ATEPVIAJ'IOBEEI,EHVIE

H. @. HEBAP, HTY

AITRG 1t (ETRRATETNA ({55

1(50), 2009

The technology of input of rare-earth metals in iron-
boron alloy is developed and influence of conditions of
input on characteristics of product metal is investigated.

VK 621.141.25

POJIb PEOKO3EMEJIbHbIX METAJ1J10B
NP1 MoanNeNUNPOBAHUW >XEJIESBOBOPUCTbLIX CIJ1IABOB

BBenenue

B pecny0Onuike cymiecTByeT OOJBIIOE KOJIHYECTBO
MNPEANpUSTUH, BBIMYCKAIOIMIMX HA peanu3aluio WU
HEIMOCPEICTBEHHO MCIOJb3YIOLUX AJI1 H3TOTOBICHUS
CBOCH MPOMYKIIUH OTIHBKH, KOTOPBIC JOKHBI UMETh
COOTBETCTBYIOIIYIO TBEPAOCTh, a0pa3suBHYIO, TUIPO-
a0pa3vBHY M3HOCOCTOMKOCTh, KOPPO3HOHHYIO YCTOM-
YUBOCTb, & TaKXE JTOCTATOYHYIO MEXaHHUYECKYIO
MPOYHOCTh U MJIACTUYHOCTh. BOJBIIMHCTBY U3 mepe-
YUCJICHHBIX CBOMCTB YIOBJIETBOPSIIOT MAaTepUalbl,
KOTOPBIE TOIYYCHBI ¢ IPUMEHEHHEM TPaIUIIHOHHBIX
KapOU1000pa3yroNIHX eMeHTOB. K OCIeIHUM MOKHO
oTHecTH Takue MeMeHThl, Kak Cr, Ni, V, W, Mo u psin
JIPYTUX peke MPUMEHSIEMBIX 3JIEMEHTOB, HaIpUMeEp
penko3emMenbHBIX. OJHaKO HEOOXOIUMO OTMETHUTh,
YTO MCIOJIb30BAHUE OTMEUEHHBIX BBIILE KOMIIOHEHTOB
B IIUPOKUX MacmTadax Iyl MPOMBIIIICHHBIX HYXKT
pecnyOlnMKu JOCTaTOYHO OTPAaHMYCHO BCICICTBUE 3HA-
YUTEIBHBIX 3aTPAT Ha MPUOOPETCHUE YKa3aHHBIX Ma-
TepuaioB Win (HeppoCIIaBOB Ha MX OCHOBe. B nan-
HOM paboTe paccMaTpuwBaeTcs MpodiemMa CO3MaHUs
JUTHIX MaTepPHAJIOB C MPUBEIEHHBIM BbIIIE HEOOXO/TH-
MBIM KOMIIJIEKCOM 3KCILTyaTallMOHHBIX CBOUCTB. [Ipu-
YeM IS TTOJTYICHUSI INTHIX U3MEIUi U AeTanei mpe-
JlaraeTcsl MPUMEHSThH 0oJiee JIeNIeBble UCXOAHBIE KOM-
MTOHEHTHI, a TAK)KE UCTIONIH30BaTh HEOOXOUMBIE JINTa-
Typbl, B TOM YHCIE PEAKUE U PEIKO3EMEJIbHbIC, HO
B MEHBIITNX KoMW4ecTBaX. B wacTHOoCTH, Miist obecrie-
yeHUs1 TpeOyeMbIX OJKCIUTYaTallHOHHBIX XapaKTepH-
CTUK OTJIMBOK JIJISI MAIIMHOCTPOUTEIHHOTO KOMILJIEKCA
B KaueCTBE 3aMEHUTEII TaKUX BBICOKOJCTMPOBAHHBIX
CILJIaBOB, Kak cruiaBbl THNAa MYX, MOKHO HMCHOJIB30-
BaTh OoJiee JEIICBBIC JKEIIE3000pUCTHIC MaTepHAIBL.
B sTOoM cnydae mpencTaBiseT MHTEPEC BIHUSHHE MO-
TUQHUIUPYIONMX JT00aBOK pEIKO3EMENIbHBIX MeTall-
70B (TIOCIEOHUE AOCTATOYHO IIUPOKO MPUMEHSIOT
JUTSL TIOJTY9EHUST Pa3INYHOTO POJIa JIUThS) HA CTPYKTY-

Py U SKCIUTyaTaAllMOHHBIC XapaKTCPHUCTHUKU pa3pa6o—
TaHHBIX )KCJ'I63060pI/ICTI>IX CILJIaBOB.

TeopeTnlleche ACIICKThbI BJIUAHUSA
PE€AKO3€EMEJIbHBIX U PEAKUX 3JIEMECHTOB

CornacHO UMEIOIIMMCS B HACTOSIILIEE BPEMsI JITepa-
TYpPHBIM JIaHHBIM, pelKo3eMenbHble eMeHTsl (P3M)
HCIIOJIB3YIOTCS B JINTEMHOM IPOU3BOJCTBE U YUEPHOU Me-
TaJUTyprHH JUIs TIPOBEJCHHS MPOLIECCOB MOTU(DUIINPO-
BaHUsI, PACKHUCIICHUSI, JeCyab(yparyi 1 JIETHPOBAHMSI.
HW3BecTHO, YTO peaKo3eMeNbHbIe METaLIbl MPOSIBIISIOT
OOoMNbIIOE XUMHYECKOE CPOJICTBO K METAIIONAAM, TpH-
CYTCTBYIOIIMM B 4YepHBIX Metamax. K uucny mocien-
HUX MOXXHO OTHECTH TaKHE SJIEMEHTBI, KaK KHCIOPO]L,
a3oT, cepa, ymiepon, ¢ocdop, Bomopon. Bzammoneii-
CTBYs C 3THMHU ieMeHTamu, P3M criocoOCTBYIOT yiasie-
HUIO WM TIepepacIpeiefiCHUI0 BPEAHBIX MpUMeceH
W OKas3bIBAIOT AKTHBHOC IIOJIO)KHUTCIBHOC BJIMAHUC HaA
CTPYKTYpY M CBOWCTBA METaJUIOB. PekozeMenbHbIe Hie-
MEHTHI 110 XapakTepy HarpaBlieHns X cuHoB [1-3] ne-
nsrrest Ha 1iepueByro (Ce, Pr, Nd, Pm, Sm, Eu, Gd) u ur-
tpuesyto (Tb, Dy, Ho, Er, Tu, Ib, Lu) rpynmsr. Cymie-
CTBEHHOE BJIMSHHE Ha CBOMCTBA THUX METAJJIOB OKa3bI-
BACT WX DJICKTPOHHOE W KPUCTAIUIMUECKOE CTPOCHHE.
OO01ast (hopMyria 3IEKTPOHHOTO CTPOCHHS N30JIUPOBAH-
HBIX atoMoB P3M umeer Buj 15225*2p03523p03d' 04524p°
4d'04f0-14552556540-1652. Eci AeKTpoHBI 00pasyroT
B aToOMe€ WM MOJIeKyJe 3aKOHYEHHYIO TPYIMITy, TO TIPH
00BETMHEHNH UX B TBEP/IOE HJIH KUAAKOE TEJIO CO3IA0T-
Cs1 30HBI, BCE YPOBHH KOTOPBIX 3aIOHEHBI. Takue Bere-
CTBa TP aOCOIFOTHOM HyJIe 00JIaIaf0T CBOHCTBAMH H30-
JISITOPOB, OJHAKO ATO MCKITIOYAETCS B CIydae MepeKphl-
THSI OTACNBHBIX 30H. VI3BECTHO, UTO /IS TIepexo/ia dIeK-
TpOHA B CBOOOTHYIO 30HY €My HEOOXOMMMO COOOITUTH
SHEPIUI0, PaBHYIO LIMPUHE 3aIPETHOM 30HBI AE, T. €.
Pa3HOCTH MEXIy HaUMEHbIIEH SHEprueil 3J1eKTpoHa
B CBOOOIHOM 30HE M €0 MaKCUMAJILHOM dHEpTHel B 3a-
IIOJIHEHHOH I10JI0CE.
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BaxxupiMu mapaMeTpamu, ONpeAessSIoNMMI dIIeK-
TPOHHOE CTPOEHHE CIUIABOB, SIBJISIIOTCS 3HAYCHMS
JJEKTPOOTPULIATETLHOCTH U MOHU3ALMOHHBIX MOTEH-
[[1AJIOB 3JeMEeHTOB. Eclin CpaBHUTH UX M0 YKa3aHHBIM
napaMeTpaM TaKdUX PEIKHX 3JIeMEHTOB, KaK THTaH,
BaHa/U{, XpOM, TO MOJTyYUM CIIEYIOIIEe.

XapakrepucTuka Ti \% Cr
DIEeKTPOOTPULIATENILHOCTD 1,6 1,9 2,2
IlepBblif HOHU3ALMOHHBII IOTEHLIUAI Py 6,83 | 6,74 | 6,77
Bropoii noHu3auoHHbIH OTeHIUAT P, 13,57| 14,2 (16,49
Tperuil HOHN3ALMOHHBIN TOTEHIUAI p3 28,14| 29,7 | 31,0
UYeTBepThlil HOHU3ALMOHHBIN OTeHIUa py (43,23 | 48,0 | 73,0
IIaTBIi HOHM3AIIMOHHBIN OTEHIUA P 99,8 | 55,2 | 90,6

[TpuBeneHHBINT 0030p AJIEKTPOHHOTO CTPOCHUS
JJIEMEHTOB TIPEJCTABIAET CYIIECTBEHHBIH HHTEpEC,
TaKk Kak BHYTpPEHHHE, JaKe camble TIIyOOKHe, dJeK-
TPOHHBIE 000JIOYKH aTOMa OKa3bIBAIOT OIPEJIEIIEHHOE
BIMSIHME Ha HSHEPTHIO CBS3U BHEIIHUX 3JIEKTPOHOB
U COOTBETCTBEHHO Ha (DU3MKO-XUMHUYECKUE CBOWCTBA
JJIEMEHTOB U UX COequHeHui [5, 6]. Mcxons uz atoro,
MOXKHO TOBOPHTH 00 DIIEKTPOHHBIX aHaliorax — dJie-
MEHTaX, 00JIaAal0INX OJTMHAKOBBIMH AJIEKTPOHHBIMU
000JI0YKaMH MOHOB, OTBEYAIOIIMX 34 XapaKTepUCTH-
YECKOe BaJICHTHOE COCTOSHNE. B OTHOIIEHUU HEKOTO-
PBIX OCHOBHBIX XapakTepucTuk P3M MoxxHO OTMe-
TUTH crefytomee. OTCYyTCTBYIOT TOYHbIE JaHHbIE O TEM-
neparypax muaBieHus u kunenus P3M. Hampumep,
JUIST TAKUX DIIEMEHTOB, KaK UTTEPOUid, epuid, mpas3eo-
JIUM ¥ €BPONHI MTPUBOANUTCS TEMIIEpaTypa IIaBIeHHS
800-950 °C, a ans camapusi, HIOIUMA, UTTPUA U APY-
rux — cBoime 1000-1500 °C. Hcnons30BaHue peaKo-
3eMeJIbHBIX METAJUIOB U UX COEAMHEHUH B Mpoleccax
TUTaBJICHUS CBS3aHO C BOIPOCAMU KPHUCTAJUIM3ALUU
METaJUIMYeCKUX cucteM. [Ipeobmanaronye B HacTOs-
1ee BpeMs MPEeACTaBICHHs] OCHOBAHBI Ha MPEATOIo-
JKEHUSIX O BOSHHKHOBEHHUH HEHTPOB KPUCTAIITU3AIIH
3a CYeT HaJW4Yusl aKTUBHBIX MHOPOJAHBIX MPHMECEH.
CymiecTBYIOT Takke uaed o (QIyKTyalusx SHEpIuH,
COCTaBa CIUIaBa B JIOKAJBbHBIX yuyacTKax. OfHAKO 10
HACTOSIIIETO BPEMEHH OTCYTCTBYIOT YETKHE TEOpPEeTH-
YEeCKHE OCHOBBI U MPAKTHUECKUE PUEMBI 3P PEKTHB-
HOTO BO3/ICHCTBHS Pa3IMYHOTO THIA MOAUPUIHPYIO-
X J00aBOK HAa METACTAOMIILHOE COCTOSHUE KU KON
(ha3bl U CKOPOCTH 3apOKICHHUS IICHTPOB KPUCTAILIN3a-
uuu. B ¢Bs13u ¢ aTiM ucciienosanue Biausaus P3M Ha
CTPYKTYPY U psiJ KCILTyaTallMOHHBIX CBOWCTB pa3pa-
OOTaHHBIX JKEJIE3000pUCTHIX CIUIABOB  BBI3BIBACT
OomBIION HHTEpEC.

MeTtoauka NMPOBEACHUA IKCIIEPUMEHTA

OKCHEepUMEHTAIbHBIE MaTepuabl MOIydaln Iy-
TeM IUIABJICHUS ILHMXTHI ONPEIEJICHHOTO COCTaBa B Ipa-
¢uToBOl meun conportusieHus. OOBEKTOM HCCIen0-

BaHHA OBUIM BBIOpAaHBI HHU3KOYIJIEPOIHCTAsl CTajb
u Oopoconepxaiiie KOMIOHEHTHI. sl mpoBeneHus
71a00paTOPHBIX IKCIIEPUMEHTOB B KAaU€CTBE IUIABUIIb-
HOTO arperara McroJib30Bajl BHICOKOTEMIIEPATYPHYIO
neuyp Tuna TammaHa. OCHOBHBIMM KOMIIOHEHTaMH
HIMXTHl JUISL TIPOBEIEHUS SKCIEPUMEHTOB CITYKUIH
TEXHUYECKOE JKeJIe30, a TaKKe OTXOJbl HU3KOYTIIEpO-
nuctoit ctamu (Ct. 1 — Cr. 3). B xauecTBe 0CHOBHOTO
JIETUPYIOLIETO KOMIIOHEHTa UCTIOJIb30Bad 00p, KOTO-
pblii BBOOMIM B BHIe (eppobopa, a Takke KapOuia
Oopa. B xauecTBe JErHpyIOMINX IEMEHTOB U PaCKHC-
yuTeneit ucnonp3oBaiu Al, Mn, Si win deppociuiaBsl
Ha X OCHOBE, B Ka4e€CTBE MOIU(PHUKATOPOB — UTTPHUH,
UTTepOMi, UEepuil, T. €. TPEACTaBUTENM HTTPHEBOU
M LEPUEBOH TPYMI PEIKO3EMENbHBIX METAUIOB WIH
P3M. P3M-monudukaropbl BBOIWIM B KOHIIC TUIABKH
1ocye TPEABAPUTENBHOIO PACKUCIIEHHS KOMILJIEKCOM,
BKJIFOUAIOIIMM AJIFOMUHUM, KpeMHUH, Mapranen. Moau-
¢ukaropsl BBoAWIH B paciiiaB B konmdectse 0,1-0,6%.
[pu 3TOM HUTTpUiA, UTTEPOMIA, LIEpHUii TIepe]] BBEACHUEM
B PACILIaB yIIaKOBIBAIIM B AJTFOMUHUEBYIO (DOJIBIY, KOTO-
past UCIIOJHSIA POJIb JAOMOMHUTEIBHOIO PACKUCIUTENS.
Karcynel BBOAMIM TMOA 3€pKajio PacIIaBIEHHOIO Me-
Tayia. Vcnone3oBaHKue Takoro nprema MpeaoTBpaliaio
KaK BbITOpaHUe MOAU(HUKATOPA IPH BBEICHUH €TO B pac-
TUIaB, TaK U 00ECIIEUUBAIO HAHOOJIee TIOJTHOE YCBOCHHUE
HaBeckd. HccnmemoBamu Bmusiaue P3M Ha makpo-
U MHUKPOCTPYKTYpY, @ TalKke Ha TaKHe CBOWCTBA, Kak
TBEPAOCTb, YIapHasi BA3KOCTb U H3HOCOCTOMKOCTb. JlaH-
HBI€ HCCJIE0BAHUS MPOBOAMIN COIIACHO CYIIECTBYIO-
UM METOJIKaM.

JlernpoBanuie OOpOM MPOBOIUIN BBEIEHHEM OOP-
coJiepXallliX COCTaBJAIONIMX B paciuiaB. Temmepary-
py HOCJEeIHEero Mpu 3TOM KOHTPOJIUPOBAIU C IOMO-
LIBI0 TJIATUHO-IUIATUHOUpUIUEBOU Tepmomnapsl. [lo-
Jy4YeHHBIH pacIulaB pa3uBaid B TIpaUTOBBIH KO-
KWJIb, IPEABAPUTENHLHO MOJIOTPETHIH 10 TeMIIepaTyphl
300 °C. B pe3synbrare 3T0ro B rpad)UTOBBIX KOKHIISX
noJyyvaiau o0pasisl pazmepamu 12 x 12 x 60 mm 6e3
Hajpe3a. B panpHeiieM M3 MOMYYEHHBIX 00pa3IoB
MPUTOTABIMBATA MHUKPOUUTA(BI ISl TOCIEAYIOMIEro
MCCIIEZIOBAHUS UX MUKPOCTPYKTYPHI, a TAK)Ke OIpesie-
JISUTA TIOKa3aTeu TBEPAOCTH, YIApHOM BSI3KOCTH, U3-
HOCOCTOMKOCTH U JINTEWHbIE CBOMCTBA pacIuiaBa.

Jlnist mccneoBaHys BIMSIHUS PA3IMUHBIX BUIOB MO-
T(UKaTOPOB HA CBOMCTBA CIUIABOB MX BBEIICHHE OCY-
IIECTBIISUTH 1TOCTIe PACIIIABIEHHUSI OCHOBHBIX KOMITIOHEH-
ToB mmxThl. Kak Oopconepxariye KOMIOHEHTBI, Tak
1 MOIU(UKATOPHI BBOAWIIN B PACIIIaB B IOPOIIKOOOPa3-
HOM WJIM MEJTKOM3MEJIBMEHHOM COCTOSIHUM. DTO I03BO-
JIMJIO JJAHHBIM Marepuanam OoJiee MOJHO U 33 CPaBHH-
TEJIHO KOPOTKHUM MPOMEXYTOK BPEMEHH PacTBOPSITHCA
B OCHOBHOU Macce Merauia. C I11eJIbl0 MHTEHCH(UKaA-
LMY TIpoliecca pacijiaB MepeMernBaIi.



IddexT BAUSIHUSA

UccnenoBanue BIUSIHAS MOAU(DUIUPYIOIIHX KOM-
MOHEHTOB Ha CTPYKTYpPYy M CBOWCTBA CIUIaBa MOKa3a-
JI0, YTO MPH BBEJICHUH MX B IIPHUBEACHHBIX BBIIIC KO-
JMYECTBAX OTMEYAIOTCSl CYIIECTBCHHBIC W3MEHEHHUSI
B CTPYKTYPE M CBOICTBaX CILIABOB C Pa3JIMYHBIM CO-
JepkanreM Oopa. MonuduiupoBaHue SIBJISETCS Hau-
OoJiee YHUBEpPCAILHBIM CIIOCOOOM YITyUIIEHHSI CTPYK-
TYpPBI ¥ TIOBBIIICHUS CBOIMCTB JIMTOTO crijiaBa. J{iist mc-
cienoBanus 3ddexra BiusHUS 100aBOK Iperoiara-
eMbIX MOIU(PHUKATOPOB OB BBIOPAH KeIe3000pUCTHIH
CIUIaB ¢ cojepkanuem Oopa 2,2-2,4%. B kadectBe
MOAM(DUIMPYIONIMX KOMIIOHEHTOB OBIIIM MCIIOIh30Ba-
Hbl Y (utTpuii), Ce (uepwuii), Yb (urrepOuii). Jlanusie
peaKo3eMeNbHbBIC IEMEHTHI, COTIacHO [6, 7], OKa3bI-
BAIOT 3HAYHMTEIbHOE MOIUPHUIMPYIOILEe BO3/ICHCTBHE.
IIpumenenne 3ToW Tpymnmbl 3JI€MEHTOB 00OCHOBAHO
TEM, YTO OHHU IIUPOKO HCIOJIB3YIOTCS B JIUTEHHOM
MPOM3BOJICTBE U METAJUTYPIHH JJIsl PACKUCIICHHUSL, Jie-
cynbdypaiuu, Moau(GUIUPOBAHUS U JICTHPOBAHUS
CIJIABOB PA3JIUYHBIX THUIIOB.

P3M Oynyun moBepXHOCTHO-aKTUBHBIMHU NPUMeE-
CSIMH YMCHBIIAIOT BEJIWYMHY paboThl 0Opa3zoBaHUsI
3apoJbIlIeli MEeTallla, BCICACTBUE YEro CHUIKACTCS
CTENeHb IepeoxJaxaeHus. [loBepXHOCTHAs aKTHB-
HOCTh P3M 3HauuTENBFHO yCUITMBAETCS B MOMEHT KpHC-
TaJJTM3alKU B CBSI3M C MaJIbIM KOA(PPHUINEHTOM pac-
Npe/IeieHUs] B OCHOBHOM pacTBOpe M Jpyrux Qasax.
[Tpu BBIOOpE MOonuduKaropoB BToporo pona b. b. T'y-
nsieB [6] peKOMEHIyeT MPUACPIKUBATHCS CIIETYIOTIX
MOJIOKEHUMN: JTOOABKH JIOJKHBI UMETh HU3KUU KO-
(uIHMeHT pacrpesiesieHlsi B OCHOBHOM KPHCTaJLTH3Y-
IOIIEMCSI BEIIECTBE, YTO BBI30OBET KOHIICHTPAIMIO J0-
0aBKH BOJIM3U TIOBEPXHOCTH KpucTaia. Mcxoms w3
npeAjaraeMpIX METOIOB OLIEHKH CIOCOOHOCTH diie-
MEHTOB K aJICOPOIMH, UTTPUH, HTTEpOUI U LIepHUid SIB-
JISIFOTCSI IOBEPXHOCTHO-aKTUBHBIMH JJOOaBKAMHU.

Crenyer ofJHaKO OTMETHTb, YTO OT/IEJBHBIE MUKPO-
JICTUPYIOLIHE AJIEMEHTBHI CIIOCOOHBI OKa3bIBaTh KOM-
IUICKCHOE, a TOYHEE MOATalHOe Bo3achcTBue. Haum-
HAaeTCsi OHO C packucieHus (mecynbdypanuu, Je3a-
30TH3allMM) CIUIaBa, 3aTeM ero MoAH(UIMPOBaHUS
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Y, HaKOHeIl, COOCTBEHHO MHUKpoJiernpoBanus. MmeH-
HO K TaKUM dJeMEHTaM OOJNBIIMHCTBO HCCieoBare-
neit otHocsT P3M. Mcxons u3 pe3ynbratoB padboT [6—
8], ocBemaronux BOMPOCH KOJTHUYECTBEHHOTO BIHSI-
Hust P3M Ha cTpyKTypy U CBOICTBa CIIJIaBOB Ha OCHO-
Be XKeJie3a, MOIU(pHUIMPOBaHNE TPOBOAMIM U3 pacueTa
0,1-0,6% monudukaTopa oT Macchl cajaku. Beenenue
Oosbirero xkonuuecTBa P3M NMpUBOAUT K MOSBICHHIO
cerperanyii Ha OCHOBE MoaM(UKaTopa 1Mo TpaHulaM
3epeH OCHOBHOTO MeTajjla, 4YTO 3HAYUTENBHO YXYI-
LIaeT CBOWCTBA CILJIaBa.

Pesyabrarsl 3kcriepuMeHTa

IIpn mpoBeneHNM SKCHNEPUMEHTANBHBIX ILIABOK
peaKO3eMETbHbIE 3JIEMEHTHI BBOJWIIM B PACIIaB B KOH-
I[e TUIaBKM TOCJ€ NPEABAPUTEIBHOIO TIIATENIBHOIO
PacKUCIIEHUS] KOMIUIEKCOM JINTaTyp, B COCTaB KOTO-
PBIX BXOIWJIM ANTIOMHUHMNA, KpeMHUH, Mapranen. Pac-
KHCJIEHHE TPOBOJWIN HEMOCPEICTBEHHO IEpE]l BBO-
qoM P3M nns mpenoTBpalieHuss B3auMOJEHCTBHA
MOCJIEAHUX C KUCJIOPOJIOM M BBITOpaHus. beimm mpo-
BEJICHBI MCCIIEIOBAHUS MO BIMSHUIO TaKMX IpeacTa-
Butenel rpynn P3M, kak uTTpueBoit (UTTpuid, UTTEP-
Ouit) u 1epueBoil (Ilepuii) Ha SKCIUTyaTAlMOHHBIC
CBOMCTBa M CTPYKTYpy JHUTOro cruiaBa. Kpusele, oT-
pakarolllie XapakTep U3MEHEHUs TBEPAOCTH U yAap-
HOM BSI3KOCTH CIUIaBa OT kKonuuecTBa P3M, nmokazaHsl
Ha puc. 1, a, 6. Kak BUIHO W3 PHCYHKa, TBEPAOCTb
BO3pacTaeT A0 3HaueHuil, npessimaromux 60 HRC.
OTO 00CTOATENBECTBO MOXKHO OOBSICHUTH crienupuye-
CKUMH CBOWCTBaMH, KOTOPBIMH 0ONafaroT JaHHbBIC
Moaudukaropel. OJHUM M3 HUX, SBISIOIIMMCS Hau-
OoJiee XapaKTepHBIM M BaXKHBIM TSI TPOBOAUMBIX HC-
CJIEJOBaHUM, CIYXKHUT IIOBEPXHOCTHAsl AKTUBHOCT.
JlaHHOE CBOMCTBO TO3BOJIsIET BBOAUMBIM P3M appek-
THUBHO BJIMATH HA CTPYKTYpPY CIUIaBa. 32 CYET HU3KOIO
Kod(hHLIMEHTa PacpeeNieHusl B OCHOBHOM PacTBOpe
OHM, COCPEIOTOUNBASICH 110 TPAHUIIAM 3€PEH, BBI3bIBA-
10T X U3MeNbUeHHE (pHc. 2, a, 6, 8). AHaTU3Upys 1Oo-
JIy4YEHHBIE B pE3yJbTaTe MCCIEAOBAHUN MUKPOCTPYK-
TYpbl, MO)KHO OTMETHTH clefdytolee. Benenue B coc-
TaB cmiaBa P3M — moanukaropoB B KOJIMYECTBE
0,2—0,6% mpUBOAUT K TOMY, UTO B CTPYKTYpE Kele30-
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Puc. 1. Bnusiane xonmmaecta P3M Ha TBepIOCTS (@), yIapHYIO BSI3KOCTE (0)
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Puc 2. Binsiane BBogumoro P3M B kauecTBe Moan(pHKaTOpa Ha N3MEHEHUE CTPYKTYPBI JKeJIe3000pHUCTOrO CIuIaBa: @ — UTTPUI; 6 — UT-
Tepbwuii; 6 — nepuit. X500

OopucToro cruiaBa ¢ cojepkanuem Oopa 2,2-2,4%
HAOJIIOIACTCSI POCT IBTEKTUUECKOW COCTABIISIOIICH.
B cocraB o0Opasyrorielicss 3BTEKTUKH BXOISAT TaKHE
(a3pl, KaKk TBEpAbI pacTBOpP BHEApPEHHS Oopa B o-
u y-xkene30, OopunHbie coequnenus Fe,B, FeB u daza
nementutHoro tumna Fe;(C, B). Taxxe, oueBuHO, 4TO
JAHHBIE COCTABISIIONINE CIIOCOOCTBYIOT (hopMHpoBa-
HUIO OoJiee KOHLEHTPHUPOBAHHOTO PACTBOPA C WHBEP-
TUPOBAHHBIM XapaKTePOM CTPYKTYpPbI IOBBIIICHHOM
TBepAoCTH (CM. puc. 1, @). YCTaHOBIEHO, YTO yaapHas
BSI3KOCTh JIOCTUTA€T MAaKCHUMaJbHOTO YPOBHS TIpH
aHAJIOTUYHOM KonmdecTBe BBomuMoro P3M  (cm.
puc. 1, 6). OT0 MOXKET CBUAETEIBCTBOBATH O TOM, YTO
TOYKa IBTEKTHYECKOTO IMPEBPAICHNS B CUCTEME Ke-
7e30 — 00p — yIJIepoa MpH NMPUMEHEHWH B KaueCTBE
moaupukaropa P3M cmeriaeTcsi HECKOIBKO BJIEBO.
Takoe crnenuduyeckoe BIMSHUAE DIEMEHTOB JTOM
IPYIIBI TOJATBEPKAACTCS M JaHHBIMH, [TPHBEICHHbI-
MU B padorax [9, 10]. IIpuuem Hambosiee aKTHBHO
B OTOM IUIaHe BeneT ceOs uTTpueBas rpymmna P3M
(puc. 2, a, 6). BnusiHue 9TOH IpyInbl HA CTPOSHHE U
MCCIIeZIOBaHHbIE CBOWCTBa, TaKhe, KaK TBEPAOCTb
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Puc. 3. I3HOCOCTOMKOCTD B CUCTEME METaJJI—MEeTaJlT

U yJlapHast BI3KOCTh, O0BACHACTCS MX 00Jiee CHIIbHBIM
MOJUPUITUPYIOIINAM JICHCTBUEM 32 CUET TOBBIIICHHOM
MOBEPXHOCTHOM aKTUBHOCTH. DTOT (haKTOP MOATBEPK-
JaeTcsl TaHHBIMU, [TpUBEACHHBIME B padote [11]. Pe-
3yNIBTaThl MCCIIEIOBAHNS TaKOM XapaKTEpPUCTHKH CILIaBa,
KaK H3HOCOCTOMKOCTh B YCIIOBUSIX CYXOTO TPEHHSA
B KOHTaKTe C TBEPJOCIUIABHBIM U a0pa3vWBHBIM KOHTD-
TeJIaMHu, IpUBEAEHbI Ha puc. 3, 4. I3 pucyHkoB BHI-
HO, YTO C YBEJIMYEHHEM KOJINYECTBA BBOJUMOIO MO-
mudukaropa ot 0,2 10 0,5% H3HOC TIPU TPEHHUHU B CH-
cTeMe MeTal — MeTalul gocturaer 1,8—6,4 kr/m?
B 3aBUCUMOCTH OT yCJIOBUH Harpyxenus. [Ipu tpenun
B CHCTEME MeTallul — adpa3uB BEJIMYMHA M3HOCA BO3-
pacraet. 1o 00BsICHSIETCSI O0JIee KECTKUMH yCIOBHSI-
MU B 30HE KOHTakra. IIpu npoBeneHMHM HCHBITAaHUN
B CHCTEME MeTalul — abpa3uB OTMEYAETCs BBIKpAIIU-
BaHUE TBEPABIX COCTABIIAIONIUX W3 MaTPUILIbI HCIIbI-
THIBAEMOTO CIUIaBa, KOTOPHIE MOCTYIAIN B 30HY KOH-
TakTa. JTO, B CBOIO OYepe/b, MPUBOANUT K BO3pacTa-
HUIO M3HOCA 3a CUYET IOBBILICHUS aOpa3UBHOCTH
B 30HE TpeHus. VI3HOC NMpH UCHBITAaHUAX B TaKUX yCIO-
BusX cocrtasiser 11-52 kr/m2. OgHako MIPOBEJEHHBIE
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Puc. 4. I3HOCOCTOHKOCTB B CHCTEME MeTalI—adpas3uB



UCIBITAaHUS TIOKA3bIBAIOT, YTO C NMpUMeHeHrneM P3M-
MOU(UKATOPOB U3HOCOCTOMKOCTh BO3PACTAET 3a CUET
YMEHBILIEHHUS] JIOJM XPYIKOrO paspylleHHs B 30HE
KOHTakTa. IIpoBeneHHBIE HCCIENOBAaHUS I103BOJISIOT
CYIUTh O TOBBIIIEHUM SKCIUTyaTallMOHHBIX XapakTe-
PHUCTUK HCCIIELYyEeMOIO CIlIaBa IIPU BBEJIEHUU B €TI0
cocraB B KadecTBe MoaudukatopoB P3M. Dto takke
MOATBEPKAAETCS pe3yabraraMu padotsr [12].

O0cy:x1eHue pe3ybTaToB

TaxuM 00pazom, POBEACHHBIA KOMILUICKC HCCIe-
JIOBaHWH TIO3BOJIAET CYAWTH O TOM, YTO BBEJEHHE
B 7KeJIe3000pUCTHIN pacIuiaB peIkO3eMETbHBIX MeTal-
JIOB TIPUBOANT K W3MEHEHHIO €T0 CTPYKTYPHI M COOT-
BETCTBEHHO CBOMCTB. AHajIu3Upys IMOJTY4YEHHbIE pe-
3yIABTaThl, MOKHO OTMETHTH, YTO OOJiee aKTHBHO Be-
IyT ce0st IPeCTaBUTEIN HTTPHUEBOM TPYIIIEL. DTO, TIO
BCEH BUAMMOCTH, CBS3aHO C aKTHBHBIM MOJTU(HUITUPY-
IONTM BO3JEHCTBHEM 3a c4eT 0oiee BBICOKOW ITO-
BEpXHOCTHOM aKTUBHOCTH 3JIEMEHTOB JIAaHHOWU TpYII-
MBI TT0 CPaBHEHUIO C IieprueBoil. ClieayeT yIuThIBaTh
¥ TeMITepaTypHBIH (akTop, TaKk KaKk UTTPUEBAs TPyTI-
1a B OCHOBHOM 0o0Jlee TyTorIaBKa.

HccnenoBanne cTpyKTYpHI MMOKA3ajo, YTO MPUMe-
HEHHBIE B KaueCTBE MOIU(PUKATOPOB PEIKO3EMENbHBIC
METaJIbl OKa3bIBAIOT ONArOTNpHUATHOE BIMSHHE Ha
(hopMupoBaHHEe ee COCTABIAIONMX U XapakTepa. [Ipn
9TOM (hopMHUpYyeTCS MaTpHIla WHBEPTHPOBAHHOTO TH-
ma, yaoBJeTBopsitommas ycnosusm Llapmm, 1. e. B m0-
JY4EeHHON CTPYKType O3BTEKTHYECKOTO THIA DPaBHO-
MEpHO pacHpeeeHsl OOpUIHbIE U O0pOKapOMITHBIE
BKIIFOUEeHUs. Hanmuame TakoW CTPYKTYpBHI TPUBOIWT
K 3HAYUTEIHHOMY YIYYIIECHHIO OSKCIUTyaTallnOHHBIX
XapaKTEePUCTUK U3ICITUI U3 INTOTO JKEIe3000PUCTOTO
crutaBa. Jlaske B yCIIOBHUSIX JKE€CTKUX M3HOCHBIX HCITBI-
TaHWH (MeTauT — abpasuB) U3HOCOCTOHKOCTH CIIIaBa
HaXOJWUTCS HA JIOCTAaTOYHO BBICOKOM YpPOBHE. JTO IPO-
MCXOAWT BCJIEACTBUE TOTO, YTO MAaTpPHUIlA YAEPKUBAET
OopumHble W OOpOKapOWIHBIC BKIIIOUCHUS, HE TI0-
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3BOJISISI UM BBIKPALIMBAThCS W3 OOMIEH CTPYKTYPBHI.
U B bToM CJIydya€ OHU HE MOT'YT 6I)ITI) JOIIOJIHUTECIIb-
HBIMU LEHTPaMu adpa3uBHOTO U3HOca. MccnenoBanue
IKCIITyaTallHOHHBIX CBOMCTB MOKa3aJio, YTO Ha OCHO-
Be pa3padaTbiBaeMbIX CIIJIABOB MOJKHO CO3/aBaTh I'aM-
My MaTepHajioB C IIUPOKOW 00JACThIO MPUMEHEHHUSI.
BrimnaBka JaHHBIX CIINIaBOB ITO3BOJISIET 3HAYUTCIBHO
CHHM3HTbH 3arTparbl Ha MX IMPOU3BOJCTBO BCICACTBHUE
MoJTy4aeMoro TexHoiorndeckoro 3¢ dexra. TexHoo-
THYECKUil AQQEeKT 3aKiIodaeTcss B TOM, YTO NP MPO-
BE/ICHUH TPOLIECCa IUIABKH CYIIECTBYET BO3MOXKHOCTb
YMEHBILIUTH MOTPEOICHHE ACKTPOIHEPTUH 32 CUET CHHU-
JKEHHS TEMIIEpaTyphl IUIABJICHUS BCIIEACTBUE CTPYK-
TypHOro (hakropa. Kak ObUIO OTMEUEHO BhIIIE, IIPU Ta-
KuX coneprkanusx 6opa u P3M dopmupyercs cTpykry-
pa 1o cBoeMy coCTaBy, Ou3Kas K dBTeKTU4YecKoi. [Ipu
9TOM TeMIleparypa IUIABJIeHHsl TaHHOTO KOHIJIoMepara
cHmxaercs 10 1380-1400 °C. Bce 310 npuBOAUT K CO-
KpaIlleHUIO BPEMEHH IIaBKH U COOTBETCTBEHHO K CHH-
JKEHHIO TTOTPEOIeHUS 2IIEKTPOIHEPTHU Ha BECh TIPOLIECC
riaBky. [InaBKy skene3000prCcToro crjiaBa skeaaTelbHoO
MpOBOAWUTL B MHAYKIHWOHHBIX ICYHBIX arperarax, 4ro
TMO3BOJICT OINTHUMAJIBHO HCIOJIb30BaATh HMX DJKCITyaTa-
[IMOHHBIC XapaKTEePUCTUKU M ¢ Oomblied 3(peKTus-
HOCTBIO — IIPUMEHACMBIC NIMXTOBBIC MATCPUAJIbI.

BoiBoabI

B pesynbrate mpoBeNeHHBIX UCCIEOBAaHUNA MOXK-
HO CJIeNaTh CJIeTyIOIINe BBIBOIB:

® peaKo3eMeNbHbIE METaJTbl Kak MOAU(DHUKATOPHI
OKa3bIBAIOT JOCTATOYHO AKTHBHOE BIMSIHNE Ha CTPYK-
Typy ¥ COOTBETCTBEHHO CBOICTBa JIMTOTO XKele3000-
PHUCTOTO CIUTaBa;

® ONpeAeNieHO ONTHUMAJIBFHOE KOIMYECTBO MOJH-
¢ukaTopa 171 JAHHOTO COCTaBa CILIABOB;

e pa3pa0OoTaHa TEXHOJOTHS BBEICHHS pEIKO3e-
MEJBHBIX METAJUIOB B JKEI€3000pPUCTHIN CIIaB U HC-
CJIEIOBAaHO BJIMSIHWE YCIOBWH BBO/Aa HA XapaKTepH-
CTHKH TIOTy4aeMOTO METalIa.
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