OKUC-
JIEHHOCTh MeTalla BBIIlIe, YeM, HalpuMep, IS
TJIMHO3EMUCTON UM TIEPUKIIA30BOM (DYTEPOBKU U
N03TOMY B MOCJIE/HEM CJlydae MOXHO 00eCcreumTh
0oJiee HU3KYI0 aKTMBHOCTb KMCJIOPOHa B XXKUIKOM
CTaIM NpU (GUKCUPOBAHHOM KOJIMUECTBE PACKUC-
nvtenst B Hew (puc. 15). B HacTosiuei pabote no-

Ka3aHo, YTO OKWUCJIMUTEJbHBIA MOTEeHUMaNl (yTe-
POBKH MOXET ONPEAEIsiThCSI HE COCTABOM CaMOro
MaTtepuaja OTHEYIIOPHOTIO CJIOsl, a KOJUYEeCTBOM
HaKOIUIEHHBLIX B HEW B IMpoliecce B3auMOAeHCT-
BMSI HA NpEAbLIYILMX 3Tanax repejesa ¢ Hepac-
KUCJIEHHBIM METAJUIOM JIETKOBOCCTAHOBMMBIX
OKCHZOB. DTO O3HAYaeT, YTO, HarpuMep, NepuK-
JIA30BbIA  OTHEYINOPHBIMA  CJIOW, HaxOoAsILMCS
IUTATEJIPHOE BpeMs B KOHTAKT€ C HEPACKUCIIEH-
HOU XMAKOWM CTAJIbIO, U3-3a TTOCTYTIJIEHUSI B HETO
OKCH/IOB XeJie3a U/Wjiv MapraHiia MOXET I10 CBO-
eli CroCcOOHOCTM K BTOPUYHOMY OKMCJIEHMIO
CpaBHMBATBLCS C KUCJION (DYyTEepOBKOIA.

IloaToMy 17151 HUBEIUPOBAHHUSI OKUCIISIIOLLETO
JeicTBUsE (yTEpOBKM CJIEJYET MCKJIouYaTh BO3-
MOXHOCTb €¢ KOHTAKTa ¢ HEPACKMCICHHBIM Me-
TaJUIOM U, COOTBETCTBEHHO, BCE OKUCIUTEIbLHBIE
ornepaiuu (B TOM 4yucie BaKyyMHoe 0be3yriepo-
XKMBAHME HEPACKMCIECHHOTO MeTajlla Mo, XKejle-
3UCTBIM IIUTAKOM) MPOBOAMTDL WU B I€YM, WIA B
JIPYrOM KOBUIC. DTO, Hapsily C UCIOJIb30BAHHUEM
PallMOHAJILHOTO PeXMMa PaCKUCIEHUSI U CUCTe-
MBI 3aLUUTHI METaJIJIa OT BTOPUUHOTO OKMUCJIEHMS
Mpy pasjivMBKe, MO3BOJIUT MOJYYUTh MUHUMAJIb-
HYI0 OKMCJIEHHOCTb MeTa/lJla U, KaK CJIeICTBUE,
HauOOoNbIIYI0 YUCTOTY TOTOBOM METAJLJIONPOAYK-
LMY IO OKCHJIHBIM HEMETAMJIMYCCKUM BKJIIOUE-
HUSIM, YTO B CBOIO OUepenb OOECNEYNUT BBICOKMM
YPOBEHDL XapaKTepPUCTUK MEXaHUUYECKUX, TEXHO-
JIOTMYECKHMX M CJIYXEOHbIX CBOWCTB CTAIH.
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Puc. 15. Pe3ynbTaThl 3aMepoB OKHCIEHHOCTH METAJLIA, PACKHCJIEHHOTO AJIOMUHACM B KOBIIAX C pasaMdHoil GpyTepoBKoii: a —

naunbie padorei [23]; 6 — pe3yabrarsl noxdopku B padore [24]
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Kpome Toro, npu ycaoBUM Majioil (HECKOJIb-
KO pmm) OKMCJICHHOCTH MeTajljla MOXHO OCy-
LIECTBJIATh TOHKOE YIIPaBJIEHME COCTABOM OK-
CHUIHBIX HEMETATMYECKUM BKJIIOUeHMI [8], uTO
TAaKXXe IO3BOJIMT NOCPEICTBOM 0OECIEUYCHUST UX
HauMeHee BPEIHOIO COCTaBa MOBLICUTDH CBOMCTBA
merasutonpoaykuuu. Tak, B paborax [25, 26] no-
Ka3aHo, UYTO IIs1 0becrieyeHus Haubojiee BHICOKMX
XapaKTEePUCTUK ITPOYHOCTH Y TIACTUYHOCTH HU3-
KOJIETMPOBAHHON MapraHLOBUCTOM CTaIM  OblJ
MpU  TIOMOIUM PETYIMPOBAHUS OKUCJIEHHOCTU
obecrieyeH TIPEUMYILECTBEHHBIH COCTaB OKCW/I-
noi dasel — CaO - Al,O;. Bxmoyenust nono6xo-
TO THIIA, XOTS U UMEIOT HEONTUMAJIbHBIE CBOMCT-
Ba, OJHAKO OTAMYAIOTCs MMHMMAabHbIM pa3me-
pPOM M DPaBHOMEPHBIM  pacCIpeNeieHUEM B
MAaTpUIIE.

CrenyeT OTMETUTb, UTO BKIIOUEHUS TUIIA
CaO - Al,O; popmupyioTcs npu 60ee BbICOKO#H
AKTUBHOCTH KHUCJIOPOAd B METAIMYECKOM pac-
IJIaBe, YeM  aJIOMMHATBl  KaJblMsl  TUIIa
12Ca0 - 7A1,05, TaKk Kak TMNOCNEAHUE HMMEIOT
MEHBINYI0 aKTUBHOCTH Al,O5. CienosaresbHo,
OKMCJIEHHOCTb META/ZIMYECKOrO pacrijiaBa d0JK-
Ha ObITb CTPOIO OMNpENEJICHHOH, COOTBETCTBYIO-
Ie HauMeHee BPeIHOMY THUITY BKIIIOUEHMUIA.

3akiouenune

HM3yueHre U3MEHEHMS COCTaBa MEPUKIA30BOM
(yTepoBKM, HaxOOUBILIEHCS B KOHTaKTe€ C pac-
TJ1aBOM K€J1€3a Pa3/iInuHOro YpOBHSI OKUCJICHHO-
CTH, MOKa3aJlo, YTO B PE3yJIbTaTe B3aMMONCHCT-
BUSI C OKUCJEHHBIM (C BBICOKMM COIEPXKAaHUEM
KHCJIOpoaa) MeTalloM B (pyTepoBKe POpMUPYET-
Csl TIPMITIOBEPXHOCTHBIN CJIOH, 0OOTallleHHbBIN OK-
cuioM xenesa. IIpu KoHTakTe Takoi pyTepoBKU
¢ rybOKO PacKHUCICHHBIM ATIOMUHMEM METaj-
JIMYECKUM pacIuiaBoM MoJieKyinsl FeO B Heit pas-
naralorcs (BOCCTaHaBJIMBAOTCs1), M KHUCJOPOJ
YXOIMT U3 (PYyTEpOBKM B MeETajll, OOYCJIOBIMBasI
€ro BTOPUYHOE OKUCJIEHUE.

KonuuecTBeHHas1 OLiEHKA IIpoliecca OKMCIIe-
HUs1 MeTaslla (PyTEepOBKO#M MoKasaja, u4To YAe/b-
HBIM ITOTOK KMCIOpona u3 (PyTepOBKUA B METaJLI
MoxeT gocturath 70 1/ (CM2 *Y).

Oxkucnsoliee neicTeue GyrepoBKU TeEM 0O0Jb-
e, yeM MeHblle eMKOCTh arperata (KOBIUa) M
BBILIE TPEOOBAHMS K KAYCCTBY CTAJIH.

s mpenynpeXneHus: BTOPUYHOTO OKMCIIE-
HMsI METALIA 110 YKa3aHHOMY B paboTe MeXaHU3-
MY CJICIyeT MaKCMMaJIbHO YMEHbIUATh NPOJOJi-
KMTEIbHOCTb B3aMMOJICICTBYSI HEPACKHUCACHHO-
ro MeTajjla U 1aka ¢ GyTepoBKOIt.
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