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BBEOEHUE

MeTaaAbl U KX CIIAABBI HCIIOAB3YIOTCH OAS KOHCTPYKIUH
MallIiH, 000pyZOBaHUA, HHCTPyMeHTa U T.A. HecMorpa Ha miu-
POKHI1 KPyT' HCKyCCTBEHHO CO3[IJaHHBIX MaTepHaAOB, KEPAMHUKH,
KA€€B, METAAABI CAYKaT OCHOBHBIM KOHCTPYKIIMOHHBIM MaTepU-
aAoM U B OyaylieM Io-IpexkHeMy OyayT JOMHUHHUPOBATb.

B nipupone MeTaaAbl BCTpedaroTcs Kak B YHMCTOM BHE, TaK
U B pydax, OKCHUIAX U COAX. B 4yncToM BHAE BCTpEYarOTCHd XHU-
MUYeCKH ycToiuuBble aaeMeHTHI (Pt, Au, Ag, Hg, Cu). Macca
HaAUOOABIIIETO caMopoaka Memu cocrtaBadger 420 T, cepebpa —
13,5 T, 30a0Ta — 112 KT.

N3 109 OoTKPBITBEIX 9A€MEHTOB, IIPEACTABACHHBIX B II€PU-
oaudeckKou cucreme aseMeHTOB [1.M1. MenneaeeBa, 22 SIBASIIOT-
cd HEMETaAAaMHU.

MeTtasanyeckre MaTepuaAbl OOBIYHO [OEeAdTCd Ha [aBe
OOoABIIIME TPYIIIBI: JKEA€30 U CIIAABBI XKeAe3a (CTaab M 4YyTyH)
Ha3bIBAIOT UEPHBLIMU MEMALIAMU, & OCTAABHBIE METAAABI U UX
CIIAaBBI — ygemHoimu. Bece 11BETHBIE MeTaAAbl, IPUMEHSIEMbIE B
TEeXHUKE, IOAPAa3AEATIOTCH:

e Ha aerkme MeTasarl (Mg, Be, Al, Ti) ¢ maoTHOCTBEIO 10
Sr/cms3;

e Ts3KeAble MeTaaabl (Pb, Mo, Ag, Au, Pt, W, Ta, Ir, Os) c
IAOTHOCTBIO, ITpeBbItnarone 10 r/cms3;

® AETKOIIAABKUE MeTaasbl (Sn, Pb, Zn) c Temmneparypoii
IIAABAEHHS COOTBeTCTBeHHO 232, 327, 410 °C;

e TyronaaBkue Metaasbl (W, Mo, Ta, Nb) c Temmieparypoit
IAABACHUS CYILIECTBEHHO BEIIIE, YeM y Keae3a (> 1536 °C);

e Oaaroponnble MeTaaabl (Au, Ag, Pt) ¢ BbrICOKOH ycTOH-
YHBOCTBIO IPOTUB KOPPO3UH;

® ypaHOBBIE METAAABI, MAM aKTHUHOHAbL! (aKTHHHIBI), HC-
IIOAB3YEMBIE B ATOMHOM TEXHUKE;

e peako3eMeabHble MeTaaabl (P3M) — aaHTaHOUABI, IIPU-
MeHsSEMbIEe NAT MOAUMUITUPOBAHUS CTaAH;

® IIIEAOYHBIE U IlleAOYHO3eMeAbHble MmeTaaabl (Na, K, Li,
Ca), B CBOOOTHOM COCTOSHUH IIPUMEHsSIEMbIe B KAYeCTBE KHU]I-
KOMETaAAUYEeCKUX TEIIAOHOCUTEAEH B aTOMHBIX pPeakTopax;
HaTpUM TaKiKe HCIOAB3yeTCd B KadecTBe KaTaauszaTopa B
IIPOU3BOACTBE UCKYCCTBEHHOI'O Kay4dyKa, AUTHH — IAS A€THPO-
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BaHMUSA ACTKHX WU IIPOYHBIX aAIOMHHHUEBBIX CIIAQBOB, IIPUMEHSI-
€MBIX B CAMOAETOCTPOEHUH.

CaoiicTBa MeTaaAOB pas3HOOOpasHbl. PTyTh 3ameps3aer
npu temneparype —-38,8 °C, BoAb(ppaMm BBIIEpPKUBaET pabdo-
gyio TeMmuneparypy a0 2000 °C (Tn, = 3410 °C), autuii, HaTpHH,
KaAWH Aerde BOABI, 4 HPHUANMN U OCMHH B 42 pa3sa TAXKEAEE AHU-
TUSI. DAEKTPOIIpoBogHOCTL cepebpa B 130 pa3 BeIlle, YeM
MapraHila. Bmecre ¢ TeM MeTasAbl UMEIOT XapaKTepHble 00-
IIIMe CBOMCTBA:

e BBICOKAas ITAACTHUYHOCTB;

® BBLICOKHE TEIIAO- U SAEKTPOIIPOBOIHOCTD;

® IIOAOKUTEABHBIH TeMIIepaTypHBIH KO3(PPUIIUEHT 3A€K-
TPHUYECKOTO COIIPOTHBAECHHS, O3HAYAIOIHMI POCT COIIPOTHBAE-
HHS C IIOBBIIIEHHEM TeMIIEpaTypbl, U CBEPXIIPOBOANMOCTH
MHOTHX MeTaar0oB (okoao 30) mpu TeMmIieparypax, OAHM3KUX K
abCOAIOTHOMY HYAIO;

e XOopomIas oTpazKaTeAbHasi CIIOCOOHOCTBH (MeTaAAbl He-
IIPO3PaYHbl B UMEIOT XapaKTEePHBIH METAAAMIECKHH OAECK);

® TEPMOSAEKTPOHHAsI AMHUCCHUS, T.€. CIIOCOOHOCTb K HC-
IIyCKaHUIO SAEKTPOHOB IIPU Harpese;

® KPHCTAAAUYECKOE CTPOEHHE B TBEPAOM COCTOSIHUU.



lMpakmuyeckass paboma Nel. 5
KINACCUDPUKALUA, MAPKUPOBKA, CBOUCTBA
1 NPUMEHEHUE CNNTABOB HA OCHOBE AJTIOMUHUA

AAIOMUHHH OTHOCHUTCH K TPEThEH IPyIIIE IIEPUOANYIECKON
cucremsnl /1.11. MenneaeeBa. PU3HudecKHe CBOMCTBA aAIOMUHHSA
B CPaBHEHHWH C APYTUMHU MeTaAAaMH JaHBI B TabA. 1.1.

AnromuHuil — A€TKUM MeTaAA (IAOTHOCTB 2,7 r/cMm3) ce-
pebpucrtoro 1Beta, Xopolo Ioaupyercd. [loanpoBaHHas I0-
BEPXHOCTBH IOCTATOYHO JOATO COXpPaHSET 3epPKaAbHBIN OAECK.

Ilo pacnpoCTpaHEHHOCTH AAIOMHHHH 3aHHMAaeT IepBoOe
MECTO Cpenu KOHCTPYKIIMOHHBIX MeTaar0B. B 3eMHOM Kope
conepxkutcd 8,8% aAlOMUHUS, B TO BpeMsd KaK Keae3a BCETO
5,1%. AaroMuHHE BXOAUT B COCTAB BCEX TAMH, IIOAEBOTO IIITIa-
Ta, OOKCHUTA U pAna APYTHUX TOPHBIX IIOPOL.

AATOMHUHHUN KpPHCTaAAU3yeTCd B TpaHEeHTPUPOBAHHON
Kybndeckol pemetke ¢ nepuogom 0,40412 um rpu 20 °C. Ero
yaoeAbHas TEIIAOEMKOCTDH U CKpPBITasl TEIIAOTa IIAABAEHUS BECh-
Ma 3HAYUTEABHBI, II03TOMY [JAS HarpeBa U pPaclAaBA€HUS 3TO-
ro MeTasra TPeOyIOTCS 3aTpaThl OOABIIIOTO KOAMYECTBA TEIAA.

AAIOMUHHH HMeEET BBICOKYIO TEIIAO- H 3AEKTPOIIPOBOI-
HOCTBb. OAEKTPONPOBOAHOCTH AAIOMHHHA 4YHCTOTOU 99,997%
cocTaBAageT 65,5% OT dAeKTPOIIpoBOAHOCTU Menu. [Ipumecu u
AETUDPYIOIIME 3AEMEHTHI B TOM MAU WHOM CTEIIEHU YMEHBIIAIOT
3A€KTPOIIPOBOJHOCTD asloMuHu4 (puc. 1.1).
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Puc. 1.1. BnusiHue npumecen u nermpyroLimx afieMeHToB
Ha 3NEeKTPONPOBOAHOCTb } antoMUHUA
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OCOOEHHO CHABHO IIOBBIIIAIOT SAEKTPOCOIIPOTHUBAEHUE
aAIOMHHUS MapraHell, BaHaAuMP, XpOM M THUTAH, MAaAO BAUSIOT
HUKEAb, KPEMHUH, [TUHK, XKeA€30 U Melb. TeMnepaTypHbIi Ko-
3(pPUIMEHT €ro 3AEKTPOCOIIPOTUBACHHUS pPaBeH IIPUMEPHO
0,004 K-1. AAtoMHUHUHN — TapaMarHUTHBIN MEeTaAA.

Tabauiia 1.1
OcHoBHBIE (PH3HYECKHE CBOHCTBA IIBETHBIX METAAAOB
N MeTtann
CaoiicTBa

Be Mg Al Ti Ni Cu
ATOMHbI HOMEp 4 12 13 22 28 29
ATomHas macca 9,013 |24,32| 26,981 | 47,88 | 58,70 | 63,54
MnotHocTs npu 20 °C, riem® 1,8477 |1,737| 2,698 4,507 | 8,897 8,94
Temnepatypa nnaeneHus, °C 1287 650 | 660,24 | 1668 1455 1083
TemnepaTtypa kuneHusi, °C 2450 | 1107 | 2520 3169 2822 2360
ATOMHbIV AnameTp, HM 0,226 [0,320| 0,286 0,290 | 0,248 0,256

CkpbITast Tennota nnaeneHus, KIhx/kr 1625 357 | 389,37 | 358,3 302 205

CkpbliTast Tennota ucnapexusi, kIhx/kr | 34395 | 5498 | 10885 | 9790 6376 6340
YaenbHas TennoemMKocTb

npu 20 °C, Ox/(kr-K)

YaenbHas TennonpoBoAHOCTb

npu 20 °C, B1/(MmK)

KoadduumeHT nuHenHoro
pacwmpeHus npu 25 °C - 10° Kt
YaenbHoe aneKkTpoconpoTMBIIeHNe
npu 20 °C, MkOM'M

Mogaynb HopmanbHow ynpyroctu, Ma | 311,1 | 44,1 70,6 103 203 125

Mopgynb casura, Mla 140 (17,854 27 39,2 73 46,4

1826 |1047,6| 961,7 521 450 385

2930 167 | 2215 21,9 88,5 387

12 26 23,3 9,2 13,5 16.8

0,04 |0,045|0,02767 | 0,58 | 0,0684 |0,0172

Mogayars FOHra astomunusi, paBubeiii 70000 MIla, noBoAb-
HO BEAUK A4 €Tr0 TeMIIEpaTyphbl IIAQBACHHH, HO OH 3HAYUTEAb-
HO MEHBIIIE, YeM Y CTaA€H.

AATOMUHHH — XUMHUYECKH aKTHUBHBIN MeTasa. OOHAKO OH
AETKO IIOKPBIBAETCH C IIOBEPXHOCTHU OKCHIHOM IIA€EHKOM, KOTO-
pad 3alyIaeT €ro OT JAaAbHEHINIEro B3aUMOJACHCTBHUA C OK-
pyXxarouei cpenoii. Ha Bo3ayxe mpr KOMHaTHOU TeMIlepaType
TOAIIIMHA 3TOM IAeHKU 5-10 HM, IIpU HarpeBe OO0 TeMIlepaTy-
PbI IAAQBAEHUA Ha IIOBEPXHOCTH TBEPAOrO METasAa BO3pacTaeT
o 200 aM. OKHCH aAIOMHUHUS HMEET VIAEAbHBbIH 00BbeM, 0AM3-
KU# K yOEABHOMY OOBEMYy AaAIOMUHHUSA, II09TOMY OKCHIHAS



IIA€HKA IIAOTHAasI, 00Aa1aeT OYe€Hb XOPOIINM CIIETIAEHHEM C Me-
TaAAOM U MaAOIIPOHUIIAEMA JIAS BCEX I'a30B.

MuHepasbHbIE KHUCAOTBHI AEHCTBYIOT Ha aAlOMHUHUU, IIPHU-
4eM C IIOBBILIEHHEM TEMIIEpaTypbl AEHCTBHE YCHAUBAETCH.
Hekoroprie pa30aBAe€HHBIE KHCAOTBI B3aUMOAEHCTBYIOT C
AAIOMHHHEM CHABHEE, 9YeM KOHIIEHTpHUpOBaHHbIE. KOHIIEHTPH-
poBaHHas X0AOQHAsd a30THAad KHCAOTA HE PaCTBOPSET aAIOMU-
HUH, a paszbaBaeHHas pas3pylliaeT odeHb ObIicTpo. Caabble pac-
TBOPBI cepHOU KHUCAOTEI (1o 10% H2SO4) Mano medicTByIOT Ha
AAIOMHHHM, HO C HOBBIIIEHHEM TEMIIEPaTypbl U KOHIIEHTpA-
OUH CKOPOCTh KOPPO3uH Bo3pacraeT. OQHAKO KOHILIEHTPHPO-
BaHHasd CcepHasd KHCAOTa CAabO0 B3aMMOEHCTBYET C aAIOMUHU-
eMm. CoagHasd KHCAOTa, PACTBOPBI ITAABUKOBOU M OGPOMUCTOBO-
OOPOOHOM KHCAOT OBICTPO PaACTBOPAIOT aAIOMHUHHHE. Paszbas-
A€HHBIE pacTBOpPBI occopHO (MeHee 1%) M XPOMOBOHM (IO
10%) KHUCAOT aAIOMHUHHUHI PACTBOPAIOT HE3HAYUTEABLHO.

AAIOMUHHH yCTOWYHB BO MHOTHX OPTaHHUYECKHUX KHCAO-
Tax: YKCYCHOM, MaCA9HOM, ANUMOHHON, BUHHOM, IIPOIIMOHOBOH,
A0AOYHOM, TAIOKOHOBOH. B miaBeaeBOH M MypaBBLHHOM KHCAO-
TaxX KOPPO3UOHHAI CTOMKOCTb aAIOMHHUSA Maaa.

[aHHBIA MeTaaA OBICTPO PaCTBOPSETCS B PacTBOpax €n-
Kux Imieaodeit. [Ipu HarpeBaHUU BOCCTaHaBAUBAaeT OOABIIIMH-
CTBO OKHUCAOB, YTO IIOAOKEHO B OCHOBY aAIOMOTEPMUHU.

AnroMuHUE MapKUpPYIOT OyKBoO# «A» u rimdppamu, o6o3Ha-
JaIIUMU J0AU IpoleHTa cBbIle 99,0% Al.

[MocTosHHBIE TpuMecH aatomMuHus — Fe, Si, Cu, Zn, Ti.
B 3aBucuMOCTH OT comepzKaHUd IIpUMeceH IEePBUYHBIN aAlo-
MHWHUH IIOAPA3AEAdIOT Ha TPHU KAaacca:

1) ocoboit unctToTblr A999 — 99,999% Al (< 0,001% mpu-
Mecet);

2) BBICOKO# yucToThl A995, A99, A97, A95 (0,005-0,05%
npumeceH);

3) TexHn4Yeckol YUCTOThI A85 — 99,85%Al, A8 — 99,8%Al1
u ap. (0,15-1% npumecei).

BykBa «E» B KOHIIEe MapKHd 0003Ha4aeT MOBBILIEHHOE CO-
OEep3KaHUE JKE€A€3a U IIOHHKEHHOE KpPeMHHId. AAIOMHUHHH OCO-
00 YUCTOTHI MPUMEHSIETCS IAS AaOOPATOPHBIX ITEAEH.

TexHUYECKUN aAlOMUHHH, BBIITyCKaeMbIH B BUe Aedop-
MUpPYyeMOTro moaygadpukarta (AUCTBI, IPOPUAN, IPYTKU U OP.),
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MapkupyoT A0 u AIl1. MexaHudecKue CBOMCTBaA aAIOMUHUSA
3aBUCHAT OT €r0 YUCTOTHI U COCTOSHHA. YBEAWUYEHHE cofaepxKa-
HUS [puUMeced, M IaacTUdecKas AecopMaliyis I[IOBBINIAIOT
IIPOYHOCTD U TBePAOCTH Al (Taba. 1.2).

BBuay HH3KOM HPOYHOCTU AAIOMUHUH HIPUMEHAIOT OAS
HEHarpyXKEHHBIX AEeTaA€d KU 5AEMEHTOB KOHCTPYKIIMH, Korga
OoT MaTrepuasa TpebyeTcs AerKOCTh, CBAPUBAEMOCTD, ITAACTUY-
HOCTb. Tak, U3 HEro U3roTOBASIOT paMbl, ABEPH, TPYyOOIIPOBO-
ObI, (POABIY, IIUCTEPHBI OAS MEePEeBO3KH HePTH U HeTeIrpo-
OYKTOB, IIOCyAy U Ap. baarogaps BBICOKOH TEHAOIIPOBOAHOCTH
€r0 HCIIOAB3YIOT [AS PA3AUYHBIX TEIIAOOOMEHHHKOB, B IIPO-
MBIITIIA€HHBIX U OBITOBBIX XOAOAMABHHKAX. BbICOKasl 3A€KTpPHU-
yeckas IIPOBOAUMOCTb aAIOMHHUS CIIOCOOCTBYET €ro IIHPOKO-
My IIPUMEHEHWIO [Ad KOHZEHCATOPOB, IIPOBOMOB, Kabeaew,
IIWH U T.II.

Tabaura 1.2
MexaHHYECKHE CBOHCTBA aAlOMHHHSA

Cymma e, Oo2, 6,
Mapka npumeceit, % Cocrosnne MMa MMa % HB
A995 0,005 Jlutoe 50 — 45 15
A5 0,5 Jlutoe 75 — 29 20
Jlntoe 90 - 25 25

edopMmpoBaHHoe

A0 1 A g) osoxoieHHoe 90 30 30 25
OedopmumpoBaHHoe | 140 100 12 32

AaroMuHu#El Xopoiio obpabaTbIBaeTcs OaBA€HHEM, CBa-
pHBaeTCcsd ra30BOM M KOHTAKTHOUW CBapKoOii, HO IIAOXO oOpaba-
TBIBAETCS pe3aHueM. VMeeT GOABIIYIO ycanky IIpHU 3aTBepe-
BaHuu (6%). BrICOKHWe TeraoTa HAaBAEHHUS U TEIAOEMKOCTH
CIIOCOOCTBYIOT MEOAEHHOMY OCTBIBAHUIO AAIOMHHUS U3 KU/I-
KOT'O COCTOSIHHS, YTO JAaeT BO3MOXKHOCTH VAy4YIIATh OTANUBKH
U3 aAIOMHHHUS U €T0 CIIAABOB IIyTeM MOAHU(UIINPOBAHUd, pa-
PUHUPOBAHUS U APYTHUX TEXHOAOTHYECKHUX OIlepallii.

Knaccudmkauma anromMmHueBbIX CNsiaBoB

A TIOAyYEHHS aAIOMHUHHEBBIX CIIAABOB C Pa3AHYHBIMU
CBOMCTBaMU AaAIOMHHUH A€THPYIOT [OPYTHMH MeTaAAaMHU.
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Hawnboaee IIMPOKO B KaYeCcTBE AETHPYIOIIHX 3A€MEHTOB IIPH-
MEHSIIOT Me[b, MarHWii, MapraHell, IIUHK, KPEMHU, a B IIO-
cAelHee BpeMs U AHTHH, HO II0KA B OTPAHUYEHHBIX MAacCIITa-
bax. Kpome OCHOBHBIX IIIECTH, HU3BECTHO €IIle OKOAO ABYX mOe-
CATKOB AETUPYIOIINX A00aBOK. B HIPOMBIIIIAEHHOCTH HCIIOAB-
3YIOT OKOAO 55 MapOK aAIOMHHHEBBIX CIIAABOB

B 3aBucuMocTH OT crioco0a IoAyYeHHs ITOAYy(PaOpUKaATOB
Y U3OEAUIl aAIOMUHUEBBIE CIIAABbI MOXKHO Pa3eAUTh:

e Ha nePOpMUPYEMEBIE;

e AUTEHHBIE.

U3 degpopmupyemsbix aAtOMHHUEBBIX CIIAQBOB ITIOAYYalOT I10-
AypaOpUKAaThI U U3AEAUS MeToJaMU 00pabOTKU METAaAAOB JaBAE-
HUEM ([IPOKATKOU, IIPecCoOBaHUEM, KOBKOH, MITAMIIOBKOM U T.n).
AumeiliHble CTIAaBBI TIPeHA3ZHAYEHBI AT (DACOHHOTO AUTHS.

[ToMHEMO 3TOTO, METOAAMH OPOIIKOBOM METAAAYPTHH KU 3-
TOTAaBAMBAIOT CHEYEHHbIE aAloMHHUeBble MopoIiuku (CAIl) u
criedueHHbIe astoMuHueBbIe criaaBbl (CAC) (puc. 1.2).

3aroToBKH, MOAYYEHHbIE METOAAMH ITOPOIIKOBOM MeTaA-
AYPTUH, IIOABEPraroT 00paboTKe maBACHUEM, IIO3TOMY ITOPOIII-
KOBBIE aAIOMUHHEBBIE CIIAABBI CAEOyeT paccCMaTpUBaTh Kak
Pa3HOBUIHOCTE Ae(POPMHUPYEMBIX.

[edopmupyemble 1 AUTEHHbIE CIIAABBI MOXKHO Pa3/IeAUTh
Ha TEPMUYECKHU YIIPOYHSEMble W TEPMUYECKH HEYIPOUHSe-
Mble. B CBOIO ouepens TepMHYECKOEe YITPOYHEHHE MOXKET [0-
CTUTATBCH 3aKAAKOM C MOCAEAYIOIIMM €CTECTBEHHBIM M HCKYC-
CTBEHHBIM cTapeHUHeM. [leaeHHe Ha €eCTEeCTBEHHO M HCKYC-
CTBEHHO CTAPEIOIIHE CIIAABBI HECKOABKO YCAOBHO.

Bce nmpumeHsieMble B IIPOMBIIIIAEHHOCTH CIIAABBI MOXKHO
pa3buTh MO CHUCTEMaM, B KOTOPBIX OCHOBHBIE AETHPYIOIIHE
KOMIIOHEHTBI OYAyT OIpPENeAsdTh TUITMYHBIE A OAaHHOM CHU-
cTeMbl (PU3NYECKHEe M XUMHUYeCKHe CBo¥cTBa. Kpome OCHOB-
HBIX OIIPEACAAIOIINX SAEMEHTOB B CIIAQBBI O}lHOfI CHUCTEMBI MO-
T'YT BXOJUTH PA3AUYHBIE JOOABKH APYTUX SAEMEHTOB, KOTOPBIE
IIPUAIOT CIIAABY KaKHe-TO HOBBbIE CBOMCTBA, HO HE U3MEHSIOT
UX OCHOBHO# ITPHUPOIHLI.
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B Taba. 1.3 u 1.4 mpuBeneHbl XUMHUYECKHE COCTaBBI OC-
HOBHBIX IIPOMBIIIA€HHBIX AAIOMUHHEBBIX CIIAQBOB, Pa3ObUTHIX
II0 CUCTEMAaM.

Tabauma 1.3

CocTaB OCHOBHBIX IIPOMBILIA€HHBIX Ae(OpMHPYEeMBbIX
AAIOMHHHEBBIX CIIAABOB (OCHOBA — aAFOMHHHI,
NpHMeCH He YKa3aHbI)

Mapka KomnoHeHTbI, %
pynnal Cuctema i
cnnasa Cu Mg Mn zZn Si npouvie
1 2 3 4 5 6 7 8 9
1 Al-Mn AMuy — — 1,0-1,6 — - —
AMr1 - 04-17| - - . -
AMr2 — 1,8-2,8| 0,2-0,6 - - -
AMr3 — 3,2-3,8 | 0,3-0,6 — 0,5-0,8 —
0,02-0,10)Ti
2 Al-Mg | AMr5 — 4,8-5,8| 0,3-0,8 — - © (0002_0 00)5)Be
_ . - _ _ (0,02-0,10)Ti
AMr6 5,8-6,8 | 0,5-0,8 (0,0002—0,005)Be
_Cue (0,02-0,1)Ti
3 A'MC;“ 1201 | 5668 | - |o0204]| - - (0.1-0,25)Zr
(0,05-0,15)V
018 2,2-3,0 |0,2-0,5 - — - -
B 65 3,9-4,5 [0,15-0,3] 0,3-0,5 - - —
a1 3,848 |0,4-0,8| 0,4-0,8 — — —
016 3,849 [1,2-1,8]| 0,3-0,9 — — —
0164 | 3,8-49 |1,2-18| 0,3-0,9 — — —
1163 | 3,645 |1,2-1,6 | 0,4-0,8 — — —
019 3,843 [1,7-2,3| 0,5-1,0 — — (0,0002-0,005)Be
(0,8-1,4)Fe
4 | ACU= Aka1| 1,927 [1,2-1,8] - - - (0,8-1,4)Ni
Mg (0,02-0,1)Ti
(0,8-1,4) Fe
AK4—-14| 1,9-2,7 |1,2-1,8 - - - (0,8-1,4)Ni
(0,02-0,1) Ti
(0,0002-0,005)Be;
BAO1 | 3,8-4,5 |2,3-2,7|0,35-0,8 — - (0,02-0,1) Ti
(0,07-0,2) Zr
AB 0,1-05 |0,45-0,9|0,15-0,35| - 0,5-1,2 —
5 |Amgsi AB! - Jos-09| - - o307 -
1433 | 0,15-0,4 | 0,8-1,2 — — 0,4-0,8| (0,15-0,35)Cr
AL 35 — 0,8-1,4| 0,5-0,9 — 0,8-1,2 —
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OxkoH4yaHue Tada. 1.3

Foynnal Cucrema Mapka KoMnoHeHTbl, %
Py cnnaea’ Cu Mg Mn Zn Si npoyne
AK6 18-26 | 0,4-0,8 | 0,4-0,8 - 07-12 -
6 Al-Cu— | AK8 | 3,948 | 0,4-08 | 0,4-1,0 - 10,6-1,2 -
Mg-Si (0,8-1,3)Ni
AK4 | 19-25 |1,4-18 - - 05-1,2 (0.8-1.3)Fe
_ » . B _ (0,15-0,22) zr
1915 1,3-1,8 | 0,2-0,6 (3,4-4,0 (0,1-0.2)Cr
e _ » . ) _ (0,1-0,2) zr
7 |Al-Zn-Mg| 1925 1,3-1,8 | 0,2-0,7 [3,4-4,0 (0.1-0.2)Cr
B93 | 0,8-1,2 |1,6-22 - 6,5-7,3| - (0,2-0,4)Fe
B93ny| 0,8-1,2 | 1,6-2,2 - 6,5-7,3] - (0,2-0,4)Fe
B9 | 1,4-2,0 | 18-2,8 | 0,2-0,6 |5,0-7,0] - (0,1-0,25)Cr
B95ny,| 1,4-2,0 |1,8-2,8 | 0,2-0,6 |5,0-6,5| - (0,1-0,25)Cr
Al-Zn— " " " " "
8 Mg —Cu B950y4 —— —— —— —— - —"—
B95ny| 1,4-2,0 | 1,8-2,8 | 0,2-0,6 |5,0-6,5| - (0,1-0,25)Cr
B96y | 2,0-2,6 |2,3-3,0 - 8,0-9,0 - (0,1-0,2)Zr
B96u-3| 1,4-2,0 | 1,7-2,3 - 7,6-8,6 - (0,1-0,2)Zr
Mol i _ - _ _ _ (1,9-2,3)Li
9 |Al-Mg-Li| 1420 4,5-6,0 (0,08-0,15)Zr
(1,8-2,3)Li
10 |[AlCu-Li| 1450 | 2,6-3,3 - - - - (0,09-0,14)Zr,
Ce, Ti, Be
(2,1-2,6)Li
1440 | 1,2-1,9 | 0,6-1,1 - - - (0,1-0,2)Zr, Ti,
Be
Al-Cu—
1| et (4, 7-2,0)Li
> - _ _ _ (0,04-0,16)Zr
1441 | 1,6-2,0 | 0,7-1,1 (0,01-0,4)Mn, Ti,
Ni
CAMM - - - - - (6-8)Al,03
12 | AI-ALLO4
CAN2 - - - - - (9-12)Al,03

* Cnnaebl 16, 4164, 1163 pa3nuyarTca 4onyCcTUMbIM cCogepKaHueM npumecen Fe n
Si; cnnaBbl AK4—1 n AK4—14 pasnuyatoTca AONYyCTUMbIM copepXaHvem npumecen Si, Mn n
Zn; B cnnaee 1925 no cpaBHeHwto ¢ 1915 gonyckaeTcs Gonee BbICOKOE COAepXaHue npu-
mecen Fe, Si n Cu; cnnasbl B93 1 B93ny pasnuyalTcs 4OMyCTUMbIM CoAepXXaHWeM npumMecu
Si; cnnaebl B95, B95n4, B9504 pasnuyaloTcs 4ONYCTUMbIM CoAepaHneM npumecen Fe un Si.
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Tabauia 1.4
CocTaB OCHOBHBIX NMPOMBILIAEHHBIX AaAFOMHHHEBBIX
AHTEHHBIX CIIAABOB (OCHOBA — AAFOMHHHI)

KoMnoHeHTbI, %
[PV o crema|  Mapka
na cnnasa Si Mg Cu Zn Mn Ni npouve
1 2 3 4 5 6 7 8 9 10
1 | A-si | Ak12 (An2) [10,0-130] - = - | - -
AK9u (AN4) [8,0m10,5|0,17-03| - | - [o2-05| - -
2 A',\‘/S" AK74 (AN9) | 6,080 | 0204 | - | = | = | - -
~ - 1 _ [ _ [01mo3m
AK8n (An34)| 6,5-8,5 [0,35-0,55 0150450
AK5M (AN5) | 4,555 |0,35:0,6 [1,0-1,5] — | - | - -
AK8M (An32)| 7,5-9,0 | 0,3-0,5 [1,0-1,5| — [0,3-0,5| — | (0,1-0,3)Ti
Al-Si-
® | Mo—Cu [ Acrovzmrnt | 11,013
rH|11,0-13, .
(AN25) %] 0813 1530 - [0.3-06 - |(0.05-02)Ti
AK21M2, 0,8-13 (0,1-0,3)Ti;
Shzs | [P00-22002-05 2230 - [02-04p7 5 (05 0w
AN7 - ~ |aoso|l - | - | - -
AM5 (AN 19)| - ~ |a553| - |o610| - |©15-035)Ti
AM4,5Kz ~ ~ Lol _ |o1s-039)Ti
4 | aLcy | (BANIO) 4.5-4.9 035-08 (0,07-0,25)Cd
(0,15-0,35)Ti;
BAI 14 - —  |a550| - o509 - |004-012)0Cd:
(0,05-0,25)r
~ ~ P (0,05-0,2)zr;
ANN33 (BAMNM) 5,5-6,2 0.6-10[08-12 (012 05100
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OxkoH4yaHue Tada. 1.4

1 2 3 4 5 6 7 8 9 10
AMr5K(AN13)| 0,8-1,3 | 45-55 | - - pamo4 - -
AMr5My, )
(AN128) - |a8s63| - - lo,4-1,0 - |(0,05015)Ti
5 | Al-Mg (0,05-0,15)Ti;
ahl/lTrZﬁC?) - 6,0-70 | - - - - | (0,05-02)zr:
(0,02-0,1)Be
(0,05-0,15)Ti;
AMr0(AN27) - |95-105| - - - - | 00502z,
(0,05-0,15)Be
| Au4mr ~ (0,1-0,2)Ti
6 [AZ1 (An24) — 3320 lo-1sT i %0208 - |(01-02Ti
9 BAN12 o o=l (0,1-0,2)zr

Jloaroe BpeMsa B MapKHUPOBKE aAIOMHUHHEBBIX CIIAQBOB HeE
ObIAO enmHOM cucTeMbl. PasHble opraHu3anuy, IIpHcBauBag
OyKBEHHO-ITU(PPOBbIE MapKU CIlIAaBaM, PYKOBOIACTBOBAAUCH
PasHBIMH IIPUHIUIIAMU. BbIOeAadroT MapKu, xXapakTepU3yio-
II1Ie COCTaB CIIAaBa:

e AMr2 (aaromMmuHHUP-MarHuii okoao 2%);

e AMIi (aaArOMHUHHI-MapraHeri).

[pyrrie MapKy OTpazKaloT TEXHOAOTHIO ITOAYYEHUST U3AEANH:

o AAN2, AA4, ANT, toe GyKBBI «A/l» IOKA3BIBAIOT, UTO CIIAGB
AWUTEHHBIN, 1IIMQPEI ITocAe OYKB — MOPSAKOBBIE HOMEpa CIIAABOB,
He HeCyllFie HUKAKOH MOAe3HOH MH(OPMAIIUHU O CIIAABE;

o AK4, AK6 — aAlOMHUHHEBBIE CIIAABBI JAST KOBKH.

B Mapkax MHOTHX CIIAQBOB OTpaxk€Ha OpraHHu3allus-
paszpabotumk: BAAKO, BAA14 — auteiliHble craaBbl, pa3pabo-
TaHHbIe BO BcepoccuiickoM HHCTUTYTE aBUAIlMOHHBIX MaTe-
puasoB (BMAM), BA1l - medopmupyemblii craaB, pas3pado-
TAHHBIU TaM XKe.

B 70-x rr. XX B. 6blrna ODpeanpHHSTA HOIBITKA B MHHU-
CTEPCTBE AaBHAIIMOHHOH IIPOMBIIIIAEHHOCTH BBECTH €IUHYIO
MU(PPOBYIO CUCTEMY MapKHPOBKH aAIOMUHHEBBIX CIIAABOB, KO-
TOpas MOraa OBITH PACHIPOCTPaHEHA U Ha APYTHE CIIAABBI.

B cooTBeTcTBHUU C 3TOU cUcTeMOU mepBas nudpa mokKa-
3pIBae€T OCHOBY cIlAaBa (Oad asioMuHHS 1), BTOpas nudpa
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00603HaYaeT CUCTEMY AETHPOBAHUS (IOKa3bIBAET OCHOBHBIE Ae-
TUpPYIOLIMie KOMIIOHEHTHI), TpeThsd W 4deTBepTas NPl — IIO-
PAAKOBBIM HOMEp CIlAaBa, IPU 3TOM [AsS AePopMHUPyeMbIX
CIIAABOB IIocAemHad Iudpa moakHa ObITb O MAM HedeTHoe
YHCAO, OAS AUTEHHBIX CIIAABOB — YeTHOe YHCcAO. TakuMm obpa-
30M, TAaBHas HH(MoOpMaIUs O COCTaBE CIIAaBa OIPENEASIETCS
BTOPOH 11MppoHt MapKU.

Oag mudp, cTodimx B MapKe Ha BTOPOM MeCTe, ITpUHS-
TBI CAEAyIOIIHE 0003HAYECHUS:

* O — AETHPYIOIINX SAEMEHTOB HET, €CTh TOABKO IIPHMECH,
T.e. 0003Ha4YeHNe Pa3HbIX COPTOB aAIOMHUHUS;

* 1 — craaBel cucremb! Al-Cu-Mg, T.e. criaaBbl, B KOTOPBIX
OCHOBHBIMU AETUPVIOLINMMHU 3AeMeHTaMU siBagioTcs Cu u Mg;

* 2 — ciaaBeI cucreMsl Al-Cu-Mg;

* 3 — criraBrelI cuctemsl AlI-Mg-Si u Al-Mg-Si—Cu;

* 4 — criAaBbI, ACTUPOBAHHBIE AUTHEM, a TAKXKE Maaopac-
TBOPUMBIMU B aAIOMHUHHH KOMIIOHeHTaMu Mn, Cr, Zr u ap.;

* 5 — criaaBeI cucteMsl Al-Mg;

* 9 — crinaBre! cucremsl Al-Zn-Mg u Al-Zn-Mg-Cu.

Hudprr 6, 7, 8 (Ha BTOPOM MecCTe) IOAS MapPKHPOBKH
AAIOMHHUEBBIX CIIAQBOB ITOKAa HE HUCIIOAB3YIOTCS.

HudpoBas MapKUpPOBKa HNPUMEHSETCS OAd OePOPMUpPY-
€MBIX aAIOMHUHHEBBIX CIIAABOB, pa3paboTaHHBIX B T€UYEHHE II0-
caeqHUX 20-25 AeT; cTapble CIIAABBI TaKXKe€ HUMEIOT IIU(PPOBYIO
MapKHUPOBKY, HE IIOAYYHUBIIYIO PACIIPOCTPAHEHUI B IIPOU3BO/I-
CTBEHHOH ITPaKTHKE.

A AMTEHHBIX aAIOMHHUEBBIX CIIAABOB IHM(poBas Map-
KUpPOBKa BooOOIIe He Halaa npuMeHeHus. [Iag Hux o OCT
1583-89 BBeneHa equHasl cUcTeMa OyKBEHHO-ITMPOBOM Map-
KHPOBKH, aHAAOTHUYHAad IIPUMEHSEMOM Oad cTased: mepBad
OykBa «A» mokaspiBaeT Al, mocaenayromnme OYKBBI — OCHOBHBIE
AeTHUpyIonye KoMIoHeHTh! (K — kpemHu#i, M — mens, Me — mar-
Huiti, My — maprase1i, H — HUKeAb, [[ — IIMHK); YUCAQ, CTOSIIIE
rocae OyKB, IOKA3bIBAIOT CPEeAHEEe COMEepPKAHUE JAHHOTO KOM-
rnmoHeHTa B % (IO Macce); ecAu cofepKaHHEe KOMIIOHEHTa
MEHbIIle €IHHUIIBI, OyKBa, oOO3HAYamInasd OaHHBIM KOMIIO-
HEHT B MapkKe, KaK IIpaBHAO (3a PEAKUM HCKAIOUYEHHEM), He
ykasbiBaerca. 'OCT 1583-93 npenycmaTpuBaeT oO0O3HaUYEHHUE
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CIIAQBOB OyKBEHHO-ITM(PPOBOM MapKoOl C yKaszaHHEM B CKOO-
Kax CTapoy MapKH.

ByKBBI «u» (YUCTBIH) HMAM «OWw (0OCOOOM YHCTOTHI) KaK OAL
nepopMUPYEMBIX, TaK U [JAS AUTEHHBIX CIIAABOB yKa3bIBaIOT
Ha IOBBIIIEHHYIO YHCTOTY CIIAAQBOB II0 IIPHMECAM KeAe3a U
KPEMHHUS.

TexXHU4YeCcKUun anroMMHUn

IMepBuunbiii astomuuuii B Poccuu npousBoaar o FOCT
11069-2001. XuMHYECKHUM COCTaB aAAIOMUHUS, OTBeYarolIuit
stoMy 'OCTy, npuBeneH B Taba. 1.5. 3aBoabl II0 IIPOU3BOJI-
CTBY aAIOMUWHUS BBIIIyCKAIOT 3TOT METAAA B BHIE UyIIeK Mac-
cot 20 u 1000 kKr, a TakXKe B BHUIAE KPYTABIX CAHUTKOB [OASL
IIPECCOBAHUSA U IIAOCKHUX CAUTKOB JAT AUCTOBOH IIPOKATKH.

Tabauma 1.5

MapkHu nepBHYHOro aaAroMuHHuA (o I'OCT 11069-2001)

Xvmunyeckui coctas, %

Mapka Al Mpumecu He Gonee

Fe ‘ Si ‘ BCEro

Ocobo ebicokol Yucmoms!

A999 99,999 - | - | 0,001
Bebicokoli Hyucmomsl

A995 99,995 0,0015 0,0015 0,005
A99 99,99 0,003 0,003 0,010
A97 99,97 0,015 0,015 0,03
A95 99,95 0,030 0,030 0,05

TexHu4Yeckol Yyucmomal

A85 99,85 0,08 0,06 0,15
A8 99,8 0,12 0,10 0,20
A7 99,7 0,16 0,16 0,30
A6 99,6 0,25 0,20 0,40
A5 99,5 0,30 0,30 0,50
A0 99,0 0,50 0,50 1,0

AS5E* 99,5 0,35** 0,12 0,50

*Cymma Ti+V + Mn + Cr < 0,015%.
** YKeneso He meHee 0,18%1.

BykBa «E» B MapKax NEPBHYHOTO AaAIOMHHUS ITOKa3bIBa-
€T, 4TO ME€TaAA IpemHa3HA4YeH OAS 3ACKTPOTEXHUYECKUX Iie-
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Aeii. B TakOM aAlOMHHHM KE€CTKO OTPaHUYUBAETCH [AOIyCTH-
MoOe cofepikKaHUe IIpuMecedl THUTaHa, BaHaAWsd, MapraHia U
XpoMma, KOTOPbl€ CHABHO CHHIKAIOT 3A€KTPOIIPOBOLHOCTD.
Mapku A00, A0 u Al nedopMUPYyEMOTO aAIOMUHUS II0 10-
IIyCTUMOMY CYMMapHOMY COAEPKaHUIO IIpUMecel keae3a U
KPEMHHE COOTBETCTBYIOT MapKaM IIEPBHUYHOIO aAlOMHUHHUA A7,
AS u AO. Otanune 3aKAIOYAETCHI TOABKO B TOM, YTO B MapKax
nepopMUPYEMOTO aAIOMHHHS B 0oAee IIIMPOKUX IIpenesax
[OIIyCKaeTCcd H3MEHEHHE COOTHOIIEHHS B COAEPKAHUAX IIPU-
MECEeH Keae3a U KPEMHUA.

N3 TeXHUYEeCKOr0 aAIOMHUHHUS U3TOTOBASIOT AHUCTBI, IIPO-
BOAOKY, HpyTKU. OCHOBHAasI HPOAYKIUS — AUCTBI, OHHU CO-
CTaBASIOT 0KoAO 60% Bcelt AMCTOBOU ITPOAYKIIUU, BBIILyCKa-
eMOM MeTaAAYPTHYECKHUMH 3aBOJaMH 110 00paboTKe aAIOMH-
HUEBBIX cliAaBOB. OCHOBHBIE IIPUMECH B aAIOMHUHUU — JKEAE-
30 U KPEMHUMH.

HedopmMupyembie antoMmHueBbIe cnisiaBbl
TexHu4ecku Heynpo4YHsieMble dehopmMupyembie criasbl

CnaaBsel cucteMbl Al-Mn (AMu). CriaaBbl JaHHOM CH-
CTEMBI IIINPOKO IIPUMEHSIIOT B IIPOMBIIIIA€EHHOCTH, TaK KaK OHU
00Aa1aOT IIOBBIIIIEHHOH I10 CPABHEHHIO C aAIOMHHHEM IIPOY-
HOCTbIO, BBICOKOM ITAQCTHYHOCTBIO M TE€XHOAOTHYHOCTBIO, BbI-
COKOM KOPPO3HOHHOM CTOMKOCTBIO, XOPOIIO cBapuBatoTcs. U3
CIIAQBOB 3TOM CHCTEMBI IIOAYYAIOT B OCHOBHOM AMCTOBYIO IIPO-
OYKIIHMIO U B MEHBIIIEH CTEeIIeHU TPYOBbI.

Mapraner; o6pa3yeT C aAlOMUHHEM pPs COeqUHEHUH.
Hauboaee GoraToe astomuHHeM coequHeHUue AlsMn ob6pasyet c
HUM 3BTE€KTHKY, cozaepkalnyio 1,95% Mn, KpHUCTaAAH3YIOIILY-
rocd ripu 658,5 °C.

[IpoMBIIIA€HHBIH criAaB cucTeMbl Al-Mn (ero MapKUpyOT
AMn) copepxur or 1 go 1,6% Mn. B pedcTBUTEABRHOCTH,
criaaB AMI1 He gBASeTCS ABOMHBIM, IIPHUMECH XKeAe3a U KpeM-
HUd, Heu3beKHble B AAIOMUHHH, OEAAI0T €ro MHOTOKOMIIO-
HEHTHBIM.

KoneuHoit TepmMudecKoif o6paboTkoii criaaBa AMIT 0OBIY-
HO SIBASIETCSI PEKPHUCTAAAU3AIIMOHHBIN OTKUT. OueHb BhICOKAs
IIAQCTUYHOCTb CIlAaBa [JaeT BO3MOXKHOCTH 3HA4YUTEABHO
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YIPOYHUTH €ro XOAOAHOH medopmariyieii. AUCTBI B3 CIIAaBa
AMI1 BBIIIyCKAIOT B MATKOM H IIOAYHArapTOBaHHOM COCTOSIHU-
ax (AMuoM u AMuH?2), peako — B HaraproBaHHoM (H). Csoii-
cTBa criaaBa AMIL B 3THX COCTOSHUSAX IIPUBENEHBI B TabA. 1.6.
Markue noaydabpHUKaThl IIOAYYAIOT OTKHUIOM HarapTOBaHHOIO
MaTepuasa.

Tabauiia 1.6
THOHYHBIE MEXaHHYECKHE CBOHCTBA AHCTOB H3 crnaaBa AMixg
Cnnas o, MlNa o2, MlMa 6, % HB
AMuM 130 50 23 30
AMuH2 160 130 10 40

CnaaBsel cuctreMmbl Al-Mg (AMr). [lepBEIii oTeyecTBEH-
HBIH ITPOMBIIIIA€HHBIH cIiaaB cucteMbl Al-Mg (aapTMar) Obla
BeinyuieH B 1930 r. FO.I'. MyzaaeBckuM u comepxkaa 5% Mg;
0,45% Mn; 0,1% Ti, octraabHOe — Al. DTOT CIIAQB IIPUMEHSIOT
[0 CEeTrOMHSNTHETO MHS ITo4 MapkKoit AMrS.

C 1936 r. HaYaAoCh IIHUPOKOE BHEAPEHHE HU3KOIPOU-
HOCTHOTO cIlaaBa 3To¥ cuctreMbl AMr, cogepxkaitnero 2,5% Mg.
OTOT cnaaB ObIA IIPENAOKEH KaK 3aMeHUTeAb craaBa AMIl u
OTAHWYAACS OT IIOCAE€HEro 0oAee BHICOKOH IIPOYHOCTBHIO, HO He-
CKOABKO Xynllledl CBapHUBaeMOCTBIO, 3aT€M IIOSBHUACS CIIAAB
AMr3. TlosmHee ObiA pas3paboraH crnaaB AMr6, Hauboaee
IIPOYHBIA U3 ITPOMBIIIIAEHHBIX CIIAABOB cucteMbl Al-Mg. Cpen-
HUH COCTaB OCHOBHBIX Ae(POPMHUPYEMBIX CIIAABOB CUCTEMBI Al-
Mg npuBezneH B Taba. 1.7.

Tabauma 1.7
CpeaHHH XHMHYECKHH COCTAB IIPOMBIIIACHHEIX CIIAABOB
cucremsl Al-Mg (OCHOBa — aAIOMHHHIH)

Cnnas CopepxaHue koMmnoHeHTa, %

Mg Mn Ti Si
AMrl 1,1 - - -
AMr2 23 0,4 _ _
AMr3 35 0,45 - 0,65
AMr5 53 0,55 006 -
AMr6 6,3 0,65 0,06 -

[IpoMBIIIIA€HHBIE CHA@BBI 0093aTEABHO COAEp:KaT IIPH-
MeCb KPEMHHS, B CBS3U C YEM B HUX CTPYKTYpPE€ MOXKET IIPUCYT-
cTBOBaTh cuAuIMA MarHug Mgo.Si. Ilpu comepzkaHuu B craa-
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Bax JKeAe3a, MapraHila M KpeMHHsS BO3MOXKHO o0pa3oBaHHE
coenuHenuda AlFeSiMn.

Maruuii CyIllecCTBEHHO VIIPOYHSIET aAIOMUHHM (puc. 1.3).
Kaskapifi ImIpoleHT (10 Macce) MarHus IIOBBIIIAET IIPOYHOCTH
antomuHud npuMmepHo Ha 30 MIla. OTHOcUTeAbHOE yYAAWHEHHE
COXpaHdeTcs JOCTATOYHO BBICOKMM (mo 11-12% Mg). Crnaassl,
comepxarure o0 8% Mg, TepMHUECKH He YIPOYHSIIOTCH. /AUIIb
Ipu comepkaHuu 6oaee 8% Mg craaBbl cucreMbl Al-Mg yripod-
HAIOTCS B pe3yAbTaTe TEPMUYECKOod oOpaborku. OmHako me-
dopMHpyeMBIE CIIAABBI CO CTOAb BBICOKHM COAEpPXKAHHEM Mar-
HHA He IIPHMEHSIOT. [Ipy MOBBIIEHHON KOHIIEHTPAILIMU MarHUg
(boaee 6%) pe3ko yxyaliaeTcss KOPPO3UOHHAsS CTOMKOCTD, CIIAA-
BbI CTAHOBSATCH CKAOHHBIMU K KOPPO3UH IO HAIIPSI3KEHUEM.

D. 0
%’ 420 - 60— 5,
% 280 [40
6
& 140 20 = 5
oL 0 1 | I |

0 4 8 12 16 Mg
% (o Macce)

Puc. 1.3. BnuaHue marHusi Ha MexaHu4yeckme cBoMcTBa
antMnHMeBO-MarHmeBbIX CNNaBoB

B mocaemHue rompl crmaaBel cucTeMBl Al-Mg Bce mimpe
OPUMEHSIOT A U3TOTOBACHUS CBAPHBIX KOHCTPYKITHH.

YT0oOBI YAYYIIIMTE CBOHCTBA, cAaBbl cucTeMbl Al-Mg mo-
IIOAHUTEABHO AETHUPYIOT MapraHileM, XpoMOM, TUTAaHOM U Ba-
HagueM. MapraHell ¥ XpoM YIPOYHSIOT CIA@BBI 3TOM cHCTe-
MbI: 0,3-0,5% Mn uam 0,1-0,2% Cr yBeAMYHBaIOT BPEMEHHOE
conpoTuBAeHue Ha 20-25 MIla.

Mapranel IpHUCYTCTBYET B BHAE AUCIEPCHBIX YaCTHUIL
daszbr AlsMn, gBagromMXCcd HOPOAYKTAMHU pacraza TBEPOAOro
pacTBopa MapraHila B aAlOMUHHH, 00pa3yIoLIerocd IIpu KpPH-
CTaAAUM3alluHU. OTH AUCIIEPCHBIE YACTUIBI YITPOYHSIOT CIIUB,
3aTPYAHAIOT MPOLECCHI, IIPOTEKAIONME IIPU PEKPHUCTAAA-
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AW3AIUH, U CIIOCOOCTBYIOT IIOAYYEHHUIO B IOoAypabpurarax 60-
A€€ MEAKO3EPHUCTOH CTPYKTYPBHI.

OcHOBHOE Ha3HaA4YE€HHE MaAbIX [00aBOK THTaHA — YAyY-
IITUTH CBApPHUBAEMOCTh CIIAABOB. TuTaH, 00ycAOBAMBasl pe3Koe
H3MEABYECHHE 3€pHA B HAIIAABACHHOM METAaAA€, yYMEHBIIAeT
CKAOHHOCTH CIIAABOB K 00pa30BaHUIO TPEIINH IIPHU CBapKe U
yAydIlIaeT MEXaHUYEeCKHE CBOMCTBA CBAPHbBIX COEAUHEHUH.

AerupoBaHue criaaBoOB cucreMbl Al-Mg XpoMoM, TUTaHOM
U BaHAOWEM YMEHBIIAeT HX CKAOHHOCTb K KOPPO3HH IO
HanpsskeHueM. Heboavmime nobaBku kKpemuusa (0,5-0,6%) 6aa-
TOIIPULATHO BAUSIIOT Ha CBAPUBAEMOCTD CIIAaBOB THia AMr.

Boarllioe BAMSHNE Ha CBOMCTBa CIaaBoB cHUcTeMbl Al-Mg
OKa3bIBAIOT HUYTOXKHO MaAble KOAWYECTBA HaTpUs (ThICSYHbIE
[0AM TIpolieHTa). HaTpuii MoXKeT nepexoauTh B MeTaAA IIPH IIAaB-
K€ W3 KPHOAUTCOAEPKaAIIIX (PAIOCOB. PacTBOpHUMOCTL HaTpus B
JKUOIKOM U TBEPAOM AAIOMHHHH IIPAKTHUYECKH paBHa Hyaro. [Ipu
KPUCTAaAAW3AIIMY HaTPUMU OTTECHSIETCS PACTYIIMMH BETBAMH
JOEHIPHUTOB aAIOMHHUS B MEXKIEHIPUTHBIE IIPOCTPAHCTBA, KOTO-
pble CHABHO of0oramaroTcss HaTpueM. Ha rpaHuIax neHApHUTOB
BO3HHUKAIOT IIPOCAOMKHM H3 YHCTOIO HATPHUS C TEMIIEPATYpPOH
maaBaeHus 96 °C. Tlostomy craaBbl Tuma AMr, 3arps3HeHHbIE
HaTpHeM, OKa3bIBaIOTCS CKAOHHBIMH K T'OPSYEAOMKOCTH.

OTpullaTeAbHO BAULIOT Ha CBOHCTBA CIiAaBOB AMr Tak:Ke
Keae30 U Meab. Menp HECKOABKO IIOBBIIIAET IIPOYHOCTHBIE
CBOMCTBA CIIAQBOB, HO CHHIKA€T KOPPO3HMOHHYIO CTOMKOCTH M
CBapHUBaeMOCTb, I[IO3TOMY COAEPKaHHE MEOH B CllAaBax THIIA
AMr He noaxkHo npenBbsiniatTh 0,05-0,1%.

LlenHocTh crinaBoB cucTeMbl Al-Mg orpeneasiercs coderta-
HHEM YIOBAECTBOPUTEABHON IIPOYHOCTH, BHICOKOM IMAACTUYHOCTH
(Taba. 1.8), oueHb XOopoleil KOPPO3UOHHOM CTOHKOCTH U CBapH-
BaeMoCTH. Bce 3TH KadyecTBa 00yCAOBHAHU IIIMPOKOE IIPUMEHEHHE
aAIOMHHHEBO-MarHUeBbIX CIIAABOB [Asl CBApPHBIX KOHCTPYKIIMH.
Oco0eHHO BEeAMKO 3Ha4deHHe criaaBa AMr6 —Hambosee ITPOYHOrO
M3 YHCAA TEPMHUYECKH HEYIIPOYHAEMBIX CIIAABOB.
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Tabauma 1.8
THIHYHBIE MEXaHHYECKHE CBOHCTBA CIIAABOB cHCTeMBI Al-Me

Cnnas Ob6paboTka s, MMa | 0., MMa| 6 % HB | o4, MMa
AMr2M OTxur 200 100 23 45 110
AMr2H2 HenonHbih oTxur 250 200 10 60 135
AMr3M Onxur 220 110 20 50 -
AMr5M To xe 300 150 20 65 -
AMr6M -« 350 170 20 70 130
AMr6H HaraptoBka Ha 20% 390 300 10 - -
AMreHMM* HaraptoBka Ha 30% 430 350 8 - -

* HarapTtoBaHHbI NoBbieHHoN npoyHocTu (MI7).

BaxkHBIM IIOKa3aTeAeM CBapUBAaEMOCTH CIIAaBa SBASETCH
OTHOIIIEHHE IIPOYHOCTH CBApPHOI0 COEMUHEHHUH K IIPOYHOCTH OC-
HOBHOI'O MeTaaAa crianaBa AMr6, koropoe cocraBageT 0,85-0,9.

HepocraTok cnaaBoB cucrembl Al-Mg — oTHOCHUTEABLHO
HU3KHH IIpefeA TeKydeCTH. YTOObI IOBBICUTH €ro, CIAaBBI
AMTrS, ocobenHo AMr6, Bce yalle IIOABEPrarT XOAOMHOHM me-
dopmarinu Ha 20-30%.

AAIOMHHHEBO-MarHueBbIE CIIAABBI OTAMYAIOTCS BBLICOKOM
BHOPAIIMOHHOH CTOHKOCTBIO.

Hedopmupyemsbie cnnaesbl,
ynpo4HsieMblie mepmoobpabomkoli

OnNTHMaABHBIH KOMIIAEKC CBOMCTB TEPMHYECKH
YIPOYHSIEMBIX AAIOMHHHEBBIX CIIAABOB B 3aBHCHMOCTH OT
ycAoBHH pabGoTsI. [Ipyu BEIGOPE KOHCTPYKIIMOHHOTO MaTeprasa
[IAd TOM WMAM MHOM KOHKPETHON KOHCTPYKIIMHM BCEra aHAAWU3U-
PYIOT KOMIIAEKC MEXaHUYECKUX U KOPPO3HUOHHBIX CBOMUCTB, IIPU-
cyumii faHHOMY Marteprasy. B omHoM caydyae Hamboaee Iieaeco-
00pa3HO IpHMEHEHHEe BBICOKOIIPOYHOIO MaTepHhasd, AazkKe €CAU
OH MMeeT HHU3KYI0 KOPPO3HOHHYIO CTOHKOCTB, B IPYTOM — KOPPO-
3UOHHOCTOMKOTO MaTepHhasa YMEPEHHO# IIPOYHOCTH, B TPETh-
€M TAaBHBIM TPeOOBaHUEM SIBASIETCS COIIPOTHBACHUE ITOA3YIECTH
IIPU TTOBBILIEHHOM TeMmeparype U T.4. OJHUH U TOT XKe MaTepUan
B 3aBHCHMOCTH OT YCAOBHH paboTbl B KOHCTPYKIIMH MOXKET
IIPUMEHATHCS B PA3HBIX COCTOSTHHUSIX.

[Ipu BbEIOOpPE aAIOMHHHEBBIX CIIAABOB A HATPYKEHHBIX,
B TOM YHCAE€ OTBETCTBEHHBIX, CaAMOAETHBIX KOHCTPYKLII/Iﬁ a0
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HEIaBHEI0 BPEMEHU IIPEANIOYTEHHE OTAaBaAOCh BBICOKOIIPOY-
HBIM CIIAABaM, TE€PMHUYECKH O0OpaboTaHHBIM HA MAaKCHUMAaAb-
HYIO IPOYHOCTb. Takoll IOoAX0a MOXKHO OOBSICHHUTBH TEM, UTO,
BO-TIEPBBIX, YAEABHASA IIPOYHOCTD SIBASETCS B aBHAIIUHU OIHUM
M3 TAaBHBIX TpeboBaHUU K MaTeprasaM, BO-BTOPBIX, TEM, UTO
AAIOMUHHEBBIE CIIAABBI, JayKe BBICOKOIIPOYHBbIE, MEHEee CKAOH-
HBI K XPYIKOMY pa3pylIeHUio, yeM cTtaau. OQHAKO OMBIT IIPU-
MEHEHUS B aBHAIIMOHHBIX KOHCTPYKIUSAX ITOAY(PaOpHUKATOB U3
AAIOMUHHMEBBIX CIIAQBOB C MAaKCHMaABHOM IIPOYHOCTBIO ITOKA-
3bIBAET, YTO 3TH IOAYy(PaOPUKATHI B pAOE CAydIaeB HMEIOT He-
BBICOKYIO KOHCMPYKYUUOHHYIO NPOUHOCTb.

TepMHH «KOHCTPYKIIMOHHASA IIPOYHOCTL» ObIA BBEAEH B
CBL3U C TE€M, YTO IIPOYHOCTL MaTepuasa, OIpeAeAeHHAas IIPU
HCIBITAHUHU CTAHAAPTHBIX (FAaaKux) oOpasloB, HE Bcerga Xa-
pakTepusyeT MOBEAEHHE MaTepuasa B KOHCTPYKIHAX. B mpo-
Iecce JKCIIAyaTallMd KOHCTPYKIIUHM IIpeKIAeBPEeMEHHOe pas-
pylLIeHHe paeTaseil dYacTo IIPOHMCXOOUT IIPU HAIIPSKEHUTIX
MEHBIIIUX, YeM IIpeAeA TEeKydeCTH, U [OaKe MEHBIIHX, 4YeM
IIpeaeA BEIHOCAUBOCTH.

B peasbHBIX YCAOBHSAX OKCIAyaTalUH OETAAH, B OTAWYHE
OT HCIBITBIBAEMBIX IIPH KOHTPOAE MaTeprasa obpasron, uMe-
IOT 3apPOJBIIIN Pa3pylleHNs, BCAKOTO POoAa MUKPO- U MaKpo-
CKOTIMYECKHE ITOBPEXKIEHUA. OTO BHYTPEHHUE METAAAypPTHYE-
cKUe nedeKThl (OKCHAHBIE IIA€HBI, PACCAOEHHS, IPyOble BKAIO-
YeHUd WHTEPMETAAUIHBIX as), AepeKThl MTOBEPXHOCTH (pHC-
KU, 3a00UHBI), HAaHECEHHbIe IIpU 00paboTKe AeTasel HAU B
IIpoliecce 3KCIAyaTaluu. [ledeKTrl, a Tak:Ke HEKOTOphble KOH-
CTPYKTHUBHBIE SAEMEHTHI AeTaAe¥ (OTBEPCTHUS, OCTPBIE YTABI U
T.[I.) CAy?KaT KOHIIEHTPATOpaMHU HamnpsKeHud. M rosaromy npu
HEBBICOKOM CpPEIHEM ypPOBHE HAIIPSKEHHU B [ETaAH B 30HE
nedpekTa HAIIPSIKEHHST MOTYT OBITh B HECKOABKO pa3 OOABIIIH-
MU, YTO OIPENEASET BO3MOKHOCTh BOBHUKHOBEHHUS U PaCIIPO-
CTPaHEeHUs TPEILUH.

JIOATOBEYHOCTh pPaboTbl MarTepuasra B KOHCTPYKIIHMU
OIIpeeAsIeTCS He TOABKO BSI3KOCTBIO Pa3pyIIE€HHs, HO B 3HAa-
YUTEABHOH CTEIeHH €T0 KOPPO3HOHHBIMH XapaKTEPUCTUKAaMHU,
IIpeKae BCETO CKAOHHOCTBIO K KOPPO3UHU IIOA HAIIPSIKEHHUEM,
KOTOpas OLIEHUBAETCH BEAUYHHON KPUTUIYECKOTO HAIIPSIKEHUST
IIPU CTAaHAAPTHBIX YCAOBHUSIX HCIBITAHHUS, & TAaK¥XKe CKAOHHO-
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CTBIO K paccAaauBamollIed KOPPO3HUH, KOTOpad OLIEHHUBAETCHd B
fasrax 110 CTaHOAPTHOU METOIUKE.

[IprMeHUTEABHO K BBICOKOIIPOYHBIM TEPMHUYECKH YIIPOU-
HSI€MBIM AAIOMHHHUEBBIM CIIAABaM HaMETHAHNCH Ba OCHOBHBIX
IIyTH IIOAYYEHHS OIITUMAaABHOI'O KOMIIAEKCA CBOMCTB, HEOOXO-
OUMBIX [IAS HaEKHOH pabOThl 3THX CIIAABOB B OTBETCTBEH-
HBIX KOHCTPYKITUSIX:

1. IloBBIlIIEHHE YHCTOTBHI CIIAABOB II0 OCHOBHBIM Me€TaA-
AamdeckuM npumecsaMm (Fe u Si), T.e. cHUKeHHe B cliaaBax [0-
IIyCTUMOTO COAepzKaHud IIpUMeceil keae3a U KpeMHud. B
OOABIIIMHCTBE AAIOMHHHEBBIX criaaBoB 1o 'OCT 4784-74 mo-
nyckaetcda 1o 0,5% Fe u mo 0,5% Si. CHuXKeHHe OOIyCTUMOIO
comepxkaHud xkeae3a u kKpemHud g0 0,1-0,3% npuBoautr K
PE3KOMYy YMEHBIIIEHHI0 OOBEMHOH [QOAW HEPaCTBOPHUMBIX HH-
TePMETAAAUAHBIX ha3 U 3HAYUTEABHOMY IIOBBIIIEHHIO BI3KO-
cTU paspylieHud. [Ipy 3ToM ocCTasbHBIE CBOHCTBa CIIAQBOB
U3MEHAIOTCH HECYLIECTBEHHO. B CBS3M C 3THUM B IOCAE€IHHE
roabl Ha4YaAu IPUMEHSTDH CIIAABBI ITOBBIIIIEHHOH YHUCTOTHI.

2. IlpuMeHeHNE PEKUMOB CTapeHHs, 00yCAOBAWBAIOIINX
HEKOTOpOe IIepecTapHBaHHE MaTepuasa. Takue pezKUMBI
Ha3bIBAIOT «CMATYAIOIMM peXHUMaMH» CTapeHUud U OAd [e-
dopMHpyeMbIX CcriaaBoB obo3HavaroTcs mugppamvu T2 u T3 (cra-
peHre Ha MakKCUMaABHYIO IIPOYHOCTH 0003HayaroT mmdpoM T1,
a 3aKaAKy C TIOCAEOYIOIIUM eCTeCTBeHHBIM crapeHuem — T), T3
COOTBETCTBYeT 0oOA€e CHABHOMY IlepecTapuBaHHioO, dem T2.
CMmdaryarolriee cTapeHHe 110 CPaBHEHUIO CO CTApPEHHEM Ha MakK-
CHMAaABHYIO IIPOYHOCTH OOYCAOBAMBAET HEKOTOPOE CHUIKEHME
IIPOYHOCTHU, HO CYIIECTBE€HHOC IIOBBIIIICHHE BA3KOCTH pPa3py-
IIEHUs, YCTOUMYUBOCTH IIPOTHB KOPPO3UHU IO HAIIPSAKEHUEM U
paccaauBalolle KOppo3uH.

Kommiaekc CBOMCTB BBICOKOIIPOYHBIX CIIA@BOB IIOCAE
CMATHAIOIIIETO CTap€HUA B CAyda€ IIPHMMEHCHUA UX OAd OTBET-
CTBEHHBIX KOHCTPYKIHH [OAWUTEABHOIO pecypca Hauboaee
IIPEATIOUYTUTEAEH. OTO HE HCKAIOYAEeT IIPUMEHEHHUd BBICOKO-
IIPOYHBIX CIIAABOB B COCTOSSHUU T1 1AS BBICOKOHAT'PY?KEHHBIX
KOHCTPYKIIMH MaAoro pecypca IIpU yCAOBHH HaleXKHOM 3aliu-
TBI OT KOPPO3HUH.

CnaaBbl Ha OCHOBe cHcTeMbl Al-Cu-Mg ¢ mobaBramu
MapraHua (aypaatromuHbI). B 1908 r. Hemeunxuii mccaemoBa-
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TeAb A. BUABM IIpenaoKHA CIIocob YIIPOYHEHUS (3aKaAKy W CTa-
PEeHUE) aAlOMHHHEBOIO cIiaaBa ¢ Menpio U marHueM (4,0% Cu;
0,5% Mg; 0,5% Mn), KOTOpPBIH IIO30HEE [IOAYIUA HA3BaHUE Oy-
pasloMHHa M CTaA POAOHAYaABHHUKOM TIPYIIbl BeCbMa BazK-
HBIX, CBITPABIINX OI'POMHYIO POAb B Pa3BUTHH CAMOAETOCTPO-
€HUs, TIPOMBIIIIACHHBIX CIIAABOB (Taba. 1.9). B Ttaba. 1.3 mpu-
BEIEHO CpenHEee COoAep:KaHHe AETHPYIOIINX KOMIIOHEHTOB B
OyPaAlOMUHaX, YTO HEOOXOOUMO [AS aHaAu3a CTPYKTYpPbl U
CBOMCTB 3THUX CIIAQBOB.

Bce mypaaroMuHBI, IPUMEHSIOIINECS B HACTOSIIEE BPeMS
B IIPOMBIIIA€HHOCTH, MOXKHO Pa3/IEAUTDh Ha YEThIPE IMOATPYIIIIBI:

1) kaaccuyeckuii gypaatoMuH ([I1), coctaB KOTOPOro Ma-
AO U3MEHHACH CO BpeMeHHU A. BuabMma,;

2) nypaAlOMHUH MOBBIIIEHHOH IpodHOCTH ([116), oTanya-
roruiica ot 1 6oaee BBICOKUM COAep:KaHHUEM MarHUS;

3) OoypasloMHUHBI IOBBINIEHHOW skapomnpodHoctu (19,
BA/l1 u B/I17), rAaBHBIM OTAUYHEM KOTOPBIX OT [1 saBageTrcs
yBeandeHHoe oTHoureHne Mg/Cu;

4) mypasroMHHBI TIOBBIIIIEHHOM TaactudHocTH (18, B6YJ),
KOTOpbI€ OTAMYAIOTCS OT [l 1 IMOHMKEHHBIM COAePKaHUEM BCEX
HAW HEKOTOPBIX KOMIIOHEHTOB.

Tabauma 1.9
CpeaHH#l COCTAaB MPOMBIIAECHHBIX AYPAAFOMHHOB
(ocHOBa — aATOMHHHH)

CopepxaHue KOMMOHeHToB, %

Cnnas Cu Mg Mn Ti Zr
a1 4,3 0,6 0,6 - —
016, 0164 4.3 15 0,6 - -
019 4,0 2,0 0,75 - —
BAO1 40 2,5 0,60 0,06 0,15
BO17 3,0 2,2 0,55 — —
018 2,6 0,35 - - -
B65 4,2 0,25 0,4 - -

JlypasloMHUHBbI, BCErJa cofepzKallue HeH30exKHBbIe IIPU-
MECH JKeAe3a U KPEMHU4 (OeCAaThble JOAHM IIPOLIEHTA), SBASIOTCH
MHOTOKOMIIOHEHTHBIMH CIIA@BaMH C BeCbMa CAOXKHBIM (a3o-
BbIM COCTaBOM.

Hzneans u3 gypastoMuHa 0ObIMHO IIOABEPTaloT 3aKasKe U B
OOABIITHMHCTBE CAy4Ya€B €CTECTBEHHOMY CTapeHHI0. OTAMYHUTEAD-
Hasl OCOOEHHOCTh TEPMHYECKOM 00pabOTKH [IypaslOMHHOB —
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HEOOXOAMMOCTEh JKECTKOTO COOAIOJEHHS PEeKOMEHIOBAHHOM
TeMIlepaTyphl Harpena 10 3aKaAKy.

[omnycTuMble KoaebaHUS TeMIlepaTypbl Harpesa IIof 3a-
KaAKy, OCOOEHHO BBICOKOIIPOYHBIX aypastoMuHOB (16, 119,
BA/11), oguens HeBeaukru (1 — 495-510 °C; 19 — 495-505 °C;
16 - 492-500 °C).

HarpeB non 3akasky A0 TeMIlEpaTypbl BbIIIE AOITYCTUMBIX
IIPENEAOB MOXKET IIPUBECTH K OIIAABACHUIO ACTKOIIAABKHUX CTPYK-
TYPHBIX COCTAaBASIOIINX II0 I'PAHHUIIAM 3€PE€H, YTO COIIPOBOXKIA-
eTCd OKMCA€HHEM MeTasra U 00pa3oBaHHEM IIPH ITOCAEIYIOIEH
KPUCTAAAV3ALIINHY KUAKOU (pas3bl yCcaaodHOM IIOPUCTOCTH.

[Ipu 3akaske OypaAlOMHMHOB BasKHO OOeCIeYUTH BBICO-
KYI0 CKOPOCTH OXA@IKJEHUS, [I09TOMY HUX CAEAYET OXAaKIATh B
XOAOHOH BOAE IIPH MHUHHMAaAbHOM BPEMEHM IIEpEeHOCa Harpe-
TBIX U30EAUHN 13 [I€9U B BOAY.

Bce nypasloMHHBI, 3a HCKAIOYEHHUEM HH3KOAETHPOBAHHO-
ro /118, MHTEHCUBHO YVIIPOYHHAIOTCH (IOCA€ 3aKaAKU) IIPU ecTe-
CTBEHHOM CTapeHUHU. Bpemsa [OOCTHXKeHHUd MaKCHUMaAbHBIX
IIPOYHOCTHBIX XapaKTEPHUCTHK 3aBHCHT OT COOTHOIIEHHS
Mg/Cu; yem GOABIllE 3TO OTHOIIEHHE, TeM MeIOACHHEe HIET
crapeHue. Tak, gag crnaaBoB 1 u [J16 mMakcuMasbHad IIPOY-
HOCTBb [OCTHUTaeTcs depe3 4 cyT., Oad coaasa /119 — ugepes
S cyT., a nasa ciiaaBa BA/I1 —guepes 10 cyT.

EcrecTrBeHHOE cTapeHHe MOyPaAlOMHHOB O0ecIiednBaeT
codYeTaHHE BBICOKHX 3HAQYEHHUU BPEMEHHOIO COIIPOTHUBACHHULA
Pas3pbIBy U OTHOCHTEABHOIO VAAWHEHHS. IIpH HCKyCCTBEHHOM
CTapeHUU BPEMEHHOE COIIPOTHUBAEHHE Pa3pbIBy IIPAKTUUECKU
He MEeHSIeTCs.

M3 Bcex OypaslOMHHOB HaWbOABIIEE pPaCIpPOCTPaHEHHE
oAy4dHAM criaaBbl /1 u 116, IIMPOKO HCIIOAB3YIOIIMXCHA B
aBHAIIMOHHOM ITPOMBIIIACHHOCTH. 3 HHX H3roTOBASIIOT AH-
CTBI, IPOPUAHU, TPYObI, IIPOBOAOKY, IIITAMIIOBKH U ITOKOBKHU.

JypasroMUHBI HOBBINIEHHON maacTuyHocTH 118 1 B65
HMEIOT Y3K0€ Ha3Ha4YeHHE — U3 HUX U3TOTaBAHUBAIOT 3aKAEIKH,
OPUMEHSIOIIMeCsT B camoaeTocTpoeHuu. U3 craaBoB B/(17,
19 u BA/11l MOXHO IIOAy4aTh pa3AHYHbIE NePOPMUPOBAHHBIE
noAypabpHKaThl, IpeaHa3HAYEeHHbIE OAS Pa0OThlI IIPH IIOBBI-
HIEHHBIX TeMIIepaTypax, OJHAKO UX IITUPOKO He IIPUMEHSIOT.
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CmmaaB /116 mpu KOMHATHOM Temmeparype obaagaet
HanboAee BBICOKOU ITPOYHOCTBIO II0 CPABHEHHIO C APYTUMHU
OypPaAlOMUHaMU.

Hdast cnaaBoB 18 u B65, M3 KOTOPBIX HU3TOTOBASIIOT
TOABKO 38KAEIIKH, OCHOBHOM IIPOYHOCTHOM XapaKTEPUCTUKOU
SIBAGETCH COIIPOTUBAEHUE CPE3Y.

N3 cnnaaBoB 16 u 19 MOXKHO Tak>Ke H3TOTOBASITH 3a-
KAeKU. [JAd KOPPO3HOHHOM CTOMKOCTH KOHCTPYKIIUU AydIIle
BCEro, KOT/Zla 3aKAEIIKH CAEeAaHbI U3 TOIO XKe MaTepuaasa, 4To U
ckAenbIBaeMble aetaar. OmHako craaBel /116 u /119 BecbMa
HEyIOOHbI B IIPOMU3BOACTBE, ITOCKOABKY 3aKACIKU H3 3THUX
CIIAABOB JIOAXKHBI OBITH HCIOAB30BaHBI HEMOCPECTBEHHO ITO-
CA€ 3aKaaKU (B TeueHHe 1-2 4 masa criaaBa [16 u 4-6 4 naga
criaaBa [119). Boaee manTeAbHOE €CTECTBEHHOE CTapeHHEe ITUX
CIIAQBOB IIPUBOAUT K CHUXKEHHUIO IMAACTUYHOCTH, U B 3aKAEI-
KaxX IIPU UX PACKAEIIBIBAHUU MOTYT IIOSIBUTHCH TPEILIUHEI.

CnaaB /118 obaamaeT BBICOKOH MAACTUYHOCTBIO, IIO3TOMY
OH XOPOIII0 PACKAEMBIBAETCS B €CTECTBEHHO COCTApPEHHOM CO-
CTOSIHUU B T€YEHHE AI0OOro BpeMeHHU IMocAe 3akKasKu. OmHakKo
OAST OTBETCTBEHHBIX CHAOBBIX COEOUHEHHUM OH HE MOXKET OBITH
IIpUMEHEH H3-3a HU3KOHW IIPOYHOCTH.

CrninaB B65 codetaeT BBICOKYIO TEXHOAOTHYHOCTB (XOPO-
III0 PACKAEIIBIBAETCS IIOCA€ HCKYCCTBEHHOI'O CTapeHHd II0 pe-
xkuMy 75 °C, 24 4) ¢ BBICOKOH IIPOYHOCTHIO, IIOYUTH TaKOH Ke,
Kak y [[16.

CmaaBel /119 u BA/l1, Kak y3Ke OTMEYaAOCh, OTAUYIAIOTCS
IOBBINIIEHHOH >KapPOIIPOYHOCTBIO, YTO OIIPe/ieAdeTCs UX (pazo-
BBIM COCTaBOM.

BaskHag oTaAM4umMTEABHAd OCOOEHHOCTBL craaBa BA/l 1o
CPaBHEHUIO C APYTUMH AypaslOMHHaMH — €r0 XOopolllad CBa-
puBaemoctb. CrinaB BAIlLl cBapuBaeTcd HE TOABKO KOHTaKT-
HOM TO4YEYHOI CBApPKOM, KaK OCTaAbHBIE AYPAAIOMHHBI, HO H
aproHO-AyTroBOH.

Bce nypasroMHUHBI OTAMYAIOTCS BBICOKOW ITPOYHOCTHIO B
COYEeTaHUU C BBICOKON ITAQCTHYHOCTBIO, YTO OIPEOEAWAO HX
IITUPOKOE HCIIOAB30BAHHUE B CaAMOAETOCTPOEHHH, OCOOEHHO
criaaBa /116, a TakXXe MNOHHUKEHHOH KOPPO3HMOHHOM CTOHKO-
CTBI0O U HYXKIAIOTCS B CIEIMAABHBIX CPEACTBaxX 3alllUThbl OT
Koppo3uu. Hamboablllee pacripocTpaHEeHHE B MPOMBIIIAEHHO-
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CTH TIOAYYHAM [Ba CIoco0a: IMAaKUpPOBKa (IIOKPBITHE) AypPaAlo-
MHUHa TEXHHUYECKHUM aAlOMUHHEM (A7, A8) U 2ACKTPOXHMHYE-
CKOE€ OKCHAMPOBAHHE, KOTOPO€ OOBIYHO Ha3bIBAIOT aHOAUPO-
BaHHEM.

CnaaBBI Ha ocHOBe cHcTeMbIl Al-Mg-Si. OTu crinaBbI XO-
POILIO M3BECTHBI IO Ha3BaHHEM «aBHaAb» (ABHALMOHHBIN aAro-
MuHUH). IlepBbifi TEpMHYECKH YIIPOYHAEMBIM CIIAQB CHCTEMBI
Al-Mg-Si 6b1a oAy4deH B 1923 1.

HedopMmupyembie craaBbl cucteMbl Al-Mg-Si aerupoBa-
Hbl B MEHBIIIEH CTENEeHH, YeM AYPAAIOMUHBI; CYMMapHOE CO-
[ep3KaHHe AETHPYIOININX KOMIIOHEHTOB B 3THX CIIAABaX OOBIY-
HO KoaebaeTcd B npenesax oT 1 mo 2%. [IpoMblniaeHHBIE CIIAA-
Bbl cucteMbl Al-Mg-Si (Tada. 1.10) MeHee IIPOYHBI, YEM Aypa-
AIOMUHBI, HO 60A€€e TAACTUYHBI U 00AQIAIOT AYUILIEH KOPPO3U-
OHHO# cToKocThio. CiaaB AB (Tak ke, kKak u A35), obramasa
MaKCHUMaABHOH cpeau craaBoB Al-Mg-Si mpoYHOCTBIO, MHOMI-
BEpPKEH MEXKpPHUCTAAAUTHOM KOpPpPO3WH, KOoTopas CBd3aHa C
BbIZIEA€HHEM H30bITOYHOTO KPEMHHUS I10 T'paHUIlaM 3€pPeH IIpHU
HCKYCCTBEHHOM CTapeHUH. PazpaboTaHHBIE II034HEE CIIAABBI
A131 u AII33 ycrynatoT criaaBy AB 110 mpoYHOCTH, HO OTAWYA-
IOTCsI 60A€€e BBICOKOH KOPPO3UOHHOM CTOMKOCTHIO.

Tabauma 1.10
Cpeanif: COCTaB NIPOMBIILIIACHHBIX CIIAABOB
cuctrembl Al-Mg-Si (ocHOBa — aAIOMHHHIH)

CopepxaHue KOMMOHEHTOB, Y%
Cnnas -
Mg Si Cu Mn Cr
AB 0,7 0,9 0,4 0,25 -
A31 0,7 0,5 - - -
AN33 1,0 0,6 0,3 - 0,25
AO35 10 1,0 - 0,7 -

HebGoarmnme gobaBku Memu B criaaBax AB u A/133 He-
CKOABKO IIOBBIIIIAIOT IIPOYHOCTH, HO TaK KaK OHH CHHXKAaIoOT
KOPPO3HOHHYIO CTOHMKOCTB, criaaB AB mHorzma npuMeHSIoT 0e3
MeIu.

Maprasnell ¥ XpoM B clinaBax cUCTeMBI A1-Mg-Si urpaet
Ty K€ POAB, YTO U B APYyTUX craaBax (Al-Mg, nypasioMuH).
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CriaaBer cucreMbl A1-Mg-Si 3akaauBaroT. Temmeparypy
HarpeBa MO0 3aKaAKy crianaBoB A1-Mg—-Si oObIYHO BbIOUpPAIOT B
npeaesax 520-540 °C, mpuYeM CTPOroro CoOOAIOEHUS BBI-
OpaHHOH TeMIepaTypbl, KaK 3TO IIPUHATO AT AYPAAIOMUHOB,
3/1eCh He TpedyeTcd.

KpuTHueckass CKOPOCTb OXA&KOEHUS (IPU 3aKaAKe) y
crinaBoB Al1-Mg-Si MeHBbIIE, YeM y AYPAAIOMHHOB, U TEM
MeHBbIIIEe, YEM MEHEEe AETHpoBaH craaB. HaumMmeHbIlllass KpUTH-
JyecKasl CKOPOCTh OXAaXKAeHUd Habamomaercsa y craaBa A31,
TaK KaK OH, BO-IIEPBbIX, HalMEHEE AETHPOBaH MarHueM Hu
KpPEMHHEM, BO-BTOPBIX, HE COHEPKUT MO00ABOK IEPEXOIHBIX
MeTaaroB (Mn, Cr u Ap.), KOTOpPblE YMEHBIIAIOT YCTOHYUBOCTD
TBEPZAOT0 pacTBOPa OCHOBHBIX KOMIIOHEHTOB B aAIOMUHUH.

3arkaneHHBIE CIIAaBBI cucTeMbl Al-Mg-Si ympouHsioTcs
IIPU €CTECTBEHHOM H HCKYCCTBEHHOM CTapeHHU. EcrecTBeH-
HOE CTapeHHe IIPOTEeKaeT HECKOABKO MEIAEHHee, YeM B Aypa-
AIOMHHAX, IIPUPOCT IIPOYHOCTH IIPOJAOAKAETCI B T€UEHUE OBYX
HeIeAb IIOCAE 3aKaAKH.

Ha nmpakTuke yallle IpUMEHHIOT UCKYCCTBEHHOE CTape-
HUe, TaK KaK OHO JaeT OOABIIIHY IPUPOCT IPOIHOCTH.

CoueTaHue JOCTATOYHOM IPOYHOCTH C BBICOKOM TE€XHOAO-
TUYHOCTBIO U XOPOILIEH KOPPO3HUOHHOM CTOMKOCTBIO, YIOBAE-
TBOPUTEABHAs CBapHUBaeMOCTh, XOPOIllee KadeCcTBO IIOBEPXHO-
CTHU IIOCA€ aHOOUPOBAHUS OIPEAEATIOT IITHNPOKOE INIPHMEHEHUE
crinaBoB cucteMbl Al-Mg-Si, ocoberHo A/131, B pa3AHMYHBIX
OTpacAsX HapOOHOI'O XO3dHCTBa (CTPOHUTEABCTBE, TPAHCIIOPT-
HOM MalluHocTpoeHuu u T.4.). CraaB A/131, B 4acTHOCTH,
HIUPOKO IIPUMEHLIOT B CTPOUTEABHBIX KOHCTPYKIIUSIX.

HUcnioab3oBanme crnaaBoB Al-Mg—Si B HapogHOM XO3SH-
cTBe obecreynBaeT XOPOIIHE ASKCIIAyaTallMOHHBIE CBOMCTBAa
W3OEAVH (HAIIpUMeEp, OAUTEABHYI0 CAyKOy B aTMOC(epHBIX
YCAOBHEX).

KauecTBO MHOBEPXHOCTH H30EAUM M3 CHIAABOB CHCTEMBI
Al-Mg-Si B ToM cay4ae, KOTZIa AL IIOAYYEHUS NEKOPATUBHOIO
BHZIa UX IIOABEPraloT CIIEIIMAaAbHON 00paboTKe (IOAMPOBKE,
AQHONVPOBAHUIO C IIOCAEOYIOIIUM HAaIllOAHEHHUEM OKCHIHOM
IIAEHKHU Pa3AWYHBIMH KPaCHUTEATIMU), 3aBHCUT OT YHCTOTHI
CIinaBa, TAABHBIM 00pa3oM, OT coaepskaHUd Keaesda. [as me-
KOPATHUBHBIX U3OEAUI (OTAEAKA AETKOBBIX aBTOMOOHMAel, KOp-
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IIyChl 4acoB U T.[.) IPUMEHHIOT criaaBbl Tuna A/[31 ¢ moHu-
JKEeHHBIM cofepxkaHueM npumeced (< 0,1% Fe).

CnaaBeI Ha OCHOBe cHcTeMbl Al-Mg-Si-Cu. Illupoko
pacnpocTpaHeHbl B Ka4eCTBE CIIEIITHAaABHBIX CIIAABOB, IIpeaHAa-
3HA4YEHHBIX A U3TOTOBAEHHUS IIOKOBOK M HITAaMIIOBOK. B Poc-
cuUM UCHOoAB3YIOT criaaB AK6, paspaborannbiii C.M. BoponHo-
BBIM, U crianaB AKS.

CrnaaBbr cuctembl Al-Mg-Si—Cu 110 cBoe#l mmpupojie ume-
0T HeuTo obiree ¢ aypastomuHamu (Al-Cu-Mg) u ¢ aBuaramu
(Al-Mg—Si), oHM 3aHHMAIOT IIPOMEXKYTOYHOE IIOAOKEHHE MeIK-
oy HUMHU (Taba. 1.11).

Orangarorca crinaBel AB, AK6 1 AK8 conepskaHreM MeIu.

CrninaBel IIoABEpraroT 3aKaAKe M HCKYCCTBEHHOMY cTape-
Huto. Temneparypa Harpesa 1o 3aKasKy criaaBa AK6 cocraBas-
eT 520+5 °C, cmaaBa AK8 — 50545 °C. HMcKyccTBeHHOE cTapeHHe
000MX CIIAABOB IIPOBOAMAT I10 pexxuMmy: 160-170 °C, 12-15 4.

Hast cnaaBa AK6 xapakTepHO codeTaHHUE OOCTATOYHO
BBICOKOHM IIPOYHOCTHM U OYEHb XOPOIIEeH MTAACTUYHOCTU B
HarpeToM M XOAOJHOM COCTOSHUSX. [IOKOBKH U IIITaMIIOBKU
CAOKHOM KOH(MUTYypaIlH U3 O9TOTO CIIAaBa IIMPOKO ITPUMEH-
IOT B aBHAIIMOHHOH U APYTHX OTPACASIX ITPOMBIIIIAEHHOCTH.

CnaaB AK8 oTHOcHTCS K YHCAYy HauboAee ITPOYHBIX AAIO-
MUHHEBBIX CIIAABOB M IIPUMEHSETCS OAS OTBETCTBEHHBIX CHU-
AOBBIX IITAMIIOBOK.

Tabaumta 1.11

CpeaHHil COCTAaB NMPOMBILIACHHBIX CIIAQABOB
cucTrembl Al-Mg-Si—-Cu B cpaBHeHHH co cnaaBamu AB u 11

CopepxaHune KOMMOHEHTOB, %
Cnnas
Mg Si Cu Mn
AB 0,7 0,9 0,4 0,25
AK6 0,65 0,9 2,2 0,6
AK8 0,6 0,9 4,3 0,7
a1 0,6 npumMmechb 4,3 0,6

CriaaB AKS8 cymectBeHHO ycrynaeT criaaBy AK6 1o Ba3-
KOCTH pas3pylIeHUsI, HO ob6AaziaeT Xopollleld CBapUBaeMOCTEIO.
O06a cnaaBa (AK6 u AK8) xapakTepHu3ylOTCs HU3KOH KOPPO3U-
OHHOM CTOHMKOCTBIO, M M3EAHWS M3 HUX HYXKIAIOTCS B TIIA-
TEABHOM 3allliTe OT KOPPO3UH.
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CnaaBbl Ha OCHOBe cHcTeMbI Al-Cu-Mg ¢ nobaBkamu
}KeAe3a H HHKeaAsi. [Io cBoeM IpHUPOAE CIIAABbI 3TOM TI'PYIIIIBI
06An3KU K aypastoMuHaM. OCHOBHbIE A€TUPYIOIIME KOMIIOHEHTEI,
00yCAOBAMBAIOIIIIE BO3MOXKHOCTH YIIPOYHEHUS TepMooOpaboT-
KOM B HUX, TaKXe€ KaK U B AypaAlOMHHAaX, — MEIb U MarHWui.
Kpome 3THX MeTasrOB, CIIAAGBBI COAEpPIKAT CIIEIIHMAAbHbIE 100aB-
KU [IPaKTUYECKH HEPACTBOPUMBIX B TBEPAOM AAIOMUHHH JKEA€3a
U HUKeAd. 2Keae30 U HHUKEADb IIPU HOPMaAbHOM TeMIlepaType He
YAYYIIAIOT MEXaHUYEeCKHUX CBOMCTB. OHH OaKe HECKOABKO CHH-
2KaIOT MAACTHYHOCTD IIPH HE3HAYUTEABHOM YBEAMYEHUH ITPOYHO-
CTH, HO IIPU IOBBIIIIEHHBIX TeMIIepaTypax yAy4IIaloT MeXaHu4de-
ckue cBoiictBa. CrinaBel cucreMs!l Al-Cu-Mg ¢ mobaBKaMH ke-
A€3a W HUKeAs IIpefHas3Ha4deHbl OAd paboThl IIPU IIOBBIIIEH-
HBIX TeMIIepaTypax.

Hawnboaee TUIIMYHBINA IIpeACTaBUTEAb JTOH TpPynObl —
crinaB AK4-1. AHaAOTHYHBIE CIIAABBI HCIIOAB3YIOT B AHTAUH,
®dpannuu u apyrux crpaHax. CpenHee cooepKaHUE AETHPYIO-
mux sAeMeHTOB B croaaBe AK4-1 caexytoinee: 2,2% Cu;
1,6% Mg; 1,1% Fe; 1,1% Ni; 0,06% Ti.

CrniaaB AK4-1 nogBepratot 3akaske ¢ 5305 °C B Xoaoa-
HOM HAM ropgdel (OAs yMEHBIIEHHS BHYTPEHHUX HallpdazKe-
Huil) Boge u craperuto npu 190200 °C B TeueHue 12-24 4.

[Tpu Temneparypax ot 20 mo 200 °C cmaaB AK4-1 He
HMEET IIPEUMYIIECTB II0 ITPOYHOCTH Iepes KapOoIIPOYHLIMHU
nypaatomuHamu (19, BAI1l). OmHako mOpu TemIleparypax
250-300 °C crinaB AK4-1 saBaseTcss OMHUM U3 HauboAee ITpod-
HBIX aAIOMHHUEBBIX CIIAQBOB.

Bricokag xkaponpodHocTh crinaBa AK4-1 (a TaksKe craa-
Ba AK4, oTanyaromierocs coenmasbHON M0OAaBKOM KpeMHUS) B
COYeTaHUH C BBICOKOHUIAAQCTUYHOCTBIO IIPU TEMIlIEpaTypax TIo-
padeit medopManyi 0OyCAOBHAM OCHOBHYIO 00AAQCTh IpHMe-
HEHUS 3TUX CIIAABOB — JOAS U3TOTOBAEHHUS IIOKOBOK U INTaMIIO-
BOK, pabortarommx npu temneparypax 250-200 °C. B wgacrt-
HOCTH, M3 cuaaBoB AK4-1 m AK4 u3roraBAMBaroOT MITaMIIO-
BaHHbIE ITOPIITHHY aBHAIIMOHHBIX ABHUTaTeAEH.

CnaaBseIl Ha ocHOBe cHcTeMbl Al-Cu-Mn. [ledopmupy-
eMble aAIOMUHHEBBIE CIIAABBI C MEBI0O U J00aBKaMM MapraHIa
(ThTaHa, HUPKOHUA, BaHAAWUG) UMEIOT BBICOKHE MEXaHWYECKHE
CBOMCTBa IIpH KOMHATHOM, MOBBIIIEHHBIX (o +250 °C) u Kpuo-
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reHHBIX TeMmIeparypax (oo —250 °C), TeEXHOAOTHYHBI B MeETaA-
AYPTHYECKOM HPOU3BOJACTBE M OTAUYAIOTCS XOPOIIEeH CBapH-
BAa€MOCTBIO.
CpeaHuii XUMHUYECKHH COCTaB IIPOMBIIIIAEHHBIX CIIAABOB
cuctembl Al-Cu-Mn nipuBeneH B Taba. 1.12.
Tabauna 1.12
CpenHuii XHMHYECKHH COCTaB
cnaaBoB cucTrembl Al-Cu-Mn

CopepxaHue KOMMOHEHTOB, %
Cnnas -
Cu Mn Ti Zr \%
20 6,5 0,6 0,15 - _
1201 6,3 0,3 0,06 0,17 0,1

CrinaBelI TIOABEPraroT 3akKaske IIpu TeMmmeparype 535+5 °C
U [IOCAEAYIOIIEMY UCKYCCTBEHHOMY crapeHnuio ripu 170-190 °C B
TeyeHUe 12-18 u.

CriaaBe! /120 u 1201 oTHOCHATCS K YHCAY KapOHIPOYHBIX
aAIOMUHUEBBIX Cl1AaBOB. OMHAKO, €CAU B AypasloMuHax /119 u
BAI1l nasa obecriedeHHsT MOBBIMIEHHOH KapPOITPOYHOCTH OTHO-
LIIEHHE COAep:KaHUsd MarHHd K COAEPKAHUIO MeIU YBEAMYEHO
II0 CpaBHEHUIO co criaaBoM /[[16, To B criaaBe /120 marHusa HET,
T.€. 3TO OTHOIIIEHHE CBEAEHO 10 HyAd.

CriaaBe! 120 m 1201 xopolIo cBapHUBaIOTCS IIPHU KOH-
TaKTHOM U aproHoO-AyroBoH cBapKe. BpeMeHHoOe coOIlpoTHBAE-
HHe pa3pbIBy CBapHbIX coequHeHu# mmpu 20 °C (6e3 ux TepMU-
4yecko# obpabotku) cocraBasgetr 0,5-0,7 OT Bp€MEHHOTO COIIPO-
TUBA€HHS OCHOBHOIO Marepuaaa, a npu 300 °C - go 0,9, mo-
CKOABKY AHTad CTPYKTypa CBapHOro IBa obecreunBaeT
MEHBbIIIEe pal3yIIpOYHEHHE IIBa IIPH HarpeBe, YEM OCHOBHOIO
MatepHasa. Ecan cBapHOe coeMHEHHE IIOIBEPTHYTH MOITIOAHU-
TEABHO IIOAHOHM TepMOooOpaboTKe, TO ero mpoyHocThk Ipu 20 °C
MOXKeT OBITHL moBbINIeHa M0 0,9 OT MPOYHOCTH OCHOBHOTO Me-
TaaAa.

Kopposuonnas crodikocts criaaBoB /120 u 1201 HEBBICO-
Kad. [lag 3alIUThl OT KOPPO3UH IIPHUMEHHIIOT T€ XK€ CPEACTBA,
YTO U JIAS AYPAAIOMUHOB (IAQKHMPOBKA aAlOMUHUEM HAM CIIAA-
BoM Al + 1% Zn, aHogHoe okcuaupoBaHue). CBapHbIe COeIU-
HEHUSI, OTAMYAIOIIMecd HHU3KOM KOPPO3UOHHOH CTOMKOCTHIO,
CAeyeT 3alHIIATh OT KOPPO3HUH OCOOEHHO TIIATEABHO.
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N3 crinaBoB /120 u 1201 M3roToBASIOT Bce BHUABI Aedop-
MUPOBAHHBIX I10AY(aObpUKATOB: AWCTBI, MAWUTBHI, IIPOPHUAHU,
HITAMIIOBKH M ITOKOBKHU. OTHU CHAABBI MOTYT HCIIOAB30BATBHCH
[ASl OTBETCTBEHHBIX CBAapHBIX KOHCTPYKIWH, paboTarolux B
LIIKMPOKOM HHTepBaae Temmeparyp: or —250 go +250-300 °C.

CnaaBeI Ha ocHoBe cHcTreM Al-Zn-Mg u Al-Zn-Mg-Cu.
OddekT ynmpouyHeHUd CIAaBOB cucTeMbl Al-Zn-Mg mnipu Tep-
MHu4yecKoll o0paboTke Obia OTKPHIT B 1924 r. C Tex mop U MO0
HaCTOSIIIETO BPEMEHH 3TU CIIAABBI IPUBAECKAIOT BHHIMAaHHE Me-
TaAAOBeIOB Bcero mupa. IlepcriekTuBHOCTL cucreMbl Al-Zn-Mg
oA pa3paboTKH IIPOMBIIIACHHBIX CIIAABOB OOBSICHHAETCHA TEM,
YTO K3 BCEX AETHPYIOIIMX KOMIIOHEHTOB IIMHK ¥ MarHui OTAU-
4alTCcd caMol BBICOKOM pacTBOPHUMOCTBIO B aAIOMUHUU IIPU
IOBBIIIIEHHBIX TeMIlepaTrypax (HUHK 82,8%, marauii 17,4%),
PE3KO0 YMEHBIIAIOIENCH ITPU OXAaKIEHUH.

B 30-x rr. XX B. B Poccun u 'epMaHuu ObIAM TOAYYEHBI
U PEKOMEHIOBAHbI OAS IIPUMEHEHUS B IIPOMBIIMIA€HHOCTH [Ie-
dopMupyeMble criaaBbl cucTeMbl Al-Zn-Mg ¢ cymMMapHBIM CO-
nepxanvem 10-12% (Mg+Zn) u mobaBKamMu MapraHua. ITH
CIIA@Bbl  XapaKTEePHU30BAAHUCH XOPOLIMMH MEXaHHUYEeCKUMU
cBoMicTBaMHu (0s > 580 MIlla, op2> 500 MIla, ¢ > 10%), omHako
OHU He HallIAU IIPUMEHEHHUS H3-3a Pe3KO BBbIPaKeHHOH MoA-
BEPKEHHOCTU KOPPO3UHU IIoZ HamlpskeHueM. [Ipu xopoiieit
o0IIIe KOPPO3HMOHHON CTOMKOCTH 00pas3lbl M3 3THUX CIIAABOB
pas3pyllaAlch B T€YEHHE HECKOABKHX YacOB, €CAH OHH IIOABEP-
FaAMCh AEUCTBHIO PACTATHUBAIOIINUX HANPAXKEHUU U KOPPO3HU-
OHHO-aKTUBHOHU cpenbl (HarpuMep, OObIYHON aTMOC(EpPEHI).

CnaaBel Ha ocHOBe cHcTeMBbIl Al-Zn-Mg-Cu. OO61up-
HbIe HCCAE€OOBaHUs CIIAAaBOB cucTeMbl Al-Zn-Mg-Cu c mobaB-
KaMU MapraHia u xpoma Obiau mpoBeneHbl B 40-x rr. XX B.
Ilox pyxoBoactBoMm U.H. dpupasuaaepa u C.M. BoponHoBa B
BHAMe 6b1a pa3paboTaH HOBBIM BBICOKOITPOYHBIN CIIAAB, IIpe-
BOCXOASIIIUY TI0 IIPOYHOCTU AypasloMuHEBI, — B95 (Mapka oT-
pazkaeT OCHOBHBIX pa3paboTdymKoB cmaaBa: B — BUAM, 95 —
3aBof 95, Ha KoTOopoM B TO BpeMs pabotaa C.M. BopoHOB).
[IpuMepHO B TO K€ BpeMs aHAAOTUYHBIHM CIiAaB ObIA IIOAYYEH B
CIIA.

Bce craasrel cucrembl Al-Zn-Mg—Cu noagBepraroT 3aKaske
1 UCKYCCTBEHHOMY CTapPE€HMI0. 3aKaAKY IIPOBOAAT IIPH TEMIlepa-
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Type 460470 °C B xonomHOM mam mopmorperod (mo 80-100 °C)
Bosie. HarpeB Boapbl BecbMa BazKeH IIPU 3aKaaKe KpyIlHorada-
PHUTHBIX IIporAeH M IITAaMIIOBOK BO M30exKaHHe UX pacTpec-
KHUBaHHUS UAW CHABHOTO KopobaeHHd. HekoTopoe ymeHbIlIeHHE
CKOPOCTH OXA@IKIEHHS IIPU 3aKaAKe B ropsgdeil BoAe B OTAU-
4He OT AYPAAIOMHUHOB OTPHUILIATEABHO HE BAMLET Ha KOPPO3HU-
OHHYIO CTOWKOCTbL cmaaBoB Al-Zn-Mg-Cu. Haob6opoT, c
YMEHBIIEHHEM CKOPOCTH OXA&KIOEHUS IIPU 3aKaAKE CKAOH-
HOCTBh K KOPPO3UU IIOJ HAIpPsKEHHEM craaBoB Al-Zn-Mg-Cu
(1 Al-Zn-Mg) ymeHbIIaeTCs.

CriaaBer B95, B9611, B93 ynpo4yHSIOTCS HIPU €CTEeCTBEH-
HOM CTapeHHH, IIPHYEM CKOPOCTb €CTECTBEHHOI'O CTapeHUs
3HAYUTEABHO MEHBIIlE, YEM y AyPaAIOMHUHOB, POCT IIPOYHOCTH
He 3aKaH4YHUBaeTCs Yepe3 MeCsI] [TI0CAE 3aKaAKH.

N3 Bcex pacCMOTpPEeHHBIX craaBoB B95 — Hauboasee yHU-
BEPCAABHBIM KOHCTPYKIIMOHHBIM MaTepuaa, U3 HEIro HU3roTab-
AVBAIOT BCce BUABI AePOPMHUPOBAHHBIX ITOAY(PaAOPHUKATOB: AU-
CTbI, TIAUTBI, IPOPUAU, TPYOBI, TIOKOBKH, INTaMIOBKU. CriaaB
B95 3HaYUTEABHO NPEBOCXOAUT II0 IPOYHOCTHU AyPAAIOMUHBI U
IITUPOKO IIPUMEHSETCS B CAMOAETOCTPOCHHU A OOIIHMBKU
(AECTBI) B BHyTpeHHero Habopa (mpodHuaH).

Boaee uuncThle 10 IIPUMECIM KeAe3a U KPEMHUS MOOU-
dukarmm crnaaBa B95 — B95mu (< 0,25% Fe u < 0,1% Si) u
B9504 (< 0,15% Fe u < 0,1% Si) mpakKTU4YeCKH HE OTAUYIAIOTCS
10 CTATUYECKON IMPOYHOCTU U IPENIEAY BBIHOCAUBOCTH OT B95,
HO CYLIECTBEHHO IIPEBOCXOAAT IIOCAETHUM II0 yAAPHOM BA3KO-
CTH MU IIO BSI3KOCTH pPa3pyllIeHUs.

CriaaBbl B95my 1 B9504 1nocTenieHHO BBITECHSIOT CIIAAB
B95 n3 caMoAeTHBIX KOHCTPYKIIHMH, TOCKOABKY OHH obecriedu-
BalOT 0oA€e NAUTEABHBIH pecypc B OOABIIYI0O HAOEXKHOCTH pa-
OOTBI U3EAUH.

IIpu coszmanuu criaaBa B96Il mpecaemoBasl IIeAb IIOAY-
YUTH CIIAAB C MAKCHUMAaAbBHOU IIPOYHOCTHIO. [lAsl 3TOro B cliAa-
Be OBIAO MOBBIIIEHO II0 CpaBHEHHIO ¢ B95 comepzkaHme Bcex
OCHOBHBIX A€THPYIOIINX KOMIIOHEHTOB (IIMHKA, MarHUs, Me/IH)
(raba. 1.13).
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Tabawna 1.13
CpeaHee coZepikaHHE ACTHPYIOLIHX 3A€MEHTOB H NpHMeceH
B IIPOMBIIIA€HHBIX CIAaBax cHcTeMbl Al-Zn-Mg—-Cu

Cnnas CopaepxaHue KOMMOHEHTOB U npumecen, %
Zn Mg Cu Mn Cr Zr Fe Si
B95 6,0 2,3 1,7 0,4 0,18 - <05 <05
B95ny 5,75 2,3 1,7 0,4 0,18 - <0,25 <01
B950y 5,75 2,3 1,7 0,4 0,18 - <0,15 <0,1
B96LY, 8,5 2,65 2,3 - - 0,15 <0,4 <0,3
B96L|-3 8,1 2,0 1,7 - - 0,15 <0,2 <0,1
B93 6,9 1,9 1,0 - - - 0,2-0,4 <0,2
B93ny 6,9 1,9 1,0 - - — 0,2-0,4 <01
1933 6,9 1,9 1,0 — - 0,12 <0,15 <0,1

CriaaB B96I1l — cambii BBICOKOAETHPOBAHHBIM M3 BCEX
nepopMUPYEMBIX aAIOMHUHHEBBIX CIIAABOB. 1o mpoyHOCTH ITpu
HOPMaABbHOM TeMIlepaType OH IIPEBOCXOAUT BCE aAIOMHUHHEBBIE
CIIAABBI, B TOM 4HCA€E craaB B95. Ognaxko B961] oTangaeTcsa 1Io-
HIKEHHBIMH TI0 CpaBHEHHIO ¢ B95S maacTHYHOCTBIO, KOPPO3U-
OHHOM CTOMKOCTBIO M BSI3KOCTBIO paspylleHus, 6oaee JyBCTBHU-
TeAeH K Haapes3aM U IIPOYHUM KOHIIEHTpaTopaM HaIlpsKEeHUSI.

CnaaB B93 mpenHasHadeH OAS M3TOTOBAEHUS IIOKOBOK U
HITAaMIIOBOK (IIPEUMYIIIECTBEHHO KPYIIHBIX).

CriaaB 1933 aBagerca monudukalueii criaaBa B93: He
otan4asick oT B93 1o comep:kaHHUI0 OCHOBHBIX KOMIIOHEHTOB,
criaaB 1933 comepskut nobasky Zr (0,12%) Bmecto Fe. Takoe
H3MEeHEHHe CcocTaBa o00ycAOBAMBaeT Ooaee BBICOKYIO IIPOU-
HOCTb, BSI3KOCTb Pa3pyLIeHHS M COIIPOTHBAEHHE YCTAAOCTH,
noaToMy craaB 1933 OyzeT IoCTeneHHO BBITECHSTH criaaB BO3
B camoaeTocTpoeHuu. OH HMeEeT AUINL OAWH HEAOCTaTOK —
XYAILIYI0 ITPOKAAUBAaEMOCTh, 4YeM B93: kpuTuueckasa CKOPOCTH
oxXAaXKIEHUS IIPHU 3aKaske y criaaBa 1933 cocraBaget 20 °C/c,
ayB93-3°C/c.

TaxuMm obpa3om, Ha ocHOBe cucteMbl Al-Zn-Mg-Cu 6b1an
pazpaboTaHbl camble IMIPOYHBIE AePOPMHUPYEMBIE AAIOMU-
HUEBBIE CIIAABEI Aad AucToB (B95, B9Smu, B9Sou), npoduaeit
(B95, B95m4, B9504, B961l), 1MoKoBOK Hu IITaMIioBOK (B95,
B93, B9611-3, B9o6Ll).
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CmnaBel cuctembl Al-Zn-Mg—Cu (B ocHoBHOM B95 1 B93)
HalllAW IIIHPOKOE IIPHUMEHEHHE B aBHAIIMOHHOM IIPOMBIIIAEH-
HOCTH, HO BCE K€ OHHU He€ BBITECHHAH paHee BHEIPEHHBIE, XO-
T YW MeHee IpodHble craaBbl cucrem Al-Cu-Mg ([116) u
Al-Cu-Mg-Si (AK6, AKS8). 910 00BACHAETCS PSAOM HEeOOCTaT-
KOB craaBoB cucteMbl Al-Zn-Mg—-Cu. Hampumep, o cpaBHe-
HUIO C aypasloMuHOM /116 oHM 0oaee 4yBCTBUTEABHBI K KOH-
HeHTpaTopaM HaIpsSKeHUM, UMEIOT MEHBIIYI0 BSI3KOCTh pa3s-
PYILIEHHS, CKAOHHBI K KOPPO3HUH IIOJ HAIIPSAXKEHHUEM U Xapak-
TEPU3YIOTCS HU3KOU KapoIIpodyHOCTHIO. Tak, cmaaB B95S mpu
TeMIiepaTrypax Bblnle 125 °C ycTymaeT IO IIPOYHOCTH CIIAABY
116, xora ripu 20 °C OH 3HAYUTEABHO IIPOYHEE OypPaslOMMHA.
[ToaTomy cmaaBbl cucreMbl Al-Zn-Mg-Cu Maao mepCcreKTHBHEBI
[AST CKOPOCTHBIX CBEPX3BYKOBBIX CaMOAETOB, OOIIMBKA KOTO-
PBIX UCHIBITBIBAET adpoaAnHaMHU4YecKuH Harpes (o 125-150 °C).

Cawmpble IpoYHbIE CIIAABBI cucTeMbl Al-Zn-Mg-Cu B961],
B9611-3 mo mocaegHero BpeMeHU He HaXOIUAU IIPUMEHEHUd B
CaMOAETOCTPOEHHH, IIOCKOABKY MCIIOAB30BaTh HX BBICOKYIO
IIPOYHOCTDH HE IPENCTABASIAOCH BO3MOXKHBIM B CBSI3H C HX He-
JOCTaTOYHOU CTOMKOCTBIO IIPOTUB PaCCAaUBAIOIIECH KOPPO3HUU
U KOPPO3UU Mo HampaxkeHHeM. B mocaennue roas! B CIIA u
B Poccuu paspaboTaHbl HOBBIE PEKHMBI TepPMO0OOPaboTKH, KO-
TOpBIE IIO3BOASIIOT IIOAYYHUTH BBICOKHE IIPOYHOCTHBIE XapaKTe-
PHCTHKHU IIPHU yAOBAETBOPUTEABHON KOPPO3HOHHOM CTOHKOCTHU
crinaBa B9611-3.

CnaaBel Ha OCHOBe cHcTeMbl Al-Zn-Mg. lHTepec K
TPOUHBIM CIIAaBaM cUcTeMbl Al-Zn—-Mg pe3Ko Bo3poc BO BTOPOH
moAoBHHE XX B. B CBS3U C ITIOTPEOHOCTHIO IIPOMBIIIIAEHHOCTH B
boaee mpouHbIX, yeM Al-Mg, cBapuBaeMbIX criaaBax. OTHOCH-
TEABHO HHU3KOAETUPOBAHHBIE CHAABBEI cHUcCTeMBl Al-Zn-Mg
c 5-7% (Zn + Mg) UMEIOT UCKAIOYHUTEABHO XOPOIIYI0O CBapuBa-
€MOCTb.

CBoiicTBeHHas TpoHHBIM craaBaM Al-Zn-Mg 3HAYUTEAb-
Hasd CKAOHHOCTBH K 00Opa30BaHHUIO TPEIIMH IIPU CBapKe PEe3KO
YMEHBIIIaeTCd NPHU BBEOCHUU B CIAABBI MaABIX H0OAaBOK MO-
aucpuipyonmx komroueHToB (Ti, Zr).

MHorme U3 3THX CIIAABOB, HECMOTPH Ha A00aBKHU Ilepe-
XOOHBIX METAAAOB (MapraHila, XpoMma, IUPKOHHUS) U CHellHaAb-
HBIF TIOA00P PEXRUMOB TEPMOOOPAOOTKH, ITOKa3aAW HeIOoCTa-
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TOYHYIO CTOMKOCTB (rA@BHBIM 00pa3oM, CBApPHBIX COEeTHHEHUH)
IIPOTHUB KOPPO3UHU IO HAIIPSAKEHHEM. OTO OTHOCHUTCS IIPEXKIE
BCEro K CcIlaaBaM, cofepzkammM 6oabirte 6% (Zn+Mg). B
HacCTOosIIee BPEMS IIHNPOKO BHEAPEHBI AUINB CIIAABBI, B KOTO-
PBIX comepskuTcd MeHbIle 6% (Zn+Mg).

TUIIMYHBEIN TIpeACTaBUTEAb 3TOH TI'pyImIbl — craaB 1915,
cpedHee COAEpzKaHHE AETHPYIOINMX KOMIIOHEHTOB B KOTOPOM
caenyrotee: 3,7% Zn; 1,5% Mg; 9,4% Mn; 0,14% Cr; 0,18% Zr.

Uzneansa u3 conaaBa 1915 noxBepraioT 3akKasKe C IIOCAE-
OYIOIIMM €CTECTBEHHBIM HAH HCKYCCTBEHHBIM CTapeHHEM.
HarpeB mop 3akasky npoBonaT Iipu Temriepatrype 450+10 °C.
ToHKOCTEHHBIE H3AeAHd K3 cliaaBa 1915 3akaauBaloTcd IIpU
oXAaKAEHUHN Ha Bo3ayxe. EcrecTBeHHOe cTapeHHE B 3aKaA€H-
HBIX criAaaBax cucTeMbl Al-Zn-Mg npoucxXoguT O4e€Hb MEIACH-
HO, OCHOBHOH IIPHUPOCT IPOYHOCTHU U TBEPAOCTH HabAromaeTcd
B TedeHHe 1 Mec.; masbHelIlee, o4eHb MEIACHHOE IIOBBIIIEHHE
IIPOYHOCTU IIPOAOAIKAETCS NECSITKU A€T. XapaKTepHUCTHUKHU IIAa-
CTUYHOCTH IIPH 3TOM H3MEHSIIOTCS HE3HAYUTEABHO, HallpuMep,
II0CA€ [IECATHAETHETO €CTECTBEHHOI'O CTapeHUsS OTHOCHUTEABHOE
yaOAuHeHUe criaaBa tamna 1915 ocraercda Boine 12-14%.

OnTHMaABHBIM PEXUM HCKYCCTBEHHOI'O CTAapEHHUS [AS
crmaaBa 1915 — aByxcrynenuarsiii: 100 °C, 1024 4 + 175 °C,
3-5 4. [lepepelB MeXKAy 3aKaAKOH U HCKYCCTBEHHBIM CTapEHU-
€M IIOAOKUTEABHO BAUSET Ha 3(p(PEeKT UCKYyCCTBEHHOI'O CTape-
HUsg. Ecan mepen HCKYCCTBEHHBIM CTapEeHHEM ITPOUCXOIUT
€CTECTBEHHOE, TO IIPOJOAKUTEABHOCTD BBIAEPKKHU IIPU TEMIIe-
paTtype IIepBOY CTYIEHH MOIKeT ObITh COKpAallleHa, a JAUTEAb-
HOE€ €CTEeCTBEHHOe cTapeHHe (> 1 Mec.) MOXKeT IIOAHOCTBIO 3a-
MEHUTH IIEPBYIO CTYIIEHb HCKYCCTBEHHOIO CTapeHHs, obecrie-
YHBarNUIero 0oAee BBICOKHH IIpeleA TEKYy4eCTH U AYYIIYIO
KOPPO3HOHHYIO CTOHKOCTB.

CouerTaHne yKa3aHHBIX MEXaHUYECKHX CBOUCTB C XOPO-
iedl CBapuBAaeMOCTBIO U BBICOKOM TEXHOAOTHYHOCTBIO IIPHU TO-
padeii o6paboTKe maBA€HHEM peaaeT criaaB 1915 1ieHHBIM U
MIEPCIEKTUBHBIM KOHCTPYKIIMOHHBIM MaTE€PHUaAOM.

CrraB 1915 MOKHO OTHECTH K TEPMHUYECKH YIIPOYHSIE-
MBIM aAIOMHHHEBBIM CIIAaBaM CpeAHed IPOYHOCTH.

U3-3a mpucyrcTBUS B criaaBe 1915 monmcunupyromiei
n00aBKH IIUPKOHHS CKAOHHOCTBH K 00pa30BaHUIO TPELIUH IPHU
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CBapKe y JaHHOI'O CIIAaBa He BBIIIE, Y€M y AYYIIINX CBapHBae-
MBIX CIIAAQBOB, HE YIIPOYHSIEMBIX TEPMOOOPabOTKOM, HATIpUMED
AMr6. Ilo mpoYHOCTU OCHOBHOIO MaTepHasa U CBapHBIX CO-
enuHeHUY craaB 1915 3HaYUTEARHO IIpeBocxoauT AMr6 u BbI-
FOHO OTAMYaeTCs OT [APYTUX CBapUBaeMbIX TEPMUYECKH
YIIPOYHSIEMBIX CIIAABOB MEHBIINM Pa3yIpPOYHEHHEM CBapPHOIO
COeUHEHHU II0 CPaBHEHHIO C OCHOBHBIM MaTrepuasoM. [Ipou-
HOCTBh CBapHBIX COeOUHEHUM u3 crnaaBa 1915 (mocae ecrte-
CTBEHHOTO cTapeHud) cocraBasgeT He MeHee 0,9 mpoduHoOCTU
OCHOBHOI'O MeTaAAa.

B Hacrogmiee Bpems ciaaB 1915 Hatea HanboAbIIIee IIPHU-
MEeHEHHEe [AS U3TOTOBAEHUS IIPECCOBAHHBIX Ipodraed u Tpyo,
IIPU IIPOU3BOACTBE KOTOPBIX MAaKCHMAaABHO HCIIOAB3YIOTCS €TO
BBICOKHE TEXHOAOTHYECKHE CBOMNCTBA, B MEHBIIIEU Mepe — OAd
AVICTOB U OPYTHX ITOAY(pabpUKaTOB.

CriaaB 1925, mpemHa3HaAYeHHBIM [OAS HECBapHBIX KOH-
CTPYKLIUH, gBAdeTcsa 0Ooaee melleBod MoaudHUKallyed criaaBa
1915. B cnaaBe 1925 poryckaeTcsli BBICOKOE cCofepzKaHUe
npumeceii (Cu go 0,8%; Fe mo 0,7%; Si mo 0,7%), 4To mo3BO-
ASIET TIPHM H3TOTOBACHHH IIOAY(PaOpPHKATOB HCIIOAB30BATh
0OABIIIOE KOAMYECTBO OTXOMIOB. BBICOKOE comepzKaHHe ITpUMe-
CH MeOU Pe3KO yXyAllaeT CBapHUBaeMOCTb U IIOSTOMY CIIAAB
1925 He pPEKOMEHAYIOT [OAd CBapHBIX KOHCTpyKIuM. Craas
1925, tak ke, Kak ¥ 1915, OpUMEHHIIOT [IAS HU3TOTOBACHHS
IIPEeCCOBaHHBIX TPyO U mpoduaeii. [Tocae 3akasku Ha Impecce (C
OXAaIKIEHVEM Ha BO3yXe) H €CTECTBEHHOIO CTApPEHUS €ro Me-
XaHHU4YeCKHUe CBOHCTBa OAM3KH K CBOMCTBAM COOTBETCTBYIOIINX
noaypabpukaToB u3 craaBa 1915. [Ipoduam u TpyOBI H3
crinaBa 1925 HCHOAB3YIOT B CTPOHTEABCTBE, TPAHCIOPTHOM
MAIIIMHOCTPOCHHUH H [APYTUX TPasKIAaHCKHUX OTPACAIX IIPO-
MBITIIA€HHOCTH.

JIntenHble antoMMHUEBLIE cNNaBbl

B03MOKHOCTh IPHMEHEHUS TOI'O HAM HHOTO CIlAaBa B
IIPOMBIIIIAEHHOCTH [JIASS MAacCOBOT'O HAW KPYIIHOCEPHUHHOTIO
IIPOU3BOACTBA OIIPEAEAAETCH, BO-IEPBBIX, €r0 SKCNIYyamayu-
OHHbLMU ceolicmeamu (IPOYHOCTHIO, (PU3MIECKHUMHU CBOMCTBA-
MU, KOPPO3HMOHHOM CTOMKOCTBIO), BO-BTOPBIX, MEXHOJO-
2uuecKumu ceoticmeamu, T.e. TEMHU CBOHMCTBaMHU, KOTOpPbIe 00y-
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CAOBAMBAIOT IOBENIEHHE CIIA@Ba B IIPOLIECCE M3TOTOBACHHS U3
HEro U31EAUM.

K mexHonozuueckum ceolicmeam OTHOCATCS AWUTeHHbIE
CBOMCTBa, CIIOCOOHOCTH K 00paboTKe maBaeHHEM, obpabaTbI-
BaeMOCTb P€3aHHEM, CBapUBaeMOCTb U Ap. Hepeaku caydawm,
KOIZla CIIAAB C OY€Hb XOPOIIMMH 3KCIAYaTAllMOHHBIMHU CBOM-
CTBaMH He HaXOOUT IPHUMEHEHHd H3-3a IMAOXHX TEXHOAOTHYe-
CKHX CBOMCTB.

Jag AUTEHWHBIX CIIAQBOB 3HA4YEHHE TEXHOAOTHYECKHX
CBOHCTB 0COOEHHO BeAWKO. ['AaBHBIE TEXHOAOTHYECKHE CBOU-
CTBAa OAd HUX — AUTEHUHBIE:

® JKUJIKOTEKY4eCTh;

® 00BEMHAY U AMHEHHAad yCcamaKa,

® CKAOHHOCTB K 00Pa30BaHUIO FOPSIUX TPEIINH;

® CKAOHHOCTb K 00pa30BaHUIO yCaO4YHOH M ras3oBO#l IIO-
pHCTOCTH;

® CKAOHHOCTb K AMKBAIIUH.

AwuTeiiHbple CBOMCTBa CIIAABOB, KOTOpPbIe He oOpabaThIiBa-
IOT JaBA€HHUEM U HCIIOAB3YIOT B KOHCTPYKIIMU B AUTOM COCTO-
SIHUH, OIPEAEATIOT HE TOABKO BO3MOZKHOCTDL ITOAYYEHUS U3Ie-
Aus ((pacoHHOM OTAMBKH), HO U Ka4deCTBO 3TOro uizaeAus. Bce
nedeKTbl AUTOH CTPYKTYPBI, 3aBUCSIIIHE OT AUTEHHBIX CBOUCTB
(ycamouyHass ¥ rasoBad IOPUCTOCTb, AMKBAIIHOHHAd HEOIHO-
POOHOCTE COCTaBa, MUKPOTPEIIMHBI), COXPAHSIOTCA B H3MIe-
AWIH.

Boabias yacTe AUTEMHBIX CBOHCTB 3aBUCHUT OT TeMIlepa-
TYPHOTO MHTEPBaAa KPUCTAAAU3AIINHU CIIAABa: YeM OOABIIIe HH-
TepBaA KPUCTAAAU3AIIUU, TEM MEHBIIIE KUAKOTEKY4EeCThb CIlAa-
Ba U TeM O0O0AbIIe OH CKAOHEH K 00pa3oBaHUIO pPaCCESTHHON
yCaIOYHOM ITOPUCTOCTU U TOPSIYUX TPEIIIHH.

B kauyecTBe ANTEHHBIX HauboAee IMIUPOKO PaCIIPOCTpPaHe-
HBI CIIAABBI Ha OCHOBe cucteM Al-Si (gBoifHbIe U 6oAee CAOK-
HblE), IAS KOTOPBIX XapaKTEpPHbI Maable TeMIepaTypHble HH-
TepPBaAbl KPHUCTAAAM3AIINH (HOAB OAS 3BTEKTUYECKOTO COCTaBa)
U O4YEHB XOPOIIIHE AUTEHNHbBIE CBONCTBA.

Jast daCOHHOTO AUTBSI IIPUMEHSIOT TAKXKe CIIAABBI HA OCHOBE
cucrem Al-Cu, Al-Mg, Al-Cu-Mg, Al-Zn-Mg, Al-Cu-Mg-Ni u apy-
THE CAOXKHBIE CIIAABbI, HE OTAWYAIONINECS B IPHUHIIUIIE OT Je-
dopMHPYEMBIX, HO 4acCTO C 00Aee BBICOKUM COAEPIKaHHUEM Ae-
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THPYIOLINX KOMIIOHEHTOB (M€OM M MarHusl), TYrONAaBKHX [0-
0aBOK (TMTaHa U HUKEAs) U IpuMeced (keaesa). OmHaAKO 3THU
CIIAaBbl 3HAYUTEABHO MEHBIIIE paclpocTpaHeHbl, dyeM Al-Si-
CIIA@BBl (CHAYMHHBI), B CBSI3M C HUX XyAIUIMMH AWTE€HHBIMU
CBOMCTBaMH.

B AuTeHHBIX cHaaBax [OOIYCTHUMOE COAEP3KaHHE HEU3-
OeKHBIX ITPUMeCeH, U B YaCTHOCTH, JKeAe3a 3aBUCHUT OT CIIOCO-
0a AUTBS criaaBa.

JIoIyCTUMBIY YPOBEHBb COZEP:KAHUS HEN30EKHBIX Bpel-
HBIX IIpUMecel, B 4aCTHOCTH, IIPUMECEHN XKeae3a U KPEMHUH,
BO MHOTHUX AUTEHHBIX CIIAaBax BBIIIE, YEM B AePOPMHUPYEMBIX.

OTpuniareabHOE BAHSHUE IIPUMECEH BBbIpakaeTcs IIpeK-
[le BCETO B CHHXKEHHM [IAACTHUYHOCTU, HO IIOCKOABKY OTAWBKHU
U3 AUTEUHBIX CIIAABOB HE IIOABEPTraroT MAACTHYECKOH aedop-
MAalllH, TO TPeOOBaHUA K IAACTUYHOCTH JAS AUTEHHBIX CIIAA-
BOB M€Hee KEeCTKHUE, YEM AT NePOPMUPYEMBIX.

B HOBBIX BBICOKOIIPOYHBIX AUTEHHBIX CIIAaBaxX Ha OCHOBE
cucrembl Al-Cu M B craaBax MOBBIIIEHHOH KOPPO3HUOHHOM
CTOMKOCTH Ha OCHOBe cHcTeMbl Al-Mg nomycTuMoe comepzka-
HHE IIpUMeced Keae3a M KPEMHHI C IIEABIO VAYYIIIEHUS KOM-
IIA€KCa CBOMCTB PE3KO CHHKEHO, OCOOEHHO [ASl CIIAQBOB YH-
CTBIX (4) W IIOBBIILIEHHOM YHCTOTHI (1Y), ¥ B HEKOTOPBIX CIIAA-
Bax 0o 6oaee HU3KOTO YPOBHS, YeM B NePOPMHUPYEMBIX.

CnaaBeIl Ha OCHOBe cHcTeMbl Al-Si (CHAyMHHBI).
CrinaBbl Ha ocHOBe Al-Si, AWM CHAYMHHBI (cM. Taba. 1.4), ot-
HOCSTCS K YHCAYy Hauboaee pacIpoCTpaHEHHBIX AHUTEHHBIX
aAIOMUHUEBBIX CIIAQBOB.

CHAYMUHBI TIOAPA3LEAdIOT Ha ABOMHBIE (MAW IIPOCTBIE),
AETHUPOBAHHBIE TOABKO KPEMHHEM, U CIIeI[HaAbHBIE, B KOTO-
PBIX, IOMHUMO KPEMHHS, COAEPIKATCS B HEOOABIIIOM KOAHMYE-
CTBE ApyrHe Aerupyrolye KomroHeHTs! (Mg, Cu, Mn, Ni). Cu-
AYMUHBI OTHOCSITCH K YHCAY 9BT€KTHUYECKHUX VAU J03BTEKTUUE-
CKHUX CIIAABOB.

[IBo#iHbIE (IIPOCTBIE) CHAYMHHBI OTHOCHATCS K YHUCAY TeEp-
MHUYECKH HEYIIPOYHSIEMBIX CIIAABOB, 00AaAIOIINX HEBBICOKH-
MH IIPOYHOCTHBIMHU XapaKTEePUCTHKAMHU.

EnuHCTBEHHBIH CIIocoO HECKOABKO ITOBBICUTH HX MIPOY-
HOCTb U IAAQCTUYHOCTb — H3MEAbUEeHHEe SBTEKTHUYECKUX KpPU-
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CTaAAOB KPEMHHUSI, KOTOPOE MOKeT OBITb JOCTUTHYTO ABYMS
Iy TAMHU:

1) yBeAHYeHHUEM CKOPOCTU OXAQKIECHUS IIPU KPUCTAAAU-
3alliy;

2) BBEOEHHEM B CIIAABBI MAaAbIX [00aBOK (COTBIE MOOAH
IIPOLIEHTA) IEAOYHBIX METAAAOB (HATPHUL, CTPOHIIHS).

[lepBBIA IIyTh OJAE€T XOPOIIHE PEe3yAbTAThl, HO HAXOIUT
OrpaHUYEHHOE IIPUMEHEHHE — JIAd TOHKOCTEHHBIX [AeTaAei,
KOTOpPbIEe MOTYT OBITH OTAUTBHI B METAAAUYECKHH KOKHAB HAU
METOIOM AUTHS IO JaBACHHEM.

Bropo# myTh — MOAM(PUIINPOBAHUE CTPYKTYPBI CHAYMH-
HOB MaAbIMH f00aBKaMU — 00Aee YHHUBEPCAAEH.

Cpemuuii XUMHYECKHH COCTAB ITPOCTOTO M HEKOTOPBIX
CITEIIHAABHBIX CHAYMHUHOB TIPEACTaBACH B Taba. 1.14.

Tabauma 1.14
CpenHHH XHMHYECKHH COCTAB CHAYMHHOB

CopepxaHue KOMNOHEHTOB, % Mpumecn, % Fe,
He Bonee
Cnnas ) .
Si Mg Cu Mn Ni apyrve | nutbe |nNutbe nog
B 3eMIJ1H0 | JaBlieHNeEM
AK12(AN2) 11,5 - - - - - 0,7 15
AK9y (A4) 9,25 0,24 - 0,35 — - 0,6 1,0
AK74 (A19) 7,0 0,3 - - — - —'— 1,5
AK5M(AN5) 5,0 0,47 1,25 = — = —'— —'—
0,2Ti " "
AK8n (AN34) 7,5 0,45 - - - 027Be| ~ —'—
AK12M2MrH ) R
(AN125) 11,5 1,05 2,25 0,45 1,05 | 0,12Ti 1,1 —'—
AK21M2,5-H2,5 | 210 | 035 | 26 | 03 | 25 | 92T | o e
b ) il il 1 il 1 0730.,

CrienmuasbHbIEe CUAYMUHBI, COAEepIKallye MarHuii U Menb,
IIOABEPTAIOT 3aKaAKE U ITOCAEOYIOIIEMY HUCKYyCCTBEHHOMY CTa-
pPeHUI0. YIIPOUYHEHHE CIEIIMAABHBIX CHAYMHUHOB IIPHU Te€pMH4Ye-
CKOM o0OpaboTKe obecriedmBaeT MX 3HAYUTEABHO OoAee BBICO-
KyI0 IPOYHOCTb, OCOOEHHO IpeAeA TeKy4eCTH, IIPU ITOHUKEH-
HOM MAAQCTHYHOCTH I10 CPABHEHUIO C IIPOCTHIM CHAYMHHOM.

Hass cnaaBa AK9Y DpUMEHSIOT CAEOYIOMIUM PEKUM
yHOpouHsomed TepMoodpaboTku: 3akaska ot 535 =5 °C, BbI-
oepskka 2-6 4, oxaaxkaeHue B ropssaeit Bome (50-100 °C), cra-
peuue mipu 175 °C, 15 4. OTOT pexXXuM TepMooOPabOTKH Xa-
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PakTepeH OAs BCEX CIIEIIMaAbHBIX CHAYMHHOB, €CAH Tpebyercs
IIOAYYUTb MaKCHMAaAbHbIe IIPOYHOCTHBIE XapaKTepUCTUKHU. B
3aBHUCHUMOCTH OT TPeOOBaHUM, KOTOPBIE IPEABIBASIOT K CBOH-
CTBaM TOTOBBIX H3IEAUN, IPUMEHHTIOT TAKXKE HHbIE PEXKHMbI
CTapeHHUs.

TunuyHble MeXaHUYEeCKHEe CBOMCTBa Hamboaee MIINPOKO
IIPUMEHIEMbIX CHAYMHUHOB, IIOAyY€HHbIE HA OTAEABHO OTAWUTBHIX
obpasiiax, IIoCAe OIITHMAaAbHOH TepM0o0oOpaboTKU IPUBEAEHBI B
Taba. 1.15. 3geck ke IIpUBeOeHBbI CBOMCTBA 00pas3IloB, OTAU-
TBIX B 3eMAsSIHYI0 popMy. [Ipu AUThEe TAaKHUX 00pa3IloB B METAA-
Audeckre (PopMbl (KOKHAW) HAM Ha CIEIHMAAbHBIX MAaIIHHAaX
IIOZl JaBAECHHEM MeXaHHW4eCKHe CBOHCTBa YAYYIIIAIOTCH: 3HAa-
4YeHUd Oz U 0p,2 yBeanuusaroTca Ha 20-30 MlIla, noBelitaercs
TaKKe U OTHOCHUTEABHOE YIAUHEHUE.

Tabauma 1.15
THNHYHBIE MEXaHHYECKHE CBOHCTBA CHAYMHHOB
(oTmeaBHO OoTAHTBIE OGpa3LbI)

Og, 00,2, 0, 01,
Cnnas Cnocob nuTbs u TepmoobpaboTka MMa | MMa S5, % MMa
AK12(AN2) JluTbe B 3emnto nocne 180 80 7 42
MOAMULMPOBaHUS
JluTbe B 3emnio nocne
AK9u (A14) MOAMVLIMPOBaHNS, 3aKarnka 260 | 200 4 -

1 UCKYCCTBEHHOE CTapeHune
Jlntbe B 3emnto, 3akanka

AK74 (AT19) 1 UCKYCCTBEHHOE CTapeHue 200 110 6 40
AKS5M (AN5) JlnTbe B 3emnto, 3akanka 220 180 1 -
AKS8I (AN34) N NUCKYCCTBEHHOE CTapeHune 330 280 3 —

AK12M2MrH (AT125) puTee 8 Koy, crapenie 200 - | - | -

AK21-M2,5H2,5 JInTbe B KOKUIb, OTXUI 170 - — —

CHAYMUHBI OTAMYAIOTCS MaAOM MAOTHOCTBIO, TaK KaK B
UX COCTaB BXOMUT KpeMHHUi — 0OoAee AETKHE 3AEMEHT, YeM
astoMuHHUN. Tak, IIAOTHOCTBH OBTEKTHUYECKOIO cHAyMHHa AK12
cocraBadgeT 2,66 r/cm3. CriaaBbl cucTeMbl Al-Si xapakTepuay-
IOTCS BBICOKOH KOPPO3UOHHOM CTOMKOCTBIO, MPUYEM M00aBKH
MapraHIlla U MarHud OOIIOAHHUTEABHO IIOBBIIIAIOT €€, MEOb XK€
Pe3Ko CHUXKaeT KOPPO3UOHHYIO CTOMKocTb. Tak, y craaBa
AKSM, comepzxkamiero 1,0-1,5% Cu, KOppo3rvOHHAS CTOUKOCTH
HHUXeE, YEM Y APYTUX CUAYMHHOB.
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Breicokue aAuTENHBIE CBOMCTBA CHAYMHHOB ONPENEASIOT
HUX XOPOIIYI0 CBAPUBAEMOCTD IIAABACHUEM.

Kak BugHO 13 Taba. 1.15, TepMUYECKU He yIIPOYHAEMBbIH
3BTeKTUYeCKud cuaymMuH AK12 wmmMeeT [OOBOABHO HHU3KUE
IIPOYHOCTHBIE XapaKTEPUCTHKH, HO BBICOKYIO IIAACTHUYHOCTB.
BaxkHO€ IIPEHMyIECTBO 3TOI0 CIIAABa — MaAbId HHTEpPBaA
KpucTtasausanuu (0AM3KHHE K HYAIO), IO3TOMY B OTAMBKAaxX He
oOpasyercsa ycamodHoM mopuctocTH. CIiAaB peKOMEHIyeTCs
[ASI U3TOTOBACHUSA M€ pPMETHYHBIX AETAACH.

Boaee mnpodyHBIM CHAYMHHOM dBAdeTcs craaB AK9uy,
YIIPOYHSIEMBIH TepMOooOpaboTKoM. [Ipr HEKOTOPOM CHHXKEHUHU
collep:KaHUd KpeMHHud B criaaBe AK9u mo cpaBHeHuio ¢ AK12
nocruraeTcd OAaronpuaTHOE COYeTaHHE AUTEHHBIX CBOMNCTB:
OTHOCHUTEABHO Maaad ycaJodHas IIOPHUCTOCTh M 3HAYHUTEABHO
MeHbIIasg (dueM y AK12) KOHIIleHTpHUpOBaHHAaa ycaaodyHas pa-
KOBHHA, YTO II03BOASIET IPUMEHUTH criaaB AK9u mas Hauboaee
OTBETCTBEHHBIX KPYITHOTA0ApPUTHBIX [eTased, Halpumep,
KapTepoB ABUTraTeAell BHYTPEHHEr0 CTOPaHUSI.

CriaaB AK74, KOTOPBIH He IIOABEPraroT HU MOAMPHUIIH-
POBaHUIO Ilepel AUTBEM, HH HCKYCCTBEHHOMY CTapeHHIO (OT-
AVIBKH TOABKO 3aKaAWBaIOT), JOBOABHO HIMPOKO IIPUMEHLIOT
Oaaromapsg COYETAHUIO YIOBAETBOPUTEABHOH IIPOYHOCTH, BBI-
COKOM ITAQCTUYHOCTH U XOPOIIINX AUTENHBIX CBONCTB.

Bricokonpounrsiii crinaB AKSM He oTHOCUTCS K ZKapo-
IIPOYHBIM AWUTEHHBIM AAIOMHHHEBBIM CIiIAaBaM, HO Cpeou CH-
AYMHUHOB OH HauboAee ITPOYHBIN IIPU MOBBIMIEHHBIX TeMIIepa-
Typax.

CmoaaB AK8A, otHocamnuiica K cucreme Al-Si-Mg, nipeBoc-
XOUT TI0 ITPOYHOCTHU CriaaBbl AK94u 1 AK74, nMeeT XOpOIlHe AU-
TeWHbIE CBOMCTBA U OTANYAETCH BbICOKOH M€ pMETHYHOCTBIO. OTH
CBOICTBa 00eceynBaroTCsl 6oAee BBICOKHUM COAEPIKaHHEM Mar-
HUS U JOTIOAHUTEABHBIM A€THPOBAHHEM TUTAHOM H OepHAANEM
(cMm. Taba. 1.15). CriaaB AK8A mpenHasHadYeH OAS AUTBS CAOIK-
HBIX [0 KOH(UIYPAIMHU KOPIIYCHBIX meTasei, paboTarommx
1o, GOABIIIMM BHYTPEHHUM JaBACHHEM.

BricokoAermpoBaHHBIE  3a3BTEKTHYECKHE  CHAYMHHBI
AK12M2MrH u AK21-M2,5H2,5 oTHOCATCs K Tpylle IOpII-
HEBBIX CIIAABOB (IPUMEHSIIOTCS TOABKO JAS OTAMBKU IIOPIIIHEM
[OBUraTeAell BHYTPEHHETO cropaHus). MiMesa HEeBBICOKYIO IIPOY-
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HOCTB, OHH IIpeAHa3HA4YeHbl OAd PabOThl IIPU IIOBBIIIEHHBIX
TeMneparypax (250-270 °C), oTauyaroTcs BBICOKOHM Kapo-
IIPOYHOCTBHIO, N3HOCOCTOMKOCTBHIO U HHU3KHUM K03(p(pUIIEeHTOM
TEPMUYECKOT'O PACHIUPEHUS.

CnaaBbl Ha ocHoBe cHcTteMmbl Al-Cu. Cmoaasrel AA7,
AMS5, AM4, S5Ka, AA33, B KOTOPBIX comepskuTcd oT 4 10 6,2%
Cu, oTHOCATCH K TEPMHUYECKU YIIPOYHAEMBIM. Bbicokas mpou-
HOCTB IIOCAE TEPMUYECKON 00pabOTKM, a TaKKe BBICOKAs 3Ka-
POIIPOYHOCTEL (3TO OCOOEHHO OTHOCHUTCS K crmaaBam AMS,
AA33) 9BAFGIOTCS TAAQBHBIMH ITPEUMYIIECTBAMH 3THUX CIIAABOB.
Ho crniaaBel Tuna AA7 uUMEIOT, B OTAUYHE OT CHUAYMUHOB, [10-
BOABHO IITHUPOKUH TeMIlepaTypPHbIH MHTepPBaA KPUCTAAAU3AITUU
(90-100 °C mpu HepaBHOBECHBIX YCAOBUSIX KPHCTaAAAM3AIIUH),
4TO 00yCAOBAMBAET 3HAYHUTEABHO XYIIIHE AUTEHHBbIE CBOHCTBA
9THUX CIIAABOB II0 CPABHEHHUIO C CHAYMHHaMH: MEHBIIYIO KHU/-
KOTEKY4YeCTb, OOABIIIYI0O CKAOHHOCTBH K OOpa30BaHHIO TPEIIHH
IIPU AUTBE U K YCAOOYHOHU ITOPHUCTOCTH.

[Ag TIOAy4YEeHUS MaKCHMaAbLHOM ITPOYHOCTH OTAUBKHU U3
BCEX CIIAABOB IIOABEPraloT 3aKaAKe U IIOCAEAYIOIIEMY HCKYC-
CTBEHHOMY CTapeHHIO.

CnnaBel Ha ocHOBe cucreMbl Al-Cu 3akaauBaioT ¢ 545 £3 °C
(BBLOEPKKA 5-9 4) B ropgaded BoAe U IOABEPraroT CTAPEHUIO
npu 175 +5 °C B TeueHue 3-5 4. IlocKOABKY TeMmIieparypa
HarpeBa II0[ 3aKaAKy O4YeHb BBICOKA, a B CIIAABE€ MOTYT OBITH
HEpPaBHOBECHbIE 3BTEKTHUKH, MAABAIIHMECd HpPH Oosee HU3KOHU
TeMIIEpaType, TO HarpeB IIPOBOAST CTYIEHYaToO (HarpeB OO
530 °C, BplOepzKKa, JasbHEUIINH Harpesn).

XUMHYECKHH COCTaB U MEXaHUYECKHE CBOMCTBa CIIAABOB
cuctembl Al-Cu nipuBezieHbI B TabA. 1.16 (TIepBble YeThIPE CIIAa-
Ba — BBICOKOIIPOYHBIE, ABa ITOCAEIHUX — KapolIpoyHble). Bbico-
KOIIPOYHBIE CIIAABBI PACIIOAOKEHBI B TabA. 1.16 B XpoHOAOTHYE-
CKOM TopsgaKe: crinaB AA7 — cambiii panHuii, AMS paspaboran
mo3gHee, criaaBel AM4,5Kn 1 BAA14 emre no3:ke. Bce criaaBhl
coziepKaT IIPaKTUYECKH OOUHAKOBOE KOAMYECTBO ME/IH.
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Tabauma 1.16
COCTaB H MEXaHHYE€CKHe CBOﬁCTBa BBICOKOIIPO‘-IHBIX
H XapOIPOYHEIX AHTEHHEIX CIIAABOB Ha OCHOBE cHcTeMbI Al-Cu

MexaHunyeckne
CBOMCTBa
KomMnoHeHTbI, % Mpumecn, % OT/IMBOK
Cnnas B 3eMIt0
npun 20 °C*
cul| Mn | Ti | zr cd | mpymve | Fe | Si | o MMa |of
A7 4,0-5,0 - - - - - <1,0 <1,2 240 4
AM5 @553 06-10 |G| - - - <02 | <03 30 |6
AM4,5Kq/4,5-5,1|0,35-0,8 061355_ - 0,07-0,25 - <0,15 | <0,20 420 7
0,50- |0,15-| 0,05-
BAIN14 [4,5-5,0 0.90 0.35 0.25 0,04-0,12 - <0,15 | <0,20 460 10
0.05- (0,8-1,2) Ni
AJlI33 5,5-6,2| 0,6-1,0 - 620 - (0,15-0,30) | <0,30 | <0,30 | 280/160** | 2
! Ce
0,20- | 0,05- .
BAJT18 49 |0,6-1,0 0.35 0.35 - (0,6-1,0) Ni | <0,50 | <0,30 | 300/125** | 2

* [ocne 3akasnku U UCKyCCTBEHHOIO CTapeHusi.
** B yucnurene — npu KOMHaTHON TemnepaTtype; B 3HameHatene — npu 350 °C.

Bricokaa kapomnpouHocTs craaBoB AA33 u BAA18 no-
CTUTaeTCd B OCHOBHOM 3a CYeT NOIIOAHUTEABHOT'O ACTUPOBAHHUA
(HamrpuMep, IO CpaBHEHHIO cO criaaBoM AMS) HUKeaeM U Iie-
pHeM, 4TO HIPUBOOUT K YMEHBIIEHUIO 3PPeKTa TePMHUUIECKOHU
ob6paboTku, moatomy cmnaaB AA33 MeHee IIpodeH, HO Ooaee
JKapoIpoueH, yeM criaaB AMS.

CrinaB AA33 0THOCHUTCH K YHCAY HauboAee KapOoIpoOdHBIX
AAIOMHHUEBBIX CIIAQBOB.

CriaaBer AMS, AM4,5Ka, BAA14 HCTIOAB3YIOTCS AAS HU3T0-
TOBA€HUSI BBICOKOHATPYXKEHHBIX maeTasel, paboTaronmx IIpu
KOMHAaTHOM U IIOBBINIEHHBIX TeMIlepaTypax (250-300 °C).

CninaB AA33 mpenHaszHadeH A pabOTBI IIPU ITOBBIIIIEH-
HBIX TeMIlepaTypax.

CnaaBbI Ha OCHOBe cHcTeMbl Al-Mg. AuTeifHble aAo-
MUHHEBBIE CIIAABBI Ha OCHOBe cucTeMbl Al-Mg oramyaroTcda
TaKUMH K€ XapaKTEePHBIMU OCOO€HHOCTSIMH, KaK U aAe(OopMHU-
PYEMBIE CIIAQBBI, — IIPU BBICOKOH IIPOYHOCTU (0y) OHU HMEIOT
BBICOKHE ITAACTUYHOCTh U CTOHKOCTb.

OCHOBHOM AETHPVIOIIUHY KOMIIOHEHT BO BCEX CIIAaBax
sroi rpynmel (AMrSK, AMrSMno, AMr6a, AMrl10) — marHuit
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(cm. Taba. 1.4). CnaaBel AMrSK u AMrSMir oObIYHO TPUMEHS -
IOT B AUTOM COCTOSIHHU 0e3 BCAKOU TepM0ooOpabOTKHU.

Kpemuuit BBegeH B cocTaB craaBa AMrSK naa yaydiie-
HHA AUTEHMHBIX CBOMCTB.

CnaaBel cucreMbl Al-Mg xapakTepH3yIOTCS OOBOABHO
AOXMMH AUTEHHBIMH cBoMcTBamMu. CriaaB AMr6a wmoxert
IIPUMEHATHCS B AUTOM U 3aKaA€HHOM COCTOSIHHSX.

CmoaaB AMrl10 c 9,5-10,5% Mg moaBepramT TOABKO 3a-
KaAKe, KoTopyio nmpoBoadar ¢ 430 + 5 °C (Beroepxkka 12-20 y)
B Macae. OxaazKIeHHS B MacA€ BIIOAHE OOCTATOYHO AL IIOAY-
YEeHUSI IIEPECHIIIEHHOTO TBEPAOr0 pPacTBOpa MarHud B aAIOMHU-
HUM, BMECT€ C TEM OHO IIOAOKUTEABHO (II0 CpPaBHEHHIO C
OXAaXKIEHHEM B BOJIE) BAHSIET Ha KOPPO3UOHHYIO CTOMKOCTS.

[Tocae 3aKaAKM CIAaBBI C BBICOKHM COAEp:KaHHEM Mar-
Huga tuna AMrl0 ecTecTBEHHO CTapelOT, IpPHUYEM IIPOIIECC
UOEeT OAUTEABHOE BpeEMS — MeXaHW4YeCKHe CBOMCTBa HU3MEHS-
IOTCHd B TeYeHHEe MHOTHX A€T. OTO SIBA€HHE OTPHUIATEABLHOE,
IIOCKOABKY OTHOCHUTEABHO HEOOABIIIOH MPHUPOCT ITPOYHOCTHBIX
XapaKTEPUCTHK COIPOBOXKIAETCSI PE3KHM CHHKEHHEM IIAa-
CTUYHOCTH. YMEHbIIas AOIIyCTHMOE COoAep:KaHue IIpHUMecel
xKeae3a U KpemMHHs B Al-Mg-cmmaaBax (M OCOOEHHO B CIIAaBe
AMrl10y), a Tak¥Xe BBOAA MIOIOAHHUTEABHBIE MNOOABKU IIHMPKO-
HUS U TUTaHA, IPECAENYIOT ILE€Ab IIOBBICUTH HCXOAHYIO IIAa-
CTUYHOCThb CIIA@Ba H YAyYHIAIOT KOPPO3HMOHHYIO CTOUKOCTB.
OcHOBHOe Ha3HA4YeHHE OepPHUAAHS, KaK U B JAPYTHUX aAIOMUHHE-
BbIX CIIA@Bax C BBICOKHUM COZEpP3KaHHUEM MarHHsl, — YMEHbIIIe-
HHE OKUCASIEMOCTH CIIAABOB, OCOOEHHO B KHUJKOM COCTOSTHHH.

Hukakue npyrue AuTedHble aAlOMHUHHEBBIE CIIAABBI HeE
HMEIOT TaKOr0 CO4YEeTaHHS BBICOKOH IIPOYHOCTH U BBICOKOH
TIAQCTUYHOCTH, KaK CIAaBbI cucTeMbl Al-Mg (Taba. 1.17).

Tabauma 1.17
THIHYHBbIE MEXaHHYECKHE CBOHCTBA CIIAABOB
cucrems! Al-Mg (OTAEABHO OTAHTBIE 00pa31LbI)

Cnnas Cnocob nuTtbst n 06paboTka 0s, MMa | g, MMa | 5, % | o4, MMNa
AMr5K JlnTbe B 3emnio, 6e3 TepmoobpaboTku 170 100 3 45
AMr5My, To xe 210 120 4 —
AMrén - 200 120 4 -
AMr10 To e, 3akanka 375 200 22 60
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XapaKTepUCTUKU IAaCTUYHOCTH craaBa AMrlO Beimie,
YeM y MHOTHUX J1e(DOPMHUPYEMBIX CIIAABOB, a IpPeAeA TEeKy4eCTU
3HAYUTEABHO HUKE BPEMEHHOI'O COIIPOTHBAECHUSI.

OnHakKoO IIMPOKOE NPHMEHEHHE 3THX CIIAABOB B TEXHHUKE
3aTPyAHAETCS PAOOM HX CyLIECTBEHHBIX HenocTaTkos. Ilupo-
KUH uHTepBaa Kpucrassusanuu (100-120 °C), BbICOKOE raso-
COIEepKaHUE U CHABHAd OKHCASIEMOCTH OIIPENEATIOT IIAOXHE
AUTelHBIe CcBOMcTBa. AAIOMHHHEBO-MarHHEBBIE  CIIAABBI
CKAOHHBI K 00pa30BaHUIO FOPSYUX TPEIIUH IIPH AUTBE, XOTS U
B MEHBIIIEH CTeIleHH, YeM CIIAABBLI Ha OCHOBe cucteMbl Al-Cu.
Ilo XUAKOTEKy4ECTH aAIOMHHHEBO-MarHHUEBBIE CIIAABBI YCTY-
[IaloT CHAYMHHaM, HO IIPEBOCXOASIT AAIOMHHHEBO-MeIHbIE
crinaBbl.  Bricokoe — razocomepxkaHue B aAIOMHUHHEBO-
MAarHUEBBIX CIIAABaxX IIPUBOAUT K CHABHO Pa3BUTON Ia30BOU
IIOPHICTOCTH B OTAMBKax. Boablllasg OKHCASIEMOCTH CIIAQBOB B
pacriAaBACHHOM COCTOSHHH, a TaKIKe B3aMMOIEHUCTBHE C a3o-
TOM BO34yXa IIPUBOAAT K OOpa30BaHUIO HEMETAAANYECKHUX
BKAIOUEHUH, KOTOPbIE 3aMEIINBAIOTCS B pacliaaB U II0HaJaroT
B OTAUBKY.

[Ipu mAaBKe W AHUTBE CAaBOB cucTeMbl Al-Mg Heobxo-
OUMO 3alllUIIaTh PaclAaB OT B3aWMOJAEHCTBHUS C BO3AyXOM
CIIeIIMAaABHBIMH (PAIOCAMH, a TaKKe OABEPTaTh €ro TIIATEAb-
HOM fmerazanuy ¥ papuHUPOBAHUIO.

OTAan4asiCh OYeHb BBICOKOM 00IIleli KOPPO3UOHHOM CTOM-
KOCTBIO, CIIAGBBI cHCTeMbI Al-Mg ¢ GoABbIINM comep:KaHUEM
MarHusi, B dacTHoctu AMrl0, moaBep:KeHBI KOPPO3UU IIOL
HaIpsiXKeHUEM HAU KOPPO3UOHHOMY pacTpPeCKUBaHUIO.

CnaaBel AMrSK u AMrSMiIr He CKAOHHBI K KOPPO3UHU IO/,
HanpsxkeHueM. CoaaB tuna AMrl0 cpaiy mocae 3aKaAKH OO-
cTaTo4yHOo ycToHuyuB. Ho yke HH3KOTeMIIepaTypHbIE HArpeBbI
(mpu 60-80 °C) mpuBOALT K KOPPO3UH IO HATIPSIKEHHUEM.

B Hacrogdiee Bpems M3 cliaaBOB cucTeMbl Al-Mg 60Ab-
1Iee pacIpoCTpaHEHMHE IIOAYYHAU chaaBbl ¢ 4,5-6,0% Mg -
AMrSM11 1 fap., HEYYyBCTBUTEABHBIE K 00pa30BaHUIO Ia30BOH
IIOPHCTOCTH U OKHCA€HHIO. OZHAKO, HECMOTPA Ha 3HAYUTEAB-
HbIE€ TPYAHOCTH, criaaB AMrl10 u ero moaudukanuu 6aarogaps
OPUCYLIUM UM OYE€Hb IIEHHBIM KadecTBaM HPUMEHSIOT B IIPO-
MBIIIAEHHOCTH.

46



CnaaBbI Ha ocHOBe cucTeM Al-Zn-Mg u Al-Zn-Mg-Cu.
B mocaemHme roapl IIOAYYHAHW PacIpPOCTPaHEHHE AUTeHHBbIE
criaaBbl cucreMbl Al-Zn-Mg. TunuyHbIf OpencTaBUTEAb —
criaaB All4Mr, BrarodeHHBIH B ['OCT Ha AuTeiiHble AaAIOMHHM-
eBble criaaBbl. CraaB ALI4Mr o coctaBy o4eHb OAM30K K [e-
dopmupyemomy criaaBy 1915 — uMmeeT IIpakTUIECKH OJUHAKO-
BOE coAepzKaHMWEe IIMHKAa, MarHus M MapraHlla U OTANYaeTcs
TOABKO MaAbIMU Ao0aBKaMH APYIUX KOMIIOHEHTOB (B CIIAaBe
All4Mr 0,1-0,2% T1, a B cnaaBe 1915 - 0,15-0,22% Zr u
0,1-0,2% Cir).

BaskHo# ocobeHHOCTBHIO criaaBa ALI4Mr 1o cpaBHEHHIO C
OPYTUMU AUTENUHBIMU aAIOMHUHHEBBIMH CIIAABAMU SIBASIETCH €TI0
caMo03aKaAUBaeMOCThb, YTO OOecIieduBaeT BO3MOXKHOCTDL IIOAY-
yaTh OTAUBKH M3 craaBa All4Mr c gocraTodHO BBICOKOH
IIPOYHOCTBHIO 0Oe3 crienmasbHON 3akaskd. CKOPOCTH oxXAazKnie-
HUS OTAHMBKH IIOCA€ €€ KPHUCTaAAU3AIMU B popme (0cobeHHO
IIPH AUTBE B METAAAMYECKHH KOKHAB) JOCTATOYHA OAS IIOCAE-
OVIOIIET0 YIIPOYHEHUS IIPHU €CTECTBEHHOM HAH HCKYCCTBEHHOM
CTapeHUH.

[as mocTuskeHHUS HauboAee BBICOKHX ITPOYHOCTHBIX Xa-
PaKTEPUCTHUK OTAUBKH H3 craaBa All4Mr 3akaanBaiOT C TEM-
nepatypsl 540-560 °C (oxaazkaeHUE B KHUIIAIIEH BOAe HAW Ha
BO3yX€) ¥ UCKyCCTBEHHO cTapstT npu 160-170 °C (20-24 q).

CmmnaB ALI4Mr codeTaeT OOCTATOYHO BBICOKYIO ITPOYHOCTE C
YIOBAETBOPUTEABHBIMH AUTEMHBIMU CBOMCTBaAMU (AYYIINMU, YEM
y crmaaBoB Al-Cu u Al-Mg), BBICOKO# 00I1Ie#i KOPPO3MOHHOH CTOM-
KOCTBIO U XOopolllel cBapuBaeMocThio. OH MeHee YyBCTBUTEAECH K
TOAIIMHE OTAWUBOK, YeM ApyTHe AUTeHHbIEe CIIAABbI.

K uncay HemoctaTkoB criaaBa ALI4Mr oTHocuTCSa omrpee-
A€HHas CKAOHHOCTH K KOPPO3WH IIOA HalpsKeHueM. J[ag
YMEHBIIEHUS CKAOHHOCTH K KOPPO3HH IIO[ HaIpsKEHHEM, a
TaKIKE€ YAYYIIEHUA AHUTEHHBIX CBOMCTB PEKOMEHOAYETCS BBO-
ouTh B criaas 0,8-1,2% Fe.

CneumanbHbie anOMUHNEBbIE CNMaBbl

K rpynne criemuasbHBIX aAIOMHHHEBBIX CIIAABOB OTHECE-
HBI CIIAQBBI, U3IEAHS U3 KOTOPBIX HE MOTYT OBITH ITOAYYEHBI
TPAOUIIUOHHBIMHU TEXHOAOTHYECKHUMHU IIpHEeMaMU (AUTBEM
CAWUTKA C TocAenymoleii ero o0paboTKOM maBAeHHEM HAU da-
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COHHBIM AHTBHEM). [Ias obecriedyeHHsT HEOOXOOMMOIO COCTaBa,
CTPYKTYPbl M CBOMCTB 3TUX CIIAQBOB INIPHMEHSIIOT OCOObIe,
CIIEIIMaABHBIE TEXHOAOTHYECKUE ITPOIIECCHI — IIOPOIIKOBYIO HAU
IPaHYABHYIO METAAAYPTHIO.

CriemnasbHBIE aAIOMHHHEBBIE CIIA@BBI COAEpzKaT B Kade-
CTBE ACTUPYIOUINX KOMIIOHEHTOB AUO0 Al,O3, AO0 B 00ABIIIOM
KOAWYECTBE OYEHb MaAOpPaACTBOPHUMBIE HAMU IIPAKTUUECKH He-
pPacTBOpPHMBIE B TBEPAOM AAIOMHUHHH METAAABI: XpPOM, LIUPKO-
HUM, XKeA€30, HUKEAD U T.[I.

CnaaBel Ha ocHoBe cHcTeMbl Al-Al1;03 H zApyrue
aAIOMHHHEBBIE€ CIIAABBbI, CII€eYE€HHbIe H3 IopoimkoB. Crie-
YEeHHbBIN aAIOMHUHUEBBIH IIOPOIIIOK AW CII€UeHHAasI aAlOMUHUEeBast
nyapa (CAII) nipencraBaseT coboit MaTepras, KOTOPBIM IToAyda-
IOT IIPECCOBAHUEM H IIOCAEAYIOIINM CIIEKaHHEM aAIOMUHHEBOTO
[IOPOIIIKA, COCTOSINEr0 M3 dYellyeK ToanmHor 1 mMkMm. Takoit
AAIOMHHHEBBIH ITIOPOIIIOK HA3BIBAIOT NYOPOil.

Mexanudeckue cBoiictBa CAIl 3HAUHUTEABHO OTAWYAIOTCS
OT MeXaHHYEeCKHX CBOMCTB AWUTOIO HAU [AePOPMHPOBAHHOTO
TEXHUYECKOI0 aAlOMHHHd. Ecan MexaHudeckue cBoOHCTBa me-
dOPMHPOBAHHOTO TEXHUYECKOIO aAIOMHUHUSA UMEIOT CAELYIOIIHe
3Ha4YeHud: o = 60-90 Mlla; oo = 20-30 MIla; 6 = 2040%, T0 y
CAII o, = 250-400 MIla; oo = 200-300 MIla; 6 = 5-8%.

Boarmtoe pasanmune B MexaHudeckKux cBoiictBax CAIl u
OOBIYHOTO AAIOMHHUS SIBASIETCSI Pe3yAbTaToOM Toro, 4Tto B CAII
COIEPKUTCH 3HAUUTEABHOE KOAWYECTBO OKCHA AaAIOMHUHUH
(Al203). Kaxknas gacTuyka IyApbl, U3 KOTOpo# moaydeH CAII,
IIOKpBITA TOHKHUM CAOEM OKCHIA aAlOMUHUS. YeM TOHBIIIE
Iyapa, TeM OOABIlle CyMMapHAas NOBEPXHOCTb YACTHUI[ U TEM
ooanbltie B CAIl okcHma aAlOMHUHHA.

Mexanndeckue cBodictBa CAIl 3HaAYUTEABHO IIpOYHEE
nepopMUPOBAHHOTO aAloMuHUA. OQHAKO MHOTHE Ae(pOpMUpPY-
€MbI€ CIIAaBBI IIPHU HOPMaABHOM TemIieparype mpouHee CAII.
Taxkum obpas3om, OAS IPUMEHEHHS IIPU HOPMAaABHOM TeMIepa-
Type CAIl He npencraBaser Goablnoro mHTepeca. OCHOBHOE
IIPEUMYIIIECTBO €r0 IIepes IIPOYMMU aAIOMHHUEBBIMU CIlAaBa-
MU — BbICOKad kapolpodHocTb. CAIl coxpaHseT BBICOKYIO
POYHOCTDH IIpU TeMieparypax Beille 350 °C, T.e. IpHU TaKUX
TeMIIEpaTypax, IIPU KOTOPBIX TEIAOIIPOYHBIE AAIOMHUHHEBBIE
criaasel (116, [119, 120, AK4-1) pa3ynpodHgIOTCd.
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CAIl ortan4yaeTcsas OTHOCUTEABHO BBICOKOM IIPOYHOCTBIO
naske npu temnepatrype S00 °C, mpu KoTopoi BpeMeHHOE CO-
npotuBaeHue CAIl koaebaerca or 60 no 100 MIla B 3aBuCH-
MOCTH OT COAEPKaHUS OKCHAA aAIOMUHHS.

TexHOAOTHSI H3roTOBA€HUA moAy(dadpukaToB u3 CAIl
BKAIOYAET CAEAYIOIIME OIlepalltu:

1) moAydyeH1Ee aAlOMUHUEBOH IIyAphI;

2) X0AOTHOE OpPHUKETHPOBaHUE ITyAPhI;

3) BakyyMHad zerasanus OpHUKeTOB;

4) ropsgyass IOAIIPECCOBKA MAM CIIEKaHHE HarpeTbhbIX OpH-
KETOB 10/ JaBACHUEM;

5) moaydyeHure u3 OGPUKETOB IoAy(abpUKaToB ropadeit (u
IIOCAEYIONIEH XOAOMHOM) Aechopmaltueii.

[ToaydyeHne myapsl — caMasl OTBETCTBEHHAasl OIlepallys.
OT kadecTBa IyApbl (BEAMYUHBI U (POPMBI YACTUII) 3aBHUCHT
CBOMCTBA I'OTOBBIX U3NEeAN.

[Iynpy OOBIYHO MOAyYalOT IIyAbBepH3allvedl (pasOpbI3TH-
BaHHEM) KUAKOTO AAIOMHUHHUS C IIOCAEAYIOIIHM Pa3MOAOM IIO-
AYYEHHOTO IIOPOIIIKA B IIaPOBbIX MEABHUIIAX.

[Ipr xoaomgHOM OPHKETHPOBAHHH IIyApPY 3acChIIaloT B
KOHTeHHEep BEPTHKAABHOI'O HAW T'OPHU30HTAABHOTIO IIpecca, 3a-
KPBITBIN TAyXOM MATPHUILIEH M CXHUMAIOT I[I0[ [IaBACHUEM
300-750 MIIa. ITaoTHOCTL OpuKeTOB mocturaetr 2,1-2,2 r/cm3
(maoTHOCTE Iynpw! 0,8-1,2 r/cm3).

[ToayueHHBIE OpPHKETHI IIOABEPraroT BaKyyMHOH [erasa-
U — OTKUTY I1pu TeMmrepatrype 600-650 °C B TeueHue 6-10 4 B
BaKyyMHBIX IIedax C ocTaTo4HbIM naBaeHueMm 1,33-0,133 Ila.
BakyymHas meraszarus obecrieduBaeT yYMEHBIIIEHHE coaepKa-
HUs Bogopoaa mo 1-2 cm3/100 r meTasaa.

CnekaHnve OpPHUKETOB IIO[ JABACHHEM HAH TOPSYYIO ITOJ-
IIPECCOBKY IIPOBOAAT CAEOYIOIIMM 00pa3oM: OpHUKeThI Harpe-
BaroT B neuun g0 450-500 °C, zarpy=xkarmT B KOHTeMHep,
HarpeTbii 10 400-450 °C, u HOAIPECCOBLIBAIOT IO/, JAaBAEHHU-
eMm 400-600 MIla, BeimepsKKa o aaBacHueM 3—-5 MuH. [Tocae
BaKyyMHOM [erasalliy IIAOTHOCTBH CIIEYEHHOTO OpHKeTa BO3-
pacraet no 2,6-2,7 r/cm3, T.e. IIOYTHU 10 HOPMAABHOM IIAOTHO-
CTH AUTOTO aAIOMUHUSI.

N3 crnedyeHHBIX OPHUKETOB MOIKHO IIOAYYHUTH TOPSIUM
IIPECCOBaHUEM IPYTKHU, IPOPHAH U APyTHe ITOAYy(pPaOpHUKATHI.
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CAIl mpencraBageT cOOOM CMeCh aAIOMHHHS C MeAbdai-
ITUMH YelllyHKaM{ OKCHJa aAloMUHUd. Takada cTpyKTypa oby-
CAOBAVBaeT ocobble CBOMCTBa 3TOT0 MaTepHasa.

OcHOBHOU (haKTOp, BAULIONIUN Ha MeXaHUYeCKHUEe CBOM-
crBa CAIl, — comep:kaHMe OoKCHOa aAloMUHHs. Hamboaee pes-
KHH POCT IIPOYHOCTHBIX XapaKTEPUCTHK (M CHHUXKEHHE IIAa-
CTUYHOCTH) HabAIOAeTCsd IPH IOBBINIEHUHN COAEP3KaHUS OK-
cuga aAltoMuUHUA 00 7%. [JaabHelIllee yBEAUYEHHNE CONEPKAHUSI
OKCHA AAIOMHHHS COIIPOBOXKIAETCS MEHEe HMHTEHCHBHBIM PO-
CTOM IIPOYHOCTH U CHHXKEHUEM IIAACTUYHOCTHU (puc. 1.4).

CocraB M THUIIMYHbIE MeXaHHYECKHe CBoHcTBa paspabo-
TaHHbIX B CCCP cmaaBoB cucrembl Al-Al,Os; mpuBeneHBI B
Taba. 1.18.

450 HB | %
]
§ 350 140 135
g3 _
o 250 100 125
5
E 150 60 115
¢
50 20 45
I N O I |
2 4 6 8 10 12
ALO;, %

Puc. 1.4. 3aBucumocTtb MexaHn4veckux ceoncte CAIll ot coaepxaHus Al2Os

Tabauita 1.18
CocTaB H THITHYHbIE MEeXaHHYECKHe CBOHCTBa
IIpeCCOBaHHBIX IPYTKOB H3 cnaaBa THma CAII

Cnnas (O}é:gggiexlb"%) 20°C s00°C

wor | ve | | T aw | e | o [os] g
CAN-1 6-9 <0,25 | 300 200 8 80 — 2 45
CAIN-2 9,1-13,0 <0,20 | 330 230 4 90 80 1 50
CAIN-3 13,1-18,0 <0,20 | 400 340 3 120 — 1 55

Ha puc. 1.5 nokasaHa 3aBUCUMOCTh BPEMEHHOIO COIIPO-
TUBAEHHUS IIPECCOBAHHBIX NoaygabpukatoB u3 CAIl-1, CAII-2
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u cnaaBoB B/117 u [120 (mas cpaBHEHHS) OT TeMIIEPATypPbl HUC-
IIBITAHUS.

OrpunarearHasas ocobenHocTs CAIl — cHUKeHHE IIAa-
CTUYHOCTH C IOBBIIIEHHEM TeMIepaTypbl. Ecan oTHOCHUTEAB-
HO€ VOAWHEHHE OOBIYHBIX AePOPMHUPYEMBIX AAIOMHHHEBBIX
CIIAABOB C IIOBBIIIEHHEM TeMIIEPATypbl HCIBITAHUS PE3KO
pacTeT, TO OTHOCHUTEABHOE yIOAWHeHUe, Hampumep, CAII-2,
CHUXKAETCd C HOBBIIIIEHUEM TeMItepaTypbl oT 4% npu 20 °C mo
1% mpu 500 °C. 1o xapaKTepUCTHKAM OAUTEABHOH IPOYHOCTHU
IIpU IIOBBIMIEHHBIX TeMIeparypax CAIl 3HaYUTEABHO IIpPeBOC-

XOOUuT OGBI‘-IHBIC 2KapOoIIPOYIHBIE AAIOMHUHHEBBIE CIIAABBEI.
og. MIla
500

400 2
300 [~
200

100

0 | | | |
20 100 200 300 400 500
t.°C

Puc. 1.5. 3aBucumocTtb npegena npo4yHoctn (o) cnnasoB BAO17 (1), A20 (2),
CAI-2 (3) u CAIN-1 (4) oT TeMnepaTypbl UCNbITAHNA

OAEKTPONPOBOMHOCTE U TenmaonpoBomHOCTE CAIl moHUu-
JKaAIOTCd C POCTOM CO/EpP3KaHUS OKCHIA aAlOMUHUL, IIpPHU
10-13% Al,O3; 3Ha4YeHHa 3THUX BEANYHH cocTaBAgioT 70-75%
OT COOTBETCTBYIOIIMX 3HAUYEHUU A MSITKOTO TEXHHUYECKOTO
asnroMuHUs. Koa(p(pHUIMEeHT TEepMHUYECKOTO PAaCIIUPEHHUs ITPH
TeMmneparypax oT 20 mo 500 °C HECKOABKO HUIKE, YEM y TE€X-
HHUYECKOTO aAIOMUHUS.

I[To TexmoaormyeckuM cBoicTBaM CAIl 3HAQYUTEABHO OT-
AWYaeTCsd OT OOABIIIMHCTBA JAePOPMHUPYEMBIX AAIOMHHHEBBIX
criaaBoB. BceaencrBue Hu3koil maactudHocTu CAIl xoaomHaga
nedpopmarnus ero 3aTpyaHeHa. Tak, BCce oIlepalyy IIITaMIIOB-
Ku auctoB u3 CAIl (rubka, oTOOPTOBKA, TAYyOOKad BBITAKKA U
T.0.) ipoBoAaT nipu 420-470 °C, Torma Kak IAs OOBIYHBIX Ie-
dOopMUPYEMBIX aAIOMHUHHUEBBIX CIIAABOB 9TH OIIEPAIlUH HE Tpe-
OyroT Harpena.
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Auctel 3 CAIl MOXKHO KAEIIaTh 3aKAEIIKaMM, M3TOTOBAECH-
HBIMH TakKe 13 CAIl, HO C IIOHIKEHHBIM COEep:KaHUeM OKCHUIA
asnroMuHUusS. MoxkHO HIpuMeHATh 3akaenkyi u3 CAIl ¢ Takum ke
cofepKaHHEM OKCHIA aAIOMHHMS, KaK B AHCTaxX, HO TOLJa KAEII-
Ky CA€IyeT IIPOBOAUTH IIPU IIOBBIIIIEHHBIX TEMIIEpATypax.

Awnctel CAII-1, naakupoBaHHBIE APYTHMH aAIOMUHUEBBI-
MU CIIAABaMU, yIOBAETBOPUTEABHO CBapHUBAIOTCs KOHTAKTHOM
cBapkoii. CBapka TIAaBA€HHEM BbI3HIBAET 3HAYHUTEAbLHBIE
TpyaHocTu. CAIl pekoMeHAOyeTCs OAST U3TOTOBACHHUS OeTaneH,
paboraromux npu temreparypax 300-500 °C.

CnedeHHbIE aAIOMUHMEBBIE CIIAABBI, COAEpXKAIIHEe APyTHe
(momumo Al>O3s) aervpyroliie KOMIIOHEHTHI, TI0Ka He HAaIlIAY IITH-
POKOro IIPMMEHEHMs, XOTd VK€ IIOAYYEeHbl IIePCIIEKTHUBHbIE
CIIA@BBI C 0COOBIMHM (PU3HUYECKHUMHU CBOHICTBAMU (C MaAbIM KO3(-
dunmenToM TepMudeckoro pacmupenus): CAC-1 (25-30% Si,
5-7% Ni) u CAC-2 (25-30% Si, 5-7% Fe), koTOopble OTAMYAIOTCH
O4YeHb HU3KUM KOA(PPHUIIMEHTOM TEPMUYECKOTO PACIIIUPEHS.

I'paHyAHpyeMble aAlOMHHHEBBIE CIIAABbI C BHICOKHM
cozepiKaHHEM AETHPYIOIIHX KOMIIOHEHTOB, HEpPacCTBOPH-
MBIX HAH MaAOpPacTBOPHMBIX B aAlOMHHHH. Ipanynamu
Ha3BbIBAIOT AWTBIE YACTHUIIbI, AUAMETP KOTOPBIX KoaebAaeTcs B
IIpeneAax OT OECSATBIX JOA€H M0 HECKOABKHUX MHAAUMETPOB. U3
rpaHyA MOXKHO H3TOTaBAWBATBL ITPECCOBaHHBIE IOAy(adpuKa-
TBI U AUCTBI AIOOBIX aAIOMHHHEBBIX CIIAABOB, I10 CBOMCTBaM, He
YCTYHAIOUIMM IMIPOKaTaHHBIM H3 CAUTKA. [IpH ompeneseHHBIX
YCAOBHSIX TaKasl TEXHOAOTHUSI UMEET HEKOTOPbIE IIPENMYIIIECTBA —
He TpedyeTcs CAOIKHOTO AUTEHHOTO OO0OpPYydOBaHUS, MOIIIHBIX
IIPOKATHBIX CTAHOB, METAAAOPEXKYIIIUX CTAHKOB A 00paboT-
KH CAUTKOB.

[Ipu AnTbe rpaHyA HEHTPOOEKHBIM METOAOM KAallAM KU[I-
KOI0 MeTaara OXAaKIAIOTCS B Bojie. BBICOKHE CKOPOCTH OxAa-
KIEHUS TIPU AUThE OTKPBIBAIOT HOBbIE BO3MOXKHOCTH AETHPOBA-
HUsS aAIOMHHHEBBIX CIIAABOB KOMIIOHEHTAMH HEPaCTBOPHMBIMU
HAW MaAOpPacTBOPHUMBIMH B TBEPZAOM asloMHUHUH. Hampuwmep,
IIpefeAbHasl paBHOBECHAs PaCTBOPUMOCTHL MapraHllia B aAIOMU-
HUH 1,4%, a IIpU OXAKAEHUM aAIOMHUHHEBO-MapraHIleBBbIX
CIIAQBOB M3 KHIKOTO COCTOSHUSA CcO cKopocThio 10 °C/c obpa-
3yIOTCS TBEpP/ble PAacTBOPEI, coAepkalye 1o 5% Mn.
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Hawnboaee mepcrieKTUBHBI OAS BBIOOPA HOBBIX KOMIIO3H-
UM IpaHyAUPYEMBIX CIIAABOB CAEAYIOIIME I'PYIIIIbI:

1. CriaaBel aatoMuHUS, aAerupoBaHHble Mn, Cr, Zr, Ti u
HEKOTOPBIMH [OPYTHUMH I[IE€PEXOOHBIMH MeTasraMHu. Takue
CIIA@BBI ITOZIOOHBI TEPMHYECKH YIIPOYHAEMBIM.

Bricokasg cTabHMABHOCTE CTPYKTYPBI CIlAaBa IIPH Harpe-
Bax OIIPENEATET €ro IMOBBIIIEHHYIO >KapOIPOYHOCTb, II0 OAH-
TEABHOM IIpOYHOCTH IIpu TeMmnepatrypax Bbilie 300 °C 3toT
CriaaB ycTymaeT ToAbKOo CAII-1.

2. CnaaBpl, AE€THPOBaHHBIE IIPAKTHUYECKH HEPACTBOPH-
MBIMU B aAIOMUHUU TyronaaBKUMHU aseMeHTamMu (Fe, Ni, Co).
Takue craaBbl TaKKe OTAWYAIOTCSI BBICOKOH ITPOYHOCTHIO. B
YaCTHOCTH, IePCIIEKTUBHEI criaaBhl Al-Fe ¢ 8-11% Fe.

3. BBICOKOAETHPOBAHHBIE CIIAABBI AAIOMHHHA C AETKO-
IIAQBKHMH, IIPAKTHYECKH HE pPacTBOPUMBIMH B aAIOMHHHH,
PE3KO OTAMYAIONIMMHUCH OT AAIOMHHHS II0 ITAOTHOCTH KOMIIO-
HeHTaMHu (Sn, Pb, Cd). Meton rpaHyAHpOBaHUs I103BOASIET II0-
AYYUTH B 9TUX CIIAABaX CTPYKTYPY C paBHOMEPHBIM paclipelne-
A€HHEM MEAKHX BKAIOYEHUH CBHUHIIA, OAOBA U T.I., YTO BaXKHO,
HaIlPpUMeED, OAS MOAIIHITHUKOBBIX MaTE€PHAAOB.

4. TepMHUYEeCKH yIIPOYHSEMBIE CIIAABbI HA OCHOBE CHUCTEM
Al-Zn-Mg-Cu (runa B95, B96Ll), Al-Cu-Mg (tuna [16) c mo-
BBIIIIEHHBIM COAEpPzKaHUEM IIePeXoaHbIX MeTasroB (Mn, Cr, Zr,
Ni, Co u np.). Kak moka3spIBaloT HCCAENOBAHHSA, HAa CIIAABaxX
5TOr0 THUIA MOXKHO IIOAYYHTH HauboAee BBICOKHE 3HAYEHUS
IIPOYHOCTH (0s o 800 MIla) mpu y10BAETBOPUTEABHOM KOPPO-
3MOHHOM CTOMKOCTH.

O6nactu npnMeHeHunda antoMnMHUEeBbLIX CnjiaBoB

BrbICcOKast 3A€KTPONPOBOMHOCTh AAIOMUHUS OO0YCAOBAUBAET
IIMPOKOE €0 IPUMEHEHHE A MACCUBHBIX ITPOBOAHHUKOB 2AEK-
TPUYECKOI'0 TOKa (AMHHU Ilepenad, HIIUHBI pacIipefeANuTeAbHbIX
YCTPOMCTB), T.€. TaMm, IJe HauOOAee OIIyTHMBbI €ro IpPeuMylIle-
CTBa M0 CPAaBHEHHIO C APYTUMH MaTephuasaMu. Tak, aAlOMUHIE-
Bble ODOAOYKHM Kabeaell 00Aagar0T MEHBIIEN I[IAOTHOCTBIO U
OOABITIEN TPOYHOCTHIO, YEM CBHHIIOBBIE. [lad 3THUX Iieaeli pacxo-
OYIOT OOABITIOE KOAMYECTBO aAIOMUHMS. B IIPOMBIIIIAEHHO pa3BH-
TBIX CTpaHax IMpUMePHO 15% BCEro mMpPou3BENCHHOTO aAIOMUHUS
pacxoayeTcd Ha 3AEKTPOTEXHUYECKUE HYIKIbI.
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AAIOMUHHEBBIE CIIAABBlI IIHMPOKO MCIIOAB3YIOT B CTPOH-
TEABCTBE U TPAHCIIOPTHOM MAIIIUHOCTPOEHHUH U IBASIOTCS I0O-
MUHUPYIOIIHM KOHCTPYKIIMOHHBIM MAaTepHasOM B aBHUAallHH.
X IpuUMEHdIOT OAS U3TOTOBAEHHSI CHAOBBIX 9AEMEHTOB CaMoO-
AeTa: OOIIMBOK, MINIAHTOyTOB, AOHZKEPOHOB, HEPBIOP, a TaKKe
TOIIAUBHBIX U MaCATIHBIX OAKOB.

AAIOMHHHEBBIE CIIAQBBI IIIHPOKO MCIIOAB3YIOT B KOH-
CTPYKIIHSX paKeT U UCKYCCTBEHHBIX CIIyTHUKOB 3eMAHU. Takue
CIIA@BBbI CAYZKHAHW OCHOBHBIM KOHCTPYKIIMOHHBIM MaTe€pHaAOM
KopIycoB pakeT «BocTok» u «Bocxom», Ha KOTOPBIX COBETCKHE
KOCMOHaBTBI OTKPBIAU 3II0Xy KOCMHUYECKHX IIOAETOB.

AnroMUuHMEBBIE CIIAaBbI, Bce 0oAee IITMPOKO IIPHUMEHsIeMbIe
B CYAOCTPOEHHHU, UMEIOT CYIIECTBEHHOE IIPEUMYIIIECTBO IIEPEL
craadaMHu. AAIOMHHHEBBIE KOpPIyca He 0o0pacTaroT paKyIIKaMU,
YTO PE3KO YXyAIllaeT OOTEeKAeMOCTh KOpPabAs W CHUIKAET CKO-
pocTh ero aBmxKeHUd. Ha o4HCTKY CTaAbHOIO KOpILyca OT paky-
IIIeK TPaTUTCS OYeHb MHOIO BpeMeHU U cpencTB. [loaTomy, XoTs
IIepBOHAYaAbHAs CTOMMOCTb AAIOMHUHHEBOIO KOpIIyca IOpOozKe
CTaABHOTO, B 9KCIIAyaTalllU OH JEIIeBA€ U IIePBOHAYAABHBIE U3-
OBITOYHBIE 3aTPATHI OBICTPO OKYTIAIOTCSI.

AAIOMHHHMM U HEKOTOPBIE €TI0 CIIAABbI HE TEPSIOT ITAACTHUY-
HOCTBb IIpU KPUOTE€HHBIX TeMIlepaTypax, [I09TOMY W3 HUX H3TO-
TaBAWBAIOT pPeE3epByapbl OAs XPaHEHUS KPUOT€HHBIX IKHUIKO-
crel, Hanpumep, XKuakoro meraHa (t = -161 °C). M3 gucroro
AAIOMUHHUS OEAQIOT TEIIAOOOMEHHHUKHU [ASI CIKHIKEHHS T'eANsd, KO-
TOPBIHM, KaK U3BECTHO, IIEPEXOAUT B KUAKOE cocTosiHUe ITpu 4 K.

AAIOMUHUH U €ro CIIAaBbI IIPUMEHSIOT B IIPOMBIIIIA€HHBIX
U OBITOBBIX XOAOAMABHUKAX. XOPOIIO HM3BECTHO IIPHUMEHEHMEe
AAIOMHHHUS B ITHIIEBON ITPOMBIIIIAEHHOCTHU. TOHKYIO aAIOMUHU-
eByI0 Qoapry ToAammmHON 0,009 MM pUMEHSIOT OAd YIIAKOBKH
Pa3AWYHOTO BHAA MIPOAYKTOB. M3 aAlOMHHHEBOM AE€HTBHI TOA-
Ho# 0,2—0,3 MM H3roTaBAWBAaIOT KOHCEPBHLIE OAHKHU.

BOABIIIMHCTBO aTOMHBIX PEAaKTOPOB cediyac paboraeT Ha
TENAOBBIX HeHTpoHax. [IAsT KOHCTPYKTHUBHBIX 9AEMEHTOB TaKUX
PEaKTOPOB HYKHBI METAAABI, CAA00 IIOTAOIIAOIIE HEUTPOHBI.
AArOMUHUM, OTHOCSHIMHCS K KX YUCAY, 00AagaeT XOpOoIIeH
KOPPO3UOHHON CTOMKOCTBIO B TOPAYEM BOLAE U IIEPETPETOM
nape, T.e. B Te€X Cpelax, KOTopble YacTO NPUMEHHIIOT B Kade-
CTBE TEIIAOHOCHUTEASI B PeaKTopax.
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lMpakmuyeckass paboma Ne2. 5
KITACCUDPUKALUNA, MAPKUPOBKA, CBOUCTBA
M NPUMEHEHUE CNNNABOB HA OCHOBE MEQU

MeOb — oiyiH U3 EPBBIX SAEMEHTOB, C KOTOPBIMU BIIEP-
Bble ITO3HAKOMHACS YEAOBEK. ITO OOYCAOBAEHO TEM, YTO MeIb
yaile, 4eM APYTHE METAaAABbl, BCTPEYAeTCd B IIPUPOAE B BHUIE
CaMOPOZKOB, HHOTIa BeCbMa 0OABIINX Pa3MePOB.

3HadyeHNe MEIU U €€ CIIAABOB B J€SITEABHOCTHU YEAOBEKA
OBIAO CTOABL BEAWKO, YTO 3TO HAIIIAO OTpPaKeHUEe B Ha3BaHUU
IIEABIX OIIOX PAa3BUTHsS 4YeAOBedecTBa (MEAHBIH BeK, OpPOH30-
BBIH BEK).

[To 3A€KTPOIPOBOSHOCTH MEIb 3aHUMAaEeT BTOPOE MECTO
rocae cepeOpa W IIO3TOMY SIBASIETCS OQHUM H3 BaKHEUIITHX
MaTepHaAOB OASI IIPOBOAHUKOB. Il0 TEAOIpOBOAHOCTH MeNb
YCTyIIaeT TOABKO Cepebpy M ee IITHPOKO HCIOAB3YIOT B Pa3AHY-
HOTO poza TernaroobMeHHHKAaxX. CIiaaBbl MEAM OTAWYAIOTCS [I0-
CTATOYHOM KOPPO3HOHHOH CTOMKOCTBIO, BBICOKUMH TEXHOAO-
THYEeCKHUMM CBOHMCTBaMHU, OHH UMEIOT IPUATHBIN IIBET, XOPOIIO
TIOAMPYIOTCH 10 CHABHOT'O DAecKa.

Memu B 3eMHOU Kope cpaBHUTEARHO HeMHOro (0,01%). Mu-
poBoe TIpou3BOACTBO Memu B 1953 r. cocraBasro 2,7 MAH. T.,
B 1960 r. — 3,8 maH. T., B 1979 1. — 0OKOAO 7 MAH. T., B 1988 r. —
7 MAH. T., B 1995 r. — 9,3 MAH. T.

Menp 1 ee criaaBbI XOPOIIIO 0O6padaThIBAIOTCS JaBACHUEM
B XOAOQHOM H TOpgdeM cocTodgHUAX. [Ipu obpaborke maBae-
HHUEM CyMMapHbIe 003KaTHda MOTYT AocTUraTh 90% U BBIIIIE.

W3 menu m ee CriAaBOB IIPOU3BOASAT BCE BUABI OAy(aO-
PHKATOB, IOAy4YaeMbIX OOpPabOTKOM MOaBA€HHEM: IIAWUTBHI, AH-
CTBbI, A€HTBI, IOKOBKH, LITAMIIOBKH, TPYObI, IPOPHUAU, ITPOBO-
AOKY. Menp U ee CIriaaBbI XOPOIIIO CBAPHUBAIOTCS BCEMU BUIAMU
CBapKH U A€TKO Hoamarorcs mnatike. [Ipu obpaborke menu u ee
CIIAQBOB pe3aHUEM OCOOBIX 3aTPyAHEHUI He BO3HUKAET.

K HenmocrarkaM Menu caenyeT OTHECTH €€ CPaBHUTEABLHO
BBICOKYIO IIAOTHOCTBH, & TAKyK€ CKAOHHOCTH K OKHCAEHHIO IIpU
IIOBBIIIIEHHBIX TeMIlepaTypax, KOPPO3HOHHOMY pacTpecKUBa-
HUIO ¥ BOOOPOIHOM GOAE3HU.
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CBouncrtBa meau

Menps oTHOCHTCA K noarpymmne IB nepuoauyeckoi cucre-
Mmbel .M. MeunneaeeBa. Ee mopsankoBeii HOMep 29, aTomHada
Macca — 63,546, naaBurcd 1pu Temreparype 1083 °C u kunmt
npu 2560 °C. B menu He oOHAPYKEHO ITOAMMOPQHBIX IIpe-
BpallleHuM¥, BO BCEM HHTEpPBaA€ TeMIIEpaTyp HHXKE TOYKU
IIAQBA€HUS OHa HMEeT TI'pPaHelleHTPUPOBAHHYIO KyOHYEeCKyIo
(FOK) pemierky, nepuon kKoropoi mpu 20 °C pasen 0,36148
HM. Menp OTHOCHTCH K TSXKEABIM METasAaM, €€ MAOTHOCTh IIPH
20 °C - 8,89 r/cm3.

dusnyeckre CBOMCTBa Menu IpuBeneHbBI B Taba. 1.1.
YaoeapHass TENIAOEMKOCTb MEAU IIPUMEPHO Takad Ke, KaK ¥
xKeae3za. Moayan ynpyroctTu Menu OoAbIe, 9YeM Y aAIOMHHUS U
MarHud.

Menr — aguaMardHUTHBIA MeTaAA C O4YEHL HEeOOABIIOH
YOEAPHOM MAaTrHUTHOM BOCIPUUMYHBOCTBIO. DAEKTPOIIPOBOI-
HOCTb MEIM IIOYTH TakKad K€, KaK U CaMOI0 3A€KTPOIIPOBOI-
HOTO MeTaara — cepebpa. Ilpumecu, comepzkalmecd B MeOH,
CHUIKAIOT €€ JAEKTPOIIPOBOAHOCTE (puc. 2.1). Hamuboaee cuab-
HO IIOBBIIIAIOT SAEKTPUYECKOE COIIPOTHBAeHHEe Menu P, As, Al,
Fe, Sb, Si. Kucaopoa B HeGOABIITUX KOAHMYECTBAX IOBBIIIAET
9AEKTPOIPOBOAHOCTE MEIM, ITIOCKOABKY OH CIIOCOOCTBYET yaa-
AEHHIO IIPH ITAABKE OKHCALIOIIHNXCA IIPHMECEH M3 pacliaasa.
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Puc. 2.1. BnusiHne npumecen n1 nermpyrowmx afieMeHToB
Ha 3NeKTPONpPOBOAHOCTL Meau

56



Yucrediniag menb 00AagaeT HEOOABIION MHPOYHOCTBIO U
BBICOKOH ITAACTHYHOCTBHIO. BpeMeHHOe COIIpOTUBAEHHE pa3phbl-
By 4YHCTeMnIe Mmenu cocraBasieT npumepHo 200 Mlla, nmpenea
Tekydectu 40-80 MIla; nonepeuHoe cyxkenme 80-95%, oTHO-
cureabHOe yasuHeHue 35%.

XuMHu4yeckass aKkTUBHOCTb MEIY CPAaBHUTEABHO HEBEAHKA.
OHa pacTBOpPIETCS B MUHEPAABHBIX KHCAOTaX, B YaCTHOCTH, B
a30THOM U ropddyey KOHIIEHTPUPOBAHHON cepHOM. B orTcyr-
CTBHE KHCAOPOJA U APYTHUX OKHUCAUTEAEH pa3baBAE€HHBIE COAL-
Has ¥ CepHad KHCAOTa Ha MeIb He AeHCTBYIOT.

[Ipu oOBIYHOIT TeMmIlepaType Cyxoil BO3AyX U Boaa IIO-
PO3HB He OeHUCTBYIOT Ha MeOb, U OHA COXpaHsdeT CBOM po3oBa-
TO-KpacCHBIN IIBET. Bo BAaXXKHOM BO34yx€ MeOb TYCKHEET H3-3a
obpa3oBaHHg Ha €€ IIOBEPXHOCTH TEMHO-KPACHOTO OKCHIA
Cu20. B mpucyrctBuU Bo BAaxkHOU atmMocdepe CO, obpasyert-
cd 3eA€HBIN HaaeT ocHOBHoOTo Kapbonata CuCO3Cu(OH),.

[Ipu Temneparypax 800-900 °C mpu 10 mMuH. HarpeBe
KHCAOPOJL ITPOHUKAET B MeIb Ha FAYOUHY 10 1,6 MM.

TexHn4yeckaa megb

OcCHOBHBIE IIPUMECH B MeOU — BUCMYT, CypbMa, CBUHEII,
cepa U KUCAOpPoA. B 3aBUCHMOCTH OT YHUCTOTBI MEb IIO/Ipas3-
MEASIOT Ha HECKOABKO coptoB: MOOk, MOk, M1k, M0O06, MOO,
MO, M06, M1p, Ml, Mlp, M2, M2p, M3, M3p (k — KaTomgHad
Menb, 6 — OecKUcAOpOmHAsA MeOb, p — PACKHUCACHHAsT MeIb).
Haumenbiitee comepzkaHue IpuMeceii B menu Mapku MOOO6
(99,99% Cu) u Hauboasiiee — B M3 (99,50% Cu).

B Mmenm mapok Ml, M2, M3 comep:kaHue KHCAOPOOA CO-
craBasger 0,05-0,08%. PackucaeHHas MeOb OTAMYAETCS OT
OOBIYHBIX MapPOK ITOHUKEHHBIM COAEPIKaHHUEM KHUCAOpoaa (He
6oaee 0,01%), xoTsa ero u OoAbllle, YeM B OECKHUCAOPOMHOMN Me-
ou (meHee 0,001% O).

BpemeHHOE COIIPOTHBAEHUE pPa3pbIBY MEAU pPa3HBIX Ma-
pok cocraBasieT 200-250 MIla, npenea Tekydectu 40-65 Mlla,
otHocuteabHOe yaanHeHHe 40-60%. Ilpemea BBIHOCAMBOCTHU
npu 6a3e 3108 ukAoB coctaBaserT 70-100 MIla, T.e. 30-40%
OT BPEMEHHOT'O COIIPOTUBAEHUSI Pa3PhIBY.

C moBBIIIEHHEM TeMIIepaTypbl HIPOYHOCTHBIE CBOMCTBa
Meau ymeHbHIIaroTcd (puc. 2.2). OTHOCUTEABHOE YIOAWHEHUE U
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IIOIIEPEYHOE CYy>KE€HHE OCTaroTcdad HeusMeHHbIMH n0 200 °C,
npu Ooaee BBICOKHUX TeMIlepaTypax pPe3KO YMEHBIIAITCa U
Aumb pu HarpeBe Bbllle 600 °C BHOBb HAYUHAIOT YBEAWYH-
BaTbCd. ITOT IIPOBAA ITAACTUYIHOCTH O0yCAOBAEH IIPUMECIMH.

B pesyapTare naactudeckoyd medopmanui Meab Harap-
TOBBIBA€TCS, U IIPU AOCTATOYHO BBICOKOM CTeIleHH AecopMa-
MU €€ BPEMEHHOE COIIPOTHUBAEHHE pas3pblBy OOCTHUIAET
400-450 MIla npu ogHOBpEMEHHOM IIaA€HUU OTHOCHTEABHOTI'O
yAsuHeHud 0o 2-4% (puc. 2.2).

Pekpucrassnzanusa cUABHO AePOpPMHUPOBAHHON TeXHHUYE-
ckoit Mmeau HadumHaeTrcd npu 200-230 °C, 94To COOTBETCTBYET
0,35-0,37 ot ee TeMIlepaTypbl IIAABA€HUHA II0 abOCOAIOTHOM
IITKAAE.
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Puc. 2.2. BnusiHne Temnepartypbl UCNbITAHUA
Ha MexaHu4eckue CBOMCTBa MeAU U ee CNiaBoB
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Knaccudmkauumsa cnnaBoB Ha oCHOBe Meau

Haunboaee pacrpocTpaHeHHbIE AETUPYIOIIHNE SAEMEHTHI B
Meou — LIUHK, aAIOMHUHUM, OAOBO, XKEA€30, KPEMHUI, Mapra-
Hell, Oepuaanii, HuUKeAb. OHU MOBBIIIAIOT ITPOYHOCTHBIE CBO-
cTtBa Menu (puc. 2.3); Hauboaee CHABHOE VIIpO4YHHIoIlee nei-
CTBHE OKa3bIBAIOT KPEMHHUH W aAIOMUHUN (IpHU COAep>KaHHUSIX
boaee 3% (mo macce). [TAaCTUYHOCTH, MEAU MOBBIIIAETCH ITPH
AETUPOBAHUM aAIOMUHHUEM, KPEMHHEM, JKEA€30M OO OIIpeae-
A€HHBIX WX KOHIIEHTpAIlUM, a 3aTeM pe3Ko cHmKaeTcd. LluHK
U MapraHell MaA0 BAMSIOT Ha HAAQCTUYHOCTb MEAH, & OAOBO
3aHUMAaeT IIPOMEXKYTOUYHOE IIOAOXKEHHE MEKAY 3THUMH OBYMS
TpyIIIaMU AETHPYIOIIUX AEMEHTOB.

MenHbIE CITIAABBI ITOAPA3AEASIIOTCS Ha AepopMUpPyeEMbIe U
AUTEUHbIE, a TaKKe TEPMHUYECKU YIIPOYHIEMbIe U TEPMUYIECKHU
HeynpouyHdeMmble. OnHakKo 0oaee IIHPOKO U3BECTHO MCTO-
PHUYECKU CAOXKUBIIIEECH OEeA€HHE MeOHBIX CIIAABOB Ha AATYHH,
OPOH3BI U MEeTHO-HUKEAEBbIE CIIAABBI.
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Puc. 2.3. BnnsiHne nervpyrowmx 3arieMeHTOB Ha MexaHU4ecKkne CBOMCTBa
Meau B AehopMMPOBAHHOM, OTOXKEHHOM (1) 1 nuTom (2) cOCTOAHUAX
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Aamynsimu Ha3bIBAIOT CIIAABbI MEAH, B KOTOPBIX IAaB-
HBIM A€THUPYIOIIMM 3AEMEHTOM SIBAETCS IIUHK. VIX MapKUpPYIOT
OykBo# «/\» U YMcCAaMU, XapaKTepUIYIOIIUMU CpeqHee COLep-
JKaHUE AETHUPYIOIIUX 3AeMeHTOB. Tak, aatyHb A80 comepzKuT
80% Cu u 20% Zn. Ecam aaTyHB ACTHPOBaHa, KPOME IIHMHKA,
OPYTHMH 3A€MEHTaMH, TO IIocAe OYKBBI «/» CTABAT yCAOBHOE
obo3HaueHre 3THUX daeMeHTOB: C — cBuHel], O — 0A0BO, XK —
xene3o, A — aaromuHuii, K — kpemuuii, My — Mmapranen, H —
HUKeAb. [{ludprl mocae OyKB yKa3bIBAIOT CpeflHee CoAepKaHUue
KasK[IOTO AETHPYIOLIETO 3A€MEHTA B AQTYHH, KpOMe IIMHKA.
CopmepxxaHue HIHHKA oIpeaesdeTcs o pasHoctu no 100%.
Tak, B aatyau NAH-59-3-2 comepzxkutca 59% Cu, 3% Al, 2%
Ni u 36% Zn. B mapke autefiHOH AaTyHU yKas3bIBalOT HE CO-
OepKaHUe Meal, a COLepKaHHe IIMHKA, IIpUYeM CoAepKaHUe
AETHPYIOIINX 9AEMEHTOB yKa3bIBalOT HE B KOHIIE MapKH, a I10-
cAae OYKBBI, 0003HAYAIOIIEH SAEMEHT.

Bpon3amu paHee Ha3bIBaAW CIAABbl MEAHU C OAOBOM.
[To3gHee MOSIBUAWUCH CIIAABBI M€OU C aAIOMHHUEM, KPEMHHUEM,
OepuaareM M OPYTHMU 3A€MEHTaMU, KOTOPbIE TOXKe Ha3BaAU
Opousamu. B Hacrogdilee BpemMsa OpoH3aMu Ha3bIBAIOT BCE
CIIAaBbI MeAH, KpOMe AaTyHEH U MeQHO-HHUKEAEBBIX CIIAABOB.
[To OCHOBHBIM AETHPYIOUIUM 3A€MEHTAM UX IOAPA3AEASIOT Ha
OAOBSHHBIE, aAIOMUHHEBbIE, O€pUAAHEBbIE, CBUHIIOBbIE, KPEM-
HHCTBIE U T.[.

Bpon3el Mapkupyior OykBamu «Bpr, a 3aTeM yKa3bIBalOT
OCHOBHBIE AETHPYIOIIHE 3AEMEHTHI M HUX COAEpKaHUE B CIIAABE,
TaK K€ KakK OAd AaTyHed. l[uHK B OpoH3axX MapKUPYIOT OyK-
BoH «[], poccop — «d», Oepuaauii — «b», xpoMm — «X». Tak, medop-
Mmupyemass 6ponsza BpAXKMmn-10-3-1,5 aerupoBana 10% Al,
3% Fe u 1,5% Mn; octraanbHOe — MeZib. ECAM coCTaBBI AUTEHHON U
nedopmMupyemMoii 6poH3 MEPEKPHIBAIOTCS, TO B KOHIE MapKH AU-
TeWHOH AaTyHH cTOUT OyKBa «/\», Harpumep BpA92K3A.

JlamyHu

W3 MemHBIX CIIAABOB AQTYHHU ITOAYYHAU HauboAee IITUPO-
KO€ pacIpocTpaHeHHe 0aarozmapsi COYeTaHUIO BBICOKHX MeXa-
HUYECKUX U TEXHOAOTHYECKUX CBOMCTB.

C yBeAHMYeHHEM CcoAepzKaHUd ITMHKAa IIPOYHOCTBH AATYHU
Bo3pacTaeT (puc. 2.4). IlonepedyHoe CyzKeHHE CHHUXKAETCs, OT-
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HOCHUTEABHOE VIOAWHEHHE [IOCTUraeT MaKCHMAaAbHOTO 3HAYEHUS
npu 30-32% Zn, a 3aTeM PE3KO yMeHbIlaeTcs. BpemeHHOe
COIIPOTUBAEHUE Pa3pbIBY Bo3pactaetT no 47-50% Zn, HO 3aTeM
PE3KO CHUXKAaeTCH.

Ilo cTpykType criaaBbl cucteMbl Cu—Zn pa3geadioT Ha a-,
(a+B)- u B-aatyHu.

AaTyHU CO CTPYKTYpo# a-dasbl IAACTHUYHBI, UMEIOT BbI-
COKYIO TEXHOAOTHYHOCTH U AETKO IIOANAI0TCS Tropsdedl M Xo-
AOOHOM 00paboTKe maBAeHHEM. B TeMIiepaTypHOM HHTEpPBaAe
300-700 °C @-aaTyHH, KaK U Menb, O0OHApPYKUBAIOT IIPOBaA
IIAQCTUYHOCTH, U 3TOTO HHTEpBasa TeMIepaTyp IIpu o0paboT-
Ke IaBAEHHEM caenyeT u3beratsh (cM. puc. 2.2). IlaacTuaHOCTH
B-aaTyHEW TpH KOMHATHOU TeMIlepaType O4eHb Maaa, IIPU CO-
nepxxaHuu 0Koao 50% Zn u 6oaee OHH He MOAMAIOTCS XOAO/I-
HOM oOpaboTke naBaeHueM. [I03TOMy B ITPOMBIIIIA€HHOM Mac-
mrabe IPUMEHSIOT AUIIL a- U (a+f)-aaTyHUu. OgHako B-AaTyHU
IIPECTABASIIOT HHTEpPEC KaK OCHOBA CIIAABOB C IIaMHATHIO
dopMBI ¥ MaTEpPHAAOB C BBICOKHM I[IPEIEAOM YIIPYTOCTHU
(«cBEpXyHPYyrOCTHIOY).

&0

H00

a,. Mlla

400

200

1 1 ]
0 10 20 3 40
Zn, % (1o macee}

Puc. 2.4. BnusiHne UMHKa Ha MexaHu4yeckue cBoucTBa Meau

Haunboaee IIMPOKO IIPUMEHSIOT ABOMHBIE AQTYHH MapOoK
N90, A68, A63 (Taba. 2.1). Aatyabp A90 HaA3BIBAIOT MOMNAKOM,
oHa 00AamaeT BBICOKOM CTOMKOCTBIO IIPOTUB KOPPO3UH U UMe-
€T KPaCUBBIH 30A0TUCTBIH IIBET, B CBA3U C Y€M €€ IIPHUMEHSIIOT
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[AS W3TOTOBAEHHUS 3HAKOB OTAWMYHS W (PYPHUTYPBI. AaTyHb
A68 Ha3BIBAIOT NAMPOHHOU, U3 HEE N3TOTAaBAHUBAIOT H30EAUS
XOAO/THOHM IIITAMIIOBKOM U TAyOOKOU BBITSIZKKOM, B YaCTHOCTH,
TUAB3BI ITATPOHOB. AaTyHb AG3 Ha3BIBAIOT MOpP2080il, TaK KaK
OHa Cpeay BCeX AATyHeH 3aHHMaeT IIepBO€ MECTO II0 0O0BeMy
IIPOH3BOACTBA.

XoaomHas pedopMmaliyisgd MNOPUBOAUT K CYIIIECTBEHHOMY
IIOBBIIIIEHUIO IIPOYHOCTH AATyHEH IIpU OOHOBPEMEHHOM O4YE€Hb
PE3KOM CHHIKEHHH IIAQCTHYHOCTH (cM. puc. 2.2). OTKur
HarapToOBaHHOM AaTyHH HIpu TeMmnepartypax Bbinie 400 °C
CHHMAaeT HaKAEII.

Tabauma 2.1
MexaHHYECKHE CBONCTBA OTOXKEHHBIX
nedopMHpPYyeMBIX AaTyHeH

MexaHunyeckne csovicTBa
Mapka natyHu CTtpykTypa o, MNa 5%
1196 a 216-255 45-55
J190 a 230-340 > 36
8o a 260-370 > 40
168 a 290-390 > 42
163 a 290-400 > 38
1160 a+pB 360-410 40-50
NA77-2 a 340-440 42-52
JIAH59-3-2 a+f 440-540 40-50
JTAHKMu75-2-2,5-0,5-0,5 o 530 48
JIK80-3 a+f 275-335 53-60
JIH65-5 a 370-440 45-65
NIMu58-2 a+p 380-490 >30
TPKMu59-1-1 a+pB 450 50
JIMyA57-3-1 a+B 550 35
J1090-1 «a 245-304 42-50
J1070-1 o 314-370 55-65
No62-1 o 400 40
NC74-3 o 295-390 40-55
N1IC64-2 a 310-375 55-65
NIC63-3 a 350 42
J1C60-1 a+f 340-390 45-55
JIC59-1 a+f 340-490 45
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OTpHuLaTeEABHOE CBOMCTBO AAQTYHEM 3aKAIOYAe€TCSI B HX
CKAOHHOCTH K CaMOIIPOM3BOABHOMY KOPPO3MOHHOMY PAaCTPECKU-
BaHUIO, KOTOPOE IIPOMCXOAUT BO BAAXKHOM aTMmocdepe IIpHU COo-
XpaHEHUH B CIIAABE IOcAe AepOopMalllM OCTATOYHBIX HallpszKe-
HUM. Pa3BUTHIO pacTpecKHBaHUS CIIOCOOCTBYET IIPUCYTCTBHE B
arMmocdepe CAEIOB aMMHaKa, aMMOHHUHHBIX COAEH, CEPHUCTBIX
rasoB. ITO dBA€HHE Ha3bIBAIOT €Ille CE30HHON 00Ae3HBIO, Tak
KaK OHO 4Yallle BCEro IIPOMCXOAUT BECHOM U OCEHBIO, KOTIa
BAAQKHOCTbH BO3/yXa IOBBIIIEHA.

PactpeckuBaHne HNPOUCXOOUT H3-3a IIPEAIOYTHUTEABHOH
KOPPO3HH AATyHEM IO IpaHHIlaM 3€pPeH B 30HE HepaBHOMEP-
HOTO pacIipeeAeHUs] HaIPSKeHUH. ITo IBAE€HHE YCUANBAETCH
C YBEAHWYEHHEM COAep:KaHUd ITMHKAa U pa3BUBaeTCd 0COOEHHO
MHTEHCHBHO IIpU comepzkaHuax ero boaee 30%. [as ycTtpane-
HHSI CKAOHHOCTHU K PacTPECKHBAHHIO JOCTATOYHO OTKeYb [e-
dopMHpoOBaHHbBIE MOAY(AOPUKATHI IIPU TEMIIEpaTypax HHXKeE
TeMIIepaTypbl pPeKpHUCTasAu3alivu. [Ipum TakoMm oTxkure sg-
PEKTUBHO CHUMAIOTCS OCTATOYHbIE HAIIPSIXKEHUS U COXpaHs-
€TCsl BBICOKAs IPOYHOCTH, 00YCAOBAEHHAsI HATapPTOBKOMA.

[ag yAydnieHUd CBOMCTB AQTYHU [JOIIOAHHUTEABHO AETH-
PYIOT aAlOMHHHEM, MapraHIleM, >KE€A€30M, HHUKEAEM, OAOBOM,
CBUHIIOM, KPEMHUEM, KOTOPbIe BBOAAT B HEOOABIIIMX KOAWYE-
crBax (1-2%, B penkux caydasx no 4%).

KommiaekcHOe AerMpoBaHHE CIIEITMAaABHBIX AaQTyHeH I103-
BOASIET IIOAYYUTH 00OA€e BBICOKHE, II0 CPABHEHHUIO C JBOMHBIMU
criaaBamMu cucteMbl Cu-Zn, MexaHUYEeCKHEe CBOMCTBA M AyY-
ITyI0 KOPPO3MOHHYIO U KaBUTAIIMOHHYIO0 CTOMKOCTh. Bmecre ¢
TeM yAaeTcs COXPaHUTBL MOCTATOYHO XOPOIyIo oOpabaTkiBae-
MOCTb JaBA€HHEM IIPU BBICOKHX TeMIIepaTypax M HECKOABKO
MEHBIITYIO IPH HU3KUX.

BpemeHHOEe coOnpoTUBAECHHE Pa3pBIBY AaTyHeidl Hamboaee
3 ¢deKTUBHO IOBBINIAIOT AAIOMUHHUN M OAOBO W B MEHBIIEH
CTeIleHH MapraHell. BBeneHHe CBHHIIA IIPUBOAWUT K CHUIKE-
HUIO IIPOYHOCTU AaTyHeld. OTHOCHTEABHOE YIAMHEHHE AaTyHel
YBEAHMYHUBAaETCsl IPH BBEACHHUU IKeAe3a U HEOOABIIIUX KOAH-
yecTB MapraHia (no 2-3%), ocTasbHbIE SA€EMEHTbI YMEHBIIAIOT
OTHOCHUTEABHOE VIAMHEHUE AaTyHEH.

XKeae3o MpakTUYECKH HEPACTBOPHUMO B AQTYHSIX U IIPHU-
CYTCTBYET B HUX B CBOOOTHOM BH/IE.
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AAIOMUHHH, MapraHell, OAOBO U HHUKEAb IIOBBIIIAIOT KOP-
PO3HOHHYIO CTOHKOCTb AQTyHEM; BMeCTe C TeM HHUKEAb YMEHb-
II1aeT CKAOHHOCTH AaTyHed K KOPPO3MOHHOMY pacTpecKUBa-
HUIO. BaaronpuaTHoe neHCTBHE 3TUX AEMEHTOB Ha KOPPO3U-
OHHYIO CTOMKOCTH CBSI3aHO C 00pa3oBaHHEM Ha IIOBEPXHOCTHU
AQTYHEU IIAOTHOH OKCHUIHON 3alllUTHOMN ITACHKHU.

B mpowmbliiiaeHHOM MaciiTabe IIPUMEHSIOT O0eopmupy-
emole U aumetiHole iamyHu. AaTyHU pasfeAdioT Ha npocmele,
JleeuposaHHble MOJIbKO UUHKOM, B CcheyuaibHble, KOTOpPbIe
IIOMHMO IIMHKAa COAEpKaT OAWH HAW HECKOABKO 3A€MEHTOB,
OTAWYHBIX OT IIMHKAa. CrienuaabHblE AQTYHH Ha3bIBAIOT IIO OC-
HOBHOMY [OIIOAHUTEABHOMY JAE€MEHTY: aAlOMHHUEBBIE, KpeM-
HUEBble, MapraHIleBble, HUKEAEBbIE, OAOBSIHHbIE, CBUHIIOBBIE.
MexaHu4yecKHe CBOMCTBa HEKOTOPBIX Ae(POPMHUPYEMBIX AATY-
Hel ITpuBeneHbl B TabA. 2.1.

Bce mpocthle aatryHH, KpoMe AS9, HMEOT CTPYKTYPY,
IIPeNCTaBACHHYIO a-da30i, U 00Aa1ar0T BBICOKUMHU TEXHOAO-
THYEeCKUMH CBOMCTBaMHM, 4YTO II03BOASET H3rOTaBAWBATL U3
HUX pas3HoOoOpa3Hble U3EeAUsd, TPeOyIonme OOABIIINX CTEIeHeH
nedopManiy Ipu UX U3TOTOBAEHHU: THAB3BI, IIATPOHBI, paau-
aTopHbIE TpPyOBbI, IIPOBOAOKA, A€HTBI. AatyHb AS59 ¢
(a+B)-cTpyKTYypOH MeHee TEXHOAOTHYHA.

CrienquasbHBIE AQTYHU OTAHYAIOTCSH OT IIPOCTBIX OIHUM
HAU HECKOABKHMHU CHENN(PUIECKUMU CBOMCTBaMHU.

AAIOMUHHEBBIE AQTyHH XapaKTepU3YIOTCHd BBICOKHUMU
IIPOYHOCTHBIMU CBOMCTBaMH, 4YTO OOYCAOBA€HO CHABHBIM
VIIPOUHSIIONIUM AefcTBUeM aaloMUHUsS (cM. puc. 2.3). B atu
AQTYHHU TIOMHMO IIMHKa U aAIOMUHUS BBOIAT TaKyKe€ HUKEAD,
MapraHel], >KeAe30, KPEeMHHH, 4To obecredyuBaeT MOOIIOAHU-
TeAbHOE HX yInpodyHeHHe. Hamboabliee pacrpocTpaHeHHE I10-
AYyYUAH OoraTble MeObl0 «a-AaTyHHU, comepzkamme mno 4% Al
(AA85-0,5, AA77-2), KOTOpble BCAEACTBHE OIHO(A3HOH
CTPYKTYPBI XOPOIIIO 00pabdaThIBAIOTCS JaBACHUEM.

[aa HuxkeaeBoi aatyHu AH65-5 XapakTepHBI BBICOKHE
TEXHOAOTHYECKHE CBOHCTBAa, OHA OTAMYHO oOpabaThIBaeTcs B
ropgdeM ¥ XOAOOHOM COCTOSHHHM. MapraHieBas AaTyHb
AKM1159-1-1 obaamaeT BBICOKOM IIPOYHOCTBHIO U TTOBBIIIIEH-
HOM BSI3KOCTBIO BCAEZICTBHE MEAKO3E€PHHUCTOH CTPYKTYPBI, 00y-
CAOBAEHHOH AeTHpOBaHUEM craaBa Xeae3oM. OAOBAHHBIE Aa-
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TYHU OTAHMYAIOTCA BBICOKON KOPPO3WMOHHON CTOMKOCTBIO B
MOPCKOH BOZE, II0O3TOMY MX Ha3bIBAIOT MOPCKHUMH AATYHSIMU.
AaromunueBast a-aaTyHb AAMm77-2-0,05 6aaromapda MUKPO-
AETHPOBAHUIO MBIIIBIKOM XOPOIIO COIIPOTUBASIETCS OOECIIMH-
KOBAaHUIO B MOPCKOH BOIE.

CBUHIIOBBIE AQTYHU XOPOILIO 0O6pabaThIBAIOTCS pe3aHU-
eM. OTH AaTyHU — HaWAy4dIIUP MaTepHaa IOAs AeTased, BbITa-
YMBaEMbIX Ha CTaHKax-aBToMaTax. B oTawmyme oT «a-aaTyHeM
CBUHeIl B (a+f)-AaTyHAX He sSBAGeTCS BpeaHoM nmpumeckio. OH
IeAaeT CTPYKKY AOMKOM, 4TO obaerdaer oOpabaThIBA€eMOCTh
pe3aHueM. B To ke BpeMsl CBUHEIl IIOBBINIAET aHTUDPUKIIU-
OHHBIE CBOMCTBA.

Aaryap AAHKMi1175-2-2,5-0,5-0,5 — 3TO eauHCTBEHHBIN
JOUCIIEPCUOHHO-TBEPAECIOIINI CIIAaB Ha OCHOBe cucteMbl Cu—Zn.
JucnepcroHHOE YIIpOYHEHHE O0eCIIeYMBaIOT COeqUHEHUd Ha
OCHOBe KpPEeMHHUSsI, HUKEAs U MapraHiia, obaamaroine B Meou
IIepEMEHHOH PacTBOPHMOCTBIO. B 3aKaA€HHOM COCTOSIHUH 3Ta
AQTYHb OTAMYAETCH BBICOKOHM ITAACTHYHOCTBIO, a IIOCA€ CTape-
HUd IIpuoOpeTaeT BBICOKYIO MPOYHOCTH. Emre Oosee BBICOKHE
IIPOYHOCTHBIE U YyIIPYTHE CBOMCTBA JOCTUTAIOTCS IIPU CTapeHUU
9TOU AATyHH ocAe AedpopMalvuy B 3aKAA€HHOM COCTOSTHUU.

OCHOBHOM BHUI TEPMHYECKOH 0OPabOTKH AaTyHEH — OT-
KUT, KOTOPBIM MPOBOAAT OAd CMATYEHUd MaTepHasa Iepen
[OaApHeHIell o6paboTKOM HaBA€HHEM, IOAYYEHHS B T'OTOBBIX
rnoaypabprKaTax Hy>KHBIX CBOUCTB, a TaKXKe A YCTPaHEHU
CKAOHHOCTH K CE30HHOMY pacTpeckuBaHuio. OmHodasHbIe
o-AQTYHU TIOABEPTalOT OTXKHUIY IIEPBOTO pPoOAa, OCHOBAHHOMY
Ha PEeKPHCTaAAU3AIIMOHHBIX IIpolleccax. TeMiieparypa peKpH-
CTaAAM3allUU (-AQTYHEU BBIIIE, YeM Y MEAH, IIOCKOABKY BCE
AETHUPVIOIINE SAEMEHTHI €€ IIOBBINIaloT. B IIpOMBIIIIA€HHBIX
YCAOBHUSEX OTXKUT AaTyHel npoBonat ripu 600-700 °C.

AuTelHbIe AQTYHHU LIUPOKO IIPUMEHLAIOT B COBPEMEHHOM
TEeXHUKE, YTO OOBACHSETCS CACAYIOIIMMHU XapaKTePUCTUKAMU:

1) aaTyHH 06AaaroT HEOOABIIION CKAOHHOCTBIO K ra3oHa-
CBILIIEHUIO OAarogapsd caMO3alIUTHOMY AEHCTBHIO ITapOB IIMH-
Ka C IOCTATOYHO BBICOKOU YIIPYTOCTBIO; 3TO 00€CreYrnBaeT I10-
Ay4€HUE IIAOTHOTO AUTHS;

2) AaTYHH HEe CKAOHHBI K AUKBAIIMOHHBIM SIBAEHUIM, TaK
KaK AMHUU AUKBH/IYC U COAHYC OYeHb OAM3KY,
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3) 6aaromapss MaAOMy HHTEPBAAy KPHUCTAAAU3AIIUN AATY-
HU 00AamaroT Xopolied KUIKOTEKYIeCThI0O U HeOOABIIOH yca-
JMOYHOM paccedHHOM MOPUCTOCTBIO;

4) crienyaAbHblEe AHUTEeHHBIE AQTyHU OTAWYAIOTCS BBICO-
KHMH MEXaHUIEeCKUMH CBOHUCTBaMU,

5) MOBEPXHOCTH CIIEIIHAABHBIX AQTYHEH rocae oOpaboTKu
pe3aHueM, IMAHUGOBKH U IOAUPOBKHU HPHUOOpETaeT KPacCHBBIH
IIBET U OAECK;

0) MHOTHE AWTEHHBIE AQTYHH 00AaIaIOT BBICOKUMH aH-
TU(PPUKIITMOHHBIMU CBOHCTBaMMU.

AuTeliHbIE AQTYHH UMEIOT CAEOYIOIINEe HeOOCTATKH:

® ITPU TIAABKE TEPAIOTCS OOABIITHE KOAMYECTBA ITUHKA U3-
3a OOABIIION €r0 AETYYUECTH, AT YCTPAHEHHUS 3TOr0 HEAOCTATKA
OPUXOAUTCS ITPUMEHSITE 3aIUTHBIE [TIOKPHITHUS;

® IPH KPHCTAAAH3AIIMH B OTAMBKAaX 00pa3yloTCd KpPYII-
Hble yCaZloYHble PAKOBUHBI, A BBIBEIEHUS KOTOPBIX IIPHUXO-
OUTCH IPUMEHATH OOABIITHE ITPHUOBIAM U IIEPEBOIUTEH JOBOABHO
MHOTO METaAAa B OTXOIbI;

e AUTEHHBIE AAQTYHH C OOABIIIMM KOAWYECTBOM «-(pasbl
CKAOHHBI K CE30HHOMY CaMOpPaCTPECKHBAHUIO IIPU HaAAWYNU
OCTaTOYHBIX HAIIPSKEHUN; OAS yCTPaHEHHUsS 3TOT0 HeJgocTaTKa
OTAMBKH HYKHO OTXKUTATBH IPHU HU3KUX TeMIIepaTypax.

Autelinple AaTyHU (TAbA. 2.2) MapKHPYIOT TaK Ke, Kak
nedopmupyembie. Ecam X cocTaBbl OAUHAKOBEI, TO IPH IIPHU-
MEHEHHUHN AATYHH OAd (PACOHHOTO AUTBS K MapKe H00aBASIOT
OyKBY «/».

Tabaumna 2.2
MexaHHYECKHE H AHTEHHbIE CBOHCTBA CIEIIHAABHBIX
AHTEHHBIX AaTyHeH

MexaHn4yeckne CBONCTBA NPU NUTLE B KOKUMb JlntenHble ceovicTBa
Mapka natyHu nVHenHas
P y 0e, MMa 5% | KCu, MOx/m? Tekﬁf(l:':: om yce;zka,

JILI3OA3 390 15 - - -
JIL|23A6XK3Mu2 705 7 - - -
JILI16K4 340 15 12 80 17
N38Mu2C2 340 10 0,7 - 1,8
JILI40Mu3X 490 10 - 60 1,6
JiL4ocC 215 20 0,26 51 2,2
J140Mu1,5 390 20 - - -
JIL|40Mu3A 440 15 - - -
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B AWTEWHBIX AQTyHAX OOITyCKAeTCs OOABbIIEe IIPUMeEceH,
4yeM B 1e(POPMHUPYEMBIX.

Haunboaee mpoyHO# AHMTEHHOM AQTYHBIO SIBASIETCS
ALI23A62K3M112 ¢ kaxXyImmuMmcsl coAep:kaHueM IUHKa 46,5%
(raba. 2.3).

Tabauma 2.3
XHMHYECKHH COCTaB H MEeXaHHYEeCKHe CBOHCTBa
HEKOTOPBIX MapoOK AaTyHeH

CopepxaHue, %
cu nervipyoLume HasnaueHne
ANIEMEHTHI

Hegpopmupyembie namyHu (FOCT15527-70)

Mapka natyHun

1190 (Tomnak) 88-91 _ JleHTbl, NuCTbI, TPYObI, Xy4OXECTBEH-
Hble n3genusi, MembpaHbl, 3MeeBUK/
nso 79-81 _ JleHTbl, NnpoBonoka, Tpybbl KOHAEHCa-

TOPOB, TENNOOOMEHHNKOB
JleHTbl, NpoBoMnoka, NpyTkK, TPyobI

J163 62—-65 — AeTanew paguaTtopos, naTpybkos,
npoknaaku
NC59-1 57-60 0.8-1.9 Pb I'Ionvocu, NpyTKW, BTYINKK, KpaHbl,
TPOVHVKM, NPOKNagKku
0,6-1,2 Fe
0,1-0,4 Al
JPKMu59-1-1 57-60 0,3-0,7 Sn MpoBonoka, TpyOb!
0,5-0,8 Mn
075-15 Al Tpy6bl, NpyTKK, CBapBaeMble
NAX60-1-1 58-61 | 0,75-1,5 Fe aﬁgme;ingyanné an o
0,1-0,6 Mn paryp
JlumetiHbie namyHu (FOCT 17711-93)
JIL16K4 78-81 3,0-4,5Si | Apmartypa, getanu npubopos
3,0-4,0 Mn | [letanu OTBETCTBEHHOIO HA3HaYeHs,
JILI40Mu3X 53-58 0,5-1,5 Fe | rpebHble BUHTbI M UX 1oNacTu
4.0-7.0 Al ["alkn HaXXMMHbIX BUHTOB, YEPBSAYHbIE
JIL23A6XK3Mu2 6468 2,0-4,0 Fe BUHTBI »Hep
1,5-3,0 Mn
BpoH3bI

OAOBSIHHBIE OPOH3BI. [IPUMEHSIOT C APEBHEUIINX Bpe-
M€H, U OHH XOPOIIIO OCBO€HBI IIPOMBIIIAEHHOCTHIO. [Ipeneab-
Hasl paCTBOPUMOCTH 0AOBa B Meau cooTBeTcTByeT 15,8% Sn.

B cnnaaBax Cu—Sn pas3BuBaeTCd 3HA4YUTEAbHAsT BHYTPHU-
OEHOAPUTHAad AHWKBalud. DBpoOH3BI OTAHMYAIOTCI HEBBICOKOM
KHUJIKOTEKYy4eCThI0O M3-3a OOABIIOIO HMHTEpBasa KpPHUCTaAAM3aA-
muu. [To aTo¥ Ke mpuunHe B OpoH3e He obpasyeTcd KOHIIEH-
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TPUPOBaHHAad ycagodyHad paKOBHUHA, a BO3HUKAET paccesHHasa
MeAKad MOPHUCTOCTh. AMHeMHas ycagka y OAOBAHHBIX OpOH3
O4YeHb HeBeAMKa U cocTaBaseT 0,8% IIpu AUTbE B IIE€CUAHYIO
dopmy u 1,4% npu AUTEE B KOKHAb. YKa3aHHBIE CBOMCTBa
OpPOH3 00AErYaroT ITOAYYEHHE OTAHMBOK, OT KOTOPBIX He Tpeby-
€TCHd BBICOKOY M€ pPMETHUYHOCTH.

BpoH3bI ¢ AUTOH CTPYKTYpO# 00AaiatoT HEBBICOKOH Ilra-
CTHUYHOCTBIO, BBICOKOH CTOHKOCTBIO IIPOTHB HCTHUPAHUL, IIO-
5TOMY OAOBSHHBIE OPOH3BI ABASIOTCS OTAMYHBIM aHTHU(PPUK-
IITUOHHBIM MaTe€pPHUaAAOM.

[TaacTu4YHOCT, OPOH3 HAYHWHAET PE3KO CHUKATBHCA IIPU
comepxkanuu 6oaee 8% oaoBa (puc. 2.5). BpemeHnHoe compo-
TUBA€HUE pPa3pbIBY OPOH3 MOBBLIIIAETCH C YBEAUYEHUEM CO-
oep:KaHusa oAoBa 1m0 24%, HO IIPU OOABIINX KOHIIEHTPAIIHIX
PE3KO CHUXKAETCH, CIIAABBI CTAHOBSITCH XPYIIKHUMH.

OAOBSHHBIE OpPOH3BI II0 KOPPO3HMOHHON CTOHWKOCTH B
MOPCKOM BOJie IIPEBOCXOAST MEAL U MEIHOIIMHKOBBIE CIIAABBI.

B oaoBsgHHBIE OpOH3BI YacToO BBOXAT (pocdop, KOTOPBIH
pacKucAsieT Meab U YMEHBIIAeT CoAepKaHue BOLOpoaa B pac-
IIAaBe, ITOBBIIIAET IIPOYHOCTHBIE CBOMCTBA, YAYYIIAET KHUIKO-
TEKy4eCTb OpPOH3 M II03BOASET IIOAYYATh OTAMBKH CAOXKHOH
dOpPMBI C TOHKHMH CTEHKaMH, B YaCTHOCTH, KadeCTBEHHOE
XyOOXKECTBEHHOE AUTHE.

dochop B OpoH3axX C HEOOABIIIMM KOAMYECTBOM OAOBA
IIOBBIIIIAET COIIPOTUBAEHHE H3HOCY, OMHAKO YXYAIIAEeT TEXHO-
AOTHYECKYIO IIAACTHYHOCTHb OpPOH3, II03TOMYy B aedopMHpye-
MEBI€E CIIAABBI BBoadAT He boaee 0,5% P.

OAOBsSIHHBIE OPOH3BI AETUPYIOT IIUHKOM B OOABIIINX KOAM-
JyecTBaX, HO B Ipeaesax pacTrBopuMocTH. [Ipu Takux comep-
KAHUSX [TUHK OAQrOIPHUATHO BAHSET HA CBOMCTBA OAOBSHHBIX
O6poHa3:

® CHIIKAeT CKAOHHOCTH OPOH3 K AWKBAIIUM M IIOBBIIIAET
KUAKOTEKYIECTb, [IOCKOABKY OH yMeEHBIIIaeT TeMIlepaTypHbIH
HHTEPBaA KPHUCTAAAN3AIINY CIIAABOB;

® CITOCOOCTBYET IHOAY4YEHHUIO 6oAee TIAOTHOTO AUTHS,

® DACKUCASIET pacliaaB U YMEHbIIIaeT COAEpP3KaHUE B HEM
BOJIOPO/A;

e yAy4YIIIAeT ITPOYHOCTHBIE CBOMCTBA OPOH3.
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Puc. 2.5. BnusiHne onoBa Ha MexaHu4Yeckune CBOMCTBA NUTbIX
cnnaBoB cucteMbl Cu-Sn

Hukeab moBBINIaeT NPOYHOCTHBIE CBOHCTBA U yAydYIIaeT
IIAQCTUYHOCTb U OAePOPMHPYEMOCTb OPOH3, IIOBBIIIAET WX
KOPPO3HOHHYIO CTOHKOCTD, IIAOTHOCTB, YMEHBIIIAET AUKBAIIHIO.
BpoH3bI C HHKEAEM TEPMHUYECKU VIIPOYHSIOTCH 3aKaAKOU U
crapeHueM. CBHUHEI IOBBIIIAET KUAKOTEKYYECTh U ITIAOTHOCTh
OpPOH3, UX aHTU(PPUKIINOHHBIE CBOHCTBA.

[To HazHa4YeHUIO OAOBSHHBIE OPOH3BI MOXKHO Pa3deAUTH
Ha HECKOABKO T'pyHII (Tada. 2.4).

Ilepeasi epynna - AwTelHBIE CTaHOAPTHBIE OPOHS3HI,
IIpenHa3Ha4YeHHbIE OAS IIOAYYEHHS pa3HBbIX AeTasedl MaliuH
MeTomaMu (PacCOHHOTO AHThA. K 3TMM OpoH3aM, ITOMHMO BBI-
COKHX AUTEUHBIX CBOMCTB, HPEABABASIOTCH CACAYIOIIHE TpE-
6oBaHMs:

e XopoIrast 00pabaTbIBAEMOCTb PE3aHUEM;

® BLICOKAS ITAOTHOCTH OTAUBOK,

e TOCTaTOYHAasI KOPPO3HUOHHAsI CTOMKOCTD;

® BLICOKHE MeXaHHU4YeCKHe CBOMCTBA.
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Tabaumna 2.4

MexaHHYECKHE CBONCTBA OAOBSIHHBIX OpPOH3

Ipynna BpoHsa MexaHn4eckne cBoncTBa
i P s, MIMa S5 %
BpO3L12C5 210 5
TNuTeiiHble BpO5L5C5 170
cTaHOapTHble BpO4LI4C17 150 12
BbpO4L7C5 180 4
BpO3LI7C5H1 210 5
BpO10d1 250 3
i BpO10L2 230 10
JluTteliHble HecTaHgapTHbIe EpOBLIA 500 o
OTBETCTBEHHOIO
Ha3HauYeHust BpO6LI6C3 180 4
BpO10C10 200 6
BpO5C25 140 6
BpO®8-0,3 400 55
BbpO®6,5-0,4 300 60
BpO®6,5-0,15 300 38
Nedopmmpyembie BpO®4-0.25 300 0
bpOLI4-3 300 38
BbpOLC4-4-2,5 320 35

Bmopas epynna — AuTeiHble HecTaHAapTHbIE OPOH3bI OT-
BETCTBEHHOIO Has3Ha4deHUs, obaamaroliie BBICOKUMHU aHTHU-
DPUKIIMOHHBIMU CBOMCTBaAMH H XOPOIIUM COIIPOTHBACHHEM
HCTUPAHUIO. OTH CIIAABbl IIPUMEHSIOT [OA9 M3TOTOBAEHHS
HOANTHUIIHUKOB CKOABXKEHUS U APYTUX JeTasel, paboTaroImx B
ycAaOBUgGX TpeHUd. Hauboabllled MPOYHOCTBHIO B COYETAHUH C
BBICOKUMH aHTHU(PPUKIITMOHHBIMU CBOHMCTBaMUu ob6aagaeT OpoH-
3a BpO10®1, yTo 06yCAOBA€HO BBICOKHM COZIEPIKAHUEM OAOBA
U AeTUpoBaHUEM (POCHOPOM.

Tpemwvsi epynna — nedpopMHupPyeMble OPOH3bI, OHHU OTAU-
YalTCHd OT AWUTEHHBIX 0OoAee BBICOKOH IIPOYHOCTHIO, BSI3KO-
CTBIO, IIAAQCTHYHOCTBIO, COIIPOTHUBAEHHEM ycTasocTu. OCHOB-
HBbI€ AETHPYIOIIHNE SAEMEHTHI B Oe(POPMHUPYEMBIX OpOH3ax —
0A0BO, (pocdop, IIMHK U CBHUHEL], IIPUYEM OAOBA B HUX MEHb-
e, 4eM B AHTEHHbIX OpoH3ax. [ledopmupyemble OpPOH3BI
MOJKHO Pa3[deAUuTh Ha CIIAABbI, AETHPOBAHHBIE OAOBOM H (POC-
dopom (BpOP6,5-0,4; BpOP6,5-0,15; BpOP4-0,25), u cnaa-
BbI, He cozepxkarinue doccopa (BpOL4-3 u BpOLIC4-4-2,5).
U3 3tux OpoH3 Haumaydilnas oOpadaTbIBAEMOCTE AaBACHHUEM Y
6poussl BpOll4-3. Bponza BpOLIC4-4-2,5, comepkaras CBHU-
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Hell, COBCEM He o0pabaThIBaeTcCd AABACHHEM B IOPSYEM COCTOS-
HUM H3-3a [IPUCYTCTBUS B HEH AETKONAABKOM 3BTEKTHKH. JTa
OpoH3a mpeqHa3HadYeHa A U3TOTOBAEHUd neTased, paboraro-
IIIUX B YCAOBUSIX TPEHHH, U II03TOMY AETHPOBaHa CBUHIIOM.

BX1, BX2, BX3 — cnaaBbl XyZO0KECTBEHHOTO AUTHS. [lAsg
U3TOTOBACHUS XYyOOXKECTBEHHBIX H3/eAUil OpoH3a — Hauboaee
rnoaxondiuii Marepuas. OHa AOCTATOYHO KUAKOTEKyda, XO-
POILIO 3aIlOAHAEeT caMble CAOXKHBbIE (POpMbI, obAaaeT O4dYeHb
HeOOABIIION yCaaKOH IPH 3aTBEpPAEeBAHUU H IIO3TOMY XOPOIIIO
repenaeT popMy HU3OeAud. OTH OpPOH3bI OTAWYAIOTCH KpacH-
BbIM IIBETOM, COXPaHSIOIIUMCS Oaarogaps MX BBICOKOM KOPpPO-
3MOHHOM CTOMKOCTH JOCTATO4YHO NOATOE BpeMs. Ha moBepxHOCTH
OpoH3 oA BO3AEUCTBHEM €CTECTBEHHOM cpenbl oOpasyeTcd Iia-
THHAa — TOHYaMIIasgd OKCHAHAs IIA€HKA Pa3AWYHbBIX IIBETOBBIX OT-
TEHKOB, OT 3€A€HOI'0 [0 TeMHO-KOpu4HeBoro. [latnHa mpumaer
OPOH30BBIM CKYABIITYPaM M OEKOPATHBHBIM H3OEAHSIM KpacH-
BYIO POBHYIO OKPACKY.

OcCHOBHbBIE BUObI TEPMUYECKOH 00paboTKu OGPOH3 — TOMO-
reHu3alusg M IIPOMEXKYTOYHBIM OTXKHUT. OCHOBHas LEAb 3THX
omepanuii — obarerdyeHrue oOpabOTKU maBAeHHEM. ['oMOreHu3a-
muio npoBoaar npu 700-750 °C ¢ mocAedyromuM OBICTPBIM
OXAQKIOECHHUEM. ﬂAﬂ CHATHUYA OCTaATOYHBIX HaHpﬂ}KeHI/Iﬁ B OT-
AUBKax gocraTodHo 1 4 orxkura npu 250 °C. [IpomexkyTouHBIH
OTZKHUT IIPH XOAOAHOH 006paboTKe maBA€HHEM NPOBOAAT IIPU
TeMmnepatypax 550-700 °C.

AaromuuHeBBle OpOH3BI. [l0 pPACIIPOCTPAHEHHOCTH B
IIPOMBIINIACHHOCTH 3aHHMAalOT OOAHO H3 II€PBBIX MECT Cpeau MEM-
HBIX CIIAABOB. B Mem pacTBopsieTcsl JOBOABHO OOABIIIOE KOAWMYE-
CTBO aAIOMMHUS, C YBEAMYEHUEM COAEPKAHUS aAIOMUHUS IIPOY-
HOCTHBIE CBOMCTBA CIIAQBOB ITOBBIIIAIOTCS (CM. pUC. 2.3).

OnTHUMaAbPHBIMH MEXaHHYEeCKHMHU CBOMCTBaMU 00AaaroT
craaBbl, comepzkarue 5-8% Al. Hapany c mHoBBIIMIEHHOH
IIPOYHOCTBHIO OHH COXPAHAIOT BBICOKYIO IIAQCTUYHOCTb.

AnrroMuHUEBbIE OPOH3BI II0O CPABHEHUIO C OAOBIHHBIMH
HMEIOT CAELYIOIHE [IPEUMYIIeCTBA:

® MEHBIIIYI0O CKAOHHOCTDb K J€HAPHUTHON AMKBAallUH;

© OOABIITYIO TIAOTHOCTE OTAUBOK;

® AYUIIYIO XKUIKOTEKYYECTD;
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e boAee BBICOKYIO IIPOYHOCTE U KapOIIPOYHOCTb;

e 60oA€e BBICOKYIO KOPPO3HOHHYIO U IIPOTHBOKaBUTAIU-
OHHYIO CTOUKOCT®B;

® MEHBIITYI0O CKAOHHOCTD K XAQTHOAOMKOCTH.

AaroMuHUEBbIE OPOH3BI HE JAIOT UCKP IIPU yaape.

HenmocraTky aAlOMHUHUEBBIX OPOH3:

¢ 3HAYNTEAbHAS ycaaKa [IPHU KPHUCTAAAN3AIINH;

® CKAOHHOCTBH K 00pa30BaHHIO KPYITHBIX CTOAOYATBIX KPH-
CTaAAOB;

® CUABHOE OKHCAEHUE B PACIIAQBACHHOM COCTOSIHUH, IIPU
KOTOPOM 00pas3yloTCd OKCHALI AAIOMHUHHS, IIPUBOALAIINE K
mirudpepHOMY U3A0MY B AePOPMUPOBAHHBIX IT0AY(abpuKaTax;

¢ BCIIEHUBAaHUE paclAaBa IIPU 3aAUBKe B (POPMY;

® TPYAHOCTD ITafKN TBEPABIMU U MATKUMH ITPUIIOSIMH;

e HeJOCTATOYHAsT KOPPO3HWOHHAS CTOHMKOCTH B IIeperpe-
TOM IHIape.

[las yCcTpaHeHUd 9TUX HEIOCTATKOB aAIOMUHHEBBIE OPOH-
3bI JOIIOAHUTEABHO AETHUPYIOT MapraHIeM, KEAe30M, HUKEAEM,
CBHUHIIOM.

2Kenes3o TIOBBIIIAET IIPOYHOCTHBIE CBOMCTBAa AaAIOMHHUE-
BbIX OpOH3 HpPH HEKOTOPOM CHUXKEHHHU HX NAACTHYHOCTH,
IIPETIATCTBYET PA3BUTHIO XPYIIKOCTH.

Mapearey pacTBOpsieTcd B AAIOMHUHHEBBIX OpoOH3axX B
boapilx KoawdecTBax (mo 10%). IloBblIlaeT mIPOYHOCTH
OpOH3, HX IAACTHYHOCTb, KOPPO3HUOHHYIO CTOHKOCTBH, aHTH-
PPUKIIMOHHBIE CBOMCTBA, CIIOCOOHOCTE K XOAOMHOM 00paboTke
nmaBaeHHEeM. /[BOMHEBIE CIIAABBI MEIU C aAIOMHHHEM He oOpaba-
TBIBAIOTCS JABACHUEM B XOAOMHOM COCTOSIHHU, €CAU COAepIKa-
HHE aAIOMHUHUS IIpeBbIaeT 7%.

Huxenb CHABHO YMEHBIIIAET PACTBOPHMOCTH QAIOMHUHUS B
MeIU IIPU MTOHUKEHUH TeMIlepaTyphbl. [109TOMy MeIHbIE CIIAABEI,
OHOBPEMEHHO AETHPOBAaHHbIE AAIOMUHHEM M HHKEAEM, CYIIe-
CTBEHHO YIIPOYHSIOTCS IIPU TEPMHUYECKOH 00paboTKe, COCTOSI-
el U3 3aKaAKU U cTapeHUsa. HUKeAb yAydIllaeT MeXaHU4YeCKUe
CBOMCTBA ¥ KOPPO3HOHHYIO CTOHMKOCTb AAIOMHUHHEBBIX OpOH3,
MIOBBILIAET TEMIIEPATYPy HUX PEKPUCTAAAM3AIIUN U KAPOIIPOY-
Hble cBoiicTBa. CIinaBbI Me€OM, AETHPOBaHHBIE AAIOMHUHHEM U
HHUKEAEM, XOPOIII0 00pabaTbIBAIOTCS JAaBA€HHEM, MMEIOT BBICO-
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KHe aHTU(PUKIIMOHHBIE CBOHMCTBA U HE CKAOHHBI K XAQTHOAOM-
KOCTH.

Heboarie comepkaHusgd mumaHa YBEAMYHBAIOT IIAOT-
HOCTBH OTAWBOK M HUX IPOYHOCTBL. BaaronmpugarHoe BAUSHUE THU-
TaHa Ha CBOMCTBa OPOH3 00yCAOBAEHO €ro AeHCTBHEM KakK [Ie-
raszaTopa, YMEHBIIAIOMIET0 Ta30HACHIINIEHHOCTE pacliaaBa, Hu
MoaudUuKaTopa, U3MEeAbYAIOIIero 3epHO.

I{uHK 3aMeTHO CHHUXKaeT aHTHU(PPUKIIMOHHBIE U TEXHOAO-
THYeCKHe CBOMCTBa aAIOMUHHEBBIX OPOH3 U [I03TOMY SIBASIETCS
HEXeAQTEABHOU IIPUMECHIO.

MexaHU4YecKHe CBOMCTBa HEKOTOPBIX AaAIOMHHHEBBIX
OpoH3 IMpUBEAEHBI B TabA. 2.5 1 2.6. OIHU U3 HUX [IPUMEHSIOT
TOABKO Kak aAutedinole (BpAMnl0-2; BpAXKH11-6-6;
BpAXKC7-1,5-1,5), apyrue — TOABKO KaK aedopMUpyeMble
(BpAS, BpA7). Boasryro rpymiy 6pon3 (BpAM19-2; BpA2K9-4;
BpAZKM1n10-3-1,5; BpAZKH10-4-4) HCHOAB3YIOT U KakK [e-
dopMHupyeMble, U KaK AUTeHHbIe criaaBbl. Ecal GpOH3bI TPeTh-
el TPyIIbl IIPUMEHIIOT KaK AUTEeHHbIe, TO K UX MapKe no0aB-
AAIOT 6YKBy «/\».

Tabauma 2.5
THNHYHBIE MEXaHUYECKHE CBONHCTBA AedopMUpyeMBbIX
0e30A0BSIHHBIX OPOH3 H MEAHOHHKEAEBBIX CIIAABOB
(oTOk:KEHHOE COCTOSAHHE)

MexaHunyeckve csoricTBa
HassaHnwue cnnasos Mapka
o, MlMNa 5 % KCU, MOx/m2

BpA5 380 65 1,1
BpA7 420 70 -
AMIOMUHMEBbIE GPOH3bI BpAMuUS—2 420 25 -
BpAX9-4 550 40 -

BpAXMu10-3-1,5 600 20 0,6

BpAXH10-4-4 650 35 0,42

KpeMHucTble GpOH3bI BpKMy3-1 400 60 L5
BpKH1-3 350 30 -
MapraHueBas 6poH3a BpMu5 300 40 -
Menbxvop MHXMu30-1-1 400 25 —
Menbxvop MH19 400 35 -
Hewsunbbep MHLU15-20 415 40 -
Hel3nnbbep CBUHLIOBLIV MHLUC-16-29-1,8 400 40 -

KyHnanb A MHA13-3 380 13 0,5
KyHuans b MHA6-1,5 360 28 1,2
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Tabauria 2.6
MexaHHYEeCKHE CBOHCTBAa AHTEHHBIX 0€30A0BAHHBIX
OpoH3 (AHTBE B KOKHAB)

Mapka cnnasa e, MlMa 5, %
BpA9Mu2/1 390 20
BpA10Mu2/1 490 12
BpA9XK3N 490 12
BpA10>K3Mu2 490 12
BpA11>K6H6 590
BpA10XK4H4n 590 6
BpA9K4H4ML 1 590 12
BpA7Mu15)K3H2L12* 610 18
BpC30 60 4
BpC60H2,5 30

*JInTbe B NecyaHyto hopmy.

Hedopmupyemble U AuTelHbIe OPOH3bI OMHOH MapKHU
pa3AndaroTcs II0 COAEPXKAHUIO IIpuMecei. B AUTeMHBIX criAa-
Bax OOIyCKaeTcd 0OAbIIIee UX COepKaHUE.

Hauboaee maacThyHag v HauMeHee IpodHas OpoH3a —
BpAS. Ona aerko gedpopMuUpyeTcs IIPH BCEX BHIAX 00pabOTKU
naBAeHHEM. MeHbIIlel, HO JOCTaTOYHO BBICOKOM oOpabaTrhIiBa-
€MOCTBIO JIaBACHUEM OTAWYAIOTCA OpoH3bI BpA7 m BpAMI9-2,
IpegHa3HaYeHHbIE [IAS IIOAYUEHUSI IIPYTKOB, AHCTOB U AE€HT.
OcraabHBIE OGPOH3BI (BpA2K9-4; BpA2KM1110-3-1,5;
BpA2KH10-4-4) medopMUPYIOTCS TOABKO B TOPSYEM COCTOS-
HUH, aHTU(PPUKIIMOHHBIE CBOMCTBA U MPOYHOCTH ITHUX OPOH3
BBIIIIE, YEM Y BBINIEIIEPEUNCAEHHBIX CIIAABOB.

N3 Bcex MemHO-aAIOMUHHEBBIX CIIAABOB HAUOOABIIINM
BPEMEHHBIM COIIPOTHBAEHHEM pa3pbIBy obOaazmaeT OpoH3a
BpAXK10-4-4, KoTOpyI0 NIPUMEHSIOT U KaK AepopMHUPyEMYIO,
U Kak AuTeiHyro. OHa KapoIpodHa M COXpPaHSIET YI0BAETBO-
puteabHyo IrpoyHocTh 10 400-500 °C. Ilpu Temieparypax o
250-400 °C y O6pouser BpAXKH10-4-4 HamMmeHbIIasd IIOA3Y-
YEeCTb 10 CPABHEHHIO C APYTUMH aAIOMHUHUEBBIMU OpPOH3aMH.

BOABIITHMHCTBO AAIOMHHHUEBBIX OPOH3 OTHOCSTCS K TE€PMHU-
YEeCKW HeYIIPOUYHAEMBIM cIlaaBaM. LVcKAlOueHHe cocTaBAsSIET
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6pon3a BpAXKH10-4-4, koTopasa 3(peKTUBHO YIIPOYHAETCH 3a-
raakoii ¢ 980 °C c nmocaemyronmm crapeHueM rapu 400 °C, 2 4.

BepuaaueBbie OpoH3bI. CliaaBbl MeOU C OEPUAAHEM OT-
AVYAIOTCH YHHUKAABHBIM OAQrOIPUSTHBIM COYETaHHEM B HHX
BBICOKMX IIPOYHOCTHBIX U YIPYTHUX CBOMCTB, BBICOKOH
SAEKTPO- U TEIAOIIPOBOIHOCTHIO, BEBICOKHM COIIPOTHUBAEHHEM K
Pa3pyLIeHUI0 U KOPPO3UOHHOM CTOMKOCTBhIO. B 3akaseHHOM
cocTogHUM OepraaveBble OPOH3bI OTAHMYAIOTCSH BBICOKOH IIAa-
CTUYHOCTBIO U TEXHOAOTHYHOCTBIO, [OCTATOYHOM [AS XOAO[-
HOM 00paboTKU JaBACHUEM.

OnTHuMaAbHBIMH CBOMCTBaMH 00AQAIOT CIIAABBI, COZEp-
xkamtue 2-2,5% Be (puc. 2.6). [Ipu gasbHeilieM yBeAH4YeHUHU
coepkaHUus OepUAAUS IIPOYHOCTDH CIIAABOB ITOBBIIIIAETCS Ma-
AO, & IAACTHYHOCTb CTAHOBHUTCS YPEe3MEPHO CAaOOMH.

BepuaaneBble OpOH3bI MOIIOAHHUTEABHO AETHPYIOT HHUKE-
A€M U TUTAHOM. HHKeAp IIOBBIIIAET 3KAPOIIPOYHOCTH, TUTAH
obecrieurBaeT JOIIOAHUTEABHOE YIIPOYHEHUE.

cr,,bfl'la
A

1000
800
600
400
200

| 1 -
”

0 1,0 2,0 3,0 Be,%

Puc. 2.6. BnusiHue 6epunnua Ha cBoncTBa cnnaBoB Cu—-Be
Ha MexaHU4yeckue CBOMCTBa 6poH3

Hawuboarbiiee pacnpocTpaHeHHe HOAyYHAN OpoH3bl BpB2,
BpBHT1,7 u BpBHT1,9 (raba. 2.7). Ilocae ympodHSIOLIEH
TEPMHUYECKOH 00paboTKM OHU XapaKTEePHU3YIOTCS BBICOKUMH
IIPOYHOCTHBIMHU U IIPYKHUHSIIIIUMH CBOMCTBaMH, a TakK¥XKe yI0-
BACTBOPUTEABHBIM COIIPOTHBACHHEM IIOA3YYECTH H XOPOILEeH
KOPPO3UOHHOM CTOMKOCTBI0O. OHU 00AaoaroT OTAMYHOM H3HO-
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COCTOHMKOCTBIO, COXPAHSIOT BBICOKYIO SAEKTPO- H TEIIAOIIPO-
BOZHOCTB. OTU CIIAABBI HE CKAOHHBI K XAQTHOAOMKOCTH U MO-
ryT paboraTh B uHTEpBaae Temrepatyp oT —200 mo +250 °C.
YKazaHHbIE CBOHICTBa 00YCAOBHAU IIPUMEHEHHE OEepPHUAAU-
€BbIX OpPOH3 B OTBETCTBEHHBIX Ha3HAYEHUSX, IAe Tpebdyercd
coyeTaHHe pana YHHUKaABHBIX CBOHCTB. lllmpokoMmy mpumeHe-
HUIO OEpPHUAAMEBBIX OPOH3 IIPENATCTBYET BBICOKAsI CTOUMOCTD U
Oe(PUITUTHOCTh OEPUAAHS, a TAKIKE €TI0 TOKCUYHOCTb.
Tabawnra 2.7
MexaHHYeCKHE CBOHCTBA OepHAAHEBBIX OpOH3

3 3akanka u cTapeHve
akasnka
Mapka 6poHsbl Mo ONTUMAanbHOMY PEXUMY

oe, MMa 6, % 0, MMMa, oo2, MMa 6, %
BpbHT1,9 400-500 | 38-45 1150-1250 700 4-6
Bpb2 400-500 | 38-40 1150-1250 600 4-6
bpb2,5 400-500 - - 650 -
BpBHT1,7 300-400 | 45-50 1000-1100 400 5-7

KpemMHHCTBIE OpOH3BI. KpeMHIM pacTBOPSIETCS B MEIH
B JOBOABHO OOABIIINX KOAMYECTBaX, HO B KPEMHUCTbIE OPOH3bI
BBoOAT He G6oaee 3% Si. [Ipu yBeanyeHHU comepzKaHUda KpeM-
HUsg 10 3,5% IOBBIMIAETCS HE TOABKO BPEMEHHOE COITPOTHUBAE-
HHeE pas3pbIBy MEAM, HO U OTHOCHUTEABHOE YIAUHEHHUE.

[Tpu BBemeHUHU B CIIAABBEI MeIU, comepzkamieit 1o 3% Siu
MeHee 1,5% Mn, npoucxoauT yIpouHEHUe.

KpeMHUCTBIE OPOH3BI OTAMYAIOTCH BBICOKHMHU ITPYKUHSI-
IIMMH U aHTUQPUKIIMOHHBIMHU CBOMCTBaMH, XOpPOIIeH KOoppo-
3MOHHOU CTOMKOCTBIO. OHM OTAMYHO 0oOpabaTbIBalOTCH IaBAe-
HHEM KakK B ropddeM, TaK U B XOAOJHOM COCTOSSHHUH. OTH
CIIAQBBbI XOPOIIIO CBAPUBAIOTCH C OPOH30# U CTaABbIO, AETKO I1a-
SIOTCS MSATKHMMH U TBePABbIMU IIpUIiogMu. KpemHUCTbIE OGPOH-
3bl HE OAIOT HUCKP IpH yaape; obAamaroT MOBOABHO BBICOKOM
KUOKOTEKY4eCThI0. HemocTaTKoM 3THUX CIIAABOB SBASETCS
OoAbIIIasi CKAOHHOCTD K IIOTAOIIIEHHIO T'a30B.

B npowmebimmaeHHOM MacHorrabe IIPUMEHSIOT OpPOH3BI
BpKM113—-1 u BpKH1-3). Bpon3a BpKMi13-1 orandaercd BbI-
COKHMMH TEXHOAOTHYECKHMH, MEXQHUYECKUMHU, IPYKUHAIINMHA
¥ KOPPO3WOHHBIMH CBOHCTBaAMH. DTy OpPOH3y HPHUMEHSIOT KaK
nedopmupyemyro. Bporza BpKH1-3 TepMudecKu yIrpodHsSeT-
cg; mocae 3akaaku npu 850 °C BpeMeHHOE COIIPOTHUBAEHUE
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paspeIBy cocrtaBasgeT okoao 350 MIla mpu oTHOCHUTEABHOM
yoanHeHun 30%, a nmocae crapenud ipu 450 °C B TedeHue 1 g
— 700 MIla npy OTHOCUTEABHOM YIOAWHEHUU 8%.

MapraHueBble GPOH3bI. MapraHel| PaCKUCASIET CIIAABBI
BO BpeMd IIAABKH, CHHXKAET TeMIIEpaTypbl AUKBUIYC U COAH-
Ooyc, 4To obaerdaeT IIpollecChl AeddOPMUPOBAHUS, YAyYIIaeT
AVUTEeHHbIE XapaKTEPUCTHKH, O0ecliednBaeT YAydYIlIeHHE CBa-
pHUBaeMOCTH.

Maprasel] CyLIECTBEHHO IIOBBIIIAET IIPOYHOCTb MEIOU
IIPU COXPaHEHHH BBICOKOH ITAAQCTHUYHOCTH, a TaK¥Ke €€ KOPpo-
3MOHHYIO CTOMKOCTB, YAY4YIIaeT KApPOIIPOYHBIE CBOMCTBA.
MapraHriieBble OPOH3BI XOPOIIO 00pabaThIBAIOTCH AaBACHHEM
KaK B TopsdyeM, TakK M B XOAOMHOM cocTossHUU. HawubGoarliee
IIPOMBIIIIAEHHOE PaCIpPOCTpPaHeHHe MoAydraa OpoH3a BpMiiS,
KOoTOopad OTAWYAaETCH IIOBBIIIEHHOM KOPPO3HUOHHOM CTOMKO-
CTBIO U XKapPOIIPOYHOCTHIO.

Ha ocnoBe cucrembr Cu-Mn pa3paboTaHbl CIIAABBI C
OOABIIIMM BHYTPEHHHM TPEHHEM, KOTOphble Ha3bIBAIOT CN1A8a-
MU 8blcoKk020 Oemngpuposarusi. OHU 00AaTaIOT OOABIIION CIIO-
COOHOCTBIO TaCHUTh KoAeOaHHd, BO3ZHHUKAIOIIHME B AETAAIX Ma-
IIKMH U KOHCTPYKLMHM HOpH HUX SKCIAyaTaluu. [IpruMeHeHHe
9THUX CIIAABOB IIPUBOAUT K CHUXKEHHIO BHOpaluil merasei,
YMEHBIIEHUIO 1TyMa, CHHUKAEeT ONAaCHOCThL pa3pylleHUd u3ze-
AVH H3-3a PE30HAHCHBIX IBACHUM.

CBHHUIOBBIE OpoH3bI. O0AQIAIOT HAWAYYIIUMU AHTH-
PUKIIMOHHBIMU CBOMCTBaMHU II0 CpPaBHEHHIO C [OPYTUMHU
CllAaBaMH Ha OCHOBE MeAM U II03TOMy Hauboaee LIIHPOKO
OPUMEHIIOTCS OASI U3TOTOBAEHUSI ITOAIIUITHUKOB CKOABXKEHUSI.
K noaimmiHuKoOBBIM MaTepuasaM IPeLbsIBASIIOTCS CAEYIOIIE
TpeboBaHUs:

e XOpoILIas HadyaabHAsd IpupabaTbIBAEMOCTh;

e HeOOABIIION KO3(PPUIIMEHT TPEHHUS;

® CIIOCOOHOCTBL paboTaTh M[PH [OOCTATOYHO BBICOKHX
Harpy3Kax, CKOPOCTSX BpAallleHHsS U TeMIeparypax 0e3 BbI-
JaBAUBaHUS, pa3MsATrdeHUs U BbIKPAIIIMBAHUS;

® CITIOCOOHOCTH O0O0OpPAa30BBIBATH CaMOCMAa3bIBAIOIINE HAH
AETKO IIPUTHUPAIOIIMECS KOAAOUIHBIE ITPOAYKTHI UCTUPAHUS;

® BLICOKAs TEIIAOIIPOBOMHOCTD, [AOCTATOYHAA [AS UHTEH-
CHUBHOI'O OTBOJIa TE€IIAA OT 30HbI TPEHMUS;
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e BEICOKAd yAapHas BA3KOCTb B cAydae paboTel IIpH
yAAapHBIX Harpy3kax.

UpneasbHag CTPyKTypa aHTUQMPUKIIMOHHOIO CIlAaBa —
IIAACTHYHAas OCHOBa, B KOTOPYIO BKpAIIA€HBI TBEpAbIE 3€pHA.
TBepaple KpPHCTAAABI OOYCAOBAMBAIOT MaAbIH KO3(P(PHUIIHMEHT
TpeHUs, HeOOABIION M3HOC U BOCIIPUHUMAIOT Harpys3Ky, a Imaa-
CTUYHas OCHOBa obecrieduBaeT XOPOIyio IIpHpadaThiBae-
MOCTb U cMATrdYeHMre yaapoB. Hauboaee OAaTOIIpUsSTHBI YCAOBUSA
paboThl MOAUTUITHUKOB CKOABXKEHHUS ITPU MEAKO3EPHUCTOH 0/1-
HOPOLHOM CTPYKTYpE.

[To cpaBHEHUIO C OAOBAHHBIMHU ITOANTUITHUKOBBIMU OPOH-
3aMU TEIIAOIIPOBOAHOCTHL CBHUHIIOBBIX OpPOH3 B 4YeThbIpe pasa
OoabIlle, Oaaromapsa YeEMY OHH XOPOIIIO OTBOAAT TEIAO, BO3HHU-
Karolllee IpHU TpeHUU. [IpOoYHOCTE U TBEPAOCTH CBHHIIOBBIX
OpPOH3 HEBBICOKA, ITO3TOMY HX HAIIAABASIOT Ha CTaABHBIE TPY-
OBbI MAU ACHTHI.

MenHo-HHKeAeBbIe cnAaBbI. CIIAaBBI MeIU C HUKEAEM
UMeIOT OOABIIIOe 3HaUYeHUEe B TEXHUKE, TaK KaK OHU OTANYAIOT-
Cd XOPOLIMMH MEXaHUYECKUMH CBOWCTBaMHU, BBICOKOHU KOPPO-
3MOHHOMN CTOMKOCTBIO MU YHUKAABHBIMHU SACKTPUYECKUMHU U
TEPMOSAEKTPUYECKUMH CBOMCTBaMHM, XOPOIIO 00pabaTbIiBaroT-
Cd OJaBACHHEM B 'OpdA4YEM MU XOAOOJHOM COCTOAHHUH.

Mens oOpasdyeT ¢ HUKeAeM HeIlpepbIBHbIE TBEPAbIE pac-
TBOpPBI (puc. 2.7). HuKeab CyIIeCTBEHHO VIIPOYHSIET MeIb,
IIpUYeM MaKCHUMaAbHOM ITPOYHOCTBHIO 00AQIaI0OT CIIAABBI OKBH-
aToMHOIo cocTaBa. CriaaBhl 3TOTO ke cocTaBa uMerT B 30 pas
OoAblllee BDAEKTPUYECKOE COIIPOTUBAEHHE, B [IECATKH pa3s
MEHBIIIYIO TEIIAOIIPOBOAHOCTD U IMIPAKTUYECKHU HYAEBOM TEMIIE-
pPaTypHBIN KO3(P(PUIIMEHT 3A€KTPOCOIIPOTUBACHHS.

MenHo-HUKEAEBBIE CIIAABBI PA3NEAdIOT Ha ABE TPYIIIIBI:
KOPPO3HUOHHOCTOHWKHE U 3AeKTpoTexHuYecKue. K xoppo3uor-
HOCMOUKUM cniagam OTHOCHATCS MEABXHOP, HeH3uAbOep, Ky-
HUAAB.

Menoxuopamu Ha3LIBAIOT ABOMHBIE U 0OA€E CAOIKHBIE
CIIAaBBI Ha OCHOBE MEIH, OCHOBHBIM AETHPYIOIIUM SA€MEH-
TOM KOTOPBIX IBASIETCS HUKEAb. MeAbBXHOPEI Xopoiro obpaba-
TBIBAIOTCA OAaBACHHEM B IopddY€M M B XOAOOHOM COCTOAHHH.
I[OHOAHI/ITCABHOC AECTHUPOBAHHE 2KEAEC30M M MapraHLEM CIIAA-
BOB MeIH C HHUKEAEM 00ecIiedHuBaeT BBICOKYIO KOPPO3HOHHYIO
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CTOMKOCTh B IIPECHOM U MOPCKOM Boxme u mape. Hawmboaee

pacmipoctpaHeHbl  Meabxumopbl MHXMn3-1-1 uw  MHI19
(cMm. Taba. 2.5).
P, MKOM-cM HB o T e
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Puc. 2.7. CBoncTBa cnnaBoB cucteMmbl Cu—-Ni: 1 — TBepaocThb;
2 — aneKTpoconpoTMBrieHne; 3 — TeMmnepaTypHbin KoadpuumeHT
3NEeKTPOCONPOTUBIEHNA; 4 — TepMoaneKkTpoaBukywas cuna (T.9.4.C)

Helizunvbepot mnpuHagaseXaT K TPOMHOM cHCTeME
Cu-Ni-Zn u cogepxkar 5-35% Ni u 13-45% Zn. Ilo cpaBHe-
HUIO C MEABXHOPaMH OHH XapaKTepHU3YIOTCs 0oaee BBICOKOH
IIPOYHOCTBIO H3-3a MOOIIOAHHTEABHOTO AETHUPOBAHUSA IIMHKOM.
Aerko moaaroTcs ropgdei U XOAOTHOH 00paboTKe JaBAECHUEM.
Heii3uapbepbl OTAMYAIOTCS KPACHUBBIM CEPEOPUCTHIM I[BETOM,
HE OKHCALIOTCH Ha BO3AYXE U YCTOMYUBEI B PACTBOPAaX COAEH U
OpPraHUYECKHX KHUCAOT. HeKoTopble cIiaaBBI 3TOrO THIIA OAS
VAyYIIIeHHsST 00pabaThIBaeMOCTH pe3aHHeM AETHPYIOT CBHH-
oM. I3 Heli3uaprbepoB HauboAaee IIIHPOKO MIPUMEHSIOT
MHI[15-20. U3 cBunIioBoro Heiizuarbepa MHIIC16-29-1,8
H3TrOTaBAUBAIOT AWML E€TaAN YaCOBBIX MEXaHHU3MOB.

KyHuansimu Ha3bIBAaIOT CIIAABbl TPOHWHOM CHCTEMBI
Cu—Ni-Al. Hukeab U aAIOMUHUH TIPH BBICOKHX TeMIlepaTypax
PacTBOPSIOTCS B MeOu B OOABIINX KOAMYECTBAaX, HO C IIOHU-
JKEeHHUEM TeMIIepaTypbl PacTBOPHUMOCTL PE3KO YMEHBIIIAETCS.
[To aToi#t mpuunHe craaBbl cucteMbl Cu-Ni-Al addekTrBHO
YIIPOYHSIOTCA 3aKaAKOM U crapeHueM. CraaBbl IO 3aKaAKy
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HarpeBaroT o 900-1000 °C, 3areM HOABEPrarmT CTAPEHUIO
npu S00-600 °C.

B mpoMbIIIA€HHOCTH IIPUMEHSIOT KyHHasb A (MHA13-3)
u kyHuaab 5 (MHA6-1,5) (cMm. Taba. 2.5). OHH OTAWYAIOTCH
BBICOKMMH MEXaHHUYECKHMH U YIIPYTUMHU CBOHMCTBaMH, KOPpPO-
3MOHHOM CTOMKOCTBIO, VIOBAETBOPHUTEABHO 00pabaThIBAIOTCH
OaBAECHHEM B ropddueM cocTogHuU. KyHHaAlW HE CKAOHHBI K
XAaJHOAOMKOCTH. [Ipu IOHMKEHNH TeMIepaTypbl pacTeT He
TOABKO ITPOYHOCTH, HO M IIAQCTHUYHOCTH 3TUX CIIAaBOB. Takx,
IIPU KOMHAaTHOM TeMIlepaType y KyHHaass B B COCTape€HHOM
COCTOSHHM BPEMEHHOE COIIPOTUBAEHHE pPa3pbIBy COCTABALET
638 MlIla, nonepeuHoe cyxeHue 50%, a mpu TeMmIeparype
—-180 °C 3tu xapakrepuctuku paBHbl 700 Mlla u 67% cooT-
BETCTBEHHO.

CnenmnasbHBIE MEAHBIE CIIAaBbI. bhaaromapss BbBICOKOH
3AEKTPOIIPOBOAHOCTH MeAb — HE3aMEHUMBIH MaTepHuaA B dA€K-
TpoTexHuKe. OCHOBHOH €€ HEZOCTAaTOK — OTHOCUTEABHO MaAyIo
IIPOYHOCTH — IIPEOLOAEBAIOT HAKAEIIOM, AETHUPOBAHUEM, TEP-
MHUYECKOH U TepMOMeXaHU4YeCKOoH 06paboTKOMH.

XonromHo# nmecpopmaliieii MOXKHO HPAKTHYECKU YIBOHUTH
IIPOYHOCTHBIE XapPaKTEPHUCTHKU MEIU; dAEKTPOCOIIPOTHBACHHE
OpH 3TOM Bo3pacTaeT Bcero Ha 3%. OgHaKO HaKAEIl MOXKHO
HCIIOAB30BaTh [IAS YIIPOYHEHUS MEOU AUIIL B YCAOBHSIX pado-
THI IIPU HEBBICOKUX TeMIlepaTypax, TaK KaK BBIIIE ITPUMEPHO
200 °C HaynHaeTCcd PEKPHCTAAAN3AIIHS.

[lag mpuMeHeHHsT B pacCMaTpUBaeMbIX 00AaCTIX Meab
MO3KHO AETHPOBATh AMIIb 3A€MEHTAMU, KOTOpble 3HAUUTEABHO
MOBBIIIAIOT ITPOYHOCTH 0€3 CYIIIECTBEHHOIO CHUIKEHUS ODAEK-
TPOIIPOBOAHOCTHU. 3 comocTaBaeHUSI JaHHBIX O BAUSHUM AETH-
PYIOLINX A€EMEHTOB Ha IIPOYHOCTHBIE XapaKTEPUCTHUKH U SAEK-
TPOIIPOBOAHOCTb MEIU CAEAYET, YTO I1eAeCO0OPa3HO AETHPOBATH
IIPOBOHUKOBBIE CIIAABBI CepedbpoM, KaaMHUEM, XPOMOM, IIHP-
KOHHEM M MarHueM. Tak, npu BBeaeHUU B medb 1% Zr uau Cr
TBEPAOCTh IIOBBIINIAETCS B 2,5 pasa, a 3A€KTPOIPOBOJHOCTH
yMmeHbIIaerca Bcero Ha 20-30%. Hawmaydiniee codetaHme
IIPOYHOCTH M SAEKTPOIIPOBOAHOCTU OCTHUTAETCS IIPU AETHPO-
BaHHUHU MeOAW HE OOHHUM, a ABYMS HAM TpPeMsd SAE€MEHTaMH,
IIPUYEM COAepPzKaHHE 3THX IAEMEHTOB MOXKHO momobparth Ta-
KUM 00pasoM, YTO CHUIKEHHE 3AEKTPOITPOBOTHOCTH IIPU COB-
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MECTHOM AETHPOBaHUH OyAeT MEHBbIIe, YeM IIPU BBEAEHUHU OfI-
HOT'O KOMIIOHEHTa B TOM K€ KOAMYECTBE, YTO U B MHOT'OKOM-
IIOHEHTHOM CIIA@BeE.

[aqa psma IDPHUMEHEHHM, B YaCTHOCTH, [AS 3AEKTPOJIOB
KOHTaKTHOM CBapKH, TPeOyIOTCs MaTepHaAbl, KOTOPble HapSIy
C BBICOKOHM TENAO- U 3AEKTPOIIPOBOAHOCTBIO XapaKTEPHU3YIOTCH
JOCTATOYHOM >KapOoITPOYHOCTHI0. OOBIYHBIE CIIOCOOBI ITOBBIIIE-
HUS 3JKApOIIPOYHOCTH B [AaHHOM CAy4Yae HE IIPHUMEHUMEI.
YcaoKHEHHE COCTaBa CIIAABOB, [TIOAOKEHHOE B OCHOBY OOBIYHBIX
IIPUHITUIIOB A€THPOBAaHHS JKaPOIIPOYHBIX CIIAABOB, HEM30€XKHO
IIPUBOAUT K PE3KOMY ITaAEHUIO TEIIAO- U SAEKTPOIIPOBOIHOCTH.

[TOoBBICUTE KapOIIPOYHOCTH IIPU COXPaHEHHH BBICOKOH
TEIIAO- U DAEKTPOIIPOBOIHOCTH MOIKHO ITPU COOAIONEHUH CAe-
OYIOINX YCAOBUH:

e BhICOKAd TeMIlepaTypa AUHHUHU COAHYC;

e BLICOKAd TeMIlepaTypa Hadasa PeKpPUCTaAAAU3AIINHY;

e Manasi paCTBOPHUMOCTD AETHPYIOIIUX 9AEMEHTOB B TBEP-
IOM MeIu;

® JOCTATOYHOE KOAHYECTBO MaAOPACTBOPHUMBIX B MeOU
JUCIIEPCHBIX BBIAEAEHUN TYTroIlAaBKUX as.

BrIcokue TPOYHOCTHBIE UM KAPOIPOUYHbIE CBOMCTBa obec-
IIeYUBalOT HE CcoAepzKalllie B MEIU HUHTEP-METaAAHbI, TaKHe
kak NiBe, NisTi, NizAl, NixSi, Co.Si, CoBe. IIpupocT mpodHOCT-
HBIX cBOMCTB cmaaBoB cucteM Cu—Ni-Si, Cu—-Co-Si, Cu—Co—Be,
Cu-Ni-Be B pesyabrare crapeHud cocrabaseT 250-300% mo
CPaBHEHUIO C 3aKAA€HHBIM COCTOSHUEM.

CocraB B CBOMCTBA HEKOTOPBIX ITPOMBIIIAEHHBIX OPOH3
BBICOKOM 3AEKTPOIIPOBOIHOCTH IIpUBeZEeHBI B Taba. 2.8. Kak
BH/IHO M3 3THX MOAHHBIX, B OpPOH3bI 3TOH TIPyNIbl BBOAST
00bI9HO He 6oaee 1-3% (110 Macce) AETHUPYIOIIUX SAEMEHTOB.

BpoH3bI BBICOKOH 3A€KTPONPOBOAHOCTH II0 THILYy YIPOY-
HeHUs pa30uBalOT Ha ABE I'PYIIIIbI:

1) yopodHseMble XOAONHOM necopMmaliveit (TepMHUYECKH
HEYIIPOYHSIeMbI€e CIIAABBI);

2) TePMHYECKHU YIIPOYHAEMbIE CIIAABBI.

K mepBo#i rpynne npuHagaeskaT craaBbl cucreM Cu-Ag,
Cu-Cd u Cu-Mg. Bpounsa BpCp, conepxaraa 0,07-0,12% Ag,
omHOo(a3Ha, TaK Kak cepebpo pacTBopseTcss B Meau B OOAb-
ITUX KOAHMYECTBaX. BBICOKOH MHPOYHOCTBIO U SAEKTPOIPOBO/I-
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HOCTBIO OTAMYaeTCs KaaMueBas OpoH3a, cozepzKalias
0,9-1,20% Cd. PacTBOopHMOCTbL KaaMHd B MEIU COCTABASAET
3% mpu 549 °C u ymensmiaerca no 0,5% mpu KoMHaTHOHM
TeMIIepaType.

KagmueBass OpoH3a xXapaKTepH3yeTCsl CIIOCOOHOCTBIO K
HCKPOTAIIIEHUIO U I[IO3TOMY ITPHUMEHSETCS OAS H3TOTOBACHUS
KOHTaKTHBIX ITPOBOIOB 3AEKTPU(PHUIIMPOBAHHOIO TPAHCIIOPTA,
KOAAEKTOPHBIX IITUH, 3A€KTPOMIOB CBApPOYHBLIX MAIIUH, pas-
PBIBHBIX KOHTAKTOB U T.II.

Tabauma 2.8
XuMH4YeCKHH COCTaB H CBOoicTBa OpoOH3
BBICOKOH 3A€KTPONPOBOAHOCTH H IIPOYHOCTH

XuMu4yeckumn coctas OnekTpoconpoTuBIeHne,
Mapka (ocHoBa — Cu), % (no macce) | Mfa | 5, % P MKOE/I'CM
Menob - 220 45 1,72
BpCp 0,1 Ag 440 14 1,85
BpKg 1,0Cd 420 17 2,28
BpMr0,3 0,3 Mg 530 3 2,0
BpMr0,5 0,5 Mg 540 - 3,0
BpMr0,8 0,8 Mg 650 - 3,7
BpX 0,7 Cr 450 19 2,03
BpLip0,4 0,4 Zr 480 17 2,08
BpXLp 0,7 Cr; 0,05 Zr 500 24 2,04
BpHBT 1,5Ni;0,3Be; 0,1 Ti 820 5 3,97
2,5 (Co+Ni);
BpHXK 0.7 C(:r; 0.7 )Si 800 17 3,72

PacrBopuMOCTE MarHud B MeOW yMeHbIIaeTrcsa oT 2,8%
IIPU 3BTEKTHYeCKOH TeMmmeparype (722 °C) mo 1,2% mnpwu
400 °C. Breimeadromasicss IpHU pacrnaze TBEPAOro pacTBopa ¢a-
3a CuoMg cuabHO yxXyaiiaetr neopMUPYEMOCTb CIIAABOB IIPU
XOAODHOM 00paboOTKe U HCKAIOYAET BO3MOXKHOCTBH 3(PPEKTHB-
HOro Hakaera. [loaToMy MarHueBble OpPOH3BI CoAepsKaT [0
1,0% Mg (cm. Taba. 2.8). MaraueByro O0ponsy BEpMr0,3 peko-
MEHIYIOT KaK 3aMEHUTEAb KaIMHUEBOH OpPOH3BI B IIPOU3BO/I-
CTBE KOHTAKTHBIX KOAEIl U KOAAEKTOPHBIX IAACTUH. BpoH3bI
BpMr0,5 u BpMr0,8 npuMeHSIOT A U3TOTOBAEHUS KabeAei u
TPOAAENHBIX IIPOBOIOB.

OcraapHble (cM. Taba. 2.8) OGPOH3BI OTHOCAT K TepMHYe-
CKHU YIPOYHSEMBIM. XPOMOBBIE OPOH3EI, coaepsKalpe 0ObIYHO
ot 0,4 no 1,0% Cr, ob6aamaroT BBICOKOH 3AEKTPOIIPOBOIHOCTHIO
IIOCA€ 3aKaAKH U cTapeHUusl. XpoM MaAOpacTBOPUM B MEIU:
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0,65% Cr npu 1072 °C u 0,02% Cr npu 400 °C, nmosToMy I0-
CA€ CTapeHHs CTPYKTypa XPOMOBBIX OpPOH3 IIpeacTaBA€HAa II0-
YTU YHUCTOH MeAbI0 U HEOOABIIUM KOAMYECTBOM BbIAEACHUN
xpoMa. ITpu Takol CTPYKType COXpaHSeTCs BBICOKas 3AEKTPO-
IIPOBOMHOCTD, COCTaBASIONIAs OKOAO 80% OT 3AEKTPOIIPOBOIHO-
CcTH Menu. XpoMOBBIe OPOH3bI MMEIOT BBICOKOE COIIPOTHBAEHUE
IIOA3YyYECTH, XOPOIIO COIIPOTHUBASIOTCS H3HOCY. OHH IIIHPOKO
IIPUMEHSIOTCS [IASI M3TOTOBAEHHS 3AE€KTPOLOB alapaToB KOH-
TaKTHOM CBapKH U KOAAEKTOPOB 3A€KTPOMOTOPOB.

Xopomumu CBOMCTBAMH 00AQAIOT CIIAABBI, AETHPOBAaH-
Hele 0,10-0,8% nupkonud. Eie 60aee BBICOKMM COYETaHHUEM
CBOMCTB OTAWYAIOTCS OPOH3BI, OMHOBPEMEHHO AETHUPOBAHHBIE
U XpoMOM, U IIUPKOHHEM. BBeneHHe COTBIX AOAEH IIpPOIlEeHTa
OUPKOHUL B crnaaBbl Meau ¢ 0,4-1,0% xpoma mpUBOOUT K CY-
IIIECTBEHHOMY IIOBBIIIEHHIO ITPOYHOCTH M 3IKapPOIIPOYHOCTH.
Baaromaps BBICOKOHM TEINAO- U SAEKTPOIIPOBOLHOCTU B codeTa-
HUH C BBICOKOH 3KapOIIPOYHOCTHIO XPOMOIIMPKOHMEBasd OpoH3a
BpXLp — Hauboaee pacHpoCTpaHEHHBIH MaTepuaa AT JAEK-
TPOAOB KOHTAKTHOU CBapKU.

K crmaaBaMm ¢ HHTEpMETaAAUIHBIM YIIPOYHEHHNEM OTHOCSTCH
6pon3el BpHBET, BpKB, BpKXKo u BpHKX. Y 3tux 6poH3 camble
BBICOKHE IIPOYHOCTHBIE XapaKTEepPHUCTHKHW, HO BMECTE C TeM B
1,5-2 pa3za Goablliee yIEeAbBHOE SAEKTPOCOIIPOTHUBACHHE II0 CpaB-
HEHHIO C Me[bI0, cepeOpsIHOM, KaIMHUEBOH U XPOMIIMPKOHHUEBOM
O6ponzamu. K oTOM 3Ke rpymme OpUHamAekaT craaBbel M2 u
Mn3. Bricokas KapOoIIpodHOCTH criaaBa Mrii2 oOycaoBaeHa HH-
TepMeTasaraoM NixSi, a cmaaBa M3 — NiBe.

Bce nucriepcnoHHO-TBepAEIOIie OPOH3bI BHICOKOHM 9A€K-
TPOIIPOBOAHOCTH IIPUMEHSIOT B TEPMUYECKH YIIPOYHEHHOM
cocrostHUU. Ux 3akaamBaioT ¢ Temmrepatyp 930-1000 °C (BbI-
[oep:KKa 2 4 B BOE), a 3aTEM IIOABEpraiT CTapeHHIo IIpHU
440-500 °C B TeuyeHHe 2-6 4. B HEKOTOPBIX CAy4YadxX MEXKIY
3aKaAKOM M CTapeHHEM BBOAAT XOAOHYIO fedOopMallHio.

O6nacTu npuMeHeHUsa Meau u ee cnNnNaBoB

ObnacTu IpUMEHEHUd Meau O4YeHb pa3HooOpas3Hbl. Yu-
CTYIO MEb U MAaAOAETUPOBAHHBIE CIIAABBI C BBICOKOH 3AEKTPO-
IIPOBOAHOCTBIO IIIMPOKO HCIIOAB3YIOT B 9AEKTPOTEXHHKE.
Boabmioe KOAMYeCTBO MEeIH PacXoAyeTCsd Ha IIPOBOZa BBICOKO-
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BOABTHBIX AHMHHH 3A€KTpOIEepenad M BO3AYIIHBIX AMHHUHU CBd-
3u. M3 MenmHBIX CIIAABOB OEAQIOT KOAAEKTOPHBIE IIHHBI IAS
3A€KTPOMAIIINH, TOKOIIOABOASIINE IINHBI KU ApPyrHe HU3AeAUs
BBICOKOH 3A€KTPOIIPOBOSHOCTH.

Bricokasg TEmAOIIPOBOAHOCTH MeOU 00yCAOBHAA €€ IIPH-
MeHEeHHe B Pa3AMYHOTO poaa TENAOOOMEHHHKAaX, KOHCTPYKIIH-
gx Iledel [Oas OyroBOM IMAAGBKHU TaKHX aKTHUBHBIX METAAAOB,
KakK THUTaH, LIUPKOHUM, TyronaaBKHE MeTaaabl. 113 menu neaa-
IOT BOJOOXAAXKOA€MBbIE H3A0XKHHIIBI, HOANOHBI, KPHCTaAAH3a-
TOPBI, KOTOPbIE O0ECIIEYNBAIOT UHTEHCUBHBIH OTBOJ TEIAA OT
pacriaasa.

BBICOKOTEXHOAOTUYHBIE AATYHU IIPUMEHSIOT A IIOAyYe-
HUS U3IeANH, TPeOyIomMX TIAyOOKOH BBITSIKKH: THAB3bI, IIa-
TPOHBI, CTAKaHbl CHaApsSA0B. M3 3THX AaTyHEN H3roTaBAHUBAIOT
paguaTopHble U KOHAEHCATOPHBIE TPYOKH, CUAB(OHEI, THOKHE
LIIAQHTH, TPYOBI, ACHTEI.

MHorHe AaTyHH, UMEIOIIHE KpacUBBIH 30A0THCTBIN
OAECK, XOPOILI0O BOCIPHUHUMAIOIINE SMaAUPOBKY U 30AOYEHUE,
HCIIOAB3YIOT OAS H3TOTOBAEHUS 3HAKOB OTAMYHNL, PYPHUTYPHI
U XyOOXKECTBEHHBIX U30CANH.

MHOrOKOMITIOHEHTHBIE, UAW CIEIlHaAbHBIE AQTYHU, o0Aa-
JAoIUe JOCTATOYHO BBICOKOM ITPOYHOCTBIO U KOPPO3HMOHHOM
CTOMKOCTBIO, IIPUMEHSIIOT B CYIOCTPOEHUU, IAEKTPOMAIIINHO-
CTPOEHHH, TENAOTEXHUKe. M3 aaTyHel, AerMpOBaHHBIX CBHH-
IIOM, H3TOTaBAWBAIOT [ETaAH, padoTaroliye B YCAOBHUAX Tpe-
HUd. VX UCTIOAB3YIOT B 4aCOBOM IIPOHM3BOACTBE aBTOTPAKTOP-
HOM IPOMBIIIIAEHHOCTH, TUIIOTPA(ICKOM JIEAE.

O6 obaacTax MpPUMEHEHHUS OAOBSHHBIX OPOH3 CBHIETEAB-
CTBYIOT CaMH Ha3BaHUd: mylledyHas Opou3a (Cu + 10% Sn +
+ 2% Zn), KoroKOABHas OpoH3a (22% Sn). BpoH3bI 3TOTO THIIA
[0 CHUX IIOp IPHMEHHIOT B MalllMHOCTpoeHUHU. C ApEBHUX Bpe-
MEH M [0 HaCTOSIIETO BPEMEHU M3 OAOBSHHBIX OpPOH3 OTAUBA-
IOT XyOOXKECTBEHHbIE H3OeAud (craTyd, Oapeabedbl, KpPOH-
HITEHHBI, AFOCTPBI U T.I1.).

OnoBgHHBIE OPOH3BI C (PochopoM H3-3a BBICOKHUX AHTHU-
(PPUKIIMOHHBIX CBOHUCTB B XOPOIIeHd KOPPO3ZUOHHOMU CTOUKOCTH
OPUMEHIIOT TaKXKe B MAaIIMHOCTPOEHHU A UH3TOTOBAEHUS
HOAIIITHUKOB TSIXKEABIX KPaHOB U Pa3BOOHBIX MOCTOB, IIPO-
KAQIOK IIOAIIHUITHUKOB U BTYAOK, I'a€K XOAOBBIX BHHTOB, IIIE-
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CTEPEH, YePBAYHBIX KOAEC U APYTHX AeTasel, paboTarommx Ha
TpeHue. Hekoropble OpOH3BI, B YaCTHOCTHU, AETHPOBaHHBIE
doccopoM, ¢ BBICOKHUMHU YIIPYTHMMH CBOHCTBaMU NPHUMEHSIOT
[ASI U3TOTOBACHUSA KPYTABIX U [TIAOCKHX ITPY2KHH.

HawubGoabnriee pacrpocTpaHeHHEe ITIOAYIHAN aAIOMUHHEBBIE
OPOH3BI, KOTOPBIE HCIIOAB3YIOT, IIPEKIE BCEro, Kak 3aMeHUTe-
AU OAOBSHHBIX. OHH pacIpoCTpaHEHbl B MOPCKOM CYyIOCTpPOE-
HUH, OOlIeM MAaIIIMHOCTPOEHUH, aBTO- U aBHacTpoeHuu. K3
BBICOKOITPOYHBIX aAIOMHHHEBBIX OPOH3 M3roTaBAHMBAIOT OTBET-
CTBEHHBIE [NETAAM: ILLIECTEPHH, BTYAKH, Celaa KAAIIaHOB, FaliKu
Ha>KVMHBIX BUHTOB, IIOAIIHUIIHUKY, IIPY?KUHbBI U IIPY>KUHAIIME
[eTaAH, JeTaAl SAEKTPOOOOPYIOBaHHU.

BepuaareByro OpoH3y HCIIOAB3YIOT A Hauboaee OTBET-
CTBEHHBIX Ha3HAYEHUH: IIAOCKHE IIPYKHUHBI, MeMOpaHbl, feTa-
AVl TOYHOT'O ITPUOOPOCTPOEHUS, IPYKHUHSIIHE SAEMEHTHI IAEK-
TPOHHBIX IPHUOOPOB U YCTPOUCTB, SAEKTPOAbI CBAPOYHBIX Ma-
muH. Ha MeHee oTBeTCTBEHHBIE IIPYKUHBI UAYyT KPEMHUCTBIE
O6pon3bl. [TockoABKY OGeprasmeBble OPOH3BI HE MAIOT UCKP IIPU
yaape, U3 HHUX OEAQIOT HHCTPYMEHT OAs paboTbl BO B3PBIBO-
OIIaCHBIX YCAOBHUSX. /3-3a BBICOKOM KOPPO3UOHHOM CTOMKOCTH
B MOPCKO# Boje GepuaAMEeBble OPOH3BI ITPHUMEHSIOT IIPHU MIPO-
KAanKe Kabeael 110 MOPCKOMY [HY.

CBHHHOBBIC 6p0H31:I — OOAHH HU3 AYYIIHUX IIOAITHUITHHUKOBBIX
MaTepuasoB. M3 HHUX H3TOTaBAMBAIOT OIOPHBIE U INATyHHBIE
IIOAIITUITHUKY MOIIHBIX TYpPOWH, aBHAIIMOHHBIX MOTOPOB, -
3eAeH U APYTHX OBICTPOXOIHBIX MAIITHH.

Koppo3uoHHOCTOMKHE MEOHO-HUKEAEBBIE CIIAABBI, B
YaCTHOCTH, MEABXHOPBI, U HEKOTOPEIE CIICIITHAABHBIC 6p0H31:I
IIPUMEHSIOT B YCTAHOBKAX JAS OIIPECHEHHS MOPCKOM BOIBI, B
MOPCKOM CYIOOCTPOEHHHU (KOHAEHCATOPHBIE TPYOBI), IAT H3TO-
TOBAECHHA MEOUIIMHCKHUX HWHCTPYMEHTOB M OeTasell TOYHBIX
IpuOOpPOB. XOPOIIIO M3BECTHHI MEABXHOPOBBIE H3IIEAHS IIIHPO-
KOTO mOTpeOAeHUd (HOXKHM, BUAKH, AOXKKH, ITOJACTAKAHHUKH H
T.I1.).

Menubie crnaaBbl TIPUMEHSIOT TaKKe B XHMHYECKOH,
He(TeXUMUYECKOH, TEKCTUABHON IIPOMBINIAEHHOCTSIX.
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