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MEOHbIE CIJ1ABbI

MeaHsble cnnaesbl 06nagatT 4OCTaTOMHO BbICOKMM YPOBHEM MEXa-HUYECKNX
N TEXHOMNOIrM4YeCKUX CBOUCTB, NBHOCOCTOUKOCTBLIO U KOPPO3U-OHHON
CTOMKOCTbIO.



NATYHU

Mo XUMNYECKOMY COCTaBY J1aTyHU pa3aendrloT Ha NpocCTbie, NermpoBaHHbIE TOJIbKO
LWHKOM, U CJTOXKHblE UJTN JlernpoBaHHblEe, coaepXalmne noMmmmo LUMHKa B Ka4eCTBe

nermpywowmnx arnemMmeHToB CBUHeEL, OJ10BO, HUKES1b, MapraHeLl.
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[MpenenbHas pacTBOPMMOCTb LIMHKA B
meaun coctasnseT 39 %

B obnactu a-
TBEPOOro pacteopa
NPOYHOCTb OB U
N1acTUYHOCTL O
pacTyT. [pwn
NOSIBIIEHUN B
CTpykType [3-
KpucTansos
NfacTUYHOCTb Na-
OAaEeT, a NPOYHOCTb
NpOAOoImKaeT pacTu
npumepHo o 45 %
Zn. Noatomy
TEXHUYECKMNE NaTyHU
coaepart UuMHKa Ao

40-45%.



NATYHW

Bce J1aTyHWU MO TEXHOJTIOTMYECKOMY NPU3HAKY OENAT Ha
ABe rpynnbl.

neopmmnpyemble NUTENHbIE




NATYHU

JTatyHn mapkupytotcs bykBon «J1». B npocTbix natyHaxX nocre OykBbl «J1»
yKa3aHo coep)kaHne OCHOBHOIo KOMMOHEHTa — Mean, a oCcTalibHOE — LMHK.
Hanpumep, natyHb mapku J190: 90 % Cu, octansHoe — Zn.

MapKknpoBka CnoXHbIX
aeopmMmunpyembix un
NUTENHbIX NaTyHewn oT-

B CnoXHbIX naTyHsAX
KaXKOblW

neru nmn
sﬁeMpeyH}iu;6o3Haqu ubeenciL s
. . aeopmMmmnpyemblx faTyHAX
onpeaenéHHou
9 nocne «J1» ykasaHa 6ykBa,
GRECHE i — i, A 060-3HavaroLLas
Fe, My — Mn, O —

ornpeneneHHbIn NerpyroLmnm
Sn, C — Pb. Lindppel 9NfIEMEHT, a NOTOM nayT
NnoKasblBatloT REpse c s LMdPbI, B KOTOPbIX NepBas
codepxaHue nu4oMu1,5 yKasbIBaeT Ha KONNYECTBO
SNeMeHTa B Mean, BTopas — KOnnyecTBo
npoueHTax. nermpyrouwiero anemMeHTa,

. ; : . ocTanbHOe — LUHK.
NUTEVHBIX NaTyHsix nocne «J1» naet bykesa «Li», Hanpumep, JIXKMuy59-1-1 (59

KOoTopas no%a-:ablsaeT Konm4yecTBo Zn, a ganbLie 6ykBbl % meon, 1 % xenesa, 1 %
N undpbl, 0003HavatloWme nern-pytoume aneMeHTbl 1 nx MapraHLa, OCTaNbHOE —
coaepxaHue. Hanpumep, natyHb J1L140Mu1,5 cogepxuT:

NHK).
40 % umHka, 1,5 % mapraHua, octanbHOE — Mepb. LAHK)




BEPOH3bI

B 3aBucumocTu ot nernpyroLlero arnemMeHTa 6pOH3bI OeNtATCA Ha
OJlmoBAHHbLIE, aJTlOMNHUEBDLIE, KPEMHUCTbIE, CBUHLIOBbIE,

bepunnunessble.
NpocCTble CNOXHblE

.

nedgopmmpyemble (TOCT 5017-74) nntenHble (FTOCT 613-79).




BEPOHSbI

BpoH3bl 0603Ha4vatoT OykBamu bp, 3aTemM B Mapke nayTt OyKBbl, KOTOPbIE, Kak U B
naTyHsIX, yKasblBaloT fiermpyowme afieMeHTbl, U undpbl, yKasbiBatoLme

coaepKaHmne nx B rnpoueHTax.

OctaneHoe —
Konn4yecTtso meaun. B
neopmMmmnpyembix
OpoH3ax cHa4ana
nayT OykBbl, a 3aTEM
— uMdopbl B Nopsake,
KOTOPbIW
COOTBETCTBYET
nervpyowmm
anemeHnTam: bpOLI4-
2 (4 % onos.a, 23 %
LMHKa, ocTaribHOE —
mMeab).

BpO3L,12C5

B nutenHbix OpoH3ax cogepkaHue NernpyroLero
anemeHTa B NpoLeHTax yKasblBaeTCsl HENOCPEACTBEHHO
nocrne byksbl: bpO3L12C5 (3 % onosa, 12 % uuHka, 5
% cBUWHLUA, ocTaribHOE — Meab).



BEPOH3bI

5p0H3bI OensiTca Ha OrnoBsiHHbIE N 6E305T0BSIHHbIE.

JInTenHble [lethOpMHDYEMbIG
OINOBSIHHbIE GPOH3bI 2l
(BpO3L112C5, OJTOBSAAHHbIE DPOH3bI

(bpOLU4-3, bpOd6,5-
0,4) xopoLio
cBapuBalOTCA U
nocTynatT B BUAE
NPYTKOB, TPYO, NIEHT "
NPOBOJIOKN B

BpO5LHCS5) nmetor
XopoLine nuTenHole
cBOWCTBa (Manyto
yCazKy, BbICOKYO
XUOKOTEKYyYecCTb), U

NO3TOMY UX

y HarapToBaHHOM
MCMnonb3yT Ans (TBEPAOM) U
N3roToBrIEHNA

OTOXCKEHHOM (MArKOM)

JeTanen cnoXxHom
COCTOSAHUSAX.

doopMbil.

CocTtosiHMe obo3HavaeTcqa bykBamu: M — markas, T —
TBEPAAs. TN OPOH3bI Yalle NPUMEHSIOT AN
N3roTOBIIEHUS MPYXXUH N NPY>XUHALLMX OeTarnen.



BEPOH3bI

Intertek

Inspected

Antol{MHMEBbIE OPOH3bI NPUMEHSIIOT ANS Pa3nNUYHbIX BTYMNOK, naHues,
wectepeH. OHM XOPOLLO CONPOTUBIISILOTCS KOPPO3UK U UMEIOT BbICOKME

MEXaHUYECKNE N TEXHOSOIMYECKMEe CBONCTBA.




BEPOH3bI

KpeMHucTble OpOH3bl XOpoLlo obpabaTbiBaloTCA JaBrNEHNEM, PE3aHNEM U
cBapuBatoTcsa. Obnagas BbICOKMMU MEXAHUYECKMMW CBOMCTBAMM, YNPYTroCTbiO U
KOPPO3NOHHOWM CTOMKOCTbLHO, KPEMHUCTbIE BPOH3bI NPUME-HAKTCS AN U3roTOBNEHUS
NPY>XMH 1 NPY>XUHALLIMX AeTanen npudopos, paboTaroLmMx Npu NoBbILLEHHbIX

Temneparypax, B arpecCuBHbIX cpeaax.



BEPOH3bI

Bepunnuesble 6POH3bI OTHOCATCS K YNCITy OPOH3, YNPOYHAEMbIX TEPMUYECKON
obpaboTkon — 3aKankown n ctapeHnem. Hanpumep, 6epun-nmesyto 6poH3y bpb2
(b — 6epunnuin) HarpeBatoT o4 3akanky go tem-nepatypol 760—780 °C, npu aToun
Temnepartype obpasyeTca OgHOPOAHbIN NEPECHILLEHHbBIN A-PacTBOP, KOTOPbIN

COXpPaHAETCA B pe3yJibTaTe 3aKallkW.



BPOH3bI

MNocne 3akanku 6poH3a MMEET BbICOKYHO MMacTUYHOCTb U
Manyt NpPoYHOCTb

[locne TepmMmunyeckon
0bpaboTkm GPOH3bI

YrnpoyHeHne
NPOUCXOaunT B obnapator
pesyrnbrarte AO0CTaTO4HO
cTapeHnd npu BbICOKMMU
Temneparype 310- 3Ha4YEeHNAMM
320°, korga u3 BPEMEHHOIo
nepecbILEHHOro a- CONPOTMBNEHNA U
pacTBopa npegena TekyyecTu,
BblOENA0TCA 4TO AenaeTt ux
[VCrepCHbIe HEe3aMEHUMbIMUN NP
YacTuubl y-gasbl. N3roToBIIEHNU
MeMOpaH, NpPYy>XuH,
NPY>KUHALLNX
KOHTaKTOB, AeTaneu,
bepunnueBble BPOH3bI XOPOLLIO 0aGOTAOLLMX Ha
CONPOTUBAAIOTCA KOPPO3UKU, CBApUBaOTCA U3HOC.

n obpabarbiBalOTCA pe3aHUEM.



BEPOHS3bI

HaxogaTt npumMeHeHne Takke CBUHLOBbLIE DPOH3bI, KOTOPLIE UC-NOMb3YITCA B
KayecTBe aHTUMPPUKLMOHHLIX MaTepmanoB B NOALLNMHUKAX CKOMbXeHusa. Hanbonee
pacrnpocTpaHEéHHOW Mapkoun aensaetTca bpoHsa bpC30.

INernpoBaHue OPOH3bl CBMHLIOM Yry4lliaeT 06pabdaTbiBAEMOCTb PE3aHNEM.



KOHTpOsIbHbIE BOMPOCHI

[Moyemy cogepkaHme UMHKa B NaTyHAX He OOSMKHO npesbiwaTtb 40-45 %?
Kaknmn anemeHTamm nernpyrot 6poH3bl?

Kak goenarca naTyHu no TeXHONOrMYeCKoMy rnpusHaky?

Kak mapkupytoTca natyHn?

Ha kakune rpynnbl genarcsa 6poH3bl N0 XMMUYECKOMY cocTaBy?

. Kak mapkupytotca 6poH3bI?

Kaknmn cBoncTtBamu obnagatoTt IMTenHbIE ONTOBAHHbIE OPOH3bI?

Kaknmn cBorcTtBamu obnagatot antoMrUHNEBbIE DPOH3bI?

. OxapakTepnaynte KpeMHUCTbIE BPOH3LI.

10. Kakon ynpoyHsiowen TepMmmyeckon obpaboTtke nogseprarotca 6epunnmeBble
OpPOH3bI?

B O O B N



TUTAHOBBbBIE CINABbI

[Ona nony4vyenus cnnasos TutaH nernpytot Al, Mo, V, Mn, Cr, Sn, Fe, Zr,
NDb.

TuTaH oTHOCUTCA K

[NpakTnyeckn Bce arieMeHTaM, KOTOpPbIM

TUTAHOBbLIE ClJ1aBbl

CBOWUCTBEHHDbI
coaepXar antoMNUHUN. No"MMOPJOHbIE
TutaHoBble cnnasbl npeBpaLLleHus.

MMEIT Manyto
MAOTHOCTb U BbICOKYHO
YAENbHYI NPOYHOCTb,
YTO NO3BONSAET

CyLuecTBytoT Q- U [3-
TuTaH. NonumopdHoe
npesBpalleHne gaet

BO3MOXHOCTb
YMEHbLUUTb Maccy Npon3BoaAnNTb
nsgenus, a Takke YAPOYHSIIOLLYIO
BbICOKYHO obpaboTKky
KOPPO3MOHHY!0 TUTaAHOBbIX CMNSIaBOB
CTOMKOCTb

TexHnyeckun TutaH mapkupyetcs éyksamu BT v ycnoBHbIMuK
umndppamun. Hanpumep, BT 1-0 — obuiee konmyecTBo npumecen <
0,55%.



TUTAHOBBIE CI1J1ABbI

CnnaBbl TUTaHa Mapkupytotcs 6yksamu BT, a 3a HUMu nayTt umdppbl: nepsBas
NnoKasbliBaeT coaepxaHne antoMUHUA, BTopasl — YyCIroBHas.

Hanpumep, cnnas
BT5-1 conepxut: 5
% Al, a ocTanbHble
LMdopbl ABNA-HOTCS
YCNoBHbIMWU. [1pu
MapKNPOBKe
HEKOTOPbIX
TUTAHOBbIX CMJ1aBOB
undopbl B Mapke He
COOTBETCTBYIOT
coaep)xaHutio
antoMnHMA, Tak
cnnas BT8 cooepxut
6,5 % Al).

YNpoYHEHNE TUTAHOBLIX CMIaBOB JOCTUraeTcs
TepMnyeckom o0b6-paboTkomn, BKOHAOLWEN 3aKarkKy u

CTapeHHe.



TUTAHOBBIE CI'1J1ABbI

B oTnnymne ot ctanu Nnpun 3aKkasrike TMTaHOBbLIX CrJ1aBOB
YNnpoyHeEHNEe HEBEJIUKO.

ObpasyeTcs Onsi nony4eHus
MapTEeHCHUT, HeobXoaAnMbIX
rlpevﬂ.CTaBJ'lFIfO CBOMCTB Nocrne
LM cobon

3aKaJikm NpoBoOOAT

LSlp Gl L cTapeHuve, npw

bl TBEPAbIV

KOTOPOM

pacTBop obecneymBaeTcs
nervpyroLmnx YAPOYHEHMNE 3a CUET
KOMMOHEHTOB BblOeneHus

B Tia.

ancrepcHbIx gas.

[MpOoMbILLNEHHBIE TUTAHOBBLIE CNiaBbl AN 3aKanku HarpesaroT 4
o Temnepatypbl 800—950 °C. CtapeHune npoBoaaT npu
Temnepartype 450-600 °C.



TUTAHOBBIE CI1J1ABbI

[na cCHWXeHNa TBEPAOCTU, NOBLILLEHUS NMIIAaCTUYHOCTUN U BblpaB-HUBAHUS CTPYKTYPbI
N CBOMCTB MO CEYEHUIO MPUMEHSAIOT OTXUT. [1na NpyTKOB, MOKOBOK, Npodunen n tTpyo
Temnepatypa omxura coctasndet 750-800 °C.

[na cHATnS
BHYTPEHHUX
Hanps>XXeHUH,
BO3HUKAIOLLIMX MPU
MeXa-HNYeCKOW
obpaboTke,
NUCTOBOM
LUTaMMNOBKe, CBapkKe,
aetanu nogBepraroT
OTXKUTY NpU
Temnepartype 550—
620 °C.

[1na cHATUA
Hakrnena
npoBoasAT
pekpucTannmsauu
OHHBIN OTXXUT Npwn
Temneparype 650
°C. HarpeB
TUTAHOBBLIX
CniaBoB
NpoOn3BOANTCA B
arnekTponeyax c
3alnTHOMU
aTmocdepou.

TuTaHoBbIE CrnaBbl noaBeprarT TakxKe XI/IMI/IKO-TepMI/I‘-IeCKOIZ 06-

paboTke. [1na noBbilLEeHNS NBHOCOCTOMKOCTU TPYLLMXCS
NOBEPXHOCTEN MPUMEHSAIOT a30TMpoBaHMe. B NoOBEpPXHOCTHOM Cnoe

nocturaetcs 1Bep-goctb HV 700-1000.



TUTAHOBBIE CI'J1ABbI

TuTaHoBbIe crnasbl MO crocoby NPON3BOACTBA U3OENUn NnoapasnensioT

Ha edopMUpyeMbIE U NINTENHbIE.

JlntenHole
TUTaAHOBbIE CrnaBbl
N0 XUMUYECKOMY
cocTaBy
NPaKTUYECKU
coBnagatoT C
aHarnorm4yHbIMm
aeopmMmmnpyemMbiMu.

N3 Takmx cnnaBoB \
nonyyator "o <—
Ka4yeCTBEHHbIE RS LS
dhacoHHble oTNNBKK &

TutaH LLUIMPOKO UCMOJIb3YETCA B aBMaLUMOHHOWN, paKeTHOIZ,
KOCMUYECKOW TeXHUKe. B aBuratensx tTutaH NPUMEHAETCAH
ONs N3roToBNEHUSA aeTaneu Boanyx03a6opH|/||<a, J1oNnaToK U
ANCKOB KOMIpecCcopa HN3KOIo AaBJIEHUA.

[1lo cnocoBbHOCTU K
TEPMUYECKOMY
YAPOYHEHUIO TUTAHOBbIE
cnnaBbl AENATCA Ha
TEPMUYECKU
YAPOYHSIEMbIE U
TEPMUNYECKN
HeyrnpoYHaeMbIe.
OpgHodbasHble a-cnnasbl
(BT5-1) oTHOCATCSA K
TEPMUNYECKU
HeynpoOYHSAEMbIM
crnrnaBam. ITO — Crrasbl
cpeaHen NPOYHOCTU U
npeagHasHa4yeHbl Ang
N3roTOBNEHUA AeTanewn,
paboTalLunx B LUMPOKOM
avanasoHe Temnepa-



| metal\=+)




1. [oe npuMeHaTCa TUTaHOBbLIE CMsaBbl?

2. Kak mapkupyoTca TUTaHOBbIE CnilaBbl?

3. Kakon xumuko-tepmmyeckom obpaboTtke nogsepratoT TUTAaHO-Bble CMiaBbl
019 NOBbILWEHNA N3HOCOCTONKOCTN?

4. Kakne gBe moamdumkaumm TutaHa n3BeCcTHbI?

5. Kak MOXXHO yNpOYHUTL TUTAHOBLIE CrnaBbl?

6. Kakas Tepmuyeckas obpaboTka npoBoaANTCA AN CHATUS BHYT-PEHHUX
Hanps>KEHU, CHUXEHNA TBEPAOCTU U NOBbILLEHUS NAACTUYHOCTU TUTAHOBbIX
crnnaesoB?




. AlNTOMNHUMEBBIE CIJ1ABbI

[To cnocoby n3rotoBneHUs1 antoMUHMEBLIE CNNaBbl AENAT HA TPU FPYyNNbI:
nedopmmpyemble, NIMTEUHLIE, MOPOLLKOBbLIE.

Nedopmupyemble
crnsfiaBbl UMEKOT
BbICOKYHO
TEXHOSTOMMYECKYH
NS1aCTUYHOCTL U
NCNonb3yrTCs Ans
N3roTOBIIEHUSA
NPYTKOB, Npodunen,
Tpy6 pasfnyHbIMU
cnocobamu
NnacTnyeckou
nedgopmauunm
(NMpOKaTKOW, KOBKOM,
npeccoBaHMEM U

ap.).




. AIIFOMUHUEBBIE CI'J1ABbI

,D,G(*)OpMI/IpyeMble allloMMHUEBDbIE CriJ1aBbl MapKNpPYOTCA Mo ABYyM CUCTEMaAM

J

OyKBEHHO-LMpOBOU

Mo 6ykBeHHO-UMdpoBOM

cucteme cornacHo NOCT 4784-74 necopmmpyemMble cnnasbl MapKNpyroTcsa BykBaMmn v
umndpamn. B aTO MapKMpOBKE HE 3aroXXeHO Kakon-nmbo cuctembl. OTaenbHbIM
rpynnam NpuUCBOEHbI onpeaenénHble ByKBbl, BHYTPWU rpynnbl CnsiaBbl pa3nuyarTcd
HOMEPOM, KOTOPbIN CTOUT nocne 6yke. Tak HanpumMep, aypantoMuHbl (antoMUHUEBLIE
chnnasbl, cogepxawue Meab U mardmn) obosHadvatotca 6ykson [ (41, [416).

IXapakKTepHCTHKA CIIJIABOB

NMapKHpOBKA

Cuacrenma
JIETrHpOBaHHS

IIpuMedIaHHuA

CILTABBI, YIIPOYUHAEMBIE JTABJEHHENM (TEPMOHE VIIPOUHAENMBIE)

CnjaaBbl HH3KOH DNPOYHOCTH AJTTO 1050A | Tex. asroMHHHH Oe3 Taxxe AL
A1 1230 JerapoBaHHNA AS. A6. A7
H BBHICOKOH HNJIACTHYHOCTH, AN 3003 Taxsxe
12 3004 MM (3005)
cBapHBaeMble. KOPPO3HOHHO- 2 Al —Mn —
CTOHKHe
CnaaBbl CpeadHeH nNpodYHocTH | ANMI2 5251 Al — Mg Taxsxe AMI0. 5.
AMI3 5754 ANMTl.
M BHICOKOH MJIACTHYIHOCTH, AMTS 5056 (VIarHaJIHuH) AMI1.5SAMI2.5
AMTO6 -
cBapHBaeMble, KOPPO3HOHHO- ” AMTI4 7 T4
CIOHKHE
TEPMOYIIPOYHAEMBIE CILTABBI
CoaaBbel CpeIHEH Ad31 6063 Al-Mg-Si
IDPO<YIHOCTH H BBHICOKOH AN33 6061 I
NJACTHYHOCTH ATI3S 6082 (ABHAJIH) Laroxe
E = AB (6151)
cBapHBaeMBbIS
CnaaBbl HOpMAaAJbLHOH A1 2017 Al Cu-Mg Tarxxe B65.
IDPOYHOCTH 16 2024
J18 17 (dropaJjix) A19. BAJ1l
CepapHuBaeMbi€ CILJIaBbLI 191S 7005
HOPMAJBLHOH OPOYHOCTH 1925 — AlLZn Mg
BBRICOKOOPOYHBIEC COOJIABBI B9S - Al Zn - Mg-Cu Taxxe B93
Taxxe AK4
” 1201 2219 Al Cu-Mn Tarxcxe J20
KaponpodHBbIE€ CIOJIABBI
KoBOYHBIEC CIIJIABbI AKO6 -
AKS 2014

Al Cu Mg Si

U

LumdppoBomn

1y
Mo HoBOW cucTeme cornacHo
ACTY11069-01 antomnHmeBble

cnnaBbl MapKUpYoT Lndpamu.



. AIIFOMUHUEBBIE CI'J1ABbI

[To cNOCOBHOCTM YNPOYHATLCHA TepMUYecKon obpaboTkon antoMUHUEBBIE CMNlaBbl
OENATCA Ha YNPOYHSEMbIE TEPMUYECKON 0OPaboTKON U HEYNPOYHSAEMBIE.

YrnpoyHsawouwas . Kak BugHoO 13
TepMmyeckas anarpamMmbl, Npu
obpaboTka :E;C Temnepatype 548 °C B
OypantoMUHOB, rae oc- o [ l.p. - . antoMUHNN

HOBHbIM NErMPYOLLINM a = pacTBOpsieTCA
S9N1EMEHTOM SBMNSAETCS 400 | 548 MaKkcumarnbHoe

Me[b, 3aK04YaeTcs B a+ Cusl - KOnnMyecTBO Meau
3a-Karnke c 2,;“'" N 5,7 %, a npu
nocneayoLwmnm | KoMHaTHow — Bcero 0,5
CTapeHUEM 1 OCHOBaHa %. B oTOXCKEHHOM

Ha NepemMeHHOn orpaHu- a5 57 10 20 30 Cu, %

COCTOSIHUM CTPYKTYypa

YeHHOW pPacTBOPUMOCTM
TBEpAbIX pacTBOPOB
antoMUHUA ¢ Meablto U
OPYrMMun nernpyowmnmm
afieMeHTaMu.

3akarnka AypalitoMnHa 3aKi4aeTCqd B Harpese CrijiaBa BbllUe

ANOMUHUEBDLIN YOI
anarpammbl Al-Cu

NUHUK orpaHnyeHHon pacteopumoctu (495-505 °C),

BblAEPKKE NMPY 3TON Temnepartype 1 ObICTPOM OXMNaXKaAeHUN B

BOAE.

cnnaea, cogep)kallero
oonee 0,5 % Cu,
COCTOUT U3 a-TBEP-
O0ro pacrteopa Ha
OCHOBE antoMUHUSA U

N30bITOYHbIX

Kpuctannos CuAl2



. AIIFOMHUEBBIE CI'J1ABbI

HarpeB npuBoanT K pacTBOPEHMIO N30bLITOYHbIX dda3, a Npu GbICTPOM
oxna)xaeHun UKCUPYETCHA CTPYKTYpa NepechILLIEHHOro TBepAOro pacTeopa

Meaun B aJlltoMUHUN

[MpO4YHOCTb U
TBEPAOOCTb B
pesyrnberaTe

3aKaJ1Kh HECKOJ1bKO

NOBbILLATCA U
NacTUYHOCTb
COXpaHsieTcs
BbICOKON. OTO
No3BONSIET
Npon3BoanNTb
nracTtuyeckoe
nedopmmpoBaHue
3aKaneHHoro
aypantoMuHa B
XOf04HOM
COCTOSIHUMN.

[lepecChbilleHHbIN
TBEPObIW pacTBOp
ABNSAETCA
HeYyCTONYMBbIM U
N3 Hero
Bblaensercd
XUMmM4yeckoe
coefnHeHue
CuAlz. 3tor

5 npouecc Ha3bl-
TBEPAbIN paCcTBOpP aJiioOMUHUA B MeON BaeTcs

CTapeHunemM.

Ecnun ctapeHne npoucxoguT nNpu KOMHaTHOW
TemMneparype, TO OHO Ha3blBaeTCs eCcTeCTBeHHbIM. [1pun

9TOM AOCTUraeTcd MakCumarsibHoe yrnpoviHeHme CrijiaBa.



. AIIFOMHUEBBIE CI'J1ABbI

Ecnun ctapeHre nponcxoauT nNpuv NOBbILLEHHOW TeMNepaType, TO OHO
Ha3bIBaE€TCS UCKYCCTBEHHbIM. [1pn MCKYCCTBEHHOM CTapeHUM NPOUCXOaUT
ykpynHeHune Yactuy, CuAlz, 4TO NPUBOAUT K HEKOTOPOMY CHUKEHWIO MPOYHOCTM
MO CPaBHEHMIO C ECTECTBEHHbLIM CTAPEHUNEM.

JInTenHble antoMMHUEBLIE JlnTenHble cnnaBbl HA OCHOBE
cnnasbl cornacHo [CTY antoMNHUA ABNAIOTCS crnfiaBamMmm
1583-93 mapkupytotcd cocTaBa BnmsKoro K

bykBon A (antoMMHUEBBbIE 9BTEKTMYECKOMY. BonbLUINHCTBO
cnsiaBbl) NOCEe KOTOPOU NMUTEWHBLIX CNS1aBOB B KA4eCTBe
cTaBAT ByKBbl, OCHOBHOIO JTErMpPYLLETNO
COOTBETCTBYIOLLME arieMeHTa cogepxaT KpeMHUN.
onpeneneHHoMy B OTV CniaBbl HAa3blBAKOT
nervpyrouwemy anemMmeHTy & cunymmnHamm: AK12 (12 %
(Hanpumep, K — KpeMHun, l kpemHusa), AK9Y (9 % kpemHus,
M — meob u gp.), v undpsl, 7 BUA NpoayKumm — vykn), AK74
nokKasbiBawLLmne n ap.

coLepXaHue nervpyroLlero

SISttt Eb e Cnenyet OTMETUTb LIMHKOBLIE CUITYMUHBI, KOTOpble cogepxat (10-14 %) Zn
Hanpumep, cnnaB AK12M2 (6-8 %) Si. LinHk, pacTeopsisick B antoMUHUM, YIPOYHSIET TBEPALITA
copepxunt ~ 12 % pacTBOp 1 NO3BOSISAET MofyyaTb OTSIMBKU C BLICOKMMUN MEXaHUYEeCKUMM
KPEMHUST 2 % Meau. ceoncTBaMun 6e3 npumeHeHus Tepmudeckon obpaboTku. Takon cnna
’ MoANULNPYETCH HAaTpUeM U NMPUMEHAETCA AJS1S CIIOXKHbIX MO @

KOHdpUrypaumm u TskenoHarpyXeHHbIX AeTanemu.




1. Kak knaccndpumuympytotcs antoMuHMeEBbIE CrfiaBbl MO Cnocody
N3roToBNeHNA?

2. Yto npeacrasndet coboun aypantoMmH?

3. lNoyemy oypantoMuH MOXHO noAaBepraTb YyNpoYHAKLLEN Tep-
Mmnyeckon obpaboTke U B YEM OHA 3aKno4aeTca?

4. Npuneegute MapKUPOBKY JNIMTENHbIX alltOMUHUEBLIX CMNiaBOB.




MAIHVEBBIE CI1J1ABbI

CnnaBbl HA MarHMEBOW OCHOBE XapaKTepu3yrTcs Masrion nnoTHocToo (1,74
r/cM3), BbICOKOW yaeNnbHOW NPOYHOCTLIO (YAenbHasa NpoYHOCTb — Npeaen
NPOYHOCTN MaTepuana, OTHECEHHbLIN K €ro NMioTHOCTKN), CNOCOBHOCTLIO
BOCMNpUHUMATb YOapHbIe Harpy3ku, xopowlen obpabaTbiBaEMOCTLIO pe3aHNEM.

[Mpu oxnaxgeHun

LighEEEAL, MarHMeBbIX CMNJ1aBoB.,
TeTvpytoLiiMm cogepxawwmx Al, Zn,
arieMeHTamu Mn, 13 TBEPOro
MarHmeBbIX pacTeopa

CTNaBoB 51B- BblAENAITCS

narotea Al, Zn, BTOPUYHBIE
SMER Kpuctannbl ynpo4vHsaio-
9JIEMEHTbI LIUX b3,

IMEToT yrnydLaroLime
OTPaHVHEHHYIO MeXaHu4eckne
pacTBO-pUMOCTL cBoricTBa. OgHako

B MarHuu. YIDOLHSIOLLIEE

[Ona ynyyweHna mexaHn4eCcKnx CBOMUCTB Mpu MNoBbILLEHHOM aenctemne atux ¢as
TeM-rneparype MarHumeBble CrsiaBbl JIEMMPYIOT LIMPKOHUEM, COXpPaHAETCS TOSbKO
HEOAUMOM N UT-TPUEM. YKa3aHHbIE 3NeMEHTbI 06pa3sytoT C no temneparypbl 150—
MarHMem nHTtepmetannmaHole gasbl, KOTOPble NO3BOSIAOT 200 °C.

COXPaHUTb NOBbILWEHHYH MPOYHOCTL A0 Temnepatypbl = 300
°C



MAIHVEBBIE CIJ1ABbI

[lo cnocoby npon3BoacTBa U3genmin MarHMeBble CrnaBbl AeNnAT Ha
nedopmmpyemble (FTOCT 14957-76), npeaHa3HavyeHHble ansa obpaboTku
aasrieHnem (ux mapkupytot byksamm MA), n nutenHble (FTOCT 28561-79) —
OS5 NoSlydeHna aetanen MetToaom nntbs (MapkupyroT 6yksamu MIT).

LOedopmupyemble Cnnas MA14
cnnasbl UOyT Ha oTnM4yaeTcs
N3roToBIIEHNE NOBbILLIEHHbIMM
ropsiyekaTaHbIX MeXaHN4YeCKUMM
NpyTKOB, MOJSIOC, CBOUCTBaMMU,

KpoHLTenH camorneTa

XKaponpo4yHOCTLIO (A0

n ap. Cnnas MA1 = 250 °C) 1 He CKITOHEH K
obnagaet xopoLuen - A KOPPO31U MO, HaMpsKe-
NNacTUYHOCTbLIO, e Huem. K HegocTaTkam
CBaApMBaAEMOCTbIO U B = 3TOro crnasa OTHOCUTCS
KOPPO3MOHHON CKINMOHHOCTb K
CTOMKOCTbIO. —- obpa3oBaHmMo TPELLNH
HeTtanb cynocTpoeHus NPV ropsiveit NnpokaTke.

npodomnen, noKoBOK

LLInpoko npumeHsAoT nutenHbln cnnas MJ15, B KOTOPOM XOpPOLLIO
coveTarTca MexaHuyeckme n nutenHole ceoncrtea. Cnnas MJ110

COXPaHSET )aponpo4vHocTb A0 Temnepatypbl 300 °C.



MAIHVEBBIE CI1J1ABbI

CnunTkn n dpacoHHble OTNNBKM noaBepratoT Andpdy3moHHOMY
oTxury (romoreHmnsaumn) npun temnepatype 400—-490 °C B TeveHune
10—24 yacos.

MarHueBble cnnaBbl AeNATCA Ha TEPMNYHECKN YTPOYHHAEMbIE N TEPMNYHECKA
Heynpo4HAEMbIE.

Bblioepxka npm

3akarnka u

cTapeHve 3akarike cocTaBnser =
MarHueBbIX 30 yacos, 3aKanky
CMIaBOB MO>XHO OCYLLECTBNATH
XapakTepusyetcs fls Bog L.

PSZOM NckyccTBeHHOe
0COBEHHOCTEN, cTapeHue npou3BogAT
KOTOpble npn TEMnepaType =
0byCroBreHb! 200 °C,

MaMoil CKOPOCTbIO CTpyKTypa MarHMeBoro cririaBsa MPOOOIMKUTENBHOCTL
NpoTEKaHs CTapeHus1 OKONOo CYTOK.
B HUX

[1pOYHOCTbL MarHMEBbIX CMNaBOB B NpoLEecce CTapeHns MOXXHO
ANPQYINOHHBIX oo tonbko Ha 20—30 %.
HeEsesel Hanbonblumnm ynpovHaLWnm apdeKkT oT TepMmmuyeckon obpaboTkum

Ha6J'II-O,EI,aeTCF| B ClJilaBax MarHmnd ¢ uTtpmnem mn HeognMoM.



MAIHVEBBIE CI1J1ABbI

PaspaboTaHHble B nocnegHue roabl cnnaebl cuctembl Mg—Zr oTnn-4aroTcs
BbICOKOW TEXHOSIOIMMYECKOW NNIacTUYHOCTLIO, YOOBIIETBOPU-TENBHON
KOPPO3MOHHOM CTOUKOCTbIO.

MexaHunyeckue
CBOMNCTBA NUTENHbIX
CMaBoOB NOBbLILAKT
Moau-
domumpoBaHmem,
NOBbILLEHNEM
YMCTOTbI cnnaea,
roMoreHm3aumen.
Hanbonee
pacnpoCTpaHEHHbIM
N MINTEUHLIMU
crnrnaBamMm siBASOTCA
CrnnaBbl CUCTEMbI
Mg—Al-Zn (MJ15 n
MJ16).

Koneco camonerta
A3 HUX U3rotaBnmBaloT COXHble OTNINBKK (Kopnyca
npnubopoB), KOPOOKN Nepeaay B caMornéeTax, kopnyca,
Kosfiéca (B KOHCTPYKLUUSIX aBTOMOOUNEN).




MAIHVEBDBIE CI1J1ABbI

Cnnasbl cuctembl Mg—Zn—Zr (MJ112) xapakTepu3syoTcs BbICOKUMU
MeXaHUYEeCKUMU N TEXHOSTOMMYECKMMN CBONCTBaAMM MPU KOMHATHOW U
NOBbILLEHHOW TEMMepaTypax.

T cnnasbl HNedopmmpye
noaBepraroTcs Mble
YNPOUHAOLEN MarHveBble
TEepMUYECKOM chnnasBbl
obpaboTke, nmeroT bonee
KOTOpas COCTOUT BbICOKUI

N3 3aKanku ot KOMMMEeKC

400 °C Ha MeXaHN4YEeCKNX
BO34yxe u CBOMCTB nocne
NCKYCCTBEHHOIO 3aKankm u
CTapeHus nNpu CTapeHusi, 4Yem
Temnepartype NMNTENHbIE

150 °C cnnasbl.
EaT:::H”e S0 OnekTpoKap 13 MarHMeBoro criniasa

Tak, Hanpumep, gedpopmupyembint cnnas MA14 nmeet cneayroLmm
komnnekc cesonucTB: oB = 350 Mla, 00,2 = 300 MTla, 6 =9 %, a nuTenHbIn

cnnas MJ112 —oB = 270 MTIa, 00,2 = 160 MIla, o = 6 %.



MAIHVEBBIE CI1J1ABbI

[IpMMeEHEHME MarHMeBbIX CMNaBoB 13-3a UX 6onbLON YyaensHOW NPOYHOCTU
NO3BONSAET YMEHbLUNTL Maccy AeTanien MaLluvH.

B

CaMOSIETOCTPOEHNN 3 marHmeBbIX

N3 MarHMeBbIX cnnaBsoB

cnnaBsoB N3roTaBnMBaloT
N3roTaBnmMBaloT TaKKe Kopnyca
Koneca v BUINKu | pakeT, obTe-kaTenu,
Luaccu, pasnnyHble KOopnyca HacocCoB,
pblyaru, kopnyca TOMMAUBHbIE U
npnbopoB, HACOCOB, KMCNopoaHble baku,

KOpoOOK nepeaau,
dooHapu n gsepu
KaOuH, getanu
nnaHepa camonerTa.

OMOpPHbIE Y3nbl,
cTrabunnaartopsl.

[lpoKkaT M3 MarHMeBbIX CMAaBOB HAXOAUT MPUMEHEHMNE B KOHCTPYKLINAX
aBTOMOOMNEn, 0COOEHHO FOHOYHbIX (Koreca, KapTepbl, KPbILLKW, MacnonomMmbil),
B npubopocTpoeHun (kopnyca n getanm npnubopos, OUHOKINEN, KUHO- U

dooToannapartos).



KOHTpO.ﬂ bHbl€e BOMNMPOCHI

1. Kakumn aneMmeHTamun nermpyroTcss MarHMeBble cniaBbl?

2. Kak MOXHO ynyylinTb MEXaHM4YEeCKME CBOMCTBA MarHMeBbIX CMfaBoOB NPW MOBbILLEHHbIX
Temnepartypax?

3. Ha kakue rpynnbl 4enarcs MarHueBble crnaBbl No cnocoby nponssoacTea?

4. MNpuBeCTM MapKU MarHMEBbIX CriaBoB.

5. Kakon Tepmunyeckon obpaboTke nogBepraroTcsi MarHMeBble crnnaBbl?

6. B cnnaBax mMarHusi ¢ Kakummn anemMeHTamm Habnogaetca HanbonbLWMA YNPOYHAIOLLINIA
adhdeKT oT Tepmmnyeckon obpaboTkmn?

7. Kak MOXHO YNnyulUNTb MEXaHUYECKME CBONCTBA NIUTENHbIX MarHMeBbIX CiaBoB?



AHTNOPUKUMNOHHBIE CI1J1ABbI

AHTNDPUKLMOHHBIMN Ha3bIBAOTCS CMNaBbl, 00ecne4YmBatoLLe Manble noTepu
3Heprumn npu pabote napbl TPEHUSI U MPUMEHSIEMbIE AN NOALUNNHNKOB
CKOIbXXEHWS.

K aHTUPUKUMOHHBLIM CriniaBaM NpeabaBrisoTcAa Takme TpeboBaHumA:

— HU3KUN KOIPPUUNEHT TPEHUS;

— XopoLwaga npupabaTbiBaeMOCTb, T.€. CNOCOOHOCTb K BbICTPOMY YBENNYEHUIO
peanbHOW NnoLaan KOHTakTa B HadarbHbIM nepunod paboTbl TpyLLENCs napbl;

— Manasi U3HalLMBAaEMOCTb TPYLLMXCH NOBEPXHOCTEWN;

— JocTaTo4YHasi NPOYHOCTb;

— BbICOKasl ycTasiocTHasa npoYHOCTb (KOHTAKTHasA BbIHOCNMBOCTL). [1py HU3KOM
KOHTaKTHOM BbIHOCIMBOCTW BKJS1a4bll MOKPbIBAETCSH CETKOM YCTANOCTHbIX TPELLMH,
4YTO NPMBOAUT K BbIKpaLLMBaHUIO MaTepuana;

— XopoLlasa TensonpoBoAHOCTb, obecrneymBatoLLas OTBoA Tensa oT y3na TPeHUs;
— JocTaTo4YHasi KOppPO3NOHHAA CTOMKOCTb;

— XOpOLUME TEXHONMOrM4YEeCKNe CBOUCTBA;

— CTPYKTYpa martepuana gormkHa 6biTb MMKPOHEOAHOPOAHOW (MUK-
POreTeporeHHomn), cogepKallen YepeayrLmnecsa Markme 1 Teepable CTPYKTYpHble
cocTasnawowme. B npouecce paboTbl MsArkasi coctasrnsito-Lasa BelpabaTbiBaeTca U

o6pa3yroTc;| MUKPOBMaanHbl, B KOTOPbIX 3aAep->KUBaAETCA CMa3Ka.



AHTUOPUKUMOHHBIE CIJ1ABbI

Pasnunyatot cneayowme Bnabl aHTURPUKUNOHHBIX MaTepmnanoB: 6ab6uTbl, OpOH3HI,
antoMUHWEBBbIE MOALMMHUKOBLIE CrnaBbl, aHTU-PPUKLUNOHHBIE YYTYHbI,
NOPOLLKOBbIE aHTUMPPUKLIMOHHBLIE MaTepuansl.

Babbutamu
Ha3blBalOTCS
nerkonnaBkune
cnnaBbl HA OCHOBE
onoBa Unun ceunHuA.
BabbuTbl
MapKNpYyoTCS
6ykson «b». B
ONOBSIHHbIX 6a66u-
Tax 3a bykson «b»
nayT undpel,
KoTopble
NnokasblBaloT
cpenHee Konu-
4eCTBO OJI0Ba B
npoueHTax.

MUKpOCTpYKTYpa onoBAaHHOro 6abbuta mapkm b83

OnoBsiHHbIN 6abOUT
— Bb83 (83 % Sn).
Ero cTpykTypa
COCTOUT M3
TBEPAbIX
Kpuctannos SnSb un
CusSn, pacnoro-
YXEHHbIX B MATKON
NNacTU4HON
OCHOBeE,
npeacrasnsatolen
cobon TBEpPObIN
pacteop Sb n Cu B
OrloBe.

Takasi cTpykTypa obecnedumBaeT HU3KNUM KO dbULUMEHT
TpeHnsi. OCHOBHbIM HEJOCTATKOM ONOBAHHbLIX 6ab6buToB
SBMNSAETCSA X HU3Kasa ycTanocTHasi NPOYHOCTb.



AHTUOPUKUMOHHBIE CIJ1ABbI

CBuHUOBble 6abOUTLI Takke MapkMpyroTcs BykBon «b», nocre Ko-Topon NULyT
BykBy, KOTOpas 0603Ha4YaeT NernpyoLWwmn arnemMeHT, 1 umudpsbl, yKkasbiBalowme Ha
KONMYeCTBO AaHHOMo afieMeHTa B MpoLEeHTax.

B cBMHLUOBbLIX 6abbuTtax

OCHOBY cOCTaBnsieT
CBUHEL,, KpOMe TOro B
ero coctaB BXoauT
OfI0BO, CypbMa, Mepb.
CBUHLOBbIN 6abOUT
BC6 cooepxuTt 6 %
onosa. AToT 6abouT
N3BECTEH TaKXe noA
mapkon COCG6-6.
KoadpdoumumeHT TpeHuns
CBMHLOBOro 6aboburta
BC6 bonbLue, Yem
OrnoBsAH-HOro 6abbuTa,
OAHAaKO OH
NpPeBOCXOaAUT €ro rno
yCTanoCTHOW
NPOYHOCTW.

BabouThl

HEeOOCTaTOYHO
MuKpoCTpVKTYPa CBMHF a66v1Ta mMapku bBH I'IpO'-IHbI, I'IOSTOMy
OHW 0BbIYHO
HaHOCATCA CNOAMM
HeBONbLLOW
TOSMLWMHBbI Ha bonee
MNPOYHYHO OCHOBY
(YaLle cTasnb-HYyH0).
CyLiecTBytoT
oumeTannmyeckue u
TpumeTannmyeckue
BKNaabILUW.

A P

B TpumeTannnyeckux Bknagplilax Mexay ctaribHOW OCHOBOM
n 6abbutamm HaxoanTCAa NPOMEXYTOYHbIN MOPUCTbIN MEOHO-
HUKeneBbIn crion. [Npu 3anueke xnaknm 6abouT 3aTekaeT B

nopbl NOACN0sA, YTO obecneyvmBaeT XopoLlee CUENEHNE ¢aas
C OCHOBOM. @



AHTUOPUKUMOHHBIE CIJ1ABbI

B kauyectBe aHTUMPUKLMOHHBLIX MPUMEHAIOTCA CBUHLOBbLIE U ONTOBAHHbLIE
OpPOH3BbI.

OTK cnna.bl MNPoYHee
6abbuToB, N0O3TOMY
NCNonb3yTCH ond
TsDKENOHarpy>XeHHbIX
NOALLUMMHNKOB,
paboTatomx npu
B6onbLUNX yaenbHbIX

ﬂ'a BneH Mﬂx_ B nnTaga ,Cl,e(bOpMVIpOBaHHaFI ONnoBAHUCTAA 6p0H3a
KayecTBe

aHTUPVKLMOHHOO BPOHIA
MaTepuana

NPUMEHSIHOTCS

CBUHUOBasi bpoH3a
BpC30, onoBsHHbIE
OpoH3bl bpO6,
BpO10.




AHTUOPUKLUNOHHBIE CI1J1ABbI

AHTNMPPUKLMOHHBbIE CNIIaBbl HA OCHOBE antOMUHUA NErMpyoT

Sb, Pb, Mg, Cu.
Nx HAHOCAT Ha OgHum n3
CTanbHYK OCHOBY B | TaKunx CriaBoB
BUAE NeHThbl, a bumetanInyeckui Tpumeraninyeckni aBngeTcs
CLl,el'U'leHl/le CINnoeB MOJHIHIMHHK MOJIIHITHUK ACM,
obecriequ BaveTCﬂ a\ I:::nllin(l)l{)l:i(:slll,ll'i?l;::.I;‘zl"u ! |l16l;(‘.'lt“B g I\| [lokpuiTHe HENOoCTaTKoOM
COBMECTHOW \ PEER KOTOpOro
npokaTkon. T e Mewwii \ aBnsieTcs
cnnaBbl obnagatoT . enaB \ \ NOHMXXEHHas
OTHOCUTENbHO NO CPaBHEHUIO
HU3KUM c 6abobutom n
KoadhpUUMeHTOM B6poH30M
TPEHUSA, BbICOKUMMU . npupabaTbiBae
N3HO-COCTOMKOCTbHIO ('T.-‘J.'II,HOK‘ ocuonainuc MOCTb.
N yCTaroCTHOW |
NPOYHOCTbIO

JNyqywen npupabartbiBaeMocTblo obnagaet cnnas AO9-2.



AHTUOPUKLUNOHHBIE CI1J1ABbI

B kauecTBe aHTUMPPUKLUNOHHLIX MaTtepuanoB NPUMEHSIOTCA
rpadpuUTU3NpPOBaHHbLIE YYryHbl C pasHon doopMon rpaduTa: cepble, KOBKME U
BbICOKOMPOYHLIE.

AHTUOPUKLMOHHbIE
[padout BbINOMHSET YYryHbl OTNINY4AIOTCH
POSIb MATKOW HEBbICOKOM

COoCTaBnawLien n CTOMMOCTbI, OAHAaKO

crnocobcTeyeT N3-3a NyIoxXoun
yaepXXaHuio npupabaTbiBaEMOCTH
CMa3KMm. NMPUMEHSIOTCH a
MeTtannunyeckas OCHOBHOM 1151 Y3MNOB C
OCHOBa HU3KMMWN CKOPOCTSIMM
aHTUMPUKLIMOHHBIX cKonbeHus. OHu

YyYryHOB AOSKHA
ObITb NEPNNUTHOW
nnn peppuTo-

Mapkupytotca: AMC
(QHTUPPUKLUNOHHbIN
4yyryH cepbin), A4K

NeprMTHON. (QaHTUPPUKLIMOHHDIN
YyryH aHTUOPUKLNOHHBIN Hy-ryH KOBKV”;l), AL‘IB
[Nocrne OykBbl NOYT YCNOBHbIE LMpPbI, KOTOPbIE (@HTUPPUKLIMOHHBIN
COOTBETCTBYIOT pasHOMY NernpoBaHUIO YyryHoB. HyryH
[Mpumepbl MmapknpoBku vyryHoB: AHC-1, AHK-1, AYB-2. BbICOKOMPOYHBIN).



AHTUOPUKLUNOHHBIE CI1J1ABbI

[TopoLuKoBble aHTUPUKLNOHHLIE CrnaBbl NPUMEHSOTCA 0ObIMHO A1 BTYOK UMK
KOJS1eL, 1 U3roTaBiMBalOTCS M3 NOPOLLKOB Xenesa 1 rpaduta; 6poH3bl 1 rpaduTa;
Xernesa, meau n rpadurta rno 0ObIYHOMN TEXHO-IOMMN NMOPOLLIKOBOM MeTanyprum —
npeccoBaHWe C NoCeayoLnM CrieKaHUEM.

Yauwe Bcero
NCMNOMb3YHTCH XKeneso-
rpadoutoBass KOMNO3nLUA
(KIMp2, XKIMp3). Mpwn
crnekaHun YyacTtb rpaduTa
pacTBOpPSETCS B
XenesHou maTpuue.
[Tocne cnekaHus
aHTUPPUKLMOHHbIE
NOPOLLKOBbLIE U3aenud
noaBeprarTcs NpPonuTke
Macsiom, KOTopoe
MPOHMKaeT B rnopsb! (no-
PUCTOCTb cocTaBnsdeT 15—
20 %) n yacTnyHo
nornoLiaetrcsd rpadpuTom.

[NoawmnnHuK
CTaHOBUTCH
camMocMasblBatoLLm
mMmcs. Takme
NOALLNMHUKA
yCTaHaBNMBalOTCH B
TPYOHbIX OIS
CMa3Kn MecTax.

BeeneHune B xeneso-rpadpUTHY0 cMecb HEBGOMNbLLOIo
KonuyecTsa Meau ynydllaeT CBOMCTBA NOPOLLKOBbIX
aHTUPPUKLUMOHHLIX MaTepuanos. PacnnaeBndadachb npu
cnekaHum, Mefb 3anonHgeT nopbl 1 TEM CaMbIM
obecnevnBaeTcsl NOBbILLEHNE KOMMIIEKca

MEeXaHNYECKNX CBONCTB.



KOHTpOsIbHbIE BOMPOCHI

B0 O b 0 NS

Kakne TpeboBaHMa npeabsaBnatTcs K aHTUPPUKLMOHHBIM Ma-Tepmnanam?

. Kakas cTpykTypa y onossiHHoro 6abbuta b-83?

CpaBHUTb CBOMCTBA ONIOBSIHHOIO M CBUHLOBOro 6abbuTa.

. Onuncatb TpUMeTarJind4eCkmne BKIiaablLLN.

Kakne BpoH3bl MPUMEHAIOTCS B KAQ4eCcTBE aHTUMPPUKLMOHHOIO matepuana?
Kakne n3sectHbl aHTUOPUKLMOHHbLIE CMSiaBbl HA OCHOBE asito-MUHNSA?

UTO BbINOMHSAET POSib MANKOM COCTaBSAOLWEN B aHTUMPPUKLUN-OHHbIX YyryHax?
3 Kakux KOMNOHEHTOB COCTOSAT MOPOLLKOBblE aHTUMPUKLM-OHHbIE CrSiaBbl?

Kak MOXHO yny4ylunTb CBOMCTBA MOPOLLKOBbLIX aHTUMPPUKLUN-OHHbLIX MaTtepmanoB?



COBPEMEHHOM aBTOMOBOUNECTPOEHUN




[magkun W.I'N. TexHonormsa KOHCTPYKUMOHHbBIX MaTepuarnos n
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