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Ilenv pabomoei: N13y4uTh MUKPOCTPYKTYPBI 1€HOPMHUPYEMBIX U JTUTCHHBIX
CIUTABOB Ha OCHOBE aJIFOMHHMSI, MEJIH, OJIOBA, CBUHIIA.

OCHOBHBIE TIOHATHUA

Ha ocHOBe 1IBETHBIX METAIIOB U3rOTOBIISIIOTCSI MHOTHE KOHCTPYKIMOH-
HbIE CIUIaBbl, UMEIOIIUE IIUPOKOE MPUMEHEHHE B MPOMBIIUIEHHOCTH. JTO CILIa-
BbI QJIFOMUHUS, MEJIW, HUKEJIS,, TATAHA, MAarHusl, IUHKA U 1.

[To TexHomoruueckoMy crnocoOy 0OpabOTKH LIBETHBIE CILIABbI pa3/esis-
I0TCS Ha JIBE TPYIIIIbI:

1. ledbopmupyembie MPOKATKOM, KOBKOM, IITAMIIOBKOM.

2. Jlutelinbie, mpUMeEHsIEMbIE ISl OTJIUBOK.

1. AnoMuHHEBBIE CILIABBI

AJFOMUHHEBBIE CILJIaBbI MOTYT  OBITb  JBYX-, Tpex- u
MHOTOKOMITOHEHTHBIMH. B KauecTBe JErupyrommx 3J1eMeHTOB B HUX BXxogsaT Cu,
Mg, Mn, Zn, Si u ap., obiajgariiye OrpaHUYEHHON PACTBOPUMOCTHIO B
TBepAOM amoMuHUU. C TOHWKEHUEM TeMIepaTypbl PacTBOPUMOCTb MEIH
noHwmwxkaercs ¢ 5,7 mo 0,5%, a maraug ¢ 17,4 mo 2,95%, uro cosmaer
BO3MOXKHOCTh IPUMEHEHUSI TEPMUUECKOI 00pabOTKHU CILIABOB.

Jlechopmupyemuie antomunuesvie cniagol

Nmeercs MHOTO NehOpMUPYEMBIX CILJIABOB aJTFOMUHMUSL:

— HE YIpOYHSEMble TEPMHUYECKOM 00paboTKoM cruiaBel Mapok AMI,
Awmr 2, Amr 4 u ap.

— YNOpoYHsEeMbIe TepMUUYECKol oOpaboTkoit mypamtomunbl (16, (18 u
ap.,
cIuiaBbl 111 KOBKM U mTaMnoBku AK 6, AK 8 u n1p., »KapornpoyHbIe CILIaBHI.

TunuuabeiM aypamtoMuHoM sBisiercs criaB J[1, conepxanuit Cu (3,8 —
4,8%), Mg (0,4-0,8%), Mn (0,4-0,8%). Xoporio 3apekoMeHIoBaJI ceOs Ha
npakTHKe OoJiee MPOUHBIA aypamtoMuH Mapku J[16. YV Hero Oosee BbICOKOE CO-
nepxanue Maruus (1,8 — 2,8%). JlypaltoMuHBl yOIPOUYHSIOTCS 3aKAJIKOW B BOJE
C TMOCJEAYIONUM €CTECTBEHHBIM WJIM HWCKYCCTBEHHBIM cTapeHueMm. I[locie
3aKaJIKM 00pa3yeTcsl MEepPeHACHIIICHHBIN OJHOPOJHBIN TBEPIbIA pacTBOp (0).
TBeprocTh mocie 3aKajiki YBEIHMUNBAETCS MAJIO.

3HAUUTENbHOE YIPOYHEHUE MPU CTAPEHUU JIOCTUTAETCS B pe3yJbTaTe
obpazoBanusi B (0)-TBepjoM pacTBope 30H [Tl crmokHOro cocrtaBa (MOXXHO
cKa3zaTh, 4YTO O0Opa3yeTcss HEOAHOPOIHBIM TBEpAbIA pacTBOp (o)), WU
METacTaOMIBHBIX (Da3, COXPAHSIOUIMX KOTEPEHTHYIO CBS3b C (0)-TBEPIbIM
pactBopom 0' (CuAl,) u S' (CUMgAI,), KOTOpbIE NMPH MHKPOCKOIMYECKOM



HCCIICAOBAaHUHN HEC Ha6J'IIOI[aIOTC}I. B PaBHOBCCHOM (OTO}K)KCHHOM) COCTOSHHH

Ha0JI01aI0TCA 3epHa (0))-TBepaoro pacteopa u BbiaencHus 0-¢assl (CUAly) u S-
dazer (CuMgALL).

Jlumeiinvle anrwmuHuesvle CniaBbvl

JluTeliHbIe aMIOMUHHUEBBIE CIUIABBI UMEIOT B CBOEU CTPYKTYpPE DBTEKTHUKY,
T.K. B HHUX COJEpXKaHHE BTOPOrO KOMIIOHEHTa OOJbllle MpeAeNbHOM
pPacTBOPUMOCTH B alfoMUHUU. [IpOMBITIITIEHHOE TPUMEHEHNE TIOTYYMIN CILIABBI
Al — Si, Al - Cu, Al — Mg, koTOopbIe JIETUPYIOT HEOOJBIIUM KOJIHYECTBOM
Opyrux 371eMeHTOB. OTIMBKU W3 MHOTHX aTIOMUHHUEBBIX CILIABOB IMOJBEPraroT
TEPMUUYECKON 00paboTKe.

HauGosnbiiiee mpuMeHeHre MONMYYHIIA CUITYMUHBI — CILJIaBbl QIFOMUHUSA C
kpemuueMm. Cunymun AJI2 conepxut 10-13% Si 1 cOCTOUT B OCHOBHOM U3 3B-
TeKTUKU. KpeMHUI B SBTEKTUKE HAXOJUTCS B BUAE IPyOBIX KPUCTAIIIOB UTOJb-
4aToi (OPMBbI, KOTOPBIE UTPAIOT POJIb BHYTPEHHUX HAJPE30B B IUIACTHUHOM (01)-
TBEPJIOM PACTBOPE.

UT0oOBI MOBBICUTh MEXAaHUYECKUE CBOWMCTBA OTIMBOK, MPOU3BOJAT MOJU-
¢unupoBaHue crjiaBa MyTeM NPHUCaIKU K paciuiaBy cMmecu coieit 67% NaF u
33% NaCl. B nmpucyTcTBuu HaTpusi MPOUCXOAUT CMEIICHHE IBTEKTUUYECKOU
Touku U ciiaB AJI2 CTaHOBUTCS JOIBTEKTUYECKUM, a KPHUCTAJUIBI KPEMHHUS
pa3MenbualoTcsa. B 3ToMm ciyyae cTpyKTypa CIulaBa COCTOMT U3 3BTEKTUKU TOH-
KOTO CTPOCHUS U M30BITOUYHBIX KPUCTAILIOB (0)-TBEPIOTO pacTBopa. Kpucramibt
KPEMHUSI CTAHOBSTCS MEJIKMMH MOTOMY, YTO OHU OOBOJIAKMBAIOTCS IJICHKOM
Na2Si, kotopas 3aTpyaHseT UX POCT.

JlosTekTrueckue cuiaymunbl AJI4 (8 — 10% Si) u AJI9 (6 — 8% Si),
JOTOJTHUTENBHO JerupoBaHHbie MarHueM (0,2 — 0,4%), MOTYT YyHIpOUYHATHCH,
KpoMe MOAU(UIIMPOBAHUS, TEPMUUECKON 00paboTKOM. YmnpouHsromeh ¢azoi
cayxuT Mg2Si. DTu cruiaBbl NMPUMEHSIOT JJIS CPEIHUX U KPYIHBIX JUTHIX
JieTaneil OTBETCTBEHHOI0 Ha3HAYeHUs], HAPUMEp, KOPITYCOB KOMIIPECCOPOB.

2. MeaHple CILIaBBI

Paznuyaror 1Be OCHOBHBIE IPYNIIBI MEAHBIX CILIABOB:

a) JaTyHH — CIUJIaBbl MEJIU C LIUHKOM,;

0) OpOH3BI — CILIaBbI MEJIU C IPYTUMH 3JIEMEHTAMHU.

Kak natynu, Tak u OpoH3bI OBIBAIOT IBYX-, TPE€X- U MHOTOKOMIIOHEHTHBIE,
nedopMupyeMble U JIUTEUHBIE.

2.1. Jlamynu

[IpakTHueckoe MPUMEHEHUE HAIIUIM JIATYHH, cojepxkaiiue 10 45% 1uHka.
Bce naByxkommonentHeie (Cu — Zn) JjaryHu o00JaJarOT  BBICOKOM



TUTACTUIHOCTHIO B XOJIOJHOM WJIM TOPSTYEM COCTOSIHUU. [109TOMY OHU OTHOCSTCS
Kk nepopmupyembim criaBam (J196, JI80, JIS9 u ap.). JlerupoBaHue naTyHH
npyrumu 3nementamu (Al, Mn, Fe, Pb, Sn, Ni) ynyudiaer cBoiicTBa OCHOBHOTO
crutaBa. Takue 7aTyHW Ha3bIBAIOT creluadbHbIMHU. CreluanbHbIe JaTyHH
nenstcs Ha qurernsie (JIL[ 40 M 1,5; JII 30 A3 u np.) u aedhopmupyemsbie
(JIAXK 60 —1 -1, JDKM1i; 59 — 1 — 1 u gp.). B mapkax aedopmupyemoit naTyHu
HE YKa3bIBAIOT COJIEP)KAaHME IIMHKA, a B JUTEHHOW JIATyHW HE YKa3bIBAIOT
coJiep KaHue MEJIN.

Onnodazubie (o)-matyHu (1o 39% Zn) Oosiee TUIACTUYHBI, a ABYX(a3HbIe
(at+p") -matynn Gonee npounsie. daza (B) mpeacrapusieT coOOW HEYHOPSIOYCH-
HBII TBEPJIBIA pacTBOp Ha 0a3e AIEKTPOHHOTO XUMUYECKOTO coeauHenus CuZn
¢ pemerkoir OLIK. Ilpu Ttemmeparypax Hmwke 454 °C mnactuunas (B)-daza
OXPYITYUBAETCSI, T.K. CTAHOBHUTCS YIOPSAIOUYCHHBIM [3' TBEpIBIM pacTBopoM. [Ipu
9TOM IJIACTUYHOCTH JATYHH MAaaeT, XOTS MPOYHOCTH MPOJOJDKAET PAcTH [0

45% Zn, pacteT 1 N3HOCOCTOUKOCT.

2.2. Bponswi

B 3aBucuMOCTH OT OCHOBHOTO JISTHPYIOIIETO 3JIEMEHTa OpOH3BI pasfe-
JSIFOTCSL Ha  OJIOBSIHHBIE U O€30JIOBSIHHBIE (QJFOMUHUEBBIC, KPEMHUCTEHIE,
OepuIITueBbIC U AP.).

OnoBsiHHBIE OpOH3HI MOCHEe AedopMaIi U OTXKUTA UMEIOT OJHO(]a3HYIO
CTPYKTYpY (0) -TBEPIOTO PacTBOpPa C BHICOKOW MPOYHOCTHIO U TIACTHYHOCTHIO
TOJILKO 710 5% 0JI0Ba, HO MJIACTUYHOCTH (0) -OpOH3BI HIMIKE, YeM TUIACTHYHOCTh
(0)-JaTyHw.

Ecnu onoBa B cruaBe 6ombiiie 5%, W3-3a JTUKBAIIMU B OTIEIBHBIX MECTaxX
o0beMa OKa3bIBACTCS MOBBIIIEHHOE COJIECPKAHHE OJIOBA M TMOSIBISAETCS XpYyIKas
(8)-taza (Cusz; Sng). IToaromy OpoH3BI, HMEOIIKE 0JI0Ba Oosbine 5%, HCITONb-
3yIOTCSI Kak JUTeWHble. B oTimBKax cTpykTypa OpOH3BI COCTOUT H3 (0)-
TBEpI0TO pacTtBopa u 3BTekTom A (a+Cus; Sng) nake mpu 4 — 5% oJ10Ba.

B mapkax OpoH3 comepikaHue MeaM He yKasbiBaercs. Hampumep, nedop-
mupyembie 0poH3bl — bp OIl 4 — 3, bp OLIC 4 — 4 — 2,5, nutelinbie 6poH3bl bp
03 1112 C5, bp O5 116 C5, bp 04 114 C17.

AfoMHHHEBbIE OpOH3BI SABIAIOTCA YPPEKTUBHBIMU 3aMEHUTENSIMU JI0PO-
I'MX OJIOBSAHHBIX OpoH3. BpoH3bl, cogepxkanme mensiie 10% Al, ornuyarorcs
BBICOKOM TUIACTHYHOCTBIO, UMEsI OJHO(A3HYIO CTPYKTYPY (0)-TBEpAOTO PacTBO-
pa. [IByxdaznbie amomunueBbie 0poH3sl (0T 10 10 15 % Al) comepxkar, kpome
(0)-TBEpIOro  pacTBOpa, YYAacTKM 9BTEKTOMma (o+y'). DBTEKTOMIHOE
npeBpauienne f — aty' mporekaer mnpu Temmeparype 565 °C. daza B
MPENCTaBIsIeT COOOW TBEpPIbI pPacTBOp Ha 0asze SJIEKTPOHHOTO COCAMHECHUS
CusAl. ®aza B — ymopsimoueHHoe smexTporHoe coennuenne Cug Al

[Tpumepsr amtomunueBsix 6pon3: bpAS, bpAX 9 — 4, bpA10XK3Mu2.
[lepBrbie ABe — neopmupyembie, TPEThs — JTUTEHAs OpOH3a.



3. baoouTnl

Jlis  U3rOTOBJIEHUS TOJUIMITHUKOB CKOJIBKEHUS NPUMEHSIOT OpOH3BbI,
YyT'yHbI, TJJACTMACCHI, CIUIaBbI allfOMUHUA, 0a00uTHl. baOOuTaMu Ha3bIBAIOT
NOJIIMITHUKOBBIE CIUIaBbl HAa OCHOBE OJIOBa WJIM CBUHIA, HAHOCHUMBIE B
PACILJIaBICHHOM COCTOSIHUM Ha TOBEPXHOCTh MAJIOYIJIEPOJUCTONM CTAIM WIIH
OpoH3bI cnoeM okojio 3 mMm. Mx tBepaocts 20 — 30 HB.

babbutel mpencTaBisAOT cOO0M cUCTEMYy W3 OTHOCHTEIBHO MSTKOW IuIa-
CTUYHOM OCHOBBI, JIETKO MPUPaOATHIBAIOIICICS K BpallaroueMycsi Baly, B KOTO-
pOii paBHOMEPHO pacIpeiesiCHbl MEJIKHUE TBEP/IbIC YaCTHUIIhI, 00pa3yroIre MHO-
TOYMCJICHHBIE TOYKH OMOpHL. Hamnume MpOCBETOB MEKAY BBICTYIAIOIIUMHU
TBEPABIMU YACTHIIAMH YITYUIIIA€T YCIOBUS CMA3KH.

Onoeéannvle 6a66umobt HauboJIee TOpPOrMe, HO MMEIT 0oJiee BHICOKHE
cBoiicTBa. TunuuHbIM sBisieTcs 0a00uT Mapku b83, cocrosiuii B cpenHem u3
83% onoBa, 11% cypbeMmbl, 6% Menu. OCHOBHAs 4acTh CTPYKTYpPbI 3TOro 0abou-
Ta COCTOUT M3 MATKOTO U IIIACTHYHOTO (0)-TBepaoro pactsopa Sb u Cu B osioBe
(TemHoe moJie). B 310l ocHOBE BHUJIHBI 00Jiee TBEPJIbIE KPUCTAIbI KyOUUeCKOM
(GbopMBbI — 3TO TBEPbIii paCTBOP Ha 0a3e XMMHUECKOro coeauHenus SNSh. Kpo-
M€ TOTO, BUJIHBI BBITSHYTBIC CBETJIBIC MOJOCKH W 3BE3J0YKH XUMUYECKOTO CO-
enunenusi CusSn. 3aTBepiaeBas MEPBBIMU, 3TH KPHUCTAIUIBI 00pa3yloT pa3BETB-
JICHHBIC JCHAPUTHI, yICPKUBAIOIINE OT BCIUIBIBAHUS OOJee JETKUE YaCTHUIIbI
SnSb, T.e. IpenATCTBYIOT JIMKBAIUH CILIABA 10 yICILHOMY BECY.

Ceunyoesvle 6a6O6uUmMbl TPUMECHSIOT IS 3AMEHBI OJIOBSTHHBIX 0a00UTOB C
[ENbI0 3KOHOMHUHM oJioBa. Tak, B 0ab6ute Bb16 comepxurcs mo 16-17%
oJIoBa M CypbMbl, 1,5 — 2% wmeau, ocranpHoe — cBuHel. CTpyKTypa cIulaBa
CXOJIHA CO CTPYKTypoi 6a00uTa b83 c Tol nuie pa3Huliel, 4To MIrkas OCHOBA
NpEACTaBIIeT COOON IBTEKTUKY M3 KPUCTALIOB PD M TBepaoro pacrBopa cyph-
MBI B oJioBe. B npyrux cBuHIOBBIX 0ab0utax — b6, BH conepxkanue onoBa
cumxaercsa 1o 6 — 10%.

BOIIPOCHI IJIA1 CAMOIIOATI'OTOBKHA

OTBeThl Ha BONPOCHI AAKOTCS MUCBMEHHO B MOPSAJIKE CAMOMNOJATOTOBKH M
3aHOCSITCSI B OTYET O JJabopaTOpHOU paboTe B KauecTBE BBEIEHUS J0 NMpPOBEe-
HUS Ta0OPaTOPHBIX 3aHATUH.

1. Kakoil XuMHYECKHI1 COCTaB UMEIOT TypatoMuHbl Mapok {1 u 1167

2. UeM OTAMYAIOTCS IO CTPYKTYPE JTUTEHHBIE CIIJIaBbl ATFOMUHUS OT Jie-
bopMupyembIx?

3. Jns yero mpousBoasaT MoauUIIMpOBaHKue crityMuHa AJI2?

4. B ueM COCTOUT NMPUHLIUIHUAIIBHOE OTINYHNE KIACCUUECKUX OIpeAeSIeHUn
JaTyHU ¥ OpoH3?

5. Kak mMapkupyroTcst IByXKOMIIOHEHTHBIE JIATyHU?

6. Kakoe otnuune B MapkupoBKe AeOPMHUPYEMBIX U JIUTEHHBIX CHEIH-



aJbHBIX JIATYHEN?
7. Kakoe oTiinune B MapKUpPOBKE 1€(POPMUPYEMBIX U TUTEHHBIX OPOH3?
8. Kakue criiaBbl Ha3bIBalOT 0a00UTAMU?
9. Ha yem ocHOBaHa aHTU(PPUKIIMOHHOCTH 0AOOUTOB?
10.J1;1s1 wero B coctaB 6a00OHMTOB BBOJIIT MEIb?

MATEPHUAJIbBI U OBOPY1IOBAHUE

['oToBBIC KOMILICKTBI MUKpOLUTH(OB I[BETHBIX CILIaBOB.
MertaninoMukpockomnsl. Ans0oM poTorpaduii MUKPOCTPYKTYP.

IHOPAIOK BBIIIOJIHEHUSA PABOTBI

1. PaccMoTpeTh B MUKPOCKOIT TOTOBBIE MUKPOULIU(HI CIJIABOB, CPABHUTH
¢ ¢hoTorpadusMu MUKPOCTPYKTYP.

2. YCTaHOBUTH BHUJ KaXJOro CIUJIaBa, B TOM 4HCIE COCTOsIHME — Aedop-
MHPOBAHHBIN WU JIUTOM.

3. 3apucoBaTh MUKPOCTPYKTYPHI BCEX OOpa3lOB, OTMETHUB CTPYKTYPHBIC
cocraBisomue. Hamucars Mmapky Ka10ro CruiaBa.

BbIBO/bI

ChopmynupoBath OAHO, JBa OOOOMIAIOMIMX 3aKIIOYCHHUS O HAYYHOM U
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