IlBeTHBIE CIIABBI

Kiaaccupukamum —

Jlerkue cruiaBbl (001a/1al0T MaJIOW INIOTHOCTHIO): aJIlOMUHEBBIC, OCPUIIUBBIC,
MarHueBble M THUTAHOBBIE CILIABEL.

TyromimaBkue MeTasuibl (001a1a10T TEMITEPATYPOU MJIABJICHUS BBIIIIE
2200°C):
HUOOUM, MOJIMOACH, TaHTaJI, BOJIb(pam.

AHTH(PPUKLIHOHHBIE CILIABBI (ONTHMAJILHBIC CBOMCTBA B IIapE TPECHUS):
MEHbBIE CILIABBI.

Jlerkme crjiaBbl 1aFOT BO3MOKHOCTb CHU3UTh MAaCCy KOHCTPYKIUU TIPU
MOBBIIIEHUU UX ITPOYHOCTHU U KECTKOCTH.

Y aenbHas MPOYHOCTH - OTHOIICHHE MPOYHOCTH K IIOTHOCTH (G,/p).

Tak, nypajarOMuH IIpU OJUHAKOBOU ITPOYHOCTH CO CTAIbIO 20 B TpU pasa jerye
U €r0 yJelibHasd NPOYHOCTh B TPU Pa3a BHIIIIE.

Jlerkue cruiaBbl HAILILUIY IMUPOKOE IPUMEHEHUE B ABUALIMOHHOMU,
aBTOMOOMJIBHOM, CYyJOCTPOUTEIILHON MTPOMBIIIJICHHOCTH



AJIIOMUHUT

Ero mmoraocts 2,7 r/cm3, Tux 658°C.

AJIFOMUHUN UMEET KyOU4ECKYIO
IrpaHELCHTPUPOBAHHYIO PEIIECTKY 0€3
OJTMMOP(HBIX MPEBPAICHUM.

B 0TO:KE€HHOM COCTOSIHMH aJIFOMUHHUN 00J1a/1a€T MaJIOH MPOYHOCTHIO
(o, = 80-120 MIIa) u TBepaocThio (25 HB), HO O0nbIION
MJIACTUYHOCTBIO (0 = 35-45%). OTan4aercst BEICOKOU
KOPPO3HUOHHOM CTOMKOCTBIO B MPECHOM BOJIE, aTMOC(depe.

Bricokast KOppO3UOHHAsI CTOMKOCTh O0OYCJIOBJIEHA 00pa30BaHUEM Ha
MIOBEPXHOCTH METajljia MJICHKHW OKCHAA. JTa IJICHKa 00Jiaaet
XOPOIIUM CIEIJICHUEM C METaJljIoM OJjiaroaapst OJM30CTH UX
yJEJIbHBIX 00BEMOB M IIPEAOXPAHICT METAJLI OT JAJIbHECHIIICH
KOPPO3UH.



AJIOMUHHEBBIC CIIJIABBI

Paznuyarot auTerHble U 1e(hOpMUPYEMBIC ATIOMUIHUEBbBIC CILIABBI.
JIumeumnvie cniaevt a1OMUHUA 3TO DBTEKTUYECKUE CIUIABBI C Y3KUM
TEMIEPATyPHBIM UHTEPBAIOM KPUCTAIUIM3ALUNY W HU3KOU TEMIIEPATypOu
naBieHua. Mapkupyrorcs OykBamu AK 1 4iCI0M, NOKA3bIBAIOIIUM
YCJIOBHbBIN HOMED CILIABA.

HaubonbIiree pacnpoCTpaHEHUE MOJYYHIIN CIUIABbI ATFOMUHUS C
KpEMHHUEM, 00pa3yIoIue SBTEKTUKY IIpH coaepkanuu 11,6 % kpemHus.
OTH CIUJIABbl HA3BIBAKOTCS CUIYMUHAMU.

Ha ¢oT10: OTIMBKH U3 CUITyMHHA — MAaCJIOHACOC aBTOMOOMJIA
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[ITupoko npumensiercsa cuiiymud AK12, conepxamuii 10-12 % xkpemuus u
MOIU(DUIINPOBAHHBIN 100aBKaMu Majioro kojndecta Harpus (0,5-0,8 %).
MoauduipoBaHHBIA CUIIYMHUH UMEET OU€Hb XOPOIIHNE JUTCHHBIC
CBOMCTBAa, HO MaJIyt0 MpoyHOCTh (6B= 180 MIla). YMeHbIIcHNE
COACpKaHMU KPEMHHUS U JOOABKa HEOOJIBIIOr0 KOJUYECTBA MAarHus 1
Mapranna (AK9) yxyamaer auTeiHble CBOMCTBA CUITYMHUHOB, HO
YIIY4IIA€T MEXaHUYECKHUE. DTH CIUIABHI SABJISIFOTCS JUCIIEPCUOHHO
TBEPJCIOIMMHA U YIPOUHSIOTCS 3aKAJIKOM U CTapCHHUEM.



Jeghopmupyemoie cnnaevt anromunua - 3TO CIUIABbI HA OCHOBE TBEPJIOTO
pacTBOpa JICTUPYIOIIUX JIEMEHTOB B KPUCTAIUIMYECKOM PeIIeTKe
ATTFOMMHUSL.

OTH CIUIABBI JICJIATCS HA HEYNIPOUHSIEMbIE TEPMOOOPAOOTKON U
YIIPOYHSICMBIC.

K HCYIIPOUYHACMbBIM OTHOCAT CILJIaBbl AJIFOMHUHHAS C MapI'aHICM U MAaI'HUCM.

K ynpodHseMbIM TepMOOOPAOOTKOM OTHOCUTCS TypaitoMuH. OH UMEIOT
HarOOJIBIIIYIO IUIOTHOCTH (3 r/cM3) U BBICOKYIO MpouHOCTh (o, 10 700 ITa).

Jledopmupyemeble crijiaBbl 00J1a4al0T BEICOKOM KOPPO3UMOHHOM CTOMKOCTBIO,
YMEPEHHON HPOYHOCTHIO, BBICOKOU IIIACTUYHOCTBHIO, XOPOIIO
CBApHBAIOTCS.

OHU NPUMEHSIOTCS IS
M3rOTOBJICHUS IPOBOJIOKH,
(bacOHHBIX MPOQUIICH U pa3TUIHBIX
JeTaJIEU, IOTY4aeMbIX IPOKATKOU,
KOBKOM, IITAMIIOBKOM WU
IIPECCOBAHUEM.




JlypaaromuH

JypanroMuH MapkupyroT OykBou /1 1 mopssakoBeIM HoMepoM: [I1,
J116, J118. JlernpyronMu KOMIIOHEHTAMU SIBISIeTCS Meab (110 5 %),
maruuii (1o 1 %), maprasen (1o 2 %), TUTaH U ap.
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TepMooOpaboTKa AypatOMHHA 3aKII0YACTCA B 3aKAJIKE U CTapeHun. B
pe3ynbTaTe TEPMUIECKON 00pa0OOTKH MPOYHOCTh AypPaTIOMHUHA
MOBBIIIAETCS B IBA pa3a, a INIACTUYHOCTh IIPAKTUYSCKH HE MEHSCTCS.

JlypamroMuH 00JlagaeT BRICOKOM yACIbHOM IPOYHOCTHIO. M3 craBa
Mapku /{16 nenaror oOIIMBKY, TOHKEPOHBI CaAMOJIETOB, Ky30Ba
aBTOMAIIIUH U T. ]I.



Turan

Ero muiotHocts 4,5 r/em3, T,,1670 °C. Huxe 882 °C cymecTByer a-TUTaH,
umeromun OLIK perierky.
[Ipu 882 °C u BhIIIE CYIIECTBYET B-THUTAaH,
umeroiuu ['TIY pemerky.

Texnuuecku uncTeiii THTaH Mapkupyetcst BT1-00, BT1-0.

[ 1aBHOE MPEUMYIIIECTBO TUTAHA U €TO CIJIABOB COCTOUT B COUYETAHUU
BBICOKHMX MEXAHUYECKUX CBOMCTB C KOPPO3UOHHON CTOMKOCTBHIO B

arpecCUBHBIX CpeAax U OTHOCUTEIBHO HU3KOM MIIOTHOCTHIO. [IpoyHOCTH
tutana 6, - 300-500 MllIa, 6 = 20-30 %.

[ maBHBIE HEIOCTATKH TUTAHA —
BBICOKasi CTOMMOCTb, HU3Kas
N3HOCOCTOMKOCTbh, CKIOHHOCTD K
B3aMMOJICUCTBUIO C Ta3aMu MPU
temieparypax Boiire 500-600 °C.




TuranoBble CILIABBI

Mo [ TaBHAs 11€J1b JIESTUPOBAHUS TUTAHA —
MOBBIIICHUE MEXAHUYECKUX CBOUCTB.

Al, Fe, Mn, Cr, Sn, V -nioBsIaror

. ; ; T S S IIPOYHOCTb TUTAHA, HCCKOJIbKO CHHKAs1
3 4 s

Jlerupyiomuit anement, % IIPpHU 3TOM IINIIACTHYHOCTH N BA3KOCTbD.

Al, Zr, Mo, Sn - ysennumBaroT xapornpounocts. Mo, Zr, Nb, Ta -
MOBBIIIAIOT KOPPO3ZUUHYIO CTOMKOCTD. 110 BIMSHUIO HA TEMIIEpaTypy
NOJIMMOP(HOTO MPEBPAIICHUS BCE JIETUPYIOIIUE AIIEMEHTHI B THTAHOBBIX
criaBax gensatcs Ha o-ctadumm3aropsl (Al), B-crabunmuzaropsr (Mo, V,Mn,
Fe, Cr m np.) u HeliTpanbsHEIC (SN, ZT) .

I1o cTpyKType mocae OT)KUTra TUTAHOBBIC CIJIaBhI ACATCS Ol-CILIABEI,
IICEBJO - O-criaBhl (10 5 % P-da3ssl), (0+f)-cIaBel, ICEBAO - B-CIIIaBEI
(oueHb HEOOJBIIOE KOJIUYECTBO O-(pa3bl) U B-CILIABHI.



Jlegpopmupyemuie cnnagul.
‘16;30 t 910 o-craBbl Mapok BT5 (5 % Al)
u BT5-1 (5% Al u 2,5 % Sn);
ncesno-o-cmiaaBel OT4 (3,5 % Al,
1,5 % Mn), BT4 (5 % A1,1,5%
Mn); (a+p)-crutaBel BT6 (6 % Al,
4,5% V), BT16 (2,5 % Al, 5 % Mo,
5 % V); nceBno-B-crnasel BT 15 (3
% Al, 7 % Mo, 11 % Cr).
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OTH CIUIABBI YIIPOUHSIOTCS 3aKaJIKOM 1
CTapEHHUEM 3a CUET BBIJICIICHUS
MEJIKOJMCIIEPCHBIX YaCTHI] O-(pa3bl IpH
pacnajic MapTEeHCUTa HEYCTOMYNBOM [3-
(a3pl. B 3aBUCUMOCTH OT XUMHUYECKOTO

cocTaBa 3akKajika mpousBogurcs ot 700-

900 °C, a crapenue npu 420-600 °C. MHKpPOCTPYKTypa THTaHOBOTO
criaBa BT6 nocite 3akanku (x400)




Jlumeiinvle cniagvl TUTAHA IO COCTABY aHAJIOTUYHBIE JehOpMUPYEMBbIM. B
KOHIIE MapKu OHU UMEIOT OYKBY JI. [0 CTpyKType OHM OTHOCSITCS K O
crtaBam (BT1JI, BT5JI) unu (o+p)-cmiaBaM ¢ HeOOJIbIIUM KOJIUYECTBOM [3-
da3pl (BT3-1 JI, BT14JI). JIuteliHble TUTAHOBBIEC CIIaBbl UMEIOT MEHBIIIYIO
POYHOCTh M IUIACTUYHOCTD, YEM ACPOPMUPYEMBIE. YIIPOUHSIOIIAS
TepMHUYECKast 00padOTKa JJI1 HUX HE MIPUMEHSETCS, TaK KaK IMPU ATOM PE3KO
CHMKAETCS TNTACTUYHOCT.

O0nacTh IPUMEHEHUSI TUTAHOBBIX
CIIJIABOB OYCHb BEJIMKA: B aBUALUU
(0OImIMBKaA CaMOJICTOB, JIONATKU
KOMITPECCOPOB); B PAKETHOM
TEXHHUKE (KOpIyCa JIBUTATEIIEH); B
XUMHUYECKOM MAIIMHOCTPOCHUM

(meTanu, paboTarOIINE B A30THOM
KUCITOTE. XITone):
B CYAOCTPOCHUHU (0OIIMBKAa MOPCKHUX CYJ0B); B SHEPrOMAIIIMHOCTPOCHUH

(IUCKHU, JIONATKH CTAIMOHAPHBIX TYPOHH); B KPUOT€HHON TEXHHUKE.




Menb

[I;motHOCTE - 8,93 /cMm3, Tt = 1083 °C.
c, = 250 MllIa, o = 45-60 %, TBeprocTs 60 HB.
Kpucrannusyercs B KyOHU€CKOM IpaHELIEHTPUPOBAHHOM PEIIETKE 1
MOJIMMOP(MHBIX MPEBPAIICHUN HE UMEET.

Mapxkupyercs OykBoil M u indpaMu, 3aBUCSIIIIUMU OT COACPKAHUS PUMECEH.
Hampumep: mear MO0 (0,01 % mpumeceit), MO (0,05 %), M1 (0,1 %)

H_[I/IpOKOG HCIIOJIb30BAHHUC B IIPOMBLIINIIICHHOCTH MMCIOT CILJIaBbl MCAU C
APYTHUMHU 5JICMCHTAMHA — JIATYHH U 6pOH3I)I.



JlaryHu

CruraB MeIM ¢ IMHKOM Ha3bIBACTCA JAaTYHbIO. MeXaHM4YEeCKHUE CBOMCTBA
JIATyHU — IIPOYHOCTh U IUIACTUYHOCTD — BBIIIE, YEM MEJIU, OHA XOPOIIIO
00pabaTkIBaCTCs pE3aHUEM, IABICHUEM, XapaKTEPU3yeTCsI BLICOKHUMU

KOPPO3HUOHHOW CTOMKOCTBIO, TEMJIOMPOBOIHOCTHIO, JIEKTPOIPOBOIHOCTEHIO.
1°C

4 J |

200 - .
Cul0 20 30 40 50 Zn,% O 10 20 30 40 50 Zn,%




IIpu conepxanum nuHKa 10 39% naryHb
SBJISCTCS OJHO(MA3HOM - 0-TBEPABLIA PaCTBOP
IIUHKa B Meu (o-J1atyHsb). [Ipu Oonbirem
COJICpPKaHUM LIMHKA JIATYHb JIByX(a3Has: B €€
CTPYKTYypE MOSBIICTCS XpynKas 3-daza -
TBEPABIA pacTBOp Ha 0aze coeauHeHus CU u
Zn (o+f naryss). IIpu copepxaHuy [UHKA
Mukpoctpykrypa asyxdasuoii  00iiee 45% CTpyKTypa JIaTyHH COCTOUT TOJIBKO

narynu JIMonCKA u3 B-dassbl.

Jlaryuun mapkupyorcsa Oyksoii JI.

B oegpopmupyemuix r1amynax yxasplBaeTCs COACPKAHUE MEAU U JICTUPYIOIIHNX
1eMeHToB: O — ooBo, A — amromuuauii, K — Si, H — Ni, M1t — Mn.
CoJiepKaHHE PJIEMEHTOB JAETCS B IIPOIEHTAX ITOCae OYKBEHHBIX 0003HAYCHUM.
Hamnpumep, marysas JIAXK 60-1-1 cogepxut 60% Cu, 1% Al, 1% Fe u 38 % Zn.
B Mapkax sumeiinvix 1amyHeil yKa3bIBa€TCS COJIEPKAHUE IIMHKA, a
KOJIMYECTBO JECTUPYIOIIUX JIeMEHTOB (B %) cTaBUTCA IOCe OYKB, MX
o0o3navaromux. Hanpumep, nurerinas natyns JIL40Mu3 A coaepxut 40 %
nuHKa, 3 % Mapranna, mesee 1 % amomunus u 56 % menu.



bpoH3bI

CnaB MeIM ¢ OJIOBOM, aJJFOMUHUEM, CBUHIIOM U JPYTHUMHM SJIEMECHTAMH,
Ha3bIBalOT OPOH30M.

[Io OCHOBHOMY JIETUPYIOIIEMY JIEMEHTY OpOH3bI ACIATCS HA 0/108AHHblE,
anomunuesvle, KpemMHucmaole, Oepuiiuesvie, C6UHY0BbLE U JIP.
bpoH3bI 0051a71a10T XOPOIIMMHU JTUTECHHBIMHA CBOMCTBAMH, XOPOILIO

00pabaTkeIBalOTCS JaBJICHUEM U pe3aHreM. bOIbIIMHCTBO OpOH3 OTIIMYAIOTCS
BbICOKOW KOPPO3MOHHOW CTOMKOCTBIO U IUPOKO UCIIOIb3YHOTCS KaK
AHTU(PPHUKIIMOHHBIC CIJIABBI.
[To TexHOJIOTMYEeCKOMY MPU3HAKY OPOH3bI ACIAT Ha dehopmupyemuie 1
JIUMEUHbLE.

Mapkupyrorcsa OpoH3bl OykBaMH bp, 32 KOTOPHIMH ITOKa3bIBACTCS
coAepKaHME JIETUPYIOIIUX 3J1eMEHTOB B %. O003HauYCHUS JIETUPYIOIIUX
AJIEMEHTOB U OTJIWYHUS B MapKax JIe(h)OpMUPYEMBIX U JIMTCHHBIX CIIJIABOB Y
OpOH3 TakHe ke, Kak y jJaryHel. Hanpumep, nedopmupyemas oponza bpOd
6,5-0,4 cogepxur 6,5 % omnoa u 0,4 % dochopa, a nuTeitHas OpoH3a
bpO3L7C5H — 3 % onosa, 7 % nunHka, 5 % cBuHLa, meHee 1 % HUKeNs.



