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Tema Nel. MarepuasnoBeaeHue. Beegenue

Bonpoc 1. BBenenue B nucuumiiny «MartepuanoBeaeHue»

Mamepuanogeoenue — nayka 00801bH0 MOn00as. OCHOBHblE €€ HayuHble NOJONHCEeHUs ObLIU
onucamnwsl 1uub 860 6mopou nonosune X1X eexa. OcHo8bl HAYUHO20 MEMAI08e0eHUs. DbLIU 3ALI0HCEHb]
seaukumu pycckumu memannypeamu I1.11. Anocosvim u /K. Yeprogvim.

Anocoe Ilasen Ilemposuu (1799 — 1851 rr.), pycckuil MeTaulypr IIMpPOYAKILIEro Kpyro3opa,
cuuTas CTPYKTYpy OJHMM H3 BAXKHEHIIMX (PAKTOPOB, OMpPENEISIIOIMIMX KaueCTBO CTajH, IEPBbIM
MPUMEHWI MUKPOCKON I M3y4eHMsI CTPYKTYpbl CTalM, 4yTo B JainbHedmem mnpusesno CopOu k
CO3JaHMI0 MHUKpPOCKONMYECKOro aHanuza metauioB. ILII. AHOcoB BmepBble Takke paspaboran u
omucajl Mpollecc TIa30BOW NEMEHTalUU CTald. EMy MNpuUHAANEKUT MPUOPUTET B CO3JAHUU
JIETUPOBAHHBIX CTAJICH.

B Bricmell cTeneHu OpUTrMHANIbHBIMU OBLIM paboThl AHOCOBA IO PACKPBITHIO, YTEPSHHOIO B
CpeHUE BeKa, CEKpeTa NpUroToBieHHs OynatHoi cranu. Kak u3BecTHO, OynaT NpPOU3BOAMIU C
JIPEeBHEHITUX BpeMeH (yrmoMuHaeTcs emé ApucTtoreneM), eI OH Ha U3TOTOBJICHHUE KIMHKOB, MEUECH,
ca0benb, KMHXAJIOB U IPYTUX U3JEIUN, 00JadaBIINX HCKIOYUTENbHON ocTpoToil. [IpoBoauBiinecs
AHOCOBBIM B T€UEHHUE JIECATU C JIMIIHUM JIET ONbITHI MO CILJIABJICHUIO YKE€JIe3a ¢ KPEMHUEM, 30JI0TOM,
IUIATUHOM U JPYTUMU 3JI€MEHTaMHU, U3Y4Y€HHE CBOMCTB MOJIy4aeMbIX CIIJIAaBOB MO3BOJIMIIN €MY ITEPBHIM
packpeITh TaiiHy Oynara. Jlutoi Oynat AHocoBa (371aTOYCTOBCKHI 3aBOJ) OBLI aHAJIOTHYCH JIYUITAM

CTapUHHBIM BOCTOYHBIM 06pa3uaM.

Yepnos /Imumpui Koncmanmunosuu (1839 — 1921 rr.), 0CHOBOIOJIO)KHUK COBPEMEHHOIO
METaJJIOBEIEHUS U OCHOBATEIb KPYIHOMN HIKOJIBI PYCCKUX METAJUTYProB M MeTaioBe1oB. OH OTKpPbLI
CYILIECTBOBaHME KPUTHUECKUX TeMIEeparyp (a3oBbIX MPEBpALEHUN B CTalu (KPUTHUECKUX TOYEK) U
UX CBSI3b C COJEP)KAHHMEM Yriepoja B CIUIaBe. ODTH KPUTUYECKHE TOYKM B CTadM MO3BOJIMIU
palMoHaIbHO BBIOMpPATh TeMIlepaTypy €€ 3aKkalkk, OTIycKa M IUIaCTUYecKoll aedopmanuu B
MIPOM3BOJICTBEHHBIX ycinoBusX. YepHoBbiM J[.K. Takxke OblIN 3a7105K€HBI OCHOBBI CO3AaHUS TUATPAMMBbI
CIUIABOB (OKEJIE30-YTIIEPO», SBIIAIOIICICS BAKHEHIIEH B METAJUIOBEICHUH, TEOPUs KPUCTAILIN3ALNI
METaJJIOB U TepMHUUYECKO 00paboTku cTaynu. Ero oTKpbITHS (KpUTHYECKHE TEMIIEpPATyphl, Ha3BaHHbIE
toukamu YepnoBa (1868 rox); Teopus kpucramnmzauuu ciautka (1879 roxm); coBepiieHCTBOBaHUE
KOHBEpPTOPHOTO Mpoliecca — MOJOTPeB MAJIOKPEMHHMCTOTO YyryHa, CUMTABIIErOCs HEMPUTOJHBIM, B
BarpaHke mnepen mnpoayBkod (1872 rox); mpuMEHEHHE CIEKTPOCKONA JUIsl OIpeAeieHHs] KOHIa
mpouecca MpoayBKH; MPUMEHEHHE OO0Oral€HHOro KHUCIOPOJOM BO3AyXa Uil MPOJYBKH KHJIKOIO
gyyryHa (1876 rox)) nosy4msiv mpu3HaHUe BO BCEM MUDE.

Yepnos JI.K. 6b11 n30pan no4y€rHbIM npezacenatesieM Pycckoro mMeramurypruueckoro oOuiecTsa,
MOYETHBIM BHULE-IIPE3UIEHTOM aHrjauickoro WMHcTuTyTa »XKenesa W CTajad, MOYETHBIM YIEHOM

aMEpUKaHCKOTO MHCTUTYTa TOPHBIX MHKEHEPOB U PSAA IPYTrUX MHOCTPAHHBIX HAYYHBIX YUPEKICHUMN.

Mamepuanogedenue — >TO HAayKa, U3ydaroulas CBs3b XMMHUYECKOI'O COCTaBa, CTPOCHUS M
CBOWCTB MaTE€pPHAJIOB IIPH PA3INYHBIX TEPMOJIMHAMHUYECKUX YCIOBHUSX.

OcHnoenoit yenvto Hayku «MatepHuanaoBeICHUE» SIBJIAETCS HAYYHO 0OOCHOBaHHAsl pEKOMEHIALNs
U ONTUMalbHbIA BbIOOp (WM pa3paboTka) TOrO0 MWJIM MHOTO KOHCTPYKLIIMOHHOTO WM
MHCTPYMEHTAJILHOTO MaTepuaia JUlsi KOHKPETHBIX JeTajlell TEXHUYECKHX OOBEKTOB U COOPYKEHMIA,
paboTaroUIMX IPU Pa3IMYHbIX TEMIEPATYPHBIX U HArPY30UHBIX PEKUMaX B PA3IMYHBIX CpEax.



OCHOBHBIMU HaIIpaBJICHUSIMM B Pa3BUTUM METAJJIOBEJIEHUS SIBISIETCA pa3paboTka crocoOoB
IIPOM3BOJICTBA YUCTBIX U CBEPXUHUCTHIX METAJJIOB, CBOMCTBA KOTOPBIX CUJILHO OTJIMYAIOTCSA OT CBOICTB
METAJJIOB TEXHUYECKOW YHCTOTHI (C Pa3IMYHBIMM IMPUMECSIMH B OIPEICIEHHOM KOJIMYECTBE), C
KOTOPBIMH IIPEUMYIIIECTBEHHO Pa0OTAIOT.

Ha ceromusmuuii aeHb enasrol 3adaueti mamepuaiogedeHus SBIIETCS CO3JJaHue MaTEPHAIIOB C
3apaHee OnpeAeaEHHbIMU CBOMCTBAMH MPUMEHUTENBHO K 33JJaHHBIM MapaMeTpaM U YCIOBHUSAM pabOTHI.
bonbinoe BHMMaHME yAenseTcs HM3Yy4EHUIO pabOThl MAaTepHaOB B OCOOBIX YCIOBUAX (HU3KHE U
BBICOKHE TEMIIEpaTypbl, BHICOKME HATPY3KH Pa3HOTO XapaKTepa, arpecCUBHbBIE Cpefbl, OOIyueHHuEe U
T. II.).

Ilpeomemom uzyuenusa Hayku « MaTepuanoBeIeHUE) SBIISIOTCS:

1) dusmueckue, XuMHUECKHE, MEXaHUYECKHE U IPYTHe CBOMCTBA PA3IMYHBIX MAaTEPUAIIOB;

2) cBSI3p OTUX CBOWCTB C IPUMEHEHHEM MAaTepuajoB B MAIIMHOCTPOCHHHM U JpYyrux cdepax
JeSITeNIbHOCTH YEJIOBEKa,

3) MeToapl TIONTy4eHHS (pa3paOOTKU) MATEPHATIOB W METOJbI IEJICHANPABICHHOTO W3MEHEHUS HUX
CBOWCTB.

MarepuanoBesieHue CIY)KMUT TEOPETHUECKONM OCHOBOM MIpOIIECCOB 00pabOTKH MaTepuaoB
JaBJICHUEM, JIMTEMHOIO MPOU3BOJICTBA, CBAPKU, HAHECEHMS T'aJIbBAHUYECKUX MOKPBITUH, TEXHOJIOTHH
00pabOTKN METAJIJIOB pE3aHUEM, U3TOTOBJIEHNS HHCTPYMEHTOB U JIeTajeil MalluH.

Pacnpenenenne METAJJIOB B IpUPOJAC

Cpenu (haxTopoB, OMPEACIAIONINX BO3MOKHOCTD H IIEJI€CO00Pa3HOCTh MPAKTUYECKOIO HCTIOIb30BaAHMS
METAJJIOB U UX CIUIaBOB, BAKHEHIIMMHM SIBJISIIOTCSI UX CTOMMOCTb U jAepuuutHoctb. CTOUMOCTH, B
CBOIO OYEpPE/b, 3aBUCUT OT PACHPOCTPAHEHHOCTH METAIJIOB B MPUPOJE, XUMUYECKON YCTOMYMBOCTH,
omnpeensoomel cnocod M CIOXKHOCTh IPOU3BOJICTBA, MaciuTtada IMPOU3BOJCTBA, CTENEHU
COBEPIIICHCTBA TEXHOJOTUN MPOU3BOJCTBA, XO3SHUCTBEHHOW W MOJMTHYECKOW cuTyaruu. OCHOBHBIM
HWCTOYHUKOM JIOOBIYM METAJUIOB SIBIIACTCS 3E€MHAasi KOpa W MHpPOBOM oOKkeaH. Pacrmpenenenue
XUMHUYECKUX DJIEMEHTOB (METa/sIoB) B 3€MHOM KOpPE MU MHPOBOM OKEaHE I[IPE/ICTaBICHO Ha
TUCTOTpaMMax puc. 1.

Camblii nérkuit Merann — nutuii Li (yaensHsiit Bec p = 0,563 r/cm®); caMblii TyromnaBkuii MeTamn —
Bosb(pam W (Temmepatypa mnaBienus 3430°C); cambiil TsHkENBIA MeTain — ocMuid Os  (yIenbHBIN
Bec p=22,381/cM’); caMmblii Jerkomnaskuii MeTamn — pryrth Hg (Temmeparypa HiaBieHUs —
38,89°C).

Yépuble MeTaALIBI

80% MeTamioB, UCHOIb3YEMbIX B MAIIMHOCTPOEHUM — 4Y€pHble MeTaibl. K uépHbiM MeTamiam
OTHOCSITCS JKEJI€30 U KEJIE€30yIIepOAUCThIE CILIaBbl — CTallb U YYyT'YH.

Yyeyn — camblil ICMIEBBIA MAIIMHOCTPOUTEIBHBIN MaTepuai, 00JIaJaloluid XOPOIIUMHU JINTEHHBIMHU
cBoiictBamu. Kpome TOro, OH sIBJISIETCSI UCXOAHBIM MPOIYKTOM JUIS MOJy4eHHs ctainu. Ero mosyyator
u3 xene3Hou pyabl. OH coctouT U3 xkenesa Fe (mo 92%) u yriepona C (ot 2,14 1o 5%). Kpome Toro B
YyryHax uUMerorcs npumecu kpemuus Si (1o 4,3%), mapranua Mn (o 2%), cepst S (10 0,07 %) u
docdopa P (10 1,2%).

Cmany — BaKHEWIIMI MaTepuan IPOMBILUIEHHOCTH. DTOT MaTepual B MAlIMHOCTPOECHUU WIpaeT
HauboJee BaXKHYIO POJIb CPEIU BCEX METAJIOB U CIU1aBOB. OCHOBHOE €ro OTJIMYKE OT Uyr'yHa COCTOUT
B TOM, YTO CTallb COJEpKUT 10 2,14% yriepona C, 1o 90% xenesza Fe, kpemuuns Si (0,15 — 0,35%),
mapranna Mn (0,2 — 0,8%) u onpenenéHHOe KOJIMYECTBO BpeAHBIX npumeceid cepbl S (mo 0,07%) u
docthopa P (mo 0,07%). Cranp mosydaroT W3 4YyryHa, yAajsis 4acTh YIJepoJa W YacTh BPEIHBIX
npumeceit. Jloas nmpou3BoACTBa CTayld cocTaBisieT 95% Bcex MeTaimueckux martepuanos. Llupokas
pacnpocTpaHEHHOCTh CTajlld OOYCIIOBJIEHAa TEM, YTO OHa OO0JaJaeT peIKUM CcoueTaHueM (U3HKO-
MEXaHUYECKUX CBOMCTB. Ilpu CpaBHUTEIBHO HU3KOW CTOMMOCTH CTajb XApaKTEPU3YETCS BBICOKOM
MIPOYHOCTHIO, MJIACTUYHOCTBIO U BA3KOCTHIO, OJHOBPEMEHHO 00j1a/1asi XOPOLUIMMH TEXHOJOTHYECKUMU
CBOWCTBAMM.



6

3aTpaThl PHEPrUM HaA NPOM3BOJCTBO EIWHUIIBI MACChl CTAJIBHBIX JAeTaled (X 3IHEPro€MKOCTD)
3HAYUTCJIIBHO HMWXE, 4Y€M IJIs1 z[eTaﬂeﬁ n3 aJrOMHUHUs, TUTaHa W T. IO. HOSTOMY CTaJlb IIHUPOKO
HCTIOJNIB3YeTCS BO BCEX 00IACTAX TEXHUKH U 00BbEM €€ TIPOM3BOJICTBA XaPAKTEPU3YeT SKOHOMHUYESCKHHA
MOTEHIMA cTpaHbl. Hamra crpana 3aHMMaeT mepBO€ MECTO B MUpE IO MPOU3BOJCTBY cTaiu (Ooiee
160 mutH. T. B ron). OGnagas OOJBIIMMHU 3aracaMu >Kese3Hou pynabl (0kosio 43% MUpPOBBIX 3aIacoB),
Halaa CTpaHa UMECT OI'pOMHBIC BO3MOKHOCTHU I[EUII:HCI\/'IHICFO HapallluBaHHW ITPOU3BOACTBA CTAJIH.
CoBpeMeHHOE MPOU3BOJICTBO CTAM B MUPE cocTaBisgeT 6osee 600 MIIH. T. B TOJ, U, IO KpaiiHEel Mepe,
Ha Omkaiiliee CTOJIETUE CTalb COXPAaHUT CBOE 3HAYCHHE KaK BAXKHEWIIMI KOHCTPYKIIMOHHBIN
MaTepHal.

W3 npyrux MmeTayuioB HanOojiee MHTEHCHBHO OyJET pa3BHBATHCS IMPOW3BOJICTBO ATIOMHHHUS U €TO
crutaBoB. CojiepkaHue jkelie3a B 3eMHOM Kope coctaBiisieT 4,6%, a amomunus — 8,8%, T. €. IOUTH B
nBa pasza Oousbmie. OOBEMBI MPOM3BOJCTBA JAPYTUX IBETHBIX METAUIOB M CIUIABOB CYIIECTBEHHO
MEHbIIIE, OJTHAKO 0€3 WX MPUMEHEHHUs ObIJI0 Obl HEBO3MOYKHO CO3JaHHE TAKUX OTPACIIC COBPEMEHHOU
TEXHUKU, KaK OJICKTPOTCXHUKA n PAaaArO3JICKTPOHHUKA, HpI/I60pOCTpOGHI/IC, KOMIIBIOTCPHAs,
aBHAllMOHHAs, aTOMHAasd, PAaKCTHO-KOCMHUYCCKAasA TCXHUKA.

IBeTHBIE MeTAJLIIBI

K 1nBeTHBIM MeTasuiaM OTHOCSTCS Bce MeTailibl kpome xenesa Fe, xpoma Cr, mapraniia Mn u cruiaBoB
Ha ocHOBe »xene3a Fe. Baxueimue w3 nBerHolx meTawioB: Mens Cu, amomunuii Al, marauit Mg,
nMHK Zn, Hukenb Ni, cBuHen Pb, omoBo Sn u turtan Ti. B MammHOCTpOCHMM LIBETHBIE METAJLIBI
MIPUMEHSIOTCS TJ1aBHBIM 00pa3oM B BUJE CIIaBOB (OpoH3bl — 3T0 ciuiaBel Cu-Sn, natynu — Cu-Zn,
cuitymMuHbl — Al-Si), T. K. 4McThle MeTaibl o0OjanaroT Oojee HU3KOM NpoyHOocThio. OCHOBHas
o0nacTh MPUMEHEHMsSI BETHBIX METAUIOB — 3T0 AnekrpoTexHuueckas (Cu, Al), aBuanuonnas (Al
Mg), aBromo6mibHasA (Al, Zn) NpOMBIIIIEHHOCTH U TPUOOPOCTPOCHUE.
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Puc. 2. Knaccuduxanus MarepranoB, HCTIOIb3YEMBIX B TEXHUKE

Tema Ne2. Kpucraninueckoe cTpoeHHe MeTANJIOB

Bonpoc 1. HecoBepueHcTBa KPUCTAIMYECKOT0 CTPOCHU S

Mertaniabl ¥ CIUIaBbl, TOJIYYEHHbIE B OOBIYHBIX YCJIOBHSX, COCTOSAT M3 OOJIBLIOTO KOJIMYECTBA
KpUCTAJIJIOB, TO €CTh, HMMEIOT NOJUKPUCTAIUIMYECKOE CTPOEHHE. OTU KpPUCTaUIbl Ha3bIBAIOTCS
3épHamu. OHM UMEIOT HEMPaBUIbHYIO (JOPMY M pa3IU4YHO OPUEHTHPOBAHBI B IpocTpaHcTBe. Kaxmoe
36pHO HMEET CBOI0 OPHEHTUPOBKY KPHUCTAJUIMYECKON pEMIETKH, OTIMYHYI0 OT OPUEHTHUPOBKU
COCEITHUX 3E€PEH, BCIEICTBHE YEro CBOMCTBA pEAIbHBIX METAJUIOB (KaK KPUCTAINIMYECKUX TeN)
YCPEIHSIOTCS, U SIBJICHUS aHU30TPOIUH HE HAOII0aeTCsl.

B kpucrammueckod pemérke peajdbHbIX METAJIOB HMEIOTCS  pasziuyHble  Je(EeKThI
(HECOBEpILIEHCTBA, HAPYILIEHUS CTPOrOr0 PAcHOJIOKEHUSI aTOMOB), KOTOPbIE HapyLIAIOT CBA3M MEXIY
aTOMaMH U OKa3bIBalOT BJIMSHHUE HA CBOMCTBA METAIJIOB.

Ilo reomerpuyeckuM NMPU3HAKAM PA3JIMYAIOT CJely0lIMe CTPYKTYpPHbIe HeCOBepIIEeHCTBA
(mepeKThI) KPUCTANIMYECKOI0 CTPOCHUS:

1) moueunvie — Mmaible BO BCEX TPEX U3MEPEHUSX;

2) aunetinble — MaJible B IBYX U3MEPEHUSIX U CKOJIb YTOJIHO MPOTSHKEHHBIE
B TPETHEM;

3) nosepxnocmuvle — Majble B OJJHOM H3MEPEHUHU.

ToueuHnble AeeKThI

Toueunbie nedexThl ABIAIOTCA OJHUMHU W3 Haubosiee pacnpoCTpaHEHHBIX HECOBEPIICHCTB
KPUCTAJJIMYECKOTO CTpoeHUsI MeTaJioB. K ToueuHbIM 1eheKTaM OTHOCSTCS: BaKaHCUU, MEXKY3€JIbHbIE
(IMCIOIMpPOBaHHBIC) ATOMBI, HATMYKE B y3JIaX KPUCTAUTMYECKOM peméTKN aTOMOB mipumeceit (puc. 1).

Bakancus — 310 0TCYTCTBHE aTOMOB B y3J1aX KPUCTANIMYECKON PEIIETKH, «IABIPKU» (HE3aHSThIE
aToOMaMH MeCTa B siUeHKaxX KpUCTaUIMUeCKou pemeTku) (puc. 1a).

OO0pa3yroTcsi BakaHCUU IIPU NEPEXO0JI€ aTOMOB C IOBEPXHOCTU B OKPYXKAIOIIYIO Cpely WIH U3
y3J0B PEIIETKM Ha MOBEPXHOCTh (IpaHUlbl 3EPEH, IMYCTOThI, TPELUIMHBI U T.1.), B pe3yJbTaTe
MJIaCTUYECKON nedopmaiiuu, npu 00MOapaIupOBKE Tejla aTOMaMH WJIM YaCTHIIAMH BBICOKHUX SHEPTUM
(oOmydeHue B IUKIOTPOHE WM HEUTPOHHOE OOJydyeHHE B sIIEpPHOM peakTope). Uucino BakaHCHi
YBEJIMYMBAETCS C IOBBIIIEHHEM TEMIEpaTypbl, Ipu 00pabOTKE HaBieHHEM, OOIYYEHUU U JAPYTUX
BUJIaX Bo3jelcTBUA. CKOIJIEHHE MHOTHUX BaKaHCUI MOXKET NMPUBECTH K 00pa30BaHUIO MOP U MYCTOT.
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Puc. 1. Toueunsle neeKToI.

Amomsl npumeceti (MpUMECHBIE aTOMBI) BCET/Ia MPUCYTCTBYIOT B METAJUIE, TaK KaK MPAKTUUICCKU
HEBO3MOYKHO BBIILUIABUTH XMUMHUYECKH YHUCTBIA MeTanl. OHHU pacmoJararorcda B y3jiax pelﬂéTKI/I HIIN
MEXA0Y3JIUIX U MOTYT UMETh pa3Mephl OOJIbLIE WM MEHBIIE pa3MEpOB OCHOBHBIX aTOMOB (puc. 16,
1s).

Jucnoyuposannvlii (medrcy3envuuiii) amom — 3TO aTOM, BBILIEAIIUN U3 y3/1a PEmIETKH U
3aHSABIIUKA MECTO B Mexaoysnue (puc. 16). Mexy3enbHbie aePekTsl 00pa3yloTcsi B pe3yiabTare
repexo/ia aTomMa U3 ys3jia B MEeXy3JIMe KpUCTAIUIMYECKON PEIIETKY.

Toueunsre I[e(i)eKTI)I BBI3BIBAIOT BHYTPCHHHC HAIPSXKCHUA W HE3HAYUTCIBHBIC HCKAXCHUSA
KPUCTAJIMYECKONW PEIIETKU, YTO MNPUBOAUT K H3MEHEHHUIO (PU3UKO-MEXaHHMYECKUX CBOMCTB Tena
(IpOYHOCTH, FNEKTPOIPOBOIHOCTH, MArHUTHBIX CBOMCTB U T. [1.).

JIuneiinbie 1edeKThI

OCHOBHBIMU JIMHEWHBIMU J1e(heKTaMU SBJISIOTCS JUCIOKALUU.

Hucnokayuyu — 310 ITUHENHbIE 1eEKTHl KPUCTAIUIMUECKOTO CTPOEHUS, IPEACTABIIAIOIUE COO0H
JIMHUH, BAOJb U BOJIIM3U KOTOPHIX HAPYIIEHO XapaKTepHOE JJIsl KpUCTaJljIa IPaBUIIbHOE PacOJIOKEHUE
aTOMHBIX IUIOcKocTed (puc.2). [ nucioxkauuidi XapakTepHO HalWuyMe JIMIIHHUX AaTOMOB,
HAXOJSIIMUXCS B MEXI0Y3ITHUAX.

Paznuuaror 1Ba BUJa qUCIOKALUN — Kpaesvie U 8unmosbvle (CM. puc. 2).

Kpaesas oucnoxayus npencraBisgeT coOOM MECTHOE HCKa)KEHUE KPUCTAIUIMYECKOH pPEIETKH,
JIMHUIO, BIOJb KOTOPOM BHYTPHU KpucCTaia oOpbIBaeTcsl Kpail «IMIIHEH» MOJYIIOCKOCTH (puc. 2,).
HenomnHast 10CKOCTh Ha3bIBAETCS 9KCMPAniockocmyio (puc. 20).

——— HL"‘.—_" 3
-
— 1 TN
x&.\:m___
al kk""""
6)
Puc. 2. Jlucnoxanuu: a- kpaepas; Puc. 3. Mexanusm 006pazoBaHus BUHTOBOU
0- IKCTPAIIIOCKOCTb. JHUCIOKALIUY.

Bunmosas oucnokayus oGpasyercss mpy MOMOIIY YaCTUYHOTO CIBMra KpUCTaJUla MO IJIOCKOCTH
Q Bokpyr suHuu EF (puc. 3) Ha noBepxHocTH KpHucTajuia oOpa3yercs CTYHEHbKa, MPOXOJsiias OT
Touku E 710 kpas kpuctayia. Takol 4aCTHYHBIA CIBUT HAPYIIAET MAapajuieIbHOCTh ATOMHBIX CIIOEB,
KpUCTAJUI IPEBpALIACTC B OJHY ATOMHYIO IUIOCKOCTb, 3aKPYYEHHYKO IO BHHTY B BHJE II0JIOTO
reJIKouJa BOKPYT JuHuUM EF, KOoTOpas NpeACTaBiISeT IPAHULLy, OTACISIOUIYI0 YacTh IUIOCKOCTH
CKOJIbJKEHUS, TJIE CIBUT YK€ MPOU3O0ILEN, OT YACTH, TJI€ CIBUT HE HAUMHAJICS.

Jlucnokanuu o0pa3yroTcsl IpU TEPMUUYECKON M XMMHUKO-TEpMUYECKON 00paboTKax, B Ipolecce
KpUCTAJIIIM3all1H, IJIACTUYECKON edopMaliuy U APYTruX BUJAX BO3JIEHCTBUS HA CTPYKTYPY METAJJIOB
U CILJIABOB.
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BOl'lpOC 2. Bausinue HECOBEPIIECHCTB KPUCTAVIMYECKOIO CTPOCHUA HA MEXaHHYECCKUE cBOlicTBA
MaTepuaion

JIMcoKaMoOHHAsT CTPYKTypa MaTepualla XapakTepusyercs niomuocmvio ouciokayut. OHa
SBJIICTCS  XapaKTCPUCTUKOW, HEMOCPEJACTBCHHO BIIMSAIOMICH HAa CONPOTHUBICHHUE MaTepHaia
MJIACTUYECKOH JedopMaIiui.

ITmoTHOCTE AUCIIOKAaIU B 3HAYUTEILHOU MEPE ONIPECACIIACT TAKME MEXAHUYCCKHUEC CBOI\/’ICTBa, KaK
ITACTUYHOCTH U IPOYHOCTH MaT€purasia.

JII/ICJ'[OKaIII/H/I BJIMAOT HE TOJBKO Ha MPOYHOCTH W INJIACTHUYHOCTHB, HO M HA APYIruc CBOMCTBA
kpuctayioB. C yBelIMUYEHUEM IIOTHOCTH JWCIOKAIMA BO3pacTaeT BHYTPEHHEE TPEeHHE (BS3KOCTH),
M3MCHSIFOTCS ONTHYCCKUE CBOWMCTBA, TIOBBINIACTCS DIIEKTPOCOINPOTUBIICHUE MeTauia. Jluciaokanum
YBEIMYHUBAIOT CPEIHIO CKOPOCTh AU(M(y3uH B KpUCTAIUIC, YCKOPSIIOT CTApEHHE U JPYrHe MPOIECCHI,
YMEHBIIIAIOT XHUMHUYECKYI0 CTOHWKOCTB, MO3TOMY B pe3yiibTaTe OOpaOOTKH MOBEPXHOCTH KpHCTAIIA
CIICIIHMAJIbHBIMU BCUIECCTBAMU B MECTAaxX BbIXO1a I[I/ICJ'IOKaHI/Iﬁ 06pa3y}0Tcsl SAMKH.

Jucnokauu oOpa3yroTcst Ipu 00pa3oBaHWU KPUCTAUIOB M3 paciulaBa WK Ta3000pa3Hoi ¢askl,
IIPU CpacTaHUM OJIOKOB C MaJIbIMU YIJIaMU pa30pUEHTUPOBKHU.

Tema Ne3. ®uzuko-MexaHH4YeCKHe CBOIICTBA MAaTepHAJIOB

Bonpoc 1. ®u3nyeckue cBoiicTBa MAaTEPHAIOB
IL1oTHOCTH

ITnomnocms (p = m/V, r/em’) sBisercs ofHON M3 BaKHEHIIMX XapaKTEPUCTHK METAIOB M
CIUIAaBOB, YMCIIEHHO paBHAs OTHOIIEHUIO MAacChl OJHOPOJHOTO Tela K ero o0bémy. [lo rurotHoCTH
METaJUTBI ICJIAT Ha CJIEeIYIOUIHE TPYIIIbL:

— nérkue (IIOTHOCTBIO He Gonee 5 r/cm®) — Mg, Be, Al, Tiu ap.;
— Tskénsle (1oTHOCTBIO oT 5 10 10 r/em®) — Fe, Ni, Cu, Zn, Sn u zap. (310 Haubonee oOIIMpPHAS

rpynmna);
— oueHb TspKenble (II0THOCTBIo 6onee 10 r/em®) — Mo, W, Au, Pb u np.
Campblii jerkuii Meranmn — jutuii Li (p = 0,53 r/em®), camblif  Tsokénblii — ocmuii Os

(p = 22,6 T/cM?).

BaxxHocth  TUIOTHOCTHM  Kak  (PU3WMYECKOW  XapaKTEpUCTUKH  Marepuajga oOyCIIOBJICHA
HCIIOJIb30BAHUEM YCTAHOBOK B TAKHMX OTPACIIAX MMPOMBIIIJICHHOCTHU, KaK CYyJOCTPOCHHUEC, TPAHCIIOPTHOC
MAaIlIMHOCTPOCHHE M OCOOCHHO aBHUAIIMOHHAS M PAKETHO-KOCMHUYECKas TexHuKa. J[Ji1 Takux oO0hEMOB
OJHHUM HUX PCIIaroIInX yCJ‘IOBI/Iﬁ MIPUMCECHCHUS ABJISICTCA MUHHUMU3AUA MAaCCbhl TCXHUYCCKOTI'O 06”beKTa.

Temneparypa miaBjeHust

Temnepamypa nnasnenus Ty, °C XapakTepuszyeT MEpexo]l MeTajla M3 TBEPJOTO COCTOSHHS B
KUJKOE.

Temneparypa mmaBnenus Tnn W paBHas €M TeMIeparypa 3aTBEPACBAaHUS — XapPAaKTEPHBIN
IIPU3HAK KOHKPETHOTO BEIECTBA.

@usnueckas CyIHOCTh Ipoliecca IUIABJIEHUS COCTOMT B cienymoomem. llpu miaBieHun
Hapylmaercs NOPSAOK B PACHOJIOKEHUH AaTOMOB, CYHIECTBYIOIIMKA B TBEPAOM COCTOSHHH,
IIPOUCXOJUT PA3PYLIEHUE NPOCTPAHCTBEHHOW KPHCTAUIMYECKON PEIETKU. B KpucTammaeckom Tele
aTOMBI COBEpIIAIOT K0JieOaTeIbHbIE IBUKEHHUS OKOJIO CBOUX IMOJI0KEHHUH paBHOBecHs. C MOBBIIIIEHUEM
TEeMIIepaTypbl aMIUINTYyJa UX KojieOaHUil Bo3pacTaeT (IPOUCXOIUT MOBBILIEHUE BHYTPEHHENH SHEPrUU
Tela) W JIOCTUraeT HEKOTOPOM KPUTHYECKON BEJIUMYMHBI, IOCJIE Yero KpUCTAJUIMYecKas peuéTka
paspymaercs. B cBoio ouepenb Uil paspyll€HUs KpPUCTAIMYECKOW peméTrku TpedyeTcs
JOTIOJIHATENbHAS TEIUIOBAsl SHEPrus, IIOITOMY B IPOLECCE IUIABJICHMS TEMIIepaTypa He IOBBIIIACTCS
JI0 TE€X 0P, ITOKA HE MIPOU30MUIET pa3pylIeHNs BCEH KPUCTAUIMYECKOW PEHIETKY Tena, HECMOTPS Ha TO,
YTO TEIUIO MPOAOJDKAET OCTYNATh.
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Temneparypa mnaBneHus Tn;, MOJOOHO TeMIEpaType KHUICHHUS, 3aBUCHT OT JaBiieHus. s
BEILIECTB, y KOTOPBIX YBEIMUMBAETCA OOBEM IMpH IJIABJICHUU, IOBBIINICHUE JaBJIEHUS CHIXKAET
TeMIieparypy miaBiaeHus Ty, 1 HA00OPOT.

B 3aBucuMoOcTH OT TeMmepaTyphl IUIaBJIEHUS] MeTAIbI MOAPA3/Ie/AIOTCA Ha cieayloume
rpynmnbl:

— JIETKOIJIaBKHe (Temneparypa miasieHus He npessimaer 600°C) — Zn, Sn, Pb u ap.;

— cpeaneruiaBkue (ot 600 mo 1600°C). K HUM OTHOCHUTCS MOYTH IMOJOBHHA METAJUIOB, B TOM YHCJIC
Mg, Al, Fe, Ni, Cu, Au;

— tyromutaBkue (6osiee 1600°C) — W, Mo, Ti, Cr u ap.

CampiM JnerkoruiaBkuM MetauioM siBisiercss pryth Hg (7w, =-39°C). Lesuii Cs u rawmmii Ga
maaBaTcsi B pykax. CamMbIM TYTromiaBKuM MeTauioM siBiisieTcst Bosibdpam W (T = 3390°C), mostomy
OH MPUMEHSIETCS I M3TOTOBJICHUSI HUTEBUIHBIX CIIHUPAJICH AJICKTPOJIAMIIL.

YieapHas TeMJI0EMKOCTH

Tennoémxocms — CIOCOOHOCTh MaTepuana IpU HarpeBaHUHM MOTJIOLIATh ONIPEACIEHHOE
KOJIMYECTBO TEIJIa, a IPU OCTHIBAHUHU €TI0 OTJaBaTh.

Yoenvnas mennoémxocmo Cp, ([orc/ke-K) wmm ([owc/kmonsK) — 3TO KOJMYECTBO SHEPTUU
(TeroThl), HE0OXOUMOE JUISl TOBBIILIEHUS TEMIIEPATyphl €AMHUIIBI MACChl T€JIa Ha OJIUH IPaayc

c, -2
m At
/e m — Macca Marepuaia, Kr;
At — pa3HOCTb TEMIIEpaTyp MaTepuaia 0 U nocie HarpeBanus, K;
(Q — KOJIMYECTBO TEIIOTHI, IEpeAaHHOE 00pasILy.

VYaenpHas Temo€MKOCTh C, YMEHBLIAETCS C YBEJIMYEHUEM IOPSAKOBOIO HOMEpa 3JEMEHTa B
tabnuue Menneneesa.

VY aenpHble TEIIOEMKOCTU Pa3HbIX METAIOB Pa3IMYHbI U, KaK MPaBUJIO, 3HAYUTEILHO MEHbIIE,
4eM y JApYTHX BEHIeCTB, Onarojaps XOpolied TeronpoBoaHocTu. Hampumep, y amomuHus Al
Cp, =880 [oc/ke'K; 'y wene3za Fe Cp, =460 Jorc/ke'K; 'y memu Cu  Cp, =385 [rc/ke K, cBunna Pb
Cp =130 [orc/ke K.

VYnaenpHas temnoéMkocTh C, ci1ado pacTET C MOBBILIEHUEM TEMIEPATyphbl U CUIBHO MEHSETCS
npu ¢a3oBbIX HpeBpauleHusX. M3BecTHO Takke, YTO MPH BBICOKUX TEMIIEpaTypax TEIMIOEMKOCTh
METAJJIOB U IPYrUX KPUCTAIIIMYECKUX TeJI MOUYTHU HE U3MEHsIeTCs U OJIM3Ka K MOCTOSSHHOMY 3HaYEHHUIO.
C noHmXeHHeM TeMIIepaTyphl TEIIOEMKOCTh HAUMHAET OBICTPO Hajaarh. BOmm3u abcostoTHOTO HyIs
TEII0EMKOCTb BCEX T€J CTPEMUTCS K Hy0. [Ipu KpuoreHHbIX Temneparypax Jaxe Majoe KOJIU4eCTBO
TEIUIOTHI CYILIECTBEHHO U3MEHSIOT TEMIIEpaTypy MaTepuara.

TeHJIOHPOBOJIHOCTL H TEMIIEPATYPOIIPOBOIHOCTD

Tennonposoonocms A, (kBm/m°C) (wmma [Jowc/m-c:K) XapakrepuzyeT CKOPOCTh Iepeaadn
TEIJIOBOM SHEPruu OT OJHOM YacTH Tena K JpYroi (MOJIEKYJISPHBIM NEPEHOC TEIUIOThl B CIUIOIIHOMN
cpene, OOyCIOBJICHHBIM HaJIMYMEM TrpajueHTa TemmepaTypsl). [Ipu 3TOM TemIonpoBOJHOCTh HE
COIMPOBOXKIAETCA NEPEMELIEHUEM COCTaBIISAIOIMX Teno 4acTtull. Kak paHee ObuIo cka3zaHO, XOpoluas
TEIUIONPOBOJHOCTh METAJJIOB OOYCJIOBJIEHA BBICOKON MOJBMKHOCTBIO CBOOOJHBIX 3JEKTPOHOB U
KojeOaTeNnbHbIM  JBM)KEHHEM HOHOB. TemionpoBOJHOCTb A SBJIIETCS  MEpOH  OBICTPOTHI
BBIPABHUBAHUS TEMIIEPATYp Pa3IMUHbIX TOUEK TeJa, I MEPOM KOJMYECTBa IIEPEHOCUMOTI0 TeIlIa MpH
3aJJaHHOM pa3HOCTH TeMIlepaTyp B pa3iMYHbIX TOukax Tesna. Yem OoJiblie TEMIONPOBOIHOCTD A, TEM
CKOpee TeJO MPUOIUKAETCS K COCTOSHUIO TEIJIOBOrO paBHOBecHs. UeM Bbllle TEIIONPOBOJAHOCTH A,
TE€M paBHOMEpHEE paclpeiesieHne TEMIIEPATyphI 110 00bEMY Tela.

Kosppuyuenm mennonposoonocmu A xapakrepusyeT KOJWYECTBO TEIUIa, MIPOXOAIIECTO 4Yepes
MaTepual TOIMUHON 1 M, uepes IUIoNaab oBepXHOCTH 1 M2, 3a BpeMs | ¢, IpU pa3sHOCTH TEMIIEPaTyp
Ha MPOTHUBOTOJIOKHBIX MOBEPXHOCTAX |1 K
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2=2r
oS At
rae O — Temio, mepelaHHoe 0T 000TrpeBaeMoi TOBEPXHOCTH K 00Jiee X0JI0JHOM;
0 — ToJIMHA 00pa3iia (U31eus), MM;
S — muioma s 00orpeBaeMoi OBEPXHOCTH, M
At — pa3HOCTb TEMIEpaTyp MPOTUBOINOJIOKHBIX MOBepXHOCTEH 00pasua, °C (K);
7 — Bpems, C.

Yucnosble 3HaYeHUS KOAPPHUIIMEHTA TETIIONPOBOAHOCTH 3aBUCAT OT BHJIA MaTepraa.

N3BecteH psia MeTauioB 1o Mepe yBeIMYeHHs TerionpoBoaHoctu: Pb, Fe, Sn, Zn, Mg, Al, Au,
Cu, Ag.

TemnepamyponpoeooHocms — CIOCOOHOCTh OOpa3na wmarepuana (U3Aenusi) HN3MCHSTh
TeMIlepaTypy TIpH HarpeBaHud (OXJIaXJICHUH). TemIeparyponpoBOJHOCTh  XapaKTePU3YETCs
K03 QHIIEHTOM TEMIIEPATYPOIIPOBOHOCTH a (M2/¢).

Koaduiment teMneparyponpoBOHOCTH XapaKTEPH3yeT CKOPOCTh M3MEHCHHS TeMIICPaTyphl
Marepuaia ¥ MOXKET OBITh OnpeaesiéH 1mo hopmye:

2

2.
s

A
a=—;

Cop
rjae A — K03 QUIMEHT TEIUIONPOBOAHOCTH MaTepraa;
Cp — yzaenbpHas TEIIOEMKOCTh MaTepUala;
p — YIEJIbHBIN BEC MaTepuaa.

DJIeKTPONPOBOTHOCTD

DnekmponposoOHOCmb y XapaKTEPU3yeT CIIOCOOHOCTh MaTepuana MPOBOIUTH AIIEKTPHUYCCKHMA
TOK. MI3BECTHO, YTO METaJITBI XOPOIIO MPOBOIST MEKTPUICCKHUIA TOK. XOPOIIasi 21eKmponposoOHOCHb
METaJJIOB OOBSCHSETCS HAJUYMEM B HHUX CBOOOJHBIX JJIEKTPOHOB, 00JaAamUX OO0JbIION
MOJIBIKHOCTBIO, KOTOPBIE IO/ BIMSHUEM Jaxe HEeOOJBIION pPa3HOCTH TOTEHIHUAIOB CIOCOOHBI
MePEMEIIaThCs OT OTPUIIATEIFHOTO TIOJTFOCA K TOJIOKUTEITHLHOMY.

Ha »51exTpomnpoBOJHOCTh METAJIOB OKa3blBaeT BiIMsAHUE Temmeparypa. C TOBBIIEHHEM
TEeMIepaTypbl YCUIMBAIOTCS KOJ€OaHWS WOHOB M aTOMOB METAJUIOB, YTO 3aTPyIHSET NepeMelleHue
AIIEKTPOHOB IO MPOBOJHUKY (METAJUTY) U TEM CaMbIM IPUBOJUT K CHIKCHHIO AIIEKTPOIPOBOTHOCTH.
[Tpn HU3KMX TemmepaTypax KoJiebaTelbHOE JBIKCHHE MOHOB M aTOMOB KPHUCTAJUIMYECKON PEHIETKH
MIPOBOJIHUKA, HA0OOPOT, CHIIFHO YMEHBIIIAETCS U AIIEKTPOIPOBOIHOCTh PE3KO BO3pACTACT. YIKe BOIHM3H
abcomorHoro Hyis (—273,15°K) conpoTuBiieHHE METaIOB MPAKTUYECKU OTCYTCTBYET.

JlydmuM mpoOBOJHUKOM 3JIEKTPUYECKOTO TOKa SIBIsiETCA cepedpo (Ag), 3a KOTOPBIM CIETYIOT
Mmenb (Cu), 305070 (Au), amomuawmii (Al), xeneszo (Fe). Hapsny ¢ MemHbIMH W3rOTaBIMBAIOTCS W
ATFIOMHUHHEBBIC JIEKTPUYECKUE TTpoBoAa (kabemn).

TenyoBoe pacuiMpeHue MaTepuajioB

TennoBoe paciupenue TBEPAbIX MaTEpUAIOB XapaKTepusyeTcs: KodhduuueHTaMu JMHEHHOTo U
00BEMHOTO TETJIOBOTO PACHIHPEHHS.

Koagppuyuenm mennoeozo nuneiino2o pacuupenus o, 2pad”’ — BelMuMHA, XapaKTepU3yIomas
M3MEHEHHEe pa3zMepoB oOpasna mmHor 1 M mpu HarpeBanuu Ha 1°C. OH MOXeT OBITH OTNPEACNEH MO
bopmyme

.Y,
I, At ’
rae Al — pa3HOCTh JUIMH 00pa3iia MaTepualia 0 U IMocje HarpeBa, M;

lo — HavanpHas AyIMHA 00pasIa, M;

At — pa3zHocTh Temrepatyp, K.

Kosppuyuenm o6wémnoco mennogoeo pacuiupenus f — OTHOCUTEIBHOE M3MEHEHHE 00BEMa
oOpas3la MaTtepuana npu U3MeHeHHH ero Temmneparypsl Ha 1 K
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B = AV
Vy At

rae AV — pazHocTh 006EMOB 06pasIia [0 U TI0CIe HArpeBa, M-;

At — pa3HocTb TEemnepatyp, K;

Vo — HavanbHbI 00BEM 00pasiia, M°.

[IpuunHO#l paciiupenust TBEPABIX TEN NPU HArpeBaHUM SBJSETCS BO3pACTaHHE AMILTUTYIbI
TEIUIOBBIX KOJIEOAHUN aTOMOB KPUCTAITINYECKON PELIETKU OKOJIO MOJI0KEHUH paBHOBECHS.

TepMmuueckoe pacivpeHue sBIsieTCd OAHUM W3 HauboJiee BaXKHBIX CBOMCTB KOHCTPYKIIMOHHBIX
MaTepUuaoB, NMPUMEHSIEMbIX B KPUOT€HHON TexHuKe. llokasaTensMu TEpMHUYECKOro pacIIMpPEeHHs
MaTepUaJIOB SIBJISIFOTCS TEMIIEpaTypHble KOAPPUIUEHTH 00BEMHOIO U TMHEWHOTO PACHIUPEHUS.

3HaHue Ko3(p(UIUEHTOB TEIUIOBOTO PACHIMPEHUs] KOHCTPYKLUHMOHHBIX MAaTE€pHAJIOB IO3BOJISET
IpU MPOEKTUPOBAHUU U30€XKaTh TUNMUYHbIE OWMOKHU. Tak, pazauuHble 3HA4eHUS] KOA(D(ULMEHTOB
TEIJIOBOTO PACIIUPEHUs CONMPSIKEHHBIX JIeTaled MOTYT NPUBECTH K BO3HUKHOBEHHIO BHYTPEHHUX
HANpsHKEHUM, B pe3yJIbTaTe YEro MOKET MPOU30MTH pa3pyllieHUE BCEH KOHCTPYKIUH.

OTtpaxarebHast CIOCOOHOCTH

OmpadsicamenvHas cnocooHocms — 3TO CIIOCOOHOCTb MeTajljla OTpakaTb CBETOBBIE BOJIHBI
ONPENEICHHOMN JUIMHBI, KOTOpas BOCIPHHUMAETCS YEJIOBEUYECKUM IJIa30M Kak IBeT. l[Ber meTtamios:
Mg — Geno-cepsrii, Al — cepoBaro-6einbiii, Fe — rosryboBaro-6enbiit, Au —xkEnThiid, Ag — OebIil 1
T. 1.

XapakTepHblil ~ MeTaJIM4eckuii ~ OJeck  MeTauioB  OOYCIIOBJIEH  B3aUMOJEHCTBUEM
SJICKTPOMArdHUTHBIX CBECTOBBIX BOJIH CO CBO6OI[HI>IMI/I OJICKTPOHaAMH METAJIJIOB.

BOHpOC 2. Bausinue TEMIIEPATYPbI HA U3MEHCHUE MEXAaHUYECCKHUX CBOMCTB MaTepuaioB

[loBbIlIEHHBIE TEMIIEPATypbl OKa3bIBAIOT CYHIECTBEHHOE BIIMSHUE HA TaKu€ MEXaHUYECKUe
XapaKTEPUCTUKN KOHCTPYKIMOHHBIX MATE€pPHAJIOB, KakK IOJBY4YECTh U JUIMTEIbHAs MPOYHOCTD.
Ilonzyuecmvio Ha3bIBAIOT MEIJICHHOE HENPEPHIBHOE BO3pAacTaHME ILUIACTHUECKOM (OCTAaTOYHOM)
negopManuu MOJ BO3JACHCTBHEM INOCTOSIHHBIX HAarpy3ok. /{iumenvHoti npoyHOCmblO Ha3bIBaeTCs
3aBUCHUMOCTb pa3pyllIalolUX HamnpsHKEeHUH (BPEMEHHOIO COINpPOTUBIEHHUS) OT JJIUTEIIBHOCTH
sKkcrutyaTanuu. CBOWMCTBAa MOJ3Yy4ECTH W JUIMTEIBHOM MPOYHOCTH MPOSBIAIOTCS Yy YIIIEPOIUCTBIX
cranedt npu T >300°C, misa nerupoBaHHbIX cranei npu T>350°C. s altOMMHHMEBBIX CIUIABOB IpU
T>100°C. Hexotopble MaTepuaibl IPOSBISIOT 3TU CBOMCTBA U ITPH OOBIYHBIX TEMIIEpATypax.

Mepoii o1IeHKH TOJ3y4ecTH MaTepuaa sBISETCS npeden noazyuecmu — HaupsLKeHUe, IpU KOTOPOM
IiacTUyecKas JeopManus 3a OnpeieIeHHbINA POMEXYTOK BPEMEHH JOCTUTAET 3aJaHHOW BETMYHMHBI.
B HekoTophIX cilydasix CONPOTUBIIEHUE MOJI3YYECTH OL[EHUBAETCS BEIMYMHOM CKOpOCTU Aedopmanuu
10 IPOIIECTBUHU 33JaHHOTO BpeMeHH. [Ipu 00603HaueHnn npeesnna noia3yyecTy yKa3blBaeTcs BEIHYnHA
nedopmaiuu, Bpemsi U Temreparypa ucnbitanuid. Hanpumep, mis xaponpounoro criasa XH77THOP
mpu Temrepatype 700°C 3a Bpems 100 gacoB u aedopmanuu nomsydectu 0,2% mpenen moy3ydecTa

cocrasmsier 400 MITa: ©0.210 (700) = 400 M Tic .

[IpoyHoCcTh MaTepualia TPHU TOBBIIICHHBIX TEMIIEPATypax OIICHUBACTCS HpPeoeioM ONUMeNbHOlL
npoyHOCMuy — HATPSHKEHUEM, MTPH KOTOPOM MaTepuai pa3pyliaeTcss He paHee 3aJaHHOTO BPEMEHH.
[Ipu o6o3HaueHHH Ipeiena JUINTEIbHOW MPOYHOCTH YKa3bIBACTCSI MPOAOJKUTEIBHOCTh HArPYKEHUS 1
temmneparypa ucnbitTanus. Tak, mis craBa XH77THOP npu temmneparype 700°C u Bpemenu 1000

(700) = 330 MTIz

o T mm
qacoB Hpejlen JJINTCIIBHON HpO‘IHOCTI/I COCTAaBJIACT
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Bonpoc 3. Hepaspymaroumue MeToAbl HCCJIEI0BAHUA MEXAaHUYECKUX CBOMCTB METAJLJIOB M
CILIABOB.

Onpezle.ﬂelme TBép)IOCTPI mMaTepuajaoB

Teépoocmb — 3TO MEXaHMYECKOE CBOWCTBO MaTepuaia, IMOKa3bIBAIOLIEE €ro CHOCOOHOCTh
CONIPOTHUBIIATHCS TPOHUKHOBEHHUIO B HETO ApPYyroro, 6osee TBEpAOro matepuaina (tena). bonee TBEpmoe
TEJIO SBJISETCS CTAaHAAPTHBIM U Ha3blBaeTCs unoenmopom. VIHpeHTOop HE nedopmupyercs npu
UCIIBITAHUH.

TBEpmocTe MaTepuana OTpa)kaeT €ro IPOYHOCTh M IJIAaCTUYHOCTh. McmbiTaHue Ha TBEPIOCTH
CUMUTAETCS] CAaMbIM JJOCTYIIHBIM U PACIPOCTPaHEHHBIM BUIOM MEXaHUYECKUX HcnbITanuil. Hanbosnbmiee
MPUMEHEHHE TMOJyYWIM CTAaTUYECKHE METOJAbl MCIBITaHUs Ha TBEPAOCTb IMPH  BJABIMBAHUU
uHaeHtopa: metoq bpunenns, meron Bukkepca u meroa Poksena. CxeMbl MCHBITaHUS MaTepHAaOB
Ha TBEPJIOCTH 110 IaHHBIM METOJaM Ipe/ICTaBIeHbI Ha puc. 1.

lupokoe pacnpocTpaHEHHE 3TU METObI UCIBITAHUN MOJIYYUIIU B CUIIy TOTO, YTO I 3TOTO HE
TpeOYIOTCS CHeluagbHble 00pasipl. DTO HEpa3pylIAIIIHEe METOIbI KOHTPOJIS, OCHOBHBIE METO/IBI
OLICHKM KadecTBa IPOBEIEHHOM TepMUYEeCKONM OOpaOOTKM U3JeNUN, KOHTAKTHOW MPOYHOCTH U
M3HOCOCTOMKOCTH MOBEpXHOCTEHN neTaneid MamuH. O TBEPIOCTH CYIAT JUOO MO AMAMETPY OTIIedaTKa
OT BJaBiIuBaHus Iapuka (Meton bpunemns, puc. la), nubo no riayOuHe BAaBIMBaHMS B MaTepuall
anMa3Horo konyca (Meron Poksemna, puc. 16), win no nuaroHaiau oTiedyaTrka ajaMa3HOM MUpaMubl
(meton Bukkepca, puc. 16). KonnuecTBeHHOH OLIeHKOH TBEPAOCTHU SABISETCS YUCIO TBEPAOCTH, PABHOE
OTHOIIEHMIO PHKIaabiBaeMoii Harpysku P (H, xI') k miomanay noBepXHOCTH oTredarka F (Mm?).

-

e

Z 9
9

Puc. 1. Cxemsb1 onpenenennst TBEPAOCTH:
a — 1o bpunemnto; 6 — mo Poxenny; 6 — o Bukkepcy
Bo Bcex chywasx wucCHbITaHUS TPOUCXOJMUT IUIACTHYECKOE AehOPMHPOBAHHE MaTepuaa.
CoOTBETCTBEHHO, YeM OOJIbIIIE CONMPOTUBIICHHE MaTepuaja IJIACTHYECKON aepopMaiviv, TEM BBIIIE
€ro TBEPIOCTb.
Onpenesienne TBEPIAOCTH MaTepHaIoB Mo MeToay bpunenis

HcnbiTanue matepuanoB Ha TBEPIOCTh MNPOBOJAT Ha TBepaomepe bpunemwta. TBépaocTh
MaTtepuaa oIpeneisercss MyTéM BJaBIMBaHUA B MaTepuaj oOpaslia CTalbHOIO 3aKaJIEHHOTO WU
TBEPIOCIJIABHOTO IIAPUKa, CIY)KAIIETO B Ka4eCTBE UHJIEHTOpa — Oosiee TBEpI0TO Tena (puc. la).

Teépnocts no bpunemmo HB (8 H/mMm? wim B k['/MM?) omnpesenseTcs Kak OTHOLIECHHE
MIPUJIOKEHHOM Harpy3ku P K riomaau cpepuiyeckoil MoOBEpXHOCTH oTieyarka F mapuka:

P 2P

HB=—= , [H/mm']
F aDx(D—D* —d*)
rae d — nuamerp cdepudeckoro oTrneyaTka, U3MEPEHHBIN IOCJIe CHATUS Harpysku, mMm; D —

JUaMeTp IIapuka (MHAEHTOpa), MM.



14

Puc. 2. Cxema ucnbITaHU MaTepuagoB Ha Puc. 3. Cxema onpenenenust TBEPJOCTHU 1O
TBEPAOCTH 1O MeTONy bpuHesns: Metoay PokBesia rpu BIaBIMBAHUU B

1 — unpeHTop; 2 — oOpasel] U3 UCIBITYEMOTO  HCIBITYeMbIi 00pasel atMa3HoTo KoHyca: /o
MaTtepuaia; 3 — OMOPHBIN CTOJIMK Mpecca — yriy6iieHne KOHyca oJ JeHCTBUEM
bpunenns. npeaBapuTebHOM Harpy3ku Po = 100 H; 7

— yriy6iieHne KOHyca MoJ JeiCTBUEM
oOuieit Harpy3ku P = Py + P;

h — riryOUHa 0CTaTOYHOTO BIABIMBAHUS
WHJICHTOPA MOCIIe CHATUA Harpy3ku P; N —
CHJIa PEaKIMU ONOPBI OT AEUCTBUS
IIPUKJIAJbIBAEMON HArpys3ku P; 1 —
UHIEHTOP (KOHYC); 2 — UCHBITYeMbII
obpaserr.

Uewm TBEpKE MaTepuall, TeM BhIIe uncio TBEpaoctu HB (Hardness Brinelle).

Huamerp mapuka D MOXeET OBbITh pazIUYHbIM, B 3aBUCHUMOCTH OT TOJIIMHBI HCIBITYEMOIO
oOpa3ua. [lns ompeneneHus TBEPAOCTH METAJUIMYECKUX MAaTEpPHAIOB PEKOMEH]YeTCS HPUMEHSTH
CTaJIbHbIE IIAPUKU CIEAYIOIIMX auamerpoB — 2.5; 5 u 10 MM amd ucneIiTaHus Ha TBEPIOCTh
00pa3IoB TOJIIIMHON COOTBETCTBEHHO MO0 3; 6 u Oonee 6 MMm. Jljig IMIapuKOB pa3HOTO IUaMeTpa
BBIOMPAIOT ONpEAENEHHYIO Harpy3Ky BaBiIMBaHUs P 1 BpeMsl BBIIEPKKH 7 MIOJ1 ATON Harpy3Koi.

Onpezle.ﬂelme TBép)IOCTPI MaTE€pHuaJloB 110 METOAY PoxeBenna

[Ipu omnpenenenun uwuciaa TBEPAOCTH MO Meroay PokBemna B MOBEpXHOCTh MaTepuaia
UCHBITYeMOro o0pa3lia BAABJIMBAIOT HAKOHEUYHUK (MHAEHTOP) MO ACHCTBHEM JBYX IMOCIIEI0BATEIBHO
npujaraeMblx Harpy3ok — mnpensaputenbHoil 100 H u ocHoBHOM (mpeaBapuTenbHas + OCHOBHAs =
obutas 600, 1000 nnu 1500 H). CornacHo 3TOMY METO.LY, 32 YCIIOBHYIO MEpPY TBEPJIOCTU IPUHUMAETCS
riyOvHa OoTHeyYaTKa.

B kauecTBe HAaKOHEUYHMKOB JUIsl TBEPJBIX MATEPHAIOB IMPHUMEHSIOT ajJMa3HbI KOHYC C yIJIOM
npu BepmnHe 120° pans markux marepuanoB (no HB 230) — cranbHOM 3aKaleHHbBIM IIapuK

mmamerpom 1/16" (21,588 mm). ITocien0BaTENbHOCTD HCIIBITAHMI TIPH PA3HBIX HHACHTOPAX OHA H
Ta XKe.

Harpyxenue ocymectBisercs B JBa dTana. CHayana NpHUKIAAbIBAaeTCs MpeABapUTeIbHas
Harpy3ka Po =100 H (10 krc) s TUIOTHOTO CONMPUKOCHOBEHHSI HAKOHEYHHKA C HCIHBITYEMBIM
obpasnom. Ilox neiictBueM sTo¥t Harpys3ku (Po) MHIACHTOp BIABIWBAaeTCs Ha TiyOuny ho (puc. 3).
3areM MpUKJIaIbIBA€TCsl OCHOBHAsI Harpy3ka Pi, 1 B T€U€HUE HEKOTOPOro BPEMEHHM JeHCTByeT oO01as
(oxoHuarenbHas) pabouass Harpyska P = Py + Pi. Tlon npeiictBueM oOImieit Harpy3ku P MHACHTOP
BlaBiIMBaeTcss Ha riayouny i1 (puc. 3). Ilocine cHATHS OCHOBHOM Harpys3ku P OCTaBIISIIOT
IpelBapuTeNibHyl0 Harpy3ky Po. Ilpu sToM mnox peilictBuem yrpyro aepopmanuu HHICHTOP
MIOJHUMAETCSl BBEPX /0 YPOBHS /1, HO HE JocTUraer ypoBHs /o. PasHocTh riyOuH (4 — ho) 3aBUCUT OT
TBEPAOCTU MaTepuaia; 4eM TBEPKE MaTepuall, TEM MEHbIIE 3Ta Pa3HOCTb.

3HaueHue TBEPAOCTH OINPEAEISAIOT MO IIIyOMHE OCTATOYHOIO BJAABJIMBAHUS HAKOHEUYHHKA /I TIOJ
Harpy3ko#t P (puc. 3). ['myOuHy oTneyaTka U3MepsoT MHIAMKATOPOM YacOBOI'O THUIIA, YCTAHOBIEHHOIO
Ha npudope c uenoit aenenus 0,002 Mmm.
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Uucno tBépaoctu, onpenenéunoe metoaoM Poksenna, o6o3navaercs cumBosiom HR. OnHako B
3aBUCHUMOCTU OT (OpPMBI MHJIEHTOpA, 3HAYEHUIN HArpy30K BJABIMBAaHUA M HPHUPOJBI HUCIBITYEMOTO
Marepuaia CUMBOJy Ao0aBisercs OykBa A, unu C, unu B, 0003Havaronas COOTBETCTBYIONIYIO KAy
H3MEPEHHUSL.

OnpenesieHue TBEPIOCTH MATEPHAJIOB 10 MeTOAy Bukkepca

Kaxk u B cimydae uzmepeHus: TBEpJOCTH 10 bpuHEITI0 TBEPAOCTH 3/1€Ch TAKXKE ONPENEIAETCS 10
BEJINYMHE OTIEYATKA.

B kauecTBe MHIEHTOpA NpPU UCIBITAHUM B MAaTE€pHUall BAABIMBACTCS ajiMa3Hasl YeThIpeXIpaHHAs
nupamuaa c¢ yriaoMm mpu BepumHe 136°. Ilpu stom mpumensitor Harpysku P ot 50 mo 1200 H
(5...120 krc). Ilocne cHATHS HArpy3KH Ha 0Opasile OCTACTCS OTHEYATOK OT BHEAPEHHOW MUPAMUIBI
(puc. 1,4). Ilocne cHsATHS Harpy3Ky BJIaBJIMBaHUS U3MEPSAETCs AUaroHaiab oTnevarka di (puc. 4).

Teépnocts mo Buxkepcy HV mpexacraBisier co00W Harpysky, NPHXOISANIYIOCS Ha CIUHHILY
ITIOBEPXHOCTH OTIEYaTKa, U OINPENENSIETCS KaK OTHOLICHHWE IPWIOKEHHOM Harpy3ku P K IUIomanu
ITOBEPXHOCTH IMMPAMHJIAJILHOTO OTIIeYaTKa [

p 2Psin% p

HV:—:—2:1,8544—2
F d d

1 1
s

rae P — Harpyska (coctaBisieT 5...120 kr ¢); di — nuaroHajib oTredaTka (M3MepseTcs IPH MOMOIIH
MHUKPOCKOTIa, YCTAHOBJIEHHOTO Ha npubdope); a = 136° — yron npu BeplinHe TUPaMUIbL.

UYucno tBEproctu no Bukkepcy oOo3Hauaercs HV ¢ ykazaHueM Harpy3sku P U BpeMeHU
BBIAEP/KKU 110l  Harpyskoil. PasmepHocTh umcina TBEpAOCTH  (Krc/MM®) He  CTaBHTCHL
[IpoAOMmKUTENBHOCTD BBIAEPKKH MHACHTOPA MO HAarpy3Kou NMpuHUMaroT Juis craned 10 — 15 ¢, a ns
uBeTHbIX MeTaioB — 30 c¢. Hanpumep, 450 HVio15 03Havaer, 4to yuciao TBEpAOCTH 1o Bukkepcy
450 nonyueno npu P =10 krc (98,1 H), npunoxeHHol k aaMa3HOM nupamue B TeueHue 15 c.

7

Puc. 4. Cxema ucneiTanunii Ha TBEpAOCTH 10 Bukkepcy.

Tema Ne4. Teopusi cniiaBoB
Bonpoc 1. KoMnoHeHTBI M (pa3bl KeJ1e30yI1epOAUCTBIX CIIJIABOB

Komnonentamu  >xene3oyriaepoaucThiX CIiaBoB  sBisitoTcst  skeneso (Fe), yrumepon (C) u
uemeHTut (FesC).

Keneso (Fe) —merann cepeOpucTo-cBeTIOro 1Bera. MimeeT BbICOKYIO TeMiepaTypy IU1aBJIeHuUs
— 1539°C + 5°C.

B TBEpmOM COCTOSIHMM >KEle30 MOXET HaXOAWUThCS B IBYX Moauduranusx. [lomumopdHubie
npeBpaieHuss npoucxoadatr npu temneparypax 911°C u 1392°C. Ilpu temmneparype Huxe 911°C
cymectByer a-xene3o (Fe,), obnmamaromee 0O0BEMHO-IIEHTPUPOBAHHOM KyOMueckoil pemérkoit. B
untepBasie Temmeparyp 911+1392°C  ycroituuBbiM  sBisiercs  y-xkeneso (Fe,), obnagaromiee
IpaHELEHTPUPOBAaHHON KyOuueckod pemérkod. Boeime 1392°C  xene3o wumMeer 00bEMHO-
LEHTPUPOBAHHYIO KyOMYECKYI0 pelETKY U Ha3bIBaeTcs d-kene3o (Fes) umm BeicokoTeMIepatypHoe a-
xene3o (Fey).
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IIpu temneparype Hmxke 768°C xene30 (eppoOMarHUTHO, a BBIIE — MapaMarHUTHO. Touka
Kropu xeneza — Temreparypa M3MEHEHHS MarHUTHBIX CBOMCTB elie3a, cooTBeTcTBYeT 768°C mu
o0o3Havaercs A».

XKene3o TexHuueckod 4YMUCTOTHI OOMamaeT HEBBICOKOW TBEpAOCThIO (80HB) M HPOYHOCTHIO
(npenen mnpouHoctH oz — 250 MIla, mpenen Ttekyuectu or — 120 MIla) u BbICOKMMU
XapaKTepUCTUKaMHU  IUIaCTUYHOCTU  (OTHOCUTENbHOE  yiuiMHeHue 0 = 50%, a  OTHOCHUTEIbHOE
cyxxenne y = 80%). CBoiicTBAa MOTYT HU3MEHATHCS B HEKOTOPBIX IMpeAeiiax B 3aBUCHUMOCTH OT
BEJIMYUHBI 3€PHA.

Keneso (Fe) xapakrepusyercst BRICOKHM MOJYJEM YIPYrocTd E, KOTOPBIM XapaKTepU3YyIOTCs H
CIUIaBBI HA €TO OCHOBE, Oylarogapsi ueMy oOecrieuyrBaeTCsi BHICOKAs JKECTKOCTh M MPOYHOCTH JeTaleh
U3 9THX CIIJIABOB.

XKemnezo co MHOTUMH 3J€MEHTaMH 00pa3yeT PacTBOPHI: C METAIaMH — TBEPIBIE PACTBOPHI
3amenenus, ¢ yraepoaoM (C), asorom (N) u Bogopoaom (H) — TBEpabie pacTBOpPBI BHEPEHUSL.

Yenepoo (C) otHocutcs k Hemetaam. OH o0aiaeT siBjaeHUeM noiuMopdusma. B
3aBHCHUMOCTH OT yCJIOBHUI 0Opa3zoBanus yriepo (C) MoXeT CyliecTBOBaTh B opme rpaduta ¢
reKCaroHaJIbHOM CIOMCTOM KPUCTALTMYECKOM pemeTkoi (Temmneparypa miasienns — 3500°C,
IIOTHOCTh — p = 2,25 r/cm’) unu B hopMe aaMasa co CI0KHOM KyOuueckoi pemeéTkoii (TemmepaTypa
wiasnenus — 5000°C). ['padurt sBnseTcs MATKUM MaTepralioM U 00J1aZjaeT HU3KOM MPOYHOCTHIO.
OpHako ¢ yBeIMYeHHEM TeMIIepaTypbl IPOYHOCTh rpaduTa aHoManbHO pacTéT: mpu 20°C
oz = 20 Mlla, a mpu 2500°C g, = 40 MIla. [Ipu 2500°C rpadur npoyHee BceX TYrOMJIABKUX METAIOB.

B cmmaBax ¢ xemesom yriepon oOpasyer JmOO TBEpPABIE PAcTBOPHI BHEAPEHHS, JHUOO
xumudeckoe coequaeHne — mnemMeHTuT (FesC). Tawke yriepoxa (C) MOXeT HaXOIUTHCSA B CBOOOHOM
COCTOSIHUM B BUJI€ I'paduta (B CephIX UyryHax).

B cucreme «xeneso (Fe) — yrmepon (C)» cymectBytoT cienyroniue ¢asbl: kuakas dasa,
¢bepput (D), aycrenur (A4), uementut (L), rpadur (C).

Kuokasa ¢paza. B xunxom coctostaum xene3o (Fe) xopomo pacreopsier yriepon (C) B mo0bIx
MPOIMOPLHUIX C 00pa30BaHUEM OJITHOPOJAHOM JKUJIKOH (a3bl.

Deppum (@) — tBEPABIN pacTBOp BHenpeHus yraeposa (C) B a-xenese (Fe,).

DeppuT UMEET NEPEMEHHYIO IPEEIIbHYIO0 paCTBOPUMOCTH yriiepojia: MUHUMaIbHYy0 — 0,006%
IpyU KOMHATHOHN Temmeparype (touka (J), MakcumanbHyro — 0,02% mnpu temneparype 727°C
(touka P). Yraepon (C) pacnonaraercs B neekrax Kpucrauimdeckoi pemérku xenesa (Fe).

[Ipu Temmnepatype Boimie 1392°C cymiecTByeT BBICOKOTEMIEPATYPHBIM (EPPUT C MPEACIbHOM
pactBopumocTsio yraeposa (C) B o-xenese (Fes) — 0,1% npu temneparype 1499°C (touka H).

CaoiicTtBa (hepputa 61u3ku K cBoricTBaMm xenesa (Fe). On msrok (tBépmocts — 130 HB, mpenen
npouHoctd — o3 = 300 MIla) u mnactuden (otHocurenbHoe yanuHeHue — o = 30%), oOmamaer
MarHUTHBIMHU CBOMCTBaMH 110 Temmepatypsl 768°C.

Aycmenum (A) — tBEP LI pacTBOp BHeaperHus yrieposa (C) B y-xenese (Fe,).

B aycrenure yrnepon (C) 3aHMMaeT MeCTO B LEHTPE TIpPaHELICHTPUPOBAHHOW KyOMYeCKOM
STYCUKU. AYCTEHUT UMEET NIEPEMEHHYIO MPEIETBHYIO PacCTBOPUMOCTH yriiepoa (C): MUHUMAIbHYIO —
0,8% mnpu Temneparype 727°C (toukaS), makcumanbHyro — 2,14% mnpu temmneparype 1147°C
(Touka E).

Aycrenutr umeer T1BEpaocth 200...250HB, mnnactuyeH (OTHOCHTENBHOE YIUIMHEHUE €ro
coctasisieT 0 = 40...50%), obiagaeT napaMarHUTHBIMU CBOMCTBaMHU.

W B ¢eppute U B ayCTEHUTE MOTYT PacTBOPSATHCS MHOTHE JICTUPYIOIIHE DJIEMEHTHI, 00pa3ys
TBEPIBIC PACTBOPHI 3aMEIIEHHs] U PE3KO0 M3MEHSsI WX CBOMCTBAa. Kpome TOro, JIerHpoBaHHWE MOXKET
3HAYUTEIHHO U3MEHSTh TEMIIEPAaTypHBIE TPAHUIIBI CYIIECTBOBAHUS (a3.

Ilemenmum (I]) — xumuueckoe coenuHenue xenesza (Fe) ¢ yrmepomom (C) (xapOun
xenes3a (FesC)), conepxkamee 6,67% yraeponaa (C).

HemenTut (Fe;C) He ucnbIThIBa€T NOIMMOPQHBIX MPEBPALIEHUIN TPU U3MEHEHUHN TEMIIEPATYpPHI.
Kpucrannmueckas pemérka nementura (FesC) cocTouT u3 psaa 0KTasapoB, OCH KOTOPBIX HAKJIOHEHbI

APYT K IpyTYy.
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Temneparypa nnaBnenus uementuta (Fe;C) TouHo He ycTaHOBJEHA (11O pa3HbIM JaHHBIM OHA
cocraBisier 1250°C wmmum  1600°C). Tlpu wHm3kux Ttemmeparypax 1iemeHTut (FesC) cmabo
(dbeppomaruuTeH. MarHuTHbIE CBOMCTBA OH TepseT Npu TemrepaType okojo 217°C.

Hementut (Fe3sC) umeer BeicOKyro TBEpAOCTH (Oosiee 800 HB, merxko mapamaer ctexio), HO
OY€Hb HU3KYIO, IMPAKTUYECKH HYJIEBYIO, IUIACTUYHOCTh. Takue CBOMCTBA SIBIISIOTCS CIIEICTBHEM
CJIO)KHOTO CTpoeHus Kpucramumueckor pemérku mnemeHTuTa (FesC). C xumMudeckuMu ieMeHTaMu
uemeHTHT (Fe3C) crmocoOen oOpa3oBbIBaTh TBEPABIC pacTBOpbl 3amerieHus. Atombl yriaepoja (C)
MOTYT 3aMeImaTbcsi aroMamu HemeTawioB: azoToM (N), kucimopomom (O); atomsr xenesa (Fe) —
MeTaiiamu: MaprasueM (Mn), xpomom (Cr), Bosbhpamom (W) u ap. Takoit TBEpabI pacTBOp Ha 0aze
pemérku nementuta (FesC) nomyuunn Ha3BaHUE 1ecUpOBAHHbBLIL YeMEHMUM.

Hementut (FesC) — coeamHenne HEYCTOMYMBOE M IIPH HArpeBe pacrajgaeTcs ¢ 0O0pa3oBaHHEM
cBoboiHOTO yraepoaa (C) B Buae rpaduta. ITOT MPOIIECC UMEET BAXKHOE MPAKTUYECKOE 3HAYCHHE TTPU
CTPYKTYypoOOpa30oBaHUH YyT'yHOB.

B ixene3oyriiepoucThiX cruiaBax BbLAENAOT Tpu Buaa uneMmentuta (FesC) B 3aBHCHMMOCTH OT
TEeMIlepaTypbl 00pa30BaHUS: LEMEHTUT MEepBUYHBIN ([]1), IEMEHTUT BTOPUYHBIN (L{11), LEMEHTHUT
tpeTruHbIi (Lfi).

Jeoeoypum (JI) — MexaHUUYeCcKasi IBTEKTUUECKasi CMECh (IBTEKTUKA) KPUCTAJUIOB aycTeHUTa A U
ueMmentuTa [/ B untepBaie temmeparyp 727 — 1147°C, u mepnuta Il (cM. um uemeHtuTa [] mipu
temmneparypax Humwxke 727°C, conepxkamas 4,3% yraepona (C).

Bomnpoc 2. [Ipoueccsl npu CTPYKTYPOOOPA30BAHMU KeJIe30yT1ePOAUCTIX CIIaBOB. CTPYKTYpPbI
7KeJ1e30yIJ1epOAUCThIX CIIABOB

[IpeBpanienue aycTeHnTa B MEPIUTHBIE CTPYKTYPBI IPOUCXOJUT IIPU MENJIEHHOM OXJIaXKICHHH,
ces3ano ¢ auddyszueit yraepona (C), compoBoxkaaercss moiauMmopdHbeiM TmipeBpamenuem Fe, — Fe,,
BeizienieHremM  yriaepoqa (C) w3 aycteHuTa, o0Opa3oBaHMEM XHMHYECKOTO COCAMHEHUS —
uementuta (Fe;C) u ero pacnpenenenueM no o0bEMYy Marepuaia. YCIOBHO JaHHOE IpPEBpalleHUE
MO>KHO 3aITUCaTh CIEIYIONIMM 00pa3oM:

Fe,(C) — Fe,(C) + FesC.

Ilepaum obGpasyercsi MpU MEPEOXITAKICHUHN ayCcTeHUTa 10 Temmepatypsl 1 = 727...650°C mpu
ckopoctH oxJaxaeHus: Voxr =30...50°C/c. Ero oOpa3oBaHme BO3MOXXHO TPH MaJbIX CTEMEHIX
nepeoxnaxaenus AT ke nunuu PSK nuarpammel «Fe-FesCy» B obnactu temneparyp 727 — 650°C.
Crpykrypa xapaktepuszyercss TBEpaocThio mnopsinka 180...250HB u cTeneHbl0 JUCIEPCHOCTU
ITaCTHHOK IleMeHTHTa — Ag = (0,5...0,7)-10° M.

Copbum oOpazyeTcsi IpH MepeoXJaxIeHUU aycTeHuta 1o temmeparypbl 7 = 650...600°C npu
CKOPOCTH OXJXKIEHUS Voxn = 50...60°C/c. CTpykTypa XapakTepu3yeTrcsi TBEPAOCTHIO MOpPsAKa
250...350HB, cTeneHbl0 AUCHEPCHOCTH ILIACTHHOK IeMeHTHTa — A¢ = (0,1...0,5)-10® M, BbICOKHM
MIPEIeIIOM YIPYTOCTH, JOCTATOYHOW BSA3KOCTHIO W MPOYHOCTHIO. CTanmm co CTPYKTypoul copOuta
MMEIOT HauOOJBIIYIO TIacTUYHOCTh. CTpyKTypa Ha3BaHa B uecTh yuéHoro . CopOwu.

Tpoocmum obpasyeTcsi mpu NEPEOXIAKICHNN aycTeHuTa 0 temrneparypsl 7 = 600...550°C mpu
CKOpPOCTH  OXJaXIeHUS Voxn = 60...100°C/c. TBEpaocTb CTPYKTYpBHl COCTaBisieT IOpSAIKa
350...450HB, cTemneHb [MCIEPCHOCTH MUIACTHHOK IeMeHTHTa — Ao~ 1-10""M. Crpykrypa
XapaKTepU3YeTCs] BHICOKHM TPEAETIOM YIPYrOCTH, MAJOH BS3KOCTBIO M INIACTUYHOCTHIO. CTpyKTYypa
Ha3BaHa B 4yecTh yuéHoro Tpycra.

Mapmencum — nepechlllleHHbIN MeTacTaOUIbHBINA TBEPABIN pacTBOp BHeApeHus yriepoaa (C) B
o-xenese (Fe,). Xapakrepuszyercss HCKaKXEHHOW KPUCTAUIMUECKOM PEMIETKON, YTO BBI3BAHO
M30BITOYHBIM KOJIMYECTBOM BHEAPEHHBIX aTOMOB YIJIepoJa, OOJBIION TUIOTHOCTHIO JMCIOKALMM, U
BBICOKON TBEpAOCTBhIO (HRC60 — 65). OOpa3yercss MapTEHCUT MPU CKOPOCTH oxyaxaeHus 150 —
200°C/c. CxopocTh pocTa KPUCTAJIOB MapTeHCUTAa O4YeHb Benuka u pocturaer 1000 m/c. Maprencut
uMeeT HauOONBIINKA yIeNbHBIH 00BEM IO CPaBHEHUIO C JPYTUMHU CTPYKTYPHBIMH COCTABIISIOIIUMH
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cTajyieif, 0COOGHHO C ayCTEHHUTOM, U OO0JaJaeT MarHUTHBIMH CBoWcTBaMu. OH SBISETCS OCHOBHOU
CTPYKTYPHOU COCTaBJISIONIEH 3aKaI€HHBIX CTaJeH U ompeenseT ux cBoctBa. CTpyKTypa MapTEeHCUTA
Ha3BaHa B 4eCTh HEMEUKOTro yuéHoro-metautypra A. Maprenca (1850 — 1914 rr.).

Tema NeS. 7Kene3oyriiepoaucroie CIIaBbl
Bomnpoc 1. JlerupoBaHHble cTajM, MX KjJIacCHPUKALU, MAPKHPOBKA M 00,1aCTh NPUMEHEHUs!

JlerupoBaHHble CTanM KIACCUPUIUPYIOTCS IO CTPYKTYpe B PaBHOBECHOM COCTOSIHUH, IIO
CTPYKType TMOCJ€ OXJaXJIEHUS Ha BO3JyXe, IO KOJUYECTBY JIETHMPYIOIIMX 3JEMEHTOB U IO
Ha3HAYCHHUIO.

ITo paBHOBecHO# CTPYKTYpe JIerHpOBAHHBIE CTAJM Pa3/leJsIl0OT Ha:
1) mosBTEKTOUIHBIE (COAEPIKAT N3OBITOUHOE KOJIMUYECTBO (heppuTa B CTPYKTYPE);
2) 3BTEKTOUAHbBIE (MMEIOT MEPIIUTHYIO CTPYKTYPY);
3) 3asBTEKTOUAHBIE (C N30BITOYHBIMU KapOUaMH B CTPYKTYpE);
4) neneOyputHble CcTanu (B CTPYKTYype IPHUCYTCTBYIOT NEPBUYHbIE KapOWIbl, BBIIEIUBIINECS U3
KUJKOU (hassl).
ITo cTpykType nmocie oxJiazkaeHUus1 Ha BO3AyXe (HOPMAaIU3aliu) pa3jiMnyaloT cjelyoiue
JIerHpOBaHHbIE CTAJIN:
1) mepnauTHBIC CTAIH (XapaKTEPU3YIOTCS HEBBICOKOW YCTOMYMBOCTHIO MEPEOXIIAKIAEHHOTO ayCTEHUTA);
2) MapTEHCUTHBIE CTAIH (XapaKTEPU3YIOTCS BHICOKON YCTOMYMBOCTBIO AyCTEHUTA);
3) aycTeHUTHBIE CTAIN (COXPAHAIOT ayCTEHUTHYIO CTPYKTYPY [P KOMHATHON TeMIepaType).
I1o xoaMYecTBY JIETHPYIOLIUX 3JIEMEHTOB Pa3IU4AOT CTAJIM:
1) HE3KOJErupOBaHHBIE (COaEPKaAT 110 2,5% JETUPYIOMHUX FIEMEHTOB);
2) cpennenerupoBanubie (comepxar 2,5 — 10% merupyronmx 3JeMeHTOB);
3) BICOKOJIErMpOBaHHbIE (comepkat 6osee 10% Jerupyrommx 31eMeHTOB).
I1o Ha3HAYeHMIO PA3/IMYAIOT TPU IPYNIbI JIETHPOBAHHBIX CTAJICH:
1) KOHCTPYKIIMOHHBIE (MAIIMHOCTPOUTEIbHBIE U CTPOUTEIIbHBIE);
2) MHCTPYMEHTAJIbHBIE (LITAaMIIOBbIE, JUISl PEXKYIIETO U U3MEPUTEIBHOTO HHCTPYMEHTA);
3)ctanu c 0COOBIMU (U3NYECKUMU U XUMUYECKUMH CBOHCTBaMU (KOPPO3MOHHOCTOMKHUE,
KAPOIPOUHbIE, JIEKTPOTEXHUYECKNE, MArHUTHBIE U Jp.).

MapkupoBKa JIerHpOBaHHBIX CTaJiei

B Hameil crpane npussTa OyKBEeHHO-IIM(pPOBas CHUCTEMa MAapKUPOBKH JIETMPOBAHHBIX CTaJICH.
Kaxxnas mapka cranu cofepKuT onpeen€HHoe coueTanue OykB U nudp.

B MapkupoBKe JErMpOBAaHHBIX CTajiell MNPUHATHL cleayolnme OyKBEHHble 0003HAaYCHUS
JIETUPYIOIIUX 3JIEMEHTOB:

A — azor (N); T — turan (T1); C — xpemnuuii (S1); @ — Banaguii (V); X — xpom (Cr); K —
ko0ansT (Co); I — mens (Cu); IT — docdop (P); B — Bomsdpam (W); H — nukens (Ni); 10 —
amomunnii (Al);  E — cenen (Se); L —impkonuit (Zr); M — wmomubnen (Mo); I —
mapraser; (Mn); P — 6op (B), b — #uobwuii (Nb). OTu OykBbI B coueTaHuu ¢ nudpamu oOpasyroT
MapKy CTaJld U JAal0T €€ XapaKTePUCTUKY.

JUis MapoK KOHCTPYKIIMOHHBIX JIETMPOBAHHBIX CTajeil mepBble JABE LU(PHI MOKA3bIBAIOT
coJiep’KaHue yriepoja B COThIX JOJISIX IpoueHTa. HaganpHyto nudpy ynyckaror, eciau coaep:KaHue
yriepoaa C okono 1% u Gonee. Ecnu conmepikanue nerupyromiero aiemenTa oosbmie 1%, To mocie
OYKBBI, YKa3bIBAIOIEH XHMHUYECKUN DJIEMEHT, YKa3bIBAaeTCsl €ro CpeJHee 3HAu€HUE B LEJbIX
npoueHTax. Ecimu cozepxaHue JETUPYIOLIEro 3J€MEHTa MeHbIle Wid okoio 1%, To mocie
COOTBETCTBYIOIICH OykBbI mudpa HE CcTaBUTCA. bykBa A B KOHIIE MapKUpPOBKH 00O3HAYAET, 4YTO
JaHHAsl CTallb BBICOKOKAUECTBEHHAs, COJEp)Kallasi MeEHbIIE BpeIHbIX mpumMecei (ceppl S u
docthopa P). Hampumep, 12X2H4A — 5310 1nerupoBaHHasi CTajlb, BBICOKOKAYECTBEHHAS, C
coaepxanueM 0,12% C, 2% Cr, 4%Ni; ctanp ['13 — nerupoBannas ctanb ¢ coaepxkannem 1% C u
6onee, 13% Mn. [lyng rpynn crenuanbHbIX cTaneld, 0003HAUEHHBIX B Hadaje MapKUPOBKU OJHOM
oyksoii P, I11, E, O npunsThIEe NpaBuia MapKUPOBKU HE NOAX0AIT. O HUX OyJEeT pacCcKa3aHO HIKE.
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PacnpenesieHue Jierupyonmmx 3J1eMeHTOB ¥ UX BJMsIHHE HA CBOICTBA cTasei

JlerupoBaHnHble cTayy, 6jarojgaps HaJIUYUIO JIETUPYIOIIKUX 3JIEMEHTOB, 00JIajaloT LIEeHHEHIIUMU
CBOMCTBaMH, KOTOPBIX HET Yy YIVIEPOJUCTBIX CTajeil, U HE MMEIT uX HexocraTkoB. [IpumeHeHue
JIETUPOBAHHOM CTalM 3KOHOMHUT MaTepuall, MOBBIIIAET JOJITOBEYHOCTh W3JIEIMM, CHIKAET Maccy,
YBEJIMYUBAET MPOU3BOJIUTENILHOCTh. B mporpeccuBHON TEXHUKE JIETUPOBAHHbBIE CTalld HMEIOT
pelaroniee 3Ha4YeHHe.

Jlerupyromiye 351eMeHThI 0Ka3bIBAIOT CJIEAYIOIIEE PA3HOCTOPOHHEE BIIMSHUE Ha CBOMCTBA CTAJIU.

Xpom (Cr) — conepxurcs B cramax B koimdectBe 0,8...1,2% wu sBIseTCI OCHOBHBIM
JIETUPYIOIIKUM 3JIEMEHTOM. XPOM HOBBIIIAET MPOKAINBAEMOCTh, CIIOCOOCTBYET MOJYYEHHUIO BHICOKON U
PAaBHOMEpPHOM TBEPJAOCTH CTAJIM, MOBBINIAET TBEPAOCTh M KOPPO3HOHHYIO CTOMKOCTB. Ilopor
XJIaTHOJIOMKOCTH XpOMHUCTHIX cTasieir — 0...—100°C;

Huxkeasn (Ni) — npunaét BBICOKYIO NMPOYHOCTH, MJIACTHYHOCTh W KOPPO3UOHHYIO CTOMKOCTH
CTaJiiM. BBeJeHHe B XPOMHUCTBIE CTajdd HUKEIS 3HAUUTENbHO MOBBIIMIAET MPOYHOCTH U
MIPOKAJIMBAEMOCTb, CHIKAET IOPOr XJIATHOJOMKOCTH, HO IPU 3TOM TMOBBIIIAET CKIOHHOCTb K
OTILYCKHOM XpYNKOCTHU (3TOT HEJOCTAaTOK KOMIIEHCUPYETCSl BBEJECHHEM B cTaib MoiubaeHa (Mo)).
XPpOMOHUKENEBBIE CTaM, 00Jalal0T HAUIYYIIUM KOMIUIEKCOM CBOMCTB. OJHAKO HUKENb SIBISETCS
NeQUIUTHBIM METAJJIOM, M NPUMEHEHHE TaKUX CTajeil OrpaHWYeHO. 3HAUUTEIbHOE KOJIMYECTBO
HUKEJIS B CTAJIIX MOXHO 3aMeHUTh Mefbio (Cu), 0JHAKO 3TO HE MPUBOJIUT K CHIKEHUIO UX YAapHOU
BSI3KOCTH;

Boasdpam (W) — yBennuuBaeT TBEPIOCTh U KPACHOCTOMKOCTH (TEPMOCTOMKOCTB);

Banaamii (V) — mnoBbpIIIAET IJIOTHOCTh, IMPOYHOCTh, CONPOTUBIICEHUE YIAAPHBIM Harpy3kam M
MEXaHUYECKOMY U3HOCY. BaHanuii, BBeIEHHBIN B COCTaB XpOMUCTHIX cTaieil B kosmyecTtse 0,1...0,3%
CHOCOOCTBYET U3MENbUEHUIO 3€pHA, MOBBIIIAET IPOYHOCTh U YIAPHYIO BSI3KOCTh;

Kob6anbT (Co) — noBbILIaET )KapoONPOYHOCTh U MATHUTHYIO IPOHUIIAEMOCTD;

Monaubaen (Mo) —  yBeIMYMBAaeT  KpPACHOCTOMKOCTb,  MEXAHMYECKYK)  IIPOYHOCTb,
CONPOTHBIICHUE OKHUCIICHHIO TPU BBICOKMX TeMmIeparypax; BBenenue MmonmbaeHa B HeOOJbIINX
konuuectBax (0,15...0,46%) B XpoMHCThIE CTAJIM YBEIMYUBAET UX MMPOKAIUBAEMOCTh, CHU)KAET MOPOT
xnagHogomkoctd Ao —20...—120°C. MomubneH cnocoOCTBYeT YBEJIMYEHUIO CTAaTUYECKO,
JUHAMHYECKONW M YCTaJOCTHOM IPOYHOCTU CTalel, YCTpaHSe€T UX CKIOHHOCTb K BHYTPEHHEMY
okucieHuo. Kpome Toro, OH CHMW)KAeT CKJIOHHOCTb K OTIIYCKHOM XPYIKOCTH CTajel, coaepKaliux
Hukenb (Ni).

Maruumii (Mg) — mnpu conmepkanuu cBbilie 1% yBenumumBaeT TBEPAOCTh, M3HOCOCTOMKOCTD,
COINPOTHBIICHUE YIAPHBIM Harpy3Kam;

Mapranen (Mn) — yBeIMYMBAET MPOKAIMBAEMOCTh CTAJIM, OJTHAKO COJICHCTBYET POCTY 3€pHA,
Y TIOBBIIIACT MOPOT XJagHooMKocTH 110 +40...—60°C;

Turan (Ti) — BBomuTcs B cramb B HeOonbmmx kojuwdectBax (~0,1%), cmocoOCcTByeT
MOBBILIEHUIO MPOYHOCTU U KOPPO3HMOHHOM CTOMKOCTH; B XpOMOMAapraHIEBbIE CTAId BBOIMUTCS IS
U3MeJIbYCHHUS 3EpHa;

AmmoMuHuii (Al) — NOBBIIIAET OKATTMHOCTOUKOCTH;

Bop (B) — BBomuTCA B CcTajllb B HEOOJBIIMX KOJHMYECTBAX, YBEJIMUYMBACT MPOKATMBAEMOCTH
CTaJly, OBBIIIAET Nopor xjaaHojaoMkoctu +20...—60°C;

Huo6uii Nb — moBBIIIIaeT KUCIOTOCTONKOCTD;

Menb (Cu) — ymeHbIIaeT KOPPO3HIo;

Kpemunii (Si) — mnoBbIlIaeT yJapHyO BSI3KOCTb CTajedl M TeMIEpaTypHBIA 3amac BSI3KOCTH.
[Ipu nerupoBaHUM XpOMOMAapPraHIEBBIX CTajlell KpEMHHEM IOJIy4aroT, cTainu — xpoMaHcuiib (20XI'C,
30XI'CA) (cM. HIKE). DTH cTainu 00siajaloT XOPOIIUM COYETaHUEM MPOYHOCTH U BSI3KOCTH, XOPOLIO
CBapHBAIOTCS, LITAMIYIOTCA U 00pabaThIBAIOTCS PE3AHUEM.
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Obaactb NPUMEHECHHUS HEKOTOPLIX JIETHPOBAHHBIX craJeii

O6nacTh NPUMEHEHUS KOHCTPYKLIMOHHOM JIETMPOBAaHHOW CTalnu O4YeHb Benuka. HauOosbiiee
pacnpocTpaHeHue NOJYYHIIN CIETYIOIINE CTaIH.

Xpomucmule cmanu, o6nagamIue Xopolled TBEPAOCTHIO, IMPOUYHOCTHIO, CPAaBHUTEIHHO
Hegoporue. K Hum otHocsaTcs cramm mapok 15X, 20X, 30X, 45X, 6opconepxamue 40XP, ¢
nupkonuem 40X11.

Mapeanyesvie  cmanu, Hanpumep 151, 20T, 40T, 4512, oTnuyarouimecs
M3HOCOYCTOMUYMBOCTHI0. OCOOEHHO HM3HOCOYCTOWYMBA cTayb Mapku ['13, KoTOpyio IPUMEHSIOT JUIs
I'YCEHUI] TPAKTOPOB, KEJIE3HOJOPOKHBIX CTPEIIOK.

Kpemnucmuie u xpomoxpemnucmore cmanu (33XC, 55XC), obmanaromnine BEICOKOW TBEPAOCTHIO
U YIPYroCThIO; MPUMEHSIOTCA VIS IPYKUH, PECCOP.

Xpomosanaouesvie cmanu (45X0, 40X®DA) ocob0 mnpouHble, IJIOTHBIE, XOPOLIO
MIPOTUBOCTOSIIME UCTUPAHUIO, IIPUMEHSIEMBIE JUIsl aBTOMOOUIIBbHBIX JI€TalIel, OCeil, BajoB.

Xpomomonuboenosvie cmanu (20XMA, 30XMA) oueHb NPOYHBIE, XOPOLIO CBAapPHUBAIOIIMECS,
LITaMITYIOIIHECS, UCIIOIb3yeMBbIe JUIsl 0OCEH, pOTOPOB.

Xpomomapeanyesokpemnucmoie cmaiu — xpomancunu (25XI'CA, 30XI'CA), kotopsie
3aMEHSIIOT XPOMOMOJIMOIEHOBYIO CTallb U 3HAUUTENBHO JCIIeBe e€.

Xpomonuxenegvie cmanu (12X2H4A, 20XH3A), oueHb NpoyHbIE U IJIACTUYHBIE; IPUMEHSIOTCS
JUIS U3TOTOBJICHUS KOJIEHYAThIX BAJIOB, MOPILIHEH, eTanel TypOuH.

Jlecuposannvie uncmpymenmanvuvle cmaiu (ctanp 9XC, crane XBI) npumensiercs s
W3TOTOBJICHUS PEXKYIIEro, U3MEPUTEILHOTO U YAApHO-LITAMIIOBOTO MHCTpyMeHTa. OHU TBEpKE U
IIPOYHEE YIIEPOJUCTON CTAJIM, XOPOIIO IPOTUBOCTOST YAAPHBIM HArpy3KaM.

W3 nernpoBaHHBIX MHCTPYMEHTAIBHBIX CTaJIEd U3rOTaBIMBAIOT:

1) pexymuii ¥ U3MEpUTEIbHBIH UHCTPYMEHT — (pe3bl, cBEpiA, METUMKH, Pa3BEPTKH, JeKaa
(ocHOBHOE TTpUMEHEHHUe Il 3Toro Hanwti ctaiu Mapok 9XC, XI'C, 9X5BO, 85X6HDT);

2) wTaminsl Topsiuell ITaMIOBKH, pecc-Ppopmbl, GOPMBI Ui JUThS MO JaBI€HUEM (OCHOBHOE
MIpUMEHEHHE Ul 3TOro Hauu ctaiu Mapok 7X3, SXHM, 55XI'CJI114X8B2);

3) mTaMinbl XOJIOAHOM IITaMIOBKU (OCHOBHOE NPHUMEHEHHE JJI ATOr0 HAllIU CTajld MapokK
X6H®, X12BM, X12®, 7X12BM).

Bomnpoc 2. Cnoco0bl mosty4eHusi YyryHOB Pa3JIMYHbIX TUIIOB M MX MapkupoBka. Ilpouecc
rpapuTuszanun. Pakropsl, cnocodcTByOIME rpadpuTH3anNU

Yyeynamu HaszpiBaroTcs cruiaBbl xkenesa (Fe) ¢ yrnepomom (C), ¢ conepkannem yraepoaa (C) ot
2,14% no 6,67% (macc.).

[To cpaBHEeHHIO €O CTaNsAMH YYryHbl OOJIAMAIOT TMOHWKEHHOW TEeMIIEpaTypod IUTaBICHUS H
XOPOILIMMU JIMTEWHBIMU CBOMCTBAMHU. 3@ CUET 3TOTO M3 YYI'YHOB MOKHO JI€JIaTh OTJIMBKU 3HAUUTEIHHO
0oJiee CI0KHOM (OPMBI, YEM U3 CTAJICH.

BeImmaBisiror 9yryHel B JIOMEHHBIX ITIledaX W BarpaHkax. B JHMTEHHOM dYyryHe OOBIYHO
coaepxutcs He 6onee 4,0% yraepona (C). Kpome yraepona o6s3aTenbHO MPUCYTCTBYIOT NIPUMECH S,
P, Mn, Si, npuuém B 3HaYUTENHHO OOJIBIIIEM KOJMYECTBE, YEM B YIIIEPOIUCTON cTayi. B oTimume ot
CTaJiell dYyryHbl 3aKaHUMBAIOT KPHUCTALIM3AIMI0O O00pa3oBaHWEM DSBTEKTUKH (JeaeOypura),
OTpEENAoNed UX TEXHOJOITMYECKHE CBOMCTBA (XOPOUIYIO KUIAKOTEKYYEeCTb), U 00JaJal0T HU3KOMI
CIOCOOHOCTBIO K IIacTUYecKoi aepopmannn. B 0ObIUHBIX yCIOBUSIX YYT'YHBI HE MTOJIAIOTCS KOBKE.

benvimu uyyeynamu Ha3pIBarOTCSl YyryHbI, KpucTaiusytomuecs no nuarpamme «Fe-FesCy, B
KOTOPBIX BeCh yriiepoJ (i O0Jbllias €ro 4acTh) HaXOAUTCA B XMMHUYECKU CBA3AHHOM C JKEJIE30M
cocrosinuu B Buje niementura (FesC). VX momnydaroT npu BbICOKON CKOPOCTH OXJIaXKJIEHUS U HAJTMYUU
KkapobunooOpasywomux s31aemeHToB — Mn, Cr, S, W. B crpykrype OenbIXx YyryHOB HMeeETCs
BBICOKOYTJIEpOoauCcTast 3BTeKTUKa — gedebypum (C = 4,3%) — mexaHudeckasl IBTEKTUUYECKasT CMECh
ayCTeHHUTA W IEPBUYHOTO IieMeHTuTa (L{;) B uaTepBane temmneparyp 1147°C — 727°C, u mexanuueckas
ABTEKTUYECKasi CMECh MEpJINTa U LIEeMEHTUTa Npu TemrnepaTypax Hike 727°C. CBo€ Ha3BaHUe Oelble
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YYT'YHBI TTOJIYYWJI TIO BUAY M3JIOMa, KOTOPBIA MMEET MAaTOBO-OEIIBbIi IIBET M 00Ja1aeT METaNIMIECKUM
OseckoM. bemnbie 4yryHbl n3-3a MPUCYTCTBUSA B HUX 00JbIIOr0 KoudecTBa rementuta Fe;C obGmanaror
Bbicokol TBEpAocThi0 (HB 450 — 550) m xpymnkocThio, MpPaKTUYECKHM HE MOJAITCA 00paboTke
PSXYIIUM HMHCTPYMEHTOM. B 3aBucumocTn 0T coaepkanusi yriepoxa C Oenmble YYryHBI 110
PaBHOBECHOW CTPYKTYpE pa3leistoT Ha IOIBTEKTUIECKUE, SBTEKTUICCKUN U 3a3BTEKTHYECCKHE.

Benple 9yryHbI HCIIOJIB3YIOTCS B OCHOBHOM KaK nepeoeiibHble — B KadecTBe NoydadpukaTa is
MPOU3BOJICTBA CTAJHM U CEPOTO KOBKOTO UYTr'yHA.

Cepbimu uyeyHamu HA3bIBAIOTCS YYT'YHBI, KPUCTAJUIM3YIOIIKECS MO auarpamme <«okemnes3o (Fe) —
rpadur (C)», B KoTOpbIX OOsbmas yacth yriaepoaa (C) HaxXoIuUTCS B CTPYKTYpHO-CBOOOJIHOM
cocrossHuM — B Bujae BKiItoueHuil rpadura (C). I'padput (C) sBisercs HeMmeTanimdecko ¢a3zoif,
M03TOMY TIpaUTHBIE BKIIOYEHHS] PE3KO IMOHMKAIOT IMPOYHOCTh (OCOOEHHO MpH PACTSHKEHHH) U
IUTACTUYHOCTh YYTyHOB, TaK KaK HapymIalOT CIUIONIHOCTh METAJUTMYECKOW OCHOBBL. CTerneHb
MOHIKEHUS MEXaHUYIECKUX CBOIMCTB 00YCIIaBIMBACTCSl KOJIMUYECTBOM U (POPMOI BKITIOUCHHUH rpaduTa,
a TaKk)Ke MX pa3MepaMy U PaBHOMEPHOCTBIO PaCIIpe/IeTICHHS.

I'pagpumuzayueri Ha3bIBaeTCs TMpollecC BbIAEICHUS TIpadura 0pU KPUCTAUIM3ALUU WIIU
oxnaxaeHuu cruiaBoB xenesa (Fe) ¢ yrmeponom (C). I'padut MoxeT 00pa3oBhIBATHCSA KaK U3 KUIKOU
¢da3pl mpu 3aTBEpAEBaHUM YyryHa, Tak W U3 TBEpAOM (a3zpl. OOpa3oBaHue rpagura MPOUCXOIUT
coryacHo auarpamme «okeneso (Fe) — rpagut (C)».

Tak xak rpadut cogepxut 100% yraepona (C), a nementut (FesC) — 6,67%, To xxunkas daza u
aycTeHUT 1o coctaBy Ooisiee Onusku k nemeHtuty (FesC), wem k rpaduty (C). CnegosarensHo,
oOpa3oBanue M3 XHUIKOH (ha3bl MEMEHTHUTAa W AyCTEHUTA JOJDKHO IMPOTEKaTh Jierde, 4eM rpadura.
[TosToMmy Gernbie 9yryHbl 00pa3yroTCst IPH OBICTPOM OXJIAXKICHUH.

C npyroii croponsl, mpu HarpeBe nemeHTHT (FesC) paszmaraercs Ha xene3o (Fe) u yrmepon (C).
CrnenoBatenbHO, rpaduT sBIsAETCS 00siee cTaOMIBbHOM (a30i, YeM [IEMEHTHT.

Bo3Mo:kHBI 1Ba MyTH 00pa30BaHus rpauTa B YyryHe:

1) Henocpenctsennoe oOpa3oBanue rpadura u3 xuakoi ¢assl. Takoe oOpazoBaHue BO3MOXKHO
IpU HAJMYUU B KUAKOU (Da3e LEHTPOB KpUCTAUIM3aLuu rpaputa (LEeHTpOB rpaduTH3ALUU) U IPU
OUYeHb MEJVICHHOM OXJIQXK/ICHHH PacIljiaBa.

2) Ilpu paznoxxenuu panee obpazosasuierocs nementura (FesC).

BnusiHe CKOpOCTH OXJa@XICHWS Ha Tmpolecc rpaduTuzamui  OOYCIOBICHO TEM, YTO
rpaduTH3anys yyryHa spisercs AMPPy3MOHHBIM MIPOLIECCOM U MPOTEKAET MEJJIEHHO.

Boabmasi AauTENBLHOCTH mpouecca rpadpuTH3anuu  00yCJI0BJIeHA He00XOAMMOCTHIO
NMPOTEKAHHUS CJIeTYIOLIUX CTATUIA:

1) oOpa3zoBaHusi 1IEHTPOB rpapuUTH3aLUM B KUAKON Qaze wiu aycreHute; 2) nupdy3un aTtomoB
yriepoaa (C) k neHTpam rpaduTuzanuu; 3) pocTa BhIIACICHHH rpaduTa.

CTpyKkTypa 4YyryHOB 3aBHCHUT OT CTENEHH TrpaduTH3aluu, T.€. OT TOTO, CKOJIBKO YIJiepoja
HAXOJIUTCS B CBSI3AHHOM M CBOOOJTHOM COCTOSIHUH.

Tema Ne6. Tepmuueckasi 00padoTKa MaTepuaioB
Bomnpoc 1. CtpykTrypHO-(ha3oBbie npeBpalieHus B CTAJIN B pe3yJibTaTe TePpMUYecKO 00padoTKu

JIro60ii BuI TepMuyeckoil 00paboTKU COCTOUT U3 KOMOWHAIMU YETBIPEX OCHOBHBIX CTPYKTYpPHO-
(a30BbIX MpPEBpALIEHUI, B OCHOBE KOTOPBIX JIeXkKAT CTPEMJIEHUS CUCTEMbl K MUHUMYMY CBOOOJHOI
SHEpruu.

K 3Tum npeBpaneHusiM 0THOCATCS:

1) [IpeBpaienue npu Harpese nepiauta B aycteHUT (/1 — A), mpoucxosiiee Ipyu HarpeBe BbILIE
KpUTHYECKOU TeMneparypsl 41 (Bbiuie JnHuu PSK), npu KOTOpO MUMHMMaJIbHOM CBOOOHOM SHEprueit
obnanaer aycTeHUT 4

Feu(C) + FesC — Fe,(C).

2) [IpeBpaiienue mpu MEAJEHHOM OXJIAXJAEHUU aycTeHuTa B nepiuT (4 — 1), mpoucxopsiiee
IIpH OXJIAXKACHUU HUKE Temnepatypsl A1 (Hke muHun PSK), mpyu KOTOpoil MUHMMAaJIbHOM cBOOO HOM
SHeprueil o0nagaeT nepiur:
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Fe,(C) — Feq(C) + FesC.
3) [IpeBpaienue npu OBICTPOM OXJIAXKAECHUU ayCTEHUTa B MapTeHCUT (4 — M), npoucxondiinee
py ObICTPOM OXJIQXK/IEHUU HUXKE TEMIIEpaTyphl HECTAOMIIBHOTO PaBHOBECHS
Fe,(C) — Fe (C)'".
4) IIpeBpaiieHue MapTeHCUTa B NEPIUTHBIE CTPYKTYphl (M — [II), mpoucxojsiiee npu JIOOBIX

TeMIeparypax, T. K. CBO0OIHAsI SHEPTHS MAapPTEHCHUTA OO0JIbIIE, YEM CBOOOIHASI SHEPTUSI TIEPIUTA
Feu(C)' — Feq(C) + FesC.

IIpeBpanienue nepauTa B ayCTeHUT

CoracHO J1IeBOM HMXKHEH 4acTu JuarpaMMbl 5KeJIe30yTJIepOIUCThIX CIUIABOB IIPU HArpeBe CTallu
MpeBpallleHUe MepiuTa B ayCTEHUT MNPOUCXOAUT Npu Temieparype A1 (iunus PSK, temmepaTypa
727°C). IlpeBpaiieHue mnepiauTa B ayCTCHUT B TOYHOM COOTBETCTBUM C IUarpammon cocrosinus «Fe-
Fe;C» mpoucxoaut nuiib IpU O4YeHb MEUIEHHOM HarpeBe. [IpeBpaiieHue ocHOBaHO Ha AUPQHY3UN
yriepoaa (C), compoBoxgaeTcsi moauMopdHBIM MpeBpaiieHneM xene3a Fe, — Fe,, a Ttak xe
pPacTBOPEHUEM IIEMEHTUTA B ayCTEHUTE.

[Ipu HarpeBe HOPBTEKTOMAHON cTaiu (UCXOAHAs CTPYKTypa (peppUT + NEpiauT) U Mepexoie
yepe3 KPUTHUECKYIO TOUKY A1 NEPIUT IPEeBpallaeTcs B ayCTEHUT, T. €. 00pazyeTcst CTpyKTypa Gpepput
+ aycrenut. [lpu nanpHeilieM MOBBILIEHUU TeMIepaTypbl (eppUT IMOCTENEHHO NpeBpallacTcs B
ayCTEHUT, U MO JOCTM)KEHMU TeMIIepaTyphl, COOTBETCTBYIOUIEH KpuTuyeckoil touke A3 (nunus GS),
CTPYKTYypa CTaJl COCTOUT U3 OJJHOPOJIHOTO ayCTEHUTA.

Ha ckopoctb mnpeBpamieHusi nepiauTa B ayCTEHHUT BJIMSIOT MHOTHE (akTOphl: TeMmIeparypa
HarpeBa, CKOpPOCTb HarpeBa, AUCIEPCHOCTb HUCXOJHOW CTPYKTYpbI, IJIACTHHYATas WM 3€pHUCTAS
¢dbopmMa eMeHTUTa, XMMHUUYECKUN COCTaB CTaJIH.

Temneparypa HarpeBa ompezenseT BpeMsi NpeBpalleHUs, TaK KaK C YBEJIUYEHHEM CTEIEHU
IeperpeBa yMEHbBIIAETCsl pa3Mep KPUTHUECKOTO 3apojblllla ayCTEHHTAa, YBEJIUYUBAIOTCA CKOPOCTb
BO3HMKHOBEHHS 3apO/IbIILIEN U CKOPOCTh UX POCTA.

MexaHu3M npeBpallleHus epiuTa B ayCTeHUT MpeACTaBieH Ha puc.l.

.r?qﬂ.ﬁm U Ageresmr
Qenaxdenue

Puc.1. Mexanusm mnpeBpamienus nepiauta B Puc. 2. Cxema u3MEHEHHMs 3€pHa IepidTa B
ayCTCHMT. 3aBUCHMOCTH OT TEMIIEPATYpPHhl HArpeBa ayCTEHUTHOIO
3epHad

PocT 3epHa aycTeHuTa Npu Harpese

ITpu Harpese cranu BbllIe TeMIepaTypbl A1 3€pHa ayCTEHUTA MOIY4atOTCsl MEJIKUMHU (HadyalbHOE
3epHO ayCTeHMTa). B mpoliecce AOMOJHUTENBHOIO HAarpeBa WM JUIMTEIbHOM BBIAEPKKU MPHU JAaHHOMN
TeMIIepaType MPOUCXOAUT POCT 3epHa aycreHuTa (puc.2). Cxema HM3MEHEHHs 3€pHa IepiauTa B
3aBUCHUMOCTHU OT TEMIIEPATYpbl HarpeBa ayCTEHUTHOTO 3€pHA Mpe/cTaBIeHa Ha puc. 2. Poct BenrunHbl
3épeH ayCTEeHUTa MPOUCXOJUT TEM B OOJIbIIEH CTENEHH, YeM BBILLIE TeMIepaTypa Harpesa. [[Buxymieit
CHWJIOM pocCTa SBJISETCS pPa3HOCTb CBOOOJHBIX HHEPruil Menko3epHucTo (OOmbIIas cBoOOaHAs
SHEPrusl) U KPyIHO3EpHUCTON (MEHbILIast CBOOOHASI SHEPTUs) CTPYKTYPhl ayCTEHUTA.

Hauanvnaa eenuuuna 3epna — BEIWYUHA 3€PHA, ONpeAeseMas pa3MepoM 3epHa B MOMEHT
OKOHYAHUS NEPIUTO-ayCTEHUTHOTO MIPEBPALLICHUSL.
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[Ipu HarpeBe O JOCTaTOYHO BBICOKOM TeMIlepaTypbl HACIEACTBEHHO MEJIKO3EpHUCTAasl CTajlb
MOXKET UMETh Jake Oojiee KPYMHOE 3€pHO ayCTEHUTA, YEM HACJIEACTBEHHO KPYIHO3EPHUCTAsl CTajb.
[TosTOMY BBEACHO NMOHATHE IEHCTBUTEIBHON BEJINYMHBI 3€PHA.

eticmeumenvnas eeruuuna 3epna — pa3Mep 3€pHAa IMpPU KOMHATHBIX TeMIleparypax,
MIOJIyYEHHBIH 1ocIe ToM Uiy HHOM TepMudeckoil 00padboTku. OHa Tem OoJiblie, yeM 00JIblle HCXOIHOE
36pHO ayCTEHUTa, T.€. 3aBUCUT OT TEMIEepaTyphbl IOCIEAHEr0 HarpeBa M MPOAOKUTEIbHOCTH
BBIJIEP/KKY IIPU 3TOM TEMIIEpaType.

HenpaBuibHblil pexum HarpeBa (HarpeB crajeil 3HauMTEeNbHO BhIlE JUHUU GSE auarpamMmmbl
«Fe-Fe;C») moxker mpuBectn 1ub0 K nepecpegy, nub0 K nepesxcozy ctanu. CIEICTBUEM 3TOTO
SIBJISIETCSl 0Opa30BaHUE KPYITHOTO JIEHCTBUTEIILHOTO 3€pHA.

llepecpes monyvaercs, KOIJla HarpeB JOOBTEKTOMJHOM CTaJld 3HAYUTENIBHO  BBILIE
temieparypbl A3 (iunuu GSE nuarpammsel «Fe — FesC») mpuBOIUT K MHTEHCHUBHOMY DPOCTY 3€pHa
aycteHuTa. Takas CTpyKTypa Ha3blBaeTCsi euoMaHwimemmosa cmpykmypa (10 HMEHU Y4EHOTO
A. BuamanmrerteHa cM. puc.30) U XapakTepu3yercs MOHWKEHHbBIMH MEXaHUYECKUMM CBONCTBaMHU.
[leperpeB MOKHO MCHPABUTH MOBTOPHBIM HArPEBOM JI0 ONTHMAJIbHBIX TEMIIEPATyp C MOCIEAYIOIINM
ME/UJIEHHBIM OXJIAXICHUEM.

Puc. 3. MukpocTpyKTypa yriepoauctoi ctaiu 35 B 3aBUCUMOCTH OT Temneparypsl Harpesa (x100): a
— 0e3 meperpeBa; 6 — MEPETPEB; 8 — MEPEIKOTIO

Ilepesicoe mMeeT MeCTo, KOTJIa TeMIlepaTypa HarpeBa MpuOIIKaeTCsl K TEMIepaType IIaBICHUS
Y METaJJI B TCYCHHE JUTUTEIILHOTO BPEMEHH HAXOUIICS TPH BBICOKOW TEMITEpaType B OKUCIHTEIBHOM
armocgepe neun. [Ipu 3TOM HaOMIOAAETCS OKHUCICHHE W YAaCTUYHOE OIJIABJIICHUE TPAHHUIl 3EPEH, UTO
PE3KO CHMIKAeT MPOYHOCTh cTanu. M3mom Takoil cranmu kxamHeBuAHBIA (puc. 36). Ilepexxor —
HEHMCIIPaBUMBIN OpaK, YCTPaHUTh KOTOPBIA MOKHO TOJBKO MEPEIIaBKON CTaJIH.

Bonpoc 2. Iuppysunonnas meraanuzanusa kak Bug XTO, eé Buabl, peskuMbl 1 HA3HAYEeHUE

Jugpysuonnas memanruzayus — XAMHUKO-TEpMHUEcKas oOpabOTKa, B OCHOBE KOTOpOM
MOJIOKEH Tporece TUPPY3MOHHOTO HACHIIMICHHUS] IMOBEPXHOCTHBIX CIIOEB CTalbHBIX H3ACIHHA
pa3IMYHBIMU  METAJUIAMU: amomuHueM (Al), xpomoM (Cr), LIUHKOM (Zn), 6opom (B),

MoaubaenoM (Mo) u 1p., a Takke kpeMHueM (Si).

[TpoBomutcs muddy3noHHAS METAUTU3ANNS JUIS 3AIMUTHl U3CIUNA OT KOPPO3UH M TIOBBIIICHUS
WX KAPOCTOWKOCTH, U3HOCOCTOMKOCTH M TBEPHOCTH. OCYIIECTBISETCS OHA B TBEPIBIX, XKUIAKUX U
ra3o00pa3HbIX cpeaax.

Hubdy3nonnyro Metamuiu3anus MoApPa3ACTAeTC Ha: mEEPOYIo OUDDY3UOHHYIO MEMATTUZAYUIO,
Va308y10 Ouh@y3uouHy0 Memaiiu3ayuio U HCUOKY0 OuG@Oy3uoHHYI0 MeMaiiu3ayuro.

Cpemn wMeronoB aud¢dy3MOHHONW MeTauIM3alud HauOOJIbIIEe TPUMEHEHHE TOJIYUUIIU
AIATHPOBAHKWE, XPOMHUPOBAaHUE, CHIUIUPOBAaHUE, OopwpoBaHwe © Jp. [Ipu  HACHIIICHUU
MMOBEPXHOCTHBIX CcJ0EB neraneit xpomom (Cr) mpouecc aud@dy3MOHHONW MeTauIM3allii Ha3bIBAIOT

xpomuposanuem, amtomuaueMm (Al) — arumuposanuem, xpemuuem (S1) — cunuyuposanuem,
6opom (B) — bopuposanuem. PaccMOTpUM Kax bl U3 3TUX TIPOLIECCOB.
Anumupoganue — TOBEPXHOCTHOE HACBIIIEHUE HU3KOYIJIEPOJUCTON cTanu antoMuHueM (Al)

JUISl TIOBBILIEHUS €€ KOPPO3HMOHHON CTOMKOCTH. AJIMTUPOBAHHBIE JETAIHN COXPAHSIOT kKaPOCTOMKOCTh
no temmnepatypbl 900°C. Ilpu amutupoBanuu amomunuii (Al) nudpdynaupyer B cramb u obpasyer
TBEPBIN pacTBop ¢ kene3oM (Fe). TloBwimeHne KOppo3MOHHOW CTOWKOCTH MPOUCXOIUT Oyaromaps
00pa30BaHUIO IUIOTHOU TIEHKU okucu amtoMuHus (ALO3), nmpenoxpaHsromed MeTaml OT OKUCICHHUS.
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B 3aBucuMocTH OT cpefpl, B KOTOPOW MPOU3BOJUTCS MPOLECC, PA3IMYAOT AIMTHPOBAHUE B TBEPAOU,
KUJKOM 1 ra3000pa3HOM cpefie, a TaKkKe SJIEKTPOIUTUYECKOE AIMTUPOBAHUE.

Xpomuposanue — TpolECC IOBEPXHOCTHOTO HACBILIEHUS IIOBEPXHOCTHOTO CJIOSl CTalld
xpoMoM (Cr) ¢ 1enpl0 TOBBIIIEHUS TBEPAOCTH, H3HOCOCTOMKOCTH W TPUIAHUS €M BBICOKHX
KHCIIOTOYITOPHBIX, =~ AHTUKOPPO3MOHHBIX M  JKapOCTOWKUX  cBoMcTB. llpm  xpommpoBaHuum
o0ecrieunBaeTcs BbICOKasi CTOMKOCTh MPOTUB razoBoil kopposuu 10 800°C, a Takke CTOMKOCTb MPOTUB
KOPpO3UH B BOJIE, MOPCKOW BOJIE€ M KHCIOTAaX. XPOMUPOBAHUIO MOABEPralOT HU3KOYIJIEPOJUCTHIE U
nerupoBanHble ctanu npu 950 — 1150°C B Teuenue 10 — 15 4 B 3aBUCHMOCTH OT TpeOyeMOM TOJIIIMHBI
YIPOYHEHHOTIO CJIOA.

Cunuyuposanue — TIpOLECC TOBEPXHOCTHOIO  HACBIIIEHHWS  CTald  KpeMHueM (Si),
o0OecrieunBarOINi MOBBILIEHHE €€ KHCIOTOYIOPHOCTU (B COJISSHOM, CEpHOM M a30THOM KHCIOTax),
AKAPOCTOMKOCTHU (OKAJIMHOCTOMKOCTH) M YBEIMUYEHHUE YCTOMYMBOCTU NMPOTUB M3HOCA. CHIIMIIMPOBAHUIO
MO/BEPraroT JeTalli, NMPUMEHSIEMble B XUMHYECKOH, OyMa)KHO-LEJUIIOJI03HOW, HEPTSIHOW U APYrux
OTpaCIISIX MPOMBIIIIEHHOCTH (BaJIMKH HACOCOB, TPYOOIIPOBO/IbI, AETAIN TEMJI00OMEHHUKOB, KJIallaHbl,
apmartypa u T. 1.). TommuHa ciost nocie cunuiupoBanus — 0,3 — 1,0 mm.

CunuipoBaHue 0ObIUHO MPOBOJIAT IIPU HArpeBE B Ia30BOM cpejie, B PETOPTax, MpH pas3yioKeHUU
napoB xjopuna kpemuus (SiCls). HarpeB ocymectBisercs no temneparyp 950 — 1050°C c¢
BBIJIEPKKOM B TeueHue 2 — 5 yacoB. B pesynbrare cumuuupoBaHus mnojydaercs ciaoi Tommunoit 0,6 —
1,4 mMm ¢ TBEpOCTHIO H 200 — 300. XKapoctoiikocts neranu g0 800 — 850°C.

bopuposanue — mporiecc HACHIICHUSI MMOBEPXHOCTHBIX CIOEB CTAIBHBIX m3aenuii 6opom (B),
Onarogaps ueMy oOecreunBaroTCsl BbICOKasi TBEPAOCTh, M3HOCOCTOMKOCTh M KOPPO3UOHHASL CTOMKOCTD
MaTtepuaa JeTalld B pa3iMuHbIX cpenax. Hambonblee pacnpocTpaHeHHEe MOIyYUIIO 3JIEKTPOJIM3HOE
AKHUJKOE U Ta30Boe ObopupoBaHue, ocyuiectisgemoe npu 850 — 950°C B Teuenue 6 — 8 4.

BopupoBaHHble C0M XapakTepU3ylOTCAd HCKIIOYUTENIbHO BBICOKOM TBEpAocThi0 (1800 —
2000 HV) n BBICOKMM CONPOTUBJIICHHEM M3HOCY H3-3a oOpa3zoBanusi 6opunoB xene3a (FeB, FeB:),
OJIHAKO 3TH CJIOU OYEHb XPYIKHE.

BbopupoBanHas cranbp oriauvaercs OoJsblIed TemIoCcTOMKOCThio a0 Temmeparypel 900°C u
xkapoctorkocTteio 1m0 Temmeparypsl  800°C. Hemocratrkom OopupoBaHHS —SBISETCSA TO, YTO
OOpUpPOBAaHHBIE CIIOM OTIMYAIOTCA IOBBIINIEHHON XpYNKOCThbIO. BopupoBaHHIO MOKHO MOJBEprarb
J00BIE CTAJIH.

Bomnpoc 3. [ToBepxHOCTHAs 3aKaJIKa, Ja3epHas TePMUYECKass U XUMHKO-TepMHUYeCKast
o0padoTka

IToBepxHOCTHAA 3aKaJIKA

[ToBepxHOCTHas 3aKaiKa — 3TO MPOLIECC TEPMUUECKON 00pabOTKH, KOTOPBIM COCTOUT B HarpeBe
MIOBEPXHOCTHOTO CJIOSI CTAJIbHOTO M3JIENHsI IO TeMIIepaTypbl BbILIE JTUHUU Ac3 I T03BTEKTOUTHOM
CTaJId U JI0 TEMIIEpaTypbl BbIIIE JUHUU Ac JUIsl 3a3BTEKTOUTHOM.

[loBepxHOCTHas 3akajika MpeAHa3HAuY€Ha Ui IOBBIINICHUS TBEPAOCTH, U3HOCOCTOMKOCTH U
Ipesiena BBIHOCIMBOCTH IOBEPXHOCTHOrO cjosi oOpalaTeiBaeMblx u3aenuil. B pesynbrare Takoit
3aKaJIKU Cep/LIeBUHA OCTAETcs BSI3KOM, O1aroaaps ueMy U3/iejue BOCIPUHUMAET yAapHbIe Harpy3KU.

[ToBepxHOCTHAs 3aKajiKa OCYIIECTBISETCS OYEHb OBICTPO U MOATOMY Ha MOBEPXHOCTH JETAIU HE
oOpa3yeTrcsi OKHCICHHOTO cJosi (OKanuHbI). Tak Kak TMPU STOM HArpeBaeTcs W OXJIAXIAeTCs
MTOBEPXHOCTHBIH CIIOH feTanu, KOpoOJeHUE IeTall He3HAYUTEIIbHOE.

HarpeB moj mnoBepXHOCTHYIO 3aKajKy HpPOU3BOIAT CIEAYIOIIMMU crnocobamu: 1) Tokamu
BbicOKOW yacToThl (TBY); 2) B pacruiaBieHHbIX MeTajUlaxX WM COJISX; 3) IJIAaMEHEM ra30oBbIX WU
KHCJIOPOI-allETUIICHOBBIX TOPENOK; 4) JIa3epHBIM U3JIYICHHEM.

Haubonpiiee pacnpocTpaHeHUe MOTY4YUI METOJI TOBEPXHOCTHOM 3aKaJIKU MPU HarpeBe TOKAMHU
BbICOKOM yacToThl (TBY).

IIpn HarpeBe TBY wucnonp3yercs sBI€HHME HHIAYKIUU W IIOBEPXHOCTHOIO PAaCHpPENCIICHUS
MHIYIUPOBAHHOTO TOKAa B JAeTaiu. Tak, €ciau B MEPEMEHHOE AJIEKTPOMAarHWTHOE IOJie TMOMECTHUTH
3aMKHYTBIM IPOBOJAHUK 3JIEKTPUUECKOIO TOKA, TO B IPOBOJHUKE BO3ZHUKAIOT IIEPEMEHHBIE (BUXPEBbIE)
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TOKU. XapaKTEPHbIM SIBJISIETCS paclpeiesieHue ToKa 0 CeUYEHUI0 MPOBOIHUKA. Eciau mocTOsIHHBIN TOK
[P IPOXOKACHUU 0 MPOBOJIHUKY PaCIpeaessieTcsl pABHOMEPHO I10 €ro CEYEHHIO, TO PacIpe/ieiieHHe
MIEPEMEHHOTO TOKa [0 CEYEHHI0 IPOBOJHHKA HepaBHOMEpHoe. I[IIOTHOCTH mpoTeKaronero
MIEPEMEHHOT0 TOKa 3HAYUTENIbHO OOJIbILIE Y MOBEPXHOCTH, YEM BO BHYTPEHHHMX CIJIOSIX MPOBOJIHHUKA.
Takoe HepaBHOMEpPHOE paclpeieieHHe IEePeMEHHOI0 TOKa B  IPOBOJHUKE  HAa3bIBaeTCA
nosepxnocmuvim 3pgexmom. Bcenencrsue moBepxXHOCTHOro 3(d@exkra MpoBOAHMK HarpeBaeTcss Ha
ONpeeNEHHYIO ITyOHHY OT IOBEPXHOCTH.

Paznuuaror ciaeayromue cnocodbl 3aKaJIKM ¢ HHAYKIMOHHBIM HArPeBOM:

1) oiHOBpEMEHHBIN HAarpeB M OXJIaXXJIEHUE BCEH MOBEPXHOCTH; 3TOT METOJ HMpHUMEHSETCS AJs
U3JIEUH, UMEIOIUX HEOOBIIYIO YIIPOUHAEMYIO IOBEPXHOCTh (MHCTPYMEHTHBI, BAJIMKH, TAJIbLIbI);

2) HENpepbIBHO-NIOCIEAOBATEIbHBIA HAarpeB M OXJIAXKACHHUE; 3TOT METOJ MPUMEHSIOT JUis
3aKaJIKM JUIMHHBIX BAJIOB, OCEH U T. 1.;

3) mocneoBaTeabHbIA HArpeB U OXJIaXKIEHUE OTJCNIbHBIX Y4aCTKOB; JTaHHBIM METO/1 UCIIOJIb3YIOT
IIpU 3aKaJlKe IIeeK KOJEHYAThIX BaJoB (MOCJENOBATENbHBI HAarpeB M 3aKajka OJHOM IIeHKH 3a
Jpyroi), KyJ1auykoB pacnpeeuTeIbHbIX BAJIOB U T. JI.

IIpenMmymecTBaMu OBEPXHOCTHOM 3akajaku TBY asJasiorcs:
1) perynupyemast rmyOrHa 3aKaja€HHOTO CIIOS;
2) BbICOKAsl MPOU3BOAUTEIHLHOCTD U BO3MOKHOCTh aBTOMAaTHU3ALINN;
3) oTcyTCTBHE HA OBEPXHOCTH JI€TAIHN 00€3yIIepoKUBaHUSI U OKAIIMHOOOPAa30BaHMUS;
4) MUHUMAaIbHOE KOPOOJIEHUE JIETaNH;
5) mo cpaBHEHHIO C OOBIYHOW 3aKajJKOW CTaib, 3akay€éHHas npu HarpeBe TBY, mmeer cremyrommue
MpeuMyIecTBa: 00Jiee MEIKO3EpHUCTasi CTPYKTypa; Oojiee BbICOKas TBEPAOCTH, Oo0jee BBICOKAs
M3HOCOCTOMKOCTh; 00Jiee BBICOKAs MPOYHOCTh NMPH OTHOCUTEIILHO MEHBIIEM MOHMKEHUU BA3KOCTH;
00Jiee BHICOKUH IPE/Ie BBIHOCIUBOCTHU (TIPEelT yCTaJIO0CTHOM MPOYHOCTH).

K Heocrarkam noBepxHocTHoi 3akanku TBY caeayer orHecTu:
1) BbICOKasi CTOMMOCTh TEXHOJIOTUYECKOTO OOOpYHOBaHHUSA, B YaCTHOCTH HMHJIYKTOpA, SIBISIOLIETOCS
UHIUBUIYAIbHBIM U1 KaXKJIOW JeTau;
2) Manasi npuMeHUMOCTb 3akayiki TBY K yci0BHUsM eIMHUYHOTO IPOU3BOJICTBA, YTO BHI3BAHO MEPBBIM
HEZ0CTaTKOM.

JlazepHasi TepMmuyeckasi 00padoTka

Jlazepuas mepmuueckas oopabomka (JITO) Takke mnpuUMEHAETCS 1 TOBEPXHOCTHOTO
YOpOUYHEHHUs eTanell. JIazepHas TexHOI0rHs 00eCeunBaeT MOBBIIEHNE TPOU3BOIUTEIILHOCTH TPY/Ia,
TOYHOCTH U KadyecTBa O0OpabOTKH, MPEACTABIAET NPAKTHUUECKH OE30TXO/IHYI0 TEXHOJIOTHIO,
YIOBJIETBOPSIOLLYIO TPEOOBAHMSIM T10 3KOJOTUYECKOM 3alllUTEe OKPYKAIOLIEH CPEeIbl.

Jlazeppt — onrtudeckue kBaHTOBble reHepatopsl (OKI), mnosBojsioniye mosydyaTh
AJIEKTPOMArHUTHbIE W3JIY4YEHUsI YpE3BbIYAIHO BBICOKOM KOHUEHTpauuu sHepruu. JlinHa BOJH,
reHepupyembix OKI', HaxonuTcs B CBETOBOM JHara3oHe OT yJAbTpauoJeToBON 00iacTu crekTpa Jo
unppaxpactHoit (a = 0,1 — 70 mxm). JlazepHoe H3IydyeHUE PACIIPOCTPAHSAETCS OYEHb Y3KHM IIYYKOM U
XApaKTEPU3yeTCsl BBICOKOW KOHIIEHTpalHWeW SHEepruu. McTouHMKamMu reHepupyeMOou SHEPruu CIIyXKaT
TBEpAbBIE Tea (pyOuHBI, aTIOMUHUEBbIE TPAHUTHI, UTTPUM, cT€KIa) U ras3sl (He, Ar, Ne, CO»).

[Ipumenenue na3zepoB [UIsl TEPMUUECKOH 0OpabOTKM OCHOBAHO Ha MpPeoOpa30BaHUU CBETOBOM
SHEpPruu B TEIIOBYI0. B 0CHOBY paOOTHI Ja3epOB MOJIOKEHO YCUIIEHHE AJIEKTPOMArHUTHBIX KosieOaHuM
CU€T MHIYLUMPOBAHHOIO M3JIy4eHHUS aTOMOB. BbICOKas KOHIIEHTpAlUsi SHEPrMH B CBETOBOM IIOTOKE
OKI' no3BosisieT HarpeThb MOBEPXHOCTh A0 TEMIEPATypHOTO auarna3zoHa TepMOOOPaOOTKH 3a OYEHb
KOPOTKOE BpeMsl.

I'myOuna ynpounénHoro cnos npu HarpeBe Ha COz-nazepe (npu momHoctu 5 kKBT) konebnercs
ot 0,3 1o 1,0 MM, a Ha uMmybcHOM Jazepe — 0,1 — 0,15 mwm.

Mexanusm JITO 3akmrogaercss B (a30BOM MpEBpaleHUHd MaTepuaja IMOCIEe €ro CKOPOCTHOTO
HarpeBa 0 TeMIlepaTyp Bbllle TemrepaTyp (a30Boi mepeKkpucTauIM3aluu (BILIOTh J0 TEMIEpATyp
IUIABJICHUS) C TIOCTIEAYIOIINM ObICTPBIM OXJIaXKI€HHEM 00pabOTaHHOW 30HBI yTEM OTBOJA TEIUIOTHI 3a
CU€T TEIUIONPOBOJHOCTH Marepuana uzjenus. CKOpOoCTb OXJIAXICHHS IpU TEMIlepaType HarpeBa
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HUDKE TeMIleparypbl ImiaBieHus coctaBiser (5°C/c, mpu KpHUCTaUIM3alUMM U3 KUJKOTO CIIOS —
106°C/c (uto B 10° pa3 Gomblne CKOPOCTH OOBIYHOM 3aKAIKHK).

JITO 1o3BoJseT OBBICUTH TBEPAOCTD M M3HOCOCTOWKOCTD YIPOYHSEMBIX MAaTEPUAIIOB, & TAKKe
npenes KOHTAKTHON BBIHOCIMBOCTH Gy M IIPENENT BEIHOCIMBOCTH MPH H3TUOE 0y, TBEPIOCTH 3aBUCHUT
OT KOHIIGHTPAllMU YIJepoJla ¥ JIETUPYIOIIUX JJIEMEHTOB B CTaIX (MPH IOCTOSTHHOM PEXHUME
06pabotkun). Metomom JITO xopomio ynpo4HsItOT CpeAHE- U BBICOKOJETHPOBAHHBIC YIIIEPOINUCTHIE U
WHCTpyMeHTalbHble cTanu. CTralmm ¢ HHU3KAM  COJCp)KaHHUEM Yriiepofa W  BBICOKOIIPOYHEIC
HU3KOJIETUPOBAaHHbIE CTalM Ja3epHON TepMHuecKkoil o00paboTkoil ympounsitorcs 1ioxo. JITO
MPAaKTUYECKH HE BIMSACT HA TIPEEI IPOYHOCTH 0y U MIPEJIEN TEKYIECTH o7 CTAJICH.

Ha ceromusmuuii neHp JaszepHas oOpaOOoTKa CUMTAeTCs IEPCHEKTUBHBIM — METOJOM
MOBEPXHOCTHOTO YIPOYHEHUS W3IEIUN CIOKHOW (QOpPMBI, pabOTaOIMX B YCIOBHAX HW3HOCA H
YCTAJIOCTHOTO HArpy>KEHHUSI.

JlazepHasi XUMMKO-TepMHU4YeCcKasi 00padoTka

Hacpllienue nerupyroomuMy 3JIeMEHTaMu TNpU  JIa3€pHOM XHMHKO-TEpMUYECKO 00paboTke
(JIXTO) mpoucxomut mytém muddy3um m maccomnepeHoca B TBEPAOU (aze, U3 IIa3Mbl, U KUIKON
¢a3pl, IpU 3TOM BO3MOXHO KOHBEKTHBHOE M YHCTO MEXaHHMYECKOE NEepeMELIeHHE paclllaBa B 30HE
BO3JICHCTBUS J1a3€pHOTO UMITYJIbCA.

[Ipu JIXTO Ha moBEepXHOCTb WU3JENHS PA3IUYHBIMU CIOCOOAMHU MPEIBAPUTEIBLHO HAHOCST
nerupymomue semMeHTsl. Hanbonblee pacnpocTpaHeHue cpeiyd CoCO00OB HAHECEHHS JIETUPYIOLINX
AJIEMEHTOB MONy4uu: 1) HakaTka (OJIbI'M U3 JIETUPYIOIIEro MaTepuaia; 2) 3JeKTPOIUTHYECKOE WU
XUMHUYECKOE OCaXJIeHHue, 3) HambUIeHHe;  4) 3JIEKTPOUCKPOBOE JIETUPOBAaHUE;  S5) HAaHECEHHE
nopomkoB uin 06mMazok. JIXTO 0ObIYHO OCYIIECTBISETCS B PEKUME PACTIIABIICHHSL.

CpoiicTBa 30HBI JIETUPOBAHUS 3aBUCAT OT KOHLIEHTPALUU JIETUPYIOIIKUX JIEMEHTOB U MOJy4YEHUs
¢a3 pa3nuyHOM CTeNeHH CTAaOWUIBLHOCTU M AMCIIEPCHOCTH, OOpPa3YIOIIMXCS B MPOLECCE OXJIAKICHHUS.
CrpoeHue U cocTaB 30HbI TEPMHUECKOTO BIJIUSHUS OINPEAEISIOTCS PEXUMOM JIa3epHOTO O0OIydEHUS:
IUIOTHOCTHIO MOIIHOCTH HW3Jyd€HHUsS, BPEMEHEM €ro JAEWCTBUS, YHCIOM MMIIYJIbCOB, a TaKkKe
KOHLIEHTpalKen JerupyroX KOMIIOHEHTOB B 0OMa3Ke.

B nacrosiee BpeMsi MOJy4YeHbI MOJIOKHUTEIbHBIE PE3YAbTAThl 110 LEMEHTAIMH, a30THUPOBAHHUIO,
O6opupoBanuio U TU(PPy3MOHHON METAIUIM3ALUM KeJie3a U CTalH, a TaKKe METAUIOB, HE WMEIOIINUX
nosuMopdubIx npespaenuit (Al, Ni, Cu u ap.).

IIpu uemeHTauuu xkene3a oOpaszyeTrcs JABYXCIOWHAs 30Ha, cocrosmias U3  Oeroro
cmaboTpaBsAIIEerocs: cjiosi ¢ paBHOMepHO# TBEpAOCThI0O HV'1400 M pacmosoKEHHOTO 3a HUM CJIOS C
MHUKpOTBEpOCTHIO /111000.

Juddy3noHHas MeTauIM3alus jkejle3a BO3MOXKHA IpU JISTUPOBAHUM Pa3IMYHBIMU MeTaJlJIaMHU.
OnHako TOBBIMICHHE TBEPIOCTH JOCTUTACTCS TOJBKO MpH pacTtBopeHuu BaHamus (V), aHunoous (Nb),
tutana (T1) u Bosbdppama (W).

Bricokass W3HOCOCTOMKOCTh W KAaBUTAMOHHAs CTOMKOCTh TOJY4Y€Hbl IIPU  JIA3EPHOM
a30TUpPOBaHUU U3 00Ma30k Ha ctanu 38X2MIOA u 15XMO.

[locne na3zepHoro OopupoBaHMSI 30HAa TEPMUYECKOTO BO3ACHCTBUS HMeEET TBEPAOCTh B
3aBUCUMOCTHU OT pexkuma o6pabotku HV1100 — 2100. ITpu TakoM ynpoyHEHUH JOCTUTAETCS BHICOKOE
CONPOTHBIICHNE HW3HAUIMBAHUIO MpPU pPA3IUYHBIX CXEMaxX MPUJIOKEHUS Harpy3kKd U pa3jIMdHbIX
ycinoBusix Tpenus. JlerupoBanune O0opom (B) cHmxkaer kosdduimeHT TpeHus marepualia, MOBBIIIACT
€ro U3HOCOCTOMKOCTb.

Tema Ne7. IIBeTHbI€ MeTAJLJIbI M X CILIABBI

Bomnpoc 1. Meas 1 criiaBel Ha €€ OCHOBe

HBCTHBIG METAJJIbI U UX CIIJIaBbl 06H3I[aIOT pAAOM OCHHBIX CBOI\/'ICTB, U IHUPOKO IMPUMCHAIOTCA
KaK KOHCTPYKIOHOHHBLIC MaT€puajibl B MAIIMHOCTPOCHUH, AaBHACTPOCHHMU MW JOPYrUX OTpaciiix
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MpoMBIIIIIEHHOCTH. Hambosnee pacmpocTpaHEeHHBIE TPOMBIILUICHHBIE I[BETHBIE METaUIBl — MeEb,
AITFOMUHUM, MAardHui ¥ TUTaH.

[IBeTHBIE METAJIBI M CIUIABBI SBJISIIOTCA OOJiee MOPOTUMHU U ACPUIMTHBIMHA MaTepuaiam IT0
CpaBHEHHIO C 4Y€pHbIMU MeTauiamu. OIHAKO, M3-3a XOPOIIETO COYeTaHUs (PU3UKO-MEXaHMYECKUX
CBOWCTB, 007acTh NMPUMEHEHMsI B TEXHUKE ITHUX MaTEepPUAJIOB HEMpephIBHO pacimpsercs. [lepexon
MIPOMBIIIJICHHOCTH Ha CIUIABBI U3 JIETKHX METANIOB 3HAYUTEIHHO PACIIMPSET ChIPbEeBYIO 0a3y. Turas,
QTIOMUHHMM, MarHui MOJKHO TIOJIydaTh M3 O€IHBIX M CIOXHBIX [0 COCTaBy pPyA M OTXOIOB
MPOU3BOJCTBA.

Mens u eé cBoiicTBa

Menp Cu — MeTaun XapakTepHOTO KPacHOTO IBETA ¢ IUIOTHOCTHIO p = 8940 kr/m3 (8,94 r/em?®) u
temrneparypoir  mnaBienuss  1083°C, rtemmeparypa kunenus 2567 °C. Menp  umeer
IpaHELEHTPUPOBAHHYIO KyOuueckyro kpucraminyeckyro pemérky (I'LIK) ¢ mapamerpom pemérku
a=3,61 A. YaensHoe snexTpuueckoe compoTuBienue Meau pasHo 0,0178 MkOM-M. 3emHas kopa
coctout Ha 0,01% u3 menu.

U3 meou mooicno uzeomosums nposonoky o 0,02 mm, a iucm moawunou 2,6 MKM.

CaoiicTBa Menu:

1) Bricokast 31€KTpo- U TEIIONPOBOAHOCTH;

2) VYcroiuuBa NpOTUB aTMOC(HEPHON KOPPO3UU U KOPPO3UU B MPECHOM M MOPCKOU BoJie, Oyiarogaps
00pa3zoBaHuIO Ha €€ MOBEPXHOCTH TOHKOM 3alIUTHOM TUIEHKH.

3) Menp xopoio oOpabaTbiBaeTCs B XOJIOJHOM U B TOPSIYEM COCTOSIHUSIX. DJIEKTPOIPOBOAHOCTH U
TEIUIOTIPOBOJHOCTh MEIH SIBIISIIOTCS €€ HanOojee NEHHBIMH (PH3MYECKUMH CBOHCTBaMHM, OJlaromaps
YeMy OHa HaXOJUT HIMPOKOE IMPHUMEHEHHE B IJIEKTPOTEXHUKE, SJIEKTPOHHKE, MPHUOOPOCTPOCHUH,
JBUTATEIIECTPOCHNH, PA3IMYHOTO POJia TEIJIO0OMEHHHUKAX, TUTEHHOM ITPOU3BOJICTBE.

Mexannveckue cBOHCTBA Mel OTHOCUTEILHO HU3KHE:

1) mpenen mpoOYHOCTH COCTABISET g5 = 220 — 240 MITa (22 — 24 xI'/mm?);

2) otHocuTenbHOe yaauHeHue o0 — 15...25%;

3) TtBépmocth HB4S5.

[TosToMy B KadecTBE KOHCTPYKIIHOHHOTO MaTepHalia MeIb HpuMeHsieTcs penako. [loBeimeHue
MEXaHMYECKUX CBOMCTB JOCTUTACTCS CO3AaHUEM PAa3IMYHBIX CIUIABOB HA OCHOBE MEJIH.

ITo TOCT 859 — 41 TexHHYECKYIO0 M€Jlb B 3aBHCHUMOCTH OT CTENEHU YHUCTOTHI Pa3JENsIOT Ha
mects Mapok: MO0 (99,99% Cu), MO (99,95% Cu), Ml (99,9% Cu), M2 (99,7% Cu), M3
(99,5%Cu), M4(99% Cu).

[Tpumecsimu MenH, collepKaHue KOTOPBIX AOMYCKAETCs B THICSIYHBIX U COTBIX JIOJISIX MPOIICHTA,
SBISIIOTCA BUCMYT Bi, cyppma Sb, mbrmbsk As, sxene3o Fe, nukens Ni, cBunen Pb, omoBo Sn, cepaS,
IUHK Zn U 1p. W3 Hux Bucmyt Bi, cBunen Pb, cypema Sb 3atpyassitoT 06paboTKy Menu 1aBJIE€HUEM B
ropsiueM coctosiHuM, a cojaepxkanue C>2% u S mpuparoT el XiaaHOJIOMKOCTh. Bcee mpumecu,
ocobenHo docdop P, MbITIBIK As, 0JIOBO Sn, CHUKAIOT 3JEKTPOTIPOBOAHOCTH ME/IH.

TeXHUYECKH YUCTYIO MEb IIMPOKO MPUMEHSIOT B AJIEKTPOTEXHUIECKOH MPOMBIIIIICHHOCTH TS
M3TOTOBIICHUS TIPOBOJIOB, Kalesiel, MIMH M JPYruX TOKONPOBOIIIUX neTaneil. Kpome Toro, memp
MPUMEHSIOT B MAIIMHOCTPOCHHH, CYAOCTPOCHUH, KOTIIOCTPOCHUH UIsI TETNIOOOMEHHHUKOB U B JPYrUX
obOmactsx. B 0ONbIIOM KOMMYECTBE MEOb HCIOJNB3YIOT JUISI HM3TOTOBICHHS  BaYKHEHIITNX

KOHCTPYKIIMOHHBIX CIUIABOB — JIATYHEH M OpOH3, a TakKe B Ka4eCTBE HAHOCHMOTO TOKPHITHS B
AIEKTPOXUMHUM.
CniiaBeI Mequ

Paznnyaror nBe rpymnmbl MEIHBIX CIDIABOB: JamyHu — CIUTABBI MEIU C IIUHKOM, OPOH3bI —

CIUTaBbI ME/IM C IPYTUMU (KpoMe IIUHKA) SJIEMEHTaMHU.

Jlaryum «Cu-Zn» — 080oliHble UMU MHO2OKOMNOHEHMHble CHa8bl MeOU, OCHOBHBIM
JlecUpPYIOUWUM dJIeMEHMOM KOMOPbIX AGTIAEMC s YUHK ZN.

B 3aBucuMOCTH OT KOJIMYECTBEHHOTO COOTHOIIEHUS MEAW M IMHKA JaTyHW WUMEIOT IBET OT
KpacHOBATOro 10 cBeTJIo-kEntoro. IlpakTuueckoe MpUMEHEHUE JaTyHH C COJIEp’KaHUEM IMHKa 0
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45%. IloBpImeHne coaepxanusi NUHKA 10 45% MPUBOIUT K YBEIIMUEHHUIO TIpe/eia MPOYHOCTH G JI0
450 MIla. MakcumaiipbHasi TUIACTUYHOCTh UMEET MECTO MPHU COACPKaHUM IIMHKA OK0JI0 37%.

ITo cnocody M3roToBJIeHNs M HA3HAYEHUIO U3/1eIHil Pa3InYaloT JaTyHu:
1) nedpopmupyemble (JIUCTBI, JIEHTHL, IPOBOJIOKY, TPYOBI U T. 11.);
2) nuTeiiHble (JINTHIC U3ICIHS).

Jeghopmupyemoie namynu mapkupyrorcs OykBoil JI, 3a KOTOpoil cieqyeT 4ucio, MOKa3blBaollee
coJiepKaHre MEU B MIPOIICHTaX, HarpuMep B atyHu JI62 comepxutcs 62% menu u 38% muHKa.
Ecnu kpome Menu u 1uHKa, JIaTyHb COJCPKUT APYTHE DJIEMEHTHI, TO mocie OykBwl JI cTaBsTCs

YCIIOBHBIE 0003HaYeHUS ITUX 3JIEMEHTOB B BUJIE OykB (@) —  0JIOBO,
C — cBunen, X — xenezo, ® — dochop, Mm — wmapraden, A — aIIOMUHUH,
Il — muHK ¥ T. 1.), a 3aTeM OUQPHI, YKa3bIBAIOIIME Ha CPEAHEE COJAEpkKaHUE AeMeHTa. 1o ecTsb,

KOJIMYECTBO O3THUX JJIEMEHTOB 0003HA4yaeTcs COOTBETCTBYIOIIMMHU IUpaMHu IOCIe 4Hucia,
[TOKa3bIBAIOLIET0 COJIEPKaHUE MEJIH.

Hanpumep, cnaas JIAXK 60-1-1 codepacum 60% meou, 1% antomunus, 1% owceneza u 38%
yunka. Cnaas JIAXKMy 66-6-3-2 cooepocum 66% Cu, 6% Al, 3% Fe u 2% Mn, ocmanbhoe —
23% Zn.

OOpabaTeIBa€MOCTh pPE3aHUEM JaTyHEH yiydIaeTcs MyTéM BBEIICHUS B WX COCTaB CBHHIA. B
KayecTBe IMpUMEpa MOXKHO IpuBecTH JaTyHb Mapku JIC59-1, xoTopyro Ha3bIBalOT «aBTOMAaTHOM
JATYHBIOY.

JlaTyHu MMEIOT XOpOIIYyI0 KOPPO3HOHHYIO CTOMKOCTb, KOTOPYIO MOKHO IOBBICUTH ITYTEM
BBEJCHUS B UX cocTaB oyioBa Sn. Hampumep, natyas JIO70-1 croiika mpoTHUB KOPPO3WU B MOPCKOM
BO/JIE U HA3bIBAETCS «MOPCKOM JIATYHBIO.

JloGaBka Hukens Ni u keneza Fe moBBIIaeT MEXaHMUYECKYI0 TMPOYHOCTh JIATYHH 1O
oz = 550 MIla.

MexaHnyeckue XapakTepUCTUKH JAeopMHUpyeMbIX NBOWHBIX jJaTyHeill mapok JI96, JI90, JI8O0,
JI70, JI68, JI59: o5 =450...600 MllIa, 0=2..5 % (B HarapTOBaHHOM COCTOSIHHH) U
oz = 240...380 Mlla, 0 = 52...44% (B OTOKEHHOM COCTOSTHUM).

Jlumeiinvte namynu Taxxe Mapkupytorcs OykBoit JI. Ilocne OykBeHHOro o0o03HaueHUs
OCHOBHOTO JIETHPYIOLIETO 3JIEMEHTa (IIMHKA) U KaKJOTO IMOCIEAYIONIEro dIEMEHTa CTaBUTCA nudpa,
yKa3bIBaIoIasi €ro cpefHee conaepkanue B crutaBe. Hampumep, maryas JIL23A6K3Mu2 coxepxut
23% umnKa Zn, 6% amomunus Al, 3% xenesa Fe, 2% mapranmna Mn. Hawnydmiei »kuaKoTEKy4eCTbIO
obnanaet naryns mapku JIL[16K4.

K nureitapiMm natynsm otHocsarcs jgarynu tumna JIC, JIK, JIA, JIAXK, JIAXKMu. Jluteitabie
JATYHU HE CKJIOHHBI K JIMKBAIMU, HMCIOT COCPEIOTOUYCHHYIO YCaKy, OTIMBKH M3 HUX TMOJYJarOTCs C
BBICOKOM IIJIOTHOCTBIO.

JlaTyHU SBIISIOTCS XOPOIIMM MAaTEPHAIIOM JJIsi KOHCTPYKITUH, pabOTAOIINX TIPH OTPULIATEITHHBIX
TeMIleparypax.

Jlatynsb, conepxkamias okosio 15% Zn, uMeeT 30J0TUCTBIM IBET, XOPOIIYI0 CTONKOCTh MPOTHUB
aTMOC(epHOW KOpPPO3WH, W €€ HCIOJIB3YIOT BMECTO 30JI0TAa JUIS W3TOTOBJICHHS XYJ0’KECTBEHHBIX
15631 (117178

[Ipu nmoGaBke k nmarynm g0 1,5% onoBa Sn oHa mpHOOpETaeT CTOMKOCTH B MOPCKOW BOJE
(MOpcKasi 1aTyHb).

BpoH3sl — Osoiinbie unu MHO20KOMNOHEHMHblE CNIA8bl MeOu ¢ OpyeuMu djleMeHmamu
(onoeom Sn, anromunuem Al, ceunyom Pb, bepunnuem Be, kpemnuem Si, xaomuem Cd, xpomom Cr u
op.). LluHk Zn B OpoH3ax HE SBIJISIETCS OCHOBHBIM JIETHMPYIOIIUM KOMIIOHEHTOM. BpoH3bI 1O crocoly
W3TOTOBIICHUSI 3arOTOBOK W HU3JENIMA W WX HAa3HAYCHHUIO TAaKKe pa3IesiioT Ha JIMTCHHBIE W
nepopMupyemsle.
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MapkupoBka OpoH3.

Ilpu mapxuposke oeghopmupyemvix 6pon3 Ha IEPBOM MecTe cTaBsiTcsl OykBbI bp, 3aTem OykBblI,
YKa3bIBalOIME, KAKUE AJIEMEHThI, KpOME MEJU, BXOJAT B cocTaB ciuiaBa. [locie OykB uayt uudpsl,
MOKa3bIBAIOILME MPOIEHTHOE COJIep)KaHWe KOMIIOHEHTOB B crutaBe. Hampumep, mapka BpOd10-1
o3Ha4aeT, 4to OpoH3a cogepkut 10% onosa Sn, 1% ¢ocdopa P, ocranibnoe — meaps Cu (89%).

Mapkupoexka numeiinvix Opon3 Takxe HaunHaeTcsa ¢ OykB bp, 3aTem yka3biBaroTCs OyKBEHHbIE
0003Ha4YeHMs JIETHUPYIOIIUX D3JIEMEHTOB M CTaBUTCS LHU(pa, YKa3blBaloIlas €ro YCpeIHEHHOE
coaepxanue B craBe. Hampumep, Oponza bpO3IL[12C5 conepxur 3% osoBa, 12% uwmnka, 5%
CBHHIIA, ocTallbHOE — Meab Cu.

B 3aBucuMOCTH OT OCHOBHOT'O JIETUPYIOIIETO 3JIEMEHTa OPOH3bI pa3AeisIoT Ha:

— OJIOBSIHHBIE; — CBHHIIOBBIE; — aJIIOMUHUEBbIE; — OEPUILINEBbIE; — KDEMHUCTBIE U T. 1.

Onossanuvle OpoH3bl UMEIOT HanOoOJIee NIMPOKOE IMPUMEHEHHE B MAIIMHOCTPOCHHMU. B HuxX
0JIOBO Sn SBJIIETCS OCHOBHBIM JIETHPYIOIIUM 3JIEMEHTOM. Takke B KauecTBE JIETMPYIOIIUX J00aBOK
UCIOJIb3YIOT HUHK Zn, cBuHel Pb, docdop P, Hukenp Ni.

W3 onoBsHHBIX OpOH3 H3rOTABIMBAIOT BOJSHYI0 U MApOBYIO amlmaparypy, MNOAMLNUITHUKA
CKOJIbJKEHUS, 3y0UaThie KoJ€ca, IPYKUHbI U JIp.

Bomnpoc 2. AIlOMUHUI U CILJIABbI HA €r0 OCHOBE

AJIIOMUHUN W aIOMUHHEBBIC CIUIaBbl OBLIM TEPBHIMH KOHCTPYKIIMOHHBIMHA MaTepHallaMH,
KOTOpbI€ OBUIM WCIOJIB30BaHbI B camoJiérocTpoeHnd. CBOE Ha3HAayeHHWE B CaMOJIETOCTPOEHUU
ATIOMUHUN COXpaHWJI W B HACTOSIIEE BpEMs, 3aHUMas IIEPBOE MECTO Cpead MaTepHalioB,
WCIIOJIb3YEMBIX B aBUAIIMOHHOW MPOMBIIIIIEHHOCTH (110 90%).

[IpakTyecku HET HU OJHOW OTpaciii MalIMHOCTPOEHUS, B KOTOPOU Obl HE UCIIOJIb30BAIU B TOM
WIA WHOW Mepe QIIOMUHHUEBBIE CIUIAaBbl. X TPUMEHSIOT B CMpoumenbHulX KOHCMPYKYUSX,
cyoocmpoeHul, Hcene3HO0OPONHCHOM U A8MOMOOUTLHOM MPAHCNOpme, J1emamenbHblX annapamax,
HeQpmMAHOM U XUMUYECKOM MAUWUHOCMPOEHUU, dleKmpomexnuke u m. 0. Taxoce u3z anoMuHuesvix
CNIaB08 U320MABIUBAIOM O0emanu XOJNOOUNbHOU U KPUO2EHHOU mexHuku. Hx npumensaiom 6
KPUO2EHHOU MmexXHuKe, OJisl U320MOBIEHUA XPAHUIUW U EMKOCcmel Ol MPAHCNOPMUPOSKU HCUOKUX
2a308: KUCI0pOOa, azoma, 8000po0d, 2enus, a MAaKx#ce 6 YCMAHOBKAX CHCUNMCEHUS U XPAHEeHUs.
NPUPOOHO20 2a3d.

W3 Bcex JNErKUX METaNIOB aTFOMHHHUN XapaKTepu3yeTcs HanOOJIbIIMM 00bEMOM MTPOU3BOJICTBA,
3aHUMasi B MUPOBOI MPOMBIIUIEHHOCTH BTOPOE MECTO IIOCIIE MPOWM3BOJCTBA CTAU. AJIFOMHHUEBBIC
CIUIaBBI IMEIOT CPABHUTEIHHO HEBBICOKYIO CTOMMOCTb.

Antomunuit Al — MeTan XapakKTepHOTO cepeOdprucTo-0esoro 1BeTa,

- Tun xpucTannuueckoil pemerku rpanenentpuposannas (FLK) ¢ napamerpom a = 4,04 A,

- HE MIMEET MOJIMMOP(HBIX TPEBPAIICHUH;

- MaJiasi INoTHOCTH (p = 2700 kr/m? );

- HM3Kas Temneparypa miasieHus (658 - 660°C);

- BBICOKAsl AJIEKTPO- M TEIJIOMPOBOAHOCTD (Drekmponposoornocms antomunus cocmasisem 65% om
91eKMPONPOBOOHOCMU MeOU NPU 3HAYUMENbHO MeHbUlel NIIOMHOCMIL);

- HU3Kas Ipo4yHOCThIO 0z = 100 - 150 MlIa;

- HU3Kas TBEpHocts HB2S;

- BBICOKasg miuacTU4HOCTb O = 30 - 40% (6nacooaps evicokol naacmuyHoCmu, AIOMUHUL XOPOULO
obpabamuleaemcs 0asienuem 8 2opauem U X0N00HOM COCMOAHUL).

- BBICOKasi KOPPO3MOHHAS CTOMKOCTh B aTMOC(EPHBIX YCIOBHSAX, B aMMHAKe, CEPHHUCTOM U JPYTHX
ra3ax, B MOPCKOW BOJie, a30THOM KHCJIOTE M APYTHX arpeCCHBHBIX Cpeaax (8blCOKAsi KOPPO3IUOHHASA
cmoukocms 00yCN08IUBAEMC 00pA308AHUEM HA €20 NOBEPXHOCMU NIOMHOU 3AUUMHOU NIEHKU
okcuoa anomunua AlOs3. Yem menvwie npumecei coodepicum auOMUHUL, MeM 8bllue €20
KOPPO3UOHHASI CMOUKOCY).
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[TocTosTHHBIMU TIPUMECSMH ATTIOMUHUS SIBJISIIOTCA XKene30 Fe u kpemanit Si. ATFOMUHUNA XOPOIIIO
nehopMUpPYETCsS U CBApUBAETCS, HO TUIOXO 0OpabarwiBaeTcs pe3aHueM. M3 Hero mpokaTKod MOKHO
MOJIy4aTh TOHKYIO (OJIBTY, TPUMEHSAEMYIO B KAaUeCTBE 0OEPTOUHOTO MaTepHuaa.

ANIOMUHHI BBICOKOW YHMCTOTHI Mapkupyetrcs A99 (99,999% Al), A8, A7, A6, AS, A0
(comepxxanue amoMuHus oT 99,85% 1no 99%).

Oo6sacTh NpUMeHEeHHUsI TEXHUYECKHU YHCTOT0 ATIOMUHMS:

ANIOMUHUI BBICOKOH YHCTOTHI, MPUMEHSAEMBbIH JUIsl TaOOpaTOpHBIX Leel, coaepx uT 99,99% Al,
IUTS TEXHU4YECKUX meiaer — 99,50% Al

1) B 2IEKTPOTEXHUYECKON U XUMHUYECKOHN MPOMBIIIIEHHOCTH,

2) B aBHa- ¥ aBTOCTPOEHUH,

3) mpou3BOACTBO KaOesield U TOKOMPOBOIAIIMX H3JENUM, XUMHYECKOM ammapaTypbl, (QOJbIH,
Pa3IUYHbIX TPYO, MPYTKOB, JIUCTOB, COPTOBBIX MPO(duUIe, MPOBOJIOKH, TOKOBOK U T. JI..

4) MW3-3a HU3KOH MPOYHOCTH TEXHUYECKUI aJOMUHUN TNpUMEHSETCS Ui HW3TOTOBJICHUS
MaJIOHArPY>KEHHBIX JIEMEHTOB CTPOUTEIbHBIX KOHCTPYKIIMHM U MaJIOHArPYKEHHBIX JieTajei MalluH.

Bce npumecu amtoMmunus, ocoOeHHo Marnuii Mg u Mmapranen Mn, CHIKAlOT €ro 3JeKTpo- U
TEIUIONPOBOTHOCTh. Tak, Mpu cojepkanuu 10 5% Mn 3€KTpo- U TEIUIONPOBOJIHOCTh ATFOMUHUS
CHIDKaIOTCsl Oosiee ueM B jaBa pasza. JKene3zo Fe 3aMeTHO CHMXKAeT KOPPO3MOHHYIO CTOMKOCTH
amomuHus. OgHako Mg u Mn, a takxke Cu, Zn, Ni u Cr ynpo4HSIIOT aJIlOMUHHEBbBIE CILIABHI.

Boicokass KoOppo3WOHHast CTOMKOCTh B OPraHMYECKHX KHCJIOTax oOOYyCIOBUJIA IIMPOKOE
MIPUMEHEHHE AJIOMHHHUS JJIs U3TOTOBJIEHUS OBITOBOM MOCYIbI, Al TPAHCHOPTUPOBKU M XPaHEHHS
IIPOAYKTOB IIUTaHWs, IIOCKOJIBKY B QJIIOMUHHMEBOM TIOCYJIE COXPAaHSIOTCS BCE BHUTAMUHBI.
Hcnonb3oBaHHAs allOMUHUEBAs NOCYy/a JIETKO IOJIBEPraercs IeperuiaBKe, 4To 00JierdyaeT pelieHue
npo0eMbl epepaboTKH OTXOJI0B.

ToHualmni CIOW aTOMUHHUS, HAHECEHHBIN HAa TKAHb, I103BOJIAET 3aJI€PKUBATh TEILUIOBBIE JIyUH,
MpoIlycKasi JIMUIb CBETOBblE. V3 TakoW TKaHUM M3rOTaBIMBAIOT MajJaTKH, 3alUTHBIE KOCTIOMBI,
KOMOMHE30HbI U T. 1.

CuiaBbl aJIIOMMHUA

CrinaBbl Ha OCHOBE aJTIOMUHUS MOJYYMIN HIMPOKOE MPUMEHEHUE B KaUeCTBE KOHCTPYKLIMOHHBIX
MaTepuaoB. DTH CIUIaBbl Pa3eiisioT Ha JepOpMUpPYyEMbIE U JIUTEHHBIE.

OCHOBHBIMH JICTUPYIOIIMMH 3JIEMEHTAMH B aIFOMUHHEBBIX cIiaBax siBisitores Cu, Si, Mg, Mn,
Fe, Zn.

Mapzaney Mn 0JHOBPEMEHHO TOBBIIIAET KOPPOZUOHHYIO CTOMKOCTb.

Kpemnuit Si s1BnsieTCS OCHOBHBIM JIETHPYIOIIMM 3JIEMEHTOM B PsII€ JUTEHHBIX AJIFOMUHUEBBIX
CIUIaBOB (CHUIyMHHOB), IOCKOJIbKY OH y4acTBYET B 00pa30BaHUU 3BTEKTHKHU.

Maznuit Mg u mapzaney Mn CHIDKAIOT TEIJIO- U AIEKTPOIPOBOAHOCTD AIFOMUHUSL.

Kenezo Fe — CHIKAET KOPPO3UOHHYIO CTOMKOCTh aTFOMUHHSL.

IIpuHUMI MapKMPOBKH AJIOMHHHMEBBIX CILIABOB cieaylommii. B Hadane ykaspiBaeTcs THII
caBa: J[ — cmuiaBel THNA OIOPATIOMHHOB; A — TexHUYeckud amomuuuil; AK — KoBKHe
IIIOMHHHEBBIE CIUIaBbl; B — BbICOKONpOYHbIE cruiaBbl; AJl — JHUTElHBIE ATIOMUHUEBBIE CILUIABBI.
Hanee mocne 3TUX OYKB yKa3bIBAaeTCsl YCIIOBHBIM HOMEp cIlIaBa. 3a YCIOBHBIM HOMEPOM CJEAYET
0003HaYeHHE, XapaKTEPU3YIOIEe COCTOSIHUE cIaBa: M — MArKui (0TOXOKeHHBIH); T — TepmMuuecku
oOpaboTaHHbIH (3aKaika u crapenue); H — naraproBansslii; I1 — monyHarapToBaHHbI U Jp.

/[ — nedpopmupyembie crutaBel; JI — JNHTEWHBIC CIUIaBBI; [ — CIUIaBbI, HE YIPOUYHSIEMBIC
TepMUuecKoi 00paboTKo; [/ — cIaBbl, yIIPOUYHSEMbIE TEPMUUECKON 00pabOTKOM.

B coorBercTBMM € JMarpaMmoil COCTOSIHHSI AJIIOMMHHMeEBBIE CILJIABbI 10 TEXHOJOTHYeCKHM
CBOIICTBAM MOAPA3/1eJIAIOTCA HA TPU I'PYNIIbI:

- neopMupyeMbI€ CIIIaBbI, HE YIPOUHSIEMbIE TEPMUUECKON 00PaOOTKOI;

- neopMupyemMbIe CIIIaBhI, YIIPOUHSIEMbIE TEPMUYECKON 00pabOTKOM;
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- JINTEVHBIE CILJIABBI.

Jegopmupyemvie cnnaswt pazoensaiom Ha:

a) CILJIaBbl, HE YIPOUYHsEeMble TepM0ooOpaboTKOil (crutaBsl I);
0) cruiaBbl, yIpouHseMmble TepM0ooOpadoTKoil (crutaBsl 11).

K wHaubosee mupoko pacnpocTPaHEHHBIM AJIOMHUHUEBBIM CIJIaBaM, YNPOYHsSEMbIM
TEepMO0OPaOOTKOM, OTHOCAT CJICAYIOLIME CIIABbI:
- mopamomud 1, /116 u npyrue Ha ocHoBe cuctembl «Al - Cu - Mgy;
- aBuans Tuna AB Ha ocHoBe cuctemsl «Al - Cu - Mg - Siy;
- BBICOKOTIpOYHbIE cruiaBbl TIa B95 Ha ocHoBe cucteMsl «Al - Cu - Mg - Zn»;
- s)kapornpounblie cruiaBbl THIA AK.4-1 Ha ocHOBe «Al - Mg - Ni - Si».
JropajromuH

Haubonee pacnpoctpanéHHbIMA J1eOPMUPYEMBIMUA ATIOMHUHHEBBIMH CIUTABAMU  SIBJIISTFOTCS
oypantomunsi. Ou cogepxkar 2,5 — 5% Cu; 0,4 — 1,8% Mg; 0,4 — 0,9% Mn, ocrampHOoE —
amroMuanii Al. Menp u Marauii BBOJST B COCTaB CIUIaBa ISl €r0 YIPOUYHEHHMs], a MapraHen — JIs
MTOBBIIICHUSI KOPPO3UOHHOM CTOMKOCTH criiaBa. Hambombinee ynpoyHeHHE TaKue CIIABBI MOJTY4aroT
nocyie crapeHus. opaqroMUH MPUMEHSIOT ISl M3TOTOBJIEHUS JIUCTOB, JIGHT, COPTOBBIX MPOQHICH,
MIPOBOJIOKH, TPYO U T. 1.

Hypamtomus 6611 n300peTéH B 1906 r. HeMenkum yuéasiMm A. Buiasmom.
OCHOBHBIM I0CTOMHCTBOM YPAJTIOMUHOB SIBJISIETCH:
1) BbIcOKas ynenbHasi MPOYHOCTh (Drazooapsi uemy OHU OMHOCAMCA K YUCTY Haubonee uwupoKo
NPUMEHAEMbIX Mamepuanog 6 camoaémocmpoenuu). VX TPUMEHSIOT B NUILIEBONH U XOJIOAWJIBHOM
MIPOMBIIIJICHHOCTH 711 U3TOTOBJICHHUS] EMKOCTEH, MOTUIABKOBBIX KaMep, apMaTyphl, TPyOOIIPOBOIOB U
T. 1.
OCHOBHBIM HEIOCTATKOM JYPAJTIOMUHOB SIBJISIETCH:
1) moHmkeHHass KOPPO3UOHHAs CTOMKOCTb (0151 noe@vluienus KOPPO3UOHHOU CMOUKOCMU JUCHIb
O0YypanioMuHa NIaKupyiom, m. e. NOKpbl8arom Cl10em YUCMO20 ANIOMUHUS U NPOU3BOOSIM COBMECTHYIO
npokamky aucmos. Ilpu smom anomunuu, moawuHa cros Komopoco cocmasiiem 2 — 5%,
ceapueaemcs ¢ OCHOBHbIM MEeMAJIOM U 3aujuuiaenm e2o om Kopposuul).

BricokonpouHnble JepopMupyemMble aTIOMUHHEBBIE CIIaBbI cucTeMbl «Al — Zn — Mg — Cu»
UMEIOT emmé 0oJiee BBICOKYIO MPOYHOCTh 0z = 600 —700 MIIa, HO MeHbIyI0 acTUYHOCTH 0 = 10% u
HCIIOJIB3YIOTCSA B CAMOJIETOCTPOCHUH JUIS TSHKEIIOHATPYKEHHBIX JAETATICH.

Paspaboran aBMAlMOHHBIH MaTepHaJ] — NEHOAJIOMMHHMM, TOJy4aeMbli B BHJE JICHT H
JUCTOB, TOMMUHOK 10 100 MM. Ero M3roToBISIOT MPUCAAKON B KUAKAN AIIFOMUHHI WM €r0 CIUIABBI
MMOPOIIKOOOPA3HBIX Ta3000pa3yIONMIUX BEIIECTB, HAIPUMEP THAPUIOB TUTAHA W MUPKOHUS. [ uapusi
BBOJAIT MO/ AABJIECHHUEM, HO, KaK TOJbKO HAYMHAETCS BBIACIICHUE BOJAOPOJA U BCIIEHUBAHUE, TABJICHUE
cHuMaT. Bo wu30exxanwe TomajaHWs TEHBI, TIOJYYEHHBIH TCHOATIOMHUHUN  OXJIAXIAIOT
onpeicKuBanueM Bojoi. O0béMHuas Macca nenoamomunus 0,2 — 0,6 r/cm®. TleHOATIOMUHUN MOXKHO
oOpabaThIBaTh pe3aHueM, KienaTh, IPUOUBAThH TBO3ISIMU, TAsTh.

JluteiiHble aTIIOMUHHMEBbIE CILUIABBI
JlocTouHcTBA:

1) xopo1as )KHIKOTEKY4eCTh;

2) CpaBHUTEIILHO HEOOJIBIITYIO YCAIKY.

Bricokumu JIMTEHHBIMH CBOWMCTBAMH OOJIaJIalOT CIUIABBI, HMMEIONIME B CBOEH CTPYKType
9BTeKTUKY. Hanbosnee MmMPOKO pacnpoCTpaHEHHBIMH JUTEHHBIMU CIUIABAMM SIBJIIOTCSI CILJIABBI
QITIOMHUHUS C KPEMHUEM, Ha3bIBAEMbIE CUTYMUHAMU.

Ilo xuMHYeCcKOMY COCTaBY JINTeliHbIE AJIOMUHUEBBIE CIIABBI Pa3/1e/isiiOT HA NSATh IPYIIL:

1) Ha ocHoBe «Al — Si» (cunymunst AJ12, AJ14 u np.);

2) Ha ocHoBe «Al — Mgy» (AJI8, AJI13 u np.);

3) na ocnoge «Al— Cu» (AJI7, AJI7B, AJI12 u np.);
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4) na ocaoBe «Al — Cu — Si» (AJI3, AJI3B, AJI6, AJ1 10B u ap.);
5) na ocuoBe «Al — Si— Zn» (AJI11,AJ116B, AJI17B u np.) u ap.

Tema Ne 8. HemeTa/inueckue MaTepuaJibl
Bonpoc 1. Komno3uunoHHbie MaTepHaIbl

Komnosuyuonnvimu mamepuanamu Ha3pIBalOT MATEPHAIIbI, COCTOSIINE U3 ABYX KOMIIOHEHTOB U
Oosnee, OOBEAMHEHHBIX pAa3IMUYHBIMM CIOCOOAMM B MOHOJUT U COXPAHSIOIIMMHU IPU 3TOM
UHIUBUIYaIbHbIE OCOOEHHOCTH.

KoMno3uinmonnsle Marepuaibl  007aJal0T  KOMIUIEKCOM — CBOMCTB, OTJIMYAIOLIUXCS  OT
TPaJMLIMOHHBIX KOHCTPYKIIMOHHBIX MAaTEpUAJIOB, YTO U MPEAONPEIEIUIO UX YCIEUIHOE IPUMEHEHHE
JUIS COBEPILLIEHCTBOBAHMS COBPEMEHHBIX U Pa3paOOTKH MPUHIUIINAIBHO HOBBIX KOHCTPYKLIUH.

J1s1 KOMIIO3UIIHOHHBIX MATEPHAJIOB XapaKTePHA CJIeyI0Ias COBOKYITHOCTh IPU3HAKOB:

1) cocras, opma u pacnpeneneHre KOMIIOHEHTOB MaTepHalia ONpeieIeHbl 3apaHee;

2) wmatepuanbl COCTOAT M3 JBYX KOMIIOHEHTOB U 0oJiee pa3IMyHOTO XMMHYECKOIO COCTaBa,
pa3ien€HHBIX B MaTepHaJIe TPAHULIEH;

3) cBoiicTBa MaTepuana ONPEAESIOTCS KaXIbIM W3 €ro KOMIIOHEHTOB, COJEpXaHUEe KOTOPBIX B
MaTepuase I10CTaTOYHO OOJIbILIOE;

4) marepuai 00naaeT CBOMCTBAMHU, OTIMYHBIMHU OT CBOMCTB KOMIIOHEHTOB, B3SITIX B OT/AEIbHOCTH;

5) MaTepuai 0JHOpPOJIeH B MakpoMacuiTabe u HEOJHOPOIEH B MUKpoMacLITade;

6) MaTepuai He BCTPEUACTCS B IPUPOJIC, a CO3/IaH YEITOBEKOM.

KoMIOHEeHTBl KOMMO3UIIMOHHOTO MaTepuajla pa3JInyHbl [0 TE€OMETPUUYECKOMY IPU3HAKY.
KommnoneHnt, koTopelii 007ajaeT HENPEPHIBHOCTbIO IO BCEMY OOBEMY, SBISETCS Mampuuei.
KoMmoHeHT e mpepbiBHBIN, pa3felieHHbli B 00bEME KOMIO3UIMOHHOTO MaTepualla, CUMTAeTCs
apmupyiowium WIA  yIpOouHsSomuM. lIpumMepoM  KOMIIO3MIIMOHHOTO  MaTepHalla  SBISAETCA
KeNe300eToH.

B kxauecTBe MaTpul] B KOMIIO3ULMOHHBIX MaTepuaiax MOTYT ObITh MCIIOJIb30BAaHbl METAJIIbI U UX
CIUIaBbl, & TAKXKE MOJIMMEPbl OPraHU4YEeCKHE U HEOPTaHUYECKUE, KEpaMUUECKUE, YTIEPOIHbIE U IPYTHe
Martepuainbl. CBONCTBA MaTpUIlbl ONPEAEISIOT TEXHOJOTHYECKUE IMapaMeTpbl IMpoliecca MOTYyYeHHs
KOMITO3ULIMU U €€ 3KCIUTyaTalluOHHBIE XapaKTEPUCTUKH: INIOTHOCTh, YIEIbHYIO IIPOYHOCTh, PA0OUyIO
TEMIIEPATYPY, COMPOTUBIICHNE YCTAIOCTHOMY Pa3pylCHHUIO U BO3JICHCTBHUIO arPECCUBHBIX CPEI.

ApMupyromye Wik yIpouHSIOIKe KOMIIOHEHThI paBHOMEPHO pacrpezesieHsl B Matpuue. OHu,
KaK MpaBuUiIo, 00JIaZal0T BBICOKON IMPOYHOCTHIO, TBEPAOCTHIO W MOJYJIEM YIPYrOCTH U IO 3TUM
MOKa3aTessiM 3HAYUTENIbHO MPEBOCXOIAT MaTpully. bojee mHUpOKUM MOHATHEM, YEM apMUPYIOLIUI
WIN YOPOYHSIIOUIMIT KOMIIOHEHT, SIBJSIETCSI TEPMUH «HAIMOJHUTENbY, IOCKOJIbKY HAIOJHUTENb B
MaTpHlle MOMUMO HM3MEHEHHUS NPOYHOCTU OKa3bIBAaeT BIMSIHME M Ha JAPYrHe XapaKTepUCTUKU
KOMITO3UILIUH.

KJIaCCI/I(l)I/IKaIII/Iﬂ KOMIIO3UIIMOHHBIX MaTE€pHUaJI0B

KoMmmno3uimonnsle Matepuansl K1acCu(GUIUPYIOT 110 T€OMETPUN HAOJIHUTENS, PACIOIOKEHUIO
€ro B MaTpHULE U IIPUPOJIE KOMIIOHEHTOB.
Kiaacenpurkanusa KOMIO3MIMOHHBIX MATEPHAJIOB 110 T€OMETPUM HATIOJHUTEJISA:
1) ¢ HyIb-MEpHBIMHM HAMOJIHUTEISAMH, pa3Mepbl KOTOPHIX B TPEX U3MEPEHUSIX UMEIOT OJIMH U TOT )K€
MOPAIOK;
2) ¢ OJHOMEpPHBIMHM HAIMOJIHUTEISIMHU, OJMH U3 Pa3MepPOB KOTOPBIX 3HAYUTENILHO IPEBOCXOIUT JBA
APYTHX,
3) ¢ ABYXMEpHBIMH HAMOJIHUTEISIMH, pa3Mepbl KOTOPBIX 3HAYUTEIBHO MIPEBOCXO AT TPETUH.
Kinacenpukanusa KOMIO3MIMOHHBIX MATEPHAJIOB 110 CXeMe PACIOJI0KEHHS HATIOJITHUTeeH:
1) ¢ 01HOOCHBIM (JIMHEWHBIM) PACIIOJIOKEHUEM HAIOJHUTENS B BUJIE BOJIOKOH, HUTEH, HUTEBUIHBIX
KPUCTAJUIOB B MaTPHUILE NapaJUIEIbHO APYT APYTY;
2) ¢ ABYXOCHBIM (IJIOCKOCTHBIM) PAcIlOJIOKEHUEM apMHPYIOIIEr0 HAIOJHUTENS B BHUJAE BOJIOKOH,
MaTOB U3 HUTEBUIHBIX KPUCTAILIOB, (OJIBIY B MaTpULIE B apalIeIbHBIX MIOCKOCTSX;
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3) ¢ TpéxocHbIM (0OBEMHBIM) PACIIOJOKEHUEM aAPMUPYIOLIETO0 HAIMOJHUTENISI W OTCYTCTBHEM
MIPEUMYIIECTBEHHOI'O HAIIPABJICHUS B €r0 pacIlpeieIeHUH.

Kaaccndukanusi KOMno3uimoOHHBIX MATEPHAJIOB 110 IPUPOJe KOMIIOHEHTOB:

1) KOMIIO3UIIMOHHBIE MAaTEPHAJIbI, COAEPKAILE KOMIIOHEHT U3 METAJIJIOB UJIU CILJIAaBOB;

2) KOMIIO3ULIMOHHBIE MAaTEpUajbl, COJEP)KALIUE KOMIIOHEHT U3 HEOPraHUYeCKUX COETUHEHUI
OKCHJIOB, KapOUJI0B, HUTPUIOB U JP.;

3) KOMIO3UIMOHHBIE MaTepHalbl, COJEP)KAlIMe KOMIIOHEHT W3 HEMETaUIMYECKUX 3JIEMEHTOB,
yriepojaa, 6opa u ap.;

4) KOMIIO3UIIMOHHbIE MaTepuabl, coJieprKaliue KOMIIOHEHT u3 OpraHUYeCKUX
COeIMHEHUH (AMOKCUAHbIE, MOIU3(pUpHBIE, (PEHOJBHBIE U APYTUE CMOJIBI).

CpoiicTBa KOMITO3UIIMOHHBIX MaTE€PHAIOB 3aBUCST HE TOJIBKO OT (PU3UKO-XUMUYECKUX CBOWCTB
KOMIIOHEHTOB, HO M IPOYHOCTH CBSI3U MEXIy HUMHU. OOBIYHO KOMIIOHEHTHI Ui KOMIO3UI[MOHHOTO
MaTepuaia BbIOMparoT CO CBOMCTBaMHU, CYIIECTBEHHO OTJIMYAIOIIUMHUCS IPYT OT Apyra.

Monynb yOpyrocTd KOMIIO3ULMOHHBIX MAaT€pHaloB MOXKET M3MEHSThCS B TpeOyeMoM
HaIpaBJICHUU B 3aBUCUMOCTHU OT CXEMbl apMUpOBaHUs. Bbicokast Ha&KHOCTh B paboTe KOHCTPYKIIUI
13 KOMIIO3MIIMOHHBIX MaTepUaloOB CBsi3aHA C OCOOEHHOCTSMHU PAaclpOCTpaHEHHs B HUX TpemuH. B
OOBIYHBIX CIUIaBaxX TpPELIMHA pa3BUBAETCA OBICTPO U CKOPOCTh pocTa €€ B MEpHoJl padOTh
KOHCTPYKLUH JIETaIM BO3pacTaeT. B KOMIO3UIIMOHHBIX MaTepuajax TpeulrHa OObIYHO BO3HHUKAET U
pa3BUBaeTCsI B MAaTpUIIE W BCTpEYAaeT NPEMITCTBUS HA TpaHHIE MaTpulla — YIPOYHHUTEb.
ApMUDPYIOIIMI 3JIEMEHT TOPMO3UT €€ paCIpPOCTPAHCHHE, 3aA€PKUBASI HA HEKOTOPOE BPEMS €€ POCT.

Bomnpoc 2. [In1actmacebl, X 001151 XapaKTepPUCTUKA, KIacCH(PUKALMA, M HAa3HAYeHHe

Cpenr HOBBIX KOHCTPYKITMOHHBIX MaTEpUATIOB, HEOOXOJUMBIX JUIS YCKOPEHUS TEXHHYECKOTO
mporpecca BO BCEX OTPACISIX HAPOJHOTO XO3SHCTBA, 0CO00€ MECTO MPUHAUICKHUT IUIACTMACCaM H
CUHTeTHYECKUM cMoJiaM. CerojgHsi TpPOU3BOACTBO pPa3jMYHON TEXHWKH W MAIIUH HEBO3MOXKHO
MPEJICTAaBUTh 0€3 HWCIOJB30BaHUS IIacTMace W pe3rH. OHU SBISIOTCS HE TOJBKO 3aMEHUTEIISIMU
JNCPUITMTHBIX [IBETHBIX METAJUIOB, HO M CAMOCTOSTEIbHBIMHA MAIIHHOCTPOUTEILHBIMA MaTepHAIaMHU.

Cunmemuyeckumuy noaumMepamu HA3BIBAIOT HEMETAJUIMYECKHE MaTepuanbl (IJIaCTUYECKHe
MacChl, PE3WHBI, XHMHYCCKHE BOJIOKHA, IUICHKH, JIAKH, KJICH, TEPMETHKH U Jp.), OCHOBOI
IIPOM3BOJICTBA KOTOPHIX SIBJISICTCS CHHTE3 BBICOKOMOJICKYJISIPHBIX OPraHUYEeCKHX MPOJYKTOB Ha 0ase
MTOJIMMEPHBIX COCAMHCHHIM.

[TonmuMepHBIe BBICOKOMOJICKY/ISIPHBIE COCIMHEHHUS COCTOSAT W3 COTEH M THICAY aTOMOB.
['mranTckue MOJIEKYIBI 3TUX COCTUHEHUN HA3BIBAIOT MAKPOMOIEKYIAMU.

B 3aBucumoct oT (HOpPMBI MaKpOMOJICKYNI TOJIMMEPHBIC COCTUHEHHS IOIPa3JICISIIOTCS Ha
JIUHeliHble, pazeemeiiéHuble U cemyamole (npocmpancmeentule) (puc. ).

Puc.1. Ctpoenne BEICOKOMOJIEKYISIPHBIX COCIMHEHUI: @ — JTMHEHHBIX; O — Pa3BETBIIEHHBIX;, 6 —
CETYaThIX.

VY umetinvix noaumepoé MaKpOMOJICKYJIbl TPEACTABISAIOT COO0OM COTHH WM  THICSYH
3JIEMEHTAPHBIX 3B€HHEB MOHOMEPOB, COSAMHEHHBIX BHYTPUMOJICKYJSIPHBIMHA CBSI3SIMH B OECKOHEUYHBIC
uenu (puc. la). YV pazeemenénnvix nonumepos 1enu o0pa3yroT OTBETBIEHUS, COCTOSIIHNE TaK XKe U3
AJIEMEHTApHBIX 3BEHbEB MOHOMEPOB (puc. 10). Y cemuamuix (npocmpancmeenHblx) noaumepos 1enu
00pa3yroT MPOCTPaHCTBEHHYIO CETKY (puc. 18).

JluneiiHble U pa3BETBIEHHBIE MOJHUMEPHl OTHOCATCS K MEPMONIACMUYHbIM, A CeTYaTble — K
MepMopeakmusHulM — noaumepam. TepMoIulacTel B OTJIMYME OT PEAKTOIUIACTOB  CIIOCOOHBI
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MHOTOKPAaTHO MOJIBEPIaThCs MIaCTUYECKOH iehopMaluu.

Bce cuHTeTHYECKHE MOJUMeEPHI N0 THILY CHHTE3a JeJIAT Ha:
1) monuMepu3aMOHHbIE (1 COMOJIMMEPU3ALMOHHBIE);
2) NOJTUKOH/ICHCAITMOHHBIE BBICOKOMOJICKYJISIPHBIE COSTNHEHHSI.

Tonumepuzayuonuvie noaumepsl — 3TO TMOJIUMEPBI, KOTOPBIE 00pa30BaHbI IPU B3aUMOICHCTBHH
MOHOMEpPOB 0€3 W3MEHEHHs TIIePBOHAYAIBHOTO cocTaBa. K HHM OTHOCSTCS TIOJHITHIICH,
MOJIUTIPOTIHIICH, TIOJIMCTUPOII, IOJTHMBHHUIXJIOPUT, TOTUTETPAGTOPITHIICH.

TlonukonoencayuonHvle noauMepbl — 3TO TIOJTHMEPHI, KOTOpbIe 00pa3ylOTCsl M3 HECKOJIBKHX
MOHOMEpPOB B pe3yibTare TPOTEKaHUs TMpolecca (peaknuu) TMoJIMKOHAeHcanun. [Iporecc
CONIPOBOXIACTCS BbIEICHUEM MOO0OUHBIX TpoaykToB (Boael (H>O), yrmekucioro raza (CO»),
ammuaka (NH3z)). B pesynbrare cocraB mojammepa HE OTBEUAET COCTAaBY NMEPBOHAYAIBHBIX BEIIECTB
(MOHOMEDPOB).

OcHoBHbIE CBe/leHHs 0 IJIacTMaccax

[Inactuyeckne wmacchl (IJIACTMACCHI) 3aHUMAIOT 0CO00€ MECTO Cpeau CHHTETHYECKUX
MOJIMMEPHBIX MatepruaioB. lllupokoe mpuMeHeHne TiacTMace 00yCIOBICHO HATMYMEM Y HUX [EHHBIX
CBOWCTB.

IMnacTmMaccebl MHMPOKO NPUMEHSIOTCS B MAIIIMHOCTPOEHHH 0J1aroapsi BbICOKHM
MOKAa3aTeJsIM CJIeyIONMX IIEeHHbIX CBOICTB:

1) xopowas yoenvnas npounocms;

2) ¢ppuxyuonmsie ceoticmea (HEKOTOPHIEC TIIACTMACCHI 00J1aaI0T BEICOKUM KOA(P(GUIIMEHTOM TPEHHS U

MaJbIM U3HOCOM);

3) ammugpuxyuonnvie ceoticmeéa (HEKOTOPBIE BHUJIBI IUIACTMACC, HANpPUMEpP TEKCTOJHT, KalpoH

YCIIELIHO 3aMEHSIOT OpPOH3Y B MOALIMITHUKOBBIX y3JIaX MAllUH);

4) onmuueckue ceoticmeéa (HEKOTOPHIE HEHAMOIHEHHBIE TIACTUYECKUE MACChl (OPraHUYeCcKOe CTEKJIO,

MOJIMCTUPOT W JIp.) TPO3payHbl M OECHBETHBI, CIMOCOOHBI MPOIYCKAaTh JIy4d CBETa B IIMPOKOM

JIMara3oHe BOJH, B TOM YHCJIE U YIbTPa(QHUOIETOBYIO YaCTh CHEKTPa 3HAYUTEIHHO MPEBOCXO/ISI B 3TOM

OTHOIIICHUH CHJINKATHBIE CTEKJIA);

4) xopowias 31eKmpouU30NAYUOHHOCY;

5) xopowas menno38yKouzoONAYUOHHOCMY;

6) evicokas xumuyeckas cmoukocms (TIIACTMACCHI HEMOJBEPKEHBI KOPPO3WH, a MHOTHE U3 HUX U

arpecCUBHBIM CpeiaM);

7) manas nnomnocme (Hanpumep: minoTHOCTS neHomiacTa coctasiseT 0,015 — 0,8 r/em’);

8) mexnonocuunocms (TPymOEMKOCTh H3TOTOBJICHUS CaMBIX CIIOKHBIX JETaleld W3 TUIACTMACC

HUYTOKHA IT0 CPABHEHHIO C TPYJOEMKOCTHIO M3TOTOBJICHUS JICTalICH U3 IPYTUX MaTepHAIIOB);

9) oewesusna coipos.

OaHOBpeMeHHO ¢ YKa3aHHBIMH /JOCTOMHCTBAMM IJIACTHYEeCKHEe Macchl 00J1aJa10T
CJIeIyIOIUMU HEe0CTATKAMM:

1) oepanuuennass  mennocmotikocms ~ (OCHOBHBIE ~ BHUJIbl  IJJACTUUYECKUX  Macc  MOTYT
YIOBJIETBOPUTENIBHO pabOTaTh JHILIb B CPAaBHUTEIHLHO HEOOIBIIOM HHTEpBale TeMieparyp (ot -60
1o +200°C);

2) HuzKas menionposooHocms (TETUIONPOBOIHOCTH IacTudeckux macc B 500 — 600 pa3 Hmxke
TEIUIOTPOBOJHOCTH METaJlIa, YTO CO3MAET TPYAHOCTH MPH HX NMPUMEHEHWH B Y3JIax M JCTaISIX
MalIHH, /1€ HelI0X0 UM ObICTPBIM OTBOJ OOJIBIINX KOJIMYECTB TEIJIA);

3) nuskas meepdocms (6 — 60 kI'/cm? o Bpunenmo);

4) noazyuecms (3TO CBOMCTBO OCOOCHHO SIPKO BBIPAKEHO Y TEPMOILIACTOB (puc.3);

5) wmanas scecmxocms (MOJLYb YIPYTOCTH CaMBIX KECTKUX IJIACTMACC - CTEKIIOTIACTUKOB Ha OJINH —
1IBa TIOpsAKa HIKE, YEM Y METaJJIOB);

6) cmapenue (TUTaCTMAcChl TEPSIOT CBOM CBOWMCTBA IMOJ JACHCTBHEM CIEAYIOIINX (PAKTOPOB:
TeMIepaTypbl, BIAYKHOCTH, CBETa, BOJIBI, JTTUTEIHHOTO MPEOBIBAHNS B aTMOC(PEPHBIX YCIOBHSX.

7) HesvicOKas 653KOCMb.
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KoMnoHeHTHI mjiactmMace

OOBIYHO TUTACTMACCHI TIPEJICTABIISIOT COOOM CIIOKHBIE KOMITO3HIIMH, COCTOSIIINE U3 HECKOJIBKUX
BemecTB. TpedyeMble 3KCIUTyaTallHOHHBIC CBOKMCTBA IUIACTMACC IMOJIy4aloT Oyarojmapsi moadopy
OTACIIBHBIX KOMIIOHCHTOB U UX OHpGI[GJ'IeHHLIM COUYCTAHUIM.

B OonpImMHCTBE Cly94aeB IIACTMACCHI COCTOSIT W3 CMOJIBI, HAIOJHHUTENS, ILIacTH(HKATOPa,
KpaCI/ITeJ'ISI 158 I[pyTI/IX )IO6aBOK, ynqua}onmx TCXHOJIOTHYCCKHUEC U 3KCHHyaTaHI/IOHHBIe CBOﬁCTBa
IJIACTHKA.

Casi3ymwliiee BelecTBo

OCHOBHBIM ~ KOMIIOHEHTOM  BCE€X  IUJacCTMacc  SBISETCA  c8A3)yloujee  BEIIECTBO
(BBICOKOMOJIEKYJISIPHOE OPraHUYECKOe COEAMHEHUE), KOTOpOe MPHUAAET IlacTMaccaM IIACTUYHOCTh U
crocoOHOCTh (OpMOBaThCS, a 3aTeM 3aTBepieBaTh, COXpaHsAs NoJydeHHYIO (opmy. Hekortopsie
IJIACTMACChl  COCTOSIT TOJBKO M3 CBA3YIOUIErO BeUIECTBa (HANpUMeEp, MOJMMETUIMETaKpuiar —
oprcrexiio). B kauecTBe CBS3yIOIIEro BelleCTBa B IUIACTMAccax MPUMEHSIOT TJIaBHBIM 00pa3oM
CUHTETUYECKUE CMOJIBL.

JUis TOBBILIEHUS MEXaHUYECKOW IPOYHOCTH, TEIIOCTOMKOCTH, 3JIEKTPOU3OJISILIMOHHBIX H
JPYTrUX CBOMCTB B COCTaB OOJIBIIMHCTBA IJIACTMAcC BBOJSAT APYroil BecbMa BaKHBI KOMIIOHEHT —
Hanonumensb, KOTOPBIM MOCiIe MPOMUTKU CBA3YIOLUIUM BELIECTBOM CIIPECCOBBIBAETCSI B OJHOPOIHYIO
Maccy. Kpome CBSByOmMX BEIIECTB HAMOJHUTEICH B COCTaB IJIACTMACC BBOJAT IIACTH(HUKATOPHI,
MIUTMEHTHI U Ipyrue J0OaBKH.

CuHHTeTHYECKHE CMOJIbI UCIOJb3YIOT B KaueCTBE CBA3YIOLIErO BellecTBa B IulacTMaccax. Mx
MOJIy4alOT W3 BEIIECTB C HU3KUM MOJIEKYJSIPHBIM BECOM, a TaKKe M3 MPUPOJHBIX WIH paHee
MIOJIyUEHHBIX BEIIECTB C BBICOKOMOJEKYJSPHbIM BecoM. [losiyueHue BBICOKOMOJIEKYISPHBIX
CUHTETHYECKUX CMOJI MOXKET OBbITh OCYIIECTBIEHO METOAAMH MOJIMMEPHU3ALUH WM OJUKOH/ICHCAIUH.

Hanonanumenu — 310 OpraHnyeckue U HEOPraHUUYECKUE BELIECTBA B BHJIE MOPOILIKOB, BOJOKOH,
JIUCTOB.

HamoJsiHuTe 1M BBOASIT B INIACTMACCHI € HedblO: YIydllleHUus (PU3MKO-MEXaHUYECKUX CBOMCTB,
IMAJIEKTPUYECKUX ~ CBOMCTB, (PUKIMOHHBIX W  AHTU(PHUKIMOHHBIX  CBOWCTB,  TOBBIIICHHS
TEIUIOCTOMKOCTH, YMEHbBIIEHUS TEIJIOCTOMKOCTH, YMEHbBILIEHUS YCAJKHU, CHMKEHUS CTOMMOCTH
miacTMacc.

HamnoJsiHuTe 1M Ae1ATCS HA: OpPraHUYECKHE U HEOPTaHUYECKUE.

Opeanuueckue HanonHumenu - 3TO MaT€pUalbl Ha OCHOBE LEIUI0I03bl. OHU CHHXKAIOT
XPYINKOCTh CMOJI M COXPaHSIOT Majblii yJENbHBIA BEC, OJIHAKO YBEIMYMBAIOT T'MTPOCKONUYHOCTH U
YMEHBIIAI0T TEPMOCTOMKOCTD IJIACTMACC.

Heopeanuueckue nanonnumenu - 370 MaTepuaibl, KOTOpble YBEIUUYHUBAIOT XPYIKOCTh IJIACTMACC,
HO TOBBIIIAIOT TEIJIOCTOMKOCTh U YAy4IIatoT 3JE€KTPOU30JIALMOHHbBIE cBoicTBa. [Ipu GpopmoBanuu y
IJ1aCTMAcC ¢ HEOPraHM4YEeCKUMHU (MUHEPaIbHBIMH ) HAIIOJIHUTEISIMU yCa/IKa 3HAUUTEIbHO MEHbIIE, YEM
y IJIACTMACC C OPraHUYECKUMH HAIIOJHUTEISIMHU.

B 3aBucumocTu oT TpeOyeMoil CTPYKTYpbI B IIJIACTMACChl MOTYT ObITh BBEJECHBI HAIOJIHUTEIU
CJIEYIOIUX BUJIOB:

1) nopowkoobpasnvie (B BUIe MOPOIMIKOOOPAa3HOW KPOIIKH) APEBECHAs MYyKa, IEJUTIONI03a, CIIOMA,
KBapLeBas MyKa, caxka, rpadut, TaiabK, 1102 1 HEKOTOpBIE IpYTHE.

2) éonoknucmele (B BUIC Pa3IUYHBIX BOJIOKOH) XJIOTIKOBBIE OUECHI, aCOECTOBOE BOJIOKHO, CTCKIISTHHOE
BOJIOKHO, KPOME TOT0, MOT'YT HCIIOJIb30BaThCsl OTXO/Ibl TKaHeH, Oymaru, KapToHa, IPeBECHOI0 IIMNOoHa
u Jp. BojokHHCTBIE HAMOJHUTENM MOBBILIAIOT MEXAaHWYECKHE CBOICTBA IJIACTMACC, OJHAKO
BCJIE/ICTBME MEHBIIEH TEKYy4eCTH 3aTpyIHSIOT Ipolecchl (GOpMOBaHUS U BO3MOKHOCTh M3TOTOBJICHHS
W3JIEHUH CII0KHOM KOH(UTypaluy;

3) croucmele (B BuUAE LEIBHOJIMCTOBBIX MaTrepuayioB) Oymary, TKaHU (XJI0mM4aToOyMa)KHbIE,
CTEKJISIHHbIE, aCOECTOBBIE) U APEBECHBIN MIOH. Vcronb30BaHUe CIOUCTHIX (JIMCTOBBIX) HATIOJHUTENEH
JaeT BO3MOXKHOCTh IOJIyyaTh IJIaCTMAacChl ¢ HauboJiee BBICOKUMHU MEXaHHUYECKUMM CBOMCTBaAMH U
PSAAOM CHelUalbHBIX TapaMeTpoB. Takue MIacTMacchl Ha3bIBAIOT KOHCTPYKIIMOHHBIMU.
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B HekoTOpbIX cilydasX M3rOTOBIISIOT IUIACTMACCHl 0€3 HAINOJHUTENEH, IpeACTaBIsIomue co0o0it
WM MPO3payHble (THIa OPraHUYECKOIO CTEKIa) UM OTAEIbHbIE HEMPO3pAaYHbIe KOMIIO3UIIHUH.

IInacmuguxamopuvl — 3TO BEIECTBA, KOTOPbIE YMEHBILAIOT MEKMOJIEKYJIIPHOE B3aUMOICHCTBHE
U XOPOILIO COBMEUIAIOTCS ¢ mojumepamu. [lmacTtudukaTopbl BBOJSTCS B IUIACTMACChl B KOJIUYECTBE
10-20% [1uist MOBBILLIEHUS AJIACTUYHOCTH, YMEHbBIIEHUS XPYINKOCTH TOTOBOTO M3Jeius (YlIydllIaroT
MOPO30CTOMKOCTh) U MpPEAOTBpAlllEHUs] MPUWINIIaHUE IpeccMarepuala K cTeHkaM mnpecc-(popmbl. B
KayecTBe IUIaCTU(UKATOPOB MPUMEHSIOT pa3IMYHbIe OPraHMYECKHUE BEIEeCTBA: CT€apHH, KaCTOPOBOE
MacJo, OJIEMHOBYIO KUCIIOTY, TUOYTUI(TaNaThl, TpUKpe3midocdaTel u ap.

Cneyuanvnvie 006asku — 3TO CMa304HbIE MaTepHallbl, KPACUTENIU, AOOABKU Ui YMEHbIIEHUS
CTaTMUYECKUX 3apsJ0B M TOPIOYECTH, JUIsl 3alIUTHl OT IUIECEHH, YCKOPUTEIUW U 3aMeIIuTeNd
oTBepxAcHUS U Ap. CrnenuanbHple JOOaBKU CIy)KaT Ui W3MEHEHUS WM YCUJIEHUS KaKOIo-nbo
CBOMCTBA.

Cmabunuzamopbi — 3TO BELECTBA, IIPEJOTBPALIAIOIIUE PA3I0KEHUE NOJMMEPHBIX MaTEepUAIOB
BO BpeMsl UX MepepabdOTKH U SKCILTyaTal[iy MO0 BO3AEHCTBUEM aTMOC(HEPHBIX YCIOBUMA, MOBBIIIEHHBIX
TEMIIEpaTyp U APYrux GakTopos.

B kauecTBe CTaOWMIM3aTOPOB MCHOJIB3YIOT apOMATHUECKUE aMUHBI, (DEHOJIbI, CEPHHUCTHIE
COEJIMHEHUS, Fa30BYIO CAXKYy.

Kpacurean

B kommno3unuu mimactMace AJis MpUJIAHUS ONPEAESIEHHOM OKpacKd BBOJAST COOTBETCTBYIOIIKE

KpacsIue BeIEeCTBA — NUSMEHMbI.

Buabl kpacureeii:

1) muHepanbHble (MyMmMus, oxpa, ymOpa, JUTOIIOH, KPOH U Jp.); 2) OpraHuyeckue (HUTPO3MH,
pOJaMUH).

Jlji ycKOpeHusl OTBEpXKACHUS TEPMOPEAKTUBHBIX IJIACTMACC B UX COCTaB mepes (opmMoBaHHEM
BBOJAT Kamanuzamopwl (IIEPEKUCH, KUCIOTHI UIIH COJIN).

[Ipy mpou3BOACTBE IIaCTMAcC C MOPUCTBIM WJIM SYEUCTHIM CTPOCHHEM B HMX COCTAaB BBOIST
CIIeLIMANIbHBIE BELIECTBA — NOPOOOpaAzoeamenu.

Knaccndpukanus niacrmace

Knaccndpukanuss miacrmMacc 1o NPOUCXO0XKAEHUIO: OPraHUYECKOro  IPOUCXOXKACHUA U
HEOPraHMYECKOIo MPOUCXOXKICHHUS.

HaubGonpiiee mnpumMeHeHHME B MAIIMHOCTPOCHHMU MOJIYYMJIM IUIACTMACChl OPraHU4ecKoro
MIPOUCXOKICHHUS.
Kaacendukanus niacrmace B 3aBUCHMOCTH OT IVIACTHYECKOi JedopManuy NpHu Harpese:
1) TepmormiacTU4HbIE (TEPMOILIACTHI) IJIACTMACCHI;
2) TepMOpeaKTHBHbIE (PEAKTOILIACTHI) MIACTMACCHI.

Kaaccndukanus niacrmace no Ju3jieKTpUYecKHM CBOMCTBAM:
1) HenoJisApHBIE; 2) MOJISIPHBIE.

Kaaccnpukanus mniaactmace mno  GU3MKO-MeXaHHYeCKHMM  CBOWicTBAM MNPH  OOBLIYHOM
TeMieparype:

1) srcécmrue, spnsoomyecs TBEPABIMU YIPYTMMHU BEIIECTBAMHM C BBICOKMM MOJYJEM YIPYTOCTH U
MaJbIM YAJMHEHUEM IIPU pa3pbiBe, COXpaHAolre (opMy MpU BHEIIHUX HAMPSDKEHUSIX B YCIOBHUSX
OOBIYHBIX WJIM MOBBIILIEHHBIX TEMIEPATYD;

2) nonyyucécmkue, sBISIOMINAECS TBEPABIMU YIIPYTUMHU BEIIECTBAMU CO CPETHUM MOJYJIEM YIPYTOCTH,
BBICOKMM OTHOCHUTEJbHBIM U OCTaTOUHBIM YAJIMHEHUEM NP PA3pPhIBE;

3) mazkue, SBASAIOUIMECS MSITKUMH M 3JaCTUYHBIMU BELIECTBAMHU C HM3KUM MOJYJIEM YIPYTrOCTH,
BBICOKMM OTHOCHUTEJIbHBIM yJUIMHEHUEM U MaJIbIM OCTaTOYHBIM YAJUHEHUEM;

4) mazkue M Inacmuynble, SBISIOUUMECST MSITKUMU U 3JaCTUYHBIMU BEIIECTBAMM, C HU3KHUM MOJYJIEM
YOPYroCTH, NOJJAIOIIUEcs 3HAYUTENbHBIM OOpaTUMBIM JeQopMalusM MpH PACTKEHUH —
IJIACTUKATHI (JIUCTHI, JICHTHI).

KJIaCCI/I(l)I/IKaIII/Iﬂ IJ1acrMacce 1Mo Ha3HAYCHHU10:
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1) koHCTpyKIIMOHHBIE; 2) GpUKUMOHHBIE; 3) aHTU(QPUKIMOHHBIE; 4) CelHaNbHbIEe; 5) XMMHUYECKU
CTOMKHE;  6) AJIEKTPOU3OJIALMOHHbBIE;  7) Mpo3pauHble; &) TEIJIO- U 3BYKOM3OJIALIMOHHBIE;
9) ymiotHUuTENbHBIE (MMPOKIaA0uHbIe); 10) 1eKopaTUBHEIE.

Kiuacenpukanus miacrmace 1o BUAy HAIOJHUTEJISA:

1) ¢ mopomkooOpa3HbIM HAMOJHUTEIEM; 2) C BOJIOKHHCTBHIM HAIMOJHHUTENEM; 3) C CIOUCTBIM
HaroJHUTENeM; 4) 6€3 HAIIOJTHUTETIS.

Bonpoc 3. Pe3unbl, ux 00111as1 XapaKTepUCTUKA, KJIacCH(PUKALUA U HAZHAYEHHUE

CoBpemeHHasl TEXHHMKAa HE MOJKET CYIIECTBOBaTh 0O€3 PE3MHOTEXHHYECKUX u3nenuil. Pe3una
UCIOJIb3YEeTCSl Uil TMPOU3BOJCTBA ABTOMOOMWJIBHBIX IIWH, H30JSIIMA IPOBOJIOB, BOJOJIA3HBIX
KOCTIOMOB, 0aJUIOHOB a3pOCTaTOB, IUIAHIOB, HAJYBHBIX JIOJIOK, IPOTUBOra30B U MHOTOI'0 JAPYyroro.

Pe3unvi — 310 mI1acTMACCHI ¢ PEIKOCETYATON CTPYKTYpPOH, B KOTOPBIX CBSA3YIOLIUM BBICTYAET
MOJINMEP, HAXOISAIINICS B BBICOKOIJIACTUYECKOM COCTOSIHUU.

Pe3una B oTiimume oT APYruxX MaTepuajioB 00/1aJaeT PsS/iOM LeHHBIX CBOMCTB:

BBICOKAsl 3J1aCTUYHOCTb; BBICOKOE CONPOTHUBIIEHWE HCTHPAHHIO; BBICOKOE CONPOTUBIIEHUE pPa3pbIBY;
ra3o- M BOJOHENPOHMUIIAEMOCTh; XMMHUYECKAsi CTONKOCTb, XOPOIIME JUAIEKTPUUYECKHE CBOICTBA;
HEeOOJIBIION yAENbHBIN BEC.

B pesunax cBs3yromuM sBisitoTcst kKaydyku HatypaibHble (HK) mmu cunrermueckue (CK).
Kayuykam, mnpexacraBiasioniuM coOoil JIMHEHHbIE MOJMMEpPbl, IPUCYIA BbBICOKAs IIACTUYHOCTD,
o0ycloBJ€HHasE OCOOEHHOCTSIMU CTPOEHUS HUX MoJieKyl. JluHeiiHble U ci1abopa3BeTBIIEHHBIE
MOJIEKYJIbl Kay4yKOB MMEIOT 3Ur3aroo0pa3Hyl0 WM CHUPAIEBUIHYI0 KOHPUIYPALUI0 U OTINYAIOTCS
00mb1IoN THOKOCTHIO. YHMCTBIA Kaydyk MON3ET NpU KOMHATHOW TeMIleparype U OCOOEHHO IIpH
MOBBILIEHHOM, XOPOILIO PacTBOPSAETCS B OPraHUYECKUX PacTBOpPUTENAX. Takol Kaydyk HE MOXKET
HCII0JIb30BAThCS B TOTOBBIX U3/IENIUAX.

JUis MOBBILLIEHUSI YOPYTUX U APYrUX (PU3MKO-MEXaHMUYECKHUX CBOMCTB B KaydyKe (OpPMUPYIOT
PEAKOCETYATYI0 MOJIEKYISIPHYIO CTPYKTYPY. DTO OCYIIECTBIISAIOT ByJIKaHU3aUuel — MyTEM BBEIACHUS
B KaydyyKd XHMHYECKHX BEHIECTB — BYJIKAHU3aTOPOB (Kak IMpaBWiio, cepy S), oOpasyromux
MONIEPEYHbIE XUMUYECKHE CBA3M MEX/Y 3BEHbSIMH MAaKpOMOJIEKYJ Kaydyka. B 3aBucuMocTH OT uncia
BO3ZHUKIIKX MPU BYJIKaHU3ALMH TONEPEYHBIX CBSI3eH MOJTYyYalOT PE3UHBI Pa3IMuHON TBEPIAOCTH.

Kuacenpuxkanus pe3un

Knaccudukanus pe3uH no TBepaocTu:
nopuctele (ryouatsie); msarkue (< 5%S); ocobo anactuunble; cpeaneit TBEpaoctu (10 — 15%S);
TBEpAbBIE; BBICOKOM TBepAOCTH; xKecTkhe (D00HUTHI (= 30%YS)).

Knaccudurkanusi pe3uH 1o Ha3HAYECHUIO:

1) yHuBepcalbHbIE;

2) crmeuuanbHbIE: @) Maci0- U TOIUIMBOCTOMKHE; 0) XUMUYECKU CTOMKHE; B) CBETOCTONKUE;

I') MOPO30- U TEIUIOCTOUKHE; J1) Ta30HENPOHULIAEMbIE; €) TUIEKTPUUECKUE; K) CTOMKHE K paJiialliu.

KJIaCCI/I(l)I/IKaIII/Iﬂ PE€3UH IO TEXHOJOI'MH U3IrOTOBJICHUA:
KIICCHBIC, (l)OpMOBaHHI)IG; IITaMIIOBaAaHHBIC, JIUTHIC.
KJIaCCI/I(l)I/IKaIII/Iﬂ PE3UH IO TUITY U KOHCTPYKIMHA HU3JeJIHi:

LIMHHBIE; KAMEPHBIE; PYKABHBIE; IPOTEKTOPHBIE; TPAHCIIOPTHBIE; AMOPTU3ALIMOHHBIE U JIP.

Bunsinue yciaoBuil IKCIIyaTallui HA CBOMCTBA Pe3UH

Harpes, xak npaBuiio, CHU’KaeT MPOYHOCTHBIE CBOWMCTBAa pe3uH. Tepmuueckas CTaOUIBHOCTD
pE3MH OIIpEeAENsAeTCs IMPOYHOCTBIO XUMUYECKHX CBS3€H B MAKPOMOJIEKYJIAX M HMX CTPYKTYPOM.
Haubonee MHTEHCUBHO, TPOYHOCTh YMEHBIIAETCS] Y PE3UHBI HA OCHOBE XJlopomnpeHa. OpraHndyeckue
pe3unsbl nocne Harpesa (150°C) B Teuenue 1 — 10 4y TepsOT IPOYHOCTS.
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OpHOBpeMEHHOE JeWCTBUE Ha pPE3UHbl TeMIepaTypbl, 030HAa, KHCJIOPOJa, Harpy3KH,
yAbTPaduoaeToBbIX Jy4Yeil HHTEHCU(UIUPYET pa3BUTHE MPOLIECCOB cTapeHHs. Pe3uHbI Ha OCHOBE
CKT cnocoOubl yuTenbHOE BpeMsi paboTaTh MpU ATOW Temrieparype. Jleranu u3 pe3uH Ha OCHOBE
CK® u CKT — yImIOTHUTENW MOJBWKHBIX W HEMOJBIKHBIX COCAMHEHUHN, MPOKIAIAKH, KOJIMAYKH U
T. Il. — CIIOCOOHBI pabOTaTh IUTEILHOE BpeMs ipu Temreparypax a0 250 — 300°C.

[Ipn HMBKHMX OTpHIATEIBHBIX TEMIIEpATypax PE3UHBI MPAKTHYECKH IOJHOCTHIO yTPAYMBAIOT
BBICOKO3JIaCTUUECKUE CBOMCTBA U MEPEXOJIAT B CTEKJI000pa3HOE COCTOSIHHUE. Y POBEHb MTOTEPU CBOMCTB
00JIbIIIE TPOSBIIAETCS B YCIOBUAX CABUTA, YEM CXKATUS UJIU PACTSKEHHUSL.

[Ton nelicTBMEM HOHU3HUPYIOLIETO U3JIYYEHUS PE3UHBI CTAPECIOT.
CTOKOCTh pe3uH K paJMaliy 3aBHUCHUT OT: IIPUPOJIbI KaydyyKa; Cpejbl; COCTaBa Pe3UH (HAIU4UA
AHTUPAJIOB).

Haubonpiias ckopocTh cTapeHus 01 JeMCTBUEM paaualiud OTMe4eHa y pe3uH Ha ocHoBe CKH,
CKb, HaupuTa ¥ TPOSBISETCS B MOBBIIIEHUN WX TBEPIOCTH M YMEHBIICHUH BS3KOCTH. bonee Hu3Kas
CKOpocTh cTapeHusi HabOmomaetcsi y pesun Ha ocHoBe HK, CKU-3. CkopocTh crapeHus cambiM
CYLIECTBEHHBIM 00pa30M 3aBHCUT OT MOUIHOCTM J03bl OOdydeHus. B saepHoil TexHHKe i
M3TrOTOBJIEHUS YIUIOTHUTENIbHBIX JieTajell yalie npuMeHsoT pe3unsl Ha ocHoBe CKM n HK.

Tema Ne9. Koppo3usi MeTa/110B M CIJIABOB
Bonpoc 1. [loBenenue MmaTepuajioB B 0COObIX YCI0BHUSIX.
Pabota maTepuaJioB B yCJI0BUSIX HU3KHX TeMIlepaTyp

Bo3znelicTBUI0O HU3KUX TeMIeEparyp IOJABEPraloTcs OYeHb MHOTHE MaTepHallbl U U3JeNHs,
Hampumep TpyObl uid Ta30- M He(TEnpoayKTOB, MOCTbI, JKEJIE3HbIE JIOpPOTH, aBTOMOOWIIH,
JeTaTeNbpHble anmnapartsl U T. 1. B ceBepHbIX palloHaX OXJaXKJIEHUE MAaTEepHaIOB MOXKET JOCTUIaTh —
60°C, kopiyca caMOJIETOB U KOCMUYECKHUX allapaToB MOTYT OXJIAXAATbCS 10 TEMIIEPATYpPbl KHUIKOTO
kuciopona (—183°C). Jleranu U OTAENBbHBIC Y3JIbI XOJOJWIBHOW W KPUOTEHHOW TEXHHKH, KOTOPHIC
UCIOJIb3YIOTCS Ui IOJIy4EHUS, XPaHEHUsI, TPAHCIIOPTUPOBKU COKMXKEHHBIX T'a30B, OXJIAXKIAIOTCS 110
TeMIlepaTypsbl kujkoro renus (—269°C).

IIpu HM3KHX TeMmepaTypax y MeTaJLul0oB HaOuawpaworcsi: 1) moreps IMIaCTUYHOCTH;
2) noTeps BA3KOCTH; 3) MOBBILIEHHAS! CKIOHHOCTb K XPYIIKOMY Pa3pyILIEHHUIO.

OcHoBHOEe TpeboBaHME K MaTepuajaM, pabOTAIOIUM B YCIOBHUSIX HU3KUX TEMIEpaTyp, — 3TO
OTCYTCTBHE XJIaJHOJIOMKOCTH.

Jusa  HagéxHOW  paboThl Marepuaja HEOOXOIMMO, YTOOBl  TEMIEPaTypHbIH  MOPOT
XJIAJTHOJIOMKOCTH OBl HUKe paboueit TemnepaTypsl. Ha CKIIOHHOCTh K XpYIIKOMY pa3pyLI€HUIO, KaK U
IIpY HOPMAJIbHBIX TEMIEpaTypax, BIMSIOT KOHLUEHTPATOpPbl HANpPsDKEHUH M MacluTaOHbIN (akTop
JeTalen.

Martepuansl ¢ I'LIK pemérkoii, a Takke TUTaH U ero cruiaBbl, oOnanaromue ['TIY pemérkoi, He
UMEIOT SIBHO BBIPAKEHHOTO IOpOTra XJIAJHOJOMKOCTH, U yAapHas BA3KOCTb y HUX YMEHBILIAETCS
IJIaBHO.

Kpome kputepueB xj1af0CTOMKOCTH OCHOBAHUEM [yl BbIOOpa MaTepuaia CiayXaT IPOYHOCTHBIE
XapaKTEPUCTUKH (002 U 03), (PU3NUECKUE U TEXHOJOTUYECKHE CBONCTBA.

W3 ¢usnyeckux CBOWCTB MaTepuajoB MpPU HU3KUX TeMIEpaTypax HMHTEpPEC MPEACTABIISIOT
TEIUIONPOBOJHOCTD U TEIMIOEMKOCTh. CKOPOCTh 3aX0JIa)KMBAaHUS MaTepuaa 3aBUCUT OT TEIJIOEMKOCTH
Y TEIUIONPOBOAHOCTH METAJUIA, @ IPU HU3KUX TeMIepaTypax, OJIM3KuX K kuIkoMy azoty (—196°C) stu
XapaKTepUCTUKU yMeHblIatoTcs Oosnee yeM B 10 pa3. CkopocTh 3axoJyiaKMBaHUS Marepuaia IpH
TEPMOLIMKIMPOBAHUU MO-Pa3HOMY 3aBUCUT OT TEIJIOEMKOCTH U TEIJIONPOBOJHOCTU. Yem MeHblie
TEII0EMKOCTh U 00JIblIE TEIJIONPOBOJHOCTh, TEM JIErUe 3aX0JIaXKUBAETCS KPUOT€HHOE 000py10BaHUE
1 ObICTpEE BBIXOAMUT Ha 3aJJaHHBINA PEKUM.

Haubonee pacnpocTpaHeHHbIMU CpeJaMH B KpPUOT€HHOM TEXHUKE SBISIOTCA KHUCIOPOJ H
BOJIOPO/I, IOATOMY HEOOXOAUMO YUUTHIBATH COBMECTUMOCTD C HUMU HUCIIOJIb3YEMbIX MaTepUaJIOB.
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OcHOBHbIE MaTrepHalibl, KOTOPbIE HCIOJB3YIOTCS IPH KPUOTEHHBIX TeMIeparypax, — 3TO
yriepoaucteie ctanu ¢ OLK pemérkamu, anmomunuii u ero criasbl (AMim, AMr, AMrS5 u np.), Tutan
u ero cruassl (BT1, BTS, OT4 u np.).

Hepskageromue ctajiy nepexoHOro ¥ MapTEHCUTHOTO KJIacCOB HE oXpymuuBaroTcs 10 —196°C.
Hepskageromiue ctany ayCTEHUTHOTO Kilacca IUIACTUYHBI U BA3KH J10 Temieparyp —253°C.

PabGaTa MaTepuasioB B yCJOBHSX PAAHAIIHOHHOI0 00 IyUeHUsI

Pagnanonnoe o00nydyeHWe MaTepualioB B YCJIOBHUAX KOCMOCAa CBSI3aHO C OTPOMHBIM
paZvallMOHHBIM MOJIEM BOKPYT 3eMiIM. DTO M KOPHYCKYJISIpHAs paJuanusi — 3JIEKTPOHbI U MPOTOHBI,
[ONAaBIIME B MArHUTHOE IoJie 3eMJIM, KOCMHUYECKHWE Jy4d — YacCTHUI[bl BBICOKMX JHEpruii,
MPUXOASIINE U3 Pa3InYHbIX oOsiacTell BeeneHHOM, U colHeUHble KOCMUYECKHE JTyUH.

B Hacrosiiee BpeMst MOXKHO CKa3aTh, YTO BO3EHCTBUE 3JEKTPOHHOTO M MPOTOHHOTO U3Iy4eHUMN
Ha METaJIJIbl UCCIIEOBAHO €1I€ HEJJOCTaTOYHO.

PannannonHoe Bo3nelcTBHE cuibHee ckaspiBaeTcss Ha mertauiax ¢ ['TIK pemérkoii, yem Ha
Metamutbl ¢ OLK u I'TTY pemérkamu.

N3 Bcex yactun HamOosblee BJHMSHHE HA CBOMCTBA KOHCTPYKUHMOHHBIX MAaTepHAJIOB
OKa3bIBAKOT HEHTPOHBI, CIOCOOHBIE H3-32a OTCYTCTBHSI 3apsiia NPOHUKATH AAJIeKO B TIJyOb
KPHCTAJINYECKOH PpeléTKH MeTajllla M BbI3bIBATH B Hell cieaylolye CylleCTBeHHbIe
U3MEHEeHUs:

1) obpazoBanue «map dpeHkens» BCIEICTBUE YIPYroro CTOJIKHOBEHHUS YacTHI[ C si[paMH aTOMOB
MeTaa;

2) HapyIIEHHE SJEKTPOHHOW CTPYKTYpbl (MOHHM3AIMOHHBIE (DPEKThI) B pe3ynbTaTe CTOJKHOBEHUS
4acTHUIl C OpOUTAILHBIMU 3JIEKTPOHAMU;

3) MECTHOE TOBBIIIEHUE TEMIIEPaTypbl (TEPMHUYECKUN MHK), CBA3AHHOE C YIPYTMMH KoJjeOaHUsSMU
PEIIETKY HA IyTH IPOXOXKICHUSI YACTHLI,

4) oOpazoBaHHE aTOMOB HOBBIX JJIEMEHTOB B IPOLIECCE SJIEPHOrO paclajia, a TaKKe MpU 3axBare
SJIPOM YaCTHIL;

5) panuanuoHHas Apo3Us B pe3ysibTaTe€ OTPbIBA ATOMOB C IMOBEPXHOCTHU O] BIHUSHUEM YIAapOB
BBICOKOCKOPOCTHBIX MBLIEBUIHBIX YACTHUL] OKPYKAIOLIEH Cpebl.

CoynapeHus 4acTHI[ C aTOMaMU B y3Jlax KPUCTAUIMUECKON PEIIETKHA CMEIIaloT U BO30YKIAI0T
Apyrue atoMbl. BeriencTBue ynpyroro coyaapeHusi YacTHIbl C aTOMaMM OHa TepsieT 4acTh CBOEH
KMHETUYECKOM 3HEpruu, 3aBUCALIYI0 OT IIeJIOT0 psAjaa (akTopoB ATOro B3aumojeicTsus. Eciou npu
3TOM COYJapE€HUU aTOM IPUOOpPETaeT NOMOJHUTEIbHYIO SHEPTUIO M OHA CTAHOBUTCS OO0JIbILIE SHEPTUH,
HEOOXOIMMOM I €ro CMEIIEHUs, TO aTOM M3 y3Jla KPUCTAUIMYECKOM pElETKH MepeMeliaeTcs B
Mexaoy3nue. 3a c4€T TaKoro MepeMelIeHMs] aToMa W3 y3Jla PEelETKH B MEXA0Yy3JMe M Haludus
BakaHCHM 00pazyercs «rnapa OpeHKens».

Bo3nukaronme aeexkTsl CTpOEHHS TNPUBOAIAT K H3MEHEHHUIO CIEAYIOUUX CTPYKTYPHO
YyBCTBUTEJIbHBIX CBOMCTB CIUIABOB: CHIKAIOTCSI IUIACTUYHOCTH, BS3KOCTb, MOBBILIACTCS YAEIbHOE
AJIEKTPOCOTNPOTUBIIEHUE U MPOYHOCTh, a IJIABHBIM 00pa3oM CONPOTHUBIIEHUE MAaJIOM IJIACTHYECKOM
nedopmaruu (0o2).

Haubonee omacHoe sBieHue, HAOIIOJAaeMO€ TPHU PaTAANUOHHOM OOJy4eHHH, — ITO
oXpymuMBaHHe MartepuanoB. /[aHHOe siBlieHHMe Hambosee cuiIbHO MposBiseTcs y metamwioB ¢ OLK
PeIIETKON; TaK, HampUMep, KpUTHUYeCKass TemIrepaTypa XpyHKOCTH MOJuO/eHa Hociae HEUTPOHHOTO
o6mydenust nossimaercs ot —30 mo +70°C .

BcenencrtBue panmanmoHHOro OOJIy4YeHHS Y METAJUIOB U CIUIABOB IMOHMKAIOTCS BS3KOCTD,
IJIACTUYHOCTb, COIPOTUBIIEHUE OTPBIBY, @ MPOYHOCTh U 3JIEKTPOCOMPOTHUBIICHHUE MOBBIIIAIOTCS, T. €.
BO3pacTaeT BEPOSITHOCTh XPYIKUX pa3pyLICHUH.

KapocToiikocTh 1 MeTO/Ibl, €€ NMOBbIIIEHUS

Kapocmoiikocmbs — c1oCOOHOCTH METAJIOB U CIUIABOB COIPOTHUBIIATHCSI OKUCICHUIO M Ta30BOM
KOPPO3UH IIPU BBICOKUX TEMIICpATypax. )KaPOCTOfIKOCTI) 3aBUCUT OT MHOTHX BHCIIHUX WU BHYTPCHHUX
¢dakTopoB. B 0CHOBHOM 3a 7kapOCTONKOCTh OTBEYAIOT MOBEPXHOCTh METAJJIa U YUCTOTA (KaYeCTBO) €€



40

o0OpaboTku. IlonrpoBaHHbIE TOBEPXHOCTH OKUCISIIOTCS MEJUIEHHEE, TaK KaK OKCHJbI paclpeiesieHbl
paBHOMEpHO U ©Oojiee NPOYHO CILEIUIEHbl C MOBEPXHOCThIO MeTauia. dopmupyromascs Ha
MIOBEPXHOCTU OKCHJIHAS IJIEHKA JIOCTATOYHO XOPOILIO 3AIIUINAET METAUI OT OKUCIEHHS B TOM ciydae,
€ClIi OHa IUIOTHAas M HE IPOIYCKAaeT HOHBI KHUCIOPOAA, XOPOIIO CLEIJIeHa C IMOJJOXKKONW U He
OTCIIaUBAeTCsl MPU MEXaHWYeCKUX HchbITaHusaX. K mertannam, KoTopble 00pa3yloT Takue IUIEHKH,
otHocsATcs xpoM (Cr) u amomunuit (Al). Okcugnple mnénku tuna wnuHenu Cr20s; u ALOs3 xoporio
3alMIIAI0T OT OKUCICHUS IIPU BBICOKUX TemrepaTrypax. Eciu Ha moBepXHOCTH 0Opa3yeTcsl pbIXJIbIil
OKCHUJI, KaK y Maraus (Mg), To OH HE CTOEK U He 3allUIIaeT METAJUT OT JTaTbHEHIIIEro OKUCICHHUS.

[ToBbilIeHHE KAPOCTOMKOCTU CILIABOB JOCTUTaeTcs JiernpoBaHueM siaemeHTamu (xpoM (Cr),
amomunuii (Al), kpemuuii (Si), Gepusunii (Be)), oOpasyromumu Ha MOBEPXHOCTH HENPOHULIAEMbIE
JUIS HWOHOB OCHOBHOIO MeTalyla M KHCIOpOJa OKCHUIHbIe IUIEHKH. Takxke aias 3TUX Ieneit
UCIOJIb3YIOTCSL 3alUTHBIE TMOKPBITUS, COCTaB KOTOPBIX BBIOMpAeTcs € Y4YETOM YCIOBHUIl pabOThI
U3JleNHsl U cocTaBa arpeccuBHOM cpenpl. CTpykTypa >KapoCTOMKOro MmaTepuana JO0JDKHA ObITh
OJIHOPOJAHOM M 0JJHO(A3HOM (UUCThIE METAJIbI TN TBEP/BIE PACTBOPHI).

Tepmuueckass 00paboTka MEHSET CTPOEHHE CIUIABOB M, CJIEOBATEIbHO, UX KOPPO3UOHHYIO
CTOMKOCTh. OTKUI M HOpPMaJIM3alUs TNPUBOAAT K (POPMUPOBAHUIO OAHO(DA3HON CTPYKTYpHl H
CIOCOOCTBYIOT YBEJIMYEHHIO )KAPOCTOMKOCTH MaTepHara.

[Tnactuueckas nedopmanus yXyAIIaeT >XapOCTOMKOCTb, TaK Kak MPUBOAUT K TMOSIBICHUIO
rpaJyeHTa HaIlpsLDKEHUM B CTPYKType MeTajula. BenuuuHa 3epHa 7S jKapoCTOMKOro Marepualia He
CYLIECTBEHHA, I0TOMY 3Ta XapaKTEPUCTUKA SBIISETCS CTPYKTYPHO HEUYBCTBUTEIBHOM.

XapaKkTepUCTUKU CIUIaBOB, CTOMKUX K KOPPO3UH IPU MOBBIIIEHHBIX TEMIEpaTypax, MOT'YT OBbITH
JlaHbl JIMIIb K KOHKPETHBIM arpecCUBHBIM CpelaM U BbIOOp MarepHalia pelaeTcsi ¢ yu€ToM YCIOBHM
paboTHI JAHHOTO M3/IEIHS.

KaponpoyHocTh M MeTOAbI €€ MOBbILIEHUs. SIB/IeHHEe M0JI3y4eCcTH

Kaponpounocms —  cnocoOHOCTb MaTepuana JUIMTEIbHOE BpPEMs  CONPOTUBISATHCS
neOPMUPOBAHUIO M PA3PYIICHUIO TPH BO3JCUCTBUM MEXaHWYECKUX HArpy30K M TOBBIIIEHHBIX
TeMIIeparyp.

XKapornpouHocTh BakHa Npu BbIOOpe Marepuaia, Korja pabouyue TeMmMIepaTrypbl H3JENHM
npesbimator 0,3 Temneparypsl IUIaBiI€HHS Tn;. MHOTME JOeTalii COBPEMEHHBIX MapOCHUIIOBBIX
YCTAaHOBOK, METaJUIyprHUecKHX Ie4ei, JABUrareneidl BHYTPEHHErO CrOpaHHs, ra3oBbIX TYpOMH U
APYrUX MalluH INpH paboTe pa3orpeBarOTCs IO BBICOKUX TEMIIEPATyp U HCHBITHIBAIOT OOJIbIINE
Harpy3ku. YcioBus paOoThl fetaneil pa3inuunbl. OCHOBHOE 3HAUEHHE MPU BHIOOpE MaTepuana UMEOT:
1) remnieparypa; 2) JJIMTENbHOCTH padOThI IO HArpy3KOM; 3) 3HaYeHHE HANPSHKEHUS.

[Ipu BBICOKHX TeMIiepaTypax YCKOPSIOTCS AU(PQPY3HMOHHBIE MPOILECCHI, U3MEHSIIOTCS MCXOAHAS
MUKPOCTPYKTYpa U MEXaHHYeCKHUe cBoicTBa MaTepraioB. C MOBBIIIEHUEM TEMIIEpaTypbl 3HAUUTEIBHO
BO3pacTaeT YMCJIO BAaKAaHCUM, YBEJIMYMBACTCS IOJBIKHOCTh TOYeuUHBbIX JedekroB. Kpome Toro,
¢ dy3us crnocoOCTBYET NEPEMELICHUIO TUCIOKAIUN (JTMHEHHBIN JeeKT) MyTéM Mepeno3aHus, 4To
na€T UM OOJIBIIYI0 «CTEMEHb CBOOOIBI», HO TakkKe HaONIONAITCAd 4YacTU4YHAs aHHUTWIISLUS
JUCIIOKAUN (JIMCIOKAIlMM Pa3HOro 3HaKa B3aMMHO YHMUYTOXKAIOTCS), IepepaclpenciieHue HX, 4YTo
KOPEHHBIM 00pa30M MEHSIET IEPBOHAYAIIbHYIO TUCIOKAIIMOHHYIO CTPYKTYPY MeTaa.

JlnnTenbHOE BpeMsl BO3JIEHCTBUS TEMIEpPaTypbl MPHUBOJUT K CYIIECTBEHHBIM CTPYKTYPHBIM
M3MEHEHUSM: TEPSETCSl IPOYHOCTD, MOJIYUCHHAs IPU TEPMUUYECKOM 00paboTKe (3aKaika, CTapeHue), a
TaK)Ke IMPOUCXOJIUT IOTEpPs YINPOUHEHHUs, BBI3BAHHOIO ILIACTHUYECKON Jedopmanueil, u3-3a TaKux
IIPOLIECCOB, KaK BO3BpAT U PEKPUCTAIIIM3ALIMSL.

Kak yxe ObUI0 CKa3aHO, NpU BBICOKMX TEMIEpaTypax OCIa0eBalOT MEXKATOMHBIE CBS3U Yy
METaJJIOB, YMEHBIIAIOTCSI MOJIYJIb YIIPYTOCTH £, BpeMEHHOE CONPOTHUBIIEHUE (TIPEel IPOYHOCTH) O3 U
npeien TeKY4eCTH Or.

Uem HIKe TeMmIlepaTypa IUIaBI€HMsI CIUIaBa, TeM HIKe M pabouas Ttemmeparypa. Ilpu
Harpy>KeHUu MaTepuana JUINTEIbHOE BpeMs B YCJIOBUAX IOBBIIICHHBIX TeMIEpaTyp HaOIrogaercs
nporiecc (SIBJICHUE) noI3yUecmu.
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Ecnu npu noctosiHHOM TeMmneparype noj ASMCTBUEM IOCTOSHHOM HAarpy3Kd BbI3BaTh B METAJLIE
HaIpsDKEHUE J1aXKe HUKE Mpefiesia TEKYYEeCTH or U OCTaBUTh €r0 B ATUX YCIOBHUAX JUIUTEIHHOE BpeMs,
TO METaUI cOo BpemMeHeM Oyaer neopMUpOBaThCA C OMNPENEIEHHOW CKOPOCTBIO. DTO SIBICHHE
MIOJIYYMJIO Ha3BaHUE noa3yyecmu WiIA KpUIa.

OCHOBHBIMU KPUTEPUSIMU KAPOIIPOYHOCTU METAIIIIOB SBJISIFOTCS npeden ONumenbHot NPoYHOCmU
u npeoen nonzyyecmu. Takue MOHATHS, KaK IMOJ3YYECTh U >KAPOMPOYHOCTb, TECHO CBA3aHBI MEXIY
co00i1 ¥ OTAEIUTH UX JIPYT OT APYyra He NPEACTABISIETCS BOZMOKHBIM.

Bomnpoc 2. Ctaau u cijiaBbl ¢ 0c00bIMHU (PU3NKO-MeXaHMYeCKHUMHU CBOHCTBaMHU
Craju 1 cijiaBbl ¢ 0c00bIMHU (PU3NYECKMMH CBOHCTBAMH

K cramsam ¢ ocoObiMu pU3MUECKMMU CBOMCTBAMH OTHOCSITCS: MarHUTHAs; HEMarHUTHAs; CTab,
obnagaromasi BBHICOKUM D3JIEKTPUYECKUM COTPOTHUBIICHHEM; CTajlb C OCOOBIMHU TEIIO(U3UIECKUMHU
CBOMCTBaMHU.

TyFOHJIaBKI/Ie MaTepHuaJibl

Tyzonnaexue mamepuanvl. TyromjnaBkue MeTajUlbl U CIUIaBbl HA UX OCHOBE MPUMEHSIOT JUIS
paboTsl ipu Temneparypax 6osiee 1000°C.

TyromnaBkuMH Ha3bIBAIOTCS METAUIbl, MMEIONIME TEMIEepaTypy IUIaBJIE€HUS BBILIE, YEM Y
xene3a. Haubospliee npuMeHeHHE B TEXHUKE HAXOSAT TYrOIUIaBKUE METaJIJIbl, UMEIOIINE CIEAYIOIINe
teMmiieparypsl mwiasnenusi: xpoM (Cr) — 1900°C, auo6buii (Nb) — 2415°C, mommbaen (Mo) — 2620°C,
tanTtan (Ta) — 3000°C, Bonbdppam (W) — 3410°C.

Pacimmpenre npou3BOACTBA M NPUMEHEHHE TYrOIUIABKMX METAJJIOB M CIUIABOB CBSI3aHO C
pa3BUTHEM aTOMHOM TEIJIOHEPTETUKU U PAKETHO-KOCMHYECKON TEXHUKU.

CrnnaBel Ha ocHoBe HHOOMS (Nb) u monubOnena (Mo) umeror Haubojiee yIOBIETBOPUTEIbHBIE
TEXHOJIOTHYecKre cBoicTBa. Kpome TOro, OHM OXpyNuyuBaKOTCA NPU CPABHUTEIBHO HHU3KUX
temreparypax (+100) — (-100)°C. Boubdpam (W) nepexoauT B XpYHNKOE COCTOSIHME IpHU
temmneparype 600°C. brnarogapsi CpaBHUTEIBHO BBICOKOW INIACTUYHOCTH CIUIABBI HUOOWS U MOJIMOACHA
UMEIOT 0oJiee IUPOKOe PACIIPOCTPaHEHHUE.

Bce tyromnaBkue MeTayuibl UMEIOT HU3KYIO KapOCTOMKOCTb. [[JIsl 3alUTBI MX OT OKHUCIIEHHUS
MPUMEHSIOT pa3iuyHble NOKPHITUA. JlJis MOIMOIEHOBBIX U BOJIb(PPAMOBBIX CIUIABOB HMPHUMEHSIOT
paznuuHble TepMo U Hy3nOHHBIE CUITULIUIHBIE TOKPBITHSL.

B kauectBe maTepuana A BKJIaJAbILIEH COMNEN B PEAKTHUBHBIX IBUTaTeNsX, paboTarolux Ha
TBEPJIOM TOTUIMBE, MPUMEHSIOT Tpadut, umerommii Temneparypy tuiaBieHust 3900°C. Temmeparypa
mwiaMeHu B Takux Jsurarensix pocturaer 3500°C. Henmocratkom rpadura sBIsSeTCS HHU3Kas
9PO3HOHHAsl CTOMKOCTb, MPHUBOJAIIAs K HM3HOCY COIUIa M3-32 TBEPABIX YAaCTHIl, COJECPXKAIIUXCS B
OTXOJAIIUX ra3ax.

MarauTHble 1 HEMAarHUTHDBIE CTAJHU U CILIABbI

MarHuTHbIE CTalM MIMPOKO MPUMEHSIOTCS B 3JEKTPOHHMKE. B 3aBHCHMOCTH OT Ha3HAYCHHS
pa3IMYar0T MarHUTHOTBEP/IBIE U MArHUTHOMSITKUE CILIAaBHI.

Maecnumomeépovie cmanu CiyXaT, TJaBHbIM OOpa3oM JJisi M3TOTOBJIEHHUS TOCTOSTHHBIX
MarauToB. OHM JOJDKHBI UMETh BBICOKHE 3HAUCHHS KOIPIUTHBHON CHIIBI M OCTATOYHOW WHITYKITHSL.

Kospyumuenou cunoti Ha3piBaeTCs HANPsDKEHHOCTh MAarHUTHOTO TOJS OOpaTHOro 3HaKa,
KOTOpast IOJDKHA OBITh MPUJIOKEHA K 00pasiy Uist €ro pa3MarHUIMBaHMUS.

Ocmamoynoti unoykyuel Ha3bIBalOT MarHUTHYIO MHAYKLIHIO, OCTAIOUIYIOCS B 00pasiie Mocie ero
HaMarHU4YMBaHUS M CHSATHS MArHUTHOTO TIOJISL.

HaubGonee wusBectHble mMapku MarHutoTBEpAbIX craneil: EX2 (1% C, 2% Cr), EX3 (1% C,
3% Cr), EX5K5 (1% C, 5% Cr, 5% Co), EX9K15M (1% C, 9% Cr, 15% Co, 1% Mo). byksa E
XapaKTepU3yeT MarHuTHYIO CTajb (3JIEKTPOTEeXHHUYECcKylo). B aroil cramu conepxkarcs xpom (Cr),
ko0ansT (Co), Mmonuben (Mo).
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MarHuToTBEpP/IBIEC CTANIN MOABEPTAIOT 3aKaJKe Ha MAPTEHCUT M UCKYCCTBEHHOMY CTapEHUIO TPH
100°C.

OmHuM M3 JIydIIMX MaTepHalioB IJIi MarHUTOB sBIsAeTCS ciuiaB anbHUKO (8% Al, 14% Ni,
24% Co, ocrtanpHOoe Fe). MarHuTel W3 aJlbHUKO H3TOTOBISIOT JIMTHEM, TaK KaK OHHU IUIOXO
00pabaThIBalOTCS pe3aHUEM.

Maenumomsekue cmany MCTONB3YIOTCS Ui pabOThl B MEPEMEHHBIX IOJISAX, T. €. B YCIOBHAX
HETPEPBIBHOTO TepeMarHuuuBanus. [109TOMy OHM NPUMEHSIOTCS JUISI U3TOTOBJICHUS CEPACYHHUKOB
TpaHc(hOPMaTOPOB, POTOPOB, CTATOPOB, MATHUTOTIPOBOIOB, dJIEKTPOU3MEPUTEIHHBIX TPHOOPOB.

Hcxons u3 GpyHKIMOHAIEHOTO Ha3HAYCHUSI MATHUTHOMSITKAE MaTEpUANIbl JOJDKHBI HMETh MAJloe
3HaYCHHUE KOIPIUTHUBHON CHJIBI U BBICOKYIO MAarHUTHYIO MTPOHHUIIAEMOCTb. DTHM CBOHCTBAM OTBEYAIOT
HU3KOYTIEPOIUCThIE cTam ¢ qo6aBinenneM 1 — 5% kpemaus (Si).

Ob6o3Hauarorcss MarHutomsirkue cranm  OykBon O (D1, D911, 221, 941 wu t1.4) 1u
XapaKTEepPU3YIOTCSl BBICOKMM IPOLEHTOM conepkanus kpemHus (Si) (1 — 5%). Kpome marHuTHBIX
cTajiell IpUMEHSIFOTCsl MarHuTHbIE cruiaBbl Ha «Al — Ni— Co» u «Fe — Al» ocHoBe.

BBICOKYI0O MarHUTHYIO TPOHHIIAEMOCTh MMEIOT CIEIHATIbHBIC JKEIC30HUKEIIEBbIC CIUIaBBI —
epMajuion C ONpPENCICHHBIMU Y3KUMHU Tpenenamu conaepxkanus Hukens (Ni) (oxosno 78,5%).
MarnuTHass TPOHUIIAEMOCTh TepMauioeB To4ytd B 10 pa3 Oosblie, 4eM HHU3KOYTIEPOIUCTOTO
TEXHUYECKOTO JKeJie3a, YTO T03BOJISIET UCTIONB30BaTh MX JUIS MPHOOPOB, pabOTAIONINX B CIIA0BIX MOJISX
(pammo, tenmedon). ns Tex xe menerd pa3paboTaH 3aMEHUTEIh JOPOTHX MEPMAUIOEB — CIUIaB
anscudep, comepxkamuid 5,4% Al, 9,6% Si, octansHOe kxene3o (Fe). Hemoctatkom crutaBa siBisieTcst
€r0 TIOBBIIIEHHAS XPYNKOCTh. AJbCH(ep 0OBIYHO HCMOIB3YIOT B BUJE MOPOIIKA WM TOHKOCTEHHBIX
(hacOHHBIX OTIMBOK.

Hemaenumnvie cmanu v cnaaswi, Hanpumep SSHOT'9 m H25, 3aMeHsroT noporue ILBETHBIC
MeTayutbl. OHE IPUMEHSIIOTCS B TPHOOpax, I/ie MArHUTHBIE MaTepPHajbl MOTYT MOBJIHATH HA TOYHOCTD
ITOKA3aHUM.

CuiaBbl ¢ MaJIBIM TEMIIEPATYPHBIM K03 (pULMeHTOM JIMHEIHOr0 pacliupeHus

Cmanu u cnaagvl ¢ 0cobviMu menioQuauueckumu Ceoucmsamy OTINYAOTCS 0C000 HU3KUM
ko3¢ punmenTom TemaoBoro pacmupenus. K uum otHocarcs cranb 18XMT® u crinasel uaBap H36
(comepxanue Hukems (Ni) 36%, ocrambHoe — xeneso (Fe)), snmuuBap H36X8, woBap H29KIS,
mwiatuHuT H48 (mocnennuii 3amensier miuatuHa (Pt)). Yka3zaHHble cliiaBbl IPUMEHSIOTCS IS YACOBBIX
MPYXUH, KAMEPTOHOB, (PU3HMUECKUX MPUOOPOB.

Mautbiit TemnepatypHblid K03 QUIMEHT TUHEHHOTO paclIupeHsl UMEIOT CIUIaBbl cucTemsl «Fe —
Ni» B unTepBasie kKoHueHTpauuit 29 — 45% nukens (Ni). Haumensiuee 3HaueHue xo3dduimenra o
umeer unBap 36H — cmmas, conepxkamuii 36% nukens (Ni) (a=1,5-10% K!). Eme Gonee Hu3koe
3HaueHue kod(duuuenTa muHeiinoro pacmmpenus (o= 1,0-10° K'') B remneparypaoM unrepsaie ot
—60 mo +100°C mocturaercs mpu ucnoJib3oBanuu cynepunBapa 32HK]| — cruiaBa, JOTIOTHUTEIBHO
nerupoBaHHoro kobamsroM u meapio (31,5 — 33% Ni; 3,2 — 4,2% Co; 0,6 — 0,8% Cu).

CniaBbl AJISl YIIPYIUX 3JIEMEHTOB

JIJ1 M3roTOBJIEHUS PA3IMYHBIX YIIPYTUX IEMEHTOB B MPUOOPOCTPOECHUH (CUIIb(POHOB, MPYXKHH,
MeMOpaH) NPUMEHSIOT MaTepuaibl C BBICOKUMHU YOPYTMMM CBOMCTBAMH, HE MEHSIOUIUMUCS B
mupokoM TemneparypHoM auanaszoHne (1o 200°C). K nvum otHocsaT snunBap — Fe — Cr — Ni cruas,
conepxkauuii okoso 40% Ni, 6% Cr ¢ no6aBkamu Ti u Al. DnuHBap ynpouHsercs B pe3yibTare
3akayiku 1 ctapenus npu 700°C, npu KOTOPOM BBLAEISIOTCS AUCIIEPCHBIE YaCTULIBI.

JUis HEMarHWTHBIX YOPYTUX D3JIEMEHTOB OTBETCTBEHHOI'O HAa3HAYEHHS CTOMKHUX IPOTUB
KOppO3uH, MPUMEHAIOT OepuiimueBbie OpoH3sl bpb2 mocne 3akanku ¢ 780 — 790°C u ctapeHus: mpu
350°C.
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