0.E. Ocunues, B.H. ®epopos

MEﬂb A MEQHBIE CTUIABDI

OTEYECTBEHHbIE
U 3APYBEXXHbIE MAPKU




0.E. OcuHues, B.H. ®epopos

ME[lb U MEIHbIE CNNIABDI

OTEHECTBEHHbIE
N 3APYBEXXHbIE MAPKW

U3pnaHue 2-e, nepepaboraHHoe
N OOMOSIHEHHOE

CNPABOYHUK

MOCKBA
MHHOBALMOHHOE MALLMHOCTPOEHNE

k 2016




VIK 669.3.017(03)
BEK 34.23

0-73

Ocunnes O.E., Degopor B.H.
Menb u MeaHbIe crijiaBal. OTEYECTBEHHBIE M 3apyOeXKHBIE MAPKU: CIIPABOYHUK. 2-€ U3A,., fiepe-
pab. u gon. M.: WUHHOBaLMOHHOE MatIMHOCTpoeHue, 2016. 360 c., 1.

B cnipaBouHMKe BOEPBblE CUCTEMATU3UPOBAaHB U 0000LIEHb CBeNeHUST 0 (U3NYECKUX, MEXaHHYe-
CKHMX Y TEXHOJOTHYECKUX CBOHMCTBAX MOYTH RBCEX MAPOK MEAM M CIIABOB Ha ¢C OCHOBE: JATYHEH,
OpOH3, MeHO-HUKENICBBIX CILIABOB, a TAKXKE CHCIMATbHBIX MEAHBIX CINABOB: MUKPOJIETMPOBAHHDbIX,
AUCTIEPCHO-YITPONHEHHBIX, ¢ 2hdeKToM namsTi 1 ap. [lokazaHo sausiHue NerUpYIOILUX 3TEMEHTOB U
ApuMeceii Ha CBOMCTRA CIIABOB. M310XeHbBI CBEACHHUSA O COCTABE U CTPYKTYpe, OCODCHHOCTSIX TEPMHU-
4eCKoi 00pabOTKH, AaHbl JBOMHBIE H MHOTOKOMIOHEHTHEIE AUATPAMMbI COCTOSTHUS, OTIPEEIsTIoNINe
dazoBblit coctas. [IpuBecHB TAKXE CBEACHHS O CBOMCTBAX 3apyOeXHbIX aHATOTOB OTEUeCTBEHHBIX
MEJMBIX CLAaBOB. 2-¢ n3aauue (1-¢ uznanme 2004 r) nepepaGoTaHo B COOTBETCTBUH C HOBBIMM CTaH-
AAPTAMH, a TAKXKE JIONOJHEHO CBEACHUSAMU MO MPUHOSIM Ha OCHOBE MEIH.

Jg HHXEeHEPHO-TEXHHYECKUX PAGOTHUKOB MALLIMHOCTPOUTEIHBIX, METALTYPIHYECKHX M METALI0-
006pabaThIBAIOIIAX NPEANPHITUI, HAYYHO-HUCCICAOBATCABCKUX M HPOCKTHO-KOHCTPYKTOPCKHX Op-
raHu3aluit, a TaKXe W CTYIEHTOB, ACIIUPAHTOB W NPENOAABATEAEH BbICIINX YYeOHBIX 3aBEACHUIt H
VHUBEPCUTETOB.

YK 669.3.017(03)
bbK 34.23

g %

ISBN 978-5-9907638-3-8 © 000 «U3nareabeTBO «MHHOBALMOHHOE MALIMHOCTPOEHHUE», 2016

ﬂepeneqzm(a, BCE BHMIABI KOMUPOBAHUSI U BOCHPOHU3IBCACHUSA MATCPUAIOB, Ory0IMKOBAHHLIX B JaHHOM
KHUTe, J0NYyCKAIOTCs TOJbKO € PA3PeIlEHMs N31ATE1bCTBA U CO CCbLI KO Ha UCTOYHHMK MHQ)OpMaLlHl’I.



COAEPXAHMUE

NPEAUCIAOBME ... ........... ... 4
VCAOBHBIE OBO3HAYEHMA . ............. 5
EMED ..ottt iiie i innn 6
1.2. AToMHas CTPYKTYpa M (DH3UYECKHE CBOMCTRA . . . 12
1.3. MexaHuueCcKMe CBOMCTBA. .. ...vvovvennnn.. 20
1.4, Cnurxu o rionydaGpuKarsl,
00pabaThIBAEMBIC HABMICHUEM ., ..\ o v vve .. 27
1.5, TeXHONOTHYECKHUE CBOUCTBA. .. ..o vnnn ... 38
1.6. KOPPO3MOHHKEC CBORHCTBA . . ... ... 44
2. JJATYHH, OBPABATBIBAEMbIE
JABJTEHUMEM o icviisivisevmmmamemimess 48
2.1, OBIME CBEACHMT 0 s« cvs s sasyvsssvinnsvuios 48
2.2, JIBOAHBIE JIATYHH ...\ttt iee et e 50
2.3, CHEUMATBHBIE IATYHN .. oo vt 61
2.3.]. AIOMAHHUEBBIC TATYHM . . oo vveeneen .. 69
2.3.2. OJOBSIHHBIE JATYHM . . . .o o vvnne e 72
2.3.3. CBUHLIOBBIE AATYHU . .. ..o oove v et 73
2,34, KpeMHHCTBIS JIATYHM . . .. . oo vereeannnn 74
2.35 HAKEMEBBIC AATYHW . . ..o iene e 75
2.3.6. MapraHueBsle NATYHHU . .. ... ... 75
3. BPOH3bl,OBPABATBIBAEMbBIE
JABNEHHMEM . ........cooiiiiiniien, 77
31, OGUIME CBEACHMA . . .o v v e iniene 77
3.2, OAOBSHHBIE GPOH3BL ...\ ovvvt e e 78
3.3, AIOMMHUEBBIE OPOHBBL . . ... ..ot tees 87
3.4, BepMaMeBBIE OPOHBBI . . .. ..o 102
3.5, KpEMHHCTBIC OPOHBBL ... o ivnivtiennne s 112
3.6. MapranueBBIE OPOH3bL. . ..o vt vt 113
4. TUTENHBIE MEAHDIE
CHMABDB] . ...t 114
4.1. Obuas XxapakTepuCTHKa JUTEHHBIX
MEIHBIX CTITABOB .« ¢\ oiv ettt envn 114
41.1. OnoBAHHBIE OPOH3B .. .. ... .. covun. .. 114
4.1.2. Be300BAHHBIC GPOH3BL. . . ... ... .0 ... 119
4.1.3. TUTEAHBIE NATYHM ..o oo eeie e e 129
4.2, TexHONOTUA MAABKM JNTERHBIX
MEAHBIX CIIABOB . . oot vveee e evaan i e 135
4.2.1. O61ias XapakTepucTuKa
METAIMYECKMX IUMXTOBBIX
MATEPHATOB . o oo vt vveve s e 137
B202, MIOCHE = 3 5 y 5 wossamsmmmmssans s 5 55 144
42.3. I1aBKa OJIOBSIHHBIX 6POH3 .. .. ... ... .. 145
42.4. T1naBka Ge30/10BAHHMX OPOH3 . ... .. ... 146
425 TInaBkaJIaTyHed. . . ..o ... 148
4.2.6. DUHUILHDBIE OTIEPALAU TIPH MTOTIYIEHITH
OT/JIMBOK U3 NaTYHEH M OpoH3 ... ... .. .. 149
5. MEJHO-HUKENEBBLIE CTIJIABBY. . . ........
5.1. BnusiHvie HUuKesi HA CBOMCTBAMENM . .. ..ottt
5.2. KOHCTPYKIMOHHBIE COJIABBE . ... .o n . 156
5.2.1. /1BO#HBIE MEAHO-HHUKEIEBBIC CIVTABHI . . . 165
5.2.2. Crinaswt cucrembl Cu—Ni—Fe—Mn .. .. 166

L

3. Cnnassl cucrembr Ni—Cu—Fe—Mn
(MOHEIb~-METANBL)
. Crnasst cucrembt Cu—Ni—Zn—(Pb)
(Heir3uabHepbl)
. Canasnl cucreMbl Cu—Ni—Al
(YR miponsgmmomsss gz &
. Cnnapsl cucreMb Cu—Ni—ATd,
JOTIOAHUTEIBHO JIETHPOBAHHBIE
MapraHueM ¥ XpOMOM

5.2.7. Crunassi cucrem Cu—Ni—Cr, Cu—Ni—Be,
Cu—Ni—Sn u Cu—Ni—Mn,
He UMeloLve aHanoros 8 Poccuu. .. .. .. 188
5.3. DNeKTPOTEXHWYECKME CIVIABBL . ... ... .ennn .. 203
6. CHELHUAJIBHBIE MEJIHBIE
CIAABDL . .. covcsiimsmnimssasmaniss 218
6.1. MUKPOICTUPOBAHHE MEAH U
MHKPOJIETHPOBAHHBIC CTUIABBL. . .. .. ..ot 218
6.1.1. O61Han XapaKTepUCHIKa CIIABoB . . .. . . . 218
6.1.2. Bausiaue Manbix 406aBOK HA YACIBHOEC
BIEKTPOCONPOTUBIACHHE MEAH . ... .. ... 219
6.1.3. BausiHue MUKPOIETKPOBAHUS
Ha TEMIIEPATYPY PEKPUCTAIIMIALUHK
WM s oassnsepnonsssssoss ppoppesmes 221
6.1.4. MUKpPOSIErNpOBAHHBIE CILTABBI
Ha ocHoBe cuctembl Cu—Zr . ... .. ... .. 224
6.2. HuszxonerupoBaHHbI¢ OPOH3BI BRICOKOHR
3JCKTPO- M TETUIONPOBOTHOCTH ... ... ... ... 228
6.2.1. Obinas xapaKTepucTHKA CIUIABOB. . . . . . . 228
6.2.2. TepMHUeCKH HE YNPOYHAEMBIE CIUTABEL . . 236
6.2.3. Canassr cucremsl Cu—Zr. . ........... 252
6.2.4. Counasn cucrembl Cu—Cr —
XPOMOBBIE OPOH3BL. .. .. vvv e 264
6.2.5. XaponpouHbie MEAHBIC CIJIaBbi
CpeaHEH 2AEKTPONPOBOAHOCTH. . . . . .. . . 295
6.3. JICHEPCHO-YPOYHEHHBIC METHBIE CIUTABS! . . . 309
6.4. Mearbie criaebi ¢ a¢pekToM namaty Gopmsi . 319
6.5. Meanbie cinapel ¢ o¢peKToM
CBEPXTNIACTHUHOCTH . . . oot 329
7. TIPUTNION HA OCHOBE MEJIHN. ....... 332
7.1. [laiika npumosiMu Ha OCHOBE MeIH.
OCHOBHbBIC HOHATHS M ONPEACTEHNS . . ... .. .. 332
7.2 TIafKAMENBIO . . ... oo 334
7.3. MeaHO-HMHKOBBIE TIDUITON . .. . ... ..o\t 336
7.4. MenHO-ONOBAHHBIE IPUNON . . ... ... . ... ... 338
7.5. Menno-GochOpHBIE TPUIOK .. .. .. .. ....... 341
7.6. MeAHO-HUKENCBBIC APUTION . .. .. ........... 342
7.7. MEAHO-TUTAHOBBIC HPUIIOM . .. .. ... ... .. .. 347
7.8. MenHo-TepMaHUeBbIe NPUAOU . .. ... .. .... .. 349

CIHUCOKJIUTEPATYPBL. .. .. ... ... ...

MPUIOXEHHE.
TOCYAAPCTBEHHBIE CTAHAAPTHI
HA MAPKH MEAH U MEHBIX CIUIABOB. . 353



