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BBEJAEHHUE

Mamepuanosedenue — 310 Hayka, U3y4yaromnias B3aMMOCBSI3b XUMHYE-
CKOTI'0 COCTaBa, CTPOEHUS U CBOMCTB MaTEPHUAJIOB.

B coBpeMeHHOU TEXHUKE MMEETCSI OTPOMHOE KOJUYECTBO PA3IUUYHBIX
YCTPOMCTB, MAIlIUH U MEXaHU3MOB, CTPOUTEIbHBIX KOHCTPYKIIHM, TprUOOPOB,
000pyIOBaHUS W WHCTPYMEHTOB, J3JIEMEHTHI KOTOPBIX PabOTalOT B CaMbIX
Pa3HOOOPA3HBIX YCIOBUAX. JTO BHICOKHE HArpy3KH, U3HOC, JEHCTBUE arpec-
CUBHBIX CpE€Jl, MOBBIIICHHBIE U BHICOKUE TEMIEPaTyphbl, OU€Hb HU3KHUE OTPU-
LATEJIbHbIE TEMIIEPATYPHI U T.J.

Jlist  Toro droObl  obecmednTh PabOTOCIIOCOOHOCTH, HAJIEKHOCTH
Y I0JTOBEYHOCTh BCEX JETAICH U KOHCTPYKIUH, IPUMEHSEMBIX B COBPEMEHHON
TEXHUKE, HY>KHBI MaTepHaibl, KOTOpbIC 00manany ObI HeOOXOUMBIMU CBOMCT-
BaMU 1 MOTJIA Obl pab0TaTh B KOHKPETHBIX YCIOBUSIX AKCILTyaTaIlHH.

MarepuaiioB, UCTOJB3YEMBIX B TEXHUKE, celdac 00JIbIIOE KOJIUYECTBO.
NHxxeHep NOMKEH UMETh MPEICTABICHUE O BO3MOXKHOCTAX COBPEMEHHBIX
TEXHUYECKUX MaTepHalIoOB, YMETh OPUEHTHUPOBATHCA B 3TOM MHOKECTBE Ba-
PUAHTOB U BJIAJIETh OCHOBAMH 3HAHHI, HEOOXOAUMBIX MPU BHIOOpE MaTepua-
Ja Iy KOHKPETHBIX JeTalle u m3fenuid. Kpome Toro, MHXKEHEp IOJKEH
3HaTh BO3MOXHOCTH (POPMHPOBAaHMSI HEOOXOJMMBIX CBOMCTB B HCIIOJb3YeE-
MBIX MM MaTepHajaX W H3TOTaBIMBACMBIX W3 HUX wm3fenmsx. CooOnuTh
HEO0OXOMMBbIE CBEJICHUS O JIaHHOW OOJIACTH 3HAHWM U SBIIAETCS IIEJIbI0 Ha-
CTOSIIIIETO Y4EOHOTO TIOCOOHSI.
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1. MEZJKATOMHBIE CBSA3U B MATEPUAJIAX

B nmo6oM BelecTBe win Matepuaie o0pas3yroiue ero 4acTUllbl (aTOMBI,
HOHBI, MOJICKYJIbl) HAXOSITCSl HA OMPEACICHHOM PACCTOSIHUU JIPYT OT Jpyra
U MEXIy HUMU JEHUCTBYIOT CHJIbl HPUTSKEHUS U OTTAIIKUBAHUS, KOTOPBIE,
KaK IPaBUJIO, YPAaBHOBEUIEHbI. B3auMo1ecTBUE MEXIY aTOMAMU MPOUCXO-
JUT IMyTeM OOMEHa BaJCHTHBIMH 3JIEKTPOHAMH UJIU UX 000OIECTBICHUS Ta-
KHM 00pa3oM, 9TO KaXKIbIii aTOM CHUCTEMBI MPUOOPETAET YCTOWUUBYIO DJICK-
TPOHHYIO KOH(PUTYpAINIO. DHEPTUIO CBSI3U MEXKTYy YACTUIIAMU BEIIECTBA Ha-
3BIBAIOT dHepauel mexcamomuol (MHOTIa MEXMOJIEKYJIApHON) ceasu. OT ee
BEJIMYMHBI 3aBUCAT MHOTHE CBOMCTBA TBEpJbIX Tell. UeM Oouibliie SHEPTHUs
MEKAaTOMHOM CBSI3M, TEM TpPyAHEE MPOUCXOIUT AchopMalus B KpUcTaiax
Marepualia, OTPbIB aTOMOB IIPU XUMUYECKOM B3aUMOJECUCTBUU C Pa3JIMYHbI-
MM CpelaMU WJIA APYTHX BO3JACUCTBHUAX Ha marepuan. [loatomy st mare-
PHAJIOB C CWJIBHOM MEXAaTOMHOM CBSI3bI0 XapaKTEPHBI BbICOKAs TEMIIEpATypa
IJIaBJICHUs, OOJbIINE 3HAYEHUS TBEPJIOCTU U MOAYJS YHIPYTOCTH, BBICOKAS
XMMHUYECKast CTOMKOCT.

Paznuuaror 4 Tna MeKaTOMHBIX CBSI3EH:

1) cBs3b Ban-nep-Baanbca;

2) HOHHYIO CBSI3b;

3) KOBQJICHTHYIO CBSI3b;

4) METAJUTMYECKYIO CBA3b.

1.1. Cs3b Ban-gep-Baaabca

CyTb 3TOM CBA3U 3aKJIIOYAETCS B TOM, YTO BCE MaT€pHAIbHbIC YACTHUIIbI
(aTOMBI, MOHBI, MOJIEKYJIbI) HCIBITHIBAIOT CJIa00€ B3aUMHOE MPUTIKEHUE
IPYT K APYTY. DTO NPUTSHKEHHE 00yciioBiIeHO cuilaMu Ban-aep-Baanbca.

XOTs 3TU CHUJIBI OYEHD MaJIbl, HO B OTCYTCTBHE APYIHX CHJI B3aUMOJCUCTBUS
MEXIy JacTHLaMu Cwiibl Ban-gep-Baanmbca onpenensior CTpoeHuE M CBOMCTBA
BewectBa. [Ipumepamu 3T0ro Moryt ObITh KPUCTALIbI MHEPTHBIX T'a30B, JBYX-
aTOMHBIX Ta30B W NPeIebHBIX yriieBoa0opoioB (Ar, J,, Cly, CH, u ap.), cymecT-
BYIOLME IIPU OYEHb HU3KUX TeMIIepaTypax. ATOMbI HHEPTHBIX Ia30B UMEIOT
MOJIHOCTBIO JOCTPOEHHBIE AJIEKTPOHHBIE 00O0JIOUKH, MMOATOMY NMPU UX COIHU-
KEHUH OOMEH AJIEKTPOHAMHU HEBO3MOXXEH M, CJIEJI0BaTEIbHO, HEBO3MOXKEH
IPYTOM THUII CBSI3H.

Jpyrum mpuMepoM Takoro THINA CBA3M SIBIIETCS B3aUMOJEHCTBUE Me-
KAy MaKpOMOJIEKYJaMU B TEPMOIUIACTUYHBIX MOJIMMEpax (B caMUX MaKpO-
MOJIEKYJIaX CBSI3b MEXIY aTOMaMH KOBaJICHTHAas).
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[Tockonbky cuibl Ban-nep-Baanbca ouenb cialblie, SHEPTHS MEKaTOM-
HOM MJTM MEXMOJIEKYJIIPHOU CBSI3U B TAaKUX KPHUCTAJUIAX OYEHb HEOOJbIIasl.
B GonpmmucTBe ciiydaeB oHa B 100—120 pa3 meHblle, 4YeM SHEPTUs CBS3U
B KpUCTAJUIaX ¢ KOBAJICHTHOM WJIM MOHHOM CBs3bt0. Hampumep, B kpucramie
aproHa BeJIMYMHA SHEPIUM CBSI3U cocTaBisieT 7,5 kIk/Moiib, a B KpUCTaILIE
merana CHy — 10,0 x/[x/mons. IlosToMy Takue BemiecTBa MMEIOT HHU3KHE
TEeMIIepaTyphl TUIABJICHUS U ucnapeHusi. Hanpumep, y aprona temreparypbl
TUTABJICHUS ¥ MCTIAPEHUsSI COOTBETCTBEHHO paBHbl —189,4 1 —185,9 °C.

Kpucramipl ¢ TaKuM THIIOM CBSI3M SIBIISTIOTCS JUAJICKTPUKAMH, TaK Kak
OHM TIOCTPOEHBI M3 HJIEKTPUUYECKH HEUTpaJbHBIX ATOMOB WJIM MOJEKYI.
VY HUX HHU3KHE MEXaHWYeCKas MPOYHOCTh U MOAYNb YIPYTOCTH, OONBIION
KO?(PUIIMEHT TEMIOBOTO pacIIuPEHUSI.

1.2. UoHHad cBA3H

Honnas ces3b BOZHUKAET TOTJa, KOrJa IMPOUCXOAUT IepepacipeieieHue
AJIEKTPOHOB MOCIEAHEN MOA0O0IOUKN MEXAY coceTHuMHU aromaMu. [Ipu sTom
OJMH aTOM OTJAaeT, a JPYrod NPUHUMAET OJWH WM HECKOJBKO AJIEKTPOHOB.
B pesynbrate BHEUIHHME AIIEKTPOHHBIE OOONOYKM CTAHOBSATCS TOJHOCTBIO JO-
CTPOEHHBIMH, KaK Y HHEPTHBIX Ta30B, U aTOMbI CTAHOBSITCS HOHAMHU (COOTBETCT-
BEHHO JICKTPOTIOIOKUTETBHBIME HITH 3JICKTPOOTPHUIIATEFHBIME). MeXay 3Tu-
MU MOHAaMH BO3ZHHUKAIOT 3JIEKTPOCTATUUECKUE CUJIbI IPUTSHKEHUS, 32 CYET KOTO-
pbIX U dopmupyeTcs KprucTaur Mareprana. CUiTbl TPUTSHKEHHS 3/1ECh YPaBHO-
BEILIEHbl CUJIAMU OTTAJKUBAHUS, BO3HUKAIOIIMMH IpHU COJMMKEHHH aTOMOB
Y COMPUKOCHOBEHUH MX AJIEKTPOHHBIX 00O0JIOUEK, TaK KaK TOJBKO OJWH DIICK-
TPOH MOXKET 3aHUMAaTh JaHHOE KBAaHTOBOE COCTOSIHUE, ONPEAEICHHOE BCEMHU
YeTbIpbMsi KBaHTOBBIMM uuciamMu (mpuHuun Ilaymm). Takum obOpazom, Kpu-
CTaJlJl MaTepraia C MOHHOM CBS3bIO MPEJCTABISIET COOON COBOKYITHOCTh HOHOB,
PAcCIONOXKEHHBIX OMpeIeTIeHHBIM 00pa3oM B MPOCTPAHCTBE M yJIEPKUBAEMBIX
AIIEKTPOCTATUYECKUMU CUJIAMHU MPUTSHKEHUS. DTa CBsI3b UMEET HaIlpaBJICHHBIN
xapaktep. [IpuMepaMu MOTYT CITy>KUTh TaKHUe€ TBEpbIE Tella C HOHHOM CBSI3BIO,
kak NaCl, MgS, Al,Oz, TiO, u ap.

PaccmoTpuM ocobeHHOCTH 00pa30BaHUsl KpUCTalia MOBAPEHHOU COJIU
NaCl. Ha nocnenneii 37eKTpOHHOM 000JI0UKe Yy HATpUsl HAXOAUTCA 1 3Jek-
TPOH, a y xyiopa — 7. lloaTomy Hatpuii nerko otaaeTr 1 anekTpoH, a aToMm
xjiopa ero npuHumaet. [Ipu sTtom y 06oux aTomMOB (POPMUPYIOTCS TOJIHO-
CTBIO JIOCTPOCHHBIC YCTOMYMBBIC AJIEKTPOHHBIE KOoH(HUrypauuu. OguH u3
HUX CTaHOBHUTCS TOJIOKUTEIBHO 3apsDKEHHBIM, @ BTOPOM — OTPHUILIATEIHHO
3apsHKEHHBIM. MeXIy HAMHU BO3HHKAIOT AJCKTPOCTATHUYECKHE CHIIBI TIPUTSI-
KEHUs, MpUBOJANME K oOpazoBanuto coemuHenuss NaCl. DHeprusi Mex-
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aTOMHOH CBSI3M B TaKUX KpHCTauiax OoJjbinas. Hampumep, B coemnHEHUH
NaCl ona cocraBmsger 750 x/x/monb, a B LiF — 1000 x/I)/Moas. Benencr-
BHE ATOTO0 MaTE€pPHUANbl C MOHHOHN CBS3BIO OTIMYAIOTCSI BBICOKOHM Temrepary-
POl TUIaBIICHUSI, TIPOYHOCTHIO, TBEPIOCTHIO, HU3KUM KOA(DPUIIMEHTOM Tep-
MHUYECKOTO PACIIUPEHMsI, BBICOKMM MOJyJieM yIpyrocTu. Hampumep, Temrre-
parypa tiaBnenus NaCl cocrasisier 804 °C, BaCl, — 958 °C. O0b14HO Takue
KPUCTAJUTHl UMEIOT HU3KYIO IIACTUIHOCTb.

[TockonbKy BCe 3JIEKTPOHBI B ITHX BEUIECTBAX HAXOMATCS Ha TOJHO-
CTBIO JOCTPOEHHBIX YCTOWUYMBBIX O0O0JIOYKAX OTACIBbHBIX aTOMOB, TO OHH
HE MOTYT NMPHHUMATh Y9acTHE B IJIEKTPUUECKON TpoBoaMMOCTH. [losTomy
BCE MOHHBIE KPUCTAJUTBI SBIISIOTCS M30JsTopamMu. OMHAKO XapaKTEPHBIM UX
CBOMCTBOM SIBJISIETCSl CIIOCOOHOCTH MPOBOJIUTH JJIEKTPUUECKUU TOK B pac-
IJIABJICHHOM COCTOSTHHUU 3a CUET MEpPEMEIICHUS MOHOB. JTO IMO3BOJIACT HMC-
MoJIb30BaTh Takue BemecTBa, kak NaCl u BaCl,, B kauecTBe HarpeBaTeIbHOU
TOKOITPOBOISIICH CPEBI B SJCKTPUUCCKUX COJITHBIX TIeUaxX-BaHHAX.

1.3. KoBajieHTHAas CBA3H

Koeéanenmnoti Ha3pIBaeTCsl Takas MEXKAaTOMHAasl CBsI3b, NMPU KOTOPOU
MPOUCXOIUT OO0OOIIECTBICHHE SJECKTPOHOB HE3ANMOIHEHHBIX AJIEKTPOHHBIX
000JI04E€K pa3HbIX aTOMOB C 00pa30BAHUEM CTAOMIIBLHBIX JIEKTPOHHBIX KOH-
¢durypanuii TUIIa UHEPTHBIX Ta30B.

Hampumep, paccMoTpuM MeEXaTOMHYIO CBs3b B Mojiekyie xyopa Cl,.
VY aTtoma xsopa umeetcsi 17 37eKTPOHOB, pacHpeleICHHBIX 110 YPOBHIM Ta-
KM 00pa3oMm:

1s% 2s% 2p° 3s” 3p°.
Jls 3amoHeHusl MochleHe 3IeKTpoHHOU 000Jouku (3s + 3p) HEeoO-
XOJIUMO 8§ DJIEKTPOHOB, T.€. HE XBaTaeT OAHOro 3ekTpoHa. [lorTomy mpu
B3aUMOJICHICTBUU JIBYX aTOMOB XJIOpa MPOUCXOAHUT OOOOIIECTBICHHE NBYX

AJIEKTPOHOB Ha MOCHEAHEH 000JI0YKe C 00pa3oBaHHWEM CTAOWIBHOW JJIECK-
TPOHHOU KOH(PUTYpaUU. ITO BRITISIUT CIEIYIOUUM 00pa3oM:

- - + & L X
- - + - ¥ — - -
- - - * -
- % - - L X

(Toukamu BOKpYT aTOMOB XJIOpa ITOKa3aHbI JJCKTPOHBI Ha IMOCIICIHCH
oboJouke. )

CrnenyeT 3aMeTUTh, UYTO JIBa OOOOIIECTBICHHBIX AJICKTPOHA JOJIKHBI
MMETb TIPOTHUBOIIOJIOKHO HANIPABJICHHBIC CITUHBI (YETBEPTOEC KBAHTOBOE UM C-
710). Takyl0 KOBAJICHTHYIO MEKAaTOMHYIO CBSI3b UMEIOT KPHUCTAJUIBI ajaMasa,
KpeMHHs, TepMaHusi, kapouma kpemuans SiC, autpuna amomunus AIN u np.
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BuyTtpu mosekyn razoB Hy, O,, Cl, u npyrux taxke 1elicTByeT KOBaJICHTHAs
CBsI3b, MKy MOJICKYJIAMHU ITHX I'a30B CYIIECTBYeT ciabas cBsi3b Ban-nep-
Baansca.

B HEKOTOPBIX COCAMHCHMSX, HAPSAIY C KOBAJCHTHOW CBS3bIO, MOXET
OBITH U OTIpeIeIICHHAS JIOJISI HOHHON WJIM METALTHYCCKOMN CBSI3H.

KonmdaecTBo aTOMOB, ¢ KOTOPBIMH ITPOUCXOJUT 00OOIICCTBIICHNE JJICK-
TPOHOB, ONPECIACTCS YUCIOM 3JICKTPOHOB, HECOOXOAUMBIX JIJISl 3aII0THCHUS
MTOCJICAHUX S- U P-TI01000I0YEK.

OHO MOKeT OBITh OIPEACIICHO TaK:

K=8-N,

rae K — 4ucio aToMoB;

N — 4KCIO 3JEKTPOHOB Ha MOCJEAHEH 000JI0UKe, OMpeesoIee Ba-
JIEHTHOCTb 3JIEMEHTA.

Hanpumep, npu (popMupoBaHuU KOBAJIEHTHOTO KpHUCTaia Yrjepojia
C DJICKTPOHHOHN KOH(DHUTYpaIuen 1s? 25° 2p2 TpeOyeTcs 1 0000IECTBICHHS
anekTpoHoB 4 atroma: K = 8 — 4 = 4. (310 npaBuiio HEMPUMEHUMO K 3IEMEH-
tam [-1II rpynn nepuoguyeckoit cucrems! JI. . Menpeneena.)

B koBaneHTHBIX KpucTajiiax OoJbIasi SHEPTUS CBS3U MEXKAY aTOMaMHU.
Tak, y xapouma xkpemuus SiC ona cocrtaBisier 1180 k/[»/Momnb. bonbias
SHEPIusl CBSI3U U OCOOCHHOCTU KPUCTAJNIMUECKOTO CTPOCHHUS 00ECIeUnBaIOT
MaTrepualiaM C KOBAJICHTHOUW CBSI3bI0 BBICOKYIO TBEPIAOCTh M HU3KYIO ILjIa-
CTUYHOCTb, BBICOKYIO TEMIIepaTypy IUIaBJIeHUS. TeMmeparypsl IUIaBICHUS
KpEeMHHUsI, anmasa, kapouaa kpemuus coctapisitoT 1427, 5000 u 3200 °C co-
OTBETCTBEHHO. 110 35eKTprUYeCcKUM CBOMCTBAM KOBAJIEHTHBIE KPUCTAJIBI OT-
HOCATCS K AUAJICKTPUKAM WM K MOJYNPOBOJAHUKAM. Y HUX HU3KUH K03 P Du-
[IMEHT TEPMHUUYECKOTO pacIIMpeHusi U Hu3Kas AudPy3uoHHAS] TTOABUKHOCTD
atomoB. I[IpuueM ko3pduuueHt nuddy3uum B 3TUX KpUCTAUIAX HAMHOIO
MEHBIIIE, YEM B MOHHBIX U METAJUIMYECKUX KPHUCTAJIAX.

1.4. Merainyeckas CBf3b

Memannuueckas cés13b> BO3HUKACT B MaTepHaliaX TOTA, KOTJA aTOMBI
JIETKO TEPSIOT BAJICHTHBIC 3JICKTPOHBI C TOCIEIHEH 000JI0YKU M MpeBpalia-
IOTCS B TIOJIOKHUTEIIBLHO 3apsKECHHBIC MOHBI. DJICKTPOHBI, KOTOPBIC «OTPHIBa-
IOTCSD» OT OT/ICIBHBIX ATOMOB, CTAHOBSTCS OOIIKMMU JIJISi BCEX aTOMOB B KpH-
ctaute. O6pa3yeTcst Kak ObI SJIEKTPOHHBIN a3, CBOOOHO MEPEMEIIAIOIIHIACS
MEXTy MOJIOXKHUTEIIBHO 3apsHKEHHBIME HOHaMH. [1pu 3TOM KpHCTalll OCTaeT-
Cs1 DJIEKTPUICCKU HEUTPATBHBIM.
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Cwitbl CBSI3M B TaKUX KpUCTAJIaX OOYCIOBJICHBI DJIEKTPOCTATHUECCKUMHU
CUJIAaMH TIPUTSHKCHUS MEXIY CBOOOHBIMU AJICKTPOHAMH M HOHAMH. DHEPTHS
METAJTHYECKON CBS3U 3HAUYMUTEIHHO OOJBINE, YeM Y MOJICKYJSIPHBIX KpH-
CTaJUIOB, U HAMHOT'O MEHBIIIE, YEM Y MOHHBIX M KOBAJICHTHBIX KPHUCTAJUIOB.
Tak, y amoMuHus oHa coctaBiuger 232 xk/[x/monb, y xemesa —
394 x/Ix/monb, a y menu — 340 x/[x/Mob.

Oco0EHHOCTh CBSI3M B METAUIMYECKUX KpPHUCTAIaX OMPEesaeT uX OC-
HOBHBIE CBOMCTBAa. Marepuanbl ¢ METAINIMYECKOW CBA3BID UMEIOT JIOCTATOY-
HO XOPOIIYIO IUIACTUYHOCTh, HEBBICOKYIO TBEP/IOCTh, XOPOIIIUE AJIEKTPOIPO-
BOJIUMOCTh M TEIJIONPOBOJAHOCTh. TemIieparypsl MJIABICHUS METAJUIOB Ha-
xonarcs B nuama3one ot —38,4 °C y prytu 10 3410 °C y Bonbdpama, KOTO-
PBIH SBJISIETCS CAMBIM TYT'OTUIABKUM METAJLJIOM.

Y HEKOTOPBIX MaTEepUaIOB MOXKET ObITh CMEIIAHHBIM XapaKTEp MEXK-
aTOMHOM CBSI3U, HaPUMEP, METAJUIMYECKasi C HEKOTOPOU J0Jel KOBaJICHT-
HOW CBSI3M WJIM KOBAJICHTHAsI CBS3b CO CBS3BIO 3a cueT cuil BaH-nep-Baanbca
(rpadur) u T.1.

Kpome xapaktepa MexaTOMHOW CBS3U, HA CBOMCTBA TBEPJIbIX TEJ BIIU -
€T 3aKOHOMEPHOCTh PaCIOJI0KEHHUSI aTOMOB (HOHOB) B IIPOCTPAHCTBE, T.€. UX
KPUCTAJNIMYECKOE CTPOCHUE.
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2. KTACCUOUKAIUA MATEPUAJIOB

Knaccudukanus wmarepuanoB, HCIOJIB3YEMBIX B MAalIHHOCTPOCHHUH,
MOXET OBITh CaMOM Pa3HOOOpPa3HOM, B 3aBUCUMOCTU OT BhIOOpa Kitaccupu-
UpyIoIIero nmpusHaka. Ecim, Hanpumep, Ki1acCUPUIMPOBATH MaTEpUAIIBI IO
HA3HAYEHUIO, TO MAIIMHOCTPOUTENbHbIE MaTepuaibl MOKHO pa3feliuTh Ha
KOHCTPYKLIMOHHBIE U UHCTPYMEHTaNbHbIE. B CBOIO ouepenb, KOHCTPYKIIHMOH-
HBbI€ MaTepHAaJIbl 0 HA3HAYEHUIO JENATCA Ha YUCTO KOHCTPYKLUHUOHHBIC, U3-
HOCOCTOMKHE, Ui yNPYTHX AJIEMEHTOB (NPYXUHHBIE), YCTOWYHBBIE K BO3-
JCHCTBHUIO CPEIbl U TEMIIEPATYPHI U T 1.

Hwmxe paccmaTtpuBaercsi kinaccuukaius, B KOTOpoi Kiaccupuuupyro-
MM TPU3HAKOM SIBIISIETCS CTPOCHUE MaTepHalioB, & UMEHHO CTENEHb HX
KPUCTAJLTIMYHOCTH, T.€. KaKYI0 4acTh OT BCEro o0bemMa MaTepHaa COCTaBIIs-
€T KpUCTaJUIMYEeCKast CTPYKTYypa.

[lo sTOol KnMaccupuKaUM BCE TEXHUUYECKHME MaTEpHUalibl AENATCS Ha
4 xnacca (puc. 2.1).

MATEPHAJIBI
KPUCTAJLIBI KEPAMUKH IMOJIUMEPBI CTEKJIA
100 % no 100 % no 80 % 0 %

KpHCTAIINYecKOH (a3bl

Puc. 2.1. Knaccuduxkarusi MaTepuanoB Mo CTENEHN KPUCTATUTMYHOCTH

2.1. Kpucramibt

Kpucrannamu Ha3zpiBaroTcsi TBepable BemiecTBa, Ha 100 % cocrosine
M3 KpUCTaUIMUEeCKOM (pa3pl. Tum MexaTOMHOM CBS3M — METATMYECKUH,
WOHHBINA WJIM KOBAJICHTHBIN. ATOMBI B KpUcmasiax pacroiaraiTcs B Mpo-
CTPaHCTBE 3aKOHOMEPHO, 00pa3ysl KpHUCTaUIMYECKyto CTpyKTypy. Kpucran-
JMYECKHe BEIIECTBA MPU HArPeBe MEPEXOAT U3 TBEPJOTO COCTOSHUS B KU /I-
KO€ IPHU CTPOro ONpENEICHHON TeMIlepaType, Tak K€ Kak M MpU OXJaxje-
HUU — U3 KUIKOTO COCTOSIHUS B TBepAoe (puc. 2.2).

HaunlGonee spkumu mpencTaBUTENISIMH KPUCTAILIOB SIBJSIOTCS METaJLIbI
B TBEP/IOM COCTOSTHUH.
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2.2. Crekia

Cmekna, wii aMop(HBIC BEIIECTBa, — JTO TBEPAbIC BEIICCTBA,
HE UMCIOINE B CBOEM 00BEME KPUCTAIUTMYECKOW (Da3bl, T.€. 3aKOHOMEPHOE
pacroyio’)KeHHe aTOMOB B TPOCTPAHCTBE y CTEKOJI OTCYTCTBYeT. Peryisp-
HOCTb B PACTIONOXEHUN HAOIIOAAeTCA TOJIBKO AJsl ONMMKalIuX cocelen Ka-
KJIOTO aToMa — OIUdNCHUL NOpsA0oK. B OTIWYHE OT KPUCTAJUIOB CTEKJIa MpHU
HarpeBaHWW TUTABHO TEPEXOMAT W3 TBEPJOTO COCTOSHHUS B BSI3KO-TEKydee
U Jajee B KUJIKOE, a MPU OXJIKICHUN — Ha000poT (puc. 2.3).

Temnepatypa Teunepatypa

Hamroe Ampwoe

COCTOAHHE CoCTOAHHE
Temnepartypa
JLTaBJICHMA.
(BpMC T ATLIIES ATTHH ) PasmMaryemmoe cocToAHHE

TEEpIOE COCTOARHE Teepmoe c:nc:’m%\
Bpema Bpema

Puc. 2.2. KpuBas HarpeBa-oxnaxzaeHuss Puc. 2.3. KpuBas HarpeBa-oxJiaxJ1eHuUs
KPUCTAJUIMYECKUX BELIECTB aMOp(HBIX BEIIECTB

dakTHYECKU CTEKJa SIBJISAIOTCA TEPCOXTAKIACHHBIMH KHIKOCTSIMH
C OY€Hb BBICOKOH BSI3KOCTHIO. J[J1s1 CTEKOJI XapaKTEePHBI YIPYTOCTh U XPYIIKOE
paspylleHrue IpU KOMHATHOW TeMIepaType M BA3KOE TEUYEHHE MPH TMOBBI-
IIEHHBIX TeMmIepaTypax. THIHYHBIMH MPEACTABUTEIIMUA CTEKOJ SBISIOTCS
okcuapl SiO, (cunukatHoe crekio) u SiO, (kBapiieBoe cTeki0). B Hactos-
mee Bpems pa3paboTaHa TEXHOJIOTHS MOJYYCHHS METAUIMYECKUX CTEKOJI,
T.€. MCTAJUIOB B TBEPJIOM COCTOSIHUH, HO 0€3 KPUCTAIUINIECKON CTPYKTYPHI.

2.3. Kepamuku

B knmaccuieckoM MOHUMaHUH KepamuKu — 3TO TBEpAbIe BEIIECTBA, MO-
Jy4eHHbIE BBICOKOTEMIEPATYPHBIM CIIEKAHUEM MMHEPAIbHBIX MOPOIIKOB,
C MOHHBIMH ¥ KOBaJICHTHBIMU CBSI3SIMH MEXy aToMaMu. CIIOBO «KEpaMHUKay
NPOKMCXOJUT OT Ha3BaHWs padioHa npeBHUX Adun — Cerami, rae roHYApHI
MIPOU3BOUIIN CBOM TOBAPHI («CEramos» — 000XOKEHHBI MaTepuan).

B Hacrosiiiee Bpems pa3nnyaroT TPAIUIIMOHHYIO U HOBYIO KEpaMUKYy.

['maBHBIM CHIpbEM [JISI TPAIULIMOHHONW KEPAMUKU CIY>KUT OOBIKHOBEH-
Hasl TJIMHA, COCTOsINAs U3 HEOOJNBUINX KPUCTAIOB THAPATUPOBAHHBIX allio-

14

KOMMNEKT 3NEKTPOHHbBIX
YYEBHO-METOQUYECKUX MATEPMANOB - I L 2 I OTMABREHME == I SAKPDITb XI


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— N —

mocuiukatoB (Al,Oz, SIO; u H,0). [Tocne popmMoBKy H3a€INsA 00KHTaAIOTCS
IIPU BBICOKOM Temmeparype, MpU 3TOM YJalIseTcs BOAa, U MPOTEKAIOT peak-
I[UU, B Pe3yJIbTaTe KOTOPHIX YBEIMYMBACTCS KOJIMYECTBO KPUCTALTUYECKOMN
(da3pl. MUKPOCTPYKTypa TOTOBOTO HU3JEIHS COCTOUT M3 KPUCTAIJIOB TYIO-
IUTABKUX KOMIIOHEHTOB, OKPY>KEHHBIX CTEKI000pa3HOIl MaTpUIIei.

HoBas kepamuka npeactaBiisieT coO00i OYeHb YHUCThIE W IUIOTHBIE TPO-
CThI€ OKCHJIbI, KApOUIbl, HUTPUIBI U KEPMETHI (KEpaMUKa B METAITTUYECKON
Mmatpuie). B coBpeMeHHOI KepamuKke coaepkaHhe KPUCTAIUTMUECKON (a3bl
MOeT 1oxoauth 10 100 %.

2.4. ITotuMmepbI

Ilonumepsr TpeACTABIAIOT COOO0M TBEP/IbIE BEIIECTBA C OOJIBIION MOJIE-
KyJsipHOM Maccod. OpHa MOJIEKyJia COCTOMT M3 Oojiee dem 10* aromoB
C CWJIBHBIMU KOBAJEHTHBIMU CBSI3SIMU MEXKIYy HUMU. B JMHEHHBIX MOJUMe-
pax IEemoYKHd aTOMOB (MaKpOMOJIEKYJIbI) COSAMHEHBI MEXIY COOO0M yKe cia-
ObiMu cwiamu Ban-nep-Baansca. DTy BelecTBa HUKOT/Aa HE OBIBAIOT IOJI-
HOCTBIO KpUCTALIMYECKMMU. OHU COCTABJISIIOT OCHOBY JPEBECUHBI U yTJIE-
BOJIOPOJIHBIX BHICOKOTIOJIMMEPOB.

ITo cBOEMY MOBECHUIO MTPU HArPeBE MOJIMMEPHI ACIATCS Ha TEpPMOILIa-
CTUYHBIE U TEPMOPEAKTUBHBIC.

Tepmonnacmuunvle noaumepst TPU HATPEBAHUU TEPEXOJSIT B KUAKOE
COCTOSIHHE, a NP TMOCIEAYIOIIEM OXJIAKJICHUU — BHOBb B TBEpAOE, U Tak
MHOTOKpaTHO. [IpuMepamMu Takux MOJUMEPOB SABJISIETCA MOJIUATUIICH, Kalpo-
JIOH, MOJIMMPOTUIICH, PTOPOILIACT U JIp.

Tepmopeaxmushvie noaumepsl B CBOCH OCHOBE copaepkaT ¢deHodop-
MaJIbJICTUIHYIO CMOJY, MIPU HAarpeBe OHU Pa3MsrdaroTcs U, He 00pa3ys KU -
Kyto ¢azy, paznararoTcs (reTHHAKC, TEKCTOJIUT, CTEKIOTCKCTOIHT).

2.5. KoMno3u1iuoHHbIe MATEPUAJIBI

Komno3uyuonnvimu Ha3bIBAIOT MaTepUalibl, MPEJCTABIISIIONIME COOOM
KOMIIO3UINIO (B OOJBIIMHCTBE CIy4aeB HCKYCCTBEHHO IOJy4aeMyl0) U3
IBYX M 0oJiee pa3HOPOIHBIX MATEPHATIOB C PE3KO OTIMYAIOIIUMHUCS CBOUCT-
BamH. B pesynpTaTe cBOMCTBA TaKOW KOMMO3UIUU OyIyT IPYTUMU IO CpaB-
HEHHIO C €€ COCTaBJISIONIMMU, T.€. B JJAHHOM MaTepuane GopMUpyeTCs HO-
BbII KOMIUIEKC CBOMCTB. I10 cBOEMY CTPOEHUIO KOMIIO3UIIMOHHBIN MaTepHUal
MpeJICTaBISIET COOOM KapKac U3 BHICOKOIIPOUHOI0 MaTepuasia, 3all0JTHEHHOTO
BSI3KOW Martpuierd. B coCcTaB KOMITO3MLIMOHHOIO MaTepuajia MOTYT BXOIUTH
KaK METAUIMYECKHE, TaK U HEMETAUIMYECKUE COCTaBIsAmoIIME. B KauecTBe
Marepuala Uil Kapkaca MOTYT CIIYKHTh KPUCTAJUIbI, KEPAMUKH, CTEeKJa. [
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MaTpulbl Yalle HCHOJIb3YIOT IMOJIH- cTanb
Mepbl U BSI3KHE METAUTMUECKHE Ma- 5 R [ ] i
tepuainbl. [IpuHIMNUaIBEHOE CTpOE-
HUE€ TaKOro Marepuaja MoKa3aHO Ha
puc. 2.4.

YnenpHass 10y NPUMEHEHUS
B TEXHUKE BCEX OTUX Pa3HOBUJIHO-
CTel MaTepuanoB HeoanHakoBa. Oc-
HOBHBIMM, HauOoJjiee IIMPOKO pac-
IIPOCTPAaHEHHBIMH, CEeYac SBIISIOTCA METAJUIMYECKHe MaTtepuanibsl. Hammpumep,
UX JIOJISI B MAIIMHOCTPOECHHH COCTAaBISIET OKOJIO 95 %. Cpenu 3TOW TpymHmbl
MaTEPHUATIOB B MPOMBIIUIEHHOCTH 3HAYUTENILHO OOJIbIIE MPUMEHSIOTCS Yep-
Hble MeTaJUTbl. B HacTosIee BpeMsi X OOIIMiA BeC B MalllMHAX, MEXaHU3MaX,
Pa3IMYHOM 00OPYJIOBAaHUU U COOPYKEHUSX, padOTAIOIINX B MUPE, IPEBbIIIA-
et 6 muipg T. B Poccun HacuuthiBaeTcst 345 mpeanpusiTUid, MPOU3BOISAIINX
HEMOCPEJACTBEHHO METAJLTyPrHueCKyI0 MPOIYKIUIO — YEPHBIE U LIBETHBIE Me-
TaJUIbl; B ’TOM MPOU3BOJICTBE 3aHATO OKOJIO 1 MitH 200 ThIC. YETOBEK.

Cpenu HeMeTaNIMYeCKUX MaTepuaioB B COBPEMEHHOM TEXHHUKE 3HAYU-
TEJIBHO OOJBIIE MPUMEHSIOTCS MOJUMEpPhl U KepaMmuka. KoMIo3uimoHHbIe
K€ MaTepHallbl paCIpPOCTPAHEHBI Y HAC B CTPAHE HEIOCTATOYHO HMIMPOKO.

CBoiicTBa MaTepUalIOB OMNPEACISIIOTCS XapaKTEPOM MEXKATOMHBIX CBS-
3el U UX BHYTPEHHUM CTPOEHUEM (CTPYKTYypoil). Eciiu u3MeHseTcs CTPYKTY-
pa WIM KaKUe-TO €€ DJIEMEHThI, TO 00s3aTeIbHO MEHSIOTCS U OCHOBHBIE
cBoiicTBa. M3yueHue B3aMMOCBSI3H CTPYKTYpbl MAaT€pUajOB U HX CBOWCTB,
BIIMSIHUSI XUMHUUYECKOTO COCTaBa U 00pabOTKU Ha CTPYKTYPY U CBOMCTBA Ma-
TEPHUAJIOB SIBJISIETCS LENbI0 MaTEPUATOBEICHHS KaK HAYKH.

Puc. 2.4. CtpoeHne KOMIO3UIIMOHHOTO
Marepuaia — xKejae300eToHa
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3. KPUCTAJVIMYECKOE CTPOEHHUE
MATEPHUAJIOB

Kak yxe ObUTO CKa3aHO B IJ1. 2, Hambojee MHUPOKO MPUMEHSEMBIC
B TEXHUKE MaTepHajbl UMEIOT KPUCTALINIECKOE CTpoeHne. B kpucrtammmye-
CKHMX TellaX aTOMBl B MPOCTPAHCTBE PACIIOJIOKEHBI 3aKOHOMEPHO, T.C. BO
BCEM 00BbEME KpHucTaia HaOIoaeTcs danbHuil nopsdok. Mexy aroMamMu
CYILIECTBYIOT YPAaBHOBEIICHHBIE CHJIbI MPUTSKEHUS U OTTAJIKUBAHUSA. IDTO
U ompezenseT GopMmy, TBEpOE COCTOSHUE U OCHOBHBIE CBOMCTBa KpHCTa-
JIMYECKOTO BEIIECTRA.

3.1. Kpucramim4yeckne pelieTKu MeTAJIOB

PaccmarpuBas kpucTayuiMuecKue TBEpbIE Tella, CIEAYET OTMETUTh, YTO
CpeH HUX BCTPEYAETCS JOBOJBHO MHOI'O BaPHAHTOB 3aKOHOMEPHOI'O PacIIo-
JIO’KEHMSI aTOMOB B IIPOCTpaHCTBe. B HacrosmeM nocodun paccMaTpHUBarOT-
Csl TOJIBKO OCHOBHBIE M3 HUX, HauOOJee XapaKTepHBIE JJIi METAJUIMYECKUX
MaTepHuaioB.

Kpucramnueckoe cTpoeHue B IIJIOCKOCTH
MOKHO MPEJICTaBUTh KaK PACHOJI0KEHHE aTOMOB
(MoHOB), MOKa3aHHOE Ha puc. 3.1.

Kaxnapiii aTom uMeeT onpeaeneHHoe KOJH-
YECTBO COCEJEH, PACIIOJIOKEHHBIX HA OJIMHAKO-
BBIX PAacCTOSHMSAX OT Hero. Jto oOycioBieHo Puc. 3.1. Kpucrammgeckoe
JNEUCTBUEM MEXATOMHBIX CHUJ IPUTSHKEHUS CTPOCHHE B INIOCKOCTH
Y OTTaJKWBaHUA, KOTOPBIC PaBHBI U TIPOTUBOTIO-

JIO’)KHO HampaBiieHbl. B Meramnmax cuiibl Mex-
aTOMHOT'0 B3aMMOJEHCTBUS UMEIOT 3JIEKTPOCTa-
TUYECKYIO IPUPOLY.

Jist ynoOGCcTBa KpUCTAINIMYECKOE CTPOEHUE
OOBIYHO M300paXkaroT, MOKa3bIBasi TOUKaMH WU
KPY)KKaMH TOJBKO LIEHTPHl THKECTH aTOMOB
Y COCIMHSS WX TPSIMBIMH JIMHUSIMH, KOTOPBIC
CUMBOJIM3UPYIOT MEXaTOMHbIE CBsI3U (puc. 3.2). Puc. 3.2. Cxema
Takoe yCIOBHOE M300pakkeHHe MOKHO HasBaTh — KPHCTAIOTpadmieckoi
IJIOCKON KPUCTAJUIMYECKOUN PELIETKON, WIH KpU- fIocKocTH
cmannozpaguueckol nioCKoCmyio.

Ecnu minockyro KpucTaminyecKylo pelieTky MHOMOKPaTHO BOCIPOU3Be-
CTH TapajuleIbHO camoil cele, MOJIyYUTCsS TaK Ha3blBaeMasi npocmpancm-
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BEHHASl KPUCMALIUYECKAs peuemKka, KoTopas
JAeT MpEACTaBICHUE O CTPOCHUM Marepuana
BO BceM o0beMe Kpuctaiia (puc. 3.3).

B kaxnoil mpoCTpaHCTBEHHOW KPHUCTAJI-
JUYECKON pEelIeTKE MOXHO BBIJEIUTh MUHU-
MaJbHBIA 00BEM, MO3BOJISIONINN CYAUTDH O 3a-
KOHOMEPHOCTSIX KPUCTAJUIMYECKOTO CTPOEHUS
naHHoro martepuana. Ha puc. 3.3 takum mu-
HUMAaJbHBIM O0BEMOM SBIIsIETCS KyO. DTO —
INeMEeHMAapHAs KPUCMANIUYecKas a4eura, Ko-
TOPYIO BCErJa MMEIOT B BUAY, TOBOPSI O KpHU-
CTAJUIMYECKOM CTPOCHUH, KPUCTAIUTMYECKHUX
pemeTkax martepuanoB. JUIs pa3aMYHBIX MaTEpPUAJIOB AJIEMEHTApHAs KpH-
CTAJUTMYECKAsl siYeiiKa MOKET ObITh U MapaJyIeenuIe oM C pa3HOU JIJIMHON
CTOPOH W Pa3HbIMH YIJIaMU MEXAYy HUMH. M3 37IeMEHTapHBIX SYEEK, KaK U3
KUPIIUYKUKOB, CTPOUTCS BECh KPUCTAJLI, KAKOM OBl BEIMYMHBI OH HH OBLIL.

Jnst onucanusi GopMbl U pas-
MEPOB 3JIEMEHTAPHON KPUCTATINYE-
CKOM SIYEMKH UCHOJIb3YIOTCS 6 BEIU-
YUH: 3 paccTOsIHUS OT aTOMOB B y3-
JaxX PEemIeTKH 10 UX OJMKauImx co-
celer Mo OCsAM KOOpPAMHAT W 3 yria
MEXIy dTUMU ocsiMu (puc. 3.4). Otu
BEJIMYMHBI HA3bIBAIOT napamempamu
KPUCMANIUYECKOU PeuemKu.

B 3aBucuMocTH OT COOTHOMIE-
HUM MeXJy BeIuYnHaMu a, Db,

U o, 3, y pa3nuyuaroT 7 THUIIOB KpH-
CTAJUTMYECKUX PEIIETOK.

JUisi MeTaluIM4eCKUX MaTepuajioB OCHOBHBIMH, HamOoJiee IIHPOKO
BCTPEYAIOLIUMUCS KPUCTALTUNYECKUMH PELIETKAMM, SABIISIOTCS CIAEAYIOIINE:

1. Obvemno-yenmpuposannas Kyouuweckas pewemxa (COKpaIICHHOE
o0o3nauenne OLK).

DOneMeHTapHas S4eiika TaKOW pemIeTKH TMPEACTaBIsIET co0oi KyO
(puc. 3.5), B BepIMHaX KOTOPOTO HAXOASATCS aTOMBI; B LIGHTpE Ky0a, Ha Iie-
pPECEUCHUHN €r0 NUaroHajen, pacioyIOKEH JOMOJHUTEIbHBIA aToM. [TapameT-
pBI Takoi pemetkn: a =b =cua = =y =90°.

[TogoOHas pemieTka BCTpeyaeTcs y Xpoma, Bojibppama, BaHaAMs, MO-
nub/ieHa, a TAKXKe y JKeJe3a npu temreparype ke 911 °C.

Puc. 3.3. IIpocTpancTBEHHOE
KPUCTAIITNYECKOE CTPOCHHUE

Puc. 3.4. 'eomerpuueckue napameTpbl
KPUCTAJUIMYECKON PEIIETKU
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2. I paneyenmpuposannas xkyouueckas peuiemxa (COKpalieHHOE 000-
3Hauenue ['T[K).

OT0 TOXE KyO, HO JOMOJHHUTEIbHBIC aTOMBI PACIIOJNIOKEHBI B IIEHTPE
Kaxaoi ero rpanu (puc. 3.6). Ilapamerpbl manHOW pemretkn: @ = b = c,
o = B =7 =90°. I'paneneHTPUPOBAHHYIO PEIIETKY UMEIOT, HAIPUMED, ME/Ib,
ATIOMUHHH, HUKEIb, 30JI0TO.

i
Puc. 3.5. O0beMHO-LIEHTpUpPOBaHHAS Puc. 3.6. I'panenienTprpoBanHas
KyOuueckas penierka KyOuyeckas perierka

3. I'excazonanvuas niomuoynaxoganHas peuiemka (COKpanieHHoe 000-
sHauenue ['T1Y).

BepxHee W HMKHEE OCHOBaHHUs 3TOMU
PEIIETKN MPEICTaBIIIOT COO0M MIECTUYTOb-
HUKH C IIECThIO aTOMaMU B YIJIaX U OJTHUM
B LIeHTpe. BHyTpu 6-rpaHHOM NpU3MBI, Ha
PaBHOM PacCTOSIHUM OT OCHOBaHW, HAXOZAT-
cs elle Tpy atoMa. VX HeHTpbI PacioioKEHbI
HaJl LEHTpaMH MPOMEXYTKOB MEXIy aToMa-
Mu ocHoBaHus (puc. 3.7). CooTHOLIEHUE Na-
paMeTpoB pemieTKu cieayromiee: a = b # ¢,
o =P =90°wuy=120°. [Ins xapakTepucTH-
KM pa3sMEpOB 3TOM PEHIETKH YK€ HYNKHO
2 TlapaMeTpa: a u ¢, mpuiem c/a > 1.

['excaroHaJIbHYIO IJIOTHOYNIAKOBAHHYIO PEIIETKY UMEIOT IIUHK, MarHuid,
KaJMUU U Op.

4. TempaeonanvHas peuiemxa.

DTy peleTKy MOXKHO MOIY4YHTh, €CIIU KyO BBITSHYTh BAOJb OJHON OCH,
KakK MOKa3aHo Ha puc. 3.8.

JIis maHHOM KpHCTauIMdecKoi pemerku a =b #cu o = =y = 90°,
npuiem c/a > 1.

TerparonanpHasi  pemieTka  TOXE  MOXET  ObITh  0O0BEMHO-
LEHTPUPOBAaHHOW W TpaHereHTpupoBaHHOU. [lo700HYIO0 peleTKky HMEIoT,
HAapuMep, UHAUW U paauu.

Puc. 3.7. 'ekcaronanbuas
MJIOTHOYIIAaKOBaHHAs
perieTka
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CymiecTByloT U japyrue, Oosee CIOKHbIE
KPUCTAJNIMYECKUE PEIICTKU Y psijia MaTepHUasos,
HO OHU BCTPEYAIOTCA PEXKE.

[TapameTpbl pemieTku Jjs KaKJI0ro Bellle-
CTBa — BEJIMYUHBI TIOCTOSHHBIE U H3MEPSIOTCS
00b1uHO B anrcTpemax (1 A = 10" MMm) wn Ha-
HoMeTtpax (1 Hm = 10° M). ¥V GombLmHCTBA Me-
TaJJIOB IMapaMeTphbl PEIIETOK HAXOJATCS B quara-
30H€ OT 2 10 6 A, wim 0,2-0,6 am. Hanpumep, Puc. 3.8. TerparonainsHast

y xenesa pu 20 °C a = 2,86 A. TerparonanpHas penieTka

pemerka osoBa npu 20 °C umeeT mnapameTpsl
a=318Auc=582A

VY HEKOTOpPBIX METAUIOB KPUCTAJUIMYECKas PEIIETKa MOYKET MEHSThCS
IIPU U3MEHEHUU TeMIlepaTyphl. Takoe sBICHUE HA3bIBACTCA HOJAUMOPPU3M.
[IepecTpoiika pelIETKH MOKET BbI3bIBATH W H3MEHEHUE CBOMCTB, WHOTIA
o4eHb clibHOE. Hanpumep, Tutan npu temneparypax 1o 882 °C umeer rek-
CaroHaJIbHYIO TJIOTHOYTAKOBAaHHYIO pemieTky, a Boimie 882 °C — 00beMHO-
LEHTPUPOBAHHYI0 KyOuueckyro. M3MeHsieTcsl KpUCTalInYecKoe CTPOCHUE
B 3aBUCUMOCTH OT TEMIIEPATYpPbl U y TaKUX METAJIOB, KAK KEJIE30, OJOBO,
HUPKOHUM. ITO 00CTOATENBCTBO 00S3aTENBHO HYKHO YUYUTHIBATh NPU pado-
T€ C MOJOOHBIM MaTEPUATIOM.

Pa3Hple paccTosiHUSA MEXIy aToMaMu B KPUCTaUIEe IO Pa3HbIM IPoO-
CTPAHCTBEHHBIM HAMNpPABJICHUSIM MPUBOJIAT K TOMY, YTO CBOWMCTBA (MEXaHU-
yeckue U GU3NYECKUE) TOXKE PA3IUYAIOTCS B 3aBUCUMOCTH OT HaIlpaBJICHMUS.
DTO SIBJICHUE HA3bIBACTCS AHU3OMPONUEl CBOUCTB.

3.2. lepeKThbI KPUCTAINIMYECKOTO0 CTPOCHUS
U MX BJIMSIHME HA CBOMCTBA MaTepuaJja

B peasbHOM CTPOEHUM TEXHUYECKHX MATE€pUATIOB UMEETCS LIENIBIA Pl
ne(eKTOB, KOTOPbIE 3HAYUTENBHO BIUSAIOT HA MHOTHE MX CBoOMcTBa. Meanb-
HOE KPUCTAUTMYECKOE CTPOCHHE 0€3 KaKuX-M0o AeheKTOB PAaCTOIOKEHUS
aTOMOB B ITPOCTPAHCTBE (Takoe, Kak Ha puc. 3.2 u 3.3) y peaJibHbIX MaTepHua-
JIOB IIPAKTUYECKH HE BCTPEUYAETCS.

Ot gedeKThl KPUCTALUIMYECKOTO0 CTPOEHUS MOXKHO pa3lieuTh Ha
4 rpynmnsl, B 3aBUCUMOCTH OT F€OMETPUUYECKUX Pa3MEPOB:

1. TodeuHble (Maybl BO BCEX TPEX U3MEPEHMUSIX).

2. JIuneiiHble (MaJbl B IBYX U3MEPEHUSX, BEIUKH B OJHOM).

3. [loBepxHOCTHBIE (MaJbl B OAHOM U3MEPEHUHU, BETUKH B JIBYX).

4. O0beMHbIe (BETMKU BO BCEX TPEX U3MEPECHUSX ).
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Haz[o OTMCTUTDb, YTO IIOHATHUA «BCIHUKN» KU «MaJbD> IIPH OIIMCAHHNUN
ATOMHO-KPUCTAJNIMYCCKOT'O CTPOCHUA MATCPHUAJTIOB IMOAPA3yMCBAIOT CPABHC-
HHUC C MCKATOMHBIM PaCCTOAHHUCM: CCIU pasMEp 00BEKTa COCTaBIISIET
HCCKOJIbKO MCXKAaTOMHBIX paCCTOHHHﬁ, TO OH CUHTACTCA MAJIbIM, a IIPH IIPO-
TAKCHHOCTHU B COTHHU U ThICAYH MCXKATOMHBIX paCCTOHHI/Iﬁ — 6OJ'IBI_HI/IM, X0TA
9TO MOI'yT OBITH BCETO JIMIIb A0JIM MHUKpPOHAa.

ToyeuHble I[e(l)eKTbl KPUCTAJNIHICCKOI0 CTPOCHUSA

K ToueunbimM nedexraM OTHOCSTCS MPEXkK/E BCETO HECOBEPIICHCTBA, Ha-
3bIBaeMble gaxkancuamu (puc. 3.9). 3T0 OTCYTCTBUE aTOMOB B OTACIIBbHBIX
y371aX KPUCTAUIMUECKON penieTkr. B naeanpHOM pemeTke JaHHBIC Y3IIbI ObI-
JIU 3aHATHI aToMaMu (MOHAMU) MeTalia. ATOMBI, OJMKailie K BAKAHTHOMY
MECTYy B PEUIETKE, CMEIIAIOTCS B CTOPOHY CBOOOIHO-
ro y3ja 3a CYET HAPYUIECHUS PABHOBECUS MEKATOM-
HBIX  CWJI  TPUTSDKEHUS W OTTaJIKUBAHUA.
B pe3ynpraTe OKOJO BakaHCHMM HaOJIOlaeTcs Jio-
KAJIbHOE HMCKAKEHHE KPHUCTAIUIMYECKOM PpEIIETKH.
BennunHa cMeleHusi aTOMOB K ILIEHTPY BaKaHCUU
3aBHUCHUT OT THIIA KpUCTAmIM4YecKou pemerku. Ciie-
OYIOLIME 3a MEPBBIM 1—2 aTOMHBIX psa TakkKe He-
CKOJIbKO CMEIIAIOTCS B HAIIPABJIEHUU K BAKAHCHH, HO
BEJIMYMHA 3THX [IEPEMEIICHUN YK€ MEHBIIIE.

BakaHcuu B MeTasuie y4acTBYIOT B peaju3aliu
1 Py3MOHHBIX TPOIIECCOB, TOCKOJIBKY OJMH M3 MEXaHU3MOB Auddy3un B
METaJulaX — MNEepPEeMENIeHUE aTOMOB MO BakaHcUsAM. ClenoBaTeNbHO, YEM
Oonpllie B MaTepHalie BaKaHCUM, TEM JIerde OCYIIEeCTBIAIOTCS NU(Py3UOH-
Hble Tpouecchl. B cBoto ouepenb, 1udPy3us JeKUT B OCHOBE MHOTHX IPO-
IIECCOB CTPYKTYpOOOpa30oBaHUs B METaJIaX U CIUIaBaX, (POPMHUPYIOMIUX HX
CBONCTBA.

Takum 00pazom, HaIM4KMe B MaTepHalie BaKaHCUN HUIPaeT CYIIECTBEH-
HYIO POJIb.

CylIecTBYIOT TakXe€ HECOBEPIICHCTBA KPUCTAUIMYECKOW PEIIETKH,
0OyCIJIOBJICHHbIE HAJIMYUEM HEKOTOPBIX aTOMOB MEXIY Y3JaMU PEIIETKH
(puc. 3.10). Takue ne@eKTbl HA3BIBAIOT MEHCY3EAbHLIMU AMOMAMU.

Bokpyr aroma B MEXAYyy3JIuHU 3a CUET IMOSBJICHUS C €r0 CTOPOHBI CHJI
OTTAJIKUBAHUS BO3HUKAIOT JIOKAJIbHBIE HCKAKEHUS KPUCTAJUIMYECKOU pe-
meTrky. BenmnunmHa TakuxX MCKaXXEHUI 3HAUUTEIBHO OOJIbIIE, YEM B Cilydae
oOpa3oBaHus BakaHcuu. CMelIeHHE COCEIHUX aTOMOB NMPU MOJAOOHOM Jie-

(eKTe MOXKET JOCTHraTh HECKOJIbKUX MPOIECHTOB OT MEKATOMHOTO PaccTosi-
Hus (1m0 20 %).

Puc. 3.9. Bakancus
B KPUCTAJITNYECKOM
penieTke
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Hanuuune B MeTamiax Mexy3eabHbIX aTOMOB BhI-
3bIBAET HEKOTOPOE YIPOUHEHHUE, IMOBBIIICHUE 3JICK-
TPOCONIPOTHUBJICHUSI M BIMSAET HAa HEKOTOpbHIC JAPYyrue
CBOICTBA.

KonuuecTBo ToueUHBIX Je(DEKTOB OYEHBH CHIIBHO
BO3PACTa€T C YBEIMYEHUEM TEMIEpaTyphbl, 4TO OMH-
CBIBAE€TCSI 3aBUCUMOCTBIO

“ul(K-T
n~ N.e¥&D
B MCKTYY3JIUU
r€ N — YHUCIO0 TOYEYHBIX NePEKTOB (BAaKaHCHM WU (ME3Ky3eIIbHBII aTOM)

MEXKY3eJIbHBIX aTOMOB);

N — 4HCIIO Y3JI0B PEIICTKH, CPEIU KOTOPHIX IMOJCUYHUTHIBACTCS KOJIUYE-
CTBO J1€(DEKTOB;

U — dHeprus, 3aTpauyeHHasl Ha 00pa3oBaHHe OJTHOTO TOYEUHOTO JIe(heKTa;

K — nocrostHHas bospiimana;

T — remneparypa, K.

Crnenyer uMeTh B BUY, YTO SHEPIrUs 00pa30BaHUSI MEXKY3€JIbHOIO aTo-
Ma B MeTale Bcerjga OoJibllie, YeM SHEprus oOpa30oBaHHS BaKaHCHH,
Y TI0ATOMY KOJIMYECTBO MEXKY3€JIbHBIX aTOMOB 3HAYUTEJIbHO MEHBIIE, YeM
BaKaHCHUI. DTO BUHO U3 NMPUBEJACHHON 3aBUCUMOCTH: PHEPIUsl 00pa30BaHUs
TOYEYHOTO Jie(peKTa, BXOJIUT B MOKA3aTEb CTCIICHHU.

KonnuecTBo TOUeUHBIX J1e(hEKTOB 3aBUCHUT HE TOJIBKO OT TEMIIEPATYPhI
Y DHEPTUM UX 00pa3oBaHUsl, HO U OT PA3JIMUHBIX BO3JECHCTBUN Ha MaTepHUal.
Tak, HampuMep, nMpu OOJYYEHUHM MeTajlyla HEUTpOHAMH WX IMPOTOHAMH,
a TaKXKe TpHU IUIACTUYECKOU AedhopMaln KOJIUUECTBO ATUX Je(PEKTOB Kpu-
CTAJJTMYECKOr0 CTPOEHUS BO3PaCTaeT.

Puc. 3.10. Atom

JIuneiinbie 1eeKThl KPUCTAVIHYECKOT0 CTPOEHUS

OcHOBHBIM Je(heKTOM 3TOr0 THMA SIBISIOTCS IUCIOKAIIUU, KpaeBhIe,
BUHTOBBIE U CMEILIAHHBIE.

Kpaeeaa oucnokayusn — 310 nedeKT, NpeCTaBISIIONINN cO00M 001acTh
oA KpaeM <JIMIIHEH» aTOMHOM TOJIYIJIOCKOCTH, Kak Obl BCTaBIECHHOMN
B kpuctaii (puc. 3.11, a).

DTy HEIOCTPOEHHYIO INIOCKOCTh Ha3bIBAIOT 9KCMPANIOCKOCHBIO.

Bunmoegyio oOucnoxkayuio MOXHO TIPEICTaBUTh, KaK pPaCHOJIOKECHUE
aTOMOB 10 BUHTOBOM MOBEPXHOCTHU C I1IarOM B OJTHO MEXKAaTOMHOE PaccTos-
Hue (puc. 3.11, 6). Och 3TOH BUHTOBOW MOBEPXHOCTH SBIISACTCS JIMHUCH JTHC-
nokanuu. Ha puc. 3.11, 6 nokazaHa ToJibko 00J1aCTh BJIOJIb JTUHUM BUHTOBOMU
JTUCTIOKAIU Y.
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3KCTPaNNOCKOCTL B paiione kpas skcTparuioc-

KOCTH BO3HHUKAIOT OOJIBIITNE HCKa-

KEHUSI KPUCTAJUIMYECKOW pelieT-

Kd. [ OIeHKM HCKaKeHHOCTH

KPUCTAJUIMYECKON pEeIeTKH H3-3a

HAJIWYUsSl JAUCIOKAIMU B KPHUCTAJ-

Je, IS XapaKTEPUCTUKU IJIOCKO-

CTH PACIIOJIOKECHHSI B HEM JHUCIIO-

6 KallMM U €€ SHEPTUU UCIOJIb3YyeTCs

napaMmeTp, Ha3bIBAEMBI 8eKmopom

Puc. 3.11. KpaeBas (a) u BunTOBas (6) biopeepca. Jlns kpacon 1ucioka-

MCTOKALHH U BekTop broprepca meprienau-

KyJISIpeH IUIOCKOCTH CJBWra, Ha-

OmoaeMoro B KpUCTaJjle MpH Haiauuuu auciokaruu. IlperncraButs cebe

ATOT MapaMeTp MOXKHO clieqyromuM oopa3oM. Ecinu B kpucramie ¢ qucioka-

nuen caenarb 00Xo 0 HEKOTOPOMY KOHTYPY BOKPYT 3TOro nedexra (KOH-

typ ABCDA Ha puc. 3.12, @), a 3aTeM HaHECTU TaKOH k€ KOHTYp B HJI€alb-

HOM KpucTajuie, 6e3 muciokarnuu (puc. 3.12, 6), To 0OTpe30K, HEOOXOIUMBIN

JUISL TOrO, YTOOBI 3aMKHYTh KOHTYP B HJCAJIbHOM KpHUCTaJIE, U OyAeT sB-
JATBCA BEKTOPOM broprepca.

a

e | | fe— | f— of— | f— | f— | f— | — f— | —
E Ce—e—9 9 o o oF

J ‘ "9 & & 9 9 &
\# *— oo oo u‘

—

ElH
o A Do—e—9 o o —¢ 9

_— ||| — | — —| e | e | it | i | e
oo o o o #

a 7]

Puc. 3.12. Onpenenenne BekTopa broprepca

Ha puc. 3.12 cTpenkamu mokazaHO HampaBjieHUe 00XO0ja, HauUMHasi OT
touku 4. Otpe3ok DA Ha puc. 3.12, a paBeHn otpe3ky DE Ha puc. 3.12, 6, co-
OTBETCTBEHHO OTPE30K EA, MOKa3bIBAIOIINI HA KAKYI0 BEJIMYNHY HE 3aMKHYT
KOHTYp Ha puc. 3.12, 6, sBasercs BekTopoMm broprepca, koTopbiii 0003Ha4ua-

—

erca b, 1.e. EA = ‘6‘

Benuunna BekTopa broprepca 3aBUCUT OT TUIIA KPUCTAILUIMYECKOU pe-
IIETKX U OT TOTO, B KAKOM MJIOCKOCTH HAXOJAUTCS TUCIOKAIIUSL.
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Hanpumep, B mpocToii KyOuueckoi perieTrke
C MapameTpoM «a», €CIU KpaeBas IUCIOKAIUS
JEKUT B MJIOCKOCTU OJHOW M3 IpaHeil kyOa, Be-

audrHa Bektopa broprepca 61 OyzneT ompeneneHa
KaK \6\ =a (puc. 3.13).

Ecin xe guciiokanus J€XWT B JHaroHajb-
HOM IUIOCKOCTH, TO BEJIMYMHA BeKTopa broprepca Puc. 3.13. BekTopb!

62 oyner ‘62‘ = a\/§ ) Broprepca

KonuuecTBeHHON XapaKTEPUCTHKOW JTUCIOKAIIMOHHON CTPYKTYpPHI SIB-
JeTCsl TUIOTHOCTh JIMCJIOKAIlMi, 0O0o3HavaeMmasi OyKBOM p. DTO cyMMmapHas
JumHa guciokarmii B 1 cM® Meramia. [DIOTHOCTD AMCIIOKALMIA P MMEeT pas-
MEPHOCTh cM/em® wt oM.

Jlist peanbHBIX TexHIIecknx Metamwtos p = 10°-10° cm™.

KonuuecTBo auciokamuii B MeTajie BO3pacTaeT MPU TUIACTHYCCKOM
nedhopmarui, U B CIUIBHO 1e(OPMHPOBAHHOM METAJIC TUIOTHOCTH JUCIOKA-
it MoXeT gocturath 3Hadenuii 10 oM.

Hanmumuwme nmuciokanmuii B MeTaie, WX KOJHWYECTBO, ITOJABMIKHOCTH
B 3HAYUTEJBLHON CTEIEHU OIPEICISIIOT CONPOTUBICHHE MeTallia jaedopma-
MY ¥ pa3pylieHuio. B uaeambHOM MeTamie, e HeT AUCIOKAIMH, TSl Ti1a-
CTHYECKOM AedhopMalvii U pa3pylIeHUS HY>KHO IMPEOI0TIETh CUITBI BCEX MEXK-
aTOMHBIX CBsI3€H B IJIOCKOCTH cABura (puc. 3.14).

Puc. 3.14. Mexanu3m nedopmaiiuu B uieaabHOM KpUCTaIe
(IITpUXOBOM JIMHUEH TTOKa3aHa MJIOCKOCTh CJIBUTA)

CrnenoBatenbHO, B 0€31€(EKTHOM, HIACATBHOM KPHUCTAIE MPOYHOCTH
J0JKHA OBITh MakcUMalibHOM (puc. 3.15, Touka 1). C nosBieHrem B MeTaie
JUCIIOKAMN M YBEJIMUYEHUEM UX KOJMYECTBA MPOYHOCTh CHIIBHO CHHIKAETCS
(10 Touku 3 Ha puc. 3.15). DT0 MPOYHOCTH PEATHLHOIO0 TEXHUYECKOTO MeTall-
na. 3aTeM, Mpu JaJbHEUIIEM BO3PACTaHUU IJIOTHOCTH JTUCIOKAIUM (CBBILIE
p = 10°-10" cM ?), MPOUHOCTH CHOBA YBEIMUMUBACTCA.
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W3 3aBucHMOCTH, IPUBEICHHON Ha puc. 3.15, cieayer 1Be BO3MOXKHO-
CTH TOBBIIICHUS MPOYHOCTU METajlia — OJIHOTO U3 OCHOBHBIX MEXaHUYECKUX
cBoicTB. [lepBoe BO3MOXKHOE HaIpaBIEHUE: CO30amb Mamepuail ¢ uoeanb-
HOU KPUCMAIUYECKOU peuemKol Ui OIU3KOU K 3mMoMm).

Peanuzanuss asToro  HampaBiieHUS
MpeaCcTaBisieT Oonbinme TpyaHocTH. M-
KyCCTBEHHBIM ITyTEM IO CIEHUAILHOU
2 TEXHOJIOTUM TIOJIy4alOT KPHUCTAIUIBI pas-

JUYHBIX METAJJIOB, KOTOPbIE HMEIOT

T MIPOYHOCTh, OJIM3KYI0 K TEOPETUUYECKOM
4 (paccunTaHHOM /J1s1 MaTepualia ¢ uaeaib-
HOW KPHUCTAJUIMYECKON pelmeTKon, 0e3

, . nedexToB). BennunHa Takux KpUCTAILUIOB
0 10° 1|;:|12 P HeGonsiuas: TomumHa mopsizika 2 MKM |

mHa okoo 10 M. IIpoyHOCTh Takux

Puc. 3.15. Brmsunue nnornoctn HCKYCCTBEHHO II0Jy4aeMbIX KPHUCTAJLIOB

AUCIIOKaLWi Ha IPOIHOCTD HoKa3aHa Ha puc. 3.15 Toukoii 2.

Bropoe HamnpaBieHne — 3TO co30aHue 8 CmpyKmype mMamepuana 04etsb
bonvuwozo uucaa oucrokayuti. [Ipu 3ToM TPOUCXOAUT YNPOUHEHHUE, TOKa-
3aHHOE B MpaBoi yacTu rpaduka (Touka 4 Ha puc. 3.15). Takoe ynpoyHeHue
MOKET OBITh TOJIYYEHO IUIACTUYECKUM JehOPMHUPOBAHUEM, TEPMHUUECKOMN
00pabOTKOM U JPYyrUMH METOJAMH, YTO IIUPOKO MCIOJIB3YETCS B MPAKTHUKE
paboTHI C peaIbHBIM METaJIOM.

I'IpO'-IHOG'{b

IHoBepxHOCTHBIE Ae(eKTHI KPUCTALIIHIECKOr0 CTPOCHHUS

PeanpHbIli NMPOMBILUICHHBIA Me-

Taul — 3TO MOJUKPUCTATIINYECKOE

TBEpAOE Teno. Ilpu HEKOTOpOM yBe-

JUYCHUU TI0J MHKPOCKOTIOM MOKHO

YBUJETb, UTO OH COCTOUT U3 MHOXKe-

CTBAa KpPUCTAJUIMKOB, W 3€pEH

(puc. 3.16). Pazmep »TuX 3epeH MO-

XKET OBITh Pa3IUYHBIM U COCTaBJISCT

OT HECKOJIbKMX MHUKPOH JI0 HECKOJIb-

KuX MAJTAMETPOB. Puc. 3.16. TToNMKPHCTAITMIECKOE
Cocennue 3epHa pa3opUEHTHPO- CTpOEHIE MeTaia

BaHbI JPYr OTHOCUTEIBHO Ipyra Ha

YroJI B HECKOJIBKO JIECSITKOB I'PalycOB (MHOTIIa TOBOPST, YTO 3€pHA pa3Jiensi-

eT boavuieyenosas rpanuna). ['panuynas o0gacTh MEXIy 3€pHaAMU OOBIYHO
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ObIBaeT MMPUHOW OT JBYX 10 10 Mex- o o
aToMHBbIX paccrosHuid. Ha puc. 3.17 noka- e
3aHO KPHUCTAUIMYECKOE CTPOCHHE JBYX
¥ |
COCETHUX 3EPCH, PaCIOJOKECHHBIX IO : ¥
JIOM O, 1 TPAHUIIBI MEXIY HUMHU. Tt <>
yr » 1 TPaHUI Ay SO
Kak BuaHO u3 puc. 3.17, Ha rpaHuie YRR

MEXIy 3epHAMU UMEETCSl OOJBIIOE YHCIIO
IUCIIOKalUi, MHUKPOYYacCTKOB C HCKaxe-
HUSAMM KpUCTauIMueckoi pemetku. Kpo-
M€ TOro, oObIYHO Ha rpaHMIaX 3€peH Ha-
XOJIUTCA 3HAYMUTEIBHOE KOJMYECTBO aTOMOB IPUMECEH, UMEIOIINUXCA B Me-
TajIe.

TakuM 00pa3oM, 3epHOTpPaHUYHAS MOBEPXHOCTh HEOOJIBIION TOJIIUHBI
HachlllleHa J1epeKTaMu KPUCTAUIMYECKOTO CTPOCHUS, UCKAKEHUAMH PEIIETKH,
atomMamu npumeceid. [loaToMy epanuupl 3epen SBIAIOTCS NMOBEPXHOCTHBIMU
nedekTaMy KpUCTAIUTMYECKOTO CTPOCHHSL.

3epHO, B CBOIO Ouepe/lb, COCTOUT U3 OoJiee MeIKnX oOpa3oBaHMM, Ha-
3bIBAEMBIX (PparMeHTaMu U O0kamMu. OparMeHThl pacioI0KEHbI MO YIIIOM
B HECKOJIBKO I'PaJyCOB JPYT K APYTY, a OJIOKU, caMble MaJICHbKUE CTPYKTYp-
Hble oOpa3zoBanus pazmepoM oT 0,1 no 10,0 MKkM, pacnosioKeHbI MO YIIIOM
B HECKOJIbKO MUHYT. ['paHuLibl MeXy pparMeHTaMHu WK OJI0OKaMu OOBIYHO
Ha3bIBAIOT MAI0Y2/108bIMU.

Takue rpaHuyHbIe 00JIACTU TOXKE COJAEPKAT MOBBIILIEHHOE KOJIUYECTBO
ne(heKTOB — JUCIOKAUH, UCKaKeHUH pemeTku u ap. [loaTomy ManoyriioBbie
IPaHULbl TaKKE€ OTHOCAT K MOBEPXHOCTHBIM Je(eKTamM KpHUCTAJUINYECKOIro
CTPOECHHS.

Puc. 3.17. Ctpoenue
TPaHUIIBI MEKTy 3epHAMU

O0bemHbIe 1e(peKThl KPUCTALIHYECKOT0 CTPOEHUS

ToueuyHsle, JTMHEWHbIE U TOBEPXHOCTHBIE NE(PEKTHI SBISIOTCS MUKPO-
CKOIMYECKUMH — XOTs Obl B OJJHOM U3MEPEHUHU MX BEJIMYUHY MOXHO H3Me-
PUTh HECKOJBKHUMHU MEXKATOMHBIMHM PAacCTOSIHUSMH. B oTiinuue oT HUX 00b-
eMHbIE 1e(PEKThl UMEIOT 3HAYUTEIBHO OOJIbIINE Pa3MEpPbl, HECOU3MEPUMbIE
C MEXaTOMHBIM paccTtosiHueM. K o0beMHBIM JAepeKkTaM OTHOCATCS MOpHI,
TPEILMHbI, THOPOJIHbIE BKIIIOUEHUS, LapanuHbl. BOIbIIMHCTBO 3TUX Aedek-
TOB YMEHBIIAIOT NMPOYHOCTHBIE XAPAKTEPUCTUKU KPUCTAIIMYECKOTO MaTe-
puana ¢ ONHOBPEMEHHBIM YMEHBIICHUEM U IUIACTHYECKUX. boiee cioxHoe
BJIMSIHUE OKa3bIBAIOT MHOPOJHBIE BKIIFOUEHUS, CO3/1aBasi, HAIlpUMEp, B HEKO-
TOPBIX CIIy4asiX JUCIEPCHOE YIIPOYHEHHUE.
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4. TE@OOPMAIIUA U PASPYILIEHUE
B METAJIJIAX

MeTamiel 1 MX CIUIaBhl OTHOCATCS K HamOoJjee pacipoCTpaHCHHBIM
KOHCTPYKIIMOHHBIM MaTcpHaiaM. B 3aBucumocTu ot HpHJIO)KGHHOfI Harpys-
KN U TCOMCTPHUYCCKHUX IIapaMCTPOB ACTAJIWM OHH HCIIBITBIBAIOT PA3JIMYHBIC
HaIIPAKCHUA U ITIO-PA3HOMY Ha HUX pCarupyroT.

Pacuer BenmumHBI HAIIPAKCHHUA 3aBUCUT OT CXCMbI HAI'PYKCHUA. I[J'I}I
OJHOOCHOTO PAaCTAKCHHA BCINYMHA HAIIPSKCHUSA © PACCUUTBIBACTCA OTHO-
MCHUECM HpHJ’IO)KGHHOfI cuibl P k mIom@aau MmorcpeIHOro CCUCHMUA F:

c = PIF.

Peakiuss Marepuana Ha TOCTOSIHHO YBEJIMYUBAIOUIEECS HANpsHKEHUE
BKJTFOYACT TPH MOCJICIOBATCILHBIC CTAIUHN:

1) ynpyryto nedopmariuio;

2) IIACTUYECKYIO 1e(popMallnIo;

3) paspyliieHue.

Ynpyzan oegpopmanua — >to nepopmarius, ucuesaromias mMociae CHATUS
HarpyskH, T.e. o0OpaTumas.

ITnacmuueckasn degpopmayusa — 310 4acTh AedopMaiiu, KOTopas ocra-
€TCs TIOCJI€ CHATHS Harpy3KH, T.e. HeoOpaTumas.

Pa3pywienue — pazenenue MaTepuaia Ha 4acTH MOJ IEUCTBUEM OO0b-
IMX HaIPSKEHUM.

JIist pa3au4HBIX METAJIOB W CIUIABOB

BEJIMYMHBI TpPEETIbHbIX HanpspDKeHud (xa- Harpyaka, P

PaKTepUCTUK MaTepuaina), Mpu KOTOPBIX Ha- o Y] (R

CTylaeT Ta WU Jpyras CTaJAuU Pa3IUYHBI. m;; |

XapakTepUCTUKA MaTepuana ONpPEeaeIIOT p Theaees I :

MPU UCIBITAHUUA HA WCHOBITATEIbHBIX MAallu- Lo Y A | |

HAaX C COOTBETCTBYIOLIEHW CXEMOW Harpyxe- 1: 2 :3:
I I

HUS: PACTSDKCHHE, W30, KpydeHwue, yaap-
HBIN U3THO | JIp.

JIJis onpenienieHns XapaKTepUCTUK MaTe-
pUaiia Ipu PaCTHKEHUN UCTIONB3YIOT Pa3phIB-
HbIC MaIIMHBI PAa3TMYHOW MOIIHOCTH, Ha KO-
TOPBIX CTAaHAAPTHBIE 00PA3IbI TOBOIST J0 Pa3pYIICHHsI C 3aMUChI0 OuUaspam-
Mbl pacmsidiceHusl B KOOpJAMHATaX Harpy3ka — yJuyimHeHue oopasia (puc. 4.1).

YanuHerue, af

Puc. 4.1. InarpamMmma
pacTsHKEHUS
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Ha nuarpamMme pacTsbKeHUs MOKa3aHbl 3 CTaWM PearkpoBaHUs MeTallia
Ha BO3pacTarolee HampsbkeHue: | — ympyras aedopmanms; 2 — riacTUaecKas
nedopmarst; 3 — pazpyIieHue.

W3 nrarpaMMBbl OTIpeIeTIsIIOT 3 OCHOBHBIE XapaKTEPUCTHUKHU MPOYHOCTH:

1) npeden nponopyuonarvrocmu Gy, = P, /F.

DTO MakCUMAIIbHOE HAMpsDKEHUE, TPH KOTOPOM JeOopMaItisl TpsSiMo Tpo-
MOPITMOHAIbHA Harpy3ke. Tak Kak 3TO HaMpsKEHUE HE BBI3bIBACT IIACTUICCKON
nedopMaryn, To ero 4acTo OTOXKACCTBILIIOT C TIPEIEIIOM YIIPYTOCTH;

2) npeden mexkyuecmu o, = P./F.

DTO0 MaKCHUMaJbHOE HAMPSHKEHUE, MPU KOTOPOM MPOUCXOIUT POCT ILIa-
cTrdeckoi medopmanus 0e3 yBenndeHus Harpy3ku. Ha muarpamme pactspke-
HUS IS MATKAX METAJIOB 3TO HAMPSHKCHUE COOTBETCTBYET TUIOMIAAKE TEKyde-
cru. Yarie 1uromaaka TeKy4ecTd OTCYTCTBYET, M TOT/Ia ONPEACTISIFOT VCI0GHbILL
npeoen meKyyecmu Gy — MAaKCUMAJIbHOE HaIpsDKEHHE, KOTOPOE BBI3HIBACT Ha-
nepes1 3a1aHHyI0 OCTaTOYHYIO Jieopmanuio (B janHoM ciaydae 0,2 %);

3) npeoen npounocmu G, = PyaylF.

DT0 MaKCUMaJIbHOE HANpsDKEHUE, KOTOPOE BBIICPKUBACT MAaTEpPUA JIO
pa3pyIIcHUS MPU UCIIBITAHUN Ha PACTSKCHUE.

JlanbHeiiiee yBeM4eHrne Harpy3Ky MPUBOIUT K pa3pylIeHUIO 00pasiia.

[Tpu nepopmanum pacTsHKEHHEM MEHSETCS JJIMHA 00pasma: oHa yBEH-
gyuBaeTcs. B KadecTBe XapaKTepUCTUKHU TUIACTUIHOCTH MaTepuaia, ero Cro-
coOHOCTH J1e(OPMHUPOBATHCS MO HATPY3KOH MPUHHMAETCS OTHOCUTEIBHOE
yaHeHue O. BenuunHa O u3MepsieTcs B MPOIEHTaX U OMPeAesieTcs U3 Co-
OTHOIICHHMSI

O = (Ic — 1p)-100/1y, %,
rae |lo— nmuHa oOpasiia 10 UCIIBITaHuUS;
|« — mmHa oOpasiia mocie pacTsKEHUS U pa3pylICHUs.

4.1. Yupyras aegopmanus

Kak yxe yka3bIBalioch, ynpyras aepopmMaliis BO3HUKAET MPU HaIpsKe-
HUSAX, MEHBIIMX Ipejaesia IpOoNOpUUOHAIBHOCTU. [Ipn Taknx HampspKeHHX
aTOMBI CMENIAIOTCA OT CBOMX IIOJIOKEHUU pPAaBHOBECUS HAa PACCTOSIHUS,
MEHBIIINE MEKAaTOMHBIX. B pe3ynpTaTe 3TOro CMEIIEeHHs] BO3ZHUKAET Pe3yJib-
TUPYIOIIas CUJIa MEXATOMHOTO B3aUMOJIEHCTBHUSI, paBHAsl 110 BEIMYUHE MPHU-
JIO’KEHHOW CWJI€, HO MPOTUBOIOJIOKHO HallpaBieHHasd. Eciin HanpspkeHue 3a
CYET BHEIIHUX CHUJI MCYE3aeT, TO CHJIbI MEXATOMHOIO B3aMMOJICUCTBUS BO3-
BpallalOT aTOMbI B CBOM IOJIOKEHHSI PABHOBECHSI, UTO IMPOSBISIETCA MCUE3-
HOBEHUEM yIpyrout neopmanuu.
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4.2. Ilnactuveckas gepopmanus

[Inactuueckas aedopmaiusi HAcTymaeT MNpU HANPSHKEHUSAX Ooblie
npejena IponopUUOHAIIBHOCTH (WK Mpejena ynpyroct). Buemse niuactu-
yeckas nedopmarus o AeUCTBUEM KacaTelIbHBIX HANPSXKEHUHN MPOSIBIIACT-
Cs1 CMEILIEHUEM OJTHOM YacTU KPUCTAJIa OTHOCUTENBHO APYroi (puc. 4.2).

PaccmoTpeHnHas cxema racTudeckoi aeopMaiy nopa3yMeBaeT 0/IHO-
BPEMEHHBIN CIIBUT OJJHOM 4acTU KPUCTAJUIA OTHOCUTENIBHO Apyroi. OHaKo Ta-
KOM c/IBUT TpeOyeT B COTHH pa3 OOJBIIMX HANPSIKEHUH, 4eM Te, IPU KOTOPBIX
NPOUCXOANT IUIaCTUYECKas eopMalusl B pealbHbIX MeTauiax. I 1aBHOM mpu-
YUHOU PA3IMIMM MEXAY TEOPETUYECKOU U PEaNbHOM MPOYHOCTBIO KPUCTAIUIOB
ABJISIETCS] HAIMYKE JIEPEKTOB KPUCTATUTMUECKOTO CTPOCHHUSL.

T

—_

a O 8

Puc. 4.2. [Inactuyeckas neopmMaiusi KpucTauiia:
a — 1o nedopmanun; 6 — nedopMaIus KpUCTAILIA IPU HATIPSIKSHUSIX
OoublIe Mpejiena YupyrocTH; 8 — IacTHIeckas aedopMarius
KpHCTaJIIa MOCIIE CHATUS HAIPSKEHUN

MexaHu3M MIacTUYeCKoW naeopMani MeTamia MOXET ObITh pas-
HBIM, B 3aBUCUMOCTU OT OCOOEHHOCTEW €ro CTPYKTYpbI, CXEMbl HalpsHKEH-
HOTO COCTOSIHUSI IPU HArpy’>KEHUH, CKOPOCTH HArpy>KeHUsI U TEMIIEPATYPBHI.

Yaie Bcero B MeTajulax M CIjlaBax IUlacTudeckas aedopmaiius ocylie-
CTBJISIETCSL MYTEM CKOJBXEHUS IUCIOKAUUWA TMOJ JEHCTBUEM HaNpPsHKEHUS
B ONPEJEIICHHBIX KPUCTAIOTpapUIECKUX MIIOCKOCTSX.

[IpyHIMNMAanbHO AEHUCTBUE 3TOrO MEXAaHWU3Ma MOKa3aHO Ha puc. 4.3.
Ecnu x xpucTtamly IpUIOKEHO HalpshKEHUE T, KpaeBas JUCIOKalus, ¥ KO-
TOPOM Ha KParo IKCTPAIUIOCKOCTH HaXoauTcs atoM 2 (puc. 4.3, a), HauuHaeT
MepeMeIaTbCs BAOJb IUIOCKOCTU A—A. Ilpu 3TOM BHayane pa3pbeIiBacTCA
MEXaTOMHasl CBsI3b 3—6 M YCTaHaBJIMBAETCS CBA3b aromMa 2 C aTOMOM 6
(puc. 4.3, 6). ATom 3 OKa3bIBacTCsA Ha KpPar dKCTPAILIOCKOCTH JTUCIOKAIUH.
3areM pa3pbIBaeTCs MEKaTOMHas CBsI3b 4—7 U YCTaHABIIMBAETCS CBS3b MEK-
ny atomamu 3 u 7 (puc. 4.3, ). Ha 3Toii cTaguu nuciokaius, nepemMeniasch,
BBIXOJIUT Ha Kpail KpUCTaJIa, U aTOM 4 OKa3bIBAETCS HA KPar 3KCTPAIIIOC-
KOCTU. 3a CUET TaKoro 3JIEMEHTApHOTO aKTa IJIaCTUYECKOM aedopmanuu
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IPOUCXOIUT CIBHUT B KPUCTAJIC HA BEJIMYUHY OJHOTO MEXKATOMHOTO pac-
ctosinus (cm. puc. 4.4).

Eciu B MocKoCTH CABUTA MPOOJDKASTCS ABMKCHHUE IPYTHX JUCIOKA-
IIMHA, KOTOPBIX B METAJJIE BCETAa JOCTATOYHO MHOTO, TO BEIMYWHA TIJIACTHU-
yecKkou nedopmaniuu (BeIMYMHA CABUTA) OyIeT YBEIUUUBATHCS.

Puc. 4.3. Mexanu3m 1uiactTuueckout neopmannuu Metaiia

T & ] 3

Puc. 4.4. Cxema ciBUra 4yacTu Kpucrasia
Ha OJIHO MEKaTOMHOE PACCTOSIHUE, IPU CKOJIb)KEHUU
KpaeBOW JMCIIOKAIIMU CJIE€BA HAMPABO, YePEe3 BECh KPUCTAILIT

4.3. Pazpymienue

Pazpymenue — 3To 3aKirouMTeNbHAS CTaAMs pearupoBaHUs MaTepualia
Ha BO3pacTarolee HanpspDKeHrne. Pa3muyaroT BI3Koe M XPYITKOE pa3pylieHuE.
[To BpemeHu pa3BUTHS TpoIIecca BSI3KOE pa3pyllieHrne MPOTEeKaeT MEIJICHHO,
a Xpyrnkoe — ObICTpo. [IpuHIMTIHATBEHOE KE pa3Iudue 3aKIH0YaeTCS B TOM,
4TO TIPU GA3KOM pa3pyuieHuu Pa3BUTHE Tpoliecca UAET 3a CUeT MOJBOJA
DHEPTUHM W3BHE, a XpynKoe paspyuieHue TPOUCXOJUT 3a CUET 3amaceHHOMN
BHYTPEHHEH 2HEPTruH (BHYTPEHHUX HAMPSHKEHUN ).

Mexanu3M 000MX BHJIOB pa3pylICHHUS OJMHAKOB W 3aKJIIOYaeTCs B 00-
PA30BaHMM 3aPOJIBIINICH TPEITUH U UX PA3BUTHH.

Oopazoeanue 3apooviuieii TPEIIMH TPOUCXOJUT Ha 3aKIIOUYUTEILHOM
aTane ruracTudeckon nedopmaruu. Ecim ydecTs, 9To miactuyeckas nedop-
Malusi OCYIIECTBIIACTCS IBIKCHUEM JTUCIOKAIUNA U UX KOJUYECTBO MPHU JIe-
dbopmaruu BO3pacTaeT Ha HECKOJBKO IOPSIKOB, TO B MECTE CKOIUICHUS
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JOBUXKYIIUXCS JUCIOKALMU Tepe] NPEMATCTBUEM BO3HUKACT 3apObIII Tpe-
muHbel. Ha puc. 4.5 npuBeneHo aBa BapuaHTa 00pa30BaHUS 3apOIbIIIa TPe-
L{VHBI [IEPE] TPEISTCTBUEM.

OuyeBHIHO, YTO 3apOABIINICH TPEIIUH Ha 3aKJIIOYUTEILHOM JTalle IuUia-
CTUYECKOHM JedopMaliii BO3HUKAET JOCTATOYHO OOJIBIIOE KOJIUYECTBO, HO
B PAa3BUBAIOIIYIOCS MaruCTpaJbHYIO TPEIIUHY MPEBPAIIAIOTCS JIMIIb T€, KO-
TOPBIE JOCTUTAKOT KPUTUUECKOTO pa3mepa.

\ /
i /_,.T

_\‘\;/“ 2APOALIN TPEMHLI

a o

Puc. 4.5. Cxema 006pazoBaHus 3apobliia TPEIIUHBI IPU CKOIUICHUH
JUCIIOKAalMi Tiepe] TpaHuliel 3epHa (a) U NP MepecedeHn !
TUTOCKOCTEH CKOJIBKEHHS JUCIOKAIHH (0)

Yewm Oopllie BeIMUMHA 3apObINIa TPEIIUHBI, TeM OOJbIIIe KOHIICHTpA-
IS HAMPSDKEHUH y ee BepIuHbl (puc. 4.6). Kpumuueckoii senuuuroil 3apo-
oviuwa mpewunvl (Lyyyr) SBISETCS Takas €ro JJIMHA, IPU KOTOPOH KOHIEH-
Tpauus HaNpsDKEHUH Y BEPIIUHBI TPEITUHBI CTAHOBUTCS PaBHON TEOpeTHYE-
CKOU MPOYHOCTU METAILIA.

Ha BenuunHy KOHIIEHTpalluu HANPsHDKEHUH OOJIbIIOEe BIUSHUE OKa3bIBa-
€T paanyC 3aKpyTJICHHUS TPHU BEpIIMHE TPEHIMHBL. YeM OH MEHbINE, TeM
0oJIbIIIe KOHIIEHTpALMS HANIPSHKCHHM, 1 HA000POT.

HanpAaxeHne

MPOYHOCTE

WL

L xpum, L, pazmep zapogeiwa

LI

Puc. 4.6. KoHueHTpanus HanpsKeHUH y BEPIIMHBI 3apO/IbIIa
TPEIIMHBI B 3aBUCUMOCTH OT €T0 pa3mepa

[Ipu Hamuuuu GONBIIMX BHYTPEHHUX HAIPSHKEHUM 3apOABIII TPEIIUHBI
BCEI/Ia OCTPBIN, a IPU UX OTCYTCTBHMHM 3apOJIbIII UMEET OONbIION panuyc 3a-
KpYIJIEHUS [IPY BEPILMHE.
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Pazeumue mpewjun KpUTHUYECKOTO pa3Mepa 3aBUCUT OT BEIUYUHBI
BHYTPEHHUX HanpsbkeHUi. [Ipu GoNbIIMX BHYTPEHHUX HAMPSKEHUSIX pa3BU-
TH€ 3apOJbIIIa TPEIIMHBI MPOUCXOJUT 32 CUET BHYTPEHHEN SHEPrUU B BUJE
OBICTPOTO CKOJIa M XPYIKOTO pa3pylICHUSI.

[Ipu OoTCYyTCTBMM BHYTPEHHHMX HANPSKEHUI 3apOJIbIII TPEIIMHBI UMEET
OOJBIION painyC 3aKPYIJICHHS, KOTOPBIN M0 MEpe POCTa TPEUIMHBI YBEITUY U-
BAETCSl, YTO MPUBOAUT K YMEHBIICHUIO KOHUEHTPAIUU HANPSHKEHUI U OCTa-
HOBKE TpEIIMHBL. B nanpHeiiiem, o Mepe yBEeIMYEHUs BHEITHEN HArpy3KH,
BO3pACTaOIIEe HANpPsHKEHUE BHOBb MPUBOIUT K POCTY TPEUIMHBI, YBEJINYeE-
HUIO paJinyca 3aKpYTIJEHUs €€ BEPIIUHBI U OMATh K €€ OCTaHOBKE. B 3ToM
cllydae pa3BUTHE TPEUIMHBI MPOUCXOAUT MEJICHHO U MPUBOAUT K 00pazoBa-
HUIO BSI3KOTO U3JIOMA.

4.4. Cioco0ObI YNpOYHEHHUSI METAJJIOB

N3 paccMOTpeHHBIX BBIIIE OCHOBHBIX MEXAaHM3MOB Jedopmanuu
Y pa3pylleHus MeTalla CIeIyeT, 4YTO CONPOTHUBICHHUE AedopMaluu U, clie-
JOBATEIbHO, OCHOBHBIE IPOYHOCTHBIE CBOMCTBA 3aBUCAT OT BEJIMYUHBI CHJI
MEKaTOMHOM CBSI3M B KPUCTALIMYECKON PENIETKE METAJJIA U IPENATCTBUNA —
0apbepoB, KOTOPbIE MPUXOIUTCS MPEOJOJIEBATH ABMKYIIUMCS AUCIOKAIUSIM.
[Ipu mpourx paBHBIX YCIOBHUSAX MIPOYHOCTh MAaT€pPUAIOB OYAET pa3IMYHOMN 3a
CYET Pa3HOM SHEPIMHU MEKATOMHOTO B3aMOJECHCTBHS, T.€. TOW SHEPTUH, KO-
TOpask ONPENENAETCA CTPOCHUEM aTOMOB.

JUIsi peanbHbIX METAJJIOB BO3MOJKHBI JBAa NPUHUUIIMAIBHBIX ITyTH
YRPOUYHEHUA, T.€. IOBBIIECHNS UMEIOIIECHCS IPOYHOCTH:

1 — nonyyeHue 0e3UCTOKAIIMOHHBIX KPUCTAJIIOB,;

2 — TOPMOXEHHUE JIBHKYIIHUXCS AUCITOKALIUH.

[lepBblii yTh A0 CUX ITOP OKAa3aJCsA HEOCYLIECTBUMBIM, IO KpaliHEN Me-
pe C IPAKTUYECKON TOYKH 3PEHUS: BCE MOJyYEHHBIE KPUCTAIUIBI UMEIU JIUC-
JIOKALIMU B KPUCTAJUIMYECKOM CTPOEHHUH.

Bropoil myTh OKa3aics 3HAYMTENIBHO IUIOJOTBOPHEM, U B HACTOSILLIEE
BpeMs aKTHBHO HCIONb3YeTCs 4 crnocoda TOPMOKEHUS JBUKYIIUXCS AUCIIO-
Kalln:

1. lepopmarimonHoe ynpouHEeHHE.

2. YOpouHEeHHUE TPaHUIIAMH 3€PEH.

3. YrpouHeHre aToMaMU pacTBOPEHHBIX MpUMecen (YIpOUHEHHE TBEp-
JIBIM PACTBOPOM).

4. YripouHeHue AUCIEPCHBIMU YACTULIAMH.
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JepopManoHHOe YIIPOYHEHUE

JepopMalilmoHHOE yNPOUYHEHUE MPOSIBIAETCA B TOM, UTO MPEIEN TEKY-
yecTu 1e(hOpMUPOBAHHOTO METAIa YBEIMUMNBAETCS C YBEIMYECHUEM CTETICHU
iactudyeckoit negpopmannu. Ha puc. 4.7, a npuBeneHa KpuBasi pacTsyKEHUs
OTOXOKEHHOTO MeTajlla, UMEIOLIEro npenen Texkydectu o,. Ha puc. 4.7, 6
MPUBEJCHA KPUBasl PACTSIKEHHSI TOTO K€ METajlla, HO MPEIBAPUTEIBLHO Je-
(OpMHUPOBAHHOTO C HANPSHKEHUEM, IPEBBILIAIOIINM MIPEAET TEKYUECTH, KaK
nmokazaHo Ha puc. 4.7, 6. Kak BugHo u3 puc. 4.7, 6, mpenen TEKy4eCTH yBe-
JIMYWICS, @ OTHOCUTENIBHOE yIJIMHEHNE YMEHBIIUIOCH.

Yem OGompliie cTereHb MPEIBAPUTEIBHON MIIACTUYECKOM JedopMaliny,
TeM OO0JIbllIee YIIPOUHEHUE OHA BBI3bIBACT. Y IPOYHEHHUE, BHI3BAHHOE XOJIOI-
HOM MIacTUUecKon AegopManueii, Ha3bIBaIOT HAKAENOM.

o 0 o

o
o o=

=

a o 8

Puc. 4.7. lebopmanrionHoe ynpo4HeHHe MeTaslia

[IpyrunHOM Hakjena SBISETCS TO, YTO YeM OOJIbIINEC CTEIEHb MpeIBapu-
TEJIbHOU TuIacTUYecKou aedopMaivii, TeM OOJblIe MIOTHOCTh JAUCIOKAIUMA
B MeTaiute. [lpu mocnemyromeM Harpy>kxeHuu (B X0J€¢ MCIBITAHUN WM DKC-
IJTyaTallid) OHM OKa3bIBAIOT JOTOJHUTEIBHOE COMPOTUBICHUE IBUKECHUIO
JTUCTIOKAIMI B XOJe TuIacTU4YecKoi nedopmaruu. [ Hayaga 3TOro JBHKE-
HUs TpeOyeTCs JOTOJHUTEIHHOE HANPSKEHUE, YTO TOBOPUT 00 yBEIMYCHUU
npeaesaa TEKYy4eCTH.

Benmnunna ynpounenus: Ac,, o0ycCIIOBJIICHHAs pacCMaTpHBAaeMbIM MeXa-
HHU3MOM TOPMOXEHHUS TUCIOKAIMKA, TPOMOPIHUOHAIBHA TNIOTHOCTHU JIUCJIOKA-

Hi p:
Ao, ~ \/G

B cunpHO nedopMupoBaHHOM MeTaiie, TA€ IMJIOTHOCTh IHCIOKAIIHii
11 1ql2 -2
MOXkeT cocTaBiiATh 107—10" cm , ynpouyHeHue 3a CYET 3TOro0 MEeXaHHU3Ma
TOPMOXKEHHSI TUCIOKAII MOXKET TOCTUTaTh OOJbIION BEJIUYUHBI.
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anqueHue IrpaHUIaMHU 3€PECH

['panuiibl 3epeH, PparMeHTOB U OJIOKOB SBJISIIOTCS HEMPEOJAOTUMBIMU
OapbepaMu IS ABMKYIIUXCS TIPU AePopManvy TUCTOKAnn. JIBHKymuecs
[0 3€pHY IOUCIOKAIMU TOPMO3ATCS y TPaHMIl, NepeaaBas HAIpsKEHHUE CO-
CEHEMY 3€pHY, B KOTOPOM MPH JOCTUNKEHUU TpeJieia TeKy4eCTH HauuHAIOT
JIBWYKEHUE CBOU JUCIIOKAIWU, U T.A. Yem OoJbllle rpaHull 3€peH, TeM OOJIb-
mee HampsDKeHHE HeoO0XO0IMMO T Hadaia MIacTHYeCKol nedopmanun mo-
JUKPUCTANIMYECKOTro MeTaiia. Bennuuna ynpoudenus Ac,, co3laHHas rpa-
HUIIAMHU 3€PCH, HAXOJUTCS B 00OpaTHON 3aBUCUMOCTH OT TuameTpa 3epHa d:

12
Ac, ~d 12

WNHaue roBopsi, MEJIKO3EpHUCTBIN MeTaIT 00J1aj1aeT 00jiee BHICOKUM CO-
MIPOTHRIICHUEM Je(POPMAIINH, YEM KPYITHO3CPHUCTHIMH.
[TogoOHbIM ke 00pa3oM BiusieT pazMep GparMeHTOB U OJIOKOB.

YnpouHeHue aToOMaMH PaCTBOPEHHBIX MPUMeceH
(ynpoyHeHHe TBepAbIM PACTBOPOM)

ATOMBI paCTBOPEHHBIX IIPUMECEN B KPUCTAJUINYECKOW PEIIETKE MeTal-
JIOB 00pa3yloT To4Ye4yHbIe AC(HEKThI, KOTOPbIE OKA3bIBAIOT JOMOJHHUTEIBLHOE
COTIPOTUBIICHUE JIBIXKYIIUMCS IUCIOKalusaM. YeM Oouibllie pacTBOPEHHBIX
MIPUMECHBIX aTOMOB, TeM OOJIbllIee HAIPSHKEHUE HEOOXO0AMMO IS IUIACTHUY e-
CKOI'O TEYEHUS METaJlIA.

BenmnunHa ynpouHeHust AG;, CO3JaHHOTO aTOMaMu pPacTBOPEHHBIX
IIPUMECEH, IPSIMO TPONOPLMOHANIBbHA UX KOHLEHTpauu C:

Ao, ~ C.

YnpouHeHne 3a c4eT TOPMOKEHHST TUCTOKAIUM
AUCTIEPCHBIMM YaCTHIAMHA

B cTpykType HEKOTOPBIX CIJIAaBOB MOTYT HAaXOIUTHCS JIHUCIICPCHBIE
(oueHb MeNKue) YacTHIhl Kako-nmuOo (a3pl. TakuMu yacTUlIaMH MOTYT
obITh KapOuael (Hanpumep: Fe;C, Cr;Cs, TIiC, FesW;C), unatepmeraminye-
ckue coenunerus (Co;Ws, CuAl,), okcuast (Si0,, Al,O3) u apyrue coenume-
HHMsS WM KOMIOHEHTHI criaBa. CTpPyKTypa TakWX CIUIABOB IMPU OOJIBIIOM
YBEJIMYEHUH MOKa3aHa Ha puc. 4.8.

JlucniepcHbIC YaCTHUIIBI SBISIIOTCS CUIBHBIMHU TPEISITCTBUSAMH, Oapbepa-
MU JJIS JBYKYIIUXCSA AUCIoKaruii. EcTe 1Ba MexaHu3Ma Mpeoi0JICHUs I C-
JIOKAIUSIMHM YaCTHIl: TIepepe3aHue HX, T.C. MPOXOKICHUEC UYepe3 YaCTHIIBI,
Y IPOXOKJICHHE MeXAy HUMHU. [lepBbIii MEeXaHW3M MPEJIoIaraeT Ype3Bbi-
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YaliHO MEJIKUE 4YaCTHUIlbl, 2 BTOPOH —

U UX KOJIMYECTBA, TO BO BTOPOM ClIydae
JIOTIOJTHUTENIbHOE CONPOTUBJICHUE JIe-
rpaHULbI ZepeH dbopmaruu (ynpounenue Ac;), CBsI3aH-
HO€ C HAJIMYUEM JUCIEPCHBIX YACTHII,
o0paTHO MPONOPLUUOHAIBHO PaCCTOs-
HUIO R MeX 1y yacTULIaMH:

Ao, ~ 1/R.

Besikuit poct yactunl (Hanmpumep, MpU MOBBIIIIEHUU TEMIIepaTypbl) Oy-
JIET COMPOBOXKIATHCA PA3yNMPOYHECHUEM MaTepHaia, TaK Kak 4YeM KpyIHee
YaCTHUIIbl, TE€M, €CTECTBEHHO, MEHbIIIE UX KOJUYECTBO, U MOATOMY OOJIbIIE
paccTossHue MeXay HuMH. HamOolsiee CHIIBHO YIPOUYHSIOT CIDIABBI MEIKO-
JucIepcHbIe YacTHIbl pasmepom 100-300 A,

TopMoxkeHue IUCIOKAUA AUCTIEPCHBIMH YacCTUIAMU — O4YeHb d(Pek-
TUBHBIA MEXaHWU3M yHpouyHeHHus. [103TOMy ero mupoKO HCHOJB3YIOT TPH
MOJTYYeHUH BBICOKOTIPOYHBIX MAaTEPHAIIOB.

Takum 00pa3oM, U3 paHee pacCMOTPEHHOTO CJIEIyeT, YTO CBOMCTBA Ma-
Tepuanga HaXOISATCA B MPSMOW 3aBUCUMOCTH OT €ro CTPYKTYpPHI, T.. BHYT-
peHHero ctpoeHus. JIFoOble M3MEHEHHUS CTPYKTYphl HEM30EKHO BIICKYT 3a
coboit 1 u3meHeHus cBoucTB. [loaToMy Bompockl hOpMUPOBAHUS CTPYKTYPHI
Ha Pa3HbIX CTAIUAX TEXMPOIIeCcca UMEIOT MEPBOCTEIICHHOE 3HAUYCHHE.

\

QMCcnepCcHBbIE YaCTHUIEI HECKOJILKO OOJIBIIIEro pa3me-

HacTuuel pa U pacCTOAHUE MEXKIAY HUMHU TOXKE
% OoJIbIIICE.

Eciu B iepBOM citydae CONnpoOTHUB-

JeHue MmaTepuana aedpopMaluu 3aBU-

CUT OT MPOYHOCTHBIX CBOMCTB YaCTHII

Puc. 4.8. CtpykTypa criaBa
C IUCHEPCHBIMU YaCTUI[AMU
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5. DOPMUPOBAHUE CTPYKTYPbI U CBOUCTB
AE®@OPMHUPOBAHHOI'O METAJIJIA

5.1. IlnacTuveckas nepopmanus
NOJUKPUCTAIIHYECKUX METAJLII0B

[Inactuueckas nedopmalisi MOHOKPHUCTAIUIOB PEaTn3yeTcsl MpeuMyIile-
CTBEHHO JIBIXKEHHEM JUCIOKAUi (CM. Ti1. 4), HO OOJBIIMHCTBO KOHCTPYK-
LMOHHBIX METAJUIOB UMEET MOJMKPHUCTAINYECKOE cTpoeHue. [nactnueckas
nedopmarusi MOJIMKPUCTAIUIOB HAYMHAETCS B OTACIBHBIX, OJAronpusTHO
OpPUEHTHPOBAaHHBIX 3€pHaX. braronpustHas OpHEHTAIUsl 3aKII0YaeTCs
B TAKOM PACIIOJI0KEHUN aTOMHBIX TJIOCKOCTEN 3€pHAa OTHOCHUTENIBHO HaIpaB-
JeHus1 1e(pOpPMHUPOBAHHUS, YTO CKOJIbKEHHE JUCIOKAIMi HAYMHAETCS B HEM
C MUHMMAaJbHBIM YCUJIMEM [JIl JAHHOrO TUNa pemeTkd. OTHOBPEMEHHO
MPOUCXOAUT MOBOPOT IJIOCKOCTEN ckoybkeHus. Korga mnmactuyeckas fe-
dopmarusi cranoButcs 6ombiie 1 %, pazauuus MexAy OTACIbHBIMU 3€pHa-
MU YMEHBUIAIOTCSA, U BO3HUKAET OPUEHTHUPOBAHHOCTH 3€PEH OTHOCUTEIHHO

HanpayieHus aedopmupoBanus (puc. 5.1, € = 25 %, € = 60 %).

E=0% E=10% E=20% E=60%

Puc. 5.1. MukpocTpyKTypa NOJUKPUCTAIIMYECKOTO METasuIa
C pa3JInYHOMN CTeNeHbIo JedopMalun

B MukpocTpykType OpHUEHTHUPOBAHHOCTH MPOSBIISIETCS B MOSBJICHUU
BBITSIHYThIX, HEPABHOOCHBIX 3€PE€H, HO TJIABHOE — MOSIBIISIETCS KPUCTAJIO-
rpaduueckas OpUEHTUPOBAHHOCTH 3€PEH, OHA HA3BIBACTCS MEKCmypou Oe-
Gdopmayuu. JIisi TEKCTyphl XapaKTepHa 3aBUCUMOCTh CBOWMCTB OT HaIlpaBlie-
HUS TIPWIOKEHHOTO HAIpPSHKEHUs, T.€. anuzomponusd. 11o 3Toil mpuuruHe u3-
JEJIvsl, OJIyYEHHBIE TPOKATKOW, IITAMIIOBKOW, KOBKOM, BOJIOYEHUEM U APY-
TUMHU CIIOCO0aMHM TUIACTUYECKON JedopMaliiu, UMEIOT pa3IMyHbIe CBOMCTBA
B MPOJIOJIbHOM U MOMEPEYHOM HaIlPaBJICHUH.
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5.2. Bausinue miactudeckoi negpopmanumn
HAa CBOMCTBA METAJLJIOB

Ecnu no mnactudeckoit gedopManuu MeTaul HaXOAWICS B paBHOBEC-
HOM COCTOSIHMM (C MUHHMAaJIbHBIM 3allacOM CBOOOJHOM 3HEPIHM), TO MOCIHE
MIACTUYECKOM AedopMaliii 4acTh SHEPTUH, 3aTpauyeHHON Ha 1epopMupoBa-
Hue (5-10 %), ocraercs B meTtayie B BUAE N€(PEKTOB KPUCTATIUYECKOTO
CTPOCHHS U YNPYTUX UCKaXKEHUH permeTku. OCOOEHHO CUIIFHO YBEIMUHUBACT-
Csl TUIOTHOCTh JMCIIOKALMI: OHA BO3PAacTaeT B 3aBUCHMOCTH OT CTEIIECHU Je-
dopmarmu ¢ 10° 1o 10" cm % YBenuueHue MIOTHOCTH AHCTOKALMH IPHBO-
JWUT K TIOBBIIICHUIO MPOYHOCTHBIX XaPaKTEPUCTUK (Gy, Oy, Opy) U TBEPIOCTH
1 TIOHMKEeHUIO TiacTuaeckux (9, , KCU). YrnpodHeHrne MeTalIoB IIacTH-
4YecKoH Aedopmaliieil Ha3bIBaeTC HAKIeNOM.

C yBenuueHueM cTeneHu aedopmanuu mnpeaen TeKy4ecTH BO3pacTaeT
ObIcTpee Mpezena NPOYHOCTH, U MpU OONBIINX CTENEHSIX Ie(popMalnud OHU
OKa3bIBAIOTCS PaBHBIMM, & OTHOCUTEIIBHOE YJ/UIMHEHHWE CTAHOBUTCS OJM3KO
K Hy/to (puc. 5.2). HakienoM MOXKHO yBETUYUTh TBEPAOCTh U MPEE MPOU-
HocTH B 1,5-2 pasza, a mpenen TekydecTu — B 3—7 pa3, IpUyYeM MeETalbl
¢ 'lIK-pemerkoit ynpounstorcs cuwibHee MetamuioB ¢ OLK-pemerkon. Ha-
IIPUMEP, XOPOILIO HAKJIENBIBACTCSI ME/lb, HUKEIb, AyCTEHUTHAs! CTallb, a allto-
MUHHIA U KE€JI€30 YNPOUHSIOTCA MeHble. Yem Ooubllie cTeneHs aedopma-
LIUHU, TeM OOJIbIIE YAEIbHOE 3JIEKTPOCONPOTUBICHUE U KOAPLUUTUBHAS CUJIA,
HO MEHBIIIE MAarHUTHAS TPOHUIIAEMOCTh U OCTATOYHASI MHTYKITHSI.

CBOACTEE IIprumepoM HUCIIOJIB30BAHUS HAKJIE-
na Mpy U3rOTOBJICHUM W3JCIIUNA U3 Me-
TaJJIOB fABJIsIETCS JpoOecTpyiiHas oOpa-
00TKa TOBEPXHOCTU ABTOMOOMIIbHBIX
peccop. Tompko Omaromapsi Hakiemy
IIPOBOJIOKH, MPOTSHYTOM 4Yepe3 BOJOKY,
YIAETCsl OCYIIECTBIISATh MPOLECC BOJIO-
YeHHs, TaK KaK B TMPOTUBHOM CITydyae
YMEHBILIUBILIEECS CEUEHUE MPOBOJOKU
MOCJIE€ BOJIOKM HE BBIACPKUBAIO ObI
NPUJIOKEHHOTO HAIPSIKEHUS.

Ogn

Hedhopmauma

Puc. 5.2. Bnusaue nedopmanuu
Ha CBOMCTBA MeTajia

37

KOMMOJNEKT. 3NEKTPOHHBIX
YUYEBHO-METOQUUYECKUX MATEPUAJIOB - I L 2 I OTMABREHME == I JARPBITD KI


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— N —

5.3. Bansinne Harpesa Ha CTPYKTYPY M CBOiiCTBa
Ae(pOpMHPOBAHHOI0 MeTaJLIa

HepaBHoBecHOE cocTosiHUE Y OONBIIMHCTBA Ae()OPMUPOBAHHBIX METAJLJIOB
Py KOMHATHOM TeMIepaType MOXKET COXPaHSIThCS 10cTaTouHo noiro. Ilpu Ha-
rpeBe MPOUCXOIUT YMEHBIIEHHE CBOOOIHOW SHEPTUU METa/la U €ro Mepexo
B YCTOWYMBOE COCTOSIHHE. DTOT MEPEXO]] OCYIIECTBISETCS 3a CUET MPOLECCOB,
MIPOUCXOSIIUX B METAJIE, — BO3BpaTa U PEKPUCTAILTU3ALIHH.

5.3.1. Bo3Bpar

Bo3zepam niporcxoauT npu HU3KUX Temmneparypax (no 0,3:7y,) u He co-
MIPOBOKJIAETCA UBMEHEHUSIMA B MUKPOCTPYKTYpE, T.€. (hopmMa U pa3Mepsl 3e-
peH He MeHsATCs. B cBOrO ouepenb, BO3BpAT pa3leistoT Ha OTIBIX U HOJIU-
TOHM3ALHUIO.

Omovix — HavalbHasl CTagus BO3BpaTa. JTO IPOLECC YMEHBIICHUS
KOHLEHTPALIUU TOYEUHBIX Je(EKTOB 3a CUET MX CTOKa B IPaHULbI 3€peH
Y B3aMMOYHUUYTOXKEHUS (AaHHUTUJISLIMM) Pa3HOUMEHHBIX Ae(EeKTOB (BakaH-
CHUIl U MEXy3€JIbHBIX aTOMOB), a TaKXKe MepepaclpeesieHus AUCIOKAUN
CKOJIb)KEHUEM.

OTapiX CHMMAaeT BHYTPEHHHE HampspkeHus, ymMeHbiiaeT Ha 10-15 %
TBEPJOCTh U MPOYHOCTh U HA TY K€ BEJINYMHY MOBBIIIAET IIACTUYHOCTb.

Ilonuzonuzayus — 310 CcTanus BO3BpaTa, NMpPU KOTOPOW MPOUCXOAUT
CKOJIb)KEHUE U TEPEroI3aHue TUCIOKAMN (Tepenoyi3aHueM Ha3bIBaloT Iie-
peMelIeHrue JUCIOKAalUi B TUIOCKOCTH, MNEPIEHAUKYJISIPHON IJIOCKOCTH
CKOJIb)KEHUS1), YMEHbLICHUE UX KOJMYECTBAa U 00pa3oBaHUe B Ipeeiax Kax-
JIOTO 3€pHa MaJIOYTJIOBBIX TPAHUI], AEJAIIMX 3€pHO Ha (PparMeHThl — MOJIU-
TOHBI WJIA CYO3€pHa.

CxeMa monuroHusanuu npuBeaeHa Ha puc. 5.3. JledopmupoBaHHBIMA
kpuctami (puc. 5.3, a) xapakTepu3yeTcs OOJBIIUM KOJIUYECTBOM JIHUCIIOKA-

1M pa3HOMMEHHBIX 3HAKOB — MOJIOKHUTENbHBIX (L) 1 oTprnatenpusix ( 1).

[Ipu HarpeBe (o AeHCTBHEM BHYTPEHHHMX HAINPSKEHUN) MPOUCXOIUT
nepeMeleHue JUCIOKalui CKOJIbKEHUEM B HAlpaBJICHUU COJMMKEHMS JHC-
JIOKAlMi Pa3HOMMEHHBIX 3HAKOB M UX B3aUMHOT'O YHUUTOXEHUS.

B pesynbrare B KpucTauie OCTAlOTCA AUCIOKALMU MPEUMYLIECTBEHHO
oxHOTro 3HaKa (puc. 5.3, 6). JlanbHEHIIMI HArpeB MO3BOJISCT JAUCIOKAIUIM
IepeEMENIaTbCs HE TOJIBKO CKOJIBKEHHEM, HO W Iepernon3aHueM. [Ipuyem
AHEPTreTUYECKHU BBITOJECH TaKOM MpoliecC Mepenoi3anus IUCIOKalui, Koraa
B pe3yJsibTaTe 00JacTh CXKATUSl PEIIETKH OJHOW TUCIOKAIMU pacrlojaraercs
B 00JIACTH PaCTSKEHUS PEHIETKU JPYTOi TUCIOKAIMKU. DTO BO3MOXKHO PU pac-
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MOJIOXKEHUHU TUCIIOKALMI OHOr0 3HaKa Jpyr moi apyroM (puc. 5.3, 6). Takoe
PacloJIOKEHNE OJNHOMMEHHBIX JUCIIOKAlMN B BHJE JIWCIOKAIMOHHBIX CTE-
HOK IIPUBOJUT K pa3zoueHuo Ae(hOPMUPOBAHHOTO KpPHUCTaIa Ha HECKOJBKO
cy03epeH (MOTUTOHOB).

D o
s

a o 8

Puc. 5.3. Cxema nporecca NoauroHu3anuu
B 1) OPMHUPOBAHHOM KpHUCTAILIIE

Ha puc. 5.4 B kauecTBe peajabHOro MpUMepa MOJTUTOHUBAIUMN TTPUBEIE-
Ha MHUKPOCTPYKTypa ayCTeHUTa HeJe(OpMUPOBAHHON OBICTPOpPEXKYILEH cTa-
mu (puc. 5.4, a) u nocne HeOOIBIION AeGOpMAIHH C TTOCISAYIOMEH OIUTO-
Hu3zaiuei (puc. 5.4, 6).

[IpuHUIMIIHATBHOE OTIAMYNE MUKPOCTPYKTYPBI Ha puUC. 5.4, 6 OT MUKpO-
CTPYKTYpHI Ha puc. 5.4, a 3aKiI04aeTcs B NOSIBICHUHU BHYTPU HUCXOAHBIX 3€-
PEH CETKH TOHKUX Pa3BETBICHHBIX TPAHMIL.

Puc. 5.4. MukpocTpykTypa HeaepOpMUPOBAHHOI ()
U MasioaepopMUPOBAHHOM (6) ObICTpopeKymei cTamu. YB. x1200

Ilocne mnonuroHuWsanuu 3amac >HEPrUM  METAUIMYECKOW CUCTEMBL
YMEHBIIAETCS 110 CPABHEHMIO C COCTOSTHUEM JI0 MOJIMTOHU3ALUH, U TTO3TOMY
JNBIWKYLIEH CUJION IpOoLEecca MOJUTOHU3ALUHN ABISAETCS PAa3HOCTh MEXAY 3a-
NIaCEHHOW »Heprueil 1e)opMUPOBAHHOTO U MOJIUTOHU30BAHHOTO COCTOSIHUS.
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OOGBIYHO TTOJMTOHM3AIMIO HAOIIOJAIOT MPU HEOOJBIIONW CTereHu aedopMma-
AU (10 KPUTHYECKOM ), a TIpH OOJIBIIION OHA MPEIIECTBYET PEKPUCTAIA3A-
U ¥, TIPOTEKasi ¢ OOJBIION CKOPOCTHIO, SBJIIICTCS OCHOBHBIM ITPOIIECCOM,
MIPUBOAAIINM K 3apOKICHUIO IIEHTPOB PEKPHUCTALTU3AIIHH.

5.3.2. Pexpucrajuiusanus

Pekpucmannuzayua — npoluecc 3apoXICHUS U pOCTa HOBBIX, HEZe-
(opMHPOBAHHBIX 3€pEH cpeau AePOpPMUPOBAHHBIX. ECiii roBOpUTh 0 pexpu-
CTAJUIM3aluU B 00Jiee IIMPOKOM CMBICIIE, TO 3TO 3apOKJIECHUE U POCT HOBBIX
3€pEH C MEHBIIUM 3allaCOM BHYTPEHHEU DHEPIUH, T.€. C MEHBIINM KOJIWYe-
CTBOM JI€()€KTOB KPUCTAIIINYECKOTO CTPOCHUSI.

Pexpucrannuzanus HacTynaeT npu JOCTHKEHUH ONPEIEICHHON TEMIIE-
paTypsl, KOTOpas 3aBUCUT OT TEMIIEPATyphl IIJIaBICHHU MeTajula:

Toexp = - Ty, K.

3HadeHne Kod(ppuIMeHTa o 3aBUCUT OT YUCTOTHI MeTaiia. [ TexHu-
YECKU YUCTHIX MeTaioB o = 0,4; yeMm 4uIne MeTaul, TeM MeHbIe Kodpdu-
nueHt. g TBepasix pactBopos o = 0,5-0,6.

PaznmuuaroT nepBuUHYyIO, COOMpATENbHYI0 U BTOPUYHYIO PEKPUCTAILIH-
3a1ui0. DTHU MPOIECCHl MPOTEKAIOT HEMPEPBIBHO JIPYT 3a IPYroM U OTJINYa-
IOTCSI YK€ BUIUMBIMU U3MEHCHUSIMUA B MEKPOCTPYKTYype (pHuc. 5.5).

llepsuunas pexpucmaniusayus 3aKI0OYACTCS B 3apOKICHUN HOBBIX 3€-
peH cpeau aedhopMUPOBaHHBIX (pUC. 5.5, 6) U 3aKaHYMBAETCS UCUE3HOBEHU-
eM nedopMupoOBaHHBIX 3epeH (puc. 5.5, ). MUKpOCTpYyKTypa MeTasuia mocie
MEPBUYHON PEKPHUCTATU3AIMKI COCTOUT M3 PaBHOOCHBIX 3€PEH Pa3IMIHOTO,
JI0OCTaTOYHO MEJIKOTO pa3Mepa, TeKCTypa OTCYTCTBYET.

[Tpu nanpHEHTIIEM TTOBBIICHUH TEMIIEPATYPhl HATPEBA W YBEIUICHUN
BPEMEHH BBIIEPKKH HACTYMAET COOUpamenvHas peKpucmaiiuzayus, KoTo-
pasi 3aKJII0YaeTcs B POCTE 3€PEH 3a CUET COCEAHHMX PEKPHCTALTU30BAHHBIX
3epeH. B pesynbrare coOupaTenbHOM PEeKPUCTATUIM3AIUMN TIPOUCXOIUT yBE-
JUYEHUE CpPEJHETr0 pa3Mepa 3epeH W YMEHBIIAEeTCS Pa3HO3EPHUCTOCTH
CTPYKTYpHI (pHc. 5.5, 2).

Bmopuunas pexpucmaniuzayus 3aKIIOYaeTCs B CHUIBHOM pPOCTE OT-
JENBHBIX 3€peH 3a c4eT coceaHux (puc. 5.5, 0). CneacTBueM BTOPUYHOMN
PEKpUCTAJUTM3AIIMHA  SBIIACTCS  OOJIBIIAss Pa3HO3EPHHUCTOCTh CTPYKTYPBHI,
Y OTOT TIPOIIECC SBJISICTCS HEXKENATEIbHBIM, TaK KaK CHUKACTCS TJIACTUY-
HOCTb M yIapHas BSI3KOCTb.
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2 0
Puc. 5.5. VI3menenue cTpyKkTypbl A€(pOPMUPOBAHHOTIO METAILIA
IIPU HarpeBe

JIBIKymen CWIOW pEeKpPUCTAUIM3alMOHHBIX MPOLIECCOB  SIBIISIETCS
CTPEMJICHHE CHCTEMBI K YMEHBUICHUIO 3€PHOIPAHUYHON DHEPIUU 32 CYET
YMEHBIIICHUSI 00IIe MPOTSHKEHHOCTU TPaHUIl IIPU pocTe 3epeH. Pexpucrai-
JIM3alMs TOJHOCTBIO CHUMAET HAKJIEN METaJlIa, CO3JIAHHBIA IJIACTUYECKON
nedopmanuen, U CTpyKTypa CTAaHOBUTCS PaBHOBECHOM, C MUHUMAJIbHBIM KO-
JIMYECTBOM J1€(PEKTOB KPUCTAJUIMYECKOTO CTPOCHUS.

Ha puc. 5.6 mokazaHo M3MEHEHUE CTPYKTYpPBl U HEKOTOPBIX MEXaHUYE-
CKUX CBOMCTB 1€(pOPMUPOBAHHOTO METaJljla B 3aBUCUMOCTH OT TEMIIEPaTyphl
HarpeBa. Kak BUHO u3 puc. 5.6, HarpeB BhIIIE TEMIIEPATYPbl PEKPUCTAILIH-
3alUy HanboJsiee 3HaYUTENIbHO U3MEHSIET CTPYKTYPY M CBOMCTBA XOJIOIHOIE-
(hopMHUPOBAHHOTO METAJLIA.

CBORCTEA
I
Bozepam | Pexplcmannuzauug

O

Or

B

4
£y
! + 4
Puc. 5.6. U3meHeHne CTPYKTYpbI U CBOMCTB Je(OPMUPOBAHHOTO METaIa
B 3aBUCHMOCTH OT TEMIIEpATyphl Harpesa (t, — Temneparypa peKpHCTaIIM3a}HN )

Temnepatypa
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Ha mpakTrke HOBOJBHO YacTO BO3HUKAET HEOOXOIUMOCTH CHSTHS Ha-
kiena. C 3TOH HEeNbl0 MPOBOJAT PEeKPUCALIUZAYUOHHBIU OMIHCUS — TEPMHU-
4eCKyr0 00paboTKy, 3aKITIOYArONIyIOCsS B HArpeBe XOJOJHOACPOPMUPOBAH-
HOTO METaJUIa BhIIIEC TEMIIEPATYPhI PEKPUCTALTU3ALINH.

Kak ynomuHanmoch BhIIIE, BEIWYMHA IJIACTHUECKON nedopmarmm oka-
3BIBAET CYIIECTBEHHOE BJIMSHHE Ha CTPYKTYpy IOCIIe HarpeBa U peKpucTa-
TU3aIUH.

CymectByet HeOombmas nedopmanus (2—-10 %), Tak Ha3pIBaeMas Kpu-
muyeckas, HIKE KOTOPOW TPU HArpeBE B CTPYKTYPE MPOUCXOJSAT TOJBKO
MPEALIECTBYIONINE PEKPUCTAIUIM3AIMU TIPOLIECChl (BO3BpAT M MOJUTOHHU3A-
IUs1), a BBIIIE — MpoIecchl pekpucraumzanuu. [Ipu crenenn nedopmamnmm,
PAaBHOM KPUTHUYECKOM, pa3Mep 3€pHa MOCJIE PEKPUCTAJUIM3ALMNU PE3KO BO3-
pacTaeT U MOXKET BO MHOT'O pa3 MPEBbIIIATh pa3Mep 3epHa 10 aedopmaiuu
(puc. 5.7).

Fazmep
3EpHE

b

[ [ |

S xpor. Hediopmauma

Puc. 5.7. Binsiaue crenenu
nedopMaliiy Ha pa3mep
PEKPHUCTAIITN30BAHHOTO 3€PHA

MexaHn3M cKagyKo0Opa3HOTO pocTa 3epHa B 00JIACTH KPUTUIECKOM CTere-
HU JledopMaluu u3ydeH HegoctarouHo. [Ipennomnaraercst 1Ba BO3MOXKHBIX Ba-
pHaHTa: 00beANHEHNE HECKOJBKUX MCXOIHBIX 3€peH B OJHO WM MPEANOYTH-
TEeJIbHBIN POCT OTHENIBHBIX MCXOAHBIX 3epeH. Ilpu Oonbimx crenensax aedop-
MaIMy JIEHCTBYET KIACCUYECKUI MEXaHU3M PEKPHUCTAIUIM3AINH — 3aPOXKIACHHE
LEHTPOB PEKPUCTAIUIM3AINKN U3 CYO3€peH U MX JaNbHEHIIMA POCT 3a CYET
nehopMUPOBAHHOM MATPHUIIBI.

B kauectBe mpumepa BiusHUA AedopMallid Ha CTPYKTYpYy IOCiIE Ha-
rpeBa MpUBeeHa MUKPOCTPYKTYpa OBICTPOPEXKYILEH cTayiu nocie aedopma-
MU C TIOCJIEYIONIEH peKpucTaun3aiuen (puc. 5.8).
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Puc. 5.8. MukpocTpykTypa ObICTpOpexyIlel cTaiu, 1epopMUpOBaHHON
C Pa3IMYHBIMU CTETICHSIMU JedOopMaIiu, TTOCIIe PEKPUCTATITU3AIINHI
(a—e=0%;6-€=25%;6—¢=10%; 2—e=60%). YB. x1200

5.4. XoJsioqHas u ropsiyas aeopmManus MeTaII0B

B 3aBHCHMOCTH OT COOTHOIICHUS TeMIEPaTyphl AehOpMaIliy | TeMIIe-
paTypbl PEeKpUCTALIM3AIMKM MeTalljla Pa3inyaloT Je(opMalnuio XOJIOJHYIO
WJIU TOPSIYIO.

Xonoounasn oegpopmayus — nedopmanus Mpu TEMIIEPAType HUKE TEM-
nepaTypbl peKpUCTAITU3AIIAH.

Topauasa oegpopmayun — nedopmariys npu TeMIIEpaType BBIIIE TEMIIe-
paTypbl peKpUCTAIITU3ALINH.

XapaKTepHbIM MPU3HAKOM XOJOJHOU JedopMaIiuu sSBISETCS YIpPOUYHe-
Hue (Hakien) Metayuia. Hanmpumep, miis xesesa, TeMieparypa peKpucTaiu-
3aruu koToporo okosio 600 °C, nedpopmarus npu 400 °C OyaeT X0J0THOMH,
a 17151 oJoBa fedopmanus Mpu KOMHATHON TeMIepaType — ropsyei.
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HenocpenctsenHo npu ropsiueit nedopmanuv ynpoyHeHUE BO3HUKAET,
HO TIOCJIE €€ MPEKpalleHUs] HACTyNaeT PEeKPUCTAUIN3AlMs, CHUMAOIIAs Ha-
kien. CKOpocTh MPOTEKaHUsI PEKPUCTAIUIM3ALMOHHBIX MPOILIECCOB 3aBHCUT
OT TeMIIepaTypbl HarpeBa, U MPHU BBHICOKUX TEMIIEpaTypax, 3HAYUTEIIbHO Tpe-
BBIIAIONIMX TEMIEpaTypy pEKpUCTAUIM3allMU, OHHU 3aBepIIaloTCs 3a
HECKOJIBKO CEKYHJ. JTO IIMPOKO HCIOJIb3YeTCsl MpU ropsyeil oOpaboTke
JABJICHUEM — KOBKE, IITAMITOBKE, POKATKE, SKCTPY3HH.
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6. KPUCTAJIVIM3ALIUA
N ®OPMHUPOBAHUE CTPYKTYPbI

OnpeneneHHasi CTpyKTypa MeTaia 3aKiaJbIBaeTCsi, B MEPBYIO OYepe/lb,
IIPU €ro 3aTBEPJACBAHUH M3 KUJIKOTO COCTOSHUS. JTO MPOUCXOJUT HA MeETaj-
JYyPru4ecKux MpeAnpUsITUSIX MPHU NOTYYSHUN CIUTKOB METajljla WM Ha Malllu-
HOCTPOUTEIIbHBIX 3aBOJAX MPU U3rOTOBJICHUN METAUNTMYECKUX OTJIMBOK.

CrnenoBarenbHO, HEOOXOAUMO 3HATh 3aKOHOMEPHOCTH KpUCHANAU3A-
yuu (mpouecca nepexojia Merajuia U3 KUIKOrOo COCTOSIHUSA B TBEPIIOE, KPHU-
CTAJUTMYECKOE), & TAaKK€ BO3MOXHOCTH YHPABICHHUS] ATUM IMPOLECCOM s
(dbopMupoBaHUs OJArONPUITHON CTPYKTYPbI 1 HEOOXOAMMBIX CBOWCTB.

[Ipouiecchl MIaBiaeHUS U KPUCTALIU3ALMKI MPOUCXOJAT B COOTBETCTBUU
C MPAaBHJIOM TEPMOJMHAMHUKH, COIVIACHO KOTOPOMY BCE CAMOIIPOU3BOJIBHBIE
MPOLIECCHI B JIIOO0H TEPMOAMHAMUYECKON CUCTEME MPOUCXOJAT B HAIIpaBJie-
HUU YMEHBLICHUS €€ CBOOOIHOM SHEPTUH.

Ce0000Has 5Hepeusi — 3TO 4YaCTh IMOJHOW SHEPTUHM CHUCTEMbI, KOTOpas
MOXET U3MEHATHCS 110 BEJIMYMHE TP U3MEHEHUH TEMIIEPATYPBI.

DTy 3aBUCUMOCTb MOKHO BBIPA3UTh TaK:

F=U-T-§,

rne F — cBobonHas sHeprus;

T — remneparypa;

U — nosiHast sHEprus;

S — sHTpOIHS.

W3 3T0r0 BBIpa)KEHHUS CIEAYET, YTO BEIMUMHA CBOOOIHON SHEPTUU METal-
JIMYECKON CUCTEMBI I0JKHA YMEHBIIATHCS TIPH YBETMYCHUU TEMITEPATyPHI.

XapakTep 3TUX U3MEHEHMH JJIs )KUJKOTO U TBEpJOro MeTaia Moka3aH
Ha puc. 6.1. B Touke 1 Ha puc. 6.1 3HaueHUs CBOOOIHOMN PHEPTUM IS KU -
KOr0 M TBEPJIOTO MeTajljla paBHbl. DTO MMEET MecTO Ipu Temneparype 7
¥ 03HA4YaeT, YTO 3/1eCh PAaBHOBEPOSITHO CYIIECTBOBAHWE METallla KaK B XKHUJI-
KOM, TaK U B TBEPJOM COCTOSIHMH. Temmeparypa Ts Ha3bIBaeTCsS meopemu-
yeckoil memnepamypoi Kpucmaanuzayuu (TJIaBICHAS).

[Tpu Temneparypax, MeHbIINX, 4eM Ts (obsacts I Ha puc. 6.1), cBoboIHAS
SHEPrUs TBEPAOro MeTajlla MEHbIIE, YeM KHJIKOT0, IOITOMY 37IeCh OyIeT UITH
MPOIIECC KPUCTAIUIM3AIUNH, U METAJUT Oy/IET HAaXOAUTHCS B TBEPAOM COCTOSHHU.
[Tpu Temnepatypax Boite 75 (o6macts |l Ha puc. 6.1) meTamt oGnagaeT MeHb-
[IMM yPOBHEM CBOOOJHOW SHEPTUU B JKUAKOM COCTOSIHUH, CJIE€OBATEIBHO,
B 3TOM 06siacTu OyIeT MPOUCXOAUTH MPOLIECC TUIABICHHUSI.
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Crnemyer UMeTh B BUJLY, YTO NPY OXJIAXKICHUU KUAKOTO METAIa KpUCTAJI-
T3annsl HAYMHACTCS TIPU TEOPETUIECKOW Temriepatype 7 TOJIBKO MpH OecKo-
HEYHO MEIJICHHOM OXJIaXIECHUH. B yCIOBUSX e peasbHbIX CKOPOCTEeH OXJIax-
JICHUS1, KOTOPBIE UMEIOT MECTO B MIPAKTUKE pabOTHI ¢ METAJUIOM, KPUCTATUTA3AITHS
HaYMHAETCS MpHU Oosiee HU3KOM TeMIiepaType, 4eM 7 (MeTajul nepeoxiiaxaaeTcs
Y HaXOJUTCSl KAKOE-TO BPEMsI B JKUIKOM COCTOSIHUM HUKE TEOPETHUUYECKOU TEM-
neparypbl KpUCTAJUTU3AINHN).

OxJtakaeHne Metajia U3 JKUJIKOTO COCTOSIHUSL ¢ PEabHOM CKOPOCTBIO
nokazaHo Ha puc. 6.2. [lepeoxyaxAeHHBIN KUAKANA METaJT HAYMHAET 3a-
TBEPJCBATH IIPH Temrneparype T,. B ¢BA3M ¢ TeM, YTO IpoLecC KpUCTaIIA3a-
UM COMPOBOKJIAETCS BBIICICHUEM TEIJIa, Ha KPUBOM OXJIaXKICHUS HAOIIIO-
JAeTCsl OCTAHOBKA: IUIOIIAJIKA, MapajulelibHasi ocu BpeMeHH. Kpucramimsza-
s MeTajula UAET MPH IOCTOSHHOM Temieparype T,, KOTopas Ha3bIBaceTCs
PeanbHol memnepamypou KpUucmaiiu3ayuu.

T
F N WK
WUIKWA MeTann COCTOANNE
_ Tk — —
TESPAbIA MeTann
Thi—

[

| TESpIOS

| COCTOAHMWE

I

|

T T Epemn

Puc. 6.1. Iamenenue cB0OOIHON
SHEPTUU METalIa B 3aBUCUMOCTH
OT TEMIIEPATYPEI

Puc. 6.2. KpuBas oxnaxaeHus
MeTasa U3 KUIKOTO COCTOSTHUS

PasHoCTh MeXIy TEOPETHUECKON U peabHOM TeMIiepaTypaMu KpUcTa-
JM3alUU Ha3bIBACTCS CHeneHnblo nepeoxaaxcoenus AT:

AT=T,—T,

BennunHa creneHn nepeoxiaxaeHusl BO3PACTAET C YBEINYEHUEM CKO-
POCTH OXJIAKIECHUS KUIKOTO METaula. B peanbHBIX yCIOBUAX €€ 3HAYCHUE
OOBIYHO COCTaBJISIET HECKOJBKO IPAIyCOB.

[Ipu paccMoTpeHnr MEXaHU3Ma KPUCTAIUIN3AMNA MOKHO BBIICIUTH JIBA
AJIEeMEHTapHbBIX Ipoliecca: 00pa30BaHUE B KUAKOCTH METbUAUIINUX TBEPIBIX
YaCTHUII, HA3bIBAEMBIX YeHMPamuy KPUCMALIU3ayuy U 3apoobiulamu, U pocT
KPHCTAJJIOB U3 ATUX 3apOJBIIIEH.
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CxeMaTuuecku 3TOT IpoIllecc MokKazaH Ha puc. 6.3 (uudpamu oTMeU eHbI
MOMEHTBHI BPEMEHM OT Hauajla KpucTajuim3aiuu). B Kaxawlil JaHHBIA MO-
MEHT TOSIBIIIETCSI KaKOE-TO KOJIMYECTBO HOBBIX LIEHTPOB KPHUCTAJUIM3ALINH,
B TO K€ BpeMs NOSBUBIIMECS PaHEE 3apOJBIIIN MOAPACTAIOT C HEKOTOPOU
CKOpPOCTBIO Ha KaKyro-TO BeIM4YMHy. CTaJKHBasCh B MPOLECCE POCTA, KPH-
CTaJUTBI TEPSIOT TMPABUIBLHYIO T€OMETPUIECKYIO (JOPMY, U UX HA3BIBAIOT YXKE
HE KpUCTAJIAMH, a 3epPHAMU.

Puc. 6.3. [Iponecc kpucramnzauuu

CKOpOCTDb 3IIEMEHTApHBIX MPOLIECCOB KPUCTAJUIA3AINH 3aBUCHT OT CTe-
MIEHU MEePEOXJIAKICHUS WU, COOTBETCTBEHHO, OT CKOPOCTH OXJIAXKJICHUS Me-
Tajia. JTa 3aBUCUMOCTh MTOKa3aHa Ha puc. 6.4.

(oic
C.p. VCR.
ht
\ v
1 - CKOPOCTE OxNaAgeHMA,
L] 5.3- M- CTENEHE NEpEOXNAXIEHMA
\
h 3,
LY
- — —_— — \ R\
LY
| ~ D
ey "‘-..\"'
| S | —
I Il
| |
vy Vs

Puc. 6.4. 3aBUCUMOCTBH CKOPOCTH 00pa30BaHUs 3apOAbIIIEH (C. 3.)
¥ CKOPOCTH POCTa KPUCTAJIIOB (C. P.) OT CTEIIEHU MTEPEOXITaK ICHHSI

Kak cnenyer u3 3aBucuMocteil Ha puc. 6.4, Ipu MalbIX CTENEHAX Iepe-
OXJIAXKJICHHS B YCIOBUSIX MEIJIEHHOrO oxJaxaeHus (Vi) B )KUIKOCTH 0Opa-
3yeTcsi HeOOJIBbIIIOe YUCIIO 3apOABIIIEH, U U3 HUX, COOTBETCTBEHHO, BHIPACTa-
eT HeOOJIBIIIoe KOJUYECTBO KPUCTAILIOB (3epeH). B aToMm ciyudae cTpykTypa
MeTaJlIa ojyJyaeTcss KpymHo3epHucras (puc. 6.5, a).
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Ecnu xe mporece KpucTaUTH3aIMd UACT B YCIOBUSAX OBICTPOTO OXJIakK-
nenus (V, Ha puc. 6.4), TO CKOPOCTh 00pa30BaHUS LICHTPOB KPUCTAILIA3 AU
0oJbIlas, B MEpBBIE MOMEHTHI BPEMEHH 00pa3yeTcsi OOJBIIIOe YHCIIO 3apo-
JBIIICH, U3 KOTOPBIX BBIPACTAET MHOTO KPHCTAJIOB. TOrma MeTasl moiayda-
€TCSl MEJIKO3EPHUCTHIA. CXeMaTU4EeCKH 3TO MTOKa3aHo Ha puc. 6.5, 6 (mokaza-
Ha CTPYKTypa B Ha4aJie ¥ B KOHIIC 3aTBEPICBAHUA).

Puc. 6.5. ®opmupoBaHue CTPYKTYphl METaJJIa IPU KPUCTATIH3ALINU:
a — MeJIJICHHOE OXJIAKJIEHUE; 6 — OBICTPOE OXJIAXKICHHE

B peasbHBIX yCIIOBHUSX KPUCTALTA3AIMHU MPU HU3TOTOBJICHUU OTIMBOK
BCTPEYAIOTCS CKOPOCTHU OXJIAXKICHHS, PACIHOJIOKEHHBIE B JIEBOM YacTH
puc. 6.4. [IpaBas e 4acTh ATUX 3aBUCUMOCTEH (ITOCTIe MAKCUMYMOB Ha KpH-
BBIX) MOXET OBITh peaiu30BaHa TOJHKO B CHEIUATIBHBIX YCIOBHSX, TaK Kak
JUTSL 3TOTO HEOOXOAMMBI OYEHb OOJBIINE CKOPOCTH OXJIKICHHS KHIKOTO
MeTajuia.

Takum 00pa3oM, MPAKTUICCKN YBEIUMUECHUE CKOPOCTH OXJIAKICHUS TIPH
KPUCTAJUTH3AlMU TPUBOIUT K (POopMUpOBaHUIO O0JIee MEIKO3EPHUCTOTO Me-
Tajia, IMEIOIIEeTo 0oJiee BEICOKHE MEXaHUIECKHE CBOWCTBA.

WNHorna nms u3MenbyeHUs: 3e€pHa MPHU 3aTBEPACBAHUU METallIa B JKHU]-
KOCThb BBOJIAT HEOOJbITHE NOOABKH JIEMEHTOB WJIM COCIWHCHUM, UCKYCCT-
BEHHO YBEJIMYMBAIONIUX YMCIO IEHTPOB KpUCTAIM3aIMu. Takoi mporecc
Ha3bIBACTCS MoOupuyuposanuem, a BBOJUMBIC BELIECTBA — MOOUPUKAMO-
pamu. ITO MOTYT OBITh MEJIKHE YaCTUIIbl TYTOIUIABKUX COeAMHEHUN (KapOu-
IIbl, OKCHUJIBI U T.I1.) WM OTJEIbHBIEC 3JIEMEHThI (MarHuid, HATPUH U Jp.).

Ha cBoiicTBa Mertania BiIHMsET HE TOJIBKO pa3Mmep, HO u (popma obpa-
3YIOIIUXCS MPU KPUCTALIU3ANKMK 3epeH. [Ipyn MeIjIeHHOM OXJIaXACHUU MO-
ryT chOpMHUPOBATHCS Pa3BETBICHHBIC, IPEBOBUJIHBIE KPUCTAIIbI, Ha3bIBaE-
Mble derOpumamu. Popma TaKoro Kpuctajuia okazaHa Ha puc. 6.6.

Hanuume neHapuTOB B JUTOM METalIe CYIIECTBEHHO BJIMSIET HAa €T0
MexaHW4Yeckne cBoicTBa. [Ipu pocTe NEeHIAPUTOB MaKCHMallbHas CKOPOCTh
pocTa HaOIIOAaeTCs IO TIOCKOCTSIM 1 HAMPABJICHUSIM, KOTOPhIE UMEIOT HaH-
OOJIBITYIO TIJIOTHOCTh YITAKOBKH aTOMOB. B pe3yibTaTe BRIpacTaroT JJIMHHBIE
BETBU, KOTOPBIE HA3BIBAIOT OCAMU Nepeoco nopsoka. Ha HUX MOsABISAIOTCA
BETBH BTOPOTO TOPSIAKA U T.1. B mociieiHIo0 ouepes uAST KpUCTaILTA3AIIS
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B YYaCTKaxX MEXJy ocsiMu AeHapuToB. [Ipumecu
OTTECHSIIOTCS TPaHSIMH PACTYIIETO0 KpUCTaJIa.
Kpome Toro, mpu 3aTBepaeBaHUU MPOUCXOJIUT
ycaJika MeTaia.

Bce 310 npuBOIUT K TOMY, 4TO B y4acTKax,
PACIOJIOKEHHBIX MEXIYy OCSIMHU JIEHIPHUTOB,
CKOHIIEHTPUPOBAHbI MIPUMECH U UMEIOTCS MUK-
poriopsl. Takass 0COOCHHOCTb CTPOEHHUS JTUTOTO
MeTasula MPUBOJUT K TMOHMKEHHUIO €r0 MEXaHU-
YECKMX CBOMCTB, OCOOCHHO TUTACTHYHOCTH.
JlanHO€ OOCTOSITENIbCTBO HEOOXOAMMO YUYHUTHI-
BaTh MPH U3TOTOBJIICHUH OTIUBOK.

Crnenyer uMeTh B BUJY, YTO MPU MOJYYCHUH OTIMBOK 3aTBEp]ICBAHUE
MeTauia B popMe MPOUCXOIUT C PA3HBIMU CKOPOCTSIMHU OXJIXKICHHS B pa3-
JTUYHBIX ee yacTsAX. CKOPOCTh OXJIaXKICHUS YMEHBIIAETCS OT CTEHKUA (OPMBI
K IICHTPAJLHOM €€ YacTH, IIPH 3TOM MEHSETCS M HalpaBJICHHE TEIJIO0TBOA
B MECTax pOCTa KpPHUCTALIOB. BennunHa pacTynux KpHUCTAJJIOB 3aBUCUT OT
CKOPOCTH OXJIAKJICHHUS, a HAlpaBJICHUE UX POCTa — OT HAIPABJICHUS TEILIO-
oTBOJIa. B pe3ynbTaTe MogydyeHHBIN CIUTOK UMEET HEOJUHAKOBOE CTPOCHHE
10 CEUYCHMIO, a 3HAYUT, U PA3HBIC CBOWCTBA.

Kpucrannuzanus Ha4MHAETCS Y CTEHOK (POPMBI, B KOTOPYIO 3QJIUT KU~
kuii Metai. CKOPOCTh OXJIAXKJEHUS 3]1eCh OUEHb OOJIbIlIasi, MO3TOMY 00pa-
3YIOTCSI MEJIKHE KpUCTAIUIbl. [IepByro 30HY CIIUTKA, PACHOJIOKEHHYIO Y T10-
BEPXHOCTH, Ha3bIBAIOT KOPKOL, WU 30HOW MENKHUX, IMO-Pa3HOMY OPHEHTH-
POBAHHBIX KpUCTAILIOB (puc. 6.7, 30Ha 1).

I[To wMepe mnponBuwxeHus QpoHTa YCan04YHan
KPUCTAJUTH3AIMA OT CTEHOK (OPMBI K €e PaKoBMHA
IIEHTPY CKOPOCTh OXJaKJICHHS YMEHBIIIA-
ercsi. [loaToMy yMeHBIIAeTCS U CTENEeHb

Puc. 6.6. [lennpur
(IpsAMBIMM JTUHUSIMU
MOKa3aHbl OCU KPUCTAJIIA)

MEePEOXJIKACHUS KPUCTAIUIU3YIOIIETOCs 2
MeTalljla. JTO NPUBOAUT K YBEIUYEHUIO 3
pazMepa 00pa3yroMMXCcsl KPUCTAILIOB.
Bo BTOpOI1 30HE pacTyT KpHUCTaIbI, SDTEHKM
OpMbl

BBITSHYTBIC B HAaIlpaBJICHUH, OOpaTHOM
TeIJI00TBOY (puc. 6.7, 30Ha 2). DTO 30Ha
Ccmoaoyamoix Kpucmaiios. I/I, HaKOHEII, Puc. 6.7. CTpoeHHe CJIUTKA

B IICHTPAILHOM YacTH CIIMTKa O0Opasyercs

30HA KPYNHBIX, NO-PA3HOMY OPUEHMUPOBAHHLIX Kpucmanios (puc. 6.7, 30Ha 3).
VY HUX HET MPEUMYIIECTBEHHOTO HAIpPaBIICHUs] POCTA, TaK KaK OTBOJ TEILia
OCYIIECTBJISECTCSA C MPUMEPHO OJMHAKOBON CKOPOCTHIO BO BCE CTOPOHEI.
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B BepxHeil yacTu ciMTKa 3a CYET YCaJKU BO3ZHUKAET KpyIHas IyCcToTa — yca-
oounas paxkosuna. Y13 pacCMOTPEHHBIX 3aKOHOMEPHOCTEN clIelyeT, YTO Hau-
JTy4IlIe MEXaHUYECKHE CBOMCTBA OyAyT B IIEPBOM 30HE — KOPKE.

Pa3zMep 30H B KOHKPETHOM H3[EJIMU 3aBUCHUT OT COCTaBa MeTaJlla, CKO-
pPOCTH OXJIAXKJIEHUS IPU KPUCTALIM3ALUUMU U TEMIEPATypbl 3aIMBAEMOIO
B (hopmy mMeTala.
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7. CIIVTABbBI

Cnnaebl — 3TO TBEpAbIE BEIECTBA, COCTOAIINE U3 JABYX U Ooiee Mmpo-
CTBIX BEIIECTB (KOMIIOHEHTOB).

Bo3MOXxHBI pazau4HbIe CIOCOOBI MOTYYEHHS CINIABOB — CIUIABJICHUEM,
MOPOIIKOBOM METaJUTypTrueu, KpucTaIu3aleil u3 napoB, MIa3MEHHbIM Ha-
neUIeHueM U T.1. Haubombiiee sxe pacripocTpaHeHHe TOMYyYUIH METOIbI TT0-
Jy4YEHHUs CIJIABOB W3 PACILIABJICHHOTO COCTOSIHUS KOMIIOHEHTOB M CIICKAHHU-
€M KOMIIOHEHTOB B TBEPJIOM IMOPOLIKOOOPA3HOM COCTOSIHHH.

B nanHOM pazzene paccMaTpuBaIOTCs CIUIABbI, MOJYYEHHbBIE CIUIABIIE-
HUEM KOMIIOHEHTOB. [Ipu paccMOTpeHHH CTPOEHHS CIIJIaBOB HEOOXOAMMO
naTh onpesenaeHue ¢asbl U CTPYKTYPHI CILIaBa.

Cmpyxkmypa cnnasa (Mukpocmpykmypa) — 3TO CTPOSHUE METaJuIoTpa-
¢uueckoro nutnda crsiaBa, HabJIOaeMoe MPU MOMOIIU MUKPOCKOTIA.

®a3a — OAHOPOHAS YacTh CIUIaBa, OTAENEHHAs OT APYTUX YacTei mo-
BEPXHOCTBIO pa3jieria, pU MEepexojie yepe3 KOTOPYI0 CBOMCTBa, CTPYKTypa
¥ XUMHYECKUN COCTaB MEHSIOTCS] CKauKO0Opa3HO.

JJist IpUroTOBIICHUS Memaniocpaguieckozo wauga oodpaszel u3 crijiapa
nundyercs Ha abpa3uBHON Oymare pa3IM4YHOM 3€pHUCTOCTH — OT KPYIHO-
3€pHUCTON /0 MEJIKO3EpHUCTOM, 3aTEM IMOJMPYETCS Ha CyKHE BOJHOM Cyc-
neH3uer abpasuBHOTO MOpoIKa. JIJis BBISBICHHS CTPYKTYpPHI HUTH(] TMOCIe
MOJIMPOBKH TPOTPABIIMBACTCS CIa0BIM PacTBOPOM TPaBUTENS, B pe3ybTare
rpaHullbl pa3zaena ¢a3 U OTACTbHBIX 3€PEH PACTPaBIMBAIOTCS, KaK MOKAa3aHO
Ha puc. 7.1, a. PacTpaBiieHHbIE YYaCTKHA PACCEUBAIOT OTPAKEHHBIN CBETOBOM
MOTOK Ha MeTamiorpaguueckoMm Mukpockone (puc. 7.1, 6), 1 OHU BHIIHBI
B OKYJISIp MHKPOCKOIIA KaK IPaHHUIIbl 3epeH WK (a3 TeMHOro 1sera (puc. 7.1, 6).
Ha puc. 7.1, 6 cnpaBa nokazaHa MUKpPOCTPYKTypa ABYX(a3HOTO CIliaBa Mo-
CJIe TpaBJICHMS, a CJI€BAa — MOBEPXHOCTH CILJIaBa, BUANMAsi B MUKPOCKOII J10
TpaBJICHUS.

CtpoeHue CIIJIaBOB 3HAYUTEIHHO OOJIEe CIOKHOE, YeM YUCTBIX METaJl-
70B. O4eBUIHO, YTO YeM OOJIbIIIE KOMIIOHEHTOB B CIIJIaBE, TEM CIIOKHEE €To
CTpOCHHE.

7.1. CTpoeHue CILUIaBOB

CrpoeHue cmiiaBa, CTPyKTypa U OKOHYATEJIbHBIE CBOMCTBA 3aBUCST OT
BHJIa B3aMMOJICHCTBUA KOMIIOHEHTOB CILJIaBa MPU €r0 KPUCTAIIN3ALINH.
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B TBCPAOM COCTOAHHMU KOMIIOHCHTHI CIIJIaBa MOT'YT 06p330BaTB MEXxa-
HHUYCCKHUC CMCCH, TBCPABIC PACTBOPLI, XUMHWUYCCKUC COCIANMHCHUA. 3aKoHO-
MCPHOCTH CTPOCHUS CIIIIAaBOB HauoOoJee IMPpOCTO HU3Yy4dThb Ha IIPHUMCEPC IBYX-
KOMIIOHCHTHBIX CUCTCM.

NOBEDHHOCTL NOBEDHHOCTh
Wnwcha A0 TpaBNeHWs Wwnucha Nocne TPAENSHKUA
-

g - B

O @& - «pucTanne (3epHa) aeyx haz

s s
O &

Puc. 7.1. [locnenoBaTenbHOCTh BBISIBICHUSI MUKPOCTPYKTYPbI
MOJINPOBAHHOTO 00pasia AByx(}a3Horo crjiaBa

7.1.1. MexannueckKkue CMeCH KOMIIOHEHTOB

KoMmnoHneHTs!l cmiaBa 00pa3yloT Mmexanuueckue cmecu B TOM cCllydae,
€CIIM OHU HE BCTYIAKOT B XUMHUUYECKHUE PEAKIIUU APYT C APYTOM U HE pacTBO-
PAIOTCS IPYT B APYre, XOTs Ha MPAKTUKE BCErJa UMEETCS HEKOTOpask B3auM-
Hasi paCTBOPUMOCTb.

Ecnu crnmaB mpeacTaBisieT co00il MEXaHHMYECKYH0 CMECh JIBYX KOMIIO-
HEHTOB, TO, KaK ITOKa3aHO Ha pHUC. 7.2, CIUIaB COCTOUT U3 JBYX THIIOB 3€PEH,
UMEIOIINX COOCTBEHHYIO KPUCTALTMYECKYIO PEHIETKY. XUMUYECKUN aHaIHN3
TaKOr0 CIUIaBA MOKA3bIBAET, YTO OH COCTOUT M3 JIByX XUMHUUYECKHUX DJIEMEH-
TOB. COOTHOIIIEHHE 3€PEH B MUKPOCTPYKTYpE CIIJIaBa COOTBETCTBYET UCXO/I-
HOM KOHIICHTpaIlui KOMIIOHEHTOB B cruiaBe. [IpuMepamu momoOHBIX cruia-
BOB SIBJISIFOTCSI CIUJIaBBI OCPHIITUI-ATFIOMUHNN, KPEMHUN-aTIOMUHHM, CBUHEII-
cypbMma.
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HKOMOOHSHTEI
cnnaes

k”””ﬁA BE"““-—»

MU KDOCTRY KTy P \ / MUHDOCTRYHTYPE
KOMMOOHEHTA A KOMMOOHEHTA B

MUHKDOCTRYKTYRE CNNaBa -
ME¥aHWYeCKOW CMeck KoMOOHeHTOR A W B

7.2. Cxema O6paBOBaHI/I}I CIJIaBa-MEXaHUYECKON CMECH KOMIIOHEHTOB

7.1.2. TBepabie pacTBOPbI KOMIIOHEHTOB

Haubosnee yacto BcTpedaroTcs CIIaBbI-meepoble pacmeopsl, B KOTOPBIX
KOMIIOHEHTHI B TBEPJIOM COCTOSIHMM YaCTUYHO WJIA MOJHOCTBIO PACTBOPEHBI
Ipyr B Apyre. MOXHO IIPOCTO NPEACTABUTh ITOHATHE TBEPAOIO pacTBOpa,
€CJIM, HalpuMep, 3aMOPO3UTh COJIEHYI0 BoAy. B »ToMm cnywae nen Oyner
MPEACTABIATH COOOM TBEPABIA PACTBOP COJIH B BOJIE.

Ha puc. 7.3 mokasaHbl HEKOTOpPBIE BapUaHThl MUKPOCTPYKTYpPHI CIJIa-
BOB-TBEP/BIX PACTBOPOB KOMIIOHEHTOB. [lo1 HOMepoM | mpuBeneHa MUKpO-
CTPYKTypa CIUIaBa, B KOTOPOM aTOMbI KOMIIOHEHTa B moJIHOCTBIO pacTBOpeE-
HbI B KPUCTAJUINYECKON PEIIETKE KOMIIOHEHTA A.

CmiaB 2 MMeeT MUKPOCTPYKTYPY MEXAHUYECKOM CMECH JBYX TBEPIBIX
pacTBOpoB: pactBopa B B A u pactBopa A B B.

MHuKpOCTpyKTypa criaBa 3 COCTOMT M3 3€pEH TBEPAOTO pacTBopa A
B B. XuMmunueckuii aHaJn3 ABYXKOMIIOHEHTHOT'O TBEPAOTO PacTBOPA MOKA3bI-
BAET HAJIMYME ABYX XMMHYECKUX BJIEMEHTOB, & PEHTT€HOCTPYKTYPHBIA — Ha-
JIMYUE OJHOM KPUCTAJUIMYECKOM pemeTku. Jlpyrue BapuaHThl CIUJIABOB-
TBEPJBIX PACTBOPOB OyAYT MOAPOOHO pacCMOTPEHBI HIXKE, B pa3a. 7.4 u 7.5
0 IMarpaMmax COCTOSIHUS JBOWHBIX CILJIABOB.
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KOMMNOHEHTL
CNNaea
— A
MUKDOCTRYHTY D MUKDOCTYHTY
KOMMNOHEHTa A KOMMNOHEHTa B
~CARas -
AR

- 32pHa Teepaoro pacTeopa B e A, § - 3epHa TBepaoro pacteopa A B B

Puc. 7.3. BapuaHTbl MUKPOCTPYKTYPBI CILJIABOB,
KOMIIOHEHTBI KOTOPBIX 00pa3yloT TBEPAbIE PACTBOPHI

PacTBOpeHne aToMOB OJHOTO U3 KOMIIOHEHTOB B KPUCTAJNIMUECKOMN pe-
IIETKE JAPYTOro KOMIIOHEHTa MOXKET UTH IO THUITY 8HeOpeHUs, KOT1a aTOMbI
PacTBOPEHHOr0 3JIEMEHTA PACIONaraloTcsi MEXAYy aTOMaMH pPacTBOPUTENS
(puc. 7.4, a), v IO TUILY 3ameujeHusi, KOTJa aTOMbl pACTBOPEHHOTO AJIEMEHTA
3aMeIIaloT aTOMBI pacTBopuTes (puc. 7.4, 6).

a 9]
(O)- 3TOM KOMNOHEHTA A, - aToM KoMNoHeHTa B

Puc. 7.4. CtpoeHre TBEpI0T0 pacTBOpa BHEAPEHUS (@) U 3aMelieHust (6)

[Ipu oOpa3zoBaHuM TBEPOTO PACTBOpPA BHEIPEHUS PACTBOPUMOCTDH BCE-
rJa OrpaHUYeHa, YTO CBS3aHO C OTPAaHUYEHHBIMHU pa3MepaMu MEKaTOMHBIX
MIPOMEKYTKOB B KPUCTAIIIMYECKOU PEIIETKE PACTBOPUTETIS.
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Yem OoJibllie KOHIICHTPALIMS TBEPJOTO PACTBOPA, TEM OOJIbIIE yBEIHYE-
Hbl MEKATOMHBIE PACCTOSHMS B PELIETKE PAaCTBOPUTENA. Takue TBEpAbIe
pPacTBOpPBI BO3HUKAIOT IPHU CIUIABJICHUU METAJUIOB C HEMETAJUIaMH, UMEIO-
IIUMU MaJIbIii aTOMHBIM pPagdyC: yriIepoJaoM, a30TOM, OOpPOM, BOIOPOIOM.
[IpumepoM TBEPABIX PACTBOPOB BHEIPEHHUS, HMEIOMIUX ITPOMBIILICHHOE
3HAYEHHE, SABIIOTCS TBepable pacTBOphl yraepojaa B OLIK- u I'IK-pemeTke
xKese3a — PeppuT U ayCTEHHUT.

OObpa3oBaHue TBEPABIX PACTBOPOB 3aMEIIECHUS BO3MOXHO, €CIIU aTOM-
HbIE PAJUYChl JIEMEHTOB OTJIMYAIOTCs He Oosiee yeM Ha 15 %. Uem Gonbliie
pas3IMuKe B ATOMHBIX PAJANYyCaxX KOMIIOHEHTOB, TEM MEHBIIE PACTBOPUMOCTb.
Ecnu pacTBOpSIOTCS 37EMEHTBI C MEHBIIIUM aTOMHBIM PaJUyCcOM, YEM Y pac-
TBOPHUTEIIA, TO MEXKATOMHBIE PACCTOSIHUSI B PEIIETKE PACTBOPUTENS YMEHB-
IIAIOTCS, €CIU ¢ OOJIBIINM aTOMHBIM PaJNyCOM — YBEJIUUHBAIOTCS.

Ecny KOMIIOHEHTBI UMEIOT HE TOJBKO OJIM3KHE aTOMHBIE PaanuyChl, HO
Y OJIMHAKOBBIN THUN KPUCTAJUIMYECKON PELIETKH, TO OHM MOTYT O0Opa3oBbI-
BATh HEOTPAaHWYECHHBIE TBEPIBIE PACTBOPHI 3aMelleHMs. B Takom ciydae
KOMITOHEHTBI 00pa3yloT HENPEPBIBHBIA Psii TBEPJBIX PAaCTBOPOB: OT PacTBO-
pa A B B 10 pactBopa B B A, kak moka3aHo Ha npumepe cruiaBoB Cu—Ni

(puc. 7.5).

A3 PaKTSpUCTMHKA ® Mead | OHMKENA
ATOMHEIA HOMED 29 23
ATOMHEIR paanyc, A 1,28 1,24
[MNapameTp KpucTanmm-
YeCKoH pelleTHY, & 361 352
THN KPUCTANNHYECHON
peETHA MK MUK

Puc. 7.5. XapakTepuCTUKN KOMIIOHEHTOB U KPUCTAIIIMYECKOE CTPOCHUE
25%-ro criiaBa HUKeNs B Meau (a) u 35%-ro criiaBa Meau B HUKee (6)

KpOMe CIUIaBOB MCAW W HHUKCIIA, HCOrpaHMYCHHAsA PaCTBOPHMOCTDH

B TBEPJIOM COCTOSSHUU HaOJI0JaeTCsl B CIUIaBaX MEAb-30JI0TO, KPEMHHii-
repMaHHUM.
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B OosbIIMHCTBE CIUIAaBOB-TBEPIBIX PACTBOPOB aTOMbI KOMITOHEHTOB
pacrnoiaraloTcsi XaoTH4eCKH, HO UMEETCSL psAJl TBEPIbIX pacTBOPOB, B KOTO-
PBIX aTOMBbI PACIONATAIOTCS M0 MPEANOYTUTEIHHBIM HAMPABICHUIM, 00pa3ys
Kak Obl pemieTky B pemieTke. Takoe sBIIeHHE HA3bIBAIOT 0Opa3OBaHHUEM
ceepxcmpyKkmypsl, TIPU 3TOM 3aMETHO HM3MEHSIOTCA MHOTHE (PU3UYECKHe
cBoicTBa. KiaccmyeckuM MNpUMEpPOM CBEPXCTPYKTYPHI SBIISIETCS CIUIAB
MeJIb — 30JI0TO C 25 aTOMHBIMH MpOIeHTaMu 30i10Ta. [Ipy HU3KKUX TemIepa-
Typax aToOMbI 30J10Ta 3aHHMaIOT BEPIIMHBI, a aTOMBI MEIN — TpaHu Ky0a.

7.1.3. XuMHu4yecKue CoOeJHHEHNA KOMIIOHEHTOB

[Ipu 0Opa3oBaHWU CIIABOB BO3MOKEH BAPHUAHT XUMHUYECKOTO B3aHMO-
JIEUCTBUS KOMIIOHEHTOB. B 3TOM ciiydae crutaB mpeacTaBisieT coO0M xumu-
yeckoe coeOuHeHue KOMIIOHEHTOB (puc. 7.6) u, KaKk B JIIOOOM XUMHUYECKOM
COCIMHEHUH, JIIEMEHTBI HAXOJSTCSA B CTPOTOM COOTHOIIIEHUH APYT C JPYTOM
10 3aKOHY HOPMaJIbHOM BaJCHTHOCTH (32 UCKITFOUCHHUEM CITy9aeB HEKOTOPHIX
AIIEKTPOHHBIX coeuHeHui). B obmem ciydae crjiaB JABYX KOMIIOHEHTOB,
A u B, ¢ XUMUYECKUM B3aMMOJICHCTBUEM MEXKIY HUMH MOXHO MPEICTABUTH
B Busie popmyibl AnBy.

HOMMOHEHTEI

CNNaEa
P B
MUKDOCTEYKTY pa MUKPOCTRY KTYpa
KOMMOHEHTS A KOMNOHEHTa B
cnnae
A+B

MUKDOCTEYHTY RS cnnaea AqB, —
KMMWYECHDIMD COSAMHEHWA KOMNOHEHTOE A W B

Puc. 7.6. OGpa3oBanue criaBa-XUMHYECKOTO COCTMHEHHUSI KOMIIOHEHTOB

XapakTepHoli OCOOCHHOCTBIO TAaKOTr'O CILIaBa SIBIICTCS HAIMYHE KpH-
CTAJUIMYECKOM PEIICTKH, OTIMYAOUIECHCS OT KPUCTAIMYECKUX PEIIETOK
KOMITOHEHTOB. CBOMCTBA TAKOTO CIJIaBa PE3KO OTJIUYAKOTCS OT CBOMCTB YHC-
TBIX KOMIIOHEHTOB. CIUIaBbI-XUMHUYECKHE COCAMHEHUSI O00pa3yrTcs, Kak
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IPaBUIIO, MEXKIy KOMIIOHCHTaMH, HMEIOIIMMHU 3HAYUTCIBHOE Pa3Inune
B DJICKTPOHHOM CTPOSHHUH M THITaX KPUCTAIUTMUSCKHUX PEIICTOK.

[TpuMepbl XUMHYECKOIO COeIMHEHHs MeTautoB ¢ metaiamu: CuAl,,
Mg,Sn, MgsSh,; ¢ memerammamu: Fe;C, VC, WC — kapounsr; TiN, Cr;N,
Fe,N — HUTpUIB.

7.2. IlmarpaMmmbl COCTOSTHUS CILUIABOB

Jliist crinaBa U3 ABYX M 0oJiee KOMIIOHEHTOB, MEHSISI COOTHOIIIEHHE KOM-
MMOHEHTOB, MOYKHO TOJYYUTh OCCUHMCIICHHOE MHOXXECTBO BapUAHTOB CILIABA,
U KaXIbI BapUaHT OyJeT UMETh CBOIO CTPYKTYPY U CBOMCTBA, TEMIIEPATYPY
MJIaBJICHUS M 3aTBEPJICBaHUS U T.A. TakuMm oOpa3oM, B 3aBUCUMOCTH OT TEM-
nepaTypbl, KOHIEHTPAIlMd U BUJOB B3aUMOJCHCTBUS KOMIIOHEHTOB CILJIaBbI
MMCIOT Pa3InYyHOE COCTOSHUE W CTPYKTypy. MH(DOpMaIums o coCTOSHUU
U CTPYKTYpE CIUIABOB MPOCTO U CXKATO MOXKET OBbITh IMPEICTABJICHA B BUJIE
ouazpammul coCmoaHuA — rpapuueckoro U300pakxeHUsi COCTOSIHUS CIUIaBOB
B 3aBHCHMOCTH OT TEMIEPATyphl W KOHIICHTPAIIMM KOMIIOHCHTOB. Takwue
JMarpaMMbl TaKKe Ha3bIBAIOT cMpPYKMYpHuIMU C J00ABICHUEM CIIOBA «pag-
HOBeCHbley», YTO YKa3bIBaeT Ha 00pa3oBaHUE TakuX (a3 u CTPYKTYp, KOTOpHIE
COOTBETCTBYIOT HAMMEHBIIIEMY 3HAUYEHHIO CBOOOJHOW JHEPTrUU CHUCTEMBI.
OpHako ATH aUarpaMMbl HE COJEPXAT CBEICHWA O BPEMEHH JTOCTYIKCHHS
paBHOBecusi. OHO 3aBUCUT OT CKOpocTU AUGPy3un aTOMOB, Pa3HOCTU CBO-
00JHBIX SHEpruil ga3, Mexda3HOM MOBEPXHOCTHOW SHEPTUH U APYTruX (ak-
TOpOB. B MeTamm4eckux cucTeMax PaBHOBECHOE COCTOSIHUE JIOCTUTACTCS
JOCTaTOYHO JIETKO TPH MEJICHHOM OXJIKICHHH, B TO K€ BpeMsS B HUX
MOHO TOJYYUTh CHEIUATBLHON TepMUYECKOM 00pabOTKON HEpaBHOBECHOE
COCTOSIHHE, KOTOPOE COXPAHSIETCS TPAKTUUECKH HEOTPAHUICHHOE BpEMSI.

CtposiTcsi AMarpaMMbl COCTOSIHHSI Pa3JIMYHBIMUA METOJaMH: TI0 KPUBBIM
OXJIQXKICHUS CIUIABOB, M3MEPEHUEM YJTMHEHUs o0pasia MpH OXJIaKICHHH,
HaOII0JICHUEM MUKPOCTPYKTYPBI, PEHTT€HOBCKUM METOJIOM U JIp.

Ecnu, mHanpumep, 1u1si AByXKOMITOHEHTHOTO CIUIaBa THAarpaMMy CTPOST
M0 KPUBBIM OXJIAXKICHHS, TO TOTOBAT CEpUI0 00pa3IoB, B KOTopbix 3a 100 %
MPUHUMAETCS BCE BEHIECTBO 00pasila, a COOTHOIICHHE KOMIIOHEHTOB M3Me-
Hsaercs oT 100 % xommonerTa A 1 0 % b 1o 0% A u 100 % b. Janee nns
KaXJIOTO CITJIaBa CTPOSIT KPUBYIO OXJIAXKICHHS OT KUIKOTO COCTOSHUSA (%K) 10
TBEPJIOTO COCTOSHUS (T), MPU ITOM (PUKCUPYIOT TEMIIEpaTypy, MPU KOTOPOI
MEHSIETCSI COCTOSIHHME CIuiaBa. [IpuMep MOAOOHBIX KPUBBIX OXJIAKICHUS IS
cuctemsl crutaBoB Cu—Ni npuBe/ieH Ha puc. 7.7.
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K
W * 1455 °C

1083°C

T T T T T T
100%Cu 80%Cu+ BO%Cu+ 40%Cu+ 20%Cu+ 100%Ni
20%Ni 40% Ni GOSN 80%Ni

Puc. 7.7. KpI/IBBIe OXJTaXACHUA CUCTCMBI CIIJIaBOB MCb-HUKCIIb

[Tocne oxiakaeHUs CIUIABOB IMPOBOAMTCS METaIOrpapuuecKuil, peHT-
TCHOCTPYKTYPHBI W JPYrHe BUIBl aHAN3a JJIS BBISICHCHHS CTPYKTYPBI
u Qa3 craBa B TBepAOM cocTossHuu. [locne Takoil 1ocTaTOYHO AIUTEIHHON
U TPYJOEMKOH paboThl pe3yNbTaThl CBOAATCS B OJHY rpadueCKyr0 3aBHCH-
MOCTb — IMarpaMMy COCTOSIHUSI B KOOpAMHATAX TeMIepaTypa-KOHIEHTPaIUs
KOMIOHEHTOB (puc. 7.8).

Ha nuarpamme mokaszaHa He TOJIBKO TeMIlepaTypa IMepexoja CIUIaBOB
CuU—Ni u3 TBEpIOTO B KUAKOE COCTOSIHUE U HAOOOPOT, HO U KaKue CTPYKTY-
PBI UMEIOTCS B CIUIABaX JI0 TEMIEPaTyphl IUIaBICHHUS.

u]

tC

tl

- MUAKHE pacTeop Cu W Mi
H A g g 1455

1083
Cf - TEepAkLIA pacTeop Cu W M

0 20 40 Sl g0 100

— S N

Puc. 7.8. luarpamma cocTOsSIHUSI MEAb-HUKEIb
JIuvHus Ha nauarpaMme, BBIIIE KOTOPOW CIUIABBI HAXOASATCS TOJBKO
B JKUJIKOM COCTOSIHUH, Ha3bIBACTCS JTUHUEH ukeudyc nuarpaMmmsl. JInHus Ha

auarpaMMe, HUKE€ KOTOpPOM CIUJIaBbl HAXOMSITCS TOJIBKO B TBEPAOM COCTOS-
HUU, HA3bIBAETCS JIMHUEH coaudyc.

58

KOMIMJIEKT SJIEKTPOHHbIX

YYEBHO-METOAUWYECKUX MATEPUAJIOB


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— -

JIJisi IpaBWJIBHOTO TIOHUMAHUS JAMArpaMM COCTOSIHUSI pealIbHbIX CIlia-
BOB HEOOXOIMMO pa30o0paTh 4 OCHOBHBIX THIMA JWArpaMM, COCTaBJISIONIAX
OCHOBY TE€OPUH CILIABOB.

7.3. Inarpamma ¢ noJiHOi HEPACTBOPUMOCTHI0 KOMIIOHEHTOB
B TBEPAOM COCTOSTHHHM (C 00pa30BaHNEM MEeXaHHUYECKHX cMecei
KOMIIOHEHTOB)

Kak yka3pIBaJIOCh BBbIII€, MEXAaHUYECKHE CMECH KOMIIOHEHTOB CILJIaBa
B TBEPIOM COCTOSTHUM OOpa3yIOTCs, €CIM KOMIIOHEHTHI HE PaCTBOPSIOTCS
IpyT B Jpyre U HE BCTYyNAIOT B XMMUYECKOE B3aumojercTBue. [narpamma
COCTOSIHUSA JIJI 3TOrO THIA CILIABOB MPUBEICHA HA puc. 7.9.

JIuaus A-n-b — nukBunayc auarpammsbl. JIMHUS c-11-€ — COJUIyC aua-
rPaMMBl.

Bce crmaBel nmpeAcTaBisitoT co00i B TBEPIOM COCTOSIHUM MEXaHHYECKYHO
CMECh KpHCTAUIOB KOMIIOHEHTOB A U b, N03TOMy MOXHO TOBOPHTH
0 nByX(}a3HOW CTPYKTYpe BCEX CIUIABOB HIDKE JIMHUU coluayc (c-a-¢). Brie
JIUHUM COJIMIYC, B 00JIACTSIX, OTPAHUYEHHBIX JTUHUSIMU A-II-C U J-b-€, CIuiaBbl
TOXKE COCTOST U3 JIBYX (ha3, HO OJIHA M3 HUX XKUJKAs, a Ipyras — TBepJasi: Kpu-
cTaJuTbl KoMIIoHEHTa A U b cooTBeTcTBEeHHO. 130 BCero MHOKECTBA CIIJIABOB
JUTSl TIPUBEJICHHOM JMarpaMMbl UIMEETCS CILJIaB D C KOHIICHTpAllued KOMITOHEH-
TOB A5 1 by, UMEIOIINI CaMyr0 HU3KYIO TEMIEPATYPY KPUCTAJUIM3ALMHU U TUIAB-
JieHUs1. DTOT CILJIaB Ha3bIBACTCS I8 eKmuyeckum (JIETKOTUTaBKUM).

t
A

|
:< B | 100% 6

Puc. 7.9. Jlnarpamma cOCTOSIHUS CILJIABOB
C TIOJIHOM HEPaCTBOPUMOCTHIO KOMITIOHEHTOB B TBEPIOM COCTOSTHUU

J1st pa3zbopa quarpamMMbl COCTOSTHHSI M OTIPEICIICHUS CTPYKTYP CIIJIaBOB
HEO0OXOJMMO PAcCMOTPETh MPEBPAIICHUS B CIJIaBaX Pa3IMYHOTO COCTAaBa:
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0osemexkmuyeckoco (coaepkanue komrmnoHeHTa b mensie b), 3BTekTHYE-
CKOTO U 3a38mexmuyeckozo (conepkanue kommnonenta b Oonbmie by) npu
MEIJICHHOM OXJIXJICHUH OT COCTOSIHHS OJTHO(A3HOM KUIKOCTH.

7.3.1. IIpeBpaiuenusi B CIIaBe IBTEKTHYECKOI0 COCTABA

N3 nuarpammel (cM. puc. 7.9) ciienyer, 94To B JOIBTEKTHUECKUX CITJIaBaX
KPHUCTaJJIBl KOMIIOHEHTAa A 3apOKJIal0TCA U3 JKUIAKOTO COCTOSIHUS MPH JOC-
TH)KEHUM TEeMIIEpaTyphbl Ha JUHUM A-J, @ B 3A3BTCKTUUYECKHUX CILJIaBaX KpH-
CTaJJIbl KOMIIOHEHTA b 3ap0K1at0TCs pU JOCTUKEHUU TEMIIEPATYPhI HA JIU-
HUM b-1. O4eBUHO, YTO NPU OXJIAKICHUU B TOYKE I, IPUHAJJICHKAILICH JIH-
HUSM A-1 1 b-1, OTHOBPEMEHHO BBIJIEISAIOTCA KPUCTAILIBI KOMIIOHEHTOB A U b.
Ha puc. 7.10 npuBencHa cTpyKTypa CIIaBa YBTEKTHYECKOTO COCTaBa (TOUKa 2).
Takas CTpyKTypa Ha3bIBACTCS I6MEKMUKONU. DTO MEXaHUYECKasi CMECh OJ1-
HOBPEMEHHO BBIJICISIOMIMNXCS KPUCTAJIIOB KOMIIOHEHTOB A U b.

WA
pacTeop & W B

100 % B 1

—WE

Puc. 7.10. MukpocTpyKTypa cruiaBa 3BTEKTHYECKOIO COCTaBa

DBTEKTHKA B OOJIBIIMHCTBE CIJIABOB BBITJISJIUT MOJ MUKPOCKOIIOM KaK
CJIONCTAasi CTPYKTYypa Yepeayronmxcs ¢a3 Wik Kak 0JJHOPOJAHAsT MEJIKO3EPHU-
cTas CTPYKTypa, ¥ JIUIIb MPU OOJIBIIIOM YBEIUUCHUU B HE 00HAPYKUBAKOTCS
OT/ICJIbHBIC (Pa3bl.

7.3.2. [IpeBpaieHusi B 103BTEKTHYECKOM CILIaBe

B no3BTEKTHYECKOM CIUIaBE MPOILECC KPUCTALIN3AMN HAYMHACTCA 3a-
pOKIeHneM KpucTtamuioB kommoHeHTa A (puc. 7.11). [Ipu nanpHeimem ox-
JIAXKJICHUU TIPOUCXOJUT POCT 3apOABIINIENH KPUCTAUIOB KOMIOHEHTa A, Mpu
TeMIepaType TOYKHA 3 OTHEJIbHbIE KPUCTAIbl, KOHTAKTUPYSI IPYT C APYTOM,
00pa3yroT KpUBOJIMHENHHYIO rpaHully 3epeH. Kak BugHo u3 puc. 7.11, konu-
YECTBO TBEP0H (pa3bl yBEIMUMBAETCS 3a CUET POCTAa UMEIOIIUXCS U 00pa30-
BaHUs HOBBIX 3apOJIbIIIECH KOMIOHEHTa A. DTO 03HAYAET, YTO B OCTAIOIIEHCS
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KUJKOCTH MOCTOSTHHO MU3MEHSETCS COCTaB B HANPABJICHUU YBEIMYCHUS KOH-
IIEHTpaIlMd aTOMOB KOMIOHEHTa b, Tak kak oOmuii cOCTaB CIjiaBa JOJDKEH
0CTaBaTLCS HEU3MEHHBIM.
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Puc. 7.11. Kpucramnuzanust 103BTEKTHYECKOTO CILJIaBa
IIPU OXJIAXKJACHUH J10 TUHUU COJIUTYC

Cocras nto00ii ¢a3sl B 1ByX(a3zHoi 00JacTh AUArpaMMbl MOXKHO OIpe-
JENNUTh 110 npasuiy KoHyenmpayui. st 3Toro 4yepe3 TOUKy, MpeaCcTaBIIsIIO-
IIYI0 COCTOSIHME CIUIaBa B 3TON 00JIACTU MPH 3aJ]aHHOW TeMIeparype, Mmpo-
BOJUTCS U30TEPMUYECKAS] JINHHUSL.

[lepBble TOYKM NEpECEUEHUs ClpaBa U CJIE€Ba 3TOH JIMHUU C JIMHUSIMHU
ayarpaMMbl COCTOSIHMSI OIIPENENSIOT MIPUCYTCTBYIOMUE (a3bl U UX COCTABBI
KaK MPOEKINH Ha OCh KOHUEeHTpauui. Ha puc. 7.12 mig m03BTEKTHUECKOTO
CIUIaBa MOKA3aHO, KAK U3MEHSETCS KOHLEHTpALUs XKUJIKOTO0 pacTBOpa CIuia-
Ba [IPU €r0 OXJIAXKACHUU OT JUHUU JUKBUAYC (A-1) 10 TMHUU cONMUayc (c-1).

E,5,5, . 100%E

Puc. 7.12. Onpenenenrie KOHIIEHTPAMA KOMIIOHEHTOB
B )UKo (haze aByx(dazHoit oOIacTu JuarpaMmbl COCTOSTHUS

Cnenyer oOpatuTh BHMMaHHME Ha TO, YTO IMOHWKEHUE TEMIEPATypbl
MPUBOAUT K YBEIUYECHHUIO COJIEpPKaHUS KOMIIOHEHTAa b B KUIKOCTH M IpHU-
OJIMKEHUIO €€ COCTAaBa K ABTEKTUUECKOMY IMPHU TEMIIepaType JUHUU COJIUJTYC.
B TakoMm citydae npu nepexojie JIMHUM COJMAYC OCTABINASICS KUIAKOCTH 3a-
TBepJeBaeT ¢ oOpa3zoBaHueM 3BTeKTUKU. Ha puc. 7.13 npuBeneHsl npouecc
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KPUCTAJUIM3ALUU U MUKPOCTPYKTYpa JOIBTEKTHUUECKOIO CIUIaBa MpPU €ro 0X-
JAKICHUH JI0 TTOJIHOTO 3aTBEPACBAHUS.

MuxkpocTpyKTypa ciijiaBa B TOUKE 4 TIpU JaJIbHENUIIEM OXJIAKICHUH YXKe
HE MPETEepPIEBAECT U3BMEHEHUN U COCTOUT M3 KPUCTAILIOB (MJIM 3€PEH) KOMIIO-
HEHTa A U 3BTEKTHKH, NPECTABIISIONIEH OO0 MEXaHUYECKYIO CMECh MEJ-
KHX YEPEeayIOLIUXCSl KpUCTAUIOB KOMIIOHEHTa A U b.
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Puc. 7.13. Kpucrayuuzanus J03BTEKTUYECKOTO CIIJIaBa
MIPU OXJIKJICHUU JI0 TEMIIEPATYPhl HUKE JTUHUM COJIUTYC

7.3.3. [IpeBpaiueHnsi B 3a3BTEKTHYECKOM CILJIABE

B 3a3BTEKTHYECKOM CILJIaBE MPEBPAILCHUS MPU OXJIAXKICHUH U3 KUJKO-
IO COCTOSIHUSI TTPOUCXOISIT AaHAJIOTUYHO MPEBPALICHUSIM B JOIBTEKTUYECKOM
CIUIaBe, C TOM JIMIITh Pa3HUIICH, YTO MEPBBIMU KPUCTAILIAMHU, 00Pa3yIOIINMU-
sl B )KUJIKOM (haze, SABIAIOTCA KpUCTaUibl kommoHeHnTa b (puc. 7.14).

HM O KHEA
pacTeop & KM B {fE\‘\.
- — m
— m
1,
| — — B
: — =
" 100%E 1.1 T.2

Puc. 7.14. Kpucramnu3zanus 3a3BTEKTUYECKOTO CILJIaBa
P OXJIAXICHUH J10 TEMIIEPATyphl HYXKE JINHUU COITUAYC

CocraB )UJIKOU (pa3bl B 3a9BTEKTUUECKOM CIUIaBE MPHU BBIACICHUHN KPHU-
CTAJIJIOB KOMIIOHEHTa b mpubnmkaercss K 3BTEKTUYECKOMY, U MpU TeMIepa-
Typ€ JIMHUU COJIMAYC OCTATOK JKMIKOCTHU MPEBPAIIAETCS B SBTEKTHUKY.
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Taxum 00pa3oM, Uil BCeX CIUIAaBOB — JIOABTEKTUYECKUX U 3a9BTEKTUYE-
CKHX — MUKPOCTPYKTYpa HUXKE JJUHUU C-I1-€ COAEPKUT IBTEKTUKY B TOM WJIU
UHOM Koiumyectse. [1o 3Tol NpHUYrHE JTUHUIO Ha JUarpaMMe, HUKE KOTOPOU
B MUKPOCTPYKTYpE CIUIaBOB 00pa3zyeTcsl 3BTEKTHKA, HA3bIBAIOT JUHUEU I6-
MeKmu4ecKo20 nPeepaujeHusl.

HarnsinHoe mpencraBieHrue O CTPOCHUM CIUIaBOB-MEXAaHUYECKHX CMe-
CEll KOMIIOHEHTOB ¥ COOTHOUIEHUU CTPYKTYPHBIX COCTABIIIFOLIUX TAaeT JAua-
rpaMma, pyuBeIeHHas Ha puc. 7.15.

JUIsl CIUIaBOB-MEXaHMYECKUX CMECEH KOMIIOHEHTOB XapaKTepHa JUK6a-
yusa (XUMUYecKasi HEOAHOPOJIHOCTb) 1o yoenvHomy eecy. OHa MPOSBIAETCA
B cilydae OOJIbIION pa3HUIlbl B YAEJIBHOM Bece KOMIOHEHTOB. llpu Mennen-
HOM TIPOIECCE KPUCTAITU3AlMY B HIDKHEH 9acTH CIUTKA MPeo0IafaloT Kpu-
CTaJUIbl ¢ OOJIBLIIMM YJI€IbHBIM BECOM, M 3Ty HEOJHOPOAHOCTh TPYAHO YCT-
paHUTh MOCIEAYIOIIEeH TepMuueckoil 00paboTkoil. Ilo 3Tol mpuynHEe Mepbl
IIPOTHB JIMKBALIMK IPUMEHSIOT B X0/1€ KPUCTAIIU3ALMY CIIMTKA: YCKOPEHHOE
OXJIAXK/ICHUE, MEXaHHUYECKOE MepEMEIIMBAHNE, BUOPALIUIO U T.1I.

t - -

Puc. 7.15. JlnuarpaMma coCTOSIHUS 1 MUKPOCTPYKTYypa CIUIABOB
C HEpPaCTBOPUMOCTBIO KOMIIOHEHTOB B TBEPAOM COCTOSIHUU

[Ipumepamu cHUCTEM CIJIABOB € MPAKTUYECKOM HEPACTBOPUMOCTHIO
KOMIIOHEHTOB B TBEPJOM COCTOSHUHU sBstoTCs cruiaBbl Al-Si, Pb-Sb,

Be—Al, xoTs Ha/mo NpuU3HATH, YTO HEKOTOpPAs PacTBOPUMOCTH TBEpAbIX (a3
BCE K€ UMEETCH.
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7.4. lmarpaMmMa ¢ HeOrTpAaHMYECHHOW PACTBOPUMOCTHI0 KOMIIOHEHTOB
B TBEPAOM COCTOSTHMU

KoMmoHeHThI, 00pa3yrolie CIuiaBbl-HEOTPAaHWUYCHHBIE TBEP/ABIC pac-
TBOPBI, JOJKHBI yIOBJIETBOPSTH YCIOBHAM, U3JI0KEHHBIM B pa3a. 7.1.2.

JluarpamMmma COCTOSIHUSI JJIsl CILUIABOB C HEOTPAHUUYEHHOW pacTBOPUMO-
CThIO KOMIIOHEHTOB B TBEPJIOM COCTOSIHMM IIpUBEICHA Ha puc. 7.16.

t
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Puc. 7.16. Jlnarpamma coOCTOSHUS CILJTaBOB
C HEOTPAHUYEHHON PACTBOPUMOCTHIO KOMIIOHEHTOB B TBEPJIOM COCTOSTHUHU

JIunus A-o-b — nukBuayc nuarpammel, a nuHusa A-c-b — conuayc, Tou-
K1 A u b — TemriepaTypbl KpUCTAIIIM3allMM KOMIIOHEHTOB A U b cooTBeTcT-
BEHHO, 0. — TBepAbIi pacTBop A u b, x — xuakuit pacteop A u b.

JIns M3ydeHHs NMPEBpAIlCHUH B CIUIABAX JAHHOW CHCTEMBI JOCTATOYHO
paccMOTpeTh OJIMH W3 BapUAHTOB CILJIAaBOB, HAIPUMEP CILIaB, 0003HAUEHHBIH
Ha puc. 7.17 BepTUKAIbHON JUHUEH. DTa JIMHUS JEIAT OCh KOHIIEHTPAIUU
Ha JIBa OTpe3Ka, U JJis1 BHIOPAHHOI'O CIIaBa KOHIIEHTpALUsi KOMIIOHEHTa A
MIPONOPIIMOHATIBHA ITPABOMY OTPE3KY, a KOHLEHTpAIUsl KOMIIOHEHTa b — ne-
BOMY OTpPE3KY.
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Puc. 7.17. Kpucramniu3zauus criaBa-TBEpAOro pacTBopa
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Kpucrannuzanus criaBa HauMHAETCS Ha JIMHUU JIMKBUIYC, B TOUke 1,
BO3HMKHOBEHHEM 3apOJbIIIa O.-TBEPAOTO pacTBopa. CocTaB 3apojpbliiia JIETKO
ONPEAEISIETCS 110 NIPAaBWIIy KOHLIEHTPALMU, U3 KOTOPOro CIEAYET, YTO 3apo-
KIAIOIIKECcs KPUCTAJUIbI O.-TBEPJIOTO pacTBopa olOoraieHsl 0osiee Tyromias-
KM KOMIIOHEHTOM b.

[Ipu nanpHENIIEM OXJIAXIAECHUU MPOUCXOJAUT POCT 3apOJIBIIIEH TBEPAOH
(a3bl, KOJIMYECTBO TBEPAOUN (Pa3bl YBEIMUUBACTCS, & KUAKOH — YMEHbIIACT-
Csl, MPUYEM COCTaB BO3ZHMKAIOUIEH TBepJoil (a3bl U OCTAIOLICHCS >KUIKOU
MOCTOSIHHO U3MEHsETCs (CM. COOTBETCTBYIOUIUE MPOEKI[MU TOUEK Mepeceye-
HUS W30TEPMHUYCCKON JIMHUY C JIMHUSAMHU CONHAYC W JUKBHUAYC). Takum 00-
pazoM, XMMHYECKUN COCTAaB MO CEYEHHUIO KPUCTAIIOB OyAET MEepPEeMEHHBIM:
LIEHTpaJIbHAasl 4acTh OOOTaileHa KOMIIOHEHTOM C OOJIbIlIeW TemIeparypoi
TJIaBJIeHus, a nepudepus 3epHa — KOMIIOHEHTOM C MEHbIIIEH TeMIlepaTypoi
IUIABJICHUS. DTO SIBIICHUE HA3BIBACTCS 6HYMPUKPUCMALIUYECKOU TUK8AYUEU,
OHO BO3HMKAET Y CIJIABOB C pacCMATPUBAEMBIM THUIIOM JHArpaMMBbI MpU ObI-
CTPOM OXJIAKJICHUHU W3 KUJKOTO COCTOSHMSA. 3aTBEPIECBAHUE CIUIaBA 3aBEP-
IaeTcsi B TOUKe 4 Ha JIMHUM COJUAYC, B KOTOPOW MOCJEAHUE MOPIUN KU I~
KOCTH UMEIOT COCTaB, MaKCUMaIbHO 00OTrameHHbIH KoMmoHenToM A. Ilocne
3aBEpIICHUs ITpoLIecCa KPUCTAUIN3ALUU XUMAYECKUM COCTaB CIJIaBa B TBEP-
JIOM COCTOSTHUM COOTBETCTBYET MCXOJHOMY, HO HAOIIOJa€TCsI BHYTPU3EPEH-
Hasi XUMHYECKasi HEOJHOPOJAHOCTb.

OOmiee mpeAcTaBiI€HUE O CTPOCHHUH CIJIaBOB-HEOIPAHMYEHHBIX TBEP-
IbIX pacTBOPOB JAET AWarpaMmma, IpuBelieHHas Ha puc. 7.18. Mukpoctpyk-
Typa CIUIaBOB-HEOTPAHWYEHHBIX TBEPABIX PACTBOPOB JOCTATOYHO MPOCTa
Y MaJIO YEM OTJIMYAETCSI OT MUKPOCTPYKTYPBI YACTBIX KOMIIOHEHTOB. Clieny-
€T OTMETHUTh, YTO C YBEIWYECHUEM KOHILECHTPAUHUH OJHOTO U3 KOMIIOHEHTOB
TPaBUMOCTH M IIBET MUKPOCTPYKTYpPBI IPUOJINKAIOTCS K TPABUMOCTHU U IIBE-
TY MUKPOCTPYKTYPBI UACTOTO KOMITOHEHTA.

[Ipumepom nuarpammbl, MOKa3aHHOM Ha puc. 7.18, aBisieTca nuarpam-
Ma Cu—Ni. CruiaBbl 3TOM CUCTEMBI HaXOJIAT IMHUPOKOE MPUMEHEHUE BCIISACT-
BHE MX XOPOIIMX MEXAHWYECKUX CBOWCTB, COUETAIOLIMXCS C BBICOKUM CO-
npoTuBiieHreM kopposuu. Hanpumep, crnas ¢ 30 % Ni ucnonb3yroT 1j1s Cy-
JIOBBIX KOHJICHCATOPOB Mapa U B XUMHUYECKUX ycTaHOBKax. U3 cmiaBa ¢ 75 %
Cu u 25 % Ni BoO MHOTHX CTpaHax JAeJlaloT MOHEThI. I3 py/bl, HaliIeCHHOU B
Kanane, momy4aror crijaB MOHEb, KOTOphI comepxuT 67 % Ni u 30 % Cu
C HEKOTOPBIM KOJMYECTBOM MAapraHiia M skeje3a. ITOT CIUIaB MPUMEHSIOT
B DHEPTETHKE, a TAKXKE /I TIPOU3BOICTBA MOPCKHUX CYJIOB, TPEOHBIX BUHTOB
Y BAJIOB.
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Puc. 7.18. JluarpamMma cOCTOSIHASL © MUKPOCTPYKTYypa CILIaBOB
C HEOrPaHUYEHHOU PaCTBOPUMOCTHIO KOMIIOHEHTOB B TBEP/IOM COCTOSTHUU

7.5. luarpaMmma ¢ OrpaHU4eHHON PACTBOPUMOCTHI0 KOMIIOHEHTOB
B TBEPOM COCTOSTHMU

OTa auarpaMma XapakTepu3yeT CHCTEMY CIUIABOB JIBYX KOMIIOHEHTOB,
00pa3yroNux TBEPAbIC PACTBOPHI B OrpaHUYEHHOW 00JIaCTH COCTaBOB, a 3a
mpeaeiaMu 3TOW 001acTu oOpazyeTcs MeXaHHYecKass CMECh M3 KPUCTAILIOB
TBEPBIX pacTBOPOB. /[narpamma Takoro TuIiia nmokasaHa Ha puc. 7.19 u BbI-
JSIAUT, KaK KOMOWHAIMSL TIEPBBIX JIBYX THUIIOB AuarpamMMm cocTosiHus. Ha
MEePBBIA B3MJISL JUAarpaMMa Ka)eTcs JOCTATOYHO CIIOKHOM, HO, UCIOJb3Ys
3aKOHOMEPHOCTH, XapaKTEepHbIC JJIs MPEAbIAYIIUX AUArpamMM, U ¢ ITOU nua-
rpaMMOil HETPYIHO pa300paThCs.

t

A

Kp.ot.+3
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L - 2T

° ppd proc] "100%E

Puc. 7.19. JlnuarpamMma cocTOsIHUS CILIaBOB
C OTPaHUYEHHOW PACTBOPUMOCTHIO KOMIIOHEHTOB B TBEPJIOM COCTOSTHUU
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Jlunus AJIb — mukBuayc auarpammsel, duauss ACIEB — comumyc, 06-
nactu A-O-K-C-A u b-M-E-b — o6mactu cyuiectBoBaHUsI TBEPIOIO pacTBO-
pa KoMIoHeHTa b B kpuCTalIMyecKkon pelieTke KoMmnoHeHTa A (00o3HaueH
Ha JuarpamMme Kak o-¢asza) ¥ TBepAOro pacTBOpa KOMIIOHEHTa A B KpHUCTAaJI-
JUYECKOM penieTke komroHeHTa b (00o3HaueH Ha auarpamme kKak [(-¢asza)
cootBercTBeHHO. O0nacty K-C-JI-E-M — oGnacTh cymiecTBOBaHUSI MEXaHH-
YEeCKOH CMECH NIBYX TBEpABIX PacTBOpoB, o u [. [loHmManue amarpaMMbl
3HAUYUTENLHO 00JIEr4aeTcsi, €Clid OTACIbHO PACCMOTPETh AMArpaMMy B paii-
oHe Touek A, b u /I.

Ha puc. 7.20 noka3an yroj quarpamMMbl B pai-

OHE TOYKH A, KOTOpBII aHAJOTHYEH YIUIy JUarpam- -

MBI C HEOTPAHUYEHHON PaCTBOPUMOCTBIO KOMIIOHEH- A

ToB (cM. puc. 7.16). CnenoBareibHO, HUXKE JTUHUU
coluayc, B pailone Touek A u b, OynyT HaXoauThCs
JBa TBEPJABIX PAcTBOpa C TOW JIMIIb Pa3HULIEH, YTO
HUKE TOYKM A OyAeT TBepAbld pacTBOpP aTOMOB
KOMIIOHEHTa b B KpUCTAIIIMUECKON PEMIETKE KOMIIO-
HeHTa A, a HWKe Touku b OyneT TBep/wiii pacTBOp
aTOMOB KOMITOHEHTAa A B KPUCTAJUIMYECKOU PEIIETKE
KOMITOHEHTa b.

Ha puc. 7.21 npuBeneH ¢parMeHT auarpamMmmsl |
B paiione Touku J[. B aToil 06iiactu umeercsa aHaio- \\_}_//
rusi ¢ 00JacTbi0 00pa30BaHUSI PBTEKTUKU JJIs JTUa-
rpaMMbl C TIOJIHOM HEPACTBOPUMOCTHIO KOMIIOHEH-
TOB B TBEpAOM cocTosiHMU. Kak u B panee paccMoT-
pEeHHOW auarpamme, Toyka [ OJNHOBPEMEHHO MPUHAIICKUT JUHUAM AJ]
1 AB, Ha KOTOPBIX U3 KUJIKOCTH BBIACISIOTCS KPUCTAILIBI TBEPABIX PACTBO-
POB O M [3 COOTBETCTBEHHO, ClIeIOBATEIbHO, B TOuke J| 00pa3yercst H3BTEKTH-
Ka B BUJE MEXAHUYECKON CMECH 3€pEeH JABYX TBEPIBIX PACTBOPOB: O U [3.

[IprHUIMNMATIBHOE K€ OTIIMYME PAaCCMaTPUBAEMOW IHArpaMMbl 3aKIIIO-
yaeTcs B cymectBoBaHuM HOBBIX JUHUNM KC u EM — qunui npeoenvroti pac-
MEOpUMOCmY KOMIIOHEHTOB B KPHUCTAJUIMYECKON PELIETKE PAaCTBOPUTEINS —
B 3aBUCHUMOCTH OT TEMIIEPATYPHI.

JIist u3ydeHus: mpeBpalleHuid B CIJIaBaxX JaHHOW CUCTEMbl HEOOXOIMMO
paccMOTpeTh OT/ICJIbHBIC BapUAHTHI CIUIABOB MPU OXJIAXKICHUH U3 KU JIKOTO
COCTOSIHUS.

Ha puc. 7.22 npuBeneHa 4acTb quarpaMMbl COCTOSIHUSI 1 MUKPOCTPYK-
Typa, 00pa30BaBIIAsCS MPU HEMPEPHIBHOM OXJIAXKICHUU CIJIaBa JOIBTEKTH-
YECKOr'0 COCTaBA U3 KUIAKOTO COCTOSIHUSA.

Puc. 7.20

Puc. 7.21
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[Ipu oxylaxaeHUM cIijlaBa U3 XKUAKOTO COCTOSTHUSA (Touka 1) 10 IuHUM
CK npoucxoIuT KpUCTaUIM3alUs MO 3aKOHOMEPHOCTSIM, PacCMOTPEHHBIM
JUISL IMarpaMMel ¢ HEOTPAHUYEHHOM PaCTBOPUMOCTBIO KOMIIOHEHTOB: B TOY-
K€ 2 3apOoKIarTCsl KPUCTALIbl TBEPAOrO pacTBOpa KOMIOHEHTa b B kpu-
CTAJUINYECKON pElIeTKE KOMIIOHEHTa A M 3aKaH4YMBACTCS KPUCTAIUIM3ALIUS
Ha muHuA AC B Touke 4. [Ipu oxJ1akIeHnn 10 TOYKU 5 U3MEHEHUU B CTPYK-
Type CIUIaBa HE NMPOUCXOJUT, KaK HE MPOUCXOJUT U3MEHEHUM U B KOHLECH-
Tpauuu TBEPAOTO PacTBOPA — COAEP:KAHME PACTBOPEHHOIO KOMIIOHEHTAa b
PABHO €ro UCXOJHOMY COJICPKAHUIO B CILIABE.

HHI KA
pacTeop A B

T.4

—+%E

Puc. 7.22. IIpeBpamieHuss ¥ MUKpPOCTPYKTYpa CILIaBa CUCTEMBI C OTPAHUYEHHOU
PacTBOPUMOCTBIO KOMIIOHEHTOB IPU OXJIAKJIECHUHN U3 )KUJIKOTO COCTOSTHUS

[Ipyu nanbHEWIEM OXJaXIAECHUU OT TOYKHA 5 JO TOUYKHA 6 KOHUEHTpaLUS
KOMIIOHEHTa b B TBEpIOM pacTBOpe Magaer, 4YTo MOKHO OHNPEHEIUTH I10
MpaBUJTy KOHLIEHTPALUM, T.€. aTOMbl KOMIIOHEHTa b BBIAECHSAIOTCA U3 TBEPAO-
ro pactBopa. B cTpykType 3TO mposiBisieTcss 00pa3oBaHMEM BHYTPH 3€peH
TBEPJIOTO pacTBOPA AUCIEPCHBIX YaCTHUI] HOBOM (pa3kbl.

Uro ke coO0i MpeCTaBISIOT YaCTUIIBI BBIICTUBIIEICS BTOPO (hasbl?

Kak yxe yka3piBasioch, U3 TBEPAOTO PacTBOPA Ol MPU OXJIAXKICHUU HU-
xe juHun CK BbigenseTcs KoMnoHeHT b. OqHaKo BBIAECIECHUE MPOUCXOJAUT
HE B BHJIE KPUCTAJJIOB YMCTOIO KOMIIOHEHTa b, a B BHJI€ 4acCTUI] TBEPAOIO
pacTBOpa aTOMOB A B KPUCTAUIMYECKOW pemeTke koMmnoHeHTa b. Takum
o0pa3oM, (pakTUUECKH MPOUCXOIUT BbIJEIeHUE [B-pa3bl U3 TBepa0il (assl o.
OTH YacTHUIbl HA3BIBAIOT @mopuyHbvimMu 3epHaMu [P-¢a3el 1 0003HAYAIOT KaK
B2, ©UMest B BUY, YTO BBIJICTICHUE nep8uuHblX KPUCTALIOB [3-ha3bl mpoucxo-
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JUT B 3a9BTEKTHUYECKUX CIIaBax W3 XKUAKON (pa3el. YacTumbl P,-ha3er BO3-
HUKAIOT y TPAaHWIl 3€PEH WM Ha OMpPENeJICHHBIX KPHCTALIOrpaduuecKux
TJIOCKOCTSIX CYIIECTBYIOLIEH (pa3bl.

[Ipu panpHeHIIEM OXJaXIEHWU 0 KOMHATHOW TeMIIepaTyphl KOJIHYe-
CTBO [3-(pa3bl yBEIMUMBACTCS 3a CUET POCTA UMEIOIIUXCS 3apOJIBIIIEH U T0-
sBJICHUST HOBBIX. CKOPOCTh OXJIAXIACHHUS OKa3bIBaeT CHJIBHOE BIUSHHUE HA
KOJIMYECTBO BBIICTUBIICHCS (Da3bl: ueM OO0JbIle CKOPOCTh OXJIKICHUS, TEM
MeHbIIIE [32-¢ha3bl, U MPHU ONPEACIEHHON CKOPOCTU OXJIaXK/ICHHUS BBIICICHUN
HE MPOUCXOIUT. B TakoM citydae roBOpsT O 3akajike CIIaBa.

Ecnu cocTaB criaBa BRIOpaH TaKuM, YTO COJIEpKaHHE KOMIIOHEHTa b Ha
OCH KOHIICHTpAIMi HaXoIuTcs B mpenenax oTpeska OK, To BeIIeneHUs BTO-
POt a3bl IPU OXJIAKIECHUU HE TPOUCXOTUT (puc. 7.23).

HHOKHA
t pacTeop A W B KD‘.H
A | -
— 1 o
— o
— —_— = [l =]
o
W _ p ¢t
o+ 1.1 T.2
il a o a
| | | :
I
I
I
|
© .4 1.5 1.6

—%b

Puc. 7.23. IIpeBpaiieHuss ¥ MUKPOCTPYKTYpa IPU OXJIAXKIECHUU CIIJIaBa
C MaJIbIM COAEP)KAHUEM KOMITIOHEHTa b crucTeMBbl ¢ OrpaHMYeHHON
PacTBOPUMOCTBIO KOMIIOHEHTOB B TBEPJAOM COCTOSIHUU

Jlanee paccMOTpUM MpEBpaAICHUST B 3a9BTEKTUUECKOM CIUIaBE JJIs CO-
cTaBa, 0003HAYEHHOTO Ha puc. 7.24 BEPTUKAIBLHON JTUHUEH, C KOHIICHTPAIU-
el komnoHeHTa b 10 Touku M.

JIns paccMaTpuBaeMoOro CIjlaBa KpUCTAILIM3AlMs HAYUHAECTCS TIPU TEM-
neparype TO4YKkd 2 00pa3oBaHUEM B KUJIKOM PacTBOPE KPUCTAIOB TBEPOTO
pacTBopa KOMIOHEHTa A B KPUCTAIUIMYECKOW penieTke KommoHeHTa b
(B-dasza). 3akaHunMBaeTCs KpUCTAUIM3AlMs B TOYKe 4, U MPH JalbHEHIIEM
OXJIAXKJICHUH JI0 TOYKH 5 M3MEHEHHM B CTPYKTYpE€ CILJIaBa HE MPOUCXOJIUT.
[Ipu oxnaxaeHuu cruiaBa HUke JUHUUM EM pacTBOpUMOCTh KOMIIOHEHTa A
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B TBEPJOM PACTBOpE IMaJIa€T B COOTBETCTBUU C JMHUEH OTpaHUYEHHOM pac-
TBOpUMOCTH EM, M mpoMCXOAUT BBIJIEICHHE BTOPUYHBIX KPHCTAJUIOB TBEP-
1oro pactBopa (op-¢a3za). OxnaxkaeHue cruiaBa 10 KOMHATHOW TeMIiepaTyphbl
OPUBOJUT K YBEIWYCHHIO KOJMYECTBA M Pa3MEpOB YaCTHI[ Olp-(Pa3bl
(puc. 7.24, MUKPOCTPYKTYpa CIJIaBa B TOUKE 6).

MO KHA
pacTeop & v B rﬁ\

1
zI/’E'

Je

"M 00% B

1.4 T.9 1.6

Puc. 7.24. IIpeBpaiienus 1 MUKPOCTPYKTYpa IIPU OXJIAXKICHUU CIIJIaBa
¢ 60NBIIUM CO/Iep’)KaHUEM KOMIIOHEHTa b cucTeMbl ¢ orpaHuYeHHOM
PacTBOPUMOCTBIO KOMIIOHEHTOB B TBEPJAOM COCTOSIHUU

[IpeBparnieHuss ¥ MUKPOCTPYKTYpa MPH OXJAKICHUH CIUIaBa IBTEKTHYE-
CKOT'0 COCTaBa IMpHUBEACHBI Ha puc. 7.25. OcoOEHHOCTh ATOrO CIJIaBa B TOM,
YTO y HEro camasi Hu3Kasi TeMIlepaTypa IUIABJICHUS U3 BCEX CIUIABOB JAHHOMN
cuctembl. Kpucrannusanus crijiaBa mpu OXJaXJAE€HUU HAaYMHAETCS B TOUKE /[
OJIHOBPEMEHHBIM BBIICJIEHUEM U3 XKUAKOCTH KPUCTAUIOB O- U [-TBEpIbIX
pacTBOPOB KOMIIOHEHTOB b B A 1 A B b COOTBETCTBEHHO.

3aKaHYMBAETCS NEPEXOJ U3 KHUIKOIO COCTOSHUS B TBEPIAOE IIPHU TOM XKe
TeMriepatype Touku /I, yTo u B Havyase kpucramumzanuu. CTpykTypa criaBa
HIDKE TOYKH J| — 3BTEKTHKA, COCTOSIIAS M3 MEJIKHMX YEPENYIOIIUXCS 3€pEH
o- ¥ B-TBepIbIX pacTBOpoB. [Ipu oxma)kaeHUM CrulaBa 10 KOMHaTHOW TeM-
nepaTypsl (pa3oBbIX MpEeBpalleHUl HE MPOUCXOAUT, HO PACTBOPUMOCTb CO-
CTaBJISIOIIMX ABTEKTUKY O- U [-(ha3 yMeHbIIaeTcsl M0 MpaBUILy KOHLIEHTpa-
uuii (cM. puc. 7.25, Touku 2 1 3) B COOTBETCTBUU C JIUHUAMHU OIPAHUYECHHOU
pactBopumoctd CK u EM. B pe3synbrare yMeHbIIEHUS PAaCTBOPUMOCTH W3
TBEPJbIX PACTBOPOB BBIACISIOTCS BTOPUYHBIE MEJIKME 3epHa o- U P-da3
(puc. 7.25, MUKpPOCTPYKTYypa B TOUKax 2 U 3), IpUYEM YE€M HUKE TeMIEepaTy-
pa, TeM OO0JIbIlIe BHIAEISETCS BTOPUUHBIX 3€PEH.
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Puc. 7.25. IIpeBpaiienus 1 MUKPOCTPYKTYpa IIPU OXJIAKIACHUU CILJIaBa
HBTEKTUYECKOT0 COCTABA CUCTEMBI C OTPAHUYEHHON PaCTBOPUMOCTBIO
KOMIIOHEHTOB B TBEPJIOM COCTOSIHUU

B 3axnroueHue paccMOTpPUM JI0ABTEKTHUECKUM CIJIaB NPU KOHIIEHTpa-
1Mu KoMrioHeHTa b Oombieit, yem mpoeknus Touku C Ha OCh KOHIEHTpa-
uuii. [IpeBpareHust ¥ MUKPOCTPYKTYpa IIPU OXJIAXKIECHUH JOIBTEKTUYECKOTO
CIUIaBa OT TemmepaTypsl Touku 1 mpuBeaeHs! Ha puc. 7.26. Kpuctammuzamms
CILJIAaBA HAYMHAETCS MPU JOCTHKEHUH TEMIIEPATYPhl TOUKHU 2 Ha JuHUHA A/l
(IUKBUYC) BBIICIEHUEM W3 >KUIKOCTU KPHUCTALIOB TBEPJOTO pacTBOpa
KOMIIOHEHTa b B KpHUCTaIUIMYECKOM perieTke KommoHeHTa A (o-dasa).
JlanbHeilliee oxJaxaeHue A0 TeMIEpaTypbl TOUKH 4 yBEIMYMBAET KOJIMYeE-
CTBO
o-¢hasbl, IPU STOM B KUJKOU (aze 10 KoMIoHeHTa A ymenblnaercs. [lo
MPaBUITy KOHIIEHTpAIUH B TOUKE 4 KHAKOCTh JOJKHA UMETh IBTEKTHUCCKHUI
coctaB. [loaTomy npu TemrepaType TOUYKH 4 OCTaTOK >KHIKOCTH IpeBpaila-
€TCs B ABTEKTUKY, U TOTJIa 3aTBEPACBIINUN CIJIaB UMEET CTPYKTYPY IBTEKTH-
KU C OTACJIbHBIMU 3€pHAMHU OL-(pa3bl.

CooTHOILIEHHE IBTEKTUKU U O-(pa3bl 3aBUCUT OT UCXOJHOW KOHLIEHTpa-
UM CTUTaBa U MOXET OBITh JIETKO OIPEICIICHO KaK OTHOIIeHHE oTpe3koB C—4
u 4-J1. O4eBUIHO, YTO YeM OJIMKE COCTaB CIUIaBa K ABTEKTHYECKOMY, TEM
6ompiie oTpe3ok C—4 u Tem Oosibilie 3BTEKTUKHU B CTpyKType. [Ipu nanpHeii-
eM OXJIAXIECHUU J0 KOMHATHOM TeMmrepaTypbl NMpEeBpalleHUN B CILJIaBe
HE NMPOUCXOAUT, HO KOHIEHTPAIIUSI PAaCTBOPEHHOI'0 KOMIIOHEHTA B TBEPJIBIX
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pacTBopax o- W [-(a3, COCTaBISAIOMHUX 3BTCKTUKY, W OTACIBbHON O-(ha3bl
YMEHBIIIAETCSI COTJIACHO JIMHHSIM OTrpaHu4eHHON pacTBopuMocT CK m EM
auarpaMMbl cocTosiHUS (puc. 7.26). B pe3ynbrare M30bITOK pacTBOPEHHOTO
KOMIIOHCHTa TIPW TMOHWXCHUHM TEMIIEpaTyphl BBIACIACTCS B BUIE MEIKHX
BTOPHUYHBIX 3€peH o- U B-da3 (puc. 7.26, Touku 5 u 6). Beinenenue BTopuy-
HBIX 3€PEH U3 TBEPJOTO PacTBOPa OCOOCHHO BA)KHO: OHO MOXKET OBITh HC-

MOJIb30BaHO Kak A((PEKTUBHBIA CIOCOO0 YHPOUYHEHHUS — OUCHEPCUOHHOE
meepoenue.
HAO KM
pacTeop & M B 3 ] o
!
— [ A — —
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- 0 - O |:|_ a
L] = D
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— i o — [
1.1 T.2 T.3
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Puc. 7.26. [IpeBpanieHusi 1 MUKpOCTPYKTypa MpU OXJIaXKIECHUHU CILJIaBa
JI0O3BTEKTUYECKOTO COCTaBa CUCTEMBI C OTPAHMUYEHHON PACTBOPUMOCTBIO
KOMIIOHEHTOB B TBEPJIOM COCTOSIHUU

Bce BhlmenpuBeieHHBIC 3aKOHOMEPHOCTH (POPMHUPOBAHUS CTPYKTYPHI
JUTSL IODBTEKTUUYECKUX CIUIABOB CIPABEJIUBBI U JIJISl 3a9BTEKTUUECKUX, C TOU
JIMIIIb Pa3HUIICH, UTO TP KOMHATHOM TeMIEepaType B CTPYKTYype CILJIaBa, Ha-
PAY C IBTEKTUKOM, OyyT MPUCYTCTBOBATH KPYITHBIC IEPBUYHBIC KPHUCTAILIIBI
B-da3zsl.

IIpumepoM guarpamMmbl pacCMOTPEHHOTO THIIA SBJSETCS aAuarpamMmma
coctosHus criaBoB Pb—Sn (puc. 7.27). DTu craBbl UCIOJIB3YIOT B KAU€CTBE
MSTKHUX TIPUIIOEB B JICKTPOHUKE, HAIIPUMEP, CIUIaB DBTEKTUYECKOTO COCTaBa
c 63% Sn u 37 % Pb umeer Huskyro temmneparypy miasieHus (183 °C)
1 BBICOKYIO CITOCOOHOCTH K cMauuBaHui0. CIIIaBbl ¢ OOJIBIINM COJIEPKAHUEM
CBUHIIA UCTIONB3YIOT JUIsl TAKKA CBUHIIOBBIX KaOemeH.
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Puc. 7.27. JlnarpamMma COCTOSIHUSL CBUHEL-0JIOBO

7.6. luarpaMmma cOCTOSIHMSA VISl CILJIABOB
C YCTOMYUBBIM XUMHYECKUM COeIUHEHUEM KOMIIOHEHTOB

IIpy paccMOTpEeHHMHM Takoro THIA AUArpaMMbl COCTOSIHUS HMEETCS
B BUJy, YTO KOMIIOHEHTHI CILIaBa MPU OMPEACICHHOM COOTHOILICHUHU BCTY-
MalT B XUMUYECKYIO PEAKIMI0 U 00pa3yloT yCTOWYMBOE XUMHUYECKOE CO-
equnenue tuna ApB, (cM. paza. 7.1.3) co cBoel cOOCTBEHHON KpUCTaIYe-
CKOM pemeTko. B 3ToM cityyae Ha nuarpaMMe COCTOSIHUS TOSBJIISIETCS BEP-
TUKaJbHAs JIMHUSI, COOTBETCTBYIONIAsl COACPKAHUIO KOMIIOHEHTOB B XMMHU-
YECKOM COEJMHEHUH, BEPXHSS TOUKA KOTOPOM COOTBETCTBYET TEMIIEpaType
IUIAaBJICHUS XMMHYECKOro coequHeHus. Ecim 06o3HaunTts coequaenue AnB,
Kak KomMnoHeHT C, TO Auarpamma pasJeiisieTcsl Ha JBE 4acTH, KOTOpbIE aHa-
JIOTUYHBI YK€ PACCMOTPEHHBIM aHarpamMmam, 3a HCKJIIOYEHHEM TOro, 4TO
OJIMH U3 KOMIIOHEHTOB SBJISIETCA XMMHUUYECKUM coeauHenneMm. Ha puc. 7.28
OJIHa 4YacTh JAuarpaMMbl — MPOCTasi BTEKTUUECKas JuarpamMma C HEpacTBO-
PUMOCTBIO KOMIIOHEHTOB, a Jpyras — 3BTEKTHYECKas JuarpaMma ¢ OrpaHu-
YEeHHOU pacTBOpUMOCThIO KoMitoHeHTa C B peietrke B. B nanHom ciydae o
aHaJIOTMM C JWarpaMMoil JJisl CIUIABOB C OTPAHMYEHHON PacTBOPHUMOCTHIO
KOMITOHEHTOB [-(ha3a sBISIETCS TBEPABIM PACTBOPOM XUMUYECKOTO COEIU-
HEHHS B KPUCTAJUIMYECKOMN pelieTke KoMrnoHeHTa B. OgHako 3To yTBepxke-
HUE HE TOYHO, TAK KaK PEHTTC€HOCTPYKTYPHBIN aHAJIN3 MTOKA3aJjl, YTO XUMHYe-
CKOT'O COCJMHEHHUSI B TBEPAOM PAaCTBOPE HET, a UMEETCS TBEPIbI pacTBOp
KOMIIOHEHTa A B pelieTke KoMnoHeHTa B.
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Puc. 7.28. Jlnarpamma cOCTOSHUS CILTaBOB
C YCTOMYMBBIM XUMUYECKUM COEUHEHUEM KOMIIOHEHTOB

Ha npaktrke XuMHUYECKHE COETMHEHUS] YaCTO HEYCTOMYMBBI B UHTEPBa-
Je TeMIepaTyp AuUarpaMMbl, U TOTJa OHU BO BpEMs HarpeBa, HE JOXOHs J10
IJIaBJIEHUS, IpeBpaliaTcs B apyrue (aspl. Kpome Toro, B 0gHOM cucteme
CIUIABOB MOYKET HaXOAUTHCS HECKOJIBKO XMUMHUYECKUX COEAUHEHUM, KOTOPBIE
00pa3yroT Jpyr ¢ APYroM U C YUCTHIMU KOMIIOHEHTAMU PA3JIMYHbIE BapUaH-
ThI IIEPBBIX TPEX TUIIOB AUATPAMM COCTOSIHUSI.

7.77. Imarpamma COCTOSIHMSA JJIfl CIIJIABOB
¢ MOJIMMOP(HBIM NPeBpaLLIeHHEM KOMIIOHEHTOB

Tonumopgnvle npespawgenusi — 3T0 NMPEBPALLEHUS B TBEPAOM COCTOSI-
HUU OJHOTO THUMA KPUCTAIIMYECKOW DPEIIETKH B JIPYrol MpH W3MEHEHUU
TEMIEPATypbl WM JaBieHUs. EcIu KOMIIOHEHTHI, 0Opa3yIolUe CUCTEMY
CIUTaBOB, UMEIOT MOJIUMOpP(HBIE MPEBPAIICHHs], TO HA AUArpaMMe COCTOSHUS
3TO MPOSABIISETCS B BUJE CUCTEMBI JINHUN HUKE TMHUU COIHIYC.

Ha puc. 7.29 noka3zanbsl HEKOTOpHIE BAapUaHTBl AUATPAMM COCTOSIHUSA
¢ mosmmopdHBIM npeBparienueM. Ha puc. 7.29, a u 7.29, 6 06a koMIIoHEeHTa
obnagator noaumopdusmoM. Hampumep, KOMHOHEHT A KpUCTaJUIM3yETCS
npu TeMieparype A, ¢ 00pa3oBaHHUEM KPUCTAJUIMYECKON PEUIEeTKH O, HO TIPH
TeMmieparype Ag pemieTka MeHseTcs Ha [3. BeicokoTemneparypHble (asbl
KOMITOHEHTOB XapaKTEpPHU3yIOTCsl B3aMMHOW pPacTBOPUMOCTBHIO BO Bceil 00-
JIACTU COCTABOB, UTO MPOSIBISETCA COOTBETCTBYIONIEH (POPMOI U MOTOKEHHU-
eM JHMHHUI conuayc u JukBuayc. Huzkoremmneparypusie (a3bl Ha nuarpam-
Max BBIJICTISIIOTCS U3 TBEPJOrO pacTBOpa, a HE U3 JKUJKOCTU, HO 3aKOHOMEP-
HOCTH 00pa30BaHUs HOBBIX (ha3 Te K€, YTO U MPHU KPUCTAJUIU3AINH U3 KU -
KOCTHU. 3apobllIi HOBOM (ha3bl 00pa3zyloTcs U pacTyT A0 MOJHOIO 3aBeplie-
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Hus (azoBoro npespaiienus. Ha puc. 7.29, ¢ mexanudeckas cMech, 1oa00-
Hasl 3BTEKTUKE, COCTOSIIAs U3 OJHOBPEMEHHO BBIJICIAIONIUXCS U3 TBEPJOTO

pacTBopa o B Touke /[ KpucTamioB 3 u ¥, Ha3bIBACTCS I6MEKMOUOOM.,
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Puc. 7.29. Jluarpammbl COCTOSIHUSA ¢ TOTUMOP(HBIM IPEBpALICHUEM
OJTHOTO WJIX 00OMX KOMITOHEHTOB

Ha puc. 7.29, 6 npuBeneHa TUNIMYHAS TUarpaMma COCTOSIHUS JIJIsl CHC-
TEMBI CIIaBOB, B KOTOPOM TOJBKO KOMIIOHEHT A 00J1a71aeT NOJIUMOPHU3MOM.

7.8. 3aKOHOMEPHOCTH N3MEHEHHUs CBOMCTB CIJIABOB
B 3aBHCHMMOCTH OT BH/Ia THATPAMMBbI COCTOSIHUSI
(mpaBmaa H.C. Kypnakosa)

Nrak, nuarpaMMbl COCTOSIHUS MIO3BOJISIFOT JOCTATOYHO IIPOCTO MpECTa-
BUTh NPEBPAIICHHUS, MPOTEKAIOIINE MPHU OXJAXKICHUU CIUIaBa HM3y4aeMOu
CUCTEMBI, U YKa3aThb PAaBHOBECHYIO CTPYKTYpY CILIaBa MPU KOMHATHOW TEM-
neparype. [lotpebuTtens criaBa, €CTECTBEHHO, 0O0JIbIIIE HHTEPECYIOT KOHEY-
Hble (M3MYECKHE U DKCIUTyaTallMOHHBIE CBoMCTBA. OKa3bIBaeTCs, €CIU M3-
BECTHBI CBOMCTBA YHUCTHIX KOMIIOHCHTOB U BHUJ| JUArpaMMbl COCTOSIHUS JJISI
ATOM CHUCTEMBI CIUIABOB, TO MOKHO IPEICKa3aTh CBOWCTBA JIOOOTO CIUIaBa
JAHHOW CHUCTEeMBbl. BrepBble Ha 3aBUCUMOCTh MEXIY BHUIOM JHArpaMMbI
Y CBOMCTBaMM CIUIaBOB B paBHOBECHOM cocTosiHuu ykaszan H.C. KypHakos,
Y MO3TOMY 3TH 3aKOHOMEPHOCTHU Ha3bIBAIOT npasuiamu Kypnaxosa.

Ha puc. 7.30 npuBeneHbl pacCMOTPEHHBIE TUIBI JUArpaMM COCTOSTHUS
CILJIABOB ¥ COOTBETCTBYIOIIME UM 3aKOHOMEPHOCTH U3MEHEHUSI CBOMCTB MPHU
KOMHATHOM Temrieparype. 3 mpuBeA€HHBIX 3aKOHOMEPHOCTEM CIIEAYET, YTO
Mpyu 00pa30BaHUU CIIJIABOB-MEXaHWYECKUX CMECe KOMIIOHEHTOB CBOMCTBa
CILIaBOB JIEKAT HA MPSMOU JIMHUU, COEAUHSIONIEN CBOMCTBA YUCTHIX KOMIIO-
HeHtoB (puc. 7.30, 6). [Ipyrumu ciioBaMu MOKHO CKa3aTh, 4TO JIFOOOE CBOM-
CTBO CILJIaBOB MO BEJIMYMHE HE OyJET NPEBBINIaTh HAWOOJIbIEEe 3HAYCHUE
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Puc. 7.30. I3MeHeHne CBOMCTB CILIABOB JIJI1 HEKOTOPBIX TUIIOB AUArpaMM
COCTOSIHUS B 3aBUCUMOCTH OT KOHLIEHTPAIIMX KOMIIOHEHTOB

CBoiicTBa CIIaBOB-HEOTPAHUUYEHHBIX TBEPJIBIX PACTBOPOB U3MEHSIOTCS
M0 KpUBOJMHEWHON 3aBUcUMOCTU (puc. 7.30, a). Y cIiaBoB 3TON CHCTEMBI
MOXXHO 0XKHJIaTh, HApUMEP, 00Jiee BLICOKUX 3HAYEHUI MPOYHOCTHBIX XapaKTe-
PHUCTHK, Y€M Y YUCTHIX KOMIOHEHTOB. OCOOEHHO CHIILHO TIPOSIBISIETCSI B TBEP-
JIBIX PacTBOpaxX KPUBOJUHEWHAs 3aBUCUMOCTh U3MEHEHHUS JIEKTPOCONPOTH B-
JICHUS, YTO UCIIOJIB3YETCS IPU NOCTPOCHUU AUArpaMM COCTOSHUSI.

VY cIaBoB-OTpaHUYEHHBIX TBEPABIX PAacCTBOPOB CBOMCTBAa B 00JacTH
TBEPJIOTO PACTBOPA U3MEHSIOTCS MO KPUBOJIUHEWMHOW 3aBUCHUMOCTH, a B 00-
JACTU MEXAHUYECKOM CMECH OTPAaHMYEHHBIX TBEPABIX PACTBOPOB — IO JIU-
HerHo 3aBucumoctH (puc. 7.30, 6).
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8. IMATPAMMA COCTOSAHUA
AKEJE3OYIJIEPOIUCTBIX CIIVIABOB

8.1. KomnoneHThI 1 (pa3bl

JKenezo (Fe) — metan cepeOpuCTO-0€IOro I[BeTa ¢ TEMIIEpaTypoit
masnennst 1539 °C. Aromusiii paguyc xerxesa — 0,127 am (1 5m = 10 m).
Nmeet nse monumopgubie Mmogudukanuu: o-xkeneso (wm Fe,) ¢ oopeMHo-
IICHTPUPOBAHHON KyOM4YeCKO# pereTkoi, cymectByromee 10 911 °C u BbI-
me 1392 °C, u y-xene3o (wm Fe,) ¢ rpaHeneHTpUPOBAaHHOW KyOW4eCKOH
penreTkoi, cymectpytomiee B mHTepBaie 911-1392 °C (puc. 8.1). MuHorma
BBICOKOTEMITIEpaTypHyt0 Moaudukamuto xenesa ¢ OLK-pemerkoit 0603Ha-
yaroT kKak 0-xene3o (Fes). [lepuon pemerku a-xene3a cocrapiseT 0,286 HM;
nepuoa pemetku y-xkenesa — 0,365 um. Jlo temnepatypsl 768 °C (Touka
Kriopu) xene3o (eppoMarHuTHO, BBHIIIE — CTAHOBUTCS MapaMarHUTHBIM.
[Ipunsato o6o3Hauath napamarauTHoe xene3o ¢ OLIK-pemerkoit kak
B-xene3o (mmm Feg).

Puc. 8.1. Kpucramnudeckas pemieTka a-xenesa (a) u y-xenesa (0)

Yenepoo (C) — Hemetaii, 0ObIYHO CYIIECTBYET B BUAE MOJU(DHUKALINN
rpaduTa (puc. 8.2), HO MOKET HaAXOAUTHCS U B BUJIE METACTAOMIILHON MOJIU-
¢duxanuu anmasa. AToMHbIN paguyc yraepoaa — 0,077 HM, nipu TeMnepaType
3500 °C oH, He MIaBACH, MEPEXOIUT B ra30ByIO a3y (BO3rOHACTCS).

Mexny yriepoaoM U KelIe30M BO3MOXKHBI CIEIYIOIINE BUABI B3aHMO-
AecTBUs: 00pa3oBaHUE KUJIKOIO pacTBOpa, 0Opa3oBaHUE TBEPHBIX PacTBO-
POB BHEAPEHUSI Ha OCHOBE Ol-)Keje3a U y-’kele3a, 00pa3oBaHne XMMHUYECKOTO
coenunenus. [loatomy B cucreme cmiaBoB Fe—C cymiecTByOT cienyrolme
(da3pl: KUAKUN pacTBOp, HEeppuT, ayCTCHHUT, IIeMEHTUT U Tpadur. Tepabie
(a3bl UIMEIOT KOHKPETHBIE Ha3BAHUS («COOCTBEHHBIE UMEHA).
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Puc. 8.2. Kpucrammueckas pemierka rpadura

@Deppum (®) — TBEpIABIA PACTBOP YIJIEPOAA B O-KEJIE3€ C MPEAECITBHOU
koHuentpauueit 0,02 %. Atom yriepoaa HaxoAUTCs JIMOO B IIEHTPE TpaHU
KyOa, 100 B AedeKTax KpUCTAUIMYECKOW PEIIeTKU (B BaKAHCHSX, HA JIUC-
nokanusax). Kpucraminueckas pemerka geppura mokasaHa Ha puc. 8.3, a.
deppuT MATKHUH, TIacTUYHBIN: o, = 250 MIla, & = 50 %, umeer TBEpAOCThH

okoJio 80 HB.

® - aTOM Henesa
a ® - 3TOM yrNepoaa o

Puc. 8.3. Kpucrammmueckas pemetka peppura (a)

U aycTeHuTa (60)

Aycmenum (A) — TBEpABIM pacTBOP yIJIEPOA B Y-XKEJIE3€E C MPEICIbHON
KoHIleHTpauue 2,14 %. AToM yriiepoja HaXOAUTCS B LIEHTPE dJIEMEHTap-
HOU siueliku (cm. puc. 8.3, 6). Hazpanue gaHO B YECTh aHIIIMICKOTO YYEHOTO

P. Aycrena. AycTeHUT miacTU4Y€H, HO MpoYHee eppuTa: ero TBEPIOCTh CO-
crapnsger 160-200 HB.

KOMMJIEKT 3JIEKTPOHHBbIX
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Hemenmum (L) — xuMu4yecKkoe coeIMHE- - 8TOM Kenesa
HUE JKejle3a C YIVIEpoJoM, KapOuj kenesa
FesC. Comepxutr 6,69 % C. MMmeer ClOXHYIO
POMOHYECKYIO PEIIETKY C IJIOTHON yIaKOBKOU
atomoB (puc. 8.4). Temneparypa maBIeHUS
HeMeHTHTa npudausuteasHo 1260 °C (umeMeH-
TUT SIBJISIETCS MeTacTabuinbHOM (pa3oil u mpu
Harpese g0 1200 °C pacnamaercs Ha Kelie30
u yraepona). TBepa U XpymHok; €ro TBEPIAOCTh
cocrapisier 800 HB. He cnocoOeH miacTthde-
CKHU Ae(pOPMHUPOBATHCS.

I'pagpum (I') nMeeT CIOUCTYIO IeKcaro-
HAJIBHYIO pemeTKy (Moka3zaHa Ha puc. 8.2).
Msrkuii, HENpPOYHBIM, XUMUYECKHA CTOMKHH,
3JIEKTPOIPOBOIHBIMN.

TaToM yrnepoda

gty

Puc. 8.4. Kpucrannuueckas
pelieTka HeMEHTHTA

8.2. IIpeBpamenus B cniiaBax cucrembl Fe—Fe;C

Kak roBopuiioch BbllIE, KENE30 C YrIIepoaoM o0pa3yroT XUMHUYECKOE
COEAUHEHHE NIPU ColepkaHuu yriaepoaa 6,69 %. CnenoBaTenpHo, AMarpam-
Ma COCTOSIHUSI CIUIABOB JKEJIE30-yIJIepoJ] — 3TO AUarpaMma ¢ XUMHYECKUM
coequHeHneM. B pa3n. 7.6 ymoMHHAIOCh, 4TO Takas JAarpaMmMa MOKET pac-
CMaTpUBAThCA KaK JIB€ OTHAEIbHBIC TUArPAMMBI, I KaXIO0W U3 KOTOPBIX
XUMHYECKOE COCTMHEHHUE SBISICTCSI KOMITOHEHTOM.

Tak kak criaBbl jKene3a C yriiepoaoM, cojaepxaiiue 6omee 6,69 % C,
HE UMEIOT MPAKTUYECKOTO MPUMEHEHUS, TO PACCMATPUBAETCS OOBIYHO TOJIb-
KO JieBas 4yacTh auarpammbl. OHa mpuBeseHa Ha puc. 8.5. OcoOEHHOCThIO
JarpaMMBbl JKeJI€30-yriaepo/l ABJISIeTCs JBOMHAs IIKala COCTaBa CIIaBOB: 1O
yraepoay U no ueMeHTuTy. Yaiue ucnosb3yercs nepas, Kak 0osee ynooHasl.

Ha mmarpamme »xeneso-yraepon nuHuss ACD sBisieTcss TUKBHIYCOM,
munus AECF — comuaycom. IlepBuyHasi kpucTaumzanus HAYMHAETCS Ha
ACD wu 3akanuuBaetcs Ha auauu AECF. Ilpu aToM B criiaBax, comepikamux
menee 4,3 % C, U3 KUJIKOCTU BBIICISIOTCS KPUCTAIIJIBI ayCTEHUTA, a B CILIa-
Bax, coaepxarux oozee 4,3 % C, — KpucTajIbl IEMEHTUTA.

OBTekTuka coaepxkut 4,3 % C, kpuctammizyercss B Touke C npu TeMm-
neparype 1147 °C u npexacraBisier co00H MEXaHUYECKYIO CMECh KPUCTaJI-
JIOB ayCTEHHMTa W LEMEHTUTAa. DBTEKTHKA B KeJIE30yTIepOAUCThIX CILIaBax
HOCUT COOCTBEHHOE UMs — J1ededypum (JI), MO UMEHN HEMEIIKOTO YYEHOTO
A. Jlenebypa.

Kpatko moxHo 3anucate: JI1=A + 1.
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Puc. 8.5. JluarpamMmma cOCTOSIHUSA CIUIABOB JKEJI€30-yTIEPO.

Kpucrannu3zaius Bcex CIuiaBoB, conepkamux oonee 2,14 % C, 3akaHuu-
BacTcsl 0Opa3oBaHMeM ABTEKTHKH. IIpu noctmxenun temmepatypsl 1147 °C
(muuusa ECF) mpoucxoauT onHOBpeMEHHOE 00pa3oBaHUe U3 KUIKOCTH KpH-
CTaJUIOB ayCTeHUTa M IIEMEHTHUTA, IIPU 3TOM COCTaB BceX Tpex ¢a3 ompese-
JII€TCSI IO MPABUITY KOHIIEHTpanui (cM. pa3a. 7.3.2):

>KC—) AE + ]—[F'

Takum 00pa3oM, 10 OKOHYAHWUW TEPBUYHON KPUCTALTU3AIMK CTPYKTypa
JIOPBTEKTUYECKUX CIUIaBOB (C cojepikaHueM yriaepoma ot 2,14 mo 4,3 %) —
ayCTeHUT U JIeAeOypuT, a 3a3BTekTuueckux (ot 4,3 10 6,69 % C) — nenedy-
put u uemeHTuT. Crnnasbl, comepxkamme meHee 2,14 % C, mo okOHUYaHUU
NEPBUYHON KPUCTAINIU3ALUKA UMEIOT OJHO(Aa3HYI0 CTPYKTYypy — ayCTEHHUT.
Bropuunas kpucrammzanus, T.e. MepEeKpUCTAILTU3alNI B TBEPAOM COCTOSI-
HUU, IPOUCXOJIUT M3-3a IEPEMEHHON pacCTBOPUMOCTH yTiepoja B ayCTCHUTE
u (deppure.

[IpenensHOMYy conepkaHHIO yriiepoaa B ayctenute — 2,14 % — cooTBercTt-
ByeT Touka E. C TOHMmKEHWEM TeMIepaTypbl pacTBOPUMOCThH YTJepoaa
B Y-)KEJIe3¢ YMEHBIIIAeTCsS B COOTBETCTBUM C JIMHHUEH MPEeTbHON PacTBOPHUMO-
ctu ES u x MomeHTy moctikenus temreparypbl 727 °C (nuaust PSK) cocras-
nsiet 0,8 % C. Takum 00pazoM, BO Beex cruiaBax, cojaepkamux 6omuee 0,8 % C,
npu oxnaxaeHun ot 1147 °C mo 727 °C npoucXOoauT BhIACIEHHE yriiepoaa U3
aycTeHuTa. AKTUBHBIN aTOMapHBIN yIepo] HEMEMJIEHHO BCTYIMAET BO B3aUMO-
JEUCTBHE C KeJe30M, o0pa3ysd LEMEHTUT. B CcTpyKType cIiiaBa MOSBIISIOTCS

80

KOMMNEKT 3NEKTPOHHbBIX
YYEBHO-METOQUYECKUX MATEPMANOB - I L 2 I OTMABREHME == I SAKPDITb XI


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— -

KpHUCTaUTBl 6mopuyrozo niementuta (L;). Onpenenenue «BTOpUYHBINY) O3HAYA-
€T, UTO IIEMEHTUT 0Opa3yeTcs He U3 KUAKOH (pasbl, a U3 TBEPIO, KaK pe3yibTar
BTOPUYHOM KpUCTAUIM3AIMK (CM. paza. 7.5). Belgenenue yrieposa B 4iCTOM
BUie (B Buje rpadura) BO3MOXKHO, HO MPOUCXOIUT PEIKO, TaK KaK B CIIaBaXx,
conepxaiux He 6osee 7 % C, 3apoxnenue kpucramia rpagura (100 % C) me-
HEE BEPOATHO, YEM 3apOrKJI€HUE KpucTasuia emeHTura (6,69 % C).

B cmnaBax ¢ copepxkanuem yraepona menbiine 0,8 % B mponecce oxJiax-
aenust ot muHuK GS 10 UM PSK MpoucxoauT 3apoaeHue U pocT KpHCTal-
JIOB (heppHTa, IOITOMY COJEpKAHKE YIIIEpO/ia B AyCTEHUTE YBEJIMUMBACTCS U K
MOMEHTY JoCTIKeHHUs Temiepatypsl 727 °C cocraiset Takke 0,8 %.

[Tpu 727 °C (;muaust PSK) Bo Bcex criaBax MPOUCXOAHT 96MEKMOUO-
Hoe npespawenue: aycTeHuT, coaepxanuii 0,8 % C, pacnamaercs ¢ odbpazo-
BaHUEM MEXaHWYECKOW CMECH KPUCTAILIOB (peppUTa U IIEMEHTUTA. DBTEKTO-
UJHOE IpEBpAIICHUE MOJA00HO IBTEKTHUYECKOMY, TOJBKO CMECh KPUCTAILIOB
JIBYX pa3HbIX (a3 BO3HUKAET MPHU pacrajie TBEPAOro pacTBopa, a He )KUIAKOTO
U Ha3bIBACTCS 26MEKMOUOOM, & HE HBTEKTHKOH. B Keie30yriepoaucTsix
CIUIaBaxX IBTEKTOW[, KaK M 3BTEKTHKA, UMEET COOCTBEHHOE UM — nepaum.
[IpoTpaBneHHbId UM CTaTM ¢ MEPIUTHOW CTPYKTYpPOM MMEET MepiiaMmyT-
POBYIO OKPACKy, OTCI0/1a U Ha3BaHUE.

[lepnut nmpencraBusier coOoi cMech JBYX PaBHOBECHBIX NMPU KOMHAT-
HOI Temneparype ¢a3: peppura u ueMeHTuTa. Kparko MOXHO 3amnucarb:

IT=@ + .

[Mpu paneHeiimeM oxnaxkaeHuu ot 727 °C 10 KOMHATHOW TeMITEpaTyphl
HUKAKUX IIPEBPAILLECHUN B JKEIE30YIIIEPOAUCTBIX CIUIaBax He mpoucxonur. He-
KIIFOUEHUEM SIBJISIFOTCSl CIUIaBBI € cojepkanueM yriepoga menee 0,02 %.
B stux crmaBax, npu oxnaxacHuu oT 727 °C, NPOUCXOIUT BBIIACICHHUE W3-
OBITOYHOrO yriaepoja u3 (epputa B COOTBETCTBUM C KPUBOW MpEAEIbHOU
pactBopuMoct PQ. Yriiepon o6pasyer ¢ xejne30M LEMEHTHUT, KOTOPBIA Ha-
3bIBACTCS B JAHHOM ciydae mpemuytnvim (L)).

WNrak, 0pu KOMHATHOW TeMIeparype B CIUIaBax KEJe3a C YIVIEPOJIOM
CYIIIECTBYET TOJIbKO JIBE paBHOBECHBIE (ha3bl: GeppUT U IeMEHTUT. Bce MHO-
roodpasue peajibHbIX CTPYKTYp CIUIaBOB CTPOUTCS U3 3TUX JBYX (a3.

8.3. Ctpykrypa cniaBoB Fe—Fe;C

Bce cmmaBbl kene3a ¢ yriiepoaoM AENSITCS Ha JIBE OOJIBbIINAE TPYIIIBI:
CTaNH U 4yryHbl. Cmanamu HAa3bIBAIOTCS CIUIABBI KeEJ€3a C yriIepoaoM, CO-
nepxarnue meHee 2,14 % yrnepona. JIrobas yriepoauctas ctaib Npu Harpe-
BE€ NEPEXOJUT B OJHO(A3HOE COCTOSHHE — TBEPABIM pacTBOpP YIiepoja
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B y-xkene3e — aycteHUT (ob6iacte AESG nHa puc. 8.5). B aTom coctostHUM
CTaJlb JOCTaTOYHO TUIACTUYHA, €€ MOYKHO MOJBEPraTh pa3IMyHbIM BUJIaM 00-
paboTKHU JaBJICHUEM: IPOKATKE, KOBKE U T.M. YyzyHsl — 3TO CIUJIaBbI XKeje3a
c yriaepoziom, coaepskarrue 6onee 2,14 % yrnepona. [Ipu HarpeBe 4yyryHbI BCe-
r7a ocTaroTcs AByx(asHbIMH, 10 camoro conuayca (imaus ECF nHa puc. 8.5),
T.€. 10 Hayaja IUIaBJIeHHs. B CTpyKType 4yryHOB BCET/Ia UMEETCS JIeAeOypuT
— TBepJasi U XpyIKasi CTPYKTYpHasi COCTaBJISAIONIAsA, TIOATOMY YYTyHbI 00pa-
OOTKE JaBJICHHEM HE TOJBEPraloTCs. 3aTO YYT'YHBI HMEIOT XOPOIIHE JTUTEH-
HbI€ CBOMCTBA, TaK KaK KPUCTAUIU3YIOTCS MPHU MOCTOSHHOMN, CPAaBHUTEIBHO
HU3KOH TeMIepaType Wik B HEOOIBIIIOM HHTEPBAJIE TEMIIEPATYP.

Wrak, rpaHuiia Mexay CTajls MU U YYT'YHAMH, COBIAJIA0IIAsl C MPEEb-
HOM pacTBOPUMOCTHIO yriepona B aycrenute (2,14 % C), He sBusercs dhop-
ManbHOW. OHa pa3fensieT JBe TPYIIbl CIIABOB C PA3JIMYHBIMU CTPYKTYPHbI-
MH_O0COOEHHOCTSIMHU M, KaK CJICACTBHE, C PA3JIMYHON TEXHOJIOTHEH M3rOTOB-
JICHUS U3JICTINN U3 HUX.

MO>XHO BBIICTTUTH CIASAYIOIINE TPYIIITHI KEIC30yTICPOIUCTHIX CIIABOB,
B 3aBUCUMOCTH OT UX CTPYKTYpPHI IPU KOMHATHON TEMIIepaType:

1. Texuuueckoe dcene3o — CIUIaBBl C COJEpKaHUEM YTIIEpOJa MEHee
0,02 %. Ctpyktypa — (epput, eciu coaepxanue yriaepoga menee 0,01 %,
UM GEeppUT U TPETUUYHBIN LIEMEHTHUT, €clid coaeprkanue yraepona ot 0,01 mo
0,02 % . ®epput npeacTaBIIeT coO0M CBETIbIE 3epHa (TOJIMAIPHI) C YETKO
BBIpa)XKEHHBIMM rpaHuiaMu (puc. 8.6).

Puc. 8.6. Cxema (a) u potorpadus (6)
MHUKPOCTPYKTYPbI TEXHHYECKOTO XKele3a

2. Jloaemexmouonvle cmaiu — CIUIaBbl C COJEpKAaHUEM yriepoia OT
0,02 mo 0,8 %, ctpykrypa — Gepput u nepauT. 3epHa GeppuTa Ha MPOTPAB-
JICHHOM IUTH(E CBETIIBIC, a TIEPJIUT BBITISAUT KaK TEMHBIC YJAaCTKH HEOTHO-
ponHoro crtpoeHus. [Ipu mocTaTodHO OOJIBIIOM YBEIHMYECHHH BUIHO, YTO
CTpOCHHE TepauTa rmaacTuHdaroe (puc. 8.7).
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Puc. 8.7. Cxema (a) u potorpadus (6)
MUKPOCTPYKTYPBI TOIBTEKTOUTHOW CTAIIN

3. Deémexmouodnvle cmanu — CIjiaBbl ¢ cojep:kanueM yraepozaa 0,8 %,
CTPYKTypa — nepiut. [lepauT cocTOUT U3 MIaCTUHYATHIX KPUCTAIUIOB (pepputa
1 iemenTuTa. TomuHa heppuTHOM IIIACTUHKYA IPUMEPHO B 6 pa3 Oosibliie, 4eM
LEMEHTUTHOW, HO PAaCCMOTPETh OTAEIbHBIE IUIACTUHKU MOXHO TOJBKO MpHU
JIOCTATOYHO OOJbIIOM YyBenuueHuH Mukpockomna (ceimie 1000 kpart). [lpu
MEHBIIUX YBEIWYCHUSIX MEPIAUT BBINISIAUT KaK Yepeayroluecss TEeMHbBIC
1 CBETJIBIC MOJIOCHI (pHc. 8.8).

e J T Y T T
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=
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Puc. 8.8. Cxema (a) u potorpadus (6)
MHUKPOCTPYKTYPbI SBTEKTOUTHON CTAIN

4. 3aremexmoudHvle cmaaiu — CIJaBbl C coaepxkanueM yriepona ot 0,8
10 2,14 %, cTpykTypa — HepJIUT U LEMEHTUT. BTOpUYHBIN LIEMEHTUT BBLACTISICT-
Csl U3 ayCTCHUTA B MHTepBasie Temrepatyp ot quauu SE mo 727 °C (puc. 8.5)
1 00pa3yeT TOHKHE OOOJIOYKH IO TPaHMIAM ayCTEHUTHBIX 3epeH. [locne mep-
JIMTHOTO TPEBPAILCHUS U OXJAXKICHUS 10 KOMHATHOW TEMIIEpaTyphbl KaXIbli
Y4YacTOK TepJIUTa OKa3bIBAETCS OKPYKEHHBIM XPYIIKOW LEMEHTUTHOU 000J104-
koil. Ha e meMeHTUT BBITIAINT, KaK CBETJIas Hepa3pbIBHAS CeTKa, pasJe-
JSOLIAs TUIACTUHYATHIE yU4acTKU niepauTa (puc. 8.9).
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Puc. 8.9. Cxema (a) u potorpadus (6)
MUKPOCTPYKTYPBI 323BTEKTOMIHOM CTaJIN

5. [lossmexmuueckue benvle 4yeyHvl — CIUIABBI C COAEPKAHUEM YTIIEPO-
na ot 2,14 no 4,3 %, cTpykTypa — NEpIUT, JIeAeOypUT U BTOPUUHBINA [IEMEH-
TuT (puc. 8.10). IlepauT B 1O0IBTEKTUYECKUX YYT'YHAX MOSBISETCS B pPe3yib-
TaTe PBTEKTOMHOTO MPEBPAICHUS MEPBUYHBIX KPUCTAJUIOB aycTeHUTA (T.€.
oOpazoBaBmmuxcs u3 xuakoctu B odnactu ACE, cm. puc. 8.5). Otu kpucra-
76l UMEIOT (QOpMy ACHIPUTOB, TOSTOMY M TEPIUT PACIOJOXKEH IO OCAM
JIEHAPUTOB (KPYTHbIE TEMHbIE YYacTKH). DBTEKTUKA — JIeAEOypUT — HUMEET
SYEUCTOE, WIIK COTOBOE, CTPOEHHUE, TaK KaK MPU IBTEKTUIECKON KPUCTAILIHU-
3alMM CKBO3b IJIACTUHY LIEMEHTHTA MPOPACTAIOT BETBU ayCTCHUTHIX JICH/I-
PUTOB.

Puc. 8.10. Cxema (a) u portorpadus (6)
MHUKPOCTPYKTYPBI JOIBTEKTHYECKOTO O€I0r0 YyryHa

[Tpu mepecedeHnn MeTallia IIOCKOCTHIO NutH(da je1e0ypuT BBITISINT,
KaK CBETJIbIC YJaCTKH IICMCHTHTA C TEMHBIMH sYCHKaMU TiepiuTa (IBTCKTH-
YeCKUH ayCTeHHT TOXKE IpeTepresl 3BTEKTOMIHOE MpEBpaIlCHHe TpU
727 °C).

6. Demexmuueckue Genvie uyeyHvl — CIUIABBI C COACPKAHUEM YIepoia
4,3 %, ctpykrypa — nenedyput (puc. 8.11). B minockoctu numda paznuanbie
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Y4acTKU Jiele0ypruTa UMEIOT pa3Hylo (OopMy MEPIHUTHBIX SYEEK, OKPYTIIYIO
WJIU BBITSAHYTYIO.

Puc. 8.11. Cxema (a) u portorpadust ()
MHUKPOCTPYKTYPBI IBTEKTHYECKOTO O€JI0r0 4yryHa

1. 3aremexkmuyeckue benble yy2yHvl — CILIABBI C COJICPIKAHUEM YTIIEPO-
na ot 4,3 % no 6,69 %, crpykrypa — JieqeOypuT U MEePBUYHBIN IIEMEHTHUT
(puc. 8.12).

[lepBUYHBII IIEMEHTUT — ATO KPYITHBIE CBETIIbIC KPUCTAIUIBI UTOIHYATON
¢dbopmbl. M3-3a BBICOKOW XPYMKOCTH, KOTOPYIO MPHUIACT IIEMEHTHUT, OCIbIe
3a9BTEKTUYECKHUE YyTYHBI MPAKTUYECKU HE UCIIOJIb3YIOTCSI.

Puc. 8.12. Cxema (a) u ¢pororpadus (6)
MHKPOCTPYKTYPBI 3a89BTEKTHUIECKOT0 OEI0r0 YyryHa

8.4. Ilpumepsl anaau3a npespaienuii B ciiiapax Fe—Fe;C

Ha puc. 8.13, @ mpuBenena neBas (CTajbpHasi) 4YacTh JUArpaMMbl
Kele30-IeMEHTHUT. PaccMOoTpuM mipeBpalieHusi, MPOUCXOAAIINE TIPU OXJIaxK-
JICHUU B J0O3BTCKTOUIHON cTanu, Hapumep coctasa -1 (0,6 % C). Dta cranb
P OXJKICHUN U3 KUAKOTO COCTOSHHUS O KOMHATHOW TeMIepaTyphl HC-
IBITEIBACT 4 (pa3oBBIX MpeBpameHus. M COOTBETCTBYIOT KPUTHUCCKHE TEM-
neparypsl 1, 2, 3, 4.
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Boimie Touku 1 crijaB HaXoAUTCSI B COCTOSIHUUA OJHOPOJAHOTO KUJIKOTO
pactBopa. Touka 1 nmpuHAIICKUT JTUHUU JTUKBUIYC, IPU JOCTUKEHUH ITOU
TEeMIIepaTypbl HaUMHAeTCs KpucTawmzanus. [lpu oxmaxaeHun ot Touku 1
70 TOYKH 2 W3 KUJIKOCTHU BBIACISAIOTCS KPUCTAIIbI ayCTEHUTA, IPUYEM KOH-
HEHTpaIUsl yIriaepoia B BBIACISIONMXCS KPUCTAIUIAX U B OCTAIOLIEHCS KU I-
KOCTH HENPEPBHIBHO MeHsAeTCs. Tak Kak MpU 3TOM MPOUCXOJUT BBIJEICHUE
CKPBITOM TEIJIOTHl KPUCTAJUIM3ALNH, TO OXJIKICHUE 3aMeiseTcs (y4acToK
1-2 na puc. 8.13, 6). Touka 2 MPUHAIICKUAT JIMHAK COJIUIYC, TIPH JOCTHKE-
HUU 3TON TeMIepaTypbl KpUCTAUTM3AIUs ayCTeHUTa 3akaHunBaeTcsi. CocTaB
MOCJICTHUX KPUCTAIOB, 00OPa30BaBIIMXCS MIPH TEMIIEPAType TOUYKH 2, COOT-
BETCTBYyET cocTaBy ciuiasa I-1, T.e. 0,6 % C.

Ot TemMriepatypsl TOUKH 2 10 TEMIIEPATYPBI TOUKH 3 UIIET OXJIAXKICHUE CTa-
JIY, HAXOJAILEICS B COCTOSIHUM OJTHOPOJTHOTO TBEPJOrO PACTBOpA — AYCTEHHUTA.
®a30BbIX MPEBpAICHUI HE MPOUCXOANT (Y4acTok 2—3 Ha puc. 8.13, 6).

[Ipn nmoctwxkeHuM TemmepaTypbl TOYKM 3 HAUYMHAETCS 3apOKIACHUE
U POCT KPUCTAIIOB (heppUTa B T€X ydacTKaX ayCTEHHUTA, IJie¢ KOHIICHTpaIUs
yriaepojia B CHIIy €CTECTBEHHBIX (UIYKTyaluid okaszanach HuU3koi. IIpu sTom
coJiep’KaHue yrjiepojia B ayCTEHUTE MOBbINIAeTCS. Tak Kak Py BO3HUKHOBE-
HUM HOBBIX KPHUCTAJUIOB BBIACISIETCS CKPBITAsl TEIUIOTA KPUCTAJUIU3ALMNH, TO
OXJIAKJICHUE CHOBA 3aMe sieTcs (yaacTtok 3—4 Ha puc. 8.13, 6).

911

EpeMA

a 4]

Puc. 8.13. JleBas yacth quarpammbl Fe—Fe;C (a)
W KpuBas oxJjaxacHus cruiasa I-1 (6)
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K MomeHTy, Korzia CIjiaB OXJIaguTcs 0 TEMIEpaTyphl TOUKH 4, JeKaIeH
Ha yuauu PSK, coneprkanue yriepona B aycreHute Bo3pacraet 10 0,8 %. Kpu-
cTayuibl aycreHuTa, coaepxaiue 0,8 % C, npu 727 °C npereprneBarwT nep-
JIUMmHoOe npespauienue:

Apg —> Ilpg nmn Agg — Do o2 + L eo.

HwuxHre mHAEKCH 371eCh YKa3bIBAalOT COJEp)KaHUE yriepoaa B ¢azax
cruiaBa. B mpoiiecce npeBpailieHrs B paBHOBECHHM HAXOASATCS Tpu (pas3bl: ay-
CTEHUT, GEPPUT U IEMEHTHUT. DBTEKTOMTHOE (IEPIUTHOE) MPEBpaIieHne, KaK
M 3BTEKTUYCCKOE, MPOMCXOIUT TPHU MOCTOSHHON Temmeparype — 727 °C
(yuactok 4—4' Ha KpUBOH OXJaXKaeHus, puc. 8.13, 6).

[locne 3aBepuieHMs] NEPIMTHOIO MpeBpalleHus (Pa3oBbI COCTaB CIUIaBa
Y CTPYKTYpa HE MEHSIOTCS MPH JabHEUIIIEM OXJIAKICHUU (BbIJICIICHHE TPETUY-
HOTO LIeMeHTUTa U3 (peppura MOKHO HE YUYHUTHIBATh). Takum 00OpazoMm, CTaib,
cogepkartas 0,6 % C, npu KOMHATHOM TemIiepaTrype COCTOUT M3 JIBYyX (a3 —
deppuTa 1 IIEMEHTHTA, CTPYKTYpa CTan — (heppUT | 1epiuT (cM. puc. 8.7).

OOparumcs Tenepb K MpaBoil (YYTyHHOW) YacTH JUAarpamMMbl KeJIe30-
LEMEHTUT U PaCCMOTPUM NpeBpalieHus npu oxnaxaeHun cruiasa [I-II, co-
nepsxamero 3,5 % C, — no3BTekTuyeckoro uyryHa (puc. 8.14). OtoT cruaB
B IIPOLIECCE OXJIAXKICHUS UCTIBITHIBAET 3 (Pa30BbIX MpeBpalleHus (ToukH 1, 2, 3).
Bpimie Touku 1 criaB HaXOIUTCSI B COCTOSIHUM OJHOPOJHOTO KUAKOrO pac-
TBOpa. Touka | TpUHANIEKUT JIMHUM JIMKBUIYC, NPU JOCTHKEHUH HTOU
TEMIIEpATypbl HAUMHAETCS KpucTaum3anus. [Ipu oxnaxaeHun oT Touku |
70 TOYKH 2 W3 KUJKOCTHU BBIACISIOTCS KPUCTAIbI ayCTEHUTA, IPUYEM KOH-
LEHTpALMS yIIepoaa B BBIACISAIONIMXCS KPUCTAUIaX U B OCTAIOUIEHCS KU -
KOCTH HEMPEPBIBHO MeHsAeTCs. Tak Kak MpU 3TOM MPOUCXOJUT BbIJCICHUE
CKPBITOM TEIJIOTHl KPUCTAJUIU3AIMH, TO OXJIXKICHHUE 3aMeIsieTcs (CM. yda-
ctok 1-2 Ha puc. 8.14, 6).

Touka 2 NpUHAANIEKUT JUHUH COJIUAYC, MPU TOCTHKEHUU 3TOM TeMIiepa-
TYpbI OCTATOK YKUJKOCTH KPUCTALIU3YETCS MO IBTEKTUYECKOMY THUITY: U3 KU
KOCTH OJJHOBPEMEHHO 00Pa3yrOTCsl KPUCTAIUIBI ayCTEHUTA U IIEMEHTHUTA.

OBTEKTHKA (JIeAeOypUT) KPUCTAIIU3YETCS MPHU MOCTOSHHOW TeMmIiepa-
type 1147 °C. Ha kpuBOi OXJIaXJICHHUS TOPU3OHTAIBHBIA yd4acTok 2—2'
(puc. 8.14, 6) COOTBETCTBYET KPUCTALTU3AI[UH SBTCKTUKH.

B xone oxnaxaeHus: OT TeMrneparypbl 00pa30BaHUs IBTEKTUKH 1O TOY-
KM 3 M3 ayCTEHUTA HEMPEPHIBHO BBIACIACTCS M30BITOUHBIN YIIIEpOJ B BUIE
BTOPUYHOTO I[EMEHTUTA, TaK KAaK PACTBOPUMOCTH YIJEpoJa B ayCTCHUTE
CHIDKAETCs OT MakcuManbHo# — 2,14 % npu 1147 °C mo 0,8 % mpu 727 °C.
OOGBIYHO BTOPUYHBIM IIEMEHTUT HE SBJSETCS OTIEIbHOM, 000COOJEHHOU
CTPYKTYPHOM COCTaBJISIFOLIEH, MOCKOJIBKY OH HACJIauBaeTCs Ha LIEMEHTUT
ABTEKTHUKH.
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Touka 3 Haxoautcs Ha quaun PSK. Tlpu stoit Temmeparype (727 °C)
MIPOMCXOIUT TIEPJIIUTHOE TIPEBPAIICHUE ayCTCHUTA (B TOM YHCIIC U ayCTCHU-
Ta, BXOSIIETO B SBTEKTUKY):

Agg > Ipg, mmm Agg —> Doz + Ls e

DTa KpaTKas 3alUCh O3HAYaeT, 4TO aycTeHuT, coaepxanmid 0,8 % C,
pacmnamaercs ¢ 00pa3oBaHUeM JIBYX(Pa3HOU CTPYKTYPHI: YEPEIYIOIINXCS TJ1a-
CTUHYATBIX KPHUCTAIOB (eppuTa U IeMeHTHUTa. [lepauTHOEe TpeBpalieHue
ujeT npu nocrossHHOU Temmeparype 727 °C (ydactok 3—3' Ha KpUBOU OX-
naxaeHus, puc. 8.14, 6).

214 I 43 o c 669%C BpEMA
a o

Puc. 8.14. [IpaBas yactb quarpammel Fe—FesC (a)
u kpuBas oxjaxacHus cruiasa [I-11 (6)

[Tocne 3aBepieHus MEPIUTHOTO NMpeBpallieHns (a3oBblii COCTaB CIlJIaBa
U CTPYKTYypa HE MEHSIIOTCS MPH JadbHEHIIeM OXJIaXACHUH (BBIICICHUE Tpe-
TUYHOTO I[EMEHTUTA U3 (eppuTa MONKHO HE YUHTHIBATh). TakuMm 00Opa3om,
4yyryH, coxaepxamuii 3,5 % C, npu KOMHAaTHOW TeMmIepaType COCTOUT W3
nByXx ¢a3 — deppuTa U IEMEHTUTA, CTPYKTypa Ke YyryHa — MEpJHT, Jieae0y-
PUT ¥ BTOPUYHBIN 1IeMEHTHUT (cM. puc. 8.10).

AHaJOTMYHO MOXXHO IMPOAHAJIU3UPOBATh OXJIAXKICHHUE JIIOOBIX IPYrHX
CIUTaBOB CHCTEMBI KEJIe30-1[EMEHTHT.

8.5. /luarpamma cocTosiHUS KeJj1e30-rpadurt

[lemeHTUT HE sIBIsIETCS CTAaOMIBLHOM (Da3oi, T.e. yCTOMUMBOM MPHU BCEX
ycnoBusx. [Ipu qmurensroMm Harpese Boimie 1000 °C meMeHTHT pas3iaraercs
¢ oOpa3oBaHueM keje3a U rpadura. ITO U €CTh UCTUHHO CTaOWJIbHBIE, YC-
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Tol4MBbIE (a3bl B cUcTeME xene3o-yriepoa. Ho nis oOpa3zoBanus rpadura
U3 pacIuiaBa HY>KHBI OIpECNICHHbIC YCJIOBHUA: OYEHb MaJieHbKas CKOPOCTb
OXJIQXKICHUS, JIESTUPOBAHUE KPEMHUEM WJIM HAJIMYUE TOTOBBIX LIEHTPOB KPU-
CTAJUIM3AIMU TpauTa B )KUIKOM UyryHe (HEpacTBOPEHHbIX nmpumecen SiOs,
Al,O3 u np.). Ilpu oTCyTCTBHM 3THX YCJIOBHI Topa3ao BeposTHee 00pa3oBa-
HUE METacTaOMIIBLHOIO IIEMEHTUTA, cojJiepxaiiero Bcero 6,69 % C, uem rpa-
¢duTa, COCTOAIIETO TOIBKO U3 AaTOMOB YIJIEpO/a.

[Ipocras cxema Ha puc. 8.15 moka3bpIBaeT, 4TO MEXKIY HEYyCTOWYUBBIM
NoJIoKeHUEeM Iapuka (0003HaYE€HO MYHKTUPOM) WM YCTOWUYMBBIM (HUKHEE
MOJIOXKEHHE IIAPUKA) UMEETCS MTPOMEKYTOUHOE MOJO0KEHUE, YCTOMIHBOE TIO
OTHOIIEHHUIO K TIEPBOMY, HO HEYCTOMYMBOE MO CPaBHEHHUIO cO BTOPHIM. [Ipu
NaJCHUH U3 HEYCTOMYMBOTO MOJIOKEHUS IIAPUK MOMAAET B MPOMEKYTOUHOE
MOJIOKEHHE U OYJET B HEM HaXOAUTHCSI HEONPEAEIIEHHO JA0T0 (II0Ka HE Mo-
JYYUT TOTIOTHUTEIBHBIN TOTUOK AJIS IEPEX0/1a B YCTOWIMBOE MOJIOKEHUE).

TouHo Tak ke W TpH KpU-
CTAJUTM3AI[MU YyT'yHa M3 CTaBIIE-
ro HEeCTaOWJIBHBIM pacIuiaBa Jier-
KO BO3HHUKAIOT 3apOJBIIIN KpHU-
CTAJUIOB IIEMEHTHTAa 3a CYeT
HE3HAYUTEIbHBIX KoseOaHui
KOHUEHTpallUK yriepoja. A s
BO3HUKHOBEHHS 3apofpblllia CTa-
OowibHOM (a3sl — rpaduTa — HYX-

Hbl OOJIBIIIME OTKJIOHCHHS OT Puc. 8.15. Cxema

. 8.15. ,
CpCAHCH KOHHCHTPpAlMK pacriia- WUIIOCTPUPYIOIIAsk BEPOSTHOCTh
Ba. Heobxomumble mst 5TOTO yc- oOpa3oBaHus rpaduTa M IEMEHTUTA

JIOBUS IIEPEYMCIICHBI BBIIIIE.

JuarpaMma cOCTOSIHUSI CTaOWUJIBHOTO PaBHOBECHUS CIUIABOB >KEJIe30-
yriiepoJ npuBeaeHa Ha puc. 8.16. JInHUM 3TOM AMarpamMMbl CMENIEHbI BBEPX
Y BJIEBO MO CPaBHEHUIO C JMHUSMH METACTaOWJILHON HarpaMMbl >KeJe30-
nemeHTHT. [lpu Temnepatypax, coorBeTcTBytomux quann C'D’, HaunmHaeTcs
Kkpuctauu3anus rpadura. I'padutHas sBTekTHKa (aycTeHHUT + TpaduT) 00-
pasyercs mnpu Temmeparype 1153 °C (nmuuus E'C'F'), sBrexkTHYecKas KOH-
LHeHTpauus yriepona cocraBisieT 4,26 %. OBTEKTOMIHOE NPEBPALICHUE
npoucxoaut npu temmeparype 738 °C (nmuuus P'S'K’) u cocTouT B pacnane
aycTeHnTa Ha ctabwibHble dasbl: hepput u rpadut. Comepxanue yriepoaa
B rpaduToBOM 3BTeKTOMAE coctaiset 0,7 %.
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Puc. 8.16. Jluarpamma cocTosiHUSI KeIe30-rpaduT

Kpucrannsr rpaduta, odpasyromnimecs: U3 KHUAKOCTU, PACTYT U3 OJHOTO
LIEHTPa B BUJIE CHJIBHO MCKPHUBJICHHBIX JenecTkoB. [1o ¢popme oHn Hanmomu-
HalT po3eTky (puc. 8.17, a). OgHako B MIOCKOCTH nuiMda rpadut umeer
BUJl OTHEJIbHBIX IUIACTUHOK, MPSAMOJMHEUHBIX WM H30THYTHIX, KOTOpPbIE
MPEJCTaBISIIOT cO00M ceueHus: rpadUTHBIX JienectkoB (puc. 8.17, 6). OTu
IUTACTUHKH, Pa3Aeiisis METAIIIMYECKYI0 OCHOBY CIUIAaBa, SIBJSIOTCS MPUYMHON
HU3KOW TUIACTUYHOCTH 4yryHa. [Ipu ucnbITaHNM Ha pacTsHXKEHUE OTPHIB MPO-
UCXOJUT UMEHHO MO Ipa@UTHBIM BKJIIOUYEHUSM, UTPAIOLIMM POJb HAJAPE30B
WIH TPEIIMH B METajlle, TaK KaK MPOYHOCTh TpaduTa IpHu pacTsHDKEHUH HU-
YTOXHO MaJja.

Puc. 8.17. Kpucrann rpaduTa (a) u Bbiaenenus rpapura
Ha HeTpaBJIeHOM HuTHde (6)

8.6. Biiusinue Jierupyroummx 3J1eMEeHTOB
Ha NpeBPalleHNs B CIIABAX JKeJ1e30-yIJIepos

Beoimie ObuM paccMOTpeHbI MPEBpAICHUsI B IBOMHON CHUCTEME KeJe30-
yriepol. B TeXHuKe MCIoNb3yIOTCs HE IBOMHBIE CILIABbl, 8 MHOTOKOMIIOHEHT-
HBI€ — CTJIM U YYT'yHbl. T€XHUYECKHE CIUIABbI COJIEPKAT KaK HEM30EKHbIE Me-
TaJUTyprudecKre MPUMECH, TaK U CIIIUAIbHO JOOABICHHBIE JIEMEHTHI.
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DNEeMEHTHI, CIIeHHUAIbHO J100aBJICHHBIE B CIUIABbI C IEJIbIO MOTYyYCHUS
TpeOyeMbIX IKCIUTyaTal[MOHHBIX CBOMCTB, Ha3bIBAIOTCA JICZUPYIOUWUMU JJle-
MeHmamu, a CTajau WIK YyTyHbI C TAKUMU 100aBKaMU — J1e2UPOGAHHBIMU.

Jlerupyronme 37€MEHThI, BCTyNas BO B3aMMOJEHCTBHUE C MCXOJHBIMU
KOMIIOHEHTAMH, MOTYT 3HAUUTENIbHO M3MEHATh BUA auarpammel Fe—C. 1o
CBOEMY BIIMSHHMIO HA MPEBPALIEHUS B 3TOM CUCTEME JIETUPYIOLIUE 3JIEMEHTHI
NOAPA3JCISAIOTCS HA IBE TPYIIIbL:

1) aeMeHTBI, pacIIMPSIONINE 00JaCTh CYIIECTBOBAHUS AYCTEHUTA;

2) BJE€MEHTBI, pacuIupsonme 00JacTh CylecTBOBaHUs deppuTa.

K mepBoil rpymnme OTHOCSTCS 3JE€MEHTHI, KOTOpbIE CHUXXAIOT TeMIepa-
Typy Juauu GS ¥ noBbIIAOT Temneparypy Juauu AE. 3to Hukens, Mapra-
Hel, KoObanbT. OHU 00pa3yOT HEOTPaHUUEHHBIE PACTBOPHI C Y-KeJe30M (XKe-
ne3o ¢ I'l[K-pemerkoit). luarpaMMa COCTOSIHUSI KeJI€30-TETUPYIONTUN dJie-
MEHT UMEET BHJI, TOKa3aHHbIA Ha puc. 8.18. B 3TuX cruiaBax y-001acTh «OT-
KpBIBAaCTCS»: INPU ONPEACIICHHONW KOHIEHTPALMM JIETUPYIOIIETO 3JIEMEHTA
(BbIIe 3Ha4YeHHs D) Temmepatypa auaun GS omyckaetcst Hmxke Hyns. [TIK-
peluIeTKa CTAaHOBUTCA YCTOMYMBOW IPU KOMHATHOM TEMIIepaType, CIUIAB I10-
Clie OXJIAXACHUS MMEET CTPYKTYpy ayCTeHUTa. TaKue cTajiu Ha3bIBalOTCS
ayCcmeHumHbIMU.

o

I,CA

1539‘%

911

NerMpyoLwmn 3nemeHT, %

Puc. 8.18. JlnarpamMmma coctosiHus
xene3o-nerupyromimii aemeHt (Ni, Mn, Co)

AYCTEHHTOM HAa3bIBAIOT HE TOJBKO TBEPJBIM pacTBOp yrieposaa
B Y-)Keje3e, HO U JII0ObIe TBEPAbIe PACTBOPBI HA OCHOBE Y-’KeJe3a.

Ko BTOpOii rpymme oTHOCATCS OONBIIMHCTBO JETHUPYIOMIMX JJIEMEHTOB:
Cr, Mo, W, V, Ti, Si u n1p. OTu 3JIeMEHTHI TOBBIMIAIOT TEMIEPATYPY JTHHUU
GS u nonmxkator temneparypy auHuu AE. B 3ToMm ciiydae TemnepaTypHbIii
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MHTEpPBAJI YCTOMYMBOCTU ayCTEHUTA YMEHBIIAETCS, a TEMIIEPATypHBIM WH-
TepBaJl YCTOMYMBOCTH deppuTa, HA0OOPOT, YBETUINBACTCS.

Ha nmarpamme sxene30-JeTHPYIONIUN 3JIEMEHT Y-00JacTh IMOIYy4aeTCs
3aMKHyTOM (puc. 8.19). Jlerupyromuii 3JIeMEHT HEOTPAHUYEHHO PACTBOPSIET-
cs B xkeneze ¢ OLIK-pemrerkoii, HaYMHas ¢ KOHIIGHTpAIMK D, pudeM 3TOT
TBEPABIA PACTBOpP YCTOMYMB MPU BCEX TEMIIEPATYpax, BIJIOTh A0 COJHIYCA.
CrmnaB mocie oXJaXIeHUs UMeeT CTPYKTypy depputa. Takue cranu Ha3bI-
BaIOTCS heppumHviMu.

@eppuTOM Ha3bIBAIOT HE TOJBKO TBEPABIA PacTBOp yIyiepoja
B O-)KeJie3e, HO U JII0ObIe TBep/Ible paCTBOPHI HA OCHOBE CL-XKeJie3a.

I
b
NervpyrwWwmn anemMeHT, %

Puc. 8.19. lnarpamma cocTostHUs
xene3o-erupyromuii anemenr (Cr, V)

8.7. UyryHnsl

B 3aBucHMOCTH OT TOro, B Kakoi (popMe COAECPKHUTCS B UyTyHE YIJie-
poJ, pa3nuyaroT Oelble, cepble, KOBKUE U BBICOKOIPOYHBIE YYTYHBI.

8.7.1. beJbie 4yryHbl

Ecnu Bech yriepon, BXOISAIINN B COCTaB YyTr'yHa, HAXOJIUTCS B CBSI3aH-
HOM BHJI€ — B BUJIC XUMHUYECKOTO coearHeHus1 FesC, Takoi 4yryH Ha3bIBaeT-
csl Oenvim.

Ero uznom cBeTIbIi, ¢ METAUNTMYECKUM OJIECKOM, OTYETO U MPOUCXOJIUT
HaszBaHwue. [lo cTpykType Oemnbie UyryHbI MOAPA3IEISIIOTCS Ha 0038meKmuye-
cKue, ssmekmuyeckue N 3aremekmudeckue. CxeMaTHueCcKue M300pakeHUs
1 MUKpodoTOrpaduu CTPYKTYp O€NbIX UYyT'yHOB IMpeCcTaBieHbl Ha puc. 8.10,
8.11, 8.12. JIro6oi Genblii YyTyH COAEPIKUT IBTEKTUKY — JIeICOypHUT, KOTOpas
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B MOMEHT 00pa30BaHMsI COCTOUT U3 ayCTEHUTA U LIEMEHTUTA, a IIPU TeMIIepa-
type Hike 727 °C — U3 mepiuTa U NEeMEHTUTA. Bosblioe KOJIUYecTBO Iie-
MEHTHUTA B CTPYKTYpPE OOYCIOBIMBAET CBOMCTBA OE€JIBIX YYTYHOB: BBICOKYIO
tBepaocTh (450-550 HB), m3HOCOCTOMKOCTH, XPYHKOCTb. benbie 4yryHbI
HE CIIOCOOHBI IJIACTUUECKH JePOPMUPOBATHCS, HE 00padaThIBAIOTCS pE3aHUEM.

Jnia momy4yeHus: 6eoro yyryHa Heo0XouMo OBICTPOE OXJIAXKICHHUE OT-
JUBKHU, MUHUMAJIbHOE COJAEpKaHUE B CIUIaBE KpeMHHUsA (S1) U MpucCyTCTBHE
otOenuBarOMMX 31eMeHTOB — Mapranna (Mn) unu xpoma (Cr). Torma 3apo-
KJIECHHE KPHUCTAJUIOB IpaduTa CTAHOBUTCS HEBO3MOXHBIM M BEChH YIJIEPOJ
BXOJUT B COCTaB LIEMEHTUTA.

JUi M3roToBJIEHUS JeTaleld MallMH Oellble YyTyHbl HE HCIOJIb3YIOTCS
M3-32 UX BBICOKOM XPYIKOCTH, a CJIE€IOBATE€IbHO U HEHaJexkHOCTH. [Tpume-
HSIOT omobeeHHble YyTyHHbIE IETall, Y KOTOPhIX CEpALIEBUHA UMEET CTPYK-
Typy CEpOro UyryHa, a Ha TOBEPXHOCTU UMEETCS CIIO0M CO CTPYKTYpoil Oeno-
ro uyyryHa. Tak MOXXHO M3rOTaBJIMBAaTh BAJIKU MPOKATHBIX CTAHOB, TOPMO3-
HbIE KOJIOJIKH, IIapbl MEJIbHUIL JJI1 pa3MoJia TOPHBIX MOPOI, JIEMEXH IUIYTOB,
3yObsl KOBIIEH 3KCKaBaTOPOB, JOCKU B Aparax, — T.€. U3/€Tusl, OT KOTOPbIX
TpeOyeTcs BBICOKAsI TBEPIOCTh U U3BHOCOCTOMKOCTh NOBEPXHOCTH.

OCHOBHBIM € Ha3HaYCHUEM OEJIOro 4yryHa sIBJSETCS Mepeles B KOB-
KUH IIyTEM OTKUTA.

8.7.2. Cepsble 4yryHsi

Ecnu yrnepon, BXoAsmuii B COCTaB 4yryHa, HaXOJUTCS B CBOOOTHOM
BUJIE — B BUIe rpaduTa, TAKOW YyTyH Ha3bIBACTCS CEPbIM.

Ero u3nom TemHO-cepslii, Oe3 Oyiecka, OTYEro M MPOUCXOAUT Ha3BaHUE.
['paduT B cepoMm uyryHe UMeeT IiacCTUH4YaToe cTpoeHue (cm. puc. 8.17), a me-
TaJUIMYeCKasi OCHOBA MOXET ObIThb (EeppPUTHOU, (PEppUTO-TIEPIAUTHOU HIIU
nepiutHOU (puc. 8.20).

Cepslil 4yryH — CIJIaB CJIOXKHOTO coctaBa. OH CONEPKUT OCHOBHBIE
anemenTsl (Fe, C, Si) u nocrosuusie npumecu (Mn, P, S). KonnuectBo npu-
Mecelt Haxoaumtes B mpenenax 2,2-3,7% C; 1-3% Si; 0,2-1,1% Mn;
0,02-0,3 % P; 0,02-0,15 % S.

Uem Oosibllie B UyTryHe yriepoja, TeM Oojbliie B HeM rpadura U Tem
HUKE €r0 MEXaHMUYECKHE CBOMCTBA, HO MOHM)XEHHE COJIEpP)KaHUS YyTiepoa
MPUBOJUT K YXYIIICHUIO JTUTEHHBIX CBOUCTB. [103TOMY IS TOJICTOCTEHHBIX
OTJIMBOK NMPUMEHSIOT YyTyH ¢ 0ojiee HU3KUM COJIep)KaHHEM YTiiepoJa, a Jis
TOHKOCTEHHBIX — C 00JIee BHICOKHM.

93

KOMMOJNEKT. 3NEKTPOHHBIX
YUYEBHO-METOQUUYECKUX MATEPUAJIOB - I L 2 I OTMABREHME == I JARPBITD KI


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

|
|

Puc. 8.20. MukpocTpyKTypa cepbIX YyT'yHOB:
a — heppHUTO-TIEPIIUTHOTO; 6 — IIEPIUTHOTO

Kpemnuii obnamaet CHIbHBIM TPpaQUTH3UPYIOUINM JEHCTBUEM: CIIOCO0-
CTBYET BBIJIEJICHUIO rpaduTa MPU KPUCTALIM3AIMN YyTyHA U Pa3JI0KECHUIO
BBIJICJISIIONIErOCs LIeMEHTUTa. BiausiHue coaepxkanus yriepoaa U KpEMHHS Ha
CTeNEeHb TpaQUTU3AIMK YyTyHA UM €ro CTPYKTYpy IIOKa3aHO Ha
puc. 8.21, a. Mapeaney 3atpyanseT rpaduTH3AINIO, HO HECKOIBKO YITydIIa-
€T MEXaHUYECKHE CBOMCTBA UyTyHA.

Cepa — BpeHasi IPUMECH, OHA YXYJIAET U MEXAHUYECKHUE, U JINTECITHBIE
CBOMCTBA 4yTr'yHa.

@Docghop MOBHIIAET KUIKOTEKYIECTh, HO MPUAAECT MOBBIIICHHYIO TBEP-
JOCTh U XPYIIKOCTb, IOATOMY €0 COAECP/KaHUE OIPAHUUYECHO.

Ha cTpykTypy U CBOICTBa UyryHa CUJIBHO BIIMAIOT U TEXHOJOTHYECKUE
(bakTOpbl, 0COOEHHO CKOPOCTh OXJIaXKJCHHS, KOTOpas 3aBUCUT OT TOJIIIUHBI
CTEHKH OTJIMBKHU. YeM OoJibllie TOJIMHA CTEHKH, TEM MEJICHHEE OXJIaK]a-
eTCsl OTJIMBKAa M IIOJIHEEe MIpoTeKaeT mpouecc rpadguruzanuu. Haobopor,
B TOHKHX OTJIMBKAX CO3JIal0TCSl YCIOBUS ISl KPUCTAUIM3ALUU B COOTBETCT-
BUM C METAaCTaOMJILHOM JUarpaMMoMu, T.e. JIJISl BBIJIEJICHUS TEPBUYHOTO I1€-
MEHTUTA. BiusiHUE TOJIIMHBI CTEHKM OTJIMBKM M COCTaBa 4YyryHa Ha €ro
CTPYKTYpY IOKa3aHo Ha puc. 8.21, 6.

MexaHu4yecKHe CBOMCTBA CEpPOr0O UyTryHa 3aBUCSAT OT CBOICTB MeETal-
JIMYECKOW OCHOBBI, HO TJIABHBIM 00pa3oM — OT KOJIMYECTBa, (GOPMBI U pa3me-
poB rpadUTHBIX BKIIOYEHHUH. YKE TOBOPUIOCH, YTO TpauT UTpaeT pojb
TPEILINH, HAAPE30B B METAJUIMYECKON OCHOBE uyryHa. [loaTomy, HE3aBUCHMO
OT CTPYKTYPbI OCHOBBI, OTHOCUTEJIBHOE YJUIMHEHUE MPU PACTSKEHUH CEPOTO
yyryHa He npesbimaer 0,5 %. Uem menbue u pazoOuieHHee rpaduTHbIE
BKJIFOYEHHS, TEM MEHBIIE MX OTPULATEIBHOE BIMSHUE HAa CONPOTUBIECHUE
pa3pbIBy. [IpoUHOCTB, TBEPAOCTH U H3HOCOCTOMKOCTh YYTYHOB PACTYT C yBE-
JUYEHUEM KOJIMYECTBA Nepiiuta B cTpykType. [IpodyHOCTH mpH CKaTHUU
Y TBEPAOCTb CEPOro YyryHa OJIM3KH K CBOMCTBAM CTaJIU C TOM K€ CTPYKTY-
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poii, T.e. mpu OoJiee «MATKUX» BUIAX HATPY>KEHUsI BpEHOE BIUsHUE Tpadu-
Ta CKa3bIBaeTCs MeHbIIE. J[JI1 cephIX YyT'YHOB XapaKT€PHO COOTHOIICHUE

OB cxarus — 2'GB wsruba — 4'GB pacTsKeHus

3HaueHUsI MEXaHUYECKUX XapaKTEPUCTUK HEKOTOPBIX MapOK CEphIX Uy-
I'YHOB ITPUBOAATCS B Ta0. 8.1.

C+Si,%

5i, %

Puc. 8.21. CrpykTypHas quarpamMma 4yryHOB B 3aBUCHMOCTH
OT COJIepKaHMsI KPEMHHUS | yriiepoja (a) U TONIUHBI CTCHKH OTIUBKH (0):
| — Geunprii wyryn; 11 — monoBuH4aTeii uyryH; III — cepplii mepiIuTHBIN YyTyH;
IV — cepyrit heppuTo-niepnuTHBINA 9yryH; V — cepblil peppuTHBINA 4yryH

Cepslii uyryH obnagaer aemMndupyroieil cnocoOHOCThIO (TacuT Mexa-
HUYECKUe KoseOaHus), HEUYBCTBUTEIEH K HaJpe3aM, XOpouio oopabaThiBa-
€TCsl pe3aHueM. DTOMY TOXKE CITOCOOCTBYIOT BKJIIOUEHUS IpaduTa.

Jletanu W3 ceporo 4yyryHa M3roTaBlIMBaIOT JINTHEM C MOCIEAYIOUIeH 00-
paboTKOM pe3aHueM.

Mapxkuposka. B cootBerctBuu ¢ 'OCT 1412—85 ycinoBHoe 0003HaueHNE
MapK{ Ceporo 4yryHa BkJIrodaeT OykBbl «CU» M yMCi0, MOKa3bIBaKOIEe MUHU-
MaJIbHOE 3HAYCHHE TpeIea MPOYHOCTH MpH pacTsvkennn o101 B MIa, Ha-
npumep CH25.

IIpumenenne. Deppumnvie cepsie uyrynsl CH10, CU15, CUI8 wuc-
MOJIB3YIOT JJIsl clla00- M CpeIHEHArpyKeHHbIX JeTaylel: KphIIEK, (IiaHLEeB
MaxOBHKOB, KOPIYCOB PEIyKTOPOB, MOJUIMIHUKOB, HAaCOCOB, CYIIOPTOB,
JUCKOB CLEIUICHHUS U JIp.

@eppumo-nepaumnsie cepple uyrynsl CH20, CH21, CU24, CU25 npen-
Ha3Ha4YeHBI JUIs AeTajell, paboTarolmuxX MpH MOBBIIIEHHBIX Harpyskax: 0Jo-
KOB IWJIMHJPOB, KAPTEPOB ABUTATEIS, MOPIIHEN IIMIMHAPOB, 3y0UaThIX KO-
JIEC, CTAHWH Pa3JIMYHbIX CTAHKOB.

lleprumnwvie cepwvie MoguduimpoBannsie yyryHsl CU30, CU35 umeror
HauboJiee BBICOKHME MEXaHHMYECKHE CBOMCTBA M3-3a MEJKHX Pa300IIEHHBIX
rpa@uTHBIX BKItOYeHUH. [loiydaroT 3TH 4yryHbl yTeM MOIU(DUIIMPOBAHUS
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AKHUJIKOTO 4yryHa (peppOCHIIMIIMEM WIN CUIIMKOKAJIbLUEM U UCIOIb3YIOT IpU
BBICOKMX Harpyskax (3yOuaTble Kojeca, THIb3bl OJIOKOB IIJIMHIPOB, IIMUH-
IeJIU, paclpeAeIUTENbHbIE BAJIbI U JIP).

8.7.3. BbICOKONIPOYHBbIE YYTYHBI

Bovicoxkonpounvimu Ha3bIBAIOT YYTYHBI, B KOTOPBIX TpaUT MMeEeT mapo-
BUJHYIO QopMmy.

BbICOKOTIpOYHBIE YYTYHBI TOJYYalOT MyTeM MOIUPHUIIMPOBAHMUS:
B KUAKUHN 4yryH qo0aBistoT Marauii (Mg) B konuaectse 0,02—0,08 %. Mar-
HHUIl BBOJIUTCS B KOBII IEpe] 3aIMBKON B ()OPMBI, HO HE B YHCTOM BHJIE,
a B BUJIC Jueamypul — CIUIaBa MarHusl ¢ HUKEJIEM, Hampumep, 4ToObl m30e-
’KaThb BO3rOpaHus. MarHuii sIBISETCS MOBEPXHOCTHO-aKTUBHBIM AJIEMEHTOM:
B pacIuIaBe aTOMbI Maraus o0Opa3yloT TOHKUW CIIOW Ha MOBEPXHOCTU PACTY-
HIeT0 KpHcTamia rpaduTa, YBEeIUYUBas €ro MOBEPXHOCTHYIO dHepruro. Ilo-
TOMY SHEPreTHYECKH BBITOJHBIM CTAHOBUTCS OOpa30BaHUE KPHUCTAILIA
C HaMMEHBIIIUM OTHOIIEHHEM MOBEPXHOCTH K 00beMy, T.e. UMeromero ¢op-
My mapa (puc. 8.22).
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Puc. 8.22. llapoBuaHoe rpaduTHOE BKIIOUEHUE
B BBICOKOIIPOYHOM YyT'yHE (@) U BHJ HETPABICHOTO MUKpouniuda (6)

Mexann4yeckue cBOMCTBA. [10 XMMUUEeCKOMY COCTaBY BBICOKOIIPOYHBIE
YyT'yHBI HE OTJIUYAIOTCS OT CEPhIX, HO MIAPOBUIHBINA rpauT SBISIETCS MEHEE
CUJIbHBIM KOHIEHTPATOPOM HAIpPSIKEHUH, YeM IUIaCTUHYATHIA, IMO3TOMY
MPOYHOCTh W IUIACTUYHOCTh ITUX YYTYHOB BBIIIE, YEM CEpPbIX. DTOT (PakT
OTPaXEH B HAa3BAHWU JIAHHOW Pa3HOBUIHOCTU YYT'YHOB. 3HAUEHUS MEXaHU-
YECKUX XAPAKTEPUCTUK HEKOTOPHIX MApPOK BBICOKOMPOYHBIX UYTYHOB IpHU-
BOJATCS B Tab. 8.1.

Mapxkuposka. B coorBerctBun ¢ [OCT 7293-85 ycnoBHoe 0603Haue-
HUE MapKH BBHICOKOIIPOYHOTO YyTyHa BKIIIOYaeT OykBbl «BU» 1 uncio, noka-
3bIBAIOIIEE MUHUMAJIbHOE 3HAUCHHUE Mpejerna MPOYHOCTH MPHU PACTSIKECHUU
o510 B MIIa, Hampumep BU50.
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Tabnumna 8.1

MexaHu4ecKHne CBOMCTBAa HEKOTOPHIX MapOK YyTryHOB
(TIpu TONIIMHE CTEHKU OTJIMBKH 15 MM)

Mapka | op, MIla, ne Menee | 8, % HB | Crpykrypa
Cepsiii uyryn 'OCT 1412-85
CY15 150 — 210 ®eppur
CY20 200 — 230 O +11
C430 300 — 260 ITepnut
Cu3s 350 — 275 ITepnut
Bricokonpounstit uyryH 'OCT 7293-85
BU35 350 22 140-170 DPepput
¢ HeOONIbIIUM
BY40 400 15 140-202 KOJIMYECTBOM
BY50 500 7 153-245 fiepmTa
BU60 600 3 192-277 Tlepmnt
¢ HeOONIbIIUM
BYS80 800 2 248-351 KOJIMYECTBOM
BY100 1000 2 270-360 |  eppura
KoBkuii uyryn I'OCT 1215 (pepakuus 1992 r.)
KY30-6 294 6 100-163 ®eppur +
KY35-10 333 10 100-163 +(10+3) %
KY37-12 362 12 110-163 nepimTa
K445-7 441 7 150-207 [MepmuT +
KY60-3 588 3 200-269 +(20+0) %
K4Y80-1,5 784 1,5 270-320 ¢bepputa

Crpykrypa. [lo cTpyKkType MeTasin4ecKoil OCHOBBI BBICOKOIIPOUHBIE
YyryHbl MOTYT ObITb peppumnvivu (BU35, BU40, BU45, BUS0) u nepaum-
moivu (BUY60, BU70, BU80, BU100). B depputHOoM uyryHe gomyckaercs
npucytcreue nepauta (10 20 %), a B nepauTtHoM — pepputa. MUKpOCTpYyK-
Typa BbICOKOIIPOYHBIX UYT'YHOB MpECTaBlIeHa Ha puc. 8.23.

Puc. 8.23. MukpocTpyKkTypa BEICOKOIIPOUYHBIX UYTYHOB:
a — heppuTHOrO; 6 — EPIUTHOTO
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IIpumenenne. BoicokonpouHbie YyTyHbI CIIOCOOHBI A((HEKTUBHO 3aMe-
HSTh CTaJlb BO MHOTUX U3ENINAX U KOHCTPYKUUAX. OHU MOTYT paboTaTh Npu
BBICOKHMX IUKJIMYECKUX HArpy3Kax U B yCIOBUSAX H3HOCcA. M3 HUX U3rOTaBiIM-
BAIOT BAJIKU MPOKATHBIX CTAHOB Maccoil 10 12 T, Ky3HEUYHO-TIpeccoBoe 000-
pyZloBaHHE (TpaBEPCHI MPECCOB, MA00THI MOJIOTOB), KOPITYCa U JIOTATKA TYP-
OuH, KOJIeHYaThle BaJbl M TMOPIIHU B JM3EISAX, TPAKTOPax, aBTOMOOMIAX
¥ MHOTHE Jpyrue aetanu. JJig yiaydiieHus MEeXaHU4eCKUX CBOMCTB OTIMBOK
U3 BBICOKOTPOYHOTO YyryHa MPUMEHSIOT TepMOOOpabOTKy: 3aKallky M OT-
MYCK.

8.7.4. KoBKkue 4yryHsol

Koskumu Ha3bIBAIOT YyTYyHBI, B KOTOPBIX TpaUT UMEET XJIOMBEBUIHYIO
dhopmy.

N300paxenne Takux rpaUTHBIX BKIFOYEHUH MPEICTaBICHO Ha puc. 8.24.

KoBkue 4yryHbl MOy4aroT OTKUTOM O€JIBIX IOPBTEKTHUYECKUX YYTYHOB.
I'padut B KOBKHMX 4YyryHax Ha3bIBAIOT yernepodom omowcuea. OTIUBKU, TIPEI-
Ha3HAYCHHBIC /Ui OTXKUTAa HAa KOBKHUM YYT'yH, JIOJKHBI ObITh TOHKOCTEHHBI-
MU, UHAY€ B CEPALICBUHE MPU KPUCTAJUIM3ALMU MOXKET 00pa3oBaThCs Iia-
ctuH4aThlid rpadut. [1o 3TOM ke mpuurHe coJepKaHue yriaepoa U KpeMHUS
JTOJKHO OBITH MOHMXKeHHoe: 2,4-2,9 % C; 1,0-1,6 % Si. Pexxumel oTkura
MPUBOIATCS Ha puc. 8.25.
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Puc. 8.24. XnonbeBuaHoe rpaUTHOE BKIIIOUEHUE
B KOBKOM YyT'yHE (@) U BHJI HETPABICHOTO MUKpoLLIrda (6)

Jlns mostydeHus gheppumuo2o KOBKOTO UyT'yHa MPOBOISAT OTXKUT IO pe-
xKuMy 1, KOTOpBI obOecrmeunBaeT rpauTU3AINI0 BCEX BHJIOB IIEMEHTHUTA.
B mpomiecce Boiaepkku, npu Temneparype 950-1000 °C (mepBast craaus
rpauTU3ANNK), PACMaNaeTCsd ABTEKTHUCCKUN IIEMEHTHUT, 3aT€M, TIPU Me]I-
JIEHHOM OXJIOKJICHWH, pacrajacTcsl BBIJACSIOMIMICS U3 ayCTEHHUTa BTOPUY-
HbIN 1IeMeHTHUT. Bo BpeMs Boiaepxku npu 720740 ° C (BTopast cTaaus rpa-
dbutHzanmm), pacnagaeTcs IEMEHTUT NepauTa. B pe3ynbrare Takoro OTKura,
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msiierocst 70—80 yacoB, CTpYKTypa yyryHa COCTOUT U3 depputa u rpadura
(puc. 8.26, a). I3nom dheppuTHOTO KOBKOTO UyTryHa 0apXaTHCTO-YEPHBIA U3-
3a OOJIBIIIOTO KOJIMYECTBA IpaduTa.

A 1000° 2

BpemA
Puc. 8.25. Pexxumsbl oTxura 6eoro 4yryHa Ha KOBKHM

lleprumnolti KOBKUM YyTyH IOJYYarOT OTXKUIOM IO PEXKHMY 2: MpO-
JOJDKUTENBHOCTh MEPBOM CTaauM IrpadUTH3allMM YBEJIUYMBAIOT, 3aTEM OT-
JIMBKU HEIPEPBIBHO oxyaxaatorcsa a0 temmeparypsl 20 °C. I'paduruzamnmu
LIEMEHTHTA, BXOJSILEr0 B COCTAB IEPJUTA, IPU 3TOM HE IPOHUCXOIUT, I10O-
ATOMY YyTYH MPUOOpETaeT CTPYKTYpY MEpiMTa C BKIIOYCHHUSMHU YTIIEpoJia
omxkura (puc. 8.26, 6).

Puc. 8.26. MukpoCTpykTypa KOBKHX 4yTI'yHOB:
a — heppuTHOTO; 6 — IEPIIUTHOTO

Mexanuyeckue cBoiictBa. B oTimume oT TuiacTHYatoro rpadura
XJIONbEBUAHBIE Tpa(UTHBIE BKIIOUYEHHUS MEHBIIE CHIKAIOT MEXaHHYECKHE
CBOKCTBA METAJUIMYECKON OCHOBBI, IO3TOMY KOBKHMI YYyI'yH MPOYHEE W IIa-
CTUYHEE CEpPOro, XOT U YCTYIIAeT BBICOKONPOYHOMY. Ha3zBaHue «KOBKUID») —
YCJIOBHOE; KOBaTh, WJIM MHa4Ye AehOpMUPOBATH, KOBKUE YYTYHBI, KaK U APY-
rue, Henb3s. U3 Tabn. 8.1 BuaHO, UTO (eppUTHBIE KOBKHE UYT'YHBI UMEIOT
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0oJiee BBICOKYIO IIJIACTUYHOCTD, a MEePIUTHBIE — 00JIe€ BBICOKYIO ITPOYHOCTH
1 TBEPAOCTb.

Mapxkuposka. B coorBerctBuu ¢ 'OCT 1215 ycnoBHOe 00603HaueHUE
MapKu KOBKOTO 4yryHa BKJIto4aeT OykBbl «KU» u nBa dmcia, mepBoe u3 Ko-
TOPBIX TMOKAa3bIBaeT MUHUMAJILHOE 3HAYCHUE TIpeesia MPOYHOCTH TPH pac-
Tsoxennn o510 B MIlIa, a BTOpoe — OTHOCUTENBbHOE yaJuHEeHue B %, Ha-
npumep KU45-7.

IIpumenenune. KoBkue 4yryHbl IIMPOKO MPUMEHSIOTCS B CEIIBCKOXO-
3SIICTBEHHOM, aBTOMOOWJIBHOM, TEKCTHJIBHOM MaIlMHOCTpoeHuu. M3 Hux
M3TOTABJIMBAIOT JIETAd BHICOKOW MPOYHOCTH, PA0OTAIOIIUE B TSKEJBIX yC-
JIOBUSX W3HOCA, CIIOCOOHBIC BOCIPWHUMATH YIApHBIC W 3HAKOIIEPEMCHHBIE
Harpy3ku. XopoIue JUTEHHbIE CBOMCTBA UCXOHOTO OEJIOro 4yryHa Imo3Bo-
JISIOT TIOTyYaTh OTIWBKHU CIOKHOW (DOPMBI, KaK MPaBUIIO, MAJION TOJIIIIHHBI.
[Ipumepsl netajiell M3 KOBKOTO YyryHa: KapTephl PEIYKTOPOB, CTYITHIIHI,
KPIOKH, CKOOBI, My(TBI, BTYJIKH, TOPMO3HBIC KOJIOJKH, 3BEHbS U POJUKHU I1€-
Iel KOHBEWeEpa.

HemocTaTkoM KOBKHX YYT'YHOB SIBJISIETCSI MX BBICOKAs CTOMMOCTH H3-32
MPOJAOJDKUTEIIBHOTO JOPOTOCTOSIIETO OTXKHUTA.
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9. TEPMHUYECKAS OBPABOTKA CTAJIN

Tepmuueckoit 00padomKoii Ha3bIBAECTCA COBOKYIHOCTh ONEpaluil Ha-
IpeBa U OXJIAXKJCHHUS CILIaBa C LEJIbI0 U3MEHEHUS €r0 CTPYKTYphI U CBOWCTB
B HY>KHOM HAIIPaBJICHUH.

B 3aBucMMOCTH OT TOrO, KaKk WM3MEHSIOTCS CBOMCTBA B DPE3YJIBTATE
TEPMHUECKOW  OO0pabOTKH, pPa3IMyaloT  YAPOUHAIOWYIO  TEPMUUYECKYIO
00paboOTKy, MNpU KOTOPOM MOBBIIAIOTCA TBEPAOCTb, MPOYHOCTh U
U3HOCOCTOMKOCTh, U pazynpounsaiowylo  o0OpabOTKy,  MOBBILIAIOIIYIO
IUIACTUYECKUE CBOMCTBA  BA3KOCTb, HO CHIKAIOUIYIO TBEPAOCTH U
COTIPOTHBIICHUE AePOPMAIIUU U Pa3pyLICHUIO.

B npaxTtuke paboThl CO CTaJbHBIMHU U3AETUSAMU IIUPOKO MPUMEHSIOTCS
00a BapuaHTa TEPMHUYECKOU 0OpaOOTKHU.

¢ JIroOyro ormepanuo TepMuye-
CKOM 00pabOTKM MOXKHO TMpejcTa-

t BUTh TpadUUeCKH B BHJIC KPUBOK

S Tg p&ﬂ B KOOpJMHATaX «TeMIleparypa —

BpPCMD», BKJII-OLIaIOHlCﬁ Y4aCTKH Ha-
I'p€Ba, BBIICPKKHU M OXJIAKIACHUSA

(puc. 9.1).
BaxunenmmMmu napamerpamy,
OIIPEACIIAIOIUMHU U3MEHEHUE

T CTPYKTYpPhI M CBOWCTB CILJIaBa, SIB-
JSA0TC memnepamypa Hazpesa
8peMsl 8bl0epIHCKU T, U CKOPOCMb
OXNAANCOCHUS N o 5.

Tepmuueckass 00paboTKa cTaii OCHOBaHA Ha (ha30BBIX MPEBPAICHUSX,
MPOUCXOANIUX TIPW HArpeBe €€ BBIIMIC KPUTHYCCKUX TeMIEpaTyp
1 OXJIQXKICHUU C PA3JIMYHBIMU CKOPOCTSIMHU.

Puc. 9.1. I'paduueckoe nzobpakeHue
orepalyii TepMHIECKON 00pabOTKH

9.1. IlpeBpaieHus B CTAJIU IPH HATPeBe

TemnepaTypsl mpeBpalieHuil, UM KPUTHUYECKUE TOYKH, MPU HaArpeBe
CTaJIu MPUHATO 0003HAYATH CJIEAYIOMKUM 00pa3om (cM. puc. 9.2):

e Hauajo npespauieHus ¢epputa B aycrenut (Fe, — Fe,) — Ac, (atn
TOYKH PacroioskeHsl Ha TuHun PSK);

e 3aBeplIeHME IpeBpamieHus ¢eppura B aycrenur (Fe, — Fe,) — Acs
(9T TOuKM Nexat Ha uHun GS);

® OKOHYAHWE PACTBOPEHUS IIEMEHTHTA B aycTeHUTE — ACcy (TOUKH Ha-
XOAATCs Ha JinHuu SE).
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Touku A, OTHOCATCS K MarHUTHOMY, ¢,°C
a He (Ha30BOMYy NPEBpAIICHUIO, KOTOPOE £
MBI 37ICCh HE pacCMaTPHUBACM. ¢ , A 3
O003HaueHHE KPUTUYECKHX TOYEK c |
- = Accrn|
OykBOH «A» TPOUCXOAUT OT (paHIly3- A+dN 1/ Al+U
CKOIr'0 CJIOBa «arreter» — «OCTaHOBKa» Pl |77
o Hc, & AC, |
(tutomazka Ha KPHUBOM OXJIAXKICHHS). \
NHpgekc «C» o03HadaeT MEepBYI0 OYyKBY | olen m 04 |
+
¢panmysckoro ciosa «chauffer» — ua- | U |
epesamy; TIPU OXJAKICHUU CTaJU TE Ke _‘ |
caMbIe TOYKH O0003HAYAIOTCS HHICKCOM Q 0,8 2,14 %C
. _ 2 1 3
«r» («refroidiry — oxaascoamy): Arg, Ary.
Crnenyet oOpaTUTh BHUMaHHUE HaA TO, Puc. 9.2. Kpurndeckue TOUKH
yTO TOYKH AC3 1 ACcy — CBOHM T KaKI0H IIPY HArpeBE CTaln

cTanu, a Touka ACy — OJHA ISl BCEX YT-
JepoaucThIX crajieit: 727 °C.

PaccmoTpuM npeBpalieHusi, MpoucxXoAsue Mpyu HarpeBe B 3BTEKTOU -
HOW ctaiu (cocta 1-1).

HarpeB ot komHaTHOU TemmepaTypsl g0 juHuu PSK He mpuBomut
K KaKUM-JIMOO M3MEHEHUSIM CTPYKTYpPBI, OHa ocTaercd nepautHou. [lpu noc-
THOKEHUHU TeMmIiieparypsl AC; = 727 °C HauumHAeTCs MPEBpAIlICHUE MEepIIuTa
B ayCTEHUT. B eppHUTHBIX ydacTkax, Ha TPaHULIAX MEXITY (EppPUTOM U LIEMEH-
THTOM, BO3HHKAIOT 3apOJIbIA HOBOM (pasel — aycrenuta (puc. 9.3, a). Kpu-
CTAJUTMYECKAas pelleTKa KeJie3a MepecTpauBaeTcsl U3 KyOM4ecKoi 0ObeMHO-
LEHTPUPOBAHHOM B KyOMYECKYIO TPaHECHTpUpOBaHHyto: Fe, — Fe,. Ctumyn
MpEeBpaIIeHUs] — pa3HUIlAa B CBOOOIHON PHEPTUU HOBOM U cTapoi ¢a3wl: npu
MOBBIIICHHBIX TEMIIEpaTypax y-Kele30 o0JajacT MEHBIIMM 3aracoM CBO-
0O0JTHOM PHEPruu W sBIAETCS paBHOBeCcHOW (azoi. IIpeBpamienue uuer mno
muhPy3MOHHOMY MEXaHHU3MY 3a CUeT MPUCOEAUHEHUS] BCE HOBBIX aTOMOB
’Keje3a K pacTyleMy KpUCTauly aycTeHuTa. L[eMeHTUT MoCcTeneHHo pacTBO-
psieTcs B 00pa30BaBIINXCSl AyCTCHUTHBIX 3€pHAX.

Jlnst aBTeKTOMAHOM cTamu ACz = ACy = 727 °C, T.e. IpeBpallcCHUE HAYH-
HAETCS U 3aKaHUYMBAETCS IPU OJHOM U TOU K€ TEMIIEPATYPE.

JanpHelmuii HarpeB oT ACz 0 coJujayca HE MPUBOJUT K (Pa3oBBIM
MIPEBpALICHUSAM, HO C POCTOM TEMIEPATYpPhl pPACTET 3€PHO AyCTEHUTA
(puc. 9.3, 0, 8).

OT0 OOBSICHSETCS TEM, YTO B KPYIHO3EPHHUCTOM CTPYKTypEe MOBEpPX-
HOCTh TPaHUIL 3€pEH MEHbIIIE, TO3TOMY MEHBIIIE U MMOBEPXHOCTHASI SHEPrus,
T.€. KPYIHO3EPHUCTAasI CTPYKTypa SIBISIETCSI TEPMOIMHAMHYECKH OoJjiee cTa-
OMIIBHOIA.
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OnnoBpemeHHO 3a cuer nuddy-

3UM BBIPABHUBAETCSA COJIEp)KaHUE YT-

dYCTEHWT  npepoma B TBepAOM pacTBOpe (cpasy

nociie TpeBpaleHuss ObiBIIME (ep-

PUTHBIE U I[IEMEHTUTHBIE YYacTKU

CIWJIBHO OTJIHMYAIOTCS MO KOHIEHTpa-
I[UU yTIEPOJa).

IIpn HarpeBe I03BTEKTOMIAHOMN
cTanu (coctaB 2—2) B MEPJIMUTHBIX y4a-
CTKaxX MPOUCXOJAT T€ K€ camble Mpe-
BpalieHus npu TeMIepaType
Ac; = 727 °C, a 3areMm, IIpH yBEIUYE-
HUU Temreparypbl 10 AC3, M30BITOU-
HBIM (EeppUT TOCTENEHHO MpeBpalia-

dYCTEHMT

TEMNepaTypa

AYCTEHMT  ercqg B ayCTEHHMT IyTEM 3apOXKICHHUS

U pocta 3epeH HoBOHU a3bl. Jlanb-

HENIIMH HArPEB COMPOBOXKIAETCS BbI-

dbepput PaBHMBAaHMEM KOHILIEHTPALMU YIJIEPO-

; LEMEHTUT na 3a cuer A Py3un U POCTOM 3epHa
ayCTEHHTA.

[Ipu HarpeBe 3a3BTEKTOMIHOU
cramu (coctaB 3—3) OTIMYHE OJIHO:
B uHTepBajne oT AC; 10 ACey Mpoucxo-
IUT PacTBOpPEHUE H30BITOYHOIO Iie-
MEHTHUTA B ayCTEHUTE.

Puc. 9.3. U3meHeHust CTpyKTypbl
ABTEKTOUJHOMN CTAIIU TIPH
HarpeBe BhIIIE KPUTUYECKOM
TEMIIEPATypPhI

9.2. 3epHO ayCTEHUTA U CBOMCTBA CTAJIH

Kak BumHO m3 puc. 9.3, B KaKJA0M NEPIUTHOW KOJOHUHU 3apPOXKAACTCS
HECKOJIBKO 3€pEH ayCTEHMUTA, II03TOMY IIPU HArpeBE MPOUCXOIUT U3MEIIbYeE-
Hue 3epHa. Ho BaKHO MOMHUTH, UTO HArpeB /10 CIMIIKOM BBICOKHX TEMIIEepa-
Typ HeU30€XXHO MPUBENET K ero pocty. [Ipu 3ToM BO3MOKHO BOZHUKHOBEHUE
JBYX BUJIOB J1e(PEKTOB:

1. Ilepeepes — ykpymHeHUE 3€pHa ayCTEHUTA BBIIIE OMYyCTHUMOTO TIO
yCIOBHSIM paboThl aetanu. lleperperas craib UMeeT NOHMKEHHYIO TIacTHY-
HOCTh M yJIapHYIO BSI3KOCTh. HO 3TOT Opak MOKHO MCIPAaBUTH MOBTOPHBIM
HarpeBOM JI0 HOPMAaJbHBIX TEMIIEPATYP.

2. Ilepesicoc — OKWCIIEHHE TPAHUIl 3€PEH MPU TeMIeparypax, OJU3KUX
K conuaycy. IlosiBlleHrE OKCUIOB Ha IPaHULAX AYCTEHUTHOTO 3€pHa — HEUC-
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IpaBUMBI Opak, Takas CTajlb UMEEeT KaMHEBUAHBIN U3JIOM U OUY€Hb BBICOKYIO
XpynkKocTh. Ee OTIpaBisioT Ha nepernias.

He BO Bcex cTayisix pocT 3epHa IpU HarpeBe UAET ¢ OJJMHAKOBOU CKOPO-
CThIO. Y CTajleil, pacKUCJIEHHBIX KPEMHUEM M Maprasiem, HaOJroJaeTcs
OYeHb OBICTPHI POCT 3epHa AayCTEHWTa, WX HA3bIBAIOT HPUPOOHO-
KpYNHO3epHUCMbIMU. A CTalu, paCKUCICHHBIC €lIe U aTFOMUHUEM, SIBIISIOTCS
npupoono-menxozepruucmoimu: 10 1000-1100 °C 3epHO B HHX IOYTH
HE pacTer.

BennuuHa 3epHa BIUSET HAa BCe MEXaHMYECKHE CBOWCTBA CTalH, HO
0COOCHHO CHIIbHO — Ha yaapHyto Bsi3kocTs KCU. UeMm kpymHee 3epHO aycTe-
HHUTa Tepe]] 3aKajJKoi, TeM OOJIbIle BEPOATHOCTh BO3HMKHOBEHMS TPELINH
npu 3akanke. M B skcmmyaranuu Takas crajib OyJeT MeHee HaJeKHOH, YeM
MEJKO3EPHHUCTAS.

Benuunna 3epHa SBIASETCS OJHUM M3 BAKHEHIINX KOHTPOJBHBIX MOKA-
3areneil kadyecTBa TepMuueckoi oOpaboTku. Ee oleHuBaroT HOMEpOM WU
oaymom mkansl o 'OCTy meramorpaduyeckumM METOI0M, CPaBHUBASI BU-
JIUMYIO B MUKPOCKOIIE CTPYKTYPY CO CTaHIApTHOM IIKAJIOM.

9.3. [IpeBpamieHus AyCTEHUTA NMPH OXJIAKICHUU

JlnarpaMMbl COCTOSTHUSI CTPOSITCSL JJIsi PABHOBECHOTO, OYEHb MEJJIEHHOTO
oxjaxaeHus. Ho B mpakTtuke TepMOOOpaOOTKH CKOPOCTh OXJIAXKIEHUS BCeraa
KOHEYHa, UMEET OomnpenesieHHy0 BenuurnHy. C pocTOM CKOPOCTH OXJIaXICHUS
YBEJIMYMBACTCS CTETIEHB MEPEOXIIKICHHS aycTeHnuTa At, T.e. mpeBpaieHue ay-
CTCHWTA HAYMHACTCS TIPU TEMIIEpaType HIDKE PaBHOBECHOW. 3/1eCh HAOII01aeT-
Csl Takasi k€ 3aKOHOMEPHOCTb, KaK U IIPU KPUCTAILTU3alUH (CM. TJ1. 6).

OT cTeneHu MepeoxJIaKISHUs 3aBUCUT HE TOJBKO CKOPOCTh MPOTEKa-
HUSA, HO M CaM MEXaHU3M IMPEBPAIICHUS TMEePEOXJIAXKICHHOTO ayCTEHUTA,
a 3HAYUT, CTPYKTypa U CBOWCTBA €T0 MPOIYKTOB.

Kax nmpaBuiio, oxjaxIeHHe OCYIIECTBIISIETCS HEMPEPHIBHO, HO M3Yy4aTh
KuHemuxy TpeBpaileHus (IpoTeKaHue Mpolecca BO BPEMEHH) ynoOHee
B U30mepmMuyeckux YycIoBUAX (MpU TOCTOSIHHOW Temmeparype). I[loatomy
JUIS KaXJIOM CTajJu MOCTPOCHA CBOSL OUAZPAMMA U30OMEPMUYECKO20 npe-
épawieHua aycmenuma B KOOpPJIMHATAX «Temmeparypa — Bpemsi». Ee ermie
Ha3eIBAOT C-o6pasznou ouacpammou (o Gopme kpuBbix). [locTpoeHue Be-
JIETCSl AKCIEPUMEHTAIBHO, M0 W3MEHEHHWIO KaKUX-JTMOO CBOWCTB, OOBIYHO
MarHuTHbIX. C-o0pasHasi auarpamma misi sBTekrounou cramu (0,8 % C)
npuBeAcHa Ha puc. 9.4.

JIBe kpuBbIe Ha puc. 9.4, HanomuHaromwe Mo Gopme OykBy «Cy, TTOKa-
3bIBAIOT Havajo (KpuBas a—a) U OKoHuYaHue (KpuBas b—D) mpespamieHus ay-
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CTeHUTa B Apyrue cTpykrypbl. CiieBa OT JMHUU a—a Pacrojio’keHa 00JIacTh
MEePEeOXJIAXKACHHOTO aycTeHUTa. Kak BHAHO M3 IuUarpaMMebl, BpeMs CyLIECT-
BOBAHMA ayCTEHHTA NPU TeMIlepaTypax Huxe Ar; pa3lTu4yHO U 3aBUCUT OT
CTETeHH MepeoXIaKaeHUs. MUHUMAasbHas YCTOWYUBOCTh ayCTEHUTA TPOSB-
asetcst npu <550 °C: Bpemsi 10 Haudaja MPEBpAIICHUS COCTABISIET BCETO
1 cexynny. IIpu 700 °C sto Bpems paBHo 10 c, a mpu 300 °C — yxe 60 c.
CnpaBa ot ymHUE b—b — 0Omacte mpoaykTOB mpeBpalieHus, paBHOBECHBIX
MIPH OMpeNIeTICHHBIX TeMIIepaTypax.

t,'C
o und _ A - AyCTeHHT
b Mepnur O - cheppuT
Copbut | Ll - yemeHTHT
550 TpoocThT M - mapTeHcuHT
. AL - nepeoxnaxpaed -
b Beinnr ll HEIH ayCTeHMT
250 _
A o - OCTATOYHBIA
A0 }III AYCTEHMUT
BpEMA

Puc. 9.4. luarpamma n30TepMUYECKOTO MIPEBPAICHUS ayCTCHUTA
st ctaim ¢ 0,8 % C

9.3.1. Inddy3nonnoe (mepjauTHOE) NpeBpalLieHH e
nepeoxJIaKJAeHHOT0 ayCTeHUTa

B nmanazone temneparyp 727-550 °C (o6macts | Ha puc. 9.4) npouecc
pacniaza aycteHuTa uaet Aud@y3MOHHBIM IyTEM 3a CUET Mepepacipeere-
HUS aTOMOB yTJIepojaa B TBepAoM pactBope. EctecTBeHHble (yKTyaruu
(konebaHus) coaepKaHUs yIiIepoJa B 00beMEe KaXJIOro 3epHa ayCTCHHUTA
MIPOMCXOAT BCE BpEMs, HO BBIIIEC TeMIIepaTypbl A; OHU HE TIPUBOIAT K ¢a-
30BBIM TIpeBpamieHus M (puc. 9.5, a). A HWXKe dTOM KPUTHUECKON TOUKHU ay-
CTCHUT CTAaHOBUTCS TEPMOIWHAMUYECKH HEYCTOWYMBBIM. [loaToMy, Kak
TOJIbKO B 3€pHE ayCTEHHWTAa BO3HUKAECT YYACTOK C MOBBIIIIEHHON KOHIIEHTpa-
IMel yriepojia, B 3TOM yYacTKe cpa3y ke o0pa3yeTcs KpHCTAIUK HOBOK
¢a3pl — nieMenTuTa. Kak mpaBuiio, 3T0 MPOUCXOIUT HA TPaHUIAX 3€PEH, TIIe
3apOXKJICHUE U POCT HOBOM (paszbl 00JieryaeTcs MOBBIIICHHON 1€(EeKTHOCTHIO
pemeTku. K pactymemy KpuCTaTy IIEMEHTUTA MPUCOSTUHSIIOTCS aTOMBI yT-
JepoJia U3 COCEAHUX 00JIacTel, U B 3TUX OOCTHEHHBIX YIIEpPOJOM Y4acTKax
NPOMCXOIMT nmoauMopdHoe npeppamenue Fe, — Fe,. Tak nossusrores 3a-
OB 6€3yriaepoaucToit ¢assl — Geppura.
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Pactymuit kpucramt geppuTa OTTAIKMBAET aTOMBI yIJIepoa, KOTOPhIE
HE MOTYT BCTPOMTBHCS B €r0 PEIIETKY, MO3TOMY PSIOM C HUM BO3HHKACT 00-
JacTh, 00OTAIlIeHHAs YIIIEPOJIOM, M TaM 00pa3yeTcs elie OJUH KPUCTAILT I1e-
MeHTHuTa (puc. 9.5, 0).

LeMeHTHT heppuT I'Iepn:'ITHaFl KONOHMWA

Puc. 9.5. Mexanu3m oOpa3oBaHus nepinTa

O6pa3yromuecs: KpucTauibl (pepputa U IIEMEHTUTa UMEIOT IIJIacCTUHYA-
Ty10 GOpMy M pacTyT Hapauie]bHO MO BCEM HAMPABICHUSIM, B 00€ CTOPOHBI
OT TPaHMIILI 3epHA. B TO ke BpeMs MPOWCXOIUT 3apO’KICHHUE HOBBIX IEp-
JUTHBIX KOJOHHUM B JPYrMX ydacTKaxX ayCTEHHTHOTro 3epHa (puc. 9.5, g). Ta-
kUM oOpazom nudy3rnoHHOE TPEeBpaIEHUE MPOIODKACTCS 0 MOJIHOTO HC-
Ye3HOBEHMSI UCXOAHOU (ha3wl — aycTeHuta (puc. 9.5, 2). KopoTko M0XHO 3a-
MUCATh 3TOT MPOIIECC CIACAYIOUTIM 00pa3oM:

Agg = Do o2 + L ey, it Agg — Ilgs.

Kax Obu10 0T™MEUEeHO B 1. 6, Ipu 00pa30BaHUM KPUCTAILIOB U3 KUJIKOU
(da3bl YUCIIO 3apOABIIICH KPUCTATU3AINNA PACTET C YBEIMUYCHUEM CTETICHU
nepeoxnaxacHus. Ta e 3aKOHOMEPHOCTb MPOSBISECTCS U Tpu (HazoBom
MPEBpAICHUU B TBEPJIOM COCTOSHUHW: YeM OOJIBIIIEe CTETICHBb IEePEOXIaKIe-
HUA (MM CKOPOCTh OXJIAKJEHHUSA), TEM OOJBIIE KPUCTAJUIMKOB HOBBIX (a3
BO3HHMKACT B CAMHUIE 00beMa KaXAYI0 CeKyHIy. [IoaToOMy 4emM HUXKe TeMITe-
paTypa TpeBpalleHHs aycTeHUTa B (EppUTO-IIEMEHTHUTHYIO CMECh, TEM
MeJbYe TUTACTUHKH 3THX PAaBHOBECHBIX (Da3. VX BeTWUYMHY OIEHUBAIOT MediC-
NIACMUHOYHBIM PACCMOSHUEM, T.€. CPeIHEeW CyMMapHOHN TONIUHON A co-
CeIHUX IUIACTUHOK (peppuTa u 1ieMentura (puc. 9.6).

[TpoyKTHl TMEPIUTHOTO TMPEBPAIICHUS YCIOBHO TOAPA3ACIIIOT II0
MEXIUIACTUHOYHOMY PpAcCTOSIHUIO (MHA4e ToBOpsA, MO OucnepcHocmu) Ha
NepauT, copoum n mpoocmum (IBa MOCICIHUX HA3BaHUS MPOUCXOIAT OT
dbamuuii yuenbrx Copbu u Tpycra, W3ydaBIIMX 3TH CTPYKTYphI). Tak Kak
MEXaHWYECKHE CBOMCTBA 3aBUCAT OT BEIMYMHBI 3¢pHA (CM. TII. 4), TO CBOHCT-
Ba y 3TUX CTPYKTYp pa3IMuHBIE.
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deppur LEMEHTHT
TBGpI[OCTB U IIPOYHOCTH CTaJIX BO3pacC-

TaeT ¢ U3MEIbUYCHUEM NPOAYKTOB AUPPY3u-
OHHOTO PAacMaja, a MIACTUYHOCTh U BA3KOCTh
— ymeHpmaercs. OnNTUMaIbHOE COYETaHUE ¥
IUIACTUYHOCTH W BS3KOCTH HMeeT copour 4
(Tabum. 9.1).

[TockoIBKY B KaXX/JI0M 3epHE ayCTeHHTA
BO3HUKAET HECKOJBbKO TMEPIUTHBIX KOJOHUU
(cMm. puc. 9.5), TO OYEBUAHO, YTO MPHU TEP-

JIJIMTHOM HPCBpAlICHUN TOXKC IIPOUCXOAUT Puc. 9.6. CTpOGHI/Ie TepJimTa
HN3MCJIBYCHUEC 3€pHAa CTalln.

A - MEXNINACTHHOYHOR
paAGGTOAHKME

Taonuua 9.1

[IpoaykTtel A y3MOHHOTO MPEBpAIEHUs ayCTCHUTA

CIpyyp | e oC_ | paccromne.wn | TPePAOCTS: HB
[Tepmut > 670 0,5-0,7 170-230
Copout 590-640 0,3-0,4 230-330
TpoocTtur 550-580 0,1-0,2 330400

9.3.2. be3auddy3uonHoe (MApTEeHCUTHOE) MPpeBpPallleHUE
NMePeoxXJIAKIAECHHOT0 AyCTEHUTA

C noHwxkeHueMm TemnepaTypsl KodbdumueHnt auddysun yriepoaa
B kene3e yMeHbiaercs. [Ipu 0onbiIoil CKOPOCTH OXJIaXKIEHUS MOKHO Tepe-
OXJIAAUTh AYCTEHUT JO0 TaKOW TeMIepaTyphl, koraa nuddys3us npakTHuecKu
He uaet. st sBrekTongHoi cranu 310 npumepHo 250 °C. Ha puc. 9.4 Huxe
250 °C naxoautcst obnacts |1, B koTOpo#t mpeBpalieHue nepeoxaaxicHHo-
ro ayCTEHUTa MPOUCXOAUT MO 0e31upPy3nOHHOMY MEXaHU3MY.

['opu3oHTanbHbBIE JIMHUH, OTPAHUYHBAIOIINE ATy 00JacTh, 0003HAYECHBI
Ha auarpamme M, u M. M, — temnieparypa Hadana, a M, — Temmneparypa
okOoHYaHUS 6e311(h)Yy3HOHHOTO MPEBpaAICHUS.

YtoObl mepeoxyIaguTh ayCTEHUT A0 TeMIEepaTypbl My, HY)HO JTOCTHYH
CKOPOCTH OXJIAKACHUS, MpeBblIaonield Benuunny Vy, (cM. puc. 9.4). Kpu-
muueckas ckopocmv oxaadxcoerusi Vi, — 5TO MAUHUMaJIbHAs CKOPOCTb, IPH
KOTOpOW ayCTEeHUT He pacmamaercs nuddy3roHHBIM TyTeM Ha (QeppuTo-
[IEMEHTUTHYIO CMeCh. [ 'eoMeTpUYecKr — 3TO KacaTelbHasi K KPUBOW Hayaa
pacnajna (K JMHUU a—a Ha puc. 9.4).

[lepeoxnaxaeHHbIH A0 TOYKH M, ayCTEHUT MpeTepreBaeT MoauMopd-
Hoe npeBpanienue Fe, — Fe,, koTopoe npoucxoaur o6e3auddysnonHo, T.e.
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HE COINPOBOXKJIAETCA MepepacipesieieHueM atoMoB yriepoaa. Camoanddy-
3UM aTOMOB X€JI€3a MPU TAKUX HU3KUX TEMIIEPATYpPax TOKE HE MPOUCXOJIHNT.
[IpeBparieHue pa3BUBAETCS MO COBU2060M)Y MEXAHU3MY: 32 CUET OJIHOBpE-
MEHHOTO CMEIIEHHS BCEX AaTOMOB KPHCTAJUIMUYECKOM PEIIETKH JKejie3a IO
ONPEACICHHBIM IIJIOCKOCTSAM Ha PAcCTOSIHHE MEHbIIEe MekaTomHoro. I[lpum
3TOM MEHSIETCS TUIl PEUIETKH, & COCETHHE aTOMbI TaK U OCTAKOTCA COCEIHU-
MH. Becp yriiepoji, paCTBOPEHHBIM B PEIIETKE Y-)KEJI€3a, OCTACTCSA IOCIIE
IPEBPAILECHHS B PELIETKE OL-KEJE3a.

B pesynbrare 06e3nuddy3noHHOTO MpEeBpallleHUs TpaHEleHTPHU-
poBaHHasg KyOuueckas pellleTka ayCTeHHTa MepecTpamBaeTcsi B 00BEMHO-
LHEHTPUPOBAHHYI0. HO MOCKOJIBKY B 3TOM PEHIETKE OCTAETCS BECH UMEIOLIN M-
csi B ctaniu yriepoa (B ganHom ciydae 0,8 %), To kaxkmasi sjaemMeHTapHas
sS4erKa O-KeJie3a UCKAXKAET-
Csl, BBITSITUBACTCS U U3 KyOu-
YECKOM CTaHOBUTCS TETparo-
HanbHOU (puc. 9.7). Mepoii
WCKQKECHUS PEUICTKU SBIIS-
€TCsl TaK Has3bIBacMasl memni-
PA2oHAIbHOCMb — OTHOIIE-
HHUE BBICOTHI 3JIEMEHTAPHOU
SYEUKU C K CTOPOHE OCHOBA-

HUAS a. TerparoHambHOCTH
cla BO3pacTaeT TpH YBEIH- Puc. 9.7. TerparonaipHas KpuCTaJlJIMYECKast

@ -aToMbl Xenesa
' e -aTOMbI yrrepoaa

c
a1

YEHUHU COAEpKaHUS YIIepo- pCIICTKa MapTCHCUTA
J1a B TBEPJIOM pacTBOpE.

[Tony4yeHHast TakuM 00pa30oM CTPYKTypa MPEJICTaBIAECT cO00il mepechl-
LIECHHBIN TBEPABIM PACTBOP YIJepoaa B TETPArOHAJIBHOM PELIECTKE O-XKese3a
Y Ha3bIBACTCS MAPMEHCUMOM.

Ha3zpanue naHo B uecTh HEMEIKOTO yueHoro A. MapTteHca.

MapTeHCUTHBIN KpUCTaT uMeeT (HOpMy IUIACTUHBI, MOXOXKEH Ha BBI-
MyKIIyto JuH3y. llepBas BO3HMKIIAA B 3€pHE ayCTEHUTAa MAPTEHCUTHAs ILia-
CTMHA OTpaHMYEHA pa3MepaMH 3TOr0 3€pHa, CIEIyIoIIHMe 00pa3yroluecs
IJJACTUHBI HE TIEPECEKAIOT APYT Apyra U He MEPEeXOIAT Yepe3 IPaHUIbl 3€peH
ayCTeHHTA, T.€. UMEIOT MEHbIIN pasmep (puc. 9.8). OueBHAHO, YTO TPH
MapTEHCUTHOM TMPEBPAIICHUU, KAaK U MPU MNEPIUTHOM, TOXKE MPOUCXOIUT
W3MEJIbYECHHE 3€PHA CTaJIU.

MapTeHCUT UMEET OYEHBb BBICOKYIO TBEPAOCTD: MPU COJEPKAHUU YIJIe-
pona 0,8 % ona cocrasisiet 65 HRC (670 HB), a OTHOCHUTENIbHOE YAJTHHCHHE
Y ylapHas BSI3KOCTh OJu3ku K 0. MapTeHCUT SBISETCS XPYIKOU CTPYKTYPOI,
IJIACTUYECKU HE AePOPMUPYETCS U PEKYIIUM UHCTPYMEHTOM He 00pabaThl-
BAETCH.
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MapTEHCHT

dYCTEHHT

rpaHMUa ayCTEHMTHOID 3EpHa

Puc. 9.8. O6pa3oBanne MapTeHCcHTa

Bricokas TBEpIOCTh MapTEHCUTA OOBACHAETCS CHIIbHBIM YOPOUYHEHUEM
3a CYET OJHOBPEMEHHOTO JICHCTBHSI BCEX YETHIPEX MEXAaHHU3MOB TOPMOKCHHUS
ABYKYIIUXCS TUCTOKAIIMN

1) pacTBOpPEHHBIMH aTOMaMH YTIIEPO/a;

2) nedopMaIOHHBIM YIPOYHCHHEM IPU POCTE MApTEHCHTHBIX KpPH-
CTaJlJIOB;

3) H3MEIbUYCHUEM 3EPEH;

4) nucnepcHBIMH YacTuiamu nemeHTura Fe;C.

Haubonbmmii BK1a1 B yOpOYHEHHE J1al0T UCKAKEHUS KPUCTANINYECKON
PELIETKH Ol-)Kele3a BHEAPEHHBIMU aToMaMu yriepoja. OTcioga cieayer, 4To
TBEPAOCTh MapTeHcHUTa OyneT Tem OoJjblie, 4yeMm OoJbllie B HEM yriepoja
(Tabm. 9.2).

Tabnunma 9.2

TBepI[OCTB MapTCHCUTA B 3aBUCHUMOCTHU OT COACPIKAHUSA YIICpOoaa

Copnepxanwne yriepona, % (020304 (051060810
Teepnocts, HRC 40 | 48 | 55 | 59 | 62 | 65 | 66

[InacTuHbl MapTeHCHTa O0pa3ylOTCSd C OTPOMHON CKOPOCTBIO, PaBHOM
CKOpOCTH 3ByKa B cTayid (=5 km/c). XapakTepHasi 0COOEHHOCTh MapTEHCHUT-
HOTO TIPEBpAICHUS: OHO Pa3BUBAETCS TOJLKO MPH HEMPEPHIBHOM OXJIAX]IC-
HUU 70 Touku M. [lpu yBenuueHun copepskaHusi yriiepojia TeMIepaTypbl
touek M, u M, monmxarotcs (puc. 9.9) u MapTeHCUTHOE TpeBpallCHUE
cMmernraeTcst B 00J1acTh 0oJiee HU3KUX TeMIepaTyp.

DTO O3HAuYaeT, YTO B PEaJbHBIX YCJOBHIX TEPMHUECKOW 00pabOTKH
BECh MAPTEHCUTHBIA WHTEPBAJ HE MPOXOIUTCS: OOBIYHO OXJIAXKICHHUE OCY-
IIECTBIISIETCS 10 TEMIIepaTyphlI 1iexa, T.€. 10 ~20 °C. [loaTromy MapTeHCUTHOE
MpeBpalieHue B cTajisix, coaepkanmx oosnee 0,6 % C, 10 KOHIIA HE TOXOIUT,
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N B CTAJIK IIOCJIC 3aKaJIKH OCTACTCA HCKOTOPOC KOJIHMYCCTBO ayCTCHHTA. Ero
Ha3bIBAOT OCMAmMoO4YHbIM AYCMEHUINOM.

t,’c

500

400 [ X ™~
300 [ ST~ ] lT
200 | e

"\ I

100 e
1] \“\.‘\\h‘{imﬂ
-100 S
=200 g 0,4 0,8 1,2 1,6 20 %C

Puc. 9.9. Temneparypsl Hayana
Y OKOHYAHUSI MAPTEHCUTHOTO NIPEBpaICHUS

KonuyecTBO OCTaTOYHOIO ayCTEHHWTA B 3aKAJIEHHOW CTalM 3aBUCUT OT
COZIepKaHUsl B HEU yriiepofa U TEMIIEpaTypbl oxXJaxkaarouiend cpeasl. OHO
MOYET COCTaBJISATh HECKOJIBKO MPOLEHTOB Y BBICOKOYTJEPOAUCTHIX CTaJICH
Y HECKOJIBKO JIECATKOB MPOLIEHTOB Y JETMPOBAHHBIX CTaJIECH.

9.3.3. [IpomexyTouHOE (0€HHMTHOE) NPeBpallleHne
NMEePeoXJIAKACHHOT0 AyCTEHUTA

B mmamazone 500-250 °C (cm. o6macte |l Ha puc. 9.4) mpoucxomut
IIPOMEXKYTOYHOE TMpeBpallleHne, KOTOpoe HauyuHaeTcs ¢ Iud@Py3MOHHBIX
MPOLIECCOB, a 3aTeM NpoaoKaeTcs 0e31udPy3noHHO, KaK MAPTEHCUTHOE.

[IpomexxyTouHOe TpeBpalleHre HadyuHaeTcs ¢ Auddy3un yriepona,
B pe3yJbTaTe 4YEro B ayCTEHUTE OOpa3yroTCs Y4YacTKH, OOOTalleHHBIE U
oOeTHEHHbIE YIJIepoJOoM. 3aTeM B O€IHBIX YIJIEPOJOM Yy4acTKax IpoLecc
pa3zBuBaerca 0e31u(y3nOHHBIM MyTEM, KaK MpH 00pa30BaHUKA MAapTEHCUTA
(MOCKOJIBKY TeMIepaTypa Hadaja MapTEeHCUTHOIO MpeBpaiieHus M, MoBbI-
IAETCS C YMEHBIIIEHUEM COJIepKaHUs yriepoja B TBEpAoM pacTtBope). B 6o-
raTbIX e YIJIEpOJIOM y4acTKaX ayCTeHUTa O0pa3yroTcs Mejbualline Kpu-
CTAJJTMKH IIEMEHTHTA.

B pesynbraTe nomydaercs CTpyKTypa, IpeACTaBistoNIasi coOO0NH TOHKHE
uribl ¢pepputa (MU MaIOyTIEpOIUCTOrO0 MAPTEHCUTA, TaK KaK CoJepKaHue
yriepona B HeM ~0,1 %) u menkue yactuisl nemeHTuTa. OHa Ha3bIBACTCS
OetinumomM W HWMEET MEXaHWYECKHE CBOWCTBA, MPOMEXKYTOUHBIE MEXKIY
CBOMCTBaMM MAapTEHCUTA U MEPAUTHBIX CTPYKTYp: 370-450 HB.
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9.3.4. luarpaMMa M30TePMHUYECKOr0 NpeBpalleHUsl
JJIS1 10- ¥ 323BTEKTOMJIHBIX CTaJIei

[Tonoxenne nuHuii Ha C-0o0pa3HOW JuarpaMMme 3aBHCHT OT COCTaBa
ctanu. JIJis TO3BTEKTOMIHBIX M 3a3BTEKTOMJHBIX cTajeil Bua C-oOpa3Hoi
AuarpaMMbl HECKOJIbKO MeHseTcs. [1o cpaBHeHHIO ¢ JuarpaMMoi amst S3BTeK-
TOUAHOW cTay (CM. puc. 9.4) 31mech 100aBIAIOTCS 00JIACTH, T/I€ MPOUCXOTUT
peABapUTEIbHOE 00pa3oBaHue heppuTa I IIEMEHTHUTA.

Takasa nuarpamma aJig JO3BTEKTOMIHOM CTalIM MTOKa3aHa Ha puc. 9.10.

BepxHsis kpuBas Ha AuarpamMme IoKa3bIBaeT Havyano oOpa3zoBaHus dep-
puta u3 aycrenuta. OctanpHble JUHUH UMEIOT TO )K€ 3HAYEHUE, YTO U Ha
nuarpamMme Ha puc. 9.4.

Af—— At A - aYCTEHMT
O+l @ . peppur

. ®+C || . yemenTut
ALA=OH(O+L) ( O+O+L)  O+T  [_pepnur

C - copauT
M T - TpoOCTHT
H M+A ger — M - mapTeHcHT
M

EpeMA

Puc. 9.10. [lnarpamMma H30TEpMHUUECKOT0 PEBPALLICHHS AyCTEHNATA
IS TOPBTEKTOUTHON CTaIH

9.4. IIpeBpailieHusi NpU HarpeBe MapTEHCUTA

MapTeHCUT SBJISIETCS HEPAaBHOBECHOM CTPYKTYypoil. ATOMBI yriepona,
BHE/IPCHHBIE B KPUCTAJUTMYECKYIO PEUIETKY Ol-)KeJie3a, CO3/1al0T BHYTPEHHHUE
HanpspkeHus. Kaxaplii Takol aTtom sBIETCA TOYEYHbIM Aedexktom. Kpome
TOr0, B MAPTEHCUTE BEINKA IIOTHOCTH auciokarmii (10°—10" cm ). ITosTo-
My MapTEHCUT 00JIaIacT MOBBIIICHHBIM 3al1acOM BHYTpeHHeH 3Hepruu. [Ipu
KOMHATHOM TemIepaType OH MOXKET COXPaHIThCSI HEOTPAHUUYEHHO J0JT0, HO
KaK TOJIbKO HarpeB MpHUAAcT aToMaM Yriepoja AOMOJHUTEIbHYIO SHEPIulo,
HeoOxoaumyto Ui [udPy3un, HaYUHETCs TpeBpalleHue MapTeHCuTa B Oosee
paBHOBECHbIE (DA3bI.

[Ipu HarpeBe MapTeHCHUTA YIJIEPO] BBIACISIETCA U3 O.-TBEPAOTO PacTBO-
pa, oOpazys ipu 3ToM 1ieMeHTuT Fe;C. Maprencut pacnagaercs Ha Geppu-
TO-LIIEMEHTUTHYIO CMEeCh. B 3aBHCMMOCTH OT TemmepaTypbl U BPEMEHH Ipe-
BpaIleHUsI MOTYT BO3HHKHYTh CTPYKTYPBI copOuTa u Tpooctuta. CTpoeHue
WX 3E€pPHHUCTOE, a HE TJIACTUHYATOE, B OTIUYHE OT COPOUTA U TPOOCTHUTA, TO-
Jy4YeHHBIX MPU pacnaje NepeoxIaKIeHHOro aycTeHuTa (puc. 9.11).
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TPOOCTHT

NMAAacTHHYATHW  3EPHUCTHH NIacTMHYaTHH  3EPHUCTHA

Puc. 9.11. MukpocTtpykTypa peppruTo-IIeMEHTUTHON CMecH
C pa3HOU JUCTIEPCHOCTHIO U GOPMOil 3epeH

Wrak, npu HarpeBe MapTCHCHUTA UIYT CICTYIOIINE MPOIECCHI:

1) oOenHeHHME MapTEHCHUTa YIJIepoJoM (MapTEHCUT paclajgacTcs Ha
(eppUTO-LIEMEHTUTHYIO CMEChH);

2) yMEHBIICHHE BHYTPEHHUX HANPSHKCHUM;

3) pOCT YacTHIl IICMCHTHTA;

4) mpeBpalleHHEe OCTATOYHOTO ayCTEHHUTA B MApPTEHCHUT (Ba)KHO IS
crajel ¢ coaepkanueM yriepozaa > 0,6 %, 1 0coOCHHO JJis JISTUPOBAHHBIX ).

9.5. Onepaunu TepMHUUYECKOii 00padOTKH CTAIHU

9.5.1. OT:KHT cTaIH

OTxUr — pa3ynpouHsoIas tTepmMuyeckas oopadoTka. OH MPOBOAUTCS
JUI1 MaKCUMAaJIbHOTO YMEHBIIIEHHsI TBEPAOCTH, YIydlleHus: oOpadaTbiBaeMo-
CTH pe3aHueM W JaBJICHHEM, CHSATHS BHYTPCHHHMX HAMPSDHKEHUH, UCIpaBIie-
HUS CTPYKTYpPHI IEPETPETON CTaIM, MOBBILICHUS MIACTUYECKUX CBOWCTB.

Omoicuzom HA3BIBAIOT HATPEB CTANM BBIIE TeMIeEparypbl (pa3oBoro
MPEeBpAIEHUS C TOCIEAYIONINM OUYeHb MEJICHHBIM OXJIaXAeHueM (He Ooee
100 °C/4, T.e. BMECTE C MEUBI0).

Lenb oTKHMra — MOJTy4YUTh PAaBHOBECHYIO CTPYKTYpPY CTalld, TaKyro, Kak
Ha JuarpaMMe Kele30-yriepoa. MIHoraa oTKUr mpecienyer 1eib BhIpaBHU-
BaHUsl COCTaBa, IMOBBIIMICHUS OJHOPOIHOCTU pacCIpeneseHUs! JIETHPYIOIINUX
3JIEMEHTOB B JIMTON CTAJIN.

Cy1iecTByeT HECKOJIBKO Pa3HOBUAHOCTEH ATOM TepMHUECKOM 00paboT-
k. Cpenu HuX:

1) MONHBINA OTXKWUT;

2) HETIOJHBIN OTXKWUT;

3) HOpMaM3aLus;

4) mudy3uOHHBIN OTHKUT.
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Tonuwiii omatcue IPOU3BOJIUTCA JIs1 IODBTEKTOUIHBIX CTasiel. [{is aTo-
ro ctaib HarpeBaloT Ha 30-50 °C Bbllle KPUTHYECKON TOUKU Acz U TOCIE
HEOOJIBIION BBIAEPKKU MEIJIEHHO OXJaXaaroT. [IpakTuyecku neranu oxia-
KITAIOTCSA BMECTE € Meubto co ckopocThio 30—100 °C/u.

TemniepaTypHblii MHTEpBal HarpeBa Ijisl MOJHOTO OTKUTA TIOKa3aH Ha
CTJIBHOM YaCTH TUarpaMMBI KeJie30-yriepo (cM. puc. 9.12), Bbimre muann GS.

[Ipu HarpeBanuu GpeppuT U NEPIUT JOIBTEKTOMTHOMN CTalM MpeBpalila-
IOTCS B AyCTEHUT, a MIPU MEAJICHHOM OXJIAXKICHUH Pacraj] ayCTeHUTA MPOHC-
XOIUT B BepxHer dactu C-o0pa3HOW nuarpamMmbl ¢ 00Opa30BaHUEM HOBBIX
3epeH (epputa u nepaurta. Takum 00pa3om, eciiu CTpyKTypa Obuta medexT-
Hasi (KpyNHbIE 3€pHA, UCKAKEHHbIE 3€pHA U T.M.), TO MPHU MOJHOM OTXKUTE
OHA MCIIPABIIETCA, IOJYYaeTCs OJHOPONHOM M MenkosepHucrou. Cranb
¢ (peppUTO-TIEPIIUTHOMN CTPYKTYpPO UMEET XOPOIIKE MJIaCTUUECKUE CBOMCTBA
Y HU3KYIO TBEPJOCTh. DTO 00ECIEUUBAET XOPOIIyI0 00pabaThIBA€MOCTh CTa-
JIU pEe3aHUEM U JJaBJICHUEM.

OTXHT TIOTHOCTBIO CHUMAET OCTaTOYHBIE HATIPSKEHUSI.

Henonnwiti omorcue oTIAYaeTcs OT MOJTHOTO TEM, YTO B ATOM Cllydae
ctanb HarpeBaroT Ha 30-50 °C BeIe KpuTHUYecKON Touku Ac; (iunust PSK
Ha JguarpamMme ejie30-yrieposa Ha puc. 9.12). Jra onepanusi mpou3BOIUTCS
KaK IS TOOBTEKTOUIHBIX, TaK U JIJIsl 329BTEKTOUIHBIX CTaJICH.

OxnakIeHue MPU HEMOJHOM OT)KUTe TaKoe XK€, KaK W MPH MOJIHOM:
BMECTE C IIEYBIO.

[Ipy HEMOJIHOM OTKUTE MTOIBTEKTOMUJIHOM CTanu (eppuTHasl COCTAaBIISIO-
masi CTPYKTYyphl HE M3MEHSETCs, TaK Kak (eppUT COXpaHsSETCs NPU HArpeBe
(puc. 9.12). IToaTOMY MOJIHOTO UCHPABJIICHUS CTPYKTYPbI HE MPOUCXO/IUT.

OOBIYHO 9Ta omepanus MPOU3BOIUTCA JJII YMEHBIICHHUS TBEPIOCTH
U yIy4IlIeHus 00pabaThiBa€MOCTH CTajIH, CHATHS BHYTPEHHUX HAMPSKEHUI.

[IIupokO TPUMEHSIOT HEMOJHBIA OTXKUI 3a3BTEKTOWUJHBIX CTaJC JJIs
MOJTyY€HHUs CTPYKTYPhI 3¢PHUCTOTO TIEPIIUTA.

Hopmanuzayus 3akioyaeTcsi B HarpeBe CTajld J0 TeMIeparyp Ha
50-70 °C Bpimie nuaun GSE 1 B OXJIaXIEHUH Ha BO3/IyX€ MOCIE HEOOIBIION
BBIIEPKKHU. B 3TOM ciyyae npu OXJIaXACHUH pacraj ayCTeHUTa MPOUCXOIUT
B BepxHed uyactu C-o0pa3HOi AuarpamMMmbl, HO HPU HECKOJBKO MEHBIIMX
TEeMIIepaTypax, 4eM MpH MOJTHOM U HEIMOJIHOM OTKUTE. JTO CBSA3aHO ¢ Oojee
YCKOPEHHBIM OXJIAKICHUEM, YEM B TIPEABIAYIINUX CITydasx.

[ToaToMy Tipu HOpMajHM3alMd OCHOBHAs CTPYKTypa MOJydaeTcsl Iep-
JUTHAsA, HO OoJiee MelKasi, YeM MPHU MOJTHOM OTKUTE. B OTAENbHBIX ciydasx
B CTPYKTYpE CTalIM Jaxe MOXKET 00pa3oBaThCs COPOUT — Oojee MenKasi, Yem
NepIIUT, PeppUTO-LIEMEHTUTHAS CMECH.
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Puc. 9.12. TemniepaTypHble HHTEpBaJIbI HArpeBa CTAIM IPHA OTXKUTE

HopMmanu3zanus 4acto 3aMeHsIeT MOJIHBIM OTKUT Kak Oosiee IPOU3BOIH-
TeJIbHAsI 1 SKOHOMHYHAS OTIePaIIs.

Pa3Huuia B cBOMCTBax mociie MOJHOTO OTXKHUIa M HOpMalM3alud s
HUA3KOYTJIEPOAUCTHIX CTaJEH IOIMydaeTcsl He3HauuTenbHasd. Ho 1 BBICOKO-
YIJIEPOAUCTBIX CTaJlel MOCIe HOPMaJM3alUK IOJY4YaloTCs HECKOJIBKO IO-
BBIIIICHHBIE POYHOCTHBIEC CBOMCTBA U TBEPAOCTb.

Juggpyzuonnwiii omorcue MpUMEHSIETCS [Tl BBIPABHUBAHUS XUMHUUYECKOTO
COCTaBa JIUTOH CTaJlM, YMEHBIICHUS! BHYTPUKPUCTAIIMUECKON JIMKBAIUH.

Ot10 nocturaercs 3a cuet nuddy3noHHbIX mporeccoB. [loaTomy, 4TOOBI
00ecnevYnTh BBICOKYIO CKOPOCTh nuddy3un, craab HarpeBarOT A0 BBICOKHX
TEMIIepaTyp B ayCTEHUTHOH oOnactu (puc. 9.12). Takoii HarpeB MPOU3BO-
nuTCs HaMHOTO BhITe tuHNM GSE Ha muarpamme xene3o-yriepon. Jis cra-
neit oo yamie Bcero temmeparypsl 1000-1200 °C. Ilpu stux TemmepaTtypax
JiesiaeTcs AJIMTENbHAs BhIIEPKKA (8—15 1) U 3aTeM MeUIEHHOE OXJIaXKICHHE.

BripaBHMBaHUE COCTaBa CTalIM TMOJOXHUTEIHLHO CKA3bIBAETCS HA MeXa-
HUYECKUX CBOMCTBAX, 0COOEHHO Ha MJIACTUYHOCTH.

9.5.2. 3akajka cTaJu

3akanka — 3TO yIpOYHSIONmas TepMUIecKas o0paboTka, KOTOpasi TAKUM
00pa3oM M3MEHSET CTPYKTYPY CTajH, 4TOOBI MaKCMMaJIbHO IOBBICUTH TBEP-
JIOCTh W IPOYHOCTb.

3akanka 3akiovaeTcs B HArpeBE CTaJM BBINIC TEMIIEpaTypbl (Ha30BOTo
MPEBPAIEHUS C MOCICIYIOIMNUM OXJIAKIACHHEM CO CKOPOCTBIO OOJIbINE KpH-
THUYECKOM.
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Llenp 3akanku — MOJMy4eHWE HEPABHOBECHOW CTPYKTYPBI CTANIU: IEpe-
CBIIIICHHOTO TBEP/IOT0 pacTBOpA YIIIEpoa B OL-Keje3e — MapTEHCUTA.

bricTpoe oxnaxkaeHue mpH 3aKajke He0OXOAMMO, YTOOBI yriaepoj] He
yCIel BBIJICITUTHCS U3 TBEPAOTO PACTBOpa — ayCTEHUTA — U OCTAJICS B PeIeT-
K€ JKeJe3a MOoCe OXJIKICHHUS.

YToOBI 3aKaIHUTh CTAIb, HEOOXOAMMO MPABHIBHO BHIOPATH TEMIIEPATYPY
HarpeBa M CKOPOCTh OXJKICHHUSA. DTH J[Ba MapaMeTpa SBISIOTCS OIpene-
JSTFOIIUMH TIPY TIPOBEJICHUN 3aKAJIKH.

9.5.2.1. Bbi0op TeMnepaTypbl HarpeBa npu 3aKa’jkKe

[Ipu BbIOOpE TeMmMmepaTypbl HarpeBa HYXHO PYKOBOJICTBOBATHCS Clie-
AYIOIIUM TIPaBHJIOM: JIOIBTEKTOMJI-
HBIE CTaJl HAarpEBaIOTCS MOJ 3aKAJIKY
Ha 30-50 °C BbllIe KpPUTHYECKOU
TOYKU Acz, a 3aIBTEKTOUJHBIC — Ha
30-50 °C_Bbume touku Ac;. Panee
yKa3bpIBajaoCh (pazad. 9.1), 4to reomer- 911
PUYECKIM MECTOM KPUTHYECKHX TO-
yek A; sBigercs auHug GS, a Touek
Ay — muuus PSK (727 °C). Drta 006-

JacTh TeMIepaTyp BbIJEICHAa Ha

puc. 9.13. Hebonbiioe mnpeBbillieHne
KPUTUYECKOU TOYKU HEOOXOAMMO, TaK 0.8 214 %C
KaKk B TeYax g TepMOoOpabOTKU
HEN30€KHbl HEKOTOpble KOJIeOaHUs
TEMIEPATypbl OTHOCUTEJBLHO 3a/aH-
HOTO 3HAYCHHSI.

Pa3ublil mpuHLIMI BRIOOpA 3aKANOYHBIX TEMIEpPaTyp IJid JO3BTEKTOUI-
HBIX U 39BTEKTOMIHBIX CTaJIel CBA3aH CO CIEAYIOIUMHU 00CTOSTEIHCTBAMH.
B ctpykType no3BTeKTOMAHBIX cTanel Huxe nuauu GS (puc. 9.13) mpucyt-
cTByeT (epput. Eciam 3akanuth crajib U3 3TOW TeMIepaTypHOU 00JacTH, TO
AyCTEHHUT TPEBPATUTCS B TBEPJAbIA U MPOUYHBIM MapTEHCUT, a QeppuUt Tax
Y OCTaHETCSl B CTPYKType, TaK KaK OH sBJsieTcs paBHOBecHOM (ha3oii. [lo-
CKOJIbKY (eppUT OYEHb MSTKHM, TO €ro MPUCYTCTBHE B 3aKaJIEHHOW CTaiu
CHIDKaeT ee TBepAocTh. [loaToMy HeoOxomum HarpeB 10 0ojiee BBICOKHUX
temriepatyp (Boimie nuaun GS), rae GeppuT yxKe OTCYyTCTBYET.

JUJ1st 3a3BTEKTOUIHBIX CTaJlel TakoM BHICOKUI HarpeB He TpeOyeTcs, TaK
KaK BbIIIE TOYKHA A1, HO HUXke Juann SE (puc. 9.13) cTpykTypa cOCTOUT 13
aycreHuTa W neMmeHtuta. [Ipu 3akanke u3 3Toil o0jacTh ayCTEHUT MpeBpa-

tc
1539

A

Puc. 9.13. TemnepaTypHbIil HHTEpBaI
HarpeBa CTaJIM MO/ 3aKaJIKy
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TUTCA B MAapTEHCUT, a IEMEHTUT COXPAHUTCA B CTpyKType. Hanuuue B 3aka-
JICHHOM CTaJld TAKOW TBEPJOW CTPYKTYPHOU COCTABJISIOIIEH IOJE3HO, OTO-
MY YTO MEJIKUE YaCTHI[bl LIEMEHTHUTA SIBIISIOTCS OMOJHUTEIIbHBIMU MPEMsT-
CTBUSIMU ISl IBMDKEHUS TUCIIOKAIIMM, TIOBBIIIAIOT TBEPIOCTh U U3HOCOCTOM-
KOCTb.

3akanka U3 oaHO(pa3HON (ayCTEHUTHOI) 00JacTH HA3bIBACTCS NOJHOU,
a 3aKkasika u3 AByX(}a3Hoi 00yacTH, rje NpUCYTCTBYIOT ayCTEHUT U (EeppHUT,
— HEnoJHOoU.

Takum 0OpazoM, TOIBTEKTOUIHBIE CTAIH MOABEPTalOTCs MOJHON 3aKali-
K€, a 3a3BTEKTOUHBIC — HEIIOJIHOM.

[IpeBbiieHue kputuyeckoil temmepaTypsl Oonee yem Ha 30-50 °C,
HEJOIMYCTUMO, TaK KakK 3TO BBI3BIBAET POCT ayCTEHUTHOIO 3epHa. Eciau 310
MPOU30MAET, TO U3 KPYHMHO3EPHUCTOTO ayCTeHUTa oOpa3zyeTcsi KpyHHOILIA-
CTHUHYATBI MapTEHCHUT, CTaJlb C TAaKOM CTPYKTYpOW OyAEeT Ou€Hb XPYIKOM.
D10 Opak TepMHUUECKO 00pabOTKH — nepezpes. lleperpeB MOKHO HCIIPABUTH
[IOBTOPHOM 3aKAJIKOM C HOPMaJIbHOU TEMIIEPATYPBHI.

9.5.2.2. Bb10Op CKOPOCTH U CIIOCO0a OXJIAXKACHUS NIPH 3aKAJIKe

3Has paCCMOTPEHHBIE BBIIIE OCOOEHHOCTU CTPYKTYpOOOpa30BaHUs MpHU
OXJIAKJIEHUU ayCTEHUTA C pa3HbIMU cKopocTsaMu (paza. 9.3.1, 9.3.2), MoxHO
ornpenenautb no C-o0pa3Hoi AuarpaMMe yCIOBHs OXJIAKACHUS CTaIM JJIs IO-
JTy4EeHUsI MAPTEHCUTHON CTPYKTYpPBI MpH 3aKanke. /i 3Toro Hajo mpeBbICUTH
Kpumuyeckyro ckopocmuv oxaaxcoenus Vg, — MUHAMAIIbHYI0 CKOPOCTb, IIPU
KOTOpOl ayCTeHHT He pacrnagaercs Iud@(y3uoHHBIM IyTeM Ha (QeppuTo-
LEMEHTUTHYIO CMeCh. | 'eoMeTpUUecKn — 3TO KacaTelibHas K KpUBOM Hadasa
pacnaga (cM. puc. 9.14). CrnenoBarenbHO, BCE CKOPOCTU OXJIaXKICHUs, Tpe-
BBIIIAIONINE KPUTHYECKYIO, IPUBEAYT K MOJYYCHUIO MapTEeHCUTa (Harpumep,
ckopocTh Vi Ha puc. 9.14), a MmeHb-
1asi CKOPOCTh OXJIAKICHUSI MpUBe-
JIeT K pacrajy aycTeHuTa Ha dep-
PUTO-LIEMEHTUTHYIO CMECh (Hampu-
Mep, ckopocTh V;, Ha puc. 9.14).

JI1d yriepoancThIX CTaliel Kpu-
THYECKast CKOPOCTh OXJIAXKIICHUSI TIPU
3akasike cocranisiet okosio 400 °Cle.

Takast CKOPOCTh HOCTHUTAETCS
OXJIaKJCHHUEM B BOJC U B BOJHBIX BpemA
pactBopax coseit (NaCl) wan me-
nouerr (NaOH), yBennuuBarommx

Puc. 9.14. Onpenenenue ckopocTu
OXJIQXKICHUS TIPU 3aKaJIKe
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OXJIQXKIAIONIYI0 CIOCOOHOCTh BOABL. [Ipu »TOM NeTans HEOOXOAMMO JHEpP-
TUYHO TIEPEMEIaTh B 3aKAJIOYHOU >KHIKOCTH, YTOOBI yJIaJsATh ¢ TTOBEPXHO-
CTH MeTajia 00pa3yromuiics nap, KOTOPbIA 3aMeIIIET OXJIaXKCHUE.

JUJ1st TIeTHpOBaHHBIX CTalIel KPUTHYECKAsi CKOPOCTh OXJIAXKICHUS 3HAUH-
TEJILHO MEHBIIIE, YTO MO3BOJISIET MPUMEHSATh O0Jiee MITKUE 3aKallOUHbIE Cpe-
JIbl — MUHEpaJIbHbIE Maciia WU PACTBOPHI MOJUMEPOB.

B npakTtuke TepmMudeckoit 00pabOTKH MPUMEHSIIOT HECKOJIBKO TEXHOJIO-
THYECKUX CIOCO00B 3aKkanku. Cpean HUX:

1) 3akanka B OJHOU cpejie, WIIM HEeTIPEPhIBHAS 3aKaJIKa;

2) 3aKaJjika B JIByX Cpejiax, UM MPEePHIBUCTAs 3aKaJKa;

3) cryneH4aras 3aKajika;

4) u3orepMHUUECKas 3aKaykKa.

OxJakJeHrue CTalad MpPU ITUX PAa3HOBUIHOCTIX 3aKajJKHU MOKAa3aHO Ha
puc. 9.15.

[lepBrIit crioco0® — 3akanka 6 00HOU cpede, VI HeNnpepuléHas 3aKaIKa
(cMm. kpuByto 1 Ha puc. 9.15), — Haubonee NPoCcToi, HO MIPU ATOM B JIETAIIU
MOSIBIISIIOTCS OOJIBIINE BHYTPEHHUE HANIPSIKECHHUS.

OHU CKJIaJIBIBAIOTCS U3 TEPMUUYECKUX HAMPSIKCHUH, BOSHUKAIOMIUX H3-
3a Pa3HOCTU TEMIIepaTyp Ha MOBEPXHOCTU U B CEPJALICBUHE JETAIU MIPHU ObI-
CTPOM OXJKJICHHUH, M CTPYKTYPHBIX HAMPSDKCHHH, 00pa3yIOMMXCcs 3a CUeT
00BEMHBIX U3MEHEHUM MPYU MAaPTEHCUTHOM IIPEBPAIICHUH.

OTH HaNpPsDKEHUS MOTYT MPUBECTH K AchOpMaIiu ASTAIN U Jaxe o0pa-
30BaHUIO TpemuH. OCOOEHHO 3TO ONMAaCHO B OTHOIICHHH JIeTalled CIOKHOM
(GOpMBI, UMEIOIITMX KOHIIEHTPATOPHI HAIPSHKEHWW B BHJIEC MPOTOYEK, OTBEP-
CTHH, YIJIOB, TAJITEJIEH U T.II.

J1i1st Toro 4T0OBl YMEHBIIIUTH HEIOCTATKH 3aKaJIKH B OJTHOM Cpejie, ObUTr
MIPEJIOKEHBI IPYTHE CITOCOOBI IPOBEICHMS ATOTO MPoIlecca.

3akanka 6 08yx cpedax, WnH npepvleucmas 3akaika (CM. KpUByIO 2 Ha
puc. 9.15), 3akIr04aeTcs B TOM, YTO CTallb OBICTPO OXJIAXKIAETCs B HHTEPBaje
temriepatyp 750-400 °C, a 3aTteM neranb MEPEHOCUTCS B JPYTYIO OXJIaXK-
JAIOIIYI0 Cpely, U B MapTEHCUTHOM HWHTEPBAJIEC OXJIAXIECHUE MPOUCXOJUT
3aMeJIEHHO. JTO MPUBOAUT K YMEHBIIICHUIO BEJIMYUHBI BOSHUKAIOIIUX TPU
3aKajKe BHYTPCHHHUX HAIPSKECHUN M CHIDKACT BEPOSTHOCTH IOSBIICHUS TPeE-
muH. [IpuMepom Takoii 3aKaJiku MOXKET OBITh MPOIIECC C OXJIAKIECHUEM BHA-
yajie B BOJI€, a 3aTe€M B Maclie.

Cmynenyamas 3axanxa (kpuBas 3 Ha puc. 9.15) npou3BoaUTCS MOTPY-
KEHUEM HarpeTrod 10 ayCTEHUTHOI'O COCTOSHUS JeTalld B KUJKYIO Cpely
¢ Temreparypoit Ha 20—30° Boiie Touku M,,. IIpu sTom obecnieunBaeTcst ObI-
CTPOE OXJIAKIEHUE CTalu B BEpXHEH 00JIaCTU TeMIepaTyp, a 3aTeM JeIaeTCs
HEKOTOpasi BBIJICP)KKA, BO BpeMsl KOTOPOU TeMrepaTypa Mo CEUCHHIO JIeTaIH
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BBIPABHUBAETCS, U TEPMUUECKUE HANIPSKEHUSI YMEHBIIIAIOTCS. 3aTeM JIeTaau
BBIHUMAIOTCSI U3 3aKAJIOYHOW BaHHBI, U JAJbHENIIEE OXJIAXKICHUE MPOUCXO-
JUT B JIPYTrOo# cpejie, Yallle BCero Ha BO3AyXe WU B Mmaciie. B atom ciydae
MapTEHCUTHOE TMPEBpAICHUE MPOUCXOIUT TMPU MEIJICHHOM OXJIAXICHUH,
B YCJIOBUSAX MEHBIIMX BHYTPEHHUX HAINpsOKeHU. B kadecTBe KUIKHX cpef
JUTSI CTYTICHYATON 3aKajJKWd MCTOJB3YIOT PACIUIABhI MIENOYEH, CETUTPHI, JIeT-
KOIUJIAaBKUX METAJIJIOB.

H3omepmuueckas 3axanxka (kpuBas 4 Ha puc. 9.15) cylleCTBEHHO OTJIU-
4aeTcsi OT JAPYTUX CHoco0O0B. 37€Ch BBIIEPKKA B JKUJKOW OXJIaXKIarollen
cpene mpHu TeMIIepaType MPEeBpalleHUs] ayCTEHUTa B OSHHUT WM TPOOCTHUT
IPOJIOJBKAETCS JI0 MOJHOTO pacraja aycTeHuTa. Bo Bcex mpeaplaynmx ciuy-
Jasx MPHU 3aKaJKe MPOUCXOIUT 00pa30BaHNE MAPTCHCUTHON CTPYKTYPHI.

A

=

=

BEpemMA

Puc. 9.15. Cioco0Obl 3aKaiKky cTajiu

[Ipu m3oTEepMUYECKON 3aKalike HAMpPSHKEHUS B JCTald MUHUMAJIbHBI,
HCKITIOYaeTcss 00pa3oBaHWE TPEUIvH, JaedopMallid 3HAYUTEILHO MEHBIIIE.
Kpome Toro, y HEKOTOpBIX JETMPOBAHHBIX CTajl€il 3TOT CIOCOO 3aKaJIKU TO-
3BOJISIET MOJIy4YaTh ONTUMAJIbHOE COYETAHUE MPOYHOCTHBIX U MIACTHYECKUX
CBOICTB.

9.5.2.3. 3aka1uBaeMOCTb M MPOKAJTMBAEMOCTD CTAJIH

[lox 3axanusaemocmvio cTali MOHUMAIOT CIHOCOOHOCTH CTalK MOJY-
4aTh BBICOKYIO TBEPAOCTH IPHU 3aKaJIKE. 3aKAIMBAEMOCTh 3aBUCHUT OT COJEP-
KaHHS YIIIepoJa B CTAIM M XAPAKTEPU3YETCS MAKCUMAJIbHOW BO3MOKHOU
tBepaocThio HRC st manHOM Mapkwu.

CkopocTh OXJaXKAEHUS YMEHBIIAETCS OT MOBEPXHOCTU AETalu K LEH-
TPY, HO3TOMY IIPH TOCTATOYHO OOJIBIION TOJIIIMHE JETAIU MOXKET 0Ka3aThCs,
YTO B €€ CEPALEBUHE CKOPOCTb OXJaXICHUSA MEHbLIe Kputhueckou. [lo-
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CKOJIbKY MapTEHCUT 00pa3yeTcsl TOJIbKO MPU CKOPOCTH OXJIAXKIEHUS OOJIbIIIe
KPUTHUYECKOW, TO B TOM CJIy4ae Ha MAPTEHCHUT 3aKaJIUTCS TOJIBKO MOBEPXHO-
CTHBIM CJIOM ompenesieHHON TiyOWHBbI, a cepilleBuHA OyAeT He3aKaJeHHOM,
C MSTKOU (heppUTO-TIEPIUTHON CTPYKTYPOil.

Ha puc. 9.16 noka3zaHo U3MEHEHUE CKOPOCTH OXJAXKACHUS MO CEYECHUIO
netanei pasHou TommuHbl. IlITpuxoBoil nuHMEN 0003HAUYCHA KPUTHYECKAs
CKOpPOCTbh OXJIAXIECHUS IpH 3aKkanke. Ha HIKHEN MPOEKIMU 3alITPUXOBaHA
3aKaJICHHAs HA MApTEHCUT 30Ha.

=

N\

|
VHP ——-!——— VHP
|
|
o

Voxn - ckopocTe
OXMaXAEHHA,

IilIIIIrO)U'I

VKP - KPUTHYECKAA
CKOPOCTE
oXnaKAeHNA

Puc. 9.16. I3MeHeHrEe CKOPOCTH OXJIaXKACHUS
M0 CEYEHUIO JeTaleil ¥ MPOKATHUBAEMOCTD CTaJIN

Kak cnenyer u3 puc. 9.16, neranp «a» nojiydaeT MapTEeHCUTHYIO CTPYK-
Typy 10 BCEMY CEUYEHHUIO, a B KPYIHOM AeTanu «0» cepJleBUHa OCTaeTCs He-
3aKaJICHHOM.

[Ipu 3akanke peajbHBIX JieTajel He0OXOAMMO 3HATh, BO3MOJKHA JIU 3a-
KaJIka HaCKBO3b, 10 BCEMY CEUEHUIO, MJIN KaKOU rTyOuHbI OyAeT 3aKaJleHHbIN
cinoi. lHaue roBopsl, HyXHO 3HaTb NPOKAIUEAEMOCMb CTAIM, NTOJ KOTOPOH
MOHUMAIOT CIIOCOOHOCTh CTAJIM MOJIy4aTh MAPTEHCUTHYIO CTPYKTYpPY Ha OII-
peneneHHylo riayOuHy. [l XapakTEepHCTUKH MPOKAaJIMBAEMOCTH CTajH
B CIIPAaBOYHHUKAX MPHUBOJAT BEJIMYMHY KPUTUUYECKOTO Auamerpa. Kpumuue-
CKUll ouamemp — 3TO MaKCUMAaJbHBIA AUAMETP IMJIMHIPUYECKOrO MPYTKa,
KOTOPBIN MPOKAJIMBAETCA HACKBO3b B KOHKPETHOM OXJIaXK1al0IIel cpee.

[IpokayMBaEMOCTb CTAJIM YBEJIMUMBACTCS MPU YBEIMYEHUM OXJIAKIAFOLLEH
CHOCOOHOCTH 3aKAJIOUHOW CpPEJibl U MPU BBEICHUH B CTaJIb JIETHPYIOUIUX 3JIEMEH-
TOB, KOTOpPBIE 3aTpyAHSIOT TudPY3MOHHBIN pacmaj ayCTCHHTA.
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VYriepoaucras CTanb IOPU OXJIAXICHUM B BOJE MUMEET KPUTHYECKUI
auametrp 10—-15 MM. D10 3HAYUT, YTO NpH 3aKaiKke O0osee KPynHbIX U3IEIUI
Kakas-TO 30Ha B cepAlIeBUHE OyIeT HE3aKaJIEHHOM.

[IpokanuBaeMOCTh CTalu HEOOXOJUMO YUWUTHIBaTh MPU BbIOOpE Mare-
puasia 1 U3rOTOBJIEHUS YIIPOUHSEMbIX TEPMUUECKON 00pabOTKOM eTaneil.

9.5.2.4. IloBepxXHOCTHAsI 3aKAJIKA

JIJist HEKOTOPBIX TUIIOB JI€TaleH, B COOTBETCTBUH C OCOOCHHOCTSIMU Ha-
TPYKEHUSI TPU IKCIUTyaTaluy, HEOOXOAMMO OOECIEeUUTh BBICOKYIO TBEp-
JIOCTh U U3HOCOCTOMKOCTh MOBEPXHOCTH B COYETAHUU C JIOCTATOYHO XOPO-
el BS3KOCTHIO B CEPLIEBUHE. JTO KacaeTcs AeTaneil, paboTaronux B ycio-
BUSX M3HOCA C OJJHOBPEMEHHBIM JCHCTBHEM JIUHAMUYECKHX HArpy3ok (Ha-
MIpUMeEp, LIECTEPHN).

B Takux ciydasx moABEpraroT YIPOYHEHUIO HE BCIO AETalb, & TOJIBKO
TOHKUH (HECKOJIbKO MM) MMOBEPXHOCTHBIN CIIOH.

llogepxnocmuasn 3axanka — 3TO HarpeB J0 3aKaJOYHBIX TEMIIEPATYP
TOJBKO MOBEPXHOCTHOTO CJIOS JETalM C MOCIEAYIOMMUM OBICTPBIM OXJIaXe-
HUEM U 00pa30BaHUEM MAPTEHCUTHOM CTPYKTYpPBI TOJBKO B 3TOM CJIOE.

OcCyIecTBISAIOT TaKyIO 3aKalKy OBICTPBIM HarpeBOM IOBEPXHOCTH, IIPU
KOTOPOM CEPALIEBHHA HE YCIIEBAET MPOTPEBAThCA 3a CUET TEIJIONPOBOIHO-
ctu. Pacnipenenenue Ttemrmeparyp mpu TaKOM HarpeBe MO CEUCHHIO JIECTalIH,
M3rOTOBJICHHOM U3 J03BTEKTOMIHOM CTaJIH, ITOKa3aHo Ha puc. 9.17.

ITocne oxnaxkxneHus B CEUCHUN "
Je€Taau MOJYyYarTCsS TPU XapakTep-
HBIX 30HBI C Pa3HOM CTPYKTYpOH
Y CBOMCTBaMH.

B some | (puc. 9.17) nocne sa-  Acy——
KJIKMA TI0Jy4aeTcsi MapTEHCUTHas
CTPYKTypa C MAaKCHUMaJbHOU TBeEp-

JNOCTBIO, TAK KaK 3Ta 30Ha Harpesa-
JIach BBIIIE KPUTHYECKOW TeMIepa-

||
| |

I|]I| I MNepnut + dhepput
||

Typbl Acs. MoBepxHOCTL AETanM —* LEHTP
B 30ome Il mocme 3akanku
B CTPYKTYpEC, KPOMC MAapTCHCUTA,  pyc 9 17. PacnpeneneHue TeMIEpaTyp

Oyzer mpucyTcTBOBaTh M (EPPHUT. y CTPYKTYpa MPH MOBEPXHOCTHOM HarpeBe
CrnenoBaTebHO, TBEPAOCTh TaM Oy-

JIET HUXKE.
B 30ne |11, kak BugHO U3 puc. 9.17, HarpeB 1 OXJaXJECHUE HE TPUBOIAT
K KaKUM-JIM00 U3MEHEHUSIM CTPYKTYPhl. 3HAUUT, 3]I€Ch COXPAHSICTCS UCXOJI-
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Hasi (eppUTO-TIEPIUTHASL CTPYKTypa C HU3KOH TBEPIOCTbIO, HO BBICOKUMU
IJJACTUYECKUMU CBOMCTBAMU.

ITocne MOBEpXHOCTHOM 3aKaJKK J€Talb MOKET CONPOTUBIATHCSA IHUHA-
MUYECKUM Harpy3kaMm 3a CYeT BS3KOW CEpALIEBHHBI M XOpOIIO paboTarh
B YCJIOBMSIX M3HOCA Ojarofapst TBepAOl MOBEPXHOCTH.

BrICTphIil TOBEPXHOCTHBINA HarpeB, HEOOXOAUMBIN MPU TaKOW TEXHOJIO-
I'MH, OCYIIECTBISETCS Yallle BCEro MHAYKLIHMOHHBIM criocoOoM. [letans npu
ATOM MOMEIIAETCS B CIEHUAIBHBIN UHIYKTOP, NOAKIFOUEHHBIN K TEHEPATOPY
TOKa BBICOKOW 4acTOThI. llepeMeHHOE MarHMTHOE MOJI€ BBICOKOM YacCTOTHI
HaBOJWT B TOHKOM IOBEPXHOCTHOM CJIO€ METAJIA BUXPEBBIE TOKU, U HArPEB
OCYLIECTBIISIETCS 3a CUET CONPOTUBIICHUS METAJUIA IPOTEKAHUIO ATUX TOKOB.

['myOuHa 3aKaJIEeHHOTO CJIOSl MPU 3TOM CIOCO0E YIPOUYHEHHSI MOMKET
JIETKO PEryJInpOBaThCsl B 3aBUCUMOCTU OT HEOOXOJUMOCTH U COCTABIISET OT
JECATHIX H0JIE MAJITUMETpPA 10 3—5 MM.

WNHorna 1 mOBEpXHOCTHOM 3aKaJKU MCIOJNB3YIOT U APYTUE CIIOCOOBI
HarpeBa: 3JICKTPOKOHTAKTHBIM, B PACIJIaBAX COJIEH, B DJIEKTPOJIUTAX U AP.

9.6. OTnyck crayu

3akaneHHas CTallb, UMESl BBICOKYIO TBEPAOCTb, 00JaJaeT CYLIECTBEH-
HBIMU HEJIOCTATKaMU — HU3KOHW TIACTUYHOCTHIO, OOJBITUMU BHYTPEHHUMHU
HaMpsLKEHUSIMU, XPYIKOCTBIO. B TakoM cOCTOSIHUM u3zelne He paboTocmo-
coOHO, HE HAJIe)KHO B dKCIUTyaranuu. [loaTomMy niisi yMeHbIIEHUs BHYTPEH-
HUX HANpsOKCHWH W TOBBIMIEHUS YPOBHS TUIACTHYECKUX CBOMCTB MOCHE 3a-
KaJIKK BCET/a CJIEYyeT JAOMOJHUTENbHAS ONepalusi TepMUIECKoi 00paboTKH,
KOTOpasi Ha3bIBA€TCSl OTIYCK.

Omnyck — 3TO HarpeB 3aKaJlEHHOW CTaJiu JI0 TEMIIEPATYP HUKE KPUTH-
YECKHUX C MOCJICIYIOIINM OXJIAXIECHUEM, Yallle BCErO Ha BO3yXE.

[lenb oTmycka — mosiydeHue Oojiee yCTOMYMBOM, YeM IOCIE 3aKajKH,
CTPYKTYpPBI, YMEHbIIIEHHE BHYTPEHHUX HAMPSIKEHHM, cOo3aHue TpeOyeMoro
KOMIUIEKCA SKCILTyaTallMOHHBIX CBOWCTB.

OTnyck — MmocieaHsst onepaus B TEXHOJIOTHUECKOM IIEMOoYKe TepMO000-
paboOTKH CTaiM, MOITOMY IIOJyYEHHass MPU OTIIYCKE CTPYKTypa IOJDKHA
obecreunBaTh CBOMCTBA, HECOOXOAMMBIC MTPU PabOTE ACTAIIH.

B npoiiecce oTnycka NpoucXoauT paciajl MapTeHCHUTA 3a CUET Bbljelie-
HUS W3 HEro yriepoja, TeM OoJjee TMOJHBIM, 4YeM OoJibllie TemIepaTypa
Y BpeMs TIpH 3ToW omepanuu. [103TOMy yMEHBIIAIOTCS BHYTPEHHHE HaIpsi-
KEHUS U TUIOTHOCTH AucioKaiuid. OCTaTOYHBIN ayCTEHUT MPHU OTITYCKE Tpe-
BpalaeTcsi B MAPTEHCHUT.

121

KOMMOJNEKT. 3NEKTPOHHBIX
YUYEBHO-METOQUUYECKUX MATEPUAJIOB - I = I OFMABNEHHE =< I JARPBITD XI


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— N —

[To TemmepaType HarpeBa OTITYCK MOJApa3eisieTcs Ha 3 BHUIA: HU3KHUH,
CpPEIHUI U BBICOKHIA.

o [Ipu nuskomemnepamypnom (wma nuzkom) omnycke (150200 °C) u3
MapTEHCUTA BBIJCIACTCA YacTh HM30BITOUYHOTO yriepoia ¢ 00pa3oBaHUEM
MeThYalmmX KapOoumaHbIX 9acTull. Ho mockonbpKy ckopocth auddy3un 371ech
elre Maja, HeKOTopas 9acTh yriepoaa B MApTEHCUTE OCTACTCsI.

Takast CTpyKTypa MNpEACTABIIAECT COOOW MAaJOYIJIEPOJUCTBIA MApPTEHCUT
M OYeHb MEIIKME KapOuHbIC YacTHIIbl. Ee Ha3hIBAIOT OTIYIIICHHBI MApPTEHCHT.

B pesynbrate HHU3KOTO OTITyCKa YMEHBIIAIOTCS BHYTPCHHHUE HAIPSDKE-
HUS, HEMHOTO YBEIUYHBACTCS BS3KOCTh M TUIACTUYHOCTH, TBEPIOCTH TTOUTH
He cHIKaercs. Jleramm MoryT paboTaTh B yCIOBUAX, II€ HEOOXOAMUMA BBICO-
Kasi TBEPIOCTh U UBHOCOCTOMKOCTD.

Huzkuii oTIyCK TPUMEHSIOT TSI PEXKYIIIETO W MEPUTEIBHOTO WHCTPY-
MEHTA, JIETAJICH MOAIUITHUKOB KaueHUSI.

o CpeonememnepamypHolii (WA cpeOHull) ommnyck TPOBOTUTCS TPH
6onee Boicokux Temmneparypax — 300-450 °C. [Ipu 3ToM U3 MapTeHCHUTA YXKe
BBIICISICTCS. BECh M30BITOUHBIN yIIepo] ¢ 00pa3oBaHUEM IIEMEHTUTHBIX Yac-
Tull. TeTparoHanbHbIE UCKAXKEHUS KPUCTAIUIMYECKON PEIIEeTKH Kelie3a CHU-
MAarOTCs, OHAa CTAHOBUTCS KyOM4ecKoil. MapTeHCcHT npeBpariaercs B heppu-
TO-IIEMEHTUTHYIO CMECh C OY€Hb MEJIKUMH, B BHUJEC UTOJOYEK, YaCTUIIAMHU
[IEMEHTHUTA, KOTOpasi Ha3bIBACTCS MPOOCMUMOM OMNYCKA.

Cpennuii OTIyCK €1lle YMEHbIIIAeT BHYTPEHHUE HANIPSHKEHUS, YBEIUYU-
BaeT BA3KOCTh, IPH ATOM MPOYHOCTH OCTACTCS BBICOKOMU, a TIPEAC TEKYIeCTH
Y TIpelieNl BBIHOCIMBOCTU JOCTUTAIOT MaKCUMyMa. TaKkoMy OTITYCKY MOJIBEp-
raloT PecCophl, MPYKUHBI U IPyTHe YIPYTHue DJIEMEHTHI, a TAKXKE ITaMITO-
BbIA HHCTPYMEHT.

o B unmepsane 500650 °C ckopocTs mudPpy3uoHHBIX MPOIECCOB YKE
HACTOJIFKO BO3pPACTaeT, YTO MPH pacmajie MapTeHcUuTa oOpasyercs: Gpeppuro-
IIEMEHTUTHAsI CMECh C 0o0Jiee KPYMHBIMHU, cHeprUUecKoil QopMbl, 3epHAMU
[eMeHTUTa. Takoi OTIYCK Ha3bIBACTCS 6blCOKOMeMnepamypuvim (AN Gbl-
COKUM), a TIOJIy4aeMast CTpPYKTypa — copoumom omnycka.

B pesynbraTe BBICOKOTO OTIyCKa CHJIBHO BO3PACTArOT BSI3KOCThH U TINIa-
CTUYHOCTH CTajii, BHYTPEHHUE HAIMPSIKCHUS] CHUMAIOTCS MOYTH MOJTHOCTHIO,
TBEPJOCTh ¥ MPOYHOCTH CHMIKAIOTCS, HO BCE JKE€ OCTAIOTCS JIOCTATOYHO BBI-
COKHMHU.

3akanka ¢ BBICOKMM OTITYCKOM Ha3bIBACTCS mMepMuUyecKuM yayuuieHuem
ctanu. Takoi oOpaboOTKe MOABEPTarOT JIeTadl MAIlWH, pa00TAIONUE B YCIIO-
BUSIX 3HAKOIIEPEMEHHBIX M YAApHBIX HArpy30K: Bajbl, phIUard, IMECTCPHU U

Ap.
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N3MeHeHnEe MEXaHUYECKUX
XapaKkTEpPUCTUK  YIIIEPOAUCTON
CTajJu MPHU OTIYCKE IOKa3aHO
Ha puc. 9.18; B KauecTBe npu-
Mepa BIUSHHUS TEMIEPaTypbl
OTIyCKa HAa  MEXaHUYECKHUe
cBolicTBa B Taba. 9.3 mpuBene-
Hbl JIaHHBIC JUISl CTalld, COJIEp-
xameit 0,4 % C.

Hrak, ¢ MOBBIIICHUEM
TEMIIEpaTypbl OTIIycKa M €ro  Puc. 9.18. BausHue Temneparypsl OTIyCKa
MPOAOJDKUTEIIBHOCTH  YBEIIUYH- Ha MEXaHHYECKHE CBOWCTBA 3aKaJICHHON
BAIOTCA TUIACTUYECKUE CBOKCTBA YIIIEPOJNCTON CTAN
CTajii, HO CHIJKAIOTCS €€ TBEp-

JI0OCTh ¥ IPOYHOCTh. B mpakTuke TepMuyeckoir 00pabOTKU CTaIu PEKUM OT-
MyCKa Ha3HA4YaloT B COOTBETCTBUU C TPEOYEMBIMHU CBOMCTBAMH, KOTOPHIEC OTI-
PEACISIIOTCS YCIOBUAMH pabOThI JETaH.

MexaHMUYeCKMe CBOMCTEA

o

200 400 600
TeMnepaTypa oTnycka,° C

Tabnuua 9.3
N3menenune cBoiicTB ctanu 40 npu oTITycKe

Temmnep asza oy, Mlla Tsepnocts, HB 0, % v, %
ormycka, °C
be3s ormycka 1400 600 3 3

200 1400 510 4 18

400 1080 330 11 40

600 700 190 22 58
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10. XUMHUKO-TEPMHUYECKASA OBPABOTKA

YacTo nisi ynmpouyHEHHsI TOHKOTO IMOBEPXHOCTHOTO CJOs JAeTaliel, yBe-
JUYEHUS €r0 TBEPJOCTH M HM3HOCOCTOMKOCTH MPOU3BOIAT Mubdy3noHHOE
HACBIIIEHHE TOTO CIJIOS PA3TMYHBIMU dieMeHTamMu. [Ipu 3ToM MeHseTcs Xu-
MUYECKUH COCTaB B OBEPXHOCTHOM cioe. OcyiiecTBisieTcs: Takas 00padoT-
Ka MOMEIIEHUEM JieTajell B aTMochepy WK Cpey ONMpPEAeICHHOTO COCTaBa
IpU BBICOKMX TemIeparypax uis OOeCledeHHs] JOCTaTOYHON CKOPOCTHU
muddy3uoHHBIX MporieccoB. HeoOxoaumelie aneMeHThl TUGOYHIUPYIOT U3
ATOM CPeAbl B IOBEPXHOCTHBIN CIIOU JIETAJIEH.

Wrak, nporiecc U3MEHEHUsSI XMMHUYECKOTO COCTaBa U CBOMCTB MOBEPXHO-
CTH U3JENHS TIOJ IEHCTBUEM TEMIIEPATyphl U OKPYKAIOLIEH Cpebl 3aJaHHO-
IO COCTaBa Ha3bIBACTCS XUMUKO-MEPMUUECKOU 00pPaAdOMKOIL.

B 3aBrcHMOCTH OT TOTO, KAKUM 3JIEMEHTOM MPOU3BOJIUTCS HACHIIICHUE,
pa3INyaloT HECKOJIBKO PA3HOBUIHOCTEH XMMHUKO-TEPMUYIECKON 00pabOTKH.

Ecnu moBepXHOCTHBIN CIOM AeTaliell HaChIIAeTCs YIJIEPOA0M, TO TaKas
00paboTKa Ha3BIBACTCS YyemeHmayuel, eCiIu a30TOM, TO a30MUpoO8aHuUeM,
60poM — bopuposaruem, AMIOMUHUEM — AIUMUPOBAHUEM U T.J1.

WNuorna HachIIeHHE MOXKET OCYIIECTBISTHCS OJHOBPEMEHHO [BYMS
AJIEeMEHTaMU, HalpUMep, YIJIEpOJAOM U a30TOM. Takas XUMHUKO-TepMHUYECKas
00pa0boTKa Ha3BIBACTCS HUMPOYeMeHmayuel.

[Tocne XxuMHUKO-TepMHUUECKON 00pabOTKH 111 GOpMHUPOBAHUS HEOOXO-
JUMBIX CBOWMCTB YacTO MPOBOJUTCS YIPOUHSIOIIAs TepMUUeckas oOpaboTka
(3akasika ¥ OTIYCK). B OTAENbHBIX K€ clydasx TaKoW JOMOJHUTEIHHON 00-
paboTku He TpeOyeTcs. Bee 3aBUCUT OT TOTO, Kakasi CTpyKTypa (popMupyeTcs
B IMOBEPXHOCTHOM CJIO€ CTaJIM B IPOLIECCE XUMHUKO-TEPMUYECKON 00paboTKu
Y KaKue oHa 00ecreynBaeT CBOMCTBA.

10.1. IlemeHnTanus

IIpu yemenmayuu MOBEPXHOCTHBIN CJIIOW E€TAIN YIPOUYHSETCS 34 CUET
HACHIIICHUS €T0 YIJIEPOJAOM U TOCIIEIYIOIIeH 3aKkaiku. B pesynbpTaTe B 3THX
yJacTkax wm3aeiaus  (QopMHupyeTcsl  BBICOKOYTJICPOAUCTHIH  MapTEHCHUT
¢ U30BITOYHBIMU KapOUJaMH, YTO U 00ECIIEUUBAET BHICOKHUE TBEPJOCTh U U3-
HOCOCTOMKOCTb.

Ocymectisiercst mporiecc IieMeHTaruu npu temmeparype 900-950 °C.
JleTanu moMemniaroTcs B Cpeay ONPEAENICHHOTO COCTaBa, Ha3bIBAEMYIO Kap-
oropuzaropoM. Mcmonb3yoT TBEpbIe WM Ta3000pa3Hble KapOopU3aTOpHI.
B kadecTBe TBep0Tr0 KapOrOpH3aTOpa 4acTo MPUMEHSIIOT CMECh JPEBECHOTO
yris ¢ gob6asnenueMm k Hemy 20-25 % BaCO;z; u 3,5-5,0 % CaCOs;. Moryt
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NPUMEHATBCS U Jpyrue cocTaBbl. JleTanum momemniaroTcs B CHEIUAbHbBIC
AIAKA ¢ KapOIOpHU3aTOPOM, M TaM IIPH BBICOKOW TemIiepaType oOpasyeTcs
cpena, U3 KOTOpOH aroMapHbIM yriaepoa aub@yHAUPYET B MOBEPXHOCTHBIN
CJION MeTaia.

[TpyHIIMTIHATEHO MEXaHU3M Ipoliecca 3aKII0YaeTCs B CICAYIOIIEM:

BaCO3; — BaO + COy;
CO, B3aUMOJICCTBYET C yIJIeM IO pEeaKINU
CO, + C (yroaw) — 2CO;
npu temneparype nementanuu CO pasnaraercs 1o peakiuu
2CO = CO; + Cy,

B pe3yJibTaTe 00paszyeTcss He0OX0 UMb AJist T Py3un aToMapHbIN yTIepo/I.

IIpu nauTenbHOCTH Tpollecca [EMEHTALMU OT IATH 10 24-X 4acoB ITy-
OuHa IIEMEHTOBaHHOTO cyos mnoiy4aercs oT 0,4 mo 2,5 mMm. Uem pombiie
JUTUTCSL TIPOIECC, TeM Ha OOJIBIIYI0 TIYOMHY OT MOBEPXHOCTU M3ACIHS IPO-
HCXOJUT HACBHIIIEHUE YIJIepo oM. B HacTosiiee BpeMsl [IeMEHTAaIusl B TBEP-
JIOM KapOropu3aTtope MpUMEHSETCs JOBOJIBHO PEJIKO, TaK KaK 3TO MajoIpo-
W3BOJIUTENBHBIA U 3KOJIOTUYECKH BPEAHBIN Mpolecc. Yaine UCroab3yoT 1e-
MEHTAIMIO B ra3000pa3HOM KapOOpH3aTope, KOTOPHIM CIYKaT YIIIepOa0CO-
JepKanue ra3bpl: MeTaH, Napbl KEpocuHa, CUHTUH U T.1I. [Ipu Temmneparype
IIEMEHTAIIUK JTHU Ta3bl pa3jiararoTcs ¢ 0Opa3oBaHUEM aTOMAapHOIO yriepoja,
KOTOPBIN 3aTeM TUPGYHAUPYET B CTab.

Hanpuwmep:

CH; —» 2H, + C,,,

2C0O — CO, + C,..

JInst ra30BOM LIEMEHTAMHU UCTOJIB3YIOTCS CIICIIMAJIbHBIE €YU, B KOTO-
PBIX MOJJIepKUBaETCsa HeoOxoauMas atMocdepa. DToT mpolecc 6ojee mpo-
M3BOJIMTEINIbHBIN, Y€M B TBEPAOM KapOropusaTtope. 31ech eMEHTOBAaHHBIN
ciout riyounoit 0,8—1,2 MM nonmyyaercs 3a 3—5 4acos.

MakcumanbHasi KOHUEHTpalusl yriepoja Ha MOBEPXHOCTH JI€Talu MO-
cJe IIEeMeHTaluM coctaBigeT yaiie Bcero 1,1-1,3 %. [To mepe nepemenieHus
OT MOBEPXHOCTH K LIEHTPY COAepkKaHuEe yriepona ymensbmaercs o 0,1—
0,2 % (st IeMEHTAIMK UCTIONIB3YIOTCSI HU3KOYTIIEPOIUCTHIE CTaju). Xapak-
Tep U3MEHEHUS KOHIIEHTpaluH Moka3aH Ha puc. 10.1.

3a mIyOMHY LIEMEHTOBAHHOIO CJIOS MPUHUMAIOT OOBIYHO HE OOIIyI0
IIIyOUHY CJ0SI X,, B KOTOPOM IMOBBICHJIOCH COAEpKaHUE YTiepojia, a TaK Ha-
3BIBAEMYIO 3(hpexkmusHyto enyouny X, — paCCTOSHHE OT MMOBEPXHOCTH JI0 y4a-
cTKa ¢ cogepkanueM yriuepoaa 0,45 %, 4To COOTBETCTBYET TBEPAOCTH TOCIIE
3akanku ~50 HRC.

125

KOMMOJNEKT. 3NEKTPOHHBIX
YUYEBHO-METOQUUYECKUX MATEPUAJIOB - I L 2 I OTMABREHME == I JARPBITD KI


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— -

B IOBCPXHOCTHOM CJIOC IIOCIIC

%C OXJIQKJICHHS 1IEMEHTOBAHHBIX W3JICTUI
12 CTPYKTypa CTaiu OyJeT MpeACTaBiIsATh
1,0F co0OOH, COTTIacCHO AMarpaMMe >Kele30-
0.8l yIIEPO, IEPJIUT U IIEMECHTHT.

L 3aTeM 3TH AETad MOJBEPrarTCs
0.6 X3 3aKallke W OTIYCKY, B PEe3yJbTaTe Yero
041 B INOBCPXHOCTHOM CJIO€ JOCTHUIaCTCs
02l X, BbICOKass TBepaocth (63-65 HRC).

N cepauesuna CCEPIIEBHHA K€ IIPH DTOM OCTAHETCS
PaccToAHME OT NOBEPXHOCTH MSTKOHM, C TOCTAaTOYHBIM 3allacoM Bsi3-
- - KOCTH U IUIACTUYHOCTH. Takoe couera-

Puc. 10.1. Paciipesenenue HUE CBOMCTB MO3BOJMT JETaIH COMpPO-
YTIIEpOJa MO CEUCHHIO TUBIIATBCSI JICUCTBUIO OJHOBPEMEHHO
[IEMCHTOBAHHBIX JICTAICH W3HAIIUBAIONIUX U JUHAMUYECKHX Ha-

TPY30K MPHU IKCIUTyaTaI|H.
OTnyck mocie IeMEHTAIllMK Yalle BCEro JIeNaeTcss HU3KOTeMIIepaTyp-
HeIit, mpu 150-200 °C.

10.2. A3oTupoBanue

[Ipu azomupoeanuu NMOBEpXHOCTHBIN CIIOM JNETAJIEH HACHIIACTCS a30-
TOM C LETBI0 YBEIWYEHUSI U3HOCOCTOMKOCTH MOBEpXHOCTH. [Ipu 3TOM mpo-
mecce TmosydaeTcss Oojiee BBICOKAs TBEPAOCTh, YEM TIPH IIEMCHTAIUU
(mo 70—72 HRC umu 1200 HV), a ciegoBaTenbHO U 00jiee BBICOKAs M3HOCO-
CTOMKOCTb. OJIHOBPEMEHHO BO3pAcTaeT KOPPO3WOHHAS CTOWKOCTH CTAJIH
B aTMoc(epe 1 yCTAIOCTHAs MPOYHOCTH (COMPOTUBIICHUE PA3PYIICHUIO TIPU
3HAKOTIEPEMEHHBIX HAarpy3Kax).

Ho azotupoBanmue — Ooiiee JIMTENBHBIN MPOIECC, YEM IIEMEHTAIlus,
Y TIIyOWHA YIPOYHEHHOTO CJIO0S 37IeCh MOJy4YaeTcss MEeHbIe. Bricokas TBep-
J0CTh a30THPOBAHHOTO CJIOS coxpaHseTcs nmpu Harpese A0 S00—600 °C. Oto
CYILIECTBEHHO BBIIIE, YeM Y IIEMEHTOBAHHOTO CJIOS.

OcymecTBIseTCsS MPOIECC a30THPOBAHUS B aTMocdepe IAUCCOIMHPO-
BaHHOTO ammuaka npu Temreparype 500—-600 °C.

AMMMaK TIpU 3TOUM TeMreparype JUCCOIMUPYET C 0O0pa3oBaHUEM aTo-
MapHOTO a30Ta, KOTOPbIN AUPGYHAUPYET B METAILIL:

2 NH3 —> 3H2 + 2NaT-

[lomanas B cranb, a30T YaCTUYHO PACTBOPSETCS B TBEPAOM pacTBOpeE
u oOpazyer c xkenezoM HUTpuabl FeyN, Fe,N. Eciiu B cranu conepxarcs Jie-
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TUPYIOIIKE AJIEMEHTBI, TO a30T MOXET B3aUMOJICUCTBOBATh U C HUMHU, 00pa-
3ys HUTPUbI 3TUX 31eMeHTOB (Hanpumep, CrN, MoN).

Bo3Hnukaroniye B MOBEPXHOCTHOM CJIO€ JIeTajell 4acTHUIbl HUTPUIOB
oueHp Meskue (TonmuHa ux 20-40 A), u nosromMy oHH ABAAIOTC YQPEKTHB-
HBIMU TIPENSATCTBUSIMHU I JIBWDKCHHS JUCIIOKAIMM, YIPOUYHSIOIMIAMH Me-
taut. Kpome Toro, 3T HUTPUABI UMEIOT BBICOKYIO TBEPAOCTh. [lOCKOIBKY
TEMIIepaTypbl a30TUPOBAHUS HEBBICOKHE M CKOPOCTh AU(DQy3uu mpu 3TOM
Maja, Ipolecc UAET J0CTaTOYHO MEIJICHHO. Tak, a30TUPOBAHHBIN CIIOHN TITy-
ounoit ot 0,1 o 0,8 MM npu Temneparype 500-520 °C nosrydaercst COOTBET-
CTBEHHO 3a BpeMsi oT Tpex 10 90 yacos.

Ota omepalys 4Yaile BCEro SIBISETCS 3aKIIOUUTENIbHON B TEXHOJIOTHUY -
CKOM MPOILIECCE M3TOTOBJIEHUS n3aenuil. OHa TPOU3BOAUTCS IMOCIE MOJTHOU
MEXaHUYECKON 00pabOTKU U 3aKaJIKU C OTITYCKOM.

JI1st a30THpOBaHUSI OOBIYHO MCTIONB3YIOTCSI KOHCTPYKIIMOHHBIE CPETHE-
YIIAEPOIUCTHIE CTAH, JIETUPOBAHHBIE XPOMOM, aIFOMHUHUEM U JPYTUMU dJie-
meHTamu: 38XMIOA, 35XH0A, 30X2H2B®A u np.

WNHorna ¢ 1enplo JOMOJHUTENBHOTO YBEIMYEHHUS] H3HOCOCTOMKOCTH
A30THPOBAHUIO TIOJIBEPTaeTCs HHCTPYMEHT, U3TOTOBJICHHBIN U3 BHICOKOJICTH-
POBaHHOM OBICTPOPEKYIIEH CTAIH.

10.3. HurpouemeHTAIIUA

Humpouyemenmayus — 510 ogHOBpeMeHHOE NU(P(Y3MOHHOE HACHIIIIE-
HUE MOBEPXHOCTHOTO CJIOS A€Tal€ a30TOM U YIJIEPOIOM.

[Io cBOMM CBOWCTBaM HHUTPOLEMEHTOBAHHBIA CJIOW CTAIA 3aHUMAET
MIPOMEKYTOUYHOE TMOJIOKEHUE MEXKIY LEMEHTOBAHHBIM M a30TUPOBAHHBIM
CJIOSIMH.

[TpousBoauTCS Mpolecc HUTPOLIEMEHTAIMU B Ta30BOM WM B KUAKOU
cpene.

l'a3oBasi HHUTpOLIEMEHTALIMSI OCYIIECTBISIETCS B CMECHU HAyTIEPOXKH-
BaIONIEro ra3a (CBETUJILHBIN ra3, METaH, CHHTUH W Jp.) U aMMHuaka. Paznu-
YaloT JIB€ PA3HOBUIHOCTU 3TOr0 MPOIIECCa — BHICOKOTEMIIEPATYPHBIN U HU3-
KOoTeMIlepaTypHbldi. B mepBoMm ciiydae HUTpOLIEMEHTALUS UAET MPU TeMIIe-
patype 820—-850 °C, a Bo Bropom — ipu 530-570 °C.

TemnepaTypa mporiecca O4e€Hb CHJIBHO BJIMSICT Ha TIIyOMHY HHUTPOIIE-
MEHTOBAHHOTI'O CJIOSI U COJIEpKaHUE B HEM YIJIepojia U a30Ta. DTH 3aBUCUMO-
cTu nokaszansl Ha puc. 10.2 u 10.3.

[Ipu BBICOKOTEMIIEPATYPHOM IMIPOIECCE MOXKHO MOJYYUTH JOBOJIHBHO
oonpmme ciou (1o 1,5-2,0 MM) ¢ TOCTaTOYHO BBICOKOM IPOU3BOAUTEIHHO-
CTBI0. TO OCHOBHBIE €0 MPEUMYIIECTRA.
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N3 puc. 10.3 BuaHO, 4TO MnyGuHa cnos, Mm
pu BBICOKOTEMIIEPATYPHOM 05l
IpoIiecce B HACBIIMICHHOM CJIOE
Oymer Ooubllle yriiepoga u Io- i
BOJIHO MaJjio a3c1Ta, a TIpu HU3- z:
KOTeMIIEpaTypHOU HUTPOIIEMEH- ol
TalMu — HA00OPOT: B CJI0€ MHOTO n . | | |
asora ¥ MEHBIIE YIJEepoJa. 500 600 700 8OO 900 g-oc
CBoiicTBa TaKHX CIIOEB TOXKE Oy- Puc. 10.2. I'myOuHa HaChIIIEHHOTO
AYT OTINYAaTbCsA, TAK KaK OHH YIJIEPOJIOM M a30TOM CJIOS IIPU Ta30BOU

3aBHUCAT OT COCTaBa U CTPOCHUS HUTPOLIEMEHTAIMH (IIPOJIOJLKUTEIBHOCTE 2 4)
CTPYKTYPHBIX  COCTaBJISIFOIIIUX

ctanu. [Ipu HU3KOTEMMEpaTypHOM HUTPOIIEMEHTAIIMK OyJeT 0osiee BhICOKAs
TBEPAOCTh U U3HOCOCTOMKOCTh MOBEPXHOCTH JieTajeil, HO MEHbIIe ITyOnHa
YIPOYHEHHOTO CJIOSI.

[TpoaoIKUTENBHOCTH MPOIecca ATOTO BUJIa XUMUKO-TEPMUYECKON 00-
pabOTKHU TOXKE BIMSET HA KOHIICHTPAIIMIO AJIEMEHTOB B IOBEPXHOCTHOM CJIO€
Y UX COOTHOIIIEHHUE, YTO MOKa3aHo Ha puc. 10.4.

B mnpaktuke mnpoBeneHus

ra30BOM HHUTPOLIEMEHTALUH %N % C
JUTUTENILHOCTD npouecca 2,0 0,9
OOBIYHO COCTABJIAET OT ABYX JIO

12 4gacos. 1.3 0,8

[Tocne  BBICOKOTEMITIEpA-
TYpHOTO TMpoliecca HEeoOXO0u-
MO JenaTh  YIPOYHSIONIYIO

1.0 0.7

TEPMHUYECKYI0 0OpabOTKy — 0,5 0.6
3aKaJIKy U HU3KuM oTiryck. [Ipu

3TOM B TOBEPXHOCTHOM CIIOE 200 800900 1000 1100
nertaneit (opmupyercs He0O- t'c

XO0AuMasi CTPYKTypa U CBOMCT-

Puc. 10.3. Bousnue teMnepatypsl ra3oBou
Ba. TBEpIOCTh B 3TOM cCiydae patyp

cocTapmser 63—64 HRC. HUTPOLEMEHTAIIMH HA COJICPKAHUE a30Ta
Y yriiepoja B IOBEPXHOCTHOM CJIO€
. Iocne nuskoTemneparyp- (>xeneso, cpena: 50 % CO u 50 % NHs,
HOM  HUTPOOCMCHTAUM  J1O- JUTMTENILHOCT mporecca 10 1)
MOJIHUTEIIBHOW  YIIPOYHSIOIIEN

00paboTku He TpelyeTcs,, TaK Kak MPEeABAPHUTEIIBHO JETAIH MOABEPTarOTCs
3aKajKe U OTIIYCKY, a TakKe€ OKOHYATEIbHON MexaHu4ecKod o0paboTke,
BKJItOuas 1mmudoBanue. B atMocdepe neun npu HU3KOTEMIEPATYPHOM IPO-
uecce conaepxutcs Oomnbiie ammuaka (20-30 %) Mo cpaBHEHUIO C BBICOKO-
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TEMIIEPATYPHOU HUTPOLEMEHTALMENH. B CTpyKType HACBILIEHHOIO CJIOS Ha-
XOJIATCSI MAPTEHCUT M MEJIKME YaCTUIIBI HUTPUIOB M KapOOHUTPHUAOB. TBep-
JIOCTh B 3TOM ciIy4ae Bbliie u gocturaer 67-68 HRC.

%C, %N
201

1.5
1,0

0,5~

|
0 1 2 3 4 Bpemna,u.

Puc. 10.4. Bnusgaue npoaoKUTEIbHOCTH HUTPOLIEMEHTALIUN
Ha COJIep KaHMEe YriIepoJa U a30Ta B [IOBEPXHOCTHOM CJIOE
(craiub ¢ 0,8 % C, remnepatypa npouecca 800 °C)

NHorna Hu3zkoTeMnepaTypHBIM MPOIECC HUTPOIIEMEHTAIUU, OCOOCHHO
B KHUJIKOW Cpee, Ha3bIBAIOT yuaruposaruem. Ero HCIOAB3YIOT ISl U3JETUN
U3 TEIUIOyCTOWYMBBIX cTajieil. Hampumep, Takoil oOpaboTke MOABEPraroT
WHCTPYMEHT W3 OBICTPOPEKYIIMX CTale. ITO 00ECTICUMBAET IOBHITIICHUE
€ro U3BHOCOCTOMKOCTH.

HutponiemeHTamu nojBepratorcs AeTaal U UHCTPYMEHT, W3TOTOBJICHHbBIE
W3 JIETUPOBAaHHBIX cTayiel, Takux Kak 20X, 18XI'T, 18X2H4BA, P6MS, u ap.

Pexum 3TOM XMMUKO-TEpMHUYECKOW 0OpabOTKM U TIIyOMHA yHpPOYHEH-
HOTO CJIOS BBIOMPAIOTCS B 3aBHCHUMOCTH OT YCJOBHU pabOThl W3S, Xa-
pakTepa JACHCTBYIOIMMNX HArpy30K U TpeOyeMOoro cpoka IKCIUTyaTalluu.
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11. YIJIEPOAUCTBIE CTAJIN

Cranp — BaKHEWIIMKA MaTeprail COBPEMEHHOM TEXHUKHU. Y HUKAJIBLHOE CO-
YeTaHUE MPOYHOCTH, TBEPIOCTH U IIACTUIHOCTH 00YCIIOBIEHO 0COOCHHOCTSIMU
CTPOCHHUSI 3TOTO CIUIaBa: HAJTMYMEM B CTPYKTYpE OTOX KEHHOW CTaJIM IMEpJIuTa,
B KOTOPOM IIJTACTUHKHA MSTKOTO, BSI3KOTO (heppuTa YepemayroTcsl C TBEPIbIMU
Y IPOYHBIMU TIACTUHKAMM 1IEMEHTUTA. BO3MOXKHOCTh 3HAYUTEIBHOTO yHpPOY-
HEHUS B PE3yJIbTATe 3aKAIKH U JISTUPOBAHUS, TEXHOJOTHYHOCTh U HEIE(DUITUT-
HOCTb MCXOJTHOTO CBIPbS JIEJIAI0T CTalb OYTH HE3AMEHUMOM JIJ11 U3TOTOBJICHUS
MHOTHX JIeTaJiel 1 KOHCTPYKIHiA. OObeM BBIIJIABKU CTAJIM B MUPE HETTPEPHIBHO
pacTeT; KOJIM4ecTBO Mapok ctayim mpesbiiaet 2000.

o 80 % ot obmero o0beMa BHITUIABIICMOM CTaIl COCTABJISIOT CTaJIM
yriepoaucTeie. CorjaacHO JuarpamMme kKeJe30-yriepol CTalyd — 3TO KeJe30-
YIJIEPOJMUCTHIE CIUIABBI, coaepxkamue a0 2,14 % C. Ho B mpOMBIUIEHHBIX
MapKax CTAIM COJACPIKUTCS €IIe Pl SJIEMEHTOB B BUJE NMPUMECEH, KOTOPHIC
OCTAarOTCS B METAJUIE B MPOILIECCE €0 MOJYYEHHUSI Ha METAJTyPrHUYeCKOM 3a-
BojJie. TakuMM TIpUMeECsSIMHU SBIIIOTCS KPEeMHHH, Mapraser, cepa, (ocdop,
ra3bl 1 HEKOTOPbIE IPYTUE IJIEMEHTHI.

Yenepooucmuie cmanu — 310 cniaBbl HA OCHOBE KeJe3a, COJIepKaIIue
10 2 % yriepoja, a TaK)Ke KpeMHUM, MapraHell, cepy u pocdop B KoJIMuecT-
BaX, 3aBHUCAIINX OT cmoco0a BBITIABKH.

Conepoxanyecss B MeTalJie IPUMECH M YTJIEPOJ OYEHb CHJIBHO BIIUSIOT
Ha CBOMCTBA CTaH.

11.1. Bausinue yriiepoaa Ha CBOMCTBA CTAJIH

Yrnepon ABISETCA BaXHEWIIMM KOMIIOHEHTOM YIJIEPOJIHMCTOM CTalH,
CO3JIAOIIUM €€ CBOWCTBA.

OTOXKEHHbIE U TrOpsiueKaTaHble CTAIU (B TAKOM COCTOSIHUM CTaJlb IO-
CTaBJSIET METAJUTyprudyeckas MPOMBINIJIEHHOCTh) HUMEIOT CTPYKTYpYy, CO-
CTOSIIIYIO U3 (peppUTa U MEepauTa. YIJIEepos CBA3aH B XUMHUYECKOE COEIUHE-
HUE C Xene3oM — HeMeHTUT FezC, KOTOpbld BXOAHWT B COCTaB MEPJIMTA.
C yBenmMYeHNEM COJEP/KaHUs YIIIEPOa YBEIUUNBAECTCA KOJIMYECTBO IEMEHTUTA
B CTaJI M J10JIS IEPIMUTA B €€ CTPyKType. [103TOMy MpOYHOCT M TBEPAOCTH CTa-
JIM PacTyT, a INIACTUYHOCTh U BA3KOCTh — CHIXKatoTcs (puc. 11.1).

IIpu conepkanum yriepoaa B ctanu 0,8 % momns nepinura B €€ CTPYKTY-
pe cocrasisier 100 %, u panpHeiiee yBEIWUYECHUE COAECPKAHUS Yriaepoaa
MPUBOAUT K MOSIBICHUIO W30BITOYHOTO IIEMEHTUTA TI0 TPAHUIIAM TTEPIUTHBIX
y4acTKOB. [IoaTOMY TBEpAOCTH CTaM C YBEIMUYEHUEM COJIEPIKAHUS yIiIepoaa
ceepx 0,8 % mouTu He pacTeT (CONMPOTHBICHUE BIABIMBAHUIO HHACHTOpPA

130

KOMMOJNEKT. 3NEKTPOHHBIX
YUYEBHO-METOQUUYECKUX MATEPUAJIOB - I = I OFMABNEHHE =< I JARPBITD XI


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— -

OKa3bIBACT OCHOBHAA CTPYKTYypHasa CO-

CTaBIIAIONIAsA — TEPJIUT), a TPOUYHOCTh HB G, MMNa KCU,MOxm* 8, W, %
CHIDKAETCS M3-3a XPYMNKOCTH IIE€MEH- 0 '-1l HB |
TUTHOHN IIPOCIIONKH. 30011200 2,4-60

VYriiepoa cnocoOCTBYET Pa3BUTHIO i
XJIaJHOJTOMKOCTH: Ka)Kaasl Aecarast J0-
JIs1 TIPOLIEHTA YIJIepoja MOBBIIIACT T10-
POT XJIAJHOJIOMKOCTH |50 IPUMEPHO Ha -
20 °C. Cramp cTaHOBUTCS MEHEE Ha- 100} 400k
JCKHOM B pabOTe B YCIOBUSAX OTPHIIA-

1,640

2

200f 800

0,8120

TEIbHBIX  TeMmmeparyp.  Hampuwmep, KCcU *\h
CTaJIb C 0,4 % C nmeet T50 =0 °C. 6 0 Dl,_l DIB 12 EJ

C pocroM coaepxkaHus yriepoja J —::-C, %
3HAYUTEIBHO BO3pPacTacT TBEPAOCTH Puc. 11.1. Bnusnaue yrnepona

3aKaJICHHOM CTa/lM, UMEIONIEH MapTeH-  Ha MEXaHWYECKHE CBOMCTBA CTANIM
CUTHYIO CTPYKTYpy (cMm. paza. 9.3.2).

[ToaTOMy AJia WM3AENUNA, OT KOTOPBIX TpeOyeTCsl BhICOKAsi TBEPAOCTh U U3HO-
COCTOUKOCTh, HEOOXOIUMO HCTOIB30BaTh BRICOKOYTIICPOAUCTHIC CTAIH. JTO
pEeXKYIIMEe U MEPUTEIbHBIE MHCTPYMEHTBI, IITAMIIBI JIJII XOJIOJHOTO aedop-
MHUPOBAHUS METaJlIa, ETaTH MOIITUITHUKOB KaYCHUSI.

VYriiepos BIUSIET U HA TEXHOJIOTMYECKHUE CBOMCTBA CTaJIH.

BcnenctBrue MOHMKEHHS TNIACTUYHOCTH CTAJIA C BHICOKUM COJICPKaHM-
eM yriaepoja Xyxe AehOopMHUPYIOTCS, OCOOCHHO B XOJIOJHOM COCTOSHHH,
BO3HHMKAET OMACHOCTh IMOSBICHUS TpemwuH. [lodToMy TpHW H3TOTOBICHUH
CIOXHBIX 110 opMe AeTajei XOJOAHOM IITaMIIOBKOM Yallle BCEro MpHUMe-
Hst0T Huskoyraepoauctyio ctainb (< 0,1 % C). Ilpu nmomyueHuUn CBapHBIX
KOHCTPYKIIMUA TaKKe CTaparoTCs MCIOIb30BaTh HU3KOYTIEPOJIUCTHIE CTAlIH,
TaK KakK YIrJiepoj yXyAIIaeT cBapuBaeMocTb. C pOCTOM COACpKaHMsI yTIEPO-
J1a yXyJaeTcsi 00padaThIBa€MOCTh PE3aHUEM.

11.2. Bansinue MeTa/LIyprudecKux npumeceit
Ha CBONCTBA CTAJIH

Mapranen sSBIsi€TCS MOJIE3HON NpuMechio. OH MOMNagaeT B CTalb B MPO-
LIECCE BBIIJIABKM M3 YyT'yHa, & TAK)KE HCIIOJIb3YETCS B KAUECTBE PACKUCIUTEISL.
OObIYHO MapraHel| MpUCcyTCcTBYET B ctanu B konuuectse 0,3-0,8 %.

OTOT 3JEMEHT YBEIMYMBAET NMPOKAJIUBAEMOCTb CTAJIH, HEMHOT'O ITOBBI-
IaeT MPOYHOCTh, HO CHUXKAET BA3KOCTh. [ JlaBHAs ero posib — CBA3aTh CEPY
B cynbhug MnS.
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KpeMHuii Takxke SBISETCS PACKHCIMTENEM IIPU BBIILUIABKE CTAJIH,
U TI03TOMY B CIIOKOMHBIX CTaJISIX BCETJIa COACPKUTCS HEKOTOPOE KOIMYECTBO
kpemuans (10 0,4 %). OH crmocoOCTBYeT YBEIWYEHHUIO Tpejena TEeKydeCTH
U TIpefiefia TPOYHOCTH OTOMOKEHHOM CTalid, TMOBBINIAET MPOKAIHMBAEMOCTD.
Kpemuwnii pactBopsieTcst B deppuTe MO THUIY BHEAPCHHS, CUIBHO YIIPOUHSIS
ero. HuskoyriepoaucTsie CTanu sl XOJOJHOM IITAMIIOBKH BBITIABIISIOT
OOBIYHO KHUIIAIIMMH, TaK KaK OOJbIIEe CoNepKaHue KPEMHHS B CITOKOWHBIX
CTaJISIX MOXET MPUBECTU K HAJPBhIBaM IIPU ITyOOKOH BBITSIKKE.

Cepa sBisiercst BpeHO# mpumechio. OHa IPUCYTCTBYET B CTAJIM B BUJIE
cynbduma xxeneza FeS. 3To coennaeHne ¢ ayCTEHUTOM 00pa3yeT IBTCKTHUKY,
KoTopas IuiaButTcs nipu temnepatype 988 °C. Drta nerkoriaBkas YBTEKTHUKA
pacroJiaraercs 1mo rpaHullaM 3€peH U BbI3bIBAET CHUIYKEHUE MPOYHOCTHU, OX-
pynuuBanue npu temreparypax Boiiie 800 °C. IIpu BbICOKUX TeMmepaTypax
OHa MOXET M PACIUIaBIATHCS, BBI3BIBAs Pa3pyIICHHE MO TPAHUIIAM 3EpPEH.
DTO SBJICHUE HA3BIBACTCS KPACHOJIOMKOCMbIO U CO3/Ia€T TPYAHOCTH IMPHU TO-
psiueit 00paboTKe AaBIEHUEM CTaJEH C BBICOKMM COJIEPKAHUEM CEPBI.

[ToaTOMy wyale BCEero ee cojiepKaHue OrPAaHUYMBACTCS KOJIMYECTBOM
0,05 %, a mHoTHA M MeHbIUM. CleTyeT OTMETHTh, YTO Cepa YIydIIaeT 00-
pabaThIBAEMOCTh CTAJIA PE3aHUEM.

®ocdop B OOJNBIIMHCTBE CIIy4aeB CUMTAETCS BpeAHOUW mpumechio. OH
pactBopsieTcsi B deppute 10 1,2 % U crocoOCTBYET pPa3BUTUIO XPYIKOCTH
CTaJIM MPU HU3KUX TeMIlepaTypax, npuueM pocdop okaspiBaeT ropasao 00-
Jiee CHIIbHOE BJIMSHHUE Ha XJIATHOJIOMKOCTD, Y€M YTJIEPOJI: KaxKaas coTas J10-
a1 npoueHTta ¢ochopa MOBBIIAET MOPOT XJIAJHOJIOMKOCTH Tso Ha 25 °C.
Tak, Hanpumep, ipu Temrieparype —40 °C ymapnas Bs3kocth ctamu ¢ 0,06 % P
B 2 pa3a MeHble, yem y cranu ¢ 0,008 % P.

Conepxanne ¢dochopa B cTald TakKe OrpaHUUYMBAIOT KOJIMYECTBOM
0,05 %. [ns ymenbiieHus cojaepkanus (ocdopa MOBHIIAIOT KayeCTBO
IIUXTHI IPU BBITUIABKE CTaIN, IPUMEHSIIOT (PIirockl, yaamstomue dhocdop.

I'a3bl SBIISAIOTCS BpeAHBIMU TpuMecsMu B ctainu. OHu o0pa3yroT razo-
BbIC TIOPHI, & B COCAMHEHUU C JIPYTUMU DJIEMEHTAMH — HEMETAJUTMYECKUE
BKIITOUeHUs. M TO U Apyroe OTpHUIATENHFHO CKAa3bIBACTCS HAa TUIACTUYECKUX
cBorictBax. IlosTomMy copepkaHue Tra3oB (KUCIOpOJa, a30Ta, BOJOPOAA)
B MeTayjie He00X0IMMO orpaHu4MBaTh. OOBIYHO KOJUYECTBO STUX T'a30B CO-
CTaBJISIET HECKOJIBKO THICAYHBIX JOJIEH MPOIeHTa, CYMMapHasi MX KOHIICH-
Tpauus MmoxeT cocTtaBisiTh 0,01-0,02 %.

YMEHBIIICHHE KOJMYECTBA TAa30B B CTAJM JIOCTUTACTCS BBHITUIABKOU €€
B BaKyyMe, MCITOJIb30BAaHUEM D3JICKTPOIILIAKOBOTO TMeperiaBa, BaKyyMHUpOBa-
HUEM KHUJKOTO MeTajla.
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11.3. Knaccudpukanus 1 MApKUPOBKA YIJIEPOAUCTBIX CTAJIel

Knaccudukanmsi crameii MOKET MPOBOAUTHCS MO Pa3HBIM IPU3HAKaM,
OCHOBHBIMH U3 KOTOPBIX SBJISIOTCS XMMHUYECKHI COCTaB, KauecTBO, Ha3HAYe-
HUE U CTPyKTypa. [Io XUMHUEeCKOMY COCTaBy CTajM MOJIPA3ACISAIOTCS HA yT-
JICPOANCTHIE U JISTHPOBAHHBIC. MOXHO TaKKe BBIICTUTH TPYIIIBI HU3KOY2/e-
pooucmuix cmaneu (conaepxkanue yriaepoaa jao 0,3 %), cpeoneyenepooucmoix
(0,3-0,5 % C) u svicoxoyenepooucmsix (cBbiie 0,6 % C). Huwke npuBoauTcs
KiaccupuKanms cTajiel 1mo Ka4eCTBY M Ha3HAYEHUIO.

11.3.1. Knaccudukanus crajeil mo kKauecTBy

Kauecmeo cranu — 310 Metayuryprudeckoe nousitue. OHO omnpesensieT-
Csl COJEepKaHWEM BPEIHBIX MpUMEcei: cepbl, ¢ocdopa u ra3zoB. UeM HTHX
IpyUMecell MeHbIlle, TeM KadecTBO cTaiM Bbimie. JlanpHelmas obpaboTka,
MEXaHWYEeCKasl WM TepMHUUYECKasi, He CIOCOOHA M3MEHHUTh KAa4eCTBO CTaJH,
CJIOXKHUBIILIEECS B MPOIECCE BHITIIIABKH.

I1o kauecTBy pa3nuy4aror:

a) cTaiu OOBIKHOBEHHOT'O KaueCTBa;

0) Ka4eCTBEHHBIC CTAJIH;

B) BBICOKOKAQU€CTBEHHBIC CTaJIH;

I') 0COOOBBICOKOKAUYE€CTBEHHBIC CTAIH.

OTH TPYIIBl OTIMYAIOTCS KOJWYECTBOM BPEIHBIX INMpUMEcCEH U HeMe-
TaJUTMYECKUX BKITIOYEHUN, KOTOPHIC BIUSIOT HA MEXaHUYECKHUE CBOMCTRA.

Kiaccudukanms craiei 1mo kauecTBy HACTOJIBKO Ba)KHA, YTO MOJIOKCHA
B OCHOBY POCCUHCKON MapKUPOBKH CTAJIEH.

B cransax ooviknosennozo kauecmea ('OCT 380-94) nomyckaercst 10
0,05% S u mo 0,04 % P. B Hux mMeeTcs MOBBIIMICHHOE KOJUYECTBO HEMeE-
TaJUTMYECKUX BKITIOUEHUH.

Kauecmeennvte cmanu ('OCT 1050-88) — at0o Gosiee YUCTBIC 1O MPH-
MecsM matepuanbl. B Hux momyckaercs He Gonee 0,04 % S m 0,035 % P
1, COOTBETCTBEHHO, COJICPIKUTCSI MEHBIIIC HEMETAIUTHYECKUX BKITFOUCHUH.

B svicokokauecmeennvix cmansax conepxurcs He 6onee 0,025 % kak
cepsl, Tak U hocdopa. ITo HanboJIee YUCTHIC 110 BPEIHBIM MPUMECSM CTAJIH.

[Tonyuenue 0cobo evicokoKkauecmeeHHbIX cmaneil ¢ COICPKaHUEM Ce-
pol 1 dochopa He 60see 0,015 % BO3ZMOKHO TOJIBKO B pe3ysibTaTe JBOMHOTO
neperuiaBa (dJIEKTPOIIIAKOBOT0, BaKyyMHO-AyroBoro u Ap.). Kak mpasuio,
TaKy0 BBICOKYIO CTETICHb OYMCTKH K YIJIEPOAUCTBIM CTAJISIM HE TIPUMEHSIOT,
MOTOMY YTO 3TO 3HAYMTEILHO yAOpOKaeT cTtalib. Oco00 BHICOKOKAYECTBEH-
HBIMU BBITIJIABJISIOT JISTHPOBAHHBIC CTaM 0COOOTO HAa3HAYCHUS, HAIPUMED,
CTaJIu JJIsl IPUOOPHBIX MOAITUITHUKOB.
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Cmanu 00bIKHO8EHH020 Kauecmeéa W3TOTOBISIOT CIEAYIONIMX MapoK:
Cr10, Crl, C12, C13, Cr4, C15, C16 u C13I', CT5I" ¢ NOBBIIIEHHBIM COAEP-
*aHueM Mmaprania. bykBel CT 0003HA4alOT «CTallb», HUMPBI — YCIOBHBIN
HOMEp MapKu B 3aBUCUMOCTH OT XUMHYECKOro coctaBa. C yBelIM4YeHUEM HO-
Mepa MapKH YBEJIMYMBAETCS COJIEpKaHUE YIIIepoJa U MapraHiia B CTaju.
Hampumep, B cramu mapku Ctl comepxurcs 0,06-0,12 % C u 0,25-0,5 %
Mn; B ctamu mapku Ct6 — 0,38-0,49 % C u 0,5-0,8 % Mn. Cranu Ct3I'
u Ct5I" comepxar oxono 1 % Mn. Yem Oosibiiie HOMEp MapKu, TEM BBIIIE MIPOY-
HOCTHBIE CBOMCTBA M HMXKE TUIACTUYHOCTH ctanu. Hampumep, crams mapku Crl
umeer o, = 320400 Mlla u 6 > 33 %, a cranp mapku C16 — o, = 600-720 MIla
n o =11-16 %.

B xoHIIe Mapku cTaBATCS OYKBBI «KID, «TIC» WIIH «CID», TTOKA3bIBAIOIINE
CTEIEHb PACKHUCIICHUS CTAIM NPH BbIIIaBKe. OHU 03HAYAIOT COOTBETCTBEHHO
CKHTIAIIAS», «IOJYCHOKOWHAs» U «crokoiHasy. Hanpumep, Ct3km, Crérc,
Cr5lcm.

Cnokotunasa cmanb — 3TO XOPOIIO pacKUCIEHHAs cTaib. [Ipu BbIIIIaBKe
B KOHIIE MPOLIECCA OCYIIECTBISIETCS MOCIIEIOBATENBHO PACKUCIIEHUE €€ Map-
raHieM, KpEMHHUEM U aTFOMUHUEM.

Ilonycnoxounas cmans PpacCKUCIAETCS TOJIBKO MapraHIeM U allOMHHU-
eM. [TorTomy 371eCh B MEHBIIIEH CTENIEHU YAAJIEH KUCIOPO/I.

Kunawas cmanp — 3TO TUIOXO pacKUCIEHHas CTajlb. PackucieHue
B OTOM CJIyda€ OCYIIECTBISETCS TOJBKO MaprasiieM. B cTaam Kk MOMEHTY
Pa3IMBKU OCTAETCS KUCIOPOJ, OOpasyrouui ¢ yriaepojoM Tra3000pa3HbIi
okcun CO. ITy3sippkun CO mogHUMAIOTCS B KHUAKOH CTadd K MMOBEPXHOCTH,
co3/1aBas BUIUMOCTh «KUTICHUS paciijiaBa B U3noxkuuie. OHU COXpaHSIIOTCS
B CJIUTKE CTau MPU KPUCTAIUIU3AIIUU, YXY/IIIasi MEXaHUYECKUE CBOMCTRA.

ConepxaHne KPEMHHS B CTAIA ONPEIESAETCS CTENEHbIO PACKUCICHUS.
Kunsiast ctans nmoutu He coaepkut kpemuusi (He 6omnee 0,05 %). B moiny-
CIIOKOMHOM cTanmu aoiisg kpemHus coctasister 0,05-0,15 %, B criokoiHOM —
0,15-0,3 %.

CreneHb pacKUCIEHHUs CKa3bIBAETCS HA CBOMCTBAaX CTAJIM U €€ CTOMMO-
ctu. Kunisiiue cranu cambie JenieBbie, HO y CIOKOMHBIX 00Jiee BHICOKUE Me-
XaHWYECKUE CBOMCTBA, MEHBINIAS] CKIIOHHOCTh K XJIAJIHOJIOMKOCTH. 3aTO KH-
[SIIAE€ CTAIM MOHO MCIIOJIB30BaTh JJIA TOJYYEHUS JIE€TAJCU JUCTOBOU
IITAMIIOBKOW C TJTyOOKOM BBITSKKOM. Y CHOKOMHBIX CTaslel ¢ OBBIIICHHBIM
coJiep’)KaHUEM KPEMHHUSI CONPOTHUBJICHUE Je(OPMHUPOBAHUIO BO3pACTACT,
CTaJb CUJIbHO YIPOYHSIETCSA, U BO3MOXHO TMOSIBIICHUE HAJPBHIBOB IMPHU IITAM-
MTOBKE.

Cranu 0OBIKHOBEHHOTO KAa4E€CTBA MOCTABISIOTCS B TOPSYEKATAHOM CO-
cTrossHuU. MIX CTpyKTypa U CBOWMCTBA 3aJaHbl IIPU MOJYYECHUU U3ACIUN HA Me-
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TaJUTyprudeckoM 3aBojie. [103ToMy npu M3roToBaeHUN AeTaieil Ha Ipeanpu-
ATUAX-TIOTPEOUTENSIX MeTama 0e3 MpUMEHEeHHs ropsdyeil 00paboTku Mexa-
HUYECKHE CBOMCTBA CTadu OYyIyT COOTBETCTBOBATH TI'apaHTHUPOBAHHOMY
I'OCTowm g 1aHHOM MapKu YPOBHIO.

Ecnu u3 3THX cTaneil noiy4aroT u3enus ¢ NpUMEHEHUEM ropsiuei 00-
pabOTKu (KOBKH, IITAMIIOBKH), TO CTPYKTypa M, CII€IOBATEIbHO, CBOMCTBA
cTayii MeHsoTCs. i yaydIieHust CTpYKTypbl M CBOWCTB IIOCJI€ U3TOTOBJIE-
HUS U3JeNusl ropssueit 00pabOTKOM TaBICHUEM MOXET MPOBOIUTHCS TEPMHU-
yeckasi 00paboTKa — OT)KUT WIM HOpMaJIU3aLusl.

OTH CTalM WIMPOKO NPUMEHSIOT JUIsl U3TOTOBJIEHUS CBAPHBIX KOHCT-
pykuui, ocodenno craiu Mmapok Ct2, Ct3.

Meramtypruyeckie 3aBOJibl BBITYCKAIOT CTaJIM OOBIKHOBEHHOI'O Kaue-
CTBa B BHJI€ IIPOKaTa CaMOI0 Pa3IMYHOro Mpoduiisi U pa3MepoB. DTO MOTYT
OBITh MPYTKU KPYIJIOTO, KBaJAPATHOI'O, HIECTUIPAHHOIO CEUYEHUS; YTOJIKH,
LIBEJIJIEPHI, JTUCTHI, TPYObI, OAJIKU U T.1.

11.3.2. Knaccupukanus crajieil 1o Ha3HAYCHUIO

[To Ha3HAYEHHIO MOYKHO BBIICIIUTD 3 TPYMIIBI YTICPOIUCTHIX CTAJICH:
a) cTajau o0IIero Ha3HAYCHNS;

0) KOHCTPYKIIMOHHBIC CTAJIH;

B) HHCTPYMCHTAJILHBIC CTaJIH.

Cranm 001mero Ha3Ha4YeHUsi — HTO CTajJud OOBIKHOBEHHOT'O KadecTBa,
PacCMOTPEHHBIE BBILIE.

KoHcTpyKIIMOHHBIE CTAJHU

JlanHas rpyrina crajied yaiie BCero MPUMEHSIETCS 11 U3TOTOBJICHUS Jie-
Tajick MamuH (HeOOJIbIINE BAJIKU, BTYJIKH, MEJIKUE IIIECTEPHH, KYJIa4KH U T.I1.).

[To conepkannio BpeIHBIX MPUMECEN 3TO KAYECTBEHHBIE CTaJIU.

O0603HaYarOTCS KOHCTPYKIIMOHHBIC CTAId IU(POH, MOKA3BIBAIOIICH CO-
JepKaHue yriepoJa B COTBIX JOJISIX TpoIeHTa. B HEKOTOphIX Mapkax
B KOHIIE MOTYT OBITh OYKBBI, YKa3bIBaIOIIUE HA CTETICHb PACKHUCIICHUS IPHU
BBIIIJIABKE.

Cpenu maTepuanaoB 3TOUM T'PYIIbI €CTh HU3KOYIJIEPOJIUCThIE CTalld, Ha-
npumep: 08km, 10, 15 (comepxanue coorBerctBernHo 0,08; 0,1; 0,15 % C)
U CPEIHEYTJIEPOAUCTHIC, MMPUMEPAMU KOTOPBIX MOTYT ObITh Mapku 40, 45,
50, 60 (B koTopbix cootBeTcTBeHHO 0,4; 0,45; 0,5; 0,6 % C).

Huskoyrnepoaucteie cTanu, BCIEACTBUE UX XOPOIIECH IMJIACTUYHOCTH,
IUPOKO MPUMEHSIOTCS JJISI U3TOTOBJICHUS U3JIEIUM XOJIOAHON IJIaCTUYECKON
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nedopMariiet (HarpuMmep, ITaMIIoBKoi). B aToM citydae HeoOXoauMo, 4TOObI
METaJT BbLAECpP)KUBaANI Oosbinue Aedopmarmu 6e3 paspyuienus. [Ipumepamu
MOJ00HBIX M3/ICTUI MOTYT OBITh JIETAlT Ky30Ba JISTKOBBIX aBTOMOOMIICH, KOp-
yca WX KOXKYXH CIIOKHOTO MPOMUIIS A1 pa3IuIHbIX U3ENUH U T.11.

CpenHeyrinepoaucThie KOHCTPYKIIMOHHBIE CTATH UCTIONB3YIOTCS IS U3-
TOTOBJICHUS YIPOYHSIEMbIX TepMHUUECcKoi 00paboTkoi neraneii. Yarie Bcero
OHM MOJIBEpraroTcs 3aKajke u oTnycky Ha TBepaocTh HRC 40-50.

Cpenn KOHCTPYKIIMOHHBIX YTJIEPOJUCTBIX CTaJIel eCTh TaK HAa3bIBAaEMbIE
aBTOMATHBIE CTAJIU. DTO CTaJIHM, KOTOPHIC 3a CUET MOBBIIICHHOTO COACPKAHUS
cepsl 1 pocdopa UMEIOT XOpoIIyro 00padaThiBaeMOCTh pe3anueM. Mcmomb-
3YIOTCSI OHU TP MacCOBOM IIPOM3BOJICTBE JIeTalei Ha CTaHKaX-aBTOMaTax,
aBTOMATUYECKUX JTUHUSX, T.€. TaM, I1e TpeOyeTcss BHICOKAsl TPOU3BOIUTEb-
HOCTbh 00pabOTKH MPH JOCTATOUYHO XOPOIIEH CTOMKOCTU PEXKYIIEro UHCTPY-
MEHTA.

[Tpu 06o3HauUEHNH aBTOMATHBIX CTaJIell B Ha4aje MapKH CTaBUTCA OYK-
Ba «A», Hanpumep: Al2, A20. lludpsl NoKa3bIBAIOT COJEPKAHUE YriIepoaa
(0,12 1 0,20 %).

OTU MaTepUaIbl UMEIOT MMOHUKEHHYIO BSI3KOCTh U TUIACTUYHOCTH, OoJiee
HU3KYI0O KOPPO3UOHHYIO CTOMKOCTb, YTO CBA3aHO C OCOOEHHOCTAMH HX CO-
ctaBa. lllupokoe mpuMeHeHHEe OHU HAXOIAT MPU U3TOTOBICHUH KPEIEKHBIX
JeTanel ThMa raek, O0iTOB, IIMUJIEK.

HNHcTpymMeHTaANBbHBIE CTAIH

Orta rpymnma crajei npeaHazHaueHa Uil U3rOTOBJICHUS Pa3IMYHbIX BUIOB
MHCTPYMEHTA: PEXKYIIEro, MEPUTEILHOTO, ITamMroBoro. [Ipumepamu UHCTPY-
MEHTA, JIJIsl KOTOPOTO MCIIOJIb3YIOTCS JJAHHBIE CTalTd, MOTYT OBITh HANMJIBHHUKH,
3yOmIia, METYMKH, HOYKOBOYHBIE MOJIOTHA, MEJKHE IITaMITBI [ XOJIOAHOTO Jie-
(hopMupOBaHUS MeTAILIA, IA0EPhI, MEPUTEITLHBIC JIMHEHKHU U T.II.

WNHCTpyMEHT AOMKEH MMETh BBICOKYIO MPOYHOCTH, TBEPAOCTh U U3HO-
COCTOMKOCTh, TTOITOMY WHCTPYMEHTAJIbHBIE CTAU YIPOYHSIOT 3aKaJIKOW Ha
MapTEHCUT C TOCIEAYIOUUM HU3KOTEMIIEpaTypHbIM OTITycKoM. OHH JOTXK-
HBI cojJiepkaTh OosbInoe KoaudecTBo yriuepona: 0,7-1,3 % C. Tepmuueckas
00paboTka MHCTpyMEHTa (HOPMUPYET MAPTEHCUTHYIO CTPYKTYpPY C HEKOTO-
PBIM KOJIMYECTBOM H30BITOYHBIX KapOUAOB (B 3a9BTEKTOHMIHBIX CTAJISX), YTO
cooTBeTcTBYET TBepaoctu 60—63 HRC.

JIJist ”HCTpYMEHTA, UCTIBITHIBAIOIIETO MPU PaboTe 3HAYNTEIbHBIC TUHA-
MUYECKHE HArpy3KH, MOXKET MPOU3BOJIUTHCSA OTIYCK MpU Oojee BBICOKOU
temnepatype (270-350 °C). IIpu 3ToM uznenuro odecrneynuBaeTcs: OONbIIHI
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3amac BA3KOCTU U pabOTOCTIOCOOHOCTh 0€3 pa3pylieHus. TBepaocTh noiayya-
etcst Ha ypoBHe 48-52 HRC.

[Ipu o0Go3HaYeHUH MapOK YTIEPOJUCTBIX MHCTPYMEHTAIBHBIX CTallel
B HayaJie cTaBUTCS OykBa Y («yriaepoaucras»), a 3aTeM nudpa, mokas3bl-
BaloIlas CoJIepKaHue yriepoja B ACCATHIX HOJSAX MPOIIEHTa, Hampumep: Y8,
V12. B atux cransx coaepxkurcs coorBerctBeHHO 0,8 u 1,2 % C.

Brlinyckaercst maHHasi rpynmna crajeil yaile BCero Kak KaueCTBEHHasl.
Ho wHOTrIa MHCTpYMEHTAIBHBIE CTAT MOTYT OBITh U BHICOKOKAYECTBECHHEIE.
B arom citydae B koH1e Mapku ctaButcs OykBa A. Hanpumep: Y10A, V11A.

Crnemyer UMETH B BHITY, YTO U3 YIJIEPOJAUCTHIX MHCTPYMEHTAIBHBIX CTaICH
M3rOTaBJIMBAIOT MEIKUN MHCTPYMEHT. DTO CBSI3aHO C UX HU3KOW MpOKaJIMBae-
MocThi0. Kpome Toro, Takoi MHCTpYMEHT J0JDKEH paboTaTh ¢ HEOOJBIINM pa-
30TpeBOM pexxyIiel kpomku, He Bbime 200-250 °C, Tak kak mpu 0osee BBICO-
KHUX TeMIIEpaTypax YriepoaUCThie CTaIl OBICTPO Pa3ylnpOYHSIOTCS.
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12. JEI'MPOBAHHBIE CTAJIN

[ToTpeOHOCTH COBpEMEHHON TEXHUKM B Marepuaiax, CHOCOOHBIX pado-
TaTh B Pa3JIMYHBIX YCIOBUAX (MPU BBICOKMX TEMIIEpaTypax, B arpeCCHUBHBIX
cpenax, B YCJIOBHUSIX MHTEHCHUBHOTO HM3HOCA, MPU TeMIlepaTypax, OIM3KUX
K a0COJIOTHOMY HYIIIO, U T.J.), IPUBEJIa K CO3/IaHUIO CIIEHUAIBLHOTO Kiacca
cTayei, 06saamux He0OXOAMMBIMU CBOMCTBAMU.

s popmMupoBaHus HYKHBIX CBOMCTB B CTaJIb BBOJISITCS OTIPECIICHHbBIE
AJIEMEHTBL. DTU 3JIEMEHTHI HA3BIBAIOT JI€2UPYIOWUMU, A CTATIU, COAECPIKALLNE
JETUPYIOLIUE DIEMEHTBI, — J1e2UPOCAHHBIMU.

B nerupoBaHHBIX CTaysIX, IO CPABHEHUIO C YIJIEPOAUCTBIMH, YAAIOCh
MOBBICUTH MPOKATHUBAEMOCTh, 00€CTIEUnTh 00Jiee BHICOKHE aHTHKOPPO3UOH-
HbIE CBOIMCTBA U U3HOCOCTOMKOCTbH, CYIIECTBEHHO YBEJIUYUTH JAPYTUe Xapak-
TEePUCTHKH.

B kauecTBe Jerupyromux 3J€MEHTOB OYEHb YaCTO UCIIOJIb3YIOTCS XPOM,
KpeMHUM, MapraHel, BojibdpaMm, MOIUOAEH, KOOAIBT, TUTAH, BaHAAUN, HU-
KEeJb U JIp.

OTU BJEMEHTHI, OyAy4d BBEJCHHBIMH B CTallb, MOTYT HaXOIUTHCS
B TBEPJIOM pacTBOpPE WM B KapOuHOU (hase.

[lonagas B kapOuaHy a3y, OHHU MOTYT NpU HEOONBIIONW KOHIIEHTpa-
LIMU 3aMellaTh 4acTh aTOMOB JeJje3a B LIEMEHTUTE, U Torja KapOuj npuoo-
petaer Buna (Fe,Me);C. Me — 3To TOT »yeMeHT, KOTOPBI BBEJEH B CTalb.
Hampuwmep, (Fe,Cr);C.

[Ipu mocTaToyHOM KOHLEHTpPALMHU JETUPYIOIIETO 3JEMEHTa W 3HA4YHu-
TEJIBLHON ero KapOup000pa3yromeid criocOOHOCTH B CTalld MOTYT 0Opa3OBHI-
BaTbCsl cneyuanvrvle kapouovr — MeC, MegC u np. Hampumep, pu BBee-
HUU B CTaJlb TAKUX AJIEMEHTOB, KaK XpOoM, BoJib(pam, BaHa I, MOTYT 00pa-
3oBatbcs kKapouanl Cr;Cs, Cr3Cg, FesWeC, W,C, VC.

OTu KapOuAbl UMEIOT 60Jiee BBICOKYIO TBEPJOCTb, YEM LIEMEHTHT, TPYI-
Hee TUCCOIMHUPYIOT U PACTBOPSAIOTCS B AyCTCHHUTE MPU HATPEBE, MX YACTHUIIBI
MeJJICHHEE pacTyT MPHU MOBBIIIIEHHBIX TEMIIEpaTypax.

CrnenoBarenbHO, CTalb, B CTPYKType KOTOPOM MUMEIOTCS CHeIHalbHbIC
KapOuabl, Oyzner Oojiee M3HOCOCTOMKOM M Temoctoiikoi. [Ipu 3akanke ee
clielyeT HarpeBaTh N0 Oojiee BBICOKUX TEMIEpPaTyp, YTOOBI ATH KapOWbl
pPacTBOPUIIMCH B ayCTCHUTE.

[Tpu GONBIIIOM KOJIMYECTBE HEKOTOPHIX JICTUPYIOUINX DJIEMEHTOB B CTa-
JSX U CIUTaBaX MOTYT OOpa3OBBIBATHCS MHTEPMETAIIMYECKUE COCAMHEHUSI.
[Tpumepamu ux moryt ObITh Fe,W, Co; W, NisTI.
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[lomamast B TBeppie PACTBOPHI CTANU (ayCTEHHT, (DeppHUT, MAPTCHCHT),
JICTUPYIOIIME SJIEMEHTHI Tak)Ke BIUSAIOT Ha MX CBOMCTBA U TEMIIEPATYPHYIO
00J1acTh CyIIECTBOBAHUS.

Tax, MapraHen ¥ HUKeJIb PacIIUPSIOT HA AHAarpaMme 00JacTh CyIIECT-
BOBaHUS ayCTCHUTA, a XPOM, BOJbGpaM, BaHAIUNA U HEKOTOPHIC JPYyTUE CY-
KAIOT ATy 00JIaCTh.

BoNBIIMHCTBO JETUPYIOMIUX 3JIEMEHTOB 3aMEJUISIFOT paciaj] MepeoxJia-
KJICHHOTO ayCTeHHUTa Ha (PepPUTO-IIEMEHTUTHYIO CMECh BCIEACTBHE 3aMe]l-
JieHust CKopocTu n1uddy3un B aycTeHUTe (MCKIFOYEHHUE COCTABIISIET KOOAJIBT).
DTO MO3BOJSET 3aKaIMBaTh JAHHBIC CTAIHU C OXJIAXKJACHHEM B 0OJiee «MST-
KUX» Cpelax, T.e. ¢ 001ee MEUICHHBIM OXJIXKICHHEM, YeM TMPHU 3aKajKe yT-
JEepOaUCTBIX cTaned. Hampumep, JerupoBaHHbIE CTalM 3aKAJIMBAIOTCA
C OXJIAXJCHHEM B Macje, a HEKOTOphIE — 1a’Ke Ha BO3/yXE.

3a cuer 3aMeJIeHus1 CKOpOCTH U Py3uu KpUBbIE Havajga 1 OKOHYaHUS
npeBpainieHus: Ha C-o0pa3Hol auarpaMMe CMEIIalTCsl BIPABO 1O OCH Bpe-
MenH (puc. 12.1).

M“ M+A ocT \ U[{p
M

o

Bpema Bpemn

Puc. 12.1. C-o0pa3Hbie AuarpaMMbl JUIs YIIIEPOIUCTOM ()
Y JIESTUPOBAHHOM (0) SBTEKTOUIHOM cTamu

OTO NPUBOIWAT K YMEHBIICHUIO KPUTHYECKOW CKOPOCTH OXJIAKICHUS
IIPU 3aKajKe UM MO3BOJSET YIPOUHSITH 3aKalIKoi Gojiee MacCUBHbBIE W3EIHS,
¢ OOJIBIIMM CEYEHHEM IO CPABHEHUIO C U3JIENUSIMH, U3TOTOBIEHHBIMU U3 yT-
JIEPOAUCTBIX CTajer. Tak, €Ciau NPOKaJIWBA€MOCTb YIVIEPOAUCTBIX CTAJIEN
coctaBisieT 10—15 MM (KpUTHUECKUI TUAMETp), TO Y JIESTUPOBAHHBIX CTaJeH
ona gocturaet 100-200 mm u 6o7ee.

Crnenyer OTMETHUTB, YTO 3aKaJKa C MEHBIIMMHU CKOPOCTSIMHU OXJIAXKICHHUS
CIOCOOCTBYET YMEHBIICHUIO BEIMUYMHBI BO3HUKAIOLINX BHYTPEHHUX HaIpsKe-
HUI ¥ TEM CAMBIM CHUKAET BEPOSATHOCTD MOSIBICHUS 3aKAJIOYHBIX TPELIVH. ITO
0COOEHHO BaXKHO TPH 3aKaJIKe JAeTalleil CI0KHOW KOH(DUTYypaIH.
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[lomagas B peppuT, JETHPYIONIME JIEMEHTHI B OOJIBIIMHCTBE CIIy4aeB pac-
TBOPSIIOTCA 110 THITY 3aMEILEHUS U BBI3BIBAIOT HEKOTOpOE yrpodyHeHnue. Hampu-
Mep, HeleTupOBaHHbIN (eppuT umeet TBepaocth 60-80 HB, a npu BBeACHUH 1,
2 u 4 % KpeMHHUs TBEpJIOCTh Bo3pacTaeT cooTBeTcTBeHHO 10 120, 140 u 195 HB.
[Tnactudeckue cBOMCTBA OOBIYHO MPH STOM YMEHBIIIAIOTCSI.

JlernpoBaHHBII MapTEHCHUT OoJiee YCTOMYMB K pacnajgy IOpH Harpese
B IIpoIIecCce OTIyCKa. JTO CBSI3aHO C 3aMmeniieHneM TudPy3MoHHBIX MpoIec-
COB 3a CUET JIeTHpOBaHUs. Takoe BIUSHUE JIETUPYIOMIUX JIE€MEHTOB Ha Map-
TEHCUT HCIOJIb3YeTCS MPHU CO3[aHUU TETUIOCTOMKUX CTalied I W3JeNui,
paboTaroUIMX MPH MOBHIIICHHBIX TEMIIEPaTypax.

12.1. Knaccupuxkanus u 0003HaYeHUE JICTHPOBAHHBIX CTAJICH

Knaccudukanus 3Toro kjacca cTajiei MOXET CTPOUTHCA MO HECKOJIb-
KUM Tpu3HakaM. OCHOBHBIMH M3 HUX SIBJIIOTCS Ha3HAUY€HHE U CTPYKTypa
MOCJIE OXJIAXKIEHUS HEOOJIbIIMX O0pa3loB M3 AyCTEHUTHOTO COCTOSIHHUS Ha
Bo3ayxe. Huxke paccMoTpeHa kiaccupuKkaius 1o 3TUM IpU3HAKaM.

1lo naznauenuro pa3nuyaroT 3 TPYNIbI JETUPOBAHHBIX CTAJICH:

1) KOHCTPYKLIMOHHBIE CTaJIH;

2) UHCTPYMEHTAJIbHBIE CTaJIN;

3) crayii ¢ 0COOBIMU CBOMCTBAMM.

12.1.1. KoHCTPYKIIHOHHBIE CTAJIHN

Koncmpykyuonnsle cmanu mpoKO UCTIONB3YIOTCS AJI1 H3TOTOBJICHUS
pa3IMYHBIX BUJOB JIeTalied MaIllMH U MexaHu3MoB. Hampumep: ocu, Babl,
IIECTEPHH, PECCOPHI, IPYKUHBI U T.]I.

B cooTBeTcTBUM ¢ yCIOBUSAMH PabOTHI ATUX JETaNIeH U 0OCOOECHHOCTSIMU
HarpyXeHusT OHU JODKHBI UMETh JOCTATOYHO BBICOKYIO MPOYHOCTBH, 3arac
MJIACTUYHOCTHU, BSI3KOCTU, HEOOXOAUMBIN i1 paboThl 06€3 pa3pylieHus, Bbi-
COKYIO0 TIPOYHOCTh TPH JUTUTEIBHBIX NUKINYECKUX WA 3HAKOTIEPEMEHHBIX
Harpyskax (Mpejen BBIHOCIUBOCTH).

Ecnmu neranmm pa®oTaroT mpu OTPUIIATENLHBIX TeMIIepaTypax, TO HE0O-
XOJIUM HHU3KHU TOPOT XJIaJHOJOMKOCTH. Hanmnune kakux-nubo Ipyrux Tpe-
OOBaHWI K CBOWCTBAM CTajI, JOIOJIHUTCIBHO K BBIIICHA3BAHHBIM, MOXKET
BO3HHKATH ISl KOHKPETHBIX YCIOBHM SKCIUTyaTaIlllU JETaICH.

KoHCTpyKIIMOHHBIE JIETUPOBAHHBIE CTAIM IO COJEPKAHUIO Yriepoja
00BIYHO OBIBAIOT HU3KOYTJIEpOAUCThIC U cpeaueyraepoauctoie (0,1-0,6 % C).
JleTanu, W3rOTOBJCHHBIC W3 CPETHEYTICPOIUCTHIX CTallel, MOJABEPTarOTCs
YOPOYHSIONIEH TEPMHUECKON 00pabOTKe — 3aKajKe U OTIYCKY — it (POpMHU-
pPOBaHUS HEOOXOIUMOTO KOMILIEKCa CBOMCTB.
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Huskoyrnepoaucteie cranu 3toi rpynisl (<0,2 % C) mupoKo UCmob-
3YIOTCS JIJIsl U3TOTOBIICHUS U3/IETUI XOJOIHOM MIacTUYecKoi nedopmariueit
(6nmarosapsi UX TOBBIIIEHHOW IUIACTUYHOCTH) W IS TOJYYEHUS CBApPHBIX
KOHCTPYKLMH.

O0603Ha4Yal0TCsd KOHCTPYKIMOHHBIE CTAJIN CIAEAYIOIHUM 00pa3oM.

B nauane mapku craButcs 1udpa, MoKa3bpIBaroIias coAep KaHue yriie-
pOJia B COTHIX JIOJISIX MPOIIEHTA. 3aT€M yKa3bIBatOTCs OYKBBI, COOTBETCTBYIO-
IIIMe BBEJCHHBIM JICTUPYIOMUM 3JIEMEHTaM, W IMHUQPHI, MOKA3BIBAIONINE WX
KOJMYECTBO B MpolieHTaxX. Eciu aneMeHT NpUCyTCTBYET B CTAll B KOJIMYECT-
Be 0Kk0JI0 1 % mim MeHblIe 3TOT0, TO IUdpa nocie OyKBbI HE CTAaBUTCS.

Jlerupyromue 31eMeHThI B MapKax cTajieil 0003Ha4aroTCs CleyOIUMU
OyKBaMu:

Cr—X,Ni-H Mn-T,Co-K,Si—-C,W-B,V-®, Mo-M,
Al-10, Ti—T, B-P, Cu— [, P —II, peako3emenbHble MeTaILIBI — Y.

[Tpumepsr mapok koHCTpyKiMOHHBIX cTane: 12I°C (0,12 % C; 1 % Mn;
1% Si), 50C2 (0,5% C; 2% Si), 40XH (0,4% C; 1% Cr; 1% Ni),
30X2I'CH2BM (0,3% C; 2% Cr; 1% Mn; 1% Si; 2% Ni; 1% W,
<1 % Mo).

BonbmMHCTBO cTaseil 3Toi rpymibl BHITYCKAIOTCS METAJLTYPTHUYECKUMU
3aBOJIaMH KaK KaueCTBEHHBIC, HO HEKOTOPBhIC MAPKH MOTYT OBITh U BBICOKO-
KaueCTBEHHbIMH. B mocienHeMm ciydae B KOHIIE MapKH CTaBUTCS OykBa A.
Hanpumep: 38XH3MA, 30XSMCOA.

Crnengyer OTMETUTH, YTO CTaJH, JISTUPOBAHHBIC HUKEJIEM, UMEIOT HU3-
KM TTOPOT XJIaJHOJOMKOCTH M 00Jiee BBHICOKOE COTMPOTHBICHHE XPYIKOMY
paspylieHuio, ueM craiau 6e3 Hukemns. Ho ucrnonp3oBanue it TETUPOBAHUS
HUKEJS, a TakXke BoJibpama, MoyinbOJieHa, KoOalbTa CUJIBLHO YIOpPOXKaeT
CTallb.

Tak, mopor XJagHOJIOMKOCTH (Temmeparypa, Mpu KOTOPOH yaapHas
BA3KOCTh CTajJM YMEHBINAETCS BABOE) yriiepoaucTton craimu 40 cocTaBisieT
20 °C, cramu 40XH —60 °C, a cramu 30XH3 -100 °C.

DTO 0COOEHHO Ba)KHO 3HATh MPHU BBIOOpPE MaTepuaa JJis JeTalei, pa-
00TaIMX MPH HU3KUX TeMmIeparypax (Hampumep, B 3UMHHUX ycloBusx Cu-
oupu u Kpaiinero Cesepa).

Cpenu HanOoOIee TPOCTHIX M JICHIEBBIX KOHCTPYKIIMOHHBIX JIETMPOBAHHBIX
craneil MoxkHo Ha3Barh Mapky 40X. Ilocne 3akanku ¢ 860 °C u oTmycka mnpu
500 °C ona umeer cnemytromme cBorctBa: G, = 1000 Mlla; oo, = 800 Mlla;
8 =10 %; KCU = 500 KJTx/m”.

bonee cnoxnasa u noporas crans 40XHMA nocne 3akanku ¢ 850 °C
nmeet 6, = 1100 MITa; 60, = 950 MIIa; & = 12 %; KCU = 800 K [x/M’.
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Cpenu paccMaTpuBaeMbIX MaT€pUAIOB €CTh TaK Ha3bIBa€MbIC MPYKUH-
HbIE CTaJM, MPEIHAa3HAYEHHBIE JJI1 U3TOTOBIIEHUS MPYKUH, PECCOP U APYTHX
yIOPYTHUX 3J€MEHTOB. B HUX HECKOJIBKO MOBBIIIEHHOE COJIEp )KaHUE YIiiepoa:
0,5-0,7 %. D10 HeobxoanMO sl 0OecreYeHHsI BBICOKOTO TMpejesia TeKyde-
ctu. [Ipumepamu Mapok npyKMHHBIX cTanei saBisroTesa 6517, 55C2, S0XDA.
Wznenust m3 HUX TOJABEPTalOTCsS YHMPOUHSIOUIEH TepMUYeckoil oOpaboTke
(3akaJike ¥ OTITyCcKy) Ha TBepocTh 35-48 HRC.

B paccmarpuBaemoil rpymmne ecTb U BBICOKONPOYHBIE KOHCTPYKIIMOH-
HBIE CTaJIM, KOTOPBIE MOCJE TEPMUUYECKON 00pabOTKH MOTYT UMETh MpeJes
MPOYHOCTU TIpH pacTsbkeHuu Ha ypoBHe 1500-2000 MIIa u Gonbiie. Heo6-
XOJIUMOCTh B TaKHUX BBICOKONMPOYHBIX MaTepHaliax CBsi3aHa C TEM, YTO JJis
psia KOHCTPYKLHMI TpedyeTcs 00eceunTh BRICOKYIO MPOYHOCTh TPU MaJIOM
BeCe KOHCTPYKIIMU, MaJIbIX TabapuTax u T.I.

Cpenu BBICOKOIIPOYHBIX MAPOK KOHCTPYKIIMOHHBIX CTajel MOXHO Ha-
3BaTh 30XI'CHA, 40XT'CH3BA, 30X5MC®A. Kak npaBuio, 3T0 CpeHEyT-
JIEPOJUCTHIE, CII0KHOJIETUPOBAHHBIE CTAJIH.

B kauectBe mpumepa mpuBEAEM MEXaHUYECKHE CBOMCTBA HEKOTOPBIX
CTajeu.

Cranp 30XSMC®A nocne 3akanku ¢ 1000 °C u ormycka mipu 500 °C
MMEET CHEAYIoNMe XapakTepuctuku: o, = 1800 Mlla; o, = 1600 Mlla;
8 =8 %; KCU = 500 K[x/m?;

y ctanu 36 X2H2M®A nocne 3akanku ¢ 850 °C u ornycka npu 250 °C
o, = 1710 MITa; 69, = 1460 MIIa; & = 10 %; KCU = 560 KJlx/m°.

Crnenyet yuyuThIBaTh, UTO B BHICOKOIIPOUYHOM COCTOSIHUM CTaIH OOBIYHO
MMEIOT HU3KYI0 IJIACTUYHOCTb, MO3TOMY B PSAE€ CIy4yaeB MNpU JIEUCTBUU
OOJNBITNX JUHAMUYECKUX HArpy30K MOXET BO3HHKATH OMACHOCTH XPYIKOTO
pa3pylIeHHUs.

CymiecTByeT U Apyrasi BO3SMOKHOCTh YBEJIMYECHHUSI KOMILIEKCAa MEXaHU-
YECKHUX CBOMCTB KOHCTPYKLMOHHBIX CTajieil. ITO TepMoMexaHuveckas o0pa-
00Tka, mpejacTaBisiomas coO0i COBMEIICHUE IIACTUYECKON aedopManuu
C TIOCJIEYIOIIEH 3aKalKoH, T.€. 3aKaJIKy MPEABAPUTENBHO 1€POPMHUPOBAHHO-
ro aycreHuta. CymecTBYIOT HECKOJIBKO Pa3HOBUIHOCTEN TEPMOMEXaHNYe-
ckoii 00paboTku. OCHOBHBIMM W3 HHX SBISIIOTCS BBICOKOTEMIIEpATypHas
(BTMO) u HuskoremneparypHasi Tepmomexannueckas oopadorka (HTMO).

Ha puc. 12.2 noka3anbl CXe€Mbl 3TUX MPOILECCOB ISl TOIBTEKTOUTHBIX
cTayeu ¢ ucrnoiab3oBanreM C-00pa3HOM TUarpaMMbl.

3akajika TIpU TPOBEJICHUM TEPMOMEXaHUUECKONW 0OpaOOTKH JOJIKHA
MIPOU3BOJIUTHCS Cpa3y MOCJe IIACTUUYECKOW AedopMalinu, yToObl HE ycrena
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MPOU30UTH PEKPUCTAIM3AIMS aycTeHUTA. [locie 3aKajakyd B ATHUX CIIydasx
nenaercst Hu3koremneparypusiid otnyck (150-250 °C).

Al A Al -
Al A, —
A= O+ (@+L)  D+(D+L1) A (A= D+ (D+LDCD+HO+LL)
MH r"I|H
MK MI{
BpEMA BPEMA
a o

Puc. 12.2. BTMO (a) u HTMO (6) st 103BTEKTOUIHOM cTaIu

Cranp, moABEepruyTasi TEPMOMEXaHUUECKON 00pabOTKe, MOKET UMETh
c; = 2000-3500 MIla mpu 6 = 5-10 %. Bo3pacTatoT U HEKOTOpbIE APYrue
CBOMCTBA, B pe3yJbTaTe YETO YBEIMIHBAIOTCS PAOOTOCITOCOOHOCTD U JIOJTO-
BEYHOCTH U3JICIHM.

Hampumep, mpu M3roToBIIeHHH OYpOBBIX IITAaHT C HCIOJIH30BAHHEM
BTMO paboTocnoco6HOCTh BO3pacTaeT B 3 pasa.

Henocratkom TepMomexannyeckoit 00padotku (ocooenno HTMO) sigisi-
€TCs YCJIIOKHEHHE TEXHOJIOTUYeCKoro mpotiecca. [loaromy OosbIioro pacrpo-
CTpaHCHHS B TIPOMBIITUIEHHOM TIPOM3BOJICTBE ATH MTPOIIECCHI HE TIOTYIHIIH.

Ocoboe MecTo cpeau KOHCTPYKIIMOHHBIX JISTUPOBAHHBIX CTaJIel 3aHU-
MalpT TaK Ha3bIBaGMble MApTCHCHTO-CTApEIONIEe CTalld. ODTO MaTepHall,
B KOTOPOM yJIa€TCs MOJIYYHUTh Jy4Illee COYETaHHE MPOUYHOCTHBIX U TJIACTHU-
YECKUX CBOWMCTB H, CIICIOBATEIHHO, BHICOKYIO HAJEKHOCThH MPH IKCILTyaTa-
117078

B stux cramsx noutu Het yriepoaa (<0,03 % C). Ouu nerupoBaHbl
6onpmuM konmmdectBoM HuKeNs (10-25 %) u, kpome TOro, comepkar Ko-
0asbT, MOJUOICH, TUTAH, ATIOMUHUM.

[Tocne 3akanku ¢ Temneparyp 800-860 °C B MapTEeHCHUTO-CTapEIOIINX
CTASIX TIOJyYaeTCsl MPaKTUYECKH OC3yTJIepOJUCTBIH MapTEHCHUT, IEpPEChI-
IICHHBIN JIETUPYIOIUMH 3JIeMEeHTaMH. B TakoM MapTeHCUTE AUCIOKAIUU
MMEIOT XOPOIIYI0 MOJABUKHOCTh, U IIOITOMY B 3aKaJCHHOM COCTOSTHHHM 3TH
CTalld JIOCTAaTOYHO IJTACTHYHBI. MeEXaHMYeCKue CBOMCTBA IIOCIIE 3aKaJKU:
o, = 900-1100 MlIla; 6 = 18-20 %. B TakoMm cOCTOSHHU CTajlb MOKET MOI-
BEPraThbCs TUIACTHUSCKON JIehopMaIinu.
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3aTeM 3aKaJICHHYI0 CTalb OTmyckaroT mpu temmeparype 450-500 °C
(I8 MapTEHCUTO-CTAPEIOIIUX CTAJIEH ATa ONepalus Jaile Ha3bIBaeTCs cma-
peruem). Ilpu 3TOM W3 TIEPECHIMIEHHOTO0 MapTEHCHUTA BBIICISIOCS W30BITOY-
HBIE JIEMEHTHI ¢ 00Pa30BAHUEM MEIKOAUCIIEPCHBIX YACTHUI] MHTEPMETAILIU-
gyeckux coeauHeHmid tuma NizTi, NiAl, Fe;Mo u np.

OTH 4YacTUIbl SABJISIIOTCS CWIBHBIMU NPEMATCTBUAMHU I JBHKCHUS
JIUCIIOKAMN U YIIPOUYHSIOT MaTepuail. [1oaToMy mocne ctapeHust craib uMe-
€T BBICOKHME MPOYHOCTHBIE CBOWCTBA NpHU 0oJiee HU3KOM, MO CPaBHEHUIO
C 3aKaJIEHHBIM COCTOSIHUEM, TIJIACTUYHOCTH.

Hanpumep, crane HISKIMST mocne 3akanku u crapeHus: (OTITyCKa)
uMeeT xapakrtepuctuku: o, = 2100 Mlla; o, = 1900 Mlla; & = 8 %;
KCU = 500 K]/

[Ipu Heckosibko Oonee HU3KOM NpodHocTH (G, = 1800 MIla) moxer
OBITh MOTYYEHO OTHOCUTENBHOE yasIuHeHue 10 15 %.

[Ipy MHOrMX XOpOWIMX CBOWCTBAaX MAapTEHCUTO-CTAPECIOIMIUE CTAIH
MMEIOT OJIMH CYIIECTBEHHBIM HEJOCTATOK. 3a CYET OOJBIIOr0 KOJUYECTBA
JIOPOTUX JIETUPYIOIIUX 3JIEMEHTOB OHU UMEIOT BBICOKYIO CTOMMOCTb. [103TO-
My OPUMEHSIOTCS B OCHOBHOM JIJIsi OTBETCTBEHHBIX U3IEIUN B TAKUX OTpaC-
JISIX, KaK PaKeTOCTPOCHHE, aBUALIMS, CYyIOCTPOCHHUE U T.II.

Cpenu KOHCTPYKIIMOHHBIX €CTh CTaJIU ¢ 00Jee BBICOKUM COJEP KaHUEM
yriiepoja, npeHa3HaueHHbIE JI1 U3TOTOBJICHUS JeTaneil MaliuH, paboTaro-
IIMX B YCIIOBUSIX U3HOCA. TaKUMU I€TAISIMU, HAIPUMED, SIBJIIFOTCS MOIINTI-
HUKHM KayeHus (MX KOJIbLIa, IIapUKH, pOiUKK). s HuX Tpedyercs BbICOKAs
MIPOYHOCThb U U3HOCOCTOUKOCTb.

JInst U3roToBIIEHUS TAaKOTO pojaa Aetaiier nmpumenstorcs cranu X135,
IX15CT. bykBa «III» o3HauaeT «IapUKOMOAIIUITHUKOBAS», COAEPKaHUE
Xpoma 3/1eCh OKa3aHOo B JIECSTHIX JOJSX MPOIIEHTA, T.€. B 3TuX Mapkax 1,5 %
Cr. Yrnepona B Hux cogepxurcs 1,0 %. [Tocrne 3akaliku 1 HU3KOTEMIIEPATYPHOTO
ormycka craymm IIX15 u HIX15CTT umeror tBepaocte 61-63 HRC. Mapka
IX15CT" ucnonb3yercst st 6ojiee KPYyMHBIX MOAIMIUITHUKOB, TaK KaK OHA
nMeeT 0oJiee BBICOKYIO MPOKAJIMBAEMOCTh 3a CUET COJICp>KaHUsl B HEH KpeMm-
HUS 1 MapraHia.

12.1.2. UHCTpyMEHTAJIbHBIE CTAJIH

Hucmpymenmanvnvle cmanu — 3TO MaTepUalbl, NPeAHA3HAYCHHBIE
JUISL U3TOTOBJIEHUST PA3JIMYHBIX BUJOB MHCTPYMEHTA: PEXKYLIETO, [ITAMIIOBO-
IO U MEPUTEIBHOTO.

[TockosibKy OT HHCTPYMEHTA, B COOTBETCTBHH C YCIOBUSIMU €T0 pabOTHI,
TpeOYIOTCSl BBICOKAsk M3HOCOCTOMKOCTh M COMPOTHUBIIEHUE JlepopMaliuu npu

144

KOMMOJNEKT. 3NEKTPOHHBIX
YUYEBHO-METOQUUYECKUX MATEPUAJIOB - I = I OFMABNEHHE =< I JARPBITD XI


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— N —

yJIOBJIETBOPUTENIbHBIX IJIACTUYECKUX CBOMCTBAX, 3TU CTAJIM Yallle BCETO BbI-
COKOYTJIEPOJAUCTBIE (B PAAE CIy4yaeB MOTYT OBITh CpPEIHEYIJIEPOJUCTHIE).
3T0 HE0OXOAMMO, YTOOBI MOCJE 3aKAIKU MOJYYUTh BBICOKOYTJIEPOAUCTHIN
MapTEHCUT, 00ECIICUUBAIOIIHI OOJIBIITYIO TBEPAOCTb.

JIisi MHCTpYMEHTa, paboTarolIero MpU MOBBIIIEHHBIX TEMIIEpaTypax,
KpOME 3THX CBOMCTB, HEOOXOJAMMAa BBICOKAsl TEIUIOCTOUKOCTD, T.€. COXpaHe-
HUE TBEPAOCTU U U3HOCOCTOMKOCTH IMPHU TEMIIEpaTypax dKCIUTyaTallUu.

JlerupoBaHWe HMHCTPYMEHTAIBHBIX CTaJCH TPOBOJUTCS TakK, YTOOBI
obecrneyuTh Mocje TepMUIecKoit 00paboTKH HEOOX0IUMbIE CBOMCTBA.

[Ipu 06o03HaUYEHNH MApOK MHCTPYMEHTAIBHBIX CTaJlel MCIIONB3YIOTCS T
K€ MIPUHILIUIIBI, YTO U JJI1 KOHCTPYKLIMOHHBIX CTaJIEH, TOIBKO COJEpKAHUE YT-
JIEpOJla YKA3bIBAETCS B JECATHIX AOJSAX mponeHTa. Hampumep, crtans 9XC co-
nepxut 0,9 % C; 1 % Cr; 1 % Si; cranms 4X8B2 — 0,4 % C; 8 % Cr; 2 % W.

Ho w3 storo mpaBwia ecTh psii UCKIIOYEHHNW. B HEKOTOpBIX Mapkax
HE yKa3bIBaeTCs cojepkaHue yriepona. [lpeiacraBurensiMu Takux crajei
apisitoTest XBI, X12M u ap. B aToMm citydae coaepkaHue yriiepojia MOKHO
y3HaTh TOJIbKO K3 cripaBouHnka win ['OCTa. Tak, B cranu XBI' comepxurcs
0,95%C,aB XI12M - 1,6 % C.

Cpenu MHCTPYMEHTAJIbHBIX CTalel MOMXHO BBIACIUTH 1O Ha3HAYEHUIO
HECKOJIbKO MOATPYII:

a) ISl PeKYIIEr0 MHCTPYMEHTa, pabOoTaloero ¢ HeOOJIbIIUM pa3orpe-
BoM (110 350 °C);

0) WIS pexyIIero MHCTPYMEHTa, paboTaroniero B 0ojee TSHKENIbIX yCiio-
BHsIX, ¢ pa3orpeBoM 10 500-650 °C;

B) JUISI IITAMIIOB XOJIOAHOTO 1€()OPMUPOBAHUS METAILNIA;

I') JUIsl IITAMIIOB FOPSIYero Ae(pOopMHUPOBAHUS METAILNIA;

1) 11 MEPUTEIBHOTO HHCTPYMEHTA.

NHCTpyMEHT MOATPYIITHI «a» W3TOTABIMBACTCS U3 HU3KOJETUPOBAHHBIX
cranedt Tuna 9XC, XBI'. Tlocie 3akanku U OTHyCKa OHH UMEIOT TBEPAOCTb
62-64 HRC.

J7ist moarpymsl «0» UCTIONB3YIOTCS CTalM ¢ OOJBIIEH TEIIOCTONKOCTHIO
Y, COOTBETCTBEHHO, COJIEpKallye OOJblIee KOTMYECTBO JIETUPYIOLIUX HIEMEH-
TOB. 3JI€Ch p€4b UIET O BBICOKOIPOU3BOAUTEIBHOM PEXKYIIEM WHCTPYMEHTE,
paboTaroIIEeM CO 3HAYUTENBHBIM pa3orpeBoM. [IpumMepaMu Takoro HHCTpyMEH-
Ta MOTYT OBITh TOKapHBIE PE3IIbl, CBEPIIa, (PPE3bl, pA3BEPTKH U T.II.

B kauectBe Marepuana JUisi UX M3TOTOBJIEHHUS UCIHOJIB3YIOTCSI OBICTPO-
pEeXyIIUE CTAIH. DTO BBICOKOJETMPOBAHHBIE CTAIM, COAEPIKAILUE T0CTATOY-
HO 0OJIBIIIOE KOJUYECTBO BOJIb(pamMa, MOIMOIeHA, XpOoMa, a TaKKe U Jpyrue
AJIEMEHTHI.
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O6o3HavatoTcss ObICTpOpeylIMe cTtanu OykBoil P, crosimieit B Hauaie
Mapku. 3areM cienyer nudpa, MokasbplBarolias MPOIEHTHOE COJEp)KaHUe
OCHOBHOT0 3JieMeHTa — Bojib(pama. [locie 3Toro B Mapke MOTYT yKa3bIBaThb-
Csl HEKOTOPBIC JPYTHUE JEMEHTHI M WX KOJIMYECTBO OOBIYHBIM 00pa3om. Ho
y OBICTPOPEXKYIIUX CTaJIe B MapKe MOKA3bIBAIOTCS HE BCE AJIeMEHTHI. [1oi-
HBIM COCTaB CTAJIM MOKHO Y3HaTh TOJIbKO U3 ciipaBouHuka i ['OCTa.

[Ipumepamu craneit storo Tuna ssisiorcs crans P18 (0,75 % C;
4% Cr; 18 % W; 1% V), ctans P6MS5 (0,85 % C; 4 % Cr; 6 % W; 5 % Mo;
2% V), cranmp P9K10 (0,95% C; 4% Cr; 9% W; 10% Co; 2,3% V;
1 % Mo).

[TockoabKy B 3TUX MaTepHalaxX COJAEPHKUTCS MHOTO CIEIUATbHBIX Kap-
OUI0B, TPYITHOPACTBOPUMBIX B ayCTEHUTE MPU HATPEBE, 3aKaJIKy UX MPOHU3-
BOJAT C BBICOKMX Temmeparyp: 1220-1280 °C. 3arem nemaeTcss Tpex-
KpaTHBI OTHycK mpu Temmepatypax 550-580 °C, mocne dero mosydaercs
TBepa0CTh 62—67 HRC u BhICOKas TETIOCTOMKOCTH (10 600—650 °C).

JIJist mTaMIoB X0J0AHOTO AehOpMUPOBaHUS MeTaiia (MOArpyIa «B)
HCIIOJIBb3YIOTCS HHU3KOJIETUPOBAHHBIE MHCTPYMEHTaNbHbIE cTanu Tuna XBI,
9XC, a 1y MHCTpYMEHTa, pabOTaloIEro B 00Jiee TSHKENbIX YCIOBUSAX, — BbI-
cokoxpomucthie ctanm Tuna XI2M (1,6 % C; 12% Cr; 0,5% Mo;
0,2 % V). D10 Oojee U3HOCOCTOMKAS CTajlb, TaK KaK B CTPYKType €€ Moclie
3aKaJK{d U OTIIyCKa, KPOME MAPTEHCHUTA, COAEPKUTCS OOJIBIIOE KOJIUYECTBO
OuYeHb TBEePJbIX KapOu10B Xxpoma Cr;Cs.

[Tocne ympouHsitoieid TepMUYECKO OOpaOOTKH ITH CTaIu MOJTY4aroT
TBepocTh 61-64 HRC.

[ITaMnoBBId HMHCTPYMEHT IJsi Topsyero AehOopMHUPOBAHUS MeETaiia
(moarpynma «r»), padoTaromuii pu temmneparypax a0 500 °C, uzrorapiupa-
€TCS U3 HU3KOJETUPOBAHHBIX CPEIHEYIJIEPOJIUCTBIX CTaIEC. 31€Ch UCTIOJIb-
sytores mapku SXHT, SXHM, SXI'M, conepxamue 0,5 % C. ltammsl, pa-
ootaromme ¢ 6osee BeICOKUM pazorpeBoM (550—700 °C), U3roTaBIuBarOT U3
TEIJIOCTOMKUX CpEeAHEYraepoaucThiX crane tuna 3X2B8®D, 4X5B20C,
4X2B5®M. Takoil HHCTPYMEHT IIOCJE 3aKAIKH U OTITyCKa UMEET TBEPAOCTh
45-52 HRC u 6oiiee BBICOKHE BSA3KOCTh M IJIACTUYHOCTD, YEM JIPYyTHE WHCT-
PYMCHTAJIBHBIC CTaJIH.

JIJIst U3TOTOBJICHHUSI MEPUTEIBHBIX HHCTPYMEHTOB (3TO IITAHTCHIIMPKY-
7, a0JOHbI, KaMOPbl, MUKPOMETPHI U T.I1.) IPUMEHSIOTCS CTAJIA C BBICO-
KOW M3HOCOCTOMKOCTHIO. DTO OOYCIIOBJICHO TEM, YTO OT MEPHUTEIHHOTO MH-
CTpyMEHTa TpeOyeTCsl MOCTOSHCTBO Pa3MEPOB B TEUCHHE JJIUTEIHHOTO Bpe-
MEHHM 3KcIuTyatanuu. [loaTomMy 31€Ch UCIONB3YIOTCSI BBICOKOYTIIEPOAUCTHIE
HHU3KOJIETUPOBAHHBIE CTANN, Takue, Kak 9XC, XBI'.
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MepuTenbHbIii UHCTPYMEHT IMOJBEPraeTcsl 3aKallke M HU3KOTEeMIepa-
TypHOMY OTIIYCKY Ha TBepAocTh 63—64 HRC.

12.1.3. Ctaju ¢ 0coOOBIMH CBOMCTBAMHA

Cmanu c 0coodvimu ceolicmeamu — 3TO TPyNIia MATEPUAIIOB, B KOTOPBIX
MyTeM JICTUPOBAHUS TOBBIIICH YPOBEHb OINPEICICHHBIX CBOWCTB, HEOOXO-
JUMBIX B KOHKPETHBIX YCIOBHSIX paboThl uzaenuil. Ctanum ¢ 0coObIMU CBOM-
CTBaMHM TIPEIHA3HAYCHBI JJII U3TOTOBIICHUS U3JICTUH, paOOTAIONNX B KAKHX-
TO crnenupUYEcKUX YyCIOBUAX. TakuMU YCIOBUSAMH MOTYT OBITh BBICOKHE
TEeMITepaTypbl, KOPPO3UOHHBIE CPEJIbl, HHTEHCUBHBIA U3HOC, HEOOX OTUMOCTh
BBICOKMX MarHUTHBIX CBOMCTB U T.[I.

B cootBeTcTBUM C 3THM Cpeau cTajeil ¢ 0COOBIMU CBOMCTBAMH MOKHO
BBIJICIIUTh HECKOJIBKO MOArPYIIIL: KapOIPOYHBIE, )KapOCTOMKHUE, KOPPO3UOH-
HO-CTOMKHE (HEP>KaBEIOIINE), U3BHOCOCTOMKUE CTalu U Jp.

e JKaponpounvie cmanu — 3TO MaTepHUalbl, IpeAHA3HAYEHHBIE I 13-
JeNui, paboTarouuX MPU BBHICOKUX TeMIlepaTypax IMoj Harpyskoi. [[is Ta-
KHX YCJIOBUM pabOThl HEOOXOAMMO, YTOOBI MaTepHal MMEN AOCTATOYHYIO
MIPOYHOCTh W COMPOTHUBJICHHE JAePopMalui MPU BBHICOKUX TEMIIepaTypax.
JleTanu B TEIJIOPHEPTEeTUKE JOJHKHBI UMETh JOBOJIBHO OOJIBLION pecypc pa-
60TbI. [IpUromHOCTH CTANM K JTUTEIBHOM HKCIUTyaTallid B STUX YCJIOBHSIX
OLICHMBAIOT C MOMOLIBIO MPEAeIa NOJI3YYECTH U Mpeiea IITUTEIbHOU MpoY-
HOCTH.

IIpeden nonzyuecmu MOKa3bIBAET, KAKOW rapaHTUPOBAHHBIN pecypc pado-
T (B Yacax) MMEET CTajlb IMPH OMNpECIICHHONW TeMIlepaType IMoj JehCcTBUEM
HaANPsOKEHUM ONpeeeHHOW BeMWYMHBI 0€3 3HAUUTENIbHOW MIaCTUYECKOU Jie-
dopmarmu. (OObI4HO gomycTiMas aedopmarins orpanrnuuBaetes 1 %.)

IIpeden onumenvuoil npouHocmu — 3TO MAKCUMAJIBHOE HaNpsHKEHHE,
KOTOpPOE CTajlb BBIICPKUBAET MPU 33JaHHOW TeMIlepaType SKCIUTyaTalluH
B TEUEHUE 33JIaHHOT0 CPOKa IKCIUTyaTalluu 0€3 pa3pyLIeHusl.

Jnst nmeraneit, paboTaronux IOJ HArpy3koW MpU Temmeparypax 10
500-550 °C, ucrnonb3yroTcss HU3KOJIEeTHpoBaHHbIe cTtany tuma 15XM, 12XMO.

[Ipu Gonee BricOKUX TemmepaTypax skcmryaramuu (600—650 °C) npu-
MEHSIOTCSl CTaJIU, COJiepKalire 0oJblee KOJIUYECTBO JIETUPYIOLIUX JIEMEH-
TOB: 12X2M®Bb, 12X2MB8®b u T.11.

[Ipenen QAUTENBHOW NPOYHOCTH ITHUX MATEPUATIOB COCTABISACT: IJIS

cramn 15XM G505000=60 MIa, mns cramu 12X2M®B 6550000= 62 MITa,
s ctamu 12X2MB8®B G5on000 =120 MITa.
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Wznenusi, paboTaromue mpu eiie 0osee BBICOKUX Temieparypax (650
750 °C), M3roTaBIMBaIOT U3 BBICOKOJETMPOBAHHBIX KAPOIPOYHBIX CTaeH —

40X 14H14B2M ({00 =180 MIIa), 40X12HSTSM®E (50 = 310 MITa).

OTH CTajli TMOJABEPTarOTCS YIPOUYHSIOMEH TEPMHUYECKON 00paboTke —
3aKaJIke€ U BBICOKOTEMIIEPATypPHOMY OTITYCKY, IPU KOTOPOM U3 MEPECHIIICH-
HOTO TBEPJOTO PacTBOpa BBIJICIAIOTCS JICTUPYIOLIHE JIEMEHTHI ¢ 00pa3oBa-
HUEM MEJIKMX YacTHUIl KapOUJ0B U MHTEPMETAIIMYECKUX COCAMHEHUM THUIIa
WC, VC, Cry;3Cs, NisTi 1 T.11. DTH YaCTHUIBI U SBISIOTCS OCHOBHOM yIpOY-
HAOIIEeH (Pa3oit B CTPYKTypeE.

[Ipu Gonee Bwicokux Temmeparypax (Boime 750-800 °C) B kauecTBe
YKApPOIMPOYHBIX MATEPUATIOB MCIOJIB3YIOTCSI CIJIaBbl HA OCHOBE HUKENSA WU
KoOanbTa, a npu temmeparypax Beime 1000 °C mpuMmeHstOTCS CIUIaBbl Ha
ocHoBe Mou6aeHa (10 1500 °C) u Ha ocHOBe BodbPpama (10 2500 °C).

XKapornpouHsie cTany MHUPOKO MPUMEHSIOTCS JJIsi U3TOTOBJICHUS JI€Ta-
Jel TOTIMBHOM ammaparypsl, MAapOBBIX KOTIIOB, TYpOWH, paKeT, JTBUTaTelIcH
BHYTPEHHETO CTOpaHUs U JIp.

o Kapocmoiikue cmanu — 3TO MaTepuaibl, MpeIHA3HAUYCHHBIC JJISI W3-
TOTOBJICHUS JIeTaJIel, padOTaIOMUX B HEHArPY>KEHHOM COCTOSHUM IIPU BBI-
COKHMX TeMmreparypax. s Hux TpelOyeTcs Xopoliee CONPOTHUBICHUE OKHC-
JICHUIO B Ta30BBIX Cpeaax MPHU BBICOKUX TEMIIEpaTypax.

[Ipumepamu TakKUX U3AETUN MOTYT OBITH JI€TAIU MEYHOTO 000pPYyI0BaHMUS,
HarpeBaTeNIM Neueid, KiaraHbl IBUraTesieil BHYTPEHHErO CropaHusl.

UewMm BblllIe TeMmIepaTypa JKCIUTyaTalldd WU3JEIUid, TeM OOoJiblie CKO-
POCTh OKHCIJICHHUS METaJllla U TeM OoJjiee )KapOCTOMKHN MaTepuana Tpedyercs
TJISL X U3TOTOBJICHHMS.

IIpu okHCIEeHNN METAIJIOB HAa UX MOBEPXHOCTH OOPa3yIOTCS OKCHJIHBIC
ieHKU. OT CBOMCTB ATOM IMJICHKH OKCHUJIOB — €€ IIOTHOCTH, CIUIOIIHOCTH,
MIPOYHOCTH CBSI3M C OCHOBHBIM METAJIOM, CKOPOCTH AUDQy3un KHCIOpoaa
B HEM — 3aBUCUT CKOPOCTh JAJBbHEHIIEr0 OKUCICHUS. Y HEKOTOPBIX METaj-
JI0B 00pa3yroTCs OKCHAHBIC IUICHKH, XOPOIIO 3allUINAolie WX OT Jailb-
Heuero okucinenus. Cpeau HUX XpOM, aJlOMUHUNA, KPEMHHM, HA KOTOPBIX
00pa3yroTcst TOHKHE, IUIOTHBIE ciiou okcuaoB Cr,03, Al,O3, SiO,.

[ImoxumMu 32U THREIMUA CBOMCTBAMHM 00JIaIar0T OKCUIBI kee3a. [lorTo-
My it obecrieueHusi He0OXOAMMOM KapOCTOMKOCTH CTajell B HUX BBOJIAT,
KaK MpaBUJIo, ONPEACIICHHOE KOJIMUYECTBO TaKUX DJIEMEHTOB, KaK XpOM, ajlio-
MUHHM, KPEMHUH, HUKEIb, YTO CIIOCOOCTBYET (HOPMUPOBAHUIO HA TTOBEPXHO-
CTH M3ICTINM Ka4eCTBEHHBIX 3alIUTHBIX OKHMCHBIX IJICHOK.
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CreneHp JIETUPOBAHHOCTH, T.€. KOJIMYECTBO BBEICHHBIX B CTAJIb JJiE-
MEHTOB, 3aBHCUT OT TpeOyeMOro YpOBHS >XapOCTOMKOCTH, ONpeaeiasieMOi
pabourMHU TeMIiepaTypamMmu U3JEIHUM, 11 KOTOPBIX UCIOIB3YETCs MaTepual.

Hwxe nmpuBOIATCS HEKOTOPBIE MAPKHU JKAPOCTOMKHX CTAIEM U MAaKCUMallb-
HBIE TeMIIEpaTyphl X npuMeHeHus: cranb 15X5M — 600-650 °C, crams 40X9C2
— 850 °C, cramp 12X17 — 900°C, cramm 15X25H19C2, 36X18H25C2 —
1100 °C.

Oco0eHHO CHJIBHO Ha CONPOTHUBIICHHE CTAJId OKHUCICHHUIO B Ta30BOMU
cpene BAMSET XpOM. JTO BIMAHHME MOKAa3aHO Ha puc. 12.3, rae nmpuBeaeHbI
MaKCHUMAJIbHbIE TEMIIEPATypbl KAPOCTOMKOCTH CTAJIEW C pa3HbIM COJAEpKa-
HHAEM XpOMa.

o Kopposuonno-cmotixue (Heporcaseiowue) cmaiu — 3T0 MaTepUaIIb, yc-
TOMYUBBIC K BO3JICUCTBUIO arPECCUBHOM OKPYIKAIOIIEN CPEIBI.

3HAYUTEIBPHOE KOJNYECTBO JAETAJICH, U3/IEJIN B COBPEMEHHOW TEXHUKE
paboTaeT B aKTUBHOW C pa3JIMYHON CTENEHBIO arpeCcCUBHOCTU cpene. Takoit
cpeaoi MOryT ObITh BO3yX, BOJIa, MOPCKasli BOJia, IIap, PacCTBOPHI COJIEH, 1iie-
Jo4en, Kucnor. [lox nericTBueM 3TOM arpeCCUBHOU CPEbl MOBEPXHOCTHBIN
CIOW MeTajla MOXET pa3pylaTbes, KOppoaupoBars. Cle1oBaTeNnbHO, I
M3TOTOBJIEHUS NMOAOOHOT0 poJia U3AENni HEOOXOJUMBI MaTepraibl, XOPOLIO
CONPOTHUBISAIOIIMECS TEUCTBUIO 3THX Cpel, T.€. 00JaJarlne JOCTaTOYHON
KOPPO3UOHHOU CTOMKOCTBIO.

OCHOBHBIM D3JIEMEHTOM, oOecre- t,€
YUBAKOIIUM TaKHE CBOWCTBA CTajH, SB-
nserca xpoM. IlpuueM 11t TOro 4ToOBI

1100

CTallb CTajla HEPKABEIIIECH, KOPPO3HU- 000 7
OHHO-CTOMKOW, HEOOXOAUMO BBECTHU /
xpoma He MeHee 12,5 %. Ilpu Takom /

700

KOJIMYECTBE XpOMa DJIEKTPOXUMHUE-
CKHI OTEHUHAJI CTAJI CTAHOBUTCS MO-
JIOKUTEIBHBIM, UTO MPENSTCTBYET KOP- o 10 20 30 o Cr
pOo3uH.

HaubGonee mnpocTeiMH HepKaBero-
IIUMHU CTAISIMM SIBJIsIFOTCSE Mapku 20X13,
30X13, 40X13, conepxamue 13 % xpoma. DTU CTAIM MOTYT MOJABEPraThCs
YOPOYHSIONIEH TepMUYECKO 00paboTKe (3aKaJIke M OTITYCKY) Ha TBEPAOCTh
40 HRC mns cramu 30X13 u 50 HRC nng 40X13.

[TosToMy naHHbIE MapKu CTajied MOTYT NMPUMEHSATHCS JJISI U3TOTOBJIE-
HHSI KOPPO3MOHHO-CTOMKUX AETAJIE C MOBBILIEHHON NPOYHOCTHIO. Vcmolb-
3YIOTCSI TAKUE CTAJIA JIJISl CIAEAYIOIIMX W3CIIHA: JIONATOK MapOBBIX TypOuH,
KOMITPECCOPOB, KJIAIMMAHOB THIAPABINYECKUX YCTPOWCTB, IIECTEPEH, BaJIOB,

Puc. 12.3. BnusHue xpoma
Ha )KapOCTOMKOCTh CTaJIN
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001TOB, pabOTAIOIIMX B YCIOBUSIX arpecCUBHBIX CpeJl, OBITOBOIO HHCTPY-
MEHTa U T. II.

Craimm ¢ 13 % xpoma HMEIT OCTaTOYHO XOPOIIYH) KOPPO3UOHHYIO
CTOMKOCTh B TaKUX Cpelax, Kak BIakHas aTMocdepa, BOASHON map, BOAA,
HEKOTOPBIE OPTaHUYECKHUE KUCIIOTHI U JIp.

Eciu 11 KOppO3MOHHO-CTOMKOIO MaTepuana TpeOyeTcs BbICOKas
TBEPAOCTh U MU3HOCOCTOMKOCTh, TO MOYKHO HCHOJIb30BAaTh BBICOKOYTIIEPOAH-
CTYIO XpOMHCTYIO cTasb Mapku 95X18. [locie 3akanku u OTIycka y Hee Io-
aydaercsi TBepaoctb 60 HRC. IlpumepoM NpUMEHEHHUS TAKOIO MaTepuasna
SIBJISIFOTCSI TIOAIIAITHAKY KadeHHUs, paboTaromuye B arpecCUBHBIX Cpeliax, WH-
CTPYMEHT U T.II.

JIns yBenM4eHUs: KOPPO3UOHHOM CTOMKOCTH B cTaib BBoguTcs 17 % Cr
u uHorga 1o 28 % Cr. IlpumepaMu Takux HEPKABEIOUIUX CTalE€H SBISAIOTCA
12X17, 08X17T, 15X28, 15X25T. I1ocKONbKY 3TO HU3KOYTJIEPOAUCTHIE CTa-
JIY, TO BBICOKYIO NMPOYHOCTh M TBEPJOCTh B HUX HENb3d MONIYy4nuTh. HOo OHUM
HMMEIOT BBICOKOE COIMPOTHBIICHUE KOPPO3UH, B TOM YHUCIE U IMPU BBICOKUX
TEMIIEpaTypax.

Xopo1iue aHTUKOPPO3UOHHBIE CBOMCTBA UMEIOT XPOMOHUKEIIEBBIE CTa-
mu. [lpu no6GaBiaeHUN K XPOMUCTBIX CTAJISIM HUKEJS UX MOXKHO C TOMOIIBIO
3aKaJIKU TIEPEBECTH B OJHO(PA3HOE COCTOSHHUE (ayCTEHUT). A 3TO MOJIOXKHU-
TEJIbHO CKAa3bIBAETCS HA COMPOTUBIICHUH KOPPO3UHU.

Cpenu XpOMOHHUKEJEBBIX HEPI)KABEIOIIUX CTAIE HMMEIOTCA MapKu
17X18H9, 08X18HIOT, 10X17H13M3T u ap. Mexanndeckue CBOMCTBA Ta-
KUX cTaseu cienyrommue: 6, = 500—600 MIla; 6 = 35-40 %.

XPOMOHHMKEJIEBBIE CTAIM UMEIOT XOPOIIYI0 KOPPO3HOHHYIO CTOMKOCTH
B cpelax ¢ a30THOM, (hochopHOM KHCIOTaMHU, B pacTBOpax COJEH U IIeNo-
4yel, B MOPCKOM BOJIE, BO BIAKHOM BO3/IyXE.

JInsg yBenuyeHHs: KOPPO3MOHHOM CTOWKOCTH B KHCIIOTHBIX Cpeaax
B CTaJIb JIOMOJTHUTEIHLHO BBOJISIT MOJIUOJICH U MEb.

[Tpumepom Takoi mapku siBisgercss 06X23H28M3/13. Ota ctans uMeer
OYEHb XOPOUIYI0 KOPPO3HOHHYIO CTOMKOCTb, HO 32 CYET OOJIBIIOIO KOJUYe-
CTBa JIETUPYIOIIUX 3JIEMEHTOB OHa O4Y€Hb Aoporas. [I[pumeHeHne ee onpas-
JTAHO TOJIBKO B T€X CiIy4asx, Korja 0oJiee MpoCThie IO COCTaBy U OoJee je-
IIEBbIE CTAJIM HE MOTYT padoTaTh B OMPEEICHHBIX, CUIBHO arpeCCHUBHBIX
cpenax.

e JI3nococmoiikue cmanu — 3TO MaTepUalibl, MPEJHA3ZHAUYCHHbIC IS
paboThl B YCJIOBHSX HW3HAIIMBAIONIMX HATPYy30K, YaCTO MPU HHTCHCHBHOM
U3HOCE.

[Ipu popmMupoBaHUU CTPYKTYpHhl M3HOCOCTOMKHX CTaJIEH YYUTHIBAIOT,
YTO YE€M BBIIIE€ UX TBEPJOCTh U Y€M OOJIbIIIE B HUX COJICPIKUTCS TBEPJIbIX U3-
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OBITOYHBIX KapOUAOB, TEM BBIIIE COMPOTUBIICEHHE M3HOCY. [loaTOMY HaHHBIE
CTaJM, KaK TPAaBWJIO, BBICOKOYTJICPOAWCTHIC W JICTUPOBAHBI KapOumooOpa-
sytomumu 3ementamu (Cr, V, W, Ti u np.).

B kadecTBe M3HOCOCTOMKHMX MCIOJIB3YIOTCS CIEAYIOIINE MAPKH CTaJeH:
XBI' (0,95 % C), XB4® (1,35 % C), X6BD (1,1 % C), 9XC, X12 (2,1 % C),
X12M® (1,55 % C) u ap.

Hawnbonee BbICOKOI M3HOCOCTOMKOCTBIO U3 3TOTO Psifia 00JIalat0T CTAIN
X12, X12M® u XB4® 3a cuet O0JBIIOTO COJCPKAHUS yriepoaa U HATHIHS
B CTPYKTYpE€ MOCIE 3aKajJKh U OTIYCKAa TBEPJIOTO MAPTEHCUTA U OOJIBIIOTO
KOJIMYECTBA CHEIMaIbHBIX KapOUIOB.

st hopmupoBaHuss HEOOXOIUMBIX CBOWCTB JETAIH U3 U3HOCOCTOMKHIX
CTayiei 00s3aTeNIbHO MOABEPTaOTCS YIPOUHSIONIECH TepMHUUECKO 00paboTke
(3aKajnke u OTIIYCKY).

Ocoboe MecTo cpei U3HOCOCTOMKHUX MaTepuajoB 3aHUMAIOT BBICOKO-
MapraHilOBUCThIE BBICOKOYTJIEPOAUCTHIE cTanu. [IpencraBurenem ux siBIseT-
csa ctanb [apdunpma 120013, 3a cyeT OGONBIIOTO COAEpX)aHUA Maprasiia
(13 %) Toukum M, u M, Ha C-00pa3HOH nHarpaMme 3TOW CTaJId CMEIICHBI
BHU3, B 001acTh Oosiee HU3KKUX TeMmriiepatyp. [loaTtoMy npu 3akaike B cTaiu
MOJIy4YaeTcsl ayCTEHUTHAs CTPYKTYpa.

Pexum 3akanku cramu 120I'13 — wHarpeB mo 1100 °C u oxnaxiaeHue
B BOJIE.

[Tocne storo, Gyarogapsi ayCTEHUTHOM CTPYKTYpE, CTallb UMEET HEBBI-
COKHE TBEPAOCTh U MPOYHOCTh, HO OYEHb XOPOIIHE IIACTUYECKUE CBOMCTBA
U yAapHyo Ba3KocThb: 6, = 900 Mlla; 6o, = 350 MllIa; tBepnocts 200 HB;
& = 45 %:; KCU = 2500 KJIx/m’.

Ocobennoctbio craneid tuna 1200113 gBisieTcss UX BBICOKAsh M3HOCO-
CTOMKOCTh IIPU CUJIBHOM JMHAMHUYECKOM, yJIapHOM HarpyxeHuu. [Ipu stom
MPOUCXOAUT HAKJEN ayCTEHWTa W CUJIbHOE ero ynpouyHeHue. B Tabm. 12.1
npuBeneHa TBepaocTh ctanu 12013 B 3aBUcHMOCTH OT cTeneHu aedopma-

WY [IPU HAKJIETIE.
TaoOnuma 12.1

Teepnocts nedpopmuponanHoii ctanu 120013

Hedopmarus, % 0 20 40 60 70
HB 200 340 430 510 530

N3 BBICOKOMApPTaHIIOBUCTBIX CTaJIeW U3rOTABIMBAIOT U3/IEIHS, paboTatoIIue
B YCIIOBHSIX M3HOCA C OJJHOBPEMEHHBIM JICHCTBUEM BBICOKHX JABJICHUN, YIAPHBIX
Harpy3ok. [IprMepamu TakuX JeTaneil SBIAIOTCA TPAKUM T'YCEHHLl TPAKTOPOB
Y TAHKOB, JIETaJIM KAMHEJPOOMIIOK, KOBILIEH 3KCKaBaTOPOB U T.11.
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Cnenyer uMeTh B BHUIY, YTO BBICOKOMApraHIIOBUCTBHIE CTaJd THUIA
120I'13, BciencTBHE CHIBHOTO YNPOUYHEHHUS MpH JAedopManuu, HUMEIOT
IUIOXYI0 00pabaThIBAEMOCTh PE3aHUEM.

Ilo cmpyxmype mocie OXJaXxACHUS Ha BO3IyXe HEOOIBIINX 00pa3IoB
U3 AYCTEHUTHOI'O COCTOSIHUS Pa3IMyaloT HECKOJBKO TPYMI JIETUPOBAHHBIX
cranei. Cpeau HUX CTaldM MEPIUTHOTO KIacca, MAPpTEHCUTHOTO M ayCTEHUT-
HOT'O KJIaCCOB.

OOycTOBJICHO 3TO TE€M, YTO B 3aBUCHUMOCTH OT COCTaBa (KOJIWYECTBA JIe-
TUPYIOIIMX D3JIEMEHTOB U YIJIEpOAa) MEHSETCS TOJOKeHUE JIMHUNA Ha
C-o06paznoit muarpamme. C-o0pa3Hbie KpUBBIC MOTYT IIOJ] BIMSHUEM JICTH-
PYIOIIMX D3JIEMEHTOB CMeENIaThCs BIOpaBO MO OcuU BpemeHu (puc. 12.1),
a TeMIiepaTypbl MApTEHCUTHOTO mpeBparieaus (M, u M,), — BHU3, B 00J1aCTh
0oJiee HUBKUX TEMIIEPATyp.

[ToaTOMY mpu OTHUX M TEX K€ YCIOBHUAX OXJIAXKICHUS ayCTCHUTA MOX-
HO TMOJYYUTh JJIsl CTajJell pa3HOro COCTaBa Pa3iuYHbIE CTPYKTYPbl — EPIIUT,
MapTEeHCUT, aycTeHUT. Bce 3t1o ompenensiercs Bugom C-oOpa3Hoil auarpam-
MBI, IOJIO’KEHUEM JIMHUM HAa HEeH 711 KOHKPETHOM MapKu CTaju.

Cranu mepJMTHOTO Kiacca OOBIYHO SIBJISIFOTCS HU3KOJIETHPOBAHHBIMH,
MapTEHCUTHOTO KJIacca — COJIepKaT OO0JIbIle JETUPYIOUTUX JIEMEHTOB, a ay-
CTECHUTHBIC CTAJIM — 3TO BHICOKOJICTHPOBAHHBIC MATCPUAITBI.

[Tpumepamu crasnei mepauTHOro kiacca MoryT ObiTh Mapku 40X, 55C2,
9XC, maprencutHoro kinacca — 40X13, 40X10C2M, X12M, P6MS u aycTeHuT-
Horo kinacca — 120I'13, 40X15H7T7P2MC, 17X18H9, 55X20I'9AH4.
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13. HIBETHBIE METAJIJIBI U CIIJIABbBI

Cranp — MOYTH WACATBHBIA METAJUIMUECKUNA MaTephasl, HO OH MMEET
CYIIIECTBCHHBIA HEIOCTATOK: JETadl M KOHCTPYKIIMH, CACIIAHHBIC JaXe W3
BBICOKOIIPOYHOU CTali, TsDKEIbl. BO MHOTHX OTpacisiX TEXHHKH, OCOOCHHO
B CaMOJIETOCTPOCHHH, HEOOXOAMMBI TaKHE K€ MPOYHBbIE, HO OOJee JIerKue
MaTepuaibl. JISTKHMU MPUHATO CYUTATh BCE METAJUIBI M CIUIaBBI, INIOTHOCTh
KOTOPBIX COCTaBJISICT MEHBIIIE MMOJOBUHBI TJIOTHOCTH JKeJe3a, T.€. HE MPEBBI-
maer 3,5 r/cM°. 3HAYUT, KPOME IIETOYHO-3eMEIbHBIX METAIOB, K HAM OT-
Hocsites anomuanit Al (y = 2,7 t/em®), maranii Mg (y = 1,74 r/em®), 6epu-
mait Be (y = 1,82 r/em®). HauGonbliee MPUMEHEHHE W3 ITHX METAJLIOB
B Ka4€CTBE KOHCTPYKIIMOHHOTO MaTeprajia MeeT aTFOMUHUM.

13.1. AJJIOMHHHUN ¥ €10 CIIABBI

AOMUHHN — cepeOpucTOo-0ebiii MEeTalllI ¢ MaTOBBIM OTTeHKOM. Kpu-
CTAJUTMYECKasl pPEIIeTKa afOMUHUSI — TPAaHELIEHTPUPOBAHHBIN Ky0 ¢ mepuo-
aoMm a = 0,4041 um. Iloaumop@HBIX NpeBpanieHUN aTOMUHHI HE HMEET.
Temneparypa mnaBienuss — 660 °C, Temneparypa kumenus — 2060 °C.
[IpouyHOCTHBIE CBOMCTBA YHCTOTO OTOXKEHHOTO AJTIOMUHHUS HEOOJbIINE:
c; = 50-60 Mlla, oy, = 15-20 MIlIa, tBepnocts 2025 HB, 3aT0 IUIacTHY-
HOCTh BBICOKas: Y/UIMHEHHE Tpu paspbiBe coctaBisier 30-50 %, oTrHOCH-
TenpHOe cyxeHnne — 80—-95 %.

HucThlil aTIOMUHUN MPUMEHSIOT B 3JIEKTPOTEXHUKE ISl U3TOTOBICHUS
MPOBOJIHUKOB TOKA, €r0 3JEKTPONPOBOAUMOCTD 37,6 M/OM-MM° (Ha mepBOM
mecte cepebpo Ag — 63,0 M/Om-Mm’; Ha BTOpoM Mecte Meap CU —
60,1 M/Om-MM?). Bee mpuMecH, MPUCYTCTBYIOIME B ATIOMHHHH (ITOCTOSH-
HBIMU ABJISIFOTCS Fe u Si), yXyAlarT ero Termio- U 3JIEKTPOIPOBOIUMOCTb.
AJIFOMUHUNA YCTOMYUB K KOPPO3UHU Ha BO3AYXE, & TAKKE B CPEAE MHOTHUX ra-
30B U KHJKOCTEH Ojarojaps 3allMTHOMY JEHCTBUIO TJIOTHOW TUIEHKU OKCHU-
na Al,Oz. Uem yuiiie MeTasl, TeM BBIIIEC €ro KOPPO3HOHHAS CTOWKOCTb.

AJIOMUHHI TOTyCKaeT TiIyOOKYIO BBITSDKKY, XOPOIIO CBapUBaeTcs Ta-
30BOM M KOHTAaKTHOHM CBapKoH, IIOX0 00padaTbiBaeTcs pEe3aHHEeM, HUMEET
HHU3KUE JINTEHHBIEC KAYECTBA.

Cornacuo I'OCT 11069-74 cymiecTByeT aJllOMUHUN 0CO00U YUCTOTHI
(mapka A999, mpumeceit 0,001 %), svicokoui unctoTel (Mapku A995, A99,
A97, A95, npumeceit 0,005-0,05 %) u mexnuueckoii auctotel (Mapku A8S,
A8, A7, A6, AO u ap. — o 1 % npumeceit).
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AJIOMUHHMI BBICOKOM YHCTOTHI HWAET, HAmpUMeEp, Ha H3TOTOBJICHUE
GoNbru I AJIEKTPUUECKUX KOHJICHCATOPOB. TOKOBEMyIIHWE ACTAIA W3TO-
TaBJIMBAIOT U3 AJIIOMUHUSA TEXHUUECKON 4acTOThl Mapok A8S, A8, A7, A6.

OcHoBHasi Macca aJFOMUHHSI PACXOJYETCS HA MPOU3BOJCTBO AJFOMHU-
HUEBBIX CIUIaBOB. JIJIs MX MOJydYeHUs] TPUMEHSIOT aIOMUHUNA Mapok AS, A0
1 A. B 3aBucMMOCTH OT crioco0a M3roTOBJICHUS ACTANICH U W3S CIIJIaBbI
ATIOMUHUS IETSATCS Ha JehOpMUpPYEMBIE U JINTEHHBIE.

JlebopMmupyeMble CIUTaBBI JIETKO TOMMAIOTCS 00pabOTKEe JaBICHUEM
U TIpeIHa3HAYEHBI JUIsl MPOKATKU, KOBKH, MpeccoBaHus. JIUTEHHbIE CIUIaBbI
OTJIMYAIOTCS KUIKOTEKYUYECTHIO, XOPOIIIO 3aMONHIIOT (OPMY, MAIOIyBCTBHU-
TEIbHBI K JUTEHHBIM TPEIIMHAM; UX UCIOJIB3YIOT JJIsl U3rOTOBIEHUS (DAcOH-
HBIX OTJIUBOK TP MOMOIIH JUThS B 3€MJIIO WJIM B METAJTHYECKUE (DOPMBI.

Jlegpopmupyemole cnnaswvt, B 3aBUCUMOCTH OT XMMHUUYECKOTO COCTaBa,
NENATCA Ha CIUIABbI C €CTECTBEHHON TBEPAOCTHIO, T.€. HE MOIAI0IIUecs yII-
POYHEHHUIO TEPMUYECKON 00pabOTKON, U TEPMUUECKU YITPOUHSIEMBIE CIIABBI.

[lepBas rpynma CIjlaBOB — He YAPOUHAEMbIX MepMUieckol 00pabomro —
COJICP’KUT MAJIO JIETUPYIOUIUX DJIEMEHTOB M MPUMEHSETCS BMECTO YHCTOTO
ATIOMUHUS B T€X CIIy4dasix, KOrJa €ro MpOYHOCTh HemocTaroyHa. [IpodHocTh
TaKMX CIUIABOB MOBBIIAETCS B pe3yJibTare JerupoBanust marauem (M) B kou-
yectBe 0,5-5 %, a taxke mapranieMm (Mn) B komuectse 110 1,2 %. [Ipounocts
MaTrepuala yBeTMYMBACTCS IMyTeM XOJIOAHOW O0OpaOOTKU JaBJIeHUEM (SIBICHHE
HaKJIerna, Wiu HarapToBku). Hanpumep, nedhopmupyembiii alltOMUHUEBBIN CIUTaB
AMTI3 (=3 % M(Q) B OTOXOKEHHOM COCTOSIHUM MUMEET MPOYHOCTh Ha Pa3pbhiB
180 Mlla u yniunenue 15 %, npu HebombiioM Hakiene — 230 MlIla u 8 %, no-
cire crpHoro Hakirena — 260 MlIla n 3 %. Kak BUIHO U3 3THX JaHHBIX, BCIE-
CTBUE XOJOJTHOW aedopmaiy MpoYHOCTh CIUIaBa BO3PACTAaET, a YIJUHEHUE,
XapaKTePUCTHUKA MIIACTUYHOCTH, — CHUKAETCS.

JlaHHbIE CILIaBbI MpeHAa3HAYEHBI JJIs1 pa00OThl B aKTUBHBIX KOPPO3UOH-
HBIX Cpellax, TaK Kak ¥ MapraHel], 1 MarHuil yBEJIMYHUBAIOT KOPPOIUOHHYIO
CTOMKOCTh QJIIOMUHUEBBIX CIIJIABOB.

[IpuMeHSIOT CIUIaBbl, HE YIPOYHSIEMbIE TEPMHUUECKON 00pabOTKOM, JJIst
M3TOTOBJICHHUSI OKOHHBIX paM BaroHOB, Ky30BOB aBTOMOOWJIEH, TpyOOIpPOBO-
JOB 1Sl OCH3WHA ¥ Maciia, CBapHBIX OAKOB M T.JI.

Btopass rpynmna ajiroMUHHEBBIX J1€POPMUPYEMBIX CILJIaBOB, IMPUYEM
Oolblllasi, — 9TO CHIABLI, YNPOUHseMble mepmuueckoi obpabomkou. B Ha-
CTOsIIIIee BpeMs pa3padOTaHO MHOXKECTBO ATIOMHHHUEBBIX CIIJIaBOB, Y KOTO-
PBIX TTPOYHOCTHBIC CBOMCTBA 3HAYUTEILHO IMOBBIIIAIOTCSA MPU TEPMUYECKON
obOpabotke. [IpouHocTs Bo3pacTaeT B pe3yibTaTe TUCIIEPCHOHHOTO TBEPIE-
HUSI, WKW CTapeHHus, MOCJE 3aKaJKu. ITO MHOTOKOMIIOHEHTHBIE CIUIaBHI,
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B KOTOpPbIE€ BXOJST Pa3IMYHbIE AJIEMEHTHI JIJisl moBbileHus npoyHocTH (Cu,
Mg, Zn), sxaponpouroctu (Fe), anTukoppo3noHHBIX cBoiicTB (Mn, MQ).

XVMMHUYECKUH COCTaB HEKOTOPHIX aTIOMHUHHUEBBIX CIUIABOB, YIPOYHsie-
MBIX TEpPMHUYECKON 00paboTKOI, mpuBoaAUTCA B Tab. 13.1.

Taonuma 13.1

XHUMHYECKUM COCTaB TCPMHUYCCKHU YIIPOUHACMBIX AJIIOMUHHUCBLBIX CILJIABOB

Crnasel  Mapka XumMudeckui coctan, %
Pra ey Mg Si |zn| Fe | Mn | Ni | Cr
Tlypamo- | JU |3848]| 0408 | <07 |<03| <07 |0408] <01 —
MUHBI 7116 | 3849 1,2-18 | <05 |<03| <05 |0309| 01 _
ABHATD AB |02-06]045090512]|<02| <05 |01503] - -
AK6
Kosowbie | /ieq | 1.8-26 | 04-08 [07-12|<03| <07 |04-08| <01 _
’Kapo- AK2 135 451 0408 |0510(<03|0510| <02 |1823] -
npounbie | (AK4)
Bricoko- | pos 11400l 1828 | - |57 - |o206| - [01.025
HpO"IHBIe

CriocoOHOCTh ATFOMUHUSI 00Pa30BBIBATh TBEPJBIC PACTBOPHI C JICTHPYIO-
IIMMH 3JICMECHTAMH HEBEJIMKA, T.C. JIPYTHE METaUTbl CJ1a00 pPacTBOPSIOTCS
B QIIOMUHAN B TBEPIOM COCTOSHUHM. BO MHOTHX cIUTaBaX, OCOOCHHO MHOTO-
KOMITOHCHTHBIX, 00pa3yrOTCsS XPYNKHE W TBEPAbIC XUMHUCCKUE COCTUHCHUS,
nanpumep: CUAl, — B cmuraBax Al-Cu; CuMgAl, — B crmaBax A-Mg—Cu;
Mg,Si, MgZn, AlsFe B cooTBeTCTBYIOIIMX CIUIaBax W T.JO. Y OOJBINMHCTBA
JIBOMHBIX QJTFOMHHHEBBIX CILIABOB Ha JUArpaMMax COCTOSIHHSI UMEETCSI IBTCK-
THKA Y OJTHA WK JABE 00JIACTH TBEPBIX pacTBOPOB (puc. 13.1).

f
H
[
|
I
|
I
|
& NEerdpyHLWKA anemeHT, %
_

Puc. 13.1. JluarpamMma coCTOSIHUS alFOMUHUN-IETUPYIOLIUI JIEMEHT
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C Touku 3peHUs] IPUMEHEHHs B TEXHUKE MPEJICTABIISIET UHTEPEC TOIBKO
JeBasi 4yacTh guarpamMmbl coctosiHus — oT 100 % amtomMuHusI 0 ABTEKTUYE-
ckoro craBa. [lociie MeUIEHHOTO OXJIAKJIEHUS CTPYKTypa TaKWX CIUIaBOB
MpecTaBIsieT cOO0M TBEPABIA PacTBOP PA3NUUYHBIX 3JIEMEHTOB B aIFOMUHUU
U XUMH4Yeckue coeHeHusl. OHU Ha3bIBaIOTCS (a3aMu-yIpPOUHUTEISIMH.

PaccMoTpuM, Kak MPOMCXOAMUT YMPOUYHEHUE MPH TepMUUYECKON oOpa-
0O0TKe CIlJIaBa aIIOMUHUEN — MeJb ¢ KoHIeHTparuen 4 % Cu (puc. 13.2).

£,°C
700

GO0 -

A0

400 Cudl

300 =
200 5

100 =

Al 10 a0 30 40 g0 Cu %

Puc. 13.2. Jlnarpamma cOCTOSHUS aJTFOMUHUI-METb

Hcxons U3 auiarpamMmbl, BUJUM, YTO AJTIOMUHUN B TBEPAOM COCTOSIHUH
CIOCOOEH PACTBOPSITH OMPEACICHHOE KOJUYECTBO MEU, IPUUYEM €€ PaCTBOPH-
MOCTh focturaet makcumyma npu 548 °C. Teepaplid pacTBOp IIPHU ITOM TEMIIE-
parype MoxeT conaepxkath 10 5,7 % Cu. C noHmkeHrneM TemrepaTypbl pacTBoO-
puMOCTh Meau ObIcTpo yMmeHbinaeTcs: mpu 200° ona cocrasiser 0,2 %, a npu
KOMHATHOW TEMIEPATYPE — U TOrO MeHblIle. CTpyKTypa aJlFlOMAHHUEBOTO CILIaBa
¢ 4 % Cu B paBHOBECHBIX YCJIOBHUSX COCTOUT U3 KPUCTAIIOB TBEPJIOTO PACTBO-
pa, coeprKallero O4YeHb Majio MEJIU, U KPUCTAIIOB XMMUYECKOTO COCTUHEHUS
CuAl,. TTpouHocTh Takoro ciuiaBa HeBenmka (~140 MI1a).

Tepmuueckoe ynpoyHEHHUE OCYIIECTBIIIETCS B JIBa 3Tara.

Ha nmepBoMm sTarmne crijiaB HarpeBaroT MOJ 3aKaJIKy J0 TaKoil Temmepary-
PBI, P KOTOPOM TOCTUTAETCS MAaKCUMAJIbHOE pacTBOPEHUE MeU (B TAaHHOM
CJIy4ae BBIIIE TOYKH «a@»). [Ipu 3ToM XMMHUYECcKoe COeIMHEHNUE PACTBOPSAETCS
u oOpa3yercss CIJIaB, COCTOSIIIIMA W3  OJHOPOJHBIX  KPHUCTAIJIOB
o.-TBepJI0T0 pacTBopa ¢ koHIeHTpanuei 4 % Cu. beicTpoe oxnaxkneHnue, Ja-
e BCero B BoAy, npemoTBpamiacT BoiaeiacHue CUAl,, T.e. B pe3yibTare 3a-
KaJIKM (PUKCUPYETCS CTPYKTYPHOE COCTOSIHUE CIIIaBa, IOCTUTHYTOE MPU BbI-
COKOM Temrieparype. ATOMBI MEIM OCTAIOTCS B MEPECHIIICHHOM (TIepeoxia-
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XKJICHHOM) TBEPJOM pPACTBOpPE, U3 HEro MPHU CTOJIb OBICTPOM OXJIAXKIACHUU
He ycreBaeT BoiaenuThes daza CUAl,. DTOT mepechIeHHbI TBepAbId pac-
TBOp OyJleT HEYCTOMYMBBIM MPU KOMHATHOW TeMIepaType, BCS MeIb CBEpX
paBHOBecHOU KoHIeHTpaluu 0,2 % OyIeT CTpeMUTHCS BBIACIUTHCA U3 TBEP-
JI0TO pacTBOpa.

BTopoil 3Tan TepMHUYECKOro YIPOUYHEHHs 3aKII0YaeTcs B TOM, YTO W3
MOJIYYEHHOTO MPU 3aKaJKe TBEPJIOrO PacTBOpa IMOCTENEHHO (C TECYCHUEM
BpEMEHH) OYIET BBIICIATHCA MEIbh, 00pa3ysl MUCIEPCHBIE (T.e. OYEHb MEII-
Kue) JacTuibl Xxumudeckoro coeaunenusi CuAl,. B atom u cocrout crape-
HUE CILJIaBa.

Cnenyet 0OpaTUTh BHUMaHHE Ha TO, UTO TOJ CHIAPEHUeM CIIaBOB I0-
HUMAIOT IMPOLECCHl pacnaja TBEPAOTO pacTBOPA, MPOUCXOIAIINE CaMOIPO-
M3BOJIBHO B MPEJIBAPUTEIHHO 3aKAJIEHHOM CIUIABE U MPUBOSIINE K U3MEHE-
HUIO CTPYKTYPBI U CBOMCTB C TEUHEHHEM BPEMEHMU.

JlucniepcHble YaCTHUIbI, BOBHUKAIOIIKUE B TBEPJIOM PacTBOPE B MpoOILIEC-
C€ BBIJICPKKH I10CIIE 3aKAJIKH, MPEISITCTBYIOT CKOJIBXEHUIO TUCIOKAIUI ITPU
nehopMupoOBaHUM; YTOOBI MPEOJIONETh UX JIEUCTBHUE, TpeOyeTcsl 3aTpaTUTh
00JIbIlIe PHEPTUM WIM HPUIIOKUTH OOJIBILIOE yCHUIIME. DTO 03HAYaeT HU 4TO
MHOE, KaK MOBBIIICHHE TPOYHOCTU U TBEPAOCTH cIiaBa. [IpoyHocTs Ha pa3-
PBIB Y €CTECTBEHHO (IIpM KOMHATHOW TEMIEPATYpPE) COCTAPEHHOr0 JIypato-
MuHa coctaBisier okoiao 400 Mlla, T.e. mouTu BIBOE OOJIbIIE, YEM y OTO-
AOKEHHOTO (MJTU 3aKaJIeHHOT0). Ecmecmeennoe cmapenue POUCXOJIUT B Te-
YCHHE HECKOJIBKUX CYTOK (4—7). HMckyccmeennoe cmapenue (P TOBBIICH-
HBIX TEMIEpaTypax) MPOUCXOIUT ropas3io ObICTpee, B TEUEHUE HECKOIbKUX
4acoB WJIM MUHYT, U JAaeT HAWBBICIIME pe3yJbTarhl. J[Jid1 TaHHOrO CIruiaBa
¢ 4 % Cu TemnepaTypa UCKyCCTBEHHOTO cTapenus mopsiaka 150-170 °C.

Bce octanbpHbIe aqlOMUHHEBBIE CIUIABHI, MpeCTaBleHHbIe B Ta0m. 13.1,
YOPOYHSIOTCS TaKOM K€ TEPMHUUECKON 00pabOTKOM — 3aKaNKOM U CTAPEHUEM.
OTinyme TONBKO B BBIOOpE TEMIEPaTyp U BPEMEHH.

JIumeitnvie anromunuesvie cnaagpl NOIKHBI 00J1aaTh Y3KUM TeMIIe-
paTypHBIM MHTEPBAJIOM KPUCTAILTU3ALMH JUIsl TOJTYYEHUS IUNIOTHOM OTJIMBKH,
T.€. 3TO CIUIaBbl, OJIM3KKE MO COCTABY K ABTEKTUKE WK 3BTeKTHuYeckue. 11u-
pOKO pUMEHsIOTCS auTeiHble criaBbl Al-Cu, Al-Zn, Al-Si. Hauny4mmmu
JUTEHHBIMH CBOMCTBAMM 00JIaJIAfOT CIUIABHI ATFOMHHUN — KPEMHHH, 10 CO-
cTaBy OJU3KME K HBTEKTHUECKOMY. DTH CIUIaBbl HA3bIBAIOT CUIYMHHAMHU.
MapkupyroTcsi TUTEHHBIE aTIOMHUHUEBBIE CTUIaBbl OykBamu AJl (ammomuHue-
BbII JIMTEWHBIN) U Koaupyomieil udpoil, onpeaenstoneil XuMUIeCKuid co-
CTaB ciuiaBa, Harpumep: AJI2, AJI4.

OOGbrunbI cunymuH AJI2 sBseTCS 3a9BTEKTUUECKUM CIUIABOM, COJEP-
xamm 12-13 % Si (puc. 13.3). Tlocine KpucTaTU3aUU CTPYKTYpa 3TOTO
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CIUTaBa TIPEJCTABISIET COOOW KPYIHBIC CBETJIbIC BKIIOYCHHUS H30BITOYHOTO
KpEeMHUS U TpyOOUT0IbUaTyI0 3BTEKTUKY. CIIaB C TaKOM CTPYKTYypoi oOa-
JaeT HU3KMMU MEXaHMYEeCKHMMH CBOWCTBAMHM: MPOYHOCTH cocTaBisieT 100—
120 Mlla, a oTHOCUTENbHOE Y/UIMHEHUE TIpH pa3pbiBe — 3—5 %. Tonbko my-
TeM MoAu(HUIMpoBaHus paciviaBa HaTpreM min cMecbio NaF u NaCl ynaer-
Csl TIOJTYYUTh MEJIKO3EPHUCTYIO IBTEKTUKY CO 3HAUUTEIHHO 0o0Jjiee MEIKUMU
KPUCTAJUIMKAMU KPEMHHs. DTO MPUBOAUT K 3HAYUTEIHHOMY IOBBILIICHUIO
MEXaHUYECKHUX CBOMCTB: o, = 180-200 MIIa u 6 = 6-8 %.

£

:

1500

10004

S+ %

500+

~77

Si+ apTerTHER

25 50 75 100 Si, %

Puc. 13.3. JluarpaMma cocTOSIHUS alFOMUHUN-KPEMHHUIA

JIBOitHBIE aTIOMUHHEBO-KPEMHHUCTHIE CIUIABbl O0JaJal0T OYEHb XOPO-
el )KUAKOTEKYUeCThI0, MOITOMY M3 HUX M3TOTABIMBAIOT (PACOHHBIE OTJIUB-
KU CIIOKHOU (DOPMBI, JUIsI KOTOPBIX HE TPEOYeTCs BHICOKMX MEXaHUYECKUX
CBOMCTB. [[JIsI MOBBIICHUSI SKCIUTYaTAIMOHHBIX U MEXAHWUYECKUX CBOWCTB
(OTIIMBKYM ISl HATPYKCHHBIX JIeTaJIel aBUAIMOHHBIX JBUTATEJICH, JTUTHIC Je-
TaJd, MpeaHa3HavYeHHbIe I paboThl mpu TemnepaTtypax 250-300 °C u 1.1.)
CILJIaBbI JICTUPYIOT MarHueM, MeJIbl0, MapraHiieM, HUKEJIEM WA MOABEPraroT
TEPMUYECKOU 00pabOTKe — 3aKalike B BOJY M MCKYCCTBEHHOMY CTapEHUIO.
IIpu 3TOM Ipeaen npouyHocTr MOXKeET gocturath 240—-260 MIla npu otHOCH-
TenbHOM ymmHeHun 20—18 %.

JlerupoBaHHBIE CHJIIYMHUHBI MOTYT MPUMEHATHCS IS W3TOTOBJICHUS
KOPITyCOB KOMIIPECCOPOB, KapTepoOB, TOJOBOK IMIHHAPOB (AJI9), meranei,
paboTaromux B YCIOBUSIX BBICOKOM BJIAXKHOCTHU, B CYJ0- U CaMOJIETOCTPOE-
Huu (AJI8, AJI127).
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13.2. Meab ¥ ee CILIABbI

Menb — OJIUH U3 HEMHOTUX JEHCTBUTEIBHO IIBETHBIX METAJIOB: B 3aBU-
CUMOCTH OT YUCTOTBI U COCTOSIHUS TOBEPXHOCTH €€ I[BET M3MEHSETCS OT
CBETJIO-PO30BOT0 0 KpPacHOro. Meap MMEET KPHCTALIMYECKYI0 PEHIETKY
rpaHeleHTPUPOBaHHOTO Kyba ¢ mapamerpoM a = 0,361 HM. ITomumopdHbIX
npeBpaiienuii Het. OHa raBuTces npu temmneparype 1083 °C. Menp o6nana-
€T BBICOKOM TEXHOJOTHYHOCTBIO: XOPOILIO MasieTCs, CBApUBAETCSA, JIETKO 00-
pabaTbiBaeTCsl JAaBiICHUEM. B OTOXKEHHOM COCTOSIHUM Tpeies MPOYHOCTU
MeIu HeBenuK, oH coctaBiseT 200—-250 MlIla npu oTHOCUTEIBLHOM yAJIUHE-
Huu oxoso 40-50 %.

['MaBHBIMU OTIMYUTEIBLHBIMUA XapaKTEPUCTUKAMU MEIU SIBJISIIOTCSI BBI-
COKasl TEIUIONPOBOIHOCTD U 3JIEKTPOIPOBOAUMOCTbD, IIJIACTUYHOCTD U KOPPO-
3MOHHAsI CTOMKOCTh. HO Tak ke, Kak U y allfOMUHUS, TPUMECU OTPULIATEIIEHO
BIIMSAIOT HA CBOWCTBA MelIU. B 3aBUCMMOCTH OT coAep>KaHUs MPUMECEN pa3-
JUYA0T caeayroniue mapku meau: M00 (99,99 % Cu), MO (99,97 % Cu), M2
(99,7% Cu) (I'OCT 859-78). bnarogapsi BBICOKOH 3JIEKTPOIIPOBOJAMMOCTH
Me/b HalllJla IIUPOKOE NPUMEHEHHUE B AIIEKTPOTEXHUKE. M3 Men U3roTaBiu-
BalOT IIHMHBI, JEHTHI, Kabelu, pyOUSIbHUKH, OOMOTKH 3JIEKTPOIBUTATENICH
u T.4. [IpumMecu NOHMKAIOT 3NEKTPONPOBOAUMOCTb, OCOOEHHO T€, YTO 00pa-
3YIOT C MEJbI0 TBEpPJbIE pacTBOPHI: (Hochop, MBIILIBIK, ATFOMUHUNA, OJIOBO.
JIpyroe 0OCHOBHOE CBOMCTBO MEIH — BBICOKasl TEILUIONPOBOAHOCTH. [loaTomy
Me€Jlb UCTIONB3YIOT JI1 BOJOOXJIAXKIAEMbIX TUTJIEH, KPUCTAIIIN3ATOPOB, MO~
JTOHOB Y W3JIOKHMUIL IJI1 OTJIMBKU TUTAHA U ITUPKOHMUS.

BpennsiMu nmpuMecsiMu MeIM TaKXe SIBJISIIOTCSI BUCMYT U cBUHEL. OHU
MPAKTUYECKH HE PACTBOPSIOTCA B MEJIU, a 00Pa3yIOT JIErKOIUIABKUE SBTEKTHU-
ki (¢ temneparypoi miaBiaeHus: 326 °C u 270 °C cOOTBETCTBEHHO) M CO3-
AT KPACHOJIOMKOCTb IPH rOpsiYEH MPOKATKE MEJIH.

Ha mexaHnueckue CBOMCTBA MEAM NPUMECH BIHUSAIOT HE3HAUUTEIHHO;
B OOJIbIIIEH MEpe CBOWCTBA 3aBUCAT OT COCTOSIHUS (JiuTOe, neopMHUpOBaH-
HOE | T.J.). JIIs OBBIIIIEHUSI TPOYHOCTH ME/Ib JICTHPYIOT ITMHKOM, aJTFOMHHHUEM,
OJIOBOM, HHUKEJIEM, KEJIE30M WJIM MOABEPratoT XOJOAHOW IUIacTUUecKoil nedop-
Mauuu. IIpu stom ee mpounocte mMoxer Bo3pactath 10 380450 Mlla npu
YMEHBIIIEHUH AJIEKTPONPOBOAUMOCTH Ha 3—5 %0.

MenHble CIjIaBbl, Kak U CIUIaBbl OOJIBIIMHCTBA IPYTUX IIBETHBIX METaJ-
JIOB, 1O TEXHOJOTHYECKUM CBOMCTBAM MOpa3JeisoTCs Ha AepopMupyeMble
(KOTOpBIE UCTONB3YIOTCS B TPOU3BOACTBE MOMYy(PaOdpHUKATOB: JIUCTOB, MOJIOC,
MIPOBOJIOKU U APYTUX Mpoduiield) u JTUTeHHbIe (TPUMEHSIEMbIE NI U3JIEIHH,
KOTOpbIE MOJIYYaIoT IyTEM JIUThSl B MECUAHbIE WM METAUIMYecKue (HOopMbl,
a Takke METOJIaMU HENPEpPBIBHOW PA3NMBKU M LEHTPOOEKHOTro JuThsA). [1o
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CIIOCOOHOCTH YIPOUYHATHCSA C MOMOUIBI0 TEPMUUYECKON 0O0pabOTKH MeEIHbIE
CIUIaBBI JIEJSITCS Ha YNPOUYHSEMbIE U HE YIPOYHsIEMble TEPMUUECKOW 0Opa-
6oTko#. [lo XxuMu4YecKoMy COCTaBy MEJIHBIE CILIaBbI MOAPA3ACIAIOTCS Ha 1BE
OCHOBHBIE TPYIIIBL: TATYHU U OPOH3BI.

13.2.1. Jlatrynmn

CmaBpl MeIM C LIMHKOM HOCAT Ha3BaHue Jamyneit. CrienMalibHbIC
(MHOTOKOMITOHEHTHBIE) JIATYHH COJIEpPKaT W JIPYTUE JICTUPYIOIIHE SJICMEH-
ThI, TAKHAE, KaK aJIFOMUHUN, HUKEJIb, Maprauel. MapKupyroTcs JBOWHBIE J1a-
TYHH CIEAYIOmMUM o0pa3oM: BHadase ctaButcs OykBa JI («iatyHby), a 3aTeM
urdpa, mokaspiBarolas cojaepkanue Menu B %. B crnernuanbHBIX JaTyHSX
nocye O0ykBbl JI ciienytoT OyKBBI pyccKoro ajidaButa, 0003HAYAIOUIUE JIETH-
pytomuii 3aement: A — Al, H — Ni, K — Si, C — Pb, O — Sn, X — Fe,
Mi — Mn, @ — P, b — Be. Ilocrie OykB ctaBsTcs 1UGpPHI, TOKA3BIBAIOIITHE
CpelHee CoJep:KaHue MM U JISTUPYIOIIUX 3JIeMeHTOB B %. Hanpumep:

JI96 (TomITax) — 96 % Cu + 4 % Zn;

J168 — 68 % Cu + 32 % Zn;

JIO70-1 — 70% Cu+ 1% Sn+ 29 % Zn;
JIK80-3 — 80% Cu+ 3% Si+17 % Zn;
JIH65-5 — 65 % Cu + 5 % Ni + 30 % Zn.

BBeneHue Tex WM UHBIX JIETUPYIOIIMX 3JIEMEHTOB MOBBIIIAET MEXaHHU-
YECKUE M aHTUKOPPO3HOHHBIE CBOMCTBA JIATYHH.

Menb ¢ LHHKOM 00pa3yeT MHOT'O TBEP/ABIX PACTBOPOB, UTO OYEBUIHO U3
auarpammsel coctossaus Cu—Zn (puc. 13.4).

£,°C
1000 +

750 -

S004

250~

Cun 25 50 75 Zn, %

Puc. 13.4. JluarpamMmma cOCTOSIHUSI ME€Ib-LIMHK
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[IpakTHyeckn MPUMEHSIOTCS CIUIaBbl C COJAEP’KaHUEM LIMHKa He OoJee
42 %, KOTOpbIe UMEIOT XOpollne MexaHudeckue coiictra (puc. 13.5). Ilo-
ATOMY JaJiee pacCMaTpUBAETCS TOJBKO COOTBETCTBYIOIASl YACTh JUarpaMMbl
(neBas).

B TexHuke npuMeHs0TCS ofHO(a3Hble WK IByX(a3Hble JaTyHu. Ogn-
HO(a3HbI€ JIATYHH HMEIOT CTPYKTYpPYy O.-TBEPJOrO PacTBOpa, U MOCKOIBbKY
B 3TOM 00siacTu HET (ha30BbIX IPEBPALICHUI, TO B O-JATYHU HEJb3sl IOJIY-
YUTh HEPABHOBECHOE COCTOSIHME, — CJIEIOBATENIbHO, HENb3s MPOU3BOAUTH
3aKaJIKy.

GB: M]._.[a 6 %

A00 1 - R0

300
—30

100

1
0 20 40 alll Zn, %

Puc. 13.5. BousitHue nuHKa Ha MEXaHHMYECKHE CBOMCTBA MEIU

CtpyKTypHBIE U3MEHEHHSI MOTYT HaOJI0/1aThCs TOIBKO B pa3Mepax 3epeH
O.-JIJaTYHU B CBSI3U, HAIIPUMED, C PEKPUCTAIUIM3ALUOHHBIM OT)KUIOM I0CJIE Ha-
kJiena. [Ipu 3ToM CBOMCTBA JIAaTYHH MEHSIOTCS B COOTBETCTBHH € puc. 13.6.

Ok, ©

T L] I
200 400 00 g00 £.°C

Puc. 13.6. I3MeHeHne MEXaHMYECKUX CBOICTB O-TaTYHU IIPU HAarpeBe
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OnHotazHast TaTyHb MPEAICTaBIICT COOON MaTeprai OTHOCUTEILHO HEBbI-
COKOM TBEPJOCTH W MPOYHOCTH, OOJIATAFOIINI 3HAYUTEILHON TIACTUYHOCTBIO.
[Ipu nepexoxe 3a npenen Hacwienus (39 % Zn) nossisercs Bropas daza 3 —
ANIEKTpOHHOE coeauHenre CuZn, 4TO COMPOBOXKIACTCS PE3KUM CHIDKEHHEM I1j1a-
CTUYHOCTH Y TIOBBIIIICHUEM MPOYHOCTH U TBEPIOCTH. ITO OOBSICHICTCS TEM, UTO
B-thaza sBISETCS TBEPIOU M XPYITIKOM, TTOITOMY MPH YBEIMICHUH €€ KOJMUYECTBA
HaOJTIO1aeTCsl TTOBBIIICHUE TBEPAOCTH U XPYITKOCTH CIraBa. [IpiMeHenne Haxo-
JSIT WM oAHO(A3HbBIE JTaTyHU, WK JIBYX(a3HbIe, B KOTOPHIX HET MPeoOialaHus
Xpynkoi (assl (T.e. cogepskanue 41-42 % Zn).

OpnHodasHple JaTYHU B CBS3M C BBICOKOW IUIACTUYHOCTHIO XOPOIIIO Je-
(GOpMHUPYIOTCSI B XOJIOJHOM COCTOSIHUH, MPU 3TOM YBEIUYUBACTCS U MPOY-
HOCTh, U TBEPAOCTh JaTyHH. JIByxX(a3Hble JTaTyHHW IMOIABEPTarOT MPOKATKE
Y TIPECCOBAHUIO B TOPSYEM COCTOSIHMM IPU HArpeBe UX JI0 OJHO(GA3HOTO
B-cocrosinud. JIaTyHb OUY€Hb XOPOIIO MOAIaeTCs 00paboTKe pe3aHrueM, 0Co-
OCHHO €ClTM OHa JIETHpOBaHA CBUHIIOM. [Ipu pe3aHWnM CBHHIIOBHUCTHIX JIATy-
Hel oOpa3yeTcsi KOpOTKasi JIOMKasi CTPY»KKa, 4To obJjerdaer o0paboTKy H3-
nenwid. JJis1 mOBBIMIEHNS IPOYHOCTH W TBEPJIOCTH JaTYHb JISTUPYIOT JTFOMHU-
HueM (=4 %).

JlaTyHb MCTIONB3yeTCS KaK KOHCTPYKIIMOHHBI MaTepuai TaM, TIie Tpe-
OyIOTCSl BBICOKAs MPOYHOCTh W KOPPO3MOHHASI CTOWKOCTH: B TPYOOIPOBOI-
HOH apMartype, B XUMHUYECKOM MAIIMHOCTPOCHUH M OCOOCHHO B CYJ0CTpOE-
HHUM. V3roTaBIvBarOT U3 JIATYHEHN JIMCTHI, JICHTHI, TPOBOJIOKY, a 3aTEM U3 3TO-
ro TMpokKara — paguaTopHbIe TPYOKH, CHApSIHBIC THIIB3BI, TPYOOIPOBOIHI,
1aiObl, TAKHU, BTYJIKH, YIIOTHUTEIbHBIC KOJIbIA, TOKOMPOBOISIINE JCTAIN
AIEKTPOOOOPYTOBAHUS.

13.2.2. BpoH3bl

bpon3bt — 3TO CIIaBBI MEIW CO BCEMH IPYTUMHU DJIEMEHTaMH, KPOMeE
IMHKAa. B WX Ha3BaHMM MCIOIB3YIOT NpHIIaraTelibHbIe, YKa3bIBAIOIIUE Ha
BTOPOW KOMITOHEHT. B 3aBHCMMOCTH OT COCTaBa M CTPYKTYPHOTO COCTOSTHUS
mocjae oOpabOTKH MPOYHOCTh OPOH3 MOXKET ObITH ToBBINIeHa ¢ 200 10
750 MIla. BpoH3bl TOApA3AEIAIOTCS Ha aAJTIOMHUHHEBBIC, OJIOBSHUCTHIE,
KPEMHHCTBIC, OepuiuiieBbie M T.J. bpoH3bl Mapkupyroor OykBamu «bp»
(6poH3a), 3a KOTOPBHIMH CIEAYIOT OYKBBI M IUGPHI, YKa3bIBAIOIINE HA Ha3Ba-
HUE U cojiepKaHue B % JISTUPYIOMIUX dJIeMeHTOB. Hanmpumep:

bpO®10-1 — 10 % Sn + 1 P, octansHoe CU;
bpOIIC4-4-2,5 - 4% Sn +4 % Zn + 2,5 % Pb, ocranshoe Cu;
BpC30 — 30 % Pb, ocransHoe Cu;
bpKM13-1 — 3% Si + 1 % Mn, octansHoe Cu.
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[Ipocreitmne u3 OpoH3 — 07106sHUCMblE, N3BECTHBIE €11l B OPOH30BOM
Beke. OHM, KaK M JApyrue CIUIaBbl, aeisaTcs Ha aedopmupyemsbie (< 10 % Sn)
u guteitnbie (> 10 % Sn). Korma-to 6poH3bI MoTydaiu Ha3BaHUE B 3aBUCUMO-
CTH OT uX Ha3HaueHus: MoHeTHas (4-10 % Sn), mymeunas (8—18 % Sn), ko-
nokonpHas (20-30 % Sn), 3epkanbHas (30—35 % Sn). OnoBsiHUCTBIE OPOH3BI
OTJINYAIOTCS XOPOIIMMHU JIUTEMHBIMU CBOMCTBAMHM, HAIIPUMED, MAJION yCAKOU
IpU KPUCTAUTM3ALUU, TTO3TOMY MOKHO OTJIMBATh CJIOKHBIE IO KOH(UTypanuu
uznenus. C 1epl0 3KOHOMHH JIOPOTOro 0JIOBa B OpPOH3BI TOOABISIOT LIMHK
B TAKOM KOJIMYECTBE, YTOOBI OH IMOJIHOCTHIO PACTBOPSJICS B Menu, 00pasys
TBEPJIbIl pacTBOP, TEM CaMbIM IOBBIIIAs MEXaHUYECKUE CBOICTBA. [[ns mo-
BBIIICHUS aHTU(PUKIMOHHBIX CBOMCTB M Jydyllled 0O0pabaThiBa€MOCTH pe3a-
HUEM B OJIOBSIHUCTBIE OpoH3bI 00aBist0T cBuHeEl (bpOLIC4-4-17). Jlutelinbie
OJIOBSTHUCTBIE OPOH3bI MPUMEHSIOTCS JJI1 MapOBOJSHON apMaTyphl, Tak Kak
00J1a1a10T BEICOKON KOPPO3UOHHOW CTOMKOCTBIO B BOJIC U HA BO3/yXE.

Hedbopmupyembie OpoH3bI UMEIOT OJHO(MA3HYIO CTPYKTYPY TBEPIOTO
pactBopa. Ilocie xomogHO#l 00pabOTKU AaBICHUEM OPOH3BI IMOJIBEPTarOT
omxkury npu 600—700 °C. OHu mimacTU4YHEEe W TPOYHEe, YeM JIMTEHHBIC.
Kpome Toro, nedopmupyembie OJOBSIHUCTBIC OpOH3BI 00J1aJIal0T BHICOKUMH
YIOPYTUMH CBOMCTBaMU, MOATOMY MX HCIOJB3YIOT IJI MOJYyYEHUS TPY>KUH
1 MeMOpaH B AJIEKTPOTEXHUKE U IPYTUX 00JIaCTSIX.

Anromunuesvie O6poH3bI 00BIYHO cojepkat oT 5 a0 10 % amoMuHus.
MexaHudyeckue U KOPpPO3WOHHBIE CBOWMCTBA ATUX OPOH3 BBIIIE, YEM OJIOBS-
Hucthix. [lo Mepe M3MEHEHHUs COCTaBa, aHAJIOTUYHO JIATyHSIM U OJIOBSIHU-
CThIM OpOH3aM, MEHSIFOTCSI U CBOMCTBA: TBEPAOCTh HB, MPOYHOCTh Gy U TIJIa-
CTUYHOCTH O OBICTPO PACTYT, 3aTE€M IJIACTUYHOCTh U MPOYHOCTh MOHUKAIOT-
csl U3-3a 00pa3oBaHusl BTOpo Xpynkoi ¢aszel. [lorToMy B mpakThke mpume-
HSIOT OByXx(a3Hbie OpoH3bI, coneprxkamue He Oonee 11 % Al JIByxdasubie
OpOH3BI OTIMYAIOTCA BBICOKOW MpodyHOCTHIO — 10 600 MIla u TBepaOCTHIO
ceoiie 100 HB. Tak kak aqtOMUHUEBBIE OPOH3BI UCTIBITHIBAIOT SBTEKTOUTHOE
MpeBpaIieHue, ToO KX MOYKHO TIOJIBEpraTh 3aKajke u crapenuto. OmaHodazHbie
amoMmuHueBbie OpoH3bl (bpA7) Oonee miacTuuHbl, 4eM JIBYyx(da3HbIe, U OT-
HocsTCs K AedopmupyeMbiM. OHU 00J1a71at0T BBICOKOM MPOYHOCTHIO U TJIa-
CTHYHOCTHIO (0, = 400—450 MIIa, & = 60 %).

JlerupytoT antoMUHUEBbIE OPOH3BI KEIE30M, HUKEJIEM, MapraHiem JJis
YCTpaHEHHUs JTUTEHHBIX HEJOCTATKOB U YBEIMYEHUS MEXAaHUUYECKUX CBOMCTB
MOCJIe YINPOUHSIOUIEH TepMUYECKOH 00pabOTKH (3aKaJIKU U MOCIEAYIOIIETO
crapenusi). Hampumep, y 6ponsst bpAXXH 10-4-4 TBepaoCcTh yBeIHUUBAECTCS
ot 140-160 HB no 400 HB. IlosToMy U3 aTlOMHUHUEBO-KEJIC30HUKEIICBBIX
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OpOH3 M3rOTaBIMBAIOT JI€TalK, pabOTaOIINE B YCIOBUIX U3HOCA: celjla Kila-
MaHOB, HAIPABJISIONINE BTYJIKH, 9aCTH HACOCOB U TYpOUH, IMIECTEPHU U JP.

Kpemnucmoie 0ponssl comepkar 10 3 % Si v ABIAIOTCS 3aMEHUTEIISIMH
OJIOBSHHUCTHIX OpoH3. OHM TUTACTHYHBI, KOPPO3UOHHO-CTOUKU B HEKOTOPHIX
arpecCUBHBIX Cpelax, XOpOIIO CBAPUBAIOTCS U MastoTcs. s moBbIICHUS
TBEPJOCTH W TPOYHOCTH KPEMHHUCTHIX OpPOH3 WX JIETUPYIOT MapraHieM
U HUKEJIEM C MOCJeayIoled TepMudeckoi oOpaboTkoil. DT OpOH3BI HC-
MOJIB3YIOT BMECTO 00Jiee JOPOTUX OJIOBSHHUCTHIX TMPH HU3TOTOBJICHUU aHTHU-
(PUKIMOHHBIX JETale, a Takke sl 3aMEHbl OepHILTUEBBIX OpOH3 MpH
MIPOU3BOICTBE MIPYKHUH.

Csunyosucmuie Oponssl (bpC30) o0namaroT BHICOKUMH aHTU(GPUKIIU-
OHHBIMH CBOMCTBaMHM, BBICOKOM TerutonpoBogHocThiO (10 300 °C). Ilpou-
HOCTh TaKuX OpOH3 HEOOJIbIIas, HO OHU OYEHb IUIACTHYHBI, XOPOIIIO COMpPO-
TUBJSAIOTCS yaapaMm. [loaToMy u3 3TUX OpOH3 U3TOTABIMBAIOT BKJIABIIIN
MOAIIAITHIUKOB, Pa0OTAIONMINX TPH OONBIINX JABICHUSIX U CKOPOCTSX.

bepunnuesvie 6ponssl (bpb2) conmepxar ne 6onee 2—2,5 % OGepusuus.
Tak kak Oepuwiuii oOpasyeT ¢ MeIbI0 TBEPAbI pacTBOp MEPEMEHHON pac-
TBOPUMOCTH, TO 3Ty OpOH3Y MPUMEHSAIOT TOJBKO MOCJE YIPOUYHSIOMIEH Tep-
muueckoir o6padbotku (3akasiku oT 780 °C u crapenus npu 320 °C). Ilpu
AOTOM TIOBBINIAIOTCSA KakK TPOYHOCTHBIC, TaK W YIPYrue CBOWCTBA:
o, = 1300-1500 MIla, Gy, = 600-740 MIIa. Kpome Toro, GepuiineBbie
OpOH3bI 00J1a/IAIOT BBHICOKOM AJIEKTPOIPOBOAUMOCTHIO, TTOITOMY MX MPUMEHSIOT
B BHJIE TIPY)KUH B 3JICKTpOAImaparype, B Ka4eCcTBe YIPyrux KOHTakToB U T.1. Ho
BBICOKAasi CTOMMOCTh HE TMO3BOJISIET IMHUPOKO MPUMEHSTH 3Ty OpoH3y. 3ame-
HAIOT ee 0oJiee JelIeBOd — TUTAHOBOM WJIM TUTAHOBOXPOMHUCTON OpOH30M.
[Tocne Tepmuueckoit 0OpabOTKM OHA MUMEET TMOYTH TaKUE ke MPOYHOCTHHIC
CBOICTBa, HO OoJiee MIACTHYHA U MMEET BBICOKYIO PElIaKCAIlMOHHYIO CTOM-
kocTh npu temmneparype 1o 400 °C. [loaTomy ynpyrue sneMeHThl U3 TaKOW
OpoH3BI MOTYT paboTaTh IpH OOJIee BBHICOKON TeMIiepaType, 4YeM U3 OepuJi-
JIMEBOM.

13.3. TuTaH M ero CIIaBbl

Tutan — Jerkuii MeTalll CepeOpPHUCTO-CEPOro IBETa C TeMIepaTypoun
mnasiieHnss 1669 °C. IIpoMbllIIEeHHOE TPUMEHEHUE €ro HayajaoCh CpPaBHU-
TeJlbHO HenaBHO: B 50-x rogax XX B. leno B TOM, 4TO M3BJICYECHHUE THUTAaHA
U3 PyA — OYEHb CIIOKHBIM U TpyAOoeMKuil mpouecc. Iloatomy ero npumeHe-
HU€ OTPAHUYEHO BBICOKOW LIEHOW MeTajuia.

Tutan umeer aBe nonumopdHble MOAU(DUKAIMU: HUXKE TEMIIEPATYpPbI
882 °C ycTol4MB O-THUTaH C T'€KCArOHAJIbHOW IMJIOTHOYMAaKOBAHHOW peIleT-
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KOM, BBITIE — 3-TUTaH ¢ KYyOMYECKON 00BEMHO-IIEHTPUPOBAHHON PEIIETKOM.
[lnoTHOCTB THTaHa coctasisiet 4,5-10° kr/m®. Y nensHast MPOYHOCTH CIIABOB

o
B
TUTaHa OYEHb BEJHUKA: —,0 g > 35. (Ctaiu UMEIOT YJEIbHYI0 MPOYHOCTh

He 6onee 15.) Ilpu 3TOM mpegen MPOYHOCTU MPHU PACTIKEHUU THUTAHOBBIX

CIJIaBOB JOCTATOYHO BelUK: G, = 1500 MIla. bonbmnM TOCTOMHCTBOM TH-
TaHa SIBJISIETCA €ro BbICOUaiilas KOPPO3HUOHHASI CTOMKOCTh: OH XOPOIIIO pac-
TBOPSETCS TOJIBKO B COJISHOW, KOHIIEHTPUPOBAHHOW CEPHOM U IUTABUKOBOU
KucioTax. TUTaH ycTOMYMB K KOPPO3UH B MOPCKOW Bojie. Ero moBepxHoOCThH
3amuIraeT Tonvaimas mieHka okcuaa 110, (5-15 mxm). Kpome Toro, Turan
0CTAeTCs BSI3KUM IIPH HU3KHX Temmeparypax: KCU = 1-1,6 MJIx/m* coxpa-
HSETCS JI0 TeMIepaTyphl )KuaKkoro Bojgoposa (—253 °C).

K Hemoctatkam THWTaHa, TOMUMO BBICOKOM CTOMMOCTH, OTHOCSITCS €rO
AKTUBHOE B3aMMOJICHCTBUE C Ta3aMu IpU NOBBIIIEHHBIX TeMIIEpaTypax
Y HU3KOE, IO CPAaBHEHHUIO C KEJIE30M, 3HAUEHUE MOAYJS YIPYrocTH (IIOYTH
B 2 pasa HIXe).

TexHonornueckne CBOMCTBA TUTAHA XYK€, YEM Y CTAIIU, OJTHAKO TUTAHO-
BbIE€ CIUIaBbl 00pabaTHIBAIOTCS U JABICHUEM, U PE3aHUEM, CBAPUBAIOTCS apro-
HO-IYyTOBOU M 3JIEKTPOKOHTAKTHOW CBAapKOM, U3 HUX MOKHO ITOJTy4YaTh Ka4ecT-
BeHHbIC OTIMBKU. [Imactuueckas nedopmaiiusi MOBBIIIAET IPOYHOCTh TUTAHA
Mo4TH BABOE. TuTaHOBBIE CIUIaBbl A)(HEKTUBHO YNPOUHSIOTCS TEPMUUYECKOU
00pabOTKOM: 3aKATTKOH C MOCIETYIOIIUM OTITYCKOM WJIA CTAPECHUEM.

OCHOBHBIE JIETUPYIOIINE BJIEMEHTHI IJIsI TUTAHA: aTIOMUHHI, BaHAJIHM,
MOJIHOJIEH, XPOM, IIUPKOHUN. AJIFOMUHUN B TUTAHOBBIX CIIJIABaX SKBUBAJICH-
TeH yrJiepoay B cTayiu. Jlerupyromiue 3JIeMEHThl MOTYT CTaOMIM3UPOBATh
HU3KOTEMIIEpaTypHYIO o-pa3y Wiu BeICOKOTEMIIepaTypHyto ¢asy [3. PactBo-
PUMOCTb JIETUPYIOUIUX 3JIEMEHTOB B TUTAHE C TEMIEPATypOr MEHSIETCS, MO-
ATOMY M BO3MOYKHA YIPOYHSIOIIAs TepMOOOpadboTKa.

IIpy MeayIeHHOM OXNa)KAEHUHU NpeBpaiueHue Tig B Ti, UAeT myTeM 3a-
POKJICHUSI IIEHTPOB HOBOM (Da3wl M UX pocTa, T.€. o nuddy3noHHOMY MeXa-
Hu3My. [Ipu ObICTpOM OXJIXKJIEHUHM Pa3BUBACTCSI CABUTOBON MEXaHM3M, Kak
B CTaJISIX MPU MapTEHCUTHOM mpeBpaimienun. [lomydaemas dasza Toxe Ha3bI-
BAaCTCA MAPMEHCUmMoM; KPUCTAJUIBI €ro HMEIT Wrojibuarylo QGopmy
(puc. 13.6). Ho MapTeHCHT B THTAaHOBBIX CIUIaBax HE 00JIaJacT BBICOKOM
MPOYHOCTHIO, KaK B CTAJISAX, U JIOBOJIBHO TutacThueH. [Ipupoaa TBepAbIX pac-
TBOPOB pa3Hasi: yIraepos ¢ Kene30M o0pa3yeT TBepblii pacTBOP BHEIPEHUS,
a aJFOMUHUH C TUTAHOM — TBEPBIN PACTBOP 3aMELICHMUS.
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Puc. 13.6. MukpocTpykTypa THTaHOBOTO CILIaBa

Bo3MOXHO coxpaHeHue MpU KOMHATHOW TeMIlepaType MepeoxXiaxIeH-
HOH [3-da3bl (0100HOM ayCTEHUTY B CTAIAX).

B HekoTophIX cruiaBax 00pa3yercst SBTEKTOH, HO OH XPYIOK U HE yIyd-
12T MEXaHMUYECKUX CBOICTB.

Mapku cr1aBoB TUTaHa 0003HavaroTcs OykBamu BT 1 HoMepoM Mapku:
BT4, BT6, BT15. Oaun u3 cambix npo4dHbIX cruiaBoB — BT22 (mpenen mpou-
HoctH coctapisier 1300-1600 MIla, B 3aBHCHMOCTH OT TEPMOOOPAOOTKH).

[TockonbKy CIIaBbl TUTaHA COYETAIOT BBICOKYI0 MEXaHHUYECKYIO MPOY-
HOCTb, KOPPO3HOHHYIO CTOMKOCTB, >XKapOMPOYHOCTh M MAIYIO TJIOTHOCTD,
OHM HaXOJAT NMPUMEHEHHUE, MPEXJEe BCEro, B aBUa- U pakerocTpoeHuu. 13
HUX JIENAlOT OOIIMBKY CBEPX3BYKOBBIX CaMOJIETOB, KOpITyca JBHUTaTENEH,
OaJUIOHBI Ui Ta30B, COIUIA, AUCKU U JIOMATKU KOMIIPECCOpa aBUAlIMOHHBIX
NBUTaTEJIeH, KOPITyca BTOPOW U TPEThEW CTYIIEHEN PaKET.

[loBpIlIEHHAs KOPPO3UOHHAsI CTOMKOCTh THMTAHOBBIX CIUIABOB HCIOJIb-
3yeTcss B XMMHUYECKOM U METAJLTypPru4ecKOM MAaIlIMHOCTPOEHUH, MPU U3TO-
TOBJICHUH MEUIIMTHCKOTO 000pY10BaHUS U MHCTPYMEHTA.

CmnaBbl TUTaHa Bce OOJbIIE MPUMEHSIOTCS MPU CTPOUTENIHCTBE MOP-
CKUX CyJ10B (rpeOHbIe BUHTHI, 0OIIKMBKA KOpabieil U MOABOIHBIX JIOJI0K), aB-
TOMOOMJIBHOTO U KEJIE3HOJOPOKHOTO TpaHCHOpTa. PaMbl rOHOYHBIX BENO-
CHUIIE/IOB TOKE U3TOTABIIMBAIOT U3 TUTAHA.
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Eme onna oGmactb mpUMEHEHUs] TUTaHAa — KpUOTEHHAas TEeXHUKa (HcC-
MOJIB3YETCS BRICOKAS BA3KOCTh TUTAHA MIPH HU3KUX TEMITEpaTypax).

Henb3st He OTMETUTEH CITOCOOHOCTH crutaBa TuTaHa ¢ HukeireMm NiTi, Ha-
3pIBAEMOT0 HUTHHOJ, «3alOMHHATELY (OopMy, KoTopas ObUTa MpHIaHa H37e-
JUI0 TMpU BBICOKOM Temmepatype. [locne muactuueckoil aedopmanuu mpu
TeMIiepatype Huxe (pazoBOro mpeBpaileHus HarpeB MPUBOIUT K BOCCTAHOB-
JICHUIO TPEKHEW (OpMbI: CIUIaB KakK OyITO «BCIOMHHaeT» ee. MexaHuszm
s dekra mamsaTu QOpMBI 3aKIIOYaeTC B OOpaTMMOM MapTEHCUTHOM IIpe-
BpalIeHUHU, TP KOTOPOM aTOMbl COBMECTHO CABUTAIOTCS, 00pa3ys HOBYIO
pEIIEeTKY, HO COXpaHss MPEeKHEee COCECTRO.
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14. INTACTMACCBI

IThacmmaccel (nnacmuku) — VWCKYCCTBEHHBIC MaTepUAIIbI, IMOJTydae-
MbI€ Ha OCHOBE OPraHUYECKHUX MOJTUMEPHBIX CBA3YIOIINX BEIIECTB.

B cocraB mmactmacc BXOAAT:

® ceazyoujee geujecmeo — 00A3aTEIbHBIM KOMIIOHEHT IUIacTMace. JTO
CUHTETUYECKUE CMOJIbI, PeXe — A(UPHI;

® npocmule TIACTMACCHI, KOTOPBIE COCTOAT MOYTH U3 OAHOTO CBS3YIO-
miero BemecTsa. [IpuMepsl MPOCTHIX IMIacTMAcC: OpPraHUYecKoe CTEKJIO, MO-
JTUATUIICH, TTOJTUIPOIUIICH;

o nanonHumenu. x copepkanue moxker noxonutb ao 70 %. Moryt
OBITh TOPOLIKOBBIMU (Caxka, TpauT, TalbK, IPEBECHAS] MyKa), BOJIOKHUCTBI-
MU (XJIOTIKOBBIE, CTEKJISTHHBIE, acOECTOBBIC BOJIOKHA), JTUCTOBBIMU (Oymara,
TKaHH, IPEBECHBIN MITIOH). HamoTHUTEN!M MOBBIIAIOT MEXaHUYIECKYIO TTPOY-
HOCTh, CHIDKAIOT CTOMMOCTD TUTACTMAcC U MPUIAIOT UM HYXKHBIE SKCIUTyaTa-
IIMOHHBIC CBOMCTBA;

o cmabunuzamopuvl. OHU HYKHBI, 9TOOBI MaKpPOMOJIEKYJIBI TTOJIMMEPOB
HE U3MEHSUIN CTPYKTYPY U CBOICTBA C TEUCHHEM BPEMEHHU;

o naacmuguxkamopsi. VIx noGapnsoT B kommuectBe A0 20 %. Onu
yIIyqmaoT (GOpMyeMOCTh, CHIDKAIOT XPYHKOCTh. JTO OOBIYHO OJICMHOBAs
KHCJIOTa, CTeapUH, TUOyTUIMeTadTanar;

e omeepoumenu. x 1o0aBisIOT B IJIACTMACChl HA OCHOBE TEPMOpPEAK-
TUBHBIX CMOJI B KAUECTBE KaTaIH3aTOPOB OTBEPKICHUS;

® cneyuanvhvie 0006a6KU — KPACUTEIHN, CMa3KH, aHTUCTATUKU U JP.

Jlocmouncmea miacTMacce Kak KOHCTPYKIIMOHHOTO MaTepuara;
Majias MIOTHOCTb;
XUMHYECKas CTOMKOCTD;
AIIEKTPOU3OJISAIIMOHHBIE CBONCTBA;
TEIJIOU30JIAIIMOHHBIE CBOMCTBA;

® MEHbIIAsA TPYAOEMKOCTh NEpPepadOTKU IIACTMACC IO CPaBHEHUIO
¢ IepepabOTKON METAIIIIOB;

® MEHBIIIEE KOJUYECTBO OTXO/IOB, YEM TIPH MEePepadOTKE METAJIIOB;

® KaK MPaBUJIO, HE HY>KHbBI OTJEJIOYHbIE ONEpaLIHH.

[Ipu 3aMeHe MeTaTMYeCKUX JeTaleil MIacTMAacCOBBIMU Macca CHMXKa-
ercs B 4-5 pa3, TpyIOEMKOCTh YMEHBIIAETCS TOXKE B 4—5 pa3, 4Kcio onepa-
uui ymensiiaetcs B 5—6 pa3. CebecToMMOCTh CHIDKaeTcs B 2—3 pasa.
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OcHosHble HedOCMamKu NIACIMMACC:

® OrpaHUYEHHAs TEIUIOCTOMKOCTh: MaKCHUMallbHas TeMIlepaTypa 3KcC-
wtyatanuu tepMoriactoB — 250 °C (droporact-4), a TepMOPEAKTUBHBIX
iactmacc — 0kos10 400 °C (CTEeKIIOTEeKCTOHNT);

® Majas ECTKOCTb U BA3KOCTb;

® CKJIOHHOCTh K CTap€HHIO, T.€. K U3MEHEHHUIO CBONCTB C TEUCHHUEM
BpPEMCHU.

14.1. Kinaccupukanusi M CTpoeHHe IJIACTMACC

Ilonumepwi, SBIAIOIMECS OCHOBHBIM KOMIIOHEHTOM ILIACTMAcCC, MPEJ-
CTaBISIIOT CO0O} BemecTBa ¢ GOMBLION MonekymsipHoil Maccoit (10% u 6o-
nee). IX MoJieKyJbl COCTOSAT U3 OJMHAKOBBIX TPYIII aTOMOB — 3BeHbeB. Kaxk-
JI0€ 3BEHO — 3TO M3MEHEHHas MOJEKyJla MCXOJHOTO HU3KOMOJIEKYJISIPHOTO
BEILIECTBA — MOHOMEDA.

B nomuMepe Monekylibl MOHOMEpPAa OOBEAMHSIOTCS APYT C JIPYyrom
1 00pa3yloT JJIMHHBIC JTUHEUHBIE MOJIEKYJBl — MAKPOMOJIEKYIbl, B KOTOPBIX
aTOMBI COEIMHEHBI KOBAJICHTHBIMU CBs3aMH. K mpumepy, moiuMmep moJiu-
stuiieH (—CHy—CHy—),, MakpoMoJieKyibl KOTOPOTo cocTosT U3 3BeHbeB CHo,
MOJIyYaroT MOJUMEPHU3aLUE N-T0 Yynciaa MOJIEKYJI MOHOMEpa — ra3a 3TUJIeHa
CH2:CH2.

Mexay MakpoMoJieKyJaMu MOTYT J€HCTBOBATh OTHOCUTEIBHO CiiaOble
cuiibl Ban-niep-Baanbca nin BO3HUMKATh KOBaJIEHTHbIE CBs3U. Ha cxemarnu-
HBIX M300pa)KEHUSIX MaKpOMOJIEKYJ KOBAJIEHTHAs CBSI3b MOKA3bIBAECTCS Yep-
TOUKOMN: «—». DTO 03HAYAET, YTO JBa IEKTPOHA 000OIECTBICHBI CBSI3aHHbI-
MU aTOMaMHU.

[To OTHOIIEHUIO K HArpeBy IJIACTMACCHI JEIATCS Ha TEPMOILJIACTUYHbBIE
U TePMOpEAKTUBHBIC. Tepmoniacmuunvie niacmmaccol (mepmoniacmei) MO-
ryT MHOTOKPAaTHO pa3MsryatbCsl MIPU HAarpeBe M CHOBA 3aTBEpJIeBaTh, BO3-
BpaIasch K MPEKHUM CBOWCTBaM. Tepmopeaxmuenvle niacmmaccyl (peax-
monJiacmul) TIPU HATPEBE BHAYaje Pa3MsrvaroTcs, a 3aTeM HeoOpaTUMo 3a-
TBEpJEBAIOT B pe3yJbTaTe 0Opa30BaHMS KOBAJEHTHBIX CBA3EH MEXIYy Mak-
pomoJiekyinamu. JlaapbHEHITUM HarpeBOM HMX MOXXHO C)Kedb, OOYTIUTh, HO
HE pa3MAryuTh. JTO pazinyue OOBSCHAETCS Pa3HbIM CTPOCHUEM MaKpOMO-
nekyn nmoaumepoB (puc. 14.1). [Tog TepMHUHOM «CTpOCHHE MOJEKYIbD» TO-
pazyMeBaeTcs MPOCTPAHCTBEHHOE PACIOJIOKEHUE MOHOMEPHBIX TPYII B MO-
nekyne nonuMmepa. K TepMmomiactaM OTHOCSATCS MOJMUMMEPBI C JIMHEHHOU
cTpyktypoil (puc. 14.1, a), k peakToruiactaMm — ¢ 3aMKHYTOH MPOCTPAHCT-
BEHHOU CTpyKTypoii (puc. 14.1, 2). [lonumepsl, UMEIOIINE CTPYKTYPY, TTOKA-
3aHHYIO Ha puc. 14.1, 6 u puc. 14.1, ¢, NpoOsBIAIOT TPOMEKYTOUHBIE CBOMCT-
Ba M0 CPABHEHUIO C TUMU MPEJICTbHBIMU CITyYasiMH.
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Puc. 14.1. CtpoeHne MakpOMOJIEKYJ TOJTUMEPOB:
a — JINHEWHOE; 6 — Pa3BETBICHHOE; 8 — C HEOOJBIITUM YHCIIOM
MOIEPEYHBIX CBA3€EH; ¢ — 3aMKHYTasl IPOCTPAHCTBEHHAs CTPYKTypa

[IpumepamMu TEPMOILTACTUYHBIX TJIACTMACC SIBJSIOTCS IIUPOKO PaCIIpo-
CTpaHCHHBIC TTOJIMATHUIICH, MTOJTUTIPOITIIICH, TIOJUCTUPOJ, TOJTUBUHIIXIOPH/I,
(dbToporacT, KarpoH, OPraHuueCcKoe CTEKIIO.

K TepMmopeakTHBHBIM TIacTMaccaM OTHOCSITCS TUIACTUKM Ha OCHOBE
AMOKCUIHBIX U (HeHOIPOPMANIbIECTUAHBIX CMOJ, MOTUI(GUPOB U MOTHYpETa-
HOB, KPEMHUHOPTAHHYECKUE TOJUMEPBI, CTEKIOTCKCTOJHUTHl M CTEKJIOBO-
JIOKHUTHI.

CtpoeHuE MOJICKYJIBI OTMPEISseT CTPYKTYPY M CBOMCTBA TBEPIBIX ITO-
aumMepoB. OCOOEHHO BaXKHBI pa3Mep U TMOJIOKEHHWE OOKOBBIX T'PYII BAOJH
[enu MmojuMepa. ATOMBI HE JIe)KAaT B OJHOM IUIOCKOCTH, MaKpOMOJIEKYJa
MPEACTABISIET CO00M CIIOKHYIO MPOCTPAHCTBEHHYIO KOHurypamwuto. ['1as-
Hasl 1€ OOBIYHO MUMEET BUJ] CIUPAIIH, PEXKe — MJIOCKOro 3ur3ara. s npu-
Mepa IPUBOAUTCS MOJIeKyJa mojudTuieHa (puc. 14.2).

BokoBbIe Tpynmbl MOTYT OBITH B3aUMHO MPHUTATHBAIOIIUMHUCST U OTTaJ-
KUBAIOIUMHUCS, MOTYT OBITh PACIOJIOKEHBI HA OJIHOW CTOPOHE IEMH, MOTYT
PETYISPHO WITH HEYMOPSTOYCHHO YEPETOBATHCS IO CTOPOHAM IICTIH.

JluHeliHbIe U pa3BETBICHHBIE MOJIEKYJIBI TEPMOIIJIACTOB MOTYT, MPH OTI-
PEACIICHHBIX YCIOBHUAX, PACIionaratbCsi B MPOCTPAHCTBE yIopspoueHHo. Ta-
KYIO YIIOPSIIOUEHHYIO YKJIAJIKy MAaKpOMOJIEKYJ HA3bIBAIOT HAOMOAEKVAAPHOLU
cmpyxkmypou. HanMonexynsipHasi CTpyKTypa MOSBIISCTCS O] BIUSHUEM CHII
MPUTSKEHUS MEKy MOJIEKYJIAMH M TeTIOBOTO JABUKEHUS CAMHUX MOJICKYIL.
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Puc. 14.2. CtpoeHue MoJIeKybl MOIUITHUICHA

Bo3moxkHbl [1Ba BapuaHTa HAAMOJIEKYJSIPHBIX CTPYKTYp: naueyHas
CTPYKTYypa u kpucmaniuyeckas (puc. 14.3).

MaKpoMoneryna

. %E\:ﬁff" MaKpOMoneryna
S

COMpanK pocTa
fronupHa 0,07 M)

Puc. 14.3. HagMonekynsipHbIE€ CTPYKTYPHI B MOJUMEPAX:
a — TIayevHast CTPyKTypa; 6 — KpUCTaJUTHUeCKasi CTPYKTYpa;
6 — CIIMpaJIM pOCTa Ha TPAaHN KpUCTAILIA

[Ipu 0O6pa3zoBaHMK MAYEUHON CTPYKTYPHI IJIaBHBIE LIETH MAKPOMOJIEKYJI
pacrnoJioxkeHbl napauiensHo (puc. 14.3, a). B cnyuae oOpa3oBanus KpucTai-
JUYECKON CTPYKTYpPbl aTOMBI COCEIHUX LIETEeN PacnoyiokKeHbl B TPABUIBHOM
TPEXMEPHOM MOpsAKE, 00pa3ys ONpeneIeHHYI0 MPOCTPAHCTBEHHYIO pelIeT-
Ky (puc. 14.3, 6). Kpucramisl sBASIOTCS IJIACTUHKAMU UpUHOM 10 100 MKkM
n tomuuHoM okono 0,1 mxM. Kaxnaplii kpucTamn cOCTOMT M3 HECKOJIBKHUX
cnoeB TonmuHoM 0,01 MKM, KOTOpBIE MPEACTaBISIIOT COOON CrMpain pocta
Ha Tpanu kpuctamwia (puc. 14.3, ¢). llenu monmmmepa CBEpHYTHI MEXIy Tpa-
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HSIMU KaXJI0M TJIaCTUHBI, MPUYEM U3TrHObI OY€Hb KPYThIE: BCEro MO TPU aTo-
Ma yriepoaa B 180-rpagycaom m3runoe. Kpucramnmdeckue y9acTKy MOJuMe-
pa yepenyroTcs ¢ aMOp(pHBIMH, T.€. HEYMOPSAJOUeHHBIMU. AMOp(dHbBIE 001ac-
TH 00pa3yloT MaTPUIly BOKPYT KPUCTAJUIUTOB, TaM IIEMH MOJIMMEpPA PacIio-
JIO’KEHbl HEYTMOPSAOUYEHHO U NeperuieTeHbl. B pasBepHyTOM BHjE LEMb MO-
JUMepa MOXET UMETh JUUHY 10 50 MKM, TIO3TOMY OJIHA IIEMb OOBIYHO Tepe-
CEKAET HECKOJIbKO KPUCTAIUTMYECKUX M aMOop(HbIX oOnacteil. CTeneHb Kpu-
CTAJUIMYHOCTH B TNoiuMepax Hukoraa He npocturaetr 100 %, B oTinune oT
MeTaioB. OHa BO3pacTaeT C YMEHbBIIEHUEM BSI3KOCTH MOJUMEpa B SKHIKOM
COCTOSIHMH: CKOPOCTh OXJIQXKICHUS MPU TIOJYYCHUH KPUCTAJUTMUECKOTO T0-
JuMepa JA0JKHA OBbITh Malia, YTOOBI XBaTHUIJIO BPEMEHH JIJIs OPUEHTHPOBAHHO-
T'0 PACTOJIOKEHHS MOJICKYJI. Jlerde KpucTamumm3yroTcs MTOJTUMEPHI C BRICOKOH
PETYJSIPHOCTHIO MOJIEKYJ U C OOJBIIMMHU CUJIAMU MEXMOJIEKYJIIPHOTO B3au-
MOJICUCTBHA.

14.2. MexanndyeckKue CBOMCTBA MJIACTMACC

Paznuuue B CTpo€HHUU MOJIEKYJ OO0YCIOBIMBAET Pa3HYIO PEAKLHUIO Tep-
MOIUIACTUYHBIX U TEPMOPEAKTUBHBIX IJJACTMACC HAa MEXaHWYECKOE Harpy-
xeHnue (puc. 14.4 u 14.5).

g f
apaapymeme pazpyLeHUe
| I
| 2 |
| ]
B, O 1
1] | |
! | |
¥ 4 ¥
520 % £ % 515 % £ %
Puc. 14.4. KpuBas pactspkeHus Puc. 14.5. KpuBas pactsokeHus
TEPMOIUIACTUYHOIO MOJIUMEpa TEPMOPEAKTUBHOIO MOJIMMEpPA

VY TepMOIIacTOB Ha KPUBOW PACTSKEHHUSI MOKHO BBIJICIUTH 3 00JacTH:
1 — obnacts ynpyro# nedopmanuu; 2 — 00JaCTh BBICOKOAIACTHUECKOM Jie-
dbopmaruu; 3 — obnacth Bszkoro teueHus (puc. 14.4). TepmopeakTuBHBIE
MJIaCTMACChl HE UMEIOT 00JIACTH BBICOKOXJIACTHUYECKON JedopManud U pas-
pPYLIAIOTCS XPYNKO, MPUYEM IMpeAeny MPOYHOCTH COOTBETCTBYET CTEIEHb
nedopmaru He 6omee 5—15 % (puc. 14.5). Ocratounas aedopmaius y mia-
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CTMacc, B OTJIMYHME OT METAJUIOB, COCTAaBJISIET COTHU TPOIICHTOB, TaK Kak
CKPYYCHHBIC MAKPOMOJICKYJIBI MOTYT BBITSITUBATHCSI.

Mexannueckue Harpy3Kd JOIYCTUMBI TOJIBKO B OOJIACTH YIPYTOH Je-
dopmanuu (Ha pUCyHKax 3amTpuxoBaHa). HeoOXoauMo MOMHHTH, YTO IS
MJJACTMACC MEXaHUYECKHE XapaKTEPUCTUKHA — TIPEAEI MPOYHOCTH Gy, TIPEACI
TEKYUYECTH G, — SIBJISIOTCS B 3HAYUTEIHHOW CTETICHW YCIOBHBIMH BEJIMYMHA-
Mu. OHU 3aBUCAT OT BPEeMEHHU JEUCTBUSA M CKOPOCTH MPHIIOKCHHS HaTPy3KH,
YTO TAK)KE OOBICHACTCS OCOOCHHOCTSIMHU CTPOSHUS MaKPOMOJIEKYIT.

Peakrormmactel uMerOT 60Jiee BBICOKHE MPOYHOCTHBIC XapaKTEPUCTHKH,
9YeM TEPMOIUIACTHI: CTEKIOTEKCTOJIUT, HAIPUMEP, UMEET TpeIesl TPOUYHOCTH
G, 10 600 MIla. [To ynenbHO# xecTkocTH E/y M ynensHOM MPOYHOCTH Ghly
OH MPEBOCXOIUT MHOTHE CTaJIH, CTUIABBI THTAHA U ATFOMHIHWSL.

OO0pa3oBaHre KPUCTAJUTMUECKOW CTPYKTYPHI NMPUBOIUT K TOBBIIICHHUIO
MIPOYHOCTH TIOJIUMEPA: JIJISl MOJMATUIICEHA HU3KOTO JABJIEHUS CO CTEMEHBIO
kpuctaummaaoctr 80—90 % paspymiaromiee HampspKEHHE TPH PACTSHKECHUU
coctapisier =30 Mlla, a a1 MOIMATUIICHA BBICOKOTO AaBlICHHUS (CTEIEHb
kpuctaumdHocTa 50—-60 %) — He 6os1ee 16 MITa.

14.3. [Ilpumepbl NPpUMEHEHHS MJIACTMACC

Honusmunen (-CH,—CHy-), u noaunponunen (-CH,~CHCH3-),, siBis-
FOTCSl MPOAYKTAMH MOJIMMEPU3ALMH T'a3a 3TWICHA. BaXHENIIMN HETOCTATOK
— ObICTpOE CTapeHHe: 3a ABa—TPHU rojla OHU CHJIbHO pa3pyllaloTcs, 0COOEHHO
Ha COJIHEUHOM CBETE, MO JeicTBHEM yiIbTpaduoaeTOBbIX Jyueid. Yare Bce-
ro MPUMEHSIOTCS B BUJIE TUICHOK JUJIsl YIIAKOBKHM M OCTEKJICHHSI, a TaKXe TPYO,
€MKOCTEW, KOHTEHHEPOB, CIIA00HATPYKEHHBIX JETaeH.

Opeanuueckoe cmekio — TEPMOIUIACT HA OCHOBE CIIOKHBIX 3()UPOB aK-
PUIIOBOM U METAKPWJIOBOW KUCIOT. OTInMyaeTcs BBICOKOW ONTHYECKOW IPO-
3payHOCTBIO, MPOIYCKAET YIbTpaduoIeTOBbIe Yyl U O0Jee YeM B JBa pas3a
Jierye MUHEPAJIbHBIX CTEKOI. MiMeeT Xopolryto CTOMKOCTh TPOTUB CTAPEHHUSI.
Hcnonp3yeTcss B caMOJIETOCTPOCHUH, aBTOMOOMIIECTPOCHUH, JIJISi CBETOTEX-
HUYECKUX JIeTaJICH.

Tonuamuowl (KanpoH, HEWUJIOH U JIp.), B OTJIMUKE OT OOJIBIIMHCTBA TEP-
MOILJIACTOB, CIOCOOHBI norjomark Biaary (ot 3 1o 10 % H,0). Boxa s aHux
ABIIIETCS CBOEOOpPA3HBIM  IIACTU(PUKATOPOM, CHUKAIOUIMM IPOYHOCTD
Y YBEJIMYUBAIOLIMM CONPOTUBIICHUE yaapy. M3nenust n3rotaBivBaioT U3 Cy-
XOro Marepuajna, a 3aT€EM OHU B TE€YEHUE HECKOJIBKMX CYTOK IOTJIOMIAKOT
BJary u3 atMocdepsl. ITO IIECTEPHHU, BTYJIKHU, JETaI HACOCOB, MAacIO0OEH-
30IPOBOJIBI, YIUIOTHUTENIN THAPOCUCTEM, pas3iinuHble KaHaThl. Kpome Toro,
MOJIMAMUIbI UCTIONB3YIOT KaK aHTU(PUKIIMOHHBIE TOKPBITHS HAa METaJlIaX.
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CenieHUs O CBOMCTBAX TEPMOILJIACTOB MPUBOAATCS B Tabm. 14.1.

TaoOnuma 14.1

CBolicTBa TEPMOIUIACTUYHBIX IJIACTMACC

MaxkcumMaiibHast
TeMIeparypa
Marepuan B, 5, % Bk, 2 SKCIUTyaTaluu
MIla ' kJx/M
(6e3 Harpyskn),
°C
[TonuaTHien:
— HU3KOU TUIOTHOCTHU 10-18 | 300-1000 | e momaercs 60-70
(<0,94 T/m);
— BBICOKOH TUIOTHOCTH 18-32 100-600 5-20 70-80
(>0,94 T/m°)
[omunponunen 26-38 | 700-800 3-15 100
[Tommuctupon 40-60 3-4 2 50-70
ABC (anerobyruparcrupon) | 30-55 15-30 8-40 75-85
[TonmuBuHMUIXIOpHA:
— JKECTKUI; 50-65 20-50 2-4 65-85
— TUTACTUKAT 10-40 50-350 | e momaercs 50-55
dropormtact-4 2040 | 250-500 16 250
dropormtact-3 37 160-190 8-10 150
Opraanyeckoe CTEKII0 80 5-6 2 65-90
[Tonukap6oHar:
— 0€3 HAITOTHUTEIS, 60-65 80-120 20-30 135
— ¢ 30 % BoJIOKHA 90 3,5 8 145
Kamnpon:
— CyXOii; 75-85 50-130 3-10 80-100
— HACBILLEHHBIN BOIO; 35-50 160-250 >45 -
— cyxoit + 30 % BoJIOKHa; 180 3 12 100-130
— HACHIIEHHBIN BOJION +
30 % BoJIOKHA 100-125 4 18 —
*q, — 0003HaueHue ynapaou Bsskoctr o 'OCT 4647-80

PaznuuHbie peakToriacThl ¢ MOPOIIKOBBIM HAMOJIHUTEIEM MPUMEHSIOTCS
JUISL M3TOTOBJICHHS CJIOKHBIX TIO ()OpME TOHKOCTEHHBIX JeTayneil (OBITOBBIC
MIPEIMETHI, ATICKTPOU3OJIAIIMOHHBIE M HECHJIOBBIE KOHCTPYKITMOHHBIC ICTANIHN).

I'emunaxc — CIIOUCTHIN IJIACTUK Ha OCHOBE (DEHOJIBHBIX, KapOaMUTHBIX
U IPYTUX CMOJI, HAlOJHUTENEM SIBJIAIOTCA pa3iudHble coptra Oymaru. [Ipu-
MEHSETCSI KaK CTPOUTEIbHO-IACKOPATUBHBIN MaTepuai JJisg OOJIUIIOBKH TPO-
W3BOJICTBEHHBIX MOMENIEHHM, CAJIOHOB CaMOJIETOB, BArOHOB U T.II., a TAKXKE
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KaK 3JIEKTPOHM3OJIAIMOHHBIA MaTepHall JIUIsl PA3IMYHBIX JIEKTPOTEXHUICSCKIX
JeTajen.

Texcmonum (CBSI3yIOIlee BEIIECTBO — TEPMOPEAKTHBHBIC CMOJIBI, Ha-
MOJTHUTEITb — XJIOMYaTOOyMa)KHBIC TKAHU) JTyUIIIe BCEX CIIOMCTHIX TUIACTHKOB
MOTJIONIAeT BUOPAIMOHHBIE HArpy3Kd. XOPOIIO COMPOTHBISETCS H3HOCY,
OTCYTCTBYET CXBAaThIBAaHHUE CO CTAJIbHBIMH JACTAIAMH. [IpumenHsieTcs s
CpeIHEeHArPyKEHHBIX JeTallel, UCTIBITHIBAIONINX TpeHHE (OecurymMHbIC 3y0-
JaThle TIepeaadn, KyTadKu, ITKWBBI, BKJIABIIH MOAMMUITHUKOB). OcOOEHHO
IIMPOKO OECIIYMHBIE TEKCTOJMUTOBBIC MIECTEPHU HCIIONB3YIOTCS B TEKCTHIIh-
HOM 00O0pY/I0BaHUHU.

Hpesecno-croucmote naacmuku (/[CIT) COCTOAT U3 TOHKUX JINCTOB JIpe-
BECHOTO IIIMTOHA, MPONMUTAHHBIX CMOJIAMH M CIPECCOBAHHBIX B BHJIC JIMCTOB
T, Mmeror Hu3kuili KOG UIIMEHT TpEeHHs, 3aMEHSIIOT TEKCTOJIUT
Y I[BETHBIC CIIABBI B KAYECTBE MaTepuaja JjIsl MOAIMIUITHIKOB, BTYJIOK, IITKH-
BOB, TTOJI3YHOB, aBTOMOOWJIbHBIX JCTAJICH.

CmexnosonoxHumul (CBSI3yIOIIEE BEIIECTBO — CHHTETUYCCKUE CMOJIHI,
HaIOJIHUTENIb — KOPOTKOE CTEKJIIOBOJIOKHO THUaMeTpoM 5—20 MKM) HCHOJIb-
3YIOTCS JIJISl CHUIOBBIX JJICKTPOTEXHHUYECKUX JETale W MalTuHOCTPOUTEIIb-
HBIX JieTaJIell BHICOKOTO Kjlacca TOYHOCTH 000 KOHPUTypaluu, ¢ apMary-
poii u pe3b0oi.

B creknoTekcTonuTax CBS3YIOMIUM TaKXKe SIBISIOTCS CUHTETUYECKUE
cMoutbl — (heHoMo(popMaTbACTHIHBIC, KPEMHUHOPTaHUYECKHUE, YTTOKCHTHEIE,
nomdPUpHBIE, a HAMIOJHUTENIEM — CTEKJISHHBIC TKaHU PA3JIMYHOIO TUIETE-
HUA. [IpOYHOCTH CTEKIIOTEKCTOIMTOB MaKCHMaNIbHAS U3 BCEX CIOMCTBIX ILIa-
cTUKOB. [IpuMeHsIOTCS 11 KPYMHOTabApUTHBIX 3NN (KOpIlyca JIOJOK,
Ky30Ba aBTOMOOUJIEH).

AcbosonokHumul u acbomekcmoaumsl B Ka4e€CTBE HAMIOJHUTEIS COMIEP-
’aT COOTBETCTBEHHO acOECTOBOE BOJIOKHO MJIM acOECTOBYIO TKaHb, CBSI3YIO-
mee BenecTBO — (HEeHOJoPOopMaNbIETHAHBIC WM KPEMHUUOPTaHHMYECKUE
CMOJIBI. DTO (PUKIMOHHBIE U TEPMOU3OJIAIMOHHBIC MaTepuaibl. [Ipumens-
FOTCS JUISl TOPMO3HBIX KOJIOJIOK, (DPUKIIMOHHBIX TUCKOB (KOA(D(PHUIIMEHT Tpe-
uus 6e3 cmasku f = 0,3-0,38).

CBeeHHs O CBOMCTBAaX PEAKTOIIACTOB MPUBOASTCS B Tab. 14.2.
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CBolicTBa TEPMOPEAKTUBHBIX IJIACTMACC

Ta0Onunma 14.2

MaxkcumannHas
an*, TEMIIEpaTypa dKC-
Marepuan Gy, MIla | 8, % KH;( 2 nnyafaugfl (Ges
Harpysku), °C
TepMopeakTUBHBIC TOTUMEPHI
0c3 HAIOJIHUTEICH:
— (penonopmanbIeTHAHBIC; 15-35 1-5 menee | 200
— oA (UPHBIE; 42-70 2 95-120
— DIIOKCHUIHBIE; 28-70 3-6 150-175
— KPEMHUHOPraHMYECKHe 2242 5-10 350
IToponikoBbIe TIIACTMACCHI 30-60 1-3 0,55 100-200
BonokHUTEI 30-90 1-3 10-20 120-140
I'etrHaxcel 60-70 - 4-5 125
TeKCTOIHUTHI 65-100 1-3 20-35 90-105
[TopucThie 1aCTMACCHI 0,5-2,5 - okouo 1 -

*ap — o0o3Hadenue yaapHoit Bszkoctu o 'OCT 4647-80
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15. KOMHO3ULINOHHBIE MATEPUAJIBI

Komno3uyuonnvlie mamepuanvt OTHOCSITCS K HOBOMY KJacCy JIETKHX
Y BBICOKOIIPOYHBIX MAaTEPHAIOB C OOJIBIINM COMPOTHBICHUEM Pa3BUTHIO Tpe-
IIMHBL. YPOBEHh TPeOyeMOro KOMILIEKCA CBOMCTB MPOCKTHPYETCS 3apaHee
U peajn3yeTcs B MPOIECCEe M3TOTOBJICHUS KOMIIO3UIIMOHHOTO MaTepHaa.

B KOMIIO3UIIMOHHBIX MaTepuaiax OuYeHb MPOYHbBIC, HO XPYIKUE BOIOKHA
(UIMHHBIE WM KOPOTKHE) HAXOJATCA B OKPY)KCHHU METAUIMYECKOW WIIU
MJIACTMACCOBON Mampuysl. B kauecTBe BOJIOKOH UCIIOIB3YIOT BBICOKOIPOY-
HYI0 METAJUTMYECKYIO MMPOBOJIOKY, METAUIMYECKUE WU KepaMHUYECKUE HUTE-
BHJIHBIE KPUCTAJUIBI C OUYE€Hb HU3KOW MJIOTHOCTBIO TUCTIOKAIIUN, CTEKIITHHBIC
WM KepaMHYECKUE HUTH, HalpUMep, U3 Oopa Wiau yriepoja. BonokHa sB-
JSIOTCSI DJIEMEHTaMH, BOCIIPUHUMAOIIMMH HArpy3Ky, a MaTpHIla pacrupese-
JIIeT HArPY3Ky MEXJy HUMH, 3aIUIIAeT UX MOBEPXHOCTh 1 MOBBIIIACT dHEP-
THI0 PACTIPOCTPaHEHUS TPEIIUHBI, TMPEIYyIPEkKaas TEM CaMbIM pa3pyIIcHUE
XPYIKOTO THUMA. ITOT MPUHILMI YIIPOYHEHUS] KOMIIO3UIIMOHHOTO MaTepuasa
MIPOTHBOTIONIOKEH PA3IMYHBIM METOJIaM YIPOUYHEHUS METAJJIOB, KOTJa Me-
TaJUTMYeCKasi MaTpHIa YIIPOUHSIETCS, HaIPUMED, 32 CUET BBIACICHUN BTOPOM
¢da3pl. B KOMITO3UIIMOHHBIX MaTepHallax MPOYHOCTh WM TBEPAOCTh CaMOM
MaTpuIlbl, 01aro1aps HAIMYHUIO BOJIOKOH, HE TTOBBIIIIASTCS.

OTnuuuTensHON OCOOCHHOCTHIO KOMITO3HITMOHHBIX MATEPHAIOB SIBJIS-
€TCS TO, YTO B HHUX IMPOSBISIOTCS JOCTOMHCTBA KOMIIOHEHTOB, a HE HX
HEJOCTaTKU. BMecTe ¢ TeM KOMITO3UITMOHHBIM MaTeprajaM MPUCYITH CBOM-
CTBa, KOTOPBIMH HE 00JIaal0T OTACIBHO B3SAThIC KOMIIOHEHTHI. JIJIsl ONTUMHU-
3aIMM CBOMCTB KOMITO3HUITUH BBHIOMPAIOT KOMITOHEHTHI C PE3KO OTIUYAIOIIH-
MHUCSI, HO JIOTIOJHSIOIIUMU JIPYT Ipyra CBOMCTBAMM.

Bonbimas BA3KOCTh KOMIIO3UTOB O0YCIIOBJICHA OJHUM WIIM ABYMS MeXa-
HHU3MaMHM, B 3aBUCHMOCTH OT BHJIa MaTpHUIIbl. B cllydae MeTaymnyeckoi MaT-
PUIIBI DPHEPTUS Pa3PYIICHUS BEJIHMKA MPHU MEPECEUYCHUN TPEIIMHON TUTaCTHY-
HOM MeTtayumueckort ¢asbl. [Ipu Mcronb30BaHUM MIIACTMACCOBOW MATPHIIBI,
KOTOpasi caMa XpyIKa, CIEIUICHUEe TI0 TIOBEPXHOCTH pasjieia BOJOKHA M MaT-
pPHUIIBI TOJDKHO OBITH CIAaOBIM, YTOOBI Ha ATOM IMOBEPXHOCTH IMPOHCXOJIHIIO
PacKpBITHE TPEIIUHEI U €€ 3aTyIUICHHUE.

B xoMmo3uliMOHHOM MaTtepuajie riIaBHYIO POJib B YIPOUYHEHUU WUTPAIOT
HAITOJTHUTENIM, WX YacTO Ha3bIBAIOT YIPOYHUTEISAMHU WU apMHUPYIOIIMMHA
KOMIIOHEHTaMH. YTIPOYHHUTEIN JOJDKHBI 00JIaaTh BBICOKOW IPOYHOCTHIO,
TBEPJOCTBIO U BBICOKUM MOJyJieM ynpyroctu. C yBeIWYECHUEM ITUX Xapak-
TEPUCTUK HAIMOJIHUTENS MOBBIIIAIOTCS COOTBETCTBYIOIIME CBOWCTBA KOMIIO-
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3UIIMOHHOTO MaTepHayia, XOTs OHU W HE JIOCTUTAIOT XapaKTEPUCTUK HAIoJI-
HUTEJIS.

JUist TOCTHKEHUsT MaKCUMAaJIbHON MPOYHOCTH KOMIIO3UIIMOHHOTO Mate-
puaiia BOJIOKHA JOJDKHBI OBITh PACMHOJIOKEHBI MapajuleIbHO HAIPABIICHUIO
nercTBus HarpsbkeHus. [lo 3Toil mpuumMHE pacnoyioKeHUE BOJOKOH IO O/I-
HOM M3 CXEM apMHUPOBAHUS MOXKET OBITh OMHOOCHBIM (puc. 15.1, a), mo apy-
roii — IByXocHbIM (puc. 15.1, 6) uau TpexocHbIM (puc. 15.1, 6).

2 e 4

a

Puc. 15.1. CxemMbl apMupOBaHUs KOMITO3UIIMOHHBIX MAaTEPHAJIOB

JUist pacuivpeHuss KOMIUIEKCA CBOWCTB WM YCUJIEHHUS KaKOTO-TUOO
CBOMCTBA IIPYM apMUPOBAHUM KOMIIO3UIIMOHHBIX MaTE€pUaIIOB OJHOBPEMEHHO
MCIIOJIB3YIOT Pa3HbIE HAIIOJIHUTENH Pa3IudyHON (pOopMbI U pazMepoB. Tak, 1y
IIOBBILIEHHS MOAYJSA YIPYTOCTH KOMIIO3UIIMOHHBIX MaTEPUaJIOB C IOJUMEP-
HOM MaTpULEW, apMUPOBAHHON CTEKJISHHBIMM BOJIOKHAMU, JOTIOJHUTEIBHO
BBOJISIT BOJIOKHA Oopa.

KoMno3uimonHele MaTepuaiibl, KOTOPbIE COAEpX aT ABa U OoJiee pas-
JUYHBIX HAITOJIHUTES, Ha3bIBAIOT nouapmuposannsvimu (puc. 15.2, a).

CeO0eOen T

08 0O O8

O Q" 0% Q0

* O O 0O%

O O ® 0O® 0O

s0es0e0 s o-BEonakHa 1 CJ-MaTpuua 1
gEne e s-BonokHa 2 Matpuua 2

a o

Puc. 15.2. Cxema moimapMHpPOBAHHOTO (@) U MOJTMMATPHYHOTO (0)
KOMITO3UITMOHHOTO MaTepuaia
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Martpuna cBsi3pIBa€T KOMIIO3UIMIO U mpujpaer el popmy. OT cBOHCTB
MaTPUIlbl B 3HAYUTEIHHOW CTETICHH 3aBUCAT TEXHOJIOTHYECKHUE PEKUMBI T10-
Jy4eHHUs KOMITO3UIIMOHHBIX MAaTEPUAIOB U TaKHe IKCILTyaTallMOHHbIE XapaK-
TEPUCTUKH, KaK pabodas TeMIepaTypa, COMMPOTHBICHUE YCTAIOCTHOMY pa3-
PYILICHUIO W BO3ACHCTBUIO OKPYXKAIOIIEW Cpelbl, TUIOTHOCTh U yJeibHas
npouHocTh. Co371aHbl KOMITO3UIIMOHHBIE MaTepHUANIbl C MATPHUIICH, COCTOSI-
el U3 YepeAyrolmxcs CIOEB Pa3IMyHOTO XMMHUYECKOTro coctaBa. B stom
cIydae KOMITO3WIIMOHHBIE MaTepHaibl HAa3BIBAIOT  HOAUMAMPUYHBIMU
(puc. 15.2, 6). Jlns moJMMAaTPUYHBIX MaTepHAIOB XapakTepeH 0oJiee MIHPO-
KM KOMIUIEKC TTOJIE3HBIX CBOUCTB.

Hamnpumep, coBMecTHOE HMCIOIB30BAHUE B KAYECTBE MATPHUIIBI aTIOMHU-
HUS U TUTaHA yYBEJIMYMBACT MPOYHOCTH KOMITO3UITMOHHOTO MaTepuaja B Ha-
MIpaBJICHUU, TIEPICHANKYIIPHOM OCH BOJIOKOH. AJIOMUHHMEBBIE CIIOM B MaT-
puIle CrocoOCTBYIOT YMEHBIIIEHUIO INTIOTHOCTH MaTeprara.

B kadecTBe Marpull METaNIMYECKUX KOMIIO3UIIMOHHBIX MAaTEepUaioB
HCTOJIB3YIOT METAJUIbl: AJIIOMUHHM, MarHui, TUTaH, >KapONPOYHBIA HUKEIIb
Y CIUIaBbl Ha UX OCHOBE; JJII HEMETAUTMYECKUX — MOJIUMEPHBIC, YTIEPOIU-
CTBIC U KEPAMHYCCKUE MaTEPHAITHI.

15.1. CBoiicTBa U CTPYKTYPA KOMIIO3UIUOHHBIX MATEPHUAJIOB

CBoONCTBa KOMITO3UTOB 3aBHUCSAT B 3HAYUTEIBHOM MEPE HE TOJIBKO OT
CBOMCTB MaTPHIIbl U HAMIOJIHUTEJICH, HO U OT pa3MEpOB apMUPYIOIIUX BOJIO-
KOH, CXEMbI ADMUPOBAHUSA U COACPKAHUS HAMOJHUTENS B MATPHUIIE.

[Ipu ynnpouHeHnr BOJOKHAMHA KOHEYHOM JJIMHBI HArpy3Ka Ha HUX Iepe-
JaeTCsl Yepe3 MaTpuily ¢ MOMOIIBIO KacaTelbHbIX HanpsbkeHuil. C yBenuue-
HHUEM JUIMHBI BOJIOKHA MOBBIIIAETCS BO3HUKAIOIIEE B HEM HampsbkeHue. [Ipu
ONPENCICHHON [IJINHE, HA3bIBAEMOW KPUTHUYECKOM, HANPSKEHUE TOCTUTAET
MaKCHMaJIbHOTO 3HAYECHUS M HE MEHSETCS MPU JAJbHEUIIEM YBEIMYECHUU
JUITMHBI BOJIOKHA.

TeopeTnueckue pacueTsl, MPOBEPEHHBIC MPAKTUKOW, MOKA3BIBAIOT, YTO
YEM TOHBIIE U JJIMHHEE BOJIOKHO, TEM BBIIIEC CTENEHb YIPOUYHEHUS KOMIIO-
3UIIMOHHOTO MaTepuana. CmeneHb YNPOUHEHUsT KOMNO3Uma — 3TO OTHOIIIE-
HHUE TMPOYHOCTH KOMIIO3UIIMOHHOTO MaTepuaia K MPOYHOCTH BOJIOKHA:

oM /6B (puc. 15.3).

Cxema apMHpOBaHHs OKa3bIBAE€T OOJIBIIOE BIMSHUE HA AHU30TPOIHUIO
CBOMCTB KOMITO3UTOB. [Ipu pacTsbkeHuu npeznenn npo4HOCTH M MOAYJIb YIPYTro-
CTH JIOCTUTAIOT HaMOOJBIINX 3HAYEHUH B HAIIPABJICHUM PACIIOJIOKEHHS BOJIO-
KOH M HAMMEHBIIMX — B MONIEPEYHOM HanpasiieHuu. HanpruMep, KOMIO3UIMOH-
HBIl Marepuajl C MaTpULIEW U3 TEXHUYECKOIO AJIFOMUHMS, YIPOUYHEHHBIA BO-
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JokHaMHu Oopa, B HampaBiieHUU BOJIOKOH umeeT G, = 1000-1200 MlIla, a B mo-
nepeuynom — 60-90 MITa.
[Ipn nByXOCHOM apMHpoOBa-
oM Gl HUY aHU3OTPOIMS CBOWCTB HE Ha-
omonaerca. OgHaKo MO CpaBHE-
HUIO C OJHOOCHBIM apMHPOBAHH-
€M TIPOYHOCTH BIOJIb OCH BOJIOKOH
YMEHBIIIAeTCs MOYTH B 3 pasa.
ConepxaHve HamoOJHUTEIIS
B MaTPUIIC OKAa3bIBaCT BIIHSIHHC
Ha XapaKTEPUCTHKH KOMITO3HIIH-
OHHOTO MaTepHajia 1Mo aHAJIOTHH
. . . CO CIUTaBaMU — MEXaHHYECCKUMU
0 10200 30 IAd CMECSAMH KOMIIOHCHTOB: IO JIH-
HEMHOW 3aBHUCUMOCTH. M ckmroue-
HUE  COCTaBIIIIOT  MaTepHaIbI

041

il

0,3

il

0,2

il

0,1

il

Puc. 15.3. Teopernueckasi 3aBUCUMOCTh
CTEIEHU YIPOYHEHUSI KOMIIO3ULIUOHHOTO

0
Marepuaia ot cootHomenus | /d coueHb MambiM (< 5 %) wnn
0
VIPOYHUTENS: | — A7MHA BOIOKHA; o4eHb OoybumMm (> 80 %) co-
d — quamerp BOJIIOKHA nepaHueM BosiokHa (puc. 15.4).
Gy
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|
|
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Puc. 15.4. I3meHenne npoYHOCTH KOMIIO3UIIMOHHOTO MaTepualia
B 3aBUCUMOCTH OT COJEPKAHUS YIIPOUHUTEISA

MoeT moka3aThCsi HEO)KUJAHHBIM, YTO A00aBJIEHUE B MAaTPHUILy BBICO-
KOIIPOYHBIX BOJIOKOH HE TMPUBOAMUT K HEMOCPEICTBEHHOMY YBEJIWYEHHUIO
MPOYHOCTH KOMIIO3HMTA, HO MPUYMHA 3aKJII0YAETCS B Pa3jIMYUM BEJTHYUH JIe-
¢dbopmManuu, pu KOTOPBIX pa3pylIaroTcs 0b6a kommnoHeHTta. [lpu mamom co-
AepKaHUW YIPOUHUTENS BA3Kas MaTpULA 10 pa3pylICHUs] HCIIBITHIBACT 3HA-
YUTEIBHO OOJIBIIYIO 1ehOpMaIUIo, YeM XPYNKHH yIIPOYHHUTENb, YTO MPHUBO-
JUT K TIOJTHOMY YHUYTOXEHHIO CLIETNICHUS! BOJIOKOH C MaTpHUIEH.
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YMeHblIeHHe TPOYHOCTH KOMITIO3UIIMOHHOTO MaTepuaia rnpu 00JbIIoM
COJIEp’)KaHUU YIPOUYHMUTENS CBSA3aHO C JOCTHIKEHHUEM TNpejena IUIOTHOCTU
YIAKOBKU YNpO4YHUTENsT 0e3 ero paspyiieHus. TeopeTHueckui BepXHUI
MpeAell INIOTHOCTH YIaKOBKH MMapajuIebHbIX HUIMHAPOB paBeH 91 %, mpak-
TUYECKU €ro MakcumaiibHas BenuuuHa — 80 %, Bbllle KOTOPOMl MPOYHOCTH
KOMITO3UTa YMEHBIIAeTCs U3-3a MOBPEXKACHNUS BOJIOKOH MTPU KOHTAKTE.

Mo1y/ib YIPYrocTH KOMIO3HIMOHHOr0 MaTepuana (E"') MoJCuHThIBA-
[OT, HCXO/Is U3 00BbeMHOro conepkanns BoxokoH (V°) u marpursr (VV) u ux
moyieit ynpyroctu (E°, EM):

EM= EB.VP + EM(1 - V).
[TpoYHOCTH KOMITO3UTA PACCUYUTHIBAIOT 110 aHATOTUIHOU popMmyire:
KM B\ /B M B
c =c -V +o (1-V).

[IpoyHOCTh KOMITO3ULIMOHHBIX MATEPUAIOB, KaK YK€ YINOMHUHAJIOCH,
CHJIPHO 3aBHUCHUT OT MPOYHOCTH CIEIIICHUS BOJOKOH ¢ Marpuiei. TpeOye-
MyI0 MPOYHOCTh CIEIUIEHUs o0ecnedynBaoT Iup(y3uoHHBIE MPOLECCHI
¥ XUMHYECKHUE PEaKIiu, MPOTEKAIoIUe Ha TPAHUIIE pa3ziesia MEeXIy BOJIOK-
HOM U MaTpULIEH MPHU U3TOTOBJICHUH KOMIIO3UIIMOHHBIX MATEPUATIOB U TPU
WX HCTIOJIB30BaHUU. [[J151 METAITMYECKHX KOMITO3UTOB MIPOYHAS CBSI3b MEXKIY
BOJIOKHOM M MaTpulled OCYIIeCTBIAETCA Oaronaps UX B3aUMOJIEHCTBUIO
¥ 00pa30BaHUIO OYEHb TOHKOTO CIIOSI MHTEPMETAIUTHAHBIX (a3. Ecnu Mexmay
BOJIOKHAMU U MaTpuUlEd HET B3aMMOJCHCTBUS, TO Ha MOBEPXHOCTh BOJIOKOH
HAHOCST CIEIUaIbHbIC TIOKPBITUS IS €To obecrieueHus (puc. 15.5).

Puc. 15.5. Crpykrypa n3ioMa KOMIIO3UIIMOHHOTO MaTepurasa
(pacTpoBas PJEKTPOHHAS MUKPOCKOTIHS )
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Ha mnpuBeneHHOM pHCyHKE H3JI0Ma KOMIIO3ULIMOHHOTO MaTepuaia
C MaTpUIEH W3 ATIOMHHHS ¥ apMHUPYIOIMIMM OOPHBIM BOJOKHOM XOPOIIO
BUJHBI pa3pyllICHHbIE BOJIOKHA, OKPY>KEHHBIE CHEIMAIbHBIM MOKPBITUEM, U
MPOCIIOMKH BSI3KOTO aTFOMUHMUSL.

JUIs KOMIIO3UTOB Ha HEMETAJNIMYECKOW OCHOBE CBSI3b MEXKIY KOMIIO-
HEHTaMH OCYIIECTBISETCS C MOMOIIBIO aAre3uu (MeXMOJIEKYJISIPHOTO B3au-
MOJICHCTBHS).

[Inoxoii agresueit kK MaTpuile 001aal0T BHICOKOPOYHBIE OOpHBIE, yT-
JEpOAHbIE U KEPAMUYECKUE BOJIOKHA. YIIyUIIEHHE CLEIUICHUS JTOCTUIAEeTCs
TpaBJICHUEM WJIH GUCKepusayuel — BBIPAIIUBAHUEM MOHOKPUCTAIIOB Kap-
Ousla KpeMHHUsI Ha MOBEPXHOCTH YTJIEPOAHBIX, OOPHBIX U JPYIHX BOJIOKOH
NEepHEeHIUKYISIPHO UX JyIMHE. BonokHa 6opa mocie Takoil 00pabOTKU CTaHO-
BATCSL «BOPCUCTBIMU», U UX Ha3bIBAIOT «OOPCHUK.

15.2. Buabl apMuUpYyHOIIMX MaTEepPUAJIOB

B tabn. 15.1 npuBeneHsl BUAbBI U (HU3UKO-MEXaHUUECKUE XapaKTepH-
CTUKHU apMUPYIOIIUX BOJOKOH KOMIO3UIIMOHHBIX MAaTEPHUAIIOB.

VYrnepoiHble BOJIOKHA MOIYYalOT BBICOKOTEMIIEPATYPHON TEPMHUUECKON
00pabOTKOUN B MHEPTHOM Cpeie CHHTETUYECKUX OPraHUYECKUX BOJOKOH.

B 3aBuCcHMMOCTH OT BHJa MCXOJHOTO TMPOJYKTa YIJIEPOJHBIE BOJIOKHA
MOTYT OBITh B BUJI€ HUTEH, KI'YTOB, TKAHU, JICHT. Yarie Bcero Jjisi Mpou3BoI-
CTBA YTJIEPOAHBIX BOJOKOH MCIOJB3YIOT BUCKO3Y W MOJUaKpiHUTpuI. [Ipu
HarpeBe CUHTETUYECKOE BOJIOKHO pasyiaraercs ¢ 00pa3oBaHHEM JIEHTOOOpa3-
HBIX CJIOEB YIJIEpOJA C I'EKCAarOHaJbHOW CTPYyKTypou. lIpm Harpese Bblle
450 °C Ha BO31IyXE YIIIEpOIHBIC BOJIOKHA OKUCIISIOTCS, 2 B BOCCTAHOBHUTEIIb-
HOM M HEWUTpanbHOW aTMoc(epe COXpaHSIOT CBOM MEXaHUYECKHE CBOWCTBA
10 2200 °C. K 1oCTOMHCTBaM yIJIEPOJHBIX BOJIOKOH OTHOCSITCSI BBICOKHME Te-
IJI0- U AIEKTPONPOBOAUMOCTb, KOPPO3UOHHASI CTOMKOCTh, CTOMKOCTh K TET-
JIOBBIM yJapam, a K HeJoCTaTKaM — IIJI0Xask CMa4yuBAeMOCTh PacIUIaBICHHbI-
MU MaTepHualaMu.

Jlns yinydiieHuss CMauyMBaeMOCTH M YMEHBIICHUS XMMUYECKOTO B3au-
MOJICHCTBUSL C MATPUIIEH Ha YIJIEPOAHBIE BOJIOKHA HAHOCSAT MOKPBITHUS, Ha-
MpUMep, IS aTIOMUHUEBOW MAaTPUIIbl HAHOCAT TTOKPHITUS U3 OOPUIOB THUTA-
Ha U IUPKOHUA.

BopHble BONOKHA MOMYyYaroT pasliokKeHUEeM Xjopuja 0opa B cpeae Bo-
J0poja ¢ MOCIENYIONMM OCaXKJICHHEeM Oopa W3 ra3oBoi (a3sl Ha TopsUeH
Bosb(pamoBoii HuTH (d = 12 MkMm). B pesynbrate B3ammojeicTBus Oopa
C BOJIb()paMOM, TIPU TPOJIOJDKUTEILHOM HarpeBe, cepiiieBHHa OOPHBIX BO-
JIOKOH COCTOUT M3 OOpUIOB BOJibPpama pazIMYHOTO COCTaBa, B OCHOBHOM
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WB,. IIpu HeOobII0# MIOTHOCTH BOJIOKHA O0opa 001a1al0T BEICOKOM MTPOY-
HOCTBIO U KecTKocThio. [Ipu Temmnepatype Boiiie 400 °C GopHbIE BOJOKHA
OKUCIIAIOTCA, a npu Temneparype Bbime 500 °C BCTynmaroT B XMMHUYECKOE
B3aMMOJEHUCTBUE C ATFOMUHUEBOM MaTpuliei. /{1 NOBBIIEHUS KapOCTOMKO-
CTH U MIPEJOXPaHEHUs OT B3aUMOJICUCTBUS C MaTpulleld Ha OOpHBIE BOJIOKHA
HAHOCST TIOKPBITUS W3 KapOua KpeMHHUsI, KapOuaa ¥ HUTpUaa 00pa TOJIIH-
HOM 3—5 MKM.

TaoOmuma 15.1

Du3NKO-MEXaHUUCCKHE XapPaKTCPUCTUKN apMHUPYIOHNINUX BOJIOKOH

Cpennuit
[Ipenen Monyib
Temneparypa | [LnoTHOCTH JAAMETP
Marepuan oC N MPOYHOCTH | ynpyrocTd | - -
TUIABJICHHS, P, 5, MIIa E.I'Tla ,
MKM
I'pacdut 3650 1,6-2,0 1687-3374 | 216-677 | 5,8-7,6
bopcuk
Ha BOJIb(PaMOBOIA 2300 2,77 27074060 | 373412 104
IPOBOJIOKE
Kap6un kpemuus
Ha BOJIb(PaMOBOI 2200 3,35-3,46 | 2236-3893 | 471-492 102
MIPOBOJIOKE
Oxomn 2040 3,14 2030 169 3
ATIOMHHHUS
Crexiio - 2,5 4482 89,3 —
bepunmii 1284 1,85 686981 295 125-1500
Bonbdpam 3410 19,3 1657-3207 420 50-1270
Hepmareromas - 78 3800 200 150
CTab
HurteBuiHbIE MOHOKPUCTAJLITBI
Candup 2040 3,96 4021-23634 | 402-1010 | 0,51-11
KapOun kpemHust 2690 3,22 13533-40600| 441-1010 | 0,51-11

CTEeKJI0BOJIOKHO MOJYYaroT MPOJAaBIMBAaHUEM CTEKJIOMACChl uepe3 CIie-
[UaJIbHBIC (DHIIBEPHI MIIM BBITSTHBAHMEM M3 paciuiaBa. /[ CTEKIIOBOJIOKHA
XapakTepHa BBICOKAs MPOYHOCTh, TEIUIOCTOMKOCTh, HU3KAs TEIJIOMPOBOJI-
HOCTh M BBICOKas KOPPO3WOHHAas CTOMKOCTh. M3roraBiaumBaroTcs JBa BHUJA
CTEKJIOBOJIOKHA: HempepbiBHOE, nuaMeTpoM 3—100 mxMm, mymHoU 10 20 000 M,
u mraneiabHoe, auamerpom 0,5-20 mxm, gmuHon 0,01-0,5 m. ltanenbHbie
BOJIOKHA TMPUMEHSIOT JJIsI M3TOTOBJICHUS KOHCTPYKIIMOHHBIX MaTepHaJIOB
C OIHOPOJHBIMU CBOMCTBAMH M TEIUIO- U 3BYKOU3OJSALIMOHHBIX MATEPUATIOB.
HenpepbiBHBIE — 1J1s1 BRICOKOIPOUHBIX KOMIIO3UIIMOHHBIX MaTE€pUaJIOB Ha
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HEMETAJUTMYECKON OCHOBE. B HacTosiiee BpeMsl BBIITYCKAlOT HENPEPHIBHBIC
BOJIOKHA C KBaJpaTHOM, MPSMOYTOJbHOM M HIECTUYTOJIbHONU QopMoOil morie-
PEYHOTO CEYEHUSI, YTO MOBBIIIAET MPOYHOCTh U )KECTKOCTh KOMITIO3UTOB OJia-
rojiapsi 0oJiee IIIOTHOM yIIAaKOBKE B MaTpPHIIE.

Meramueckasi MPOBOJIOKA SIBJIsIETCA HamOoJiee JIEMIEBBIM U TEXHOJO-
TUYHBIM yIPOYHUTENIEM. B OCHOBHOM HUCIOJIB3YIOT MPOBOJIOKY U3 KOPPO3H-
OHHO-CTOMKMX cTajied. bosblas creneHp ImiacTUYecKou nedopmaiuu mnpu
BOJIOYEHUU TPOBOJIOKHM BBI3BIBACT OOJBINOE yMpOYHEHHUE. BhICOKas Temrie-
paTypa peKpUCTaUIM3alMK JIETUPOBAHHONW CTallM 00EeCeunBacT MPOBOJIOKE,
0COOEHHO M3 CTaJIed ayCTEHUTHOTO Kjlacca, MPOYHOCTh TP BHICOKOU TeMIIe-
patype. lJisi KOMIO3UTOB C aJTFOMUHUEBON MaTpUILIE, apMUPOBAHHOU CTallb-
HOHM MIPOBOJIOKOH, TemmepaTypa He aojkHa npeBbimath 550 °C, nnaue mnpo-
HCXOJUT aKTUBHOE B3aUMOJICHCTBUE KOMIIOHEHTOB.

Bricokoii xaponpourocteio (1o 1200-1500 °C) obmamaeT mpoBoIoKa
U3 TyromiaBkux mMetamioB (Mo, W, Ta) , moaToMy ee IpUMEHSIOT JIJIsl apMU-
POBaHMS KApOMPOUYHBIX MaTpull. HegocTaTKkoM ympoOuHUTENS U3 TYroIiaB-
KHX METAJUIOB SIBJISIETCS] UX BBICOKAsI INIOTHOCTb.

Marnoi mIoTHOCThIO U OOJBIION YAEIBHON MPOYHOCTHIO 00J1a/1aeT MPo-
BOJIOKa U3 Oepuiutnsi. bepuimueByo mpoBOJIOKY MOJTYYaloT BhIJAaBIMBAHUEM
W3 JIUTOU WJIM MOPOIIKOBOM 3arOTOBKH, 3aKIIOUEHHONW B HUKEIEBYIO 00004-
Ky. CuibHO AedopMHUpoBaHHas OepuiUIMeBasl MPOBOJIOKA MMEET BBICOKYIO
temriepatypy pekpuctaiuzamnuu (700 °C). bepuuineByro IpoBOJIOKY IieJie-
COO00pa3HO MPUMEHSTH ISl apMHPOBAHUSA MAaTPHI] ¢ Majioi mmoTHocThIo (Al,
Mg, Ti).

HurteBugHble MOHOKPUCTAIIBI («YChI») MMEIOT HauOOJBIIYIO >KECT-
KOCTh M MPOYHOCTh U3 BCEX apMUPYIOIINX MaTepuasioB. JlJisi HUX Xapakrep-
Ha OYEeHb Majias MJIOTHOCTh AUCIOKalui. JlokazaHo, 4TO CKpyYMBaHHUE YCOB
B mipoiiecce oopazoBanuss MOHOKpUCTAILTOB Al,O3 u SiO, BBI3BaHO HAIMYU-
€M B HUX €JUHCTBEHHON BUHTOBOM JUCIIOKALIMH, PACIIONIOKEHHON BAOJb OCH
pOCTa KpUCTAJLJIOB.

15.3. Komno3nunoHHbIe MATEPUAJIbI
¢ METAJJIMYECKOM MaTpuLen

[TomyyeHne KOMIO3UIUOHHBIX MaTEpUAIOB HA METAJUIMYECKON OCHOBE
OCYILIECTBIISIETCS B OCHOBHOM TakKMMHU MeTojaMu: (popMOBaHHMEM BOJOKOH
B MOPOIIKE, MPOMNHUTKOW BOJIOKOH XHUJIKUM METAIUIOM, IPEABAPUTEIBHBIM
OCAXJIEHHEM MaTepuaja MaTpUlbl Ha BOJIOKHA C MOCIEAYIOMHUM (HopMOBa-
HUEM W CIIEKaHHWeM, TopsuuM (popmoBaHueM u criekanuem. OCHOBHAs MPO-
0JiemMa TIpu ATOM — JIOCTHXKEHUE PABHOMEPHOCTH CMECH BOJIOKOH U MaTPUIIHI.
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Jlns Xopoliei mMpoNnuTKA BOJIOKOH KUJIKOW MaTpHIlel HE0OXO0IUMO Ha-
JUYUE XOPOIlIeH CMauynBa€MOCTH, TaK KaK IJI0Xas CMauYuBaE€MOCThb MPUBOJIUT
K oOpa3zoBaHui0 MOpUcTOCTH. [Ipn HEOOXOIUMOCTH CMAaYMBAEMOCTh YBEJIHU-
YUBAIOT IyTEM NPEABAPUTEIHLHOTO MOKPHITUS BOJIOKOH MeTaiiamu. [IponuT-
Ka BOJIOKOH IPOBOJUTCS KaK 3a CYET KaNWUIAPHBIX CHJI, MOJHUMAOIINX
KUJKYIO MaTpUILy MO0 KamWUIspaM MEXKy BOJIOKHAMHU, TaK U 3a CUET rpaBU-
TAllMOHHBIX CHJI, 3AJIMBKOM CBEPXY MPOIMUTHIBAEMBIX BOJIOKOH KUIKOW MaT-
pULIEH.

[IpenmyiiecTBOM KOMIIO3UIIMOHHBIX MaTE€pUajJOB Ha METAJUIMYECKOU
OCHOBE SBJISIIOTCSI 00JIee BHICOKHE 3HAYCHMSI XapAKTEPUCTUK, 3aBUCSIINX OT
CBOWCTB MaTpHULBbI, T.€. B HAIIPABICHUH, NEPIIEHINUKYIAPHOM OCH apMHPYIO-
X BOJOKOH. IIpexne Bcero — 3To MOAyJb YIPYrocTd, MPOYHOCTh, Iia-
CTUYHOCTh U BSI3KOCTh pa3pylIeHUs. Y HUX OOJIbIIasi, 4eM Y KOMIIO3UTOB Ha
HEMETAINIMYECKOM OCHOBE, TEIIIOCTOMKOCTD U BJIAarOCTOMKOCTb.

JIns MaTpul METaUIMYECKUX KOMIIO3MLIMOHHBIX MaTEpHUaJIOB IIEJIECO-
oOpa3Hee BCEro MPUMEHSTh METAJIbl U CILIaBbl, 00JaaroIIe HEOOIbIION
mwioTHOCTHIO (Al, Mg, Ti u ux cmiassl). JJis >KaponpoYHBIX CIJIABOB B Ha-
CTOSIIIEE BpEMSI IITUPOKO UCIIOIB3YIOT HUKEIIb.

B 1abn. 15.2 npuBeneHbl OCHOBHBIE CBOMCTBA HEKOTOPHIX KOMITO3HUIIH-
OHHBIX MaTEPUAIOB HA METAJLTMYECKON OCHOBE.

Tabnauna 15.2

MexaHn4eckue CBOMCTBA OJHOOCHO apMUPOBAaHHBIX
KOMITO3UI[MOHHBIX MaT€pUaIOB C METAIUNIMYECKOW MaTpuLIeH

Mapxka Hanonaurens
Monyns IIpenen
KOMUIOSH™ | 1o rpma HHOTHOgTB YIIPYTOCTH | IPOYHOCTH
0,
IIMOHHOT'O Marepuan V, % p, T/M E. T'la 5,. MIla
MaTepI/IaJ'Ia
BKA-1 Amomurmii [POPHOC 50 2.65 240 1200
BOJIOKHO
BKY-1  |Amomummii |° PO g 40| 22 23 270 | 900-1000
BOJIOKHO
KAC-1 T 40 4.8 120 1600
IIPOBOJIOKA
BKM-3  |Marmuii  |POPHOC 45 22 200 1250
BOJIOKHO
_ Marsmii | VEPOIHOS | 31 4 1.8 130-150 | 700-800
BOJIOKHO
BHK-1  |Hukens  [PO7bOPaMoBail o4 . 23 _ 530 mpn
IIPOBOJIOKA 1100 °C
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Komno3unuss Ha OCHOBE aFOMUHHUEBOM MaTpUILIbl, apMUPOBAHHOU BO-
JIOKHaM# 00pa, M0 3HAYEHUSM MPOYHOCTH, MOAYIIO YIIPYTOCTH U BBIHOCIIH-
BocTH (10 500 °C) mpeBOCXOIUT BBICOKOIPOYHBIE U KAPONPOYHBIE ATFOMHU-
HueBble cruiaBbl. Kommnoszunuss BKA-1 B 5 pa3 mpeBOCXOAUT CIIEUEHHBIN
amtomuHueBblid cruiaB CAII-2 nmo mnurensHol npouyHoctu npu 400 °C, a ee
yAelbHas MPOYHOCTh (OTHOIIEHUE Mpejiesia MPOUYHOCTH K yIEeILHOMY BECY)
BBILIE, YEM Y CTAJIEW U TUTAHOBBIX CILUIABOB.

Kommnosutr KAC-1 Ha 0CHOBE aJIFlOMUHUEBOW MaTpULbl, apMUPOBAHHOMN
CTaJbHOM TPOBOJIOKOM, OTJIMYAETCS HHU3KOM CTOMMOCTBIO YIPOYHUTEIS
Y JTY4YIIMMH 3HAYCHUSIMU TETUIONPOBOIHOCTHU U JIEKTPONPOBOIUMOCTH.

Ha ocHoBe HuKeNeBOM MaTpHIlbl, YIIPOYHEHHOM BOIB(PPAMOBON HUTHIO, H3-
rotaBimBaerca Matepuail BHK-1, y koroporo mipu 20 °C o, = 700 MIIa, a ipu
1200 °C — 380 MIIa.

15.4. Komno3nunoHHbIe MATEPHAJIbI
¢ HeMETAJIMYEeCKO MaTpuuen

B kadecTBe MaTpHULl UCHOJIB3YIOTCS NIOJIMMEPHBIE, YIVIEPOAHBIE U Kepa-
MuYeckre Marepuainsl. Hanbosblee pacnpocTpaHeHUE MOTYyYUIN KOMIIO3HU-
Thl Ha TOJMMEPHON OCHOBE U3 SIMOKCUIAHBIX U (eHoI(HOpMabIETUIHBIX
CMOJI, TOJIMAMUIOB H JIp.

[Tomy4aroT moauMepHble KOMITIO3ULMOHHBIE MaTEPUAIIbl 3ATMBKON KU -
KO0 MOJIMMepa, HapuMep 3MOKCUIHON CMOJIbI, B 3apaHee IPUTOTOBIEHHYIO
(dbopMy C pacronokKeHHbIM B HEM BOJIOKHUCTBIM yIpouHHUTeneM. 13-3a ObICT-
pOro OTBEpACHUS U HU3KOro Kodppuuuenta nupdy3un B HEMETAIUTUYECKON
MaTpuLe NEPEXOAHBIN CI0M MEKIy KOMIIOHEHTAMH OTCYTCTBYET. CBsI3b Me-
Iy BOJIOKHAMHU M MaTPULIEH OCYIIECTBISECTCA MyTEM MOJEKYJISIPHOTO B3au-
MojelcTBusA (aare3un). Yacto, KaK W JJIs8 METAUTMYCCKOM MATPHIIBI, IS
oOecreueHns] BHICOKOM MPOYHOCTH CBSI3U MEXIY KOMIIOHEHTaMHU MPOBOMST
00paboTKy MOBEPXHOCTH BOJIOKOH: TPaBJICHHUEM, OKHUCIECHUEM, BUCKEpHU3a-
1nuen (ocaXkJieHne HUTEBUAHBIX MOHOKPHUCTAIIOB HA TOBEPXHOCTh BOJIOKOH).

KoMno3unuonHsle MaTepuaisl, apMUPOBAHHBIE BOJIOKHAMHU OJHOTO TH-
Ma, Ha3bIBAIOT MO HA3BAaHUIO BOJOKOH: YIJIEBOJIOKHHUTHI (KapOOBOJOKHUTHI)
WM YTJIETUIACTUKU, OOPOBOJOKHUTHI, CTEKIOBOJIOKHUTHI, OPTaHOBOJIOKHUTHI
(ynpouHHTENb — KalpoH, JIABCaH, MOJUAMUJ U JIPYTU€ CUHTETUYECKHE BO-
JIOKHA).

[IpeumyiiecTBaMu KOMITO3UIIMOHHBIX MAaTEPUAIOB C HEMETAIIMYECKON
MaTpuLEl SBISIOTCS XOPOIIas TEXHOJOTMYHOCTh, HU3Kasl IUIOTHOCTh (4acTo
O00npIIas, 4YeM Yy METaNIMYeCKUX KOMIIO3UTOB), ylelbHas MPOYHOCTh
1 KECTKOCTh, BBICOKAsi KOPPO3UOHHAS! CTOMKOCT.
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K HemoctaTkaM OTHOCATCS HU3Kasg MPOYHOCTh CBSI3U KOMITOHEHTOB,
3HAUMUTENbHAA TOTeps MpouyHOoCTH Tpu Temmeparype Beime 100-200 °C,
HU3Kasl SJIEKTPONPOBOIUMOCTb.

N3 KOMIO3UTOB € MOJMMEPHON MATPUIIEH CaMylO0 BBICOKYIO IPOYHOCTh
HMMEIOT CTEKJIOBOJIOKHUTHI (cM. Tabur. 15.3).

CTeKkII0BOJIOKHUTHI 001aa10T XJ1agocToikocThio 10 —190 °C u cpaBHU-
TEJIBLHO XOPOIIEeH TEeIIOCTOMKOCTHIO. MIX TPUMEHSIOT B IMaa30He TeMIiepa-
Typ 200-400 °C. bnaronaps nemndupyoomei crnocoOHOCTH CTEKIOBOJIOK-
HUTHI UCTIOJIB3YIOTCSI B YCJIOBHUSX BHOPAITMOHHBIX HArpy3ok. JlocTomHCTBOM
CTEKJIOBOJIOKHUTOB SIBJISIETCSA UX HEAS(MUIIMTHOCTh U HU3KAsl CTOMMOCTb YII-
POYHHTEIIA, a HEAOCTATKOM — HU3KUHA MOJYJTb YIIPYTOCTH.

Tabauna 15.3

MexaHu4uecKHue CBOMCTBA OJJTHOOCHO APMHUPOBAHHBIX
KOMITIO3HUIIMOHHBIX MATCPHUAJIOB C HOJIPIMepHOﬁ ManPILIeﬁ

Mapka kommo- 10THOCTE Moayib IIpenen
3UIUOHHOTO Hassanue e YIPYTOCTH | TMPOYHOCTH
Marepuaia P> T E,TTla o3, MlIla
KMV-1n 14 120 650
KMYVY-1y Kan6 1,47 180 1020
KMY-1p [ OPOOBOJOKIHIIR 1,55 180 1000
KMV-28 1,3 81 380
KMB-1k 2 214 900
KMB-2x  |BOpOBOIOKHUTEI 2 260 1000
KMB-3k 2 260 1300
OpraHoBOJIOKHUT
- C 3JIaCTHYHBIM yripounutenem. | 1,15-1,3 2,5-8,0 100-190
OpraHoBOJIOKHUT
- C J)KE€CTKHUM yIPOYHUTEIIEM 1,2-14 35 650-700
- CTEeKJIOBOJIOKHUT 2,2 70 2100

KapOoBOIOKHUTEI UMEIOT HU3KHN KOA(D(PHUIIMEHT TPEHUS U XOPOIIYIO
M3HOCOCTOMKOCTh. TemrepaTypHblii KOADPUIUEHT TMHEHHOTO pacllupeHus
kapOoBoOJIOKHUTOB B uHTEepBaje 20—-120 °C 61130k K HYJIIO.

K Henmoctatkam KapOOBOJIOKHUTOB OTHOCSITCSI HHU3Kash MPOYHOCTh MPU
CKaTUH U CIIBUTE BJIOJb BOJIOKOH.

BOpOBOJIOKHUTBI OTJIMYAOTCS BBICOKOW IMPOYHOCTBIO IIPU CXKATHUH,
CABUTE U Cpe3e, HU3KOM MOJI3y4yecThl0, BBICOKON TBEPIOCTHIO M MOIYJIEM
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YIOPYTOCTH, TEIUIO- U AJIEKTPOIPOBOAHOCTHIO. OHM CTOMKHA K BO3JEHCTBHIO
MIPOHUKAOIIEH pagualuu, K BOJIe, OPraHUYECKHM pPacTBOPUTENSM U TOpIOYe-
CMa304YHbIM MaTEpHAJIAM.

OpraHoBOJOKHUTBI COCTOSIT U3 MOJUMEPHOTO CBA3YIOIIETO U yIPOYHHU-
TEJEW B BUJIE€ CUHTETUYECKUX BOJIOKOH. XapaKTepHON O0COOEHHOCThIO Opra-
HOBOJIOKHUTOB SIBJIIETCA €IHMHAs NOJIMMEpPHAas NpHUpoAa MaTpHUIl U apMU-
PYIOIIMX BOJIOKOH. DTH KOMIIO3UTHI 00Jalal0T Majloil Maccol, BBICOKOU
YAETHHOM MPOYHOCTHIO U JKECTKOCTBHIO, CTAOMJIBHBI MPU 3HAKOMIEPEMEHHON
Harpy3ke M pe3Kol cMeHe TemmepaTryp. HemocrtaTkoM OpraHOBOJIOKHUTOB
ABJISIETCSI CPABHUTEIBHO HU3Kasl MPOYHOCTh MPU CKATUU U BBICOKAS MOJI3Y-
YECTb.

15.5. IlpumMeHeHre KOMIIO3MIMOHHBIX MATEPHAJIOB

[IpuMmeHeHrEe KOMIO3UIIMOHHBIX MaTepuanoB OOYCJIOBIEHO B MEPBYIO
odepelb MX 3HAYUTEIBbHBIM IIPEBOCXOACTBOM HAJ BCEMM HM3BECTHBIMH KOH-
CTPYKIIMOHHBIMU MaTepHajlaMH IO yIEIbHON MPOYHOCTH (G/p-Q) U yIelb-
Hoii xecTkocTh (E/p-Q). Beicokas yaenpHas )KEeCTKOCTh B COYETAHUU C XO-
poIIeH YAEIbHON NPOYHOCTHIO ITO3BOJISAET CHU3UTH MACCy KOHCTPYKIUU IPU
MOBBIIICHUH €€ MPOYHOCTU U )KECTKOCTH. ITO OCOOCHHO Ba)KHO B CAMOJIETO-
u pakerocrpoeHuu. Ha puc. 15.6 npuBenena nuarpamma 3HaY€HUN YyIEb-
HOUM MPOYHOCTH U yJIEIBbHOMN KECTKOCTH HEKOTOPBHIX OOBIYHBIX KOHCTPYKIIU-
OHHBIX U KOMITO3UIIMOHHBIX MaTEPHAIIOB.

Ecnu mo ynenbHOW NMPOYHOCTH TUTAH U €r0 CIJIABBI CONOCTABUMBI
C KOMIIO3UTaMH Ha OCHOBE TUTAHA, TO I10 YAEIbHOMN JKECTKOCTH KOMIIO3ULIU-
OHHBIE MaTEpPHUAJIbl 3HAUUTEIIBHO NMPEBOCXOAT METAJUIBI U UX CILJIABBI.

Komno3unmonseie MaTepuasl UCIIOIB3YIOT BCE IIMPE C TEX 0P, Koraa
BO BpE€Ms BTOPOW MHUPOBOM BOWHBI CTEKJIOIUIACTUKU CTaJyd MPUMEHATH IS
M3TOTOBJICHUSI OOTEKaTele aHTEeHH paJuojIoKaTOpoB (000J0YeK, Mpo3pad-
HBIX JUIsl paMOBOJIH). B HacTosiee BpeMs CTEKJIOMJIACTUKH SBIISIOTCS KOH-
CTPYKLIMOHHBIM MAaTEPHUAIIOM, IPUMEHSAEMBIM ISl CUJIOBBIX n3aenuid. V3 Hux
M3rOTaBIMBAIOT KOPIyca MAallWH, KOXKYXH, BEHTHUJISIHMOHHBIE TPYOBI, KOH-
TEUHEPBHI, DJIEKTPO- U PAAUOMOHTAXKHBIE IIJIATHI U MHOTOE JIpyroe. Xopouo
M3BECTEH B criopTe (udepriiac — CTEKJIOINIACTHK, UAYIIUN Ha U3TOTOBJIECHUE
WHBEHTApPs JUIS IPBIKKOB C IIECTOM.

VYTriemnacTuku UCHoJb3YIOT B CyA0- U aBTomMoOuiecTpoenuu. M3 Hux
M3TOTABIIMBAIOT Ky30Ba TOHOYHBIX MAIllMH, TpeOHble BUHTHI, HHBEHTAph IJIs
JBDKHBIX TOHOK, JIETajd aBHAIMOHHON TEXHUKH, almaparypy sl XUMHYe-
CKOW MPOMBINIIEHHOCTH. KapOOBOJOKHUTHI C YTIAEPOTHON MaTpHUIEH MpHU-
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MEHSIOT Ul TEIJIOBOM 3alUThI, JUIsl U3TOTOBJICHHS ITUCKOB aBUALIMOHHBIX
TOPMO30B, XUMUYECKH CTOMKOM aIlaparypsl.

7o 4
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Puc. 15.6. Y aenbHas npOYHOCTh U YAEIBHBIN MOJYJIb YIPYTOCTH HEKOTOPBIX
HEAPMUPOBAHHBIX U KOMIIO3UIIMOHHBIX MaTECPUAJIOB:
Al — amomunnii; Ti — turan; T + Be — Tiran, apMupoBaHHbIH OCpUILTHEBON IIPOBOJIOKON;
Ti + SiC — Turan, apmupoBanubiii BosokHamu SiC; Ti + B — TuTaH, apMUPOBaHHBIH BO-
JIOKHaMHu Oopa ¢ MOHOKpHCTa/lIaMK KapOuaa KpeMHHs Ha BojiokHe; Al + b — amoMunwmii,
apMUPOBAHHBIA OOPHBIMH BOJOKHaMM; D + ' — smokcugHas cMoia, apMUPOBaHHAs BO-
nokHamu rpaduTta; O + b — smokcuaHas cMolna, apMUpPOBaHHAsE OOPHBIMU BOJIOKHAMU

BOpOBOIOKHUTHI MPUMEHSIOT B aBUALIMOHHOW M KOCMUYECKOW TEXHUKE —
podUIIH, JIOTATKA KOMIIPECCOPOB, JIOTIACTH BUHTOB U BaJIbl BEPTOJIETOB U T.]I.

KoMno3uninonHusie MaTepHaibl ¢ METATIMYECKOM MATPUIEH MCTIOIb3Y-
FOTCS ISl KOPITYCOB M KaMEp CrOpaHUs PEaKTUBHBIX JIBUTATEINICH, B SHEpre-
TUYECKOM TypOOCTpOeHUM — pabovue U COITIOBBIC JIONATKU TYpOUH U Jp.
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16. KEPAMUNYECKHUE MATEPUAJIBI

KepamuueckumMu Marepuanamu, Wik KepaMUKoll, Ha3bIBalOT MOPOIIKO-
BbIE MaTe€pUaJIbl U3 MUHEPAIbHBIX BEILIECTB, TBEPABIX TYTOIJIABKUX COEIU-
HEHUW TUIIA OKCHJIOB, KapOWUI0B, HUTPHUIOB, OOPUIOB U IP., TOABEPTHYTHIX
(hOpMUPOBAHUIO B U3JIETHUS C MOCICAYIOMIUM CIIEKAaHUEM IIPHU BBICOKHX TEM-
neparypax.

B cuny ocobeHHoCTeM moy4eHus B 3TUX MaTepuaiax 0ObIYHO MPUCYT-
CTBYIOT TpH (pa3bl: KpucTaummdeckas, amopdHas u ra3opasi.

Kpucrannuueckass (aza sgBisieTcsi OCHOBOM KEpaMUKH U OMpEeIiseT
MHOTHE €€ CBOMCTBA, 001aCTh MPUMEHEHHUs. Takoi (Ga3oil SBISIOTCS OKCHJIBI
(Al;03, SiOy, ZrO, u ap.), kapounsr (TiC, SiC, B4C u ap.), 6opuasl (TiB,,
ZrB; u np.), nautpugst (SizNg, TiN u 1p.) u npyrue nogo0OHbIE COETUHEHHUS.

AMopdHas ¢aza npencraBiser coOOH MPOCIOUKY CTEKIOBUIAHBIX Be-
HIECTB, OOJIETYAIONIYI0 MPOLECC M3rOTOBJIEHUS MaTepualia U HU3AENIHM, SIB-
JISFOIIYIOCS YaCTO CBSI3KOM /I YacTHUI] KpucTaummueckon (aszbl. KonmnuecTo
amopdHoii (cTexsioBuaAHON) (a3l yanie Bcero cocrtasisieT oT 1 mo 40 %.
B HEKOTOpBIX BHAAX KEPaMUKH, MOJYYEHHBIX M3 YUCTBIX OT IPUMECEN Be-
IIECTB, 9Ta (paza MOKET MPAKTUUYECKU OTCYTCTBOBATD.

Hanuune B kepamuueckoM MmaTepuayie ra3oBoil (a3bl CBS3aHO C OCO-
OCHHOCTSAMM MOJTYUYEHHUS U3JICIIUM U3 IOPOIIKOB, B PE3YJIbTATE YETO OCTAETCS
HEKOTOpasi MOPUCTOCTh, 3aMOJHEHHAS Ta3aMU. JTa MOPUCTOCTh MOXKET OBITh
ot 0 1o 30—40 %.

B nenom cBOWCTBa KEPAMHUKH OIPENEISIOTCS CBOMCTBAMU KPUCTAILIU-
yeckoi (a3bl (OCHOBBI) M KOJUYECTBOM amopdHOi u razoBoit (a3. [Tockoiib-
Ky aMmopQHasi U ra30oBas COCTABJISIONINE OTPUIIATEILHO BIUSIOT HA MPOYHO-
CTHBIE CBOMCTBa MaTepuaia, B TEXHUYECKOW KEpaMHUKE, MCIOJIb3YIOIICHCS
JUTSI U3TOTOBJICHUS U3JIETTUH, pabOTAIOIIMX O] HATPY3KOM, KOJIMYECTBO ITUX
¢da3 10MKHO OBITH MUHUMAJIHHBIM.

16.1. CBoiicTBa KepaMH4YeCKHX MaTEPHAJIOB

OCHOBHBIMHM CBOWCTBAMH KEPAMHUUYECKUX MATEPHUAIIOB SIBIISIOTCS:

1. Bricokas TemnepaTypa IJIaBJIeHUsI U BBICOKHE pabodre TeMIepaTyphl.
2. Beicokue TBEpAOCTh U U3BHOCOCTOUKOCTD.

3. Bricokue aponpoYHOCTh, TEMIOCTOUKOCTb.

4. Xopomiass KOppO3UOHHAsA CTOMKOCTh B Pa3JIMYHBIX CpElax.

5. Huskue nnactuyeckue CBOMCTBA, TOBBIIEHHAS XPYIIKOCTb.

7. Xopouue TU3JIEKTPUIECKUE CBOMCTBA.

8. HeGounbmroit ynembrsiii Bec (1,8-5,0 r/em’).
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CBoiicTBa HEKOTOPBIX COCAMHEHUH, SBISIOMIMXCS OCHOBOW KEpPaMMKH,
npuBeAeHbI B Tabm. 16.1.

Bricokue TBepaocTh M TeMmIepaTypa IUIaBIEHUS KepaMUYECKHX MaTe-
pHaioB 00YCIOBICHBI OONBIION CHUIION MEXKATOMHBIX CBSI3€H B UX KpHCTall-
JMYECKOM pelieTKe.

Taonuma 16.1

CsoiicTBa KCPaMHUYCCKUX MATCPUAJIOB

Temneparypa Hpenex npourocTH MaxkcumanbHas
patyp TBepaocTh nipu 20 °C, Mlla
Coenqunenue | MiIaBICHUS, TeMIiepaTypa
o o Moocy npu pu o
C HCIIOJIb30Banus, °C
PACTSKEHUU | COKATHH
Al,O3 2050 9 250 3000 1800
Zr0; 2715 7-8 150 2100 2300
SiC 3200 9,0-9,5 155 2250 1600
TiC 3257 8-9 65 1380 1000
AIN 2230 9,0-9,5 270 — 1200
MoSi, 2030 7 280 1130 1800

B 31X coearHEeHUsIX 0OBIYHO UMEET MECTO CHJIbHAsI KOBAJICHTHAs, WU
MOHHAsI MeXaToOMHasi CBs3b. [[03TOMy BBICOKOE COMpOTHBICHHE Tedopma-
LIUU CBSI3aHO C CHJIBHBIM CONPOTUBJICHUEM KPUCTAIIIMYECKON PELIETKH JIBU-
XKEHUI0 auciokanuil. Kakoil-nmubo criennanbHON yOpOoyHSOmEed o0padoTKu
1 GOpMHUPOBaHUS CBOICTB KEPAMHUKHU TIO3TOMY HE TpeOyeTcsl.

['maBHBIM HEOOCTATKOM Kepa-
E;;'ﬂﬁﬂ::‘:""““ MHYECKHX MAaTEpUaIOB SBISIOTCS UX

10 HU3KHE IUIaCTHYECKHE  CBOMCTBA,
HU3Kas MPOYHOCTh MPH PACTSIKCHUU.

0,8 [IpakTuyecku Bcerja MpU Harpyxe-
\ HUM KEpaMMKa pa3pyliaeTcsi XpymnKo.

0.8 \ OueHp CHIBHO BIMSCT HA JaHHBIC
0.4 CBOMCTBA K€PAMHUYECKHUX MaTepHUaIOB
\ nopuctoctb. C yBEIMYEHUEM JOJIH

02 \ MOp B HUX XPYNKOCTh yBEIWYHUBACT-
- - 40“—-————6-lJ Cs, a MPOYHOCTh TPHU PaCTSHKECHUU

YMEHBIIAETCS. JTa 3aBUCUMOCTb I10-
Ka3zaHa Ha puc. 16.1.

CnenmoBarteibpHO, TEXHOJIOTHUS
W3TOTOBJICHHS W3JICTUN W3 KEPaMUKH
JOJDKHA TIPeyCMAaTpUBaTh TOJYyYCHHE MUHUMAIBHOW MOPHUCTOCTU WIIH,
B OTJC/BHBIX CIydasX, OECMOpUCTOro marepuanga. ITO HEO0OXOIUMO s

Jowan nopucTocTb, %

Puc. 16.1. Bnusaue nopucroctu
Ha IIPOYHOCTh KEPAMUKHU
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(dbopMUpOBaHUS JTOCTATOYHOW MPOYHOCTH M3IENHM, paboTalmMx MoJ Ha-
IPY3KOH.

JUist mosiydeHusi MPOYHOM TEXHMYECKOM KepaMUKH HEeOOXOIUMO HcC-
MOJIb30BAaTh MEIKO3EPHUCTHIC MOPOIIKH KPUCTAILITMYECKON (ha3bl ¢ pazMepoM
gactul, 1-3 MkwM, a uHorga u menbine 1 Mxm. [lockoneky amopdHas daza
TaKk)Ke€ OTPULIATEIBHO CKa3bIBACTCS HAa CBOWCTBAX, KOJMYECTBO €€ JOJIKHO
ObITb MUHUMAIBHO (He O0siee 1 %), a B OT/ACNBHBIX CIIydasX jKeJaTeIbHO 3Ty
(hazy mpakTUIECKH UCKITIOUNTb.

16.2. Kinaccupukanms 4 XapaKTepUCTHKA KePAMUKHU

PaccmarpuBaembie B 3TOM pazJieie MaTepruaibl MOXKHO KIIACCH(PUIUPO-
BaTh HA 3 TPYMIIbL:

1. OkcugHas kepaMuka.

2. beckuciopoHas KEpaMHKa.

3. Kepamuko-meTaminyeckue Marepuanbl (KEpMETHI).

16.2.1. OxcugHas KepammuKa

OTa pa3HOBUAHOCTh KEPAMHUYECKUX MAaTEPUAJIOB MOJy4yaeTcs Ha OCHOBE
OKCHJIOB pa3inuHbIX deMenToB. Cpeau Hux Al,Oz, SiO,, ZrO, u mp.

JIs TakuX COCNMHEHUN XapaKTepHa B OCHOBHOM HOHHAsi MEKaTOMHast
CBSI3b, YTO B 3HAYMTEJIBHON CTEIEHH OIpPEIEISAECT CBOMCTBA OKCUIHOM Kepa-
MUKH.

Takoro poaa maTepuaibl B OOJBIIMHCTBE CBOEM UMEIOT BBHICOKYIO TBEP-
JIOCTh, OTHEYTIOPHOCTb, XUMHYECKYIO CTOMKOCTb. J{JIT HUX XapaKTepHBI BbI-
COKasi CTOMKOCTh B KMCJIOTaX M IIeJI04axX, B OKUCIUTEIbHBIX CPEax, Ha BO3-
nyXe.

Temmneparypsl IIaBICHUS] OKCUIHOW KEPAMUKH HAXOASATCS B JUANa30HE
2000-3300 °C, a ee pabourie TeMIiepaTypbl MpU IKCILTyaTaIlly U3ACIIUNA CO-
ctapystoT 0,8—0,9 oT TeMnepaTypsl MIaBICHUS.

Takoit Marepuan xopoiio paboTaeT Ha CKaTue, HO 3HAYUTEIBLHO XYXKe
Ha pacTsHKEHUE, UMEET OOJIBIIYIO XPYIKOCTb.

OxkcumHast KepaMuKa B OOJIBIIMHCTBE CIy4aeB HE BBIIECPKUBACT PE3KHUX
W3MEHEHUU TEMIIEPATYPHI.

Kaxnpiii Mmatepuan U3 rpynmsl OKCHIHONM KEPAMUKU MUMEET CBOKO CIIE-
MUKy CBOMCTB, B COOTBETCTBUM CO CBOMCTBaMM OKCHJIa, HA OCHOBE KOTO-
pOTO OH MOJYYEH, U CBOIO 00JIaCTh MPUMEHEHUS B TEXHUKE.

Hanpumep, kepamuka Ha ocHOoBe Al,Os, Hapsimy ¢ BBICOKOW TBepio-
CTBIO, IMEET XOPOIIHE TUIICKTPUUIECKHUE CBOMCTBA MPHU OOBIYHBIX U BBICO-
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KHX TEeMIIepaTypax, XUMHUYECKYI0 CTOMKOCTh B PACIUIABJICHHBIX METallax,
rasax, kucjaorax. Marepuan, coaepxamuid 6omiee 45 % Al,O3;, Ha3biBacTCs
8bICOKO2NIUHO3EMUCMOU KepamMuKoll, a €CJIu 3TOT0 OKcuja He MeHee 95 % —
KOPYHOOM.

MexaHU4YeCKHe CBOHCTBA BBICOKOTJIMHO3EMHCTONW KEpaMUKH BO3pacTa-
10T IO Mepe yBenn4ueHus B Hel conepkanusa Al,Os (Tabin. 16.2).

Taonuma 16.2

MexaHu4yecKrue CBOMCTBA BRICOKOTJIMHO3EMHUCTOM KCpaMUKHU

KommaectBo Aly,O3, % | [Ipounocts npu cxxaruu, Mlla | [Ipounocts npu u3rude, Mlla
45-60 400-500 60-80
70-80 1000-1500 120-180
80-95 1500-2000 180-250

JIupieKTpUUecKrue CBOMCTBA TAaKXKE BO3PACTAIOT MPHU YBEIUYEHUU CO-
nepxxanus B matepuaine Al,Os.

B cooTBeTcTBUU C KOMIUIEKCOM CBOMCTB KEpaMHKa Ha OCHOBE OKCHJA
amomuaus Al,O3; mpuMeHsIeTCs B TEXHUKE JJII M3TOTOBIICHHUSI CAMBIX DPa3-
JUYHBIX U3Aenuid. M3 Hee enaloT TOHKOCTEHHbIE 00TEKaTenu paaruoioKalu-
OHHBIX AHTEHH, (PYTEPOBKY KaMep CrOpaHHUsl PAKETHBIX JBUTATEIEH, MOI-
IIUITHUKA TIEYHBIX POJIbTAHTOB, (UIIBEPHI NI BOJOUYCHUS CTAIBHOU MPOBO-
JIOKH, PEXYIIMA MHCTPYMEHT, padOTAIOMIMI ¢ OOJIBIIMM Pa3orpeBOM, MOA-
JIOKKA HHTErPAIBHBIX CXEM 3JIEKTPOHHO-BBIYMCIUTEIBHBIX MAalIWH, 3JIEK-
TPOUBOJSATOPHI U JIP.

Kepamuka Ha ocHOBe kBapiia — okcuaa Si0,; — ©MeeT XOpOoIIyro KOppo-
3MOHHYIO CTOMKOCTh BO MHOTHX cpenax. OHa OTIIMYAaeTCs HU3KOM TEIIOnpo-
BOJHOCTHIO, MaJIBIM KOA(DPUITMEHTOM TepMUYECKOro pacmupenus. [loatomy
W3/CNHS U3 KBaplla MOTYT OBICTPO HarpeBaThCa M OXJIAXKAThCs 0€3 pacTpec-
KUBaHUS.

N3 storo marepuaia M3roTaBJIMBAIOT XUMHUYECKU CTOMKYIO U TEPMO-
CTOMKYIO Tocyay u apyrue usnenus. ITockonbky SiO, mpo3padeH s 0ObId-
HOT'O CBETa W YIbTPa(UOJETOBBIX Jy4eH, U3 HEro M3roTaBJIMBAIOT JIAMIIBI
Y CTEKJIO, MPOTMYCKAIONUe YIbTPaPHOIETOBbIE TyUd, ONTUYECKUE BOJIOKHA,
CBETOBO/IHI.

OKcu KpeMHHSI — XOPOUIUN 3JIEKTPOU3OIATOP, MOITOMY HCIOJIB3YETCS
U B DJIEKTPOTEXHUYECKOW MPOMBIIUICHHOCTH. MaTepuan Ha €ro OCHOBE
MPUMEHSETCS] KaK OTHEynop Jjis (DyTEpPOBKM Te4eH, pa3TUBOYHBIX KOBIIEH
B JIUTEUHBIX U METAJLTYPrUYECKUX IeXaX.
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Kpome TOro, okcuaHyro KepaMuKy IIMPOKO HCHOIb3YIOT B TEXHUKE Kak
CTPOWTENBHBIN Marepuai. V3 Hee HM3roTaBIMBAIOT KHUPHHUY, OOIUIIOBOYHBIC
IUTUTKY, Yepenuily, paphopoByro Mocy1y, CAHTEXHUUECKUE U3ACTIHSL.

16.2.2. beckucJI0poaHAS KEPAMHUKA

OTy IpylIy KepaMUYECKHX MaTepHAJIOB IOJyYarOT HAa OCHOBE TYIO-
IJIaBKUX COEIMHEHMI, HE coaepKamux Kucaopod. Cpeayu HUX MOXKHO OTMe-
TUTh KapOusl (SigN4, AIN), 6opunst (TiB,, ZrB;) u np.

Takne XMMHUYECKHE COEIMHEHHS HMMEIOT 4Yalle BCEro KOBAJICHTHYIO
MEXaTOMHYIO CBs3b. [[711 HUX XapakTepHbI BBICOKHE TBEPAOCTb, M3HOCO-
CTOMKOCTb, MOJIYJIb YIOPYTOCTH, HU3KUA KO3(P(PULIHUEHT TEPMUUYECKOIO pac-
IIMPEHUs, XOpollas TEeIIONPOBOAHOCTh, CTAOMIBHOCTh MEXaHUYECKHUX
CBOMCTB B IIMPOKOM JIMaNa3zoHe TeMIeparTyp.

BeIcokne Temmeparypsl MEHBIIE BIHSIOT Ha CHUXKEHUE IPOYHOCTU
Y TBEPAOCTH OECKUCIOPOJHON KEPAMUKH, YEM Y OKCHIHOW KEPAMUKH U TEM
Oosee y MeTtauioB M ciuiaBoB. Ho B 1enom 3Ta rpymnna MarepuaioB UMEET
OYEHb HU3KHE IJIACTUYECKUE CBOMCTBA U OOJBIIYIO XPYIKOCTb, UTO SIBJISET-
Csl MX TJIABHBIM HEIOCTaTKOM, CY’KalolllUM 00JIacTh IPUMEHEHUS B TEXHUKE.

beckucnopoaHas KepaMuKa UMEET BBICOKYIO JKapONPOYHOCTh U XUMH-
YECKYI0 CTOMKOCTh BO MHOTHX Cpellax. B Hell 3HaUMTENIbHO MEIJIEHHEE YT
1 Py3MOHHBIE TTPOLIECCH], YEM B OKCUJIHOM Ke€paMuKe. A 3TO, B CBOIO OYe-
penb, CIOoCOOCTBYET YBEIMUEHHUIO JKapONPOUYHOCTH. Y OECKUCIOPOJHOM Ke-
paMUKHM MNpPHU BBICOKMX TEMIIEpaTypax MEHbLIE CHUXKAETCS 3JIEKTPOCONpPO-
TUBJICHUE, YEM Y OKCUIHBIX KEPAMUYECKUX MATEPHUATIOB. DTO MO3BOJISIET UC-
MOJIb30BaTh €€ JJIi M3rOTOBJICHUS HArpeBATENIbHBIX 3JEMEHTOB JJIEKTpUYeE-
CKUX MeYell compoTuBiieHUs. Takue HarpeBaTelld MOTYT paboTaTh MpPH BbI-
COKHUX TeMIIepaTypax Ha BO3[yXe, 0e3 crenuaibHON 3alUTHOW aTMOC(hephl.
B Tabn. 16.3 npuBeneHsl MakCUMallbHbIE paboyne TeMIepaTypbl s AJIEeK-
TpOHarpeBareseld, M3rOTOBJICHHBIX M3 JIETMPOBAHHBIX CTaJIel, CIUIaBOB
1 OECKUCITOPOTHON KEpaMUKH.

Huxe B KauecTBe MpUMEPOB MPHUBEIEHBI HEKOTOPHIE XapaKTEPUCTUKU
OECKUCIIOPOTHBIX KEPAMUUECKUX MAaTEPUANIOB U UX UCIOJIb30BaHUE B TEXHUKE.

Kap6un kpemuust SiC — kapOOpyHI — UMEET BBICOKYIO TBEPJIOCTh, XH-
MUYECKYI0 CTOMKOCTb, KOPPO3HOHHYIO CTOWKOCTb, HU3KUI KO3(p(ULIHUEHT
TEPMUYECKOTO PACHIUPEHHUSI.

Xopoiiasg XuMAYECKasi CTOMKOCTh HAOMIOAAeTCsl B KUCJIOTaxX, HO B IIle-
JoYyax OHAa 3HAUUTENBHO XyXe. Y KapOopyHIa XOpollas >KapOCTONMKOCTh
Y BBICOKasi H3HOCOCTOMKOCTb. DTO JIETKHI MaTEpHall, €ro IIOTHOCTh COCTaB-
asieT 3,2 r/em’.
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Ta0Omnuma 16.3

Pabouune Temneparypsl 31eKTpoHarpeBarenei

Martepuain MaxkcumaibHas pabodas remieparypa, °C
20X25H20C2 800
X20H80 1100
X13H04 700
Kepamuka — SiC 1600
Kepamuka — MoSi; 1800

W3 Takoil KEpaMUKH U3rOTaBIMBAIOT HATPEBATEIN U HEKOTOPBIE ApYyrue
JETaU 3JEKTPUUECKUX NeUel, 4eXJbl TepMoInap, JIONAaTKU I'a30BbIX TypOuH,
nuMQoBaNbHbIE KPYTH, JE€Tald JBHUraTejleii BHYTPEHHETO CrOpaHUs
Y PAKETHOM TEXHUKH, a TAKKE€ MHOTHE JIpyTrUe JETaNH.

Kepamuueckuii Matepuan Ha OCHOBE HUTpuaa kpemHust SizsN, orauya-
€TCsl BBICOKOU TBepaocThio (9 mo mikane Mooca), H3HOCOCTOMKOCThIO, XO-
pOIIEN CTOMKOCTBHIO B PACIUIABICHHBIX METAJUIAX U NUIAKAX. DTO JIETKUU Ma-
TepHal, ero IIOTHOCTh OKOJO 3,2 r/cM’. MaKkcHManbHash TeMIepaTypa Hc-
M0JIb30BaHUs HUTpHUAA KpeMHHUs cocTtaBisier 1350 °C.

W3 Hero m3roTaBiaMBalOT TAKUE W3JENUs, KaK JETalIHd ra3oBbIX TypOuH,
KOPPO3UOHHO-CTOMKHE U KAPOCTOMKUE MHCTPYMEHTBI, TUIJIH, KPUCTAIUIN3a-
TOpBI, JETAJIM HACOCOB M TPYyOOIPOBOJOB JJisi MEPEKAUKH PACILIABICHHBIX
QIIOMUHHEBBIX U MEIHBIX CIJIaBOB, HEKOTOPBIE JI€TaJd BBICOKOTOYHBIX MeE-
TaJUIOPEXKYIIUX CTAHKOB.

MHorue BuABI KEPaMHUKH C YCIIEXOM MOTYT 3aMEHSTh JOPOTHE Kapo-
MIPOYHbIE CIUIaBbl, COAEpKallue Ie(PUIUTHBIE 3JE€MEHTHI (BoJb(ppam, MO-
Tu0eH, KOOalbT, HUKEH).

16.2.3. Kepamuko-mMera/Luin4ecKue MaTepuaJibl

ITockoabKy OCHOBHBIM HEIOCTAaTKOM KEPAMHYECKUX MATEpUAIOB SIBJIS-
€TCs UX BBICOKAsl XPyMKOCTh, TO B CBOE BpeMs ObLIIM MPOBEAEHBI padOThI 1O
M3bICKAaHUIO BO3MOXHOCTEM YMEHBLICHUS 3TOM XPYNKOCTHU. Takas BO3MOXK-
HOCTb MOXET OBITh JIOCTUTHYTA BBEJCHUEM B KEPAMUKY HEKOTOPOTO KOJIU-
gyecTBa MeTayia. [lomydaemplil mpu 3TOM MaTepuai MpeacTaBisieT coO0H 1mo-
POIIIOK TYTOIJIaBKUX COCIMHEHUN (KepamMudeckash COCTaBJISIOINIAsl) U MOPO-
HIOK MeTajiia (MEeTaJuIM4ecKasl COCTaBJISIIONIAs), PABHOMEPHO MEpeMeIlaH-
HbIE, CIIPECOBaHHBIE B U3JIENINE HEOOXOIUMOU (hOPMBI U CIICUCHHBIE TIPU BhI-
COKMX TeMmmeparypax. Takoh MaTepuas  Ha3bIBACTCA  KePaAMUKO-
MemanaudecKum, Ui Kepmemom.

195

KOMMOJNEKT. 3NEKTPOHHBIX
YUYEBHO-METOQUUYECKUX MATEPUAJIOB - I L 2 I OTMABREHME == I JARPBITD KI


http://tpu.ru
http://portal.tpu.ru/ido-tpu

| | e Matepuanbl npegHasHa4yeHbl Ans UCNOMNb30BaHUA B Y4E€OHbIX Lensx
ctyneHtamum MHcTuTyTa gMcTaHuMoHHoro obpasoBanus TIY

— -

Mertamn B Takoi KOMIO3UILIUM UTPAET POJIb CBSI3KKM MEXKY YacTHUIAMU
KEpaMUYECKOM COCTaBISIONIEH, OOECneunBarOIel HEKOTOPYIO IUIACTHY-
HOCTh Matepuana. [lIoaToMy KepMeTbl UMEIOT MEHBIIIYIO XPYIKOCTh, YEM Ke-
pamuKka, 1 MOTyT paboTaTh B OoJjiee TSKENbIX YCIOBUSX HATPYXKEHHS MpU
BBICOKHX TeMIIepaTypax.

Hampumep, npu mo6asnennu k Al,O3 5 % Hukens npenen MpOYHOCTH
npy U3rude yBEIMUMBACTCS 32 CUET HEKOTOPOT'O MOBBIMICHUS MJIACTUYHOCTH
ot 150 no 230 MITa.

KepmMeTbl CyIIeCTBYIOT Kak Ha OCHOBE OKCHUIHBIX KEPaMUYECKHX CO-
€IMHEHU, TaK U OECKUCIOPOAHBIX. B KauecTBe CBSI3KH MCHOIB3YIOTCS KO-
OaJIbT, HUKEIIb, KEJIE€30, MOJTUOACH U IPYyTUE METaJUIbI.

Yem Oosplie B MaTepualie COACPKUTCS METALUTUYECKOW CBS3KH, TEM
BBIIIIE €70 TUIACTUYECKUE CBOMCTBA, MPOYHOCTh MPHU U3rHOE, HO HUXKE TBEP-
JOCTh U U3HOCOCTOMKOCTb.

B xauecTBe nmpumepa 3To# 3aBUCUMOCTHU B Ta0i1. 16.4 npuBeIeHbI CBOM-
CTBA KE€pPaMHMKO-METAJUIMYECKOTr0 Marepuana u3 kapouga Boibppama WC

U KOOAJIbTOBOU CBSI3KH.
Tabnauna 16.4

MexaHnuyecKrue CBOMCTBA KCPMCTOB

COCTaB Marcpuaia TBepZIOCTI), Ousry MOILYJ'IL ynperCTI/I
WC, % Co, % HRC MIla E, MITa-10
100 0 93 400 722
97 3 92 1100 670
94 6 91 1600 625
89 11 89 1800 580
85 15 87 2000 540
80 20 85 2300 500
70 30 81 2600 440
0 100 51 900 180

N3 310it TabMMLbl BUJHO, YTO C YBEIMYEHHEM KOJIMYECTBA METaJUIMye-
CKOM CBA3KHM YMEHBILIAIOTCS TBEPAOCTh U MOAYJIb YIIPYTOCTH MaTepHala, HO
BO3pacTaeT €ro mpoyHocTh npu u3rube. Kepmersl, mpuBeieHHBbIE B 3TOMN
TabJuie, a Tak)Ke MaTepHualibl, COCTOSIIKE U3 KapOuI0B BoJb(PpaMa, TUTaHA,
TaHTaJIa U KOOAJIBTOBOM CBSI3KH, HA3bIBAKOTCS meepovimu cniasamu. Cpeau
TBEPJIbIX CIUIABOB €CTh M 0€3BOJIL(PaMOBBIE MaTepUajbl HA OCHOBE KapOua
TUTaHA WU KapOOHUTPHUJIA TUTAHA C HUKEJIb-MOJINOI€HOBON CBSI3KOM.

TBepapie cruiaBbl, Oarogaps UX BBICOKOW TBEPIOCTH, U3HOCOCTONKO-
CTH U TEIJIOCTOMKOCTH, IIUPOKO MPUMEHSIOTCS Il U3TOTOBJIEHUS! BHICOKO-
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IPOU3BOAUTEIBHOTO PEXKYILIEr0 U MITAMIIOBOIO MHCTPYMEHTA, HHCTPYMEHTA
1Tt OypEeHUS CKBKHH, JIJIST BOJIOYSHUS.

XOopolryro KOPpO3MOHHYIO CTOMKOCTh Ipu Temmeparypax ao 1000—
1100 °C, BBICOKYIO XUMHUYECKYIO CTOMKOCTh B Pa3HBIX Cpelax MpPH BHICOKOM
TBEPJOCTH M M3HOCOCTOMKOCTH MUMEIOT KEPMEThI Ha OCHOBE KapOuja Xxpoma
c HuKeneBou cBsizkoil. Tak, marepuan u3z kapobuna xpoma ¢ 11 % Huxens
nmMmeeT TBepaocTh 89 HRA, nnoTHOCTH 7 r/em® MpeJIeNl MPOYHOCTHU TIPU U3-
rude 700 MlIla.

Taxue maTepuanbl XOpouIo padboTarOT B YCIOBHIX aOpa3suBHOTO U3HOCA,
0COOEHHO B OKHUCJIHMTENIbHBIX Cpellax, HO OHM 0oJiee XpyIKHE, YeM JIpyTue
TBEPJIbIC CIUIaBbI, U UMEIOT MEHBIIIYIO POYHOCTH MIPU U3THOE.

B coBpeMeHHO#N TeXHHKE MPUMEHSIOTCS KEPAMUKO-METaUIMYeCKUe Ma-
Tepuajabl C Pa3IMYHBIMA BapUaHTAMHU KEPaMHUYECKOW COCTaBJISIOMIEH
Y MeTaslia-CBSI3KH.

Cpemn nux Al,Oz—Cr; BeO-W; Al,O-W-Cr; WC-TiC-Co; MgO—Ni u mp.

[Ipu M3roTOBICHUH U3JCIUN U3 TTOPOIIKOB KEPMETOB OOBIYHO UCIIOJIb-
3YIOT TIPECCOBAHHWE B CIECHHAIBHBIX Tpecchopmax mpu maBieHun 200—
300 MIla. B psime ciaydaeB MOTYT MCHOJIB30BAaThCS U APYrUe CIOCOOBI Gop-
mupoBanus. [locie 3Toi onepanuu cleayeT ClieKaHue MaTepHuaia Mpu TEM-
nepatypax 1400-1800 °C B HelTpanpHOW WM 3ammTHOW aT™Mochepe. [Ipu
CIIEKAHUM YBEIIMYUBAETCS IUIOTHOCTH MOJYyYaeMbIX M3JCJIUMA 32 CUET YMEHb-
IICHUST TIOPUCTOCTH.

[To mMepe coBepIICHCTBOBAHUS TEXHOJOTUU TOJIYYCHHUS KEPAMUUYECKUX
U KepaMUKO-METAJUTMYCCKUX MaTepPHaIOB, TIOBBIIICHUS WX KadecTBa, MPOU-
HOCTHBIX CBOMCTB 00JIacTh MPUMEHEHUSI B TEXHUKE ITOr0 KJjlacca Marepua-
JIOB YBEIIMYNBACTCS.
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