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CiaBbl IIBETHBIX ME€TAJLJIOB

1 Knaccndukanus JUTEHHBIX CIUIABOB

CmiaBpl — CHCTEMBbl TIOJIyYCHHbIE IMYTEM CIUIABJICHHMS KaK METAJIOB TaK U
HeMeTasuioB. CIiaBbl COCTOST U3 HECKOJIBKUX KOMIIOHEHTOB. KOMIIOHEHTBI 3TO 3JI€MEHTHI,
KOTOpbI€ BBOJAT B COCTaB CIUIaBa C LEJbIO TMOBBIIIEHUS €ro CBONCTB. OCHOBHBIM
KOMIIOHEHTOM WJIM OCHOBOM CILJIaBa TMPUHSITO CUUTATh SJEMEHT, COAEpKaHUE KOTOPOTo
oosiee 50%. OcHOBOM MPOMBINIUIEHHBIX cIU1aBOB ciyxart: Fe, Al, Cu, Mg, Zn, Sn, Pb, Cr,
Ni, Ti, Mo, V u nip.

Kpome ocHOBBI cmiaBa, B €ro COCTaB BXOJAT JICTHPYIOIIME KOMIIOHEHTHI U
pa3lInuHbIE TPUMECH, KOTOpPbIe OOBIYHO SBJISIOTCS HEXKEIATENIbHBIMU (BPEIHBIMU) WU
JIOTTYCTUMBIMHU.

CruiaBbl IBETHBIX METAJVIOB B HACTOSIIEE BPeMs HE UMEIOT €IUHOTO 0003HAUYEHMUS.
ANIOMMHHEBbIE W MAarHuUEBbIE CIUIaBbl 0003HAYAIOTCS OyKBaMH, YKa3bIBAIOIIMMHU Ha
MPUHAIICKHOCTh UX K OCHOBHOMY MeTaily (A—amoMuHHEeBbie, M—MarHuesble), 100 K
omnpenesieHHoMYy Tuiy cmuiaBa (AJl-amoMuHueBbid, uTeHbI, AK-—-amtoMUHUEBBINH,
KOBOYHBIN). Bernes 3a 6ykBaMu Uyt nudpbl, KOTOpble 0003HAYal0T HyMEpaIuIo CIljiaBa, He
CBSI3aHHYIO HU C €r0 XMMHYECKUM COCTaBOM, HU cO cBoicTBamu (AJI25, MJI12).

ATIOMHHHUEBBIC JINTEHHBIE CIUIABBI BTOPUYHBIE UMEIOT 0003HAYEHUE, OTIUYAIOIIEECS
OT JIUTEHHBIX MEPBUYHBIX aJIOMUHHMEBBIX cruiaBoB. Hampumep, criap AKSM2 (AJI3B)
pacidpoBbIBacTCS CIACAYIOMKUM 00pa3oM: CIUIaB alIOMUHHUEBBIN (A), coaepsKanuil B
KaueCTBE JErupyromux KoMnoHeHTOB 5% kpemuus (KS) u 2% meau (M2).

[IpuMepHO O TaKOMY K€ MPHUHIIMITY OCTPOCHBI 0003HAYEHUSI TUTAHOBBIX CILIABOB
(BT-1, BT-2), rae OykBa B o3Hauaer opranuzanuro—pazpaboruunka (BUAM), OykBa
T—TuTaHoBBIN.

3HauuTeNRHO OOJIee MOKa3aTeNbHO U y00Hee 0003HAYa0TCs CTaHAAPTHBIE METHbIE
criaBbl. MenHble cruiaBbl 0003HauyaloTcss OykBaMM W HHUdpaMu, HEMOCPEICTBEHHO
ONPEACIISIIOIMMY HaUMEHOBAHMUE CILJIaBa, €r0 XMMUYECKHUU COCTaB B KAaue€CTBEHHOM U
KOJIMYECTBEHHOM OTHOILICHUSIX.

BykBeHHbIe 0003HAYeHUSA

C—cBuHelIr JI-J1aTyHb A—aJIOMUHUIH
O—-o0s10B0 K—-kpemunii
K—xene3o —IHHK
Bp—-0pon3a H-ut
Mu—mapranen H Hukean




IIpumep MapKUPOBKH OPOH3BI

bpO317C5H1

A

Bponsa 2,5-4,0%o0710Ba 6,0-9,5%uunka 3,0-6,0%cBuHnA

0,5-2,0% HuKeaA

IIpumep MapKUPOBKH JIATYHH

JII23A67K3Mi2

T

JlaTyHb 21-25%uuHKa 4,0-7,0% aroMuHU 2,0—4,0%:xkei1e3a

1,5-3,0% mapranmna

yI{O6HBIC n HOI[O6HBI€ 0003Ha4YCHHUS UMCIOT HUKEJIEBBIC U OWHKOBBIC CIIJIaBBbI.

IIpumep MapKHPOBKH IIMHKOBBIX JIUTEHHBIX

A4M1

A

II-uMHKOBBIIi cIJIaB 4,0% anroMHUHHSA

1,0% menn

IIpuMep MapKHPOBKH HMHKOBBIX AHTH(PPUKIHOHHBIX

IHAM 9-1,5J1

A

Il-uMHKOBBIIi CILIaB 9,0% ajxoMHUHHUA

1,5% mean




2 Meab U ee CILIABBI
2.1 CBoiicTBa Meau

Menp sSBISIETCSI OCHOBOM JIMTEHHBIX OJIOBSHHBIX U O€30JI0BSIHHBIX OpOH3, a TaKxke
naryHeil. Ee mpumenstor mnpu ¢GacoHHOM JHThe B TEX CHOydyasX, KOrjga OT OTJIMBOK
TpeOyeTcsi BBICOKAsl AJIEKTPOIPOBOJHOCTh M TEIUIONPOBOAHOCTh. DacoHHBIE OTJIMBKU
NOJYYaloT JUThEM B KOKWUJb, IO BBIIUIABISEMBIM MOJENSAM, B CyXHE IeCHYaHble U
obOonoukoBsle  (opMbl. OCHOBHas TPYAHOCTb IIOJYY4EHHUS OTIMBOK —  HU3Kas
KHUJKOTEKY4YeCTb, OOJbIIIast yCaJKa U CKIIOHHOCTh MEIU K OKHCIICHUIO, MOTJIOIICHHUIO Ta30B
1 00pa30BaHUIO TPELIUH.

CpolicTBa Mean

o} o
@) % 52 = < g
o — =~ o : —
n C N A = S I
0 o S 3 = o < e
S < = 0 Q < o = -
— < = = = ol ] o
e v & 3% T ] = > =
= o~ =| S o S S o im o
S 5 m X = o = I S Q
= = e = S = 2 3 = Q =
= = = o 2 s A o g ) T I =
M ) = = O Q = M = = = =
< E = = o ¥ e ) = o I o~ >
= S < S £ O 5 a = 2 3 « ]
< « ]S > e © = 1 S = =
=) e © 5 o 3 5 o 2 = T o i
> > 2 =) z o = S = g =)
& £ = = o = & o S = = = 5]
s « 3 S = = 3 o = 5 =
8 g S = 55 S S = 3 =
) c o8 [ S = = X Q = 3 X )
E E = 3 85 o o < ) =¢ a S}
= S S = o 9 S S S =3 0 5 =
O < = (o} o a 2 ) = ©] Q M =
= = = bd S m m = > = = @)
Bausinue npumeceit

[IpakTyecku He pPAcTBOPUM B TBEPAOW MEAM; IIpU
3aTBEpPACBAaHUM BBIJEISIETCS M3 pacTBOpa B BHJIE€ IBTEKTHKHU
Kncaopon » Cu—Cu,0, pacrionararomeiicsi o rpaHHlaM 3epeH, CHUKAET
IUIACTUYHOCTh M KOPPO3UOHHYIO CTOMKOCTH MEH; BBI3BIBAET

MIOPUCTOCTH OTJINBOK.
PacTBOopyM B KHUIKOW M TBEPAOW MEIH, BBI3BIBAET MOPUCTOCTH
OTJIMBOK, a TaKkKe XPYNKOCTb W  PacTpecKUBaHUE
nepOopMHUPOBAHHON MENH, coJieprKanien KHCIIOPOJ
«BOJAOPOAHYI Oose3nb». Ecnm Harpete Menp B cpene,
Boaopoxn »( cojepxkalieil BoaopoJ (Hampumep, B IMPOJYKTaX HEMOJIHOTO
CrOpaHMsl JKUJIKOTO TOIUIMBA), TO MPOUCXOTUT AUPPy3ust
BOJOPOJAa U IPOTEKAET PEAKIUS BOCCTAHOBJICHMS 3aKUCU MEIU
Cu;0 + H; = 2Cu + H;0, a Ttak kKak mapbl BOABI MIPU ITOM
CO3/IAaI0T BBICOKOE [aBJIEHHE, TO BO3MOXHO 0Opa3oBaHuE

TPELIVH.




CHMXaeT IJIACTUYHOCTh MEAHM TIPU TOPSYEM U XOJOTHOM
nedopmupoanud, (0,005%).

Bucmyr

A\ 4

CHmXaeT TIACTUYHOCTh MEAM TpPH TOPSYeM U XOJIOAHOM
nehopMUpOBaHWHK, HO  yaydmaeT  oOpabaThiBaeMOCTh
pezanuem. Cepa HE pacTBOpsETCS B TBEPAOW Meau; NpU
3aTBEpPACBAHUM BBIACNSAETCS U3 PAcTBOpPA B BHJIE IBTEKTUKHU
Cu-Cu;S 1o rpanuuam 3epeH.

Cepa

A\ 4

Helitpanusyer BpeaHoe BiHMSHUE Cepbl, NPUMEHSETCS B
KayeCTBE PACKUCITUTEIIS.

A\ 4

Mapranen

PactBopsiercss B TBepmoit menu (mo 7,25%). B manbix
KOJIMYECTBAX MOYTH HE BJIMAET HA €€ MEXaHMYECKHE CBOWCTBA,
HO  3HAUUTEIbHO  CHW)KAET  AJIEKTPONPOBOJHOCTH U
TEIIONPOBOAHOCTD, TAKXKE MOBBILIACT KAPOIPOUHOCTb.

MeIIIbLAK

A\ 4

nyz[maeT QJICKTPOIIPOBOJAHOCTD, TCILIOIIPOBOJHOCTD u
IJIaCTUYHOCTD MCIH. BpeILHOC BJIMSAHUC CYPbMEL
HeﬁTpaﬂHSYGTCH MBIIIIBAKOM.

Cypbma

A\ 4

IToBeiIaeT KUIKOTCKYYCCTb MCH, HO IIPU 3TOM CHHIKACT €€
SJICKTPOIMPOBOAHOCTL W TCIIOIPOBOAHOCTL; HPH COACPKAaHUUN
IIpUMCPHO 10 0,1% Ha MEXaHHWYECKHE CBOMCTBA 3aMETHOTO
BJIMAHHA HEC OKA3bIBACT.

A\ 4

Docdop

CHUIBHO CHIDKACT SJICKTPOIMPOBOAHOCTH U TCIIJIOIIPOBOAHOCTDH
MEIHU

Hukeanb

A\ 4

CHUIBHO CHIDKACT SJICKTPOMPOBOAHOCTL U TCIUIOIIPOBOAHOCTD

OJaoBo e

A\ 4

He pactBopum B TBepaol Menu, TpU 3aTBepIEBaHUU
BBIIEISIETCS B CBOOOIHOM COCTOSIHHM, CHIDKAET INIACTHYHOCTH
MeIu npu ropsiyem nedopMUPOBAHUY; yaydIiaer
00pabaThIBaEMOCTh €€ PE3aHUEM.

CBunen

A\ 4

v

Munk CHMKaeT 3JeKTPONPOBOJHOCTD U TEILUIONPOBOIHOCTh MEIH

CHmxaer SJICKTPOIIPOBOAHOCTD, TCIIOMPOBOAHOCTDb u
MOBBIIIACT KOPPO3UOHHYIO CTOMKOCTh MEOH.

v

AIOMUHAN

[IpOoMBIIIICHHOCTh  BBIMYCKAeT OJMHHAMAIATH MapOK YHUCTOM MeEIu, KOTOpbIE
OTJIMYAIOTCA JpYT OT nApyra coaepxkanueM npumeceit ot 0,01% B mapke M00g 1o 0,5% B
mapke M3. Bce mpuMmecu CHIDKAIOT 3JIEKTPONPOBOAHOCTh, HO B OONbIIEH Mepe 3TO



OTHOCUTCS K pacTBOpuMBIM npumecsm (Al, Zn, Sn, Ni, Sb).OcobeHHO BpenHbI MpuMecH
BHCMYTAa, CBUHLIA H KHCJIOPOAA.

MAPKHUPOBKA 1 COCTAB ME/I1

MO00; | MO; | M1; | M1, | M1 | M1, | M1, | M2, | M3, | M2 | M3

A A A A A A A A A A A

99,99 (199,97 199,95 99,9 | 999 | 99,9 | 99,9 | 99,7 | 99,5 | 99,7 | 99,5

MaccoBas i MeIu B Mapke, %

2.2 Cii1aBbI HA OCHOBE MeIH

CIIJIABBI
|
|
JIaTyHHM —cnnaBer Menu ¢ Bponsbi
LIMHKOM. Coneprxanue
IMHKa B JIATyHSIX  HE |
[ |
npesbimaeT 50%.
OJsoBsiIHHBIE —  3TO be3oaoBaHHbIE — 3TO
MeTHbIE CIUJIaBHlI, OpOH3BI, HE CO/IePIKAIITIE
Onunopasnpie,o—raTyHu OCHOBHBIM JIETUPYIOLIMM | | B KauecTBE OCHOBHOIO
KOMITOHEHTOM KOTOPBIX JIETUPYIOIIETO
SIBJIIETCS OJIOBO KOMITOHEHTA 0JIOBa
JByxda3ubie, o+ JaTyHH
| O0mero Ha3zHayeHuUs,
coJiepKaHuEe o0J0Ba J0
CBuHLOBBIE 6-10%
| Bricokonpounbie,
O/10BSIHHO—CBHHIIOBBIE COLepKaHHE OlI0BA 10
| 16-19%
Mapranuesbie
|
AJIIOMUHHEBBIE OJ10BSIHHBIE
Kp eMLI/I CTBIE OJ10BIHHO—IIMHKOBBIE
AJIIOMHHHEBBIE
OJI0BAHHO—CBHHIIOBBI
Mapraunuesbie
CBHMHIIOBBIE
CBHUHIIOBBIE
O10BAHHO—IIMHKOBO—
CBUHIBbIE CypbmsiHHCTBIC




2.2.10J10BsiIHHBIE OPOH3BI

CoBpemeHHbIe TPOMBIIILIEHHBIE OpoH3bI cogepxat 2-11% Sn, 3-10% Zn,
3-20% Pb 1o 2% Ni, no 1,1% P u npyrue s3meMeHTHI.

Buausinue JErHpyromux KOMIIOHEHTOB U npnMeceﬁ HAa CBOMCTBa 6p0H3

Jlerupywomue KOMIOHEHTbI

CsoiicTBa
JInTeiliHble Pu3uko—MexaHHYecKne TexHo0oruueckue
CHmxaer JIMHENHYIO CHmKaer OTHOCUTEIBHOE IToBrImIaer
ycajaKy, HE3HAUUTENBHO | YJIMHEHUE U YIApHYIO BS3KOCTb, | KOPPO3UOHHYIO
YMEHBIIAET 0COOEHHO PE3KO MPHU COJIEPIKAHUH | CTOMKOCTh "
OoBo ra30HacChIIaeMOCTh 6omnee 7%, moBbIIACT TBEPAOCTH | AaHTU(PPUKITMOHHBIC
JKUJIKOTO MeTajia. C |u nmpouHocts. C yBEJIMYEHHUEM | CBOMCTBA, 3aTpyaHsET
YBEIMYCHUEM COJICPIKAHUS | COACPIKAHUSA YMEHBIIAET | CBAPUBAEMOCTb.
bie} 10-12% CHMIKAET | MJIOTHOCTb.
KHUJKOTEKYUYECTh,
YBEIMYHUBAET WMHTEpBal
KpUCTAJUTU3AIlUU CIIJIaBa.
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3auBkM Ha S50°C BeIlle | PAaCTKCHUH, 2 - OTHOCHUTEIHHOE
TeMIIepaTyphl TUKBUAYC yIJIWHEHuE; 3 - TBEPAOCTH II0
bpunennto




YMenbiaer CHmxaer MI0THOCTh | CHUXKaet
TeMIepaTypHbli  MHTEpBai | ciuiaBa. l[lpu conepkaHuM | KOPPO3ZUOHHYIO
KpUCTAJUIM3allUMd,  CHWXaeT | 0osiee 5%,  MOBBIMIAET | CTOUKOCTh, 3aTPYyJIHSET
Munxk L JTUHEIHYIO yCaJlKy, | MEXaHUYECKHUE CBOMCTBA, a | CBAPUBAEMOCTh,
ropsiYeIOMKOCTb, npu OOJIBIIEM COACPKAHUM | AHTU(DPUKIIMOHHBIE
ra30HACHIIAEMOCTh KHJIKOTO | CHUYKAET. CBOIiCTBa MTOHIKAET,
Meraia. llpu yBenmueHun YMEHBIIAET
coJiep>KaHus hi (1) 4% FepPMETUYHOCTH OTIUBOK.
MOBBIIIACT KUJKOTEKYUYECTh.
[Ipu conepxkanuu 1o 0,5 — | [loBbimaer mwiotHocTs. [lpu | Yiyumaer
1,0% MOBBIIIACT | cofep)aHuu A0 2-3% He | aHTUPPUKIIMOHHBIC
KHUJKOTEKY4YeCTb, CBBIIIE - | OKa3bIBAET 3aMETHOTO | CBOMCTBA, o0jeryaet
Caunen }’ cHmwkaer. [lpu  BBICOKOM | BIUSHUS Ha MEXaHHYECKHE | 00pabaThiBaeMOCTh
comepkanuu  (cBbllle 8- | CBOMCTBA, a CBbIlIIE | PE3aHbEM, MOBBIIIAET
10%) mukBUpYyeT, CHMIXKAeT | CHIbKaeT  (OCOOCHHO Y | FTepMETHYHOCTh OTIHMBOK,
ra30HACHIIAEMOCTh KHUAKOTO | OPOH3, COAePsKAIIUX 0J10BA | YMEHBIIIAET
MeTasia. 9-13%). COTIPOTHUBIICHUE
KaBUTALlMU B MOPCKOH H
IIPECHOM BOJIE.
YBenuuuBaer [loBbimaer mMexaHuyeckue | Yirydiuaer
TeMIIEpAaTypHBIA  HMHTEpPBAJ | CBOMCTBA OTJIMBOK, | aHTU(QPHUKIIHOHHBIC
KpUCTAJIJTU3allMU, TOBBIIIAET | U3TOTOBJICHHBIX B IMECUYaHO- | CBOMCTBA, MOBBIIIACT
KUJIKOTEKYYECTb, MIMHUCTBIX  (popmax (10 | KOPPO3UOHHYIO
npenynpexaaer oopasosanue | 0,02-0,04% P) u B KOKUJISAX | CTOMKOCT B MOPCKOM U
OKHCJIOB. [ToBpimaer | (mo 0,05-0,075% P). MIPECHOM BOJIE,
Docgop }’ ra30HacChIIIaeMOCTh KHJKOTO objeryaer
MeTaJula, BBI3BIBACT TIPUTAP CBapUBaEeMOCTb.
Ha OTJIUBKAaX TpU JHUTbE B
MeCYaHO-TJIMHUCTBIE (OPMBL.
IIpu conepxkanun 1o 0,1%
MOBBIIIAET TOPSYEITIOMKOCTb,
CBBIIII€ YMEHBIIIAET.
N3menbuaer Makpo3epHO, | [loBbllIaeT TMIOTHOCTE W | YIIydlIaeT CBOIICTBA,
CIOCOOCTBYET MEXaHWYECKUE  CBOMCTBA, | yBEJIMYUBAET
BBIPaBHUBAHUIO CBOMCTB | 0COOEHHO yIapHYIO | KOPPO3HOHHYIO
JIUTOTO METaJIa B TOJICTHIX U | BSI3KOCTb. CTOMKOCTh B MOPCKOH M
TOHKHX CEUEHUSIX, MOBBIIIAET AHTU(PPUKITHOHHBIE
Hukein L ra30HACHIIAEMOCTb KHUIKOTO MIPECHOMN BOJIE,
MeTaa, CHIDKAET 00paboTKy pe3aHueM
ropsyesoMKocTs. B OpoH3ax 3aTpyaHseT.
CO CBUHLOM  yMEHbIIAeT
JIMKBAIMIO mnocneasero. I[lpu
comepxkanuu  O0osee 2%

CHMXXACT XUJIKOTCKYUCCTh.




Keaeso }»
AJIIOMUHHH,
MarHui g
KpPeMHMUIA,
Cypbma,
BHCMYT, .
MBIIIBSIK

Cepa },
Kucsiopon },
Bonopon },

CHMXaeT KUAKOTEKY4eCTb U
HECKOJIbKO
ra30HACHIIAEMOCTb KHUAKOTO
MeTaia, HIOBBIIIIAET
ropsi4eIOMKOCTb.

IloBbIIaeT NPOYHOCTH U
TBEPIOCTH, CHIDKAET
IIJJACTUYHOCTD U IIJIOTHOCT.

CunpHo yXyALIaeT
KOPPO3HOHHYIO
CTOMKOCTD, 0CcO0EHHO
IIPU COJICPIKaHUM CBBIIIC
0,3%, YXYIIIaeT
00pabaThIBAEMOCTh
pe3aHueM, CHIKAeT

TCPMETUYHOCTH OTJIMBOK.

CHIKAOT KHIKOTEKY4eCThb

3a CYET 00pa3oBaHUs
0O0JIBIIIOrO KOJIMYECTBA
OKHCHBIX BKJIFOYEHHH,
YBGJ'II/ILII/IBaIOT HOpI/ICTOCTI),

IOBBIIIAKOT I'OPAYCIIOMKOCTD.

3HaYUTEIBHO CHIDKAIOT
IUIOTHOCTh U MEXAHUYECKUE
CBOMCTBA.

VYxyamaror
TePMETHYHOCTh n
KOPPO3HUOHHYIO
CTOMKOCTh OTJIMBOK.

Ha KUIKOTCKYYICCTDh CHmxaer IIPOYHOCTL U B AOIIYCTUMBIX
3aMCTHOI'O BJIMSTHUA HC | INTaCTUYHOCTD npuaciax 0coboro
OKa3bIBaroOT, CypbMa BJINAHHA HEC OKA3bIBAIOT.
HC3HAYNUTCIBHO IOBBIIIACT

KUIKOTCKYYCCTDh u

ropA4€JIOMKOCTb.

VYXyamaer IuTeHble CHmxaeT MeXaHUYECKHE HexenarensHas
CBOICTBA. CBOICTBA, YMEHBIIIAET MPUMECH B OTJIMBKAX,
IUIOTHOCTD. HCIIBITBIBAEMBIX Ha

T€PMETHYHOCTb.

[IpucyrcrByer B Buze | CHmKaer MEXaHWYeCcKue | YXyamaer

okucHbIX BKiodeHu# (Al,Os, | CBOMCTBA U TIJIOTHOCTS. T€pPMETUYHOCTD, CHUKAET

Sn0;, ZnO, FeO u mp.), KOPPO3UOHHYIO

CHIJKAET  KUJKOTEKYYECTb, CTOMKOCTh 51

MOBBIIIAET MOPUCTOCTb. AHTU(PPUKITTOHHBIE
CBOICTBA.

Br13biBaeT oOpa3oBaHue

MTOPUCTOCTH.

CHmKaeT MEXaHNYECKUE
CBOMCTBA.

YXymiaer cCBOMCTBA,
0COOEHHO
TePMETUYHOCTD.




XHMHYECKHH COCTAB OJIOBSIHHEIX JIUTEHHBIX

MaccoBas 101151 3JIEMEHTOB, % Cymma
Mapka criaBa Sn 7n Pb onpez[eﬂéH}{mx
MIpUMECEU
BpO31112C5 2,0-3,5 8,0-15,0 3,0-6,0 1,3
BpO3117C5H1 2,5-4,0 6,0-9,5 3,0-6,0 1,3
BpO4117C5 3,0-5,0 6,0-9,0 4,0-7,0 1,3
BpO4114C17 3,5-5,5 2,0-6,0 14,0-20,0 1,3
BpO51I5C5 4,0-6,0 4,0-6,0 4,0-6,0 1,3
BpO5C25 4,0-6,0 - 23,0-26,0 1,2
BpO6LI6C3 5,0-7,0 5,0-7,0 2,0-4,0 1,3
Bp08LI4 7,0-9,0 4,0-6,0 - 1,0
BpO10d1 9,0-11,0 - - 1,0
BpO10112 9,0-11,0 1,0-3,0 - 1,0
BpO10C10 9,0-11,0 — 8,0-11,0 0,9

O0J1acTh NIPpUMeEHEHUs JIUTEHHBIX 0JIOBIHHBIX OPOH3

Mapka OpoH3bI \

O0J1acTh IPUMEHEHU

Jlutble neranu CII0KHONW TOHKOCTEHHOW apMaTyphl ¢ PE3KUMU MEPEXOJaMHU 10

bpO3112C5, TOJIIIIMHE CTEHOK Kak OOIIero Ha3HaueHWs, Tak U padoTaromieidl B MOPCKOM
BpO3I[7C5H1 | Boxe, HachimieHHoM mape npu 225°C, macie mon naasienuem 2,5MIla wu
6osee; aHTU(OPUKIIMOHHBIE ETAJIN; U3HOC 3TUX OpoH3 BhIe, yeM bpOSIISCS.
BpO4II7CS JIuTele AeTanu apMaTypbl M aHTU(PUKIIMOHHBIX Y3JI0B TPEHUS aBTOMOOMIIEH U
P TPAKTOPOB (BTYJIKH MOPIIHEBBIX T'OJIOBOK, IATYHOB, TU3€JIEH U 1p.).
JIutble aHTU(PUKIMOHHBIE JETald pa3IUYHOrO Ha3HaueHWs (BTYJIKH B
bpO4114C17
CTaHKax U Jp.).
BpOSII5CS JIutble aHTU(QPUKLIUOHHBIE JAETaNd Y3JI0B TpPeHHUs (BTYJKH, BKJIAJbILIIH
Bp 06116C 3’ MOJIIMITHUKOB, YepBAYHbIE KOJIECa U Jp.); apMarTypa, paboTaroiiasi B MOPCKOH
p U IIPECHOM BOJIE U IIape.
bumeraminyeckue MOAIIMIHUKNA CKOJBXKEHUS, MOJIIUIHUKA U BTYJIKHU TOJ
BEpO5C25 MOPIIIHEBbIE MaJbIbl AU3eNel, BOASHBIX HACOCOB, TYpOUH U JIpyrue JeTaj,
P paboTatoriye npu HeOONbIINX JAaBICHHUSIX U BBICOKUX CKOPOCTSIX CKOJIbKEHUS;
MacJIOYIJIOTHUTEIbHBIE KOJIBIIA.
ApmMmarypa, ¢acoHHBIE YacTH TpPYOONMPOBOAOB, HACOCOB, pPabOTAOIMMX B
bpO814 MOPCKOM BOjie, AE€TAIM apMaTyphl, paboTaroliye Mo/ BBICOKMM JIaBICHUEM H

temriepatypax a0 250-280 °C.




Jleranu CIOXHOH KOH(QUTYpalMM CO CTEHKAaMH pPa3IU4YHOM TOJIIKHBI,
CTOMKHE MPOTHUB KOPPO3UHM W 3PO3MM B MOPCKOW, MPECHOM BOAE U JPYIHX
BpO10112 cpenax; aHTU(PHUKIMOHHBIE AeTalu (BTYJIKH, 3y0UaTsie Koiéca U IIeCTepHHU,
YEepBAYHbIE 3aLEIUIEHUs, OOJUIIOBKM TI'pEOHBIX BHUHTOB) IPH CPEIHUX MU
BBICOKHMX JJaBJICHUSX U HEBBICOKUX CKOPOCTSIX CKOJIbXKEHMSI.

Jlutble neranu, paboTaroliye B y3Jax TPeHHs (BBICOKO HArpy:KEHHbIE IeTallu
IIUIAKOBBIX TPUBOIOB, HAKUMHBIC M IIIMTHH/ICIHHBIC TAiKH, BEHIIBI YSPBSIUHBIX

bpO10d1 N .
niecTepéH, BKJIAABIIM IPU HEJOCTATOYHOH Iojadye CMas3Kd, 30JO0THHKH,
BTYJIKM KPMBOLIMIIHBIX F'OJIOBOK IIATYHOB); apMarypa.
Jlutble [neTany MOALIMIIHUKOB CKOJIBXKEHHs, pPadOTaroIlMX B YCIOBHAX
bpO10C10 BBICOKMX  JIaBJICHUW, M JCTAIM XHUMHYECKOIO0 MAUIMHOCTPOCHUS W

IpUOOPOCTPOCHHUSI.

2.2.2 be30/J1I0BSIHHBIE OPOH3bI

B 3aBHCHMOCTH OT OCHOBHOTO JIETUPYIOLET0 KOMIIOHEHTa O€30JUI0BSIHHBIE OPOH3BI
JEJSTCS HAa aJIOMHMHHMEBBbIC, KPEMHHCTbIe, MAPraHLUeBble, CYPbMSIHbICe 1 CBHHIIOBBIE.
HauGospinee npuMeHEeHUE NOTYYNIIN AJTIOMHHHEBbIE OPOH3BI.

AJIIOMHHHEBbIE ODOH3BI

JAuarpamMmma coCTOSIHUSA Medb - AJTIOMUHUN

* 1130
BT e ‘ C Menpro anroMMHUR 00pa3yeT TBepIblit
0o mi e pacTBOp O. PacTBOpHMOCTH almOMHUHUSA B
o menu  mpu  Temmeparype  1031°C
cocTaBisieT okojio 7,4%, 3areM oHa
800 noBelmaerca A0 9,8%, Npu MOHUKEHUU
temneparypbl g0 570°C u panee 1o
s KOMHAaTHOW  TeMIlepaTypbl  OCTaeTcs
g.m HeusMmeHHol. ®aza [ mpexacrasuser
g co00oi TBepABIA pacTBOP Ha OCHOBE
:é:m ' coequnenuss CuzAl. Ilpu Temmeparype
war * it g 570°C oHa mpeTepreBaeT YBTEKTOMIHbII
pactiag ~ P—oo+y..  Daza  yr.Takke
300 — T SBIISICTCS TBEP/bIM PACTBOPOM Ha OCHOBE
83% uHTepMeTauaa. [losiBieHne ee B
20 . CTPYKTYp€ TMPHBOJAUT K MOBBIIICHUIO
100 7fr l.lv gng; ﬁs MPOYHOCTH, KOTOpast JIOCTUTAET

o — MakcumyMma npu =11% amomMuHus.
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Bansinue Jerupyrommx KOMIOHEHTOB U MPpUMeceil Ha CBOMCTBAa aJIIOMHMHUEBBIX OPOH3.

CBOWCTBA

Jlernpymommye KOMIIOHEHTbI

JIureiinbie Mexanuyeckue u pusnyeckue Texnonornueckue

AJIIOMMHHI yiyuduraer | [loBeimaer IIPOYHOCTH u | IloBsimaer KOPPO3UOHHYIO
KHUJIKOTEKY4YeCTb, YBEIMYUBAET | TBEPAOCTD. Ho CHMJKAeT | CTOMKOCTb, yIy4IlaeT
00BEMHYIO (0COOEHHO | MIACTUYHOCTD CIJIaBOB | aHTU(PHUKIMOHHBIE  CBOWCTBA
COCPEJJOTOYCHHYIO) U JIMHEHHBIEe | (0OCOOEHHO Ipu conepkaHuM | ciuiasa. Ilpu comepxanuu Al 1o
ycaaku. Ilpm  yBenuuenuu | 6onee  7-8%). Haumnyumme | 7% CIuIaB JI0X0
cofiepkaHus 10 2% TOBBILIAET | COOTHOLIEHUS HPOYHOCTH U | 0OpabarkiBaeTcCs pe3aHueM,
TOPSIYEIIOMKOCTh, @  3aTeM | IUIACTHYHOCTH MMEIOT OPOH3HI C | CBBIIIE — YIOBIECTBOPHTEIHHO.
CHUKAeT. Ymenpmiaer | 9,0-10,5% anromunus. ITony4yenue TrepPMETHYHBIX
ra30HACHILAEMOCTh  KMIKOTO Al % OTJMBOK 3aTPyIHAETC H3-3a
MeTajuia. 0 KB Lo 00pa3oBaHMsl OKHMCHBIX IUIEHOK

s 10 ALO;.
w0 {50 440
[ T
200i 6 :20
. N o
o & 8 1
A, %
[ToBbimiaer YKapOIIPOYHOCTh
CILJIABOB.

Kenaeso yBenuuuBaeT | C  yBenndyeHueMm cojepxanus | CHuxaer KOPPO3HOHHYIO
TeMIIepaTypHbBIN WHTEpBaJ | XKeres3a Oonee 4% | CTOWKOCTD cIIaBa u
KpHUCTaTU3AI[IH (BBI3BIBAET | MIPOYHOCTHBIE CBOWCTBA CIUIaBa | aHTU(PUKIIMOHHbIE  CBOMCTBA,
paccessHHYI0 TOPUCTOCTh TPH | yXY/IIAIOTCS. HE3HAYUTEILHO yIAyqIaeT
cogepkanuu  cBbie  4%), o0pabaTbIBaHHUE pPE3aHUEM.
M3MeNbyYaeT CTPYKTYpY
(0COOEHHO B TOJICTBIX CEUEHHUSX
OTJIMBOK) M  NIPEIOTBpaIlacT
SIBJICHHE «CAMOIPOU3BOJILHOIO
OTKHTay, BBI3BIBAIOIIIETO
XPYIKOCTb CIjiaBa,

HE3HAYUTEITEHO CHIDKAET
KHUJIKOTEKYUECTb.
T'azoHaceImaeMocTh  KUIKOTO

MeTajula TpU COJCpPNKAHUU J0
3% Fe comkaerca, a 3areM
noBbIaeTcs. [ opsauennoMKoCTh
npu coaepxkanun 10 1% Fe
yBEIUYNBACTCA, a 3aTeM
YMEHBIIAaeTCsl.




Hukenb  He3HauutTensHO | [loBbimmaer Mmexanudeckue | IloBbrimaer KOPPO3UOHHYIO
YMEHBINAET JKUIKOTEKY4YEeCTh, | CBOMCTBA  (OCOOEHHO  TpejeNn | CTOWKOCTh cruiaBa. J[mst 3Toro
HU3MeNbYaeT CTPYKTYpPY, | TEKy4ECTH) 0e3 CHUKCHHSI | PEKOMEH]IYeTCS MPUHUMATH
YMEHbIIAeT JUHEHHYIO YCaAKy, | YAJUHEHUS, 0COOEHHO B | COJlEp)KaHUE HUKENs paBHBIM
YBEJINYUBAET IPUCYTCTBUM  JKeje3a  (1ocie | WiH HECKOJIBKO 0oJbIIEe
ra3o0HACHIIAEMOCTh KHJIKOTO | TepMOOOpabOTKH), MOBBILIACT | COAEPIKAHUS xKelesa.
MeTaia, MOBBILLIAET | )KAPOIPOUYHOCTH CIIJIABOB. CrniocoOcTBYeT CBapHUBaEMOCTH,
rOpsYeIOMKOCTD CIUIaBa. HO  3aTpynHsieT  o0paboTKy

pe3aHbeM.

Mapranen B HeOonbmmx | [loBeimaer mmactuuHocTh Oe3 | [loBwimaet KOPPO3UOHHYIO
KOJIMYECTBAX CHI)KAeT | MOTEpH IIPOYHOCTHU MU | CTOWKOCTh cruiaBa  (OCOOEHHO
KHUJKOTEKY4YeCTb, a CBBIIIE 2- | comepkaHuu A0 5%. YcTpaHseT | COMpPOTUBICHUE KaBUTAllUU B
3% Mn noseimaer. Ilpu 5- | (momo6Ho kKeje3y) | MOpCKo  Boje),  yXyIIIaeT
10% ropsuenoMKOCTh CILIaBa | CaMOIPOU3BOJIbHBIN OTXKUT. | 00pabaThIBa€MOCTh PE3aHUEM.
TIOBBIIIACTCS, a 3arem | [loBbIIaeT KapoONpOYHOCTH U
CHIDKAETCSl. [ToBpIIaeT | MPOYHOCTH npu HU3KHX
ra3o0HAChIIAEMOCTh JKUIKOTO | TeMIepaTypax.

MeTaa, YMEHbIIAET
JINHEMHYIO YCAIKY.

CBuneny He okaspiBaeT | CHIKaeT jxapomnpodHocTh. [lpu | Yiydmaer aHTUGPUKIHMOHHBIE
3aMETHOTO BITUSTHUS Ha | comepkanuu A0 2% CHIDKAeT | CBOMCTBa cruiaBa u
KHUJKOTEKY4eCTb M YCaJAKy, | MPOYHOCTD, TBEPAOCTD, U | 00pabaTbIBAEMOCTh  pPE3aHUEM,
MOBBIIAET  IOPSYEIIOMKOCTh | Y/JIMHEHUE CIUIaBA. 3aTpyJHSET CBapKYy.

(ocobeHHO TIpU  conep KaHUHU
0oJiee 2%), CHUKAeT

Ira30HaChIIa€CMOCTb KHIAKOI'O
METaia.

IIpumecn

OJ0BO0 HEe OKa3bIBaeT
3aMETHOTO BJIMSHUSL.

CHmKaer npuaci IMpoYHOCTU U
YAJIUHCHHUE, ITOBBIIIACT TBép}IOCTB
CIlJIaBa.

Ilonmxaer
OTJINBOK.

repMCTUYHOCTD

Kpemunii BbI3bIBaeT | CHMKaer Mexanudeckue | [Ipu Hamuuum B OpoH3E Kenesa
MIOPUCTOCTh OTJIMBOK, | CBOWCTBA, OCOOEHHO YIJIMHEHHE, | oOpa3yeT ¢ HHUM  TBEpIbIE
ylIydliaeT — KMJIKOTEKYy4eCTh | YBEIMUYMBAET TBEPJOCTH CILIaBa. | BKIIIOUEHUS, yXyJLIaeT
CIuiaBa. 00pabaTbIBAEMOCTb  PE3aHUEM.

YXyamaer CcBapuUBaeMocTb U
T€pPMETHUYHOCTD OTJIUBOK.

Munk camxkaer | CHuKaer MPOYHOCTh u | O6pabaTbIBa€MOCTh  PE3aHUEM
KUJKOTEKYYECTh U | YIJIUHEHUE; TBEPIOCTH | YXYIIIAET, 3aTpyAHSIET
YMEHbIIIAeT MOBBIIIAET, 0COOEHHO IIpHU | CBAPUBAEMOCTb, yXyJILIaeT
ra30HacChIIIAEMOCTh JKUJKOro | cojaepxaHuu cBbime 1,5%. KOPPO3UOHHYIO CTOHMKOCTb H
MeTasuia. aHTU(PUKIIMOHHBIE  CBOWMCTBA

CIUIaBa.

Dochop ynydmraer | [lpucyrctBys paxke B Manbix | CHUXKaeT KOPPO3HUOHHYIO
XKUJKOTEKYYECTh U IMOBBIIIAECT | KOJIUYECTBAX, CHUXAET | CTOMKOCTh u obneryaer
ra30HACHIIAEMOCTh JKUJKOTO | MPOYHOCTh W IUIACTUYHOCTH | CBAPUBAEMOCThH CILJIABOB.

MmeTajjia.

crutaBa. [loBbiaer TBEPIOCTH U
JIACTUYHOCTb.




MpIibsK, cypbMa. CHMXarT IpoYHOCTh ¥ 0c0O0eHHO | [ToHM*XKaeT aHTHU(PPUKLIUOHHBIE
yIUIMHEHUE, TpUAaéT CIUIaBaM | CBOWCTBA CIUIABA.
XPYNKOCTb.

Maruuii yxyawaer | CHuxkaer [IPOYHOCTH u | Yxynmaer repMETUYHOCTD

JUTEHHbIE CBOWCTBA CIUIABOB. | YAJIMHEHHE (BBI3BIBAET | OTJIIMBOK.

XPYIKOCTB), IIOBBIIIACT
TBEPJIOCTH CIIJIABOB.

Cepa CHuxaet MEXaHUYECKUe | YXyauiaer repMETUYHOCTh
CBOWCTBA CIIJIABOB. OTJIMBOK.

Bausinue JETHPYIOIIUX KOMIIOHCHTOB U anMeceifl HA CBOMCTBA 0€30JI0BAHHBIX 6p0H3.

CBOWMCTBA

CJ

Mexanuuyeckue U pu3nvecKue

\ IIpoumne

Kpemuucrbie 6poH3bI

Jlerupywomme KOMIOHEHTbI

KpemHuii noBblIaeT  MPOYHOCTH,
TBEPIOCTH CIIAaBOB U A0 3% ymmHeHue. [lpn
coziepkanuu 0oJsiee 3% CHIKAET yAJIMHEHUE U
YIApHYIO BSI3KOCTb.

IloBpimaer KUAKOTCKYYCCTh M TI'a30HACBINACMOCTDH
XKUAKOTo MeTasuia. [ToBbIIaeT rops4enoMKOCTh MpU
comepxanun A0 2,5% , a 3aTreM CHHWXKAaerT.
YBennurBaeT KOPPO3UOHHYIO CTOUKOCTh CILIaBOB.

Mapraﬂeu MNOBBIIIACT MCXAHHUYCCKHUEC
CBOMCTBA CILIaBOB.

Ha xuakoTexkyyecTb 3aMETHOrO  BIIMSIHUS — HE
OKa3bIBaeT mnpu coaepxkanun A0 3%. IloBwimaer
aHTU()PUKIIMOHHBIE CBOMCTBA U  KOPPO3UOHHYIO
CTOMKOCTB CIUJIABOB.

Hukeap moHMKAaeT MeXaHUYECKUE
CBOWCTBAa, OCOOEHHO IUIACTMYHOCTh (32 CU€T
oOpa3oBaHMsl ~ XpPYNKUX  CHJIMIUAOB) U
MTOBBIIIAET KAPOIPOYHOCTH CIUIABOB.

N3menbuaer CTPYKTYDY, YXYALIAET
KUJKOTEKYYECTb. IToBbimiaer KOPPO3UOHHYIO
CTOMKOCTh M CHMXKAET TE€PMETUYHOCTH OTJIMBOK.
YBenMuuBaeT ra3o0HachlaeMOCTh KUIKOI0 METajuIa.

IIpumecn

/Kese3o He OKa3plBaeT 3aMETHOTO
BIIUSIHAS ~ HAa  MEXAHUYECKUE  CBOMCTBA,
MOBBIIIAET YKapOMPOUYHOCTh
HUKEIIEKPEMHHICTHIX OpOH3.

N3menpyaer CTpyKTypy, MOHMKAET TOPSUETIOMKOCTh
U KOPPO3HUOHHYIO CTOMKOCTB, 3aTpyAHsET 00paboTKy
pe3aHueM CILIaBOB.




®ochop g0 0,2-0,3% ynydmaer | Yiaydliaer IKMIKOTEKY4eCTb, CBapUBaeMOCTb U
MEXaHWYECKHE CBOMCTBA (YUTMHEHUE U TIPUACT | 00pabaThiBaeMOCTh PE3aHUEM CILIABOB.

Tekydectd)  cBbimie  0,3%  yxyamaer.
[loBpimaer  TBEPHOCTb,  OCOOEHHO  MpHU
conepxanuu cbime 0,5%.

OgaoBo cBbime 0,5% nonuxaer | [Ipu COJIep)KaHUH 0 0,5% MOBBIIIIAET
MEXaHWYeCKUe CBoOMcTBa, mpH 2% 0JI0BAa | KOPPO3UOHHYIO  CTOMKOCTH  CIUIABOB,  CHMIKAET
CIUIaB CTAHOBUTCS XPYIKUM . FepMETUYHOCTh OTJIIUBOK u yaydiiaer

00pabaThIBAEMOCTh PE3AHUEM.

Cpuneny cHmwxkaer MexaHudeckue | [loBpimiaer aHTUGPUKIIMOHHBIE CBOMCTBA, YIIyYIIACT

CBOMCTBa OPOH3.

00pabaThIBaeMOCTh pe3aHHEM OpPOH3.

unk 10 2% 3aMETHOrO BIMSHHUS HE
OKa3bIBaCT, CBbIIIE 2% TMOBBIIIACT TBEPIOCTH
CILIABOB.

[loBpIIaeT KUAKOTEKYYECTh CIUIABA, YJIYYIIAET
FEPMETUYHOCTh U  AHTU(QPUKIMOHHBIE CBOWCTBA
OTJIMBOK, CHWXXAeT TIa30HACBIIIAEMOCTb JKHUIKOIO
METaJLIA.

CypbMa  CHIXXKA€T  MEXaHMYECKHE
CBOMCTBa CIUIaBOB, OCOOEHHO IUIACTUYHOCTH
nipu conepxkanuu 0,1% u BbIIe.

CHMKaeT T CPMECTUYHOCTDb OTJIUMBOK.

AnmomMuHMi, o00pa3ys B mpolecce
miaBky u  3aauBku  AlLQOs,  cHmKaer
MEXaHUYEeCKHE CBOMCTBA CTaJIH.

[IpucyrcrBys B BUC AL O3, CHUIKAET
XKHUAKOTEKY4ECTh CIlIaBa U F€PMETUYHOCTD OTIUBOK.

MapranuesBbie OpOH3bI

Jlerupymomme KOMIIOHEHTHI

Maprasnen TOBBIIIAET
MEXAHUYECKUE CBOMCTBA W KAPOIPOUYHOCTH
CIUIaBOB.

ra3oHachIIIaeMOCTh
KOPPO3HUOHHYIO CTOMKOCTh. [ OpA4E€IOMKOCTh TIpU S-
10% Mn noBBIIIAETCS, a CBBIIIE PE3KO CHIKACTCS.

CHmxaer HOBBIIIAET

METamnia,

KUOKOTCKYYECTD,
KHUIKOIro

IIpumecn

OJ10B0, cypbMa, CBHHEI, MBILIbLSAK,
¢ocdop cHMKAIOT MEXaHUUECKHE CBOMCTBA U
0COOEHHO >KapOoNPOYHOCTH CIUIABA.

CHMXarT KOPPO3UOHHYIO CTOMKOCTH CILIABOB.




CBHHLIOBbIE OPOH3BI

Jlerupyoumme KOMIIOHEHTbI

CauHeIr YXyamaceT MEXaHUYCCKHUE

IToBpmmaer aHTI/I(pr/IKHI/IOHHBIe CBOMCTBa CIIJIaBa.

CBOMCTBA CILJIABOB. XKunkorekyyects  yaydmiaet, HO  CIIOCOOCTBYET
JMKBaLUH (o IUIOTHOCTH). VYiryumaer
00pabaThIBAEMOCTh PE3aHHUEM.

pumecn
Hukesb TOBBIIACT TPOYHOCTH W | YMEHBIIACT  JIMKBALMIO  CBHHI,  yXYALIAeT

TBEPJOCTH CILIABOB.

MIPUTHPAEMOCTb U KOPPO3UOHHYIO CTOMKOCTbH CILJIABOB.

Cepa He oxas3piBaeT 3ameTHOro | CrocobcTByeT JUCIIEPTUPOBAHUIO BKJIIOUEHUI
BIIMSIHUA. CBUHIIA (YMEHBIIAET JIMKBAIIUIO).
Ou0Bo, HMHK noBeIIalOT | Pacmupsier o0nact HE CMENIMBAEMOCTH MEAU U

IIPOYHOCTH, TBEPJOCTH CILJIABOB.

CBUHIIA (CIIOCOOCTBYET JIMKBAIlMU CBUHIIA).

CprMa HEC OKa3bIBACT BJIMAHUA

‘ VYMeHbIIIaeT JUKBAILMIO CBUHIIA.

CHIDKAET
(ocobeHHO

Kenezo aaoMuUHUA
MeXaHUYECKHE CBOICTBa
IIOMHHMI) CIIaBOB.

VXxynuaer aHTUQPUKIIMOHHBIE CBOICTBA CIIJIaBOB.

CypbMsHO-HHUKeJIeBble OPOH3bI

Jlerupymomme KOMIOHEHTHI

CypbMa  TIOBBIIIAET  MPOYHOCTb,
TBEPJOCTh M CHIKAET YAJIMHEHHE CILIaBa.

Heznauntensno IIOBBIIIIACT KHUIKOTCKYYCCTh u
YMEHbIIIAeT JIMHEHHYIO YCAAKy, MOBBIIIAET 00bEMHYIO
ycaaky (paccesHHYI0), aHTU(PUKIIMOHHBIE CBONCTBA U

KOPPO3HOHHYIO CTOUKOCTB, yaydiiaer
00pabaThIBA€MOCTh PE3aHUEM CILIABOB.
Hukenar mNOBEIIIAET MEXaHUYECKUE YnquaeT KHUIKOTCKYYECTh u YMCEHBIIACT

CBOICTBA CILIaBOB.

CKJIIOHHOCTb K PAacCEeIHHOM yCaJO4YHOW IIOPUCTOCTH.
VayumaeTr aHTUGPUKIIMOHHBIE CBOMCTBA CIUIABOB.

AJIIOMMHMI, KPEeMHHH CHIKAIOT
MEXaHWYECKHE CBOWCTBA CILIABOB.

yXYI[IJ_IaIOT KUIKOTCKYYCCTh  CIIJIaBOB, CHMIKAKOT

TCPMETHUYHOCTE OTJIMBOK.




XuMu4YecKHi cocTaB 0€30/I0BAHHBIX JIUTEHHBIX OPOH3

Mapka criasa Maccosast 101 3HeMegT0B, %

Al Fe Mn Ni Pb /n
bpAIMu2]T 8,0-9,5 - 1,5-2,5 - - -
BpA 10Mi2J1 9,6-11,0 - 1,5-2,5 - - -
BpA9HGIT 8,0-10,5 | 2,0-4,0 - - - -
BpA10KIMu2 9,0-11,0 | 2,0-4,0 1,0-3,0 - - -
BpA1OKAHAT 9,5-11,0 | 3,5-5,5 - 3,5-5,5 - -
BpATIIK6HG 10,5-11,5 | 5,0-6,5 - 5,0-6,5 - -
BpA9K4H4Mu | 8,8-10,0 | 4,0-5,0 1,5-12 | 4,0-5,0 - -
BpC30 - - - - 27,0-31,0 -
BpATMulSXK3H2I2 | 6,6-7,5 | 2.5-3,5 | 14,0-155 | 1,5-2,5 - 1,5-2,5
BpCyH31[3C20D - - - 3,0-4,0 | 18,0-22,0 | 3,0-4,0

OobsacTu npUMeHeHH sl JIUTEHHbIX 0€30JI0BIHHBIX OPOH3

BpA9IMu2 BpA10Mu2JI -autuppukunonnsie aeTand, paboTaroIue Ha HCTUPAHKE TIPH JaBIEHUH
no 3,43 MIla u cxopoctsx a0 1,9 m/c (3youaTsie Kon€ca, IECTEpPHH, BEHIIBI 3y0UaThIX KOJEC, XOJIOBbIE
raiiku, BTYJIKHM U JIp.); KOpILyca HaCOCOB, TapelKH KJIallaHOB, KOPOOKH CalIbHHUKOB, a TAKXKE pa3IU4HbIE
jeTany, paboTaIIie B IPECHOM BOJIE, KUIAKOM TOILUIMBE M Tape mpu temieparype jgo 250°C; moryt
3aMeHATh 0JIoBsiHHbIE OpoH3bl Mapok BpO10112 u bpOS8Il4.

BpA9K3JI-apmarypa s paGoTel B pasaMuUHBIX Cpeqax INpd  Temmeparypax jgo  250°C;
aHTU(PUKIMOHHBIE JleTany, paboTaromve Ha HcTUpaHue (3yOuarble Kosi€ca, BTYJKH, MOPIIHEBHIE
KOJIblla M JIp.); MAacCHUBHbIE NETalM, IOJy4yaeMmble JUTHEM B MECUYaHO—TJIMHUCTBIE (GOpPMBI (Tailku
HQXXUMHBIX BUHTOB, 000/bsS U T.A.). MoryT OBITh HCHONB30BaHbl i 3ameHbl Opon3 BpO10L2 u
BpO6L16C3

BpA107K3Mu2 - anrtuppukumonnsie getand (HIMHAPHYECKUE U KOHUYECKHE 3yOuaThie KOyéca,
IIECTEPHM, YEPBSYHBIE KONECA, TalikKh XOJOBBIX BHMHTOB, TOIIMITHUKA JM3€J€l  CpenHeit
HATPY/KEHHOCTH W [Ip.); JETald B YCIOBHSX BBICOKHX CTaTHYECKHMX HArpy30K (KOPOMBICNA, BTYIIKH,
MaxOBHKH M JIp.); J€TalH, paboTalolKe B CPEIE COMAHON KUCIOTHI U CEPOBOIOPO/IA TIPU TEMIIEPATYPE
30-90°C; apmatypa 1i1st pabOThI B IIPECHOMN BOJIE, JKUIKOM TOILTUBE, Nape NpH TeMieparypax 1o 260°C,
KPOME MOPCKOM BOJIBI.

BpA9/K4H4Mul-(daconnoe nuTEE HEOTBETCTBEHHOrO HA3HAYEHWs; apMarypa, paboTaromas B
MOPCKOM BOJIE.

| BpA7Mul5/K3H2I12-antupprkinonnsie geTaim.




BpA10K4H4JLLbpA11K6H6-/1etanu it HedTsHON, XMMUYECKOW M THUINEBOM Aanmaparypbl
neramd paborarone 1pu Temmneparypax g0 500°C; aHTUQpPUKIMOHHBIE AeTand, paboTarolide Ha
UCTHPAHUE MPU BBICOKMX JABJICHUAX U OOJBIINX CKOPOCTAX (IIECTEPHH, BTYJIKH, CeyIa KIallaHOB | Jp.);
apMarypa pabotaroias B MOpcKoii Bojie. bpoH3a Hamboee cToifkas B MOPCKOH BOJIe TIO CPAaBHEHUIO C
JIpyruMu 0€30J10BIHHBIMH OPOH3aMH.

bpC30-antudpukimonnsie  netanmd  (MOJUIMIHUKK), pabOTAOIIME MPH  BBICOKHX CKOPOCTSX
CKOJIBXKEHUS (Vv = 4+5 M/¢) U TIOBBIMICHHBIX JIaBJICHUSX (p = 9,8+14,7 MlIla), 3HaKONIEpEMEHHBIX
Harpy3kax M TeMmIeparypax, Korja OOBbIKHOBEHHbIE 0a0OUTHI HENPHUrOAHBI (BTYJIKM M BKJIAJBIIIN
HIDKHUX TOJOBOK TJIABHOTO MIATYHA MOIIHBIX JU3€JIeH, TOAIIUITHUKY aBUAIMOHHBIX JBUraTesIeH u p.).

bpCy3H3I3C20®-anrudpukimonnpie aetand, paboTaroliie Ha WCTUpaHue ((PUKIUMOHHBIE |
3y0uarhle Kojéca, LIECTEPHH, BEHIBI YEPBAYHBIX KOJEC, BTYJIKU-TIOAMIMIHUKA) NPH 3HAYUTENBHBIX
CKOPOCTSAX CKOJBKEHUS U JIABJICHUS.

| BpA7Mu15/K3H2112-butudpuximonnsie neranm.

2.2.3 Jlatynu

JlaTyHAMM Ha3bIBAIOT CILIaBbI Meau ¢ HMUHKOM. CojiepkaHue IIMHKa B JIATYHSX HE
npesbimaet 50%.

Knaccudbukanus mo XuMH4YeCKOMV COCTaBYV

I |
/IBoiiHbIE (IpOCTHIE) MHOroKoMIOHEeHTHbIE (CJI0KHbIE)

Cut+Zn Cut+Zn(Cu+Al+Mn+Fe+Sn+Si+Pb)
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Biausinue JIETUPYHOIIUX KOMIIOHCHTOB HaA CBOHCTBA MHOTOKOMIIOHEHTHBIX JIaTyHEﬁ

CBoilicTBa

Mexannueckue u

TexHoJOrHYeCKHE H

JIuTeidHbIE
(pusnyeckue npoume
AJIIOMMHHUI HECKOJIbKO CunpHO cABUIaeT TpaHUILY 3aMeTHO MIOBBIIIAECT
MOBBIIIAET  KUJAKOTEKYYECTh | HACBIILICHUS O0—TBEPIOro | KOPPO3MOHHYIO CTOMKOCTb, B
CIlJiaBa, YMCHbBIIACT yrap | pacteopa B CTOPOHY McAH, | TOM YHMCJIC ITOA HAIIPSHKCHACM U
IMHKA MPHU TUIABKE M 3JIUBKE | [TOBBIIIAET MEXaHUYECKHEe | KABUTAIMOHHYIO CTOMKOCTh
hopm HOBBIIIAET | CBOWCTBA, HO TPH COJIEPIKAHUH, | CIIaBa
ra30HaChIIIAEMOCTh  XKMJKOIO | KOrja B CTPYKType CIUIaBa
MeTallia MOSIBJIIOTCS Y—KpHCTaIbl,
PE3KO CHIKAIOT TUIACTHYHOCTH
MOCJIETHETO
Kpemnuii [IOBBIIIAET PaBrOMEpHO IIOBBIIIACT VYaydmaer
KUJKOTEKYYECTh CIUIaBa, | MPOYHOCTh, TBEPJOCTh CIUIaBa. | 00padaTHIBAEMOCTh pPE3aHHUEM,
YMEHBIIAET ucrnapsieMoctb | OTHOCUTEIBHOE YVIJIMHEHHUE | CBAPUBAEMOCTb, MaseMoCTh
IMHKA MPU TUIABKE M 3aJIUBKE | Npu coaepkanuu 10 1% Si, B | cruiaBa. Yay4maer
MeTajuia, NMOBBIIIACT | atyHsAX ¢ 60—70% wmean u g0 | TCPMETUYHOCTh  OTJIMBOK |
ra30HACBIIAEMOCTh  JKHAKOTO | 2—2,5% Si B naTyHsax ¢ 80% | Ka4e€CTBO HMX  [OBEPXHOCTH.
MeTajia Meau ToBblmaercs, a npu | [loBbimaer KOPPO3MOHHYIO
Oosee BBLICOKOM COJEp)KaHUU | CTOWKOCTD u
3aMETHO CHUXKAETCs aHTI/I(i)pI/IKIII/IOHHBIe CBOMCTBaA
CIiaBa
Mapranen HECKOJIBKO [ToBbiIaer  MexaHUYECKUE [ToBbIlIaeT KOPPO3HMOHHYIO
CHUXAET KUJKOTEKY4YECTh | CBOMCTBA CILJIaBa. [Ipu | cToliKOCTh CIIaBa, a BMECTE CO
CIUIaBa CoJIep’KaHuu OoJiee 4% | CBUHIIOM U aHTU(PUKIUOHHbBIE
coo01maer CBOIICTBa
BBICOKOITUHKOBUCTEIM  (>41%
Zn) naTyHAM CKJIOHHOCTH K
CaMOTIPOU3BOJIBHOMY
PacTpPECKUBAHUIO npu
BHYTPEHHUX HAMPSDKCHHSIX
Keneso CHIXKaeT N3menbuaer cTpykTypy, 4TO

KHUIKOTCKYYECTh CIlJIaBa

TOBBIIIIAET MEXAaHWYECKHE |
TEXHOJIOTMUECKUE  CBOICTBA.
Oco0eHHo OJ1aronpusITHO
NEHUCTBYET Ha JaTyHH,
CoJIepIKaIIne ATTOMWHHIH,
Mapradelrf M HUKeIb. OTH
JIATYHA OTJIMYAOTCS BBICOKOM
MPOYHOCTHIO U KOPPO3HMOHHOM
croiikocTero.  JKemeso  mpu
conepxkanuu  0osaee  0,03%
COOO0IMIAaeT JaTyHSIM MarHUTHBIE
CBOMCTBA




Ous0BO 1IpU copepKaHUM 10 Ha Mmexanuyeckue CBONCTBa [ToBblIaeT  KOPPO3HOHHYIO
2—-2,5% 3aMETHOTO BJIMSHUSA HA | CIUIaBa BIUSET TaK K€, KaK | CTOMKOCTh (ocobeHHO B
JINTEMHBIE CBOMCTBA CIUIaBa HE | AMFOMUHMM, KPEMHHUM, HO B | MOPCKOM BOJIC) "
OKa3bIBAIOT OoJiee cimaboit cTeneHu aHTU(PUKIIMOHHBIC  CBOMCTBA

CIUIaBa

CeuHen MTOBBIIIAET VXynmaer  MeXxaHU4YeCKHe VYayumaer
KHUJIKOTEKY4YECTh CBOWCTBa  QIOMHUHHUEBBIX H | 00pabaTHIBAEMOCTh PE3aHUEM U
AIIOMUHHUEBBIX U MapraHIeBBIX | MAapraHieBbIX JarTyHe. Ha | anTudpuKIuoHHbIE  CBOMCTBa
JaTyHEH M 3aMETHO CHWXKAeT | MEXaHUYECKUE CBOICTBA | CILIaBa, YXyALIAeT
KHUJKOTEKYYeCTb KPEMHHUCTOW | KPEMHUCTOM  JIAaTYHM  NPU | TEPMETUYHOCTh OTJIMBOK U3
JaTyHU cozepkaHuu 10 3% 3aMETHOTO | KPEMHUCTOM JaTyHU u

BIUSIHUSL HE OKa3bIBaeT, IpHU | YBEIMYUBAET CKJIOHHOCTh
OosbIIeM COJIEp’KaHUU | IOCIAEAHUX K 00pa30BaHUIO
CHIDKAeT MIPOYHOCTbH, | TOPSYUX TPEUIUH
OTHOCHUTENIPHOE YIJIMHEHUE U

yJIapHYIO BSI3KOCTh

Binsinue npumeceii Ha CBOICTBA JIaTyHel

CBoiicTBa

Mexanuuyeckue U pu3nvecKue

IIpoumne

OJ10BO TIOBBIIAET HMPOYHOCTH M TBEPJOCTH,
CHIDKACT IJIACTUYHOCTH CIIaBa. B KpeMHUCTHIX
JaTyHSX 0COOCHHO pe3Ko CHIKAET
IUIACTUYHOCTh TpU conepkanuu OoJiee 0,25%
Sn

3aMETHO CHMJKA€T T'€PMETHUYHOCTb OTIMBOK
13 KPEMHUCTBIX JaTyHEH

Cypbma, BHCMYT YMEHBIIAIOT MPOYHOCTD,
OTHOCHUTEJIHOE YAJIMHEHUE U YAAPHYIO BA3KOCTb
cIIaBa

VBenuuuBaeT  CKJIOHHOCTH
KOPPO3MOHHOMY PAaCTPECKUBAHUIO

JaTyHehd K

Kenezo npu coxepxxkanun 10 1-1,3% Ha
MEXAHUYECKHE CBOMCTBA KPEMHHCTBIX JaTyHEHR
BIUSHUS HE  OKa3bplBaeT, MpH  OOJbIIEM
COJICp/)KAHUU 3aMETHO YMEHBIIIAET
OTHOCHUTEJIbHOE YJUIMHEHUE U YIAPHYIO BSI3KOCTh

3aMeTHO CHIKaET KUJKOTEKYYECTh
KPEMHHCTOH JIATYHH, YXYAIIAeT F€pMETUIHOCTD
OTJIMBOK

AJIIOMUHHUIL B KPEMHHUCTBIX  JIATYHSX
JII16K4 1npu conmepxanuun 10 1,2% n
JI14K3C3 npu conepxanuu 1o 0,8% 3ametHo
HE BIMSET HAa IMPOYHOCTH CIUIABA; IOBBIIIACT
TBEPAOCTH M CHUKAET IJIACTUYHOCTD

[Ipu conmepxanuu Oosee 0,4% amroMUHMIT

CHIDKAET AHTU(PUKITTOHHBIE CBOICTBa
KPEMHUCTBIX JIaTyHEH. SBISASICh HMCTOYHUKOM
3arps3HEHUS CIjiaBa, ALO; MOBBIIIACT
ra30HacCHIIaeMOCTh, qTo CHIDKAET
TEPMETUYHOCTD OTJIMBOK; MOBEBIIIIAET

KOPPO3HOHHYIO CTOMKOCTh

®Docpop mNOBBIIAECT TBEPAOCTH U CHUMKAET
OTHOCHUTENBHOE YIUIMHEHHUE U YIAPHYIO BA3KOCTh
CILJIaBA




MBIIIbAK TOBBIAECT TBEPAOCTb, CHUXKACT

IIpu copepxanuu okoJa0 0,02% MBILIBIK

MPOYHOCTh, OTHOCUTEIBHOE YAJUHEHUE U | TIOBBIIIAET  KOPPO3MOHHYIO  CTOMKOCTh B
YIApHYIO BSI3KOCTh CILIABA MOPCKOH BOJIE

XUMHUYeCKUI COCTAB JIUTEHHBIX JATyHel

Mapka TaTyH OCHOBHBIE JIEMEHTHI (OCTAITBLHOE Zn?

Cu Al Fe Mn Si Pb
JII40C 57,0-61,0 —~ — - - 0,8-2,0
JIN40CH 58,0-61,0 - - - - 0,8-2,0
JIH40Mul,5 57,0-60,0 — — 1,0-2,0 — —
JII40Mu3XK 53,0-58,0 — 0,5-1,5 | 3,04,0 — —
JIH40Mu3 A 55,0-58,5 | 0,5-1,5 — 2,5-3.5 — —
JIB38Mu2C2 57,0-60,0 — — 1,5-2,5 — 1,5-2,5
JIL30A3 66,0-68,0 | 2,0-3,0 - - - —
JIL25C2 70,0-75,0 - - — — 1,0-3,0
JI23A6XX3Mu2 | 64,0-68,0 | 4,0-7,0 | 2,0-4,0 | 1,5-3,0 — -
JIL{1 6K4 78,0-81,0 - - - 3,0-4,5 -
JI{14K3C3 77,0~81,0 - - - 2,5-4,5 | 2,0-4,0

[Ipumeuanue. B natrynu JIL[25C2 B xauecTBe nerupyromiero aemenTa poodasistor 0,5—-1,5 % Sn.

IIpuMeHeHune JUTEHHBIX JaTyHel

JIH40C — daconHoe AUTHE apMarypbl, BTYJIOK W CEMNApaTOpPOB MIAPUKOBBIX M POJIMKOBBIX

IOAIIMITHUKOB,

JII40Cx — nuThE moxa AaBieHUEM JeTanedl apmarypbl (BTYJIKH, TPOWHUKH, NEPEXOIHUKU,
cernaparopsbl IMOAUIMITHUKOB), Pa0OTAIOIINX B CpeJie BO3/lyXa U IPECHOU BOJIbI,

JII40Mul,5 — usroroBiieHue JeTajnedl MpocTol KOHPUrypanuu, padoTaomuX IpHU YAApHBIX
Harpy3kax, a Take JIeTaJld y3JI0OB TpeHHs], paOOTalOUIMX B YCIOBUSAX CIIOKOMHOM Harpys3ku npu
Temreparypax Beiie 60°C;

JIN40MuK3 — HecnoxHble IO KOH(QUIypallMM JAeTadd OTBETCTBEHHOTO Ha3HAuYeHUS,
apMaTypa MOPCKOTO CYAOCTpOeHMs, paboraromas npu Ttemmeparype a0 300°C; MaccuBHbIE
JieTaiu, rpeOHble BUHTBI W UX JIONACTH JUIS CYIOB C METAIJIMYECKUM KOpPIYCOM (KpoMe CYIOB,
IpeHa3HAYCHHBIX JUIS CITY>KOBI B TPOIIMKAX );

JI40Mu3A — geTaiy HECI0KHOW KOH(MUTYPaLHK;

JIN38Mu2C2 — KOHCTPYKUMOHHBIE JAETalM W amnmaparypa Ais CyIOB; aHTHU(QPUKIHOHHBIE
JeTadl HECIOXXHOM KoH(Urypauuu (BTYJIKHM, BKIQABIINHM, MOJ3YHBI, apMarypa BaroHHbBIX

MOJIUIUITHUKOB);

JII30A3 -
MalllMHOCTPOCHHUHA

KOPPO3UOHHO—CTOMKHE

JETaIu,

IPHUMCHACMBIC

CYIOCTPOCHHH U




JI25C2 — urrynepa riApOCUCTEM aBTOMOOMIIEH;

JII23A6K3Mu2 — OTBETCTBEHHBIC JE€TaM, pabOTAIONIUE MPH BHICOKMX 3HAKOMEPEMEHHBIX
Harpy3kax, npu u3rule, a Takke aHTU(QPUKUMOHHBIC JeTald  (HaKUMHBbIE BHUHTBHI, TallKu
HAXKUMHBIX BUHTOB ITPOKATHBIX CTAHOB, BECHIIbI YCPBAYHBIX KOJIéC, BTYJIKH U JPpYIruc I[eTaJII/I);

JII[16K4 — cioxHbIe 10 KOH(UTYypaluK JeTadd MpuOOpOB U apMaTyphl, pabOTArONIUX MPHU
{ Temmeparype 10 250°C wu noOIBEpraroliMecs T'WAPOBO3IYIIHBIM HCIBITAHUAM; JIETAJIH,
paboTaroniyie B MOPCKOW BOJie MPHU YCIOBUM OOECIeYeHHs] MPOTEKTOPHOW 3alluThl (IIECTEpHHU,
JIeTallv y3JI0B TPEHUS U JIp.);

JI14K3C3 - noAMMITHUKA U BTYJIKH

2.3 I1l.1aBKa MeaHBIX CIIIABOB

2.3.1 Ili1aBuabHBIC TIEYU
B nuteliHoM npouw3BOACTBE MJis IUIABKHU CIJIABOB TSKEIBIX IIBETHBIX METAJIJIOB
MPUMEHSIIOT TOIUIMBHBIC U JIEKTPUUYECKUE TICUH.

DJleKTpUYECKHE e

bapatoannas neusb Tuna IMb

JIns TaBKM MEIHBIX CIUIABOB XOPOIIO 3apEKOMEHJ0BAM ce0s Kadaroluecs
AIEKTPOAYTrOBbIe OapabaHHBIC TEYM C HE3aBHCHMOW JYyroM, M3BeCTHBIC 1moja Mapkoil JIM
(myroBble MeenIaBWIbHbIC). Takue neun u3rotaBiuBaoT eMKOCThI0 0T 100 1o 1000kr.

1-31ekTpoabl rpaguroBbie; 2-GyTepoBKa;
3 KOKyX meyM; 4-MeXaHu3M MOPOTa MeYHn

IIpeumymecTBo - MpPOCTBI IO YCTPOWCTBY, Hepocrarkm - cuibHBIE IIym mpu  pabote,
ynoOHbl TpH paboTe, HEOONBIION YAETbHBIN TPYIHOCTH TNpH 3arpy3Ke, 3aTpyJHEHA IUIABKa
pacxoz NEKTPOIHEPTUH 10J] TOKPOBHBIM (DJIFOCOM




ITeuys conporuBienns Tuna CMb
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1413 fiums,
] IpenmymecTBa HEOOJIBIION
: pacxon 3JIEKTOPOIHEPTUH,
\ OTCYTCTBHE TOJTYKOB TOKA, MaJIbIi
yrap MeTajula, YBEJIMYCHHBIN
CPOK CIIyObI (DyTEPOBKH.
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Ileun HHAYKIHUOHHAA TUI'€/IbHAas

EMKOCTB TUTEIBHBIX MeUel K0JIEOIETCS OT HECKOJIBKUX KHJIOTPaMMOB JI0 1-3TOHH.

IIpeumymiecTBa- BbICOKas MPOU3BOAUTENHHOCTD,
Xopollee MmepeMenInBaHne MeTaJljla, HANMEHBIIas
MPOJOIKUTENHLHOCTD mporecca TUTaBKH,
HEOOJBIINEG TOTEPH HA yrap, BO3MOXXHOCTh
OBICTPOTO TMepexo/ia C BHIMJIABKH OJHOW MapKH Ha
APYyryro, MECHbIIIasd BO3SMOXHOCTD I'a30HACBIIICHHA,
MPOCTOTa U yI0OCTBO OOCITY)KUBAaHUS TT€UN

- HemocraTkm - HHM3Kasgd CTOWKOCTH THIJIEW U
= 3 (GyTepoBKH, OTHOCHUTEIHRHO HHU3Kas TeMmIeparypa
| 13 MeTaJlJla Ha MOBEPXHOCTH TUTJISI

1-ungyxTop, 2-THUTENb, 3-KUOKUH CIIaB




Ileus kaHaJbLHAS HHAYKINUOHHAN

[TpOMBIIIUIEHHOCTh BBIMTYCKAeT KaHaJbHbIE WHAYKIIMOHHBIE MeUYd eMKoCThio oT 0,4
10 40,0 ToHH.
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1-koxyx, 2-pyrepoBka, 3-cucTeMa BOJOOXJAXKICHUSA, 4-WHIYKIHMOHHAs €IWHUIA, S-OKHO IS
3arpy3KH HIUXTHI, 6-TOKOMOBO/, 7-MEXaHU3M MOPOTa MeUH, §-CTUBHAS JETKA, 9-0KHO ISl 3arpy3Ku
¢mroca
IlpenmymiecrBa- HHU3KHE IIOTEPU OCHOBHOIO HepocraTku-  MOHMXKCHHAs — CTOMKOCTb
METayla M JIETUPYIOIIMX 3JIEMEHTOB, BBICOKHMIA (yTepoBkH, HEOOXOIUMOCTH  MOCTOSIHHO
ANEKTPUYECKUN U TEIUIOBOU K.II.J., OMHOPOJIHOCTD Jep>kaTb B II€UM CPAaBHUTENBHO OOIbIIOE
XUMHYECKOI'0 COCTaBa BBHIIIJIABISIEMOTO CIIJIaBa KOJIMICCTBO JXMAKOIr0o METaJl1a

TurejbHble TONJUBHbIE NEYH

TurenbHbIE TOIIJIUBHBIE eyun Hauboee
1eJIeCO00pa3HO HUCIOJIB30BaTh B JIMTEHHBIX I€XaX C
HEOOJBIIMM O00BEMOM TMPOU3BOJACTBA, a TaKXKe s
MPUTOTOBJICHUST Juratyp. PasnmmBky Meramia wu3s
TUTENBHBIX MEYel OCYLIECTBISIIOT MYyTEM IOBOpPOTa
MeYHM; W3BJCUYCHHS THUTIIA W3 TEYHM U TOCIEAYIOMEH
pa3nuBKH MeTaiia mo ¢dopMaMm; pa3dbopa Merasuia
3aJIMBOYHBIMHA KOBIIIAMU; HCIIOJIb30BAHUEM
CHENHANbHBIX  YCTPOHUCTB  (pOOOTOB, /103aTOPOB).
EMKOCTh IMPOKO UCTIOIB3YEMBIX HAa MTPAKTUKE TUTIICH
cocraBisier 150-500kr. THriam W3roTaBIMBaIOT M3
IloBopoTHasi TUTEJIbHAA NEYb rpaduTO-IIaMOTHOM MacChl, YyT'yHa, CTaJIH.




IMpenmyniecTBa- OTCYTCTBHE HEMOCPEICTBEHHOTO
KOHTaKTa TBEPIOW IIHXTHI M KHUIKOTO MeTaia C
MNpoaAYKTaMU TropcHu:A TOIIJIMBA ,MCHbIIIasd
OKHCIISIEMOCTh ~ CIUTABOB M HACBINICHHE  HX
BOJIOPOZIOM,  HH3KHE  OC3BO3BpAaTHBIC  IOTEPU
MeTajljia, MOKHO OCYIIECTBISATh padUHUPOBAHUE U
MOIU(UIMPOBAHUE, TPOCTOTA KOHCTPYKLUUU U
HAJCKHOCTH B paboTe.

Hepocrarku- Manas mpou3BOAUTENBHOCTh, HU3KHIA

K.IL.1.(1010%), 60BIION pacXo/| THTICH

CTaI[I/IOHapHaﬂ TUI'e¢JIbHaA IIeYb

1-BBITSDKHOM 30HT, 2-KpBIIIKa, 3- TUT€Ib, 4-BHIEMHOU TUTEIIb

Yrap 3j1eMeHTOB B % B 3aBUCHMOCTH OT YCJOBHIi IIJIABKH U COCTaBa

IMuxTa
CBeXKas \ CHJIBHO OKHMCJICHHAS
DJIeMEHT [Ipu miaBke B meyax
DNEeKTpUUYECKUX U DNEeKTPUUECKUX U
- IInameHHBIX - IInameHHBIX

Ca 1,0-2,0 2,0-3,0 2,0-3,0 3,0-5,0
Mg 2,0-3,0 3,0-5,0 3,0-5,0 3,0-10,0
Be 2,0-3,0 5,0-7,0 3,0-5,0 5,0-10,0
Al 0.5-1,0 2,0-3,0 1,0-2,0 3,0-5,0
/r 0.5-1,0 3,0-5,0 3,0-5,0 5,0-10,0
Ti 0.5-1,0 2,0-5,0 1,0-2,0 5,0-10,0
Na 2,0-3,0 3,0-5,0 3,0-5,0 5,0-10,0
Cr 0.5-1,0 1,0-2,0 2,0-3,0 4,0-5,0
7Zn 1,0-3,0 2,0-4,0 2,0-3,0 3,0-5,0
Sn 0.5-1,0 0.5-1.5 0.5-1,0 1,0-2,0
Mn 0.5-1,0 2,0-5,0 1,0-2,0 5,0-10,0
Fe 0.5-1,0 0.5-1,0 0.5-1,0 0.5-1,0
Ni 0.5-1,0 0.5-1.5 0.5-1,0 0.5-1.5
Si 0.5-1.5 2,0-5,0 0.5-1,0 5,0-10,0
Cu 0.5-1,0 1,0-2,0 1,0-2,0 2,0-3,0
Pb 0.5-2.0 1,0-2,0 - -




2.3.2 llluxToBBIEC MATEPHAJIBI

HpI/I IIABKE JIUTCUHBIX MCIHBIX CINNIABOB B Ka4YC€CTBC IIMXTOBLIX MAaTCPHAJIOB
IMPUMCHAIOT YUCTBIC MCTAJJIbI, OTXOJbI COOCTBEHHOTO HpOHSBOIICTBa(BOSBpaT), JINTaTypBhl,
MNpCaABApUTCIIBHBIC CIIJIABHI B UYIIIKAX.

Metaniabl nepBUYHbIE B YYLIKAX

Menn

ITpumecn, % He Oonee

Bi Sb As Fe Pb S 0O,

Mapka meaun
CutAg, %
HE MEHEE

MO00g 99,99 | 0,0005 | 0,001 | 0,001 | 0,001 | 0,001 | 0,001 | 0,002 | 0,001
MOs 99,97 0,001 | 0,002 | 0,002 | 0,004 | 0,003 | 0,002 | 0,003 | 0,001
Ml 99,95 | 0,001 | 0,002 | 0,002 | 0,004 | 0,004 | 0,002 | 0,004 | 0,003
Ml 99,9 |0,0005 | 0,002 | 0,001 | 0,005 | 0,004 | 0,001 | 0,004 —

Ml 99,9 | 0,001 | 0,002 | 0,002 | 0,005 | 0,005 | 0,002 | 0,004 —
MI, 99,9 | 0,001 | 0,002 | 0,002 | 0,005 | 0,005 | 0,002 | 0,005 | 0,01
M1, 99,9 | 0,001 | 0,002 | 0,002 | 0,005 | 0,005 | 0,002 | 0,005 —
M2, 99,7 | 0,002 | 0,005 | 0,01 0,05 0,01 0,05 0,01 0,01
M3, 99,5 | 0,003 | 0,05 0,05 0,05 0,03 0,05 0,01 0,01

M2 99,7 | 0,002 | 0,005 | 0,01 0,05 0,01 0,05 0,01 0,07
M3 99,5 | 0,003 | 0,05 0,01 0,05 0,05 0,05 0,01 0,08
CaBuHen
Mapka Pb, % ne ITpumecu, % He Goee
MEHee Ag Cu Zn Bi As

CO 99,992 | 3.10™ 510 0,001 0,004 510
CIC 99,990 0,0010 0,001 0,001 0,005 0,001
Cl 99,985 0,0010 0,001 0,001 0,006 0,001
C2C 99,970 0,0020 0,002 0,002 0,020 0,002
C2 99,950 0,0015 0,001 0,001 0,030 0,002
C3 99,900 0,0015 0,002 0,005 0,060 0,005
C3C 99,500 0,0100 0,090 0,070 0,150 0,050




JIRIN

Zn, % [Tpumecu, % He Goiee
Mapka He
[IMHKA Pb Cd Fe Cu Sn As
MeHee
LIB00 {99,997 |0,00001 0,00001 0,00001 | 0,00001
IIBO 99,995 |0,003 0.002 0,002 —
1IB1 99,992 | 0,004 ’
1B 99,99 0,005 0,003 0,005
I0A |99.98 |0,011 0,004 0,001 10,0011 5 5005
110 99,975 10,013 ’ 0,005 0,0005
H1C {9995 0,015 0.01 0,01 —
11 99,95 0,02 ’ 0,01 0,002 0,001 0,0005
112 98,7 1,0 0,2 0,05 0,005 0,002 0,01
[12C | 98,6 1,3 0,003 0,04 0,01 0,01 0,01
13C | 98,5 1,4 0,2 0,05 0,02 0,04 0,01
113 97,5 2,0 0,2 0,1 0,05 0,005 0,01
OuoBO
Mapka ooBa Sn, % He ITpumecu, % He 6oiee
MCHEE As Fe Cu Pb Bi1
Olmu 99,915 0,01 0,09 0,01 0,025 0,01
01 99,900 0,01 0,009 0,01 0,04 0,015
02 99,565 0,015 0,02 0,03 0,25 0,05
03 98,49 0,03 0,02 0,10 1,0 0,06
04 96,43 0,05 0,02 0,10 3,0 0,10
Hukean

Mapxa Ni+C, | Co, % ITpumecu, % He Oonee

% He HE C Mg Si P S Fe
HUKEIIS

Oonee | Oonee
H-0 99,99 {0,005 |0,005 0,001 0,001 0,001 0,001 0,002
H-ly 99,95—0,10 0,10 0,001 0,002— 10,001 0,001 0,1
H-1 99,93 |0,10 0,01 0,001 0,002 0,001 0,001 0,1
H-2 99,8 0,15 0,02 — 0,002 — 0,003 0,04
H-3 98,6 0,7 0,10 — — — 0,03 —
H-4 97,6 0,7 0,15 — — — 0,04 —




CniiaBbl NepBUYHBbIE B YYHIKAX

bponsa
Jlerupyrommue snementsl, % (Cu—ocuosa) | IIpumecu, % He Oonee
Mapica Gporsst | =g Zn Pb Ni Al Si Ni
BpOS5116C5 4,1-6,0 | 4,5-6,5 | 4,0-6,0 —~ 0,05 | 0,05 1,0
BplI31[13C4 | 2,1-3,5 | 9,0-16,0 | 3,0-6,0 —~ 0,02 | 0,02 2,0
bpO3L8C4HI | 2,6-4,0 | 7,0-10,0 | 3,0-6,0 | 0,5-2,0 | 0,02 0,02 —
BpO4117C5 3,1-5,5 | 6,5-9,0 | 4,0-7,0 — 0,05 | 0,05 2,0

[Tpumeuanue. B OpoH3ax Bcex Mapok cojiepxkaThCs Takke rmpumecu, % (mac. noms), e 6oxee: Sb 0,5 ;
Fe 0,4; P 0,1; As 0,15; Mg 0,02; S 0,08; obmiast cymma omnpenensiembix mpumeceit 1,3 % (mac. mons).

JlaTyHb
Mapka OcHOBHBIE 3JIeMEHTHI, Yo(0cTaapHOE Zn)

JaTyHen Cu Pb Si Mn Fe Al
JIC 5661 0,8-1,9 - — — —
JICq 57-61 0,8-1,5 - - - —
JIOC 60-75 1,0-3,0 - — - —
JIK 76-81 — 2,8-4,5 — — —
JIK1 78-81 — 3,0-4,5 — — —
JIK2 7681 — 1,9-2,8 — — —
JIKC 7681 2,0-4,0 2,5-4,5 — - —
JIMuC 56—60 1,5-2,5 - 1,8-2,5 — —
JIMIpK 53-58 — - 3,040 0,5-1,5 —
JIA 63—68 - - - - 2,2-3,0
JIAXKMn 63-70 — — 1,5-3,0 2,0-3,0 4,0-7,0

[Tpumeuanue. B natynp JIOC B kauecTBe jerupyroiero anemenrta godasmustot 0,5—-1,5 % Sn.

Cypbma
| |
Cy00000 p| 99,9999 %Sb Cy00 »| 99,9 %Sb
Cy00001IT p| 99,9995 %Sb Cy0 » 99,9 %Sb
Cy0000 » 99,999 %Sb Cyl »| 99,9 %Sb
Cy000 > 99,99 %Sb Cy2 »| 99,9 %Sb
JJ11 M3roToBJeHNs CIVIABOB MPUMEHAT cypbMy Mapok Cy0, Cyl, Cy2




Jlurarypsl

Mabka XUMHUYECKUMN COCTAB Temmeparypa
p KomnoneHt % IJIaBJICHUS, °C
Al 50
Cu 50 >80
. Al 67
AJITOMUHUN — MEITH Cu 33 548
Al 40
Cu 60 643
. Al 80
AJTTOMUHUN — HUKEIb Ni 20 780
Al 50
A . Cu 10 670
JIIOMUHUNA — MEJIb — Ni 40
HUKEIb Al 25 10
Si 15
Al 90
AroMuHHAN — Mn 10 780
Mapraser Al 80
Mn 20 920
ANIOMUHUN — MEIb — Al 30
-~ a Cu 40 750
Mapraten Mn 10
Al 90 230
. Fe 10
AJTIOMUHUH — KENe30
Al 80 970
Fe 20
AJFOMUHHN — MEZTb — Al 70
)Kgnego a Cu 20 830
Fe 10
Cu 50
Menp — cypbma Sh 50 680
0 I Sn 60
J'IOBOa HHUKEIb Ni 10 B
€YpoM Sb 30
Mens — pochop Cu 91,5-90 900
(M®D1, MD2) P 8,5-10 1020




Mens — pochop Cu 93-92,5 900
(M®3) P 7-8.5 1020
Cu 88—82
Ni 12—-18 1050
Cu 86—80
Menp — HUKEIIb Ni 14-20 e
A Cu 80—70 1200
N1 20-30
Cu 80—-63
Ni 2037 1250
A . B Al 83
JIIOMUHUH — MeJIb Cu 14 650
TUTAH Ti 3
Cu 84
. Si 16 800
Menb — KpeMHHI
Cu 75 1000
Si 25
Cu 73
Menps — Mapranen Mn 27 860
. Cu 93-85
Mens — 6epuruimii Be 715 900
Cu 90-95
Menp — KeJie3o Fe 510 1450
o Cu 72
Mens — KagMui cd 8 900
Cu 50 670
Mens — cyppma Sh 50
Metb — Xpom (é‘rl 92:26 1140-1120
Mets — Gop (]:3“ 92:27 1060
Menp — nupkoHu (Z:llj 982__1828 1000-964




@DJ110chbI MOKPOBHbIE

Cocras ¢utroca,

o, Pacxon, % XapakTepuctuka (iroca Haznauenwue ¢uroca
Ob6nagaer xopormeii 3amuTHOU | [ImaBka MEIHBIX CIUTABOB Kak
crocobHocThi0. MHepTeH K | MOKPOBHBIN ¢brroc npu

55CakF;; 35MnOy; 25.3.0 dyTepoBke TIEYH. | OKHUCIIUTETHLHOM u
10Na,COs T Temneparypa IUIABJICHUS | BOCCTAHOBUTEIBHOM
okoso 1000°C. rpoiieccax
Xopomio 3amummaer pacruiaB | [ImaBka pa3muyHBIX —CILIaBOB
60Na,COs; oT B3aMOJICUCTBUS C | HA OCHOBE ME[H, a TaKXeE IpHU
33CakF,; 2,5-3,0 OKpYyXarolen IIEYHOH | INIaBKE  OTXOJOB  MEIHBIX
7Na;B4O7 aTMocdepoii CILJIABOB
50N2,COs: Ob6nagaer xopomeit 3amuTHON | [IpuMenHsieTcss kak MOKPOBHBIM
50CaFs; 2,0-3,0 CIIOCOOHOCTBIO. ¢roc npu TUTaBKe
ATFOMHUHHEBBIX OPOH3
Ob6nagaer xopormeit 3amuTHOU | [IpuMeHsieTcss Kak MOKPOBHBIM
100Na,COs3; 0-2,5 cnocoOHOoCcThIO. Tekyd M He | Quroc MpH IUIaBKe JaTyHel B
CMauMBaeTCs METAJJIOM WHIYKIIMOHHBIX Mevyax
35NaCl  15CaF,: [ToxpeiBHAs cocobHocTts | IlepennaBka CTPYKKHU
50NasAlF, 2,0-3,0 xopouias. PacTBopsier U | aJIlOMUHUEBBIX OpPOH3
a7IcOpOUPYET OKUCH ATFOMUHUS
60NaCl; [TokpeiBHAs criocobHocTh | 2,0-3,0
40Na3AlF, XOpolas.
IIpumensiercs B KadecTBe
3aIUTHBIX TTOKPBITHH.
Hampumep, Ui OJOBSIHHBIX
OpOH3 H  HEJIEeTMPOBAHHBIX
. JaTyHen MPUMEHSETCS
HpeBecHblit o
yrom, Soi 2.0-3.0 JpEeBECHBII yTOJIlb. [[Jzﬂ
crexna, Gypa MapraHIeBbIX NaTyHeH-
JPEBECHBI yroilb ¢ Oypoil.
[lnaBka maryner wu OpoH3
MIPOU3BOUTCS O (IIIOCOM M3
cMecu Oypbl W CTEKJISTHHOTO
6051
85NaCl; 2.0-3.0 [lepennaBka  aTOMHHHMEBBIX
15NaAlF, T OpoH3




25Na,O 65810,

Ob6nanaer
YAOBJIETBOPUTEIBLHOM

IInaBka  nartyHeil. dmroc

IMPUMCEHACTCA TOJBKO IIOCIIC

2,0-3,0 o o
10NaCl MOKPBIBHOHM CIIOCOOHOCTHIO IIPEIBAPUTENIBHON MEPETIaBKU
U IpOOJICHHS
IInaBka MEIHOHUKEIJIEBBIX
100 IpEeBECHOTO CILJIaBOB c OOJIBIIIMM
yrost COJIEpKaHUEM MeIu
(MeNbXHOp, MAaHTAHHH )
IInaBka MEIHOHUKEIJIEBBIX
CILJIaBOB c OOJIBIIIMM
100Na,B40O~
COJIEpKaHUEM MeIu
(MeNbXHOp, MAaHTAHHH )
Ob6nanaer xopoiei | [1maBka cypbMAHOHUKEIEBOM
MOKPBIBHOMH  CIIOCOOHOCTBIO. | OPOH3BI
[ImoTHOCTE ™ TeMIIeparypa
100Na,COs; patyp
IUIaBJICHUS  MCHBIIE  YeM
crutaBa. OyumiaeT pacruiaB OT
Cephl
dDirocsl paguHMpYOLIUE
Oxuce 1wHKa oOecneunBaer | PapuanpoBanre  OJOBSIHHBIX
50Zn0; 6.0% nHa OKHCJICHUE JIMIIb aIIOMUHUS, | OPOH3 H JaTyHeu oT
50Na,B40O4 1,0%Al HE BBI3bIBasl IOTEPh OCHOBHBIX | AJIFOMUHUS

KOMIIOHCHTOB CIlJIaBa

50Zn0; 50NacCl,

OO6mamaer
yIIOBJIETBOPUTENHHOM

paduHUpYyrouei
CIIOCOOHOCTBIO

Ounctka MCIHBIX CIIJIaBOB OT
KpEeMHHA

100Cu,O

4,0% na 1,0%

Al

Padgunupyromas crnocoOHOCTH
xopotas

[InaBka OJIOBIHHBIX OpOH3 U
JaTyHeW Il OYMCTKH HMX OT
ATFOMUHUS

50Cu,0; 50NaCl;

Pa¢punupyromas cnocoGHOCTh
Xopomias

[InaBka OJOBSIHHBIX OpOH3 U
JaTyHEW I OYMCTKH HX OT
KpEMHUS

Padunupyromas crnocoOHOCTH
xopotas, HO BBI3BIBACT

[InaBka OJIOBIHHBIX OpOH3 U
JaTyHeW Il OYMCTKHA HMX OT

100PbO 3HAQYUTEIIBHBIE ITOTEPH OJI0BA U | ATFOMUHUS

MHKAa M oboramaer cIuJaB

CBUHIIOM

Padunupyromas crmocobnocts | [l1aBka OJOBSHHBIX OpOH3 H
100MnO, xopouias, HO BBI3BIBACT | JIATYHEH JUIL OYUCTKH UX OT

IIOTCPHU 0JIOBA U IIMHKA

AJIIOMHUHHA U KEJIC3a




2.3.3 IlnaBka 0JIOBSIHHBIX OPOH3

B kadecTBe mIMXTOBBIX MaTepuaiioB npumenstor: meap MO, M1, M2 I'OCT 859-
78;010B0 He HIkE Mmapku 03 TOCT 860—75;cBunen Bcex mapok ['OCT 3778-77; uuHkK
mapok 0, L1, 2, I3 I'OCT 3640-79; mens pocpopucryro Bcex mapok ['OCT 4515—
81;uukens H1 u H2 T'OCT 849—70; macnopTHbie wymiku 0JIOBAHHBIX OpoH3 ['OCT
614—73 COOTBETCTBYIOIIETO XWUMHYECKOTO COCTaBa; YYLIKH MepeIviaBa H3BECTHOTO
XUMHUYECKOTO COCTaBa, MOJIYYEHHOTO U3 CTPYKKH; BO3BPAT U OTXOJAbI COOCTBEHHOIO
IIPOU3BO/ICTBA.

JINTHUKHM U 0TXO0bI COOCTBEHHOTO MPOU3BOJCTBA PA3PEIIAECTCA BBOJUTh B IIUXTY
B KoJinuecTBe He 0oJiee 80%, uyiiku neperasa u3 cTpykku—iuao 30%.

Ecnu B coctaB mMeTaia npeablAylIed IUIaBKKM BXOJIWJIM BPEIHBIE ISl OJOBSHHOM
OpOH3bI 3JEMEHTHI (HaNpUMep, KPEMHHUI B KPEMHHUCTON WM aTIOMUHHUA B aJIFOMUHUEBOMN
OpoH3ax), HEOOXOUMO MPOBECTU MPOMBIBOYHYIO IJIABKY.

OnoBsiHHBIE OPOH3BI TJIABAT B PA3IUYHBIX Medax. [[1aBKy B MHIYKIIMOHHBIX TeYax
BEIyT B TpadUTO-IIAMOTHBIX, TpaduTO-KapOOPYHAOBBIX U TpaduTOBbIX THUTIAX. [Ipum
IUIaBKE OJIOBAHHBIX OpOH3 B IUIAMEHHBIX U a3nekTpuueckux (tuma [IMb, CMB) ux
byTepyroT MIaMOTHBIM KUPITHYOM.

B pazorpetsiii 7o 1000°C turens 3arpykaercss KaTOgAHasi Melb IOJOTpeTas A0
300-400°C u 3aceinaeTcsi CyXoil U3MeJIbYEHHBIN IpeBeCHbIN yroab Mapku A (10-12mm.), ¢
TaKUM pacdyeToM, 4YTOObl MOBEPXHOCTh METalla TOCJE paciUlaBlieHHs Oblia TOKpPHITA
paBHOMEpHO cioeM yris ToimuHoi 10-20mMm. B kadectBe uiroca MOXKET UCTIOIB30BATHCS
oypa (Na, B, O5) B xonmnuectse 0,3-0,5% ot Macchl caiku.

Huxkenp, ecam oH BXOJIUT B COCTaB MIMXTHI, 3arPy>Kat0T BMECTE C MEJIBIO.

PacniiaB HarpeBator g0 Temmneparypsl 1200°C u packueasitor ¢dochopuctoit
Menpio B kommdectBe 0,3—1,0% ot maccel Meau (B 3aBUCHMOCTH OT CTENCHHU
OKHUCJICHHOCTH MeTauia). M® BBoauTcst nogorperoit 1o 200°C. 3atem paciuiaB TIIATEILHO
MEPEMEIINBAIOT, YAAISIOT NUIAK U B HECKOJIBKO MPUEMOB BBOJST B HETO OTXOJbl U UYLIKH
neperiaBa U3 CTPYKKHU, BXOJASIIME B COCTaB MHUXThl. Kaxayr0 HOBYIO MOPILHUIO OTXOAO0B U
YyIIKK TepersiaBa M3 CTPYKKM BBOIAT TOCJE paciuiaBieHus mnpenbiaymei. Ilocie
pacmiaBiieHusi OTX0J0B MeTtal noxaorpeBatoT g0 1150-1200°C u  BBOAST UMHK
noAorpeThiil 1o Temmneparypsl 150°C. Banny TiiateabHO MepeMennBaroT, CIijlaB BTOPUYHO
MOAOTPEBAIOT M BBOJST B HErO MPEIBAPUTENIBHO MOAOrpeToe 010B0. CBHHeEN, €CIU OH
BXOAUT B COCTaB IIUXTHI, 3arpykat0T BMecTe ¢ 0J0BOM. Ilocie BBOJa ojioBa pacruiaB
TIIATEIbHO TEpEMEIINBAIOT, 3aTeM moaorpeBatoT Ao 1250-1280°C, BbIaepKUBalOT B
teyeHue 20-30MuH. 1 OepyT TEXHOJOTUYECKYIO MPOOY Ha U3THUO.

Temneparypa Bointycka Opon3bl 1150-1180°C. CmuiaB BbIITyCKalOT B MOJOTPETHIN
KOBII.

[Ipu 3ammMBKE TOHKOCTEHHBIX OTIMBOK PEKOMEHIyeTcs go0aBka M@ B KoIM4ecTBeE
0,1-0,2% ot macchel MeTajuia 1J1sl HTOBBIIECHUS dKUJIKOTEKYUECTH.

[Ipu paznuBKe crijiaBa OKUCIIBI M IIUTAK MPUJICPKUBAIOT Y HOCKA KOBIIIa TpauTOBOM
CUHIIAIIKOMN, YTOOBI HE JOMYCTUTh UX MOMaaHus B popMmy.

3anuBKy (opM NPOU3BOASAT POBHOM CTpyel Mpu TemmepaTypax, yKa3aHHBIX B
TEXHOJIOTUYECKUX KapTax.



2.3.4 IlnaBka aJJlOMUHHEBBIX OPOH3

AmoMHUHHEBBIE OpPOH3BI MOXKHO IUIABHTh B HWHAYKIIMOHHBIX H  JTYTOBBIX
ANEKTPUYECKUX TMeYax, a TakKe B THUICIbHBIX UM IUIaMEHHbIX. [lnaBKy BeayT B
OKUCIIUTEIIBHOM aTMocdepe, B rpaduTO-IIaAMOTHBIX THUIJIAX W B Iedax (yTepOBaHHBIX
IaMOTOM.

I mpemoxpaHEHHMsT MeETalla OT OKHCICHUS W Ta30HACBINICHUS IUIABKY
HEO0OXOIMMO BECTH 1101 (PIIrOCOM.

B kauectBe (hiroca MOXKHO HMCHOJNB30BaTh: ApeBecHbId yroJb Mapku A (I'OCT
7654-84), crekdo, 0ypy ('OCT 8429-57), coan noBapennas ('OCT 253-57) wunm cmech
35%NaCl + 15%CaF, + 50%Na; AlFg

B kadyecTBe UCXOJHBIX IIUXTOBBIX MATEPUAIOB NPUMEHSIOT: MapraHell
metamyeckuii Bcex Mapok (I'OCT 6008—82); msarkoe xene3o (0Ope3Ku JUCTOB,
MPOBOJIOKU WJIM JpOoOJIeHas CTPYKKa, OUUIICHHAsI OT Maclia, SMYJIbCUU U T. 1.); JTUTaTyphl,
coZlepKaIue »Kejae30, MapraHel], HUKeJIb U alfOMUHUHN; Meab Gochopuctyro Bcex Mapok
OTXOJIbl Ky3HEUHO-IIPECCOBBIX I[€XOB COOTBETCTBYIOIIUX MAPOK U CTPYKKY aJIFOMUHUEBBIX
OpOH3, MOJy4aeMyr0 IIOCIE MEXaHWYECKOW 0O0pabOTKU CIUTKOB U OTJIMBOK; YYIIKH,
neperiaBa U3BECTHOTO XMMUYECKOTO COCTaBa, MOIYYEHHOTO U3 CTPYKKHU.

JlonmyckaeTrcsi TPUMEHEHUE TPOMHBIX JIMTAaTyp, COJAEpIKAIMX, KpOME JKeyesa,
MapraHiia, HUKEJId M allOMUHUNA.. B HCKIIOUMTENBHBIX CIIy4yasX YKa3aHHBIE A3JIEMEHTHI
MO>KHO BBOJIUThH B COCTaB IIMXTHI B YCTOM BHJIE, O€3 JTUTATYD.

OO6oOpoTHBIE OTXOABI JUTEHHOTO I1€Xa M TEpPEeIUiaB CTPYKKU H3BECTHOTO XHMH-
YECKOr0 COCTaBa pa3pemaercs BBOAUTh B UXTY 10 30—40% Macchl caku.

Eciu B meun 10 NPUTOTOBJICHUS ATIOMUHUEBBIX OpOH3 BBIIUIABIISIA JAPYTHE
CILJIaBbl, COJEpKalllhe OJIOBO, CBUHEI, KPEMHHH WU LHUHK, TO HEOOXOJIUMO MPOBECTH
MPOMBIBOYHYIO TJIaBKY MEJIbIO.

Pacdyer mmxThl MPOBOAST MO CPEAHEMY XUMHUUYECKOMY COCTaBY BBHITLJIABISIEMOTO
criaBa B coorBeTcTBUM ¢ 1Y mmm ['OCTamu. Ilocne nmpoBeneHus nepBbIX IUIABOK PacyeT
IIUXThl KOPPEKTUPYETCSI.

Jlo HavaJ1a MJIaBKU M€Yb TIIATEIbHO OYUIIAIOT OT OCTATKOB METaJJIad IIjIaKka

[Topsinok 3arpy3ku:

Ha CBeXKel mmxTe - itoc, Mmeab, MO, murarypsi;

Ha oTxomax - (roc, macmopTHas OpoH3a B 4ylIKax, Bo3Bpar, M®, nuratypsl,
CTpYIKKa.

®dmoc gaercs Ha pasorperyro g0 1000°C. OpHoBpemeHHO ¢ (urocoM B TIeUb
3arpy>katoT MeJib.

IIpu mnaBke Opon3 BbpA9XK3JI, BpAl10XK3Mu2, bpA10XK4H4, bpA112K6H6 u
bpA9K4H4M11l ¢ menpro 3arpykaroT U keye30. Eciu Bce KOIM4eCTBO MEIN HENIb3s OJJTHO-
BPEMEHHO 3arpy3uTh B II€Yb, OCTAaBIIYIOCS YacTh BBOJST IO MEpPE paCILIABICHUS
MPEIBIAYIIEH.

PacnnaBienue muxThl BEAYT C MAKCUMaIbHON MHTEHCUBHOCTBIO.

ITocne pacnnaBnenus u mneperpeBa meau 1o 1100-1200°C npousBogutcs ee
packucienne M® B kommuectBe 0,1-0,2% ot maccel canku. Mertamn TIIATEIBRHO
MEPEMENINBAIOT U JIAIOT OTCTOATHCH B TeueHue 10-15 MuH. 3aTeM B OTCTOSIBIIYIOCS MEIb
BBOJISIT JINTATYPHI.

JluraTypbl BBOJASAT B CJIEAYIOIIEH TOCIeA0BaTeIbHOCTH. [Ipu H3roToBieHnn 1r000T0
CIJIaBa B TMOCJEAHIOI OYepe/lb BBOISAT MEIHOATIOMUHUEBYIO JUraTypy (WU YUCTHII



AIIOMUHUI), a IEpel He—Meb - XKEJIE3010 WIM MEJb- ATIOMUHUN -XKEJIe30 U JIUraTypy
MeJlb — MapraHell Wi MeTaJUIMYeCKuil mapranel]. Bce nuratypsl nepea npuUMEHEHUEM
MOJIOIPEBAIOT.

Eciu Hukenb, ’xeme3o W MapraHen Jo0aBisSiOT B CIUlaB 0e3 jJuraryp, TO
MOCJIEIOBATEIBbHOCTh WX 3arpy3Kd CIEIyIolas: »Kejie30, MapraHell, HUKelb. YucTbie
MeTasuIbl (KpOME aTFOMHHHUS) BBOJST MEPE] JIUTATyPaAMH.

AJIIOMMHUNA, TOAOTPeThId mnpeaBaputenabHo 10 150°C, BBOIIAT B HECKOJIBKO
PUEMOB, IIEPEMEIINBAsI CIUIAB MOCJE BBEACHUS KAXKI0N MOPIUH.

[lo oxoHYaHWM BBOJA@ JUTaTyp METaUl XOPOIIO MEPEMEIIMBAIOT U 3aMEpSIOT
temriepatypy. llpum Temmeparype Meramra 1150-1180°C OGepyr npoOy Ha u3rubd u
ra30HaChIIEHHOCTh

[Ipy MOBBIIIEHHOM COJAEpP)KAaHWW Ta30B B CIUIaBe, YTO OMNpeAensercs IO
TEXHOJIOTUYECKONH TMpo0e, MPOU3BOAAT BBIIEPKKY M OXJaXKIECHUE paciuiaBa 0
TeMIlepaTyphl Hauajaa KpUCTAILTU3AIIIH.

3arem pacmiaB ObicTpo HarpeBaioT 70 1200—1250°C u BBITYCKAaOT B HArpeThbiit
KOBIIL.

2.3.5 IlnaBKa JlaTyHei

HeuenecooOpa3Ho NpUMEHSTh AJ1s1 TUIABKU JIATYHEH 3JIEKTPOAYTOBBIE I1€YH, TaK KaK
B paiioHe 1yru Oyner OOJIbLION yrap HMHKA.

B kauecTBe MIMXTOBBIX MATEPHAIOB MOTYT NMPUMEHATHCS: Meab mapku M00, MO
(I'OCT859—79); uymku nacnoptHoit natyHu (I'OCT !1020—77); umuk mapxu 10, 111
(I'OCT3640—79); amomuumii nepBuuHblii A8S5, A8 (I'OCT11069-74); mapranen
metaumueckuit Mpl (OCT 6008-82); esunen mapku C0, C1, C2, C3 (I'OCT3778-77);
JUraTyphbl; BO3Bpar.

XHUMHUYECKHI COCTaB BCEX IMIMXTOBBIX MAaTEpUaJOB, MOCTYHAIOMIUX Ha IUIaBKY,
JOJDKEH OBITh MPEeABAPUTENbHO MpoBepeH. CTPYKKYy KPEMHUCTOHN JIATyHH TIPEABAPUTEIHHO
MIEPETUIABIISIIOT, @ €6 XUMUYECKUIM COCTaB MPOBEPSIOT B LIEHTPAIBHOM JTabopaTOpru 3aBOA.
[[InxTOBBIE MaTEepHUabl JOJKHBI ObITh OYUIIEHBI OT MECKa, TIIATEIHHO B3BEILICHBI, a IEPe]
3arpy3kod B meub moaorperbl 10 120-200°C. CTpyXKy HCHOJB30BaTh TOJIBKO MOCIIE
MPOKAJIKY JI YAAJIEHUS BJIaru U Macia.

[lnaBky cnemyer Bectu mon ¢mocom. B kaudectBe ¢iaroca HCMIONIB3YIOT
CTEeKJISSHHbIH 00ii, MOBAPEHHYI0 COJIb, Oypy, comy. Dirochl mepen BBEACHUEM B I€Yb
JOJDKHBI OBITh CYXMMHU M HE cojepxaTh Biard. Diroc HEOOXOIUMO BBOJWTH HA MOJHHY
neun, pasorperyio 10 1000°C B TakoM KOJIMYECTBE, YTOOBI MOCTIE pACIUIaBICHUS MeTajlia
cJ10i mu1aka Obut TonmuHor 10-15mm.

IHopsimoxk 3arpy3ku: Ha cBekedl mmxre - ¢uroc, meab, M®P, gurarypa wnu
METAJUIMYECKUA MapraHen, aJIOMHHUN, HIMHK, CBUHEL; HA O0TX0AAaX - (JIIC, 0TX0IbI,
JIATYHb YYLIKOBAas, IOBEPX OTXOJIOB Me/lb, METAJUTMYECKHI MapraHen, JUratypa, HMHK,
CBHHEIl, CTPYKKA.

OTxoabl U Melb 3arpy»aroTCs BMECTE B Hadalle IUIaBKU. B KOHIlE MIIABKH MLJIAK
yAAIAETCS U MPUCAKUBACTCS CTPYKKA, CMEIIIaHHAsI C (DIIFOCOM.

[Tocne pacmiaBieHUs OTXOJIOB CIIAB HArpeBawT 10 Temreparypel 1120—
1150°C, meTann THIATENBHO NEPeMEIMBAT U PACKHUCIASIOT (GocPOopUCTOil Meabio B
kosmmuecTtse 0,1-0,2% OT Macchl caiki U BBOAAT METAJUIMYECKUI MapraHel Win JINTaTypy
MeJb-Maprasen.



ITocne nepememmBanus npu temieparype meramia 1150-1180°C B oTKItOYEHHYIO
ne4yb BBOJMUTCS JMrarypa (aJIlOMUHUI- Melb, alIOMUHMM-kene30). Jluratypsl BBOASTCS
OTJIENbHBIMU MOPUUSAMHU U TOCJE KaXKI0M HNOPIUM METaJl TIIATEIbHO MEPEMEIINBAETCS
OILLJIOKaBaHHBIMU I'pEOKaMHU.

[Tocne BBO/Ia BCEro aTfOMUHUS CILIaB PACKUCISIOT (pochoprcToil MEAbIO U IETA0T
BbIICPKKY B TeueHHE 15-20MHMH. NPy OTKIIFOYEHHOW I€YM, W BBOAAT LIMHK KyCKaMH
Maccon 10 20kr.

Cma mogorpeBaercsi 10 1180°C, TuiateibHO NEpEMENINBAIOT, CUAILIAIOT HUIAK U
OepyT TEXHOJIOTMYECKHE MPOOBI I1a U3JI0M U Fa30HACKIILIEHHOCTb.

VYroxa usruba npoOsl 10 pa3pyLIeHUs 10JKEH ObITh He MeHee 30°.

HopmanpHast mpob6a Ha ra3oHAchHIIIEHHOCTh JOJDKHA JlaBaTb B  CTaKaHe
BOPOHKOOOPA3HYIO YCAJIKY.

Temmneparypa metaia nepen Boimyckom 1100-1180°C.

2.3.6 Oco0eHHOCTH JTUTEIHO (POPMBI

@dacoHHbIE OTJIMBKM M3 MEIHBIX CIUIABOB IIMPOKO HMCIOJIB3YIOTCS B Pa3IMUHBIX
o0yiacTsIX TeXHUKU. M3rotaBIuMBalOT HUX BCEMU W3BECTHBIMHU criocobamMu. OCHOBHBIM
crocoooMm sBisieTcs JuThe B pazoBbie hopmbl (80%). JIUTheM B KOKWIIb, MO IaBJICHUEM U
JPYTUMU CHENUATbHBIMK CIIOCOOAMH MPOU3BOAUTCS TpUMEPHO 20% OTIUBOK.

Beibop cmocoba nuThs  ompenensercs  KOJMYECTBOM, KOHCTPYKLHMEH U
KoH(UTrypanue oTIMBOK, TpeOOBAHUSIMU K CBOMCTBAM OTJIMBOK.

TexHnonoruss u3rotoBieHuss (GHACOHHBIX OTIMBOK M WX KadecTBO BO MHOI'OM
ONPENEIISIETCS UHTEPBAIIOM KPUCTAJUIM3ALMHU CIJIABOB M UX CKIOHHOCTBIO K OKHCJICHHUIO B
IpolIecce 3aroMHEHUs TUTEHHBIX (HOpM.

MenHble CruiaBbl B KUAKOM COCTOSIHUM JIETKO OKHUCHSIFOTCS, MO3TOMY  JUIsSt
YCTpaHEeHUs pa3OpBI3TUBAHUS U OKUCIECHUS UX MPHU 3aJIMBKE HEOOXOIUMO, YTOOBI pacIuiaB
nocTymnain B opmy miaaBHO. [ 3TOro mpUMEHSIOT TUTHUKOBBIE CUCTEMbI HE3alOTHEHHBIE,
pacmmmpsitonuecs ¢ cootHomenneM Fop @ Fyypr: Frpp=1:2:2;mm 1 12 :4;,umu 1 :4 : 4, ¢
BEPXHUM OOKOBBIM, CU(POHHBIM (HMKHHMM) U IIEJIEBBIM MOABOJAOM MeTauia B popmy. s
OT/ICJICHUS] OKCUJHBIX TIJIEH M HUIAKOBBIX BKJIIOUEHUHN JIMTHUKOBBIE CUCTEMBI CHAOXKaroT
HEHTPOOCKHBIMU IIUIAKOYJIOBUTENSIMU. [[s1 ATOM e 1eNu B JIMTHUKOBBIE CHUCTEMBI
YCTAHABJIIMBAIOT CETKH, a TaKXe 3aJIMBAIOT uepe3 3epHuctoie (QuibTpbl. [IpoBepky
MPABWJIBHOCTHU BHIOPAHHOM KOHCTPYKIIMH U Pa3MEPOB JIMTHUKOBOU CUCTEMBI ITPOBEPSIOT 1O
CKOPOCTH TorbeMa MeTaiia. [ onoBsHHBIX OpoH3 U, =3,0-4,0cM/c, mis maryHent O, =3,5-
4,5 cMm/c.

B mnpaktuke mnpu IUTBE MEIHBIX CIUIABOB TMPUMEHSIIOT OTKPBITBIE MPHUOBLIH,
npUOBLTIN ¢ 00OTPEBOM, 3aKPBIThIE ChepUiIecKrue MPUOBUIN, MPUOBLTH C aTMOC(EPHBIM U
ra30BbIM JIaBJICHUE.

JIns  ciiaBoB € Y3KMUM UMHTepBaIoM Kpuctaimnuzanuu (natynu  JIH40C,
ATFOMUHUEBBIX OPOH3 M JIaTyHEH) XapakTepHO 00pa3oBaHUE COCPEIOTOYCHHBIX YCATOUYHBIX
PAKOBUH M TIOYTH TMOJHOE OTCYTCTBUE MOPHUCTOCTH. M3roTOBIEHHE OTJIMBOK M3 TaKHUX
CIIJIABOB TpeOyeT YCTAaHOBKH B TEIJIOBBIX y3JIaX MAaCCUBHBIX MPUOBLICH.

CmuiaBel ¢ HIMPOKUM HMHTEPBAJIOM KPHUCTAUIM3ALMK (OJOBSHHBIE OPOH3bI, MEIHO-
HUKEJIEBbIE CIUIaBbl, KPEMHHUCThIE OPOH3BI M JpP). CKIOHHBI K 0Opa30BaHUIO PACCESTHHOM
ra3oycajo4Hol MOPUCTOCTU, MPEAOTBPATUTH MOSIBJICHUE KOTOPOU C MOMOIIBIO MPUOBLICH



3aTpyaHATENHHO. [[09TOMY OTIMBKY M3 3THX CIUTABOB M3TOTOBIISIOT C MAJIBIMU MO 00BEMY
npuOBLIAMU WK 0€3 HUX.

AmoMHUHKEBbIE OPOH3bI U JIPYTUE CIIABHI C JIETKOOKUCISIOIUMUCA KOMIIOHEHTaMH
3QIMBAIOT 4YEpE3 PACIIUPSIONIMECS JIMTHUKOBBIE CHCTEMBI, MpPEIHA3HAYEHHbIC IS
OTJIETICHUSI OKCUJIHBIX TUIEH U 00ecrnedyeHus] MUHUMAIbHO JIOMyCTUMOW CKOPOCTU TE€UEHUS
METaJJla Ha BbIXOJAE U3 murarene. Kak mnpaBuio, HUCHONB3YIOT PACHIUPSIOLIAECS
JUTHUKOBBIE CUCTEMBI C HIDKHUM WJIM CU(OHHBIM IMOABOJIOM METaslia; MpeaycMaTpUuBaroT
YCTPOMCTBO LIEHTPOOEIKHBIX IIUIAKOYIOBUTENICH, YCTAHOBKY CETOK U 3€PHUCTHIX (PUIBTPOB.
bosee npocThie TUTHUKOBBIE CUCTEMBI PUMEHSIOT TIPU JIUTHE OJIOBSIHHBIX OpPOH3.

@opMBI  W3rOTAaBIMBAIOT ®W3  (OPMOBOYHBIX  MaTEpPHAIOB,  O0JAJAIONTUX
MUHHAMAJIBHOM Ta30TBOPHON CIIOCOOHOCTBIO, HEOOJBIION BIAKHOCTHIO, MaKCHUMAJIbHON
ra3oNpOHUIIAEMOCTHIO U BEICOKON MPOYHOCTHIO B CBIPOM U CYXOM COCTOSIHUU. [IpumeHsioT,
KaK MPaBWIO, MEJIKO3EPHUCThIE MECKH, YTO MO3BOJISIET MOJIy4aTh YHUCTHIE MOBEPXHOCTH
OTJIMBOK U 0oJiee TOUHbIE X pa3zmepbl. OTnuBKU Maccoit 10 40Kr v TOJIIMHON CTEHOK J0
15MM TONTy9aroT JTUTheM B ChIpbie popMbl. KpyIiHEIE M TOJICTOCTEHHBIE OTIUBKH TPEOYIOT
MPUMEHEHUS CYXHX WU MOACYIIeHHbIX (hopM. CyliKy (GopM OCYIIECTBISIOT B CYITUIBHBIX
nevax npu temneparype 300-500°C. InuTeabHOCTh CYIIKA 3aBUCHUT OT TOJIIWHBI CTEHKHU
GbopMBI, BIAKHOCTH CMECH, CTENEHU €€ YIUIOTHEHHUS U MOXKET COCTaBiiATh 6-40 4acos.
[ToBepXHOCTHYIO OJICYIIKY MPOBOAAT Ha r1youny 10-40 M.

Jlist monmydeHust TpeOyeMol YHCTOTHI JIUTOM TOBEPXHOCTH JeTalied U3 MEIHBIX
CIIaBOB  (OCOOGHHO U3 OJIOBSIHHBIX OpOH3) 3a UCKIIOUYEHHEM OTIMBOK IPOCTOMN
KOHpurypauuu u HeOonpmoil Maccel (2-5kr), Qopmbl okpammBaroT. [lomyuunu
pacrnpocTpaHEHUE KpacKdh: BOJHAs TaJlbKO-OCHTOHUTOBAs, TrpadUTO-OEHTOHUTOBAS W
OBICTPOCOXHYIIAS CIUPTOBAS C IUPKOHOBBIM HAIOJHUTEIIEM.

JluTbe B TUICOBBIC, IEMEHTHbIE U OOOJOYKOBBIE (DOPMBI MPUMEHSIOT ISt
W3TOTOBJICHUS OTJIMBOK C MOBBIIIEHHOW YUCTOTON MTOBEPXHOCTH.

OOpe3Ky JIUTHUKOB M MPUOBLICH MTPOU3BOASAT OOBIUHO Ha (pe3epHBIX CTAaHKAX WIIH
JVCKOBBIX NMUJax. B 1miexax nuThs MOJ AAaBICHUEM [JISl yJIAJICHHUS JINTHUKOB HCIIOJIb3YIOT
MIPECCHI.

O4HCTKY TMOBEPXHOCTEW OTIMBOK IMPOU3BOAST B TAJTOBOYHBIX OapabaHax WM
TUAPONECKOCTPYUHBIX Kamepax.

BONBIIMHCTBO OTIMBOK M3 MEMHBIX CIJIABOB CAAIOTCS 3aKa3uuKy 0€3 TepMUUYECKOU
00paboTku . MHorma st CHATUS OCTAaTOYHBIX HANPSHKEHUW OTJIMBKH TOJBEPraroTCs
oTkury. OTJIMBKH M3 OJIOBSIHHBIX OpoH3 oTxuraror npu temneparype 650-800°C c
BBIJICP)KKOM B TedeHue 2-2,5y4acoB, oxjnaxjaeHue ¢ neubto 10 300-350°C. . OtnuBku u3
KPEMHHUCTOM JIaTyHH OTKUraroT npu temmneparype 750-760°C c¢ Bbiaepkkoii B Teuenue 1,5-
24acoB, oxJiaXKJieHue ¢ neunto 10 250-300°C.



3 AJIIOMHUHUHA U €ro CILIABbI
3.1 AJIIOMUHME 1 €ro CBOMCTBA

AIOMUHUM JIETKUW HW IUIACTUYHBIM MeETaUl. AJIFOMUHHME 00J1afaeT Xoporiei
KOPPO3WOHHON CTOMKOCTBIO B OOBIYHBIX aTMOC(EPHBIX YCIOBUAX OJiarogaps BBICOKHM
3alIUTHBIM CBOMCTBaM IJIOTHOM OKWMCHOM IieHKHu Al,O;, oOpa3yromieiicss Ha MOBEPXHOCTH
IIpY CONMPUKOCHOBEHUM C KHCJIOPOJIOM BO3yXa.

UucThlid aTIOMUHUN HAXOAUT OTPAaHUYECHHOE MPUMEHEHHUE B TEXHUKE U B OCHOBHOM
WCITIOJIB3YETCS JJIsl U3TOTOBJIEHHUS CIUJIABOB HA €r0 OCHOBE.

CBolicTBa AJIIOMUHUSA
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Bausinue npumeceit

Oxa3bpIBalOT BpEIHOE BIMSAHHUE HA aTIOMUHUMN, CHUKAIOT €70
Kenne30. kpeMHuin | »| TUIACTUYECKHE CBOMCTBA, YBEIMYNBAIOT TBEPAOCTD, IIOBBIIIAIOT

TEMIEPATYPY PEKPUCTAIIIN3ALIH.

[IpoMBIIUIEHHOCTh IPEAYCMATPHUBAET BBIITYCK TPUHAALIATH MAPOK MIEPBUYHOTO
AITFOMHUHUSL.



Tabmmia —Xumudeckuit coctaB neppuanoro amromunus mo 'OCT 11069 — 74
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5 npuMecen
AnroMuHHAN 0CO00# YHCTOTHI
A999 99,999 |- | - | - | - = 0,001
AJIOMUHUI BBICOKOM YaCTOTHI
A995 99,995 0,0015 0,0015 0,001 0,001 0,001 0,005
A99 99,99 0,003 0,003 0,003 0,003 0,002 0,010
A97 99,97 0,015 0,015 0,005 0,003 0,002 0,03
A95 99,95 0,030 0,030 0,015 0,005 0,002 0,05
TexanyecKkuil alITOMUHUN

A85 99,85 0,08 0,06 0,01 0,02 0,01 0,15
A8 99,80 0,12 0,10 0,01 0,04 0,02 0,20
A7 99,70 0,16 0,16 0,01 0,04 0,02 0,30
ATE 99,70 0,20 0,08 0,01 0,04 0,01 "l 0,30
A6 99,60 0,25 0,20 0,01 0,06 0,03 0,40
A5 99,50 0,30 0,30 0,02 0,06 0,03 0,50
ASE 99,50 (0,35 |0,12 0,02 0,04 0,01 10,50
A0 99,0 0,50 0,5 0,02 0,08 0,03 1,0

AJIFOMMHUNA BBICOKOW YHCTOTBI B OCHOBHOM MPUMEHSIOT i1 MNPOU3BOJCTBA
XMMHUYECKOM aImapaTypbl, dJICKTPUUECKAX KOHJCHCATOPOB, & TAK K€ JJISI MPUTOTOBIICHUS
BBICOKOITPOYHBIX AJTFOMUHHUEBBIX CIIJIABOB.

3.2 AJIIOMMHHEBBIE CIJIABBI

CnnaBpl Ha OCHOBE QIOMHUHUS JEJATCS HA JIBE TPYNNbl - JIMTEHHbIE W
nedopmupyemble. 15 u3roroBjieHHsi (PACOHHBIX OTJIMBOK NPHUMEHSIIOT JHTeHbIE
AJIIOMUHHMEBBbIE CIUIABbl, KOTOPbIE WMEKT HHU3KYIO IUIOTHOCTh M BBICOKYIO YJICIBHYIO
npouHocTh. ['OCT 2685 - 75 ycranaBnuBaeT 37 MapOK JUTEHHBIX aJIOMUHHUEBBIX CILIABOB.
B cocTaB amOMUHHEBBIX CIIABOB BXOJIST JITUPYIOIIHUE T00ABKH, KOTOPBIC pa3ACsaioTCs Ha
TPHU TPYTIIHIL.

IlepBasi rpymma - OCHOBHBIE JIETUPYIOIIME KOMIOHEHTHI
CIIOCOOCTBYIOIINE PE3KOMY U3MEHEHUIO TTPUPO/IBI CIJIaBa.

Bropas rpynna - BcoMoraresnbHbI€ Jierupyromue sneMmentel Mn, Cr, V, Ti, Zr,
Mo, Ni, Nb. BBogsarcs B ciuiaB B 3HAUMTEIbHO MEHBIIIEM KOJHMYECTBE YEM KOMITOHEHTHI
MIEPBOM IPYIIbL. YJIy4IIAT (PU3UKO - MEXaHHYECKHEe CBOMCTBA.

Tperbst rpynna - moaudunupytomue s1eMentsl  Na, K, Be, Ca, Sr, Bi, Cd
UCIIOJIB3YIOTCS B BUJIE HEOONbIINX 100aBOK 10 0,2% sl yJaydieHusl TeXHOJ0THYeCKUX
CBOMCTB, U3MeJIbYCHUS 3epPHa.

B 3aBHCHMOCTH OT XMMHMYECKOTO COCTaBa aJIOMHUHUEBBIC CIUIABBI JCIAT HA IATh
TpyII:

-CIUIaBBI Ha OCHOBe cucTtembl Al - Si;

-criaBbl Ha ocHOBe cucteMbl Al - Si - Cu;

Mg, Cu, Si,



-criaBbl Ha ocHOBe cucteMbl Al - Cu;
-CIUIaBbI HA OCHOBE cucrtemsl Al - Mg;
-CJI0’KHOJIETUPOBAHHBIE CILJIaBHI.

KayecTBO JNUTEMHBIX QIIOMMHHUEBBIX CIUIABOB 3aBHCUT OT MEXAHUYECKUX H
TEXHOJIOTUYECKUX CBOMCTB. MEXaHMYECKHE CBOMCTBA 3aBUCIT HE TOJIBKO OT COJCPKAHUS
JISTUPYIOIIMX D3JIEMEHTOB, HO U OT cojepkaHus npumeceid. [IpodHOCTh OOJBIIMHCTBA
QTFOMUHHUEBBIX CIIABOB MOYKHO MTOBBICUTh TEPMUUYECKON 00pabOTKOMA.

Hawnbonee pacnpocTpaHeHHBIMU JIMTESHHBIMU aJIFIOMUHUEBBIMU CILIABAMU SIBJISTFOTCS
CHJIYMHHBI, OO0Jalalomue XOpPOIIMMH MEXAaHWYECKUMHU U  BBICOKUMH  JINTEHHBIMHU
cBoricTBamMH. JlJI1 TOJIy4eHHS] MEJIKO3EPHHUCTOM CTPYKTYpbl HEOOXOIWMO HPHUMEHSTh
MOAU(PHUITUPOBAHHE.

CmnaBel Ha ocHOBe cucTeMbl Al-Si-Cu xapakTepu3yITCs XOPOIIUMH JTUTCHHBIMU
CBOMCTBaMH, YTO OOBSICHSICTCS ONTUMAILHBIM coueTaHueM cozaepkanus Si u Cu .Takoe
COJIEpKaHME JICTUPYIOIIUX 3JIEMEHTOB MO3BOJISIET TPUMEHSITH TEPMUUYECKYIO 00pabOTKY 11t
MOBBIIIEHNS MEXAHUYECKUX CBOMCTB.

CmutaBel Ha ocHoBe cucteMbl Al-Cu 0051a1af0T CIOCOOHOCTBIO K TEPMHYECKOMU
00paboTKe, MOCe YEero MOBBIIMIAIOTCS WX MEXaHWYEeCKue CBOMCTBA. JIuTelHble CBOICTBa
Xy’K€ YEM Y CUITYMHUHOB.

bosnee HM3KME TUTEHHBIE CBOKMCTBA Y CIIJIABOB AJIFOMUHHUS C MarHueM, HO IIPOYHOCTh
Y KOPPO3UOHHAs CTOUKOCTh Y HUX BBIIIIE, YEM Y CUITYMHUHOB.

MeHbllle TPUMEHSIIOTCSI CIUIaBbl AJIOMUHMS C MEIbI0O M IIMHKOM, TaK Kak y OHU
MMEIOT OOJIBIIIYIO TUNIOTHOCTh U JIMTEUHBIC CBOMCTBA Y HUX XYXKE.

MHOTrOKOMITOHEHTHBIE (KAPOMPOYHBIE) CIUIABHI IIUPOKO MPUMEHSIOTCS B aBHAIUU.

AJIOMUHHEBEIE CIUIAaBEl 00JIaJal0OT BBICOKON CKJIIOHHOCTBIO K OKHCIECHHIO U
HACBIIIEHUIO BOAOPOIOM.

3.2.1 Cnaassbl cucrembl Al — Si

kit
& T W3 nuarpaMMBbl COCTOSIHUSI aTIOMUHUH-KPEMHUI ClIedyeT,
o YTO KpeMHHUH npu comepxkanuu 11,7% oOpasyer 3BTEKTHKY
&M Wunooms /‘ St o(TBepabIi pacTBOp KpEMHH B aJ'IIOMI/IHI/II/I)‘l‘VSi.
gﬂﬂ% 7 Hannuue IBTCKTHICCKON COCTABIIOMIEH 6naroanﬂTHp
§ sl L o CKa3pIBaeTCs Ha JIMTCHHBIX CBOWCTBAX, HauwHas c5-7% Si.
g TTT,ET e ¥ CuymMuHBI cofiepkat KkpemHaus 6oiee 5%
SIS a’_m,m MHUKpPOCTPYKTYpa  OBOWHBIX  CIUIABOB ~ COCTOMT Yy
g LT SEEA JIO3BTEKTUYECKUX CHIYMHPOB H3 O TBEPJIOr0 pacTBOpa M
9BTeKTUKUA (0+Si). A y 3a’BTEKTHYECKHX U3 SBTEKTUKH
o S (0+S1) ¥ cBOOOAHBIX BBIICICHHI KPEMHHS
A v a ) §

S, % (0 macre)

JAnarpamma paBHOBeCHOr0 cocTosinusi Al — Si

Tabnuua 3.1-XuMHuuecKkuil cocTaB allOMUHUEBBIX CIIJIABOB NIEPBOM TPYIIITBI



Mapxka cmuiaBa Jlerupyromue smeMenTsl (Al-ocHoOBa)
Mg Si Mn Ti
1 2 3 4 5
AJI2 - 10,0-13,0 - -
AJl4 0,17-0,3 8,0-10,5 0,2-0,5 -
1 2 3 4 5
AKO9(AJI4B) 0,20-0,4 8,0-11,0 0,2-0,5 -
AJI9 0,2-0,4 6-8 - -
AK7(AJI9B) 0,2-0,5 6-8 - -
AJl4-1 0,17-0,3 8-10,5 0,2-0,5 0,08-0,15
AJI9-1 0,25-0,4 7-8 - 0,08-0,15
AJI34(BAJIS) 0,35-0,55 6,5-8.,5 - 0,1-0,3

AJIIOMUHUEBBIE CIUIaBbl 3TOW TPYIIbl OTIWYAIOTCS BBICOKUMH JHUTEHHBIMU
CBOMCTBAMHU U TE€PMETUYHOCTBHIO H3TOTOBJICHHBIX M3 HHUX OTIHMBOK. Y CHJIYMHHOB
YAOBJIECTBOPUTEIbHAS KOPPO3ZUOHHAS CTOMKOCT.

ITo copepxxanmio Si Bce OHH, 3a HCKIOUCGHHEM ciuiaBa AJI2, sBIAOTCA
JIOABTEKTUICCKUMHU, KPUCTALIN3YIOTCS B y3KOM HHTEpBaJIe, UMEIOT HEOOJIBIIYIO JIMHEHHYIO
yCaJKy, BBICOKYIO J>XHJIKOTEKY4YEeCThb, Majyl CKIOHHOCTh K OOpa3oBaHHUIO TPEHIMH U
pacCesHHOM ycaJ04HOM TOPUCTOCTH.

CrutaBel IIMPOKO UCIOJIB3YIOT B aBUAIIMOHHOM, aBTOMOOUIIBHOW MPOMBIIIIICHHOCTH,
NpUOOPOCTPOCHUH, CYTIOCTPOCHUH, FIEKTPOTEXHUKE U MAIITUHOCTPOCHUHU.

[Ipy  U3roTOBIEHUM  TOJCTOCTEHHBIX  OTJIMBOK  CIUIaBbl  00S3aTEIBHO
MOAM(PUIUPYIOT, TaK Kak 10 MOJU(DUIMPOBAHUA OHU HMMEIOT HU3KYIO IUIACTHYHOCTD,
00YCJIOBIIEHHYIO TPYOBIMH BBIJIETICHUSIMUA IBTEKTUUYECKOTO KPEMHUSL.

MoaudpuunupoBaHue OCyliecTBIsAIOT BBeaeHueM B pacmuiaB 0,05-0,1% Na wim
0,06-0,08% Sr. DddexT MoguduUpoBaHUS TeM OOJIbIIIC, YeM BBIIIC COJEpKaHue Si B
pacruiaBe. st cuityMuHOB, copepskanux menee 5,0-7,0% Si, mogudunupoBaHue He
OKa3bIBACT BIIMSHUS HA MEXaHUYECKHUE CBOWCTBA.

MoauduiupoBaHHble CUTYMUHBI UMEIOT 00Jiee BHICOKHME MEXaHMYECKUE CBOMCTBA,
HO OHHM HE MOTYT OBITh YJy4IlIEHbl TEPMHUUYECKOW TEepPMOOOpaOOTKOM, Tak Kak Si He
obpazyer ¢ Al ympounstomux coenuHenuil. Benenue B cunymunsl 0,2-0,4% Mg
MO3BOJIIET MPOBOJIUTh YIPOUHEHHUE TEPMOOOPAOOTKOMA.

Haubonee BpenHON NMpUMeEChIO SBISETCS JKee30, 00pa3yrollee ¢ KOMIIOHEHTaMu
ciaBa ¢azy B (Al Fe Si), kpucrammsyromgyiocs B (GopMe TpyObIX HIiI000pa3HbIX
KPUCTAJUIOB PE3KO CHIDKAIOMINX TJIACTUYHOCTH. JIJsi HeWTpanmu3amuu BPEIHOTO BIUSHUS
’Keje3a B CIUIaBbl BBOJST Maprasell, a JJisi TOBBIIIEHUS MPOYHOCTH JIETUPYIOT MAarHUEM.
CrereHb BpPETHOCTH Keje3a CHIDKAETCS M0 Mepe H3MeNbUYeHHUs CTPYKTypbl. [losTomy
JOIYCTUMOE COJIEp’KaHUE jKelle3a B CUITyMUHAaX MpH JUThE B necuanbie popmel 0,6%, npu
IUThE B KOKWIb 10 1,0%, npu nuthe noa aasienuem ao 1,5-2,0%.

3.2.2 Cnaasbl cucrembl Al - Si - Cu



Tabnuna 3.2-XuMu4ecKkuil COCTaB aIFOMHUHHUEBBIX CIIJIABOB BTOPOW TPYTIIHI

Mapka craBa Jlerupytomue >nemMeHTH (Al-ocHOBA)
Cu Si Mg Mn Ti
1 2 3 4 5 6
AJI3 1,5-3,0 4,5-5,5 0,35-0,60 0,6-0,9 -
AKSM2(AJI3B) 1,5-3,5 4,0-6,0 0,20-0,40 - -
AJIS 1,0-1,5 4,5-5,5 0,35-0,60 - -
AJI5-1 1,0-1,5 4,5-5,5 0,40-0,55 - 0,08-0,15
AJI6 2,0-3,0 4,5-6,0 - - -
AKS5M7(AJI10B) 6,0-8,0 4,5-6,5 0,2-0,5 - -
AK7M2(AJI14B) 1,5-3,0 6,0-8,0 0,2-0,6 - -
AK4AMA4(AJI15B) 3,5-5,0 3,0-5,0 - 0,2-0,6 -
AJI32 1,0-1,5 7,8-8,5 0,3-0,5 0,1-0,3 -

CrutaBbl 3TOW TPYIIIBI B KaY€CTBE OCHOBHBIX JIETMPYIOUIUX 3JEMEHTOB COJEpXKaT
kpemuuii 4-8%, wmeab 1-8% u marnmii 0,2-0,6%, 3a uckimodyeHuem cmiaaBa AJl6,
KOTOPBIN Mar"usi He COAEPKHT.

WX MUPOKO MCIONIB3YIOT JJISl U3TOTOBJIEHUS OTIMBOK IOBBIIICHHON IPOYHOCTH H
TBEPAOCTH, COXPAHSAIOLIUX IIOCTOSHCTBO Pa3MEpPOB B IPOLECCE DKCIUIyaTallMU: KOPILyCOB
puOOPOB, ABTOMOOMJIBHBIX M TPAKTOPHBIX MOPIIHEH, JeTaneil ABUratreined BO3IYIIHOIO
OXJIAXKJCHUS.

CmiaBel 3TOM rpynmbl OOJ€e KapolpOUYHbI, YE€M CHIIYMUHBI; HE TpeOyroT
Moau(UITUPOBaHUs, 00JIaIal0T XOPOIIEH KUIKOTEKYyUeCThI0, MAJIOW JTMHEHHOW YCaJKOM,
HO 0oJiee CKJIOHHBI K 00pPa30BaHUIO yCaJ0YHOW MOPUCTOCTH U TPEIIMH MPHU 3aTPYIHEHHOM
yCaJKe, 4eM CIUIaBbl NEPBOM TPYIIIBI, HO YCTYNAIOT UM MO KOPPO3WOHHOM CTOMKOCTH U
repMETHYHOCTH.

3.2.3 Cnaassbl cucrembl Al - Cu

°c : I
canten |52F]
So0NA ¥ $35% X377 IIpu temneparype 548°C pacTBOpHUMOCTb MEIU B
48" ] ™ " A 574" TBEPJOM aIOMUHUU CcocTaBisieT 5,65%, Tpu KOMHATHOMN
580 [245% 23 325 % W onson Temneparype oua cHwkaercs 10 0,2%. Takoe peskoe
Alrml, CuAlyrm mped ’
pacme, Cudly U3MEHEHHE PACTBOPUMOCTH MEIU B ATIOMHHHHU IO3BOJISCT
“a0 UCTIONB30BaTh CIUIaBbl  coaepxkamue 10 5,0% Cu, B
300 TepMUYecKd 00pabOTaHHOM COCTOSIHUH.  AITFOMHHHUCBBIE
jl Al-Cudly Cu;ll; crmaBel, conepxame Oomee 5,0% Cu, Hamboiee dwacTo
200k GuAl MPUMEHSIOT B JIATOM COCTOSTHUU. Da30BEIi COCTaB CIUIABOB B
! JIUTOM COCTOSIHUHO. O.-TBEPJBI PACTBOP MEIU B AIFOMUHHH +
108 ] Cu Al
AIN 10 20 38 40 587 §0Cu%
21% 541%

JAunarpamma coctosinusi cucremsl Al — Cu

Tabnuua 3.3-XuMHUYECKHil COCTaB alFOMUHHUEBBIX CILJIABOB TPEThEU IPYIIIbI




o
Mapka zi:lr_lxcl)]zfgggle KOMITIOHEHTBI MaccoBas 10, %o. Tpyrue
CIUIaBa Cu Mn Ni T AIIEMEHTBI
AJIT 4,0-35,0 - - - -
AJI19 4,5-53 0,6 -1,0 - 0,15-0,35] -
An33 (BAJII) 5,5-6,2 0,6-10 | 0,8-1,2 - 0,15 -0,33%Cl
0,05 —0,20%Zr

CrnaBel  OTVIMYAIOTCS  BBICOKMMHM ~ MEXaHMYECKMMH  CBOMCTBaMH,  XOpOILO
oOpalaTeIBalOTCSl pE3aHMEM, HO MMEIOT IMOHWKEHHYIO [0 CpPaBHEHUIO C JPYIMMH
ATIOMUHHMEBBIMU CILJIaBAMU KOPPO3MOHHYIO CTOMKOCTh M HYXKJAIOTCS B 3alllUTE OT
KOPPO3UH IIyTEM aHOAUPOBAHUS WM HAHECEHUS JJAKOKPACOUYHBIX MTOKPBITUH.

OO6nagast MHUPOKUM MHTEPBAJIOM KPUCTAJIM3ALUK, CIUIABbI CUCTEMbI ATFOMUHUI—
MeZlb CKJIOHHBI K 00pa30BaHUIO YCaJOUYHbIX TPEIIUH U PACCESIHHOHN YyCaJOuYHON MOPUCTOCTH;
OHM MEHEE KUAKOTEKYUYH, YEM CILIaBbl IEPBOUM M BTOPOU rpynn. st u3MenpueHus 3epHa u
NOBBIIICHUS MEXAHMYECKUX CBOWMCTB CIUIaBbl JIETUPYIOT MapraHueM, TUTAaHOM WJIU
nupkoHueM. CIiiaBbl YIPOUYHSIOT TEPMUYECKONH 00paOOTKOM.

CmiaBel  MPUMEHSIOT 711 W3TOTOBJICHHMSI CpPEIHE HAarpy»XEHHBbIX JeTajei,
HEOOJIbIIUX 0 pa3MeEPY M MPOCTHIX MO KOHPUTYpalUU, padOTAOIINX NPU TEMIEPATYPE 10
200-250°C (AJI7), BBICOKOHArpY>KEHHBIX CHJIOBBIX JeTalield, paldoTalomux Mpu
HOPMAaJILHOM | MOBBIIIEHHBIX Temmeparypax 10 250 -300°C (AJI19, AJI33).

3.4 CiuiaBbl Ha ocHOBe cucTtembl Al - Mg
Mg, % (amomn)
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JHuarpamma coctostHust cucteMsl Al — Mg

CmiaBbl 001a/1a10T Han0OoJiee BHICOKOW KOPPO3ZMOHHON CTOMKOCTBIO B aTMochepe u
MOPCKHUX YCIIOBUSIX, TPOYHOCTHIO U IUIACTUYHOCTBIO CPEJIU BCEX JINTEMHBIX ATFOMUHHUEBBIX
CILIaBOB.

[[Iupokoe UCIIOIB30BAHKUE UX 3aTPYAHEHO U3-3a HU3KUX TEXHOJOTMYECKUX CBOMCTB.
CrnaBpl OY€Hb CKJIOHBI K JCHAPUTHON JIMKBAlUM U OOpPa30BAaHUIO TOPSYUX TPEIIUH.
[Tony4eHHI0 KA4eCTBEHHBIX OTJIMBOK MPEIMSITCTBYET MX BBICOKAs Ta30HACHIIICHHOCTh M
CKJIOHHOCTh K OOpa3oBaHUIO Ta30BOM M Tra3oycajoyHod mnopuctoctu. [loBbilieHHas
OKHCJISIEMOCTh, B3aMMOJEWCTBAE C Aa30TOM BO3/yXa M TMapaMyd BOAbl MPUBOAAT K
00pa30BaHUI0 HEMETANIMYECKUX BKIIIOYEHUH, KOTOPBIE MOMajaasi B OTJIMBKU CHHUXKAIOT
MEXaHUYECKUE CBOMCTBA.



Tabnuna 3.4-XuMu4ecKkuil COCTaB aJIFOMHUHHUEBBIX CIJIABOB YETBEPTOM TPYIIIIHI

Mapka Jlernpyromue 3nemeHTsl (Al-ocHoBa), MaccoBas gons, % | Hpyrue
CILIaBa Mg Si Mn Ti Be Zr DJIEMEHTBI
AJI8 9,5-11,5 | -- -- -- -- -- --
Mo 0,1
Be 0,07
AJISM 9,0-10,5 | -- -- 0,1-0,15 | -- -- Zr (0.1-
0,15)
AJI27 9,5-11,5 | -- -- 0,05- 0,05- 0,05- --
0,15 0,15 0,02
AJI27-1 9,7-11,5 | -- -- 0,05- 0,05- 0,05- --
0,15 0,15 0,02
AJI13 4,5-5,5 [0,8-1,3 |0,1-04 |-- -- -- --
AJI22 10,5- 0,8-1,2 |-- 0,05- 0,03- -- --
13,0 0,15 0,07
AJI23 6,0-7,0 | -- -- 0,05- 0,05-0,1 | 0,05- --
0,15 0,02
AJI23-1 6,0-7,0 | -- -- 0,05- 0,02- 0,05- --
0,15 0,15 0,02
AJI28 4,8-6,3 | -- 0,4-1,0 |0,05- -- -- --
0,15

Mexanuueckue cBOWCTBa CIUIaBOB cHcTeMbl Al - Mg 3aBHCAT OT coaepxaHus
MarHusi, C YBeJIMYUEHUEM KOTOPOTO OHU MOBBIIIAIOTCS. [I[pOYHOCTH CIIJIAaBOB C YBEJIMUECHHEM
KOHIEHTpauu marHug A013% Bo3pactaeT, HO MIACTUYHOCTh HAYUHAET CHUXKATHCS MPU
coaepxxkanuu 11% Mg. B cBsi3u ¢ 3TUM ISl TUTEHHBIX CIUIABOB MCIOJIB3YIOT JIBE 00JaCTU
KOHIEHTPAIIUHA MArHUs:

4,5-7,0% - cninaBsel cpenneit npounoctu AJI13, AJI23, AJI23-1, AJI2S,;

9,5-13,0% - cniaBbl MOBBINIEHHOW MPOYHOCTH, NPUMEHSEMbIE B 3aKaJICHHOM
cocrosaum AJI8, AJISM, AJI27, AJI27-1, AJI22.

Jnst ynydiieHus TEXHOJIOTHYECKHUX CBOMCTB B CILIaBbl, kKpoMme AJI8, BBOIAT 10
0,15-0,2% tuTana U MUPKOHUS, a JJIs1 yMeHbIIIeHHus okucisemocta 10 0,15% Oepumms.

CmumaBer  AJI13, AJI23, AJI23-1, AJI28 mpumenstor 06e3 TepMOOOpPaOOTKHU.
MexaHHuecKHe CBOMCTBA JTHX CIJIABOB HEBBICOKH, IIJJACTMYHOCTh HM3Kasg. Mx
PEKOMEHYEeTCSl MPUMEHSTh ISl TUThS B KOKWIb U MecyaHbie (JOPMBI CpeTHeHArpy>KEHHBIX
nerajnei, paboTarnmx B KOPPO3UOHHBIX Cpeiax.

Heramm wu3 cmmaBoB AJIS, AJISM, AJI27, AJI27-1,AJI22 npuMeHSIOTCS B
CYJOCTPOEHHUH, JIETATEIbHBIX almapaTax.

3.5 CJ10:XkHOJIeTHPOBAHHBbIE CIJIABBI

CmiaBbl IATOM TPyNITBI TPUMEHSIOT U1l U3TOTOBJIEHHSI OTJIMBOK C MOBBILIEHHOM
CTaOUIILHOCTBIO pa3MepOB, PaOOTAIOIIKX MTPH MOBBIIICHHBIX TEMIIEpaTypax U JaBICHUSX, a
TaKXKe 11 U3TOTOBJICHUS CBAPHBIX KOHCTPYKLIUM.

Tabnuma 3.5-XuMudeckuii cocTaB aIlOMMHUEBBIX CIIABOB MATOM IPYIIIBI

\ Mapxka \ Jlerupyromiue snemenTsl (Al — ocHOBa) MaccoBas 10151, % | Hpyrue




CILJIaBa Mg Si Mn Cu Ni Ti AJIEMEHTHI

ATl 125 |- - 3,75-45 [1,75- |- -

1,75 2,25
AJIL1 0,1-0,3 |6-8 - - - - 7-12Zn
AJI24 1,520 |- 02-0,5 |- - 0,1-02 |3,5-4,5Zn
AlI21 08-1,3 |- 0,15- |4,6-6,0 |2,6-3,6 |- 0,1-0,2Cr

0,25

AJI25 0,8-1,3 |11-13  |0,3-0,6 |1,53,0 |0,8-1,3 |0,05-0,2 |-
AJI30 0,8-1,3 | 11-13 0,8-1,5 |0,8-1,3

AK21M2,5H | 0,2-0,5 |20-22  |0,2-0,4 |2,2-3,0 |2,2-28 |0,1-03 |0,2-0,4Cr
2,5

AK4M2LI6 | 0,1-03 [3,555 [04-07 [1,530 |- - 5,0-7,0Zn

Cornacuo I'OCT 2687-75 k criiaBaM 3TOM TPYIIIE OTHOCATCS CIUIABBI:

-)kaponpouyHsie MHOorokommnoHeHTHoie AJI1, AJI21. CraB AJI1 cuctemsr Al-Cu —
Mg uMeeT ya0oBIETBOPUTEIbHBIE TUTECHHBIE CBOMCTBA U IPUMEHSETCS ISl JINThSl JETaJeH,
JUIMTENIbHOE BpeMs palotatomux npu Temneparypax a0 300°C (mopuiHu, TOJOBKH
UUIMHAPOB).JleTany NpuMEHSI0TCS B TEpPMUYECKH 00pabOTaHHOM COCTOSTHUU.

CmnaB AJI21 obnagaeT GoJbIIeH dKapolpouyHOCThIO, yeM ciuiaB AJll, npumensercs
JUTSI U3TOTOBJICHUS KPYITHOTa0ApUTHBIX JieTaliel, paboTaromux npu temreparypax 1o 300-
350°C.

-caMoO3aKaJuBarouiics Koppo3uoHHocToiikuit AJ124. On oTHOCUTCA K cucTeMe Al-
Zn-Mg, ycroiuuBble TBEpAble pacTBOpbl Zn U Mg B allOMHHUM OOECHEeuHnBarOT
«caMoO3akKajky» CIulaBa B Ipolecce oxjJaxiaeHus otauBku. CruiaB  oOnagaer
YIOBJIETBOPUTEIbHBIMU JINTEUHBIMU CBOWCTBAMH, KOTOPBIE YIIYUILIAIOTCS TOOABKON TUTaHA
no 0,1-0,2%. CmnnaB AJI24 pekoMeHayeTcss ISl JIUThS JI€TAJI€d C TOBBIIICHHBIMU
CTAOMJIBHOCTBHIO Pa3MEPOB U KOPPO3HOHHON CTOUKOCTHIO.

-nopmHeBbie AJI25, AJI30, AK21M2H2,5.

OBTEKTUYECKUE crienuanbubie cunymMuHbsl AJI25, AJI30 o6mamarT XOpOIIMMHU
JUTEHHBIMH CBOMCTBAMH, OTJIMYAIOTCS Oo0Jee BBICOKOW JKapONMPOYHOCTHIO, TaK Kak
conepxat a0 0,8-1,3% nukens. CriiaBsl Majo U3MEHSIOT 0OBEM B TIPOIIECCE IKCILTyaTaIlluu
MIpU MOBBIIEHHBIX TemMnepaTypax. [[puMeHstoTcs 111 U3rOTOBJICHUS TOPIIIHEH.

3asBrekTnuecknii cuiymMuH AK21M2H2,5 umeer XOpouyr KHIKOTEKYYECTb,
TBEPJIOCTb U H3HOCOCTOMKOCTh. JloOaBku Hukenss u xpoma 0,2-0,4% obGecrneunBaiot
BBICOKYIO kaponpo4yHocTh A0 300-320°C. IIpuMeHstoTCsS 111 U3rOTOBJICHUS NMOPIIHEN U
JPYTUX OTBETCTBEHHBIX JIeTajiel, pabOTaIONIMX MPH MOBBIIIEHHBIX TEMIIEpaTypax.

[uukoBeni cumymun AJI11, comepxamuii 7-12% nmHKa, 00JiazaeT XOPOITUMU
TEXHOJIOTMUYECKUMU CBOMCTBAMHM, CIIOCOOHOCTBIO COXPaHITh TBEPAOCTh U MPOUYHOCTH IPU
HarpeBe, KpaTKOBpeMEHHOM wiH jiuTenbHoM, 10 300-500°C. IlpumeHsoT cmiaB st
JUThsl JETAJIE B MOTOPOCTPOEHUU. VMeeT NMOHMKEHHYH KOPPO3MOHHYK) CTOMKOCTH U
CPaBHUTEIBHO BBICOKYIO IJIOTHOCTb.

3.6 Il.1aBka aIlOMUHHEBBIX CILJIABOB



3.6.1 Il1aBUJIBHBIEC TIEYH

B 3aBucumocTH OT Ha3HaA4YCHUS CIIJIaBOB, Macmitada IMpOU3BOACTBA U YCJ]OBI/Iﬁ
JINTEHHBIX OCXOB INIaBKY AJIFOMHUHHCBLBIX CIINIABOB OCYIICCTBIIAIOT B PA3JIMYHBIX IICYAX.

TurejbHble TOIIMBHbIE IEYH

TurensHple MOBOPOTHBIE €YU C Ta30BBIM HArpeBOM NPUMEHSIOTCSA U1 IJIaBKU
CIUIaBOB, TpeOyromux MoauduuupoBanus. s IUTaBKU  aTIOMUHUEBBIX  CIUIaBOB
IPUMEHSIOT YyTYHHBIE U IpaUTO-IIAMOTHBIE TUTJU. YyryHHBIE TUIJIU IPOYHEE U JICILIEBIIE
rpauTo—1IaMOTHBIX U UMEIT Oo0nbllyl0 eMKOCTb. OCHOBHOM MX HEJOCTaTOK-
PaCTBOPEHHUE KeJIe3a B aJIFOMUHUEBBIX CIIABAX B IPOLIECCE UX ILJIABJICHUS.

KoHCTpyKIUSI TUTENBHBIX Ieuei
IpocTa U COCTOUT H3 CIEAYIOLIUX
JJIEMEHTOB: METAJUIMYECKOr0 KOXKyXa
(1) u3 nucTOBOI cTaNU; OrHEYNOPHOM
KIaJKH; TEIUIOM30JIALMOHHOTO  CJIOS;
ropenok mwm ¢opcyHok (2); turis (3);
YCTpPOWCTBa A OTBOAA JBIMOBBIX
ra3oB. EMKocTp HCHONB3yeMBIX Ha
npakTuke turaeit-150-500 kr.

12

920 _

475

IIpenmyniecTBa — JETKO OCYIIECTBISTH IIEPEXOJL OT MIPUTOTOBJICHHS OHOTO CIIJIaBa
K Apyromy; paduHUpOBaHKE CIUIaBa JIOOBIMH cpeacTBaMu; Hebobimon yrap (0,5-
1,5%)

HenocraTkm — HeBBICOKas MPOU3BOAUTENHHOCTH (He Ooinee 200kr/4); OompmION
pacxo/1 TUIJIEH; MOBBIIIEHHBIN PacXo/] TOIJIMBA; HACBILIEHUE CIIJIaBa KEJIe30M

TurejbHbIe AJICEKTPUIECCKHUE ICIH

Nunvkunonnpie meun tuna AT

JIns  TIaBKM  QJIIOMUHMEBBIX JIMTEHHBIX CIUIABOB MPUMEHSIOTCS  OTKPBITHIE
WHYKIIMOHHBIC THUTEJIbHBIC MEYM MPOMBIIIJIEHHOW 4YacTOThl eMKocThio oT 0,4 go 2,5T.
Turnu nede JUisl TUIAaBKU ATIOMUHHUEBBIX CIIJIABOB HW3TOTABIMBAIOT IyTEM HAOWUBKU M
CTIEKaHWs OrHEYMOPHBIX MacC. OJEKTPUUECKHUE THUTENIbHBIC I€Ud MPUMEHSIOTCS, B
OCHOBHOM, 1714 T1aBKu crutaBoB Tuma AJIS, AJI9, AJI13, AJI19.

ITeuu conporuBgaenus Tuna CAT




TurenbHbIE IEYM MPUMEHSIIOT B II€XaX C HEOOJIBIIIMM BBIITYCKOM OTJIMBOK MJIH KOT/Ia
IPOU3BOIST OTJIMBKU M3 OOJIBIIIOTO KOJMYECTBA Pa3HOOOPA3HBIX MO0 XUMHUECKOMY COCTaBY
criaBoB. Ileun CAT BeIIyCKalOT TpeX THUIIOB: IMOBOPOTHbIE MuIaBWiIbHbIE CAT-A;
cranimoHapubie 1iaBuiabHble CAT-b u craumonapusie paszmarounsie CAT-B. EmkocTb
neuert 150-500kr. [Teun HarpeBarOTCsI HUXPOMOBBIMY CIIUPAIISIMU

i
‘ ITeun cocTOST W3 LMIMHIPHUYECKOTO CTAIbHOTO KOXyXa 1; (yTepoBKH H3
OTHEYNOPHOTO IIaMOTHOIO KHUpIWYa 2; HarpeBaTeNbHBIX JJIEMEHTOB 3;
| TEIUIOU30IALUOHHOTO cios 4. KoHIIbI 5 HarpeBaTeNnbHBIX 3JIEMEHTOB BBIBOAATCS
B KOpPOOKYy 6 I MOJKIIOUEHHUS K ceTH. Turemb 7 UyryHHBIH WM CTaJbHOM
i oIMpaeTcs Ha KoXyXx neun. [Tleub 000pynoBaHa BBITS)KHBIM 30HTOM 9.
.3
2
-8
-7
4 ~ sl ]
R ¥ IIpeumymiecTBa: medn HPOCTHI MO KOHCTPYKIWH, YINOOHBI B 3KCIUTyaTalluH,
57 i i~ Y MO3BOJISIOT MOJTy4YaTh CIUIaBbl BEICOKOW YHCTOTHI.
2 L 1
Nk
7 2k = HenocraTku: HEBBICOKas MPOU3BOMUTEIHHOCTH (He Oomee 200Kr/4); OOMBIION
T S N e pacxol THUIJEH; MOBBIIEHHBIA PAacXOd ANEKTPOIHEPIUHU; HACHIILEHHE CIIIaBa
PRASY S ] JKEJIEe30M

OTpa)KaTe.]'ILHI)I ey BAaHHOI'0 THUIIA

Ileuu conporuBgaenus Tuna CAH

DJIEKTPUUECKUE OTpakaTeJIbHbIE TE€YM CONPOTUBJICHUS TPUMEHSIOT B KaueCTBE
MJAaBUIBHBIX, IUJIABWJIBHO-PA3aTOYHBIX M pa3laTtouHbix  (MukcepoB). IlIupoxoe

pacnpocTpaHEHHUE MOJYYMIIM HAKJIOHSIONIUECS JIEKTPUUYECKUE TeUU CONPOTUBIICHUS THUIIA
CAH emkoctbhrio 500-3000kr

L

[Teys cocTOUT U3 CBAPHOTO CTAILHOTO KOXyXa 1;
¢yrepoBkn 2. CBog  meuym  MEPEKPHIT
CIIELMAILHBIMUA [IAMOTHBIMH ~ H3JCIUAMH TS
VKIagKd  HAarpeBaTeNbHBIX  3JEMEHTOB 3.
Pabodee mpocTpaHCTBO pa30WUTO HAa TPH 30HEL:
IBe IUIaBUIIbHBIE 30HBI 4 U ogHa-BaHHa 5. Co
CTOPOHBI IDIABWJIBHBIX KaMep MMEIOTCS OKHa 6
JUTS 3arpy3Kd MAXTH 7.J{71s1 cliiBa MeTalia mevb
MTOBOPAYMBAETCS HA POJIMKAX §; xenol 9.

IpenmymecTBa — OOJIBIIAS €MKOCTB; [UTUTENFHAS IKCILTyaTalus 0e3 PEMOHTA; MANBIA yrap MeTaia; IoIy4aeMble CIUIABBI
MOBBIIIEHHOT'O KauecTBa ( ¢ MAJIBIM 3arps3HEHUEM 10 XKeJe3y)

HepmocraTkn — npogoinKuTENbHAS CYIIKAa HOBOH (DYTEpPOBKH; HEBO3MOKHOCTE Pa)MHUPOBAHUS CILIABA XJIOPOCOIEPKALINMHU
BEIIIECTBAMHM U BEeICHIS IUTABKH IOJT ()III0OCOM; BEICOKHI pacxo[] 3JIEKTPOIHEPTHH; JacTasi CMEHa HarpeBaTesen




Ileun comporuBiaenns Tuna CAK

JUis MaBKY aMOMUHMSA U QJIOMUHHMEBBIX CIUIABOB IIMPOKO HMPUMEHSIOT

A ¢ NeYu CONpPOTHUBICHUS MIaBUIbHO-pazgaTounsle tuna CAK emxoctsro 150-250kr.

GERITIQLTIY 230 OTU meuu SBISAIOTCS CTAlMOHAPHBIMU, HEMOBOPOTHBIMM U HMPUMEHSIOTCA Mpexae
° BCETrO0 JUI KOKUJIBHOTO JIUTBSI.

[InaBunbHas KaMmepa Neyd UMeeT ABe pabouue 30HbI: IUIABHIbHYIO | H

4 7 MetaiwiocOopHuk 2. Pa3bop KMAKOro MeTajia OCYIIECTBISETCS 4epe3 OKHO 3.

J z HarpeBarenbHble 371€MEHTBI 4 YCTAHOBJIEHBI B CBOAE MEUYHM. 3arpy3Ka IIMXTHI

N
L o OCYIIIECTBIAETCS Yepe3 OKHO 5.

2 B

Il1amMeHHBIC IEYH

[InamMeHHBIE OTpa)kaTelbHbIC MEYM HUMEIOT OOJBIIME pa3Mepbl, MOITOMY OHHU
yAOOHBI JUIsl TIEPEIUIaBKM KPYHMHOTaOApUTHBIX OTXOAOB. /[l HarpeBa HX MOXKHO
UCIIOJI30BaTh JII000€ MECTHOE TOIIUBO. JIJIsi KOKWJIBHOTO JIUThSI PEKOMEHIYETCS
KOKWJIbHO-pa3fgaTouHass 1eyb. (OCOOCHHOCTBIO TakOM TMedd  SIBISETCS — HalIU4ue

pPa3aTOYHOrO KapMaHa, BBIXOJSIIETO U3 OOIed Kamephl Meud. 3epKajio BaHHbI BHYTPHU
KaMephbl TeYd BCErja MOKPHITO MOJUMPHUIIMPYIOIIMMUA COJIIMH, YTO IIO3BOJISIET BECTHU
HEMPEPHIBHYIO PA3IUBKY CIUIaBa MOJIUMDUIIMPOBAHHOTO COCTOSHUA. Pa3matouyHblii kKapMaH
CBOOOJIEH OT MOJUMPHUIMPYIOIIUX COJEH U MOKPOBHBIX (IIOCOB, CO3/1aeT ya00cTBa st
Pa3JIMBKU CIUIaBa.

IIpeumymecTBa: MpocToTa OOCITYKUBaHUS, OO0JIbIIIAS €MKOCTh TTO3BOJISIET MEPEIUIABIISATh
MO0kl OTXOJIbI, B TOM YHCIE€ U CTPYXKY, noja (mocom u paduHUpPOBATH METaJI
XJIOPOM;, JITTUTENIbHAS SKCIUTyaTalus 6e3 peMoHTa

Henocratku: Oosbiliass TPOJOIKUTEIBHOCTh CYIIKHM HOBOM (PYTEPOBKM; TMOBBIIICHHBIN
yrap MeTajula, HMOBBIIICHHBIM pacXOJ TOIUIMBA; MECTHBIM MEPErPEB METAIUIA; TPYIAHOCTH
THIATEJIBHOTO TIEPEMEIIMBAHUSI METallJia; HEYJ00CTBO MpU MEPEeXoje C OJHOTO CIlJIaBa Ha

JPYTOM.

3.6.2 llInxTOBBIE MATEPHAJIBI

[Ipu naBke TUTEUHBIX ATIOMUHHUEBBIX CIUIABOB B KAYECTBE IIMXTOBBIX MAaTEPUAIIOB
MPUMEHSIOT YUCThIC METAJUIbI, TUTATYPhI, OTXOAbl COOCTBEHHOTO MPOU3BOACTBA (BO3BpAT),
MpEIBapUTEIIbHBIE CIUIABBI.




Tabnuna 3.6-XuMu4eckuil cCOCTaB JIUTEHHBIX ATIOMUHHUEBBIX CIIJIABOB B UYIIKAX

Mapka crinasa Jlerupytoume 3nemenTsl (Al — ocHOBa), MaccoBast 10J1s1, %o
Mg Si Mn Cu
AK7 0,2-0,5 6,0-8,0 0,2-0,6 --
AK5SM?2 0,2-0,8 4,0-6,0 0,2-0,8 1,5-3,5
AK5M4 0,2-0,5 3,5-6,0 0,2-0,6 3,0-5,0
AK5M7 0,3-0,6 4,5-6,0 -- 6,0-8,0
AK8M3 -- 7,5-10,0 -- 2,0-4,5
AK9IM2 0,2-0,8 7,5-9,5 0,1-0,4 0,5-2,0
AK10 0,1-0,5 8,0-11,0 -- --
AK11M?2 -- 10,0-12,0 -- 1,5-3,5
AK9 0,2-0,4 8,0-11,0 0,2-0,5 --
AKO9c 0,2-0,35 8,5-10,5 0,2-0,5 --
[Mpumeuanue. B cmaBax AKSM2, AK5SM4 u AKOM?2 conepxutcs mo 0,05 — 0,2 % Ti.
Ta6nunal.7-JluraTypsl Ha OCHOBE aIFOMUHUS
Conepxanue T
o eMrieparypa
Jlurarypa KomnoneHT KOMIIOHCHT, o IJIABJICHUSA
(MaccoBas 10J1s) o
muratypsl, °C
AJTFOMUHHAN-KPEMHHA Si 20-25 650-700
AmoMuUHUI-0epuiuaii™ Be 4-6 820-880
AJFOMUHHUN-KENE30 Fe 5-10 850-900
AJFOMUHUM-Marauit Mg 10-12 560-600
AJFOMUHHI-MapraHer Mn 5-10 780-800
AJIIOMUHUR-METb Cu 35-50 575-600
AJIIOMUHUN-HUKENb Ni 10-20 780-820
AIOMUHUN-TUTAH Ti 3-5 900-950
AJIFOMUHHAN-XPOM Cr 3-5 750-850
AFOMUHHAN-LIEPU Ce 20-30 650-680
AFOMUHAN-ITUPKOHUI Zr 3-5 830-900
AmroMuHHANA-METh- Cu 10-13 800-830
Maprasery Mn 1-15
ATIOMHHUI-TUTAH-00p Ti, 3-5 1000-1040
B 0,1-0,5
AmoMUHUN-METb- Cu, 8-10 750-610
dbocdop P 1-1,5
AmoMuHUN-METb- Cu, 28-32 980-1060
MapraHen-TUTaH Mn, 4-6
Ti 1,8-2,5

*Xumunueckuil coctas nuratypsl Al-Be nomken coorBerctBoBarh TpedboBanusm ['OCT 23911-79




Tabmuma 3.8-Xumuaecknii coctaB kpuctaumaeckoro kpemaust (mo 'OCT 2169-69)

Mapka S, [Ipumecu, % wmaccoBas nons He | Cymma
KPEMHUS He MeHee | boJiee onpeesieMbIX
Fe Al Ca npuMecei

Kp00 99,0 0,4 0,4 0,4 1,0
KpO 98.8 0,5 0,4 0,4 1,0
Kpl 98,0 0,7 0,7 0,6 2,0
Kp2 97,0 1,0 1,2 0,8 3,0
Kp3 96,0 1,5 1,5 1,5 4,0

3.6.3 MeToabl nerazanuy U pagMHUPOBAHUA

B mporecce mpuUroTOBIEHUS aTOMHUHHUEBBIC CIUIABBI MOTYT PAacTBOPATH Ta3bl H
OKUCTATHCA. [103TOMY HEpenKo B OTIMBKAX BCTPEYAIOTCS Ta30Basi MOPUCTOCTh U OKHUCHBIE
BKiIIOYeHUs. OCHOBHOM NPUYMHON 0O0pa3oBaHUl IMOPUCTOCTU SBJSIETCS TOTJIONICHUE
BOJIOPOJIa B IIpOLIecCe MJIABKU U Pa3NMBKU. Pa3HuIla B paCTBOPUMOCTH BOJIOPOA B KUIKOM
U TBEpPAOM aJIIOMUHUU OYEHb BEJIMKA, B pe3ynbTare uyero 95% Bomopoja BbiACHSIETCS B
mpoliecce 3aTBEPICBaHMUS.

OCHOBHBIM HCTOYHHUKOM BOJOpPOJIa B OTJIMBKAX M3 aJIOMUHHUEBBIX CIUIABOB
SBIJIIETCS] BJlara, MOCTyMNAIoNIas C IIMXTOW U MPOJYKTAMU CTOpaHMs Ta30B, Ha KOTOPBIX
paboTaroT IUIaBWIbHBIE TME4M, arMocepHas Bjara, a TakXKe Bjara, ajacopOupoBaHHas
XOJIOJHBIM  TUTABHJIBHO-PA3IMBOYHBIM ~ WHCTPYMEHTOM. 3arpsi3HCHHE  aTFOMHHHEBBIX
CIUTABOB OKHCHBIMH BKIIOUCHHSIMH TIPOMCXOJUT B Clydae IPUMEHEHHUS OKHUCICHHOMN
IIUXTHI, @ TAaKKE 3a CUET JOTOJHUTEIHHOTO OKHCICHHUS METaula B IMPOIECCe TJIaBKH H
Pa3MBKH, MMPHU TIEPEMEIINBAHUY CIIJIaBa 1 MHOTOKPATHOM BBIYEPITBIBAHUN CIUIaBa M3 TCUU
Pa3IMBOYHBIMH KOBIIIAMH.

JIist mpeoXpaHeHUsT PAcIUIaBIICHHOTO METajlla OT B3aMMOJICHCTBUS ¢ aTMOC(hepoit
MEeYH MCTIOJB3YIOT MOKPOBHBIE (MK 3auTHBIE) (uirockl. OHM TOJDKHBI 00J1a1aTh BO3MOYKHO
MEHbIIIEH TJIOTHOCTHI0, MUHUMAJIBHON TUTPOCKOMUYHOCTHIO, PACTIONATraThCsl PABHOMEPHBIM
CIIOEM Ha TOBEPXHOCTH BAaHHBI, JIETKO OTIEISATHCA OT MeETa/lla MPU CHATHU HUX C
MOBEPXHOCTH PAaCILIaBa.

Cnocobbl aerazaruu ¥ pauHUpPOBaHUS (OUYMCTKH) AIIOMHUHHUEBBIX CIUIABOB OT
OKMCHBIX BKJIIOYEHUN pa3sHooOpa3Hbl. YacTuuHas [eraszanus CIjlaBa MOXET OBbITh
JOCTHTHYTA 3a CYET 3HAYUTEIHHOTO TOHIDKCHHSI TEMIIEPATyphl paciijiaBa, MOCKOJIbKY MPH
3TOM OyJeT NpPOMCXOJUTh HMHTEHCHBHOE ra3oBblaeneHre. Ha 3Tom  ocHOBaH cmnoco®
«3aMOpPKMBAHMS» CINIaBa C MEJJICHHBIM JIOBEJACHUEM €ro B IUIAaBWJIBHON TICYHM [0
3aTBEPICBAHUS U MTOCIICIYIONUM OBICTPBIM PACIUIABICHHOM (TEIeph ATOT CIIOCO0 TOUYTH HE
MPUMEHSETCS M3-3a CYIIECTBEHHOTO CHIKEHUS MTPOU3BOAUTECIIBHOCTH TIEUCH ).

Jlerazaius alFOMHMHHEBBIX CIUIABOB YCITCITHO OCYIISCTBIISACTCS IMTyTEM MPOITYCKAHUS
Yyepe3 paciyiaB akKTHBHBIX M MHEPTHBIX Ta30B' XJIOpa, a30Ta, renus, aprona. ) PpeKTHBHBIM
SBIIICTCSI XJIOPUPOBAHWE: TMPHU TMPOJYBKE XJIOPOM COJEp’KaHHWE BOJOPOJAa B OTIMBKAX
cocrasistier 0,05—0,07 cm® wa 100 r craBa; OJHAKO M3 3a TOKCHMYHOCTH xXjgopa u
YKPYIMHEHUS KPUCTAJUTHYECKOTO 3epHA B OTJIMBKAX XJIOPUPOBAHKE HE MOIYUYUIIO IIUPOKOTO
pacnpocTpaHeHHsI.

Jnst  padbuHMpOBaHWS ATIOMUHHMEBBIX CIUIABOB IHPOKO TMPUMEHSIOT CIOC00
00pabOTKH XJOPUCTBIMH COJIIMH. DTOT CIOCOO OTJIMYAETCS MPOCTOTOM, YAO0OCTBOM U



JOCTYIHOCTBIO, TaK KaK He TpeOyeT CHelHalbHbIX YCTaHOBOK. B KauecTBe paduHupyromumx
CoJIel MCHOJB3YIOT XJOpUCThIA 1UHK (ZnCl,) w xnopucteiii Mapranen (MnCly).
PadunupoBanue XJIOPUCTHIMU COJIIMH OCHOBaHA HA UX PEAKIHUSAX OOMEHHOTO Pa3IoKEeHHUS
C QJTIOMUHUEM.

3ZnCl, +2A1=2A1 Cl; + 3Zn

3MnCl, + 2A1 = 2A1 Cl; +3Mn

Oo6pazyromuiics A1C13 — paduHupyroliee CpeacTBO W JACUCTBYEeT MOAOOHO
My3bIpbKaM HENUTPAJbHOTO I'a3a. BoCCTaHOBIICHHBIA M3 COJM METAJUI MEPEXOAUT B PACILIaB
¥ MOXET OKa3blBaTh pasjindyHoE AcicTBue. Hampumep, mMapranen nmpu pasioKeHUH COJU
MnC13, o0Opa3ysi JTONOJHUTEIbHBIE LUEHTPbl KPUCTALIU3ALNH, U3MEIbYAET CTPYKTYpPY M
MOBBIIIAET CBOMCTBA, a LIMHK, MIEPEX0/isi B MeTasul npu pasnoxenuu conu ZnCly, cHmxkaer
cBoicTBa. [103TOMY XJIOPHCTBIH LHUHK He PEKOMEHAYeTCsl, HallpuMep, NPUMEHSTh MpU
nnaBke cruraBa AJI13, Tak Kak HMHK IOHUKAeT €ro KOPPO3HMOHHYI0 CTOMKOCTb.
OOpaboTka crulaBa XJIOPUCTOW CoOJbI0 Hambosnee 3¢p¢eKTHBHA TpHU IUIaBKE B Ievax
HEOOJBIIION W CcpeaHed eMKOCTH ¢ TiayOokod BaHHOW. CoOiM BBOAAT C TOMOIIBIO
yCTpOMCTBa, C OOJBIIMM YHUCIOM OTBEPCTHH Ui MOCTYIUIEHUS B CIUIaB MPOJYKTOB
pas3oKeHUs: CcoiaM. Takoe YCTPOMCTBO HAa3bIBAKOT KOJIOKOJBYMKOM. KOJOKOJIBUHK,
IPEIBAPUTEIBHO IMOJOIPEThI C MAKETUKOM COJIM, 3aBEpHYTOH B TOHKYIO (OJIBrY, HpU
temneparype 700—750°C norpy»karoT B paciuiaB MOYTH JIO CaMOTro JHA BaHHBI M€Y U,
KOTI'Jla HAUMHAETCs peakliysl, NepeMELaloT o0 BceMy 00beMy Metaiuia. OO0paboTKy cruiaBa
COJIBIO ITPOBOJIAT B T€UEHHE 3—5 MMH, 3aKaHUYMBAIOT €€, KOI/1a MPEKPAIAeTCs peakuus, T.
€. 3aTuxaeT OypJeHue MeTajula Ha MOBEPXHOCTU. 3aJIMBKY CIUIaBa B (POPMBI HEOOXOIUMO
IpPOU3BOAMTH HE paHee 4eMm dvepe3 5—I15 muH mnocne paduHUpOBaHHS, 4YTOOBI J1ATh
BO3MOYHOCTb YJIQJIUTHCS MPOJYyKTaM peakuuu. Pe3ynbrarel gera3anuu U paQuHUPOBaHUS B
3HAYUTEIBHOM CTENEHU 3aBUCAT OT KaYeCTBA XJIOPUCTHIX COJieH. BOIBIIMHCTBO XJIOPUCTBIX
COJIE TMITPOCKONMYHO U CKIOHHO K MOIJIOUIEHUIO 3HAYUTEIBHBIX KOJUYECTB BIArd,
ocobeHHo ZnCl,. 13 npumeHseMbIX B MPaKTUKE cojeil MeHee rurpockonn4yuni, MnCl,,
A1C1;, C,Clg. ITorToMy conu nepesl ynoTpeOJIeHueM PEKOMEHIyeTCs MeperiaBiiaTh s
yIaJIeHus BJIATH, a MOCJe U3MENIbUeHUs KYCKU COJIM HEOOXOUMO XPAHUTh B T€PMETUUHBIX
tepmoctarax npu 110—120°C. PexomeHayeTcsi NPUMEHSTh KYCKOBYIO COJIb BMECTO
IOPOIIKA, TaK KaK KYCKM HMMEIOT MEHBIIYIO IOBEPXHOCTh M, €CTECTBEHHO, MEHBIIE
aJIcCOpOHpPYIOT BIArYy.

Pacxoa xsnopucteix coisieit cocrasisier ot 0,05 mo 0,2—0,5% oT Macchl KUAKOTO
MeTasuia (B 3aBUCUMOCTH OT 3arps3HEHHOCTH paciiaBa U pa@UHUPYIONIUX CBOWCTB COJIN).
B ciyyae moBBIIIEHHOTO pacxoja COJM PEKOMEHAYETCs BBOJIUTH €€ B JABa—TpU MpHUEMA.
OO0mMM HepocTaTKoM paUHUPOBAHUS pacIjiaBa XJOPUCTBIMU COJISIMU CIEAYET MPU3HATH
OBICTPOE PA3JIOKEHUE HABECKH COJIM TOCIE MOTPYXKEHUsI €€ B METaJll, YTO HE IMO3BOJISET
CO3/aTh yCJIOBUS JJIUTEIBHOTO KOHTAKTa My3bIPHKOB C paciijiaBoM. B 3ToM ciyyae ouncTka
OT OKMCHBIX IJICHOK M Ta30B HeI0CTaTOuHO 3 dexTuBHA. M3 BceX NMpUMEHSIEMBIX JIJISl 3TUX
ueneit conert Hauboiee 3¢ dextuBeHn MnCl,, Tak Kak uMeeT 6oJiee BHICOKYIO TEMIIEPATYPY
BO3roHku (1190°C) u peakuus B3aMMOAEHUCTBHUS €r0 ¢ ATIOMUHUEM MPOTEKAET MEJIJICHHEE,
npudeM oOpazoBaHue my3bippkoB A1Cl3;, pactaruBaercs Ha Oojee IITUTEIHHBINA
IPOMEXYTOK BPEMEHH, UTO OJaronpuaTCTByeT 0oJiee MOJHONW OUYMCTKE pacIljiaBa.

B mnocnennee Bpems nansi paduHMpOBaHUS HAYMHAIOT MPUMEHSATH TeKCaxXJOpITaH
C,Clg. IIpu womuatnoit temmeparype C,Cls mpencraBmsier co0oii TBEpJO€ BEIIECTBO,
KOTOPOE€ HWHTEHCUBHO BO3roHsiercsi okoio 185°C u muaBures npu  186,5°C.
['excaxJ0paTaH HETUTPOCKOMMYEH M JUIsl XpaHEeHUs1 He TpeOyeT 0COOBIX YCIOBHM, HEAOPOT



u "HeneduuTed. PaguHupyromas crmocoOHOCTh MPU MPABMIBHOM MPUMEHEHUU HE HUKE,
gyeM y MnCl, u. ZnCl,. TexHonorus papuHUpOBaHUS CBOAUTCS K cleayromemMy. HaBecky
rekcaxyiopatana u3 pacuera 0,4—0,7% (dem Oosiee ra3oHacChIllEH CIUIaB, TeM OOJIbIIE
TpeOyeTCsl COJIM) OT MacChl CIJIaBa BBOJAT B CIIaB B KoJiokoJibunke mipu 740—750°C mo
gacTsM B 2—4 mpueMma, nociegoBareiibHO 4epe3 1—I1,5mMun. IloBbIIIEHHBI pacxon
reKCaxJIOpITaHa U HEOOXOJAUMOCTb MOTPYKEHUSI €r0 B HECKOJIBKO MPUEMOB OOBSCHSIIOTCS
TEM, YTO PEaKIus B3aUMOJICHCTBUS €r0 C AIFOMUHUEM MPU YKa3aHHBIX TeMIEpaTrypax Uaer
He 10 KoHmna, a npuMmepHo Ha 30%. OcrtampHOi C,Clg. ocTaeTcss B COCIUHEHHH C
YTIAEPOI0M, 00pa3ys TETPAXJIOPITHIEH B COOTBETCTBUMU C PEAKIIUSIMU:

3 C2C16 = 3C2Cl4 +3 Clz.
2 A1+3Cl,=A1Cl1;

3 CzCl6 + 2A1 =. 3C2Cl4 +2 A1C13
Obpazyrommmiics C,Cly (mpu KOMHATHOM TeMmmeparype — KHUAKOCTh C

temriepaTypoil kunenus 121° C) B ycnoBusix ®HUAKOTO CIIJIJaBa MTHOBEHHO IIpEeBpalaeTcs B
nap u jaeiictByer ogHoBpemeHHO ¢ A1Cl;, kak neraszarop. Ilocne oO6paboTku metaiia
TeKCaxJIOPITAHOM Tepej] 3aJuBKOW TpeOyeTcsi HECKOJIbKO TOBBIIICHHAS BBIIEPKKA
pacruiaBa JJid yAaJIeHus MPOAYKTOB peakiuu (1o 15—17 mun).

N3BecTHYIO TPYIHOCTh MPEACTABISAET YACPKAHUE XJIOPUCTHIX COJIEH B METaJUIE Ha
ompeJielIeHHOM TyOrHe, TaK KaK OHM 3HAYUTEJBHO JIer4e METalljla U CTPEMSITCS BCILIBITh
Ha MOBEPXHOCTh. [IpucnocobieHne B BUAE KOJIOKOJBbUMKA XOTS U MO3BOJISIET YMEHBIIUTh
BCIUIBIBAHUE COJIM, HO IOJIHOCTBIO HE YCTpaHseT 3Toro spieHud. [losTomy mydmie
MPUMEHSITh TMPEIBAPUTEIILHO OPUKETUPOBAHHBIE JIETKOJETYUYHME COJIM, TaK KaK OpHUKETHI
MMEIOT TMOBBIIMICHHYIO IUIOTHOCTh M TOHIXKEHHYIO CIIOCOOHOCTh K MCHApeHUIO0 TIpHU
TeMIiepaType paciiaBa. Jljig yBeIMYEHHs IJIOTHOCTU K COJIAM JOOABIIAIOT YTSKEIUTEIH,
Harpumep HU3Koxkene3ucTold kopyHa (10—30% mo macce) u 1pyrue TsxKenble BEeEecTBa,
KOTOPBIC HE OKA3bIBAIOT BPEAHOTO BJIMSHUS HA paciuiaB. Takue OpUKEThl UMEIOT IIJIOTHOCTh
2,8—3,5 r/cM’, T. e. TshKerIee ATIOMHHIEBBIX CIUIABOB M HE BCILIBIBAIOT MPHU IIOTPYKCHHH B
MeTaJI

AnOMUHHEBBIE  CIUIaBbl  paduHHpOBaTH ¢  MOMOIIBI0  (tocoB.  DIIOCH
MOJIPA3/ICTSAIOT Ha MOKPOBHbIEe U paduHupyromme. [TokpoBHBIE (IIIOCH HUCTOIB3YIOT B
OCHOBHOM ISl 3alIUThl METajula OT BO3JEHCTBUA aTMOC(Ephl MeYH, T. €. OT U3JIHUITHETO
OKHUCJICHUS, a papUHUPYIONTHUE — JJIST OYUCTKUA OT HEMETAJUTMYECKUX BKIIFOUCHHUM U Ta30B.

ITo cocTaBy (uirock! xenaTebHO UMETh XUMUYECKA HEUTPAIbHBIMU IO OTHOILIICHUIO
K CIUIaBy U K (yTepoBKe meuu, 0ojee JIETKOIJIAaBKUMU U C MEHbLIEH IUIOTHOCTHIO, YEM
CILJIaB, U C JOCTAaTOYHO BBHICOKHM TMOBEPXHOCTHBIM HATSKEHHEM, YTOOBI OHU MOTJIM JIETKO
OTHENATHCA OT paciuilaBa, B TO K€ BpeMs (QUIIOChl JOJKHBI HMETh XOPOIIYIO
KUJKOTEKY4eCTh. ODTHUM TpeboBaHusaM yaoBieTBopser cmech cojieir NaCl— KC1 (B
cootHomeHusIX 50% : 50% wnu 45% : 55%), koTOpasi cCOCTaBIIAET OCHOBY OOJBIITMHCTBA
MIPUMEHSIEMBIX TIOKPOBHBIX (DJIFOCOB.

Cocrapmsiomue QIFOCOB TIepe1 YIoTpeOaeHueM 00s13aTeIbHO MPOCYMIUBAKT TIPU
temneparype 150—200°C, pa3ManbpiBalOT [0 MOpPOIIKAa WM JI0 pa3Mepa 4YacTull B
MOTIEPEYHUKE 3—5 MM U CMEIIMBAIOT B COOTBETCTBYIOIIUX MPOMOPIUAX. XPAHUTh (ITFOC
HAJI0 B CyXOM IOMEIICHUH, B TEPMETUYHBIX KOHTEIHEpax. YacTh (iroca BBOAST B TIeUb MPU
3arpy3ke ¢ HanboJee JIeTKO OKUCIISIONMEHCS METKOTa0apUTHON IIMXTOM, a IPYTyI0 4acTh B
XOJIe TUIAaBKHM HACHITIAI0OT POBHBIM CJIOEM Ha MOBEPXHOCTH paciiaBa. [lo Mepe HamoOHOCTH



3arpsi3HEHHBIN (PITFOC yIamsioT U3 nednd. Yem MeHbIe BI3KOCTh IIaKa, TEM MEHbIIe OyayT
MOTEPU METAIa CO IIJIAKOM IMPHU €ro YAAICHUU U3 NIeYU B BUJIE 3aIMyTaBIINXCS B HEM MPU
IJIaBKEe KOpPOJbKOB MeTaiia. Pacxon mokpoBHoro ¢uitoca cocrabiser 2—3% oT macchl
HIMXThL;, IPH MEPEIIABKE CTPYKKH OH IoBbIaercs 10 5S—10%.

Tabmuna 3.9-CoctaB ¥ Ha3Hau€HHE TIOKPOBHBIX M pPaUHUPYIOMUX (QIIOCOB IS
ITIOMUHUEBBIX CIJIABOB

Cocras ¢roca ,%(Mac.1011s) Hasnauenne ¢irocon
KCI111,5; NaCl 56,5; Na3AlFs7; NaF | YauBepcaibabie (paduaEpYIOIITHE u
25 MOAU(UITUPYIOIINE) MJIs CIUIABOB B COCTaB

KCI 10; NaCl 50; Na3AIF¢10; NaF 40 | KOTOpbIX BXOJUT KPEMHUU

NaCl 45; Na;AlIF¢ 15; NaF 40

KC145; NaCl 55

KCl 37; NaCl 50; NazAlF¢ 6,6; | [lokpoBHbIe isi  OOJBIIMHCTBA  CIUIABOB,

KCI*Mg(Cl, 6,4 KpOME aJIFOMUHUEBO-MarHUEBbIX

KCI 46-42; NaCl 47-43; NazAlF¢ 7-

15

KCl147; NaCl 30; Na;AIFq23 Padgunupytomue s BCeX alIOMUHUEBBIX
CIJIAaBOB, HE COICPIKAIIUX MarHUs

KC1*MgCl, 60; CaF, 40 Padunupyromue nis CIijiaBoB, CoAepIKaliux

CaCl, mo 10; MgCl,*KCl 80; BaCl, | marauu

5-8

MgCl, * KCI 80; CaF, 20

MgClL,* KCI 85; MgF, 15 [lokpoBHBIE I  AJIFOMHHUEBO-MAarHUEBBIX

KC1*MgC(Cl, 100 CIUIaBOB

KC1*MgC(Cl, 85; CaF, 15

KCI1*Mg(Cl, 85; MgF, 15

KCl1 50-55; LiCl 45-50 [lokpoBHBIE [JI1  ATIOMHHHEBO-JIUTHEBBIX
CIUIaBOB

K padunupyrommum ¢darocam npeabsaBIsSIOTCS MOBBILIEHHbIE TPEOOBaHUS, TaK Kak
OHM JIOJDKHBl CMayuBaTh U aacopOMpoBaTh, a TAaKXKE PACTBOPATH HEMETAUIMYECKUE
BKJIFOUEHUS, B OCOOEHHOCTHM OKHUCIBl aJIOMHHHS. OTUM YCIOBHUSIM YyJIOBJIETBOPSIOT
XJIOPUCTBIE COJIM B cMecH ¢ pTopucteiMu (Harpumep, NazAlFq, u NaF).

O6paboTka crnaBa papunupyronumu ¢urocamu (u3 pacuetra 0,5— 1 % ot Macchl
muxThl) pu Temmeparypax 700—800°C ocyiiecTBiseTcst M0 OAHOMY U3 JIBYX BapUAHTOB:
BepxHee (pyrocoBanue U GIr0COBaHUE IO BCel Macce.

[Tpu BepxHeM (piIrOCOBaHMM HA MOBEPXHOCTH 3ACHIMAOT MOPOITKOOOpA3HBINA (ITFOC
npuMepHo cuenyromero coctaBa: 43% NaCl, 50% KC1 u 7% NazAlF,,. ®moc
pacIuiaBisieTCsl, TMOKPBIBAET MOBEPXHOCTh JKUAKOTO MeETajjla, CMauuBaeT M PACTBOPSET
HEMETAJUIMYECKUE BKJIKOYEHHUS, BCIUIBIBAIOIIME W3 paciuiaBa. BmecTe €O MIJIaKOBBIMU
BKJIFOUEHUSIMU YNIAJISIIOTCS. U aJIcCOPOMPOBaHHBIE HAa MX MOBEPXHOCTU BOAOPOI U JPyrue
ra3pl. [I0CKONBbKY BCIUIBIBAaHUE NMPUMECEN MPOUCXOIUT OYEHb MEUIEHHO, pauHUpOBaHME
1o crnoco0y BepxHero (IrocoBaHMs HEJOCTATOUHO MTPOU3BOIUTEIBHO.

J171s1 IOBBIIIEHUSI KOHTAKTHOM MOBEPXHOCTH (hiItoca ¢ pacriaBoM U 3hPEKTUBHOCTH
padUHUpPOBAaHUSA NPUMEHSIOT (PIIFOCOBaHME N0 BCEH Macce, KOTOPOE OCYIIECTBIISIIOT



BBEJICHHEM B CIUIaB (hIr0ca C MOMOIIBIO KOJOKOJBYMKOB WM 3aMelIMBaHWeM (iroca B
metasut. Takoi ¢urroc o coctaBy 00b619HO coaepkut Oosbine Gropunos (40% NaCl, 50%
KC1, 6% NazAlFs, u 4% CaF,), uTo 1mo3BOJIIET MOBBICUTH €r0 CMA4YMBAIOIIYIO H
PacTBOPSIOUIYIO CIIOCOOHOCTH 1O OTHOIIeHHIO K Al,03, nu obOecrieunBaeT 0ojiee BBICOKOE
MOBEPXHOCTHOE HATsKEHUE, oO0Jeryaroniee BemibiBaHue ¢uroca. Pacxon  dmrocos
coctaBisier 0,6—1,5% ot Maccel Meramna. l[lpu Ha3BanHOM pacxone ¢moca u
temneparype 740—760°C ynaercs B TeueHne 4—10 MUH TOCTUYB XOPOLIEN OUHUCTKHU.

O06paboTKy pacruiaBa (ar0caMi MOKHO MPOU3BOAUTH TAK)KE B KOBIIIE MPHU BBIITYCKE
B Hero Merauia u3 neud. Daioc HACHIIAIOT MPU ATOM B MOJOTPETHIA KOBII, Ha JHE
KOTOPOTO OOBIYHO OCTAaBJSIOT HEOOJBINOE KOJMMYECTBO MeTallla MPEIbIAYIICH IIaBKH.
Korma ¢mioc pa3msrdaurcs WM pacIUIaBUTCS, KOBIN 3alOJHSIOT MeTauioM. Bo Bpems
3aJIMBKM MeETa/la B KOBII TIPOMCXOJUT IepeMemuBanne ¢iaroca C paciulaBOM |
MpOMbIBaHHE UM cIuiaBa. [lociie HamoNMHEHUs KOBIIA METAJJIOM BBIJICPKUBAIOT CIUIAB B
TedeHue 3—5 MuH, 94TOO0BI OIIFOCOBaHHBIC HEMETALTUICCKUE BKIFOUCHUS BCTUIBUTH, 3aTEM
(IIrOC CUMIIAIOT C TOBEPXHOCTU U METAJLT Pa3IuBaIOT MO (hopMam.

PexxumMbl paduHUPOBAHUS 3aBUCSAT OT CKJIOHHOCTH CIUTABOB K Ta30HACHIIICHHMIO,
OKHUCJICHUIO, OT IMTEHHBIX CBOMCTB CILJIaBa U JPYTHX TEXHOJOTUYECKUX (HaKTOpOB [

PadunupoBanre BBICOKOKPEMHHCTHIX aTIOMUHUEBBIX ciuiaBoB AJI2, AJI4, AK9,
AJI9, AK7 u AK7TM2 pekomMeHyeTCsl TPOBOAUTH TPUMEPHO MO OJUHAKOBOM CXEME.

CnaaB AJI2, conepxanuii Hanbobiee koauuectBo kpeMuus (10— 13%), u3 Bcex
CTaHJAPTHBIX CHJIYMHHOB 00JIaJlaeT TMOBBIIICHHOW CKJIOHHOCTBIO K Ta30HACHIIICHUIO,
OJIHAKO BCJEACTBUE COOTBETCTBUSI DBTEKTHYECKOMY COCTaBYy €ro 3aTBEpJ/IeBaHUE B
JUTEHHON (QopMe HAET OT CTEHOK CIUIOIIHBIM (PPOHTOM M HMMEIOTCA OJaronpusiTHbIE
YCJIOBUS JIJIs1 yAQJIICHUSI BOJIOPO/ia U3 CIjiaBa. [[js Takoro crijiaBa JI0MyCcTUMa CPaBHUTEIBLHO
HermyOokast Jerasanusi, MpuyeM pacxod padUHUPYIOMIUX CPEJICTB OTHOCUTEIBHO
HEeOOJIBIION

B ocranphbix cminaBax stoil rpynnsl (AJI4 u AJI9) no0aBkM MarHus WU
OJTHOBPEMEHHO MAarHusg W MEIU MPU MEHBIIEM COJCPKAHUM KPEMHHUS CYIIECTBEHHO
MEHSIOT XapakTep mpoiiecca padhuHUpoBaHus, Tak Kak criiaBbl AJI4 u AJI9 B oTiuume ot
AJI2 UMEIT 3HAYUTENIbHBIM WHTEPBAJI 3aTBEPACBAHUS C XapaKTEPHOU OJHOBPEMEHHOM
KpucTayum3aiuei y cteHok ¢popmbl U B o0beme. [loaromy cruasel AJI4 u AK9 u ocobenno
AJI9 u AK7 ckiloHHBI K 00pa30BaHUIO B OTIMBKAaX Ia30yCaJOYHON MOPUCTOCTU YXKE MPH
CpPaBHUTEIBHO HEOOJIBIIOM COJEPKAaHUHM BoAopona. [l moiydeHuss KadeCTBEHHBIX
otiuBOK n3 AJI4 n ocobenno u3 AJI9 Heobxoarmo 10OUBATHCS OOJIEe BHICOKOM CTETIEHU UX
nerasaiuu u papuHupoBanus, yem AJI2.

Hamnumne marnus B crimaBax AJI4 u AJI9 oka3pIiBaeT TakKe BIMSHUE HA MPOLIECC
paduHUpOBaHUS XJIOPOM, XJOPUCTBIMU COJSIMH M (uitocamMu. XJOp B TaKUX CILIaBax
B3aMMO/ICHCTBYET HE TOJBKO C AJIIOMUHHUEM, HO U C MAaTHUEM T10 PEAKIIUSIM';

Mg + CIZ = MgCIZ

Mg + 2A1C1, = 2A1 +3 MgCl,.

HaOnronenus: mokassIBaloT, YTO COOTHOIICHHE 00Pa3yIOMIUXCS XJIOPUI0B MarHusl 1
ATFOMUHUS 3aBUCUT OT TeMIeparypbl 00paboTku pactuiaBos. [Ipu 700—710°C B ocHOBHOM
oopasyerca AlCl;, a B wunrepBasie 740—750°C nosBusercs OGoabme MgCL.
Oo6paszoBanne MgCI, conpoBokIaeTcsl yMEeHbIIIEHHEM KOJN4Y€CTBA MATHHS B CILIABE.
Yrap maraus HEOOXOJIMMO KOMIEHCHPOBATH TPUCAIKOW METAIIMYECKOTO MarHus 0
Havaya padhuHUPOBAHUS (B KOJIMYECTBAX, YCTAHOBIICHHBIX MPAKTUKOW).



Takum o6pasom, craB AJI2 MOXXHO OUYHMIIATH XJOPOM, XJOPUCTHIMH COJISIMH B
yMmeHbliieHHOM KoJqimyectse (0,07—0,1% oT Macchel cruiaBa) U UIrOCaMM Mpy TeMIEpaType
700—730°C. OcTajbHble MapKu CIUIABOB 3TOW TPYIIIHI JIydllle paduHUPOBATH TEMU KE
cpeactBamu npu Temieparype 720—740°C ¢ MOBBIIIIEHHBIM PacX0J0M papUHUPYIOITUX
cpencts (0,1—0,2% o1 Macchl CruiaBa) v ¢ 00s13aTeIbHON KOMIIEHCAI[ued TOTeph MarHusl.

CmiaBbl ¢ TOHMKEHHBIM cojiepkanreM kpemuus (AJI6, AJIS, AJI3, AK5SM2)
UMEIOT MEHBIIIYI0 CKJIOHHOCTh K Ta30MOTJIONICHUI0, HO Takke TpeOyloT mepes 3aluBKON
Jera3aid M THIATENIbHOTO paMHUPOBAHUS, TaK KakK 3arpsi3HAIOTCS HEMETATTUYECKUMU
BKJIIOUYEHHUSIMU IIPH MHOTOKPATHOM MEPEMENIMBAHUM B Ipouecce miaBku. [1o cpaBHEHHIO C
BBICOKOKPEMHUCTBIMU CILIAaBaMHU pacxoj paQUHHUPYIOMIMX BEIIECTB M Bpems 00paboTKu
JTAHHOM TPYMIbI CIIJIABOB MOT'YT OBITh YMeHbIIeHbI Ha 10—15% I[loBblieHHOE conepxanue
marauss B crmaBax AJIS w AJI3 TpeOyeT NOCTOSHHOIO BHHMaHUS HEOOXOIUMO
NOJJIEP>KUBaM, KOJIMYECTBO MarHus B 33JaHHBIX MpEAeIax U 00A3aTeIbHO KOPPEKTHPOBATH
XUMHUYECKUN COCTaB A0 paMHUPOBAHUS

B rpynne amomunueBomennsix criaBoB (AJI7, , AJI10, AKSM2) pacTBOpUMOCTh
BOJIOPOJia CpPaBHUTEIBHO HeBenuka OOHAKO BCIEACTBHE IIMPOKOTO  HMHTEpBaia
3aTBEP/ICBAHUS BBIJCISIIONIUMNCS Ta3 Jake B HEOOJBIIMX KOJIMYECTBAX 3aJCP)KUBACTCS B
yCaJIOYHBIX TOpPaX M BBI3BIBAET MOPUCTOCTH JIJIsi ATHX CIUIaBOB TpeOyeTcs yMEpEeHHBIN
pexUM papUHUPOBAHUS

Cmmaser AJI7, AJI10, AKSM2 pexomMeHIyeTcs MNpoAyBaTh XJOPOM 6—7 MuH
BMecTO 10—12 MuH, HEOOXOUMBIX JUIsl 0OpaOOTKM BBICOKOKPEMHHUCTBIX CIUTaBoB (AJI2,
AJI9). Pacxoa XJIOPUCTBIX cojiel Jyuis Aera3auuu U paguHupoBanus ciiaBoB AJI7, AJI10
cocrtasmseT 0,1-;0,15% ot maccel MeTania.

B amomunueBonmHkOBBIX craBax AJI11, AJI24, AK4M2I16 cpaBHUTEIBHO
HEBBICOKAsi PacTBOPUMOCTb BOAOPOJA, OJHAKO TaKXKe HeoO0Xoauma Jerasauus u
padUHUpPOBaHUE, KOTOPOE MPOBOJAT Yallle BCETO XJOPUCTBIMH COJISIMH U PEXKE MPOTyBKOU
XJIOPOM.

OngnuM 13 3PQGEKTUBHBIX METOJOB JEra3alli aJlOMHHHEBBIX CIUIABOB SIBIISETCS
00paboTka UX MyTEM BaKyyMHpPOBaHHMs, T.€, IyTEM BBIIEPKKH B BaKyyMHOW Kamepe B
HACTOSIIIIEE BpeMsl 00IaropakuBaHie MeTalljIa B BAKYyMe OCYIIECTBIISIOT 10 JIBYM CXEMaM:

-TUIaBKYy W 3QJIMBKY BEIyT B BaKyyme, MO3TOMY U (OpMYy U TUIABUIIBHYIO TIEYb
MMOMENIAOT B OJHOU Kamepe;

-TUIaBKYy MPOU3BOJISAT B OOBIYHBIX MEYax MO OOBIYHOM TEXHOJOTHHU, a 3aT€M MeTasll
MOABEPraloT BaKyyMHUPOBAHHMIO B KOBIIIE, JJII YETO €ro YCTaHABIMBAIOT B CHEUUAIBHYIO
TepMETU3UPOBAHHYIO KaMepy, CBSI3aHHYIO ¢ BAKYyM-HacOCOM

['my6una Bakyyma BO BpeMsi 0Opa0OTKU alFOMUHUEBBIX CILIABOB MOJIICPKUBACTCS
B npenenax 0,013-0,066Mna ocratounoro nasinenus. Bpems BakyymupoBanus 10—30 mun
Temneparypa cruiaBa Inepel BakyymMupoBaHHEM Haxoautcs B mpexaenax 750—780°C, a
nocie o0pabotkun 700—720°C HemocTaTkoM Takoro MeToja BaKyyMHpPOBAaHUS CIEAYET
NpU3HATh HEOOXOJIMMOCTh 3HAYUTENIBHOIO TIEperpeBa CIulaBa (BBIIIE TEXHOJIOTHYECKU
HEOOXOIMMOW TeMIlepaTyphl), YTOObI METal BO BpEMs BAKYYMHUPOBAHUSI HE OXJIAJMIICA.
[To 3TOM )X€e MPUYMHE OTPAHUYMBAECTCS BPEMS BBIAEPKKU. MeEXy TEM U3BECTHO, UTO YEM
OoJbllie BBIACPKKA B BAKyyMe, TEM JIydllle JIera3upyeTcs cuiaB. B aTom oTHomeHuu Oonee
yIOOHBI YCTaHOBKH, B KOTOPBIX BaKyyMHass Kamepa KOHCTPYKTHBHO COBMEMIACTCS C
000rpeBaeMbIM YCTPOMCTBOM, IOMEUIEHHBIM BHYTPb 3TON KaMephl.

Ha HmwxenpuBeAE€HHOM  PHUCYHKE IOKa3aHa YCTAHOBKA JUIsi BaKyyMHUPOBAHUS
MeTala ¢ 3eKTpoodorpeBoM. Bo3zMoskeH 000TrpeB U € MOMOIIBIO Ta30BBIX TOPEJIOK.
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1 — BakyymHBIH Hacoc; 2 — QuIbTp; 3 — TMeYb COMPOTHUBICHUS; 4 — BaKyyMHBIN
BEHTUJIb, 5 — BaKyyMMETp; 0 — repMeTH3UpOBaHHas KPBILIKa
Kamepa ni1s1 BakyymMupoBaHus paciiaBa

BakyymupoBaHue Meraiia IpOBOJUTCS B CIEIyrOUIeM Nopsake. Pacrnas U3 nedu
HAaOMPAIOT B TUredb Pa3au4yHOd eMKOCTH oT 50 mo 750 Kr, KOTOpBI YCTaHaBIMBAIOT B
noAorpeBaembii  Mukcep. Ileyp TUIOTHO  3aKphIBAlOT  KPBIIIKOW W TPOBOIST
BAKyyMHUPOBaHUE IIPU OCTaTOYHOM JiaBiieHuu okoiio 0,0133 Mlla nna crimaBo AJI2, AJl4,
AJI9 B Teuenue 10—30 mMuH. BakyymupoBaHre MOXKHO MPOBOAUTH MO ciioeM (uIroca, 4yTo
crocoOcTByeT 0o0Jiee aKTUBHOMY YJAJICHUIO Ta30BbIX U IIAKOBBIX BKIIOUEHUM [1I0THOCTD
OTJIMBOK TOCJIE BaKyyMHPOBAHUSI 3HAYUTEIBHO IOBBIIIAETCS, & MEXAaHMYECKHUE CBOMCTBA
yBenunuuBatorcs Ha 10-15%.

Ha s dextuBHOCTD Nlerazanuu aqtOMUHUS U €T0 CIUIABOB MPU BaKyYyMHUPOBAHUU HX B
TUTJISIX HanOoJiee CYIIECTBEHHO BIMSIIOT: BEJIMYMHA Pa3pEXKEHUsl B KaMepe, NTyOuHa BaHHbI
pacruiaBa, HadaJbHOE COZEpKaHWE Ta3oB B CIUIABE U MPOJOHKHTEIBHOCTh 00padOTKU B
Bakyyme. CriaB Aerasupyercs TeM IOJHEEe, YeM BBIIIE pa3pexeHue, MEHbIIEe [IyOuHa
BaHHBI U 00JIbIIIE MPOJOIKUTEIHOCTS 00PaOOTKH.

[lepcnexkTBeH W JOCTATOYHO S(P(PEKTHUBEH METOJI OYMCTKU JIETKHX CILJIaBOB OT
OKMCHBIX M JPYTUX BKJIIOYEHUH (uibTpaiueil yepe3 aktuBHble QuibTpel. I[lo 3Tomy
METOMY JKUIKUA METaUl MPOMyCKaloT uepe3 KyckooOpasHbiii cioit (100—200 mm)
CHEIHMAJIbHO MOA00PAHHBIX PAPUHUPYIOMIUX peareHTOB. [Ipr 3ToM OKHCIIBI, collepIKalecs
B paciuiaBe, 3aJep>KUBAIOTCA B (QUIBTPE KaK MEXaHUUYECKH, TaK U B pe3yibTaTe (PU3MKO-
XUMHUUYECKOTO B3aWMOJICUCTBUS MEXAY pPACIUIABOM, HEMETALUIMYECKUMHU BKIIOUCHUSIMU U
MaTepuaioM GuiIbTpa

B kauectBe (QUIBTPOB HCIOJIB3YIOT MArHE3MTOBYK KPOWIKY (KYCOUKH pa3MepoM
8—20 MM), KpOIIKY, MPOMUTAHHYIO KUJIKAM KPUOJIUTOBBIM WU KapHAJUTUTHBIM (piirocamu,
IaMOTHYIO, QJIYHAOBYIO KpPOIIKY M KYCOYKH TBEpAbIX (DIIFOCOB, COCTOSILIUX U3 CMECHU
¢ropucteix (NaF, CaF,, MgF,) u xjopucteix coyiedi pa3HOOOpa3HbIX COCTAaBOB.
[IpumensitoT Takke (UIBTPBI, 3aMOJIHEHHBIE CTEKJIOTKaHblo. Kpomky momMemarotr B
POMEKYTOUYHBIE EMKOCTH HEOOJIBIINX 00BEMOB C OTBEPCTUSIMHU, KOTOPbIE YCTAHABIUBAIOT
Ha MyTH ABUKEHUS METaJUIa MPHU BBITYCKE €r0 U3 MeUd B KPUCTAIIIA3ATOP, UIIOKHUILY UITU
koIl [Tpu HenpepbIBHOM JINThe HanboJiee OJIArONPUITHHIM MECTOM
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1 — muxkcep; 2 — cudoH; 3 — NpoMexKyTodHast Kopooka; 4 — GuiIbTp; 5 — xen00; 6 —
pacnpenenuTenbHas KopoOka; 7 — Kpucrammsarop; 8 — ciurok; 9 — kosmr; 10 —
nuTHUKOBas yamia; 11 — cetka; 12 — meramnuyeckas Gopma (kokuiib); 13 — mieneBoit
CTOSIK YCTAHOBKHU (PUIIBTPA CITYKUT KeJI00, CBA3BIBAIOIINN MUKCEP C KPUCTAILITU3aTOPOM

Cxema ¢uiabTpanuu pacijiaBa NpH JHThe CJIUTKOB (a) W NpPH 3aJMBKe B
MeTALIMYeCKYI0 (hopmy

D¢ hexTUBHOCTh papUHUPOBAHUS ATFOMUHUEBBIX CILIABOB U€pE3 TAKWE MATEpUAIIbI
ABJIAETCSI HEBBICOKOM I[l0 OMBITY HEKOTOPBIX 3aBOJOB MOJOKUTEIbHBIE PE3YIbTATHI
NOJIyYEeHBI TPU PUIBTPALIMU KUIKOTO METAJIa YEPE3 CETKY U3 CTEKJIOBOJIOKHA.

C uenpro noBblieHUd 3((PEKTUBHOCTU padUHUPOBAHUS Uil (QUIBTPOB ObUIH
NPEMJIOKEHbl TaK Ha3bIBAEMbIE AKTUBHBIE MAaTepUaibl, KOTOPbIE B XKUAKOM WJIHU
MOJIY)KHUJKOM  COCTOSIHUM  CIIOCOOHBI ~ aJIcCOpPOMpOBaTh  TBEPAbIE HEMETANIMYECKUE
BKJIIOUEHHsS. K HUM OTHOCSTCS 1IaMOTOBAasi MU MarHe3WTOBasi KPOILIKH, MPOBAPEHHbIE B
CrenuangbHBIX (rocax, a Takke pa3npoOJeHHbIe (IIIOCKI Pa3TUYHOrO COCTaBa C
OTHOCHUTEJIBHO BBICOKOM TEMIIEPATYPOU IJIaBICHUS.

3.6.3 MoaudguuupoBaHue

Crpykrypa HEMOAM(PHUIMPOBAHHOIO CHUIYMHUHA COCTOMT M3 TBEPIOTO pPacTBOpa
KPEMHUSI B aJIOMUHUU U DBTEKTUKU, B KOTOPOM KPEMHUI HAXOOUTCA B BHUAE OYECHD
KPYIHBIX MIOJbYaThIX M IUIACTUHYATHIX BKIIOUEHUH, CHUXAIOMIMX [UIACTUYHOCTD
cunymuHa. [ToaroMy craBbl, y KOTOphIx Oosiee 6% Si (AJI2, AJI4, AJI9, AJI11), nepen
3aJIMBKOM MOAM(UUHMPYIOT HATPUEM JUIsl U3MENbUYECHHS] KPEMHHS B 3BTEKTHKE.. UHCTBIN
HaTpuili (Temneparypa kunenusi 880°C) npu BBenenun B cruiaB npu 750—780°C
BbI3bIBA€T OYpHYIO pEaKIMIO, CONMPOBOXAAIOUIYIOCS BblOpachiBaHueM MeTamia. Kpome
TOTO, BCJIEJICTBUE PA3HUIBI MJIOTHOCTEH HATPUS M ATIOMUHUS BO3MOXHO HEPaBHOMEPHOE
pacrnpesiesieHde HaTpHsl B pacilylaBeé U MUMEETCSl OMACHOCTh €ro Ta30HaChILEHUs, TaK Kak
HaTpPU XPAaHUTCS B KEPOCHMHE M CaM COJEPKHUT BOJOPOA, IMONAJAIOUIMI B HEro IpHU
AIIEKTPOIU3E

Celiyac B kauecTBe MOJIU(UKATOpa YCHEIIHO NMPUMEHSIOT CMECh XJOPHCTBIX U
(¢pTopuCTbIX cosiell Kajgusl ¥ HATPUss MoaudunmpoBaHrue coiasiMu oOecrieunBaeT Oojee
BBICOKYIO YCBOSIEMOCTb HAaTpus paciUlaBoM, MmpudeM Moauduuupyromui  Qiroc
OJIHOBPEMEHHO MT'PAET OTYACTH paUHUPYIOLIYIO POJIb.



[Tpumensiercs  MoauduuupoBaHue
YHHBeEpPCAIbHBIM (DJIIOCOM.

JABOVMHBIMH

COJISIMH,

TPOMHBIMH U

Ta6nuna 3.10-MoaudukaTopsl 11 A TIOMUHUEBBIX JINTEHHBIX CIIJIABOB

Pacuetnoe
Cocras KonnuectBo KOJINYECTBO Temneparypa
Mo uuKaTopa mMoaudukaropa | Mogupuuupyemero | mogudukaropa Hasnauenne
SIIEMEHTA oC MoauduKaTopa
% (MaccoBasi J0Jis1)
Jluratypa Al-Ti 1-3 Ti10.05-0.15 720-750 | s w3MeENIbUCHHS
(Ti2-5) Makpo3epHa
Jluratypa Al-Ti 1-2 T10.05-0.1
(Ti5;B1) B 0.1-0.2
3epHOJIUT 0.2-0.5 B 0.01-0.02
K, TiF, — 55; Ti0.05-0.1
K,SiF, —3;KBEF, — 27
C,Cl, —15
Meramyeckui s
HaTpUi 0.05-0.1 Na 0.05-0.1 750-780 MOAUGDUITUPOBAHUS
dmroc(NaF- ABTEKTUKHU 151
67;NaCl-33) 1-2 Na 0.05-0.1 780-810 IODBTEKTHUECKUX
®dmroc(NaCl-62,5; 1-2 Na 0.05-0.1 730-750 aJIIOMUHUEBO-
NaF-15;KCI-12.5) KPEMHUEBBIX
®dmroc(NaCl- 0.5-1.0 Na 0.05-0.1 720-750 | crutaBoB
50;NaF-30;KCl-
10;Na, AlF,-10)
JIurarypaAl- 0.6-0.8 Sr 0.06-0.085 750-780
Sr(Sr-10)
Jluratypa Cu- 0.2-0.4 P 0.05-0.1 750-780 | Hns
P(P-9-11) MOAUDUITUTPOBAHUS
3a3BTEKTUYECKUX
CUJIYMHUHOB
®dmroc(NaCl- 0.5-1.0 B 0.01-0.02 720-750 | ns  w3MeENbUYCHHS
35;KClI- Ti0.05-0.1 MaKpo3epHa
35;K, TiF ,-20;
KBF,-10

JBoitnoii monudukarop coctout u3z 34% NaCl u 66% NaF. Temneparypa

IUTaBJICHUS
IPOCYIIMBAIOT,

MoauduKaropa

675°C.

HU3MCJIBYAal0T W XOpomo IICPpCMCIIMBArOT.

Comm

nepen

ynotpeoieHrueM
HenocrtatkoM JIBOMHOTO

TIIATEIILHO

MoAM(UKATOpa CIY)KUT BbICOKas TeMIlepaTypa IUJIaBJIEHUS, B pe3yibTaTe TpeOyeTcs
NOBBIIICHHBIN TieperpeB ciuiaBa (10 775—790° C ana crinaBa AJI4), 4To HexenaTenbHo.



bonee nuskyro temneparypy miaasienus (606°C ) umeer TpoiiHoil MoaudukaTop,
coctosmuii u3 62,5% NaCl+ 25% NaF + 12,5% KC1. CmiaB B 3ToM citydae mepen
Moau(UIIMpOBaHUEM J0CTaToyHO TeperpeBatb A0 730—750°C. MoaudunupoBaHue
MPOU3BOMAT B clieayronleil nocneaoaTenbHocTu. Monudukatop B konuyectse 2—3% ot
Macchl CIUIaBa POBHBIM CJIOEM 3aChINAIOT HA MOBEPXHOCTh JKUJKOTO MEPErPETOro MeTasuia
(CUMCTUB MPEBAPUTENIHHO C HETO OKUCHYIO TUICHKY, IIJIaK) U BbIAEP:KUBAKOT 12—15 MuH,
4yTOOBI (JIIOC OIIaBWIICA. 3aTeM B Te€YeHUE 3—5 MUH COJIb B paciuiaB Jyisl YBEJIWYEHUS
MOBEPXHOCTHOTO KOHTaKTa MeTayla U (roca, 4TO YCKOpSET 3aMelIMBAIOT IEePEexol
HaTpus B paciuiaB. Coiu B3auMOAEHCTBYIOT C METAINIOM U MPOUCXOAUT BBIAEICHUE HATPHUS
0 PEaKINU:

3 NaF + A1 =A1F;+3 Na

B cBoto ouepens A1F;, coequnsiercs ¢ u3ositkoM NaF 1 oOpa3yercs KpuouT:

3 NaF + A1F; = NazA1F;

Kpuomut ymyumraer padunupyronme cBoiictBa dutoca. Ilocme 3amemmBanust u
BCIUTBITHUS ()JIIOCa €T0 CHUMAIOT C TIOBEPXHOCTH pacIiaBa U METaJLI pa3inBaloT Mo Gpopmam.

MoauduiupoBaHie MOXXHO TPOU3BOJUTH B THUTEIbHBIX IMOBOPOTHBIX I€4Yax, B
neyax CAT u npyrux ayekTporedax HeOOIbIIOH eMKOCTH, a TAKKE B PA3JIMBOYHBIX TUTIISIX
Wi KoBmax MonuduipoBanue B pa3jiMBOYHBIX TUTIISX MPOU3BOIST MOCIE HAMOJTHEHUS
UX METAJJIOM Ha MOJIOTPEBAEMbIX CTEHJAX, I'JI€ METaJI HEe OCcThiBaeT. OIHAKO MeperpeBaTh
pacruiaB mocyie Moau(UIIMPOBaHUS HEJb3s, TaK KaK BBEJICHHBIM HATPHUI NPHU 3TOM MOXKET
ucrapsaTecss W He Oyner Habmomatbes dddexkra Moaudunumponanus. Ilocne
MOIU(DUIIMPOBAHUS HE PEKOMEHIYETCs TaK)Ke MepeMEelInBaTh WK MEePEIuBaTh paciljiaB U3
OJIHOTO THUTJISI B APYTOoM BO U30€KaHUE YICTyUUBAHUS HATPHUSI.

[locne cHATHS coJied, eclM TeMIeparypa pacijiaBa BbIIIE TEMIEPATYPbl 3aJIMBKU
MeTamuia B (opMy, €ro OXJaxJarT, HO MeTaJJ J0JKeH ObITh pa3juT mo ¢gopmam B
teyeHue 25—30 MuH mocie MoauduuupoBaHUs. B mpoTuBHOM ciydae HaOmrogaercs
yieryunBaHue Na U3 paciuiaBa, 4YTO MPUBOJUT K TMOJYYEHUIO B  OTIMBKax
HEMOIU(PUITUPOBAHHON CTPYKTYPHI.

JIBOiiHbIE ¥ TPOIiHbIE COJIM 00JIaIaf0T CPABHUTEIIHFHO HEBBICOKOW papuHUPYIOIIEH
CIOCOOHOCTBIO, U MPU TMEPEMEIIMBAHUH UX C PACIUIABOM Ha BO3JyXe UMEETCS OMAaCHOCTh
3arpsi3HEHUS] €ro ra3aMu W OKUCHBIMU IUIeHKaMmu. [IpuMeHeHne yHuBEpCcabHBIX (PIIFOCOB,
BBITIOJIHAIONINX ~ OJHOBPEMEHHO Mojudummpytonme u paduHUpyromme (QyHKIUH,
YCTpaHSET 3TOT HEJOCTATOK.

YHuBepcaabHblil (QIIIOC MPUTOTOBISIOT U3 CMECH COJieH, MPOCYLIEHHBIX TpU
temneparype 120°C, u NOpUMEHAIOT KAaK B pACIUIABJICHHOM COCTOSIHUM, TaK WU B
nopomkooOpazHoM Buae. B coctaB 3TUX (IIIOCOB BBOJUTCA KPUOJIUT B Pa3IMYHBIX
KoJinyecTBax. B 3aBUCHUMOCTM OT THUNA CIUIaBa, TEMIIEPATypHBIX PEKUMOB IUIABKH U
3QJIUBKU U APYTUX TpeOOBaHUI BHIOUpPAETCS (PIIIOC C HYKHOM TeMnepaTypou MiaBieHUs.

Kpuonutr  cinyXut  OCHOBHBIM  paduHupyrommuMm  cpeactBom, NaF  —
moaudurkaropom, NaCl u KC1 BBoAST mJi MOHMKEHHST TEMIIEpATyphl IJIaBjIeHUs (iroca.
O6paboTKy (IrH0COM TMPOU3BOIAT WIHM B MeUM, WM B KoBIIax. Cyxol MOpOoIKooOpa3HbIii
dbmroc B kommuectBe 0,5— 1,0% oT Macchl CrjiaBa 3achITalOT B Pa3IMBOYHBIM KOBIII IO
CTPYIO 3allMBa€MOro MeTajla. B mpoilecce 3amojHEHHUs] KOBIIA  MPOUCXOIUT
nepeMenmBanue MeTamia ¢ (pirocoM, B pe3yiabTaTe MPOUCXOAUT MOAUPUIIMPOBAHUE U
OJTHOBPEMEHHO papUHUPOBAHKE, T. €. YJAJCHUE OKUCHBIX TJICHOK M BOJOPOJia (DIIFOCY Aar0T
BCIUTBITH HAa MIOBEPXHOCTD, 3aTEM €T0 CUMIIAIOT U METAJI 3aJIUBAIOT B (DOPMBI.



Tabmuma 3.11- CoctaB yHHBepcaIbHBIX (JIFOCOB JJIs ATIOMUHHEBBIX CIJIABOB

MunumanbHas
NaCl NaF KC1 NasA1F, TeMnepaTyrc))a TeMmIieparypa
wiasienus, °C  |moauduuupo
BaHus, °C
45 40 15 850 800
25 60 — 15 760 750
50 30 10 10 716 720

[Ipu o06pabGoTke B Tmewyax TMeped 3achiMKoW (uiroca Ha 3€pKalo paciuiaBa
MOBEPXHOCTh OYMIIAIOT OT MUIaKa, MHAauYe 4acTh ¢uiroca YHIET Ha OIUIAKOBaHUE YXkKe
BCIUIBIBIIIUX BKJIIOUEHUH M 3(P(HEKTUBHOCTH 0OPaOOTKH OCHOBHOW MAacChl MeTauia OyaeT
CYILIECTBEHHO CHI)KCHA.

MoaudurupoBanue obdierdaercs, eciii 00paboTKy paciuiaBa MpOBOJAUTH KUIKUMH,
pacIuiaBiIeHHBIMH C OT/ENBHBIX Meuyax ¢urocamu [Ipu aTom xkuakoro duroca pacxogyercs
IPUMEPHO B 2 paza MEHbIIIE, YEM IOPOLIKOOOPa3HOTO.

[Tponiecc MoguduIIMpoBaHUs COCTOUT B CieAyroleM. PacmiaBieHHbI MeTamn u3
MeYd MOMNaJacT HAa JHWCK U3 KAPOYIMOPHOM CTAJIM C OTBEPCTUSAMH AUaMETpoM 5—10 MM,
paszensercs Ha OTACNIbHbIE CTPYU s MPOXOJUT Yepe3 paciuiaBiieHHble coyd. [1moTHOCTh
¢daroca-MoaupUKaTOpa 3HAYUTENBHO MEHbIIIE INIOTHOCTHU CIUIABA, MOATOMY (DIIFOC TUIABUTCS
Ha noBepxHocTU. [Ipu 3TOM criocobe MOoAMPUIMPOBAHKS TOBEPXHOCTh CONPUKOCHOBEHUS
CIlaBa € COJsIMH yBenuuuBaercss B 10 pa3 Mo CpaBHEHUIO C APYIMMHU CIocoO0aMH U
IPEUMYILECTBA €ro IMeped JIPYrMMH 3aKI4yaloTcs B TOM, YTO COKPAIAETCS YHCIO
ONEpaluii U YMEHBIIAETCS PACX0/l AIEKTPOIHEPTHUH.

B mnocnennee BpemMs B KadecTBe MOAM(PHUKATOpPA TPH BBHIMUIABKE CHIIYMHUHOB
npuMeHsercs crpoHuui IlpenmyiiecTBo CTpoOHIUS TEpell HaTpUeM CBsi3aHO C Oosee
JUTUTENIbHBIM cOXpaHeHneM 3¢ dexta MoauduiIupoBaHus, B TOM YHUCIE TMOCIE TeperiaBa.
OnTumanbHasi KOHILIEHTpalusi CTpoHIMs B criaBe cocrtasisger 0,04%, temmepaTtypa
moauduiuposanus 750—770 °C.

3.6.4 Oco0ennoctu miIaBKu A1—Mg 1 MHOIOKOMIIOHEHTHBIX CILIABOB

Haubonee TpyaHbIMU B IUIaBKE W JIUTHE SBJISIIOTCS QJIIOMHUHHEBO-MarHUEBBIC
cruiaBel Tuna AJIS, AJI27, AJI13, AJI23. [IpucytcTBre B HUX CBbIIE 5% Maraus npugact
CIUIaBaM BBICOKYIO OKHUCISIEMOCTh, CKJIOHHOCTh K Ta30ycaJo4HOM mnopuctoctu. He
JIOMyCKaeTCsl B ATUX CIIaBaX K TMOBBIIIEHHOTO COJIEpKaHUs MpuUMeced, 0COOCHHO JKelesa,
TaK Kak CIUIaBbl ATOW TPYIIBI UMEIOT HanboJiee BBHICOKOIO MPOYHOCTh M KOPPO3UOHHYIO
cTOMKOCTh [laBKy 3THX CIUTABOB MPOBOMAT MO ciioeM ¢uioca. B CBA3M ¢ MUHUMAaJIBHO
JOMYCTUMBIM COJAEP’KAHUEM BPEIHBIX MPUMECEH kKeje3a U KPEMHUS IUIABKY U Pa3IMBKYy
JAHHBIX CIJIABOB PEKOMEHIYETCS] BECTH TOJIBKO B TpaUTOBBIX THUTIIAX. B mporecce
MPUTOTOBJICHHSI CIVIABOB IIABUIILHO-PA3IMBOYHBIN MHCTPYMEHT HEOOXOIUMO MPHUMEHSTh
Takke 13 rpaduTa Wik u3 TUTaHa.

JIns  yMEHBIIEHUSI OKHUCISEMOCTH CIEHHAJIbHO BBOASAT HEOOJbIINE JT0OaBKU
oepwusa u tutana (craB AJI27). bepumnuit (0,02—0,07%) cmocoOGcTBYeT 00pa3oBaHUIO
Ha MTOBEPXHOCTH paciuiaBa 0oJiee MIIOTHOM OKHUCHOM IIJIEHKH, HO MPH 3TOM OJIHOBPEMEHHO



BBI3BIBAET YKPYNHEHUE CTPYKTYpbl OTJIMBOK INpPH 3aTBEPAECBAHUM, YTO YCTpaHSAETCA
moauduimpoanarem tutanoM (0,02—0,07%).

[ToxpoBHO-padunupytone GIIOCHl  COCTaBISAIOT HAa OCHOBE  KapHAJLIUTA
KC1*MgC1, Xopoiue pe3ynbTaTbl MOJYyYarOTCs MPHU IJIaBKE C MpPUMEHEHHEeM ¢uiroca
caenyromero cocraBa- 60% KC1*MgCl, u 40% CakF,. KapraumT co3maer 3aldTHYIO
cpeny MPOTHB OKHUCIEHHUS pacilyiaBa, a IUJIABUKOBBIA IIMAT MPUIAET (PIIFOCY XOPOIIYIO
paduHHUPYIONTYI0 CIOCOOHOCTD. JlomycKaeTcs Takke Hcnojb3oBanue (irocos tuna BU2 u
B3, npuMeHseMbIX IPU TUIABKE MArHUEBBIX CILUIABOB

HcxogHpIMu IIMXTOBBIMU MaTe€pUaJaMHy JIJisl IPUTOTOBJIEHUS CIJIaBOB Mapok AJI27-
1 u AJI23 ABIAIOTCS QIIOMHHUN BBICOKOW YUCTOTBHI, MarHUM W JIMIAaTypbl: aTIOMUHUN—
OepUJUIHIA, aTFOMUHUI—TUTAH U AJIFOMUHUA—IIUPKOHUH.

JlommyckaeTcsi BBEJCHHE B IIUXTY BO3BpaTa COOCTBEHHOTO MPOU3BOJICTBA WIIU
neperiaBa MeJIKUX 0TXOJ0B B KosimuecTBe 40 60% OT Macchl BCEH IMIMXTHI.

[InaBKy alrOMHHHEBO-MAarHUEBBIX CILIABOB OOBIYHO BEAYT B THUIEJbHBIX IME€Yax
(TpaUTOBBIX WM METANIMYECKUX, HO TIHIATETBHO TOKPBHITHIX HM3HYTPU 3alUTHOU
Kpackom).

[IpuroroBiaeHUE CIIABOB NMPOU3BOAUTCS IO CIEAYIOIIEW TEXHOJOTHH. B 4ucThIif
pa3orpeTbiii JoKpacHa rpadUTOBBIM THUredh 3arpyXarloT YYIIKH ATIOMUHUS U JUTATypy
amomunni—oOepwuuid  [Ipu temneparype pacraBa 670—700°C BBOJAT JHUraTypbl
ATIOMUHUA—THUTaH U ATIOMUHUM—UMpKOHUM. [locime pacTBOpeHMs BCEX JNHUraryp CILUIAB
nepememnBaioT U npu temmeparype 670—700°C BBogaT marauii. [Ipu 3ToM HE0OX01UMO
CIeIUTh 3a TEM, YTOObl HE MPOUCXOJUIO OKUCIEHUE MarHus, 4YTO JOCTUTAeTCs
HEIPEPBIBHBIM MOTPYKEHUEM IPHU MOMOIIU KOJOKOJbYMKA KYCKOB MarHus B pacmiias. O
HAJIMYUU OKHCIIEHUS MOYKHO CYIUTh IO MOSIBJICHUIO TEMHO OYpbIX IMATEH Ha MOBEPXHOCTU
BAaHHBI KUJIKOTO MeTasia,

3areM cruiaB paQUHUPYIOT, C MOBEPXHOCTH BaHHBl CHUMAIOT IILJIAKH, TIIATEIbHO
pa3MelIMBAaOT U pa3IuBalOT €ro B (opmbl WM M3IOKHUIBL. Bo Bpems Bcero nepuojia
IJIaBKU U Pa3JIMBKU HE PEKOMEHAYETCS IIEPErpeBaTh CIUIaB Bbille Temneparypsl 750°C.

B ciyuae ucnonb3oBaHUs MpU MPUTOTOBJICHUM CIIJIAaBOB BO3BpaTa COOCTBEHHOI'O
MPOM3BOACTBA MOPSAOK IUIABKU CIEAYIOIIUN. PacruiaBisieTcss 4MCTBIA aJlOMUHHN U
aurarypa amtoMuHuid — Oepwuiuid. 3atem npu temmnepatrype 670—700°C BBoautcs
BO3BpAT COOCTBEHHOI'0 Mpou3BojacTBa. [locne pacmiaBieHus Bo3BpaTa MOPSIOK 3arpy3Ku
COCTABJISIIOLIMX IIMXThl W PEXKUMBl IJJABKM COXPAHSIOTCA TaKUMHU K€, Kak [MpHu
IMPUTOTOBJICHUH CILIABOB U3 YUCTHIX METAJIIOB.

Temneparypy pasnmuBku cmaBoB Mapok AJI27-1 u AJI23  pekomenayercs
BBIJICPKUBATh B CIEAYIOLIMX IPEAENax MMPU Pa3IMBKe CIulaBa B U3JIOKHULBI 680—720°C,
JUISL TOHKOCTEHHBIX M MEJIKUX OTJIMBOK, a TAK)KE MPU 3aJIMBKE OOJIBIIOT0 KOJIMuecTBa (popm
nu3 ogHoro turist 660—700°C, nyist OTAMBOK CPEIHUX Pa3MEPOB C TOIIIMHOM CTEHKU 6—
8mm 660—680°C; nJ1s TOACTOCTEHHBIX OTIUBOK O0JBIINX pazMepoB 640—660°C.

3.6.6 Il1aBka cuiiyMuHOB Mapku AJI2.

HNcxoaupIMu MIUXTOBBIMU MaTepHallaMu JJIsl TPUTOTOBJICHUsI crijlaBa mapku AJI2
ABJISAOTCS 4ylmIKOBbIM cunmymud mapok CHUJI O, CUJI 1 u CWJI 2 u amoMuHui
TEXHUYECKUN 4MCTOThl Pacuer mmxTthl Beaercs Ha conepxkanue 11,5% kpemuust B cocras
IIUXThl MOTYT Tak)K€ BXOJUTh BO3BpAaT COOCTBEHHOI'O IMPOU3BOJICTBA U MEPEIIAB MEJIKUX
0TX0J0B B KoimdecTtBe A0 60% ot maccel muxthl. l[IpuroroBnenue crmaBa AJI2



MPOU3BOJAT B AJIEKTPUUYECKUX I€YaX COMNPOTUBIICHUS, WHIYKIHOHHBIX W THUTEIbHBIX
TOIUIMBHBIX Ievax llepen miuaBkoil meub (MM TUTENb) TIIATEIbHO OYMILIAIOT OT OCTAaTKOB
[Ulaka M CIUIaBa MPEeAbIAYIIUX IJIaBOK UYryHHBIA THUTe€lNb, WU3JIOKHMIIBI U TJIaBHJIbHBIN
WHCTPYMEHT TaKXe JOJDKHBI ObITh OUMIIEHBI OT CJIEAOB paciljlaBa, OKAJMHBI U OKPAIlICHbI
3aIIUTHOM KPAacKOM BO M30ekaHME 3arpsi3HEHUs CIUIaBa xene3oM. KoBiu nmpocyimBaroTes
npu temreparype 500—700 °C. Iluxty 3arpyxatoT B Harperyto g0 700—750 °C neub
(wi TUrEdh, HATPETHI 1O KpacHOro KajeHus) B meub (WM THUTENb) 3arpykaroT
MOJIOTPEThI YYIIKOBBIM CHWIYMUH (WJIM JIMTATypy aIIOMUHUM— KPEMHUM) U OTXOHbI
COOCTBEHHOTO TPOU3BOJCTBA, B MEPUOJ PACIUIABICHHUS METAJUIOB TeMIlepaTypa B BaHHE
noJpkHa ObITh He O6omee 700 °C.

CmaB  meperpeBaerca g0 730—730°C wm mnonsepraercss padHUHHUPOBAHUIO
XJIOPUCTBIM Mapraniem B kosmyectBe 0,1% oT Maccel MMXTHI. 3aTeM MNPOU3BOIUTCS
MOAU(UITMPOBAHKE CIIJIaBa TPOMHBIM MOAM(HUKAaTOpoM B KosmuecTBe 1,5—2,0% oT macchl
IIUXTHI C TTOCJICTYIONIEH BBIACPIKKON 1Mo ciioeM ¢urroca-moaudukaropa B TeueHrne 12 MuH.
OO0pazoBaBmIyrocs: KOpKY (Iroca «pyOsT» U ClIeTKa 3aMEelTUBalOT B CIJIaB B TeUEHUE 2 MUH.
Hanee ¢atoc CHUMarOT ¢ MOBEPXHOCTH CILIaBa M MPOU3BOAST pa3jiMBKy ciuiaBa. B ciaydae
NPUMEHEHUsI YHUBEPCAIbHBIX (IIIOCOB omnepanuu padhuHUPOBAHUS U MOAUPHUIIUPOBAHUS
coBMeInarTca. PekomeHayeTcss NpUMEHATh (UIIOC B IMOPOIIKOOOPAa3HOM COCTOSTHUH.
@dnroc, npeaBapuTenabHo Harpetbil 10 250—300 °C, 3aceimaroT Ha 3€pKajo MeTrajia B
pa3IMBOYHOM KoBIIe B KosinyecTBe 1% oT Maccel cmaBa Ilepen momudunupoBanuem
YHUBEpCAIbHBIM (DIIIOCOM TemIeparypa ciiaBa jJobkHa ObiTh Ha 20—40 °C BbImie
TeMIiepaTypbl paznuBku Yepe3 2—4 MUH mociie 3achilKU (uiroca MPOU3BOAUTCS pyOKa u
CHATHME €ro, 3amMep TeMmIepaTrypbl W 3anuBka cruiaBa B (¢opmbl.  KauectBo
MOAU(PUIUPOBAHUS OMPEAEISIETCS 110 U3JIOMY TEXHOJIOTHYECKOU MPOOBI.

3.6.7 IlnaBka cieuMajbHbIX CHJIYMHHOB Mapok AJI4, AJIS u AJI9.

TexHOoJIOTUSI MPUTOTOBJIEHUSI CIICIIMAIBHBIX CHUTYMHUHOB OTJIUYAETCS OT TEXHOJIOTHUHU
mIaBku crutaBa AJI2 BBeAeHHEM JICTHPYIOMMX J00aBOK MapraHiia ¥ Maruus B criaB AJl4,
Marausi 1 Mmeau B cruiaB AJIS u maraus B cruiaB AJI9. Mapranen BBoauTcst B ciiaB AJI4 B
BU/JIE JINTATyPbl aTFOMUHU—MapraHel

B Hauasie naBky B MEPBYIO OUEPENb 3arPyKAOT YYLIKOBBIA AIIFOMUHUNA U YYIIKU
CUJIyMHUHA, 3aT€M JUrarypy allOMUHHM—MapraHell W 4ylIKoBble Bo3BpaThl Ilo
pacruIaBiIeHUH BCEH MIMXTHI MPOU3BOIAT paUHUPOBAHUE CILIaBa, 3aTEM CILJIaB JIOBOJST JI0
temrepaTypbl 720—730°C u npu nMoMoIM KOJOKOJIbYMKa (IpeIBapUTEIBLHO OKPAILIEHHOTO
U TIOJIOTPETOr0) B paciuiaB BBOAUTCA MarHui, [locnme pacruiaBiaeHuss MarHusi CIUIaB
MOAU(PUIUPYIOT U PA3TUBAIOT.

TexHomorusi MpUroToBiicHUs: ciuiaBa AJI9 oTinMyaeTcss OT TEXHOJOTMHU IUJIABKU
crmaBa AJI2 BBeneHreM MarHus mocjie paguHUPOBaHUS CIjIaBa.

[Tpu nnaBke cruiaBa AJIS nurarypa aamtOMUHUR—MEb 3arpy>KaeTcs OCJE 3arpy3Ku
YYIIKOBOT'O CUJIYMHUHA, @ MATHUI BBOJUTCSA Mepel MOAUDUITUPOBAHHEM

3.6.8 IlnaBka BbICOKOKPEMHHUCTOrO ciuiaBa ¢ 20—22% kpeMHus.
BrICOKOKpEMHHUCTBIE CIUIaBbl ISl MPOMBIIUICHHOCTH TIPENICTABISIOT WHTEPEC

MOTOMY, YTO OHHU COJIEpKaT OYEeHb MaJlble KOJMWYECTBA JOPOTOCTOSIIHUX JIETUPYIOIIHNX
n00aBOK, OTIWYAIOTCA HHU3KOW TUIOTHOCTHIO, HU3KUM KOI(P(GUIIMEHTOM JUHEHHOTO



pacCIIMpeHUs, XOPOIIUMHU JIMTEHHBIMH W  YJOBJIETBOPUTEIBHBIMH MEXaHUYECKUMU
CBOWCTBAaMH.

HemomuduuupoBaHHbie BBICOKOKPEMHUCTHIE CIUIaBBI UMEIOT
IpyOOKPUCTAIUIMYECKOE CTPOEHUE BCIICCTBUE HAIMYUS B HUX KPYIHBIX 3€pEH MEPBUYHOTO
KpEMHHUS TI03TOMY  CIUIaBbl  MOJBEprarorcs  moaudunupoBanuto. B kadectBe
MOIU(MUKATOPOB TIpuUMEHsIOT ¢ocdhop, ThTaH U Oop Haumbosbiiee wu3MeNIbUCHUE
COCTABJISIIOLIUX CIJIaBa UMEET MECTO IIPU OJJHOBPEMEHHOM BBEJICHUI B HETO OOpa M TUTaHa
Kak ¢ jgobaBkoil Qocdopa, Tak u 6e3 Hee DPGhEKT H3METbYCHUS CTPYKTYPhI IyTEM
BBEJICHUSI OJTHOBPEMEHHO 0Opa M TUTaHA YCTOMYMBO COXPAHSETCS MOCIE MHOTOYUCICHHBIX
NeperyiaBoB. AJIIOMUHHUEBO - KPEMHUEBBIN cruiaB, coaepsxkamuid 20—22% kpemuus, 2,2—
3,0% wmenu, 0,20—0,50% wmarnus, 0,2—0.4% wmapranna. 2,2—2,8% uukens, 0,'—0,3%
tutaHa, 0,2—0,4% xpoMa u ocTanbHOe—AaJIOMUHUH, 3aTMBACTCA B METAJUINYECKUE (POPMBI
npu temneparype 760—785°C.

3.6.9 Il.naBka HOBBIX BLICOKONIPOYHBIX AJJIOMUHUEBBIX CIJIABOB.

[IpuroToBieHUE HOBBIX BBICOKOIPOYHBIX JIMTEHHBIX AJIIFOMUHHEBBIX CILIABOB
MPOU3BOJIST 1O OOBIYHOM ISl AJIFOMUHUEBBIX CIIJIABOB TEXHOJIOTHUHU.

CmiaB AJIOM npurotaBinBarOT U3 aJTlOMUHUS TEXHHYECKON YMCTOThL. IcXOqHBIMU
HIMXTOBBIMU MaTepuajaMy SBISIOTCS altOMUHUH, 4ymikoBblid criiyMuH CHUJT 0 wm CHUJI-
00, MarHuii ¥ JUTATYphl ATIOMUHUNA —Me/lb, ATFOMUHUN — THTaH, aJloMHHUNA — Oop. B
Hayaje IUIABKA B NEPBYIO OYEPENb 3arpyKar0T YyIIKOBBIE aJIOMUHUNA U CHIIYMHH, 3aTEM
JUTaTypy aJlOMUHHUM—TUTAaH U YyIIKOBBIE BO3BpaThl. [locie pacriaBieHus MKUXThI B HEE
BBOJISIT JINTATyphl QTIOMUHUH—MEb U ATIOMUHUM—OO0p. 3aTreM CcIuUiaB pauHUpPYIOT,
MIOCJIE Yero TemrnepaTtypy noBbimaroT A0 780°C u npou3BOAsST OOPUPOBAHUE CMECKIO COJIEH
KBF, u NaCl. Ilocrne 6opupoBaHus ¢ MOBEPXHOCTU paciiaBa HEOOXOAUMO CHSTH (Iiroc,
MOHU3UTH TeMrnepaTypy cmiasa 10 720—730°C u BBECTH MarHui.

[Tpu Temneparype 740—760 °C cmnaB MoguUUIUPYIOT YHUBEPCAIBHBIM (DJIFOCOM B
KonmuectBe 2% OT Macchl cruiaBa. TeMiieparypa pa3iauBKU CIUiaBa coctaBisieT 660— 780
°C B 3aBHCUMOCTH OT CI0C00a JINThS, TOJIIHUHBI CTEHOK U KOHPUTYpaIMu OTIUBOK.

CmmaB mapku  AJI24M  npuroToBISIOT W3 QTIOMUHUSA  BBICOKOM  YHMCTOTBI.
HcxoaHbIMU IIMXTOBBIMU MaTepUaiaMu SIBJISIOTCS aIFOMUHUM, MAarHUM, IMHK W JIUTATYypPhI
ATIOMUHUN—OCpUIIIUN,  alFOMUHUM—TUTAH, aQJIIOMUHUA—IIUPKOHUN,  aTFOMUHUN—
Maprasen, JIOMHHMM — XpOM W alIOMHUHUU—IEepuil. B Havase miaBKu B IEPBYIO
ouepelb 3arpy’kalT YYIIKOBBIA aIOMUHHUI, JHUratypy allOMUHUA—Oepwimui u
YYIIKOBBIE BO3BpaThl llocne pacrmiaBieHUsl MIKMXThI TEMIIEPATYPY CIUIaBA MOBBIIIAIOT 10
740— 750°C w BBOOAT JHMrarypsl aJlOMUHUA—TUTAH, aAJIIOMUHUA—IIMPKOHUH,
ATFOMUHAN—MAaprafel, aJllOMUHUA—XPOM, AIIOMUHUA—IIEPUNA, I[IOCJIE TIIATEIBLHOTO
MepeMENIMBaHusl CIUIaBa BBOIST MarHuid W LMHK. 3aTteM mipu temmeparype 740—750°C
criaB  pabuHupyroT Temmeparypa pa3nuBKH cruiaBa coctaBisger 660—780°C B
3aBUCUMOCTH OT CIOCO0a JIUThS, TOJIIUHBI CTEHOK ¥ KOH(QUTYpAIIUU OTJIMBOK.

CnnaB mapku AJI7 TpPUTOTOBISIOT U3 ATIOMHHUS BBICOKON YHUCTOTHI MCXOMHBIMU
HIMXTOBBIMU MaTepUAIaMU  SIBJISIIOTCSL  QIIOMHUHUN, MArHuil, IUMHK H JUraTyphl,
ATIOMUHUH—OepUIIINHI, aTIOMUHUH—THUTaH, aJIOMUHUA—ITUPKOHNH, aTFOMUHUH—HUKEIh

U alIOMUHUN— Meab, O0p BBOAMTCS TpH 00paboTke pacriaBa cMmechio coiieii KBF, u
NaCl



. B Hawane niaBku 3arpykarOT YyIIKOBBIM AJIOMUHUUN, JUTraTypy altOMUHUA—
OepuyuMii W YyIIKOBBIE BO3Bpathl [locie pacrutaBieHHsl MUXTHl TEMIIEpATypy CIUIaBa
nogHumaroT a0 740—750°C H BBOJOAT JMTaTypbl AIIOMHUHUW—THUTAH, AJTIOMUHUN
UMPKOHWM, aJIOMUHUA— HHUKEIb W allOMUHMM — Meab [locime TmiatenbHOro
nepeMelBanus BBOIAT LMHK u MarHud Ilpu temmneparype 740—750°C cnuaB
padUHUPYIOT, MOCTE Yero TeMieparypy nossimaiot 10 780 °C, npou3BoasT OOpupoBaHUe
cMmechlo coseid KBF, nu NaCl.Temnepartypa pasnuBku criaBa coctasisier 680—760 °C B

3aBHCHMMOCTH OT CII0CO0a JUTBI, TOJIIIHWHBI CTCHOK U KOH(bI/IpraHHH OTJIMBOK.

Tabnmua 3.12 - TexHOoJIOTHsI MPUTOTOBJIEHUS] AJTIOMUHHEBBIX JIMTEHHBIX CILIABOB.

Onepanuun CruaB
Al 4 AJLS AJlL7 AJL22
CocraBiieHue 9,25% Si 5 % Si 4,5% Cu 13% Mg
INXTHI U3 0,25% Mg 1,25% Cu OctanpHoe Al 0,8 % Si1
pacuera 0,45% Mn 0,5% Mg 0,05% Be
HoMuHabHOrO | OcTtanbHoe Al OcranpHoe Al 0,05% Ti
COCTaBa. ITIeus CHA TUTeIbHAas VHAYKIIMOHHAS KaHaJIbHas.
1) AnromMunmit 1) AnromMmunmMit 1) AnromMmunuit 1) AntomMmunut
3arpyska B 2)CunyMuH 2)Jluratypa 2)JTurarypa 2)CuinyMuH
I1eYb 110 3)JIurarypa 3)Marnuit 3)bepunnuenas
yKasaHHOMYy | 4)Maruwuit Y TUTAaHOBAsI
MOPSAKY JUTaTypPhbl
4)Marnuii
Benenue [locne  pacrmuiaBieHuss  BCe  MIMXTHI  CIJIaB  paUHUpPYETCS
IJIaBKU U 00€3B0OKEHHBIM XJIOPUCTHIM IIUHKOM (HO MPEANOUTUTEIbHEE XJIIOPUCTHIN
paduHupoBanu | mapranen) B konuuectBe 0,05-0,1% oT Macchl MMUXTHI XJIOPUPYETCS UITU
e. padbuHUpYETCS] WHEPTHHIMA Ta3aMH B COOTBETCTBHUU C 3aBOJICKOM
MHCTPYKLHEM.
Temmneparypa
paduHUpOBaHUS
690-700°C.
Moaudunupos | Moauduimpo
aHue. BaHHE BEIETCS
TaK, KaK 3TO
YKa3aHo B
riase 3
PaznuBka no | CHuUMaIOT CmuiaB THIATENBHO MEPEMENINBAIOT, YIAJSIOT IIUIAK U
U3JIOKHULIAM. | MOAUGUKATOP | pa3IMBAIOT MO U3JIOKHHUIIAM WK (hopMam.
U CILIaB Temneparypa Temneparypa | Temmeparypa
paszimBaroT o | paznuBku 720°C. | pa3nuBKU Pa3IuBKU
U3JI0KHULIAM 700°C 680°C.
WJIH TI0
dbopmam.




Tabnuna 3.13 - /IBa cnocoba mpurotoBieHus criasa AJI8
Cnioco6
No 1 No 2
1.3arpy3ka 4ylIKOBOTO aTlOMUHUSA U 1.PacnniaBrieHre 4ymkoBOro aqtOMUHHUS.
JUTaTyp, COAEpKaUN OSPUILIUI U TUTAH.
2.11o pacruiaBieHUH NEPBOM NOPUUU MIMXTHI | 2.3aChIlKa NOBEPXHOCTH PACIIABIEHHOTO
Ha OBEPXHOCTh BaHHBI 3aCHINAIOT MeTaa QJIIoCcoM - KapHAJIUTOM CIIOEM S-
pabunupyromwuit guroc (60% kapaammmra + | 10 M.
40% ¢ropucToro KanbLUus UIH
IJIABUKOBOTO IIIITaTa) B KoJm4ecTBe 2%
MAaCCBhI IIUXTHI. 3.3arpy3ka KpymnHbIX 0TX0J0B criiaBa AJI8
3.3arpy3ka KpynHbIX 0TX0/10B criaBa AJIS.
[lo pacrnaBieHUM MKUXTHI MO CJIOK (iroca
BBOJSIT YYIIIKOBBIN MarHuii. 4.ITpu Temneparype 690-700°C BBeneHuE
4.IHTEHCUBHOE 3aMEIIMBAHNE KYyCKOB KYCKOBOI'O MAarHus IPY MOMOIIM KJIEIIEH.
(roca B MOBEPXHOCTHBIHN CIIOH JKUIKOTO
CJI0A CIIJIaBAa TOPU30HTAIBHBIM BPALLIEHUEM.
[IepememmBaroT 10 TE€X NOp, IOKA CIUIAB HE
OyZeT UMETh 3epKAIbHYIO TOBEPXHOCTh, U
KUIKAW CIJIaB HE OyJeT Xopolo oTcTaBarh | 5.OCTOpOKHOE NEpEMEILICHHE CIllaBa 0e3
OT KyCKOB (JIroca. PACKpBITHS €r0 IOBEPXHOCTHOTO CIIOSI.
5.PaznuBka crutaBa no u3nokHULaM nwim B | 6.11pu temneparype 660-670° paznuBka
¢dopmbl. CriiaB peKOMEHyeTCsl pa3jiuBaTh | CIUIaBa MO M3JIOKHUIAM WK B popmy. s
Y3 YaHUKOBOTO KOBIIIA. 3TOU LIEJIN PEKOMEHIYETCS UCITOIb30BaATh
KOBILIM TUIA YATHUKOBOTO, YTO
CIOCOOCTBYET MPEIOTBPAIIICHUIO
nomnajgaHus Quiroca B U3JI0KHUILY WU B
dbopmy. Ilepen paznuBkoii HEOOXOAUMO
KOBILIY TIIATEJIEHO OYUCTUTH OT PHKABUUHBI
WIN JPYTUX KaKUX-JIHOO HAJIETOB.

3.7 Oco0eHHOCTH TEXHOJIOTMH MPOU3BOACTBA (PACOHHBIX OTJIHBOK

N3rotoBnenre (pacoOHHBIX OTJIMBOK U3 AIFOMUHHUEBBIX CIUIABOB MPOU3BOJUTCA BCEMU
u3BecTHbIMH criocoOamu. Okoso 70-80% OTAMBOK MOJMYy4YarOT JUTHEM TMOJ JIABJICHHUEM U B
KOKuJb, 20-30% - nutheM B pazoBbie (opmbl. JIuThe B MeTaTnyeckue (POpMbI MO3BOJISIET
MOJIy4aTh OTJIMBKH C 00J€€e BBICOKUM YPOBHEM CBOMCTB U MEHBIIUM PACXOJOM METasia YeM
JUThe B pa3zoBble (Gopmbl. [losTomMy A KpymHOCEpPUHHOTO M MacCOBOTO MPOM3BOJCTBA
OTJIMBOK SKOHOMHUYECKHU II€JIeCO00Pa3HBIM SIBISIFOTCS TUThE B KOKWJIb U MO JaBJICHUEM, a B
CEepUHHOM U MEJIKOCEPUIHOM MPOU3BOJICTBE — JIUTHE B Pa30BbIe (DOPMBI.

Haubonee mupokoe NMpUMEHEHHE HAIIO JIUThE AJTIOMHHHMEBBIX CIUIABOB B CHIPBIC
necyanble popmbl. KpyriHble OTIMBKY NOIyYaroT B CyXuX (opMax

Jns  wmsroroBneHuss (GopM HCMONB3YIOT (OPMOBOYHBIE U CTEPKHEBBIE CMECH
MPUTOTOBJICHHBIE W3 MEIKO3EPHUCTHIX MeCKOB. CTEp:KHEBbIE CMECH JOJLKHBI 00J1aJaTh
OONBIION MOJATIMBOCTBIO, @ CBA3YIOIIME BBITOpPaThb MPU CPABHUTEIBHO HU3KOU
TeMIiepaType.



[InaBHOE 6€3 ymapoB W 3aBUXPEHUUN 3aMOIHEHHUE JIMTEHHBIX (POpM OOecrednBaeTCs
MIPUMEHEHUEM PACIIUPSIONIUXCS JIMTHUKOBBIX CUCTEM C COOTHOLIEHHUEM ILIONIAe CeueHUit
oCHOBHBIX 21eMeHTOB Fo, : Fyn: For=1:2:3;mmm 1 : 2 : 4; unu 1 : 3 : 6. JIn9 CHUKEHUS
CKOPOCTH JABMKCHHS pacIliaBa CTOSKHM YacTO JEJIal0T 3Ur3a3000pa3HbIM.

Tumn JTUTHUKOBOM CHCTEMBI BBIOMPAIOT C yUYE€TOM TrabapUTOB OTJIMBKH, CIOXHOCTH €€
KOH(UTYypanuu M pacrnojoxeHuss B ¢opme. JIMTHUKHU, KaK MpaBUIIO, TOABOASIT K TOHKUM
CEUCHMSIM OTJIMBKHU PacCpeOTOUCHO Mo nepumMeTpy. I1oaBoa MeTania B MACCUBHBIC y3JIbl HE
nonyctuM. CedeHre MUTaTeei yalle BCEro MpSMOYTroJbHOE C pa3MepOM IIHUPOKON CTOPOHBI
15-20 MM, a y3koit 5 — 7 MMm.

CmiaBel ¢ y3kuM HHTEpBajioMm kpuctamuusanuu (AJ12, AJl4, AJI9, AJ134, AK9, AJI2S,
AJI30) mpu 3aTBepAEBaHUM JAlOT KOHIEHTPUPOBAHHYIO YCAJOUYHYIO pakoBuHy. Jlns
BBIBEICHUS 3TUX PAKOBUH 3a MPEJIeIIbl OTIMBOK HCIOIB3YIOT YCTAHOBKY NpUObLIeil. BricoTy
MpUOBLIN BRIOUPAIOT B 3aBUCHMOCTH OT BBICOTHI OTIMBKHU. [Ipwm BbIcOTE OTAMBKH 150 MM
BBICOTY TPHOBUIM HAa3HAYAIOT PABHOW BBICOTE OTIWBKH. [[1s Oojee BBICOKHX OTIMBOK
orHomreHue Hyyys : Hor = 0,3-0,5, a cooTHOIMIEHNE MEX Ay BBICOTOM IPUOBLIN U €€ TONIMHON
coctaBisier 2-3. Haumbosee mmmpokoe NPUMEHEHUE MPU JIMThE AJTIOMUHHEBBIX CIIJIABOB
HaxOJAT BEPXHHUE OTKPBIThIC NPHOBLIM KPYIJIOTO WX OBAaJBHOTO Ce4YeHUs. BOKOBBIE
MPUOBUTH B OOJBITUHCTBE CITy4YaeB JICNal0T 3aKPhITHIMH.

CmiaBel ¢ MIUPOKMM HHTepBajioM kpuctaumsamuu (AJI1,AJI7, AJI8, AJI9, AJI19,
AJI33) ckioHHBI K OOpa30BaHUIO PACCESIHHOM ycamoyHOW mopuctocTd. [loatomy mpwu
M3rOTOBJICHUM OTJIMBOK M3 A3THUX CIUIABOB HE PEKOMEHIYETCS TNPUMEHEHHE MAacCCHUBHBIX
npuObLIei. JIj1s modydeHus: BHICOKOKAYECTBEHHBIX OTIMBOK PEKOMEHAYETCS MCIOJIb30BaTh
BEPTUKAJILHO — I1I€JIEBYIO JIUTHUKOBYIO CUCTEMY.

Jns mpenoTBpalieHusT Ta30BBIACICHUS MPU KPUCTAUIU3ALMU U MOPEAYNPEKICHUS
o0pa3oBaHUsI Ta30 — YCAJOYHOH TMOPUCTOCTH B TOJCTOCTEHHBIX OTJIMBKAX IIUPOKO
HCIIONB3YIOT KpucTtaimu3anuio nox aasiennem 0,4-0,5 Mlla.



4 Cnj1aBbl HA OCHOBE MATrHUSA

4.1 Maraui u ero cBoMcTBa

Maruuii — 61ecTAIuMi MIaCTUYHBIN MeTal cepeOprcTo OEIoro 1BeTa.

UuCThIil MarHuil XapakTEpU3YyeTCs BBICOKON XHMHYECKON AaAKTHBHOCTHI. OH
JETKO OKHucisieTcs. Y oOpa3yromieiicss OKHCHOW TuieHKu 1pu Temmeparype 450°C
OTCYTCTBYIOT 3aIIIUTHBIE CBOCTBA. C MOBBIIICHUEM TEMIIEPATYPHI CKOPOCTh OKUCIICHHS
BO3pacTaeT, npu 623°C Maruuii BOCIJIAMEHSAETCS HA BO3/IyXE.

C azorom mnpu Ttemneparype Bblie 750°C MarHuii B3aUMOJEHUCTBYET C
00pa3oBaHHEM HEPACTBOPUMOTO TBEPJIOTO W XpymnKoro Hutpuaa Mg;N,, CHUXKaIoMEro
macTudeckue cpoiictea meraia. C cepHucteiM razoMm npu 600—650°C B3anmopaencTaue
comnpoBoxkaaercs oopazoBanuem Mg0, MgSO,4 u mapoB cepsbl.

Marauii B 3HAYUTENIHLHO OOJBIIEM KOJHYSCTBE, YEM AaJIOMHHHH, IOIJIOIIAET
BoJiopoi. C TMOBBIIEHHEM TeMIepaTypbl W JaBJICHHUsS HAaJ PacilaBOM PacTBOPUMOCTh
BOJIOPOJIa YBEIUYUBAETCS .

Maruuii He B3aMMOJEHUCTBYET C pPACTBOPAaMH E€IKMX MIEJIOYEH, C KEPOCHHOM,
OCH3MHOM, MHUHEpAJIbHBIMU MacjaMH, YCTOWYMB MO OTHOLIEHUIO K QTopugaM u
MJIABUKOBOW KHUCIIOTE, HO HEYCTOWYUB B pa30aBIE€HHBIX MUHEPATBHBIX KHCIOTaX.

C BOI0I1 MarHWii MTHTEHCUBHO PEAarupyeT ¢ BbIACICHUEM BOAOPOAA, KOTOPBIM 4acTo
SBJIICTCS] IPUYUHOM B3PHIBOB M3-3a 00pa30BaHUs TPEMYyYero rasa.

CaoiicTBa Maruust
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Biausinne npumeceid

Oxka3bIBalOT BpEIHOE BIMSIHUE Ha CBOMCTBA MArHUsl, CHHKAIOT €ro
KOPPO3HUOHHYIO CTOMKOCTb.

Kene3o, HUKEIb, MEHb,
KPEMHUM

T S

TpPY7x

TR UTT IV DI IITOUT O

pas3IUYarOIMXCs COAEPKAHUEM PUMECEH.

Tabmuna 4.1 -Xumnaecknii coctaB Maraus, % mo ['OCT 804-72

Mg(omp ITpumecu, He 60mee Cymma
eneiser
Mapka | ca mo ;;epl\fii
MarHus pIeSHIC;gT Fe Si Ni Cu Al Mn Na T1 ——
MeHee e
Mr96 | 99,96 | 0,004 | 0,004 | 0,002 | 0,002 | 0,006 0,04 0,01 - 0,04
Mr95 | 99,95 | 0,004 | 0,004 | 0,007 | 0,003 | 0,006 0,01 0,005 | 0,014 0,05
Mr90 99,9 0,04 0,009 | 0,001 0,004 0,02 0,03 0,01 - 0,1

4.2 CiiiaBbl HA OCHOBE MATHUSA

Huskue cBOICTBA HCKIIOYAIOT BO3MOXHOCTh NPUMEHEHHS YHUCTOrO MAarHusi B
KaueCTBE KOHCTPYKLIIMOHHOTO MaTepuana. OH HUCIONb3YyeTCs s MUPOTEXHUYECKHUX LETEH,
KaK PaCKUCIUTENb, MOAU(PUKATOP U OCHOBA MAIrHUEBBIX CILIABOB.

MaruueBsbl€ CIUIaBbl KJIAaCCHPUUMPYIOT 0 XMMUYECKOMY COCTABY U padoueil
Temuneparype. [lo xumuueckomy coctaBy B cooTBeTcTBUM ¢ ['OCT 2856-79 MaruueBbie
CILJIaBbI MTOAPA3JEISIOT HA TPU TPYIIIIHI:

-Ha ocHOBe cucTtembl Mg-Al-Zn (MJI3, MJI4, MJI4,,, MJI5, MJI5 .y, MJISy,
MJI6);

-Ha OcHOBe cucrembl Mg-Zn-Zr  (MJI8, MJI12, MJI15);

-Ha ocHOBe cucTtembl Mg-P3M-Zr (MJI9, MJI10, MJI11, MJI19).

Kpome Toro maxoasT orpanunueHnoe npuMmeHenue crassl MJI1 (Mg-Si)
repmetrunbie; MJI2 (Mg-Mn) koppo3uoHHO-CTOMKHKE; cBepxierkue Mg-Li; MJI14 (Mg-
Th) »xapornpounsie.

[To TeMnieparype 3KCIUTyaTalluK CILUIABBI MOJIPA3ICIAIOT HA TPEAHA3HAYCHHBIE JIJIs
paboThI:

-IIP¥ HOPMAJIBHOM TEMIIEPATYPE;

-ipu Temnepatype 1o 200°C;

-nipu remnepatype 250-300°C;

-IIPU KPUOTEHHBIX TeMIepaTypax.

MexaHnu4eCcKre CBOMCTBA JTUTCHHBIX MAarHUEBBIX CIJIABOB HAXOATCS B MPEACIIax:
npouHocTh (150-340 MIla ), mnactuanocts (2-9%).



4.2.1 CniaBbl cucremsl Mg-Al-Zn

CmaBel cuctembl Mg-Al-Zn MJI3, MJI4, MJI4,,,, MJIS, MJI5,,, MJIS,,, MJI6
SBJISIIOTCS  HawbOoJjiee paclpOCTPAaHCHHBIMM MArHUEBBIMHU CIUTaBaMU. JIETHpyOMUMU
AJIEMEHTaMHM 3TOUM cuctemsl ABISOTCS Al, Zn, Mn. OCHOBHBIM JIETUPYIOIIUM 3JIEMEHTOM
ABJISICTCS AJTIOMUHUM 1O COAEPKAHUIO KOTOPOTO Pa3IMyaroT MapKH CILUIABOB 3TOW I'PYMIIBI:
MJI3, MJI4, MJI5S, MJI6. Al u Zn BBOISAT AJiA MOBBIIMICHUS MPOYHOCTH, a Mn - 1js
MOBBINIEHUSI KOPPO3MOHHOM cTolkocTH. CmiiaBbl cogepxar 10 0,5 % Mn, 3,0 % Zn u
10,0 % Al. JIna camkenuss okuciasemoctu spoaar 0,001-0,002% Be uan g0 0,1% Ca.
Kanbiuii kpome TOro, MOBBIIIAET IJIOTHOCTh OTJIMBOK U YJIYYIIIAET CIIOCOOHOCTH OTJIMBOK K
TepmooOpadoTke. B kauectBe mpumecedt B crutaBax mpucytctBytor Si, Fe, Ni, Cu ,
KOTOpPbIe CHUKAIOT KOPPO3HUOHHYI0 CTONKOCTD.

Hemocrarkom cruiaBoB, 3a HCKIOYeHHEeM ciuiaBa MJI3, saBJisercsi mMpPOKHM
HHTepBaa Kpucraummsanuu 120-250°C, nostomy cCIJIaBbl CKJIOHHBI K OOpa30BAHMIO
YCAJ0YHOH MOPHCTOCTH, OOPA30BAHUIO T'OPSAYUX TPEIIMH U JEHAPUTHON JUKBAIUM.
Jluneiinas ycanka coctasiset 1,1-1,4%, ycamounasi pakoBuHa HE3HAUUTENbHA.

JlydqimiuMu  TUTEHHBIMH  CBOMCcTBamMHu  oOjagaror cmiaBel MJIS u  MJI6.
JlocronHcTBOM cruiaBa MJI4 sBiisieTCsl BRICOKAsi KOPPO3UMOHHAS CTOMKOCTb.

B nuToM coCcTOSIHUY CIUIaBbI XPYIIKH, IO3TOMY OHM MOJABEPralOTCs CTApPEHUIO.

CrutaBel IPUMEHSIIOT JJISI Harpy’>KCHHBIX JIeTaJed JIBHUrareiiei, paboTarImx Ipu
CTaTUYECKUX W  JUHAMUYECKUX  HArpy3Kax, KOPIYCHBIX  JeTalied  mpudOopos,
IKCILTYaTHPYIOLIUXCSl B MOPCKOM atMocdepe npu temneparype He Bbime 150°C.

CmiiaB MJI3 ucnosib3yroT IpH U3rOTOBIEHUU OTJIMBOK IMPOCTON KOH(UTyparuu C
MOBBIINIEHHON MePMETUYHOCTBIO JIJIsl pa0OThl IPU CPEIHUX CTATUUECKUX U JUHAMUUYECKUX
Harpy3kax. B ortimume ot crumaBoB MJIS m MJI6 cnima MJI3 obGsamaer He0OJbIIUM
PAaBHOBECHBIM HMHTEPBaJIOM KpucTaamdauuu (55—60 °C), majioil CKJIOHHOCTBIO K
00pa30BaHUI0 MUKPOINOPUCTOCTH, OOJIbIIEH JJUHEIHON yCaKOH, MOBBIIIEHHOM CKJIOH-
HOCTHI0 K 00PA30BAHMIO YCAJ0YHBIX TPEIIMH U HU3KOH )KUAKOTEKY4€eCThIO.

CmiaB MJI4 ucnons3yroT ajisi paboThl MPU MOBBIMICHHBIX Harpy3kax. OH UMeeT
BBICOKYIO KOPPO3HOHHYIO CTOMKOCTh. CrimaB MJI4 npuMeHsIIOT B OCHOBHOM ISl JIUThSI B
necyaHbie POPMBI.

CnnaB MJIS nipuMeHSIIOT [Jis8 Harpy>KeHHBIX JeTajed, paboTaronmx B yCIOBUSIX
yAapHOTO ¥ BUOPALIMOHHOTO BO3JEUCTBUSA. B CBSA3U C yJAOBICTBOPUTEIBLHBIMU JTUTEHHBIMU
CBOMCTBAMHU €T0 UCIOJIB3YIOT ISl U3TOTOBJICHUS OTJIMBOK BCEMU crioco0amu JuThs. CruiaB
MUJIS sBiIsieTCS OCHOBHBIM JIMTEMHBIM MATHUEBBIM CIIJIABOM.

Cnna MJI6 wu3-3a  Oosbiioro wuHTEepBaia kpuctaumszauun (160°C) wu
HOBBILIIEHHOIO CojepKanuss ZN CKIOHEH K MHUKPOIOPHCTOCTH Oosiee 4yeM ciiaB MJIS.

VY 1oBIeTBOpUTEIbHBIE JTUTCHHBIC CBOMCTBA MO3BOJISIOT M3TOTABIMBATh M3 HETO OTIMBKH
BCEMM CITOCOOAMH JIUTHA.

4.2.2 CniaBbl cucremsl Mg - Zn - Zr



CmuiaBel Ha OCcHOBe cucteMbl Mg - Zn - Zr (MJI8, MJI12, MJI15) conepxxar ot 4

m0 9% 7Zn. CruiaBel 3TOM TPYIINBI TaKKE OTHOCAT K YHCIY BBICOKOMPOYHBIX. OHM
OTJIMYAIOTCH OT APYIrMX IPyNIl MArHUEBBIX CIJIABOB MOBBIINIEHHBIMUA MeXaHUYECKUMM
CBOIiCTBAMH M XOpoIleii 00padaTbiBaeMOCThIO pe3anueM. JIBoiiHbie crutaBel Mg - Zn
HE TNPUMEHAIOT U3-3@ OYEHb IUIOXUX JIMTEWHBIX CBOMCTB (IIMPOKUN HWHTEpBAI
kpuctaumzanuu  250-300°C). BBenenune B cCIUIaBbl LHUPKOHUSA COKpAIa€T HMHTEPBAI
KPUCTAJUIA3AlMN YJIY4YIIA€T JUTEHHbICE CBOMCTBA, W3MEIbYAET 3€PHO U YIPOUYHSAET UX.
W3menpueHne CTPYKTYyphl OOYCIIaBIMBAaET MEHBIIYI0 YYBCTBUTEIBHOCTh CIUIABOB K
TOJIIIMHE CTEHOK OTJIMBOK, BBIPABHHUBAET MEXAHMYECKHE CBOMCTBA. OnTHMAJIbHBbIE
pe3yJbTaThl JocTUraTcsa npu seeaedun 0,6 - 0,8% Zr.

JlerupoBanue ux jgaHtaHoM B konudectBe 0,6-1,2% (MJI15) ynydiiaer nureiHbie
CBOMCTBA, HECKOJIbKO TMOBBIIIAET >KAapONPOYHOCTh, IUIOTHOCTh M CBAPUBAEMOCTH, HO
CHIKAET MPOYHOCTh U MJIJACTUYHOCTh TPU KOMHATHOM TeMIIepaType.

VYBenuueHue coAepKaHus LHUHKAa 10 5,5-6,6% U JONOJHUTEIBHOE JIETUPOBAHUE
cruiaBoB kagmueMm jo 0,2-0,8% (MJIS) mo3BossitoT mony4yaTh 0oJiee BBICOKHI YpPOBEHB
MEXaHUYECKUX U TEXHOJIOTMYECKUX CBOWMCTB, YEM CIUIABOB C JIAHTAHOM.

CmiaBbel BTOPOM TPYMIBI UCTIOIB3YIOT IS M3TOTOBJICHHS OTJIMBOK, paOOTArOIINX
ipu 200—250 "C u BBICOKMX Harpy3Kax.

4.2.3 Cnaasel cucrembl Mg - P3M- Zr

Cnnassl MJI9, MJI10, MJI11, MJI19 nerupoBannbie P3M 00;1a1a10T BBICOKOM
KAPONPOYHOCTHI0 U XOPOIeil KOPPO3HOHHOI CTOMKOCTHIO. CIIaBbI HMEIT XOPOLINe
JIUTeHHbIe CBOMCTBA, BLICOKYI0 IepMETHYHOCTh, MAJIYI0 CKJIOHHOCTh K 00Pa30BAHUIO
MHUKPOPBIXJIOT U YCAAOYHBIX TPEIIMH, BBICOKHE U OJTHOPOJIHbIE MEXaHUYECKUE CBOKCTBA
B CEUEHHUSX U XOPOILIO CBAPHBAIOTCS APrOHHO-IYIOBOM cBapkoil. OHM npeaHa3HAYEHbI
MJIA JaTeabHo padoTsl npu 250—350 °C u kparkoBpemennoit — npu 400 "C.

CmnaBbl cucrembl Mg—P3M—Zr npuMeHsIIOT g AeTalieid, MOABEPrarolInXCs
OJTHOBPEMEHHOMY BO3JICCTBUIO CTATUYECKUX U YCTATOCTHBIX Harpy30K.

Tabmumna 4.2 - XuMHYEeCKHI COCTaB MAarHUEBBIX JINTEHHBIX CIIAaBOB, %

Jlerupyromiue snemenTsl (Mg-ocHOBa) Cymma
Mapka omnpenense
CIUIABOB Al Mn Zn Zr Hpyrue MBIX
AIIEMEHTBI .
npumecei
MJI3 2,5-3,5 0,15-0,5 0,5-1,5 - - 0,5
MJI4 5,0-7,0 0,15-0,5 2,0-3,5 - - 0,5
MJI4my 5,0-7,0 0,15-0,5 2,0-3,5 - - 0,13
MJIS 7,5-9,0 0,15-0,5 0,2-0,8 - - 0,5
MJISmy 7,5-9,0 0,15-0,5 0,2-0,8 - - 0,13
MJISoH 7,5-9,0 0,15-0,5 0,2-0,8 - - 0,7
MJI6 9,0-10,2 0,1-0,5 0,6-1,2 - - 0,5
MJI8 - - 5,5-6,6 0,7-1,1 Cd 0,2-0,8 | 0,2
In 0,2-0,8;
MJI9 - - - 0,4-1,0 Nd 1,9-2.6 0,35
MJI10 - - 0,1-0,7 0,4-1,0 Nd 2,2-2,8 10,2




MJII1 - - 0,2-0,7 0,4-1,0 ZBOM 2,5 0,2
MJI12 - - 4,0-5,0 0,6-1,1 - 0,2
MUJI15 - - 4,0-5,0 0,7-1,1 La0,6-1,2 |0,2
Nd 1,6-2,3;
MJII9 0,1-0,6 0,4-1,0 V 1.4-2.2 0,25
Tabmuma 4.3-Knaccudukarys MaraueBbIX JUTEHHBIX CIIJIABOB
Hawnbonee
I'pynma Cucrema pacrpocTpaHe XapakTepuCTHUKa CILIaBOB
CILIaBOB
HHBIC CIIJIABBI
1 Mg-Mn MJI2 JluteliHple  cBOMCTBA  HM3KHME, O00agaloT  OOJIBLION
JUHEHHON YyCaaKkoW, CKJIOHHBI K OOpa30BaHUIO TOPSIUX
TPELIUH, o0agaroT ITOBBIIICHHOU KOPPO3UOHHOMU
CTOMKOCTBIO
2 Mg-Al-Zn MIJI3, MJI4, | ConaBel, comepxkamue g0 6%  Al,  obnanmator
MJI4my, MJIS, | yAOBIETBOPUTENBbHBIMU JIUTEHHBIMH CBOMCTBaMU, Oosee 6%
MJI50H, Al wumeror xopomue nuTelHble cBoMcTBa.  CIIIaBbI
MJI5mu, MJI6 | noBblIeHHOM YUCTOTBI UMEIOT IIOBBILLICHHYIO
KOPPO3HOHHYIO CTOMKOCTh
3 Mg-Zn-Zx MJI12, O6nanaroT XOPOITUMU JATCHHBIMHU CBOMCTBaMH,
Mg-Zn-Zr-Cd MIIS, OTJIMYAKOTCSI BBICOKUMH W OJHOPOJHBIMHA MEXaHWYECKUMU
Mg-Zn-Zr-La MUJILS CBOWCTBaMHU
4 Mg->. P3BM-Zr MIJI11 OO6afar0T XOPOUIMMHU JIMTEHHBIMU CBOWCTBaMH. CIUIaBbl,
Mg-Zn —Zr- Nd | MJI10, MJI19, | neruposannbie P3M, MMEIOT MOHMIKEHHBIE MEXAHHUYECKUE
Mg -Zr-In-Nd MJI9 CBOWCTBA IIpM KOMHATHOM TeMmieparype. Bce cruaBbl
JTAaHHOU TPYIIIIBI OTJIMYAIOTCS TTOBBIIICHHOM
YKAPOIPOYHOCTHIO

Tabnuna 4.4-BnausiHue JNETUPYIOMIUX SJEMEHTOB W TMPUMECE Ha CBOMCTBA MarHUEBBIX

CIIJIaBOB.

One- | Temnepary | Tunuunsie

MCHT pa 1miIaBJic- XUMHWYCCKHUE BnustHue Ha cBOMCTBA CIIIABOB

HI/IH,OC COCIMHEHUS
Al 660 Mg4 Al; OcHoBHas nerupyromias 100aBka, TOBBIIIAET MEXAaHUYECKUE
Mg,Al; CBOMCTBA CIUIABOB CHUCTEMBI ng-Al-Zn. B cmnaBax ¢

LUPKOHUEM SBIIETCS BPEAHOM INPUMECBI0 U ITOHUKAET
MEXaHUYECKHE CBOMCTBA.

Be 1278 - [Tonmxkaer okucasieMocTh ciiaBoB. [Ipu comepxanuu 6osee
0,002% ykpymHSET CTPYKTYpY, CHHXKAeT MEXaHUYECKHe
CBOMCTBA, MOBBIIIAET CKIOHHOCTh MAarHHUEBBIX OTJIIMBOK K
00pa30BaHMIO TOPSIYMX TPEIIHH.

B 2300 - H3menbyaer CTpyKTypy CIUIABOB.

Fe 1530 - CHMIXaeT KOppO3UOHHYIO CTOMKOCTh CILJIABOB.

Cd 321 Mg3Cd IToBeIlIaeT MEXaHUYECKHUE CBOMCTBA CIIJIABOB CHUCTEMBI
Mg-Zn-Zr.

K 64 - [ToBbIlIaeT OKHUCISIEMOCTh M CHHUXKAET KOPPO3MOHHYIO

CTOMKOCTh MarHUEBbIX CILJIABOB.

Ca

849

Ilonmxaer OKHCIACMOCTD CIIJIaBOB, IIOBBIIIACT




KapOINPOYHOCTh CIUIaBOB cucteMbl Mg-Al-Zn. CHmxaer
IUIACTUYHOCTHh M TPOYHOCTh MPU KOMHATHOM TEMIIepaType
Si 1414 Mg,Si CHmkaer KOPPO3UOHHYIO CTOMKOCTD, a TaKxe
MEXAHUYECKHE CBOMCTBA CIJIABOB C LIMPKOHUEM.
La 920 MgoLa [ToBbIlIaeT xaponpoYHOCTh CIIJIABOB CUCTEMbl Mg-Zn-Zr.
(Mg,La)
Li 170 - [ToBbIlIaeT OKUCIAEMOCTh, CHUYKAET INIOTHOCTD CILIABOB.
Mn 1260 - [ToBbIlIaeT KOPPO3UOHHYIO CTOUKOCTb.
Cu 1083 Mg2Cu CHmKaeT KOPPO3WOHHYIO CTOMKOCTh TMIPU COJEpNKAHUU
coie 0,1%.
Na 08 - [loBbIIaeT  OKUCIAEMOCTh, CHHXKAET  KOPPO3UOHHYIO
CTOMKOCTb.
Nd 840 Vg, »Nd [ToBbIIIAET KAPOMPOYHOCTH CILJIABOB C LIMPKOHUEM.
(MgoNd)
Ni 1452 Mg,Ni CHuKaeT KOppO3UOHHYIO CTOMKOCT.
Ag 960 Mg3 Ag IloBEIlIaeT MEXaHUYECKHUE CBOMCTBA CILJIABOB.
Ti 1725 H3menbuaer cTpyKTypy CILIABOB.
Th 1842 MgSTh [ToBsIlIaeT xapoONpoOYHOCTH CILJIABOB
Cl 34 - Pe3ko cHukaetr KOppO3MOHHYIO CTOMKOCTh CILIaBOB.
(KureHus)
Ce 630 MguCe [ToBsIlIaeT kapONPOYHOCTH CILIABOB
(Mg9Ce)
/n 419 Mgzn2 IloBbimaer MEXaHUYECKUE CBOMCTBA. OcHoOBHas
MgZn Jerupyromas J00aBKa CIUTIaBoOB CUCTeMbl Mg-Zn-Zr
7r 1927 - H3menbuaer CTPYKTypy M IIOBBIIIAET MEXAHUYECKUE
CBOWMCTBA  CIUIaBOB  cuUcTeMbl Mg-Zn u  Mg-Nd.
CriocoOCTBYET OCKICHUIO jKelle3a U KPEMHHUsI U3 PacIliaBa.

Tabnuna 4.5-Oco6eHHOCTH JTUTEHHBIX MATHUEBBIX CIIJIABOB U 00JIACTH X MIPUMEHEHUS

Ocobennoctu
Crnnas OO6nacTi NpUMEHEHUs
[TonoxurenbHbIe OTtpunarenbHeie
Bericokas Koppo3uoHHas | Huzkue  texnomormueckue u | CrnaOoHarpyeHHbIE JeTay,
CTOMKOCTBh 10 CPaBHEHUIO C | MEXAHMUYECKHE CBOMCTBa, | TpeOyIole MaKCUMaJIbHO BBICOKOM
JIpPYTUMHU MarHMeBbIMH | BBICOKAs CKJIOHHOCTh K | KOpPO3WOHHOM CTOHKOCTH u
MIJI2 | cnnaBamu, MIOBBILLICHHAS | 00Pa30BaHUIO FOPSIYUX TPELIUH MOBBIILICHHOM repMETUYHOCTH
FepPMETHYHOCTD. Crnnas (TOpmIOBHHBIL, OeHzo0aku,
XOpOIIIO CBapUBAETCS OeHzomacIsiHast amnmaparypa).
PaGouas Temneparypa o 150°C
[loBbllIEHHAS [TonmxeHHbIE muteiineie | [letanmu mpocToit  KoH(UTypammu,
TePMETUYHOCTD CBOMCTBA TI0O CpPaBHEHHWIO CO | TpeOyromue TTOBBITIIEHHOM
MIT3 CruraBoM M5, TIOBBIIIEHHAs | TEPMETHYHOCTH (J€Tald apMaTyphl,
CKJIOHHOCTb K  OOpa30BaHHUIO | KOPIYCHI HAacoOCOB). Pabouas
rOpSYMX TPELINH, OTHOCHTEIBHO | Temmeparypa 10 150°C
HH3KHE MEXaHUYECKUE CBOWCTBA
OTHOCUTENBHO Boicokue | [loBblmkHHas ~ cknoHHOCTH K | KopmycHsle JieTany,
MEXaHMYECKHE CBOHCTBa B | 00pPa30BaHMI0O MHKPOPBIXJOTHI B | MOJBEPraloOUIMecsl CTATHUYECKUM H
JTUTOM u TEPMHUUYECKH | OTJIMBKAX, CKIOHEH K TOPSYUM | JMHAMHUYECKHM Harpy3kam
MJI4 | oOpabOTaHHOM COCTOSTHHSIX | TpEIIMHAM (xoprrychl prOopoB u
WHCTPYMEHTOB, (DepMBI, IITYPBAJIbI 1
1.1.). Pabouas Temmeparypa 10
150°C
MJI4nu | IloBbllieHHAast KOPPO3UOHHAS To xe Te xe, u eme aeranu, TpeOyromme




CTOHKOCTh B JHUTOM U
TEPMHUYECKH 00pabOTaHHOM

BBICOKOUW KOPPO3UOHHOM CTOMKOCTH

COCTOSTHUM, MEXaHWYECKHE
CBOICTBa AQHAJIOTHYHBI
crutaBy M4
Xopomne nureiinble | [loBbimieHHas 4yBCTBUTENBHOCTH | CILIaB yHUBEPCAIBHOIO HAa3HAYCHUS.
TEXHOJIOTMYECKHUE CBOMCTBA, | K BIMSHMIO MUKPOPBIXJIOTH U | HarpyxeHHble neTamu JOBUTaTeNei,
BBICOKHE MEXaHUYECKUE | TOJIUHBI CCYCHUS Ha | aBTOMOOWJIEH,  caMOJETOB,  AJIS
MJIS CBOMCTBA B  TEPMHUYECKH | MEXaHUYECKHUE CBOWCTBa, | IpUOOPOB, KOPIYCOB TOPMO3HBIX
00pabOTaHHOM COCTOSIHUH OTHOCHUTEIBHO HeBBICOKHE | OapabaHOB, KOJIeC. Paboune
3HAYEHUs Npefiesia TEKy4eCTH temneparypsl g0 150°C, mpu
KPaTKOBPEMEHHOI pabote 10 250°C
TloBhbilieHHas KOPPO3UOHHAS Te xe; KpomMe TOro, MPUMEHAETCS B
CTOWKOCTB, Oonee HKECTKUX YCIIOBUSIX
MJI5my | TEXHOIOrHUECKHE _H To e JKCIUTyaTallvH, B YaCTHOCTH
MEXaHUYECKHE CBOICTBa TPONUYECKOTO0 ¥ MOPCKOTO KIMMAaTa
AQHAJIOTMYHBI cIu1aBy M5 C BO3MOXXHBIM TOMaJaHHEM OpBI3T
MOPCKOM BOJIBI
To xe, uto u ciaB MinS. To xe. Kopposuonnas croiikocts | Te xxe. CrutaB o011iero Ha3HAYeHHUS,
Hawnbonee nemreBbrit u3 MTOHIKEHHAs Kor/a K padoTe aeranei He
MUJISOH | BBICOKOIPOYHBIX CILIABOB MPEIbIBISIOT 0COOBIX TPEOOBaHMI B
OTHOLLEHUU KOPPO3UOHHOU
CTOMKOCTH
Xopolue JIUTEHHbIE IToBbl1IEHHASI UyBCTBUTENBHOCTE | HarpyskeHHbIE neTanu, KOpIlyCHbIE
CBOICTBa, BBICOKHE K BIUSHUIO MUKPOPBIXJIOTHI Ha JIETaJH, AeTall PHUOOPOB,
MEXaHUYECKUE CBOICTBA B MEXaHUYECKUE CBOMCTBA, anmapatypsl. LlenecoobpazHo
MIJI6 | Tepmudecku 00pabOTaHHOM | MOHMKEHHAS TUIACTHYHOCTH MpUMEHEHUE AJIA JeTallei,
COCTOSTHUH, TIOBBIIIIEHHBIH CIUIaBa TpeOYIOUINX MOBBIIICHHOTO Mpe/iesia
MpeJieN TeKy4ecTH TekyuecTu. Pabovas temiiepaTtypa 10
150°C
Bricokne MexaHnueckue Bboinee cnoxHasg MeTovKa IIaBku | BelcOKOHArpy»«eHHbIE KOPITYCHBIE
cBoiicTBa (O, G2, U TePMHYECKOH 00pabOTKH, UeM y | JeTaiu, IeTalli IIOCKOH GOPMBI
8).OnHOpOAHOCTH crutasa MJIS MPOCTPAHCTBEHHON KOH(PHUTYpaIiH
MEXaHHYECKUX CBOMCTB TUIa KPOHIITEHHOB, hepM, neTaneit
HE3aBHCUMO OT TOJIIIEHBI nprOOPOB U aNMapaToB, TPEOYIOMNX
MUIS ceueHus. Manas BBICOKOM YCTaJIOCTHOM HpO‘-IHOOCTI/I.
YyBCTBUTEIBHOCTD K Paboune remneparypsr 1o 150°C,
BIIMSTHUIO MUKPOPBIXJIOTHI Ha TP KPaTKO BpEMEHHON
MEXaHUYECKHE CBOMCTBA, AKCILTyaTaIlH JI0 200°C.
XOpOILUE TUTEHHBIE 3ameHurens paga aureinsix (AJ19,
CBOMCTBA. AJl4), a Takxe nehopMUPYEMBIX
AIIOMHHHEBBIX CIJIABOB.
Xopolue TUTeHbIE U Bonee cioxHas TeXHOJIOTHS HarpyxeHnHble netanu qBuraresei
TEXHOJIOTMYECKUE CBOMCTBA, | M3FOTOBJIEHUS OTJIMBOK, YEM U3 CaMOJIETOB, Pa3JINYHbIE KOPITYCHBIE
MUI9 | BPICOKAs FEPMETHYHOCTS, craBa MJIS. bosee BbicOkast JleTany. .
BBICOKHE MEXaHUYECKHIE CTOMMOCTDH OTJIMBKHU Pabouue temmneparypsi 10 300°C,
CBOWCTBa, 0COOCHHO MPH MIpU KPaTKOBPEMEHHOU
MOBBILICHHBIX TEMIIEpaTypax skcrutyaramuu o 400°C
Xopoliue JIUTeHHbIE Bonee cioxHas TEXHOJIOTUs HarpyxeHnHble netanu qBuraTeiiei,
TEXHOJIOTHYECKHE CBONCTBA, | M3TOTOBJIEHHUS OTIMBOK, YEM y CaMoJIETOB, IPUOOPOB, PA3TUIHbIE
BBICOKAasl FTEpPMETHYHOCTb, craBa MJIS, Gonee BrIcOKast KOpITycHBbIE AeTand. Jleranu,
MUT10 | BPICOKHE 1 O/IHOpOIHbIE CTOMMOCTD OTITUBKHU TpeOyroIme BEICOKOH
MEeXaHW4YeCKHe CBOIHCTBA, TepPMETUYHOCTH W CTAOMIILHOCTH
0CcOOEHHO MPH MOBHIIIEHHBIX pasmepoB. Paboune Temmepatypsl 10
TeMIiepaTypax 250°C, npu KpaTKOBPEMEHHOI
skcrtyatanuu g0 350°C
[ToBbllIeHHAs Huskne Mmexanmdeckue cBoiictBa | CpegHeHArpy>KEHHBIE TeTaTl
MUT1] | TEPMETHHYHOCTb OTIHBOK, IIpY KOMHATHBIX TEMIIEpATypax, JIBUTATEIIEN, Pa3InIHbIE KOPIIYCHI,

BBICOKHMEC MCXaHHYCCKHEC
CBOMCTBA ITPU MMOBBINICHHBIX

IIOHMIKCHHAas IIaCTHYHOCTbD,
0oJiee CII0KHAST TEXHOIOTHS

HarpeBarouuecs mpu dKCITyaTauu
10 250°C




- B CTAIMOHAPHBIX TUIJIAX

TeMIeparypax M3TOTOBJICHUS OTIUBOK, YEM U3
cruiaBa MJIS
Bricokue MexaHHUYECKUE Bonee cnoxuas MeToauka BricokoHarpykeHHbIE IeTaly,
CBOICTBA KaK B JIUTOM, TaK U | U3TOTOBIICHUS OTIMBOK, YEM U3 Pa3IUYHBIC KOPITYCHI, IETaIIN
B TEPMHUUYECKHU crnaBa MJIS TOPMO3HBIX KoJIec, paboTaroIiue mpu
00pabOTaHHOM COCTOSTHUH. yAapHBIX Harpy3kax. JleTamu
MIT12 OmHOPOJHOCTD TpeOyrolIre BEICOKOH YCTaJIOCTHOM
MEXaHUYECKIX CBOWCTB B MPOYHOCTH B KOHCTPYKIIUSX.
TOHKOCTEHHBIX U B PaGoune Temnepatypsi 10 200°C,
MAaCCUBHBIX CCUCHHUSIX, P KPaTKOBPEMEHHOM paboTe 10
0
BBICOKasl yCTaJOCTHAst 250°C
MIPOYHOCTH B KOHCTPYKITHSIX
Xoporue JTuTeiHbIe Bboinee crnoxHas MeTouka HarpyxeHnHble netanu auratenei
TEXHOJIOTHYECKUE CBOMCTBA, | U3TOTOBJICHUS OTJIMBOK, YEM U3 puOOPOB, pabOTAOINE B YCIOBUIX
MTOBBINIICHHAS criaBa MJIS. CpaBHUTEIBHO TOBBIIICHHBIX TemrepaTyp 10 200°C
MJT15 | FePMETHHIHOCTS, HanOoJee HEBBICOKAS IIaCTUIHOCTH (kpatkoBpeMenHo 10 300-350°C)
JKapOIPOYHBIHA U3 TPYIIITEI
BBICOKOITPOYHBIX CIUIABOB,
BBICOKHE U OJJTHOPOHBIS
CBOIICTBa B OTJIMBKAaX
Bricokue MexaHuueckue | bonee CIIOKHAs METOAUKA
o Ocobo  HarpyXeHHbIE  JETaly,
CBOIiCTBa, HamOoJsee | U3TOTOBICHUSI OTIMBOK, YeM U3
TpeOyroIme MaKCHMaJIbHBIX
BBICOKONIPOYHBIX M3 Bcex | cruiaBa MJIS . .
N 3HAYCHWH G U GOpp IPU BBICOKOH
MJI19 | nuTedHbIX CILJIaBOB. ’
TIACTUIHOCTH 3aMeHuTenb
Bricokue u  oaHOpOAHBIE o
N JUTENHBIX JIeQOpPMUPYEMBIX
MEXaHH4YecKHe CBOICTBA B
AJIFIOMHMHHEBBIX CIIJIaBOB
OTITUBKAX.
4.3 IlnaBka MarHMeBbIX CILIABOB
B 3aBucumocT oT Macmiradba MMPpON3BOACTBA HIPUMCHAIOT CICAYIOIINC METOAbI
IIJIAaBKH:




a - CKpaIHoil Turenp; 0 - pa3gaToYHbIN TUTENb; B - TUTEJb C (PIrocoM

1 - turens; 2 -pacmiaB; 3 - kuakui Quroc; 4 - MKXTa; 5 - MOPOIIKOOOPA3HBII
(roc; 6 - KOBIII € KUJKUM PACIZIABOM K3 CKPAITHOTO THUTJISA; 7 - UyIIKH MapOYHOTO CIIJIaBa
JUTsL TIOAIIMXTOBKH;, 8 - pa3nuBOYHBIA KOBII; 9 - nureliHas dopma; 10 - miaBUIBHBIM

UHCTPYMEHT

Cxema MNPUIrOTOBJCHHUA MAIrHUECBLIX CILIABOB B CTAIIMOHAPHBIX THUIJIAX
- B BBICMHBIX THI'JIAX

2 1

1 - turens; 2 -pacruiaB; 3 - Kuakuil ¢iroc; 4 - MKUXTa; 5 - TOPOITKOOOPA3HBII
(mroc; 6 — yCTpONCTBO AJIA MPUIIBUIMBAHMS CTPYH MeTailia; 7 — auTeitHas popma
CxeMa IpUroTOBJIeHNSI MATHUEBBIX CIVIABOB B BLIEMHBIX THIJISIX

- KOMOMHUPOBAHHBIM CIIOCO00M

Ta6nuna 4.6-Cxema TEXHOJOTMYECKOT0 Mpolecca u 000p

JOBAaHHC

PacruiaBnenue

MouduunupoBanue
1 pauHUpOBaHME

Crioco6 pa3nuBKH cIijiaBa

OO6nacTh NpUMEHEHUs

B CTallUOHAPHBIX

CTaJIbHBIX JIMTBIX

TUTIIAX EMKOCTBIO 110 500 kT

KoBnramu 4aiiHUKOBOTO THITIA
eMKOCTbIO 10 20 KT

Menkue n CpeaAHUC OTJIINBKH,

MOJy4yaeMble B  IE€CYAHBIX
dopMax © KOKWISX, TpHU
0O0JIBIINX Maciradax
MIPOU3BOJICTBA.

MaxkcumansHas macca
JKHJIKOTO cILIaBa,

3ayimBaeMoro B (opmy, He
6omee 80 Kr.

B BBIEMHBIX CTalBLHBIX CBAPHBIX TUIIIAX

€MKOCTBIO 110 350 kT

N3 Tex e Turiien, B KOTOPbIX
MIPOU3BOAMIACH IUIABKa W
o0paboTka crutaBa

Menkue u cpeaHue OTIMBKHU
opu  MajblXx — MacmTabax
IPOU3BOJCTBA, a  TaKXke
HeOOIbIINe MAPTUH KPYITHBIX
OTJINBOK

B otpaxarenpHbIX
ne4yax EeMKOCThIO
10 3 T wia B
MHAYKIIMOHHBIX
nevax
IIPOMBINUICHHON

B BBIEMHBIX
CTaJIbHBIX  CBApHBIX
THUTIIAX 1583078 B
CTAJIbHBIX JINTBIX
CTallMOHAPHBIX
TUTJISIX

CriaB M3 MJIABWIBHOW Teun
MepEeTNBACTCS B
pa3garouHyro (B BBIEMHBIE
WM CTAallMOHAPHBIC TI/IFJ'H/I)Z
a) yepes JIETKY CaMOTEKOM;

6) ¢ nmomouplo CU(GOHHOTO

OtnuBku J000T0  pazMepa
npu OosblIuX MacmTadax
POM3BOJICTBA.




qaCTOThI co
CTAJIbHBIM THUIJIEM
€MKOCTBIO 10 2 T

MIPUCIIOCOOTICHHUS.

BolemMHBIE THUIIIM TOJAIOT K
dbopMaM Cc TIOMOIIBIO KpaHa
nin tenbdepa. M3 BbIeMHBIX
TUTJIEW CIUIAB Pa3jIMBAIOT 110
dhopmam cu(OHHBIM
MIPHUCIIOCOOTICHUEM; u3
CTallMOHAPHBIX  TUTJIEH  —
KOBLIAMH YaliHUKOBOT'O TUIIA

4.3.111lnaBuabHbBIC IEYH

B 3aBucumocTd OT TEIIOBOM OHCPIruMn ICHYMW I IIIAaBKM MArHMeBbLIX CIIJIABOB

noapasac/iArOT Ha IJIAMCHHBIC U OJICKTPHUYCCKHC.

B xauecTBe TOMmIMBA JJIA IITTaMCHHBIX rneyeu IMPHUMCHSAIOT JKUAKOC NI ra3006pa3Hoe
tormmBo. Ilo KOHCTPYKTUBHOMY IIPU3HAKY INIAMCHHBIC IICHN PAa3ACIIAOT HAa TUI'CIIBHBIC U

OTpa)kaTeJbHBIC.

Haubomee PacipoOCTPpaHCHHBIMHA IICYaAMK OTOI'O THUIIA ABJIAKOTCA THUI'CJIBHBIC IICYU C
ra3o0BbIM O60l"peBOM CO CTalMOHAPHBIMU JIMTBIMHU HJIN BBICMHBIMH CBAPHBIMU CTAaJIbHBIMH

THUTJISIMUA.

CrauuoHapHbIE€ JTUTHIE TUTJIA U3TOTABIMBAIOT U3 YIIEPOAUCTON cTanu Mapok 15J1 u
25J1. Turnu HEe PEKOMEHAYETCSl U3rOTABIMBATh U3 CTAJEN COAEPKAIIMX HUKEINb, KOTOPBII
SBJIIETCSI BPEIHOM MPUMECHIO JIJIi MarHUEBbIX cIU1aBoB. Hanboliee mupokoe npuMeHeHue

Hau TATIIU eMKOCTBIO 200-350KT.

JUist pa3nuBKU CIJlaBa U3 CTAlMOHAPHBIX THUrJEH B (POpMBI

YalHUKOBOTO THIIA EMKOCTBHIO 6-20KT.

AR,

@830
o580

780

HCIIOJB3YIOT KOBIIH



CBapHbl€ BBIEMHBIE TUIJIM U3rOTaBIUBAIOT U3 JIMCTOBOW CTAJIA TOMIIMHON 8-15MM.
JIHUIIIEe TUTIS BRIMOIHSIOT ITaMnoBKou. Tommuuaa gauma 15-25MM.

B 3aBucuMocTM OT Mapku MAarHMEBOro CIJlaBa W METoJa IUJIABKU TUIJIH
W3TOTaBIIMBAIOT 0€3 BHYTPEHHEH Neperopojkd (a) W ¢ BHYTPEHHEW IeperopojKoiu
yaltHUKOBOTO THUIIA (0).

7

A

Al

. (7
\

6}
EMkocTh cBapHbIx Turiien cocrasisieT 30-360kr.

JUiss  mpenBapuUTENbHOTO  HAIUIABJICHUS  CIJIaBa  MPUMEHSIOT  IJIaMEHHBIE
oTpaxkaTeibHble Ieur. PyTepOBKY MOJUHBI [I€YU BBINOIHIIOT U3 MAarHE3UTOBOIO KUPIIHYA,
oOnagaromero HamOOJbIIEH CTOMKOCTBIO MPOTHUB PA3bEAAIONIET0 AEUCTBUA (DIIOCOB U
[IUIAKOB U HE B3aMMOJICHCTBYIOIIETO C KUJAKUM MarHueM. EMKOCTh OTpakaTellbHbBIX Meuei
1,5-3,0 T.

[leyn MoryT OBITH TOBOPOTHOTO WJIM CTAlMOHAPHOTO THUIIA.

1600

1500

= oy =) 5O R, -.‘ = e 0 Y,
S B S O S G e DR A R D DS a0 D e Yo s

OTpa)KaTe.]IbHaH rasosas 1e4b MOBOPOTHOI'0 THUIIA

é()

5
25

Kunkuit metann (mocne paduHUpPOBAHUS W MOAUGUIIMPOBAHUS) PA3IUBAIOT B
BBIEMHBIE THUTJM W3 TI€YM TOBOPOTHOTO THWIA TPU HAKJIOHE IE€YM MO XKenody, a u3
CTAIMOHAPHOMN TIEYH — C TIOMOIIBIO0 PA3JIMBOYHOTO MPUCTIOCOOICHUS.



DNeKTpUUYeCKUe TMeUr B 3aBUCHUMOCTH OT CIOCO0a MPEeBPAILCHUS 3IEKTPUUYECKOIM
DHEPrUU B TEIUIOBYIO MOJPA3JEISAIOTCS HA ME€YU CONPOTUBIIEHUS M MHAYKIMOHHBbIE. [leun
COMNPOTHUBIICHUSI TMPUMEHSAIOT JJis TUIABKM MAarHUEBBIX CIUIABOB B BBIEMHBIX THUIJISX.
KoHcTpykiusi meuu JOOJDKHA MpeaycMaTpuBaTh H3OJALMIO CHOUpAied OT KOHTAaKTa C
ra3o00pa3HbIMU IPOYKTAMU Pa3ioKeHUs (PIIIOCOB.

I[Io »Toi IIPUYHUHC HC HAXOIAAT MIHMPOKOI'0 IIPUMCHCHHA OTPAXKATCIBHBIC IICUYH
COIIPOTUBJICHUS, TAK KaK TPYAHO U30JIMPOBATH CIIMPAJIH.

I/IHIIYKHHOHHBIG THUT'CIIBHBIC IICYHN HCIIOJIB3YIOTCA JJIsA IIpcaABapUTCILHOI'O
HaIriaBJICHHA CILJIaBa.

AN

[IpeumymiecTBa  :BBICOKAasi MPOU3BOJUTEIIBHOCTh, Majblii  yrap 2JIEMEHTOB,
BO3MOKHOCTh B CHIELUAIBHOM Ta30BOM Cpee.

4.3.2 llInxToBBIC MATEPHAJIBI

B cocraB mmxThI M1 IIPUTOTOBJICHUA MAIHUCBBIX JINTCHHBIX CIIJIABOB BXOOAT
CJICAYIOUINEC IMNXTOBBIC MATCPUAJIBI:

-METaJUIM4YeCKUe (MepBUYHBIE METAJIbl B UYIIKAX, MEPBUYHbBIC CIUIABHI B UYIIKAX,
BO3BpAThl U JINTATYPbI);



-HeMeTaJmTndeckue (Jierupyromue g00aBKH, BBOAUMBICE B BHIE COJIeH, (IIIOCHI,
MOAU(PUKATOPHI, MATEPHAIBI JIJIi TPUIBLINBAHUS PACIUIABICHHOTO METaJlla MPU 3aJTUBKE

GbOopM U UBII0KHUILT).

KJ'IaCCI/I(bI/IKaHI/I}I METAINYECCKON IIMUXTHI,

HpI/IMeHHeMOﬁ sl IMPUTOTOBJIICHUA

MarHMeBBIX CIIABOB MpHBeeHa B Tabsuie 4.7 - 4.10.
Tabmuna 4.7-Metajuinueckas IIMXTa, MPUMEHsIEMas JJiS MPUTOTOBJICHUS MarHUEBBIX

CILIaBOB
Haunmenosanue Mapka [IpuroroBneHue CriaBoB
1.Metajuibl IepBUYHBIE B UYIIKAX
AnroMuHAN A99,A97, A95 MJI4n.4. u MJISm.4.
A85 MJI3, MJI4, MJI5, MJI6,
J % 0E010%0%1 Hnl MJI9
Kanmuii Kn-2 MIJI8
JlanTan - MJI15
Marxui Mrm.4.Mr90 MJI4m.4., MJISn.4. Bce MaraueBsIe CIJIaBbl
Mapranen Mp00 Jlurarypst AL-Mn, Al-Mg-Mn, Mg-Mn
AJIEKTPOJIUTUUECKU I MPO
Mumimerami (P3M) - MJII1
[Muak 111, 112 MJI4m.4. u MJI5m.4., MJI3, MJI4, MJIS,

MJI50.1.,MJ16, 8 MJI10,MJI11,MJI12, MJI15

2.CruiaBbl IEPBUYHBIE B UyHIKAX

MarsueBslie CIIaBbI MM2 MJI2, MJI3, MJI4, MJI5, MJI50.1., MJI6
cucteMbl Mg-Mn Jonyckaercs qis crutaa MJISm.y.
MA3I] MJI3
MarseBsbie CriaBbl MAG6II3 MJI4
cucteMbl Mg-Al-Zn MAGSI] MUJIS
MASIu MJIST.y.
MAZSIIo MJI50.H.
MA10I11 MJI6
MaruaueBbie CIIaBbl MIIpIH3 MJI10
cuctembl Mg-Nd
CmitaB MarHui-naHTaH - MIJI15

3.CrinaBbl IpeABAPUTEIBHBIE B UYIIKAX

CmaBel,

MPUTOTOBJICHHBIE U3
CBEeXUX (MEpBUYHBIX)
METaJuIOB, WIH U3
BO3BPATOB M CBEXKHUX
METaJuIOB, WIH U3
OJIHOTO BO3Bpara,
MPUMEHSIOTCS B

YyIIKax

Pabouue cruiaBbl




4.JIuraTtypsl

AOMUHUR-0epUIIITUI

3-6% Be,
Al-ocTanpHoO€E

MJI3, MJ14, MJT4n.u., MJIS, MJISn.4.,
MJI50.1., MJI6, MJI8, MJI12

ATIOMHHMI-MarHui- 3-5% Be, To xe

oepuiuit 30%Mg, Al -
OCTaJIbHOE

AJIOMUHHI-MapTraHel] 8-12% Mn, Al- | MJI3, MJI4, MJI4m.4., MJI5, MJI5m.4.,
OCTaJIbHOE MJI50.1H., MJI6

AnMoOMUHUNA-MarHui- 10% Mn, 20% | To xe

Mapraseril Mg, 70% Al -

Marnauii-maprasen 2-3.5% -Mn, Mg- | To xe, u MJI2
OCTaJIbHOE

Maruuii-ueoaum

MJI9, MJI10, MJI19

Marunii-nupKOHU N

15-20% Zr, Mg-
OCTaJIbHOE

MUJIg, MJI9, MJI10, MJI11, MnJI2, MJI15,

Tabnuna 4.8-Jluratypsl JUisi IPUTOTOBIICHUSI MAarHUEBBIX CIJIABOB

Temneparypa
Conepxanue
Jlurarypa KommoneHT o IJIaBJICHUS
KOMIIOHEHTa, % 0
guratypel, C
AJFOMUHH-Maraui- Mg 20 700
Mapraselit Mn 10
AJFOMUHH-Maraui- Mg 35 680
OepuILIHiA Be 3
Marnuii-maprasen Mn 2-4 720

Ta6muma 4.9 - XuMu4ecKrii COCTaB MarHMEBBIX CIUIaBOB B uyIikax, % mo 'OCT 2581-78

Jlerupytomnue anementsl (Mg-ocHOBA) Cymma
Mapka OTIPEEIIAEMBIX
CILJIABOB Al Zn Mn IIPUMECEN, HE
Oonee
MM?2 - - 1,5-2,2 0.18
MM?2y - - 1,7-2,4 0.02
MA3I] 3,0-3,8 0,2-0,8 0,2-0,5 0.18
MASIII 3,8-5,0 0,8-1,5 0,2-0,8 0.25
MASII 1y 3,8-5,0 0,8-1,5 0,2-0,8 0.03
MAG6I13 5,6-6,8 2,2-3,0 0,2-0,5 0.22
MAG6113u 5,6-6,8 2,2-3,0 0,2-0,5 0.09
MASI] 7,8-8,7 0,3-0,8 0,2-0,5 0.18
MASIu 7,5-8,7 0,3-0,8 0,2-0,5 0.06
MASIbu 7,5-8,7 0,3-0,8 0,2-0,5 0.06
MAT10I11 9,0-10,0 0,7-1,2 0,2-0,5 0.26




MLplH3 |-

2.6-3.2%Nd
- 0.4-1.1% Zr

Ta6muna 4.10-Kinaccudukaiys crutaBoB, peaHa3HAYCHHBIX JIJIs pa3AaTOYHbIX TeYei U I
3aJIMBKU MX HETIOCPEICTBEHHO B (DOPMBI

Croco6 mpuroToBICHUS U

HCXOI[HBIG MaTCpHraJIbl A1

Cnnap Ha3HA4YCHUC HU3TOTOBJICHHA CILJIaBa
[IepBuuHbIi YUymku  roTOBBIX  CTaHIAPTHBIX
CIUIABOB, IIOCTABJIAEMBIX 3aBOJAMU
LIBETHOW METaJULypTrUH
[Ipensapurenbhblil | [IpuroroBisitor u3 cBexux | 1 CBexue METaIIIbI M JIMTaTyPhl
METAJIJIOB, U3 CBEXUX MeTaioB uiu | 2 Bosspars! I, 11, III copToB
U U3 OJHHUX BO3BpatoB. IIpu menstor
B BU/JIC UYILIEK.
ITpomexyrounslii | IIpuroroBnsaior B minaBwibHON neun | 1 CBexue MeTallIbl U JINTaTypbl, IEPBUYHbBIE
JUIsL  TIOCJIEAYIOIIEro IepeliuBa B | WM IIPEIBAPUTENIbHBIE CIJIABbI B KOJUYECTBE
paznarouynsle meud (¢ BbleMHBIMU | 20-40%.
WM CTAallMOHAPHBIMU TUTJISIMU ) 2 60-80% Bozpactos Il u III copra.
CmiaB B pacIulaBIeHHOM cocTosiHUM | 3JlonmyckaeTcs — NPUTOTOBIEHUE  CILIABOB
B pa3fgaroyHod meud  (TUIJIE) | TOJIBKO K3 CBEKUX METAUIOB, TOJBKO U3
Pabounii IIPUTOTOBJIEH JUISL pa3lMBKU | BO3BPAaTOB  WJIM  TOJBKO W3  T'OTOBBIX
HETIOCPEICTBEHHO B ()OPMBI (mepBUYHBIX WIH IIPEIBAPUTEIIbHBIX )
crutaBoB.  [Ipomexxyrounslii  u  pabouuit
CIulaBbl,  mOpuroroBieHHole w3  100%

BO3BPATOB, JIOJDKHBI OCBEXATHCS MOCIE ABYX
000poTOB MEPBUYHBIM WA
peABapUTEIbHBIM CIIJIABOM

OCHOBHBIMH  HEMETAIINYCCKUMU MaTcpuajiaMu,

MAarimeEBbIX CIIJIABOB SABJISAIOTCA:

IIPUMCHACMBIC IIPpW  ILJIABKC

-JIETUpYIOlMEe T00aBKU, BBOJMMBbIC B CILIaBBI B BUJIE COJICH;

-roChl;
-MOJU(UKATOPHI.
Tabnuna 4.11-Jlerupyromue 106aBKH, BBOJUMBIE B CIUIABBI B BHJIE COJICH
JloGaBka dopmyna XapaKkTepUCTHUKA Haznauenue
Maprauern MnCl, [LtaBuTcs npu Jlis BBeaeHus: MapraHia
XJIOPUCTBIN temnepatype 650°C | B crutaB M2
dTopOepusiat Na,BeF,+NaBeF; Conepxut > 6,5% Jlns BBeeHUsT OepuLIus
HaTpus Be, pa3naraercs npu | B MarHueBbI€ CILIABBI
730-750°C
dTopuupKOHaAT KyZrFg Conepxut > 32% Zr, | llpn OTCYTCTBUH
KaJus paznaraercs npu 850- | MeTamIM4ecKon
900°C ouratypsl  MgZr s
BBEJCHUS IUPKOHUSA B




BHJIE «IUIAKIUTATypPbI»

Tabnuna 4.12 — HemeTtannnueckre MOAU(PHUKATOPHI JIsI MArHUEBBIX CIJIABOB

Moudxatop Cocras [ToaroroBka k Hasnauenue
monudukaropa, % | MoauPUIMPOBAHUIO MoaudukaTopa
Maruesur MgO 42-48; [IpocymuBaror npu | MonuduuupoBanue
CO,  49-51  wu|150-200 °C o |cinasos MJI3,
JeTy4Yne  TPHUMECH: | BIAXKHOCTH He Ooisee | MJI4, MJI41y,
Si0, 0,8-0,9; FeO|1 %, 3arpyxaror | MJIS, MJI5my,
0,15-0,30; CaO 0,5- | kyckamu pa3zmepom | MJISon, MJI6.
2,6; npouux | 10-25 mm.
npuMecei 110 2.
Men mapku A CaCOs; 100 [IpocymmBaror npu
150-200°C 710
BJIQYXKHOCTU HE OoJiee
1%, pa3MaibIBarOT U
MPOCEUBAIOT  Yepe3
CUTO C sYCHKaMH
0,2-0,5 mm.
YTrieKkucaeii ras CO, 100 [IpocymmuBaror 10
BJIQXKHOCTU HE Oosee
1%.
I'excaxyopaTan Ca,Clg 100 -
AmMuaxk NH; 100 [IpocymmBaror g0 | MonudunupoBanue
BJIQYXKHOCTU HE OoJiee | CIUIaBOB ~ MarHuii-
1%. nuHK-P3M.

4.3.3 Oco0eHHOCTH IIJIABKH

[[naBka MarHuMeBBIX CIUIABOB HMEET CBOM OCOOCHHOCTH, OOYCIIOBJICHHBIC
CBOMCTBaMM MarHUsl M XapaKTePOM €Tro B3aUMOJECUCTBHS ¢ aTMOCGEpOil Mpy HarpeBaHUHU.
XUMHUYECKAasi aKTUBHOCTb MAarHus BO3pAacTacT B PACIUIABIEHHOM COCTOSIHUHM, OH JIETKO
COCJIUHAETCS C KHUCIOPOJOM, BJIaroM, a3zoTtoM u npu Temneparypax Bbime 800°C
BO3rOpaeTcs C TMOBEPXHOCTH. Bo3ropanne MarHus CBSI3aHO C HAJIMYMEM HAa €ro
HE3AIUIIEHHON MTOBEPXHOCTU PBIXJIOM OKMCHOW IUIEHKH, KOTOpasi B OTJIIUYMUE OT IUIOTHOM
OKMCHOM TUJICHKHM QIIOMUHHS HE CIYKUT NOPErpajiol IJs MPOXOXKICHUS 4Yepe3 Hee
KHciopoaa Bo3ayxa. C Apyroil CTOpOHBI, TOPUCTas TUICHKAa OKUCH MarHusi 00y1aaeT Majoi
TETUJIONPOBOJAHOCTBIO, & IIOCKOJIBKY OKHMCJIEHUE MArHus COINPOBOXKIACTCA BBIIACIECHUEM

OOJIBIIIOTO KOJINYECTBA TEILIA:
2Mg + 0, = 2Mg0 + 1192,67 kax (287,2 kkaJ),



TO TEIUIO HE YCIIEBAET PAacCEUBATHCS B OKPYKAKOLIEM MPOCTPAHCTBE, HAKAIUIMBAETCS O]
MJIEHKOW M MarHvii caMOBO3TOPaeTcs ¢ MOBEPXHOCTU. [107TOMY BECTH MJIaBKYy MarHUEBBIX
CIUIABOB B OOBIUHBIX YCIOBHUAX, T. €. HAa BO3J1yX€, HEBO3MOXKHO: HEOOX0UMa ClielhaabHas
TexHoJiorus. M3BecTHBI JIBa crioco0a 3alllMTHOM IJIaBKM MAarHUEBBIX CIUIABOB: IJIaBKa B
HeUTpaJibHOM aTMmocepe H IUTaBKAa TMOJ CJIOeM 3alluTHBIX (iaocoB. CHUXKEHUE
OKHUCJISIEMOCTH MarHusl TMOJYy4aloT Takke, J00aBiisii B HETr0 METaJUIbl, U3MEHSIOUIUE
npupoay miueHku Mg0, 1. e. nenaroniue ee Oojee MIOTHOM M MEHee MPOHHUIAEMOM st
KHUCIIOPO/IA.

[InaBka B Bakyyme 3aTpyJHEHA, TaK KaK MarHuid Jierko Bosrousiercsa. Croco0
IUTaBKU TIOJ 3alUTHOW HEUTpalbHON aTMocdepoil TpeOyeT CII0KHOrO O0OpYyIOBaHUS U
HIMPOKOTO MPUMEHEHUS HE HAIIIE]L.

B mpOMBINIIIEHHOCTH pacipoCTpaHeH Croco0 IUIaBKU MO (IIF0COM, COBMEIIAeMbIit
¢ mo6aBkamu Oepwmust B koymdectBe 0,001— 0,002% ot maccel Mertamuia. bepummii
PE3KO CHUXKAET OKUCIISIEMOCTh MarHus.

@nrockl, NPUMEHSEMbIE TMPHU IUIABKE MAarHUEBBIX CIUIABOB, T'OTOBAT Ha OCHOBE
XJIOPUJIOB U (DTOPUAOB IIETOYHBIX M IIEIOYHO3EMEIbHBIX 3JEMEHTOB C PAa3JIMYHBIMU
nob6aBkaMu. OCHOBY (DITIOCOB COCTABIJISIIOT HU3KOTEMIIEpATypHBIE CMECH ABYX WJIH TpeX
CoJIel, 0OBIYHO PBTEKTUYECKOTO MJIM OJIM3KOTO K HEMY COCTaBa, B YACTHOCTH MPUMEHSIOT
kapHaumut MgCl1,-KC1. [ToMuMoO 3alUTHBIX CBOMCTB, (DIIFOCHI JOHKHBI 00Ja1aTh TAKKe
xopoierd paduHUpyome cnocoOHOCThI0.DI0CHl IS MarHUeBBIX CIUIABOB  JIOJKHBI
UMETh JIOCTaTOYHO BBICOKYIO BSI3KOCTb, YTOOBI JIETKO OTAENSATHCS OT MeTajlla, TaK Kak
MOMNaJAoIINe MPU JIUThE YacTHUIlbl (Jitoca B OTJIMBKE CTAHOBSTCS o4yaramu Koppos3uu. B
XKUJIKOM COCTOSIHHM IUIOTHOCTH (Piiroca JOJKHA OBITh HECKOJIBKO OOJBIIE, YEM IJIOTHOCTh
pacIuIaBiI€HHOr0 MeTajula. JTO HEOOXOAUMO IMOTOMY, YTO OKHCIbl MAarHus HUMEIOT
MJIOTHOCTh, MQJIO OTJWYAIONIYIOCS OT IJIOTHOCTH pacIliaBa, U BCIUIBIBAHUE UX JaXe MpU
JUTUTEILHOM BBICTAMBaHUU MPAKTHUECKU HE mpoucxoaut. Kpome toro, TpyJHO moaoOpaTh
dbmaroc Oosnee Jerkuil, 4yeM MAarHHEBBbIM paciulaB KOTOPBIM caM HMEET HaUMEHBIIIYIO
IJIOTHOCTh M3 BCEX M3BECTHBIX MPOMBIIUIEHHBIX CIJIaBOB. [loaTOMy . MOKpPOBHO-
padbuHupyrone (QIIOCH, TPUMEHSIEMbIE [JI1 MarHUeBBIX CIUIABOB, 3aCHINIAaHHBIC Ha
MOBEPXHOCTh, HEKOTOPOE BpeMs YIEPKUBAIOTCA Ha HEll Oyiaroapsi cujiaM MOBEPXHOCTHOTO
HATsDKEHUs. 3aTteM (DIIIOChI, OIUIABJISASCh, MOCTENEHHO CTEKAIOT Ha JIHO THUIJS MO €ro
CTEHKaM WJIY K€ TPOXOJIAT Yepe3 METalll, YBIIeKas 3a COO0M HeMeTaJUIMUYeCKUe BKIFOUCHUS,
CMOTPU PUCYHOK, TIOCIIE YETO Ha MOBEPXHOCTH MOJICHIMAIOT CHOBA HOBBIE MOPIUHU (iIroca,
yTOOBI MarHuii He 3aropayics. Takum oOpazoM, MpU TUTABKE B THUTJISX METAJI HAXOIUTCS
Kak ObI B )UIFOCOBOM «MeIIOYKey». {715l moyueHus: TaKoro «Menioukay HeoO0X0IuMO, YTOObI
(br0Cc XOPOoII0 CMaYyMBaJl CTEHKU TUTJIS U TIOJ TIEYM U HE B3aUMOJCHCTBOBAJ C HUMH.
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Cxema IIaBWILHOI BaHHBI M MeXaHW3MAa pauHUPOBAHMS
(py1rocaMu MarHueBbIX CILIABOB

B kauectBe yTspKenuTedel K OCHOBHBIM KOMIIOHEHTaM (uiroca J10OaBIISIIOT
xnopucteii  Oapuii  (BaCly) wu xnopucteni xkaneiuii  (CaCly). OOmamast  xoporei
CMayuBaOIIEH CIOCOOHOCTHIO 10 OTHOUIEHUIO K OKHCHBIM BKJIIOYEHHSM, (IIIOC
OJIHOBPEMEHHO JOJDKEH JIETKO OTHENIATHCA OT paciuiaBa. YeM BbIlIE €ro MOBEPXHOCTHOE
HATSDKEHUE U BSI3KOCTb, TEM JIerde Kariu (proca OMyCKaroTCs Ha JHO (IJIs 3TUX LeJed B
dmoc BBOgsAT cryctutenu — Mg0 u CaF,). Bbicokoe MOBEpXHOCTHOE HATSXKCHUE
MO3BOJISIET QIIIOCY YAEPKUBATHCS HA IOBEPXHOCTH U BBITOJIHSTH 3aIIUTHBIE (DYHKIIUH.

B 3aBucumocTtu ot MCTOJA INNIaBKHM HM3BCCTHBI PA3JIMYHBIC COCTABLI (bHIOCOB. B
Ta6JII/II_[C IIPUBCACHBLI COCTABELI (1)JHOCOB, MMPpUMCHACMBIX HA 3aBOAAX.

Tabmuna 4.13- XumMuueckuii coctaB M 00JacTh MPUMEHEHHUsS (IIIOCOB MJIA IUIABKU
MarHueBbIX CIIJIABOB

Cocras (roca, % (Mac. 1075 )

Mapka Hepacr ObmacThb

Na | Ca : IIpoune BOpUM IIPUMEHE
¢uroca MgCl, | KCI cl | c BaCl, | LiCl | CaF, COMIIOHEHTEL it H>,O —

0cajioK
- 3-5 MgO nol,5 Hol,5 | o3 Hnst
IIJIaBKH B
CTaIMoOH

apHBIX
rneyax u
THTJISIX

Hns

BU-3 30-40 7 - 15-20 MgO7-10 Hol,5 | do 3 | muaBku B
25- BBIEMHEI
36 X THTTISIX
1

- 80 - LiF 20

BU-2 38-46 | 32- | 10 | - 5-8
40

s
14- | 47- CILIaBOB
2 - © o1 | 51 |20 c

_ 2.5 _ _ HO ) pPEaAKO3C

MCJIbHBI
MH

3 METajjia
MH

- - - Hns

CIIJIaBOB




MarHus
c
TOpUEM
u
IUPKOHH
eM
D11 - A - | 13 | MgF, 32;
AlF; 40;
B203 15,
BUA - - - - - - 3,5 AlF;23.5; Bbecxnop
M1 BrO; 40; HUIHBIC
NaszAlFg33 (hroch
BUA | - A - 175 | MeF, 175 | - -
M5 AlF; 15
BI'O3 50

[Ipy 1nIaBKke MarHuWeBbIX CIUIABOB TpeOyeTcss TOCTOSIHHOE —COOJIIO/IEHuE
TEXHOJIOTUYECKUX YCJIOBHM, HCKIIOYAIOIIMX BO3MOXHBIM KOHTaKTa MeTailia, (IrocoB,
TUIABUJIBHBIX TUTJIEH, HHCTPYMEHTA U IPYroro 000pYy/I0BaHUS C BIaroi. He TOJIBKO C TOUYKU
B ciyuyae KoHTakTa ¢ Biaroid BO3MOXHO 3aropaHue MeTajljia, CUJIbHbIE BHIOPOCH METala,
YTO OMACHO JJIA 0OCIIy’KMBAIOILIETO MEepCOHaNa, MO3TOMY BECh MHCTPYMEHT (Pa3jIMBOYHbIE
KOBILIM, JIO)KKH, MEIIAJKK) XpaHAT B CHEHUAIbHBIX MOAOTPEBAEMBIX THUIJSAX C
pacruiaBiIeHHBIM (DIIFOCOM.

MarnueBble CIUIaBbl B JJUTEHHBIX 1€XaX OOBIYHO IUIABAT B JBa MpUEMa: CHadaja
IPUTOTOBJISIIOT NPEIBAPUTENbHBIM, a 3aTeM paboumii cruiaB. IlpenBapuTenbHBIA CIIaB
IPUTOTOBJISIIOT U3 YUCTHIX METAJLIOB, XOPOILIO NMEPEMELINBAIOT, PAPUHUPYIOT U PA3IMBAIOT
B uywmkd. Jlamee aHaJIM3UPYIOT €ro XMMHUYECKHMH COCTaB W B CIIy4ae COOTBETCTBUS
CTaHIapTy yNOTPEOJSIOT Al MPUTOTOBJIEHMs pabodero criaBa (paciuiaBa, U3 KOTOPOIO
noJiy4aroT (pacoHHbIC OTJIMBKHM). PacruiaBieHune mmxthl BeAyT mona cioem (uroca. [lpu
IJIaBKE B THUIJIAX BHayaje pacijiaBisiioT (UIFOC, a 3aTeM METAUIMYECKYH0 IIUXTY
NOrpyXaroT B (IIOCOBBIM paciuiaB, 4TO YMEHbLIAeT BO3ropaHue MarHus. B mporecce
TJTABKH OTOJICHHBIE YYACTKU IITUXTHI MPUCHITIAIOT (PIIFOCOM.

[locnenoBatenbHOCTh 3arpy3KM COCTAaBHBIX 4YacTe IIMXTHl JJig Haubosee
pacnpoCTpaHEHHBIX MArHUEBBIX CIUIABOB CJEAYIOIIAs: MarHui, JIUraTypbl (aJIFOMUHHI—
Maprasell u Jip.), 3aTeM IMHK, (Kak MeTalul, HauOoJiee JieTko ucnapstomuiics). [Tpucaaku
KaJIbLIUA U OEpUIUIHS MPOU3BOJAT OOBIYHO CAMBIMH MOCIEAHUMU. PacmiiaBiieHHbIN MeTall
NoJIOrpeBatoT U 3areM padunupytot. [lepen papunupoBanuem B pacmiiaB 0OOBIYHO BBOJST
HeOosboe konnyectBo Oepusuus (0,001—0,002% ), KOoTOpbIi pe1oXpaHsaeT paciuiaB OT
BO3TOPaHUsI, B PE3yJibTaTe CO3/laHHUS HA €ro MOBEPXHOCTHM OKHCHOW IJIEHKH, OoJee
IJIOTHOM, YEM IUJIEHKA M3 OKMCU MarHus. bepuiuiiii BBOJAT B BUE JINTATYp AJOMUHHA—
Oepuiiinid, AJHMHUHUH—Oepw/iMii—Mardauid wid B Buje ¢ropdepusuiata HATPUS
Na,BeF,, u3 koToporo 6epusiInii BOCCTAaHABIMBAETCS U TIEPEXOAUT B PACIUIAB B PE3yIbTATE
peaknuu conu ¢ Marauem: Na,BeF, + Mg = 2NaF + Be + MgF, ®ropOepuat Hatpus
BBOJIST TIOCJIe pad)MHUPOBAHUSI.

Tabnuna 4.14-PaduanpoBanre MarHueBbIX CIJIABOB

Onepanuu ConeprxaHue oreparui.

l.ITogroroska caBa K | CHATh MOJOTPETON JIOKKOM 3arps3HEHUs C IOBEPXHOCTH CILIaBa W
pagUHUPOBAHUIO. MIPUCHINATH CBEXUM (hIIrocom:




- B2 wmm ®JIS nmpu mmaBke cuctembl Mg-Mn, Mg-Zr (BO3MOXHO
npuMeHnenue (iroca B3 npu miaBke B BEIEMHBIX TUTJISX );
-®JIS npu nuaBke crnaBoB M4, M5 NoBBIIIIEHHON YHCTOTHI.

2.PadurupoBanme CIUIaBOB | IHTEHCHBHO NepeMeEIaTh CIUIaB.

cucteMbl Mg-Al-Zn u Mg-Mn. | 1.3amemmBaTh GIr0C IBHKEHUEM MEIIAIKHA CBEPXY BHHU3, JaJI€€ 110 HU3Y
BIIEpe]] OT ce0sl, 3aTEM CHU3Y B BEPX U I10 BepXYy K ceoe.
2.1IpoaomKuTeIbHOCTh paMHUPOBAHUS CILIABOB cHUcTeMbl Mg-Al-Zn
IpOMBIIITIEHHON YucToTh Iipu 720-740°C 3-5 MuH.

3.Ilocne paduHUpOBaHUS CHATH 3arpsi3HEHUS W TMOKPBITH 3€pKalo
CILIaBa CBEXKUM (IIFOCOM.

3.PapunupoBanue  crmaBoB, | 1.PadmaupoBats crutaB ¢arocom BU2 mociie BBeneHHs JETHPYIOLTUX
JIETUPOBAHUE LIUPKOHUEM. no6aBok (kpome siuratypsl Mg-Zr) npu 720-740 °C B TeueHuu 3-5 MUH.
2.Ilocne BBemenusi jurarypel Mg-Zr npu 780-800°C HMHTEHCHBHO
IepeMelaTh CIlaB co JHA TUIJIA B T€YEHUU 5-7 MUH C LENbIO [TOJIHOTO
pPacTBOpPEHUS JIUTATYPBHI.

3.Ilocne mnepememmMBaHMs €O  JHA  IPOBECTH  HMHTEHCUBHOE
padbuHMpOBaHME, KaK yKa3aHO BbIIIE, B TeueHHH S5-8 muH npu 780-
800°C.

4.Ilocne padhuHUPOBAHUS CHATH 3arpS3HEHHS U MOKPHITH MOBEPXHOCTH
CBEXHM (hirrocom.

Hapsimy ¢ o4HMCTKOM OT HeMeTaJUIM4eCKUX BKJIIOYEHHH 00paboTka pacriaBa
padbuHupyrOIMMU  QIIFOCAaMU  CIIOCOOCTBYET TakKe HEKOTOpOM Jerasaliyd paciuiaBa oOT
pPacTBOPEHHOTO B MAarHHUEBBIX CIUIaBax Bojopoaa. B ciayuae ©Oonee CHIIBHOTO
ra30HaCHIIEHUs PaACIIaB MOXET ObITh IMOJBEPTHYT JEra3aldu IMpOJyBKOW HHEPTHBIMHU
razaMu (a30TOM, apTOHOM) WJIH XJIOPOM.

[IpoayBKy cnaBa MHEPTHBIM Tra3oM HOpoBOIAT npu Temreparype 740—750 °C.
CkopoCTh TPOJYBKM YCTAaHABJIMBACTCA TaKOM, 4YTOOBI MPUBECTH K WHTEHCUBHOMY
nepeMeIBaHUI0 paciuiaBa 0e3 BBIIUIECKUBAHUS CIUIaBa HAa CTEHKU M OopTa meun. Bpems
NPOIYBKH JUTS TIOHMKEHHS COZIEP/KAHMs BOJOPOAA B MarHMEBOM crutaBe (10 8—10 cm’ Ha
100 r crutaa) coctaisier 30 muH. bosiee npoao/KUTeNbHAS Aera3aliys CriaBa MPUBOJIUT K
HEKOTOPOMY YKPYITHEHUIO 3€pHa B CTPYKTYype MaTepuasa OTIMBOK.

JlelicTBue a3oTra mOpW Jera3aldd MarHUeBbIX CIUIABOB AHAJIOTMYHO JIEMCTBUIO
MHEepTHOTO ra3a. OJHaKO MpU MPOXOKIAECHUU MY3bIPHKOB a30Ta 4Yepe3 CIUIAB MPOUCXOAUT
YaCTUYHOE B3aMMOJICHCTBHE CIIJIaBa C Ta30M M 00pa3yeTcs HUTPUJ MAarHus, YTO MPUBOIUT
K HEKOTOPOMY 3arpsi3HEHUIO CIJIaBa HEMETAUIMYECKUMHU BKIIOUEHUsMH. [IpomyBky
MAarHMeBBIX CIUIAaBOB a30TOM OCYIIECTBIISIIOT Tpu Temieparype 660—685 °C. Bo Bpewms
NpPOAYBKM CIUIaBa B 3TOM HWHTEpBaJe TEMIEpaTyp HE MNPOUCXOAUT HWHTEHCHUBHOMN
xuMuueckoit peakuuu. [Ipu 6osiee Beicokux Temmneparypax (cBoimie 700 °C) uuet akTuBHOE
oOpa3oBaHue HuTpuaa MarHus. [IpoayBKy cIijlaBa B THUIJIE BMECTUMOCTBIO OKOJIO 1 T
MPOU3BOJIAT B TEUCHHE TMOJIyyaca uepes Kejle3Hyro TpyOoky auamerpom 20 mm. Ilpu stom
TpyOKa JoKHA HaxoauThesl Ha paccTossHuU 150—200 MM ot aHa turis. [lo okoHyaHuu
Jiera3alyy CIUiaB MepeuBaloT B pa3fAaTOYHbIE THUIJIM, OYMIIAIOT 3€pKayio CILjIaBa, MoCIe
Yero CIUIaB MOJBEpraloT paduHupoBaHuio u MoauduuupoBanuto. Ilepen omneparueit
MOIU(MUIIMIPOBAHUS BO3MOXHO IPOBEJCHUE JIOMOJIHUTEIBLHON Jerazaluu CIijlaBa MpH
temriepatype 740—760 °C mpomyBKO# XJIOpa CO CKOPOCTBIO, BBI3BIBAIOIICH HEOOIBIIOE
nepemMernuBanue criapa. [IpoayBky BeAyT B TeueHHe 3—5 MUH NMPU HEOOIBIIIOM H30BITKE
xJjiopa.

Jlerazanusi XJIOPOM HJIM CMECBIO XJIOpAa C YETBIPEXXJIOPHUCTHIM YyriepojoM. [Ipu
MPOXOXKJEHUU MY3BIPHKOB XJIOpa 4Yepe3 CIUIaB XJOp BCTYHA€T B PEAKLUIO C MAarHHeM,



o0Opa3ysl XJIOpUCThI MarHuil. Temmeparypy CIulaBa IpHU XJOPUPOBAHUU MOAJEP>KUBAIOT
00b19HO B mipenenax 740—760°C. M3sMeHeHne CKOPOCTH XJIOPUPOBaHMS B mpeaenax 2,5—8
J/MUH HE OKa3bIBaeT 3aMETHOIr0 ACHCTBUS Ha pa3Mephbl 3epHAa M MEXaHWYECKHE CBOICTBA
CIUIaBa, €CJIM KOJIMYECTBO MPOITYCKAEMOI0 XJ0pa OCTACTCS MOCTOSHHBIM U HE TPEBBIIIACT
3% ot macchl ciiaBa. bosiee BHICOKHN MPOIEHT XJIOpa MPUBOJIUT K YKPYITHEHUIO 3€pHA B
CTPYKTYpE OTIUBOK U K HEKOTOPOMY MOHMKEHUIO MEXaHUYECKUX CBOMCTB.

WNuorna neraszaiys XJ0poM COBMENIAETCS C onepanueid MoAUGUIIMPOBaHUs CIIaBa.
B stoMm ciydae depe3 crutaB mpoayBatoT 1—1,5% (0T Macchl MiaBKH) XJIopa BMECTE C
0,25% 4eThIPEXXJIOPUCTOrO YIIEPOIA.

Temneparypa cruiaBa npu TakoM criocode 690-710 °C.

Jlerazanusi MarHMeBBIX CIUIABOB C TOMONIBIO XJIOpa WJIM CMECH XJiopa C
YEeTBIPEXXJIOPUCTHIM YIJIEPOJAOM HMEEeT HeaocTaTku. M3 Hux Haumbojee Ccepbe3HbIM
SBIIIETCSI TO, YTO XJIOP TOKCHUYEH (SIOBUT) M MPUMEHEHHE €r0 CBS3aHO C OMACHOCTHIO
OTpaBlieHUsA palOTaIOUIMX, TaK KaK IMPU MCIOJIB30BAHUM XJIOpPA C YETHIPEXJIOPUCTHIM
yIIepoaOM 00pa3yeTcsi HEKOTOPOE KOJMYECTBO (POCTeHa, SBIIAIOIIETOCS CHIIBHBIM
OTPABJISIOIIMM BEIIECTBOM

[Tonesnsl pobaBku kKanbiuss g0 0,1%. Kanpriuit  cBA3BIBa€T  BOJOPOSI,
IPUCYTCTBYIOIIUKA B CIUIABE, B YCTOWYMBBIE BKJIIOYEHUS THUIA THAPUIOB, KOTOPbIE MEHEE
BpeAHbI, 4eM caM BojopoA. Kanpumii, KpomMe TOro, yMEHbUIAET, MOJAOOHO OEpUILIHIO,
OKHUCJISIEMOCTh MAarHUEBBIX CILJIABOB.

CmnaBbl cuctem Mg—Mn (MJI2) u Mg—A1—Zn nepen 3anuBKodM B (OpPMBI
Moaupuuupytor. [lpu nuThe B 3eMisiHbIE (POPMBI OTIMBKM U3 HEMOJIU(DHUIIMPOBAHHOIO
pacriaBa UMEIOT TpyOO3EpHUCTYIO CTPYKTYPY U MOHUKEHHbIE MEXaHUYECKHME CBOWCTBA.
MoaudunmpoBaHiue MarHUEBBIX CIUIABOB MPOU3BOJIAT JBYMSI METOAaMMU:

Ta6numa 4.15 - MonuduinmpoBanue CruiaBoB cuctemMbsl Mg-Al-Zn.

MoaupuuupoBanue MarHe3uToM

Onepanunn Conepxanue onepauui
1.ITonroroBka 1.3menbunth HA Kycku A0 pasmepa 10-25 mm Marsesur,
MoauduKaTopa. npocymnts npu temneparype 150-200 °C.

2.01Becuth B kommuecTse 0,25-0,3% 0T MacChl IIUXTHI.
3.IIporpeth npeaBapUTEIHLHO OUUIIIEHHBIN KOJOKOJIBYUK U
3QJI0KUTh B HETO HaBECKYy Moudukaropa.

2.MouduinrpoBaHue. 1.MaruuBsbie CILIaBbI MIPOMBIIIIIEHHON YHUCTOTHI,
NPUTOTOBJICHHBIE ¢  mpuMeHennem  ¢moca BU2,
MOTUPUITUPYIOT npu TEMIIepaType 720-740°C.
Honyckaercss ~ MmomuduiupoBate  npu  740-780°C.
MarunueBbie CrjiaBbl NMPOMBINIJICHHOW WA TOBBIILIEHHOU
YUCTOTHI, PUTOTOBJIEHHBIE ¢ IpuMeHeHueM QurocoB DJIS
u OJI1, moguduruporats nipu 740-780°C.

2.Ilporpy3uTh KOJOKOJBbUYMK B CIJIaB NPUMEPHO Ha
MOJIOBUHY ~ TUIYOMHY  THIJIA. [TpoaomKUTENBHOCTh
MoaudunupoBanus 8-10 MuH.

3.ITo mepe HEOOXOAUMOCTH TMPHUCHINATh TMOBEPXHOCTH




pacruiaBa ¢IrocoMm.
4.Cnenytoias ornepanus — pauHupoBaHue.

MoauduuupoBaHue MeJjIoM

1.IToaroroBka 1.IIpocymuts ipu Temneparype 150-200°C mogudukaTop,
Mo u(pUKaTopa. M3MOJIOTh U NPOCEATH uepe3 cuTo ¢ ssuerikamu 0,2-0,5 Mm.
2.01Becutsh B koauuecTse 0,5-0,6% OT MacChl IIUXTHL.
3.TmarenbHO IPOrPETh KOJOKOJIBYHUK U 3aJI0KUTHh B HETO
HaBECKy Mou(dUKaTOpa.

2.MoauduiupoBanue MoaudunupoBanue mnpousBogaT npu 740-780°C B
teyeHue 3-5 muH. [lo Mepe HEOOXOIUMOCTH MPHUCHINATH
3epKaJio cruiaBa GIrCcoM.

MoauduuupoBanue neperpesom

1.PapunupoBanue. PacnimaBneHHyro MUXTy TOBECTH A0 TeMnepaTrypsl 720-
740°C u padHUPOBATH.
2.MoaudunupoBaHue. [Tocne padbunupoBanus NOAHATH Temmneparypy 1o 830-

860°C npu minaBKe B CTAllMOHAPHBIX TUTJIAX U J10 850-
900°C npu nnaBKe B BBIEMHBIX TUTJISIX.

BriaepxaTh npu yKa3aHHBIX TEMIIEpaTypax B
CTallMOHAPHBIX TUTJISAX 15-20 MUH ¥ B BBIEMHBIX TUTJISX
10-15 mumH.

N3BecTHBI TpU OCHOBHBIX CIOCO0OA TUIABKM MarHUWEBBIX CIUIABOB: B CTAIIMOHAPHBIX
TUTJISIX, BBIEMHBIX THUIJISIX U KOMOMHMpPOBaHHBIE CHOCOOBI (OTpa)kaTeibHasl MEeUYb-TUTEIIb
WJIU UHJYKIMOHHAS TIeYb-TUTEIh).

Cxema TpPUTOTOBJICHUSI MArHMEBBIX pACIUIaBOB TMOYTH OJIMHAKOBA JJI BCEX
CIOCOOOB TUJIABKH, HO HMMEIOTCA pa3iuuvsg B OOOpYJOBaHMHM, METOAAX 3aJUBKH U B
crienuuUecKrux 0COOCHHOCTSX (PIIFOCOB, KOTOPBIE MTPU ITOM MTPUMEHSIOT.

Jl1st Bcex crmocoO0B XapaKTepHa ClenyIomas mocaea0BaTeIbHOCTh MPUTOTOBICHUS
MarHMeBOTO CIUIaBa: pAcCIUIaBlIEHHWE MO/ TMOKPOBOM (uitoca, meperpes, paduHUpOBaHUE,
MOAU(PUITUPOBAHUE U PA3IIUBKA.

Tabnuma 4.16-IIpurotoByieHne npeaBapUTEIbHBIX U MPOMEKYTOYHBIX CIUTABOB CUCTEM Mg-
Mn u Al-Zn B MHIYKIIMOHHBIX M€Yax

Onepannuu Conepxanue onepanuin

1 ITogroros- | CraliiOHapHble TUTJIM OYUCTUTH OT OCTATKOB MeTaia, ¢uroca Hu
Ka TUIJIS K | IOABEPHYTh KOHTpoito. Ilepmoanueckuii KOHTPOAb THUIJS TPOU3BOMAST
TJIaBKeE. yepe3 Kaxpie 48-7249 padoTsl. [Ipu oOHapyKeHUN 3HAYUTEITHHOTO 00IIEro
WM MECTHOTO YTOHYEHHS CTEHOK M JHA TUIJIA OYEPEIHOM KOHTPOJIb
MPOU3BOIAT uepe3 Kaxkble 244 HempepbiBHOW paboThl. CBapHBIC TUTIIA
Iepe Ha4yajioM IUIAaBKU MOJBEPratoT OTMOYKE. THUriu eMKOCTho 10 70 Kr
MOKHO OYHINATh B TOPSIYEM COCTOSSHUM CUHIATKaMU. OUYUIIICHHBIA TUTEIb




MTOJIBEPTat0T KOHTPOJIIO

2 IlogorpeB
THUTJISL.

Harpets turens g0 remHo-kpacHoro kanerus (~500 °C)

3. 3arpy3ka
dmaroca B
TUTEb.

[Ipuchinarh CTEHKH M JHO THUIJIS MOPOIIKOoOpa3HbIM (uirocom DJIS mmm
BW2 npu npuroToBiIeHUM CIUIABOB MPOMBIIUICHHOW YUCTOTHI U (DIIFOCOM
@®JIS npu OpUTOTOBJIIEHUH CILUIABOB MOBBIIIEHHOW YMCTOTHI U3 pacueta 0,1-
0,25% ot maccel muxThl. [Ipy mIaBke CIjIaBOB MPOMBIIIJIEHHON YUCTOTHI B
BBIEMHBIX THUTJISIX MOKHO ynoTpeOsTh duroc B3

4. 3arpy3ka
IIMXTHI B
neYb.

[luxTy 3arpyxaroT 0e3 momorpeBa B THUreiab (0€3 >KHMIKOTO MeETalia).
[Tocnenyromue nopuuy TBEPAOH IMUXTHI 3arpyXaroT MOCIE €€ MOAO0rpeBa
no Ttemneparypbl He HmWke 120°C. Ilopsimok 3arpy3Kd IIUXTHI TPU
IPUTOTOBJICHUM IPEIBAPUTENBLHOIO CIlJIaBa: BO3BPATbl, MarHWi, JUraTypa
QIIOMUHMI-Maprasel, aJlOMUHUN; TpU OPUTOTOBICHUHM IMPOMEKYTOUHOTO
CIUIaBa: €CJIM IIMXTAa COCTOUT U3 BO3BPaTOB M IPEIBAPUTEIBHBIX
(mepBUYHBIX) CILIABOB, TO CHayaJla 3arpy»KatoT BO3BPATHI.

5.Pacmiasne

1 .IlpuchmaTh 3arpyK€HHYIO MIKUXTY HOPOIIKOOOPA3ZHBIM (PIIFOCOM.

HUE MeTana. | 2.PacriaBuTh MIMXTY W JAOBECTH TeMIeparypy s cmiaBa MJI2 no 760-
780°C, crmraBos MJI3, MJI4, MJI4m u, MJI5, MJI5t 4, MJI50.1, MJI6 no
700-720°C.

6.Beeneuue | 1.Beectm B cmmaBel MJI3, MJI4, MJIS, MJISmu, MJISo.n, M6

B pacIuiaB MeTaUNIMYeCKUil ITUHK, nogorpetsiit 10 120°C, u murarypy Al-Mn unu Mg-

JETUPYIO- Al-Mn.

1111704

100aBOK.

7.Padunupo | [Ipu remneparype 700-720°C npousBectu paduHupoBanue (Ipu BBEIACHUH

BaHMUE. B craB Oepwunss B Buae ¢ropOepwiaTa HaTpus TeMIieparypa
padunupoBanus nossimaercs 10 730-750°C)

8.0100p [Ipu nnaBke npeaBapUTEIILHOTO CILJIaBa B3SITh MPOOY Ha CIIEKTPATIbHbBIN WU

poOBL. xuMuueckuit ananus. [Ipu miaBke MPOMEXYTOUHOrO CIJIaBa B3ATh MPOOY
Ha CIIEKTPaJIbHBIN IKCIIPECC-AHAIINS.

10.BeicTan- | JlaTh criaBy OTCTOSATHCS B TeueHHWe He MeHee 15 muu mpu 720-740°C. B

BaHUE WHAYKIIMOHHBIX T[I€Yax TeMIeparypa cCIUlaBa NpU OTCTAMBAaHUU MOXKET

CIUIaBa. nocturath 760°C.

14.PaznuBka | [Ipu 650-740°C pas3nuth mpeABapUTENbHBIN CIUIaB B M3JI0KHUIIBI,

CILUIaBa nojgorpeteie 70 Temneparypsl He MeHee 120°C. IIpomexxyTouHBIN CIIiaB

NEepeNuTh B TOJITOTOBJICHHBIE W TIOJOTPETHIE TUTIIM Pa3laTOYHBIX TMeuei
(pa3mTMBOYHBIMH KOBIIAMH WJIM HETIOCPEICTBEHHO U3 THUTJIS, WIIH 3aKPBITHIM
CocO0OM C MOMOIIBIO HACOCa WIJIM CU(POHHOTO MPUCTIOCOOJICHHUS ).

Tabnuua 4.17 - IlpuroToBieHne NpeABAPUTENBHBIX M MPOMEKYTOUHBIX CIUIABOB CHUCTEM
Mg-Mn u Mg-Al-Zn B oTpaxaTenbHbIX NeYax.

Omnepauuu Cojnepxanue onepanuin

1.ITonorpes | [leub, OuMIllEHHYIO OT MPEABIAYLIEH IUIABKH, HArpeTh A0 TEMIIEPaTyphI
TIEYH. 750-850°C.

2.3arpy3ka | 3arpy3uth ¢aoc tuna OJIS wim BU2 npu npuroToBieHUM CIIaBOB




dbmroca s

IIPOMBIIUICHHOW 4YUCTOTBI M THna @OJIS npu NpUrOTOBIEHUHM CIUIABOB

OPOMBIBKM | OBbIIEHHOU YUCTOTHI (0,3-0,5% 0T Macchl MIMUXTHI).

noja.

3.ITogorpes | [logorpers muxty A0 Temmneparypbl He meHee 120°C Ha Qopkamepe meymu.

IIUXTBHI. JlommyckaeTcsi 3arpy’kaTh IIUXTY B Ne4Yb 0€3 MOJOrpeBa, €Ciau B HEW HeT
pacIuIaBJIeHHOTO MeTaJljia win (iroca.

43arpy3ka | llluxty 3arpyxaroT B CIEIYIOLIEM IMOPSAKE: BO3BpAThl, MarHUi, JMraTypa

OCHOBHOM Al-Mn, amromuHMil (IpH 3arpy3ke HIMXTHl B JBa IpHEMa BTOPYIO YacTh

4acTu 3arpy»KaroT IOCJE pacIljIaBJIEHUs IEPBOM).

IITUXTHI.

5.3arpy3ka | [Ipuckmarh muxTy (irocoM B KommdecTBe 2-3% OT MacChl MUAXTHI.

dbmroca.

6.Pacnasne | 1.Ilocne BkItOUEHHS BCEX rOpENOK HavaTh IJIaBKY, HAOI01ast 32 €€ XOJ0M

HUE [IUXTHI. | Y€pPE3 CMOTPOBOE OKHO.
2.JloBectu Temriepatypy npu npuroTtosienuu ciiaBa MJI2 no 750-780°C u
IIPU PUTOTOBJICHUY CIUIABOB, JISTUPOBAHHBIX alfoMuHUEM 10 690-720°C

7.Beenenne | 1.BBectu B crutaB MJI2 murarypy Mg-Mn, MeTaiuindyecKuii MapraHen Win

B CIUIaB | XJIOPUCTHIN MapraHen.

octaibHbIX | 2.1Ipy maBke OCTaJbHBIX CIUIABOB BBECTHM METANIMYECKUNA LUHK H

JeTHu- murarypy Al-Be (wnu nuratypy Al-Mg-Be)

PYIOIINX 3.Ilocne BBeaeHUs [J00ABOK OYHMCTHTh IIOBEPXHOCTh paciuiaBa oOT

100aBOK. 3arpsi3HEHUI U MPUCKHITATh CBEXXKUM (ITFOCOM.

8.Padunupo | [Iposectn padunupoBanue npu 700-720°C, mnociae Yero OYUCTUTH

BaHMUE. MOBEPXHOCTH CIUIABA M MPUCHITIATh CBEKUM (DITFOCOM.

90160p B3sTh npoOy Ha crieKTpanbHbIN SKCIpecc-aHaIN3.

POOHI.

10.BeicTau- | ath cruiaBy otcTosThes npu 720-740°CB TeueHue He MeHee 15 muH.

BaHUE

CIUIaBa.

11.PaznuBka | [locne mnomyyeHuss aHanu3a 4Yepe3 JIETKY CTAlMOHAPDHOW TI€YH WJIU

CILJIaBa. HAaKJIOHOM T[IOBOPOTHOM TI€YM PAa3JIUTh NPEABAPUTEIbHBIN CIJIaB B
nmojorpeTeie 0 Temmeparypel  He  MeHee  120°C,U3IO0KHHUIIBL,
IPOMEKYTOUYHBIN CIIaB- B BBIEMHBIE TUTIIH, TTojtorpeThie 10 ~500°C,

12.0unctka | YaamuTh U3 €YU OCTABIIUKCS CIUIAB M OUUCTHTH €€ OT (hIroca 1 Ijaka.

neyu

Tabmuua 4.18 - IlpurortoBienue pabouux criaBoB cucreM Mg Mn u Mg-Al-Zn B
CTallMOHAPHBIX CTANBHBIX JTUTHIX TUTJISAX

Onepanun

Coneprkanue onepamui

1.IloaroroBka TUTJIEH K

IIJTaBKCE.

OuucTuTh U IMOABCPIHYTh THUI'CJIb KOHTPOJIIO.

2.Ilonorpes Turneil.

HOI[OI’peTB TUTJIN 1O TCMHO-KPAaCHOI'O KaJICHHAA.

3.3arpy3ka

IPOMBIBHOM TUTENH No 3.

dbmoca B | 3arpy3uth B Turenb ¢uroc Ne 2 wim BU2 B konuuectBe

npuMepHo 90 % emMKkoCTH THTIIS.

4. 3arpyska

dbmoca B | [Ipuceimate crenku u gHo THris durocom BU2 wnm tuna




cKkpanHou turesb Ne 1.

®JI5 B kommuectse 0,1-0,25%.

5.3arpy3ka  WUXTBl B
CcKpanHou turesb Ne |

3arpy3uTh B CKPAITHOW THUTENb MPEABAPUTEIBLHO MOJIOTPETHIC
BO3BPAThI.

3arpyKe€HHYIO MUXTY MPHUCHITIaTh GarocoM B komnuectse 0,5-
1,5% oT Macchl MIMXTHI.

6.PaciuiaBnienne Quroca B
IpOMBIBHOM THrIe Ne 3.

PacmaButh Quiroc m moBectH ero Mo temmeparypsl 750-
850°C.

7.PacmiiaBneHue NImxThl B
ckpanHoM turiie Ne 1.

PacniaBuTh MIUXTY U 1OBECTH €€ A0 TemnepaTtypsl 680-720°C

8.PadunupoBanue

1 CHATp MOOOrpeToi JIOKKOW 3arpsi3HEHUS C MOBEPXHOCTH

MEeTajula B  CKpPAlHOM | CIIJIaBa U MPUCHINATH CBEKUM (PIIFOCOM
turie Ne 1. 2 PadunupoBaTh B TeUeHHUE 3-5 MUH.
3 CHATb C NOBEPXHOCTH pacilaBa MIJIaK W IPUCHIIATH
dbarocoM.
9.3arpy3ka  ¢moca B | [Ipuceimate creHku u nHO TUras ¢aocom BU2 wnm tuma
pa3naTtouHyro neyp No 2 ®JIS5 B konmmuectse 0,1-0,25% 0T Macchl NIMXTHI.
10. [IlepenuB xwuuakoro | Hamomuuts turens (mpuMepHo Ha 2/3 €ro €MKOCTH)

CIUIaBa B Pa3JAaTOYHYIO
meub No 2.

pa3naTouHou reun Ne 2 KUAKAM CIiaBoM u3 ey No 1.

11.Jorpy3ka IUXTOU
ckparnHoi neuu No 1.

3arpy3uth B I€Yb MPEABAPUTEIBHO MOAOTPETHIE BO3BPATHI,
3aTeM MOBTOPUTH onepanuu 7 u 8.

12.3arpy3ka TBEPAOU
HIUXThl B Pa3laTOYHYIO
neub No2.

I.Jlorpy3uTh pa3gaTOuHyl T€4b MOJOTPETHIMU YYIIKAMHU
NEPBUYHBIX WIH MPEABAPUTEIILHBIX CILJIABOB.

2.PaciuiaBuTh MIUXTY W JOBECTH €€ 10 Temmeparypbl 700-
730°C, ecnu TpeOyeTCsi BBECTH OCpHILTUH.

13.MoauduipoBanue.

MoauduuupoBaTh CIJIaBbl, COAEpPKAUIME ATIOMHHHUMN, MpHU
temneparype 700-730°C

14.PapurrpoBanue.

IIpoBecTu paguHpoBaHHe

15.0t60p  mpoOBl  Ha
CTPYKTYpPYy H3JIOMa W Ha
XUMHYECKUU aHaINn3.

Yaanuth ¢ TOBEPXHOCTH INUIAK, B3ATh TEXHOJIOTMYECKYIO
npo0y u mnpoOy g CHEKTPATbHOTO U XUMHYECKOTO
aHAJIM30B, MPUCHINATh MOBEPXHOCTh CBEXUM QurocoMm. [Ipu
HECOOTBETCTBUH M3JIOMa TEXHOJIOTHYECKOU MPOOBI TOBTOPUTH
orepanuu MoAUGUIIMPOBAHUS U paQUHUPOBAHMUS.

16 Ilomorpes cruiasa. JloBectn  Temmeparypy —CiuiaBa 10 TEXHOJOIMYECKHU
HeoOxoaumoi (He Hke 760°C)
17 BeicTauBanue cruiaBa. | JlaTb  cIlaBy  OTCTOSITbCSI  MpH  Hawbojiee  BBICOKOMU

TeMmrneparype He MeHee 15 muH.(HO He Ooznee 30 MuH) B
3aBUCUMOCTH OT TJTyOWHBI BaHHEI.

18 PasnuBka cruiaBa IIO
dbopmam.

PaznuBKy crjiaBa mpou3BOJAT C MOMOUIbIO MPUCTIOCOOTCHUI
1o TpyOam Win KOBIIAM

[Tpumeuanue: He pexe yem depes 48 4 paboThl, HO HE Oosiee uepe3 20 mIaBoK (CIUIaBOB)
BBIYEPIIaTh BECh (DIIFOC U3 TUTJIA U 3aMEHUTH €T0 HOBBIM.




Tabnuna 4.19 - [Ipurotosnenue paboynx criaBoB cucteM Al-Zn B BBIEMHBIX TUTIIAX

Onepanuu

Copnepxanue onepanuim

1.IlogroroBka TUTJIS.

O“IHHIGHHI)Iﬁ u HpOBepeHHLII‘/’I TUT'CJIb YCTAHOBUTDL B IICYb.

2.ITogorpeB TUTIIS.

Harpets Turens no~ 500°C.

3. [loorpeB MKXTHI.

Harperts muxty 10 Temnepatypsl He Hrke 120°C..

[IpunbIIUTG CTEHKU M THO BBIEMHOTO TUTIA (prrocom Bu3
nmm tana OJIS npu mmaBke CHIaBOB IPOMBIIIIIEHHOM
yucTtoTel, B2 mnpm nmaBke CruiaBoB NIPOMBINIIIEHHOU
YUCTOTHI B TUIJISIX YaWHWKOBOro tumna, @JIS mpu rmaBke
CIUIaBOB MOBBIIIEHHON YUCTOTHI. ( KosnmyecTBo ¢uiroca 0,1-
0,25% OT Macchl NIUXTHI).

43arpy3ka ¢uroca B
THUTEIIb.
5.3arpy3ka  IIUXTHI B
eYb.

3arpy3uTh TBEPIAYIO MOJOTPETYI0 IIUXTYy B I€Yb WU
NEPEIUTh B THUIEIb PACIUIABICHHBIN MPOMEXKYTOUHBIN
CIUIaB W3 OTpPaXaTeJIbHOW WM HHIYKIHOHHOM IIEYH.
3arpy’K€HHYIO IIUXTY IPUCHINATH (DIFOCOM.

6.PacrtaBneHue NimxThl.

PacriiaButh mMXTYy M JOBECTH CIUIAB 1O TEMIIEPATyphl
700-730°C (M1 MOAOTPETh KUAKYIO IIUXTY /10 YKa3aHHOU
TEMIIEpaTyphl).

7.BBenenue 6epusuims.

Beectu nmurarypy Al-Be unu Al-Mg-Be npu 730°C, ecnu
3TO HEOOXOUMO.

8 MoaudurnupoBanue.

Moaudunuponats ciias (Tadu. 2.64)

9.PadunupoBanue.

[IpoBectn paduuupoBanue cruiaBa daocom Bu2, Bu3 u
@JI5 (tabmn. 2.63)

10.0160p npo0.

1.B3aTh ~ TEXHONOrMYECKyl0 Mpoldy U
CIIEKTPAJIbHBIN WJIM XUMUYECKUI aHAIN3bI.
2.1Tpu HECOOTBETCTBUM H3JIOMa MPOOBI YCTAHOBICHHOMY
ATAJIOHY MTOBTOPUTH Onepanuu §, 9.

npody Ha

11.BBenenue KaJblIUs
IIpY IUIaBKe cruiaBa Mun7-

1

Bectu HaBecky kanbiusg npu 760-780°C u  OTIUTH
MOBTOPHYIO TPOOY I CIEKTPAIBHOTO (XUMHUYECKOTO)
aHajImn3a.

12.ITonorpes 51
BBICTanBaHMeE CILIaBA.

JloBecT TeMIlepaTypy CIUlaBa JI0 TEXHOJIOTMYECKH
Tpedyemoit (He Hmwke 780°C.) W gaTh OTCTOATHCA B
teueHue 15-30 muH..

13.Pa3ziuBKka cruiasa.

Pa3nmuTe CcruaB ¢ MOMOIIBIO  MPUCHOCOOJIEHUH  WIH
HEMOCPEICTBEHHO U3 TUTJIS

Tabmuma 4.20 - [IpuroroBieHne pabounx CIIABOB, COACPIKAIIMX ITUPKOHUHN, B TUTEITHHBIX

rneyax.

Onepanun

Cojnepxanue onepanui

1.Iloaroroska TUTJIA.

HHaBKy MNPpOU3BOAAT B IIPCABAPUTCIBHO OYHUINCHHBIX OT
OCTaTKOB (1)J'IIOCa N CIlIaBa CTAallMOHAPHBIX MJIM BBICMHBIX
TUT'IIAX

2.1lomorpes Turius.

Harpets turens g0 ~ 500°C.

3.3arpy3ka ¢uiroca.

[Tpuceinmare n1HO U cTeHku Turis ¢aocom Bu2 B konuuecTse




0,1-0,25% oT Macchl IIMXTHI.

4.3arpy3Ka IIUXThI.

[[IuxTy 3arpy>arT B TBEPAOM BHUJE B CICAYIOIIEM MOPSIIKE:
OpyU TMPUMEHEHUU IIMXThl TOJBKO K3 CBEXHX METAIOB-
MarHui, rotoBblii cruiaB Mil0; npu npuMeHEeHUH BO3BPATOB
BO3BpaThl, MarHui, rotoBbid cmiaB Mnl0. 3arpy3ka B
pacIUiaBiIeHHBIM MeTayul TBEPAOM UIMXTHI JOMYyCKaeTcs 0
teMriepaTypbl He Hke 120°C.

5.PacmiiaBnenue
MeTasuia.

TBepayro MUXTY NPHUCHITIATh (IOCOM, BKIIOYUTH TE€Yb U
noBectH TeMiieparypy metramia g0 700-720°C (vwin noaorpeTh
KUIKYIO MTUXTY 10 YKa3aHHOU TeMITepaTyphl).

6.BBenenue B ciuiaB
IIUHKA, KaqMUsl, UHIUS
U OepuIUIHs.

1.O4KCTUTH MOBEPXHOCTh OT 3arps3HEHUM U BBECTH B CIIJIAB:
MeTaJJIMYeCKUi IMHK 1719 crutaBoB M8, Mu10, Mnl1l, Mnl2,
Mal5;xkanmuii nag criaBa Mn8, mHmuid 114 coaBa M9,
PacTBOPHUB MX Ha JIOXKKE.
2.CHATb C TOBEPXHOCTH 3arpsA3HCHUS M BBECTH OCpHILIHIA
(ecu 3TO HEOOXOIUMO).

7.PapunupoBanue.

[Tpu Temnepatype 720-740°C paduHHpOBaTH CIJIaB B TEUYEHUE
3-5 muH ¢ no6asnenuemM dutoca (1-2% OoT Macchl HIMXTHI).

8.BBenenne B cruiaB

JUTaTypPbl Mg-Nd,
MUIIMETAaJIA,
JaHTaHa,  JIUTaTyphl
Mg-Zr.

1.loBectn Temneparypy cmuiaBa 10 780°C u BBECTH Ha JIOXKKE
murarypy Mg-Nd B crmtaB Minnl0 , mummMerann B criaB Ml 1,
JIAaHTaH B cruiaB M l5.

2. IIpu Temneparype 780-810°C cHATh ¢ MOBEPXHOCTH CILJIaBa
3arpsi3HEHHBIA  (IIIOC, MPHUCHINIATh MOBEPXHOCTh CBEXKUM
¢darocoM, a 3aTeM 3arpy3uTh MO 4YacTAM Juratypy Mg-Zr.
Jluratypa noikHa OBITh NPEIBAPUTEIBHO MOJOTPETa J0
temriepatypbl He HUxe 120°C (pexomeHayeTcs MoaoTrpeBaTh
ee 1o 300-500°C). Ilpu BBegeHWM JUTraTyphl HE JOIMYCKATh
CHWKEHHE Temneparypel Hike 760°C (pekoMeHayeTcs He
CHWXaTh Temneparypy pacruiasa Hke 780°C). Ilocnenyromue
MOPLIMU JTUTATYPbl BBOJAT MOCJIE€ PACTBOPEHHUS MPEIBITYIIEH.

9.PapunupoBanve u
0oTOOp TP00.

1.IlpoBecT MHTEHCUBHOE MEpPEMEIIMBAHUE CIIaBa B TEUCHUU
5-7 MuH, pUCkINas TOBEPXHOCTh (IHOCOM.

2.B34Th TEXHOJIOTHYECKYIO IPOOY Ha U3JIOM.

3.IIpoBecTtu paguHUpOBaHKE CIIaBA B TCUEHUHU 5-8 MUH.
4.Boeigepxkath ciuiaB npu temneparype 780-800°C B TeueHumn
5-10 MuH 1 B35Th TPOOBI HA U3JIOM U CIIEKTPATIBHBIN aHAIN3.
5.B cnydae HEymOBIETBOPHUTEIbHONW MPOOBI HA H3JIOM
IIPOU3BECTU MOJAIIMXTOBKY pacruiaBa 1-2% muratypel Mg-Zr,
IPOBECTU MOBTOPHOE paUMHUPOBAHHE B TEUCHUU 5-8 MUH U
BHOBB B35ITh TEXHOJIOTHYECKYIO TPOOY.

10.OTcTanBanue.

[IpousBectn oTcramBanue crmiasa B TeueHue 20-30 muH npu
temneparype 780-800°C.

11.Pa3nuBKa criasa.

[Ipn ynoBIETBOPUTENBHBIX PE3YJbTATOB NPOOBI Ha HU3JIOM
JIOBECTH  TEMIIEparypy  CIlaBa [0  TEXHOJOTMYECKH
HE0OXO0JMMOM U MPOU3BECTHU PA3JIMBKY CIUIABA.




[Tpumeuanne . O0uwmit pacxox ¢uroca npu mnaBke u paduanpoBanuu 5-7%.

2.65. IlepensiaB CTPY:KKU MArHHEBbIX CILJIABOB.

Onepanuun

ConeprxkaHue onepanuii

1.IToaroToBKa CTPYKKH.

[IpocymuTs CTpyXKy B mIKady, Ha MPOTUBHE WJIM HHBIM
nytem npu temrepatype 120-200°C.

2. IloaroroBka THUTIIA.

1.Ctpy)xka MOXeT ObITh TMepeliaBjieHa B JUTBHIX WU
CBAPHBIX CTAJBHBIX TUIJISIX WIM B OTPAXKaTEIbHBIX II€Yax C
PYYHOU WJIM MEXAHU3UPOBAHHOW 3arpy3KOH €€ B I1eUb
2.04HUCTUTh THUTENb W TOAOIPETH €ro J0 TEMHO-KPaCHOTO
kanenus (~500°C)..

3.3arpy3ka ¢uioca.

3arpy3uTh NOPOIMIKOOOpa3HbI wuiu xkuakuid ¢aoc Bu2 B
konuyectBe ~10% mnpu pydHoi 3arpyske cTpyxke u ~20%
IPU MEXaAHU3UPOBAHHOM.

4 Harpes ¢uroca.

Harpets duroc go remneparypsr 650-720°C.

5.3arpy3ka CTpyXKH U
pacIuIaBIeHHE.

3arpy3uTh CTPYXKKY MEJIKMMHM HaBeckamu mno 3-10 kr,
nogaepxkuBasg temneparypy BaHHbel 600-700°C. Ilo wmepe
HE00X0AMMOCTH JOOABIIATh HAa MOBEPXHOCTH (hiroc Bu2.

6.Padunupoanue.

Padunuposars pacmias darocom Bu2 npu temneparype 680-
700°C.

7.0160p MIPOOHI.

Oto0paTh npoOy Ha XUMUYECKUI WIIA CIIEKTPAJIbHBIN aHAIU3,
a Tak)Ke Mpo0y Ha YUCTOTY CIUIaBa (10 U3JIOMY).

8.Pa3nuBka cruiaBa.

Paznute crutaB no u3noxxHuiam, HarpetsiM 10 120-200°C.

Taduunna
HemeTannnueckue MOAU(PUKATOPLI, MPUMEHsIEMbIE NIPH MJIABKE MATHUEBBIX
CILIABOB
Monudukarop dopmyna Cocras XapakTepUCTUK Haznauenue
a
Marsuesut MgCO; 42-48% MgO, | IlpocymuTs mipu s
49-51% COy(B 150-200°C mo | mozudurmposa

OCHOBHOM) U BJIQYKHOCTH HE HUS CIIABOB

IpyTrue JeTy4ne ooiee 1%. Mn3, Mn4,
npumecHu, 0.8- 3arpyarot M4y, Mns,

0.9% Si10,, KyCKaMu MnSmu, Mi5oH,
0.15-0.30% pasmepom 10-25 | M6, Mn7-1
FeO, 0.5-2.6% MM
CaO,n0
2% mpounx
IIpUMECEN
Men CaCO; Mapku A IIpocymuts ipu To xe
150-200°C n0
BJIQYKHOCTH HE
6onee 1%.
H3monoTe u




MPOCESITh Yepe3
CHTO C
sueirikamu 0,2-
0,5 mm

Yraekucipii ras CO, - [Ipocymuts 10 To xe
BJIQYKHOCTH HE
oonee 1%

["excaxyopaTan C,Clq - - To xe

B nmensx mnoBbIIEHHS KOPPO3MOHHOM CTOMKOCTM M MEXAaHMYECKHUX CBOWCTB
MarHueBbIX CILJIAaBOB pa3pabOTaHO HECKOJIBKO CIOCO00B 00paOOTKH HUX B JKUJIKOM
COCTOSIHMM, HalpHUMep CHoco0 MOocienoBaTeIbHONM 00pabOTKM BaHHBI KHUJIKOTO CIUIaBa
KaJIbIIUEM M TeKCAaXJOpPAITAaHOM. YKa3aHHYI0 00paOOTKY OCYHIECTBIISIOT IO CIEAyHOIIen
texHosoruu. Kansimit B konuuectse 0,1% BBOJAT B CILJIaB MOCiE €ro padhUHUPOBAHUS TIPU
temneparype 750°C. HaBecky KanblHs TOMENIAIOT B KOJOKOJIBYUK, KOTOPBIN MOTPYKAKOT B
craB Ha 2/3 rioyOunbl Turig. Yepes 10 MuUH mocie BBEIEHUS KajbIUsl CILJIaB
oOpabaTbiBalOT  TekcaxyiopaTaHoM  mpu  Temneparype  750—780°C.  Hasecky
rekcaxjopataHa B komudectBe 0,07—0,1% oOT macchl MIMXTHI 3aBOPAYMBAKOT B aAJTIOMU-
HUEBOIO (DOJIBIY WUJIM TOHKYIO OyMary ¥ MOMENIAl0T B KOJOKOJIbYUK, KOTOPBIA MOTPYKAIOT
Takke Ha 2/3 rioyOMHBI TUIJIS W 3aTEM IepeMelmaroT B HeM [lo OkOHYaHMM peakuuu ¢
MOBEPXHOCTH CIUIaBa CHUMAIOT IIUIAK, CIJIaB MOKPHIBAIOT clioeM (hJiroca B 3aBUCUMOCTU OT
TOr0, KaKOW MPHUMEHSIOT THUT€lIb — CTAlMOHApPHBIM WM BbleMHbIM. CIJIaB B THIJIE
NOJIBEPraloT KpPaTKOBPEMEHHOMY padUHUpOBaHUIO B TeueHue |—1,5 wMuH 1pu
BMectuMoct Tt okoso 300 xr). Ilocme mnoBTOpHOrO padUHUPOBAHUS CIUIAB
BBIJICP)KMBAIOT B TEUEHHUE 15 MUH; MOCIe Yero OH TOTOB K pasiuBKe Mo (opmam.
[TocnenoBarenbHass 00pabOTKa MAarHMEBOTO CIJIaBa KaJbIIMEM M TEKCaXJIOPITAHOM
MOBBINIAET IUIOTHOCTh OTJIMBOK W MO3BOJISIET PE3KO YIYUIIUTh UX MEXAaHUYECKUE CBOMCTBA.
MarnueBble CIUIaBbl B MPOIECCE UX TUIABKM M PA3JIMBKU TOTJIONIAIOT camoe OO0JbInoe
KOJIMYECTBO BOJIOPOJia IO CPaBHEHUIO C JIOOBIM U3 paHee PACCMOTPEHHBIX CILJIaBOB
IBETHBIX METAJUIOB. Hampumep, eciv B allOMUHHUEBBIX CIUIABaX COAEPKaHUE BOJIOPOIA
cocrasisger 1—5 cm® Ha 100 r CIUIaBa, TO B MAarHMWEBBIX CIUIaBaX KOJHMYECTBO BOJIOPOAA
MOXeT nmoxoauTh 1o 20—30 cm® Ha 100 r cruiaBa. Hcxonga u3 mpeacraBieHus O METOJax
Jerazaiy aJlOMUHUEBBIX CIJIABOB, CJIEAYET MPEANOJI0KUTh, YTO MAarHUEBBIE CIUIaBbI
MOXHO JIeTa3upoBaTh TEMHU K€ CIOcoOaMu, 4TO M aJlOMUHHEBBIE. B mocienHee Bpems
MpOBEJIEH psia paboOT, KOTOpPhIE MO3BOJUIM YCTAaHOBUTH BO3MOXXHOCTH pPaUHUPOBAHMS
MarHMeBbIX CIJIABOB TMPU TOMOIIM TMPOAYBKM HMX B PaCIUIaBJICHHOM COCTOSSHUHU
HEKOTOpbIMU Ta3zaMu. Hanboiiee mpoBEepeHHBIM CITOCOOOM Jera3allii MarHUEeBBIX CILIAaBOB
OKa3aJCcsi METOJl MPOJIYyBKM YEpe3 pacillaB MHEPTHBIX Ta30B (Teius, aproHa), a TaKxke
XMMHUYECKU aKTUBHBIX T'a30B XJIOpa U a30Ta.

HuskoremnepaTypHble CIJIABbI

K »TuM cnmaBaM OTHOCSTCS CIUIaBbl Ha OCHOBE LHMHKA, OJOBa M CBHHIIA.
JlerkomiaBkue CIUIaBbl MOXKHO MOJAPa3JeiuTh Ha aHTUQPUKLUHUOHHBIE, MPUION U




tunorpadckue. CriaBpl Ha OCHOBE 0JI0Ba M CBHHIA (0a0OWTHI) MPUMEHSIOT TJIABHBIM
00pa3oM Kak aHTU(PUKIIMOHHBIC JJIs1 3aJIMBKHU TIOIITUTTHAKOB.

L[I/IHK H CT0 CIIJIaBbl

TexHuueckn 4YUCTHIA MMHK 00Ja/aeT YJOBJIETBOPUTEIBHBIMU MEXaHUYECKUMU
CBOMCTBaMHM, XOPOIIO MOAJIAETCA MPOKAaTKE, MPECCOBAHUIO, BOJOYEHHUIO M IITAMIIOBKE B
XO0JIOHHOM cocTosiHuM, a Takxke mpu 130-170°C. LIuHK MMeeT BBICOKYI0 KOPPO3UOHHYIO
CTOMKOCTh B aTMOC(EpHBIX YCIOBHUSIX U B MPECHOW BOJE, IMOATOMY €ro IIUPOKO
WCIIOJB3YIOT JJISI 3allUTHBIX MOKPBITUN KPOBEJIIBHOTO Kejle3a W U3Jeaud u3 Hero (0aku,
BEJpa).

I'OCT 3640-79 npenycMaTpuBaeT BBINYCK JA€BATH MapOK IIMHKA, OTIMYAOLIUXCS
coziepkaHueM npumeceil. Bpennbie npruMecH: 0J0BO, CBUHEII, KEJIE30.

Bausinue npumecei

[IpakTudecku HE pacTBOPSETCS B TBEPAOM IUHKE; U yXKE MPHU
COJIEpKAHUU €Tr0 B COTHIX JIOJISIX IPOIICHTOB BBIJACISACTCS M3
pacTtBopa B BujAe ABOiHOU serkoruiaBkoi (198°C) sBrekTukw,
pacrnojararoueicss Mno TIpaHULAM 3€peH, YTO 3aTpyIHSET

A 4

ropsuee ngedopMupoBaHHe I[HMHKA. [Ipu OAHOBpEeMEHHOM

OnoBo
MPUCYTCTBUM OJOBa M CBHHIIA oOpasyercs euie Oosee

nerkorutaBkas (150°C) »BTeKkTHKA, KOTOpas JejaeT Tropsdee
nedopMUpOBaHHE HEBO3MOKHBIM.

3ajep:kuBaeT  Mpomecc  PeKPUCTAJLUIM3AIMM  IHHKA,

Keae3o

MNOBBIIIIACT TBEPAOCTDH H yBEC/IMYMBACT XPYIKOCTD,

v

yXyamaeT moJImpyemMocCTb

Kagmnii
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YBenuunBaeT TBEPAOCTh

Temnepatypa miaieHus nuHka 419°C, kunenus - 907°C. ITnotHocTh 1uHKa 7,14
/M. UHCTBIH UHK WCIIONB3YIOT, B OCHOBHOM, B BHAE HonydhaGpHKaToB (IIOJOC, JIMCTOB,
IJIACTUH) B TOJUTPAPUYECKON U DJIEKTPOTEXHUYECKOW MPOMBIIUICHHOCTH. OCHOBHYIO
Maccy JIMCTOB WCIOJB3YIOT JJii M3TOTOBJIEHUS MAalorabapuTHBIX HMCTOYHUKOB TOKA,
TUTIOTPA(CKUX KIHIIE U TPUTOTOBJICHUS PAa3IMUHBIX CIIJIABOB.

DacoHHbIE OTJIMBKH U3rOTaBIMBAIOT U3 IUHKOBBIX CIUIABOB, KOTOPBIE B 3aBUCUMOCTH
OT Ha3HAYCHMUS JCISAT HA TPU TPYIIIIHL:

-CILIABBI ISl JIUThs oA AaBjennem ('OCT19424-74);

-anTu(PpuKkuMoHHbIe ciiabl (OCT7117-62);

-TUNOrpadcKue.

Huskas Temmeparypa IUIaBJeHHST W 3aJMBKH CIUIABOB HA OCHOBE I[MHKA TIPH
CPaBHUTEJIILHO BBICOKMX MEXAHMYECKUX CBOWCTBAX M TMPEBOCXOAHAS KHUIKOTEKYUeCTh
cieaIu X OCHOBHBIMHM CIUTABAMH JIJISl JTUThS MO JaBJICHUEM U B KOKHUJIb.

[{uHKOBBIE CIUIaBBI HWCIOJB3YIOT JJIsi JIUThs HEOOJBIINX KOPITYCHBIX JeTajeH,
JEKOpAaTUBHBIX JeTaied. Ilpu JHUThe HUHKOBBIX CIUJIAaBOB II0OJ JAaBJICHUEM IOY4YaloT



OTJIUBKM C TOYHBIMHU pa3MepaMu M He TpeOylollee nanbHelieil oOpaboTku pe3aHueM, B
TOM YHCIIE U PE3BOBbI.

[{vHKOBBIE CIUTaBBI HENb3s UCIOJIB30BATh MPHU MOBBIIIEHHBIX TEMIEPATypax, TaK Kak
yxe npu 110°C npounocts camxkaercs Ha 30%, a TBepaocts — Ha 40%. Huxe 0°C crutaBsl
CTaHOBSITCS XPYIKUMH.

[{vHKOBBIE CIIaBBI SIBJISIFOTCS 3aMEHUTEISIMU OJIOBSIHHBIX OpPOH3 U MajlOOJIOBSIHHBIX
0ab0UTOB B y371aX TPEHHS

OCHOBHBIMHM  JIETUPYIOIIMMU  3J€MEHTAaMH B I[IMHKOBBIX CIUIaBax SIBISIIOTCS
AJIIOMUHUN U MEJIb.

AmmomMuHuil (2-4,5%) NOBBIIAET KUAKOTEKYYECThb, U3MEIBYAET MAKPOCTPYKTYPY,
NOBBIIIAET MEXaHUYECKHUE CBOMCTBA M CO3JAE€T HAa IMOBEPXHOCTH 3aLIUTHYIO OKHCHYIO
IUIGHKY, KOTOpas 3aldilaeT MaTepuan mpecc-GopMbl M3 UYyryHa U CTajld OT
IPWIAIIAEMOCTU U Pa3beIaHUsl CILIABOM.

Menb (0,75-4,0%) mnoBbIIIa€T MEXAaHMYECKHWE CBOWCTBA U TBEPAOCTh CILIABOB.
HaubonbImas mpoyHOCTh M TBEPIOCTh MOTydaeTcs npu coaepxkanuu meau 1,25%. Oqnako
COBMECTHOE JIETUPOBAHUE IMHKA AJFOMUHUEM W MEIBIO BBI3BIBAET MEKKPUCTAILUIUTHYIO

KOPPO3HIO.
HoGaBku B crutaBel mMarausi  (0,03-0,06%) yMmeHBIIAIOT CKJIOHHOCTh HUX K
MEKKPHUCTAJUINTHOM KOppo3uHu.  bonee BBICOKHME COJEpPXKAHUS MarHusl BbI3BIBAIOT

ropsi4eJIOMKOCTh OTIMBOK. Meab M0oA0OHO MarHuio 3amemiser kopposuwo. Ho,
NPUCYTCTBYH BMECTE C aJIOMHMHHEM, MEIb BbI3BIBA€T W3MEHEHUE pa3MEpOB IOCIE
OTJIMBKM B PE3yJIbTAaTE €CTECTBEHHOI0 CTApeHHs, KOTOpOE IPUBOAUT K MOTepe
IMPOYHOCTH ¥ M3MEHEHHI0 pPAa3MEpPOB. YCTPaHEHHE DOTOr0 SBJIECHUS YaCTUYHO
AOCTHUraeTcsi HI3KoTeMIepaTtypHbIM oTxurom (npu 70-95°C) B teuenue 3-10 yacos.

JUis  OTIMBOK K KOTOPBIM TMPEABABISAIOTCS TOBBIIICHHbIE TpeOOBaHMUS K
CTaOUJIBHOCTH Pa3MEpOB U MEXAHMYECKHX CBONCTB BO BPEMEHHM, MPUMEHSIOT CIUIaB 0e3
MEJIN.

JUIst TATHA 1O 1aBJIIECHUEM HCIIONb3YIOT:

A4 — neranu, K KOTOPBIM MPEABSABIAIOTCA TPeOOBaHUS CTAOMIBHOCTH pa3MepoOB U
MEXAHUYECKUX CBOMCTB BO BPEMEHHU, & TAKKE MOBBIIICHHON KOPPO3UOHHOW CTOMKOCTH.

HHA4M1 — getanu cpeaHe MPOYHOCTH, ISl KOTOPBIX CTAOMIIBHOCTh UX Pa3MepoB U
MEXaHUYECKUX CBOMCTB BO BPEMEHHU HE SIBISIETCS PEIIAOIICH.

I{A4M3 — neranu MOBBIIIEHHON MPOYHOCTH, JJIsl KOTOPBIX CTAOMIBLHOCTH Pa3MEPOB
HE SIBJISIETCS] PELIAIOIIEH.

IloMMMO LHMHKOBBIX CIUIABOB, NPEAHA3HAYEHHBIX JUISl JINThSl TOJ JABIICHHUEM,
HAXOJAT MPUMEHEHUE aHTU(PUKLIIMOHHBIE [IMHKOBBIE CILIABHI.

HAM10-5 — 0OAMMIHUKKA W BTYJIKH METAJUIOPEXKYIIUX CTAHKOB, HEOOJBIINX
MIPECCOB M MPOKATHBIX CTAHOB, pa0OTArONIMX MpH HeOosbmuxX AaBieHusx (mo 20MIla) u
npu Temrieparypax He Boimie 80°C.

IMAM9-1,5 - noAUIMITHUKYA HOABUKHOIO COCTaBa.

AHTU(PUKIIMOHHBIE ITUHKOBBIE CIUIABBI CKJIOHHBI K 3acJaHUIO0 B Tape B IMape co
CTaJIblO, YTO OTPAHMYMBAET UX NPUMEHEHHUE MPU MaJIbIX AaBICHUSX. AHTU(PUKIIMOHHbIE
CIUIaBbI SIBJISIOTCS y3KOUHTEPBAIBHBIMU (15-20°C). M3 HUX MONyYaroT TUIOTHBIE OTIMBKY C
muHenHoM ycaakon 1,0-1,2%. CriiaBbl CKIIOHHBI K 00Pa30BaHUIO TOPSUUX TPEITUH.

CnJjiaBbl Ha OCHOBE 0J10Ba M CBHHIIA



CruiaBpl Ha OCHOBE 0JIOBA U CBUHIIA - 0200MTHI — MPUMEHSIOT TJIAaBHBIM 00pa30M Kak
aHTU(GPUKIIMOHHBIC JIJIS1 3aJTMBKYU TIOIITUITHUKOB CKOJIBKEHUS.

Haunbonee BbICOKMMM aHTUPPUKIMOHHBIMH CBOWCTBaMH obOsamaer 0about b83.
brnarogapst Huskomy 3HaueHuro Koddduuuenta Tpenus b83 mpumensercs s
W3rOTOBJICHUS MOJIIMITHUKOB MOIIHBIX ABHAIIHOHHBIX I ABTOMOOMJIBHBIX JBUTraTelICH.
Opmnako u3-3a Je(UITMTHOCTH OJI0Ba B TEXHUKE MPUMEHSIOT OoJiee JelIeBble 0a00MTHI Ha
OCHOBE CBHWHIIA, MEXaHMYECKHE CBONCTBA KOTOPHIX ITOBBIIIAIOTCS J00aBKaMU HHUKES,
MeJIM, KaJIusl, HaTpus, KaJblKs, HapuMep, KajJabluueBblil 6a60uTr BKA

3HauyuTeIbHAS YACTh OJIOBA PACXOAYETCS IS M3TOTOBJICHHS MSITKHX INPHIIOEB C
temriepaTypoil miuasineHus 220-350°C i nailku MeTajulMueckux usnenui. B cocrtas
npumnoes BxoauT 3-30% Sn, 0,1-0,5 %Sb, 5-50% Pb.

CBuHIIOBBIE CILIaBbl cojaepxkamue 79-89% Pb, 10 0,5% Cu , 9,25-16% Sb
MPUMECHSIIOTCSL JIJISI M3TOTOBJICHUS JIeTalled aKKyMYJISITOPHBIX Oarapei 3JIeKTPOHHBIX
puOOPOB.

[InaBka HU3KOTEMIIEPATYPHBIX CIJIABOB

[IimaBka CrutaBoB HAa LIMHKOBOM, OJOBSAHHOM M CBUHIIOBOM OCHOBAaX TPYIAHOCTEH HE
npeAcTaBiser. Jd WX TUIABKHM OPUMEHSIIOT THUIEJIbHBIE TI€YH DJIIEKTPUYECKHE WU
TOTUIMBHBIC. TUTTM MCHOJB3YIOT YYTyHHBIE, CTallbHble WM rpaduromamMorHeie. [Ipu
OONBIIMX TMOTPEOHOCTSIX B MeETaule IUIABKY BEAYT B  OTpaKaTelIbHBIX —IeuYax
(anextpuyeckux tuna CAH unu miamMeHHBIX).

B kpynHBIX 1€XaX JWThS MOJ JABJICHHEM W3 IIUHKOBBIX CIUIABOB METaJUI
PaCIUIaBIISIIOT B OTPAXKATENIBHBIX WM UHAYKIIMOHHBIX M€YaX €MKOCThIO B HECKOJIBKO TOHH,
a 3aTeM TOTOBBIM pacIUlaB pa3/iMBalOT B Pa3JaTOYHbIE OOOrpPEBAEMbIE THUTEIIbHBIE IIE€UH,
YCTAHOBJICHHBIC Y JINTCHHBIX MAIIIHH.

B kauecTBe MIMXTHI UCIMOIB3YIOT CIUIABHI IIUHKOBBIC JIUTEUHBIC B UYIIKAX, CIJIaBbI
[IMHKOBBIE B YYIIKaX JJIsl JINThS TIOJ JIaBJICHUEM U BO3Bpat. [I[pUMEHSIOT Takke U YUCThIE
nepBuyHble MaTtepranbl (uHK 110 u 11, anromunuii A6 u AS, menp MOu M1). YuutsiBas
CKJIIOHHOCTh IIMHKOBBIX CIUIABOB K MEKKPUCTAJUIMTHOM KOPPO3UM M PACTPECKHUBAHUIO
BCJICJICTBUE MPUCYTCTBUS B HUX K€ HEOOJBIINX KOJIUYECTB MPUMECEH CBUHIIA, KaIMUS U
0JIOBA, CTapArOTCs YIS MOTYyYEHUsS Ka4eCTBEHHOTO JIUThS UCIOJIb30BaTh HAaMOOJIEE YUCTHIE
M0 ATUM TpUMECsSM mepBuuHble Martepuanbl. llluxra momkHa OBITH OYMINEHA OT Macia,
BJIAru U Apyrux BkmoueHuid. [lluxTa MOJDKHA 3arpyaThCs OCTOPOKHO, BO H30€kKaHUE
BBIOpOCA KHUJIKOTO CIIJIaBa.

N3 cnnmaBoB nuHKa HaubOosbiiee npumeHenue HaxoasT [TAMI0-5, ITAMO-1,5 u
[HA4M1. Cmmael Tina I[HAM npu mnaBke B TUIVISIX IMPUTOTABIMBAKOT CIIEAYIOIINM
oOpazoM. [lepen 3arpy3Koil IMXTHI TUTJIM XOPOULIO MPOTPEBAIOT, a 3aT€M BBOASAT IPUMEPHO
2/3 HeoOXOIMMOro MO pacyeTy KoJMYecTBa IMHKA. Bce 3T0 3achllmaroT XOpoIlo
MPOXOKEHHBIM U MPOKAJICHHBIM JIpeBeCHBIM yrieM. llocie pacrniaBieHus] IIMHKA BBOMAST
anmoMuHui 1 Menb B Buae auratypsl (50%Al u 50%Cu). [locne pacTBopeHus TUratypsl U
neperpeBa g0 450°C Metaim THIATEIBHO MEPEMENIMBAIOT U JIOTPYXKAIOT OCTABIIMMCS
OUHKOM. MarHuil BBOJST B CIUIAB HEMOCPEACTBEHHO IMEPEH 3aJMBKOM IIPU NOMOIIU
KoJIoKoJibuuka. Maruuii B xonuuectBe 0,1% siBisieTcss cTaOUIM3aTOpOM M 3a/IepKUBAET
pacTpeCKMBAaHKE IIMHKOBBIX CIIABOB MPHU €CTECTBEHHOM CTapEHUHU.

['otoBelil criaB papuHupyroT. PaguHupoBaHre HHUHKOBBIX CIUIABOB OT Ta30B U
HEMETAUTMYECKUX BKIIOYEHUU TMPOU3ZBOAAT XJIOPUCTHIM IITMHKOM WM  XJIOPUCTHIM



amMoHueM. /[l paduHUpPOBaHUS IMHKOBBIX CIUIABOB OT BPEAHBIX METALTUYCCKUX
puMeceil MPUMEHSIOT METO/ OTCTAUBAHUSI.

ITnaBky BemxyT nipu 460-480°C. IleperpeB cruiaBa Bbilie 480 °C He gomyckaercs
BBH/1y U3JTUIITHETO OKUCIICHHS U Ta30HACHIIICHUS

W3 OJOBSHHBIX CIJIABOB B TEXHUKE HAaXOAUT NpuMmeHeHue 06ab0ut b83. Ilmamsar
0a00HUTHl B TUTENBHBIX MEYaX TOIUIUBHBIX WM d3JEKTpUueckux. [lmaBuTh WX Jsydiie B
YYT'YHHBIX (XpOMOHHKENEBBIX) TUTIISAX. B ounienHsiil u nogorpetsiid 10 600-700°C Tureins
3arpykaroT meaHocypbMsinyto aurarypy (50%Sb u 50%Cu), cypemy u npumepno 1/3
TpebyeMoro onoBa. [[aBky BeAyT MOJ CIOEM MEJIKOTO0 MPOKAJIEHHOIO JPEBECHOTO YTJIS.
[Tocne pacmiaBnenust u neperpesa 10 600-700°C ¢ mOBEpXHOCTH MeTajllla CHUMAIOT IUIAK
U BBOJAT B CIUIaB CBUHEI (€CIIM OH BXOAUT B COCTaB), a 3aTEM OCTAaBIIEECS OJIOBO.
[lepeniaB BBOAAT A0 CBUHLA. Ero BBOIAT B pacijiaB OTIAEIAbHBIMH IMOPLHMSIMH IPHU
TIIATEIbHOM IepeMemnBanu U Temieparype 500-550°C. CnnaBy AarOT OTCTOSATHCS B
teueHue 10-15 MuH, CHOBa NEpPEMENIMBAIOT, CHUMAIOT LIJIAK U MOJAI0T Ha 3aJIMBKY IPHU
425-450 °C.

CBUHIIOBBIE CIUIABBI IUIABAT B TEX K€ Me€YaX, YTO W OJIOBSHHBIE. [Ipy MX miuaBke u3
MEPBUYHBIX METAJIOB U JINTATyp B PA30rPEThId TUTENb 3arPYkKaIOT BCIO CypbMY, JINLTATYpy
Me€JIb-CypbMa, HUKEJb, €CJIM OH BXOAMUT B COCTaB CIUIaBa, B BUJE JUTATYPbl MEIb-HUKEIb-
CypbMa M 4YacTh CBHHIIA WM MeperyiaBa. [lmaBky BeayT moj ciIoeM ApEeBECHOro yris. B
pacmiaBieHHbli W neperpetbiii 10 600-700°C mMeTamsn B HECKOJIBKO NPUEMOB IMpPH
TUIATEIPHOM NEPEMEIIMBAHUU OCTaBIIKECS MEPEIUIaB, CBUHEL], 0JIOBO, KAAMHUI U MBIIIbSIK.
[Tocne cHATHS 1I1aKa CIJIaB MOJAIOT HA 3aJIMBKY.

TyromiaBkue cnjiaBbl

K TyromnaBkuM OTHOCSATCS CILJIaBbl, TeMIEpaTypa IJIABJICHUS BbIIIEC TeMIEpaTyphl
naBneHus skene3a (1539° C). K 3Toil rpynmne cnjaaBoB OTHOCATCS CIUIaBbl HA OCHOBE
TUTaHa, BaHAJWs, MOJUOAEHA, XpOMa, HUOOUSI.

TuraH u ero cruiaBbl

Temneparypa miaBnenusi tutaHa 1668° C; temmneparypa kunenus 3027° C;
miotHocte 4,52 T/m’. TIpOYHOCTP M IUIACTHYHOCTH YHMCTOrO THUTAHA KOJEONETCS B
3aBUCUMOCTH OT YHCTOTHI B CIeAyIOIUX mnpenenax: o, = 300-700 MIla, 6=20—40%,
tBepaocTh 900-1540 MIla. TBepnocTh TUTaHA 3aBUCUT OT €T0 XMMUUYECKOTO COCTaBA.

[Ipy TOBBINIEHHBIX TEMIIEpaTypax TUTAH Pa3yNpOUYHSETCS, HO MEXaHUYECKHE
CBOMCTBa €ro OCTalOTCS JOCTaTOYHO BbICOKMMHU. Hampumep, npu 300—400° C
AJTFOMUHUEBBIC U MAarHUEBbIC CIUIABBI UMEIOT OY€Hb HU3KUE MEXaHUUECKUE CBOMCTBA, a J1JIs
TUTaHA MPU TaKUX TEMIIEpATypax XapakTepHa yAOBJICTBOPUTEIIbHAS TPOYHOCTh: G = 250—
300 MIIa.

[IpumMeHSIOT TUTAaH KakK KOHCTPYKUMOHHBIM MaT€pUall M KakK JIETUPYHOLIWN
KOMITIOHEHT B IIBETHBIX U YEPHBIX CILJIaBaX.

TexHuueckuii TUTaH — IIEHHBIH KOHCTPYKIIMOHHBIM MaTepuay. Tutan oOjamaer
OOJBIION KOPPO3MOHHOM CTOMKOCTBIO B arMocdepe, B NPECHOW U MOPCKOH, dYem
HeprkaBeromas craib. Ho ere 60mee BBICOKUMU CBONCTBAMHU XapaKTEPU3YIOTCS CIIJIaBBI €T0
C aJIIOMHHHUEM, 0JI0BOM, MeJAbl0, XpPOMOM, MapraHiieM, MOJIMOJAeHOM, BaHAJAUEM U
JIPYTUMH 3JI€MEHTaMH. AJIIOMUHUN YBEJMYMBAET COMPOTUBJIECHUE OKUCIEHUIO TUTaHA MpU
MOBBINIEHHBIX TeMIieparypax, npumepHo a0 700° C. Iloatomy tBepabiii pactBop T1—Al



ABIIICTCS HAWIy4dlIeld OCHOBOW JUIs CIUIABOB, IMpEIHA3HAYEHHBIX IJIs1 paboOThl MpH
MOBBIIIEHHBIX TeMIepaTypax. MeXaHWYecKue CBOWMCTBA THUTAHOATIOMUHHUEBBIX CILIABOB
3aBUCAT OT cojepxkanus amomuHud. [lpu comepxkanum 7% Al npoyHOCTH cruiaBa
JOCTUTaeT MakCMMyMma, a 3areM najaaeT. [lmactuuHocTh cTaHOBUTCS HU3KOM. Hawmmyumee
coueTaHue CBOMCTB HaOmonmaercs mpu coaepxkanuu 2% Al. JlomonHutenbHas Ao0aBKa
XpoMa, Maprasiia, MOJuOJeHa, BaHAAUS W JPYrUX TYTOIUIaBKUX METaIOB elle Ooliee
NOBBIIIAET MPOYHOCTh TUTAHOBBIX CIUJIABOB, TaK KaK CJIOKHOJIETMPOBAaHHBIE TUTAHOBBIE
CILJIaBbI CIIOCOOHBI YIIPOUHSTHCA MpU TepMooOpadorke: 6,=1600—1700 Mlla.

[11acCTUYHOCTh HEKOTOPBIX TUTAHOBBIX CIUIABOB MPEBBIIIAET IPHU 3TOM INIACTUYHOCTD
yuctoro TuTaHa. CruiaBel 00J1a/1al0T BHICOKUM CONPOTUBIIEHUEM MOJI3Y4YECTH, KOPPO3UHU U
OKHUCJIEHUIO, OCOOEHHO MPH MOBBIIICHHBIX TEMIEPATypax.

TuTaH ABISETCS OCHOBOM CIUIAaBOB C. MajioM' TJIOTHOCTBIO M BBICOKOM YIEJIBHOM
[IpOYHOCTHIO. BpeMeHHOE CONMpPOTUBIICHHE MOJIYYEHHBIX B IOCIEIHEE BPEMSI THTAHOBBIX
ciiaBoB mipebimaet 470 MIla. CrnaBel ¢ HU3KOM IUIOTHOCTBIO U TAKOW MPOYHOCTHIO
HKBUBAJICHTHBI CTAJISIM C BpeMEHHBIM conpoTtuBieHruemM 2500 MlIla. N3aenus n3 THTaHOBBIX
CIUIaBOB XOPOHIO padOTalOT MPU OTPULATENBHBIX TEMIEPATypaxX, BIUIOTh JO TEMIIEpaTyph!
AKUIKOTO a30Ta.

JIuTeitHble TUTAHOBBIE CIUIABBI IO CTPYKTYpE AENATCS Ha OJHO(A3HBIE O-CIJIABBI
(BTUJI, BT5JI) u neyxdaszusie o+ cmnassl (BTJI3-1J1, BT6JI, BT14JI, BT20JI).

OcHoBoi1 oaHoga3HbIX ciuiaBoB sBisercss cucrema Ti-Al, a AByX¢a3HbIX CIUIaBOB
Ti-Al-Mo - (Cr-V-Zr-Sr).

Hanbonee mmpoko ucnonas3yroT s (acoHHBIX OTIMBOK cruiaB BTSJI, B ocHOBHOM
JUISL  KOPPO3MOHHOCTOMKOM  apMaTypbl XHMHYECKMX IPOU3BOJACTB, OOBIYHO  0€3
tepMoo0OpadoTku. CrmaB BT1JI umeeT aHanoruuHoe mpuMeHEHUE.

Cmnasst BTJI3-1J1, BT9JI, BT14J1 o6nanatoT nmoBBIIIEHHOM skaponpoyHocThio (400-
560°C) u HaxOIAT MHUPOKOE MPUMEHEHUE JJISl JINThA JeTallell aBUAIIMOHHBIX ABUTATENIEH.

Cmutasel BT20JI m BT21JI HaxoasT npuMeHEHNE B MAIIMHOCTPOEHUHN, AaBUALTMOHHOM
IPOMBIIIEHHOCTH.

[InaBka TUTaHAa W CIUIAaBOB HA €r0 OCHOBE COMNPSDKEHA ¢ OOJBIIMMHU TPYAHOCTSIMH.
[Ipu BbICOKOI TemmepaTrype THUTaH aKTUBHO B3aUMOJEHCTBYET C a30TOM M KHCJIOPOIOM.
OOpa3oBaHue HUTPUJA TUTaHA B 3TUX YCIOBUAX MPOTEKAET TaK K€ aKTMBHO, KAK TOpPEHHUE
HEKOTOPBIX BEIIECTB B CPEAE€ KUCIOPOAa, MOATOMY IJIaBKY TUTAHOBBIX CIIABOB MPOBOASAT B
YCIIOBHSIX, MUCKJIIOYAIOIUX BO3MOYKHOCTH €r0 KOHTaKTa ¢ 3THMM ra3aMu. PacruiaBieHHBINA
TUTAaH TaKXe aKTUBHO B3aUMOJIEHCTBYET CO BCEMHM OOBIYHBIMH OTHEYNOPHBIMU
MaTepUaJlaMH, M3 KOTOPBIX BBINOJHEHA IUIaBUJIbHAS 30HA arperara. M3 Bcex M3BECTHBIX
OTHEYTIOPOB MEHEE UHTEHCUBHO C TUTAHOM B3aMMOJEHCTBYET IUIOTHBIN IpaduT, HO U OH BO
MHOTHUX CITy4asix HE MOXKET ObITh UCHOJIb30BaH, TAK KaK B TATAHOBBIX CIJIABAaX COJECpPKAHUE
yraepojia ctporo orpanudeHo (He 6onee 0,2%).

Jlnis u3rotoBiaeHust (pacoOHHBIX OTJIMBOK M3 TUTaHA U €ro CIUIAaBOB INecdaHble (POpMbI
[0 YKa3aHHBIM BbILIE NPUYWHAM HENPUTOAHBI. OTIMBKH C YUCTOW IMOBEPXHOCTHIO MOXKHO
MOJIy4aTh B MACCHUBHBIX MEJHBIX M TOHKOCTEHHBIX MEIHBIX BOJIOOXJAXKIAeMbIX (OpMax,
OJIHAKO X UCIHOJIb30BAaHUE OIrPAHUYEHO BBICOKOM CTOMMOCTBIO M HEBO3MOXXHOCTBIO
MOJTyYEHUs! OTIMBOK CIIOKHOM KOH(Urypauuu. YIOBJIETBOPUTEIBHBIM MaTEPHAIOM IS
U3roTOBIICHUS (QopM siBisieTca IJIOTHBIM rpadur. ['padutoBbie  GopMbI  MOXKHO
UCIIOJIb30BaTh HECKOJIBKO pa3, HO M UX CTOMMOCTb JOCTATOYHO BhICOKA. bosiee neneBbMu
SBIISIIOTCA 000JIOUKOBbIE (DOPMBI U3 CMECH BBICOKOOTHEYMOPHBIX HEUTPATbHBIX OKCHIOB
WK rpaduTOBOTO MOPOIIKa ¢ PeHOoIPOopMaTbAETUIHON CMOJION (CBI3YIOLIUM).



Bo Bcex ciydasx mpuMeHEHUs! TUTEHHBIX (OPM M3 BBICOKOOTHEYIIOPHBIX MaTepHa-
JIOB TIOBEPXHOCTh OTIIMBOK OKA3bIBAETCS B TOW MJIM MHOW MEpE 3arpsA3HEHHON IPOJYKTaMH
B3aMMOJICHCTBUS THUTaHA ¢ MartepuasioM ¢opmbl. [Ipu ncnonb30BaHUM TIJIOTHOTO rpaduTta
IIyOMHA 3arpsI3HEHHOTO CJI0S COCTaBISET 1 % TONIIMHBI CTEHKU. 3aJTMBKOM B 000JI0UKOBBIE
GbOopMBI U3 CMECH KPYIMHO3EPHUCTOr0 TpauTOBOTO MopoIika u (heHoa-popManbaeruHom
CMOJIBI TMOJYYaOT OTJIMBKH TOJIMHON 10 50 MM, MOBEPXHOCTH KOTOPBIX MOXET OBITh
3arpsi3HeHa Ha TyOuHy a0 1,5 Mm. Menkue ClIOXXKHBIE TOHKOCTCHHBIE OTJIMBKH U3
TUTAHOBBIX CIUIABOB MOJKHO TOJIydaTh B (popMax, M3rOTOBJICHHBIX IO BBITLIABISIEMbIM
MozensiM. B kauectBe marepuana juisi (GOpM HCIOJIB3YIOT KpEMHE3eM, IIUPKOH, JTUOKCH]]
IMUPKOHUS, CWTUMAHUT, a B KA4eCTBE CBS3YIOMIErO—ATHWICHINKAT, (HochHOpHOKUCTBIN
aMMOHHUM, HUTpAT HUPKOHUSA. COBpEMEHHAs] TEXHUKA IMO3BOJISET MOIYy4YaTh OTJIUBKU W3
TUTAHOBBIX CIUIABOB ¢ MUHUMAJIBHOM TOJIIMHOW CTEHKH 1,5 MM Ipu IMIMPUHE WIH BBICOTE
OTJIUBKH 25 MM.

CniaBbl HA OCHOBE BaHA/IUS.

Banaguii TyrommaBkuii Metaiul, Ttemmeparypa miasieHus 1919°C, temmneparypa
kunennst 3410°C, miotHocts 6,11T/M°. BaHamuii MMeeT XOPOILIYIO TEILIONPOBOJHOCTD H
KOPPO3UOHHYIO CTOMKOCTh BaHajauii B KauecTBE OCHOBBI JIUTEHHBIX CILIABOB NMPUMEHSIOT
CpaBHHUTENBHO HeAaBHO. [lo 3TOM mNpuuYMHE CBEOEHHUS O NPUMEHEHHMH U CBOMCTBaX
BAHAQ/IMEBBIX JINTEHHBIX CIUIABOB OTPaHMYCHbl. VX HCHONB3YIOT MpU TeMHepaType 10
675°C.

CmniaB Banaausi ¢ 50 % T1 u 5 % A1l umeer 6oiiee BBICOKYIO TPOYHOCTH, YEM CILIABBI
Ha OCHOBE HHUKeNs, KoOambTa W kene3a. JliutenbHass mpouHocth ero mnpu 300 °C
COM3MepuMa ¢ IPOYHOCThIO TUTAHOBBIX CILIABOB.

CiiaBbl Ha OCHOBE Xpoma

XpoMm o00J1aaeT BHICOKOM >KapOMPOYHOCTHIO U KOPPO3UOHHON CTOMKOCTBIO B Psfie
arpeccuBHbIX cpen. Temnepatypa mnasnenus 1880°C, kunut npu 2473°C, mmotHocts 7,19
T/M°. TIDUMEHSIIOT XPOM B Ka4eCTBE JICTHPYIOIIETO KOMIOHEHTAa B MEIHBIX H HHKCICBBIX
CIIJIaBaX, a TakK€ B KaUYeCTBE OCHOBBI JIMTEHHBIX >KapOINpPOYHBIX cIiaBoB ¢ Fe, Mo, Ti W,
Ta, B.

OtnuBku 13 xpoMoBbIX ciiaBoB BX-5 u BX-4 mnpeanasznayens! st paboThl mpu
temneparype 980—1200 °C B OKHCIHUTENBHON CpeJie U OTCYTCTBUM YAAPHBIX HArpy30K.

CmiaBel Ha OCHOBE XpOMa MO KapOMPOYHOCTU MPEBOCXOISAT BCE U3BECTHHIE JKAPO-
MIPOYHbIC CIUIABBI Ha OCHOBE XKeJie3a, HUKels, kodanbTa. OTIMBKYA U3 XpOMa U €r0 CILJIaBOB
MOYHO U3TOTOBJISATH TOJIHBKO CIIEHUATIBHBIMU CIIOCOOAMHU JIUThSI.

CniiaBbl HA OCHOBE HUOOMSI

dacoHHbIE OTJIUBKKM M3 HUOOMS M €ro CIUIABOB MCIOJIB3YIOT JJIsl U3TOTOBJICHUS
neraned TypOuH, padotatomux npu temmneparype 1100-1400°C. [IpumeHnenre HHOOHUEBBIX
CIUIAaBOB MO3BOJIMT MOBBICUTH TEMIIEPATYPY ra3a MpH BXojie B Typouny ot 925 no 1370 °C.

YucTelii HIOOUH 00J1alaeT OYeHb BBICOKOW MUIACTUYHOCTHIO MPU HOPMAIHHOU TEM-
reparype, KOppoO3uOHHOM CTOMKOCTBIO, XOPOIIMMH SMUCCUOHHBIMU CBOMCTBAMM U XOPOILIO
cBapuBaercs. [Ipu Temneparype 6enoro KajaeHUs MPOYHOCTh HUOOUS BBIIIE, YEM JIHOOOTO
JIPYroro KOHCTPYKIIMOHHOTO MaTepHaa.



CmiaB Ha ocHOBe HHMOOUS, comepxkamuii 5-35% Cr u 5-30% Ti, mpu Temmneparype
1000 °C wumeer HamOONBIIYIO, YE€M Yy BCEX JAPYTUX CIUIAaBOB, OKAJIWHOCTOHKOCTD.
[Tpounocts npu 20°C coctasisier 1653 Mlla, a npu 1300°C - 743 MI]Ia.

CmnaB Huo6wms ¢ 0,75-1,0% Zr umeet Temnepatypy miaaBieHus okosno 2400°C.

HauGounbiel xaponpouyHoCThI0 001a/1a10T cruiaBel HUOOUs ¢ 15 % W, 5 % Mo, 1 %

Zr u ¢ 15 %W, 5% Mo, 1 % Zr, 5 % Ti.
JluTele W3ACIHS W3 HHOOMS W €ro CIUIABOB ITOJYYalOT TOJBKO CICIHAIbHBIMU

CII0CO0aMHU.



