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MOOUPHULUPOBAHUE )KEJIE3OKOBAJIbTBOJIb®PAMOBDIX
CIIJIABOB

A. 1. KIEMEHTbLEB

(ITpemcraBnena HayuHbIiM ceMHHapoM Kadeap MeTaJJOBEdeHHs, TEXHOJOTMH MeTaJjJioB
H CBapOYHOrO NMPOH3BOJACTBA)

JucnepcHOHHO-TBepAeIOIIHe K ene30K00anbTBOMb(pPaMoBble CIIaBbl 06-
JaJal0T OYeHb BaXKHBIM /i HHCTPYMEHTAJbHBIX MAaTepHasoB CBOHCTBA-
MH, B YaCTHOCTH, BBICOKOH TBEPJOCTbI0O M TEMJOCTOMKOCTbIO. I JlaBHBIM
HEJIOCTaTKOM H INPEeNsTCTBHEM K HCIOJb30BAHHIO HX B KauecTBe peKyLIHX
CIIaBOB  SIBJISIETCSI XPYIKOCTD, 00yCJIOB/ICHHAS KPYMHO3€PHHCTOCTbIO
CTPYKTYPBl H HeOJaronpHsITHHIMH MEKKPUCTAJNJIUTHBIMH SIBJ€HHSIMH, BO3-
HHKAIOIUMH B IPOLECCe JUCIEePCHOHHOTO TBEpPAECHUS.

OneuM M3 BaXKHBIX CPEJCTB YCTPAHEHHsT XPYHNKOCTH M YJAyYIIeHHS
CBOMCTB JIaHHBIX CIIaBOB siBJsieTcss MoaudumupoBanue. HcciemoBanus
[1, 2] nokasanu, yTo mox BJAHSIHHEM IEJOrO psifla MaJblX NPHCAJOK CyIle-
CTBEHHO pa3MeJ/byaeTcsi CTPYKTypa CIJIaBOB, MOBBILIAETCS TBEPAOCTb, Kpac-
HOCTOHKOCTb, IIPOYHOCTb M peXKylllHe CBOHCTBA H3ydaeMblx cmiaBoB. OmHa-
KO OCTalOTCSl HESCHBLIMH BONPOCHI CBSI3H OCOOEHHOCTEH CTPYKTYPbl MOJIK-
(UIUPOBAHHBIX CIJIABOB C MX CBOHCTBAMH U TEXHOJOTHEH  IOJyYeHHS
cnyaBoB. M3yueHHI0O 3THX BONPOCOB W MOCBSAILIEHO JaHHOE HCCJAETOBaHHE,

[InaBka u pasauBKa CIJIaBOB INPOU3BOJAMIUCH B BaKyyMHOH HHAYK-
IIMOHHOH BblcoKouacrotHoil meun [3]. Ilpumenenne Bakyyma mpecaenoBaso
1leJ1b CHHUKEHUS Ta30HACBHIIIEHHOCTH MeTaJjJa W YCTpaHeHUs HeOJaaronpu-
ATHBIX MEKKPHCTAJJIMTHBIX BBbIIEJNEHHH HeMeTaJJauuecKoil (asbl. OTIHBKH
umeaun ¢opmy OpyckoB 10—15 < 25X 100 mm. Cnmasbel 3akaJaHBaJJUChb
B Ipollecce OTJUBKH B MeTaJ/UIMUecKylo (opMy M B JaJjibHelillleM TNOJABEp-
raauch ornycky. Pasmep no6aBok BbiGHMpaJcsi, B 3aBUCHMOCTH OT HX BJIH-
SIHUSI HAa CTPYKTYPY M CBONCTBA CIJIABOB, B Npelesax OT JO0JeH IipoileHTa
IO OJHOTO M B psifie CIydyaeB — JO HeCKOJNbKHX NpoueHToB. [Ipu mosbien-
HOM COJep:KaHUHM Tpucagok 3pdekr MoaubuuHpoBaHUS (pa3MesbueHHC
CTPYKTYpPBbI) cOueTascsi ¢ JEeTHPYIOUIUM BO3AeHCTBHEM 3J€MeHToB. Buus-
HHe N100aBOK HccaeloBatoch Ha cnaaBe ¢ 20% Boabdpama u 209, kobGamb-
Ta, a TakkKe Ha CIJIaBaX C YAaCTHYHOH 3aMeHON BoJbdpamMa MOJUOIEHOM.
B kauectBe n100aBOK HM3y4yaJsUCh 3JEMEHTH HHUKeJb, MapraHel, XpoM, KpeM-
HHUH, BaHAJUH, TUTAH, HUOOUH U yrJepoJ, BBOAHUMBIE 110 OTAEJbHOCTH H KOM-
naekcHo. Hukesb, XpoM H yriaepojJ BBOJAUJIUCH BMECTe C IIMXTOMH, a OCTaJb-
Hble 3JIEMEHTBl — Iepel pas3/HBKO.

Jlo6aBKH OKa3blBaIOT CyLIeCTBEHHOE BJIHMSHHE Ha MHUKPOCTPYKTYpPY, MaK-
POCTPYKTYPY H CTPYKTYpY H3soMa cnsaBoB. Mamom (puc. 1) BMecTO KpymnHO-
3€PHUCTOTrO, JIeHIPUTHOTO CTAHOBHTCS MEJIKO3EPHUCTBIM, OZHOPOIHBIM, HHOTILA
dapdopoBuAHBIM. IDTO OOBLIYHO O6J1AarONPHUATHO CKA3bIBAETC Ha MPOYHOCTH
H peXyIlHuX cBoficTBax cmniaBoB. OJHAKO B HEKOTOPBHIX CJAydasiX, HECMOTPA
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Ha pasMesbueHHe 3epHAa B H3J0Me, yJyullleHHe YKas3aHHBIX CBONCTB He
Ha0JI0aeTCs MM OHO He3HauHTeNbHO. OGBICHEHHe 3TOFO0 He BHI3LIBAET
3aTPYAHEHUI IIPH TOSIBJEHHH JAe(EeKTOB CTPYKTYpbl H3/10Ma, TAKHX Kak,
Hanpumep, HaQTAJIHHHCTOCTb, HO B APYTHX CAydYasx MPHUHHY CJAELyeT
HCKaThb B H3MEHEHHSX 00Jiee TOHKOII
CTPYKTYpPBI, B YaCTHOCTH, B H3MEHEHH-
AX MHKPOCTPYKTYPHI.

Hcxonnas MHKDPOCTPYKTypa
(puc. 2) xapakrepusyercsi H3BHJIHC-
TOCTbIO TpaHHUIl KpPHCTAJJIOB, OTpa-
ZKas CBfA3b ee C INePBHYHON JAEHJIPHUT-
HOH CTPYKTYpOH.

Ananu3 MHKDPOCTPYKTYPBI MOJIH-
(UIUPOBAHHBIX CIJIABOB  IO3BOJISIET
B COOTBETCTBHH C KJaccu(puKalH-
eil [4] BBIIEJHTH JBa OCHOBHBIX BHJa
W3MEHEHHUsI CTPYKTYPHI:

1. O6pasoBanue MeJKO3epHHUC-
TOH CTPYKTYypbl C KOMIAKTHBIMH 3ep-
Hamu (puc. 26).

2. TlonyueHne TOHKOBETBHUCTOMN
CTPYKTYpHI AeHApHUTOB (pHC. 2B). MMe-
€T MeCTO U COYeTaHHe JaHHBIX H3Me-
HEHHH B CTPYKType.

Ha 5TH oCHOBHble HW3MEHEHH
B CTPYKType MOTYT HaKJ/JaAblBaThCA
U3MEHEeHHs, O0OyCJOBJIE€HHbIE  JIerH-
pyloluM BJausiHMeM 106aBoK. B psine
cJlyuaeB MeJKAYOCHBbIe IPOCTPAHCTBA

JICHJIPUTOB 3aMOJHSIOTCS TNPOJYKTA- IC)“?COO/}) CO?%‘;}O “;‘MgMoﬁpHC;;g;‘;ﬁ
MH  pacnaja TBEPAOTO  PpacTBOPA.  4__ycxonmbiit cniias (Ges NPHCAOK);
B HekoTOpBHIX cayyasx MOSIBJSETCS 6—2% Si;; 8—0,35% " Ti; 1% Nj
NoJU3/IpHUecKas CTPYKTypa, dacTHy- 1,5% Mn, 03% Si, 0,15% C, X25.

HO HaJjaraiouascss Ha JeHIPUTHYIO
WM BBITECHSIOL[As €€ MOJHOCTbIO, UTO OOYCJIOBJEHO BJIHSIHHEM 3JE€MEHTa Ha
YCJIOBHSI TIePEKPHUCTAJNJIU3alMU CIVIaBa INPH OXJaXK/IEHHH.

Bausinne ucciaeloBaHHBIX M00ABOK Ha CTPYKTYPy TaKOBO — THUTAH H
Huo6uii B kKoHumenrpamuu no 0,2% npuBomsAT K pe3KOMYy YMEHbLIECHHIO
pasMepoB MNepBUYHBIX KpucTaaiaoB. C moBBILIEHHEM HX  KOHIEHTpalHH
BO3HHKAIOT M3PE3aHHOCTb IIONPAHMYHBIX YYACTKOB M HM30LITOYHBbIE TOUEY-
Hble BbijejeHHs. BaHanuii, B oT/inuMe OT THUTaHa U HUOOHA, JaeT MeHbllee
pasMejbueHHe KpPUCTAJJIOB H OOJbBIIYyI0  Pa3BETBJIEHHOCTb  CTPYKTYpHL.
KpeMHHuii TPUBOAUT K YMEHbIIECHHIO KPUCTAJJIOB H MOBLIILIEHHOMY paciamy
TBEPIOr0 pactBopa, ocobeHHO mepudepHIecKux yuyacTkKoB 3epeH. Mapra-
Hen, B kosnuuectBe 0,5%, MPUBOAUT K pa3MesbUe€HHIO KPHCTAJIIOB B KOH-
neurpaiuu 1,% u Gosee, pe3KO HM3MeJbuaeT BeTBH [IEHAPHUTOB. Biusnue
HHMKeJsi aHaJOTMYHO MapraHmy. Xpom B KoHieHTpauuun 1% mnpuBoauT
K TOSIBJEHHIO TIOJM3PUUECKON CTPYKTYPHl CO CJedaMM pacrnajaa TBepIoro
pacTBOpa IO MOJIO 3epeH.

BausiHve yriepojaa HOCHT Jerupyiomuit xapakrep. Ilpu copepkanuy
yraepona cebiie 0,2% mnosiBasiercs: 3BTeKTHKAa. B Hauaje oHa He OKa3bIBa-
eT BJHUSIHUS Ha pasMepbl U ¢opmy meHaputoB. OJHAKO C MOBLILIEHHEM
KOHIIEHTpPAIUH YIJiepoaa IEHIAPHTbl MEHSIT CBOIO (OpPMYy H YMEHbIIAIOTCS
10 BeJHYHHE 3a CUerT YBeJHUYEHHs] KOJHUeCTBAa 3BTEKTHKH, pacnpenesio-
uieiicsi B MEXAYOCTHBIX IPOCTPAHCTBAX JEHJPHUTOB. :

~ CKJIOHHOCTb K Pa3BETBJIEHHOCTH CTPYKTYPBI yacTo HabJiogaercs MHpH
KOMIIJIEKCHOM BBEJ€HHH 3JeMEeHTOB (puc. 2 8).
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Moangpuuupyiouee AeicTBHE MNPHCAJOK MOMKeT ObiTb OODBACHEHO [4]
yBeJHUEHHEM YHCJIa IEeHTPOB KPHCTANJIH3AUHMH M TOSBICHHEM Mo"nmpuuu—
POBAHHONH CTPYKTYpbl NEPBOrO THIA MM IPENsATCTBHEM MNPHMECEH pasBH-
THIO TePBHYHBIX KPHUCTAJJIOB U TOSIBJEHHEM MOAW(HIHPOBAHHOH CTPYK-

TYpHl BTOpOrO THUIIA,

Puc. 2 Mukpoctpyktypa cmiasos ¢ 20% Co, 20% W u mnpucankamu:
@ — ucXoAHbIH cnaaB (6es mpucamox); 6 —02% Ti; 6 —0,2% Ti, 1% Mn,
1% Ni, 0,5% Si, 0,156% C. 3X135.

Kak mnokasaau wuccienoBaHusi, B HEKOTOPHIX cJayyadX OIHH H Te XKe
1006aBKH B 3aBHCHMOCTH OT HMX KOHIEHTPAIMM MOTYT MPHBOAMTL K 000uUM
BHAaM MoaupuuupoBanusi. Tak, Tutan B KoHueHtpauuu 0,2% mnpuBogut
K TOSIBJIEHHIO MEJNKHX KOMIAKTHHIX 3epeH, a NMpH Gojiee BBICOKOH KOHIEHT-
pauuH B COYETAaHHM C JAPYTHMH 3JE€MEHTAMH OOYCJOBJIMBAeT MOsBJICHHE
PasBeTBJEHHOH CTPYKTYPHI.

ComnocraB/ieHHe CBOHCTB CHIJIaBOB IOKasbiBaeT, 4yTo HaubGojee 06aro-
NPUSATHBIM SIBJISIETCS MOIAMGHUIMPOBAHHE, TPUBOAsLLIEE K TOABJCHHIO PAa3-
MeJbYEHHOH CTPYKTYpbl ¢ KOMIAKTHOH (OPMOH INEPBHYHBIX KPHCTAJIOB.
Hanuune wu3pesaHHbIX KPHCTAIJIHUYECKHX OOpPA30BaHUi,, a TakkKe MPHCYT-
CTBHE B HHX MEJIKHMX BbIJ€JC€HHH H3OBITOUHBIX (a3 MPHUBOAUT K YXYALICHHIO
CBOHCTB CIJIaBOB.

OTo yXydllleHHe CBOHCTB MOXKeT ObITb OOBSICHEHO CJAeLyIoUHM 06pa-
3om. HM3pe3aHHOCTb OTAEJNbHLIX YYaCTKOB CTPYKTYPBI NMPHUBOAUT K pPe3KOi
HEOJHOPOAHOCTH cBOHCTB crns1aBoB. Cam mo cebe mporecc KpHCTANIH3allHK
TBEPAbLIX PACTBOPOB (KAaKHMH SIBJSIIOTCS QHCIEPCHOHHOTBEp/EINIe Cljia-
Bbl), OCOOEHHO HPH OBICTPOM OXJIAXKAECHUH (B COOTBETCTBHM C MNPHHATOW
B HCCJI€JIOBAHHH TEXHOJIOTHeH), JOJI?KeH MPHBOAHTb K 3HAYHTEJNbHOH BHYTPHU-
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KPHCTAJIIMYECKOH JIMKBaUMH. DT0 B CBOIO ouepelb 00yC/OBJIMBaeT HEPABHO-
MEpHOCTb Ipollecca pacnaja B npefenax OTAeNbHbIX 3€peH TBepJOoro pacrt-
Bopa npu ormycke. Kpome Toro, TepMoauMHaMHYeCKH YCJOBHSI TBepAEHHS
HEOJMHAKOBbl B BETBHCTBHIX YYacTKax CIJIaBa C CHJIBHO pa3BeTBJEHHOI
NOBEPXHOCTbIO KPHCTAJJIOB U B LEHTPAJbHOH HEpa3BETBJIEHHOH 4aCTH 3THX
KpucTaJ/noB. HakoHel, B cH/IbHO M3pe3aHHBIX yYacTKax CTPYKTYPHI Npexje
BCero HabJI0Jal0TCsl CKOMJIeHHsT U3ObITOUHON (asbl, yTo emre OoJee YCHJIH-
BAeT HEOJHOPOJAHOCTb CBOHCTB CILJIaBOB.

JIpyruM BaKHBIM OGCTOSITENILCTBOM SIBJIAETCS OMACHOCTb MOSIBIEHHS
MHKPOCKOITHYECKOH MOPHCTOCTH B y4yacTKaX H3PE3aHHOH CTPYKTYyphbl CILIa-
Ba. B yuacTkax pasBeTBJIEHHBIX [IEHAPHUTOB MOSIBJISIOTCS H30JHPOBAHHBIE
00beMBl KHMIKOCTH, KPHUCTAJJIH3AlHMs KOTOPHIX COMPOBOXKAAETCS MOsBJIE-
HHEM MeJKHX ycajaouHbix nop. Ilpu nmporekanuu B Merajuie B Mpouecce
KPHCTAJINIM3aLlM  peaKluid, CONMPOBOXKAAIOUIUXCA Tra3zoobpazoBaHHeM, IO-
pucroctb ycunuBaercsi. [lpu Kpucrannuzauum mox — BaKyyMOM pa3Mephl
nop O6ynyr eule Gojee yBeJIUUHBATHLCS.

Psajx cnnaBoB, UMeEIOMHX YHAOBJETBOPUTEIbHYIO MPOYHOCTb H BBICOKYIO
CTEeNeHb AMCIIePCHOHHOTO YNpPOuYHeHHsi, OOHApPY:KHBAJ HEBLICOKYIO ' CTOM-
KOCTb NpPHU pe3aHuu. B cTpykType 3THX cnsaBoB HalbJiogajgacb pe3KO Bbi-
paxkeHHasi Pas3BeTBJEHHOCTb KpPHCTAJ/JIOB. V3Hoc pexylleii KpoMKH pesua
npoucxoaus HepaBHOMepHo. Kak mokasanu wmeraJjnorpaduueckue uccje-
NIOBAHUsI PEXKYLIEH 4acTH MHCTPYMEHTA, B MECTAaX PAa3BETBJEHHUS CTPYKTY-
pbl BO3HHKAIOT MEJKHE CKOJibl peKylled KDPOMKH.

VsmepeHne TBEpPAOCTH ¥ MHKPOTBEPAOCTH OOHAPYKHBAET PHIXIOCTDH
B MeCTax CHJbHO HM3pe3aHHOH CTPYKTYpbl B CIlJIaBax, pas3/MBaBLIMXCS MO
BaKyyMOM. PBHIXJ0CTb 3HAUHTEJbHO MEHbIIE MPH pa3/JUBKE C YMEHbILIEH-
HBIM M CHATBIM BaKyyMOM.

BriBoabl

1. Ycranosjensl BHAB MOAM(DHUUHPOBAHHBIX CTPYKTYp H CBA3b HX CO
CBOWCTBAMH M TEXHOJIOTHEH MOJIyYEHHS] MCCJIEIYEeMBIX CIIJIaBOB.

2. MonuduuupoBaHue, TNPHUBOASAIIEE K pPa3MeJbUYCHHIO IEPBHYHBIX
3¢peH, UMEIOUIMX KOMMNAaKTHYI0 (opMy, CHOCOGCTBYeT PE3KOMY [OBbBILIEHHI)
MEXaHHUYEeCKHX M PEXYLUIUX CBOHCTB CIIJIABOB.

3. INoayuenne nmpu MOAHGDUIHPOBAHHH TOHKOPa3BETBJIEHHBIX JEHIAPMTOB
OTPHLATEJ]bHO CKa3blBAaeTcsi Ha CBOHCTBAX CIIJIABOB.

JIUTEPATYPA

1. A. I. Kneme nrbesB. HccienoBanue JHTHIX AUCHEPCHOHHO TBEPACIOLIMX PEXKYUIHX
cniapoB. MsB. Bysos CCCP, Uepnass menasuyprusi, Ne 3, 77—83, 1959.

2. A 1. KnementbeB, JluTble AHCIEPCHOHHO-TBepAeiomue pexyiue cnaapel. Co-
BpeMEHHAsi KOHCTPYKUHsI PEXYUIMX HHCTPyMeHTOB. Tp. HHCcTpyMeHTaJbuinKoB 3amnaanoi Cu-
6upu, ¢6. 1. Usn. HUHTHUAM, M. 242—252, 1962.

3. A. I. KnemenrbeB. BakyyMHass HHAYKIHOHHAs BBbICOKOYACTOTHAsl meyb [/
3KCMEPHUMEHTANbHbIX MaaBoK. HMudopmaunonnsit Jaucrox Ne 16, Hsm. Bropo TtexH. uug.
Tomckero coBHapxosa, 1—4, 1960.

4. M. B. MaabieB. MoauduuupoBanie CTPYKTYpbl MeTaJsioB H cngaBoB. Max. Me-
ranayprus. M., 27—36, 1964.



